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Foreword

This report presents the findings of OTA’s assessment of Strategic Materials:
Technologies to Reduce U.S. Import Vulnerability. The study was requested by
the House Committee on Science and Technology and the Senate Committee on
Commerce, Science, and Transportation.

The United States imports well over $1 billion worth of chromium, cobalt, man-
ganese, and platinum group metals annually. Many of the uses of these metals are
essential to the industrial economy and the national defense. The United States
imports virtually all of its requirements for these metals; their production is highly
concentrated in two regions of the world: the Soviet Union and southern Africa.
The potential for interruption of supplies from these sources has heightened con-
gressional interest in alternatives to continued import dependence,

This study assesses the technical alternatives to continued reliance on south-
ern Africa and the U.S.S.R, for strategic metals. Promising opportunities for do-
mestic and diversified foreign production and for conservation and substitution
are identified for each metal. Technical, economic, and institutional barriers to
the implementation of the alternatives are reviewed and governmental options to
overcome those barriers are identified and analyzed.

We are grateful for the assistance of the project advisory panel, workshop par-
ticipants, contractors, and the advice of many government agencies in the United
States and Canada. As with all of our studies, however, the content of the report
is the sole responsibility of the Office of Technology Assessment.

6,4“ # gm\

JOHN H. GIBBONS
Director
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CHAPTER 1
Summary

Three nations, South Africa, Zaire, and the
U. S. S. R,, account for over half of the world’s
production of chromium, cobalt, manganese,
and platinum group metals. These metals are
essential in the production of high-temperature
alloys, steel and stainless steel, industrial and
automotive catalysts, electronics, and other ap-
plications that are critical to the U.S. economy
and the national defense,

With minor exceptions, there is no domes-
tic mine production of any of the four metals,
The Government maintains a material stock-
pile but its contents are reserved for national
security purposes only. As a result, the U.S. in-
dustrial economy is vulnerable to a variety of
supply disruptions that may arise in times of
peace. Disruptions of supply, such as the Cana-
dian nickel strike in 1968 and the rebel inter-
ruptions of cobalt production in Zaire in 1978,
can have a major impact on U.S. industries
which must, in times of shortages, either com-
pete for limited supplies of strategic metals or
limit production of products that use strategic
metals. Competition for supplies can result in
price increases that may eventually be passed
on to consumers, while reduction or cessation
of production may result in loss of market
share or permanent withdrawal from some
markets, weakening the competitiveness of
U.S. industries.

In the longer term, there are many techni-
cal alternatives that can provide more secure
sources of supply, improve the prospects for
conservation and recycling of strategic mate-
rials, or speed the acceptance of substitute
materials that reduce the need for strategic
materials.

Few of these technical alternatives can be im-
plemented immediately on the occurrence of
a supply disruption: some are near commer-
cialization, others require further testing and
evaluation, and still others are only in the re-
search and development (R&D) stage. Nearly

all of the alternatives must overcome substan-
tial economic and institutional barriers before
their full promise to reduce U.S. reliance on
southern Africa and the U.S.S.R. for strategic
materials can be realized.

Government actions to assure secure sup-
plies of metals critical to the United States have
been limited largely to reliance on the national
defense stockpile to ensure the availability of
materials required for national defense in time
of war, leaving it to the free market to provide
a diversity of suppliers for the industrial econ-
omy. These actions are appropriate for normal
commerce and for periods of military conflict,
but they are not intended to protect American
industry from disruptions of the supply of
chromium, cobalt, manganese, and platinum
group metals that might occur as a result of po-
litical disturbances, strikes, changes in politi-
cal ideology or other non-war-related factors
affecting supplier nations.

There is no single generic approach to re-
duce materials import vulnerability—to be ef-
fective, different actions must be taken for each
metal under consideration. An overall strategy
to reduce U.S. reliance on uncertain sources
of supply of strategic materials should be based
on a combination of three technical approaches:

+ increase the diversity of world supply of
strategic metals through the development
of promising deposits, both foreign and do-
mestic, outside of southern Africa and the
Soviet bloc and through exploration for
new deposits of strategic materials;

« decrease demand for strategic metals
through the implementation of improved
manufacturing processes and recycling of
strategic materials from scrap and waste;
and

« identify and test substitute materials for
current applications and develop new ma-
terials with reduced strategic material con-
tent for future applications,
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There is a wide range of actions that the Gov-
ernment may draw from to implement some
or all of these approaches. These actions vary
in cost, degree of Government involvement,
probability of success, and contribution to the
overall strategy for reducing vulnerability. The
actions include:

Collection and analysis of data and the dis-
semination of results to industry. Government
already plays a key role in provision of essen-
tial information about strategic materials, An
expanded role, including more emphasis on
identification of foreign investment oppor-
tunities for U.S. firms abroad, sponsorship of
a substitution information “bank,” develop-
ment of better data about domestic mineral
occurrences, and periodic reexamination of
trends in strategic materials recycling and
conservation, would help Government policy-
makers adjust strategies to changing circum-
stances, and encourage private actions to re-
duce vulnerability,

Support for research and development and for
mineral exploration. Implementation of any
technical approach to reduce import vulner-
ability will assume a continuing R&D effort,
most of which will continue to need Govern-
ment support. Strategic materials R&D pro-
grams, decentralized among many agencies,
need better coordination if common objectives,
goals, and purposes are to be met.

Federal funding of strategic materials R&D
in the areas of recycling, substitution, and ad-
vanced materials appears adequate to keep
pace with the changing materials mix in the
economy. In the area of mineral exploration,
prospects for a major domestic discovery of
one or more of these materials are not prom-
ising, but could possibly be enhanced through
greater support of public and private explora-
tion research, including basic research on geo-
logical theories of mineral occurrence, im-
proved geophysical, geochemical, and drilling
equipment, and more intense study of the re-
source potential of Federal lands.

Assistance for education and training. Ad-
vanced materials, now in their infancy, hold
promise of altering the mix of basic materials

used in many applications now dependent on
strategic materials. International competition
for supremacy in these emerging markets is
strong, with some other countries, including
Japan, placing greater emphasis than the United
States on technical education and training of
workers in these fields. Increased Government
support to U.S. educational institutions in con-
junction with the advanced materials industry
may be needed to ensure the long-term com-
petitiveness in these fields.

Development of alternative technologies and
materials. In cases where the principal barrier
to commercialization of a technology is the cost
of demonstration and pre-commercial develop-
ment, or where benefits arise from having the
technology or material “on-the-shelf,” the Gov-
ernment could support the construction and
operation of demonstration plants or the test-
ing and evaluation of substitute materials. This
would reduce industry response time in an
emergency,

Financial assistance for domestic industry.
The economics of nearly all opportunities for
domestic mineral development are discourag-
ing to potential investors. If the benefits of do-
mestic mineral production are desirable from
the public’s perspective, however, assistance
could be provided in the form of subsidies, pur-
chase commitments, loan guarantees, tax in-
centives or other Government financial aid.
Such programs need not be limited to mineral
production: processing of ores and metals, pro-
duction of substitute materials, and operation
of recycling facilities could also be encouraged
by similar programs. Financial assistance pro-
grams could be expensive, however, so that
their cost effectiveness, compared to other
alternatives and to reliance on the free market,
needs to be carefully considered.

Role of Government in reducing materials im-
port vulnerability. The degree to which the Gov-
ernment should actively support activities to
reduce materials import vulnerability ultimately
depends on the perceptions of policymakers as
to the degree of harm that could result from
supply interruptions, the probability that such
interruptions may occur, and the role policy-
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makers see for the Government in dealings
with the private sector. In addition, the effec-
tiveness of the technical approaches that Gov-
ernment chooses to pursue depends, to some
degree, on its commitment to their success and
to the coordination of the approaches in a
unified strategy directed toward reducing ma-
terials import vulnerability. The effectiveness
of Federal policies also depends on establish-
ing goals for strategic materials policy, identi-
fying the most promising technical approaches
to reduce vulnerability for priority materials,
coordinating governmental actions, and en-
couraging industrial and academic activities
in support of the technical approaches. In view

of the multiplicity of Government activities that
already affect the strategic materials issue and
the long time required to implement most of
the technical approaches, the Government
would need a process for the periodic reeval-
uation of strategic materials objectives and of
the effectiveness of programs implementing the
technical approaches.

The following sections summarize the back-
ground to strategic materials issues and the
most promising technical approaches to reduce
the vulnerability of the United States to inter-
ruptions of supplies of strategic materials.

Introduction

The United States is well endowed with
many natural resources. Timber, coal, water,
and agricultural resources are the envy of the
rest of the world. The endowment is not com-
plete, however. The United States is dependent
on foreign suppliers for many mineral resources.
The Soviet Union and the nations of southern
Africa are suppliers of many of the minerals
and metals that the United States must import.
Although in some cases these nations play only
a limited role in the world supply of raw ma-
terials, for some materials they quite literally
dominate the market.

Mine production of cobalt, chromium, man-
ganese, and platinum group metals, all essen-
tial to defense and to the civilian economy, is
concentrated in the Soviet Union and south-
ern Africa (see map on pp. 8-9 for the world-
wide distribution of mine production of these
metals), Reliance on a potential adversary such
as the Soviet Union for materials essential to
defense and industry is an obvious area for
concern. Nor is it certain that supplies from
nations in southern Africa will continue with-
out interruption: the division of nations on
racial grounds, the role of Soviet influence and
Cuban military involvement, the internal po-
litical division of key mineral-producing coun-
tries, and the vulnerability of mines and trans-

portation systems to sabotage and guerrilla
actions combine to raise questions about the
reliability of mineral supplies, regardless of the
good intentions or financial needs of the gov-
ernments in power.

Dependence of the United States on a few
nations of uncertain reliability for materials
that are essential to many industrial and de-
fense uses has heightened concern over mate-
rials and minerals policy in recent years. This
concern is not new; since World War Il U.S.
policy makers have sought ways to reduce U.S.
vulnerability to interruptions of supplies of
strategic materials.

The most visible policy taken by the United
States to guard against disruptions of supplies
of strategic materials is the National Defense
Stockpile (see box A). The objective of the
stockpile is to support U.S. defense, industrial,
and essential civilian requirements during a
prolonged military conflict or declared national
emergency, If properly stocked and maintained,
the stockpile can be effective in coping with
a disruption of supplies during a war or ex-
tended military conflict.

However, the defense stockpile does not pro-
tect, nor is it meant to protect, American in-
dustrial and other civilian consumers from



6 . Strategic Mater/a/s: Technologies to Reduce U.S. Import Vulnerability

Box A.-The Strategic Materials Stockpile

For over four decades, the strategic and critical materials stockpile has been seen as a kind
of insurance policy for safeguarding the United States against the effects of a supply emergency.
The stockpile, however, is only intended to safeguard military, industrial, and essential civilian
needs in times of war or declared national emergency, and is not a general-purpose source in an
emergency.

First established in 1939, the stockpile was built up rapidly in the post-World War 1l and Ko-
rean War era, when the goal of the stockpile was to accumulate a 5-year supply of critical materials.
Many of the materials now in the stockpile date from this period, and maybe antiquated due to
changes in material specifications. During the Vietham War period, substantial amounts of stock-
piled material were declared excess to stockpile needs and sold by successive administrations—a
circumstance that led to charges that the stockpile was being used to keep metal prices stable dur-
ing the Vietnam War. (Stockpile goals had been reduced from the initial 5 years to 3 years in 1958,
and to 1 year in 1972, before being raised back to 3 years during the Ford Administration.)

In 1979, Congress reaffirmed its commitment to stockpiling through enactment of the Strate-
gic and Critical Material Stockpiling Revision Act (Public Law 96-41). The law stated that the stock-
pile “should be sufficient to sustain the United States for a period of not less than 3 years in the
event of a national emergency. . . “ and “is to serve the interest of national defense only and is
not to be used for economic or budgetary purposes.” The 1979 law also established a stockpile
transaction fund, under which materials can be purchased for the stockpile from sales of excess
materials. At the time the law was passed, stockpile inventories in excess of the 3-year require-
ment were valued at $4.9 billion. Acquisition needs were estimated to be $12.9 billion. In March
1981, President Reagan announced a major new stockpile acquisition program, aimed at meeting
stockpile goals for 15 priority materials. For fiscal year 1985, the Administration is seeking to sell
$78 million in excess materials and to purchase s120 million for the stockpile. However, the re-
quest is significantly below the amount required to meet stockpile goals. At present spending rates,
it would take 100 years to meet stockpile goals.

The Federal Emergency Management Agency (FEMA) oversees the stockpile, and submits to
Congress the Annual Materials Plan (AMP) for the buying and selling of materials for the stockpile.
An AMP steering committee, comprised of 12 agencies and chaired by FEMA, develops the an-
nual plan. Actual management of the stockpile sites, which are dispersed throughout the United
States, is conducted by the General Services Administration.

Alternatives to acquisition and sale of stockpile materials are under consideration, including
the potential for technology to upgrade stockpiled materials to today’s standards. For example,
most of the cobalt in the stockpile does not meet current industry requirements, and therefore may
need replacement. The American Society of Metals, in a recent report to FEMA, suggested that
U.S. firms be given stockpile samples to demonstrate whether the out-of-date materials could be
processed to meet current standards. If so, some materials already in the stockpile could be readied
for use in an emergency, and some materials may not need to be replaced through purchase.

Barter is an alternative means of obtaining materials for the stockpile. The U.S. Government
operated a barter program under the Department of Agriculture from 1950 to 1973, which disposed
of surplus agricultural commodities and acquired strategic materials for the stockpile. The total
value of agricultural exports under this program was $6.65 billion. The barter program was
suspended in 1973 when agricultural surpluses were drawn down, and stockpile goals were
changed. In 1981, the U.S. Government again became involved in barter on a limited basis when
it concluded three Jamaica bauxite-dairy barter agreements worth $47 million, but a formal barter
program has not been reestablished. Approximately 20 barter bills have been introduced in the
98th Congress. The Administration has established a working group on barter to review proposals
on a case-by-case basis.
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Table A.— Domestic Consumption and Production of Strategic Metals

Domestic production

Apparent
consumption primary scrap Price
Chromium: (tons x 1,000) $/M.T.
1979 . . 586 0 67 54-58
1980 . . . . .. 567 0 72 54-58
1981 ... . 533 0 70 51-55
1982 . . 333 0 63 48-52
1983 . . .. 334 0 78 48-52
Cobalt: (pounds x 1,000) $/pound
1979 . 18,806 0 1,170 24.58
1980 . ..o 17,054 0 1,183 25.00
1981 . . .. 12,532 0 972 19.73
1982 . .. 11,452 0 871 12.90
1983 .. 15,712 0 724 12,50
Manganese: (tons x 1,000) $ILTUC
1979 . . 1,250 31 0 1,40
1980 . ..o 1,029 23 0 1.70
1981 ... .. 1,027 24 0 1.72
1982 . . 672 4 0 1,58
1983 .. 730 4 0 NA
Platinum group $/troy ounce
metals: (troy oz x 1,000) Platinum Palladium
1979 . 2,992 9 309 352 113
1980 .. ..o 2,846 3 331 439 214
1981 ... 2,445 7 392 475 130
1982 . .o 1,822 9 344 475 110
1983 . . .. 2,464 9 287 475 130

dApparent consumption equals totalimports minus exports plus domestic production pius tncreases of stocks and Inventories

bChromium Pr'ce1s for metric tonnes of Transvaal ore. fob South Africa

CLTullongtonunitysthemetalcontent of one long ton of one percent grade ore It Is equivalent to 224 pounds of contained metal

NA —not available
SOURCE US Department of the Interior, Bureau of Mines

supply disruptions that result from economic
or foreign political disturbances. The concen-
tration of supply of important minerals in a few
countries, combined with anxieties aroused by
the success of the oil producers’ cartel in the
1970s, has led to calls for materials policies that
protect the Nation against supply disruptions
in a wider range of scenarios than those con-
templated under Defense Stockpile policies.

Two general approaches have been proposed
to reduce materials import vulnerability in non-
war scenarios. One is to establish uneconomic
stockpile, similar to the defense stockpile, but
which maybe used in times of economic dis-
ruption rather than military conflict. The pur-
pose of such a stockpile would be to reduce the
impacts to the U.S. economy from peacetime
market and supply disruptions. However, there
is considerable skepticism on the part of indus-
try that an economic stockpile could be man-
aged without causing market disruptions itself.

The advantages and disadvantages of various
types of economic stockpiles have been the sub-
ject of much study. (See, e.g., OTA’S, An As-
sessment of Alternative Economic Stockpiling
Policies, OTA-M-36, August 1976.)

The second approach is technological. Through
a combination of technical advances in mineral
production, conservation, and materials sub-
stitution, the requirements for imported stra-
tegic materials can be lessened and the reli-
ability of supplies can be increased.

This assessment concentrates on the role of
technology in reducing the vulnerability of the
United States to interruptions of supply of stra-
tegic materials. The technical approaches may
be directed either toward developing alterna-
tive sources of supply and alternative technol-
ogies for use in cases of supply interruption or,
in the longer term, toward developing new
materials and processes that significantly re-
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Distribution of Mine Production of Cobalt, Ch

CaBalda 0 Finland Turkey Philippines
CO alt gn//o Chromium 4% Chromium 6 % Chromium 5%
PGM ° Cobalt 3%0 China Cobalt 4%
Cupa USSR Manganese 6 % Australia
0,
CObalt 6/0 Chromium 33% India Cobalt 5%
Mexico Cobalt 8% Chromium 3% Manganese 8%
M 2% Manganese 32% 6%
anganese 0 PGM 29% Manganese
0
Brazil )
Chromium 4% Albam_a
Manganese 11% Chromium 5%

[ Manganese

rJ Cobalt

Chromium

Platinum

SOURCE Office of Technology Assessment, from U S Bureau of Mines data
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m, Manganese and Platinum Group Metals—1981

Zaire South Africa
Cobalt 47% Chromium 34%
Gabon Manganese 23%
Manganese 9 % PGM 44%
Botswana Zimbabwe
Chromium 5%

Cobalt 1%

Zambia
Cobalt 15%

A
7/
4

CI

China
Turk ;
"‘“\.—qey

?

Philippines
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duce the need for strategic materials, The va-
rious technological approaches identified are
distinct from, but may be combined with, the
nontechnical alternatives, that is, continuation

of the current policy of supporting the defense
stockpile and, potentially, the establishment of
an economic stockpile.

Identification of Strategic Resources

What makes a material strategic? Two fac-
tors must be considered: the critical nature of
its uses and the vulnerability of its supply. The
criticality of a material is measured by its de-
gree of use in applications essential to the
United States, both civilian and military. Vul-
nerability is assessed on the basis of the risk
that the supply of the material may be inter-
rupted, and the scale and duration of the po-
tential interruption. Thus, a strategic material
may be briefly defined as follows:

A strategic material is one for which the
quantity required for essential civilian and
military uses exceeds the reasonably secure
domestic and foreign supplies, and for which
acceptable substitutes are not available within
a reasonable period of time.

Because many materials are essential in
some applications but not others, difficulties
may arise in defining a material as critical. Def-
inition of vulnerability poses still more dif-
ficulties, since the assessment of the risk of
supply interruption involves a subjective anal-
ysis of the behavior of other nations. Alto-
gether, the definition of a “strategic material,”
combining uncertainties both of criticality and
of vulnerability is not a cut-and-dried matter.

The U.S. Bureau of Mines compiles and
reports data on 86 important non-fuel mineral
commodities. After eliminating the materials
and minerals that the United States exports or
for which the United States has no net imports
and the minerals for which the United States

relies on Canada for its supply, 33 commodities
remain. This list can be reduced further by
eliminating the materials which have a high de-
gree of geographical and political diversity in
their production.

The result is a list of 13 minerals and mate-
rials that are essential to the national economy
and whose supply is relatively limited and vul-
nerable to interruption. The regional distribu-
tion of the production of these 13 strategic
materials is shown in figure 1-1. For six of the
materials in the figure, beryllium, chromium,
cobalt, industrial diamonds, manganese, and
platinum group metals, over 70 percent of
world production is located in Africa or the
Communist bloc. The pervasive role of chro-
mium, cobalt, manganese, and platinum in the
economy, as contrasted to the more limited
roles for beryllium and industrial diamonds,
place these four materials in a “first tier” of
strategic materials; the remaining nine, while
all essential to the U.S. economy, form a sec-
ond tier of strategic materials.

The four first-tier strategic materials are the
subject of this report, Chromium, cobalt, man-
ganese, and platinum group metals are clearly
essential to the United States, and their uninter-
rupted supply is certainly open to question.
Issues considered with regard to these mate-
rials, and the technologies that may help re-
duce U.S. vulnerability to disruptions in their
supply, will also have some application to ma-
terials in the second tier.
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Figure 1-1.—Regional Distribution of

Strategic Material Production
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Essential Uses of Strategic Materials

The first-tier strategic materials have many
uses, a number of which are considered to be
essential. The essential uses of the first-tier stra-
tegic materials are discussed below.

Chromium

Chromium is used in a variety of applications
throughout the economy, the most essential of
which are superalloys, stainless steel, and as
an alloying element in tool, spring, and bear-
ing steels.

As an alloying element, chromium raises the
hardness of steel, increases its strength and ox-
idation resistance at elevated temperatures,

and increases its wear resistance. These prop-
erties make chromium alloy steel essential in
springs, bearings, and tools, as well as in com-
ponents of automobile engines.

In stainless steel, the formation of a tenacious
chromium oxide film on the surface of the ma-
terial provides a barrier to corrosion and ox-
idation. This corrosion and oxidation resist-
ance is essential in chemical processing plants,
oil and gas production, power generation, and
in automobile exhaust systems, principally in
the catalytic converter.

Chromium is combined with nickel, cobalt,
aluminum, and titanium to give superalloy
their exceptional corrosion and oxidation re-
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sistance at temperatures above the useful range
of steel. For example, superalloys are used in
the high-temperature regions of the aircraft gas
turbine engine in parts such as turbine blades
and vanes, turbine disks, and combustor liners.

Chromium in its mineral form of chromite
is used in insulating liners in boiler fireboxes,
steel and ferroalloy furnaces and vessels, and
in foundry sands used for casting molds. In a
chemical form it is used in pigments, metal
treatments, leather tanning, and a variety of
other applications. Although some of these uses
are essential, the quantity of chromium re-
quired to meet them is small relative to the
amount consumed in metallurgical applications,

Cobalt

Although U.S. demand for cobalt is less than
2 percent (by tonnage) of that for chromium,
it is essential in many of its applications. The
most critical are as an additive in some super-
alloy, as a binder for tungsten carbide tool bits,
and as a constituent of some magnetic alloys.
It is also desirable, but not irreplaceable, as an
alloying element in some tool steels, hard fac-
ing alloys, and high-strength steels. Cobalt is
contained in catalysts used in certain essential
steps in the refining of petroleum and the man-
ufacturing of chemicals. Other nonmetallurgi-
cal applications include pigments and paint
dryers, but only a very small portion of these
applications are essential.

Manganese

Although manganese is used in a variety of
applications, ranging from an alloying agent
in aluminum alloys and bronzes to nonmetal-
lurgical uses in batteries and chemicals, its
principal use—about 90 percent—is as an alloy-
ing and processing agent in steel. As an alloy-
ing element, manganese prevents the forma-
tion of iron sulfides which adversely affect the
properties of steel. In addition, manganese is
the most cost-effective method of increasing
the hardness of steel, leading to its use in cer-
tain impact-resistant steels and in the high-
strength low alloy (HSLA) steels. As a process-

ing agent in steelmaking, manganese is instru-
mental in removing oxygen from steel and in
improving slag characteristics.

Platinum Group Metals

Platinum group metals (PGMs), which com-
prise platinum, palladium, rhodium, iridium,
osmium, and ruthenium, are essential in catalyt-
ic applications in petroleum refining, chemical
processing, and automotive exhaust treatment.
They are also used as contacts in telecommu-
nication switching systems and as electrodes
in ceramic capacitors, but in many of these ap-
plications gold is a satisfactory, albeit expen-
sive, substitute for some of the platinum group
metals. Other applications include jewelry and
medical and dental equipment.

Outlook for the Future

Domestic production of stainless and alloy
steel accounted for 237,000 tons of chromium
in 1981. Requirements for these steels are pro-
jected to grow substantially for the rest of the
century. Superalloy, which require high purity
chromium metal or low carbon ferrochromium,
accounted for less than 7,000 tons of chromium
in 1981. Demand for chromium in this applica-
tion may nearly double by the year 2000.

Domestic cobalt consumption was 5,800 tons
in 1981. Superalloys, the largest consumer, ac-
counted for 2,100 tons or 36 percent of domes-
tic consumption. Magnetic alloys used about
800 tons (14 percent of domestic consumption);
chemical and petroleum catalysts accounted
for about 600 tons (10 percent of domestic con-
sumption); and cemented carbide tools and
dies consumed about 500 tons (almost 9 per-
cent of domestic consumption). Growth of co-
balt demand is expected to be slow over the
next decade, increasing somewhat after 1995.

In 1981, 775,000 tons of manganese con-
tained in ore and ferroalloys were used in the
production of carbon, stainless and alloy steel.
If current steelmaking practices continue,
manganese requirements for the domestic pro-
duction of steel would be expected to rise sig-
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nificantly. However, changes in steelmaking
practices could result in a significant decrease
in the amount of manganese required per unit
of steel production, causing a major drop in
future manganese consumption per ton of steel
(see p. 27).

U.S. demand for platinum group metals was
1,92 million troy ounces in 1981. Of this total,
607,000 troy ounces, or 32 percent, were used
in catalytic converters of automobiles. Other
catalytic uses in the chemical and petroleum
industries accounted for 342,000 troy ounces
(18 percent of domestic consumption). Electri-
cal applications accounted for almost 500,000
troy ounces (26 percent of domestic con-
sumption).

PGM demand for catalytic converters may
more than double by 1995 as automobile sales
increase and as larger vehicles, such as heavy
trucks and buses, are required to use conver-
ters. Demand for PGMs in the petroleum in-
dustry will probably grow at roughly the same
rate as the economy, unless there is a sharp in-
crease in demand for domestic fuels that would
require large quantities of PGM catalysts in the
expansion of refinery capacity. Growth of de-
mand for PGM catalysts in the chemical indus-

try is difficult to predict. Increased demand for
“specialty” chemicals (e. g., pharmaceuticals,
agricultural pesticides and herbicides, and bio-
catalyst) could push PGM consumption in the
chemical industry to as much as 400,000 troy
ounces in 1990 and to over 800,000 troy ounces
by 2000, PGM demand in the electrical indus-
try is likely to increase slowly, although a sharp
increase in palladium demand for ceramic
capacitors is likely in the near future and de-
mand for this use will remain high for several
years until high prices and tight supplies en-
courage the use of substitute materials in this
application.

These projections must be taken with cau-
tion. They are based on extensions of current
patterns and trends, and do not fully reflect the
effects of advances in materials production
technology, nor do they reflect technical ad-
vances in end uses that may result in signifi-
cant increases or decreases in consumption of
these materials, However, the projections do
provide a starting point for the evaluation of
the importance of the various technical alter-
natives to materials import reliance that are
discussed below.

Production of Strategic Materials

Chromium is found in many parts of the
world, but world mine production is domi-
nated by several large, high-grade deposits. In
1982, South Africa accounted for 27 percent
of the total world chromium production of
about 2.6 million short tons. The Soviet Union
produced 36 percent of the world total; six
other countries, Albania, Brazil, Finland, the
Philippines, Turkey, and Zimbabwe, each ac-
counted for between about 3.6 and 6 percent
of world production.

In 1982, the United States imported 227,000
short tons of chromium contained in ore and
metal. About half of the imports were as chro-
mite ore: 59 percent from South Africa, 6 per-

cent from the Soviet Union, 11 percent from
the Philippines, and the rest from a variety of
sources. The rest of chromium imports were
ferrochromium and chromium metal, with 35
percent coming from South Africa, 26 percent
from Zimbabwe, 12 percent from Yugoslavia
(produced, in part, from Albanian chromite),
and the balance from diverse sources,

In 1982, Zaire produced 45 percent of the
world supply of cobalt, while neighboring Zam-
bia produced 13 percent, The Soviet Union and
Cuba together produced 15 percent of the
world’s cobalt, Canada accounted for 6 percent
and Australia 8.7 percent, with lesser amounts
being produced in Finland, Morocco, the
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Philippines, New Caledonia, and Botswana.
Principal suppliers to the United States were
Zaire, 36 percent of imports; Zambia, 8.5 per-
cent; Canada, Norway, Finland, and Japan be-
tween 6 and 11 percent each; and Belgium/Lux-
embourg, 4.5 percent, Belgian cobalt originated
from ore obtained from Zaire, while Australia,
Canada, and the Philippines supplied cobalt
ore to other processes,

Manganese ore supplies are more diversified
among major producers than are supplies of
chromium or cobalt. The Soviet Union ac-
counted for 41 percent of 1982 world produc-
tion and South Africa accounted for 23 per-
cent. Australia, Brazil, Gabon, India, and China
each accounted for between 5 and 7.1 percent.

U.S. imports of ore came from Gabon (19 per-
cent), South Africa (55 percent), Australia (16
percent), and Brazil (3 percent). Manganese
was also imported as ferromanganese, with
South Africa providing 40 percent and France
providing 21 percent.

Production of platinum group metals is con-
centrated in the Soviet Union and in South
Africa, accounting for 54 percent and 40 per-
cent of 1982 world production, respectively.
U.S. imports were from South Africa (48 per-
cent), the Soviet Union (16 percent), and the
United Kingdom (14 percent, processed from
material imported into the United Kingdom
from South Africa and Canada).

Historical Perspective

In the past 25 years, the United States has
had at least four major disruptions in the
supply of materials critical to the economy and
the national defense. The first of these occurred
in 1949 when, in a Cold War exchange of trade
restrictions with the United States, the Soviet
Union stopped the export of manganese and
chromium ore to the United States. The sec-
ond interruption was the U.S. boycott of chro-
mium from Rhodesia (now Zimbabwe). The
third was a many month hiatus in the import
of nickel from Canada as workers carried on
a prolonged strike, Most recently, political
disturbances in Zaire, while not actually reduc-
ing cobalt production, triggered major disrup-
tions in supplies, inventories, and prices for
cobalt.

The Soviet Union embargo on chromium and
manganese exports to the United States in 1949
was a political action. It was a response to a
U.S. clampdown on exports of machinery,
tools, trucks, and scientific equipment to the
Soviet Union—which, in turn, was a response
to the Soviet blockade of Berlin in 1948. Another
politically motivated supply cutoff was the em-
bargo on imports of Rhodesian chromium from
1966 to the end of 1971. The U.S. embargo con-

formed with a United Nations resolution which
called on all members to refrain from trade
with Rhodesia after it declared independence
from Great Britain and set a course of con-
tinued white minority rule.

In neither of these cases were there serious
effects on the economy or any interruption of
defense production. The response in both in-
stances was, essentially, to find other foreign
sources of supply. After the 1949 Soviet em-
bargo, the U.S. Government was active in find-
ing alternative suppliers and in upgrading the
infrastructure of these suppliers by providing
steel to improve India’s rail transport system,
sending railcars to South Africa, and helping
to improve rail and port equipment in Ghana.

With the U.S. embargo on purchases of Rho-
desian chromium in 1966, the Government sold
excess chromium from the national stockpile
but otherwise took little active part, leaving in-
dustry to find alternate suppliers, That indus-
try was able to do so quite readily with little
evidence of shortage was due to several fac-
tors, besides the stockpile sales. The Soviets
promptly volunteered to serve as alternate sup-
pliers of chromium to the United States, even
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though the United States was fighting against
their allies in Vietnam. Prices rose, drawing
other suppliers like Turkey and the Philippines
into increased production, And the Rhodesian
embargo leaked. Despite the international em-
bargo, France, Japan, and Switzerland bought
what was probably Rhodesian chromium from
South Africa and Mozambique, Had they not
done so, the alternate suppliers might have
been hard put to provide the whole industri-
alized world with chromium.

A most important factor in reducing the eco-
nomic impact of the loss of Rhodesian chro-
mium was the wide-scale adoption of the argon-
oxygen decarburization process for the man-
ufacture of stainless steel, This process made
it possible to use high-carbon ferrochromium
made from South African chromite in place of
the more costly low-carbon ferrochromium
made from Rhodesian ore that had been used
before the embargo.

The 1969 nickel strike in Canada shut down
supplies from the quintessentially “safe” for-
eign source. Unlike the politically inspired em-
bargoes described above, it caused actual short-
ages and acute price hikes. The reasons for the
acute effects were twofold: the cutoff occurred
at a time of strong demand for nickel when
world supplies had already been tight for 3
years; and Canada was then almost the sole
supplier to the United States. Even so, military
and essential civilian production continued
without interruption throughout the shortage.
By 1970, world nickel prices were back to nor-
mal and supplies were ample.

The shortages and high prices elicited changes
in the behavior of U.S. nickel users, They sub-
stituted other materials where they could, for
example, replacing nickel stainless steel with
chrome-manganese stainless steel (a substitute
alloy that had been developed during the Ko-
rean war). Many users turned to nickel recy-
cled from scrap. And they paid high prices for
the limited remaining supplies of nickel—once
more supplied largely by the Soviets, An im-
portant factor in recovering from the acute
nickel shortage was the U.S. Government’s re-
lease of a large quantity of nickel from the

stockpile as the strike came to its end. Earlier
Government actions had been to allocate avail-
able supplies to military users.

During the cobalt “shortage” of 1978-79,
there was never any real interruption of supply,
On the contrary, production in Zaire and Zam-
bia—by far the largest cobalt producers in the
world market—rose 43 percent during 1978
and another 12 percent in 1979. But the com-
bination of rapidly rising world demand and
fears of a supply cutoff, triggered by a rebel in-
vasion of Zaire’s mining region, set off a wave
of panic buying. This, coupled with the recent
removal of an important source of world sup-
ply (sales from the U.S. stockpile) and the rela-
tively low industry inventories of cobalt, sent
cobalt prices soaring.

During the “shortage,” cobalt users turned
quickly to substitutions and recycling. Under
the spur of high prices, nonessential uses made
way for essential. Government allocation was
not needed to reserve cobalt for superalloys for
military jet engines; superalloy producers and
users paid the high prices demanded by dealers,
and they recycled. Use of cobalt in permanent
magnets for loudspeakers dropped by half as
ceramic magnets were substituted. The ce-
ramic magnet technology was already on the
shelf but had not been widely adopted because
it required redesign and retooling. High cobalt
prices made these changes worthwhile, The
drop in demand for cobalt due to substitution,
recycling and conservation had its effect on
prices, which turned down in 1980. By 1982,
with worldwide recession, cobalt prices plunged
below the 1978 level.

None of these cases resulted in severe or
long-lasting damage to the United States. None-
theless, the issue of foreign dependence for
materials critical to the country is a major one.
For some materials, alternative suppliers are
by no means as readily available today as they
were in past years. In 1949, small producers
such as India and Turkey were capable of ex-
panding their production sufficiently to replace
our major suppliers of manganese and chro-
mium; they are not today, Nor are there any
major new technologies in stainless steelmak-
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ing opening up new types of ore for exploita-
tion, as the argon-oxygen decarburization proc-
ess did for South African chrome ore after
Rhodesian supplies were embargoed. The
Canadian nickel strike and, to a lesser degree,
the disruption in cobalt markets resulting from
the Zairian disturbances, showed that interrup-
tions in metal supplies could have financial ef-
fects much greater than might have been ex-
pected, on the basis of the dollar value of
imports of these metals,

These four diverse historical examples illus-
trate two important points. First, interruptions
or even complete cessation of supply from ma-
jor producers of strategic materials are possi-

ble, whether as a result of international poli-
tics, internal rebellion, labor difficulties or
other causes. Second, technology provided a
means to respond to interruptions of supply in
each of the examples. Thus, a basic question
to be answered in considering the full range
of possible elements in a Government policy
for strategic materials is the extent to which
technology can protect the U.S. economy from
the adverse effects of possible interruptions in
the future. The first step toward answering this
guestion is to identify the technological alter-
natives to the current state of reliance on im-
ports of strategic materials.

Technological Approaches to Reduce Materials Import Vulnerability

There are many technological approaches to
reduce U.S. materials import vulnerability, and
they may be combined in many different ways.
For the strategic materials policy maker, it may
be best to group these various approaches into
a materials technology triad. The components
of this triad are minerals production and metal
processing, conservation, and substitution.

The production leg of the triad includes do-
mestic production, diversified foreign produc-
tion, and production of minerals from regions
beyond national jurisdiction, The processing
of these minerals into forms used by industry,
particularly ferrochromium and ferromanganese
for the steel industry, is also included in the
production leg. The conservation leg includes
improved manufacturing technologies that use
materials more efficiently, such as improved
casting methods, more efficient forging tech-
niques, and the manufacture of parts from
powdered metals. It also includes the recycling
of scrap generated during the manufacture of
components and of obsolete scrap retrieved
from discarded products. The third leg of the
triad, substitution, involves the use of materials
with reduced strategic materials content in
place of traditional materials. An example is
the use of 9 percent chromium steel in place

of stainless steel containing 18 percent chro-
mium in certain powerplant applications. Sub-
stitution also includes the displacement of
strategic materials by new materials such as
advanced ceramics or composites.

Individually, no one technological approach
can meet all of the varied problems that might
arise with regard to the security of supply of
the four first-tier strategic materials; the ap-
proaches must be combined to improve their
effectiveness. Further, each provides oppor-
tunities that differ for the various materials.
Thus, the most effective combination of tech-
nological approaches for dealing with materi-
als import vulnerability varies from one mate-
rial to the next,

Summary of Technological Approaches

In reviewing the outlook for technological ap-
proaches to reduce materials import vulner-
ability for the four first-tier strategic materials,
several points become apparent. First, there is
no single solution. For example, as is shown
in table 1-1, substitution is extremely impor-
tant to reducing chromium vulnerability, but
has little contribution to make in the case of
manganese. Recycling, which is important for
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Table 1-1.—Summary of Most Promising Technological

Approaches to the Reduction of

Strategic Materials Import Vulnerability

Approach

Potential benefits®

Barriers to implementation

Chromium:
Substitution

Conservation

Production

Cobalt:
Conservation

Substitution

Production

Manganese:
Conservation

Production

Direct substitution could now reduce U.S.
chromium needs by one-third. Another one-
third reduction may possibly be achieved
through a 10-year R&D program.

Advanced materials may displace chromium
alloys in certain aerospace and industrial ap-
plications.

Expanded recycling of scrap and waste could
provide at least 20,000 tons of chromium
beyond current recycling levels.

Development of alternative foreign sources
could provide about 30,000 to 60,000 tons,
about 10 to 20% of current U.S. demand.

Recycling could recover much of the cobalt in
scrap and waste that is currently lost or
downgraded.

Process improvements now being adopted may
make significant reductions in the amount of
cobalt used to make jet engine components.

Direct substitutes under development could
reduce the need for cobalt by 50°/0 or more
in some critical superalloy applications.

Advanced materials may displace cobalt in
some aerospace and industrial applications.

Domestic production from three sites could pro-
duce up to 8 million pounds of cobalt per
year.

New foreign production could provide almost 15
million pounds of cobalt per year.

Process improvements could reduce needs for
imported manganese in steel by 45% by year
2000.

Alternative suppliers to South Africa and the
Soviet Union could increase production
after 2 to 3 years to expand facilities.

Platinum group metals (PGMs):

Conservation

Product ion

Recycling of catalytic converters could recover
500,000 troy ounces of PGM annually by
1995.

Development of the Stillwater deposit could pro-
duce 175,000 troy ounces of PGM in the near
term; additional development is possible.

Low cost of chromium alloys deters use of
substitutes; lack of information on
substitutes slows their use in times of short-
age; need for further tests and experience
limits near-term potential for substitution to
one-third of consumption.

Basic and applied research is needed to im-
prove properties and reliability of advanced
materials. Designers and engineers need bet-
ter understanding of properties and limita-
tions of advanced materials. Tests and
standards need to be developed for these
materials.

Barriers to chromium recycling are economic,
not technical.

At current prices for chromium, there is no
economic incentive to diversify suppliers.
Government assistance would be required to
make development of alternative suppliers
more attractive.

Principal barrier is economic; however, exten-
sive recovery of superalloy scrap may require
use of technology that is now limited to
laboratory testing.

Economic factors favor the adoption of process
improvements.

Industry has little or no incentive to expend the
time and money needed to qualify alternative
alloys except when there are significant per-
formance advantages.

Barriers to adoption of advanced materials to
reduce cobalt consumption are the same as
for chromium, as described above.

Current prices for cobalt and/or co-product
metals are too low to justify investment
without Federal subsidies.

Investments are being postponed until cobalt
prices rise. Lead times of 2 to 5 years are
needed to bring deposits into production,

Adoption of improvements will depend on in-
cremental upgrading of domestic steelmak-
ing facilities.

Assured market for increased production is
needed to justify investment in production
and transportation facilities: U.S. would be in
competition with other consumers for new
production; facilities for processing ore into
ferromanganese must also be available.

No significant barriers; several years will be
needed to develop collection and processing
infrastructure.

Domestic production will require slightly higher
prices for platinum and palladium and
evidence of increased demand.

aThe benefits accruing from the various approaches are not cumulative. For example, as scrap generation in manufacturing is reduced through improved processing
techniques, the potential benefits of recycling are also reduced

SOURCE Office of Technology Assessment
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platinum and cobalt, is also a minor contribu-
tor for manganese, Similarly, processing effi-
ciency, diversity of supply, and domestic pro-
duction all vary in importance for each of the
strategic materials.

Second, none of the approaches offers a
“quick fix” to import vulnerability problems,
All require a continuing commitment, whether
the approach is to maintain substitution infor-
mation on a current basis, or to move new
materials from the laboratory to industrial use,
or to encourage investment in new mines or
processing facilities.

Third, the existence of technological alter-
natives is based on a history of long and con-
tinued support by Government, academia, and
industry for basic research in materials science
and engineering. Had this commitment been
significantly less, fewer alternatives would be
available today.

Fourth, in only a few instances is it likely that
the technological approaches which offer
promise to reduce import vulnerability will be
implemented under normal economic and mar-
ket conditions. Improvements in steelmaking
technology and recycling of catalytic con-
verters are underway and are likely to con-
tinue, as are improvements in superalloy
fabrication technology. Development of the
Stillwater, MT, PGM deposit is a strong pos-
sibility, although the actual decision to go
ahead will rest on a positive assessment of
future markets for platinum group metals. De-
velopment of advanced materials that contain
no strategic materials is likely, but it is not clear
how useful these materials will be in applica-
tions that now require strategic materials, For
the rest of the technical approaches, the out-
look for implementation is poor unless new in-
centives are forthcoming, provided either by
the market (in the form of tightened supplies
and higher prices) or by the Government (as
investment assistance or price supports).

Chromium
PRODUCTION

World production of chromite, the ore from
which chromium is obtained, is largely ac-
counted for by southern African and Com-

munist countries. In 1982, South Africa ac-
counted for 22 percent of chromite production,
the U.S.S.R. accounted for 24 percent, Albania
for 12 percent and Zimbabwe for 4 percent.
Another 22 percent was spread among Brazil,
Finland, India, Madagascar, the Philippines,
and Turkey. The processes of ferrochromium,
the form used in making alloy and stainless
steel, are more diversified. In the 1980-82
period, the Soviet Union and South Africa each
accounted for 20 to 25 percent of world pro-
duction. Japan was a midlevel producer, ac-
counting for about 15 percent and the United
States accounted for about 7 percent. These
figures are static, however, and do not reflect
the trend toward decreased diversity of fer-
rochromium production. From 1974 to 1980,
U.S. ferrochromium production declined by 29
percent, Japan by 21 percent, and France by
30 percent. During the same period, South Afri-
can ferrochromium production rose by 193
percent and the Soviet Union 279 percent.

Domestic Production.—Domestic resources offer
few opportunities for reducing import depen-
dence for chromium. United States chromium
resources are limited to low-grade deposits,
such as the Stillwater Complex in Montana, the
small, discrete deposits of chromite in north-
ern California and Oregon, and extremely low-
grade chromite associated with nickel laterites
such as the Gasquet Mountain deposit in north-
ern California. The Stillwater deposit was
mined under Government contract during
World War 11, but it is not under consideration
for development now, Somewhat lower in cost
to mine than the Stillwater ores, the dissemi-
nated, or podiform, chromite deposits of Cali-
fornia and Oregon also provide a resource that
could be tapped in times of national emer-
gency, but one that is not competitive with
worldwide chromite deposits now in operation,

Only one domestic chromite resource, the
Gasquet Mountain nickel laterite deposit, is
under consideration for development at this
time. The development proposals call for this
deposit to produce nickel and cobalt, with a
chromite concentrate as a byproduct. Consid-
ering current prices for nickel and cobalt, the
outlook for this mine is dim. Even if it does en-
ter into operation, the production of chromite
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would be less than 3 percent of U.S. annual
consumption of chromium.

Although only low-grade deposits of chro-
mium have been discovered in the United
States, the possibility remains that better de-
posits exist. High-grade chromite deposits,
where they exist, are normally associated with
the Precambrian rock such as that which
underlies much of North America. Unfortu-
nately, only small areas of this rock are ex-
posed. Conventional mineral reconnaissance
techniques, which rely heavily on the iden-
tification of surface features associated with
the desired mineral deposits, are limited to
these exposed areas. In other areas, the pre-
cambrian rock is covered by thick layers of
sediment or glacial debris, precluding the use
of surface features to disclose the nature of sub-
surface deposits. Advances in exploration tech-
nology, however, may improve the outlook for
the discovery of more deposits. Improved geo-
physical techniques, such as arial gravimetric
and magnetic analyses targeted specifically at
chromium, could reduce the dependence of ex-
plorationists on surface geology. Improved geo-
chemical and core drilling technology could
encourage the exploration for chromium (and
other minerals) by reducing exploration costs.
In the long term, improved scientific under-
standing of the processes that form deposits
could assist explorers to identify regions in
which to concentrate their efforts.

Diversified Foreign Production.—Unless major new
deposits of chromite are discovered, the oppor-
tunities to diversify supplies of chromium are
limited to minor expansion of small producers,
such as Albania, Turkey, and the Philippines, and
the exploitation of known, but undeveloped,
chromite resources in the laterites and beach
sands of New Caledonia and the Philippines,

The deposits in Albania, Turkey, and the
Philippines are small and discrete, and it is
likely that many deposits remain undiscovered,
Production from these countries might be in-
creased if techniques for identifying scattered
deposits of chromite can be improved.

Technologies have been developed for the
production of chromite from nickel laterites

and beach sands, but the ore grades of such de-
posits generally range from 2 to 5 percent
chromic oxide. With the major producers
supplying ore that contains 35 to 48 percent
chromic oxide, the lateritic and sand deposits
would require substantial concentration to pro-
duce a marketable product, and the estimated
cost of producing such a product is two to three
times the current market price.

Ferrochromium Processing Capacity.—Before 1970,
the United States had sufficient capacity to
meet its needs for ferrochromium, the form of
chromium used in the production of steel.
Since that time, however, imports of ferrochro-
mium have reduced the domestic industry’s
share of United States demand and, with time,
the capacity to produce ferrochromium domes-
tically is also decreasing as furnaces and plants
are decommissioned. As domestic processing
capacity declines, the United States loses its
flexibility to turn to alternative sources of ore
from countries that do not have their own fer-
rochromium facilities.

The decline of the domestic industry is di-
rectly related to the cost of operation. Costs of
power, labor, and transportation are, in gen-
eral, lower for the producers in countries
where chromium ore is mined than for U.S.
firms, In addition, national policies in the pro-
ducer countries often provide economic incen-
tives for local processing of ferroalloys.

The advantages enjoyed by producing coun-
tries are not insurmountable. The growing
need to blend together ores that have different
chemical and physical properties means that
all producers will need to import ores, so that
all producers will pay the additional cost of
transporting ore rather than the more concen-
trated ferroalloy. Labor rates in many producer
countries are now quite low, but are likely to
increase more rapidly than in the United
States, thereby narrowing the cost differences.
Improvements in the technology for measure-
ment and automatic control of processing oper-
ations should provide gradual improvements
in domestic plants. In the longer term, ad-
vanced furnaces may provide means to reduce
energy consumption, further reducing advan-
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tages held by some foreign producers. Eco-
nomic and trade agreements may also help nar-
row the economic gap. With the advantage of
proximity to consumers, which gives U.S. pro-
ducers an advantage in responding to special
orders placed by the steel industry, technical
improvements in ferroalloy facilities could im-
prove the potential to maintain a domestic fer-
rochromium industry capable of processing
ore from a variety of foreign sources,

In the long term, with wise adoption and ap-
plication of technology, the industry may be
able to keep a significant share of the domes-
tic market for ferrochromium, ferromanga-
nese, and other ferroalloys. In the near term,
however, there is little technology can do; so,
during this period, the domestic industry is
likely to need economic and political assistance
if it is to preserve a market presence against
foreign competition.

CONSERVATION

Chromium-bearing manufacturing and ob-
solete scrap are marketable products that ac-
count for about 10 to 15 percent of U.S. con-
sumption of chromium, Because recycling of
manufacturing scrap is already at a high level,
there is little opportunity to increase chromium
recovery in this area. There are, however, sig-
nificant opportunities to increase the recovery
of chromium from obsolete stainless steel scrap
and from waste produced by steelmaking and
chemical processing plants.

Recycling of obsolete stainless steel scrap is
difficult because of the long lifetime of stainless
steel products, the wide dispersion of the prod-
ucts through the economy, and the difficulty
of separating the stainless steel from other
materials in discarded products. The most
promising prospect is in the automotive area.
About one-third of all obsolete stainless steel
scrap is obtained from junked automobiles;
even so, only 30 to 40 percent of the chromium
contained in the cars is recovered. The best op-
portunity for increasing chromium recovery
from automobiles lies in the catalytic converter.
The shell of the converter, which is made from
Type 409 stainless steel, contains 1,8 to 2.6

pounds of chromium—over half of the total
chromium content of the automobile. Since this
type of stainless steel is magnetic, it is not
easily separated from other magnetic parts ei-
ther before or after the cars are shredded. How-
ever, interest in recycling of the platinum in
the converters is increasing (see “Platinum
Group Metals” below) and the converters are
starting to be removed for separate processing,
which makes the stainless steel shell available
for recycling. If recycled separately, the con-
verter shells could produce about 5,000 to 7,000
tons of chromium per year, or up to 3 percent
of the 1981 U.S. demand for chromium in stain-
less and alloy steels,

Opportunities for recovery of chromium
from industrial wastes are difficult to quantify
because of a lack of up-to-date information. In
1974, the most recent year in which data were
compiled, chromium lost in industrial waste
was estimated to be over 28,000 tons, including
over 17,000 tons from various metallurgical
processes. Since that time, several firms have
instituted both internal and commercial waste
processing programs. For example, Inmetco,
a subsidiary of Inco, processes flue dust, mill
scale, and grinding swarf containing 3,100 tons
of chromium with chromium recovery rates of
about 90 percent. Other facilities have been de-
veloped to process other forms of scrap and
waste.

Chemical and metal finishing industry wastes
were estimated to contain over 3,000 tons of
chromium in 1974, which was then almost en-
tirely lost. Although recycling or regenerating
the chromium from these wastes is expensive,
the cost of meeting strict standards for the dis-
posal of waste in landfills could encourage the
recovery of metals, Furthermore, the value of
the metal could help lower the costs of proc-
essing the waste for disposal. Several recovery
technologies, including closed-loop systems to
extend the life of acid baths, have been under
development and hold promise to reduce chro-
mium losses in the future.

SUBSTITUTION

Direct Substitutes.—The most important use of
chromium is in metallurgical applications,
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where it provides properties of hardness, wear
resistance, high-temperature strength, and re-
sistance to oxidation and corrosion. It is in
these uses that substitution offers the greatest
opportunities to reduce the requirements for
imported chromium.

Because of its relatively low cost, availabil-
ity, history of satisfactory performance, and
familiarity to designers, chromium-containing
steels, particularly stainless steels, are widely
used, even in applications that do not require
the superior performance provided by the high
chromium content. There are many oppor-
tunities to use materials with reduced chro-
mium or no chromium at all, but there is no
single substitute material that can serve in all
of the applications where stainless steel is now
used. Appropriate substitute materials must be
selected for specific applications. Some of the
more promising substitutes for stainless steel
are summarized in table 1-2.

It is important to note that there are few in-
centives to replace stainless steel in most ap-
plications. As a result, most potential substi-
tute materials remain at the laboratory stage
because, without economic incentives to adopt
alternative materials, private industry will not
spend the money required to move the mate-
rials to commercial use.

Advanced Materials. —In the long term, nonme-
tallic and unconventional metallic materials
may provide alternatives to chromium-bearing
stainless and alloy steels and superalloys.
Ceramics are being developed for possible use
in engine components, power plants, and bear-
ings—all applications that now use stainless or
alloy steel—and in gas turbine engines in place
of superalloys. Advanced composites may be
used in applications that require high strength
and light weight. New metallic materials, in-
cluding rapidly solidified metals and long-
range ordered intermetallics may provide alter-
native materials for use at high-temperature ap-
plications, such as turbine components in jet
engines, that otherwise require alloys with
chromium contents of 20 percent or more.

However, advanced materials must over-
come substantial barriers before they can sig-
nificantly reduce the need for chromium or
other strategic materials, With few exceptions,
these materials are still in early stages of de-
velopment. Considerably more work must be
done in the laboratory to improve the proper-
ties of the materials, and processing and man-
ufacturing methods must be developed to ac-
commodate their special properties. Even then,
the materials must gain acceptance by design-
ers, who will evaluate them not only on eco-

Table 1-2.—Substitution for Chromium in Metallurgical Applications

Application material Current material

Alternative

Developer Status

Boiler tubes in con-
ventional and nuclear

Type 304 stainless
steel (18% chromium)

Modified 9°/0
chromium/1%

Oak Ridge National In process of cer-
Laboratory tification by ASME

powerplants

molybdenum steel

code committees

General use in
moderately corrosive
or oxidizing
environments

Type 304 stainless
steel

Manganese-alumi-
num steels

Diverse locations in
U.S. and other
countries

Laboratory stage in
U.S. Minor practical
applications in China

High-temperature ox-
idizing environments

Type 304 stainless
steel

8°/0 aluminum/6%
molybdenum steel

Bureau of Mines

Laboratory stage

Corrosive environ-
ments (chemical
processing)

Type 304 stainless
steel

9°/0 chromium alloy
steel

Bureau of Mines/
Inco

Laboratory stage

General use (moderate

corrosion and oxida-
tion uses)

Type 304 stainless
steel

12°/0 chromium
stainless steel

NASA Lewis
Research Center

Laboratory stage

Automotive exhaust

systems and catalytic

converters

Type 409 stainless

steel (1 2°/0 chromium)

6-12°/0 chromium
alloy steel

ARMCO

Laboratory stage

SOURCE Office of Technology Assessment.
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nomic grounds but on the familiarity that
grows with practical experience,

Cobalt
PRODUCTION

Cobalt is generally produced as a byproduct
of nickel or copper mining, its sales supple-
menting the revenues from these other prod-
ucts. Only rarely is it mined for its own sake.
The largest cobalt producers, Zaire and Zam-
bia, produce cobalt from their copper mines.
Canada and Botswana produce it from nickel-
copper mines, and Cuba and the Philippines
recover it from nickel laterites. Less commonly,
cobalt may also be found in deposits of lead,
iron, and manganese. Only in Morocco has co-
balt been produced as a principal product. As
a result of the wide distribution of cobalt-
bearing ores, diversified production, both do-
mestic and foreign, is a more promising option
for the reduction of import vulnerability for
cobalt than for chromium, manganese, or plat-
inum group metals.

Domestic.—In the aftermath of the Korean war,
the United States obtained cobalt from domes-
tic sources, largely by granting Federal sub-
sidies to the mine operators. Three deposits,
the Blackbird mine in ldaho (a copper-cobalt
mine), the Madison mine in Missouri (lead-
cobalt) and the now-depleted Cornwall mine
in Pennsylvania (an iron deposit with small
amounts of cobalt), provided the bulk of domes-
tic cobalt. In addition to these proven depos-
its, several other deposits are known and have
been studied as possible domestic sources.
These are the copper-nickel deposits of the
Duluth Gabbro in Minnesota and the cobalt-
containing nickel laterites in northern Cal-
ifornia.

At current and projected prices for cobalt
and other metals that can be produced from
the Blackbird mine, the Madison mine, the
Duluth Gabbro, and the nickel laterite deposit
at Gasquet Mountain in California, domestic
cobalt production is economically unattractive,
Unless prices for cobalt, nickel, lead, and cop-
per show major and prolonged increases, pri-
vate industry will not develop any of these de-

posits. Increases on the order of 50 percent for
nickel and copper, or 100 percent or more for
cobalt would be necessary to encourage private
investment. At these higher prices, domestic
production of cobalt could be significant, De-
velopment plans for the Blackbird mine call for
the production of 3.7 million pounds of cobalt
per year, for the Madison mine 2 million
pounds, and for the Gasquet Mountain deposit
2 million pounds. The lives of these mines vary
from 10 to 20 years, based on proven reserves.
Potential cobalt production of hypothetical
mines in the Duluth Gabbro is estimated to be
from 1 million to 2 million pounds annually,

Diversified Foreign Production.--The high market
prices that are required for domestic produc-
tion of cobalt have led developers to look for
deposits in foreign countries that offer more
attractive economics. With long-term price in-
creases less extensive than those required to
make U.S. deposits economic, cobalt produc-
tion from nickel mines in Canada and Aus-
tralia, which accounted for 10 percent of world
production in 1980, can be increased substan-
tially.

Increases in cobalt and nickel prices would
also improve the prospects for the development
of cobalt deposits in Indonesia, New Guinea,
New Caledonia, and Peru. These four depos-
its are summarized in table 1-3. The total po-
tential cobalt production of these four depos-
its could be 14.7 million pounds per year if they
were all to enter production. As with the do-
mestic deposits of cobalt, however, these four
are unlikely to be developed under current eco-
nomic conditions. In fact, development at Gag
Island was recently halted due to poor eco-
nomic outlook and partnership disagreements,

Table 1-3.—Potential New Foreign Cobalt Production

Estimated production  Leadtime to

Site (million pounds/year) start production

Gag lIsland, Indonesia 28 2 to 3 years

Ramu River, New Guinea 59 5 + years

Goro, New Caledonia 20 3.5t0 5 years

Marcona Mine, Peru 4.0 2 years
Total 147

SOURCE Off Ice of Technology Assessment
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and development of the other three deposits
awaits improved markets for nickel and cobalt.

Ocean Resources.—For over 100 years it has
been known that in the depths of the ocean
there are deposits of nodules and crusts of
manganese that contain copper, nickel, and co-
balt, sometimes in concentrations that would
be very attractive in land-based deposits. Ad-
vances in the technology for ocean resource
exploration and development during the 1960s
and 1970s raised the possibility of recovering
these minerals from the seabed. Commercial
interest centered on the manganese nodules of
the east central Pacific ocean where the nickel,
copper, and cobalt contents were at their high-
est. After a peak of interest in the late 1970s,
however, interest in the development of these
resources declined sharply, Although uncer-
tainties about the legal right to mine the re-
sources contributed to the decline in interest,
more significant were the increases in the pro-
jected cost of exploitation (based on the anal-
ysis of data from prototype tests conducted in
1979 and 1980) and the realization that assump-
tions of future increases in the price of nickel
and copper were overly optimistic, The high
cost of building and operating an ocean min-
ing system is compounded by the legal uncer-
tainties arising from U.S. abstinence from the
seabed mining provisions of the Law of the Sea
Convention, and by the cost of development
and testing remaining to be done on mining
systems. With time, as higher grade land-based
resources are depleted, the resources of the
deep sea floor may well become a major source
of cobalt and other metals. At this time, how-
ever, land-based sources of cobalt, whether for-
eign or domestic, appear more attractive for
commercial development.

CONSERVATION

There are a number of conservation alterna-
tives to reduce U.S. requirements for cobalt.
The manufacture of superalloy components is
a particularly attractive area for improvement.
A considerable amount of machining is per-
formed on jet engine components, resulting in
large quantities of manufacturing scrap. Ratios
as high as 10 to 1 for purchased metal to metal

used in the engine are seen, with ratios of 6
to 1 being common. Less than 50 percent of this
superalloy manufacturing scrap is recycled for
use in superalloy; the rest is used in steel for
its nickel and chromium content, is exported
to foreign consumers, or is disposed of as
waste. Obsolete parts made of superalloys are
contaminated with carbon and sulfur, and gen-
erally are not recycled for production of jet en-
gine components. Past failure to utilize scrap
has been based, in part, on engine manufac-
turers’ standards that limited the use of scrap
and, in some cases, prohibited its use altogeth-
er, due to concern that contaminants would not
be removed in refining processes and the re-
sulting alloy would be unsuitable for use in crit-
ical applications, With experience, it has been
possible for manufacturers to relax the speci-
fications to allow the use of superalloy that
contain up to 50 percent recycled materials
(principally from manufacturing scrap) in air-
craft applications,

Recent advances in remelting and refining
technology have led to the development of
processes that could refine manufacturing
scrap, and even some obsolete scrap, to pro-
duce new alloys that can meet the strictest of
standards required by aircraft engine manufac-
turers, Processes have also been developed to
recover individual elements from mixed alloy
scrap. The usefulness of these processes is
limited, however, because they have only been
tested in the laboratory or in small pilot plants.
Further time and effort are needed to deter-
mine their technical and commercial feasibil-
ity as full-scale facilities.

A second conservation measure that could
reduce import vulnerability for cobalt is the use
of more efficient manufacturing technologies,
Particularly important among these, for super-
alloy, are near-net-shape technologies, These
include powder metallurgy, in which pow-
dered metals are pressed under high pressure
and temperature into a form close to the final
shape of the desired component; hot isother-
mal forging, in which materials are deformed
under extremely plastic or superplastic condi-
tions to near final shape; and advanced preci-
sion casting methods that allow the production
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of complex shapes as a single part, eliminat-
ing many machining steps that would other-
wise produce scrap, much of which would be
downgraded or lost.

An example of the benefits of these advanced
manufacturing processes is the production of
the turbine disk for the Pratt & Whitney F-100
jet engine. When first designed, this 15-pound
part was forged from a 250-pound billet of
Astroloy (17 percent cobalt), which resulted in
235 pounds of chips containing 40 pounds of
cobalt. With isothermal forging, the billet
weight is reduced to 126 pounds and the ma-
terial used is IN-100 (18.5 percent cobalt) in-
stead of Astroloy; the result is 110 pounds of
chips containing 20.5 pounds of cobalt—almost
a 50 percent saving in cobalt. Future improve-
ments are expected to reduce chip formation
to 35 pounds of material containing less than
7 percent cobalt; the result will be a net cobalt
savings of over 80 percent, compared with the
original manufacturing process,

Improvements both in recycling and in man-
ufacturing efficiency act to reduce U.S. depen-
dence on imports. However, the economic fac-
tors that may impel manufacturers to adopt
them are different. Manufacturing improve-
ments are likely to continue because the im-
provements result in overall cost savings and
performance benefits, not because they reduce
cobalt consumption, per se. Advances in re-
cycling technology are much more dependent
on a specific interest in conserving cobalt; they
are likely to occur slowly, if at all, unless price
increases or supply uncertainties provide in-
centives for further development in the reuse
of superalloy scrap for critical applications,

SUBSTITUTION

Owing largely to the uncertainty of cobalt
supplies following the 1978-79 disturbances in
Zaire, the U.S. Government sponsored research
into the potential to reduce strategic material
requirements in jet aircraft, Results of labora-
tory tests indicate that cobalt content of some
superalloys currently used in aircraft engines
could be reduced by 50 percent or more through
the use of new alloys, Some steps along this
line were taken by jet engine manufacturers
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through the substitution of nickel-based super-
alloy containing little or no cobalt for cobalt-
based superalloys and cobalt nickel-based su-
peralloys with high cobalt content. Further
steps along these lines are more difficult, how-
ever, The certification of a new alloy for use
in critical aircraft applications is an expensive
and time-consuming process, one that com-
panies will not carry out unless the substitute
provides clear performance benefits or unless
faced with high metals prices or extreme and
prolonged uncertainty about the availability of
cobalt.

As with chromium, long-term opportunities
to develop substitutes for cobalt-bearing alloys
are enhanced by the development of advanced
materials, Ceramic cutting tools are already be-
ing used in place of high-temperature tool
steels or cemented carbide tool bits that con-
tain cobalt. Ceramics and carbon-carbon com-
posites have shown some potential for high-
temperature applications that now require
superalloy. Advanced metallic materials, in-
cluding rapidly solidified materials and long-
range ordered alloys, also have high-tempera-
ture characteristics that may lead to their
future application in place of conventional co-
balt and chromium-bearing superalloys.

Manganese

About half of the manganese consumed in
the production of steel is contained in iron ore
and scrap, Since these materials are available
domestically or from Canada, this supply of
manganese is relatively secure from interrup-
tion. The remainder of the manganese in steel
is provided in the form of manganese ore and
ferromanganese that the United States must
import.

PRODUCTION

World manganese production is dominated
by a limited number of very large deposits that,
because of their large reserves and high man-
ganese content, are very economical to oper-
ate. The major producers, South Africa, the
U. S. S. R., Gabon, Australia, China, and Brazil,
accounted for all but 5 percent of world pro-
duction in 1982. In addition, Mexican produc-
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tion accounted for 2 percent of total world pro-
duction. Production is concentrated in the
U.S.S.R. (4 | percent of 1982 production) and
South Africa (23 percent).

Domestic Production.—The United States is en-
dowed with only relatively small and low-grade
deposits of manganese. Although these depos-
its were exploited during World War Il, they
are not economically competitive with the
world class deposits now in production. Prices
between $8 and $35 per long ton unit (equiva-
lent to 22.4 pounds of manganese) are esti-
mated to be required for domestic deposits to
become economic. With the current market
price ranging between $1.45 and $1.75 per long
ton unit, it is doubtful that domestic manganese
will be developed, although some production
of low-grade ferruginous manganese ores (de-
fined as ores containing less than 35 percent
manganese) is possible.

Undiscovered deposits of manganese of com-
mercial or near-commercial grade may exist in
the United States. However, manganese can-
not be detected by airborne methods, so ex-
ploration must be conducted on the ground,
raising the cost of initial reconnaissance. Wide
distribution of manganese in rock and soil
makes it difficult to distinguish traces of man-
ganese associated with ore deposits from the
general background concentration, reducing
the usefulness of geochemical exploration
methods. If exploration for manganese is to be
encouraged, improved theories of formation
must be developed so that promising locations
for deposits can be identified and geochemi-
cal and geophysical methods can be concen-
trated in these more promising areas. Given the
availability of manganese at low cost from a
variety of suppliers, it is unlikely that private
firms will conduct research aimed at locating
domestic manganese deposits since the bene-
fits, if any, would occur far in the future.

Diversified Foreign Production.—Increased produc-
tion of manganese at the Groote Eylant mine
in Australia offers the best opportunity for
diversification away from South Africa. High-
grade ore and proximity to ocean transport
make expansion of this deposit relatively easy.

Mexico also could expand its production, but
Mexican ore is lower in quality than that of the
major producers. Expansion of this deposit
would be more costly than expansion of the
Australian deposit because, in addition to the
cost of expanding mine capacity, additional in-
vestment to increase the capacity of the ore up-
grading equipment would be necessary. Pos-
sibilities for diversification are also limited in
Gabon, where a long transportation line that
includes an aerial tramway limits the potential
to increase the production rate, In Brazil and
China, a large share of manganese production
is dedicated to the current and future needs of
their domestic steel industries. Although ex-
pansion of manganese production for export
is possible in these countries, it is not currently
planned,

Ocean Production.—Certain areas of the ocean
are favorable to the formation of crusts or
nodules containing up to 30 percent manga-
nese. Manganese contained in these deposits
is finely disseminated through the material and
not easily processed into a conventional man-
ganese ore. With further development of ocean
mining technology, the nodules located on the
Blake Plateau off the coast of Florida could be-
come a new domestic source of manganese but
costs of production would be similar to those
of other domestic ores and much higher than
many foreign ores. Similarly, manganese could
be recovered as a byproduct of deep ocean min-
ing in the Pacific for nodules rich in nickel,
copper, and cobalt. However, mining of the Pa-
cific nodules appears to be far in the future.

Manganese Processing Capacity .-For its largest
and most important application—as a process-
ing and alloying agent in the manufacture of
steel—manganese ore must be processed into
ferromanganese. As is the case with chromium,
the United States has become dependent on
foreign processing of manganese ore to meet
much of its demand for ferromanganese. Since
the equipment and processes for ferroman-
ganese production are similar to those for fer-
rochromium (in fact, the facilities are some-
times converted from one product to the other,
although at a reduction in efficiency), the tech-
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nical approaches to maintain a domestic proc-
essing capacity are also similar. Technologi-
cal advances offer little help to the domestic
industry in the immediate future. However, im-
proved technology for monitoring and control-
ling ferromanganese furnaces could raise the
productivity of domestic facilities to a limited
degree. Over a longer period, the development,
refinement, and adoption of new high-voltage
and plasma arc furnaces may give domestic
producers an edge in efficiency over foreign
producers who do not adopt the technology
and allow them to be competitive with those
who do.

CONSERVATION

Improvements in steel production technol-
ogy provide the best prospect for the reduction
of manganese import vulnerability. Careful
measurement of sulfur levels and manganese
additions, resulting in manganese contents
near the lower level allowed by steel specifica-
tions, can result in reductions of manganese
consumption per ton of steel by about s per-
cent. External desulfurization, which reduces
manganese requirements, may provide even
more dramatic savings and so may up-to-date
steelmaking techniques such as continuous
casting, which keep to a minimum internal, or
“home” scrap that in each cycle through the
steelmaking process contributes to inevitable
losses of manganese in slag.

As shown in table 1-4, 35.6 pounds of man-
ganese are used on average to produce one ton
of steel, 17.8 pounds of which is provided by
imported manganese ore and ferromanganese.
Only 13.8 pounds remain in the steel while the
other 21.8 pounds is lost in slag, dust, and
waste. By the year 2000, the average manga-
nese content of steel is likely to decline slightly
to 12.2 pounds per ton of product, but major
reductions are expected in the amount of man-
ganese lost. The net result will be a reduction
in total manganese consumption per ton steel
from 356 t0 24.8 pounds. Even more striking,
and more important from a security of supply
viewpoint, the consumption of imported man-
ganese ore and ferromanganese is estimated
to decline from 17.8 pounds per ton of steel to

Table 1.4.—Current and Projected Manganese
Consumption in U.S. Steel Production
(pounds of manganese per ton of steel product)

Current Projected-2000
(1981-82) Expected Best Worst

Inputs:
Manganese products:
Manganese ore 19 1.2 1,0 1.5
Ferromanganese 159 8.3 55 122
T ot a | 17.8 95 6,5 13,7
Iron and steel products:
Iron ore and sinter 129 8.5 7.1 10.1
Purchased ferrous scrap 5.0 6.8 6.9 66
Total 17,9 15.3 14,0 167
outputs:
Retained in steel products 13,8 122 112 134
Losses (slag, dust, waste) 21,8 126 9.4 170
Total manganese use 35,6 248 20,6 304

SOURCE Office of Technology Assessment

9.5 pounds per ton, a decline of over 45 per-
cent from current levels.

SUBSTITUTION

The bulk of manganese consumption is in
steelmaking, and in this application there is
no satisfactory alternative, with the exception
of the use of rare earths in a limited group of
applications that can justify the sharply higher
cost,

Platinum Group Metals

PRODUCTION

The Soviet Union and South Africa account
for over 90 percent of world PGM production,
with most of the remainder coming from Can-
ada. Production in all other countries accounts
for only 1 percent of world production. Cana-
dian production results from byproduct recov-
ery from copper-nickel ores and cannot be ex-
panded substantially without corresponding
increases in the production of these metals.
Since economics do not favor increases in cop-
per or nickel production, Canada cannot be
considered an important diversification oppor-
tunity.

The United States offers the only significant
opportunity to affect, even slightly, the domi-
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nating role of South Africa and the U.S.S.R. in
PGM production. While minor amounts of
PGM are obtained as a byproduct from three
U.S. copper mines and, in the past, from placer
deposits such as Goodnews Bay, AK, there are
plans under consideration to develop resources
of platinum group metals in the Stillwater Com-
plex in Montana. This deposit could produce
175,000 troy ounces of platinum group metals
annually, or between 2 and 3 percent of cur-
rent world production. This operation is under
evaluation and review, and the decision to go
ahead with development will rest on assump-
tions of stable or increasing metal prices,

Undiscovered domestic deposits of platinum
group metals are almost certain to exist, most
likely as placer deposits such as Goodnews Bay
and as byproducts of copper-nickel sulfides, Al-
though less likely, another major domestic
PGM deposit, similar to the Stillwater Com-
plex, could exist, Exploration for such a deposit
would face problems similar to those described
for chromium and for cobalt-bearing copper-
nickel sulfides. As with those metals, prospects
for success in exploration for PGMs would be
enhanced by improvements in geophysical,
geochemical, and drilling technology and by
advances in the understanding of the geologic
processes that formed PGM deposits,

CONSERVATION

As with manganese, conservation technology
provides the greatest opportunity for the reduc-
tion of materials import vulnerability in plati-
num group metals. Platinum contained in in-
dustrial catalysts is already extensively
recycled, but the recovery of platinum group
metals from electronic scrap and from obsolete
automotive catalytic converters is less exten-
sive. There are no major technological barriers
to recovery of platinum group metals from ei-
ther type of scrap. Instead, the principal bar-
riers are in the collection of scrap from widely
dispersed locations for processing at central
facilities, Scrap from electronic manufactur-
ing plants is the easiest to collect, and recycling
operations are well underway in this area. Ob-
solete electronic components are also proc-

essed, but this is hampered by the high labor
intensity required to identify and separate
platinum-bearing components. Catalytic con-
verters are now beginning to enter the scrap
yards in sufficient gquantities to interest
platinum recyclers, and a number of firms are
showing interest in processing the converters
to recover the contained platinum group metals.
Platinum metal available annually from cata-
lytic converters, which was about 115,000 troy
ounces in 1982, is projected to grow to over
800,000 ounces in 1995 (fig. 1-2), Actual re-
covery will probably not exceed 500,000 troy
ounces, since only about 70 percent of obsolete
cars and trucks reach automotive dismantles
where converters may be removed for recy-
cling, and some PGM is lost in processing.

It is also possible that new engine designs
may allow the reduction of pollutants without
the need for catalytic converters. However, the
wide-scale adoption of any significantly new
automotive engine is not likely until the next
decade, and long-term prospects will depend
on price and performance factors, not on po-
tential savings of platinum group metals.

SUBSTITUTION

Substitution opportunities for platinum group
metals are greatest for electronic components,
Gold is a substitute for platinum in electric and
communications relays, with substitution deci-
sions being based on the relative prices of gold
and platinum, Silver and palladium alloys may
be used in place of pure platinum in many ap-
plications, although platinum may offer su-
perior performance and reliability. Palladium,
now used in ceramic capacitors in rapidly in-
creasing amounts, may be subject to substitu-
tion in 5 to 10 years as technologies using
silver, nickel, and lead electrodes are im-
proved. In catalytic applications, however, the
outlook for substitution is dim. Unless new de-
velopments arising from advances in the study
of surface science and chemistry lead to new
catalytic systems, the high efficiency and long
lifetime of platinum catalysts make them vir-
tually irreplaceable.
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Figure 1-2— PGM Demand vs. Potential Supply From Recycling
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Implementation of Technological Approaches

There are many technological approaches to
reducing import vulnerability for each of the
four first-tier strategic materials. These are
summarized in the preceding section. They
vary in the potential contribution they could
make to the reduction of vulnerability, in the
cost of carrying them out, in the period of time
when they are effective, and in the assurance
that they will fulfill their potential. These fac-
tors, as well as the interrelationships among
the approaches, mean that it is important to di-
rect and coordinate the implementation of
technology toward specific goals, As a result,
the management of strategic materials policy
is critical to the successful implementation of
the various approaches. The following sections
address alternatives available to the United
States, both in the general management of
materials policy, and in the implementation of
the technologies.

Legislative Guidance for Strategic Materials Policy

The 1980 National Materials and Minerals
Policy, Research and Development Act (Pub-
lic Law 96-479] provides a basic policy frame-
work that could be used to develop and eval-

84 85 86

94 95

Model year

uate various technological approaches for
reducing U.S. import vulnerability. The law
emphasizes the importance of research and de-
velopment activities related to all stages of the
materials cycle (from exploration and mineral
extraction through recycling and disposal) in
addressing materials problems, The law applies
to all materials, not just those for which the
United States is import dependent, but many
of its provisions apply to strategic materials in
particular,

The Critical Materials Act (Public Law 98-
373) requires the Administration to establish
a Critical Materials Council, reporting to the
Executive Office of the President. The Coun-
cil is required, among other things, to prepare
a critical materials report and assessment, to
be reviewed and updated on a biennial basis,
and also to prepare a Federal program plan for
advanced materials, to be annually reviewed.
The Council is also to review annual authori-
zation and budget requests related to Federal
material activities, so as to ensure close coordi-
nation of goals and directions of such programs
with Council policies.

In addition, several other laws, already in
place, could be employed should Congress
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wish to encourage private industry to adopt
technical alternatives to reduce import vulner-
ability. Title 11l of the Defense Production Act
(DPA) of 1950 authorizes direct Federal sub-
sidies, purchase commitments, loan guaran-
tees, and other instruments to assure availabil-
ity of essential defense materials and industrial
processing capabilities. The main use of Title
Il has been to encourage domestic production
of strategic materials, especially during the Ko-
rean war and its aftermath, but DPA also could
be used to encourage other private sector ac-
tions, such as development of processing tech-
nologies and substitute materials. Congress, in
April 1984, authorized the appropriation of up
to $100 million to the Department of Defense
for Title Il projects for fiscal years 1985 and
1986, and provided new criteria for Presiden-
tial review of proposed projects before they are
undertaken. Other measures of potential rele-
vance to implementation of these technical
alternatives include Federal stockpiling law
(comprehensively amended in 1979 as the Stra-
tegic and Critical Materials Stock Piling Revi-
sion Act), the Minerals Policy Act of 1970, and
the Stevenson-Wydler Technology Innovation
Act of 1980, which emphasized transfer of fed-
erally developed technological innovations to
the private sector.

Structure and Information for Strategic Materials Policy

The 1980 materials act required the Execu-
tive Office of the President to assume a more
active role in coordinating and formulating
materials policy, beginning with preparation
of a materials program plan to be submitted to
Congress by the President on a one-time basis.
The plan, submitted in April 1982, emphasized
domestic production and stockpile issues. It
did not encompass the full range of technologi-
cal issues (including substitution and recycling)
emphasized in the 1980 act.

In spite of strong statements of interest in
strategic materials issues, the Administration
has yet to carry out all of the provisions of the
1980 act. Specific reports required of the White
House Office of Science and Technology Pol-
icy (OSTP) have not been submitted to Con-

gress, and a Department of Defense report (due
to Congress in late 1981) has not yet received
Administration clearance. Although a policy-
making structure, based in the Cabinet Coun-
cil on Natural Resources and the Environment
and the renewed Committee on Materials, was
established by the Administration, there is
strong evidence that materials policymaking
procedures remain relatively uncoordinated,
both among agencies and among technologi-
cal approaches.

It was the goal of the 1980 act to require the
coordination of agencies over the range of
materials technologies. Since this goal has not
been fulfilled, Congress may wish to consider
further action to assure compliance, for exam-
ple by establishing specific reporting dates for
the OSTP and the Department of Defense, and
by requiring submission of a revised program
plan, with the explicit requirement that the
plan include evaluation of the role of substitu-
tion and conservation technologies in U.S. stra-
tegic materials policy.

Another alternative to improve the coordi-
nation and direction of Federal strategic ma-
terials policy would be to require the Admin-
istration to prepare, on a regular basis, a
multi-year strategic materials program plan
that would establish long-term goals and ob-
jectives for materials policy, Such a plan could
be submitted on a 4-year schedule, reflecting
the long-term goals of each Administration,

Goals, Objectives, and Coordination of
Federal Materials R&D

The Federal Government is the principal
sponsor of research related to strategic mate-
rials. This research is conducted through many
agencies in the Government, with the Depart-
ments of Defense, Energy, Interior, and
Commerce and the National Aeronautics and
Space Administration being major sponsors. In
the past, this research has succeeded in devel-
oping many of the technological alternatives
identified in this report. However, goals of this
research are often narrowly directed towards
problems of specific interest to the sponsoring
agency.
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Many of the technological approaches iden-
tified in this report will yield their benefits only
in the medium to long term. To obtain these ben-
efits, executive branch policies need to be clearly
defined and stable over a number of years, Estab-
lishment of research priorities among materials,
identification of specific objectives for Federal
programs, and formulation of overall strategies
may be needed so that individual agencies can
better plan their research, development, and
budget priorities.

Information developed so far in response to the
1980 materials act is insufficient to provide a
basis for coordinated interagency responses to
strategic material issues. A 1983 inventory of
materials research conducted by the Committee
on Materials (COMAT) did not disaggregate re-
search funds by specific material or by research
activity. Nor has COMAT required individual
agencies to identify all strategic materials re-
search within their own organizations.

Without more detailed information as to the
level of research support, by agency, by type of
research and by material, Federal objectives for
strategic materials policy cannot be established
in an effective manner. In order to strengthen
the Federal mechanism for policy formulation,
Congress may wish to provide additional guid-
ance to the Administration for the review of Fed-
eral strategic materials R&D as required by the
Critical Materials Act,

Mineral Production and Metal Processing

The current distribution of mineral produc-
tion and metal processing facilities around the
world is dictated largely by the economics of
exploitation; although national policies to en-
courage mineral development, promote em-
ployment, gather foreign exchange, or protect
the environment also affect the flow of invest-
ment. The limited number of high-grade depos-
its of the four first-tier strategic materials has
resulted in a narrow range of producers, and
policies of foreign governments to promote
local economic interests are contributing to a
declining role for domestic firms in the fer-
roalloy processing industry. Although the pres-
sures of market economics and of the devel-

opment policies of producer nations are strong,
actions to expand the range of suppliers, both
through diversity of foreign supplies and do-
mestic production, can be taken. Four alterna-
tives to broaden the range of suppliers and pro-
ducers are discussed below. The opportunities
for production of strategic metals from known
domestic deposits are summarized in table 1-5.

Domestic Production of Strategic Materials

Reasonable prospects exist for domestic pro-
duction of 5 to 10 percent of U.S. demand for
platinum group metals. Opportunities for the
development of domestic resources of other
first-tier strategic materials are limited to sev-
eral low-grade cobalt deposits. Industry evalua-
tion of these deposits, located in Idaho, Mis-
souri, and California, indicate that about 7.7
million pounds of cobalt could be produced an-
nually over a 10- to 15-year period. However,
at current market prices for cobalt (and for the
nickel, copper, lead, and zinc also found in the
various deposits) development of these re-
sources in competition with the existing low-
cost producers in Zaire and Zambia will not
proceed. Further R&D on ore concentration
and processing systems might improve the out-
look for development somewhat, but the only
means to ensure the development of these re-
sources is through Government purchase con-
tracts for metal produced from the mines. Pro-
duction of cobalt from the Idaho and Missouri
deposits would require long-term (10 years or
more) commitments to purchase cobalt output
at $16 to $25 per pound. With recent contracts

Table 1-5.—Outlook for Development of
Known Domestic Deposits of Strategic Resources

Chromium Cobalt Manganese Platinum

Good News Bay, AK - - 1-2
Stillwater Complex, MT 3 - 1-2
Madison Mine, MO 2-3

Blackbird Mine, ID 2-3 -
Gasquet Mountain, CA 2-3 2-3 -

Duluth Gabbro, MN - 3 3
Domestic Manganese - - 3

—Not applicable

1— Economic at current prices

? Marginally economic to subeconomic -under consideration for exploitation
3—Subeconomic —not considered for commercial exploitation at current metals prices

SOURCE Off Ice of Technology Assessment
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for cobalt from Zaire running up to $12 per
pound, the cost of subsidizing mine production
of 2 million pounds of cobalt would run be-
tween $8 million to $26 million per year. For
this cost, the United States would be assured
of cobalt production amounting to 16 percent
of 1981 domestic consumption,

According to industry estimates, develop-
ment of the Gasquet Mountain deposit at cur-
rent prices for nickel would require cobalt
prices in the $20 to $25 per pound range. How-
ever, an increase in the price of nickel from
the 1983 average of $2.20 to $3.50 per pound
might make cobalt economic at about $12,50
per pound. However, such a dramatic increase
in the price of nickel is unlikely.

Exploration for Domestic Resources

The fact that known domestic resources of
strategic materials are very limited does not
rule out the possibility that there may be sig-
nificant deposits, as yet undiscovered. How-
ever, little domestic exploration for these min-
erals is going on, The reasons are the high cost
of exploration, combined with industry pessi-
mism about the likelihood of locating depos-
its of chromium, cobalt, or manganese that can
be profitable in current and projected markets,

Several steps may be taken to increase the
potential for discovery of domestic resources
of the first-tier materials. The Government can
provide economic incentives, principally through
the tax system, to improve the economics of
exploration. The cost of the incentives could
be reduced by making them effective only for
exploration that leads to the development of
the target materials. However, tax incentives
can only improve project economics by a mar-
ginal amount, so other action might be required
if exploration for strategic materials is to be en-
couraged,

Targeting of Government mineral resource
assessments toward the first-tier materials and
increasing the detail of the assessments could
identify areas of favorable potential for strate-
gic materials. Government-supported research
on improved geophysical and geochemical
technologies could reduce the cost of prospect-

ing and exploration for these materials. The
lower costs, combined with improvements in
techniques directed toward the desired mate-
rials, could increase private exploration for the
first-tier materials.

Improved understanding of the geological
processes that form deposits of strategic ma-
terials offers the greatest opportunity to expand
domestic strategic materials resources. The
benefits of increased research into the process
of mineral formation and into techniques of
predictive geology will only be seen in the long
term, but, since many promising areas for the
first-tier materials are covered by layers of
glacial debris or sediment, predictive methods
may be essential if the Nation’s resource en-
dowment is to be assessed.

Diversity of Foreign Supplies

The potential to diversify supply to reduce
U.S. materials import vulnerability is greatest
for cobalt and manganese. There are also op-
portunities to diversify somewhat the supply
of chromium. Supply diversity, however, re-
guires investment in and construction of new
or expanded mining and transportation facil-
ities. The distribution of world resources and
the economic policies of producer countries
have resulted in the current distribution of pro-
duction, so policies meant to encourage diver-
sity of supply must somehow change the eco-
nomics of production in desired locations to
attract investment.

A first step to diversity of suppliers is for the
Government to identify and make known to
private investors the most promising diver-
sification opportunities. A basic program for
this purpose is now underway in the Interna-
tional Development Cooperation Agency where
the Trade and Development Program supplies
funds for resource assessments of deposits of
strategic materials, identifies potential U.S.
participants in development activities, and
brings the potential participants together with
resource experts and officials in the foreign
country.

In some cases, uncertain legal environments
or restrictive foreign investment laws discour-
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age development of mineral deposits. Prospects
for the diversification of supply of strategic
materials could be improved by coordinating
actions by U.S. Government agencies, includ-
ing the Department of State, the Department
of Commerce, the Export-Import Bank, the
Overseas Private Investment Corporation, and
U.S. participation in international development
banks and United Nations activities, to im-
prove both the political and the economic cli-
mate for the development of strategic materi-
als in specific countries, A program of this type
could be an integral part of U.S. foreign affairs
activities, perhaps consisting of a redirection
of current resources and efforts rather than a
commitment of new or increased Government
funds. If desired, however, economic incen-
tives, such as foreign assistance for infrastruc-
ture development or special tax treatment for
U.S. investors, could be used to promote invest-
ment in specified projects,

In all of the approaches to diversify supplies
of strategic materials, it is important that the
Government target its efforts at specific mate-
rials and specific countries. In this way, the ef-
fectiveness of the Government’s resources can
be maximized and side effects, such as the pro-
motion of foreign production of nonstrategic
minerals in competition with domestic mines,
can be avoided,

Ferroalloy Production Capacity

For chromium and manganese, promotion of
diversification of the supply of minerals from
the ground is only a partial solution. These
metals are generally processed into intermedi-
ate products, ferrochromium and ferromanga-
nese, before they are used in the production
of steel. A strategy for diversification of supply
should consider whether the processing of
these ferroalloys is also to be diversified or
whether domestic processing of the ores into
their alloy form is to be encouraged,

For a variety of reasons, including the use
of newer facilities, lower labor costs, reduced
transportation costs, and various forms of local
government assistance, processing of ores into
ferroalloys at or near the mine site has made

major inroads into what was once a strong U.S.
industry. This is a matter of some concern, that
extends beyond the specific interests of the fer-
roalloy industry, because domestic ferroalloy
processing facilities provided a capacity for
quick response to interruptions in the supply
of imported minerals, If one source of minerals
should be cut off, it would be necessary only
to expand foreign mine production elsewhere,
not to increase capacity of ferroalloy plants as
well. With decline of U.S. capacity, it would
become more difficult and expensive to main-
tain production of ferroalloys for steel and
stainless steel production in the event that sup-
plies from one of the major producers were in-
terrupted.

In the near term there are no technological
fixes to improve the competitive state of the
U.S. ferroalloy producers, If domestic capac-
ity is to be maintained, assistance must be of
a political or economic nature instead. In the
longer term, however, there are several oppor-
tunities to increase the competitiveness of the
U.S. industry. The U.S. Bureau of Mines could
support development of improved technology
for existing facilities in order to increase labor
productivity and conserve energy and mate-
rials. Such improvements, though incremental,
could help U.S. facilities compete with more
modern facilities overseas, The Government
could extend a greater degree of support,
largely through policies targeted to encourage
investment by U.S. firms to modernize their
operations with new processes for the produc-
tion of ferroalloys. Such processes, which are
expected to produce substantial improvements
in energy conservation, will be used in new for-
eign facilities and, to be competitive, U.S. firms
must adopt them as well.

Substitution Alternatives

Substitution offers considerable potential to
reduce U.S. materials import vulnerability with
respect to chromium and, to a lesser degree,
cobalt. However, because of the satisfactory
performance, reasonable cost, and familiarity
of chromium and cobalt containing alloys,
there has been little interest in developing,
testing, certifying, or using substitutes.
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There are three major opportunities for the
Government to improve the materials vulner-
ability status of the United States through sub-
stitution:

1. by making information about substitutes
widely available to consumers, thus pro-
moting and speeding the adoption of sub-
stitute materials;

2. by developing, testing, and, where re-
quired, certifying new materials lower in
chromium and cobalt content for use in
a limited number of industrial applications
that account for large fractions of the crit-
ical applications for these materials; and

3. by supporting the development of ad-
vanced materials, including ceramics,
composites, and unconventional metallic
compounds, through basic and applied re-
search, education, and the development of
design and testing methods appropriate
for the new materials,

Substitution Information Systems

During times of chromium or cobalt supply
interruptions, interest in substitute materials
rapidly increases. However, the period of time
required to identify possible substitute mate-
rials, test them for particular applications, and
modify production techniques for the substi-
tute materials can be quite long. During this
period of adjustment, consumers continue to
demand these metals, drawing down the avail-
able supplies, and resulting in high prices and
depletion of producer and consumer inven-
tories. If the shortage is severe, the Government
may be forced to allocate supplies to essential
applications to the detriment of other indus-
tries and consumers. A system that helps users
quickly identify and adopt substitutes could re-
duce the need for strategic materials, particu-
larly in nonessential applications, thereby free-
ing materials from suppliers and in consumer
inventories for use in essential applications.

To be useful, a substitution information sys-
tem must reflect the needs and concerns of in-
dustrial consumers, but, because of its impor-
tance to the Nation as a whole as a means of
reducing materials supply vulnerability, the

Government has a major interest in establish-
ing it. The system would describe current uses
of strategic materials, identify the promising
alternative materials, and maintain informa-
tion on the performance of the substitutes and
other information users need to determine how
to adopt the substitutes.

Although supported by the Government, ma-
jor elements of the system could be conducted
by private sector participants (materials and
testing professional societies, trade associa-
tions, universities, and individual industries)
under Government-established guidelines,

Commercialization of Alternative Alloys

During World War 11, the Government estab-
lished a system of National Emergency Steels
for use by industry when shortages of raw
materials made it impossible to meet demand
for the alloys then in use. Now, laboratory re-
search has identified a number of promising
alloys that could become substitutes for the
high chromium and cobalt alloys in use today.
These alloys are not ready for commercial use
because they require further testing in the lab-
oratory, evaluation of production techniques,
and evaluation of performance in actual oper-
ating conditions, Since these testing and evalu-
ation procedures may take a number of years
and several million dollars to complete, the
alloys are not “on the shelf, ” ready to be used
in times of emergency. These alloys do hold
promise for reducing the need for chromium
and cobalt in critical applications, however.
The Bureau of Mines, the National Labora-
tories of the Department of Energy, NASA, the
Defense Department, and the National Bureau
of Standards could direct efforts toward testing
and evaluation of a limited number of alterna-
tive alloys where the potential for strategic ma-
terial substitution is greatest. To be effective,
such an effort would need to have the partici-
pation of industry to identify the alternative
alloys to be evaluated. This approach is most
promising for a number of applications that
now use stainless steel. Alternative alloys, low
in cobalt, are also possible in superalloy ap-
plications, but the high cost of testing and qual-
ification could push costs of a comprehensive
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program to develop alternatives to the dozens
of cobalt-containing superalloy now in use
into the hundreds of millions of dollars.

Encourage Development of Advanced Materials

Ceramics, composites, and unconventional
metallic materials have properties that suggest
they might serve as substitutes for conventional
materials that require strategic metals. Basic
and applied research is still needed to over-
come undesirable characteristics present in the
materials and difficulties in the processing of
raw materials and the manufacture of compo-
nents. In addition, design methodologies for
use of the materials must be developed to em-
phasize their advantages and minimize their
disadvantages. Finally, up-to-date knowledge
of the materials and the associated design and
manufacturing technologies must be dissemi-
nated to potential users, Three separate activ-
ities could further these efforts:

1. Coordinate Federal Advanced Materials
R&D: Research and development on ad-
vanced materials is conducted in many
parts of the Government, but coordination
is achieved largely through personal con-
tacts and professional societies. Programs
are developed in response to individual
agency objectives, resulting in fragmenta-
tion and overlap of research efforts, Al-
though it would be detrimental to attempt
to control rigidly all research in advanced
materials, increased interagency coordina-
tion toward common goals could improve
the effectiveness of Government research
and speed advances in understanding
these new materials. Coordination of Gov-
ernment research is a responsibility of the
executive branch, but Congress could fur-
ther the coordination of Federal research
on advanced materials through oversight
of the progress of the Administration in
preparing its report on the status of Gov-
ernment R&D in advanced materials. Such
a report could also raise the visibility of
Federal work on advanced materials, re-
sulting in improved coordination with pri-
vate industry and academic research.

2. Improve Understanding of Advanced Ma-

terials: Unlike direct substitutes, which
may be used in place of current materials
with little modification of designs or man-
ufacturing processes, advanced materials
will require designs and processes to be
developed around their specific properties.
This means that academic institutions,
professional organizations, and individual
firms need to develop programs to train
engineers and designers in the proper
selection and use of advanced materials.
The Federal Government can assist in de-
veloping these education programs by pro-
viding grants for the hiring of new faculty,
acquisition of new laboratory equipment,
and design of curricula emphasizing ad-
vanced materials.

. Develop Testing and Certification Proce-

dures for Advanced Materials: Reliability
and predictability are essential for any
engineering material. Until a large body
of information on the properties of ad-
vanced materials is developed in the lab-
oratory and in the field, industry will not
adopt the materials. The same is true for
any new material; but in the case of ad-
vanced materials the barriers are likely to
be greater and the delays longer because
testing methods and certification proce-
dures that reflect the special qualities of
the materials, and the new design and
manufacturing processes that will develop
around them, do not yet exist. These bar-
riers could be lessened if Government, in-
dustry, and academia focus on developing
data on the properties of advanced mate-
rials, establish appropriate testing meth-
ods, and direct attention to certification
procedures to ensure that advanced ma-
terials are not restricted from some ap-
plications unnecessarily. One approach
could be the establishment of a nonprofit
center associated with a testing society,
professional organization, or academic in-
stitution under partial Federal sponsorship
for the purpose of overcoming barriers to
the use of advanced materials resulting
from lack of data as to material properties.



36 . Strategic Materials. Technologies to Reduce U.S. Import Vulnerability

Conservation Approaches

Conservation offers a number of ways to re-
duce U.S. dependence on foreign sources of
supply of chromium, cobalt, manganese, and
platinum group metals. In many cases, conser-
vation opportunities are already being imple-
mented, and others are under evaluation by pri-
vate industry. In the case of manganese, it is
likely that improvements in steelmaking tech-
nology will continue so that U.S. requirements
for imported manganese will decline sharply.
Recycling of catalytic converters is just begin-
ning, and several major firms are considering
opportunities to expand into this area. Re-
covery of chromium and cobalt from steelmak-
ing, industrial, and chemical waste has begun
to rise in the past few years, driven in part by
Federal laws and standards on air and water
qguality and disposal of waste. Other oppor-
tunities are less likely to go forward under nor-
mal conditions. Superalloy scrap from obsolete
aircraft components, a significant and reliable
source of cobalt and chromium, is not likely
to be used in the production of new superalloys
so long as low-priced metal from foreign sources
makes it economically unattractive to invest in
the development of new recycling systems.

The promise of conservation of strategic
materials—even from those practices already
underway—is not assured. The strategic ma-
terials recycling industry is new, and our
understanding of it is incomplete. Three ap-
proaches to improve the prospects for conser-
vation of strategic materials are discussed
below.

Update Information on the Recycling of
Strategic Materials

Data on the generation and flow of scrap con-
taining strategic materials is incomplete and
out of date. The United States is poorly pre-
pared to utilize scrap as a source of strategic
materials in times of emergency. With more
complete and detailed information, the Govern-
ment could develop more effective R&D pro-
grams to enhance scrap recovery. Congress
could direct the Bureau of Mines to conduct,
and update on a regular basis, surveys of the

generation and disposal of scrap containing
chromium, cobalt, manganese, and platinum
group metals. Information from these surveys
would be useful in planning Government R&D
efforts, in updating requirements for the na-
tional defense stockpile, and in identifying in-
vestment opportunities for private businesses.

Identify Specific Government Actions to Support
Recycling of Strategic Materials

In recent years, a number of Federal actions
affecting air and water quality and waste dis-
posal have encouraged increased recycling.
The potential effects of Government actions on
recycling are beginning to receive considera-
tion by policy makers, For example, Govern-
ment-established freight rates on scrap—pre-
viously set at a level higher than the rates for
shipping raw material—have been reduced.

The 1980 National Materials and Minerals
Policy, Research and Development Act di-
rected the Administration to assess the effects
of Federal policies that affect all stages of the
materials cycle, including recycling and dis-
posal. A number of recycling activities are new
and their economics have not been tested com-
mercially. In some cases these activities may
be affected substantially by Government pol-
icies. These recycling activities include the re-
covery of PGMs from catalytic converters, re-
covery of chromium and cobalt from industrial
and chemical wastes, recovery of cobalt from
spent hydroprocessing catalysts, and recovery
of cobalt and other metals from cemented car-
bide scrap. Because these recycling industries
are small or nonexistent, the effects of Govern-
ment actions on the recovery of strategic ma-
terials from waste or scrap is generally ignored,
Yet these sources, combined, could be impor-
tant supplements to imports of chromium, co-
balt, and platinum.

Congress could improve the outlook for con-
servation of strategic materials by requesting
that the Administration identify opportunities
to promote the recycling of strategic materials,
identify barriers to new or increased recycling,
and recommend to Congress ways to structure
taxation, procurement, environmental, and
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other policies to encourage increased recycl-
ing. Such a study could be conducted by the
Department of Commerce as part of its series
of evaluations of strategic materials issues and
U.S. industries.

Develop Recycling Technology for Superalloy Scrap

Scrap from processing of superalloys and
from obsolete aircraft engine components
could provide a secure source of material con-
taining cobalt and chromium metal, At present,
only a portion of this supply is reused in super-
alloy. The remainder is either downgraded to
less demanding uses (often completely wast-
ing the cobalt content), exported for use in
other countries, or disposed of as waste. Sev-
eral technical processes to recover individual
metals from superalloys have been developed,
but so far have only been tested in the lab-
oratory.

The capacity of the United States to respond
to cobalt supply disruptions could be enha-need
if the Government were to put “on-the-shelf”
one or more of the new superalloy recycling
technologies by scaling the process up to a
demonstration plant. Although relatively costly,
on the order of $10 million, such a plant could
make available the technology to recover high-
guality cobalt from nearly all forms of super-
alloy scrap. This source was estimated to con-
tain 4 million pounds of cobalt in the year 1980,
making it equivalent to several opportunities
for domestic mineral production, Estimates of
the cost of metals produced from these recycl-
ing systems are proprietary, but are said to be
in the range of $15 to $25 per pound of cobalt,
which is in the same price range as domestic
cobalt production.
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CHAPTER 2

An Introduction to Materials Import Vulnerability

The United States, despite its wealth of re-
sources, is a substantial importer of materials
for industry. To some observers, the Nation’s
reliance on these imports constitutes a dan-
gerous dependency, threatening a “materials
crisis” more devastating than the recent energy
crisis, Others see the U.S. position as quite
manageable, though not without dangers and
difficulties.

U.S. reliance on foreign sources for a num-
ber of important nonfuel minerals is not new
nor, in itself, a cause for alarm. What really
matters is whether import dependence makes
the United States vulnerable to a cutoff of sup-
ply and whether that cutoff could have very
damaging effects. In the past few years, these
possibilities have raised a wave of concern. Un-
doubtedly, one factor in the crescendo of con-
cern was the success of the OPEC cartel in con-
trolling oil production during the 1970s, raising
the world oil price to unheard of heights, and—
at least temporarily—reducing oil exports to the
United States for political reasons.

Today, many people believe that the United
States is vulnerable to disruptions at least as
serious as the oil crisis because of the nature,
level, and sources of U.S. materials imports.
Some fear that worse times are in store: they
are persuaded that the Soviet Union is conduct-
ing a “resource war” against the United States
and its allies, with the threat of shutting off sup-
plies of minerals from central and southern
Africa that are vital to U.S. national defense
and basic industries.

Others familiar with minerals issues believe,
on the contrary, that the interdependence pol-
icy for minerals supply has served the Nation
well over the years and that the costs of self-
sufficiency would be extremely high. Those
who take this view concede that the supply of
some imported materials could be interrupted,

but count on flexible responses of the market
economy—e.g., alternate suppliers, substitu-
tions in use, and shifts from less to more es-
sential uses—to compensate tolerably well for
supply cutoffs or dislocating price increases.

There is some common ground in the oppos-
ing views. Both sides favor stockpiling im-
ported materials that are vital to national de-
fense and essential supporting industries as an
insurance against supply interruptions. Both
agree that, for at least a few imported minerals,
continuity of supply is a serious question de-
serving a carefully considered government re-
sponse.

The short list of these generally agreed upon
“strategic” materials includes chromium, co-
balt, manganese, and the platinum group metals
(which comprise platinum, palladium, rhodium,
iridium, osmium, and ruthenium). All of the
four have essential uses, including military
uses, for which there are no readily available
substitutes—or in some cases, no substitutes
even in sight, For all of them, production from
domestic mines is negligible at best. Instead,
these minerals are imported, mainly from a
very few countries in the politically unstable
region of central and southern Africa, an area
that, along with the Soviet Union, holds most
of the world’s known resources of these impor-
tant minerals.

Thus, for a few specific materials at least,
most observers agree that the United States is
in a vulnerable position. To shed light on the
dimensions of this vulnerability, this chapter
looks at the significance of imported materials
in general to the United States and its allies and
discusses those factors that led to the selection
of chromium, cobalt, manganese, and the plat-
inum group metals for in-depth assessment in
this report.

41
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The Importance of Nonfuel Minerals Imports

In terms of dollar value in world trade, U.S.
reliance on imports of nonfuel minerals is mod-
erate. The United States is still a leading world
minerals producer as well as the world’s largest
minerals consumer. In 1981, as the dollar rose
against other currencies, U.S. imports of non-
fuel minerals (raw and processed) amounted
to $17.6 billion, exports were $28.8 billion, and
thus net imports were $11.2 billion, a moder-
ate sum when compared to U.S. net energy im-
ports, which were $75 billion.'

The overall figures, however, aggregate a
great many unlike materials, from scrap steel
to gem and industrial diamonds to fertilizers.
It is particular kinds of minerals—materials
needed for basic industry and vital ingredients
for military hardware—that are the center of
concern, Figure 2-1 shows the extent of U.S.
reliance on imports of 34 important nonfuel
minerals and metals as of 1980. Nearly all of
the manganese, bauxite, cobalt, tantalum, and
chromium used in the United States is mined
in foreign countries. Imports of other impor-
tant minerals—the platinum metals group, as-
bestos, tin, nickel, zinc, cadmium, and tung-
sten—range from 85 to 50 percent of U.S.
consumption.’Even iron ore, once supplied
wholly by domestic mines, now comes in sub-
stantial amounts from foreign mines. As table
2-1 shows, import dependence was high 30
years ago for much the same list of minerals
that is the focus of concern today: In 1952, for-
eign mines provided 70 to 80 percent of the Na-
tion’s bauxite, manganese, and tungsten, and
90 to 100 percent of its platinum, cobalt, nickel,
and chromium. a

+ Unless otherwise noted, data on production, consumption,
and imports of nonfuel minerals comes from the Bureau of
Mines, Department of the Interior. Energy data was provided
by the Department of Energy.

“’Consumption” here means apparent consumption, which
is domestic primary production, plus recycled materials and net
imports, adjusted to reflect releases from or additions to indus-
try or government stocks.

sThe President’s Materials Policy Commission, Resources for
Freedom (Washington, DC: U.S. Government Printing Office,
1952), vol. 1, PP. 6 and 157.

Table 2-1.-U.S. Dependence, Selected Minerals, 1950-82
(net imports as percent of apparent consumption)

1950 1970 1979 1980 1981 1982

Bauxite P 71 80 93 94 94 96
Chromium . . . . . . . 100 100 90 91 90 85
Cobalt . . . . ... .. .. .. 92 96 94 93 92 92

Copper . .. 35 8 13 16 6 1
Iron ore. . .. . . ... .5230 25 25 22 34
Lead . . . .. ... ... ... 59 40 5 o "1 3
Manganese e 77 94 98 98 99 99
Nickel . . . . . . . . . . . .. 99 91 75 76 75 76
Platnum . . . . . . . .. 91 98 89 88 84 80
Tungsten . . . . . . . 80 40 58 53 50 46
Zinc ... 37 60 63 60 64 58
81979-82, Includes alumina

"Net export

NOTE: Net imports = imports exports + adjustments for government and in-

dustry stock changes

SOURCE 1950, 1970: Report of National Commission on Material Policy, June
1973, pp 2-23 1979-82: U S Department of the Interim Bureau of Mines,
Mineral Commodity Summaries 1984

It is worth noting the modest dollar value of
many of the materials for which the United
States is most import dependent. For example,
the entire year’s bill for 1981 imports of cobalt,
chromium, and manganese was between $230
million and $300 million apiece—equivalent to
1% days (at most) of oil imports. The fact that
the quantities involved are relatively small and
total costs low does not imply that imports of
these materials are insignificant; some are vi-
tal. It does imply that even a sharp rise in price
for the materials might have no great effect on
the economy as a whole (a point to keep in
mind later, in the discussion of possible cartel
control). It also indicates that stockpiling these
materials, as a way of assuring a reliable sup-
ply, can be practical and relatively inexpensive.

Changes in Amount of Imports

U.S. minerals imports increased from 1950
to the 1980s, but at a modest pace overall, and
not uniformly for all minerals, (Import depen-
dence as a percentage of U.S. consumption for
platinum, nickel, and chromium declined,
mostly because of recycling.) In general, the
gradually rising flow of imported minerals into
the United States reflects lower prices of for-
eign materials, often because the ores being
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Figure 2-1.— Net Import Reliance AS @ Percent of Consumption, 1982
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mined abroad are richer, although other fac-
tors such as lower labor costs or government
subsidies may also be important. The U.S.
minerals economy is managed, on the whole,
by a great many private businesses looking for
the best deal they can get.

Changes in Use of Imports

While nonfuel minerals imports of the United
States have slowly risen, significant changes
in the uses of imports have taken place. Growth
has occurred in selective demand for specialty
steels using chromium, for high-strength, high-
temperature superalloy using cobalt and chro-
mium, and for cobalt catalysts. Also, in the 10
years from 1970 to 1980, annual consumption
of cobalt for superalloy (which are particularly
important for aerospace applications, military
and civilian) roughly tripled, rising from about
2 million to over 6 million pounds. Use of co-
balt in catalysts quadrupled. Platinum group
consumption jumped from 1.4 million troy
ounces in 1970 to 2,2 million in 1980, of which
more than 700,000 troy ounces went for cata-
lytic converters to control pollution from auto-
mobile exhausts. Use of platinum as a catalyst
in petroleum refining has also grown, rising
from less than 40,000 troy ounces in 1960 to
171,000 in 1980. In the severe worldwide 1981-
83 recession, U.S. consumption of all these me-
tals declined, but recovery is now in evidence.

Changes in Form of Imports

Nonfuel mineral imports are no longer mostly
in the form of raw ores. Instead, minerals-
producing countries like South Africa are now
taking advantage of their lower wages, prox-
imity to raw materials, cheaper energy, and
modern new processing facilities, to export
processed materials such as ferroalloys'rather
than chromite and manganese ores, Figures 2-2
and 2-3 show how rapid this change to impor-
tation of ferroalloys has been. The United
States now imports 35 to 50 percent of its chro-
mium in ferroalloy form, compared with 8 to
12 percent a decade ago. Ferromanganese and
refined manganese metal now account for 60

*Alloys of iron and other elements, used as raw material in
the production of steel; e.g., ferromanganese and ferrochromium.

Figure 2-2.—U.S. Imports of Chromite Ore and
Chromium Alloys®

600

[$)]
[=]
Q

»
(=]
o

Chromite ore

g

Thousand short tons?
8
o

-
o
o
r

0 I | 11 1 ,
1969 1971 1973 1975 1977 1979 1981

Years

arons Of CONtained chromium.

SOURCE: U.S. Bureau of Mines data.

Figure 2-3.—U.S. Imports of Manganese Ore and
Manganese Alloys and Metals®
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to 75 percent of manganese imports; at the be-
ginning of the 1970s they amounted to only 20
percent of the total. As part of the same proc-
ess, the domestic ferroalloy industry has
shrunk remarkably, from production levels of
2.6 million to 2.8 million tons in the peak years
of 1965 to 1970, to 1.5 million tons in 1981 and
an estimated 800,000 tons in the recession year
of 1982.
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This has led to concern that if international
trade were restricted or disrupted, it might be
difficult to replace lost supplies of ferroalloys
with imports of chromium or manganese ores
from other sources, because of the lack of U.S.
facilities to process the ore into ferroalloys.

Definition and Selection

One of the greatest difficulties in assessing
import vulnerability lies in defining what ma-
terials are strategic. There is no fixed, univer-
sally accepted definition of the term “strate-
gic material, ” Much depends on the purpose
of the definition. For purposes of a national
stockpilers present U.S. law defines “strategic
and critical materials” in the context of a
hypothetical, complete cutoff of foreign sup-
plies during a 3-year national emergency, The
Strategic and Critical Materials Stock Piling
Revision Act of 1979 (Public Law 96-41) says:

The term “strategic and critical materials”
means materials that (A) would be needed to
supply the military, industrial, and essential
civilian needs of the United States during a
national emergency, and (B) are not found or
produced in the United States in sufficient
guantities to meet such need. The term “na-
tional emergency” means a general declaration
of emergency with respect to the national de-
fense made by the President or by the Congress.

In the context of broader materials policy,
former Secretary of the Interior James B. Watt
gave the term “strategic” a more elastic mean-
ing. In 1981 testimony before the House Sub-
committee on Energy and Mineral Resources,
he said:

It is not my intention to limit the word “stra-
tegic” to its former definition of minerals
wholly or substantially from foreign sources.
We must acknowledge, as an element of min-

*Current stockpile planning is based on the military, indus-
trial, and essential civilian requirements of the first 3 years of
a major conflict, assuming that austerity measures are taken to
sustain defense production.

Similarly, if a major high-grade deposit of chro-
mium or manganese were discovered, we
might not have the production capacity to pro-
duce ferroalloys until facilities were expanded,
which could take several years.

of Strategic Materials

erals policy, that all minerals are strategically
important in a complex industrial society, B

By this definition, however, every element
of production—Iland, energy, labor, capital,
technology—is also essential and therefore stra-
tegic, and the term becomes so broad as to lose
any practical meaning. Moreover, a definition
of strategic materials as all those that are
“wholly or substantially from foreign sources”
is not widely accepted, First, it leaves out the
element of critical needs for particular mate-
rials. Then, it seems automatically to equate
import dependence with vulnerability. Many
materials analysts do not accept this equation
as a guide to policy decisions."Moreover, it
runs counter to a major shared conclusion of
the materials commissions that have reported
to three American Presidents over the past 30
years; that is, that the Nation should seek ma-
terials wherever they may be found, at the least
cost and consistent with national security and
the welfare of friendly nations,

°U. S. Congress, Senate Committee on Energy and Natural Re-
sources, Subcommittee on Energy and Mineral Resources, Hear-
ings on Strategic Minerals and Materials Policy, 97th Cong., 1st
sess., Apr. 1, 1981, p. 4.

'See, for example, Congressional Research Service, A Congres-
sional Handbook on U.S. Materials Import Dependency/Vul-
nerability, Report to the Subcommittee on Economic Stabiliza-
tion, Committee on Banking, Finance, and Urban Affairs, House
of Representatives, 97th Cong., 1st sess., September 1981, p. 7,
p. 341 ff; Hans Landsberg and John E. Tilton, “Nonfuel Min-
erals, ” in Current Issues in Natural Resource Policy, Paul R. Port-
ney with Ruth B. Haas (eds. ) [Baltimore: The Johns Hopkins
University Press, 1982); Robert Legvold, “The Strategic Impli-
cations of the Soviet Union’s Nenfuel Minerals Policy, ” paper
prepared for the School of Advanced International Studies, The
Johns Hopkins University, May 1981.
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In its 1981 Preliminary Assessment of stra-
tegic metals, the Materials Forum of the United
Kingdom discussed the term “strategic” in this
way:’

The term “strategic minerals” has tradition-
ally been used in the United Kingdom to refer
to those minerals which are vital to the national
defense and yet have to be procured entirely
or in large part from foreign sources. However,
in this country, “strategic” no longer has a
mere defense connotation when attached to
minerals; it has come to have a wider mean-
ing, somewhat obscure, and A. A. Archer of
the Institute of Geological Sciences in London
has recently shown how this can be clarified.

He believes it is useful to distinguish some
minerals from others by disengaging two main
strands. One is, that some minerals are more
important, vital, essential or critical than others
because they make a demonstrably greater con-
tribution to the national well-being, so that in-
terruption or cessation of supplies, from what-
ever source, would have graver consequences.
This can be described as the degree of “crit-
icality” of a mineral. The other strand is the
“vulnerability y*“ of supplies to interruption;
some minerals have sources which may be
judged to be more vulnerable than others. Al-
though the concept of vulnerability is mainly
linked with imports, the possibility of the dis-
ruption of domestic supply cannot be entirely
overlooked.

The concepts set forth above are used in this
report as the basis for a definition and selec-
tion of strategic materials,

Not surprisingly, both the selection of criteria
and the screening of materials against the cri-
teria involve a good deal of qualitative judg-
ment. OTA’s assessment uses gquantitative
measures as much as possible. Also, it builds
on the earlier efforts of others to define and list
strategic materials. (See app. A.) In the end,
however, any list of strategic materials must
reflect the judgment of its authors.

“The Materials Forum, Strategic Metals and the United King-
dom: A Preliminary Assessment, published by the Institution of
Mechanical Engineers, July 1981, p. 3.

Criticality

The criticality of materials has to do with
how they are used. Three main factors are part
of the concept:

e Essential use for national defense.
. Essential use for industry.
. Lack of suitable substitutes.

Essential use for national defense means that,
without the material, the Nation’s capacity to
defend itself could be seriously compromised.
Examples of material uses that are vital to na-
tional defense are cobalt in superalloy for jet
engine turbine blades and discs, where resis-
tance to heat under conditions of high stress
is necessary; or chromium for jet engines, to
withstand hot corrosion and oxidation; or the
manganese used industrywide in steelmaking
to eliminate faults in steel that arise from sulfur
content.

Essential use for industry is another main fac-
tor. Use of the materials must fill such an im-
portant need that without it, industries that are
basic to the Nation’s economic well-being and
to military production could be crippled.

Materials vital to national defense are likely
to be essential for industry, as well, in the same
or other applications, Industrial machinery is
a prime example. The machine tools that shape,
stamp, cut, and drill all metal goods, military
and civilian, are made of manganese-bearing
steel. The best binder for carbide cutting tools
and drill bits is cobalt, Another example is in
the aerospace industry, where jet airplanes for
civilian use have much the same material re-
quirements as do military planes.

Industrial uses for some critical materials
cover a broad spectrum, ranging from virtu-
ally indispensable to nonimportant. Chromium
is an example: stainless steel cannot be made
without it. Of the hundreds of industrial uses
for stainless steel, some—e.g., automobile bum-
pers or hub-caps—are easily replaceable; for
others—e.g., corrosion-resistant pipes in oil
refineries—nothing else now available serves
as well.
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Photo credit American Petroleum Institute and Exxon Corp

Petroleum refiners are major consumers of strategic materials in steel, stainless steel, and processing catalysts

Closely related to the concept of essential use
is the lack of suitable substitutes. This implies
that substitutes, if available at all, either cost
much more or involve important sacrifices of
properties or performance. In a few cases (e.g.,
chromium for corrosion resistance) there may
be no real alternative at present levels of tech-
nology in some critical industrial and defense
applications.

One aspect of substitution is simply the re-
placement of one material for another—nickel
for cobalt, for example, in some superalloys.
Some of these substitutions replace one criti-
cal metal with another. Of obviously greater
value is the replacement of a scarce material
with an abundant one—advanced ceramics for
instance, may be a long-term replacement for
metal superalloys.

The economic dependence of the Nation on
particular materials is sometimes mentioned
as a factor in criticality. One of the conven-
tional measures of economic importance—the
dollar value of the material consumed or im-
ported per year—is not a useful criterion for
critical function. Several materials that have
essential uses but no substitutes readily avail-
able are quite low in dollar value; for example,
net imports of cobalt, chromium, and manga-
nese each ran about $230 million to $300 mil-
lion in 1981-a drop in the bucket in a $3
trillion-per-year economy. Yet even a partial
loss of supplies of these materials could have
serious effects on production, jobs, and the sur-
vival of business firms in the many industries
where their uses are essential (e. g., steel, aero-
space, and automotive industries).
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Exactly how much the economy as a whole
would suffer from a sudden drop in the sup-
ply of specific critical materials is hard to cal-
culate. Cranking figures on supply loss through
an economic input-output model may appear
to be systematic and objective, But such models
can produce highly unrealistic results if they
make no allowance for compensatory moves
by users of the material in question.’Studies
of chromium and cobalt shortages are worth
noting at this point.

The National Materials Advisory Board
(NMAB) (of the National Academies of Science
and Engineering) in its 1978 study of chro-
mium conservation opportunities, concluded
that about one-third of U.S. chromium use
could be quite promptly replaced in an emer-
gency. Without specifying any dollar figures,
the study observed that replacing a chromium
shortfall of this magnitude would “not have
serious economic consequences on industrial
dislocations.” * The study also refrained from
estimating the economic costs of a greater
shortfall cutting into uses which could not be
quickly replaced; obviously the effects of such
a shortfall would be greater.

In its 1982 study of cobalt, the Congressional
Budget Office reported cost estimates of a co-
balt supply cutoff that took into account the
buffering effects of private stocks, materials
substitution, scrap recovery, and alternative
suppliers.” The Department of the Interior pro-
vided a range of cost estimates, depending on
various political assessments. The most ex-
treme case (considered highly improbable) in-
volved a 2-year shortfall (in 1985-86) from both
Zaire and Zambia. In this extreme case, U.S.
cobalt consumption was expected to drop 20
percent in 1985 and 35 percent in 1986—but
with little loss in economic output, mainly be-
cause of substitution. Extra costs to the econ-

‘Hans H. Landsberg, “Minerals in the Eighties: Issues and Pol-
icies: An Exploratory Survey, ” paper prepared for the Oak Ridge
National Laboratory, Oak Ridge, TN, 1982, pp. 30-31.

National Materials Advisory Board, Contingency Plans for
Chromium Utilization, NMAB-335 (Washington, DC: National
Academy of Sciences, 1978]. ) )

1Congressional Budget Office, Cobalt: Policy Options for a Stra-
tegic Mineral (Washington, DC: U.S. Government Printing Of-
fice, 1982), pp. 21-24.

omy (in terms of higher prices) were estimated
as $1 billion for 1985 and $1.8 billion for 1986
(in 1980 dollars). A Commerce Department
study, which assumed a 75-percent reduction
in output in Zaire and Zambia in 1985, came
to similar conclusions: 23 percent lower cobalt
consumption, forced substitution, little lost out-
put, Extra cost to the economy of high cobalt
prices was estimated at $2.5 billion—assuming
a cobalt price of $112 per pound (more than
twice as high as the top price during the co-
balt price spike of 1978-79, and over 20 times
the 1982 price). The inflationary pressure of
this price increase was reckoned as no more
than 0.1 percent in the economy as a whole,

Analysis of the effect of material shortfalls
on the economy as a whole is at an early, unre-
fined stage.”In addition, because these eco-
nomic effects are a reflection of the essential
nature of the material’s uses and the lack of
substitutes, it seems needlessly complex to add
*“economic effects” as another criterion of criti-
cality. Thus, for the purpose of this chapter,
which is to select a list of strategic materials
for study, no attempt was made to quantify the
economic effects of losing a part or all of the
supply of candidate materials. Rather, eco-
nomic effects were simply kept in mind as a
part of the meaning of criticality,

Vulnerability

Among the conditions that affect supply vul-
nerability, a most important factor is lack of
diversity of supply. Reliance on a sole supplier,
even a highly reliable one, can be risky. Of the
few significant interruptions in U.S. materials
supply in the past 30-odd years (described in
ch. 4), the most disruptive was probably the loss
of nickel from Canada during the 4-month nickel
strike in 1969. Canada was at that time the
source of 90 percent of new (nonrecycled) U.S.
nickel supplies.

1z5 Fecent attempt to quantify economiceffects Of materials
supply disruptions, using a neoclassical econometric model of
the primary metals industry is reported by Michael Hazilla and
Raymond J. Kopp, “Assessing U.S. Vulnerability to Mineral Sup-
ply Disruptions, An Application to Strategic Nonfuel Minerals, ”
paper prepared for Resources for the Future, Washington, DC,
draft May 5, 1982.
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U.S. imports of critical minerals are part of
the nexus of world trade in these commodities.
If one of its usual suppliers fails for some rea-
son to produce, the United States can buy else-
where as long as alternate producers exist (al-
though probably with some shortage and delay,
since mining companies often commit supplies
to their customers considerably in advance and
it takes time to expand capacity). Thus, the to-
tal number of producers in the world for par-
ticular minerals is important, and so are their
relative shares of production. If one or two
countries dominate (as South Africa and the
Soviet Union do for PGM), the potential for dis-
ruption is greater than if there were a number
of substantial producers.

In the same way, diversity in the location of
mineral reserves is important for the future.
Since reserve estimates change dramatically
over time with new technology, new discov-
eries, and price changes, they are a rough in-
dicator of where to expect minerals produc-
tion.”

By the measure of reserve location, it appears
that world production of certain important
minerals could become more concentrated
than it is now. For example, South Africa and
the Soviet Union produced 64 percent of the
world’s manganese in 1982; they own 77 per-
cent of the reserves. South Africa today
produces 22 percent of the world’s chromite
ore, but holds 91 percent of the reserves (see
ch. 5 for further discussion).

In general, reliance on one or a very few sup-
pliers creates the potential at least for cartel
action to limit supplies and raise prices, for po-
litically inspired embargoes, or for a cutoff of
supply due to local disturbances in the pro-
ducer countries. Of these possibilities, dis-

13" ‘Reserves’ comprise only part of acountry's mineral wealth.
They are deposits which are known and are technically and eco-
nomically feasible to mine at a profit at the time the data is ana-
lyzed. “Resources’ include reserves and al other deposits that
are known but are noteconomic to mine, as well as deposits
that are merely inferred to exist from geologic evidence.‘Re-
serve base''includes resources that are currently economic (*‘re-
serves™), those that are considered marginally’ economic plus
a portion of the subeconomic resources. Throughout this study,
reserve data has been used for comparison purposes, unless
otherwi se noted.

cussed in some detail in chapter 4, the last ap-
pears most likely.

Instability in foreign sources of supply is cer-
tainly an element in vulnerability. The only
way to evaluate instability in particular coun-
tries is by qualitative judgment, and opinions
differ, For example, some consider South
Africa a risky source because they see an in-
herent instability in minority rule by 4.5 mil-
lion whites of 20 million blacks.” Some of those
concerned about a “resource war” fear that the
Soviets or Soviet-backed forces may seize
power in South Africa, and the Soviet Navy in-
terdict shipments of critical materials from
South African ports.” Others see such an in-
terdiction of trade as virtually an act of war,
and do not consider it likely, short of a shooting
war.”A quite different point of view is that
South Africa has proved to be one of the world’s
most reliable suppliers, with a record of long-
range planning and steady production, and a
conservative commercial approach that rules
out political embargoes,

There is greater consensus that production
of minerals in the relatively new African na-
tions could be disrupted by local wars, insur-
rection, or civil disorder, or by inexperienced
management of complex minerals enterprises—
regardless of the part the Soviet Union might
play in aggravating these dangers (see ch. 4 for
a discussion of these possibilities).

Other developing countries also may be sub-
ject to political instability, thus affecting min-
erals production. Indonesia (a significant sup-
plier of tin) was governed less than 20 years
ago by the strongly anti-Western Sukarno, and
Thailand (an important source of tantalum and
tin) is under some pressure from its revolution-
ary neighbors. In Latin America, too, political
upheavals have, on occasion, interfered with

14 Robert £ Osgood, “The Security Implication of Dependence
on Foreign Non fuel Minerals, paper prepared for the School
of Adva need International Studies, The Johns Hopkins
University.

“Rear Adm. William C. Mott, “Introduction: What 1s the Re-
source War?’ Strategic Minerals: A Resource Crisis [Washing-
ton. DC: The Council on Economics and National Security, 1981],
pp. 20-29.

w(ysgood, op. cit.; I, egvold, op.cit.
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Photo credit U S Air Force

Chromium and cobalt are essential in jet engines of high-performance military aircraft such as this U.S. Air Force F-16

minerals production and export, Cuba, for ex-
ample, was considered a potential supplier of
nickel for the United States, as a supplement
to Canadian supplies. When the Communist
government was installed in Cuba, access to
this source was lost due to a U.S.-imposed
embargo.

Another possible source of vulnerability is
long-distance transportation by sea. The United
States imports large tonnages of a number of
important materials from distant countries by
sea, For example, in 1981 the United States im-
ported 3 million tons of alumina from Austra-
lia; some 640,000 tons of manganese ore, main-
ly from Gabon, South Africa, and Australia;
and 800,000 tons of ferromanganese and ferro-
silico-manganese, largely from South Africa,
France, and Brazil. If sea lanes were blocked
in a war, it is difficult to conceive how these

large tonnages could be airlifted to the United
States from the producer countries.”

Although import dependency does not equate
with vulnerability, and domestic supplies are
not an ironclad guarantee against disruption,
the lack of adequate domestic supplies counts
as a most important factor in vulnerability. Lag-
ging investment and labor troubles have, on oc-
casion, limited production from U.S. mines.
Yet, at the very least, domestic supplies can be
relied on in a national emergency, to meet part
of domestic requirements, assuming the gov-
ernment would exercise special powers to keep
production going.

“Lack” of domestic supply can be a relative
term, ranging from resources that look prom-

17 The payload of a C5A, our largest cargo aircraft, is about
100 tons. At that payload, it has a range of 2,500 miles.
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ising now or in the near future (platinum in the
Stillwater Complex in Montana) to subeco-
nomic deposits (cobalt in the Blackbird deposit
of Idaho) to resources of such poor quality
(manganese in Minnesota and Maine) that they
may never be economical to mine.

Combining Both Strands: Defining “Strategic”

When the strands of criticality and vulner-
ability are combined, a definition something
like this emerges: If a material’s essential uses,
for which there are no available economic sub-
stitutes, exceed the reasonably secure sources
of supply, the material is “strategic. ” However,
neither “essential uses” nor “reasonably secure
sources of supply” can be defined with quan-
titative precision. The following section screens
particular materials against the criteria de-
scribed in this section, with the aim of select-
ing a few materials that nearly everyone can
agree are “strategic” and that exemplify the
problems and opportunities presented by these
materials.

Selecting Strategic Materials

The group of materials chosen for screening
for this report included the 86 nonfuel minerals
for which the Bureau of Mines regularly pub-
lishes statistics.” The Bureau reports data for
each material on the structure of the domestic
industry; consumption (overall and by end use
or industry); imports and exports, including
sources of imports and how much each source
supplies; purchased scrap recycling; events,
trends, and issues relevant to the material;
world production, reserves, and resources; and
substitutes and alternatives. These kinds of
data (drawn from the Bureau of Mines and
other sources) were the basis for fitting
materials against the criteria described earlier,
defining which materials are strategic, and se-
lecting them for further study. Table 2-2 lists
the 86 materials that comprised the group cho-
sen for screening,

18(Jnless otherwisenoted the i n formation presented is from
the Bureau of Mines.

Table 2-2.—Materials To Be Screened

Aluminum Manganese

Antimony Mercury

Arsenic Mica (natural), scrap and
Asbestos flake

Barite Mica (natural), sheet
Bauxite Molybdenum

Beryllium Nickel

Bismuth Nitrogen (fixed) ammonia
Boron Peat

Bromine Perlite

Cadmium Phosphate rock
Cement Platinum group metals
Cesium Potash

Chromium Pumice and volcanic
Clays cinder

Cobalt Quartz crystal (industrial)
Columbium Rare-earth metals
Copper Rhenium

Corundum Rubidium

Diamond (industrial) Rutile

Diatomite Salt

Feldspar Sand and gravel
Fluorspar Selenium

Gallilum Silicon

Garnet Silver

Gem stones Sodium carbonate
Germanium Sodium sulfate

Gold Stone

Graphite (natural) Strontium

Gypsum Sulfur

Hafnium Talc and pryophyllite
Helium Tantalum

limenite Tellurium

Iridium Thallium

lodine Thorium

Iron ore Tin

Iron and steel
Iron and steel scrap

Titanium dioxide
Titanium sponge

Kyanite and related Tungsten
materials Vanadium
Lead Vermiculite

Lime Yttrium
Lithium Zinc
Magnesium metal Zirconium

Magnesium compounds

SOURCE off Ice of Technology Assessment, drawn from U S Department of the
Interior Bureau of Mines data

One of the leading criteria for vulnerability
was the sufficiency of domestic supplies of a
material. The United States is a net exporter
or is self-sufficient for 22, or approximately
one-quarter, of the materials on the list (table
2-3), As a first cut in the screening, all these
materials were eliminated from further consid-
eration as strategic. In addition, 50 of the 86
materials on the original list are imported
mostly from countries judged to be stable
sources of supply—i.e., countries presently free
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Table 2.3.—Materials for Which the United States is
Self-Sufficient or a Net Exporter

Boron Magnesium compounds

Bromite Mica (natural), scrap and

Clays flake

Diatomite Molybdenum

Feldspar Perlite

Garnet Phosphate rock

Helium Quartz crystal (industrial)®

Iron and steel scrap Sand and gravel

Kyanite and related Sodium carbonate
minerals Stone

Lithium Talc and pyrophyllite

Magnesium metal Vermiculite

dlasca s one of the three commodities reported in this category ItiS imported,
but the net import reliance is not available

SOURCE Office of Technology Assessment, based on U.S Department of the
Interior, Bureau of Mines data

from threats of internal disturbances or outside
pressure from forces hostile to the United
States. These “stable” sources range from in-
dustrialized countries such as Canada and
Australia to advanced developing nations, par-
ticularly Latin American ones such as Brazil,
Chile, and Mexico. For most of the 50 materials
in this group, there was either considerable
diversity in sources of supply, or stability, or
both. For these reasons, the vulnerability of the
United States to disruption of the supply of
these materials was judged to be relatively low,
However, dependable allies or even the United
States itself cannot be considered totally im-
mune from interruption in minerals and metal
production, as shown by the previously men-
tioned Canadian nickel strike.

The primary end uses of this group of mate-
rials were also scrutinized, to see whether the
uses should be considered critical. For mate-
rials with significant military or important in-
dustrial uses, the availability of substitutes to
replace these uses was checked. Combining
gualitative judgments with quantitative infor-
mation on both the vulnerability and criticality
factors, it appeared that the critical uses of
materials in this group did not exceed the
amount imported from stable sources. Thus,
they were screened out of the list of strategic
materials candidates, Appendix B shows these
50 materials and their import sources.

It was not possible to eliminate as a group
the remaining 14 materials. They required
more detailed individual scrutiny. As the fol-
lowing discussion shows, at least four of them-—
chromium, cobalt, manganese, and the plat-
inum group metals—clearly met all of the cri-
teria set forth in the first part of this chapter
and were definitely strategic:

® They are essential for the national defense
and other important industries.

e For some of their essential uses no satis-
factory substitutes are available,

¢ There is little or no production of any of
these materials in the United States (al-
though for some, recycling is significant).

* They are supplied largely by a very few
countries in a politically unsettled region
(central and southern Africa), and this
same region, plus the Soviet Union, holds
most of the world’s known resources.

These four minerals form a “first tier” of stra-
tegic materials that have been selected for
detailed treatment in this report. The remain-
ing 10 materials share some characteristics of
criticality and vulnerability with the first tier
(as detailed in the discussion below), but in less
definitive ways. While the materials in this sec-
ond tier may be thought of as strategic to some
degree, they are less so than those in the first
tier. Table 2-4 shows the 14 materials grouped
by first and second tiers.

Table 2-4.—U.S. Strategic Materials

First tier Second tier

Chromium Bauxite/alumina ~
Cobalt Beryllium

Manganese Columbium

Platinum group metals

Diamond (industrial)
Graphite (natural)
Rutile

Tantalum

Tin

Titanium sponge
Vanadium

SOURCE: Office of Technology Assessment
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Overview of Selected Strategic Materials

Agreement that chromium, manganese, co-
balt, and the platinum group metals are stra-
tegic materials is widespread. The selections
of strategic materials made by other authors,
as described in the first part of this chapter,
all include these metals. A brief explanation of
the reasons for selecting these four materials
follows, with an emphasis on the vulnerabil-
ity strand. Chapter 3 summarizes in more de-
tail the essential uses of the first-tier materials,
probable trends in their consumption over the
next 10 to 25 years, and the current status of
substitutes for their uses. The discussion below
presents data for each of the materials on U.S.
consumption over the past 5 years and on sev-
eral factors related to vulnerability: U.S. net im-
port reliance, import sources, world produc-
tion and reserves. Similar information about
second-tier materials can be found in appen-
dix C.

Chromium

Chromium (Cr) is a lustrous, hard, steel-
gray metallic element found primarily in chro-
mite, a black to brownish-black chromium ore
(FeCr,0,). It imparts unique properties of cor-
rosion resistance, oxidation resistance at high
temperatures, and strength to other metals. An
important ingredient in many steels and alloys,
chromium is irreplaceable (at present levels of
technology) in stainless steels and high tem-
perature-resistant superalloys. And many of the
uses of stainless steels and superalloy are
essential, such as in jet engines, in other mili-
tary applications, and in vital nondefense pro-
duction.

Besides its metallurgical uses, chromium is
essential in the chemicals industry, where it
is used in making pigments and chromium
chemicals. Chromite is used in making refrac-
tory bricks to line metallurgical furnaces; such
bricks retain their strength and stability even
when subjected to rapid, extreme changes in
temperature, and are resistant to acid and alkali
environments. Additional uses of chromium

are in leather tanning, in wood treatment, and
as additives to oil-well drilling mud.

Table 2.5 shows chromium consumption in
the United States from 1978 to 1982, includ-
ing the chromium contained both in chromite
ore and in the semi-processed alloy ferrochro-
mium. The sharp decline in 1982 reflects that
year’s recession, with the steel industry espe-
cially hard hit.

In the 1979-82 period, imports accounted for
85 to 91 percent of U.S. chromium consump-
tion, Recycling of scrap amounted to 12 per-
cent of apparent consumption in 1982. As table
2-6 shows, the largest supplier to the United
States for both chromium ore and ferrochro-
mium is South Africa. The Soviet Union is ac-
tually the world’s largest producer of chro-
mium, and once played a significant role in
supplying the United States with chromium
ore. Since the mid-1970s, however, its contri-
bution to U.S. supplies has declined signifi-
cantly. Other U.S. suppliers of chromium ore—
e.g., the Philippines, Finland, and Turkey—
have limited production capacity compared to
South Africa’s,

The recent trend among a number of ore
producers has been to process the ore into
ferrochromium. Zimbabwe presently exports
most of its chromium as ferrochromium.

U.S. chromium resources are mostly in the
Stillwater Complex in Montana, podiform de-

Table 2-5.-U.S. Consumption of Chromium, 1978.82

Apparent consumption
(thousand short tons Net import reliance’

Year chromium content) (percent)
1978 ... ... 590 91
1979...... 610 90
1980...... 587 91
1981 ...... 510 90
1982...... 319 85

dApparent consumption = u s primary and secondary (recycled) production and
net import reliance

Netimport reliance = (imports  exports + changes tn government and indus-
try stocks)  apparent consumption

SOURCE U S Department of the Interior, Bureau of Mines, Mineral Commodity
Summaries, 1983 and 1984
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Table 2-6.—Sources of U.S. Chromium Imports

1979-82 1982
Country (percent) (percent)
Chromite: ®
South Africa............. 48 59
Soviet Union. ............ 17 6
Philippines . . ............ 13 11
Turkey . ...... ... ... ... .. 7 6
Albania................. 6 1
Finland .. ............... 5 7
Madagascar . ............ 4 9
Ferrochromium:
South Africa. . . .......... 61 35
Zimbabwe . . ............. 12 25
Yugoslavia . . ............ 12 12
Brazil ................... 4 11
Sweden................. 4 4
Turkey . ................. 2 4
West Germany . . ......... 2 3
Japan................... 1 -
China................... 1 4
Other................... 1 2

4Chromite = chromium ores

NOTE: Major world producers of chromite and their contribution to world sup-
plies in 1982 were” Soviet Union (34 percent), South Africa (22 percent);
Albania (12 percent); Brazil (10 percent), Zimbabwe, Philippines, Turkey,
and Finland 4 percent each), India (3 percent). See table 5-4 of ch 5 for
more detail, and for Information on reserves

SOURCE U S Department of the Interior, Bureau of Mines, Minerals Yearbook,
1980, 1981, 1982, and 1983

posits in California and Alaska, and beach
sands in Oregon. These deposits are not con-
sidered close to being economically mineable
at present. Some chromium would be produced
as a co-product of nickel and cobalt at Gasquet
Mountain in northern California, according to
the plans of the developer. However, startup
of this mine in the near future seems highly un-
likely without either Government subsidies or
substantially higher world prices for these me-
tals. (Detailed information on domestic and
world chromium production is covered in ch. 5.)

Cobalt

Cobalt (Co) is a hard, brittle metallic element
found in association with nickel, silver, lead,
copper, and iron ores. It resembles nickel and
iron in appearance.

The largest and most critical end use of co-
balt is in superalloys, used mainly in gas tur-
bines (aircraft and land and marine-based) that
require high strength at very high tempera-
tures, Cobalt has no satisfactory substitute as
a binder in carbide tools. It is a preferred in-

gredient in other steels and alloys as a harden-
ing agent, Another application is in electrical
equipment, where cobalt’s strong magnetic
properties make small, powerful, and long-
lasting magnets. Cobalt is also used as a cata-
lyst, especially in petroleum refining, to remove
sulfur and heavy metals. Spurred by high co-
balt prices in the 1978-80 period, considerable
substitution for cobalt has occurred—e.g., ce-
ramics in permanent magnets. But cobalt is still
considered essential in many of its applica-
tions, especially in many superalloys.

Table 2-7 shows total annual consumption of
cobalt. Quantities used are relatively small
compared to materials such as chromium and
manganese. A trend toward declining cobalt
consumption is apparent since the price hike
and fears of shortage in 1978 (see ch. 4).

The United States is highly import-dependent
(92 percent) for cobalt, with the rest of demand
supplied by recycling. The largest sources of
supply, both for the United States and the rest
of the free market countries, are Zaire and
Zambia (see table 2-8). In the past 4 years, world
supplies have been expanded and diversified,;
other countries such as New Caledonia, the
Philippines, and Australia now make a greater
contribution to world supply. This expansion
was also induced by the cobalt price spike in
the wake of the Katanga invasion of Zaire’s
mining belt in 1978. Zairian cobalt currently
accounts for about 43 percent of U.S. imports,
compared with 53 percent before the 1978 co-
balt panic. Despite the considerable number of
suppliers at present, Zaire and Zambia have

Table 2-7.—U.S. Consumption of Cobalt, 1978.82

Apparent consumption

(short tons Net import reliance’

Year cobalt content) (percent)
1978 ... ... 10,182 95
1979...... 9,403 94
1980...... 8,527 93
1981 ...... 6,266 92
1982 ... ... 5,592 92

dapparent consumption = U S primary and secondary (recycled) production and
net import reliance

bNet IMPOTrt reliance = (imports  exports + changes 1N government and indus-
try stocks) apparent consumption

SOURCE U S Department of the Interior, Bureau of Mines, Mineral Commodity
Summaries, 1983 and 1984
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Table 2-8.—Sources of U.S. Cobalt Imports

1979-82 1982
Country (percent) (percent)
Zaire .. ... 37 39
Zambia . ................ 13 9
Canada................. 8 12
Belgium-Luxembourg °. . . 8 5
Finland ... . . . ......... 7 6
Japan®.................. 7 8
Norway °*............ 7 7
Botswana............... 3 3
France®. ................ 3 3
Other ................. 7 8

ap,c.sses cobalt ore originating from other countries

NOTE Major world producers of primary cobalt and their contribution to world
supplies in 1982 were Zai re (45 percent), Zambia (13 percent), Australia
(9 percent), SovietUnion (9 percent), and Canada (6 percent) See table
5-16 ofch 5 for more detail and for information on reserves

SOURCE U S Department of the Interior, Bureau of Mines Minerals Yearbook.
1980 1981 1982, and 1983

substantially the largest and richest cobalt ore
deposits. Due to these reserves, these two coun-
tries promise to continue to dominate cobalt
supply far into the next century.

The United States has sizable cobalt depos-
its, particularly at the Blackbird Mine in Idaho,
the Madison Mine in Missouri, and Gasquet
Mountain in California. Substantial cobalt is
also associated with copper-nickel deposits in
the Duluth Gabbro of Minnesota. But the world
price of cobalt (except during the panic) has
been significantly less than what is needed to
make U.S. cobalt mining economically feasi-
ble without government assistance.

Manganese

The dominant critical use of manganese, a
gray-white or silver metallic element, is in steel-
making which accounts for about 90 percent
of domestic manganese consumption. The ad-
dition of manganese prevents steel from
becoming brittle. Normally, iron and sulfur
compounds in steel tend to form at grain bound-
aries and weaken the steel at high tempera-
tures. When manganese is added, the sulfur
bonds with it instead of the iron, forming a sta-
ble compound and avoiding weakness at grain
boundaries. Manganese also has uses as an al-
loying element to impart strength and hardness
to all grades of steel. For example, manganese-
alloy steel is used for armored vehicles that
withstand impacts.

Only 10 percent of U.S. manganese con-
sumption goes into nonsteel applications. Man-
ganese dioxide is used in batteries for its oxy-
gen content, wherein the oxygen combines
with hydrogen, which would otherwise slow
the cell’s action. Manganese dioxide is also
used in making chemicals, in the leaching of
uranium ores, and in the electrolytic produc-
tion of zinc.

For these smaller uses, manganese has some
substitutes. Although no satisfactory material
replacements for manganese exist in iron and
steel production (see ch. 6), there are functional
substitutes for manganese in steelmaking: ex-
ternal desulfurization is reducing the man-
ganese requirement for sulfur control and sev-
eral other process modifications in steelmaking
also reduce manganese requirement or im-
prove manganese recovery.

Domestic consumption of manganese has de-
clined slightly in recent years (table 2-9). The
big drop in 1982 is due to the recession in the
steel industry.

There is no domestic production of “manga-
nese ore” (defined as ores containing more
than 35 percent manganese). The United States
relies on import sources for 99 percent of its
supply, with the remaining 1 percent recovered
from domestic production of manganiferous
ores that contain less than 35 percent manga-
nese.”Ferromanganese and silicomanganese—
alloys used in steelmaking—are also highly im-
ported.

The largest suppliers of manganese materials
to the United States are Gabon and South
Africa, as shown in table 2-10. The U.S.S.R.
and South Africa have by far the largest man-
ganese deposits in the world. However, Aus-
tralia and Gabon are well-endowed with re-
serves which could last a century or more at

1w The iron and steel i ndustry derives a significant quantity Of
manganese from iron ores charged to the blast furnace, This in-
put accounts for approximately one-third of total consumption,
but it is not included in manganese import statistics. The quan-
tity of manganese contained in these iron ores has been declin-
ing. Based on George R, S, Pierre, et d., Use of Manganese in
Steelmaking and Steel Products and Trends in the Use of Man-
ganese asan Alloying Element in Seels, report prepared for the
Office of Technology Assessment, 1983.
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Table 2-9.-U.S. Consumption of Manganese, 1978-82

Apparent consumption
(thousand short tons Net import reliance’

Year manganese content) (percent)
1978 . ... .. 1,363 97
1979 . ..... 1,250 98
1980 ... ... 1,029 98
1981...... 1,027 99
1982...... 672 99

dApparent Consumptlon = U.Sprnimary and secondary (recycled) production and

net import reliance
bNet import reliance . (imports exports + changes in government and indus-

try stocks) apparent consumption

SOURCE: U S Department of the Interior, Bureau of Mines, Mineral Commodity
Summaries, 1983 and 1984

Table 2-10.—Sources of U.S. Manganese Imports

1979-82 1982
Country _ (percent) (percent)
Manganese ore:
South Africa. . . .......... 30 52
Gabon.................. 27 21
Australia . . .............. 22 17
Brazil ................... 13 3
Mexico................. 4 1
MOrocCO . . .o oo ee e 4 4
Other................... — 2
Ferromanganese:
South Africa. . ........... 43 49
France®................. 26 21
MeXiCO . . ..o veeean.. 6 7
Brazil ................... 3 6
Australia . ............... 2 1
Other®.................. 20 16

aProcesses manganese ore originating from other count ries.

NOTE Major world producers of primary manganese ores and their contribution
to world supplies in 1982 were: Soviet Union (41 percent); South Africa
(23 percent); Gabon (7 percent); China (7 percent), Brazil (6 percent), Aus-
tralia (5 percent); Mexico (2 percent). See table 5-22 of ch 5 for further
details, and for information on reserves.

SOURCE U S Department of the Interior, Bureau of Mines, Minerals Yearbook,
1980, 1981, 1982, and 1983.

the current rate of production, and other coun-
tries also have significant reserves—all of
which perhaps implies that supply vulnerabil-
ity for manganese is somewhat less than that
for other materials in the first tier. Nonethe-
less, the only large manganese reserve in the
Americas is in Brazil. All sources of U.S. man-
ganese imports (except a small amount com-
ing from Mexico) require long-distance trans-
portation by sea, which adds an element of
vulnerability to U.S. supply. The tonnages re-
quired by U.S. industry rule out any other
method of transport. Unclaimed resources are
the manganese nodules which are found in
large areas of the ocean floor (see ch. 5).

Platinum Group Metals

Platinum group metals (PGMSs) refer to six
metals which have similar properties: plat-
inum, palladium, rhodium, iridium, osmium,
and ruthenium. They have the ability to cata-
lyze many chemical reactions and withstand
chemical attack, even at high temperatures.
Their leading use in the United States is in au-
tomobile catalytic converters, which use small
amounts of platinum, palladium, and rhodium
in each car, At present, there is no satisfactory
substitute for this use of platinum group me-
tals. Other catalytic applications are in petro-
leum refining, to produce high-octane gasoline,
and in chemical manufacture of acids (e. g., ni-
tric acid for fertilizer) and other organic
chemicals.

The great strength, high melting points, and
resistance to corrosion and oxidation of PGMs
make them the material choice for electrical
contacts and relays in telephone systems. PGM
alloys are also used as crucible materials (e. g.,
for the growth of single crystals of oxide com-
pounds, used for semiconductor substrates), in
glass fiber manufacture, in dental and medi-
cal applications, and in jewelry. Most uses of
PGMs as catalysts and in electronics are highly
important to U.S. industry. *

U.S. consumption of PGMs declined in the
1981-83 recession but is now recovering (table
2-11),

2National Materials Advisory Board, Supply and Use Patterns
for the Platinum-Group Metals, NMAB-359 (Washington, DC: Na-
tional Academy of Sciences, 1980).

Table 2-11. —U.S. Consumption of
Platinum Group Metals, 1978-82

Apparent consumption Net import reliance®

Year (thousand troy ounces) (percent)
1978 ...... 2,635 90
1979 ..., .. 2,995 89
1980...... 2,859 88
1981...... 2,411 84
1982 ... ... 1,787 80

Consumption = u s prnmary and secondary (recycled) production and

nnnnnnnn

net import reliance,
Netimportreliance . (imports exports + changes in government and indus-

try stocks)  apparent consumption
SOURCE: U S Department of the Interior, Bureau of Mines, Mineral Commodity
Summaries, 1983 and 1984
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The United States is highly import-dependent
(85 percent) for PGMs. There is a small amount
of domestic production (less than 1 percent of
apparent consumption), The remaining 15
percent of demand is supplied by purchased
secondary materials. Actually, this figure
understates the amount of PGM recycling. If
consumption is defined to include the PGM
catalysts which are owned by refiners and
chemical manufacturers, sent out for “toll
refining,"” and then reused, recycling ac-
counts for about 40 percent of total consump-
tion. Chapter 6 discusses further recycling pos-
sibilities.

The Stillwater Complex in Montana is the
most significant known U.S. deposit of PGMs.
Development of an underground mine has
been proposed for this site, with the decision
on whether to develop the property scheduled
for mid-1985. Small amounts of PGMSs were re-
covered from placer deposits at Goodnews Bay
in Alaska as recently as 1975. Chapter 5 has
more details regarding PGM mineral deposits,

The largest source of PGM supply for the
United States is South Africa. As table 2-12
shows, the South African deposits of the Bush-
veld Igneous Complex dwarf those of the

United States and Canada. In fact, the U.S. and

I &k . i . .
11 h(l te rm tO] Trefinmg” denotes the rec veli ngof metals for
a fee inwhich ownership of the metals does not change hands.

Table 2-12.—Sources of U.S. Platinum
Group Metal Imports

1979-82 1982
Country (percent) (percent)
South-Africa . . ., . ..., . 56 48
USSR, . . . . . . . 16 16
United Kingdom. ., . . . . . 11 13
Other................... 17 23

apgM production fromthe United Kingdom Is from ores originating in South A tri

ca and Canada and from secondary materials

NOTE Major world producers of PGM and their contribution to world supplies
in 1982 were Soviet Union (54 percent) South Africa (40 percent) and
Canada (4 percent) See table 5-33 of ch 5 for further details and for in
formation on reserves

SOURCE U S Department of the Interior, Bureau of Mines Minerais Commod:
ty Summaries 1983 and 1984

Canadian reserves combined would satisfy
U.S. demand at the current level for only about
10 years. The Soviet Union is presently the
world’s largest producer of PGMs; its reserves
are substantial but only about one-fifth the size
of South Africa ’s.

PGMs are mined in South Africa for their
own sake, while in the Soviet Union and Can-
ada they are coproducts or byproducts of nickel
and copper. Thus, South Africa has the advan-
tage of responding directly to the PGM mar-
ket in making production decisions. Moreover,
the combination of PGMs in the ores is more
favorable in South Africa than anywhere else,
with a greater proportion of higher value plati-
num in the mix.

A Perspective on Strategic Materials Selection

For many reasons, no list of strategic mate-
rials can be the last word. It cannot be exhaus-
tive: the cutoff point at the end of the list is
bound to be somewhat arbitrary, separating
materials which are “more” strategic from
those that are “less,” rather than representing
ones that “are” strategic as opposed to those
that “are not. ” Nor can the list be final. Con-
ditions change. Take copper, for example. In
1952, the Paley Commission selected copper
as a “key commodity, ” for which world con-
sumption and U.S. net imports were rapidly

3884 0 - 8 - 3 :0L 3

rising.”The commission projected that by
1975, the United States would be able to sup-
ply only about 60 percent of its copper needs
through domestic mine production and recy-
cling. Thus, copper, which had a number of
important industrial uses, might have been
considered at that time as a good candidate for
a strategic materials list. In fact, domestic cop-

22The President’s Materials Policy Commission, Resources for
Freedom (Washington, DC: U.S. Government Printing Office,
1952), vol. 2.
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per production rose so much over 25 years that
net imports fell to about 10 percent of con-
sumption in the 1970s, rather than to the pro-
jected 40 percent, and were well below the 35
percent of 1950.”

The position of copper may change again in
the future, American mines were closing in
large numbers in the recession year of 1982,
with some industry officials predicting that the
mines would never reopen because high wages
and pollution control costs had made the
American copper mining industry—the world’s
largest—uncompetitive with foreign producers.
Even if this prediction proves true, copper’s
designation as a strategic material will depend
on many factors, including the nature of its use,
the availability of substitutes, and the number
and character of foreign suppliers.

The continual development of new materials
and uses also tends to make lists of strategic
materials out of date. For example, natural rub-
ber was a strategic material of great concern
to the United States before World War Il. But
during the war, when imports of natural rub-
ber from Southeast Asia were cut off, U.S.
production of synthetic rubber expanded enor-
mously. The displacement of natural rubber for
most uses proved to be permanent.

2Data on production, reserves, and imports of m i nerals come
from the Bureau of Mines, Department of the Interior.

Perhaps it is most useful to look at the stra-
tegic materials selected for careful analysis
herein as indicative of a set of problems and
possible solutions, not as fixed or exhaustive.

The brief discussion above—much amplified
in chapters 3 and 4—indicate why cobalt, chro-
mium, manganese, and PGMs are judged to be
highly strategic materials. Because they meet
all, or nearly all, of the criteria for critical uses
and vulnerability of supply, they have been
selected for detailed examination in this report.
The essential functions of these materials,
present and anticipated, potential substitutes,
and technologies that can reduce dependence
on uncertain supplies are discussed at length
in the chapters that follow.

The second-tier materials, which share some
strategic characteristics with those of the first
tier, are described in appendix C. These mate-
rials, though judged to be less strategic than
the first four, are still worthy of attention and
study. As a practical matter, this report must
confine its assessment to a manageable num-
ber of materials. The four first-tier materials
are judged to be most strategic, and they
present the problems of import vulnerability
and possible solutions in the most striking way,
Thus, the assessment here may serve as a use-
ful model for studying other materials which,
though judged less strategic, may be of some
concern because of combined factors of vul-
nerability and criticality,
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CHAPTER 3

Critical Materials Consumption:
Current Patterns and Trends

The metals that form the principal subject of
this report—chromium, cobalt, manganese, and
the platinum group—serve throughout the
economy in applications that range from the
essential, such as structural applications in
high-performance aircraft, to the decorative,
as in trim and jewelry, These metals are stra-
tegic because they are necessary in a number
of essential industrial and defense applications
and because the major sources of supply are
considered to be vulnerable to disruption, This
chapter identifies the major essential uses of
these metals, describes the properties that
make them irreplaceable at present, and dis-
cusses the trends in their use.

As discussed in chapter 2, the strategic nature
of these materials is not static. In time, alter-
natives may be found to replace the metals in
essential functions, or changing conditions
may mean that the functions are no longer es-
sential, It is also possible that changes in tech-
nology will cause these metals, or other mate-
rials, to increase in importance beyond their
current status, Such changes are slow in com-
ing, however, and are likely to take a number
of years before they have a major effect,

Table 3-1 shows the distribution of consump-
tion of the four metals over the major indus-
trial sectors in the United States.

The transportation sector consists of the avia-
tion, automotive, railroad, and maritime indus-
tries, These industries together account for 19
to 41 percent of the consumption of each of the
four strategic metals,

The construction sector includes facilities for
the production and processing of fuels; produc-
tion of electricity; equipment for metallurgical,
chemical, and food processing; and structural
materials in buildings.

Examples of the uses of the strategic mate-
rials in the machinery sector are tools for metal
cutting and forming, drill bits, ball and roller
bearings, and other machinery components.

Important equipment in the electrical sector
includes transformers, switchgear, motors, in-
struments, batteries, generators, cooling equip-
ment, and household appliances. Major appli-
cations for strategic metals are in magnets,
contacts and electrodes, shafts and bearings for
rotating machinery, tubing and conduits, and
decorative trim.

Refractory uses of strategic metals and min-
erals are those in which the materials must
operate in an extremely high-temperature envi-
ronment without chemical change or loss of
desirable properties. An example is liners for
boilers and furnaces. Materials for the produc-
tion of ceramics and glasses are also in this
category.

Chemical uses of chromium, cobalt, manga-
nese, and platinum group metals are quite var-
ied. They include dyes and pigments, preserv-
atives, food additives, and catalysts for the
production of other chemicals.

The listing in table 3-1 provides only a start-
ing point for the analysis. Further detail on the
uses of the metals is provided below.

61
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Table 3-1.—Strategic Metal Consumption by Industrial Sector, 1980

Chromium Cobalt Manganese Platinum group
1,000 1,000 1,000 1,000
Sector tons (Percent) Ib (Percent) tons (Percent) tr 02 (Percent)
Transportation . . ........................... 112 (19) 7015 (41) 215 (21) 731 (33)
CONSEIUCHON .+« v oo e e e 123 (21) 0 (0) 375 (36) 1 (8)
Machinery . . . ... .. .. .. 98 17) 3081 (18) 165 (16) 0 (0)
Electrical . . . ... ... .. . . . . 52 9) 2530 (15) 67 )] 526 (24)
Refractory . . .. ... ... .. . 44 )] 538 (3) 0 0) 63 (3)
Chemical . . ....... .. ... . . . 87 (15) 3785 (22) 50 (5) 284 (13)
Other . . ... 71 (12) 190 1) 157 (15) 431 (20)
Total . ... 587 (loo) 17,139 (loo) 1,029 (loo) 2,206 (loo)

SOURCE US Bureau of Mines, Mineral Commodity Profiles, 1983

Chromium

Chromium is the most versatile of the many
alloying agents used in steel. It may be added
to provide high-temperature strength, low-
temperature toughness, hardness, corrosion re-
sistance, or oxidation resistance, It is also a
major constituent of nickel- and cobalt-based
superalloy. Additionally, in the form of chro-
mite, it lines crucibles for molten steel and is
used in forms for ferrous castings. In the form
of sodium bichromate, it is processed into a va-
riety of chemicals.

Transportation Applications

Automotive Applications

The automotive industry is one of the largest
consumers of chromium. Chromium consump-
tion by the industry is on the order of 40,000
tons per year, mainly in the form of stainless
steel. Of the 5.5 pounds of chromium contained
in a typical 1980 car, the National Materials
Advisory Board estimated that 2.5 pounds were
used for functional purposes, including suspen-
sion, chassis, and engine components and the
catalytic converter (table 3-2), Further reduc-
tion of chromium usage could be achieved
through attention to the exhaust emission sys-
tem, particularly through the use of stainless
steel-clad carbon steel in place of the solid
stainless steel now in use in the converter.

Parts of the automobile engine subject to high
wear, high temperature, or corrosive environ-
ments are candidates for chromium-bearing al-

Table 3-2.—Chromium Usage in U.S.-Built
Passenger Cars, 1980

Total Essential

Propulsion:
Cylinder block, camshafts, valves . . . 0.860 0.325
Cooling system, electrical system . . 0.016 0O
Carburetors, air intake, exhaust . . . . 0.079 0
Catalytic converter . . . . ............ 2.070 2.070
Drivetrain . . ..................... 0.155 0.067 (misc.)

Subtotal . . ..................... 3.180 2.462
Chassis:
Wheel covers. .. .................. 09710
Suspension . ... ... 0.261 0
Brakes ... ........ ... .. .. .. . ... 0.032 0
Steering . . . ... 0,013 0
Miscellaneous . . .. ................ 0.093 0

Subtotal . .. ........ ... ... .. ... 1.389 0
Body:
Windshield wipers . . ... ........... 0.265 0
Seatbelts. . ............ ... .. .. ... 0.355 0
Roof and door moldings . . .. ....... 0.032 0
Plating . . . ........ ... .. .. .. .. ... 0.041 0

Subtotal . . .......... ... ... ..... 0.903 0

Total . ....... ... .. 5.472 2.462

SOURCE: As projected by the National Materials Advisory Board in 1978

loys. Examples include exhaust valves, which
may contain as much as 21 percent chromium,
and camshafts, which range from 0.9 to 1,5 per-
cent chromium. Engine components account
for slightly less than 1 pound of chromium in
an “average” automobile, Of this amount, only
about one-third of a pound is essential, but
there is little incentive to make the reductions
under the present conditions of availability and
price. Further, some of the reductions, such as
the use of stainless steel containing 12 to 14
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percent chromium in place of the 21 percent
chromium alloy now in use could not be made
without additional testing to ensure that the
material would behave as expected when in
service.

The principal structural use of chromium al-
loys in automobiles is in the AISI 5160 steel
used for springs in the suspension. A relatively
new, but growing, use is in the main structural
members of the chassis where high-strength,
low-alloy steels that contain about 1 percent
chromium are gaining acceptance.

In 1982, General Motors (GM) introduced a
fiber composite leaf spring into the rear sus-
pension of the Chevrolet Corvette. In 1983,
similar springs were introduced into other
lightweight cars in the GM line,

Unlike the case with engine parts, there is
a strong incentive to reduce the use of conven-
tional steels in the structural parts of cars, That
incentive is weight reduction, which results in
reduced power requirements and lower fuel
consumption. However, the development of
the high-strength, low-alloy (HSLA) steels has
provided an alternative to other lightweight
materials such as aluminum and fiber compos-
ites. These steels, which obtain their strength
through the use of small additions of chro-
mium, manganese, molybdenum, and other
metals, combine high strength and low weight
with conventional metal-forming techniques.
The overall economics of HSLA steels have led,
and are expected to continue to lead, to increas-
ing use of these alloys in automobiles, Although
these steels are not essential to the design of
cars, once incorporated into a design, any
replacement of materials—e.g., in response to
a reduction in the supply of chromium—uwvill
be difficult to make.

Aviation

Aviation, with its demands for high strength,
low weight, and oxidation- and corrosion-
resistant materials with long fatigue lives and
resistance to high temperature, is another ma-
jor consumer of chromium. Chromium con-
sumption by the aviation industry accounted
for 3,250 short tons in 1978, of which approx-

imately 80 percent was used in jet engines as
a constituent of superalloy and of other heat-,
corrosion-, and oxidation-resistant alloys. Chro-
mium-containing steels are used in other high-
temperature components of jet engines, where
the exceptional heat resistance of superalloy
is not required.

Superalloy, containing substantial amounts
of chromium, nickel, and, in some cases, co-
balt, have exceptional resistance to high tem-
peratures. These alloys retain their strength at
high temperature and stress, whereas alloy
steels would fail owing to creep (a gradual
deformation of a material when it is subjected
to stress at high temperature) or to rapid cor-
rosion by the hot exhaust gases of a jet engine.
These materials are essential in the current de-
signs of aircraft gas turbine engines as well as
many land- and sea-based gas turbine engines.

The manufacture of superalloys accounts for
a majority of the total domestic consumption
of chromium metal. In 1981, consumption of
metallic chromium in superalloy was 2,500
short tons or 64 percent of the total domestic
consumption of chromium metal. Ferrochrome
is also used in the production of superalloy,
in 1981, 4,300 tons of chromium contained
in ferrochrome were used in superalloy pro-
duction,

Already, hundreds of superalloys are used in
aircraft engines, with more being developed all
the time. Some of these alloys are in wide-
spread use, while others have become obsolete
or have been superseded by newer alloys. Table
3-3 identifies some of the typical alloys used
in the most severe applications in the jet en-
gine, With regard to the metals under exami-
nation, the table shows a range of chromium
(Cr) content, from a low of 8 percent to a high
of almost 26 percent, and a range of cobalt (Co)
content from zero to 56 percent.

Substitution of known alternative alloys is a
simple method of reducing critical metal con-
sumption in times of a shortage of raw mate-
rials. During the disturbances in Zaire in 1978-
79, the cobalt-free alloy IN-718 was used as a
direct substitute for Waspaloy (13.5 percent co-
balt). The alloy IN-718 may be used in place
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Table 3-3.—Typical Structural Alloys Used
for Hot-Section Components of the Aircraft
Gas Turbine Engine

Composition
(p_ercent by weight)

Alloy Ni_ Co Cr Fe
Combustor liner:

Hastelloy X . . ................ 48 15 22 18,5
HA-188 . . . . . . 22 41 22 —
Turbine vane:

MA-754 78 — 20 1
MAR-M200 . . . . . . .. . . . . .. .. 60 10 9 —
MAR-M247 . . . . . . . . . . ... 60 10 8 -
MAR-M509 . . .. ............... 10 55 23.5 -
X-40 . oo 10.5 56 25.5 -
IN-713 . . 725 — 135 —
Rene-77 . . . . . . . ... . 55 15 15 —
Turbine blade:

Alloy 454 . . . . . ... ... 6255 10 —
MAR-M200 . . . . . . . . . . .. ... ... 60 10 9 —
MAR-M247 . . . . . . . . . . .. ... 60 10 8 —
B-1900 . . . . . . ... 65 10 8 —
Rene-80...................... 60.5 9.5 14 —
IN-713LC . . . . . 723 — 12 —
Rene-77 . . . . . . . ... 55 15 15 —
Turbine disc:

IN-10O0 . .. oo 56 185 125 —
MERL-76 . . .. ... .. .. .. ........ 54.1 185 12.4 —
Astroloy . . . . . ... 55,5 17 15 —
Waspaloy . . .................. 58 135 195 —
Rene-95 . . .. ... ... ... ... ..., 6139 14 —
IN-718 . . . . 53 — 19 18
IN-9OL . . . . ... 45 — 125 34
A286 . . .. 255 — 15 55
Case:

Waspaloy . . .................. 58 135 195 —
IN-718 . . . . .. 53 — 19 18
IN-9OL . . ... ... 45 — 125 34
A286 . . .. 255 - 15 55

SOURCE Office of Technology Assessment

of other alloys, such as MAR-M200 (10 percent
cobalt) in turbine vane and blade applications.
Savings of chromium are more difficult to
achieve through substitution than savings of
cobalt. Chromium contents of most superalloys
are in the range of 8 to 22 percent, and those
lowest in chromium contain 10 percent cobalt.
The substitution of IN-718 (19 percent chro-
mium) for marR-m200 (9 percent chromium)
offset cobalt savings by increased chromium
consumption.

A substitution of cobalt-free IN-713 for alloy
X-40 (56 percent cobalt) in the turbine vanes
of the JT- 9 engine used for wide-body commer-
cial aircraft also occurred as a result of the co-
bait price increases that followed the Zairian

disturbances. This substitution also resulted in
a 47-percent savings in chromium consump-
tion, although that was not the object of the
substitution. Normally X-40, with its longer
service life, would be the preferred alloy, but
at the higher cost and uncertain supply of co-
balt, the substitution was justified.

The potential to reduce critical metal con-
sumption in the near term is limited. Chro-
mium is an essential component of all super-
alloy, and most of the easy substitutions for
cobalt have been identified as a result of the
price increases that followed the Zairian dis-
turbances. Opportunities for further substitu-
tions are known (and will be discussed in ch.
7), but the time required to complete the qual-
ification and certification process for use in air-
craft engines precludes their use as a short-
term response to shortages.

It is clear that chromium will remain essen-
tial in superalloy for the aircraft gas turbine
engine. predicting future material needs can-
not be done with confidence because of inher-
ent inaccuracies resulting from factors that
vary from the general state of the national econ-
omy to advances in engine design and materi-
als processing, However, some sense of future
material requirements is obtained by evaluat-
ing alternative scenarios for the growth of the
U.S. aviation industry. Thus, it is estimated
that in 1995 the United States will consume for
the production of superalloy 3,700 tons of
chromium metal and 6,500 tons of chromium
in low-carbon ferrochrome for an increase of
50 percent over 1981. Similar estimates for su-
peralloy production for the year 2010, based
on current technology and trends, are 6,800
tons of chromium metal and 11,600 tons of
chromium in ferrochrome, an increase by a
factor of 2.7 over 1981 demand,

Other Transportation Applications

Other uses of strategic metals in the trans-
portation sector include heat-resistant chro-
mium steels in gas turbines, in steam genera-
tors and turbines for railroad and maritime
applications, and in stainless steel containers
for transportation of dairy products and cor-
rosive materials.
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Construction Applications

Almost 20 percent of U.S. chromium con-
sumption is accounted for in the construction
sector, with the most essential applications be-
ing in the corrosive environments associated
with oil and gas production and refining and
the high-temperature environment of energy
production facilities. Chemical processing fa-
cilities also constitute essential uses of chro-
mium in the construction sector.

Energy Production Facilities for Fossil Fuels

The annual chromium requirements for the
construction of energy-related facilities, includ-
ing oil and gas wells, coal mines, electricity
generating plants, and other energy facilities
were estimated in a 1979 report to the Depart-
ment of Commerce. Reported consumption of
chromium in 1977 by the energy industry was
20,400 short tons. When taken with the scrap
generated during processing and fabrication
of energy-related equipment, this sector alone
accounts for 3 to 5 percent of U.S. chromium
consumption. Similar estimates were made for
chromium usage in a 1978 study by the Na-
tional Materials Advisory Board (NMAB).
These estimates are reported in table 3-4.

In its 1978 study, the NMAB estimated that
90 percent of the chromium consumption of
the energy sector should be considered essen-
tial. Of the consumption in 2000, approxi-
mately 60 percent will be for stainless steel,
with another 25 percent being for alloy steels.
The remainder will be used in a variety of ap-
plications, including superalloy, plating, and
nonferrous alloys.

Table 3-4.—Estimated Requirements for Chromium for
Energy-Related Facilities, 1977-2000
(thousand short tons)

Department of

Commerce NMAB low NMAB high
1977. , .., . . 20.4 - -
1985 ..., ..., 24.7 - -
1990......... 27.3 — —
2000 ...., ... 33.2 - -
Average. ... 272 19.5 33.7

SOURCES U S Department of Commerce, 1979 National Materials Advisory
Board 1978

Chemical and Process Applications

Production facilities of the chemical and
process industries, manufacturers of acids, or-
ganic compounds, alkalies, and other corrosive
materials, are major consumers of chromium,
principally in the form of stainless steel. These
steels are used because they combine strength
with exceptional resistance to corrosion and
oxidation. They are also used in applications
where it is essential to prevent contamination
of products by the process equipment.

The bulk of chromium consumption in chem-
ical and process applications is accounted for
by a few popular alloys: the wrought alloys;
AISI types 304, 316, and 430; and the cast
alloys, ACI types CF-8, CF-8M, and CN-7M. All
of these steels contain approximately 18 per-
cent chromium. In many cases, it appears pos-
sible to develop substitute steels with chro-
mium content as low as 12 to 14 percent,
although users would have to accept a lower
resistance to corrosion unless additions of
molybdenum were made to counteract the ef-
fects of chromium reduction, This class of
steel, however, is not currently available, and
several years of effort will be required before
such steel could be ready for widespread use.
Even if such substitutions were made through-
out the industry, however, no more than one-
third of the chromium consumption in this sec-
tor would be saved. Substitution by surface-
treated materials, including coated, clad, and
plated steels, could also be used in some ap-
plications, but limitations of cost, abrasion re-
sistance, and corrosion resistance at welds and
other joints restrict the opportunities to use
these materials in the chemical and process in-
dustries.

Machinery Applications

Machinery applications of chromium in-
clude tool steels, spring steels, and alloy steels
for gears, shafts, and bearings, Chromium is
used largely for its contribution to hardness
and wear resistance. The chromium content
ranges from as low as 0.5 percent in some
steels used for gears and bearings to as high
as 12 percent in some tool steels.
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Opportunities for reduction of chromium
consumption in machinery applications in-
clude the use of sintered carbides in place of
tool steels and alternative alloys containing
manganese and molybdenum for the manufac-
ture of gears, shafts, and bearings. Barriers to
the use of these substitutes are economic rather
than technical; in particular the high cost of
sintered carbides relative to tool steels suggests
that this would be an unlikely area of substi-
tution except in extreme emergency.

Chromite Refractories

Chromium, in the form of chromite, is used
in refractory applications such as liners for
steam generator fireboxes and ladles for mol-
ten steel because of its ability to provide ther-
mal insulation, resist stresses resulting from
sudden changes of temperature, and remain
chemically inert in metallurgical applications.
The chromite used in refractories differs from
that used as a raw material for the production
of ferrochrome because of its higher aluminum
content. While the high aluminum content
makes chromite undesirable for ferrochrome
production, it improves the refractory charac-
teristics. Chromite sand is also used in molds
for ferrous castings.

Refractories account for about 7 percent of
U.S. chromium demand. Current data are not
available but perhaps as much as 19,000 tons
of chromium were lost in spent, unrecycled
refractory bricks in 1974; additional chromite
is contained in accumulated refractory waste-

piles around steel mills, copper smelters, and
other refractory-using facilities,

Steelmaking continues to account for most
use of chromite-containing refractories, al-
though its consumption has declined precipi-
tously since 1965. Phase-out of open hearth
steelmaking with basic oxygen furnaces that
use virtually no chromite refractories is the pri-
mary cause. This decline was moderated, and
partially offset, in the early 1970s by using
chromite-containing refractories in electric
steelmaking furnaces and in argon-oxygen-de-
carburization (AOD) vessels for stainless steel
production. However, since the mid-1970s,
chromite refractories have been replaced rap-
idly by water-cooled panels in electric furnaces.
In addition, dolomite, which is readily avail-
able domestically, now accounts for about two-
thirds of the refractory material used in AOD
vessels, according to the major U.S. producer.

Electrical and Chemical Uses

In the electrical sector, chromium is used in
shafts, bearings, and other applications requir-
ing wear resistance and in decorative applica-
tions, Requirements for chromium are similar
to those of the machinery sector.

Chemical applications accounted for 15 per-
cent of total U.S. chromium consumption in
1980, principally in pigments, metal treat-
ments, and leather tanning, Based on data com-
piled in 1976, the National Materials Advisory
Board estimated 40 percent of the chromium
use in chemical applications to be essential.

Cobalt

In contrast to the breadth of applications for
chromium, uses of cobalt are limited. This is
due, in part, to the availability of alternative
metals that provide similar properties at lower
cost, The current uses of cobalt are, therefore,
those in which substitutions are difficult to

achieve. The principal uses of cobalt are in
superalloy (for the beneficial properties cobalt
imparts at high temperatures), magnets, ce-
mented carbides, and catalysts in petroleum
refineries. Other uses include tool and alloy
steels, and salts, driers, and other chemicals,
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In 1982, the NMAB surveyed the uses and
made estimates as to the essential needs of co-
balt, in comparison to actual consumption. The
results of these estimates are reported in table
3-5. The overall estimate of the NMAB was that
50 percent of the cobalt now consumed is es-
sential, with over 58 percent of the essential
consumption being accounted for in super-
alloy and another 14 percent of the essential
uses going into cemented carbides.

Transportation Applications

The aviation industry accounts for the ma-
jority of cobalt consumption in the transpor-
tation sector. As shown in table 3-3, cobalt is
an important constituent in many alloys in the
jet engine. Superalloy may contain anywhere
from no cobalt to 65 percent cobalt. The selec-
tion of a particular alloy is based on a range
of properties, including yield strength, creep
resistance, oxidation resistance, formability,
and cost,

The beneficial properties that cobalt can im-
part to superalloys and its availability at rea-
sonable prices (until the market disruptions of
1978-80) led to the current level of use of co-
balt. The F-100 engine, used in F-15 and F-16
aircrafts, contains approximately 150 pounds
of cobalt. The JT9D commercial aircraft engine
contains approximately 165 pounds.

New engines may be designed to use cobalt-
free alloys. The new General Electric F101 and
F404 engines use Inconel MA 754, a mechan-
ically alloyed, cobalt-free alloy, for the turbine
vanes.

Superalloy accounted for 6.3 million pounds
or 41 percent of the 1980 reported domestic co-
balt consumption. Under current trends, it is
anticipated that 8.3 million pounds of cobalt
will be used in the production of superalloy
in 1995 (for all applications, not the aircraft en-
gine alone), and 12.9 million pounds of cobalt
will be required for these uses in 2010.

Cobalt use in other parts of the transporta-
tion sector is small. Applications include hard-
facing alloys used on the surface of exhaust
valves in automobile engines.

Machinery Applications

Cobalt use in the machinery sector includes
drill and cutting bits made for high-speed and
high-temperature applications, surface coat-
ings for hardness and wear resistance, and
high-strength steels for rocket motor casings,
and dies and structural uses in large machin-
ery. These applications are met primarily
through the use of three materials: cemented
carbides, tool steels, and maraging steels.

Cemented Carbides

Cutting tools used for machining of steel and
cast iron, mining and drilling bits, small- and
medium-sized dies, cutoff tools, and screw-
machine tools, all of which require qualities of
abrasion resistance, hardness, impact resis-
tance, and heat resistance, depend on cemented
carbides for their demanding properties. Ce-
mented carbide tools may account for as much
as 75 percent of the metal removed in domes-
tic metal-cutting operations and for over 50

Table 3-5.—Uses of Cobalt, 1980 (thousands of pounds)

Reported Essential Essential
Category consumption consumption  fraction
Superalloys . . ... 6,300 4,500 71%
Magnets . . ..., 2,300 400 17
Cemented carbides , . .. ........ ... ... ... ... 1,300 1,100 85
Hardfacing . . ......... ... . 600 300 50
Steel . .. 400 200 50
Other metallurgical. . . . ...................... 400 200 50
Catalysts . . . ..o 1,700 100 6
Salts, driers, and other chemicals . . ... ......... 2,200 200 41
Total ., vy e ey 15,300 7,700 50%

SOURCE National Materials Advisory Board, Cobalt Conservation Through Technological Alternatives, NMAB-406, p 2
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percent of the cutting and crushing functions
in mining, oil and gas drilling, and construc-
tion activities.

Cemented carbides are formed from a mix-
ture of tungsten carbide powder, which pro-
vides the hardness and wear resistance, and
cobalt powder, which acts as the cement that
holds the carbide particles together. The cobalt,
carbon, and tungsten produce a synergistic ef-
fect that allows relatively easy production by
sintering (heating the powder shape) to the
point where the surface of the cobalt powder
melts, dissolving some of the tungsten carbide
to form an exceptionally strong bond,

Materials other than cobalt, notably iron and
nickel, with some chromium when needed for
corrosion resistance, have been used with some
success as substitutes for the cobalt binder, but
only with some sacrifice in performance. Since
the applications of cemented carbides are in
uses essential to the economy, and since there
are no satisfactory substitutes for either the car-
bide tools or for the cobalt used in the binder,
the use of cobalt in this application must be
considered to be critical to the United States.

Tool Steels

Tool steels are used in a variety of metal cut-
ting and forming applications, but it is only in
the high-speed, high-temperature applications
that cobalt-containing tool steel is of particu-
lar importance. These steels are classed as M-
type and T-type. Past consumption of cobalt
in these classes of tool steels is summarized in
table 3-6,

Table 3-6.—Cobalt Consumption in Tool Steels
(short tons)

1979 1980 1981

Domestic production:

M-Type . . ... 2,905 2,941 2,344
T-Type. . .o 639 552 479
Subtotal . .. ........ ... ... . 3,544 3,493 2,820
Imports. . . ........ ... .. 815 559 1,042
Total . . ... . 4,359 ‘4,052 3,892
Approximate cobalt content
(8°/0average) .................. 349 324 311

SOURCE Off Ice of Technology Assessment, based on data inNational Mater:-
als Advisory Board, Cobait Conservation Through Technological Alter
natives, NMAB 406, p 107

Cobalt-containing tool steels have been a tar-
get for substitution research, which has pro-
duced alternative alloys with little or no cobalt
through the use of powder metallurgy. For ex-
ample, a new alloy, CPM Rex 20, is a replace-
ment for the high-speed tool steel M42, and
CPM Rex 25 may replace alloy T15.

Cobalt-based, hardfacing alloys have been
used as wear-resistant materials for over 60
years. Applications include cutters, knives, and
surfaces of unlubricated bearings, Represent-
ative hardfacing alloys include Stellite 1, 6, 12,
and 21, all from Cabot Co., which range from
53.5 percent to over 67 percent cobalt content.
A substitute alloy containing less than 14 per-
cent has reportedly been developed, but it is
not yet in commercial use.

Maraging Steels

Maraging steels are high-strength alloys that
may be heat-treated in large sections and thick-
nesses to increase their strength further. They
run from a low of 7.5 percent to a high of 12
percent cobalt. The major maraging steels are
designated as 18 Ni200, 18 Ni250, 18 Ni300, and
18 Ni350. The composition of these alloys are
listed in table 3-7, The last three digits of the
specification (200, 250, 300, and 350] refer to
the strength level of the steel, i.e., the 18 Ni250
has a yield strength of 260,000 psi. These steels
are noted for their ultrahigh strength with high
toughness. The steels were developed for aero-
space applications, but they are now also used
in structural applications. Maraging steels
achieve full strength and toughness through
simple aging treatment (3 hours at 9000 F or
480° C). Hardening and strengthening do not
depend on cooling rates, so properties can be
developed uniformly in massive sections with
almost no distortion. Exact figures on con-
sumption of maraging steels are unavailable,
but during the 1976-78 period, annual con-
sumption was in the range of 1,000 to 2,000
tons per year of steel, requiring 180,000 to
360,000 pounds of cobalt, Of this consumption,
only part is included in the machinery sector.
The remainder is consumed in aviation appli-
cations and is included in the transportation
sector.
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Table 3-7.—Composition of Maraging Steels

Ni co Mo Ti Al Zr B
W8NI200 . . ..o 18.5% 5% 3.25% 0.2% 0.1% 0.01% 0.003%
18Ni250 . . . .o 18.5 7,5 4.8 0.4 0.1 0.01 0,003
I8NIB00 . . ... 18,5 9.0 4.8 0.6 0.1 0.01 0.003
18NI350 . . .o 18.5 12.0 4.8 1.4 0.1 0.01 0,003
Ni nickel Al = aluminum
co  cobalt Zr = zirconium
Mo  molybdenum B -boron
T i titanium

SOURCE National Materials Advisory Board, Cobalt Conservation Through Technological Alternatives, NMAB 406, p 110

Chemicals and Catalysts

Cobalt is an essential material in catalysts for
the refining of petroleum and for the produc-
tion of chemicals. In 1982, about 1.5 million
pounds of cobalt (down slightly from 1.7 mil-
lion pounds in 1980) were used in petroleum
refining and chemical production, of which all
but 426,000 pounds were recycled.

In refining, cobalt-molybdenum catalysts are
used to remove sulfur and heavy metals from
petroleum, with molybdenum being the more
active of the two metals. Substituting nickel for
cobalt has proved somewhat successful, but op-
portunities are limited because nickel-molyb-
denum catalysts operate at higher temperatures
and pressures than do cobalt-molybdenum
catalysts. Without modification of the process
equipment, the use of nickel catalysts would
result in a decline in the processing efficiency
and production rate of the refinery. Even
accepting this drawback, cobalt cannot be
entirely substituted because some reactors
were not designed to operate under the more
severe conditions required by nickel-contain-
ing catalysts.

Over 97 percent of the approximately 225 do-
mestic petroleum refineries use some form of
catalytic process. Hydroprocesses, which up-
grade the quality of crude oil, are increasing
in importance with the greater use of lower
qguality feedstocks. There are five important
processes which are grouped as hydroprocess-
ing: hydrotreating, hydrorefining, hydrocrack-
ing, residual hydrosulferization, and hydrogen-
ation of pyrolysis gasoline. All use substantial
guantities of cobalt-bearing catalysts. The an-
nual consumption of cobalt in the petroleum

industry is 970,000 pounds, Some cobalt is
recycled, but about 340,000 pounds of high-
guality cobalt are required every year for re-
placement of spent catalysts, principally for
hydroprocessing catalysts which are not re-
cycled. Although processes exist for recovery
of cobalt, molybdenum, and other metals from
spent catalysts, the majority is disposed of in
landfills and dead storage while a small amount
is exported.

Approximately 565,000 pounds of cobalt
were used in catalysts for the production of
feedstock for polyvinyl chloride and of unsat-
urated polyesters in 1982. Of this amount,
479,000 pounds, or 89 percent, was recovered
through recycling. Generally, the particular
processes have been designed around the
cobalt catalyst, so substitution of alternative
catalysts is not feasible. Only through the use
of alternative chemical processes would it be
possible to use a different catalyst.

Electrical Applications

Cobalt is used in the electrical sector because
of its magnetic properties. Cobalt-containing
magnets have many applications in electric
motors and generators and in acoustic equip-
ment, although a significant share of the mar-
ket was lost to ferrite magnets as a result of the
cobalt price increases in 1979 and 19so0.

Cobalt is used in three principal types of
magnets: the aluminum-nickel-cobalt (Alnico),
iron-chrome-cobalt (Fe-Cr-Co), and rare earth-
cobalt magnets. A fourth cobalt-containing
magnet utilizes amorphous cobalt-base alloys
that are rapidly cooled from a molten state to
obtain a glassy, noncrystalline structure. The
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conventional Alnico and Fe-Cr-Co magnets ac-
count for 90 percent of the market for magnets,
with the remainder being accounted for by the
rare earth-cobalt magnets.

The price increases of the 1978-79 period ini-
tiated major efforts at substitution of noncobalt
magnets (principally ceramic-hard ferrites) in
magnetos and loudspeakers. These efforts were
largely successful, to the point that even though
the price of cobalt declined, the ferrite mag-
nets retained control of their newly captured
markets.

Most substitutions that could be made were
made during the period of high cobalt prices,
and further substitutions are unlikely, except
in the event of an extremely severe shortage
or major price increase.

The outlook for the future use of cobalt in
magnets is for an extended period of relatively
low growth, as shown in figure 3-1. The total

Figure 3-1.-Current and Projected Cobalt
Consumption in Magnets, 1981.90
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growth for the 9-year period 1981-90 is esti-
mated at 18 percent, or an annual rate of 1.9
percent. Most striking is the precipitous de-
cline in cobalt magnets in the telecommunica-
tions area. This decline is due to increasing
miniaturization, digital signaling, and large-
scale integration.

The importance of cobalt in its present ap-
plications is indicated by Bureau of Mines’ esti-
mates that a threefold increase in cobalt price
would only produce a lo-percent reduction in
consumption, to about 1,8 million pounds in
1990. A much more drastic increase, a factor
of 10, could cause a much more significant de-
crease, to approximately 400,000 pounds,
which would be mostly in the loudspeaker and
motor applications. This fraction (20 percent)
of the normal consumption is viewed by the
NMARB as the essential requirement for cobalt
in magnetic applications,

Other Cobalt Applications

There are two principal uses of cobalt in the
production of refractory and ceramic products.
First, cobalt is used to prepare the surface of
metals for binding by ceramic layers. In this
application, cobalt, in the form of cobalt ox-
ide, is added to the glasses that are applied to
the steel base. Second, cobalt oxide is used as
an intense blue pigment in ceramic products
and as a decolorizer to offset the effects of iron
and chromium in glass.

Organic salts of cobalt, which can be manu-
factured from any variety of cobalt metal or ox-
ide, are used as driers in inks, varnishes, and
oil-based paints. Inorganic salts and oxides are
used in pigments, animal feed, and a variety
of other applications, all of which consume
relatively minor amounts of cobalt.
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Manganese

Over 90 percent of manganese is consumed
in the production of metals, mostly by the steel
industry. The remainder is used within the
chemical industry and the battery industry, and
for various other uses, Table 3-8 shows the dis-
tribution of consumption among the metal-
lurgical industries.

Manganese is used by the iron and steel in-
dustry in two forms: ore and ferroalloy. Ore
is generally added during the ironmaking proc-
ess, while ferroalloys may be added to the la-
dle after crude steel has been produced.

The function of manganese in the production
of steel is to improve the high-temperature
characteristics of steel by replacing harmful
iron sulfide by the more benign manganese sul-
fide. When allowed to form, iron sulfide mi-
grates to the boundaries between grains in the
steel, where it remains liquid or extremely plas-
tic after the rest of the steel has solidified. As
the hot steel is rolled into useful forms, crack-
ing results along grain boundaries, a charac-
teristic known as “hot shortness. ” To control
iron sulfide formation manganese is generally

Table 3-8.—U.S. Manganese Consumption,? 1980
(thousand short tons contained manganese)

Manganese
Ferromanganese metal

Steel:
Carbon steel ............. 536 6
Full alloy steel ........... 97 1
High-strength low-alloy

steel .................. 56 1
Stainless steel ........... 13
Other steel . ............. 2 <1

Subtotal ............... 704 10
Non-steel:
Castiron ................ 21 <1
Nonferrous alloys 3 14
Miscellaneous ........... 2 hl

Subtotal . .............. 26 g

Total ..o 730 25

4Data is based on information reported to the Bureau of Mines. Not all con-
sumption is reported, so total reported consumption of manganese is lower than
the apparent consumption reported in table 3-1.

SOURCE: George R. St. Pierre, et al., Use of Manganese in Steelmaking and Stee!
Products and Trends in the Use of Manganese as an Alloying Element
in Steels, contractor report submitted to the Office of Technology
Assessment, 1984, p. 97

added at a ratio of 15 or 20 times the content
of sulfur. In “resulfurized” steels, where sul-
fur is added to improve the machining prop-
erties, a minimum ratio of 7.5 parts manganese
to 1of sulfur may be acceptable.

Manganese is also added to steel to improve
the steel’s strength, hardness, or toughness. Al-
though other elements may be capable of im-
parting the same properties, manganese is
often preferred because of its low cost and the
past experience with manganese in similar
uses,

One steel product with a high percentage of
manganese as an alloying agent is the impact-
and abrasion-resistant steel known as “had-
field” steel. This use accounts for approxi-
mately 70 percent of all high manganese steel.
Total production of these steels is about 100,000
tons per year. The hadfield steels are noted for
the property of work hardening where the
strength of the material increases as it is used.
Hadfield steels are extremely useful in appli-
cations where equipment is repeatedly sub-
jected to high impact, such as earth-moving
and excavation equipment.

Another steel with a high proportion of man-
ganese is the 200 series of stainless steels.
These steels were developed in the 1950s and
1960s in response to uncertainties over the
availability of nickel. The addition of about 6
percent manganese to the 300 series of stainless
steel allows the reduction of nickel content
from 8 to 4 percent. The resulting steel has
performance characteristics similar to the 300
series and enjoys a slight price advantage.
However, compared with the widespread ex-
perience with the 300 series, satisfactory data
on the performance of the 200 series in ex-
tended use is lacking, Moreover, producers
have not promoted the 200 series. Thus, the use
of the 200 series has been limited, and there
is no expectation for any change in this pattern.

Manganese is also used in nonferrous appli-
cations. The largest of these is the 3000 series
aluminums, which contain about 1.5 percent
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manganese. Estimated manganese consump-
tion by the aluminum industry is between
10,000 and 15,000 tons per year, possibly grow-
ing to 20,000 by 1990. Manganese use in cast
and wrought copper alloys is much less, on the
order of 1,500 tons per year.

Manganese, in the form of manganese di-
oxide, is used in conventional carbon-zinc bat-

teries. Manganese ore is used to produce po-
tassium permanganate, drying agents for inks,
paints, and varnishes, and as fuel additives.
Manganese is also used to a small extent in fer-
tilizers, animal feed, ceramics, and uranium
processing.

Platinum Group Metals

The platinum group metals (PGMs) are noted
for their stability in extreme environments.
Resistant to high temperatures and to chemi-
cal attack, PGMs are used in furnaces for grow-
ing single crystals of oxide compounds, in the
manufacture of glass fiber and high-quality op-
tical glass, and in thermocouples and elec-
trodes in electrical applications, PGMs are
used as catalysts in the production of nitric
acid, in the refining of petroleum, and in the
treatment of exhaust gas from automobile en-
gines. Contacts of both low- and high-voltage
switches employ PGM alloys, as do integrated
circuits and resistors. Other uses are in jewelry
and in medical and dental applications.

The consumption of PGMs grew by a factor
of 2.7 between 1950 and 1970. Consumption
in the chemical industry more than doubled,
petroleum refining grew to account for one-
tenth of consumption, the electrical uses quad-
rupled, dental and medical uses doubled, and
glassmaking became another important con-
sumer. In that 20-year period, the only decline
was in the jewelry and decorative sector. This
was the single largest end user in 1950 account-
ing for 35 percent of consumption; in 1965 it
accounted for only 5 percent.

With the passage of the Clean Air Act in the
1970s (Public Law 91-604 and amendments), a
new use for PGMs developed: the automobile
catalytic converter, The catalytic converter was
first used nationwide in 1975. Annual con-
sumption of PGMs almost doubled within a
decade. By 1980, the mix of end uses had
shifted so that autos accounted for 33 percent

of consumption, electrical, 24 percent; chem-
ical, 13 percent; dental and medical, 12 per-
cent; petroleum, 8 percent; and glass and
jewelry, 3 percent each (see fig. 3-2].

Consumption patterns of PGMs differ among
the metals. While the major use of platinum is
in the automotive catalytic converter, the ma-
jor uses of palladium are in the electrical and
dental/medical sectors. The other metals are
used largely in the chemical and electrical
sectors.

Transportation Applications

The imposition of standards for automobile
emissions resulted in the use of catalysts in au-
tomobiles, starting with the 1975 model year.
As a result, the automotive industry quickly be-
came the major consumer of platinum, the key
element in the catalytic converter. In 1975, ap-
proximately 80 percent of all new cars were
equipped with the converter. This converter,
intended to promote the complete combustion
of carbon monoxide and unburned hydrocar-
bons in the hot exhaust gas, averaged approx-
imately 0,062 troy ounces of PGMs per car, of
which about 70 percent was platinum and the
remaining 30 percent was palladium. By 1983,
virtually all new gasoline-powered cars and
light trucks were equipped with catalytic con-
verters, Tighter restrictions on the emissions,
including oxides of nitrogen, lead to the devel-
opment of a new three-way catalyst that uses
more PGMs, including rhodium, an element
not found in earlier converters. A typical con-
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Figure 3-2.— Distribution of Platinum Group
Metal Consumption by Applications
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verter on a 1983 car contains, on the average,
0.079 troy ounces of PGMs, of which about 70
percent is platinum, 22 percent is palladium,
and the remaining 8 percent is rhodium. The
historical consumption of PGMs by the auto-
motive industry is reported in table 3-9.

The future consumption of PGMs in the cata-
lytic converter will be determined by two fac-
tors. First is the outlook for domestic produc-
tion of cars and trucks. Forecasts of auto
production are dependent on a number of fac-
tors, including the price of fuel, the general
state of the economy, and the competitiveness
of domestic producers with foreign producers.
As a basis for estimating future PGM require-
ments, a range of forecasts, based on projec-
tions made for the Department of Energy, have
been made and the baseline results are pre-
sented in figure 3-3.

1960 1965 1970 1975 1980

Year

Miscellaneous

. Automotive
@ Chemical
. Electrical

Table 3-9.—Annual Consumption of Platinum Group
Metals in Domestic Automotive Catalytic Converters

Sales of gasoline PGM

cars and trucks (1,000s of
Year (1,000s) troy ounces)
1975 ... i 9,346 443
1976 ... ..o 11,202 502
1978. , . .. .. ... 11,979 491
1979 ..o 13,255 618
1980 .., .. oi i 10,431 704
1981, ... 9,827 722
1982, ... .. S e e 9,512 685
1983 ., oy 10,715 770

SOURCE sierra Research

The second factor to affect critical metal con-
sumption is the design of the catalytic con-
verter itself. Despite predictions made at the
converter’s introduction, neither improvements
in engine design nor research into alternative
catalysts have resulted in the decline in impor-
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Figure 3-3.— Estimated Future Vehicle Sales in the United States
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tance of the PGM-containing converter as the
principal means of meeting air quality stand-
ards. This will probably continue to be the case
for some time. While it appears possible to de-
sign an engine that could meet the air quality
standards, it seems unlikely that any new de-
sign will soon be able to compete economically
with the gasoline or diesel powerplant.

Based on the medium-growth projections for
future sales of cars and trucks, and on the
assumption that the catalytic converter will
remain essentially unchanged, the projected
annual consumption of PGMs in 1995 is esti-
mated to be 1.4 million troy ounces. Consump-
tion estimates for 1995 based on the high auto
sales forecast are 1.7 million troy ounces of
PGM, and the low forecast results in 1.1 mil-
lion troy ounces of PGM. Estimated metal con-
sumption for the period 1984-95 is shown in
figure 3-4.

Construction Applications

Petroleum production accounts for approx-
imately 9 percent of U.S. platinum consump-
tion as measured by sales of new metal and re-
fined scrap to industry. PGMs are used by the
petroleum industry in two processes: reform-

ing and hydrocracking. Unlike the case of co-
balt catalysts, these metals are subject to tight
monitoring and control, with the result that less
than 10 percent of the annual consumption of
these metals is lost in the petrochemical in-
dustry,

Chemical Applications

Chemical industry applications include the
manufacture of nitric acid from ammonia. The
PGMs contained in catalysts in these applica-
tions are largely recovered for reuse, New ma-
terial is required for increases in processing
capacity and to make up losses in recycling.

Electrical Applications

For many years, PGMs, particularly palla-
dium, have been used in telephone switching
systems, a use which is declining as a result
of the rapid introduction of solid-state switches.
In turn, the increased use of integrated circuits
is resulting in increasing demand for PGMs.
In integrated circuits, PGMs are used as con-
tacts between the circuit itself and its outer
package.
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Figure 3-4.—Estmated PGM Requirements in Catalytic Converters for
Domestic Automobile Production, 1984.95
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Electrical Contacts

An essential property of electrical contacts
in mechanical switching systems is low con-
tact resistance, or low resistance to the flow
of electricity through the surfaces of the con-
tacts. This property is greatly influenced by the
condition of the surfaces. Resistivity is in-
creased either through the wear of the surfaces
or through the creation of insulating films,

If contacts are to have high reliability and
long life, they must be resistant to adhesive and
abrasive wear. Adhesive wear occurs where
the mating surfaces adhere to one another dur-
ing sliding, resulting in the transfer of metal
to the opposite contact, the edge of the contact
area, or to debris. Adhesive wear is determined
by the material’s hardness and ductility and by
the strength of the adhesive bonds which form
between surfaces.

Resistance to corrosion is critical in electri-
cal contacts. Most metals form insulating poly-
mer or oxide films on their surfaces. Generally,
although not always, these films have lower
conductivity than the surface metal. Even films
only a few angstroms thick can cause substan-

tial increases in contact resistance, so the selec-
tion of a surface material for contacts must
consider the corrosive elements in the operat-
ing environment, the chemical products that
may be formed by the contact metal, and the
physical and electrical properties of those
products.

Of the total consumption of PGMs in the elec-
trical and electronics industries in 1981, ap-
proximately 50 percent went into the produc-
tion of electrical contacts, mainly in devices
for opening and closing circuits in telecom-
munications systems. Although gold contacts
generally offer superior performance, cost con-
siderations have resulted in the use of palla-
dium and palladium-silver alloys. As a result
of the increasing use of solid-state switching
by the telecommunications industry, the con-
sumption of palladium in this application will
be declining for the rest of the century.

Ceramic Capacitors

Ceramic capacitors now constitute the ma-
jor market for palladium in the electronic sec-
tor. The ceramic capacitor industry alone con-



76 Z Strategic Materials: Technologies to Reduce U.S. Import Vulnerability

sumed approximately 500,000 troy ounces of
palladium in 1983, which is expected to have
doubled to 1 million troy ounces in 1984, Unit
shipments of multilayer ceramic capacitors
(MLCs), the largest and fastest growing class
of ceramic capacitors, are expected to grow at
nearly a 20-percent annual rate through the
1980s.

Multilayer ceramic capacitors are rapidly
replacing the single-layer capacitor, MLCs are
built of many thin layers of ceramic material,
with electrodes made of gold, silver or PGM
alloys separating each of the several thin layers.
The electrodes exit on alternate ends of the ca-
pacitor, so the plates act in parallel, giving a
larger effective area and a higher capacitance.
The manufacturer controls the final capaci-
tance of an MLC by varying the area, the thick-
ness of the ceramic layers, the number of
layers, and the dielectric constant of the ce-
ramic. The end result is a sturdy, highly com-
pact capacitor.

In creating MLC conductive layers, manu-
facturers use a metallic ink to print electrodes
on a tape of ceramic material, which is then
assembled into a capacitor prior to baking or
firing into the finished component. The firing
temperature necessary for the typical ceramic
material (alkali-earth titanates)—about 1,3500
C—is too high for silver alone to serve as the
electrode material, Gold or platinum could be
used but their high cost, several hundred dol-
lars per troy ounce, leads manufacturers to use
palladium or a palladium-silver alloy as the
electrode material.

Driven by a need for lower costs, manufac-
turers have advanced MLC technology from
the use of platinum electrodes in the early
1960s, to gold-platinum-palladium electrodes
(which are still the most desirable, but most ex-
pensive, electrode material) in the late 1960s,
to pure palladium in the 1970s, and most re-
cently to silver-palladium, Even with this sav-
ings, however, the electrodes still account for
40 percent of the total material cost in the ca-
pacitor, In moving to the 70 percent silver
alloy, manufacturers accepted some compro-
mise in the properties of capacitors, The use

of the high-silver electrodes, which have a
lower melting point than the pure palladium
electrodes they replace, requires a lower firing
temperature to prevent oxidation of the silver
during processing and to avoid reactions be-
tween the electrodes and the dielectric layers.
The silver also tends to migrate into the ce-
ramic during firing, which can lead to various
electrolytic reactions, causing inconsistencies
in performance and, possibly, failure of the ca-
pacitor.

With a higher melting point, nickel appears
to have greater potential as a substitute mate-
rial in the MLC electrode. Producers currently
find nickel’s properties difficult to control, but
the Japanese are starting to use nickel in limited
applications. The use of nickel requires expen-
sive processing in an oxygen-free atmosphere,
but the lower cost of nickel may provide incen-
tive for further development.

A developing alternative to palladium elec-
trodes is a lead alloy, In this process, known
as the advanced Corning electrode, or ACE, the
ceramic is printed with an ink made of a mix-
ture of carbon-like powder and dielectric pow-
der. During firing, the carbon material burns
away, leaving the layers of ceramic separated
by pillars of the dielectric powder, After fir-
ing, lead is injected into the voids left by the
carbon powder. This process was introduced
in 1983 by Corning [the sixth largest U.S. ce-
ramic capacitor manufacturer), with encour-
aging results. If this process is able to produce
consistently high-quality products, the lower
cost of lead relative to palladium and silver will
provide the driving force to encourage its wide-
spread use.

Acceptance of new manufacturing technol-
ogies is often a long process. However, in the
MLC industry, which is pressured by Japanese
competition and by a growing demand for pal-
ladium that is certain to force prices upward,
new processes may be accepted as quickly as
they can be shown to provide the essential high
reliability with reduced materials cost. Al-
though the growing consumption of palladium
in ceramic capacitors will continue for the next
several years, technical advances spurred on
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by limited supplies of this metal are likely to
provide lower cost alternatives that will even-
tually be accepted by the electronics industry,
resulting in a slow, but long-term decline in pal-
ladium consumption in this sector.

Refractory Applications

PGMs are used as crucibles in the produc-
tion of single crystals of certain oxide com-
pounds that can only be manufactured at
extremely high temperature, The high-tempera-
ture resistance, combined with the chemical
stability, allows the production of crystals with-
out danger of contamination by the crucible
and tools used in the growth process.

PGMs are also used in the melting tanks,
stirrers, and crucibles for melting high-quality

glass and as dies and forming devices for glass
fiber.

As with the catalytic uses of PGMs, the re-
fractory and glass applications are largely re-
covered for reuse.

Other Applications

A variety of chemical compounds are used
in cancer chemotherapy. In addition, PGMs
are used in dental applications in dental crowns
and bridges. These are all considered unrecov-
erable applications of PGMs.

Use of PGMs in jewelry has been relatively
limited in the United States, but it is quite popu-
lar in Japan. Platinum alloys make good jewelry
material, but they are easily replaced by gold.

Future Applications for Strategic Materials

Nonconventional Energy Systems

In recognition of the limited domestic re-
serves of petroleum and the limitations on the
uses of coal in its natural form, the United
States has devoted considerable effort to tech-
nological approaches to make efficient use of
its energy resources and facilities. Some of this
work has resulted in new energy systems that
may have significant effect on U.S. needs for
strategic materials. Several of the technologies
that may have major requirements for strate-
gic materials (particularly the PGMs) are dis-
cussed below.

Large-Scale Fuel Cell Stations

In order to make most efficient use of elec-
trical generating capacity, a number of power
storage systems have been examined. In one
system now in use, electricity generated in off-
peak hours moves water above a hydroelectric
plant, allowing additional generation during
peak hours without the need for expensive ad-
ditional capacity. Another system being con-
sidered for the future is based on the fuel cell.
The fuel cell is an electrochemical device that

directly converts chemical energy into electric
power, It can also reverse the process, convert-
ing electrical energy into chemical energy, stor-
ing it, and then converting it back into electri-
city when needed.

An example of current fuel cell technology
is the phosphoric acid cell, In this system,
hydrogen, which is obtained from methane or
naphtha, is reacted with oxygen from the
atmosphere to produce electricity and water.
The phosphoric acid, which serves as the elec-
trolyte in the cell, is kept at about 350° F. In
order for the reaction to proceed, a platinum
catalyst is necessary. Demonstration models of
the fuel cell now require approximately 6.3
grams of platinum per kilowatt (kW) of power
output. At a production level of 750 to 1,000
megawatts (MW) per year, as suggested by one
developer as a target for 1995—in 2000, the an-
nual platinum requirement of fuel cells could
be as high as 6.3 metric tons (tonnes). This
would be reduced to 1.9 tonnes per year if de-
velopers reach their target for reduced plat-
inum loading of 1.9 grams per kW. The need
for platinum may be eliminated if current re-
search leads to development of alternative
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catalysts or alternative fuel cell designs that do
not require platinum catalysts.

Synthetic Fuels

Currently, there is little synthetic fuel produc-
tion from coal, oil shale, or biomass. Over the
next 25 years, production of synfuels is ex-
pected to increase. Cobalt and PGMs will play
a role in the development and growth of these
energy sources,

Liquid and gaseous fuels from coal are ex-
pected to be the first large-scale synthetic fuels.
Two processes for liquefaction of coal are
known: direct and indirect. In the direct proc-
ess, coal is hydrogenated to form a liquid in
the presence of a catalyst, usually containing
iron, although one process, the H-Coal proc-
ess, uses a cobalt-containing catalyst. In any
case, the liquid products obtained from coal
and from oil shale will require substantial
hydroprocessing of a type similar to that used
with petroleum.

In the indirect process, coal is reacted with
steam and oxygen to produce syngas, a mix-
ture of carbon monoxide and hydrogen gas.

The syngas is converted catalytically to meth-
ane (using a nickel catalyst) or to gasoline
(using an iron or a cobalt-containing catalyst).

Critical Metals in Automobiles

The automobile of the future will certainly
differ from those of today. With the large cap-
ital investment required to manufacture the
millions of automobiles sold every year, it can
be assumed that changes in design will not be
radical, but even gradual changes may have sig-
nificant effects on the consumption of strate-
gic metals. One example is dual-fuel vehicles.
These vehicles use a mixture of gasoline and
methanol (from 3 percent up to 10 percent
methanol). The methanol content requires a
more corrosion-resistant material for the fuel
tank, fuel line, and carburation system than is
now used in automobiles. Stainless steel now
offers the best performance characteristics for
much of the fuel system when a gasoline/meth-
anol mixture is used. However, auto manufac-
turers hope to develop alternative materials
that will have lower raw material and fabrica-
tion costs.

Summary: Essential Uses of Strategic Metals

Attempts to predict future requirements for
materials are fraught with difficulties, owing
both to the uncertain growth of industrial and
consumer needs and to unforeseen changes in
manufacturing technology. Discussions of fu-
ture essential requirements for specific ma-
terials are even more difficult since essential-
ity is not a simple yes-or-no characteristic. The
need for a material in a particular application
depends on the cost and performance of alter-
native materials and on the time available to
replace the material, to redesign the compo-
nent in which the material is used, or even to
eliminate the need for the application al-
together.

Despite the difficulties, however, it is neces-
sary to estimate future materials requirements
and to identify the applications in which chro-

mium, cobalt, manganese, and PGMs are most
essential. As a starting point, it is helpful to
consider extrapolations of current materials re-
quirements. The U.S. Bureau of Mines has
made statistical projections of future materials
requirements based on current patterns and
trends; these are presented in table 3-lo.

While these projections are useful as a start-
ing point, there are a number of important
modifications and clarifications that arise from
a detailed study of the major uses of strategic
metals. The major points are as follows:

+ Chromium consumption for most applica-
tions, other than chemical and refractory
uses, will require high-carbon ferrochrome.
In the aviation industry, however, the re-
quirement for low carbon content and high
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Table 3-10.-U.S. Bureau of Mines

Estimates of Probable Demand for Strategic Metals in the Year 2000

Chromium Cobalt Manganese Platinum group
1,000 1,000 1,000 1,000

Sector tons (Percent) Ibs (Percent) tons (Percent) oz (Percent)
Transportation ........................... 170 (22) 10,000 (32) 510 (36) 950 (28)
Construction ........... ... ... . . 160 (20) 0 (0) 300 (21) 240 7
Machinery ........ ... .. ... i 120 (15) 5,000 (17 220 (16) 0 (0)
Efectrical . ....... ... ... ... .. . 90 (12) 4,000 (13) 85 (6) 490 (15)
Refraciory .. ... ... ... ... ... ... .. ...... 30 {4} {note 1) {0} O {0) 220 (B}
Chemical ......... ... .. .. ... 100 (13) 11,000 (35) 75 (5) 820 (24)
Other . ... e 110 (14) 1,000 (3) 230 (16) 670 (20)
Total ... 780 (100) 31,500 (100) 1,420 (100) 3,390 (100)

NOTE 1 Statistics onuse of cobalt in glass and ceramics were combined with thoseon paint and chemical uses in 1983

SOURCE U.S Bureau of Mines, Mineral Commodity Profiles, 1983

purity will mean that the industry will
need substantial amounts of low-carbon
ferrochrome (6,500 tons of contained chro-
mium in 1995) and chromium metal (3,700
tons in 1995).
Requirements for PGMs in the electronics
sector are likely to be considerably higher
than projected by the Bureau of Mines
owing to the rapid increase in palladium
consumption in ceramic capacitors. Esti-
mated consumption in 1983 of 500,000
troy ounces of palladium already exceed
the Bureau of Mines’ forecast of 300,000
troy ounces in 2000. Anticipated consump-
tion of 1 million ounces in 1984 and a pro-
jected annual growth rate of 20 percent per
annum indicate that estimates of PGM re-
guirements for the electronic sector are
low and in need of further study.

. Requirements for platinum, palladium,
and rhodium in the automotive sector do
not include PGMs contained in the cata-
lytic converters of imported automobiles,
Other factors, including the use of plat-
inum-containing particulate traps will also
result in higher consumption of PGMs.
Estimated requirements for PGMs in cata-
Iytic converters in 1995, made by Sierra
Research for OTA, are for 1.4 million troy
ounces, almost 50 percent greater than the
Bureau of Mines’ forecast.

. Estimated consumption of cobalt, chro-
mium, and PGMs do not distinguish be-
tween primary metal, produced directly
from mined ore, and secondary metal ob-

tained from prompt industrial and obso-
lete scrap.

+ Estimates of future manganese require-
ments are based on the assumption that the
ratio of manganese to iron used in steel-
making will decline by only 10 percent by
the year 2000.

Although it is difficult to estimate the spe-
cific quantities of strategic metals that can be
deemed to be essential, it is possible to iden-
tify the principal applications that are essen-
tial to the United States and that use chromium,
cobalt, manganese, and PGMs to fulfill their
functions. These applications, and their stra-
tegic materials requirements, are summarized
below,

Superalloy

Chromium, in the form of both chromium
metal and low-carbon ferrochromium, is an es-
sential element in superalloy. In addition, co-
balt is currently used in a number of super-
alloy, particularly in the applications of
highest temperature and stress. To meet future
requirements for superalloy in gas turbine
engines, jet aircraft, and other applications, the
chromium requirements for 1995 are estimated
to be 3,700 tons of chromium metal, 6,500 tons
of low-carbon ferrochrome, and 8.3 million
pounds of cobalt. Similar estimates for the year
2010 are 6,800 tons of chromium metal, 12,000
tons of chromium in ferrochrome, and 13 mil-
lion pounds of cobalt.
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Stainless Steel for Construction

Stainless and other alloy steels are used in
the energy and chemical process industries to
provide resistance to high temperature, corro-
sion, and oxidation and to limit contamination
of chemicals that could occur from the use of
less resistant materials in tanks, piping, and
process vessels. In 1979, the Department of
Commerce estimated chromium requirements
for the energy industry at 27,000 tons in 1990
and 33,000 tons in 2000. NMAB estimates were
lower (see table 3-4). The bulk of the chromium
will be used as high-carbon ferrochrome, but
a small percentage of the applications will be
in special alloys that require low-carbon ferro-
chrome or chromium metal.

Automobiles

In automotive applications, the catalytic con-
verter accounts for about 85 percent of the es-
sential uses of chromium and all of the uses
of PGMs. The estimated essential requirements
for chromium in automotive applications will
be 15,000 short tons in 1990 and 16,000 short
tons in 1995. Requirements for PGMs are 1.3
million troy ounces in 1990 and 1.4 million troy
ounces in 1995. Estimates for both chromium
and PGMs are for all automobiles sold in the
United States. Direct U.S. requirements for
chromium and platinum metal will be reduced
by the degree of market penetration made by
foreign automobiles.

Cemented Carbides

Cemented carbides are one of the most essen-
tial applications of cobalt. There are no accept-
able alternatives to cobalt for binding the car-
bide particles together, so virtually all cobalt

in this use is essential. Estimates for 1995 co-
balt requirements in cemented carbides are
about 1.3 million pounds, rising to about 2. |
million pounds in 2010.

Industrial Catalysts

The use of catalysts in the petroleum and
chemical industries is expected to grow at a
high rate, more than doubling by the year 2000.
Although in some cases there are alternatives
to the processes that utilize cobalt and PGM
containing catalysts, once facilities are con-
structed there is little opportunity to substitute
an alternative process that reduces cobalt or
PGM demand unless large investments are
made to modify plant designs.

Manganese in Steelmaking

Manganese is essential to the manufacture
of steel. The amount that is essential to the
United States depends on the essential needs
for steel, the mix of steel products (i.e., carbon
steel; alloy steel; high-strength, low-alloy steel,
and stainless steels), the sulfur content of the
raw steel, and the efficiency of the steelmak-
ing process.

Palladium in Electronic Components

Over the next few years, the use of palladium
alloys as electrodes in ceramic capacitors will
cause palladium consumption in the electronic
sector to increase to a level substantially greater
than indicated by the Bureau of Mines’ esti-
mates. However, the development of new tech-
nologies, which will be spurred by the limited
availability of palladium relative to the needs
of the manufacturers of ceramic capacitors,
will then cause a decline in the demand for pal-
ladium,
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CHAPTER 4

Security of Supply

Import dependence—i.e., the proportion of
demand supplied by foreign sources—is not the
same as import vulnerability. The stability and
reliability of foreign sources of supply, plus
their number and diversity, are major factors
in gauging whether or not this Nation is vul-
nerable to disruptions in the supply of a given
imported material.

The preponderance of U.S. minerals imports
comes from reliable sources—allies and close
neighbors. Canada is this country’s leading pro-
vider of nonfuel minerals, accounting for one-
third of the total value of U.S. minerals imports.
Of the 34 minerals shown in chapter 2 (fig. 2-
1), Canada is the largest supplier of 12, includ-
ing iron, nickel, zinc, tungsten, selenium, cad-
mium, asbestos, and potash. Australia is by far
the United States’ biggest source of rutile ore
for making titanium (one of the essential me-
tals for airplane parts and engines) and is a sig-
nificant supplier of alumina and cadmium,
Mexico is a dominant or major supplier of a
dozen minerals, including strontium, fluorspar,
natural graphite, silver, cadmium, and zinc;
and Brazil sells the United States large amounts
of manganese. Venezuela is a major provider
of rich iron ore.

For a few specific minerals, however, the
United States is highly dependent on a limited
number of sources that could prove unstable.
It may fairly be said that vulnerability of sup-
ply for some of these materials has increased
over the past 30 years. Suppliers that were once
colonial dependencies of Western European
countries and reliable hosts to international
mining companies are now struggling new na-
tions. Many of them are experiencing difficul-
ties in running their own nationalized minerals
industries, and some are quite vulnerable to
civil disorder and local wars.

Supplies even from sources regarded as reli-
able can be interrupted. Such was the case in
1969, when a months-long strike of the Inter-
national Nickel Co. in Ontario sent nickel

prices soaring and users scrambling for sup-
plies. In addition, the security of imports from
a friendly trading partner like Australia may
be called into question because the supply lines
are so long. Nor is domestic production proof
against interruption of supply. For example,
molybdenum was in short supply, here and
abroad, from 1974 to 1979, even though the
United States is the world’s largest producer
and exporter of this mineral. The shortage
came about because of a world depression in
copper production, of which molybdenum is
often a byproduct, and because the large new
Henderson mine in Colorado was not yet in
operation. Moreover, in 1979, after the Hen-
derson mine was producing, a 9-month strike
at Canada’s Endako mine kept world produc-
tion of molybdenum flat. That year, spot mar-
ket prices shot up to triple the mining compa-
nies’ contract price.

It should be noted that the decline of the
American steel industry may be said to in-
crease the vulnerability of the entire U.S. econ-
omy, and to make the Nation less self-sufficient
in defense. This troubling problem goes to the
heart of U.S. economic strength and interna-
tional competitiveness, and it is receiving
sustained attention from analysts and policy-
makers. However, it involves many issues that
are outside the scope of this report. Readers
interested in these issues are referred to a prior
OTA assessment, Technology and Steel Indus-
try Competitiveness.’

Altogether, security of minerals supply hinges
on a broad variety of factors. One concern, very
much to the fore in the early 1970s but less so
now, is the depletion of world resources in the
face of escalating demand. An impermanent
but recurring difficulty for many minerals is
boom-and-bust cycles, with surges of demand
coming from the most volatile parts of the

10ffice of Technology Assessment, Technology and Steel In-
dustry Competitiveness, OTA-M-122 (Washington, DC: US. Gov-
ernment Printing Office, June 1980).
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economy during the time when users of the
minerals are experiencing tight supplies, short-
ages, and high prices. In the bust side of the
cycle, minerals investments in everything from
exploration to modernization may decline
precipitously, and some mines and plants that
are closed down may never reopen.

Recently, concerns about security of supply
have centered around the possibility of a car-
tel gaining control of critically needed
minerals, of a Soviet-inspired squeeze on
minerals from central and southern Africa, or
of unplanned, unpredictable civil disturbances
or local wars.

Factors That Affect Security of Supply

Depletion of World Resources

The Earth’s resources are, of course, finite,
But the minerals that underpin industrial so-
ciety seem to be in no immediate danger of
“running out” in the physical sense, at least
for the next 30 to 50 years. Technology has con-
tinually extended both reserves—the identified
inventory that can be mined profitably under
present economic and technical conditions—
and the larger body of known or potential re-
sources, Table 4-1 shows the changes in proven
world reserves of 13 minerals over 30 years.
Most of them increased by at least 100 percent,
and several by more than tenfold, even while
world demand shot upward, especially in Ger-
many and Japan.

The reason for the continued growth in re-
serves of the world’s minerals is that the means

Table 4-1 .—World Reserves of Selected Materials,
1950 and 1981 (tonnes unless otherwise stated)

Material 1950 1981 1981/1950
Bauxite . . . ......... 1.4 X10° 22 x 10 * 16
Chromite *........... 1.0 X 10° 34 x 10°34
Cobalt............... 79 x 10° 31 x 10°4
Copper. .............. 10 x 10° 51 x 10°5
Iron.................. 19 x 10° 27 X 10"14
lead................. 40 x 100 1.7 x 10°4
Manganese . . ........ 50 x 10° 49 x 10°10
Molybdenum . ... ... ... 40 x 10° 98 X 10°2
Nickel. .. ............. 14 x 10 54 x 104
Platinum group®. ...... 25 X 100 12 X 10°48
TN ., oo 6.0 X 10° 10 x 102
Tungsten............. 24 X100 29 X 1001
ZinC................ 70 x 100 24 X 10°3

aChromium ore

"Troy ounces

SOURCES For all 1950 figures except platinum group, John E Tilton, The Fu-
ture of Nonfuel Minerals (Washington, DC Brookings Institution,
1977), p 10 For 1981 figures and 1950 figures for platinum group,
U S Department of the interiot, Bureau of Mines

of discovering them, mining them, and proc-
essing them have steadily improved. For exam-
ple, through technological advances, many
lower quality ores are now just as usable as the
richer ones were before them. An important
instance is chromium, where the distinction
between the metallurgical grade of chromite
ore, with its higher chromium content, and the
lower chemical grade has lost most of its sig-
nificance just in the last 10 years, Thanks to
a steelmaking advance (called the argon-oxygen-
decarburization or AOD process), high-carbon
ferrochromium (made with the chemical grade
of chromite ore) can be used in place of low-
carbon ferrochromium (made with the metal-
lurgical grade) in the production of stainless
steel.

Another point about physical depletion is
that nonfuel minerals, unlike fuels, are gener-
ally not consumed with use, Many can be recy-
cled. In some instances, recycling may not be
economical because the mineral ingredients in
finished products are widely scattered, de-
graded, or inconveniently combined with other
materials. Yet recycling is already an impor-
tant source of supply for many minerals and
could become more so with advances in tech-
nology.

How long technology can extend the life of
the Earth’s resources is, of course, a serious
guestion. Just because it has done so satisfac-
torily in the past is no guarantee that it will in
the future, especially when world population
is growing at a staggering pace and soaring de-
mands for resources may follow. Minerals
economists generally argue that depletion
would make itself felt as a persistent long-term
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rise in materials costs rather than an abrupt
physical running out of stocks.” This expecta-
tion may be too optimistic. According to one
geophysical theory, most metals have a “min-
eralogical barrier” beyond which the energy
needed to release them from the rocks in which
they are bound leaps 100 to 1,000 times. The
barrier may be reached for all “geochemically
scarce” metals—which is to say, all but five—
within a century. ’

The Earth’s crust contains just 12 “geochem-
ically abundant” elements, which account for
over 99 percent of the mass. Five of these ele-
ments are metals: aluminum, iron, magnesium,
titanium, and manganese, A steadily increas-
ing amount of energy will be needed to pro-
duce even these metals from progressively
leaner ores. But for all the other metals, a
mineralogical barrier may exist, usually at
ore concentrations of about one-tenth to one-
hundredth of 1 percent, past which the metal
is no longer concentrated in an ore body. In-
stead, it is dispersed as atoms, isomorphically
replacing atoms of the abundant elements in
common rocks. Once the mineralogical barrier
is reached, the energy needed to release the
scarce metals will be so great, and the prices
so high, that according to the theory, new sup-
plies of these metals will no longer be pro-
duced. According to this theory, a “Second
Iron Age” will begin when “it will be simply
cheaper to substitute iron and aluminum and
put up with penalties, such as lower efficien-
cies in machines, that we do not now coun-
tenance.”

Analysts of the “cornucopian” persuasion
concede that minerals depletion is in fact oc-
curring, but they do not regard the loss as cru-
cial.”The ultimate raw material, they say, is
energy. Assuming that world population stabi-

“See, for example, Hans H, Landsberg and John E. Tilton, with
Ruth B.Haas. “Nonfuel Minerals, ” in Current Issues in Natu-
ral Resource Policy, Paul R. Portney with Ruth B, Haas({eds.)
(Baltimore: The Johns Hopkins University Press, 1982), pp. 83-84.

*For a succinct statement of the theory, see 13 ria n J. Skinner,
“A Second Iron Age Ahead?” American Scientist, May-June 1976,
pp. 258-69.

‘1 bid..p. 267.

5,, E. Goeller and Alvin M. Weinberg, “The Age of Sub-

stitutahil ity, ” Science, Feb. 20, 1976, p. 688.

lizes, decent standards of living can be sus-
tained indefinitely “provided man finds an in-
exhaustible nonpolluting source of energy.”
They envision a new “Age of Substitutability,”
in which society would be based largely on
glass, plastic, wood, cement, and the “inex-
haustible” minerals: iron, aluminum, and mag-
nesium. Whether societies have the capacity
and foresight to plan a smooth transition from
the present age of fossil fuels and materials
abundance to the Age of Substitutability is a
harder question. But, from the cornucopian
point of view, there are no technical bars in
the way so long as energy is available.

Demand Surges

Temporary shortages and price spikes for
materials in response to peaks of demand have
sometimes been interpreted as signs of re-
source depletion, Two major studies of mate-
rials policy were started, in fact, at a time of
demand surge and materials shortages, one in
the early 1950s during the Korean war, and
another in 1973-74, when all the world’s indus-
trial countries were riding a wave of prosper-
ity together. In both cases, the shortages proved
short-lived. With a downturn in business activ-
ity, minerals industries found themselves with
excess capacity, as they typically do after a
boom is over.

Copper is an example.’Like many minerals,
it is used in construction, transportation, cap-
ital equipment, and consumer durables, all of
which react in exaggerated form to the peaks
and valleys of economic activity. In 1973 and
early 1974, with the economies of the United
States, Japan, and Western Europe on a simul-
taneous upswing, there were serious copper
shortages, aggravated by attempts of industrial
users to build up inventories for security of sup-
ply, Within 2 years, the situation reversed.

sIbid., p. 688.

‘Copper is not generally regarded as a strategic material today
because the United States is a large producer, and supplies are
currently more than ample. The copper industry does clearly
ill ustratethe cyclical nature of minerals production, whether
of strategic minerals OF less critical ones.In genera], through-
out this chapter, minerals that may not be strategic are used for
illustrative purposes.
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Prices slumped. Copper mines and smelters in
the United States, the world’s largest producer,
were shut down. As industry revived in 1976-
77, copper followed. With the recession of
1982, copper once more hit bottom, with prices
dropping 30 percent in 2 years and mines clos-
ing throughout the American West. At the end
of 1982, all of Anaconda’s* mines and smelters
in Montana were closed down or scheduled for
closing. The huge Phelps Dodge open pit mine
in Morenci, AZ, was shut down for several
months in 1982—the first such closing due to
a business slump since the Great Depression.’

Instability in the minerals industries is an old
story, but some forces in recent years may be
making it worse. One detailed study of fluctu-
ations of industrial production in the United
States, Japan, and several European countries
concluded that the ups and downs of business
cycles are now more pronounced than they
were in the 1950s and 1960s, and that they are
also more synchronized among the world’s in-
dustrialized nations.”Other recent evidence
suggests that stocks of copper held by U.S. in-
dustry are smaller than they were 20 or 30
years ago, and are not being used to counter
swings in the business cycle as they once
were, *I The same may be true of other min-
erals. Another possible factor: U.S. copper
mines and smelters seem to have suffered more
than a proportionate share of the loss in times
of low world demand in recent years, because
nationalized mines in some developing coun-
tries have been kept open to save jobs and pre-
cious foreign exchange even when prices did
not cover the costs of production.

Related to the surges and drastic drops in de-
mand that are typical of minerals industries is
lagging investment in mines and processing fa-
cilities. Inadequate investment while prices are

‘3 Now owned by The Atlantic Richfield Co,

*‘Arco Unit to End Copper Mining in Butte, Mont.” Wall Street
Journal, Jan. 10, 1983; Jay Mathews, “U.S. Copper Industry, Beset
by High Costs, Low Prices, Losing Out to Foreign Producers,”

Washington Post, June 22, 1982, .
10David Chien, “Business Cycles and Instability in Metal Mar-

kets,” Materials and Society 5&3), 1981, pp. 257-265.

uTimothy J. Grubb, “Metal Inventories, Speculation, and Sta-
bility in the U.S. Copper Industry, ” Materials and Society 5(3),
1981, pp. 267-288,

low and facilities idle sows the seeds of future
shortages. To be sure, such shortages tend to
correct themselves, because the high prices
they bring induce the needed investment. But
lead times for opening new mines, processing
plants, and support facilities are from 2 to 7
years, and meanwhile, industries dependent on
the minerals may suffer hardship and disloca-
tions for several years.

Cartels

The success of the Organization of Petroleum
Exporting Countries (OPEC) cartel convinced
many people that producers of other raw ma-
terials—bauxite, chromium, copper, phosphates,
and perhaps tungsten—would get together to
seize control of their markets. So far, it has not
happened. One of the classic conditions for
monopoly control does exist for quite a few
nonfuel minerals; that is, a limited number of
suppliers. In addition, some minerals are es-
sential for certain industries with, at least for
the present, no very good substitutes, Often,
these same minerals account for a very small
share of total production costs. These two fac-
tors make for inelasticity of demand and favor
the success of cartel control of production and
prices, at least in the short run.

There are several reasons why these condi-
tions have not been enough to create a mineral
cartel like the oil cartel. As noted earlier, the
total costs of U.S. nonfuel minerals imports,
compared with oil imports, are small. Also,
most nonfuel minerals are far less bulky than
oil and therefore much easier to store. Min-
erals-using industries generally keep a stock on
hand, and the U.S. Government (although not
European or Japanese governments) has a 1-
to 3-year reserve of many critical materials to
meet national defense needs in an emergency,

Significantly, markets for most nonfuel min-
erals have been soft since mid-1974. And for
many producer countries (e.g., Zaire, Zambia)
minerals exports are the mainstay of the econ-
omy. Considering the state of the market, the
existence of government and private stocks, the
existence of substitutes for many materials, the
potential for development of substitutes for
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others, and the threat of new, alternate sup-
pliers to any cartel, these producers could not
risk supply stoppages. Most importantly, pro-
ducer countries as diverse in ideology and
goals as Zimbabwe, South Africa, and the So-
viet Union might find it difficult indeed to co-
operate in an OPEC-like organization that sets
production controls and prices.

Producers of copper and bauxite did take
steps to restrict supply and raise prices in 1974
and 1975. The copper effort, undertaken by
members of the International Council of Cop-
per Exporting Countries (CIPEC) was a failure,
The CIPEC agreement to reduce copper ex-
ports by 15 percent had no effect on prices,
Copper exporters thus turned to urging price
stabilization agreements, which require the
consent of purchasing countries. These efforts,
made through the United Nations Conference
on Trade and Development, also failed.

More successful was Jamaica’s imposition of
sharply higher taxes on bauxite. U.S. aluminum
producers tolerated the higher price resulting
from the tax because they had no alternative
supplier as convenient as nearby Jamaica, and
the cost of bauxite is a small fraction of the cost
of finished aluminum. Nonetheless, during the
aluminum recession of 1974-76, Jamaican out-
put of bauxite dropped 30 percent, while baux-
ite production expanded in Australia, Guinea,
and Brazil, none of which had imposed high
taxes.

Because producer countries in the develop-
ing world had little success in the 1970s in cre-
ating minerals cartels does not guarantee that
cartels will never succeed, Arguing against suc-
cess is the distinct lack of common goals among
producing countries and the deterrence ex-
erted by stockpiles and substitutes. Arguing for
it, in the short run at least, is the fact that a
few important minerals are produced in a very
few countries, It is worth keeping in mind that
most minerals cartels in the past have fallen
apart because consumers conserved or found
substitutes, other suppliers got into production,
and cartel members were tempted to cheat,
raising output or lowering prices in the attempt
to maintain their own income or foreign ex-

change. OPEC itself has been under severe
strain for several years as a result of these
factors.

Another point to consider is that monop-
olistic control of the market for economic pur-
poses does not necessarily imply shortages or
price leaps. Monopolies are certainly not un-
known in minerals history. Past examples in-
clude Canada’s Inco, formerly preeminent in
world nickel production, and the Union Miniere
of Belgium for cobalt in the days before Zaire’s
independence. In these instances, monopoly
control resulted in rather reliable levels of
production and prices that remained stable, al-
though prices probably were higher than they
would have been under competitive conditions.

Political Embargoes and the Resource War

As fears of cartel control over nonfuel min-
erals have faded somewhat, a new fear has
grown that the supply of critical materials may
be choked off for political reasons. Govern-
ments, including that of the United States, re-
strict both imports and exports to serve politi-
cal goals. From 1966 to the end of 1971, the
United States cooperated with United Nations’
sanctions against the former British colony of
Rhodesia, refusing to buy Rhodesian chrome
because the colony resisted greater participa-
tion by blacks in the government. The United
States has also prohibited nickel and other im-
ports from Cuba since the 1960s.

Now, some analysts believe that the Soviet
Union is carrying out a grand, long-term strat-
egy to gain control of both Mideastern oil and
African minerals, and to threaten the West
with the loss of these critical materials. They
believe that the Soviet invasion of Afghanistan,
Soviet influence and the presence of Cuban
troops in Angola and other African nations,
and the buildup of the Soviet navy are all pieces
of the strategy.”In their view, “state domi-

12§ome publications expressing this view are Council on Eco-
nomics and National Security, Strategic Minerals: A Resource
Crisis (Washington, DC: 1981); and World Affairs Council of Pitts-
burgh, The Resource War in 3-D-Dependency, Diplomacy, De-
fense (Pittsburgh: 1980).
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nance,” rather than commercial ownership, of
mineral resources in Third World countries
gives the Soviet Union access to these minerals
through political agreement, backed up by So-
viet military power.”Figure 4-1 shows the
mineral-rich part of Africa which has prompted
the greatest concern about possible Soviet con-
trol of resources.

A variation of the resource war argument is
that the traditional Soviet self-sufficiency in
minerals is crumbling, and that the Soviet Un-
ion plans to rely on political and military domi-
nation of Africa rather than on costly economic
competition with Western nations to get the re-
sources it needs, Proponents of this idea point
to Soviet and Eastern bloc purchases, begin-
ning in 1978, of chromium, cobalt, manganese,
tantalum, titanium, and vanadium, together
with halts or large cutbacks in exports of plati-
num, gold, and titanium."

Other observers of this situation find the pic-
ture of a full-scale resource war unpersuasive.”
While not discounting “the desire and ability
of the Soviet Union to create mischief for the
United States and its allies,”they see little evi-
dence so far that Soviet activities in Africa are
part of a grand design to grab minerals for
themselves and deny them to the West. If the
Soviet Union wanted to mount a direct chal-
lenge to the Weston resources, these observers
say, it would be far more likely to choose the

1uWilliam Casey, Director, Central Intelligence Agency, Speech
to U.S. Chamber of Commerce, Apr. 28, 1981, reprinted in Con-
gressional Record, June 23, 1981, S6779.

1°Daniel 1. Fine, “Mineral Resource and Dependency Crisis:
Soviet Union and United States” in World Affairs Council of
Pittsburgh, The Resource War in 3-D, cited in note 12. For a more
moderate view of increasing Soviet dependency on minerals im-
ports, with no conclusions drawn as to the consequences for
a “resource war, ” see Daniel S. Papp, “Soviet Non-Fuel Mineral
Resources: Surplus or Scarcity?” paper prepared for the School
of Advanced International Studies (SAIS), The Johns Hopkins
University, May 1981,

158ee for example, Hans H. Landsberg, et al., “Nonfuel Min-
erals, ” cited in note 2; and Robert Legvold, “The Strategic Im-
plications of the Soviet Union’s Nonfuel Minerals Policy”; Her-
bert Howe, “The Soviet Union and Southern Africa: A
Patron-Client Relationship?” Michael Moodie, “The Soviet Navy:
A Weapon in the ‘Resource War'?” Robert E. Osgood, “The Secu-
rity Implications of Dependence on Foreign Nonfuel Minerals, ”
papers prepared for the SAIS, cited in note 14.

1Hans H. Landsberg, “Minerals in the Eighties: Issues and
Policies, An Exploratory Essay,” paper prepared for the Oak
Ridge National Laboratory, Oak Ridge, TN, 1982.

Mideast than southern Africa. The Mideast is
nearby and has the oil that is the West’s
lifeblood.

The actual behavior of African nations with
Marxist governments and strong ties to the So-
viet Union so far has not resulted in efforts to
disrupt minerals supply to the West. All of
them maintain economic relations with the
West. They are keenly aware of their need for
income and foreign exchange from minerals
exports. Angola, for example, even with its
thousands of Cuban troops, protects Gulf Oil
facilities and encourages further foreign invest-
ment. Likewise, Zimbabwe is trying to expand
its minerals exports, and Mozambique has
growing American investment. One contribu-
tor to a series of scholarly papers on the So-
viet Union and the resource war, prepared for
the School of Advanced International Studies
of the Johns Hopkins University, said:

The vocabulary of the resource war, when
addressing Southern Africa, mentions possible
Soviet desires; often it neglects to examine So-
viet abilities to realize their desires, . . Today,
despite sizable military aid for the region from
Moscow, probably all of the states harbor a
healthy distrust of Soviet tactics and meth-
ods ... Along with Soviet economic and polit-
ical failings, [the region’s] growing dependency
upon Western economic institutions should
preclude southern African states from becom-
ing Soviet clients .”

This analyst believes the danger from Soviet
influence will be greatest if South Africa con-
tinues its support of insurgent groups in neigh-
boring black African states, including non-
Marxist Zambia as well as Angola and Mozam-
bigue. The danger is that, to repel the insur-
gents, these nations might become increasingly
dependent on Soviet military aid and might
then be forced into a client-state relationship.”

Several observers report that they see little
evidence of rapidly increasing Soviet depen-
dence on imports of strategic materials. They
believe that the recent Soviet buying forays for
some minerals and the cessation of the sale of

“1'Herbert Howe, “The Soviet Union and Southern Africa, ”
cited in note 15, pp. 2, 5.
18]bid., pp. 17-19.
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Figure 4-1.—Selected Mineral Resources of Central and Southern Africa
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others signify “the consequences of poor So-
viet planning, shoddy maintenance of facilities,
and low production efficiency, ” not an “emerg-
ing minerals shortage that could lend a com-
mon rationale to these actions.””

Indeed, as the quality of Soviet ores declines,
and as new minerals exploration moves north
and east into the forbidding Siberian environ-
ment, Soviet leaders may gradually abandon
self-sufficiency as a top priority goal and may
look to the outside world for cheaper, more
convenient supplies of some minerals. But this
does not necessarily imply that they will resort
to strong-arm methods or a resource war to get
those supplies.

One Soviet specialist asks: “Even were the
Soviet Union shortly forced to import 5 to 10
percent of its lead, zinc, or titanium needs,
what in that circumstance would begin to
justify the risks of plundering Western sources
of supply?””Instead, he suggests, Soviet leaders
wishing to buy a greater share of minerals
abroad would use the conservative commercial
approach they already use in foreign trade, pos-
sibly relying heavily on barter arrangements,
or on development aid in which they are repaid
in minerals.”

In sum, this school of thought holds that So-
viet actions affecting the price and availabil-
ity of African minerals is a matter of seizing
opportunities rather than carrying out a stra-
tegic plan. They do agree, however, that the So-
viet Union will go on trying to gain political
power and influence in Africa by exploiting
tribal conflicts, strong anticolonial feelings,
and the opposition of black majorities to the
rule of white minorities. Furthermore, they
agree that mineral imports to this country and
its allies from the richly endowed but troubled
regions of central and southern Africa are def-
initely vulnerable.

“‘Landsbg&;‘, “Minerals in the Eighties, ” cited in note 16. See
also, William R. Severin, “Soviet Non-Fuel Minerals: Recent
Trends and Prospects, ” prepared for the SAIS cited in note 14,

and Legvold, cited in note 15.
2L egvold, Cited in note 15, p. 17.

albid., pp. 18-21

Civil Disturbances, Local Wars, Internal Troubles

Civil strife, insurrections, difficulties of man-
agement, and breakdowns in mine production
have, in the past, threatened the security of
minerals supply from Africa. In many people’s
judgment, these are the kind of events most
likely to cause interruptions of minerals im-
ports in the foreseeable future.

The supply of Zairian cobalt, never actually
cut off, has been threatened by insurrection
and civil war in central and southern Africa.
Angola’s Benguela railway was the major route
between central Africa’s copper and cobalt
mines and the rest of the world until the civil
war shut it down in 1975. Zaire and Zambia
had to scramble to find other exit routes for
their minerals, including through South Africa,
and are still relying on these less satisfactory
routes, If the Angolan railway had shut down
at a time of strong demand for minerals, the
interruption might well have driven up prices
and disrupted markets, In fact, the 1978 inva-
sion of Zaire’s Shaba province, with a brief oc-
cupation by the insurgents of the mines and
processing facilities, had more serious conse-
guences for the world cobalt market, as de-
scribed later in this chapter.

In the future, the state of domestic peace and
stability in central and southern African na-
tions such as Zaire, Zambia, Zimbabwe, and
Gabon, will strongly affect minerals production
and export. Nor is South Africa exempt from
the possibility of trouble. It is unknown how
long South Africa can resist pressure for change
and a possibly difficult transition to a new form
of government with black participation. Even
now, with white minority rule still firmly in
place, the potential for disruption exists, as
shown by the 1980 bombing of SASOL, South
Africa’s synthetic oil project.

A general war would, of course, be more pro-
foundly disruptive than any of the circum-
stances described here. This report does not
explicitly consider the contingency of general
war. However, as a part of preparedness, the
U.S. Government’s stockpile goals are set with
a 3-year conventional war in mind. Advanced
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technologies that reduce import vulnerability—
the main focus of this report—are as valuable
to the national interest in wartime as they are
protective of U.S. economy and national de-

fense in peace, but will not obviate the need
to fulfill stockpile goals as a means to assure
adequate supplies in the event of war.

Materials Supply Interruptions Since World War I

In the years since World War Il, supplies of
several critical materials have actually been cut
off quite abruptly on a few occasions. It is in-
structive to look at the reasons why the cutoffs
occurred, how the economy and defense indus-
tries coped with shortages, and how the im-
balance of supply and demand was eventually
righted.

Soviet Embargo of Manganese and
Chromium, 1949

When the Soviet Union blockaded Berlin in
1948, cutting the city’s land links with the West,
the United States clamped down on exports of
industrial goods to the Soviet Union. Among
the goods embargoed were machinery, tools,
trucks, and scientific instruments. In retalia-
tion, the Soviet Union cut off shipments to the
United States of raw materials critically needed
by U.S. industry, mainly manganese, and chro-
mium.*

The loss could have been serious. The Soviets
at that time were supplying one-third of U.S.
manganese consumption and one-quarter of
U.S. chromium. Soviet exports of manganese
ore to the United States dropped from 427,229
tons in 1948 to 81,459 in 1949, and their chro-
mium ore exports dropped from 393,966 tons
to 107,131 tons, In both cases, much of the ore
was shipped early in the year, Within a few
months of the embargo, however, the United
States had made up the loss with supplies from
other countries.

For manganese, substitute supplies came
mainly from the Gold Coast (now Ghana), In-

2Contemporary accounts of the Soviet cutoff of manganese
and chromium include Bureau of Mines’ publications; Business
Week, Sept. 10,1949, p. 125; and U.S. News and World Report,
Dec. 16, 1949, p. 26.

dia, and the Union of South Africa. These sub-
stitute supplies came from the expansion of al-
ready producing mines. Enough capacity of
this kind was available so that U.S. imports of
manganese in 1949 actually increased 23 per-
cent over 1948, despite the embargo,

Actual use of manganese dropped in 1949,
a recession year, but demand remained strong
because industries added 45 percent to their
inventories, probably as insurance against any
possible shortages from the embargo. In fact,
manganese prices rose about 15 percent in
1949 (compared with 8 percent the year before)
despite the recession. At the same time, the
recession probably softened any additional
damage the embargo might have caused.

The U.S. Government, together with indus-
try, swung into action to encourage the open-
ing of more manganese mines outside the So-
viet Union. India got steel from the United
States to improve her rail system for transport-
ing ore, Canada and the United States sent ore
rail cars to South Africa, and the Gold Coast’s
railway and port equipment were improved.
With the help of loans from U.S. banks and the
World Bank, South Africa improved railways
to mines and improved harbors for shipping
ore. India got a World Bank loan to build an
electric power project in the Damodar Valley,
where manganese and other minerals were
produced.”

The answer to the Soviet embargo of chro-
mium was the same as for manganese: alter-
nate suppliers, Turkey and the Philippines in-
creased their chromium ore exports to the
United States, and the Union of South Africa

2The President’s Materials Policy Commission, Resources for
Freedom (Washington, DC: U.S. Government Printing Office,
1952), vol.1, p. 74,
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remained a major supplier. At the same time,
because of the recession, U.S. chromium con-
sumption fell by nearly one-quarter. Chromium
imports dropped as well, prices fell, and indus-
tries added 20 percent to their inventories,

In the aftermath, the United States continued
to diversify its suppliers of manganese and
today buys none from the Soviet Union. The
principal suppliers of manganese ore to the
United States are South Africa, Gabon, Brazil,
Australia, and Mexico. These countries are all
large producers of manganese, and important
suppliers in the world free market. While man-
ganese ore producers are today quite diverse,
the Soviet Union and South Africa together
hold the great bulk of the world’s reserves
(known deposits, commercially minable) and
of its identified (but subeconomic) resources.

As for chromium, U.S. imports from the So-
viet Union resumed in the 1960s and for a time
the Soviets were among the principal U.S. sup-
pliers. That story is told next.

U.S. Embargo on Imports of Rhodesian
Chromium, 1966-72

The British colony of Southern Rhodesia
(now Zimbabwe) unilaterally declared its inde-
pendence in November 1965, setting a course
of continued white minority rule. The next
year, the United Nations (U. N.) passed a reso-
lution prohibiting member nations from buy-
ing any of a dozen export commodities from
Rhodesia. On the embargoed list was chro-
mium ore.

Before the ban, Rhodesia was one of the big
four suppliers of chromium ore to the United
States, second to South Africa and ahead of the
Philippines and the Soviet Union.” Together,
these four countries contributed five-sixths of
chromium ore imported by the United States,
Rhodesia and the Soviet Union each supplied
about 35 percent of this country’s imports of
high-grade metallurgical ore, and South Africa
supplied 17 percent. At that time, the metal-

_ #Contemporary accounts of the Rhodesian chromium embargo
include Bureau of Mines’ reports and Business Week, Nov. 27,
1971, p. 23.
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An aerial tramway is one link of the transportation system
that carries manganese ore from mines in Gabon to
deepwater ports on the West Coast of Africa

lurgical grade of chromium ore was essential
for making stainless steel. (In the last decade,
as mentioned above, technological advances
have blurred the distinction between the metal-
lurgical and chemical grades of chromium ore
in stainless steel production.)

When the United States complied with the
U.N. ban on buying Rhodesian chromium, the
Nation could have felt a real shock. Nothing
so dramatic happened. First, the shock was
cushioned by large sales from the U.S. Govern-
ment stockpile. A long-range plan to rid the
government stockpile of 1.9 million tons of
“‘excess” metallurgical grade chromium ore
had already been authorized before the man-
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datory ban on Rhodesian chromium took ef-
fect. In late 1966 and 1967, industry contracted
to buy 666,000 tons of this stockpiled ore for
future delivery. Deliveries of high-grade ore
from the stockpile amounted to 66,237 tons in
1966 and 62,980 tons in 1967, These quantities
compare with Rhodesian imports of 144,000
tons of metallurgical grade ore in 1966, before
the embargo took effect. Large amounts of
lower grade chromium ore were also available
from the stockpile, but found no industry
takers.

Other factors also eased the effects of the ban
on Rhodesian imports. Chromium-using indus-
tries had built up their stocks during 1966,
when storm warnings from Rhodesia were
apparent. Furthermore, deliveries of Rhodesian
ore already purchased tailed off gradually over
1967,

At the same time, U.S. imports of metallur-
gical-grade chromium ore from the Soviet
Union—and a year or two later from Turkey—
began to increase, So did prices. For its excep-
tionally high-grade ore, the Soviet Union re-
peatedly raised prices, from around $32 per ton
in 1966 to about $70 per ton in 1971, The price
of Turkish high-grade ore rose comparably.
Steelmaker throughout the industrialized
world were competing for the more limited
supplies of metallurgical-grade chromium ore
available on the world market, and the sup-
pliers took full advantage.

Nonetheless, it appeared that the ban on Rho-
desian ore was being evaded. News accounts
in 1971 reported that Rhodesian mines were
going full blast and that chromium ore from
Rhodesia was finding ways out despite the
U.N. sanctions. France, Japan, and Switzer-
land, in particular, were accused of buying the
Rhodesian high-grade ore under the guise of
shipments from South Africa and Mozambique
and of paying lower prices than for Russian
and Turkish ore. There were suggestions,
though no certain confirmation, that the So-
viets were buying Rhodesian ore and reselling
it at premium prices.

Members of Congress and the steel industry
angrily protested that the embargo was forc-

ing American steelmaker to pay higher prices
for chromium than their European and Japa-
nese competitors had to pay, Another theme
in the protest was that the sanctions against
Rhodesia had caused the United States to be-
come dangerously dependent on Soviet chro-
mium. Imports of Soviet metallurgical-grade
ore had risen from 35 percent of total imports
of that grade to 58 percent in 1970. (For total
imports of chromium ore, of all grades, the So-
viet share amounted to 29 percent in 1970, up
from 16 percent before the embargo.)

The national defense argument was perhaps
less telling than the economic one, because the
U.S. Government still held large stockpiles of
chromium ore, including the metallurgical
grade, Moreover, a number of new suppliers
had entered the market as chromium prices
rose. Iran and Pakistan, as well as Turkey, be-
came important alternate suppliers to the
United States. Other countries raised produc-
tion too. South Africa became the world’s
second largest chromium producer after the
Soviet Union; and the Philippines, Turkey, Al-
bania, India, Finland, and the Malagasy Repub-
lic (now Madagascar) all gained importance in
the world market.

In November 1971, Congress passed legisla-
tion removing the President’s authority to ban
the import of strategic or critical materials
from a non-Communist country. This ended
U.S. participation in the U.N. sanction. Dur-
ing the next year, prices of Soviet and Turk-
ish ore dropped 15 percent, rising only grad-
ually with inflation over the next few years.
The position of the Soviet Union as a chro-
mium supplier to the United States rapidly de-
clined, from 40 percent of chromium ore im-
ports in 1972 (the peak year) to 12 percent in
1981. But the reasons were more complex than
simply the end of sanctions against Rhodesia.
Changes in the steelmaking industry were
probably at least as important.

As technology advanced through adoption of
the argon-oxygen-decarburization (AOD) proc-
ess, making it possible to use the chemical
grade of chromium ore for making stainless
steel, the Soviet high-grade ores were no longer
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at a premium. By 1981, metallurgical-grade
ores amounted to only 17 percent of chromium
ore imports to the United States, compared to
50 percent or more 10 years earlier. Another
change is that U.S. imports of chromium ore
are giving way to imports of ferrochromium,
just as ferromanganese is displacing manga-
nese ore. South Africa led in changing its ex-
ports to the United States from chromium ore
to ferrochromium alloys. Also, all of recent
U.S. imports of chromium from Zimbabwe
have been in the form of ferrochromium. As
U.S. demand for raw chromium ore declined—
particularly for the high-grade ore that was a
Russian specialty—the Soviet Union no longer
commanded preferential buying by American
purchasers.

Today, South Africa is the United States’
dominant supplier, contributing 55 to 60 per-
cent of all U.S. chromium imports (including
alloys as well as ore). The Soviet portion (of al-
loys plus ore) was 8 percent in 1981, with the
Philippines supplying a like amount. Other sub-
stantial suppliers are Yugoslavia, Zimbabwe,
Finland, Turkey, and Brazil.

Canadian Nickel Strike, 1969

Strikes in Canada’s nickel mines in 1969 had
a brief but jolting effect on nickel-using indus-
tries in the United States and Great Britain. Un-
like the politically inspired embargoes de-
scribed above, the 4-month strike at Canadian
nickel mines caused actual shortages and acute
price hikes. Yet military and essential civilian
production were never interrupted in the United
States, which was then at war in Vietham. At
the height of the shortage, scrap nickel was the
main substitute for Canadian supplies, supple-
mented by larger nickel imports from Norway
and the Soviet Union and ferronickel from
New Caledonia (a French Territory in the Pa-
cific) and Greece. A month after the strike was
over, a large release of nickel from the govern-
ment’s stockpile helped refill the pipelines,
while Canadian production geared up again.

Within a year, prices and supplies were back
to normal.”

The reasons for the acute effects of the cut-
off of Canadian nickel supply were twofold:
first, Canada’s commanding position as a pro-
ducer and exporter of nickel, especially to the
United States; and second, tight supplies of
nickel worldwide before the strike. In 1968
Canada supplied half the nickel for the non-
Communist world, and was overwhelmingly
the largest supplier of U.S. nickel imports, con-
tributing over 90 percent. Imports were then
90 percent or more of U.S. nickel consumption.
In addition, world demand for nickel had
grown steadily from 1966 through 1969, while
supplies lagged behind. The industrialized
countries, increasingly prosperous, were de-
manding more nickel for stainless steel, alloys
for jet engines and space hardware, long-life
batteries, and dozens of uses requiring hard,
strong, corrosion- and heat-resistant materials.
Furthermore, the United States increased its
nickel demands to satisfy military needs, In
several countries, especially New Caledonia
and Australia, mining companies were digging
new mines and building new processing plants,
but world production was only beginning to
rise. There was practically no slack.

The big International Nickel Co. (Inco) mines
in the Sudbury district of Ontario were struck
in July 1969, and a month later strikes closed
the mines of Canada’s second largest producer,
Falconbridge Nickel Mines Ltd. Immediately,
prices on the dealer market (as opposed to pro-
ducer prices charged by the mining companies]
soared, rising from Inco’s producer price of
$1.03 per pound to $7 and even $9 per pound.

Nonessential industrial users without a ready
substitute for nickel suffered real hardship. In
particular, small electroplating companies
using nickel for trim had to scramble for ma-

»Contemporary accounts of the nickel shortage include Bu-
reau of Mines’ reports; Business Week, Oct. 25, 1969, pp. 42-44;
Anthony F. W. Liversidge, “The Beguiling New Economics of
Nickel,” Fortune, Mar. 1970, pp. 100ff.
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Photo credit: Inco, Ltd.

Entrance to the south mine at Copper Cliff in the Sudbury district, Ontario, Canada. Cobalt and platinum group metais
are produced as byproducts of copper and nickel production

terial and pay the high prices or stop produc-
ing. Cobalt is an adequate substitute for nickel
in electroplating, but usually sells at twice the
price. During the shortage it was hard to find
because most cobalt was sold by producers
under contract to their regular customers.

Nickel-using industries that were able to use
substitutes did so. For example, phosphor
bronze was used in place of 12 percent nickel
for electric powerplant hardware, and steel-

makers offered chrome-manganese stainless
steel instead of nickel-bearing stainless steel,
The manganese stainless steel technology was
already on the shelf. Steelmaker had devel-
oped it in response to fears of nickel shortages
that arose in World War 1l and the Korean War;
another motive was to have a substitute on
hand in case nickel prices rose prohibitively.
The shift to high-manganese stainless steel did
not last past the nickel shortage, partly because
nickel stainless steel has some superior prop-
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erties (greater corrosion resistance) and partly
because, at the time, the process of making
high-manganese stainless steel was exacting
and hard to control.”

The British, also 90 percent dependent on
Canada for nickel, suffered shortages at least
as severe as those in the United States. Look-
ing back in 1982, spokesmen for the British In-
stitute of Geological Sciences called the 1969
nickel shortage “perhaps the gravest metal cri-
sis in the United Kingdom since the Second
World War.”* British steelmaker, like their
American counterparts, offered customers a
variety of steels in place of nickel steel.

Use of scrap nickel jumped 64 percent in the
United States during 1969. Of the 23,300-ton
drop from the previous year in Canadian im-
ports, recycled nickel made up more than 9,000
tons. Everyone scrounged for scrap. Even new
nickel products lying idle in inventories, such
as pipes and fittings, were sometimes melted
down for reuse. Some desperate electroplates
collected ferronickel scrap and swapped it for
pure nickel, trading with foundries which had
assured allocations from producers. z*

As Canada’s production slid nearly 20 per-
cent from its 1968 level, several countries
stepped up their nickel production, with New
Caledonia, Australia, the Soviet Union, South
Africa, and Rhodesia the leaders. The main
substitute suppliers for the United States were
Norway, which sold us 1,700 tons of nickel
processed from ore obtained earlier from Can-
ada, and the Soviet Union, which continued
its expansion of nickel mining and increased
exports to the United States by 700 tons. The
Soviets also supplied additional nickel to hard-
pressed Britain. The Soviets were reported to

»#Tg eliminate nickel completely in high-manganese stainless
steel, nitrogen must be added as an alloying element. With the
technology in use in 1969, it was difficult to add controlled
amounts of nitrogen, Today, the argon-oxygen-decarburization
(AOD) process is used almost universally in stainless steelmak-
ing, and with this process it is easy to add controlled amounts
of nitrogen.

27Institute 0f Geological Sciences, Strategic Minerals, memo-
randum submitted to the Parliament, House of Lords, Select
Committee on the European Communities (Subcommittee F),

Feb. 18, 1982. .
8] jversidge, Op. Cit., p. 100.

be the source of three-quarters of the high-
priced dealer market nickel sold during the
shortage.

The blow to the United States from the drop
in Canadian imports was also softened by a
large increase in ferronickel imports (from
about 9,500 to 15,700 tons). Most of this came
from Greece and New Caledonia. New Cale-
donia had a growing nickel minerals industry
based on laterite ores.

Altogether, with additional imports from
other countries and with the rapid rise in recy-
cling, consumption of nickel in the United
States dropped only 5 percent from 1960 to
1969, down from 173,700 tons to 165,400. How-
ever, it must be remembered that supplies had
been tight since 1966. A better indication of the
degree of shortage might be the U.S. consump-
tion of primary and scrap nickel in 1970, which
was 182,500 tons.

Throughout the shortage, defense industries
continued to get nickel supplies. Three years
before the strike, with nickel already in short
supply, the government ordered the three prin-
cipal U.S. nickel importers to set-aside 25 per-
cent of their shipments for defense-related
orders. The set-aside was continued after the
strike, with the proviso that defense industries
must use these supplies for current production,
not for hoarding in inventories. Also, the gov-
ernment embargoed nickel exports. Most im-
portantly, President Nixon directed the release
of 10,000 tons of nickel from the government
stockpile at the end of 1969. The strikes were
over in November, but by this time the nickel
supply pipeline was depleted, Without the
stockpile release, shortages might have con-
tinued for several months.

By the end of January 1970, U.S. civilian as
well as defense industries had all the nickel
they needed. In fact, with rapidly rising
production in several countries, nickel short-
ages disappeared entirely in 1970. Dealer mar-
ket prices plunged from over $6 per pound at
the first of the year to $1.33, the same as the
producer price, at the end.

A lasting effect of the 4-year period of tight
supplies in the late 1960s was to encourage
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more nickel production and greatly expand the
number of suppliers. In the classic mode of the
minerals industries, demand for nickel dropped
off in the late 1970s, and some of the new ca-
pacity lay idle. Nearly half of Canada’s min-
ing capacity was unused in 1978, and New
Caledonia, another big producer, had only
about 60 percent of its mines in production.

The world’s reserves and identified resources
of nickel are not nearly so concentrated as
those of chromium and manganese. Some of
the Pacific islands (New Caledonia, parts of In-
donesia) appear to be very well endowed, and
there are also large deposits remaining in
North America, the Soviet Union, Cuba, and
Australia. Thus, the present diversity of
producers can be expected to last for many
years.

The Cobalt Panic, 1978-79

During the cobalt “shortage” of 1978-79,
there was never any real interruption of sup-
ply. On the contrary, production in Zaire and
Zambia—»by far the largest cobalt producers for
the world market—rose 43 percent during 1978
and 12 percent in 1979.”But the combination
of rapidly rising world demand and fears of a
supply cutoff, triggered by a rebel invasion of
Zaire’s mining country, set off a wave of buy-
ing that sent cobalt prices through the roof. Co-
balt users turned to cheaper substitutes and
recycling wherever they could, relieving some
of the pressure. By 1982, with worldwide reces-
sion, cobalt prices plunged below the 1978
price.

=(Jnless otherwise noted, data on cobalt production, consump-
tion, uses, recycling, and prices in this section are drawn from
Charles River Associates, Inc., Effects of the 1978 Katangese Re-
bellion on the World Cobalt Market, final report to the Office of
Technology Assessment, December 1982. The data in the Charles
River Associates’ report are largely based on Bureau of Mines’
figures, but with some adjustments. The account of events in
Zaire and Zambia from 1975 on and of the cobalt panic of 1978
is also largely drawn from the Charles River Associates’ report.
Other sources were Bureau of Mines’ publications, officials of
the Amax Mining Co., and Patti S. Litman, “The Impact of
Minerals Scarcity on Technological Innovation: Cobalt, A Case
Study,” an unpublished M.S. thesis presented to the Sever In-
stitute of Technology, Washington University, St. Louis, MO,
1981.

Cobalt is a specialty metal, produced in small
guantities (only about 27,650 tons worldwide
in 1982),”but has a number of specialized uses
for which it is highly suited, or even irreplace-
able, at current levels of technology. Cobalt is
critical for making certain high-strength, heat-
resistant superalloy used in jet engines, and
has highly desirable properties as a material
for permanent magnets, wear-resistant tools,
and catalysts for refining oil and making pe-
trochemicals.

The threat of interruption of world cobalt
supply surfaced in 1975 when the civil war in
Angola shut down that country’s Benguela rail-
way. The Angolan railway had been the ma-
jor artery for transporting copper, cobalt, and
other minerals out of central Africa to the in-
dustrialized world. Central African cobalt is
pivotal. In a typical year, Zaire accounts for
60 percent of cobalt production in the non-
Communist world; Zambia, usually the second
largest free world producer, contributes 10 to
15 percent. Thus, if cobalt cannot get out of
Zaire and Zambia, world supply is in trouble.
This situation of extreme world dependence on
central African cobalt is aggravated by the fact
that cobalt is a byproduct of mining for other
higher volume minerals, mainly copper and
nickel. In case of a supply cutoff in central
Africa, it might be uneconomical in the short
run, at least, for producers in other parts of the
world to expand cobalt mining as such.

Because the Angolan railway shutdown of
1975 occurred during a world business reces-
sion, with demand low and industry stocks
fairly high, Zaire and Zambia were able to find
alternate routes for shipping metals from their
mines without causing immediate distress. As
of mid-1984, the Benguela railway was still
closed because of guerrilla attacks (related to
civil war in neighboring Angola and Namibia),
and the makeshift exit routes were still being
used. They are not very dependable. One alter-
nate route to the port of Beira in Mozambique
was closed when Mozambique shut its border
to what was then white-ruled Rhodesia. (Now
that Zimbabwe has a largely black, elected gov-

©The f]éar_e cited is from Bureau of Mines’ data.
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ernment, negotiations may reopen this route,
although it too has been subjected to guerrilla
attacks.) Meanwhile Zaire and Zambia ship
their minerals out through the inadequate,
backed-up port of Dares Salaam in Tanzania,
or take a long, expensive route through Zam-
bia, Zimbabwe, and South Africa. Zaire uses
its own western port of Matadi at the mouth
of the Zaire River for some copper and cobalt
shipments, but getting there requires arduous
transshipment by rail and river, and the river
is not always navigable. Figure 4-2 shows the
routes and location of ports.

With economic recovery in 1976 and 1977,
U.S. and world demand for cobalt rose mod-
erately, but not enough to cause real pressure
on prices. In fact, Zaire was stockpiling cobalt
hydroxide, an intermediate material produced
in the processing of copper, to avoid building

up unsalable inventories of cobalt. In 1977, a
brief invasion of Zaire by insurgents based in
neighboring Angola caused some concern for
cobalt supply because Zaire’s copper mines,
from which cobalt is a byproduct, are in the
southern Shaba province where the invasion
took place. The rebels were emigres who had
fled Zaire after losing a bid in the 1960s to cre-
ate an independent state of Katanga in Shaba
province. The invaders were quickly routed.
The incident had no effect on cobalt produc-
tion or prices,

In 1978, the situation was different. With
world business activity on the upswing, and
the market for new jet planes particularly
strong, demand for cobalt began to heat up rap-
idly. Unable to expand production as fast as
demand was climbing, Zaire announced in
April 1978 an allocation scheme by which cus-

Figure 4-2.—Transportation Routes for Minerals in Central and Southern Africa
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SOURCE: U.S. Department of the Interior, Bureau of Mines, MineralPerspective: Zimbabwe, 1981
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tomers would be limited to 70 percent of their
purchases of the previous year.

Aggravating the tight world supply was a re-
cent turnabout in U.S. policy for stockpiling
cobalt. For 8 years, until 1976, the U.S. Gov-
ernment sold 6 million to 9 million pounds of
cobalt each year from its strategic stockpile be-
cause holdings in the stockpile were far above
what was then the official goal of 11 million
pounds. During the years of the stockpile sales,
these sales amounted to as much as one-half
of U.S. cobalt consumption and 10 percent of
consumption in the non-Communist world.

In 1976, after the Angola civil war cut the
Benguelan railway, U.S. stockpile sales of co-
balt came to a halt. With cobalt holdings then
down to about 40 million pounds, the govern-
ment set a new stockpile goal of 85 million
pounds. Overnight, the United States went
from being a major supplier of the world’s co-
balt to a potential major purchaser. Zaire, Zam-
bia, and other cobalt-producing countries were
unprepared for the change and had not geared
up to higher production levels. But it was not
until demand suddenly boomed in 1978 that the
loss of U.S. stockpile sales began to pinch.

Shortly after Zaire announced its allocation
scheme, insurgents from Angola reinvaded
Shaba province. This time they succeeded in
taking the mining headquarters town of Kolwezi,
but after 2 weeks they were once again driven
out. The only damage done to mining facilities
was the flooding of one mine. But the publicity
surrounding the invasion, the reported killing
of 130 foreign workers, and the subsequent
flight of several hundred skilled mineworkers
and professionals raised the alarm about con-
tinued availability of cobalt. Around the world,
industries tried to stock up, buying all the co-
balt they could find.

Prices skyrocketed from $6.85 per pound (the
producer price) in February to $47.50 per pound
(dealer market spot price) in October. The pro-
ducer price reached $25 per pound in early
1979. With this kind of demand and at these
prices, Zambia airlifted its cobalt out, and Zaire
also sent some out by air.

The typically slow response by the minerals
industries to a surge in demand was aggravated
in the case of cobalt because it is usually a by-
product, Nonetheless, producers responded to
the cobalt price spike, as shown in table 4-2.
Zaire raised output by producing from its
stockpiles of cobalt hydroxide. Zambia opened
a new refinery that was already under con-
struction, improved cobalt yields, and pushed
ahead with plans for new mines and refiner-
ies, Zaire and Zambia accounted for most of
the added cobalt production in 1978 and 1979,
but small increases occurred elsewhere. Two
Canadian nickel companies added capacity to
their cobalt refineries, and others made plans
to recover cobalt from nickel slag. Recently
opened nickel-cobalt mines in Australia and
the Philippines raised their output as they
solved technical problems and responded to
demand.

The more remarkable response to high prices
and tight supplies came from the industries
that consume cobalt. A switch to substitutes
or recycled materials swept some industries.
By 1980, use of cobalt in the United States was
estimated to be 19 percent below what it would
have been without the price rise.” Demand for
cobalt continued to drop in 1981, partly be-
cause of the weak economy and high interest
rates. Consumption in 1981 was 11.7 million
pounds—41 percent below the 1978 high of 20
million pounds. According to another informed
estimate, 1981 consumption would probably
have been 13 million to 15 million pounds if
there had never been a “shortage.”*Figure 4-
3 depicts this estimate of the effect of the price
rise in U.S. cobalt demand.

Where effective substitutes were ready on the
shelf, the decline in cobalt use was steep. As
table 4-3 shows, cobalt use in permanent mag-
nets dropped by one-half in 3 years. Probably
four-fifths of this reduction was due to the price
spike. ’s Before the shortage, permanent mag-

31Congressional Budget Office, Cobalt: Policy Options fora Stra-

tegic Mineral (Washington, IX: U.S. Government Printing Of-
fice, 1982), B X. . .

22Charles River Associates, Inc.. op. Cit., p.1-6.

33]bid., p. 3-1 2.
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Figure 4-3.— Estimated Price Effects on
U.S. Cobalt Demand
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SOURCE Charles River Associates, Inc, Effects of the 1978 Katangese Rebellion
on the World Cobalt Market, report prepared for the Off Ice of Technol-
ogy Assessment December 1982

nets for such items as television, radio, and
phonograph loudspeakers, telephone receivers
and ringers, electrical meters, and automobile
speedometers were an important use of cobalt,
accounting for 20 percent of U.S. consumption.
By the end of 1979, ceramic magnets had re-
placed 70 percent of cobalt-bearing Alnico
magnets in loudspeakers. Moreover, the Bell
system announced in 1979 that it was chang-
ing to alloys with lower cobalt content for
telephone equipment, with savings of 100,000
pounds of cobalt per year. Much of the change
in material for magnets is probably irrevers-
ible. Ferrite (ceramic) magnets are cheaper
than cobalt, and now that the redesigning and
retooling for the change has been done, there
is little reason to change back.

On the other hand, demand for cobalt for
superalloys in jet engines did not decline at all.
Despite the high prices, superalloy demand
continued to rise for 2 years until dampened
by the recession in 1981. The boom in aero-
space had led the 1978 surge in demand for co-
balt, and jet engine manufacturers led the
scramble for supplies when fears of a shortage
rose. These manufacturers could do little in the

short run to substitute other materials for co-
balt superalloys in gas turbines for jet engines.
Only after the most exacting, expensive qual-
ification program can new alloys be used in jet
engines. In some cases, however, different al-
loys had already been tested, and were adopted.
For stationary gas turbines (e.g., for electrical
power and pumping engines) the requirements
are not so stringent, and some manufacturers
were able to use other alloys for turbine parts.
These substitutions, adopted over 3 years, prob-
ably saved about 10 percent of the cobalt that
would otherwise have been used for super-
alloy, and the changes were probably perma-
nent.*

Another leading use of cobalt in the United
States is for hardfacing material, which, welded
to a base material, provides a layer resistant
to corrosion and wear (e. g., in engine valves,
chainsaws, and earth-moving equipment). Some
users of cobalt for hardfacing switched to
nickel alloys. In Europe, where cobalt is used
much more extensively in tool steels than it is
here, users changed to cobalt-free tool steels.
Consumption of cobalt for driers of inks and
paints dropped 10 to 30 percent as users switched
to manganese and zirconium as partial substi-
tutes for cobalt. Substitutions for cobalt as a
binder for carbide cutting materials were not
very successful, but recent technological ad-
vances had made recycling more feasible, and
these users did recycle. No replacements were
immediately available in the short run for co-
balt catalysts, although nickel-molybdenum
catalysts may eventually displace some cobalt
consumption for catalysts in the future. *

Recycling rose dramatically during the co-
balt shortage. Everyone in the superalloy pipe-
line, from alloy producer to gas turbine man-
ufacturer, began to recycle cobalt. This meant
carefully segregating scrap by alloy specifica-
tion, sending it back to the alloy melter and re-
using it in the same grade. Possibly 10 to 25
percent of cobalt used in superalloys was re-
cycled in this fashion. At the same time, meth-
ods for recycling all the materials in cemented

sIbid., pp. 1-4 and 3-10.
ss[bid., p. 1-6.
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carbide cutting materials (including cobalt) had
just been brought to a state of economic feasi-
bility. Methods widely adopted in 1978-79 con-
tinue to be used. It is estimated that most
“new” carbide scrap (recovered from fabrica-
tors) is now recycled, and more old scrap (re-
covered from used products) is reused.”

Altogether, according to Bureau of Mines’
data, recycling of cobalt increased 100 percent
in the year 1978, and quickly rose from 4 per-
cent of consumption in 1977 to nearly 11 per-
cent in 1980, before tapering off to the 1982
level of about 8 percent. These figures under-
state the real extent of recycling, because they
are limited to scrap that is purchased, and not
all recycling is reported.

The U.S. Government never released cobalt
from its stockpile throughout the period of high
prices and tight supplies, since defense and es-
sential civilian industries were getting what
they needed and the stockpile, by law, can be
used only to aid these industries during a
national emergency. Cobalt-using industries
added to their stocks during the 1978 panic and
began drawing them down the next year.

»ibid., pp. 3-14 to 3-16.

The cobalt bubble burst in 1981. World pro-
duction, spurred by high prices, continued to
rise for the third year in a row in 1980. But with
the 1981 recession, world cobalt demand fell
drastically; in the United States, consumption
dropped 24 percent. The producer price, pegged
at $25 per pound in January 1981, was cut to
$12.50 per pound in early 1982. Meanwhile,
Zaire had contracted to sell the U.S. Govern-
ment 5.2 million pounds of cobalt, for replenish-
ment of the stockpile, at $15 per pound. Six-
teen other producers had vied with Zaire to
supply the government’s stockpile purchases.
By the end of 1982, the dealer market price
sank below $5 per pound—considerably below
the price in 1978 when the boom began. Co-
balt prices stayed in the $5 to $6 per pound
level until early 1984, when the producer price
was increased to $11 to $12 per pound.

A modicum of diversity had entered the mar-
ket between 1978 and 1982. A number of sup-
pliers with new or expanded operations now
stand ready to compete with Zaire. The bulk
of world cobalt reserves are still in Zaire and
Zambia, but Cuba, the Soviet Union, the Philip-
pines, New Caledonia, and Australia all hold
important reserves that are currently known
and economic to mine. The United States also
has substantial resources that are not now prof-
itable to mine without a production subsidy.

The Effects of Supply interruptions

These accounts of the few instances when
U.S. imports of critically needed materials have
actually been interrupted or threatened are in-
teresting in their variety. The causes of inter-
ruption were different in each case, and the
coping reactions, both by industry and by gov-
ernment, were varied enough to illustrate a
wide gamut of responses to abrupt deprivation

of supply.

The Soviet cutoff of manganese and chro-
mium exports in 1949 was a Cold War politi-
cal action, a response to the U.S. clampdown
on export of manufactured goods, which in

turn was a response to the Soviet blockade of
Berlin. The Rhodesian chromium embargo in
1966, also political, was imposed by the United
States in conformance with a United Nations
resolution. The nickel strike of 1969 shut down
supplies from the quintessentially “safe” for-
eign source—Canada—at a time when world
nickel supplies had already been straightened
for 3 years and Canada was then almost the
sole U.S. supplier. The cobalt shortage of 1978-
79 was a superheated case of a world surge in
demand, combined with the abrupt removal of
an important source of world supply (sales
from the U.S. stockpile), which was aggravated
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by fears of insurrection and collapse of Zaire’s
mines (which never happened).

The response in the first two cases was, es-
sentially, to find other foreign sources of sup-
ply, After the 1949 Soviet embargo, the U.S.
Government actively sought alternate sup-
pliers, offering loans for mine development,
sending rail cars and providing steel for im-
proved transportation. With the Rhodesian
chromium embargo of 1966, the government
sold excess chromium from the national stock-
pile, but otherwise took little active part, leav-
ing industry to find alternate suppliers. That
industry was able to do so quite readily, with
little evidence of shortage, was due to several
factors besides the stockpile sales: The Soviets
promptly volunteered to serve as alternate sup-
pliers of chromium to the United States (despite
the Vietnam war which they opposed) and the
United States was willing, for a time, to buy
from them. Prices rose, drawing other sup-
pliers like Turkey and the Philippines into
production. The rapid adoption of the argon-
oxygen-decarburization (AOD) process in stain-
less steel production allowed the substitution
of South African chromium ore for Rhodesian
ore. Finally, the Rhodesian embargo leaked, If
France, Japan, Switzerland, and others had not
bought what was probably Rhodesian chro-
mium from South Africa and Mozambique, the
alternate suppliers might have been hard put
to provide the whole industrialized world with
chromium.

The acute shortage of nickel that followed the
Canadian strikes necessitated changed behav-
ior from U.S. nickel users, They substituted
other materials where they could, for example,
replacing nickel stainless steel with chrome-
manganese stainless steel (a technology that al-
ready existed). Users turned to nickel recycled
from scrap, and they paid high prices for “gray
market” nickel—once more supplied largely by
the Soviets, despite the continuing Vietnam
war. (In both the Rhodesian chromium and
Canadian nickel episodes, it will be noted the
Soviets behaved much more like enterprising
capitalists than like ideological resource war-
riors.) An important factor in stopping the
acute nickel shortage was the U.S. Govern-

ment’s release of a large quantity of nickel from
the stockpile. The government had also re-
sponded to 3 years of tight nickel supplies by
allocating what was needed to military users,
and the set-asides were continued during the
acute shortage.

As for the cobalt *“shortage,” users turned
very quickly to substitutions and recycling, Un-
der the spur of high prices, nonessential uses
made way for essential, Government allocation
was not needed to reserve cobalt for superal-
loys for military jet engines. Superalloy
producers and users paid high prices and they
recycled, while use of cobalt in magnets dropped
by half. Ceramic magnets, for which the tech-
nology was ready, were substituted.

In all four cases, a long-lasting effect of the
supply interruption was that new producers
entered the market, and supply became more
diversified. In the case of manganese, the U.S.
Government and the World Bank deliberately
encouraged new producers. In the other cases,
shortages, rising prices, and eager buyers pro-
vided enough market incentive to draw new
sources into production, Some substitutions
(ceramic magnets) and some recycling (carbide
cutting materials) adopted during the shortages
appear to be permanent.

Another conclusion is worth noting: There
is no one single answer to import vulnerabil-
ity. In the episodes described above, multiple
responses —some by government and some by
industry—helped avoid a crisis or end short-
ages. On the government’s part, there were ac-
tive assistance to alternative suppliers, stock-
pile sales, and allocations to defense needs. On
the private side, there were substitutions of
materials (based on previous research and de-
velopment [R&D]), recycling (also based in part
on previous R&D), and a search for new sources
of supply. In some cases, government and pri-
vate actions were not so helpful—in fact, they
were contributing causes, not solutions to the
problems. The obvious example is the govern-
ment’s abrupt halt to sales of cobalt from the
stockpile, and industry’s panic buying of cobalt
after the invasion of Zaire’s Shaba province.
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One response to import vulnerability that has
rarely been used, except when begun in war-
time, is government subsidies to high-cost do-
mestic minerals producers. During the Korean
war, which began just a year after the 1949 So-
viet embargo of chromium and manganese, the
government subsidized U.S. production of a
number of minerals, including the two embar-
goed by the Soviets and cobalt. The last of the
subsidies expired in the early 1960s. No one
seriously suggested reviving subsidies for do-
mestic producers of chromium in the late
1960s, when U.S. imports of Soviet chromium
were once again rising following the Rhode-
sian embargo. The reason was the low-quality
and limited supplies of domestic chromium ore
and the high cost of producing it. Then, as now,
even the best deposits of U.S. chromium would
probably have cost two to three times as much
as chromium mined abroad, with less favora-
ble U.S. deposits still more costly.”

¥Information provided by John Morgan, Bureau of Mines, U.S.
Department of the Interior. See also C.C. Hawley & Associates,
Inc., subcontractor to Charles River Associates, Strategic Mineral
Markets and Alaska Development Potentials, Policy Analysis Pa-
per No. 82-12, prepared for the State of Alaska, Office of the
Governor, Division of Policy Development and Planning (Juneau:
1982), vol. 11, p. 1. This study estimated that the world chromium
price would have to rise sixfold to stimulate production from
known deposits in Alaska.

During the cobalt panic, subsidies for U.S.
cobalt production were considered by Con-
gress.”U.S. cobalt resources are considerably
better than chromium resources, though they
are still subeconomic. At congressional hear-
ings in 1981, representatives of firms owning
the most promising domestic sites estimated
that cobalt prices ranging from $20 to $25 per
pound would be needed to stimulate domestic
production through government purchase con-
tracts. Before any subsidies were decided on,
the cobalt bubble had burst. By the end of 1982,
the world cobalt price of $6 per pound (or less)
was far below the estimated cost of producing
U.S. cobalt. World prices have subsequently
risen again (to $11 to $12 per pound in 1984),
and one company has revised downward its
estimate of the price needed for it to produce
cobalt to about $16 per pound. Further discus-
sion of subsidies for U.S. minerals production,
in the context of broader materials policy, ap-
pears in the following section, as well as in
chapters 5 and 8.

(], s. Congress, Senate Committee on Banking, Housing, and
Urban Affairs, Hearing on the Defense Production Act and the
Domestic Production of Cobalt, 97th Cong.,1stsess., Oct. 26,
1981 (Washington, DC: U.S. Government Printing Office, 1982);
Congressional Budget Office, Cobalt: Policy Options for a Stra-
tegic Mineral, cited in note 31.

Materials Policy

Over the past three decades, as episodes of
tight supplies and high prices have come and
gone, concern about a national materials pol-
icy has risen and ebbed. Three major commis-
sion studies, many other scientific and policy
studies, three Federal laws stating materials
policy, and several other relevant laws have ad-
dressed the question of how to assure a relia-
ble supply, at reasonably stable prices, of the
materials needed for this Nation’s economy
and defense,

All of the commissions recommended that
the Nation seek materials wherever they may
be found, at the lowest cost consistent with na-
tional security and the welfare of friendly na-

tions. A policy of self-sufficiency was consid-
ered and rejected, most emphatically by the
Paley Commission in 1952, and again quite ex-
plicitly by the Commission on Supplies and
Shortages in 1976.

On the whole, the commissions’ counsel in
favor of interdependence has been heeded. The
United States has, by and large, adhered to the
“least cost” principle for materials supply for
35 years, The government has not only toler-
ated, but encouraged, US. consumption of
minerals produced abroad. With low-cost
loans, tax credits for taxes paid to foreign coun-
tries, and insurance against expropriation, it
has helped U, S.-based firms to open mines in
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foreign countries, such as Australia, Brazil, and
Peru. It has usually resisted proposals to pro-
tect the domestic mining industry by import
guotas or other restrictions on trade and has
subsidized domestic mining only rather briefly,

For security of supply, U.S. policy has been
to rely mainly on stockpiles rather than on per-
manent subsidies of domestic production—
again, a course which was urged by the com-
mission reports. The first Federal law author-
izing stockpiling of critical materials goes back
to 1939, but actual accumulation of stocks was
put aside during World War Il and began in
earnest during the Korean war. Large-scale
purchases continued through the 1950s. De-
spite changes back and forth since then in
stockpile policy, the Nation still has substan-
tial amounts of many critical materials stored
away.

Another recurring recommendation in the
past three decades of studies, reports, and laws
on materials policy has been to establish a fo-
cal point in the Federal Government for mak-
ing comprehensive materials policy. This ad-
vice has been difficult to follow. One reason
may be that materials shortages have been quite
fleeting, and supplies are usually available
when needed. Another is that materials policy
is connected with other important policies—
foreign, defense, taxation, environment, en-
ergy—which it is part of but does not dominate.
Moreover, it is difficult to establish an overall
“materials” or “nonfuel minerals” policy when
the materials it is meant to cover are so numer-
ous and so different from one another in the
needs they meet, in critical importance, in
availability of substitutes, and in the diversity
and security of supply,

With the rising level of concern over U.S. im-
port vulnerability, Congress (in 1980 and again
in 1984) called on the Executive Office of the
President to develop a coordinated materials
policy, Questions of interdependence, self-
sufficiency, and stockpile policy are also be-
ing reexamined. The following sections briefly
survey the findings of the three major commis-
sions on materials policy in the past 30 years
and outline the main features of government

policy and congressional actions on materials
during the period.

Self-Sufficiency v. Interdependence

Many of those who believe that self-suffi-
ciency is desirable subscribe to a broad-scale
remedy of materials independence. They favor
intensive exploration of most of the federally
owned public lands, including wilderness, for
minerals; tax breaks and government subsidies
to encourage U.S. mining and minerals proc-
essing; and relaxation of strip mine controls,
mine health and safety regulations, and clean
air and water standards, which they blame for
putting U.S. mining industries at a disadvan-
tage vis-a-vis foreign competitors. On the other
hand, critics of minerals independence say that
an effort to replace imports with high-priced
domestic minerals would raise the cost of fin-
ished goods, escalating prices at home, and
making it harder for American products such
as steel and autos to compete with foreign
goods.

Despite the low quality of some U.S. mineral
resources, the Nation could probably achieve
significant domestic production in most min-
erals if it were willing to pay a high enough
price, Part of the price might be greater envi-
ronmental degradation and higher energy use,
as well as higher dollar costs. Another cost
might be a greater degree of government man-
agement of the minerals market and strains
with European and Japanese allies, whose im-
port dependence for 36 important nonfuel
materials is considerably greater than that of
the United States.

U.S. import dependence is often compared
unfavorably with the Soviet Union’s high de-
gree of self-sufficiency in minerals, The Soviet
Union has long followed a deliberate policy of
supplying its own resource needs and, when
forced to rely on foreign sources, has imported
mainly from allies and neighbors. The result

#*The Office of Technology Assessment analyzed SOme aspects

of the U.S. steel industry in its 1980 report, Technology and Steel
Industry Competitiveness, OTA-M-122 [Washington, DC: U.S.
Government Printing Office, June 1980].
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is that the Soviets are net importers of only 11
of 35 important nonfuel minerals, and for only
four—bauxite and alumina, barium, fluorine,
and cobalt—is import dependence as high as
40 to 60 percent.

If the United States opts for a policy of
minerals self-sufficiency instead of the tradi-
tional one of interdependence in a world free
market, such a policy could require the United
States to isolate itself from that market. Unless
the government imposed export controls to
keep domestic supplies inside the United States,
U.S. trading partners could bid up the price
and buy “U. S.” minerals in times of shortages.
In times of minerals abundance and low world
prices, either U.S. mines would have to be sub-
sidized or import controls imposed (like the
pre-1973 oil import quotas) or both. In all these
cases, economic and political stresses can be
foreseen,

Commission Studies

President’s Materials Policy Commission
(Paley Commission)

The President’s Materials Policy Commis-
sion, named for its chairman, William S. Paley,
was established by President Truman in Janu-
ary 1951 during the early months of the Korean
war. It was a time when a precipitate rise in
military demands, added to an expanding post-
World War Il civilian economy, had caused
tight supplies and shortages. The realization
had dawned that materials usage worldwide
was on an upward spiral. Reflecting a sense
of crisis about the continued supply of enough
materials to sustain the Nation’s military secu-
rity, civilian welfare, and economic growth,
President Truman said in his charge to the
Commission:

By wise planning and determined action we
can meet our essential needs . . . We cannot al-
low shortages of materials to jeopardize our na-
tional security nor to become a bottleneck to
our economic expansion.”

The Commission’s report, Resources for
Freedom, published in June 1952, was colored

«The President’s Materials Policy Commission, op. cit., p. IV.

with the same tone of strenuous response to
a serious challenge. The Commission set for
itself this question: “Has the United States the
material means to sustain its civilization?” Al It
noted that the United States had already out-
grown its resource base and had become a
“raw materials deficit” Nation. At the core of
the materials problem it put “growth of
demand”—growth not only in the United States
but also among the free world allies and in the
former colonies seeking to industrialize rather
than export raw materials.

To assure the material basis for security and
growth the Paley Commission saw interdepen-
dence as the best answer. “The United States
must reject self-sufficiency as a policy, ” the
Commission said, “and instead adopt the pol-
icy of the lowest cost acquisition of materials
wherever secure supplies may be found: self-
sufficiency, when closely viewed, amounts to
a self-imposed blockade. . . “*

The Commission emphasized policies that
would encourage investment by American
business in mineral development in foreign
countries and would remove barriers to trade.
It also urged U.S. loans and technical assist-
ance, in addition to international help, for in-
digenous investment in mining, especially in
poor countries. Besides these policies to pro-
mote “least cost” production worldwide, the
Commission also stressed the value of greater
efficiency of use, substitution of more abun-
dant materials for scarce ones, and the expan-
sion of domestic supplies by “pushing back the
technological, physical, and economic bound-
aries that presently limit supply.”®

Even to protect national security, the Com-
mission regarded a quest for self-sufficiency as
“fallacious and dangerous. ” For many mate-
rials, the Commission said, “self-sufficiency is
either physically impossible or would cost so
much . .. that it would make economic non-
sense.”* Instead, the Commission suggested
a range of policies to raise the Nation’s pre-

slbid., PP. 1, 6, and passim.

s2]bid., p. 3.
4[bid., p. 8.
slbid., p. 157.



Ch. 4—Security of Supply . 107

paredness against a possible cutoff of materials
critical to the Nation’s defense.

To assure supply, the Commission strongly
urged stockpiling, Also, it recommended sev-
eral measures to prepare emergency sources
of production, including: setting aside “in-the-
ground” domestic reserves of key minerals,
especially limited or low-grade deposits; devel-
oping and maintaining ready-for-use technol-
ogy to produce low-grade deposits; and prepar-
ing processing facilities and transportation for
the in-the-ground reserve. On the demand side,
the Commission recommended the design of
military products to use abundant rather than
scarce materials, and the preparation of “stand-
by” designs for use in extremity, substituting
available materials for scarce ones that would
otherwise be preferred. As

The Paley Commission report noted the lack
of a coordinating body for materials policy, and
suggested that the National Security Resources
Board, in the Executive Office of the President,
undertake the role.” However, the Board was
soon abolished by Congress as fears of “run-
ning out” of material, which had prompted the
establishment of the Paley Commission, died
down. No other body was given the policy co-
ordination task.

Indeed, after a brief burst of public attention,
the Commission’s report fell into obscurity.
True, the interdependence policy strongly
urged by the Commission has generally guided
the government’s actions since then. One ad-
ministration after another has followed the
Commission’s advice in such matters as nego-
tiation of treaties to support freer trade and
provision of government insurance for private
businesses investing in resource development
abroad. But for the most part, the detailed rec-
ommendations of the Commission’s report
were ignored. One of the very few concrete re-
sponses by anyone was the creation of a non-
government institution to monitor materials
supply and demand—Resources for the Future,
which is largely funded by the Ford Foun-
dation.

" «hid., ch. 27-30,
wibid . p. 171,

Photo credit U S Navy

One mission of U.S. Navy frigates such as the USS Antrim
(FFG-20) is to protect the flow of strategic materials to
the United States

The reasons for the report’s neglect are not
hard to find. First, the party in power changed;
President Eisenhower won the 1952 election,
and the Republicans took control of Congress
for the first time in 20 years. More important,
wartime shortages of materials turned to glut
with the end of the Korean war. When Presi-
dent Eisenhower appointed a Cabinet commit-
tee in 1954 to examine minerals policy, the
guestion was not how to assure enough supply,
but how to help rescue the ailing domestic min-
ing industries, (As discussed below, the Eisen-
hower Administration’s response was to guar-
antee purchases of minerals for an expanded
strategic stockpile,)

National Commission on Materials Policy

For most of the 1950s and 1960s, adequacy
of materials supply was a quiescent issue, de-
spite some bottlenecks and shortages as Viet-
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nam war needs expanded. Supplies of minerals
rose comfortably with demand, and real prices
generally remained stable or fell throughout
most of the period. Production of aluminum
rose enormously (over fourfold) relieving pres-
sure on other structural and electricity-con-
ducting materials, and petrochemical-based
plastics replaced a number of the conventional
metals.

Toward the end of the 1960s, Congress and
the public began to look at materials issues in
a new perspective—i. e., in relation to conser-
vation of resources and environmental quality.
In 1970, Congress created a new materials pol-
icy commission as a direct outgrowth of its
work on recycling of materials and recovery
of energy from waste. Former Senator J. Caleb
Boggs was a sparkplug of the renewed congres-
sional interest in materials policy and its con-
nections with energy and the environment. A
series of biennial National Materials Policy
Conferences was begun in 1970 at his request,
and he introduced the legislation creating a
new materials commission.”

The background of the commission’s forma-
tion was this: While considering an innovative
Federal law on solid waste (The Resource Re-
covery Act of 1969), the Senate Committee on
Public Works asked for a study on a national
policy for handling materials, from extraction
to disposal. The ad hoc committee doing the
study recommended a fresh look at materials
problems as a whole and a new national com-
mission.“The next year, Congress amended
the Resource Recovery Act, incorporating in
it the National Materials Policy Act of 1970 and
creating the National Commission on Materials
Policy (NCMP) with this objective:”

“Inresponse to a request by Senator Boggs, the late Dr. Frank-
lin P. Huddle, Senior Specialist with the Congressional Research
Service of the Library of Congress, organized a series of bien-
nial National Materials Policy Conferences. The conferences,
under the auspices of The Engineering Foundation, were held
at New England College, Hemiker, NH. They are widely known

as “the Henniker Conferences. ” .
() .s. Congress, Senate Committee on Public Works, Toward

a National Materials Policy, committee print, 91st Cong., 1st sess.
+Title 1 of the Resourcé Recovery Act of 1970 (Public Law

91-152), entitled the National Materials Policy Act of 1970, sec.
202.

... to enhance environmental quality and con-
serve materials by developing a national ma-
terials policy to utilize present resources and
technology more efficiently, and to anticipate
the future materials requirements of the Nation
and the world, and to make recommendations
on the supply, use, recovery and disposal of
materials.

The Commission’s report, Material Needs
and the Environment Today and Tomorrow, is-
sued in 1973, recommended striking a balance
between the need to produce goods and the
need to protect the environment. In particular,
it urged that environmental costs be included
in reckoning the costs and benefits of materials
production. While calling for “orderly” devel-
opment of resources, the Commission also
strongly urged conservation through recycling
and greater efficiency of use. To carry out these
policies, the NCMP made 198 detailed recom-
mendations in 10 major areas.”

The *“traditional U.S. economic policy” of
buying materials at least price was reaffirmed
by this Commission, The policy was given
credit for providing reasonably priced goods
to consumers and keeping U.S. goods competi-
tive in world markets. However, the Commis-
sion qualified its support of the least-cost in-
terdependence policy to a degree, It argued that
some U.S. minerals industries might need a
limited amount of protection from competition
with “subsidized” foreign producers.”

As for national security, the Commission rec-
ommended that where problems of supply are
foreseen, the United States should foster do-
mestic production, diversify sources of supply,
develop special relations with reliable foreign
sources, increase the dependence of supplying
countries upon continuing U.S. goodwill, and
find substitute materials.” The Commission
gave little attention to stockpiling, possibly be-
cause the imported material of greatest con-
cern at the time was oil, and stockpiling oil is
far more expensive and cumbersome than stor-

soNational Commission on Materials Policy, Materials Needs

and the Environment Today and Tomorrow (Washington, DC:
U.S. Government Printing Office, 1973), pp. 1-4, 1-5, and ch. 6,
s1lbid., PP. 9-8 through 9-10.

s2]bid., p, 9-26,
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ing most nonfuel minerals, (The NCMP’s charge
included energy; it defined materials as all nat-
ural resources intended for use by industry, ex-
cept for food.)

Like the Paley Commission 20 years earlier,
the NCMP urged that a high-level government
body oversee Federal materials policy. It pro-
posed a Cabinet-level agency—possibly a new
Department of Natural Resources—to plan and
execute comprehensive policy for materials,
energy, and the environment. *

While the Department of Natural Resources
was not created, the report of the NCMP re-
ceived considerably more official attention
than its predecessor had. At the time the re-
port came out, interest in materials issues had
quickened. A world economic boom was on the
upswing, and some shortages of materials had
begun to appear. The Club of Rome’s widely
read report The Limits to Growth (published in
1972),* suggested that world demand for ma-
terials, increasing exponentially, would outrun
the planet’s finite supplies, leading to a devas-
tating collapse of world economies in the 21st
century. In this atmosphere, interest in the
Commission’s report ran high.

The Commission’s report was the spring-
board for hearings before the Senate Subcom-
mittee on Minerals, Materials, and Fuels,”and
materials issues were the subject of other con-
gressional hearings and reports;”the Office of
Technology Assessment added a program to
assess materials issues. Other congressional
agencies—the General Accounting Office and
the Congressional Research Service—under-
took studies on materials issues.” The National

$3lbid.,p. 18 and ch. 11.

sDonella H, Meadows, et al., The LimitstoGrowth [New York:
Universe Books, 1972).

55U, s C,ess, Senate, Committee on Interior and Insular
Affairs, Subcommittee on Minerals, Materials and Fuels, Hear-
ings, Oct. 30,31, and Nov. 1, 1973, committee print.

»See, for example, U.S. Congress, Senate, Committee on Public
Works, Resource Conservation, Resource Recovery, and Solid
Waste Disposal, committee print, 1973.

57See, forexample, the reports of the biennial Henniker con-
ferences, which were organized by the Congressional Research
Service, and U.S. Congress, House of Representatives, Commit-
tee on Science and Astronautics, Industrial Materials: Techno-
logical Problems and Issues for Congress, committee print, 1972,
prepared by Dr. Franklin P. Huddle of the Congressional Re-

Academy of Sciences issued numerous reports
commenting on and related to the NCMP re-
port.“Finally, a most concrete result was the
hearings and work done by the Senate Commit-
tee on Public Works on resource recovery and
recycling, “which eventually led to passage of
the Resource Conservation and Recovery Act
of 1976.

National Commission on Supplies and Shortages

When the National Commission on Materials
Policy issued its report in mid-1973, OPEC was
a name known only to specialists. Oil prices
had just begun to rise as a result of cartel con-
trol. Within a year, OPEC had not only quad-
rupled prices, but for a time had denied its
members’ oil to the United States and The
Netherlands. In addition, the world economic
boom, by then 2 years old, had created short-
ages of many industrial materials. Prices of
commodities from rubber and oil to scrap steel
and copper bounded upward, and industries
had real difficulty in getting the aluminum,
copper, chemicals, petrochemicals, steel, and
paper that they needed. The influence of The
Limits of Growth, with its projections of world
resource exhaustion and economic collapse,
was at its height, To some people, the short-
ages of 1973-74 seemed early indications of just
such a collapse.

search Service. The General Accounting Office undertook
studies that led to such reports as Federal Materials Research
and Development: Modern izing Institutions and Management
(Washington, DC: U.S. Government Printing Office, 1975). The
Office of Technology Assessment Materials Program undertook
a broad range of studies too numerous to cite.

seReports produced by the National Academy of Sciences and
affiliated organizations included: National Academy of Sciences/
National Academy of Engineering, National Minerals Policy,
Proceedings of a Joint Meeting, Oct. 25-26, 1973 (Washington,
DC: The Academy, 1975); National Academy of Sciences, Man,
Materials, and the Environment, report of the Study Committee
on Environmental Aspects of a National Materials Policy (Wash-
ington, DC: The Academy, 1973); National Academy of Sciences,
Committee on the Survey of Materials Science and Engineer-
ing, Materials and Man’s Needs (Washington, DC: The Acad-
emy, 1974); National Academy of Sciences, Committee on
Mineral Resources and the Environment (COMRATE), Mineral
Resources and the Environment [Washington, DC: The Acad-
emy, 1975).

se(J s, Congress, Senate Committee on Public Works, Hear-
ings, June 11-13, July 9-11, 15-18, 1974, committee print.
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In this crisis atmosphere, national attention
again fastened on the adequacy of material sup-
plies. While two House committees were pre-
paring reports on the subject—one on Ameri-
ca’s resource needs and import dependence
and the other on world resource “scarcities””
—former Senators Mike Mansfield and Hugh
Scott formed a joint Executive Congressional
Leadership group to discuss threatened short-
ages of natural resources, raw materials, and
agricultural commodities. Out of this group
emerged legislation (an amendment to the De-
fense Production Act of 1950, in September
1974) creating the National Commission on
Supplies and Shortages.

The Commission was instructed to look at
four principal issues: the possibility of resource
exhaustion, the consequences of the Nation’s
growing dependence on imported materials,
the ability of the free market to deal with short-
ages, and the adequacy of government mech-
anisms for handling materials problems.

The Commission’s report, Government and
the Nation’s Resources, issued in 1976, con-
cluded that the country’s ability to meet its ma-
terial needs was in no imminent danger.” It
said that:

+ resource exhaustion was not a serious
threat to economic growth for the next
guarter century “and probably for gener-
ations thereafter”;

+ U.S. dependence on imported materials
other than oil was growing only gradually
and manageably;

+ cartel control of nonfuel minerals was un-
likely and embargoes directed against the
United States “only remotely conceivable, ”
and that neither was any real threat to the
American economy; and

D@E?STGOT‘IE]TESS, House of Representatives, Ad Hoc Commit-

tee on the Domestic and International Monetary Effect of Energy
and Other Natural Resource Pricing, Meeting America’s Resource
Needs, a report to the Committee on Banking and Currency
(Washington, DC: U.S. Government Printing Office, 1974); U.S.
Congress, House of Representatives, Committee on Foreign Af-
fairs, Global Commodity Scarcities in an Interdependent World
(Washington, DC: U.S. Government Printing Office, 1974].

*1National Commission on Supplies and Shortages, Govern-
ment and the Nation’s Resources (Washington, DC: U.S. Govern-
ment Printing Office, 1976).

. the widespread severe shortages of 1973-
74 were a temporary phenomenon due to
the world surge in demand, to lagging in-
vestment in materials industries for a few
years before the boom, and to a “shortage
mentality” that led to panic buying and
hoarding of materials by industries in
many countries.

These conclusions added up to strong, con-
tinued support for the principle of free trade
and interdependence.”

The Commission stated that it found no in-
stances of import dependence that would
justify the costs and rigidities of placing restric-
tions on imports. Instead, to cope with inter-
ruptions of supply that might result from civil
disorders in producing regions or, possibly,
from price-gouging by producers, the Commis-
sion recommended stockpiling as “the univer-
sal antidote.””The Commission supported a
strictly limited use of the strategic stockpile for
economic purposes during a sudden disruption
of supply of critical materials to keep the ci-
vilian economy as well as defense industries
on an even keel. However, the Commission
said, stocks should not be sold simply to influ-
ence prices in the absence of a supply disrup-
tion (as the Johnson Administration had done
in the 1960s—see the discussion below). *

Underlying many of the Commission’s con-
clusions was confidence in the ability of mar-
ket forces to bring forth adequate materials for
the world’s economies and to right imbalances
within a reasonable time. Many of the recom-
mendations amounted to “hands off” the mar-
ket. For example, in its consideration of recycl-
ing, the Commission suggested the removal of
depletion allowances for minerals, which fa-
vor virgin ore over recycled materials-but no
subsidies for recycling either. es In a similar
vein, the Commission was cautious about rec-
ommending government funding for R&D for
alternative supplies, conservation, and substi-
tute materials. Recognizing that government

e2]bid., pp. x-xii,chs.2,3, and 4, especially pp. 22-23 and 38-39.
a]bid., p. 39.

841 bid., ch. 7.

slbid., p. 166.
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does have a role to play [especially in basic re-
search), the Commission suggested that more
knowledge is needed of what motivates indus-
try to commit R&D funds before government
rushes in to fill the breach. *

The Commission recognized political ob-
stacles to private investments in the world’s
minerals, such as the threat of expropriation,
but called attention to existing measures to
lessen the obstacles—measures such as govern-
ment insurance for foreign investment, inter-
national disputes settlement and investment
codes, and World Bank investments in devel-
oping countries. The Commission also expressed
confidence “that private investors and Govern-
ments will find ways to adjust to political and
economic realities.””

The Commission noted that complicated
problems, like the rapid growth of world pop-
ulation, the unequal distribution of world re-
sources, and the sometimes unexpected and
unwanted byproducts of technological advance
might require an increasing degree of govern-
ment sophistication and management. It found
room for improvements in the adequacy of the
U.S. Government institutions to deal with
materials issues. It also proposed practical
changes in data collection and analysis and
suggested the creation of a small, high-level
corps of professionals to monitor specific in-
dustries and economic sectors and to develop
a comprehensive picture of how government
policies combine to affect basic industry and
the national interest. However, the Commis-
sion recommended against seeking a *“coordi-
nated materials policy” as an end in itself, be-
cause materials policy affects and is affected
by many other policies on matters of equal or
greater importance.”

By 1976, when the Commission published its
report, the materials shortages that were so
worrisome at the time of its creation had dis-
appeared. Minerals activity had slid from the
peak of high prices and tight supplies of the
first half of 1974 to the trough of a world busi-

slbid., pp. 182-184.
6'1 bid., p. 46,
es]bid., chs. O and g,

ness recession, following the OPEC oil price
hike.

Under the circumstances, the Commission’s
more astringent suggestions for “hands off the
market (e.g., removal of the percentage deple-
tion allowance for new minerals) were coolly
received. In fact, there was some sentiment in
Congress (especially among members from the
western mining States) for much more active
government support of the now-depressed and
always volatile domestic mining industry than
anything suggested by the noninterventionist
report of this Commission, Some were also dis-
satisfied with the limited backing the Commis-
sion had given to the idea of “comprehensive”
or “coordinated” materials policy.” Altogether,
the report got little official response. Changes
in the Commerce Department’s economic anal-
ysis toward stronger analysis by the industrial
sector was perhaps the principal result.

Once again, a Commission report on mate-
rials coincided with a change of the party in
power, Within a month of President Carter’s
taking office, former Representative James San-
tini and 42 other members of the House of Rep-
resentatives wrote to the President expressing
concern that the Nation’s policies were ad-
versely affecting nonfuel minerals production,
asking for a “balanced” national minerals pol-
icy, and proposing a special minerals advisor
in the Executive Office of the President. In De-
cember of that year, the President ordered a
government review of nonfuel minerals policy.
The results, as noted below, were minimal; the
policy review was never completed. At the end
of the Carter presidency, demands by the in-
dustry and interested members of Congress for
a “national minerals policy, ” support for the
minerals industry, and a special minerals advi-
sor to the President were stronger than ever.

As the brief history outlined here suggests,
Commission reports on materials policy and
government actions have not always meshed.
This is perhaps predictable, given the cyclical
nature of the minerals industry. When commis-

sFor this point Of view, see U.S. Congress, House of Repre-
sentatives, Committee on Interior and Insular Affairs, Subcom-
mittee on Mines and Mining, U.S. Minerals Vulnerability: Na-
tional Policy Implications, committee print, 96th Cong., 2d sess.
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sions are formed, one set of problems may be
dominant (e.g., shortages and high prices); but
economic conditions may be quite different a
year or two later when the report is issued, so
that the problems may look quite different (e.g.,
idle domestic capacity, inadequate investment,
“unfair” foreign competition). Also worth
noting is that commissions may be rather in-
sulated from political concerns, while the gov-
ernment that responds to them is not.

Thus, it is not too surprising that of the hun-
dreds of detailed recommendations made by
the three major materials commissions, Con-
gress and the various administrations of the
past three decades have specifically adopted
only a few. By and large, both the executive
branch and the Congress have steered a course
—from tax laws to international trade treaties—
that is consistent with the interdependence pol-
icy recommended by the commissions. But
there have been exceptions. And in general,
congressional and other government actions
have followed their own agendas, rather than
responding directly to commission recommen-
dations. Thus, government actions on materials
issues over the past 30 years are discussed
separately from the story of the commissions
reports.

Congressional Actions and
Government Policies

Two strands in materials policy, besides the
general support for free world trade, have won
consistent backing from Congress over a num-
ber of years. One is the building of a strategic
stockpile, a policy that is now nearly 45 years
old. The other is high-level government over-
sight of a “comprehensive” materials policy,
an idea at least as old as the Paley Commission,
but insistently put forward by Congress since
about 1970.

A program that promoted and subsidized do-
mestic minerals industries—an exception to the
least-cost, interdependence policy—began dur-
ing the Korean war and was actively pursued
for a few years thereafter. The program died
out in the 1960s, but the law that authorized
it, the Defense Production Act of 1950, re-
mained on the books and interest in the pro-

gram has been revived as a means to reduce
import dependency. TO Congress has repeatedly
extended the law, most recently in 1984. Pro-
duction subsidies for cobalt were considered
in deliberations about this extension, but are
considered unlikely in fiscal years 1985 and
1986. (See chs. 5 and 8 for further discussion.)

Stockpiling and Subsidies

Stockpiling originated in 1939, when, on the
eve of world war, Congress passed the Strate-
gic Materials Act, The Act authorized the gov-
ernment to list materials essential for indus-
try and defense and to buy them for a strategic
stockpile. Wartime needs soon overwhelmed
the stockpiling program. The postwar Strate-
gic and Critical Materials Stock Piling Act of
1946 restated the goal of preparing for an emer-
gency by building stockpiles, and by 1950 some
$1.6 billion worth of stocks had been acquired.
This was less than halfway to the objective then
in effect of $4.1 billion. With the outbreak of
war in 1950, Congress provided funds for fur-
ther major additions to the stockpile.

The Korean war prompted the passage of the
Defense Production Act of 1950. Besides au-
thorizing government priorities and allocations
of materials, the Act provided financial assist-
ance for expanding domestic productive capac-
ity, including facilities to produce critical non-
fuel minerals. During and after the Korean war,
purchase agreements, floor prices, and loans
or loan guarantees under the Act promoted a
doubling of U.S. aluminum production, a 25-
percent increase in U.S. copper mining, and
a fourfold expansion of tungsten mining. As-
sistance under the Act also encouraged the
startup of U.S. nickel mining and titanium
processing and fostered domestic production
of other minerals, including manganese, cobalt,
and chromium. The gross outlay of the govern-
ment for these programs was $8.4 billion; with
the payback of loans, the ultimate direct cost
has been estimated as $900 million.”

%Certain parts of th law that were tailored specifically to war-
time needs (authorization for price, wage, and credit controls
and for settlement of labor disputes) lapsed in 1951.

71U.S.Congress,Senate Committee on Banking, Housing, and
Urban Affairs, Defense Production Act Extension of 1981, report
to accompany S.1135 (Washington, DC: U.S. Government Print-
ing Office, 1981), p. 3.
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With the end of the war, many of the min-
erals supported by government programs were
being produced in greater quantities and at
higher prices than the civilian economy could
absorb. Purchases for the strategic stockpile
drained off some of the excess. The Eisen-
hower Administration continued to build
stockpiles throughout most of the 1950s, partly
to bolster mining industries the government it-
self had created, but also because President
Eisenhower strongly believed in stockpiles as
insurance. ”

Government support proved to be a mixed
blessing for some mining industries. Com-
panies drawn into production by the combina-
tion of subsidized loans, purchase agreements,
and large stockpile purchases were left stranded
when stockpiles became filled, government
purchases ceased, and subsidies were with-
drawn. Tungsten mining in particular was on
a roller coaster .”

A vital constituent for many superalloy and
a widely used material for cutting tools, tung-
sten was selected as a critical material to be
stockpiled, with a goal of 146 million pounds
set in 1950, By 1955, government financial
assistance, combined with stockpile purchases
at high prices, had drawn more than 700 U.S.
mines (mostly small ones) into operation. The
government stopped stockpile buying of tung-
sten in 1957, after stocks had swollen to 210
million pounds-enough for 6 years consump-
tion by the entire Western World, or 10 years
of U.S. consumption.

In 1958, the Eisenhower Administration re-
duced the requirement for stockpiled materials
from the amount needed to sustain the Nation
for a 5-year war to enough for 3 years. Three-
quarters of the tungsten holding was thereupon
declared excess. In 1962 the Government began
to sell tungsten stocks. Prices tumbled by two-

Franklin P. Huddle, “The Evolvini; National Policy for
Materials, ” Science 191, p. 655 (Feb. 20, 1976); also, A. E. Eckes,
Jr., The United States and the Global Struggle for Minerals (Aus-
tin: University of Texas Press, 1979), p. 215.

71Most of th. material that follows on the tungsten industry
from 1950 to 1970 is drawn from Konrad J. A. Kundig, “The
Tungsten Market-From Chaos to Stability,” journal of Metals,
May 1981, pp. 42-47.

thirds, and all but 2 of the 700 domestic mines
ceased operations, Not until the late 1970s did
the domestic tungsten industry resume growth.

In the 1960s, during the Kennedy and Johnson
years, the government sold a number of com-
modities from the stockpile that were now in
excess of the 3-year requirement—often using
the sales as part of a strategy to control infla-
tion or reduce budget deficits. In 1973, the
Nixon Administration further reduced the stock-
pile requirements, from 3 years’ sustenance to
one, with the result that still greater quantities
of stockpiled material were now officially
declared excess,

At this point, Congress balked. The House
Subcommittee on Seapower and Strategic Crit-
ical Materials questioned the new policy,
threatened to block sales of stockpiled mate-
rials, and demanded a thorough study of stock-
pile policy. The Ford Administration complied,
conducting an interagency review under the
White House National Security Council. In
1976 the Administration announced a new
stockpile policy based on planning to support
defense and essential civilian needs for the first
3 years of a national emergency of indefinite
duration. A few months after taking office,
President Carter reaffirmed the Ford policy.

In 1979 Congress took stock. At this point,
40 years after the stockpile was established, the
publicly owned stockpile was large but out of
balance. The inventory was valued at $10.5 bil-
lion, of which $4.9 billion (or 47 percent) was
excess to goals based on the 3-year require-
ment. But needs for acquisition amounted to
$12.9 billion-more than the value of stocks on
hand, ”

Dissatisfied with the fluctuations in stockpile
policy over the 40 years, Congress now wrote
more explicit policy guidance and stockpile re-
guirements into law. In the Strategic and Crit-
ical Materials Stock Piling Revision Act of
1979, Congress stated that the purpose of stock-
piles is for the defense of the United States, not
to control commodity prices. It also wrote into

“Information on stockpile holdings was provided by the Fed-
eral Emergency Management Agency,
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law that stockpiles should be sufficient to sus-
tain the country’s military, industrial, and es-
sential civilian needs for at least 3 years, and
that goals based on this requirement cannot be
changed without prior notice to Congress. Fi-
nally, Congress set up a stockpile transaction
fund, so that the proceeds from the sale of ex-
cess materials can be used to buy materials that
are needed, rather than going back into the gen-
eral Treasury funds.

A “National Materials Policy”

Meanwhile, at the end of the 1960s, Congress
also turned its attention to the question of a
broad Federal responsibility for materials pol-
icy, acting initially in the area of minerals pol-
icy. The Mining and Minerals Policy Act of
1970 was inspired by the National Environ-
mental Policy Act of 1969, and was intended
to provide similar guidance and goals in its
own area.”

The Act declared it the national policy to fos-
ter and encourage: 1) the development of eco-
nomically sound and stable domestic mining,
minerals, and minerals reclamation industries;
2) the orderly and economic development of
domestic mineral resources, reserves, and
reclamation of minerals to help satisfy indus-
trial, security, and environmental needs; 3)
mining, mineral, and metallurgical research,
including use and recycling of scrap; and 4) the
study and development of methods for dis-
posal, control, and reclamation of mineral
waste products and mined land to lessen ad-
verse impacts. The Secretary of the Interior
was put in charge of advancing national min-
erals policy, as set forth in the law. He was re-
quired to report each year on the state of the
domestic mining and minerals industry, and
to recommend any laws needed to carry out
the national policy. Beyond that, the law called
for no specific actions.

sHouse Subcommittee on Minerals and Mining, U.S. Minerals
Vulnerability, pp. 18-18. See the Committee’s comparison of envi-
ronmental laws with the Mining and Materials Policy Act of
t1)970, r\1/vhich it viewed as the victim of neglect by the executive
ranch.

Few identifiable actions were undertaken in
response to the act. The Bureau of Mines used
the language of the law to support funding re-
guests for research in recycling and safe dis-
posal of mine wastes, but no remarkable changes
in funding priorities resulted. The Secretary of
the Interior’s first two annual reports (in 1972
and 1973) viewed with alarm problems of the
U.S. minerals industry and the increasing U.S.
import dependence on fuel and nonfuel min-
erals, but made few recommendations for
changes in the law to carry out a national
minerals policy. (One of the few changes rec-
ommended was to amend the antitrust laws to
allow joint ventures for mineral research.)
Later annual reports took a less alarmist view
of the rising import dependence for fuel and
nonfuel minerals, most of which was actually
due to oil imports. The 1975 report, for exam-
ple, said that problems arise from increasing
imports “only when foreign sources become
unreliable. ” Especially in 1978 and 1979, the
document failed to advocate the strong govern-
ment support of the domestic minerals indus-
try that sponsors of the law had evidently en-
visioned.

By the mid-1970s strong supporters of the
mining industry in Congress had become con-
cerned about what they saw as continuing ne-
glect of national minerals policy by the ex-
ecutive branch. Displeased with the rather
laissez-faire conclusions of the Commission on
Supplies and Shortages, they urged the new
Carter Administration to undertake a fresh re-
view of national nonfuels mineral policy, Presi-
dent Carter responded in December 1977, ap-
pointing Secretary of the Interior Cecil B.
Andrus chairman of an interdepartmental pol-
icy review committee.

The nonfuel minerals policy review gave
even less satisfaction to advocates of a “na-
tional minerals policy.” The review ultimately
foundered, going no further than a partial draft
report in 1979.” It had suffered a fate common
for interdepartmental task force efforts—con-

(. S. Department of the Interior, “Report on the Issues Iden-

tified in the Nonfuel Minerals Policy Review, ” draft for public
review and comment, August 1979.
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signment to lower rungs of the bureaucratic
ladder and a watering down of controversial
issues, In hearings held around the country on
draft portions of the report, the document was
criticized by all sides—industry, environmental
groups, and consumer organizations.

A number of congressional and industry
critics criticized the document on national
security grounds. They linked together the is-
sues of import dependence, the health of the
domestic minerals industries, the Nation’s
need for strategic materials, and the threat of
a “resource war.””

Aside from mining and minerals, Congress
had yet to declare a statutory national materials
policy. The Paley Commission, in 1952, had
spoken of “a national materials policy for the
United States” with an overall objective of in-
suring “an adequate and dependable flow of
materials at the lowest cost consistent with na-
tional security and with the welfare of friendly
nations. ” But the difficulties entailed in trans-
lating such recommendations into meaningful
policy were formidable—given the diverse role
that materials play in all aspects of society.
When Congress, in 1970, enacted a National
Materials Policy Act, it was for the purpose of
developing such a policy (through Commission
recommendations) rather than articulating one.

Nonetheless, throughout the 1970s, materials
advocates both inside and outside the Congress
had been laying the groundwork for a materials
policy that would encompass a broad range of
concerns—yet not be so broad as to be all in-
clusive. Some material policy concerns that
were prominent in the early part of the dec-
ade became themselves the subject of separate
legislation, thus making the task of what to em-
phasize in an overall national materials policy
more manageable. Solid waste disposal—a
dominant materials policy issue in the early
1970s—was perhaps the most conspicuous ex-
ample. It still attracted considerable attention,

77U.S. Congress,House of Representatives, Committee on In-
terior and Insular Affairs, Subcommittee on Mining and Min-
erals, Hearings, Oct. 18, 1979 (Washington, DC: U.S. Govern-
ment Printing Office, 1979), statement of Representative James
D. Santini, Chairman. See also the testimony of E. F. Andrews,
Vice-President, Allegheny Ludlum Industries, Inc.

but with enactment of the Resource Conserva-
tion and Recovery Act of 1976 its earlier prom-
inence in the hierarchy of material policy con-
cerns began to decline. Other concerns, such
as import vulnerability, and the competitive-
ness of basic U.S. industry, had moved to the
forefront.

Meanwhile, the House Committee on Science
and Technology was working on legislation
which emphasized the role of research and de-
velopment in resolving material problems.
Since the early 1970s, the Committee had be-
come increasingly involved with the issue, re-
leasing a series of background reports and
holding hearings on various legislative pro-
posals which had a science and technology
component in implementing materials policy.

By the 95th Congress, these legislative con-
cepts had begun to crystallize, so that one mem-
ber of the committee could speak, in mid-1977,
of acting in “concert with other committees of
both Houses” to begin “to establish an orderly,
effective national materials policy.””Several
members of the committee had introduced bills
which, while differing in detail, had themes in
common.” First, the bills proposed a statutory
materials policy. Second, implementation of
the policy would be achieved through focus-
ing Federal materials R&D activities. Third,
they emphasized the need for greater involve-
ment of the Executive Office of the President
(through the Office of Science and Technology
Policy (OSTP) or a new organization in the
EOP) in materials decisionmaking.

None of these bills passed the 95th Congress,
but the hearing process helped to further refine
the basic legislative concepts and build a greater
degree of consensus about components of na-
tional materials policy legislation. While ex-
pressing agreement with the overall objective
of these bills, the Carter Administration was

»yJ.s. C,ess, House Committee on Science and Technol-

ongr

ogy Subcommittee on Science, Research and Technology, Hear-
ings on a National Policy for Materials; Research and Resources,
95th Cong., 1st & 2d sess., June 29, July 13, 14, 1977; Feb. 28,
Mar. 1, 2, and 6, 1978 [Washington, DC: U.S. Government Print-
ing Office, 1978], pp. 1-2.

»Material policy bills introduced in the 95th Congress included
H.R. 10859, H.R. 11203, and H.R. 13025.
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not convinced that new legislation was neces-
sary. OSTP, it said, already had the authority
to achieve those goals, and moreover its non-
fuel mineral policy review, and other initiatives
in areas of basic innovation and improved co-
ordination of R&D would provide the needed
direction for Federal policy without additional
legislation.

The Administration’s position became less
persuasive in the 96th Congress, when its draft
nonfuel mineral policy review came under con-
siderable congressional criticism. With the
reverberations of the cobalt price spike still
shaking U.S. industry, the issue of import de-
pendency was very much on the minds of legis-
lators. Sponsors of materials legislation in the
House saw an emphasis on science and tech-
nology as an important step toward reducing
import vulnerability. At the end of 1979, the
House, by a 398 to 8 vote, passed H.R. 2743,
called the Materials Policy, Research and De-
velopment Act. The bill, originally introduced
by Representative Don Fuqua, Chairman of the
House Science and Technology Committee,
reflected many of the basic concepts consid-
ered by the Committee in the 95th Congress—
including a broad-based material policy, to be
implemented through an improved executive
branch decisionmaking process in regard to
R&D activities.

After it was sent to the Senate, the House
bill’s basic framework was maintained, but its
scope was enlarged as the bill moved through
two Committees (Commerce, Science, and
Transportation; and Energy and Natural Re-
sources) to the Senate floor. New provisions
were added which placed greater emphasis on
materials import vulnerability, and the Depart-
ments of Defense, Commerce, and Interior
were given important supporting roles in iden-
tifying vulnerability problems. In general, the
Senate bill placed greater emphasis on miner-
als—thus bringing together in one piece of leg-
islation the sometimes disparate concerns of
the materials and minerals communities.

The bill was signed by President Carter on
October 21, 1980, in the closing days of the 96th

Congress.“The National Materials and Min-
erals Policy, Research and Development Act
of 1980 (Public Law 96-479) declared:

... itis the continuing policy of the United
States to promote an adequate and stable sup-
ply of materials necessary to maintain national
security, economic well-being and industrial
production with appropriate attention to a
long-term balance between resource produc-
tion, energy use, a healthy environment, natu-
ral resources conservation, and social needs.”

The law spelled out a number of activities
in furtherance of this national materials pol-
icy, to be undertaken by the President, his Ex-
ecutive Office, and various departments. It
directed the President to submit a plan to Con-
gress that would assure: policy analysis and
decisionmaking on materials in the Executive
Office of the President; interagency coordina-
tion of material policy at the Cabinet level; con-
tinuing long-range analysis of the use and sup-
ply of materials to meet national needs; and
continuing consultation with the private sec-
tor on Federal material programs.

The law designated the Office of Science and
Technology Policy, in the Executive Office of
the President, to coordinate Federal materials
R&D, emphasizing R&D to meet long-range ma-
terial needs through annual assessments. Re-
sponsibility for several specific tasks was
placed in various departments: Commerce, to
do case studies of material needs (the aerospace
industry was selected for the first study and
the steel industry the next); Defense, to assess
material needs critical to national security; and
Interior, to improve the assessment of interna-
tional minerals and to make better minerals
data and analysis available for decisions on
Federal land use, and to report on its activi-
ties in these areas,

wFor legislative history of Public Law 96-479, see House Re-
port 96-272, Nov. 29, 1979 (House Science and Technology Com-
mittee); Senate Report 96-897, Aug. 13, 1980 (Senate Commerce,
Science and Transportation Committee); Senate Report 96-937,
Sept. 12, 1980 (Senate Energy and National Resources Commit-
tee; House debate and passage, Congressional Record, Dec. 4,
1979; Oct. 2, 1980; Senate debate and passage, Congressional Rec-

ord, Oct. 1, 1980.
s1Public Law 96-479, sec. 3.
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In April 1982, President Reagan submitted
the plan called for by the Act.” Dominating the
plan was its emphasis on opening more of the
federally owned public lands to minerals pros-
pecting and development in order to “achieve
a proper balance between wilderness and
mineral needs of the American people, ” Another
major theme was renewed and improved stock-
piling. The President took credit for the first
major stockpile acquisitions in 20 years—pur-
chases of cobalt and acquisition of Jamaican
bauxite by purchase, barter of agricultural
products, and swap of excess stockpile mate-
rials. The President’s report promised a thor-
ough review of the quality of stockpiled mate-
rials, some of which are decades old.

Despite efforts by Congress to assure high-
level coordination of national materials policy,
the plan offered little that was new in this re-
gard. National materials policy, it said, would
be coordinated through the Cabinet Council on
Natural Resources and Environment (as it had
been since the early days of the Reagan Admin-
istration). No budget for a coordinated mate-
rials program was presented (even though the
law requires one); the Cabinet Council needs
only a “minimum administrative staff, ” said
the report. For coordination of government-
sponsored R&D, the plan proposed to resurrect
the interagency Committee on Materials
(COMAT). COMAT had been disbanded in the
early days of the Carter Administration, then
resurrected before Carter left office, and then
was again disbanded in the early days of the
Reagan Administration.

The President’s report had little discussion
of the potential for smoothing materials supply
problems by developing advanced technologies
for more efficient use of materials, recycling,
or substitution of abundant materials for scarce
ones—themes emphasized in the 1980 Act and
its legislative history. While the Administration
actually proposed to fund strategic materials
R&D at a fairly high level, the President’s plan
offered few specifics, stating that “favorable
tax incentives” in the 1981 tax law would stim-
ulate private R&D of essential materials activ-

e2National Materials and Minerals Program Plan and Report
to Congress, submitted hy President Reagan, Apr. 5, 1982.

ity. Any government-financed R&D, the report
said, “will concentrate on high-risk, high po-
tential payoff projects with the best chance for
wide generic application to materials problems
and increased productivity. ” The exception to
this policy was mission-specific projects of the
Department of Defense.

Although the President’s plan was seen by
many as an important first step, its lack of em-
phasis on materials issues other than those
associated with mining and the public lands,
as well as the choice of the Cabinet Council on
Natural Resources and the Environment to co-
ordinate policy, drew strong criticism from the
House Committee on Science and Technology,
By mid-August 1982, the Committee had re-
ported a bill—the proposed Critical Materials
Act of 1982—to establish a Council on Critical
Materials “under and reporting to” the Execu-
tive Office of the President. “It is no accident, ”
the Committee report said, “that the Cabinet
Council on Natural Resources and Environ-
ment, headed by the Secretary of Interior,
placed primary emphasis on minerals, mining
and related public land policies with almost no
attention to basic material processing, conser-
vation, substitution, or new materials develop-
ment."*Only an entity within the Executive
Office of the President, the Committee report
reasoned, would be able to transcend “normal
interagency competitiveness and provide the
necessary balance in materials policy consider-
ations.” The Administration disagreed, argu-
ing that a new layer of bureaucracy would
impede—rather than enhance—materials and
mineral policy coordination,

Although the hill did not pass in the 97th
Congress, the House Science and Technology
Committee continued the push for a critical
materials council in the 98th Congress. Its Sub-
committee on Transportation, Aviation, and
Materials held hearings in May and June of
1983, focusing on implementation of the 1980
Materials Act.” Administration witnesses,
~ »House Report 97-761, Part 1, Aug. 18,1982,p-9.

ssa1J.S. congress, House Committee on Science and Technol-

ogy, Subcommittee on Transportation, Aviation, and Materials,
Hearings on Material Research and Development Policy, 98th
Cong. 1st sess., May 17, 18, 19; June 24, 1983 (Washington,DC:
U.S. Government Printing Office, 1984),
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while supporting the need for effective coordi-
nation, maintained that the Cabinet Council on
Natural Resources and Environment and
COMAT would fulfill this need. However, the
U.S. General Accounting Office, which had
been asked by full Committee Chairman Fuqua
to monitor implementation of the 1980 Act,
identified several areas in which additional at-
tention would be needed to meet the goals of
the 1980 Act, including more effective coordi-
nation.”While its final report was not released
until March 1984, GAQ’s preliminary find-
ings (as reflected in its testimony) supported
the contention of those who held that imple-
mentation of the 1980 Act was not adequate.

GAO pointed out that the Cabinet Council on
Natural Resources and the Environment did
not include all agencies with important mate-
rials responsibilities, such as the Department
of Defense and the Federal Emergency Man-
agement Agency, which coordinates stockpile
planning. COMAT, assigned R&D coordination
by the President’s plan, had apparently not
been involved in determining the need for a
major new materials research initiative pro-
posed in the President’s budget for fiscal year
1984. The Act called on OSTP to prepare and
annually revise an assessment of national ma-
terial needs related to scientific and technologi-
cal changes over the next 5 years; while no date
was specified for the initial assessment, none
had been prepared. Finally GAO noted that the
1980 law did not require the administration to
periodically revise and resubmit to Congress
its overall materials program plan. Hence, the
President’s material plan would not necessarily
be revised. (Key findings from the GAO report
are summarized in box 4-A))

Another issue taken up at the hearings con-
cerned the potential role of advanced materials
in U.S. industrial competitiveness, and in eas-
ing import vulnerability. In 1981, Japan had an-
nounced al0-year program giving consider-
able prominence to advanced ceramics and

»lbid., p. 23. ] o )

»U.S. General Accounting Office, implementation of the Na-
tional Minerals and Materials Policy Needs Better Coordination

and Focus, GAO—RCED-84-63 (Gaithersburg, MD; Mar. 20,
1984).

other “high technology” materials in its indus-
trial goals. Concern had been mounting that
U.S. primacy in advanced materials research
was in danger of being supplanted as these
materials increasingly found commercial ap-
plication.

By late October 1983, the subcommittee had
reported a measure (H. R. 4186) to the full
Science and Technology Committee which
called for the establishment of a national crit-
ical materials council and for increased empha-
sis on advanced materials R&D. When a Senate-
passed arctic research measure that had been
endorsed by the Administration was referred
to the Committee, it emerged from mark-up
with a new Title I, the National Critical Ma-
terials Act of 1983, The measure was signed
into law by President Reagan on July 31, 1984.

The National Critical Materials Act (Title 11
of Public Law 98-373) has three major compo-
nents. First, it establishes a National Critical
Materials Council in the Executive Office of
the President, to advise the President on ma-
terials policy, and define responsibilities and
coordinate critical materials policies among
Federal agencies. The Council, to be composed
of three presidentially appointed members who
will need Senate confirmation if they do not
already serve in a Senate-confirmed office, is
to prepare a report on critical materials inven-
tories, and projected use, including a long-
range assessment of prospective critical mate-
rials problems.

Second, it calls for the establishment of a na-
tional Federal program for advanced materials
research and technology, with the Council
assuming key responsibilities for overseeing
and collaborating with other agencies on the
program. The Council is directed to establish
a national Federal program plan for advanced
materials R&D, and to review authorization
and budget requests of all Federal agencies to
ensure close coordination with policies de-
termined by the Council. The Office of Man-
agement and Budget, in turn, is to consider
Federal agency authorization requests in the
materials area as an “integrated, coherent,
multiagency request” to be reviewed with the
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Council for adherence to the Federal materials
program plan then in effect.

Third, the law seeks to promote innovation
and improved productivity in basic and ad-
vanced materials industries. The Council is to
evaluate possible use of centers for industrial

technology, authorized by the Stevenson-Wydler
Technology Innovation Act of 1980 (Public
Law 96-480), as a means to encourage such in-
novation. It is also called on to establish an *“ef-
fective mechanism” for efficient and timely dis-
semination of materials property data.

The Range of Solutions

Thirty years of debate have drawn attention
to a very wide range of political responses to
materials supply problems. The promise of ad-
vanced technologies, both in expanding supply
and in promoting more efficient, more flexi-
ble use of materials, has received considera-

bly less attention. That is the purpose of this
report. Chapters 5, 6, and 7 present in detail
the principal subjects of this report—supply
alternatives, conservation, and substitution.
Chapter 8 discusses policy issues and options
related to these subjects.
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Box 4-A.-GAO Evaluation of Executive Branch Implementation of the National Materials
and Mineral Policy, Research and Development Act of 1980

Soon after passage of the National Mate-
rials and Minerals Policy, Research and De-
velopment Act of 1980, the U.S. General Ac-
counting Office (GAO) was asked to monitor
and review the Administration’s implementa-
tion of the Act by the Chairman of the House
Science and Technology Committee. GAO’s
final report, issued in April 1984, draws the
following conclusions:

+ The President assigned overall responsi-
bility for coordination of materials policy
to the Cabinet Council on Natural Re-
sources and Environment, but the coun-
cil has not provided the “continuous de-
cision and policy coordination required”
by the Act. The Cabinet Council is re-
stricted to Cabinet members; therefore,
representatives from the Federal Emer-
gency Management Agency (FEMA),
which oversees stockpile policy, and the
Environmental Protection Agency (EPA),
which regulates the activities of mining
and mineral processing industries, are
not included. The Council cannot com-
pletely address minerals and materials is-
sues with this lack of membership. In
fact, several material-related decisions
have been made by independent agencies
or individuals with little or no coordina-
tion with the Council or sister agencies.

+ The President’s program plan focused on
one of the three policy goals included in
the Act—national security. However,
almost no attention was given to the Act’s
other two policy goals-economic well-
being and industrial production, except
to address domestic minerals extraction
problems. No consideration was given to
the long-term implications of the decline
in domestic minerals processing capac-
ity for the U.S. economy and industrial
base.

« The Act required the Office of Science
and Technology Policy (OSTP) to prepare
an assessment of national materials needs
related to scientific and technological
changes over the next 5 years and to re-

vise such assessment on an annual basis.
The Act, however, did not specify a
reporting date, Agency officials told GAO
that they consider this a low-priority task,
and have not prepared thereport.

The Department of Defense wasto pre-
pareareport assessing critical materials
needs related to national security and to
identify steps to meet these needs. This
report was to be made available to Con-
gress on October 21, 1981. According to
officialsin the Defense Department, the
report had been sent to the Cabinet Coun-
cil on Material Resources and Environ-
ment in timefor it to be used in the prep-
aration of the President’s material plan in
April 1982. However, the report was still
under review within the Administration
as of February 1984, and had not been
sent to Congress.

Similarly, the Department of the Interior
did not submit a report due to Congress
on October 21, 1981, until November 10,
1983. Thereport was submitted only af-
ter the Chairman of a House subcommit-
tee indicated that “legidlative action”
would be pursued if the report were not
submitted. (The Interior report summa-
rizes actions to improve the capacity of
the Bureau of Mines to assess interna-
tional mineral supplies, to increase the
level of mining and metallurgical re-
search by the Bureau in critical and stra-
tegic minerals, and to improve the avail-
ability of mineral data for Federal land use
decisionmaking.)

The only Federal agency to comply con-
sistently with the Act’srequirementsis
the Department of Commerce. (Commerce
has completed two materials case studies
on critical materials reguirements of the
steel industry and of the aerospace indus-
try; a third dealing with domestic min-
eralsindustriesisin progress.)

GAO concluded that the Executive Office

should develop an expanded program plan
which takesinto account Congress' three pol-
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icy goals of national security, economic well-
being, and industrial production. Specific rec-
ommendations were:

. The plan should clearly define the terms

sions and recommendations. The agency re-

sponses are as follows:
e The Department of the Interior disagreed
on the need to develop an approach to

“strategic” and “critical” to focus atten-
tion on those mineral and material mar-
kets where the United States is most
vulnerable to price increases or supply
disruptions and should develop a plan to
measure the magnitude of the potential
problem in a given market. The benefits
and costs of various alternatives such as
stockpiling, expanding domestic produc-
tive capacity and supply, and developing
substitutes should be weighed in this
long-term plan which should be geared
towards specific minerals or materials.

. The program plan should reach beyond
the goal of national security and include
issues affecting the law’s goals of eco-
nomic well-being and industrial produc-
tion, which are now being addressed in
an uncoordinated fashion by the Depart-
ments of Interior, Commerce, Defense,
and others.

The program plan should address the fu-
ture role of high technology materials
R&D. This alternative should be devel-
oped within the report that OSTP is re-
quired to prepare under the 1980 Act, and
the recommended redirection resulting
from COMAT’s inventory of Federal ma-
terial R&D programs.

GAO offered the opportunity for the var-

ious agencies to comment on their conclu-

38-8440 - 85 - 5 : O, 3

measure U.S. minerals and materials vul-
nerability. Interior felt it was not neces-
sary to quantify the magnitude or degree
of vulnerability in a given nonfuel
minerals or materials market.

The Department of Defense agreed with
GAO that the report assessing critical na-
tional security materials needs and the
steps necessary to meet those needs re-
quired by the Act should be made avail-
able to Congress. Defense was in agree-
ment with the Department of the Interior
regarding measuring U.S. vulnerability.
The Office of Science and Technology
Policy did not comment on the GAQ pro-
posal that it prepare the assessment of na-
tional materials needs related to scientific
and technical changes over the next 5
years as required by the Act. Interior,
however, stated that the administration
intended that COMAT would constitute
the primary means through which OSTP
would carry out the Act’s reporting re-
quirements. In the opinion of GAO, nei-
ther the program plan or COMAT’s activ-
ities to date assess national materials
needs related to scientific and technologi-
cal changes over the next 5 years; there-
fore, this requirement has not been met.
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CHAPTER 5

Strategic Material Supply

Introduction

Strategic material supply vulnerability could
be reduced by developing domestic sources of
ores and maintaining domestic processing ca-
pability or by sufficiently diversifying foreign
suppliers to reduce the likelihood that any sup-
ply disruption would adversely affect U.S. na-
tional security or industrial stability. Prospects
for changes in the existing distribution of
mineral supply sources depend primarily on
whether future demand for various commod-
ities encourages expansion by current sup-
pliers or the opening of new mines in new
areas. Other factors include shifts in consump-
tion patterns in the developing nations—e.g.,
a growth in internal use of resources that re-
sult in fewer or higher processed forms of
exports—and the decline of production as re-
serves are depleted. Although market forces
and, increasingly, government action in min-
eral-rich developing countries determine which
mineral deposits are chosen for exploitation,
neither has contributed or will necessarily con-
tribute to a lessening of vulnerability by
promoting either domestic or diversified for-
eign production.

This chapter discusses the existing lack of
diversity of supply and the corresponding lack
of adequate domestic supply of the first-tier
strategic materials. It also presents an overview
of the technology employed in strategic mate-
rials supply. (International political factors,
which relate to the likelihood of disruptions
and their possible durations, are not discussed.)
The first section of the chapter considers min-
ing and processing in general and is followed
by sections on the specific ore production and
processing environments and supply patterns
of each of the first-tier strategic materials. The
prospects for reduction in vulnerability are
assessed. The last section discusses, in terms
of U.S. lands and the ocean floor, the possibil-

ities for new mineral finds and improved ex-
ploration technology and their effects on ex-
panding the knowledge and availability of
strategic materials.

Summary of Supply Prospects

While today’s pattern of supply for chro-
mium, cobalt, manganese, and platinum group
metals (PGMSs) will not change in any appre-
ciable way in the near and, most likely, long-
term future, there are some opportunities for
direct and targeted government action to di-
versify foreign sources of these materials away
from politically sensitive areas. A concentrated
push to diversify foreign sources of supply,
however, would inevitably open marginally
economic deposits and, in the long run, might
do nothing more than simply delay an even
greater reliance on the abundant deposits—e.g.,
those in southern Africa.

Of the first-tier strategic materials, only
PGMs are now produced from domestic ores;
and in 1982 the amount produced represented
less than 1 percent of that year’s consumption.
Other domestic PGM and some cobalt resources
have been under consideration for commercial
exploitation. Known chromium and manga-
nese ore resources in the United States are con-
sidered improbable candidates for commercial
production at any time in the near or long-term
future. Without Federal subsidies, production
may be possible for larger amounts of PGMs,
but is less likely to initiate production of co-
balt, and appears unlikely for chromium and
manganese even under supply disruption con-
ditions when market prices can rise dramati-
cally. In all cases, only a portion of U.S. needs
could be supplied by domestic production. All
of these resources, though, represent important
in-place stockpiles of strategic materials.

125
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Chromium

Foreign alternatives to the major chromium
producers, South Africa and the Soviet Union,
are limited in number and in the amount of
chromium they could provide. Prospects in-
clude the expansion of output from producing
deposits in the eastern Mediterranean and the
Philippines and the development of laterite and
beach sand deposits in the Western Pacific re-
gion. These sources might provide an addi-
tional 10 to 20 percent of U.S. needs.

Domestic resources could provide up to 50
percent of needs (in a low consumption year
such as 1982) for 11 years if four deposits were
simultaneously developed at costs about dou-
ble prevailing rates. One of these deposits,
which could supply up to 4 percent of U.S.
chromium consumption, has been under re-
cent consideration by a private firm, but
production would be contingent upon signifi-
cant increases in the prices and demand for
nickel and cobalt.

Cobalt

If foreign production of cobalt is to diversify,
it will most likely result from the opening of
cobalt-containing nickel laterite deposits in
such countries as New Caledonia and Papua
New Guinea, possible expansion of output
from the Philippines, and production of cobalt
as a byproduct from iron ore mining in Peru.

Four cobalt deposits in the United States
could supply up to 10 million pounds annually,
if producing simultaneously; this production
rate would decline after about 20 years, Private
firms investigating three of these properties
have suggested that Federal subsidies in the
form of price guarantees could assist them in
overcoming a prime barrier to production—
low and volatile market prices for cobalt. The
fourth deposit is not under consideration for
production.

Manganese

The greatest opportunities for diversifying
the foreign supply of manganese lie in increased
production of manganese ore in Australia and
Mexico. Mexico’s ores require more extensive

processing than Australia’s and would repre-
sent a larger investment to promote increased
production. Neither producer will decide to in-
crease production without clear market signals
of increasing and sustained demand. Increases
from these producers plus Gabon (with trans-
portation improvements) might be able to meet
U.S. needs.

The cost of producing ores from known do-
mestic manganese deposits ranges from 2 to
18 times the market price; commercial activ-
ity is nonexistent. Simultaneous development
of eight domestic deposits could theoretically
cover most of U.S. needs over a 10-year period.

Platinum Group Metals

There are no known foreign alternatives to
PGMs. South Africa, the Soviet Union, and to
a much lesser extent, Canada, will continue to
supply the world.

Private development of and production from
the Stillwater Complex in Montana appears
possible given slight increases in market prices
for platinum and palladium and evidence of
increased, sustained demand. Initial produc-
tion would supply about 9 percent of domes-
tic needs, based on 1982 consumption of PGMs.

Exploration

The relatively low economic value of many
strategic materials and ample foreign supplies
combine to inhibit any domestic commercial
exploration for new deposits of these materials.
Advances in exploration technology are not
specifically directed at finding strategic mate-
rials, but general improvements could increase
the likelihood of locating deposits, if they exist.

Processing and the Ferroalloy Industry

U.S. ferroalloy production capacity has de-
clined over the last decade. This erosion is ex-
pected to continue at a slower pace, resulting
in a lean domestic industry that can supply a
portion of domestic needs.

Factors Contributing to Change in Supply

It is a consequence of the economics of min-
ing that there are no known “world class”
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mineral deposits that are not producing. Known
deposits that are not producing, whether for-
eign or domestic, are small in size and/or con-
tain low-grade material. These factors, plus
others such as labor and energy costs, acces-
sibility, the effect of perceptions of political risk
on investment, and environmental concerns,
contribute to these deposits’ marginal eco-
nomic value. Some producing deposits are not
considered to be economic by free market
standards. The less developed nations that own
many of the known deposits consider them
such critical sources of jobs and foreign ex-
change that they are often exploited even if
operations must be subsidized.

Mineral activity encompasses a time-con-
suming, sequential chain of activity: explora-
tion, mine development, ore production and
processing, and international trade. Normal
changes in supply patterns evolve slowly. Dra-
matic changes, when they do occur, are the re-
sult of perturbations to the system, Two ongo-
ing evolutions in international mineral trade
are now affecting mineral supply and the ways
in which vulnerability is measured, The first
is a shift from export production to domestic
consumption. Many producer countries (e.g.,
Brazil and India) are increasingly using their
mineral resources, just as the United States did,
as a contribution to their own industrial devel-
opment. Internal demands for these resources
affect the trading relationship these nations
maintain with their mineral customers by the
reduction of market supplies during high in-
ternal growth periods and the dumping of ex-
cess supplies on the world markets during
recessionary times.

A second and related factor is that produc-
ing nations are deciding that it is in their own
best interests to promote the export of proc-
essed ores rather than raw materials. Since
their newer facilities appear to have a competi-
tive edge over traditional processing facilities
in industrialized centers, the vulnerability of
the West to imported materials is shifting from
ores to higher processed forms of strategic
materials.

This shift in trade from ores to ferroalloys
and from semiprocessed ores to cobalt and
PGMis is accompanied by a change in transpor-
tation requirements. Ferroalloys contain dou-
ble to triple the chromium or manganese con-
tent of the mined ores, so that shipping the
same amount of chromium or manganese as
ferroalloys rather than as ores requires less
space, fewer ships. While prior processing al-
lows the shipment of a greater amount of chro-
mium or manganese in fewer vessels, PGM and
cobalt metal products can be shipped by air at
no great increase in cost to the consumer, The
growth in cobalt and PGM refining capability
in mining countries increases the flexibility of
transportation systems (and reduces the over-
all processing time), resulting in a lowering of
the vulnerability of cobalt and PGMs to sea and
land transportation problems,

Concern about the vulnerability of transpor-
tation routes from producing to consuming na-
tions usually focuses on the problem of open
sea lanes in time of war. Consideration must
also be given the less dramatic problem of
whether land transportation services are and
will remain adequate. Mines are often located
far inland, in isolated areas. Transportation of
ores to a shipping port usually involves an ini-
tial overland route (by railroad, truck, aerial
tramway). The costs of developing and oper-
ating such systems can be a significant factor
in the economics of a potential source of min-
erals. Transportation bottlenecks could prove
the most time-consuming aspect of any rapid
expansion required in a supply emergency. In
addition, land transport is a weak link between
producer and consumer in terms of possible
terrorist operations,

Technological Advances in Mine
Production and Processing’

Into the 1990s, the overall picture for min-
ing technology applicable to first-tier strategic

1see the following section for a description of various explo-
ration, ore mining, and processing procedures and technologies.
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material resources should differ only in a few
respects from that of today.

Technology will only marginally enhance the
likelihood for domestic production. Changes
in technology affect the cost of materials by re-
ducing the capital investment and the unit cost
of mining and processing operations. How-
ever, low-grade domestic resources of strate-
gic materials are not unique geologically, and
any innovations would apply to foreign depos-
its of higher grades, as well. New technology
would not be likely to make domestic sources
more competitive. Unless there are discoveries
of higher grade ore bodies in the United States
or the development of mining and processing
technologies that selectively improve the eco-
nomics of low-grade deposits, marginally eco-
nomic deposits will remain as such.

If foreign supplies were restricted or unavail-
able, new technology could provide for domes-
tic production at lower costs than would be
possible otherwise. Development costs in open
pit and underground mines might be reduced
by as much as 15 percent with the use of rapid
excavation and continuous material-handling
methods and in situ (solution) mining could
realize savings of up to 50 percent over today’s
conventional open pit and underground mine
installations. Mine operating costs per unit of
material could be reduced by as much as 20
percent in relation to the costs of applying cur-
rent technologies, with in-situ operation costs
perhaps 40 percent below those of conven-
tional methods.”

2A. Silverman, et al., Strategic and Critical Mineral Position
of the United States With Respect to Chromium, Nickel, Cobalt,
Manganese, and Platinum, contractor report prepared for the
Office of Technology Assessment, June 1983.

Mechanization of age-old mining methods is
the key change now underway in production.
Open pit mining, which employs technology
to drill, blast, and load rock is expected to use
more continuous conveying systems in deeper
and steeper pits, and continuous bucket-wheel
excavators will come into use. Hard rock
underground mining will still be a cyclic oper-
ation of drilling, blasting, and loading but there
should be increased remote control, rapid con-
veyor haulage, and mining methods that break
rock on remote levels. Machines used to bore
shafts (called “raise-boring”) will be in general
use, but other continuous mining innovations
in shaft sinking, tunnel boring, and mining
methods will probably be used in only a few
mines.

In specific instances, new mining concepts
could be applied. Solution mining of manga-
nese deposits is now under investigation and
is being conceptualized for other strategic
materials. Bioengineering, which uses bacte-
ria in leach treatment of ores, may provide a
mining innovation for the future. It is expected,
however, only to supplement existing mining
and processing techniques.

The low grades of domestic deposits and the
attendant costs involved in processing their
ores to produce the high-grade industry stand-
ard material is a major contributor to their un-
economic status. There are no major changes in
processing technologies expected to be avail-
able in the future to alter that picture substan-
tially. Domestic cobalt and PGM ores, if in
production, are expected to be processed with
modifications of today’s technologies,

Strategic Material Environments, Mineral Activity, and Technology

Geology of Strategic Materials

Chromium, cobalt, manganese, and platinum
group metals are found in greatest concentra-
tion in certain classes of rocks (called “mafic”

and “ultramafic”)’which were formed eons
ago by solidification from a molten state. Ta-

3Rocks that are dominately composed of iron and magnesia

silicate {SiO,) minerals. Ultramafic rocks contain less than 45
percent Si0,.
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ble 5-1 identifies by deposit type and location
the major worldwide known deposits of the
first-tier materials. The significance of the
different deposit types is explained in each of
the individual mineral sections below.

A troublesome aspect of any discussion of
mineral supply is in establishing agreement
over the meaning and use of the basic terms,
“resources” and “reserves. ” Reserves include
deposits that were known and were technically
and economically feasible to mine at a profit
at the time the data was analyzed. Reserves are
the only deposits that are immediately avail-
able to be developed to meet the need for
materials. Resources, on the other hand, in-
elude reserves and deposits that are known but
are not currently economic to mine, as well as
deposits that are merely inferred to exist from
geologic evidence. Numbers for both are esti-
mates and should be used only with caution.
The Bureau of Mines and the U.S. Geological
Survey, which calculate and report the num-
bers, rely on their own research, the reporting
of private data that is often purely voluntary,
and data from various publicly available sources.

Table 5-1 .—Deposit Types and Locations of
First-Tier Strategic Materials

Chromium:

Stratiform . .. ..... .. South Africa (Bushveld Complex),
Zimbabwe (Great Dyke), Finland,
Brazil, U.S. (Stillwater Complex)

Podiform . . ...... .. Albania, New Caledonia,
Philippines, Turkey, Zimbabwe

Laterite . . .. ...... . U.S. (Gasquet Mountain),
Philippines, New Caledonia

Cobalt:

Stratabound . . . ... .. Zaire, Zambia

Laterite . . . ......... Australia, New Caledonia,
Philippines, Cuba

Hypogene. , . ..... . .Australia, Botswana, Canada
(Sudbury), Soviet Union (Noril'sk),
U.S. (Duluth Gabbro)

Hydrothermal . . . . .. . U.S. (Blackbird, Madison)

Manganese:

Sedimentary . . . . .. Australia, Brazil, Gabon, India,

Mexico, South Africa (Transvaal)
Platinum group metals:

Stratiform......... . South Africa (Bushveld), Soviet
Union, Canada (Sudbury), U.S.
(Stillwater)

Placer............ .Colombia, U.S. (Goodnews Bay)

SOURCE Off Ice of Technology Assessment

Moreover, the degree of information and com-
mitment to maintaining current estimates of
resources and reserves varies greatly among
nations. Countries with limited mineral assess-
ment programs may, for instance, not distin-
guish between resources and reserves, estimate
only from operating mines, or fail to conduct
economic analyses.

Reserves and resources are often given in
terms of ore tonnage. An important qualifier
is the “grade” of the desired mineral, the
amount of that mineral that is estimated to be
contained within the ore. Grades are usually
presented in percentages or parts per million

(Ppm).
Prospecting to Production

Mineral activity‘can be divided into succes-
sive mineral exploration, development, and
production phases, all accompanied by ongo-
ing analysis of information accumulated dur-
ing these phases. The full sequence of activity
occurs for only a few projects, as a project will
be shelved or abandoned at any stage if the re-
sults are not encouraging or if economic con-
ditions become unfavorable. The full sequence,
subdivided into six stages, is shown in table 5-
2. Although there may be some overlap be-
tween stages, they each involve a decision by
mining companies or other investors to expend
time and resources that grow significantly with
each stage. Revenue is not generated until the
activity reaches the production phase.

Exploration involves the identification and
investigation of target areas with the intent to
discover an economic mineral deposit. An
analysis of exploration findings of the mineral
deposit, combined with a determination of the
applicability of mining procedures and capa-
bility of ore processing techniques, and mar-
keting studies will determine the initial eco-
nomic viability of a mineral project. After this

sFor more information on this subject, see U.S. Department
of Agriculture Forest Service, Anatomy of a Mine From Pros-
pect to Production, General Technical Report INT-35, June 1977;
and U.S. Congress, Office of Technology Assessment, Manage-
ment of Fuel and Nonfuel Minerals in Federal Lands, OTA-M-
88 (Washington DC: U.S. Government Printing Office, April
1979).
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Table 5-2.—Mineral Activity

Phase v Stage Activity

Exploration
Target identification
1. Regional appraisal

2. Reconnaissance of region
Target investigation
3. Detailed surface investigation
and chemical analysis of
samples
4. Detailed 3-dimensional analysis

of site by drilling, testing of
samples. Project feasibility
studies

Development 5. Drilling to block out deposit.
Construction of mine workings,
ore processing plants, support
facilities

Product ion 6. Operation of mine, ore

processing, and shipment of
material to market

SOURCE: U.S. Congress, Office of Technology Assessment, Management of Fuel
and Nonfuel Minerals in Federal Lands, (Washington, DC: U.S.
Government Printing Office, April 1979), p. 47.

determination has been made, development
work proceeds to bring a deposit to the point
of production —the actual mining, ore process-
ing, and shipment of material to market.

During target identification (stages 1 and 2),
a large area is surveyed to locate areas of prom-
ise. Research is based largely on previously col-
lected industry and government data and geo-
logic theory and is supplemented by field
inspection by air or on the grounds Success-
ful conclusion is marked by a decision, usually
made by the exploration experts, to focus on
particular areas of high potential,

The objective of target investigation (stages
3 and 4) is to locate a deposit of a desired
mineral that has potential for commercial ex-
ploitation. This involves the gathering of data
from the region selected during the previous
stages and proceeding with sampling and map-
ping of geologic features, geophysical surveys
(usually conducted from the air), limited drill-
ing to determine the nature of the layers be-
low the surface, and laboratory analysis of sam-
ples obtained in the region. If a promising

‘Remote sensing (exploration by satellite), while it has not yet
located ore deposits, is a tool which provides basic scientific
data which can be coordinated with geologic concepts to assist
in the process.

deposit is found during stage 3, then a decision
is made as to whether the potential of the de-
posit justifies the expenditure of further funds
for stage 4. If so, a process begins to define the
grade and extent of the deposit and to deter-
mine the detailed composition of the minerals
in the deposit. It is at this stage that sufficient
information is obtained to determine whether
the deposit is of commercial value and whether
development activities are advisable. Three-
dimensional mapping of the deposit, with
drilling samples taken at close intervals, pro-
vide detailed maps of the ore and the surround-
ing rock. This information and analysis of
mineral content of the ore are used to develop
mine plans. Samples are used to test prospec-
tive ore processing systems. In addition to pro-
viding the information for the design of the
mine and the ore processing plants, feasibil-
ity studies during this stage provide the basis
for the final company decision to commit funds
to a mining project and provide investment
groups with the information they need to jus-
tify loans for or equity involvement in a project,

Mineral activity then moves into the devel-
opment stage during which the mine and ore
processing plant are constructed and transpor-
tation and other support facilities are installed.
This stage is the greatest expense of the mineral
activity process. Once the final production
stage commences, it continues for as long as
the project can produce on commercial terms.
Should economic conditions change, perhaps
due to depressed market prices or depletion of
high-quality ore, the facilities are closed either
temporarily (“placed on care and maintenance”)
or permanently. In addition, the mining indus-
try is quite accustomed to delaying partially
completed projects when market conditions
change. There can be a considerable time gap
between the end of the exploration and the be-
ginning of the development stages.

This process of mineral activity is long-term,
risky, and expensive. In general, each succes-
sive stage is more expensive and takes more
time than prior stages. The costs and time in-
volved vary and are dependent on a number
of factors. For instance, both will increase if
a deposit is buried rather than exposed on the
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surface. In 1977, according to an earlier OTA
reportestimates of average U.S. exploration
costs per mineral project ranged from $1.7 mil-
lion to $5.4 million and took up to 5 years to
complete; mine development costs varied from
millions to several hundred millions of dollars
with times ranging from less than 1 up to 13
years. A 1980 report'stated that major inter-
national mining projects take at least 7 to 8
years after the time of discovery and often cost
up to $1 billion to reach the production stage.
Once production begins, mining ventures may
need years of continuous operation to show an
adequate return on the capital investment.

Exploration Technology

The geologist’s search for a specific mineral
is aided by knowledge of the environment in
which it is likely to be found. Thus, expected
host rock, trace metal, and gangue’mineral
associations, wall rock alteration occurrences,
and the age of a mineralization can all be keys
to discovery. Exploration technologies which
help to identify these environments as well as
the mineral itself include three types: visual,
geophysical, and geochemical. Visual methods
are the oldest, simply being the surveying of
an area for geologic formations and features
known to be favorable to the desired minerals,
Such methods are still used in the first stage
of mineral activity in the search for regions
deserving of more detailed study.

Technology has now taken the explorer be-
yond the powers of eyesight to advanced geo-
physical methods. Physical properties of min-
eral formations such as density, magnetic
behavior, electrical conductivity, and radioac-
tivity provide characteristic patterns which can
be used for identification. Some of these meas-
urements are taken on the ground, some “down
hole” and others can be conducted by air. Geo-
chemistry involves trace metal analysis of air,

sManagement of Fuel and Nonfuel Minerals in Federal Lands,
op. cit.

"The Brandt Commission, North-South.” A Program for Sur-
vival (London: Pam Books, 1980), p. 156.

sGangue is that part of an ore body which contains the un-
desirable minerals—i.e., waste material.

water, soil, and rock materials in the region of
mineral exploration.

Mining Technology

The mining method selected for a particular
project will vary according to the size, type,
and position of the deposit; the grade of the ore,
its strength and the strength of the surround-
ing waste rock; and the unit value of the de-
sired mineral.

There are two general classes of mineral de-
posit: surface and vein. Vein deposits are
formed by the deposition of minerals by mol-
ten rock as it moves upward from deep below
the surface through cracks in the surface rock.
As the molten rock cools, the contained metals
(under the action of pressure and heat) can con-
centrate in particular locations to form veins
of minerals. Although some vein deposits may
be accessible by removing the surface rock,
generally such deposits must be mined by
underground methods.

Surface deposits are found at or near the sur-
face. Some, known as placer deposits, occur
as concentrations of mineral or metal particles
that have washed away from an exposed de-
posit to mix with sand and gravel in river beds
or ocean beaches. (Placer deposits have been
an important source of PGMs and gold.) The
metals are recovered by dredging river beds or
beaches and using flowing water and gravity
to separate the heavier precious metals from
the lighter sand and gravel.

Another important class of surface deposit
is formed by the weathering of surface rock
that contains dispersed metals such as nickel
and chromium. Through a continual process
of changing temperatures and rainfall, these
metals are washed to lower levels of the rock
formation where they concentrate in amounts
that are attractive for commercial exploitation.
(Deposits of nickel, known as nickel laterites,
are formed in this way. Such deposits may also
contain concentrations of chromite, the min-
eral from which chromium is obtained.) Lat-
erite deposits are generally mined from the sur-
face by open pit methods.



132 . Strategic Materials: Technologies to Reduce U.S. Import Vulnerability

Mining processes thus fall into two general
classifications: underground and surface min-
ing. In underground mines a complex system
of shafts are sunk and tunnels bored which
selectively follow the ore veins or pockets of
minerals with highest grade material. Blasting
techniques must be used to remove the ore,
which is often crushed within the mine prior
to hauling above ground, Underground min-
ing methods (called “stoping” by American
miners) are age old and highly varied. They in-
clude open stoping (room and pillar, for in-
stance, is a form of open stoping), shrinkage,
cut and fill, and square-set stoping and block
caving. Today, underground mining is becom-
ing increasingly mechanized in order to im-
prove productivity.

Placer and open pits are surface mining tech-
niques, both of which take advantage of large
and efficient earthmoving machinery. In dredg-
ing operations, a form of placer mining, the
gravel containing minerals is scooped up by
bucket lines or a dragline onto a floating plant
which separates the gravel into a mineral con-
centrate and tailings (waste product). In an
open pit mine access to the ore body is accom-
plished by removal of the waste overburden
(upper layer of earth lacking in economic con-
centration of metals). The material in the ore
body is then removed, as the pit is formed, top
to bottom by sequentially blasting (in hard rock®
mines) and then mechanically loaded into
equipment for hauling up out of the pit for
processing, A choice whether to use open pit
or underground mining methods is based, in
part, on the cost of removing the overburden
and whether the waste rock can sustain the
sloping sides of the pit.

Solution mining techniques are now used for
extracting soluble materials such as potash and
salt in situations where conventional mining
methods would not be economic. There are
two general versions. In the first, “heap leach-
ing,” ores are mined and spread on the surface.

sHard rock refers to material that has a strong bonded struc-
ture and must be excavated by using blasting techniques in which
an explosive charge is placed in a hole bored in the rock and
detonated, Most first-tier strategic materials are mined from
hard-rock ore bodies.

A solvent is then applied and the resultant so-
lution of minerals is collected and processed,
The second version—*“in situ leaching”--
involves the introduction of the solvent into the
orebody in place, followed by pumping out of
the resultant mineral solution. The application
of in situ leaching in hard-rock mining requires
an initial fracturing of an ore body before
leaching solvents can effectively produce a so-
lution of the desired minerals to be extracted
from the ground. These techniques for hard-
rock mining are under active research but have
not yet been attempted on any virgin depos-
its. They may offer a possible solution to the
problem of the poor economics of low-grade
domestic deposits if they can reduce the over-
all recovery costs of producing a high-grade
material. Research areas include equipment,
solvents, technologies for fracturing ore bod-
ies in place and for controlling the movements
of fluids through them.

Bioengineering may provide mining with a
technique to recover metals from ores too low
in grade to process conventionally or from ex-
isting tailings dumps.”Certain bacteria will
liberate and concentrate small grades of me-
tals, and natural bacterial leaching is used cur-
rently to recover copper and uranium from sul-
fide deposits. A major drawback of bacterial
leaching is the slow rate of the process com-
pared with chemical extraction. The hope is
that genetic manipulation can enhance the nat-
ural leaching properties of bacteria.

Potential for Change in the Supply
of Strategic Materials

Once a mineral activity moves into the de-
velopment stage, its details are generally widely
known. Given the time-consuming develop-
ment process, it is not difficult to project world
ore production (a total of existing and devel-
oping new sources) at least a decade into the
future. Even beyond 10 years, potential new

10See U.S. Congress, Office of Technology Assessment, Com-
mercial Biotechnology: An International Analysis, OTA-B-218
(Washington DC: U.S. Government Printing Office, January
1984), pp. 226-228; Joann Dennett, “Microbe Miners, * AMM
Magazine, July 2, 1984; and Joseph Alper, “Bioengineers Are
Off to the Mines, ” High Technology, April 1984.
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sources can be readily identified because there
are only a limited number of known deposits,
undergoing investigation, that could be opened
or expanded to capture a share of the ore mar-
ket. Discoveries of major, new deposits are pos-
sible but unpredictable. Thus, projections of
production beyond about 20 years become un-
reliable.

Any change in the existing mine production
of strategic materials will be determined by
market demand and by the efforts of mineral
producer governments to provide employment
for their citizens, obtain foreign currency, and
promote industrial development. Extraordi-
nary conditions, such as a prolonged supply
disruption of a substantial portion of any one
mineral, could also encourage increased
production from existing or the development
of new sources of supply.

Table 5-3 presents a summary of the supply
prospects of the first-tier strategic materials,
a picture of the geographic distribution of the
United States’ major sources of the first-tier
strategic materials along with the relative
present and estimated future contribution of
the producers. (The ranking system is based on
the magnitude of each producer’s output com-
bined with the extent of its participation in
Western trade.) The table also identifies the ma-
jor barriers to expansion of production and ini-
tiation of new sources of supply.

constraints include limited knowledge about
the extent of the resource base; the equipment
and skilled labor needs to mine, process, and
refine the ores; and the limits of support sys-
tems such as energy sources and transporta-
tion facilities. Direct economic constraints in-
clude the need for massive capital to finance
development work and uncertainty about fu-
ture markets. Political risk (contractual insta-
bility, threat of nationalization without com-
pensation, uncertainty over guarantees of
sufficient mine life to attain expected rate of
return) is a component of the economic analy-
sis of any mining project located in a develop-
ing country.

Available mine capacity for chromium, co-
balt, manganese, and PGMs has been highly

underused in the early 1980s, the effect of sev-
eral years of worldwide economic recession.
While the fortunes of the mining industry have
historically been cyclical, the recent sustained
oversupply and low prices have adversely af-
fected new investment in these commodities.
Although some new mining ventures for these
materials are being evaluated, few are going
forward. It is expected that any increase in de-
mand in the near future will be supplied by cur-
rent mines operating at capacity and the re-
opening of recently shut mines.

Even under healthy market conditions, the
ample reserves and resources of the South Afri-
can mines for chromite, manganese, and PGMs
and of the Zairian/Zambian mines for cobalt
serve as impediments to investment in the de-
velopment of new mining areas. All new ven-
tures must compete for markets against the
strength of the existing producers and their
ability to increase production easily to meet
any new market demands.

The immediate response capability of exist-
ing producers to a supply disruption depends
on the status of mining at the time and the cor-
responding extent of development needed. For
instance, during such periods as the early
1980s, when mining operations generally were
operating at as little as 50 percent of capacity,
an expansion to full capacity could be simply
a matter of hiring personnel for more shifts in
a mine or for reopening mines. This could be
done in a matter of weeks, or at most, in a few
months. On the other hand, a mine already
operating at full or close-to-full capacity dur-
ing a tight market would require substantially
more time to expand production, even though
the plans for expansion would be available.
Any producing mine is continually upgrading
its reserves and blocking out future production
areas to open, given a change in market con-
ditions. In an underground mine, however,
new shafts might have to be prepared by ex-
tensive blasting and boring, a time-consuming
process. An open-pit mining operation with
simple ore concentrating equipment can in-
crease output much more rapidly by adding
blasting and hauling equipment. Ultimately,
however, limitations could be imposed by avail-
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Table 5-3.—First-Tier Strategic Materials Supply Prospects

b
Country Importance Primary constraints to
Regions Minerals producers Now Potential increased availability®
North America. . . . . Chromium NA
Cobalt CANADA 2 2 nickel demand, refinery limits
United States - 3 high cost deposits, demand for various
primary metals
Manganese MEXICO 3 2 customer acceptance of quality
PGM CANADA 3 3 nickel/copper demand, refinery limits
United States - 3 demand for PGMs, competition
South America . . . . . Chromium NA
Cobalt Peru - 2 processing facilities
Manganese BRAZIL 2 23 local demand
PGM NA
Australia and
Oceania . . ... .. Chromium PHILIPPINES 2 2 infrastructure
Pacific rim - 3 proof of feasibility
Cobalt PHILIPPINES 2 2 demand for nickel
AUSTRALIA 2 2 demand for nickel
New Caledonia - 3 demand for nickel
Papua New Guinea — 2 demand for cobalt/chromium
Manganese AUSTRALIA 2 1-2 hauling equipment
PGM Pacific rim — ? proof of feasibility
Eurasia . ......... Chromium FINLAND 3 3 possible resource limits
ALBANIA 2 1-2 unknown
GREECE 3 3 resource limits
TURKEY 3 3 improved knowledge of resources and
technology
INDIA 3 3 resource limits, infrastructure, local
demand
Cobalt FINLAND 2-3 2-3 possible resource limits
Manganese INDIA 3 3 resource limits, infrastructure, local
demand
PGM NA
Africa........... Chromium SOUTH AFRICA 1 1 transportation
ZIMBABWE 2 1 transportation
MADAGASCAR 3 2-3 seasonal operation, infrastructure
Cobalt ZAIRE 1 1 processing, refinery limits
ZAMBIA 1 1 processing, refinery limits
Morocco — 3 resource evaluation
BOTSWANA 3 2-3 transportation
Manganese SOUTH AFRICA 1 1 transportation
GABON 2 2 transportation
PGM SOUTH AFRICA 1 1 refinery limits
Eastern Bloc . . . . . Chromium SOVIET UNION 2 2-3 unknown
Cobalt SOVIET UNION 3 3 unknown
CUBA 3 2 unknown
Manganese SOVIET UNION 3 3 unknown
PGM SOVIET UNION 1 1 unknown

NA—Not applicable.

8UPPERCASE indicates a current producer.

bKey: 1 = major
2= medium
3 = minor
7 = unknown

Based on assessment of relative production levels and contributions to Western trade. . e i - .
Cany expansion/development wouldrequire capital investment, to a varying degree, in mining, Processing, and refining infrastructure.

SOURCE: Office of Technology Assessment, 19S4.
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able processing facilities, such as smelting and
refining operations,

Processing of Strategic Materials

Once removed from the ground, all ores
undergo some level of processing. Technol-
ogies chosen will be based on the extent of
processing required due to the condition of the
ore (e.g., the amount of upgrading necessary
to produce a salable product and the level of
difficulty involved in separating out the un-
wanted minerals) and the intended end use of
the mineral.

At the mine site, preliminary processing will
take place in order to separate the desired
minerals from the unwanted rock (gangue) that
accompanies them, thereby, increasing the
grade and value of the sought-after mineral.
These “beneficiation” techniques to produce
“ore concentrates” include simple hand-sort-
ing, mechanical crushing, and gravity concen-
tration methods, A more sophisticated and
widely used method is flotation. Crushed ore
is passed through vats of water containing rea-
gents which make one or more of the ore
minerals water repellent. These particles attach
to air bubbles and float to the top of the vats
where they can be selectively removed.

Even after the minerals are concentrated, fur-
ther processing steps are required to alter their
form. Manganese carbonate minerals, for in-
stance, must be heated to convert them into
manganese oxides. Manganese oxides and
chromite (chromium ores) are smelted into fer-
roalloys.” Cobalt and PGMs, once in metal
form, must be highly purified before they are
useful for certain applications. Finally, metal
alloys such as stainless steels and superalloy
are manufactured from ferroalloys or relatively
pure metals and used in applications such as
hubcaps and jet engines.”

" 11 Ferroalloys, alloys of iron, contain a sufficient amount of one

or more other chemical elements (in this case, chromium or man-
ganese metal] to be used as an agent for introducing these ele-
ments into molten metal, usually steel. Ferroalloys are produced
by smelting ores in electric arc furnaces. See the chromium and
manganese sections that follow for more discussion on proc-
essing.

1zFora discussion of metal processing, such as steelmaking,
see U.S. Congress, Office of Technology Assessment, Technol-
ogy and Steel Industry Competitiveness, OTA-M-122 (Washing-
ton, DC: U.S. Government Printing Office, June 1980).

This multistep processing of ores into use-
ful forms of metals takes a variety of paths; the
appropriate choice depends on the nature of
the ore and the type of product desired. Proc-
essing facilities are often tailored to a particu-
lar ore body or type, production rate, and metal
production. Other than the initial beneficiation
steps, processing does not necessarily take
place at the mine site. However, there is an in-
creasing tendency to combine mine production
and downstream processing of minerals. This
tendency and the consequences to U.S. import
vulnerability is discussed more fully below and
in the appropriate mineral sections which
follow.

Processing Technology

Extractive metallurgy involves the recovery
of metals and metal compounds from ores and
mineral concentrates. Either a pyrometallur-
gical or hydrometallurgical method is used, fol-
lowed in some cases by an electrolytic refin-
ing process.

In pyrometallurgy, heat is used to melt the
concentrate and, in some cases, to promote a
chemical reaction that will change the ore
mineral into an alternate chemical compound.
Metals are separated out in gaseous form, col-
lected as they rise from the “melt” or in their
liquid state, by differences in densities. Smelt-
ing—the technique used to produce ferroal-
loys—is a pyrometallurgical process.

Hydrometallurgy is chemical processing in
which metals are selectively leached (dissolved)
from ores and concentrates. The variety of
minerals to be separated determines whether
an acid or alkaline solvent is applied. Hydro-
metallurgical processes are increasingly se-
lected over pyrometallurgical processes be-
cause they use considerably less energy and
produce less air pollution.

In an electrolytic process, a metal is “won”
(separated out) from a solution and deposited
on a cathode (the negative side of an electri-
cal flow) in a relatively pure form.

No technology ever completely recovers all
the desired metal contained in the ores in
which they are found. Recovery rates (the
amount of contained metal that is liberated)
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can range from about 25 to 95 percent and de-
pend on both the physical limits of the proc-
essing methodology and value attached to each
specific metal in an ore body.

Production and Processing of the
First-Tier Materials

The United States is not a producer of chro-
mium, cobalt, manganese, or PGM"ores, al-
though this has not always been the case. At
some stage, however, domestic plants still en-
ter the processing chain of such ores.

The worldwide chromium industry is char-
acterized by a large number and variety—big
and small, public and private sector—of ore
producer firms. Chromite deposits also vary
widely in size and are mined by underground
and surface methods and concentration meth-
ods range all the way from simple manual sort-
ing to flotation systems.

Manganese deposits are fewer in number
and the producing industry is more concen-
trated than that for chromium. The deposits are
generally abundant and can be relatively easily
expanded in bulk terms. Often their expansion
capabilities are restricted by equipment and
transportation systems, rather than the size of
their reserves. The majority of the world’s pro-
ducing manganese deposits are oxide, rather
than carbonate minerals, and are mostly mined
by surface methods. Oxide ores need only to
be concentrated; while carbonate ores must be
reacted with oxygen to form manganese oxide
compounds prior to the ferroalloy stage of
processing.

Most of the chromium and manganese mined
is consumed by the steel industry. Manganese
is a processing agent, and both are used as
alloying agents. Producers of these ores have
traditionally engaged in the initial processing
of the ores they mine—sorting and concentrat-
ing them by grades of mineral, chemical con-
tent, and physical condition—and leaving the
downstream processing to the steel industry.

13Current domestic production of PGMs evolves from the refin-
ing of copper ores.

World trade in both chromium and manganese,
however, has been shifting in the past decade
from concentrated ores to ferroalloys.

The growing ferroalloy production capacity
of ore producers (and the steel industries of de-
veloping nations) competes with rather than
supplements traditional ferroalloy plants in the
United States, Western Europe, and Japan. Im-
portant factors identified as contributing to this
shift are lower labor and energy production
costs and lower transportation costs for higher
metal content ferroalloys. It is not clear whether
the competitive edge of new producers offer-
roalloys is due to free market economics or
whether government subsidies have promoted
economically unsound competitors, In any
case, as ore producer countries receive the ben-
efits of exporting a higher value product, the
shift in production away from the indus-
trialized West is forcing adjustments (due to
unemployment from plant closings, and re-
duced availability of capital for modernization
which further diminishes competitiveness) and
resulting in a reduction in U.S. ferroalloy
production capability.

It is not clear whether trend toward the im-
portation of higher processed material increases
the import vulnerability of the United States.
At the same time this processing shift is occur-
ring, Western Europe and the United States are
importing increasing amounts of final steel
products from ore producer nations and others,
and their needs for raw and semiprocessed
forms of chromium and manganese are de-
creasing. It is true that, as integration increases
in ore-producing countries, system dependen-
cies increase—i.e., concern now must include
not only the assurance that a foreign mine will
continue to produce and concentrate ores, but
also maintain the operation of a smelting plant,
Lack of adequate domestic ferroalloy process-
ing capacity could complicate and add con-
siderably to the costs involved in efforts to cope
with any emergency ore supply disruption and
would probably increase the response time to
an emergency, On the other hand, the higher
value of processed ores means that an overt act
of a supply interruption becomes more costly
to producers and a growing number of proc-
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essors and might affect such an event’s likeli-
hood, In addition, processed ores contain
higher amounts of metal per unit volume than
ore concentrates and therefore larger amounts
can be transported at a time. It is economically
feasible to airship refined cobalt and PGMs and
avoid supply disruptions caused by surface
transport interdictions. Ferroalloys, like ore
concentrates, are still confined to ocean ship-
ment due to their weight and volume.

Cobalt is only a secondary product of any
current mining operation, therefore, its supply
is tied to the demand for the nickel and cop-
per with which it usually occurs. The ore
producers control a substantial amount, but not
all, of the downstream processing of cobalt,
PGMs are primary products, coproducts, or by-
products; and the industry is highly concen-
trated and is expected to remain so. Almost the
entire downstream processing of PGM ores is
controlled by the ore producers, As cobalt and
PGMs often occur in the same ore bodies, their
processing paths are often the same.

Cobalt and PGMs are consumed in metal or
chemical form. The ores for both materials usu-

ally contain a variety of metals in either oxide
or sulfide forms, and their processing paths are
complex and tailored to the mineral content of
the individual mines, The United States has al-
ways had a limited ability to process cobalt and
PGM ores, relying instead on importing these
materials in their usable forms. (An increasing
interest in recycling catalytic converters, how-
ever, is promoting the development of domes-
tic refining capacity for platinum that may be
usable for virgin PGM ores. ) Europe, the first
consumer of these metals, was also the home
of companies that controlled most mining oper-
ations during the colonial era; semiprocessed
forms of the ore were physically transferred
from the ore-producing countries to northern
Europe for the final refining processes. This
flow still occurs, but mining countries are grad-
ually developing refining capability. This new
capacity does not yet appear to be replacing
the existing refining capacity, but is absorbing
growth in demand, Meanwhile, more diversi-
fied sources of refined cobalt and PGM prod-
ucts are being created and the overall time re-
quired to process the ores and produce the
metal forms is being shortened.

Chromium Production and Processing

The chromite industry is concentrated in the
Eastern Hemisphere and includes a large num-
ber and variety of firms-big and small, pub-
lic and private sector. These producers are how
shifting from simply mining and trading chro-
mium ore to producing and trading ferrochro-
mium as well.

The only mineral form of chromium ore is
chromite. Most of the chromite resources of the
world occur in stratiform deposits—Ilayered,
long continuous seams that are often visible on
the surface. Podiforms are the second major
geologic deposit type for chromite. They are
small in comparison with stratiform deposits
and are discrete, lens-shaped, and usually un-
detectable without the use of sophisticated ex-
ploration tools unless a portion of the deposit
happens to appear on the surface. Lesser de-

posits of chromite are found in laterite forma-
tions and alluvial (placer) deposits. Laterites are
principally found in tropic or warm temper-
ate zones and are not exploited today as a
source of chromite due to general low grades
of contained chromite and its granular form.

Any analysis of chromium production is
complicated by the multiplicity of ways in
which the commodity is reported: chromite,
chromite concentrates, contained chromic ox-
ide or chromium, recovered chromic oxide or
chromium, etc. Chromite is primarily iron,
chromium and aluminum oxides with varying
amounts of silica and magnesium.”Chromite
ore is usuall, defined in terms of its chromic

Naturally occurringchrom ite is a combination of m inerals
described by the chemical formula (Fe, Mg)Qe(Cr,Al, Fe), O,.
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oxide (Cr,0,) content (rarely more than 50 per-
cent), as well as its chromium-to-iron ratio and
aluminum oxide content. Once mined, chro-
mite is usually concentrated to increase its
chromic oxide (or, chromium) content. These
“chromite concentrates” are sold, in part, on
the basis of their chromic oxide content. The
chromium content of chromic oxide is 68 per-
cent by weight, and the Bureau of Mines de-
fines its chromite data as 22 to 38 percent con-
tained chromium.” Throughout the following
discussion, an attempt has been made-wher-
ever possible—to convert data into chromium
units so that comparisons can easily be made
by the reader. In addition, the reader should
note that the chromium contained in chromite
ores and concentrates (“chromium content”)
is greater than that which will ever be extracted
from the ores by any metallurgical process.
Thus, “recovered chromium” is the true esti-
mate of the amount that would be available for
use.

Each chromite mine differs in the type of
product it offers: the ore grade and its chemi-
cal composition and physical characteristics.
Historically, the ores have been classified into
three groups, reflecting primary end uses:
“metallurgical” (minimum 46 percent chromic
oxide with a chromium-to-iron ratio greater
than 2:1), “chemical” (40 to 46 percent chromic
oxide and chromium-to-iron ratio of 1.5:1), and
“refractory” (high aluminum content). Other
considerations affecting end use feasibility of
various ores are their other chemical charac-
teristics (e.g., silica content) and physical char-
acteristics (e.g., size and condition). South Afri-
can ores are of both refractory and chemical
grades, and tend to be friable (i.e., breakup eas-
ily). The Philippine deposits are principally
refractory grade, but its ores are used for other
applications by blending. Turkey’s and Zim-
babwe’s deposits primarily provide metallur-
gical ores.

The distinction between chemical and metal-
lurgical grades has become less important due
to the adoption of the argon-oxygen-decarburi-

1518, Department of the Interior, Bureau of Mines, Mineral
Commodity Summaries, 1984.

zation (AOD) process for producing stainless
steel. This process allows the use of high-
carbon ferrochromium (made from chemical
ores) rather than low-carbon ferrochromium
(from metallurgical ores) and has boosted the
importance of the South African deposits at the
expense of higher priced metallurgical ores
from Zimbabwe and Turkey.

Foreign sources supply all of the U.S. re-
guirements for chromite (there has been no do-
mestic mine production since 1961) and sup-
ply an increasing share of its ferrochromium
needs at the expense of the domestic ferroalloy
industry. In 1971 the United States obtained
87 percent of its chromium imports in the form
of chromite and 12 percent in the form of ferro-
chromium; by 1981, the imports were roughly
equal.”Because no Western Hemisphere ore
producer supplies chromite or ferrochromium
in substantial quantities to the United States,
most imports must transit the Atlantic or Pa-
cific Oceans.

While 19 countries contributed to the produc-
tion of chromite in 1982, almost 75 percent of
the world’s total was provided by South Africa,
Zimbabwe, the Soviet Union, and Albania.
Table 5-4 lists 12 major producers and their re-
serves and production for 1982. South Africa
is the principal source of ore for the United
States, Western Europe, and Japan. Other ma-
jor suppliers to the United States are the So-
viet Union, the Philippines, and Albania. Turk-
ish and Greek ores are shipped primarily to
Western Europe. France is Madagascar’s ma-
jor customer. Brazil, the only substantial West-
ern Hemisphere producer, exports mainly to
Japan.

The Soviet Union long played a significant
role as chromite supplier to the world. In the
mid-1970s, however, its exports to areas out-
side the Eastern bloc began to decline, until by
1982 they were a fraction of those a decade
earlier. Decreasing reserves, increased costs of
production, and political control over export
policies are the major reasons that have been
suggested for this change.

18(J.S. Department of the Interior, Bureau of Mines, Mineral
Commodity Profiles 1983: Chromium, P. 4.
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Table 5-4.—World Chromite Reserves and Production by Country
(thousand short tons, gross weight)’

Reserves Production Percent of

Producer country 1981 1982 world production
Albania ................. 2,000 1,320 12
Brazil ................... 9,000 1,050 10
Finland ................. 19,000 - 440 4
Greece.................. 1,000 46 <1
India.................... 15,000 375 3
Madagascar ............. 230 100 1
New Caledonia .......... 2,000 25 <1
Philippines .............. 23,000 390 4
South Africa............. 910,000 2,385 22
Turkey ............... ... 5,000 410 4
Soviet Union............. 17,000 3,750 34
Zimbabwe ............... 19,000 470 4
Other................... 146 1

Total ................. 1,000,000 10,907 100

aChromite typically contains from 22 to 38 percent chromium.

SOURCE: Reserves—Bureau of Mines, Mineral Commodity Profile 1983: Chromium, table 3, p. 8.
Production—Bureau of Mines, Minerals Yearbook 1982, tabie 14, p. 213.

Producer countries currently export between
35 and 100 percent of their chromite as ores
with ferrochromium production taking an in-
creasing share for consumption by local steel
industries, as well as export. From South
Africa, exports of chromite ore, as opposed to
ferroalloys, were 76 percent of production in
1969 and only 35 percent in 1980. South Africa
is now the major supplier of ferrochromium
to the free world market and provided 49 per-
cent of U.S. imports in 1982. Of the ore pro-
ducers listed in table 5-4, only Madagascar and
New Caledonia have not yet developed ferro-
chromium production capability. The majority
of Zimbabwe’s ores are now converted to fer-
rochromium before export to the United States,
Europe, and Japan. In 1982, Yugoslavia—which
must import most of its chromite feed—sup-
plied 11 percent of the United States’ ferrochro-
mium imports, placing it a distant second to
South Africa. Soviet exports of ferrochromium
products, like those of ores, are primarily to
the Soviet bloc countries.

Extending this vertical integration trend, sev-
eral South African firms and one Finnish firm
now mine ores, process ferrochromium, and
produce stainless steel. Greece’s recent ore ex-
pansion and ferrochromium plant develop-
ment is aimed at achieving a similar vertically
integrated industry, Table 5-5 shows how the
ferrochromium industry has shifted over 6

years between 1974 and 1980. For the most
part, the traditional centers of ferroalloy
production in the industrialized West have de-
clined in total output and have lost market
shares to vertically integrated ore producers,

Foreign Production of Chromium

In market economy countries, as shown in
table 5-6, chromite production is spread among
many private and some public sector firms.
Central economy countries (the Soviet Union,
Albania, and Madagascar) operate their mines
and market production through a central agency.
In South Africa, Turkey, and Zimbabwe there
is considerable multinational firm involve-
ment. South Africa’s ore is produced by 10
companies, operating some 20 mines along
parallel seams in the Bushveld Complex, The
combined production of Transvaal Mining,
Transvaal Consolidated, and Samancor domi-
nates South African output, and the majority
interest in these firms is held by four of the six
local investment houses (“groups”). U.S. firms
engaged in South African chromite mining are
Union Carbide, Metallurg, and International
Mineral & Chemical. Great Britain is repre-
sented in South Africa by investors with long-
term interests in the group houses, while West
Germany’s Bayer Group owns and operates
one mine. Eighty percent of Zimbabwe’s out-
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Table 5-5.—Ferrochromium Production by Country (thousand tonnes, gross weight)

Percent Percent Percent change

Country*® 1974 of total 1980 of total 1974-80
BRAZIL ..., .......... 38.1 2.0 93.4 3.2 145
FINLAND . ............ 48.1 2.6 49.9 17 4
France ............... 111.6 6.0 86.2 2.9 -23
INDIA. ............... 15.5 0.8 16.3 0.6 5
taly ................. 39.9 2.1 40.8 14 2
JAPAN . .............. 541.6 29.1 427.3 14.4 =21
Norway............... 30.8 1.7 11.8 0.4 -62
SOUTH AFRICA . ... ... 193.2 10.4 565.2 19.1 193
Spain................ 20.9 11 19.1 0.6 -9
Sweden.............. 100.7 5.4 188.7 6.4 87
United States . . . ... ... 305.7 16.4 216.8 7.3 -29
SOVIETUNION . ....... 184.1 9.9 698.5 23.6 279
YUGOSLAVIA ., . . ... .. 39.0 2.1 64.4 2.2 65
ZIMBABWE ..., ....... 181.4 9.7 199.6 6.7 10
Other’............... 12.0 0.6 282.2 9.5 2,252

Total . .............. 1,862.5 100.0 2,960.2 100.0 59

aUpper(:asa indicates country was ore producer in both years, but did not necessarily cover its needs.
In1980: ALBANIA, Czechoslovakia, East Germany, West Germany, PHILIPPINES, Poland, and TURKEY.

SOURCE: Charles River Associates Processing Capacity for Critical Materials, OTA contract report January 1984

Table 5-6.—Chromite Mining Industry by Country

Ownership

Primary national

Country Major firms Sector Major holders* identity
Brazil ........... Cia. de Ferro-Ligas da Bahia S.A. Private Various Local
(Ferbasa)
Finland . ........ Outokumpu Oy Government (81) Local
Private (balance) Local
Greece . ........ Hellenic Ferroalloys S.A. Private and Hellenic Industrial Mining &
government Investment (HIMIC) (96) Local
India........... Various Private and Local
government
Madagascar . . . . . Kraoma Government (loo) Local
New Caledonia . . Societe de la Tiebaghi Private Inco (55) Canada/U.S.
Various French
Philippines . . . . .. Acoje Mining Co. Private Local
Consolidated Mines Inc.’ Private Local
Trident Mining & Industry Corp. Private c Local
Phil chrome Private Kawasaki (15) Japan
South Africa’. ... Transvaal Mining and Finance Private Gencor (100) Local
Transvaal Consolidated Land and Private Barlow Rand Local
Exploration
UCAR Chrome Co. Private Union Carbide Us.
Cromore Ltd. & Bathlako Mining Private Samancor °(100) Local
Ltd.
Waterkloof Chrome Mines Private Metallurg Us.
Chrome Chemical S.A. Private Bayer Group W. Germany
Lavino S. A., Ltd. Private International Minerals & Us.
Chemical Corp. (100)
Turkey .......... Etibank Government (loo) Local
Egemetal Madencilik A.S. Private Metallgesellschaft W. Germany
Turk Maadin Sirketi Private Metallurg Us.
Zimbabwe . . ... .. Zimbabwe Mining & Smelting Private Union Carbide (100) Us.

awith approximate percentage of CONtrol, if available.
Operated by Benquet Corp. (local Philippine firm).
CAU.S. firminvested in Trident’s operation in 1984.
dTh,, are sifinance houses (the “Groups™) which dominate the South African industry: The Anglo American Corp. of S.A. Ltd. (AngloAmer); Gold Fields of S.A Ltd.,

General Mining Union Corp. Ltd. (Gencor); Rand Mines/Barlow Rand; Johannesburg Consolidated Investment Co. Ltd (JCI); and Anglo-Transvaal Consolidated Investment

Co. Ltd. {AngloTC).

©Samancor is owned b Gencor, Anglo American, and Iscor, which is a state-owned, integrated steel corporation.

SOURCES” E&MJ 1983 International Directory of Mining; Bureau of Mines, Mineral Commodity Profile 7983: Chromium; Office of Technology Assessment
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put is generated from two mines east of the
Great Dyke deposit by a firm owned by Union
Carbide. Albania’s government operates more
than a dozen mines located in four areas along
its eastern border with Greece and Yugoslavia.

Among the middle-level producers, Turkey
has three major firms with eight mines, along
with numerous smaller (many one-person)
operations. Half of Turkey’s output, however,
comes from mines operated by a state-owned
firm. U.S. (Metallurg) and West German (Met-
allgesellschaft) firms are involved in the other
two important Turkish ventures. There are 125
chromite deposits scattered among the islands
of the Philippines, but only 12 mines were oper-
ating in 1980. The majority of these are locally
owned and operated; two are considered ma-
jor producers. (Japan’s Kawasaki Steel has a mi-
nority interest in a recently initiated beach
sand operation on Palawan Island in the Philip-
pines. An American firm operates the mine for
Kawasaki.) Madagascar’s government firm has
two open pit mines, one of which is a primitive
operation accessible only in the dry season.
Finland’s government-controlled firm produces
from a mine along a stratiform deposit. Greece
has one major, primarily government-owned
operation. Three of India’s four firms are pri-
vate and locally owned; the fourth is a state
government firm. Canada’s Inco has a control-
ling interest in New Caledonia’s new chromite
mining firm, Societe de la Tiebaghi.

In the past 20 years, there have been shifts
in the relative output among chromite producer
countries, as shown in table 5-7. Overall, the
group of 12 major producers has steadily in-
creased its share of the world market. By 1980
it was providing 98 percent of the world’s to-
tal production of chromite, up from 90 percent
in 1960. During this period, two new producers
(Finland and Madagascar) appeared; they now
hold 5 percent of the world market. While
Albania, Brazil, South Africa, and the Soviet
Union have increased their production shares,
the shares of the Philippines, Turkey, and Zim-
babwe have decreased. The shift from Turkey
and Zimbabwe to South Africa is due to the ad-
vent of the AOD process and to the accom-
panying development and aggressive sales by
South African firms of “charge chrome, ” a
form of high-carbon ferrochromium particu-
larly suited to South African ores.”

The major producer and exporting countries
are likely to maintain their current positions
in world production for the near future and can
be expected to continue reducing the export
of ores in favor of ferroalloys. The integration
of ore mining with ferroalloy production and
the accompanying decline of independent fer-
roalloy producers may force the remaining
nonintegrated ore producers, witnessing shrink-

17See table 5-13 for a compa risen of various ferroc hrom ium
products.

Table 5-7.—Historical Production—Chromite, 1960-80, by Country
(thousand short tons, gross weight, percent of world total)

1960 1965 1970 1975 1980

Producer country Tons Percent Tons Percent Tons Percent Tons Percent Tons Percent
Albania. . ............. 319 7 342 6 516 8 859 9 1,190 10
Brazil . . .. ... ... ...... 6 <1 19 <1 30 <1 191 2 919 7
Finland. . . . ... ........ 0 0 0 0 133 2 365 4 376 3
Greece . . ... ... 38 1 56 1 29 <1 39 <1 47 <1
India................. 110 2 66 1 299 4 551 6 354 3
Madagascar. . . . . ... ... 0 0 3 <1 144 2 214 2 198 2
New Caledonia . . . .. ... 43 1 0 0 0 0 2 <1 2 <1l
Philippines . . . ........ 810 17 611 12 624 9 573 6 547 4
South Africa . . ........ 851 17 1,038 20 1,573 24 2,288 25 3,763 30
Turkey . .............. 531 11 625 12 572 9 790 9 431 3
Soviet Union, . . ....... 1,010 21 1,565 30 1,930 29 2,290 25 3,748 30
Zimbabwe . . .......... 668 14 646 12 400 6 650 7 608 5
Subtotal . . .......... 4,386 90 4,971 94 6,250 93 8,812 96 12,183 98
Other................ 499 10 330 6 422 6 3,324 4 203 2
Total . ............ 4,885 100 5,301 100 6,672 100 9,136 100 12,386 100

SOURCE U S Department of the Interior, Bureau of Mines, Minerals Yearbooks 1964, 1968, 1972, 1977, and 1982
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ing markets, to integrate. Turkey, India, Greece,
Albania, and Madagascar, among other coun-
tries, are currently expanding or planning to
expand or introduce ferrochromium capacity.
While some construction has been held up by
weak worldwide demand for ferroalloys, ex-
pansion will probably resume as the steel in-
dustry recovers from the early 1980s recession
period. Given chromium’s primary use in steel-
making, certain producer countries with grow-
ing domestic and export-oriented steel indus-
tries—e.g., India and Brazil—may reduce their
participation in both ore and ferroalloy export
markets.

The 1981-82 worldwide recession caused
low-capacity usage in chromite mines (see table
5-8) and ferroalloy plants, and low world
prices. These market conditions and the com-
petitive strength of the South African pro-
ducers inhibit the pursuit and development of
new sources of chromite ore. In addition, the
only known, nonproducing deposits of chro-
mite are considered marginally economic even
under more favorable market conditions due
to low grades and/or smallness of overall deposit.

In 1982 one new chromite source entered the
world market when a firm resumed production
at a previously abandoned area in New Cale-
donia. A project in Papua New Guinea has
been fully explored and evaluated by an inter-
national mining firm but is not considered eco-
nomically viable and will not be developed in

the near future. Together, these new producers,
while diversifying the world’s sources of chro-
mium, will add only about 5 percent, at maxi-
mum output, to the world’s total production.
More important, perhaps, is that new sources
of chromite will be unconventional unless new
stratiform or podiform deposits are discovered.
The Papua New Guinea project, for instance,
may undertake mining from a sand and laterite
deposit.

In the long term, two developments could
alter the current pattern of chromite produc-
tion. Almost 90 percent of the world’s known
reserves of chromium are contained in strati-
form, as opposed to podiform, deposits. This
is explained in part by the fact that stratiform
chromite deposits are continuous over large
areas, making estimation of reserves relatively
easy and the exploration costs to prove large
tonnages of reserves small compared to those
for podiform deposits. Scattered, discontinu-
ous podiform deposits, on the other hand, are
difficult and therefore expensive to locate, even
using the most sophisticated geophysical ex-
ploration techniques.”This implies that areas

18J.S. International Development Cooperation Agency, Trade
and Development Program, The Chromite Project Definition
Mission of the Philippines, February 1983; Charles J. Johnson and
Jean A. Brady, Chromite Potential of the Southwest Pacific, a
summary of research in progress at the Resource Systems In-
stitute of the East-West Center, Honolulu, Hawaii. August 1982,
p. 13.

Table 5-8.—Chromite Mine Capacity and Usage in 1981 by Country
(thousand short tons, contained chromium)

Estimated annual Percent Estimated unused

Producer country capacity in use capacity
Albania ........... ... ... . oL 300 50% 150
Brazil .............. .. ... .. ... 130 83 22
Finland ......................... 130 82 23
GreeCe.........coiviiinnennnn. 15 73 4
India......... ... ... .. ... ... 170 47 90
Madagascar ..................... 50 48 26
New Caledonia................... 5 20 4
Philippines ................ ... ... 150 85 23
South Africa..................... 1,500 63 555
Turkey . ... 170 97 5
Soviet Union..................... 1,000 93 70
Zimbabwe ........... .. ... ... 325 43 185
Other ............ ... . ... 55

Total. ... 4,000 70 1,160

SOURCE: U.S. Departmaent of the Interior, Bureau of Mines, Minerals Caommodity Profile 1983: Chromium.
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of podiform deposit concentration—e.g., in
Turkey, Albania, and the Philippines—that
have not been systematically surveyed are po-
tential locations for increased reserves. Loca-
tion of these podiform deposits could benefit
from developments in the use of geochemistry
as a prospecting tool and an infusion of fund-
ing to finance exploration efforts.

The other possible development is exploita-
tion of two deposit types found in the south-
west Pacific Basin area—the Philippines, In-
donesia, New Caledonia, New Guinea; that is,
nickel laterite deposits overlain by low-grade
chromite, and alluvial deposits of chromite
sands in shallow offshore areas. No laterites
have yet been exploited for chromite, and only
one beach sand operation has been opened (in
the Philippines). The mining and extraction of
chromium from either type of deposit is pre-
vented not by a lack of technology, but by eco-
nomics. An American mining company stud-
ied the possibility of joining in the Philippine
beach sand operation and decided that the eco-
nomics, based on South African competition,
did not warrant the investment. The U.S. Bu-
reau of Mines has conducted successful research
up to the pilot plant stage on processing later-
ites ores (from U.S. sources) and concluded
that existing technologies, with adjustments for
the different minerals encountered in foreign
ores, could be applied. Analyses at the East-
West Center concluded”that economic min-
ing of some known laterite resources would re-
quire a chromite concentrate price of $100 to
$150 per tonne, f.0.b.”(The 1984 price for
South African 44 percent chromic oxide chro-
mite ore was $40 to $55 per ton, f.0.b., or $44
to $60 per tonne.)” Ongoing work by the U.S.
Geological Survey on PGMs contained in later-
ites (see the PGM section) offer a possibility of
changing the economics of laterite deposits if
PGMs could be mined as a primary or coproduct.

While expansion of chromite production
awaits increased steel industry production,

1*Charles J. Johnson, personal communication, August 1983.

2Free on board, means price at embarkation—i. e., without
transportation charges,

21“AMM Closing Prices, * American Metal Market, June 21,
1984.

many ore producers have announced plans to
add ferrochromium capacity. In some coun-
tries, such as Zimbabwe, this would require ad-
ditional ore production, but in many it could
simply mean a greater diversion of ore produc-
tion from exports into ferroalloy production.
Some of the constraints to increased produc-
tion, such as lack of energy sources and trans-
portation facilities, are given below in brief
country-by-country reviews.

Albania

Chromite is one of Albania’s chief export
commodities and most important sources of
foreign exchange.” Since 1976, Albania’s pro-
duction has been steadily increasing. The na-
tion now ranks as the world’s third largest pro-
ducer. The last completed 5-year plan period
(1976-80) called for an output of 1.25 million
tonnes (1.14 tons) by 1980, a goal that was not
quite met. The 1981-85 plan calls for a 9.7-
percent annual increase in chromite output.
Albania has one ferrochromium plant in oper-
ation, with total estimated capacity of 30,000
tons per year.

Albania’s chromite trade patterns have shifted
over the past 30 years. Its production once
served as a supplemental source for Eastern
European nations that relied primarily on ex-
ports from the Soviet Union. China bought half
of Albania’s output from the mid-1950s to 1978,
when relations were broken due to ideological
conflicts. Since then, an increasingly large por-
tion of Albania’s exports have gone to West-
ern countries, Recently, relations with China
have improved, and renewed ties could bring
resumed chromite trade. Yugoslavia has been
an important buyer of Albanian ores for con-
version into ferroalloys for the world market.

While Albanian ore reserves and resources
are not known with great certainty, current
estimates are considered too low to support
current and planned production levels. The
possibility of finding new deposits is likely be-
cause large areas have yet to be explored for

2yy.s. Department of the Interior, Bureau of Mines, Minerals
Yearbook, 1981, val. 111, p. 42.
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the discontinuous, podiform deposits common
to Albania.

Brazil

Due to the volume of unexplored area in Bra-
zil, the potential exists for improved chromite
reserves but the uncertainty factor is high. Fer-
basa is Brazil’s major producer of ore and its
sole producer of ferrochromium. Brazil exports
more of its chromium as ferrochromium than
as ore. Most has been destined for Japan, which
assisted Ferbasa in the development of its fer-
rochromium facilities, In 1972 a Japanese con-
sortium formed a joint venture (Mineracao
Serra de Jacabina S. A.) with Ferbasa to mine
another deposit, in the state of Bahia. The mine
was opened in 1976 and was Japan’s first cap-
tive overseas chromite mine. Heavy losses
forced the Japanese to sell their 48-percent in-
terest to Ferbasa in 1980.

Finland

Finland’s sole producer of chromite, Outo-
kumpu Oy, is a highly integrated firm that
mines, explores, trades, smelts, and refines a
variety of minerals and produces both ferro-
chromium and stainless steel. In addition, it is
involved worldwide in the development and
sale of mineral industry technology. Currently,
all of Outokumpu’s chromite production comes
from its Kemi deposit, located in northwestern
Finland near the Gulf of Bothnia. Another de-
posit is being developed for future production
and would allow, under the proper economic
conditions, a 25-percent increase in Finland’s
output. A constraint on expansion is the need
to import energy resources—mainly petroleum.
Shipping during the winter months is often
hampered by frost and ice conditions.

Greece

An expansion in chromite mining and in de-
velopment of a ferrochromium industry has
been underway in Greece since 1976, when
government geologic research verified that
chromite resources were adequate for ferro-
chromium production. Hellenic Ferroalloys
S.A. has expanded an underground mine at the
Skoumtsa deposit in the Mt. Vourinos region

(northern Greece, near the Albanian border) to
serve as feed for a new ferrochromium plant
at Tsigeli. This plant, which began operation
in February 1983, was constructed by Outo-
kumpu Oy. Until Hellenic Industrial Mining
& Investment Co. (parent firm of Hellenic
Ferroalloys) follows through with plans for a
steel plant at Tsigeli, the ferrochromium out-
put (potential total capacity of about 90,000
tons per year) is destined for the export mar-
ket, primarily other European Economic Com-
munity (EEC)”countries.

India

The principal ore-producing area in India is
in the state of Orissa. In recent years, the In-
dian government has actively encouraged the
development of the ferrochromium industry to
increase the value of its exports and to reduce
its dependence on imported ferroalloys for
growing domestic steel needs. Four new plants
were under construction in 1982 for two pri-
vate firms and one public firm. Ongoing min-
ing industry upgrading and geological survey
work to improve the ore reserve base is in-
tended to support the ferroalloy industry rather
than increase ore exports. production has been
hindered at times in recent years because of
power shortages caused by droughts. Indian
power needs are heavily dependent on the
monsoon rains to provide necessary energy.
Transportation bottlenecks and production in-
efficiencies are traditional constraints to In-
dia’s assuming a greater role in providing
world needs.

Madagascar

Chromite is this country’s most important
mineral commodity, and all production is for
export. Although feasibility studies have been
conducted, no ferrochromium plant has yet
been built, owing to unresolved financial and
technical problems. The necessary power
source, a hydroelectric dam, was completed in
1983. Two open pit mines, each with a capac-
ity of 300,000 tons of chromite ore per year,
are operated. The Adriamena mine was devel-
oped by the French firm Comina before it was

2Common Market.
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nationalized in 1976. Its ores must be processed
to reduce an unacceptably high phosphorus
level. The newer mine, Befandriana, is a primi-
tive setup consisting of several small open pits
and no concentrator, Ores from this mine do
not have a high phosphorus level and are sim-
ply screened to produce two separate grades,
During monsoon season, December to April,
the Befandriana pits cannot be operated.
Transportation from Adriamena is by truck
and railroad to the port of Toamasina (Tamatave).
From Befandriana, ores are trucked about 100
miles to Narinda Bay for shipment, Due to the
shallowness of the bay, ores must be trans-
ferred by small vessels to ocean freighters;
loading of one shipment can take 3 weeks.

The area has the potential to expand produc-
tion easily by 50 percent due to the extent of
the reserves. Transportation is the weakest
link; lack of sufficient railroad cars, poor roads,
and the undeveloped port at Narinda Bay im-
pede expansion. While France is Madagascar’s
major customer for chromite, one U.S. ferroal-
loy firm, Interlake, had a 2-year contract, end-
ing in 1982, to take all of the annual output of
the Befandriana mine. The contract has not
been renewed due to the weak market for fer-
roalloys.

New Caledonia

All of New Caledonia’s lateritic nickel depos-
its contain chromite. Much of the chromite,
however, occurs in low grades and is currently
considered uneconomical. Two firms operate
mines from podiform deposits in New Cale-
donia. Societé de la Tiebaghi started full-scale
production in 1982, with an output of 50,000
tons of chromite concentrates (containing 51
percent chromic oxide), eclipsing Calmine’s
2,000 tons-per-year operation. Capacity of the
Tiebaghi mining operation is 85,000 tons per
year of concentrates. The new mine, for which
development work began in 1976, underlies a
Union Carbide operation that closed in 1962.
The island has no domestic energy source, cre-
ating a potential barrier for any expansion.
Societe le Nickel (SLN), the large nickel pro-
ducer on the island, already consumes 85 per-
cent of the country’s industrial electricity in its

mining and smelting operations. A hydroelec-
tric powerplant has been considered but is not
yet planned.

Philippines

The Philippines is the principal source of
refractory grade chromite for the Western
world. The Coto deposits in the Zambales dis-
trict on the main island of Luzon are the largest
such group in the world. Reports on the Philip-
pines continually predict reserve depletion, but
further exploration has always extended mine
life by another 10 years. Two major firms con-
duct operations at Zambales. Consolidated’s
Masinloc mines are operated by the Benquet
Corp. and contribute 95 percent of the coun-
try’s refractory ores; Acoje Mining is the coun-
try’s major metallurgical ore producer. A third
firm, Trident Mining & Industrial Corp., has
produced metallurgical ores from mines on the
southern Palawan Island. Its operations have
been shut down since 1981 due to financial
problems. Representatives from Trident were
in the United States in 1983 seeking new capi-
tal to resume production and reportedly se-
cured it. In late 1983, Acoje was seeking debt
relief from the Philippine government and the
private sector in order to maintain operations.
These financial difficulties will delay plans for
exploration and new mine development.

Two ferrochromium plants in the Philippines
produce primarily for the Japanese market. The
newest plant began operating in 1983, and
some startup problems caused by erratic power
supplies and ore quality were reported.

Theoretically, the extensive ultramafic for-
mations of the Philippines could hold up to 105
million tons of 32-percent chromic oxide in
laterite formations.” Extensive, systematic geo-
logical field and exploration work, however,
must be completed in order to prove the theory.

South Africa

The Bushveld Complex in the Transvaal
Province is the largest known chromite deposit

22The Chromite Project Definition Mission of the Philippines,
op. cit.
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in the world. Most of the chromite is produced
in two districts within the complex: the East-
ern Belt (Lydenburg district, five mines) and
Western Belt (Rustenburg district, eight mines).
Competition among the many firms and mines
for increased market shares is strong. The
slackness in world chromite markets, rising
costs, and stable prices in recent years have
caused some of the least efficient mines to be
placed on *“care and maintenance” status.

The UG2 (upper group seam of the Bushveld)
chromium-platinum reef in Rustenburg is cur-
rently mined for PGMs by Western Platinum
and has chromite resources estimated by South
Africa to total 650 million tonnes. Tapping cer-
tain sections of this reef for chromium requires
new metallurgical and smelting techniques in
order to separate and recover the individual
minerals. The South African government’s
Mintek (Council for Mineral Technology, a re-
search arm of the Ministry of Mines and En-
ergy) has conducted research and development
and plasma technologies, which provide high-
temperature processing, have been tested.
Western Platinum has reportedly opened a
smelter in 1984 capable of processing these
complex ores and is considering the addition
of a ferrochromium plant.

As in many areas, transportation bottlenecks
could limit any effort to rapidly increase out-
put from the Bushveld. Ores from the mines
are currently trucked 5 to 10 miles to a rail-
head. Once there, the ores are moved to the
heavily used port of Maputo in Mozambique
(480 miles from the Western Belt and 350 miles
from the Eastern Belt). Perennial congestion
at the port has been relieved by recently in-
stalled mechanized facilities. The port can now
handle 2,500 tonnes of chromite per hour and
store up to 1.1 million tonnes. Alternate ports
in South Africa, at Durban and Richards Bay,
could be used if Maputo was not available (for
instance, due to transborder conflicts) although
significant lead-time would be required to ac-
commodate chromite at these ports. It has been
estimated that for a typical underground South
African mine, 50-percent expansion would re-
quire little more than 1 year; however, port ex-

pansions to handle such increased output
could take 4 years.”

Soviet Union

The Soviet Union is still the world’s second
largest chromite producer, although its ore ex-
ports have declined during the past decade.
Most of its deposits are podiform and located
in the Ural Mountains. Virtually all its metal-
lurgical-grade ores originate in the Western
Kazakhstan (southern Ural region). Ninety per-
cent of production comes from the Donskoye
mining and concentration complex in Khrom-
Tau. A new underground mine there started
producing in 1982 with an expected ore capac-
ity of 2 million tons per year by 1985.

Turkey

Exports of ore from Turkey have declined in
recent years as a result of increasing internal
consumption, world market oversupply, and
an inability to meet price competition. Turk-
ish podiform deposits are widely scattered
(occurring in 40 of the country’s 67 provinces),
limiting the output and mechanization poten-
tial of many mines. The presence of podiform
rather than stratiform deposits, however,
makes the total resource picture uncertain be-
cause such pockets are difficult to locate. With
economic incentives, a 50-percent increase in
production (a return to the 1975 production
level) could take place in 3 to 12 months. Any
further increase would be limited by available
and willing investment and would require an
increase in reserves. Constraints would include
lack of mining equipment and transportation
bottlenecks. The main ports (Mersin and Isken-
derun, on the Mediterranean Sea) are 400 miles
from the mineheads and have maximum load-
ing capacities of 3,000 tonnes per day, each.

Several ferrochromium plants are now on-
line in Turkey, and additional capacity (to a
total 150,000 tons per year) is expected by 1986.
Etibank, the state-owned mining company that

sCharles River Associates, Processing Capacity for Critical
Materials, contractor report prepared for the Office of Technol-
ogy Assessment, January 1984.
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supplies half of Turkey’s chromite output and
all of its ferrochromium, has a reputation for
making policy decisions removed from politi-
cal influence, Under the most recent govern-
ment it has become very active in seeking in-
vestment partners from the private sector,
Owing to market conditions, most of Turkey’s
existing private producer mines, which mainly
contribute ores for export, were closed during
1982. Overall, Turkey’s chromite industry
could improve its position in the world mar-
ket with an infusion of capital and substantial
technology transfer to upgrade its mining and
processing procedures.

Zimbabwe

Most of the chromium reserves in Zimbabwe
lie in the Great Dyke, an elongated, elevated
geological structure that runs 300 miles or
more in a northeast-southwest direction across
the country, However, about 80 percent of cur-
rent output comes from the Selukwe mines in
related lode deposits along the Great Dyke’s
southern section. The Dyke’s thin seams re-
quire labor-intensive mining methods and are
underdeveloped due to high costs. The Selukwe
mines are operated by Union Carbide’s Zim-
babwe Mining & Smelting Co. Since Western
trade sanctions against the importation of Rho-
desian (now Zimbabwean) chromium were
lifted in 1979, the emphasis has been on export-
ing ferrochromium rather than ores. Union
Carbide and Anglo American (of South Africa)
own the two ferroalloy plants in Zimbabwe.
Their combined ferrochromium capacity in
1980 was 240,000 tons per year, and expansion
plans have been announced. As with most
chromite mining areas, transportation is a ma-
jor physical barrier to increased production.
Zimbabwe would prefer to use direct rail
routes through black Mozambique, but while
the border was closed between 1975 and 1980,
the rail link deteriorated, forcing reliance on
routes through the ports in South Africa.

Potential Producers

PAPUA NEW GUINEA-RAMU RIVER

A nickel laterite deposit containing chromite
and cobalt has been under development at

Ramu River, The mineral deposit is in three
layers, with chromite in the top two layers,
Estimates give a reserve of 80 million to 100
million tons of ore with about 9 percent metal-
lurgical grade chromite in the first, sandy clay
layer, and about 81.5 million tons at 6 percent
in the second. These 14 million tons of chro-
mite would place Papua-New Guinea alongside
most of the major ore-producing countries, if
classified as a reserve and assuming a chromic
oxide content of 46 percent. Nickel (1.14 per-
cent] and cobalt (0.16 percent) are concentrated
in the third layer of the deposit. In 1983 Nerd
Resources Corp. (U. S.) held a 69.5-percent
share of the mining concession and Mount Isa
Mines Ltd. (Australia), the balance. (Mount Isa
Mines is owned by the Australian corporation
M.I.M. Holdings, in which Asarco Inc. holds
a 49-percent interest.) Technical viability of the
project has been confirmed, and economic
studies were conducted in 1982. An executive
of Nerd Resources stated in early 1984 that the
earliest possible date to start the development
phase of the project was 2 years away due to
the depressed markets for both chromite and
cobalt, and that once a decision to go ahead
was made—if ever—it would take 5 years to
reach the production phase.”

The first phase of production will be to mine
the chromite, which can be recovered from the
ore by gravity concentration methods, Nickel
and cobalt, which will require a hydrometal-
lurgical acid leaching process for recovery, will
be mined in the second stage of the project. An-
nual production of chromite concentrates has
been estimated at 500,000 tons. Japan, Austra-
lia, and the United States are considered the
most probable markets. The U.S. Bureau of
Mines tested the chromite concentrate prod-
uct and, using conventional technology, pro-
duced high- and low-carbon ferrochromium.”

CANADA-BIRD RIVER

Of hundreds of documented chromite occur-
rences in Canada, few contain measured re-

26R ichard Steinberger, Executive Vice-President, Nerd Re-

sources, Dayton, OH, personal communication, February 1984.

27**More on RamuRiver,” Mining Journal,Mar.18, 1982, p.
211 and U.S. Department of the Interior, Bureau of Mines,
Minerals Yearbook 1982, vol.lll, p. 1237.
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sources. One deposit, considered the most
likely candidate if development plans arise, is
Bird River in Manitoba, Resources for the four
Bird River properties total 4 million tons at 18
to 25 percent chromic oxide and 15 million
tons at 5 to 7 percent chromic oxide.

The low grade and chromium-to-iron ratio
of these deposits have mitigated against their
development in the past. Research into tech-
nologies to process the ores has determined
that only with high-cost chemical treatment
can a sufficiently high-grade product be at-
tained to meet conventional specifications. Re-
cent research by the Ontario Research Foun-
dation has produced a chromium carbide that
could be used to produce chromium metal or
be used as an alloying agent.

Domestic Production of Chromium

Known resources of domestic chromite are
the stratiform deposits in the Stillwater Com-
plex of Montana and the small podiform bod-
ies in northern California, Oregon, and Alaska.
Chromite is also associated with nickel-cobalt
laterite ores of northern California and south-
ern Oregon and found in placer beach and
stream sands located in Oregon, Maryland, and
Pennsylvania.

As tables 5-9 and 5-10 show, the United
States has an estimated 337 million tonnes (371
million tons) of identified resources”of chro-
mite with chromic oxide grades ranging from
1 to 25 percent (or, 13.8 million tons of con-
tained chromium). Of these identified re-
sources, 80.4 million tonnes (88.6 million tons)
of chromite are considered to be demonstrated
resources (a subdivision of identified resources
with the highest degree of geologic certainty)
containing 3.9 million tons of chromium. As
a comparison, South Africa is credited with a
“reserve base” (total demonstrated resources
but excluding the subeconomic tonnages) of

26“Identified” resources are those for which location, grade,
quality, and quantity are known or estimated from specific ge-
ologic evidence. |dentified resources include economic, mar-
ginally economic, and subeconomic components. To reflect vary-
ing degrees of geologic certainty, identified resources are divided
into “demonstrated” [both measured and indicated) and “in-
ferred” resources.

910 million tons of shipping grade chromite
ores normalized to 45 percent chromic oxide,
or 279 million tons of chromium.

|29

In a Minerals Availability Appraisal”pub-
lished in 1982, the U.S. Bureau of Mines con-
cluded that none of the U.S. identified re-
sources of chromite in stratiform or podiform
deposits were economically recoverable at Jan-
uary 1981 market prices ($128 to $144 per
tonne for a metallurgical grade product, CIF”
in the Eastern United States), Instead, produc-
tion at that time would have required a mini-
mum price of $237 per tonne, almost double
the prevailing market price.

Laterite deposits were not analyzed in the
Bureau of Mines’ study in terms of potential
production because of “technological and cost
uncertainties.“™ Unlike laterite deposits, the
other deposit types have previous production
history in the United States.

The mining and beneficiation methods upon
which the study was based were those meth-
ods used in past domestic production of chro-
mite ores; no new technologies were consid-
ered. For each deposit included in the appraisal
(table 5-11), the engineering and cost (capital
and operating) analyses were followed by an
economic evaluation using a 15 percent rate
of return on the capital investment. Some costs
were not considered—e.g., the time lags in-
volved in filing environmental impact state-
ments, receiving necessary permits, financing,
etc., as it was felt that such delays “would be
minimized in consideration of strategic avail-
ability.”*

Up to 235,000 tons per year (table 5-12) of
contained chromium could theoretically be
produced from the most probable U.S. sources.
This assumes simultaneous production and
would most likely require government incen-
tives, Mine lifetimes range from 3 to 46 years.

2Jjm Lemons, Jr., etal., U.S. Department of the Interior, Bu-
reau of Mines, Chromium Availability—Domestic: A Minerals
Availability System Appraisal, Information Circular No, 8895,
1982, p. 1.

aCost, insurance, and freight paid by the shipper.

*lbid., p. 1.

321bid., p. 7.
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Table 5-9.—U.S. Chromite Deposit Resources

Demonstrated® Identified
(thousand tonnes) (thousand tonnes)
Grade Mineralized Contained Mineralized Contained
State Property (percent Cr,0,) material Cro0, material Cr0,
Alaska . ......... Claim Point ., . . ........ 17.6 267 47.6 267 47.6
Red Bluff Bay . . ........ 12,0 30 3.6 30 3.6
Red Mountain . . . ....... 25.8 0 0.0 183 47.2
California . . . . . .. Bar Rick Mine . .. ....... 7.6 5,065 384.9 44512 3,382.9
McGuffy Creek . . . . ... .. w w w w w
North Elder Creek’...... 11.9 0 0.0 104 124
Pilliken Mine . . . ... ... .. 5.0 0 0.0 30,975 1,548.8
Seiad Creek/Emma Ball . . 5.0 4,546 227.3 10,826 541.3
Georgia . . ....... Louise Chromite ., . . . . . . . 4 131 .6 131 .6
Maryland-
Pennsylvania . . West Placer Area“. ..... 1.4 729 10.1 729 10.1
Montana . . . . . .. Stillwater Complex:
Mouat/Benbow . . . . . . . W w W W w
GishMine . . ......... 15,0 500 75.0 854 128.1
North Carolina . . . North Carolina Area’. ... 19 108 2,1 178 35
Oregon......... Southwest Oregon
Beach Sands . . .. ... .. 5.6 10,827 604.1 45,772 2,554.1
Pennsylvania . . . . Renshaw Placer . . ... ... 1.7 209 3.5 209 3.5
Wyoming. . . .. .. Casper Mountain . . . . . .. 25 3,774 92.5 3,774 92.5
Total® . ................... NA 46,604 5,620,6 194.019 19.333.2

W—Withheld to avoid disclosing individual company proprietary data, included in total

NA—Not applicable
a D, st chromite reserve base

bIncludes 3 deposits that have been combined fOr anal ysis
Cincludes 13 deposits that have been combined for analysis
Inciudes resources withheld to avoid disclosing individual cOmpany proprietary data

SOURCE U S Department of the Interior, Bureau of Mines Information Circular No 8895, 1982, Chromium Availability—Domestic A Minerals System Appraisal, tables
1and 2, pp 4 and 5

Table 5.10.—U.S. Chromite Laterite Deposit Resources

Demonstrated Identified
(thousand tonnes) (thousand tonnes)
Grade Mineralized Contained Mineralized Contained

State Property (percent Cr,0,) material Cr,0, material Cr,0,
California ... , . . . Gasquet Laterite , . . ... .. W w w w w
Little Rattlesnake ., . . . . . w w w w w
Lower EIk Camp . . . ... .. w w w w w

Pine Flat Mountain . . . . .. 2.8 6,382 178,7 15,052 4215
Red Mountain . . .. ... ... W w w w w

Oregon......... Eight Dollar Mountain . . . 11 0 0 13,023 145.9
Red Flat . . ............. W w w w w

Rough and Ready . . ... .. 15 0 0 5,931 90.7

Woodcock . .. ......... 13 0 0 8,587 112.5

Total .................... NA 33,813 640.0 143,126 2,995.4

W—Withheld to avoid disclosing Individual company proprietary data, Included in total
NA —Not applicable

SOURCE U S Department of the Interior, Bureau of Mines Information Circular No 8895, 1982, Chromium Availability—Domestic A Minerals System Appraisal, tables
1and 2, pp 4 and 5
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Table 5-11 .—Proposed Mining and Processing Methods U.S. Chromite Deposits

Annual
Minimum capacity
Type of lead time tonnes Mining Beneficiation
Property State deposit years of ore method method
Claim Point . . ............ Alaska Podiform 4 18,000 Open pit Gravity
RedBluffBay . ........... Alaska Podiform 2 9,000 Open pit Gravity
Red Mountain . . . ......... Alaska Podiform 2 18,000 Overhand shrinkage Gravity
Bar Rick Mine . . .......... California Podiform 2 350,000 Sublevel slope Gravity
McGuffy Creek . ... ....... California Podiform 2 787,000 Open pit Gravity
North Elder Creek’. ....... California Podiform 1 25,000 Open pit Gravity
Piliken Mine. . . .......... California Podiform 2 2,100,000  open pit Gravity-magnetic
Seiad Creek/Emma Bell. . . .California Podiform 3 562,500 Open pit Gravity
Louise Chromite. . ... ... .. Georgia Placer 1 25,000 Open pit Gravity-
electrostatic
West Placer Area’. ....... Maryland- Placer | 50,000 Placer mining Gravity-
Pennsylvania electrostatic
Stillwater Complex:
Mouat/Benbow . . . ... ... Montana Strati form 3 525,000 Shrink slope Gravity
GishMine . ............ Montana Strati form 2 175,000 Shrink slope Gravity
North Carolina Area’. . . . .. North Carolina  Placer 1 25,000 Open pit Gravity-
electrostatic
Southwest Oregon Beach
Sands................ . Oregon Placer 2 1,000,000 Strip Gravity-magnetic-
electrostatic
Renshaw Placer . . ...... .. Pennsylvania Placer 1 50,000 Open pit Gravity-
electrostatic
Casper Mountain . . . ... ... Wyoming Strati form 3 377,260 Open pit Gravity

4ncludes 3 deposits combined in the analysis
binciudes 13 deposits combined in the analysis.

SOURCE: U.S Department of the Interior. Bureau of Mines Information Circular No. 8895. 1982, Chromium Availability—Domestic: A Minerals Availability Svstem ap-

praisal, 'tables 1 and 2, pp. 4 and 5.

All of these areas, with the exception of Gas-
guet Mountain in California, have been mined
previously, providing a backlog of information
and infrastructure upon which to base oper-
ating decisions. Gasquet Mountain has bene-
fited from considerable recent commercial
evaluation.

The most recent U.S. production of chromite
was from the Gish and Mouat/Benbow Mines
at Stillwater from 1953 until 1961, subsidized
by the Federal Government under the Defense
Production Act. The contract with the Ameri-
can Chrome Co. called for 900,000 tons of
chromite ore (36 to 38 percent chromic oxide)
over an 8-year period (an average annual rate
of 113,000 tons), during which the government
advanced $1.8 million for machinery and
equipment and guaranteed the company a
price of $34.98 per ton of ore (about $140 per
ton of chromium). (During the period 1954-61,
the weighted average yearly price ranged from

$124 to $147 per ton.)* Approximately 400,000
tons of the ore produced—half of the contract—
remained unused and was sold by the govern-
ment to Metallurg, Inc., in 1974 for $7.64 per
ton. In 1984, this “stockpile” sat in the town
of Columbus, nearby the Stillwater mine site.

Chromite was also mined from Stillwater and
from podiform deposits in Alaska under World
War Il production subsidies. At Stillwater, de-
velopment efforts began in 1941 under the Re-
construction Finance Corp. ’s Metals Reserve
Co. After spending $15 million on the develop-
ment of two mines (only one of which actually
started producing), all operations were closed
down in 1943 when foreign trade routes be-
came more secure. Domestic chromite produc-
tion reached a historic peak of about 140,000
tons in 1943, and consumption that year was

" w»y.s. Department of the Interior, Bureau of Mines, Mineral
Facts and Problems, 1975 edition, p. 248.
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Table 5-12.—Potential U.S. Chromite Production

Demonstrated resources

Estimated annual production

Chromium Chromium
Ore content Ore content Estimated

Known resources by Grade (thousand (thousand (thousand (thousand minelife
deposit type (percent Cr,0,) tonnes) tonnes) tonnes) tonnes) (years)
Stratiform:
Stillwater Complex:

Mouat/Benboe . . .. ... .. w w w 525 72° 46

Gish.................. 15.0 500 51 175 16 3
Pod/form:
California:

Bar Rick Mine . . ....... 7.6 5,065 262 350 16 13

McGuffy Creek. . .. ... .. w w w 788 NA 4

Pilliken Mine". .. ....... 5.0 30,975 1,053 2,100 65 4

Seiad Creek/Emma Bell . . . 5.0 4,546 155 563 17 9
Beach Sands:
Southwest Oregon . . . . ... 5.6 10,827 412 1,000 35 11

Proven Chromite
Grade reserves concentrates
(percent (thousand (thousand

Laterite chromium) tonnes) tonnes)
Gasquet Mountain. . . .. ... 2.0 16,000 320 50 14 18

3Estimated assuming 15 percent grade

binferred resources only

W—information withheld for proprietary reasons
NA—Date not available

SOURCES Resources, ore grades, proposed mining rate, minelifes from u.s Department of the Interior, Bureau of Mines, chromium Avaifabifity—Domestic, 1C8895/1982
Gasquet Mountain data provided by California Nickel Corp; balance calculated by OTA.

Chromium data 1979 1982

Reported chromite
consumption (tons) (22 to

38 percent chromium) . . . .. 1,209,000 545,000
Apparent chromium
consumption (tons) . ... .... 610,000 319,000

SOURCE U S Department of the Interior, Bureau of Mines, Mineral Commodity
Summaries, 1984

965,000 tons. More than 200,000 tons has been
reported as domestic “shipments” for 1956, but
some 45,000 tons of this amount came from
government stockpiles.

Before 1958, scattered small chromite depos-
its were mined in California, Oregon, and
Washington. The Pilliken Mine near Sacra-
mento, CA, for instance, was operated inter-
mittently from 1950 to 1957. Total production
from these mines was, however, never more
than 45 percent of the Stillwater Complex pro-
duction in the same years.™

For more information about past domestic production see,
Silverman, et a., op. cit., and The Stillwater Citizen-Sun, Apr.
26, 1974, sec. 2, p. 8.

Stillwater Complex

The chromite deposits at the Stillwater Com-
plex in Montana are the largest known, single
potential U.S. source of chromium. Although
there are no current plans to resume commer-
cial production of chromite at Stillwater, these
deposits would most likely be the first to be
considered for production during any emer-
gency situation. Several companies, including
Anaconda Minerals Co., which has patented
mineral holdings on the Mouat/Benbow Mine,
have been involved in the area since the late
1960s in investigating various Stillwater prop-
erties for their potential mineral values. (See
the domestic PGM section, p. 196 for details.)

Available resource data for the two chromite
deposits, the Gish and Mouat/Benbow mines,
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are not complete since for proprietary reasons
only the numbers for the Gish mine have been
published (see table 5-9). The Mouat/Benbow
deposit is reportedly the much larger of the
two. This is evident from the fact that the Bu-
reau of Mines projected a mine life for the
Mouat/Benbow deposit of 46 years with a
production rate of 525,000 tonnes (477,000
tons) of ore per year; whereas, production at
the Gish mine was projected at a third of that
rate for only 3 years.

Combined potential output of 65,000 tons of
contained chromium (table 5-12) from these
Stillwater mines amounts to about 11 percent
of U.S. needs when compared with a peak con-
sumption year such as 1979 or 20 percent when
compared with 1982.

Gasquet Mountain Project

California Nickel Corp. has proposed to pro-
duce nickel, cobalt, and chromium from a
lateritic deposit at Gasquet Mountain in north-
ern California, The project’s economic viability
is dependent on the market prices of all three
metals, and in 1982 the firm was using a chro-
mite price of $40 per ton in its economic evalu-
ations, The estimated output (50,000 tons per
year of chromite concentrates with 14,000 tons
of contained chromium) would be small rela-
tive to the other metals involved in the project
and in relationship to Stillwater as analyzed
by the Bureau of Mines. However, this is the
only domestic mining project which includes
chromium that has been under recent scrutiny
by a mining firm, Perhaps of greater impor-
tance is the processing technology that this
firm is developing for recovery of metals from
laterite ores, Such ores have the possibility of
being a future worldwide source of metals such
as chromium, nickel, cobalt, PGMs, etc. (The
Gasquet Mountain Project is discussed in more
detail in the cobalt section on p. 170, See also
the following chromium mining and process-
ing technologies section on p. 153.)

Lateritic deposits generally offer one of the
lowest metal grades, and chromite at Gasquet
is thought to be extremely erratic. Exploitation
thus requires considerable movement of ore in

order to reclaim any substantial tonnages of the
desired metal.

Other Potential U.S. Sources

Other chromite deposit types in the United
States are the podiform bodies in northern Cali-
fornia, southern Oregon and Alaska and beach
sands in Oregon, Maryland, and Pennsylvania.
Table 5-12, using the Bureau of Mines’ analy-
sis, shows the estimated production from the
most likely candidate areas, California’s podi-
forms and Oregon’s beach sands.

Although the chromium content of the pos-
sible output of the Pilliken Mine was calculated
as the largest, the information base is the
weakest since all resources fall into the “in-
ferred” category. Except for the Bar Rick Mine,
these podiform properties have short mine lifes
which reduces their economic viability,

The Oregon beach sands contain a compara-
tively large amount of identified resources.
These resources are dispersed over a large area
(some 5,000 acres) which is now either public
beaches or land used in Oregon’s forestry in-
dustry, The low grades present means that a
lot of material would need to be displaced in
order to acquire the contained chromite, dis-
turbing not only the beaches but an established
Oregon economic base.

The Alaskan podiform deposits are consid-
ered the most expensive to mine, due to their
location, low grades and short mine lifes. One
area of podiform deposits, stretching south
from Anchorage through the Kenai Peninsula
along the Chugach Arch, may contain suffi-
cient chromite for several years supply, but is
not of commercial interest due to the high cost
of production. as Anaconda Minerals explored
one such deposit area, Red Mountain near Sel-
dovia, as a possible PGM resource but results
have proved disappointing. Conceivably, chro-
mite might be a byproduct of any future PGM
production there, Other potential occurrences
of chromite in Alaska are at Kanuti River, Red
Bluff Bay, Baranof Island, in southeastern

ssJohn Mulligan, Chief, Alaska Field Operations center, su-
reau of Mines, persona] communication, July 9, 1984,
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Alaska, and the western Brooks Range depos-
its. Present information on these occurrences
is inadequate to suggest any level of expecta-
tion.” After surface occurrence investigations
in the Kanuti River area, the Bureau of Mines
recommended in 1983 that subsurface explora-
tion be employed to establish the extent of chro-
mite occurrences .”

Domestic Mining and Processing Technology Prospects

Rather straightforward mining and beneficia-
tion technologies are applicable for the exploi-
tation of U.S. chromite deposits, and their
composition —while primarily chemical grade
—is suitable for a variety of current uses.
Future breakthroughs in beneficiation and
smelting technologies might lead to the possi-
bility of mining of lower grade ores common
to the United States. Plasma arc furnace tech-
nology (see the following processing section),
for instance, uses finely ground chromite as is
found in laterite deposits. Successful applica-
tion of new methods would not necessarily
make U.S. deposits more competitive with
other world deposits, unless innovations can
be selectively applied to U.S. deposits.

Improved mining technology offers several
possible applications for chromite ore mining,
In hardrock ore bodies, open pit and under-
ground mining systems would be similar to
those used in other ore bodies; the trends
toward increased mechanization and to con-
tinuous mining systems would apply, The new
vertical crater retreat system for underground
mining would be especially applicable in nar-
row and steeply dipping veins and podiform
bodies, In shallow lateritic material and beach
placer type sands, open pit mining would very
likely involve continuous mining by bucket
wheel machines or by shovels without the need
for drilling and blasting,

Solution mining of chromite is only in the
conceptual stage, but could provide an ap-

»U.S.Department of the Interior, Bureau of Mines, Critical
and Strategic Minerals in Alaska, Information Circular No. 8869,
193,1&“6”_ Foley and Mark M. McDermott, U.S. Department
of the Interior, Bureau of Mines, Podiform Chromite Occur-
rences in the Caribou Mountain and Lower Kanuti River Areas,
Central Alaska, Information Circular No. 8915, 1983.
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preach to the mining of hardrock chromite
with explosive fracturing or to the mining of
lateritic deposits that are inaccessible by open
pit mining.

The minimum grades required for metallur-
gical use (at least 46 percent chromic oxide and
a chromium-to-iron ratio greater than 2.5:1)
have not ordinarily been obtained from the
processing of domestic chromite deposits.
Low-cost methods of beneficiating domestic
deposits to an acceptable concentrate have
been studied for a number of years by the Bu-
reau of Mines, The methods have involved
combinations of gravity and electrostatic sep-
aration plus flotation to obtain a higher chro-
mium content, and leaching to reduce the iron
content, The Bureau of Mines has recently in-
troduced a chromite beneficiation program
that has provided encouraging results, Re-
search has not yet provided for an economic
method of upgrading, however, A direct smelt-
ing process for Stillwater Complex ore has
been investigated; this would provide a high-
iron alloy, but still not comparable in grade and
cost with imported ferrochromium.

The Albany Research Laboratory of the Bu-
reau of Mines has been exploring the recov-
ery of chromite from the residue of laterites
that have been chemically processed to recover
cobalt and nickel. Lateritic ores containing
chromium are ordinarily roasted and leached,
An experimental plan by the Bureau of Mines
for the recovery of chromium from laterite
ores, as at Gasquet Mountain, involves roasting
and leaching after gravity beneficiation, with
final electrowinning for nickel and cobalt and
final recovery of chromium from the leach res-
idue. The concentrate produced contains about
35 percent chromic oxide. Future research and
experimentation in chromite recovery and
chromium extraction will most probably in-
volve such hydrometallurgical processing.

Another Bureau of Mines project is evaluat-
ing the low-grade podiform deposits of Califor-
nia, These ores range from 3 to 10 percent
chromic oxide and contain tonnages that can
potentially be mined by open pit and under-
ground methods. Preliminary results suggest
that these podiform ores can be concentrated
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to a range of 37 to 45 percent chromic oxide;
and with improved gravity process techniques,
a marketable concentrate might be produced
if smelter facilities were located nearby and
local steel markets were accessible to the
product.

Foreign and Domestic Chromium Processing

The major use of chromium is as an alloy-
ing agent in chromium and stainless steels and
in superalloy. In steels, chromium is con-
sumed primarily in the form of a chromium fer-
roalloy, principally high-carbon ferrochromi-
um or “charge chrome. ” In the production of
superalloys with little or no iron content, a
metallic form of pure chromium is consumed.
The various types of chromium ferroalloys and
metals and their compositions are shown in ta-
ble 5-13.

Figure 5-1 provides a simplified flow chart
of chromium from ore to industrial use. Ore,
as produced from today’s mines, contains from
35 to 48 percent chromic oxide. An exception
is Finland which has the lowest grade eco-
nomic deposits at 27 percent Cr,O,. Where nec-
essary, mined chromite is concentrated (grav-
ity or magnetic separation is usually employed
to increase the chromic oxide or reduce the sili-
con content), sized, and classified at the mine
site. This concentrate, typically 40 to 46 per-
cent chromic oxide (27 to 31 percent contained
chromium), is then processed by smelting into
ferrochromium products or begins a multistep
process for conversion into pure metal.

Table 5-13.—Composition of Chromium
Ferroalloys and Metal (weight percent)

Type Chromium Carbon Silicon

Ferrochromium:

Highcarbon............. 52-72 4.0-9.5 3-14
Charge.................. 58-60 6-7 4-5
Low carbon, . ............ 60-75 .025-.75 1-8
Silicon . ...... ... ... ..., 34-42 .05-.06 38-45
Metal:
Aluminothermic

Vacuum melting grade . . 99.5 .05 .04
Carbothermic (chrome 98) . =98.5 NA NA
Electrolytic, . ............ 99.1 .02 .01

NA—Not available.

SOURCE: Ferrochromium content, U.S. Department of the Interior, Bureau of
Mines, Minerals Commodity Profile 1983: Chromium.
Metal content, appropriate manufacturers.

Ferrochromium

High-carbon ferrochromium is usually pro-
duced in a submerged arc electric furnace.
These furnaces, shown in figure 5-2, use ver-
tical electrodes that are suspended into the
charge material (principally chromite and coke,
a form of coal). A pass of electric current
through the charge provides the heat to sustain
a reaction in which the oxygen content of the
chromite is removed (by combining with the
carbon in the coke) and an iron-chromium al-
loy is produced.

Low-carbon ferrochromium can be produced
from high-carbon ferrochromium or from chro-
mite ores. In the Simplex process, an oxide ma-
terial is mixed with the ferrochromium and
heated in a vacuum furnace, where the carbon
and oxide combine and are driven off, reduc-
ing the carbon content of the ferrochromium.
In another process, silicochromium (a silicon-
chromium alloy) is first produced in a sub-
merged arc furnace and then used to reduce
the carbon content of ferrochromium in an
open arc furnace. (In open arc furnaces the
electrodes are not suspended deep within the
charge).

Ferromanganese (see manganese processing
section) is produced in electric submerged arc
furnaces similar to those used for ferrochro-
mium, and there is a degree of convertibility
between chromium and manganese ferroalloy
furnaces. The United States has, consequently,
some flexibility in production capacity for both
ferroalloys. Ferromanganese production re-
quires a wider electrode spacing than that used
for ferrochromium, which has a less conduc-
tive slag. Other important differences in design
parameters of the furnaces include electrode
diameter, hearth diameter, crucible depth, and
voltage range of the transformer. A ferroman-
ganese electric furnace could technically be
used to produce ferrochromium. By techniques
such as modifying the composition of the slag
to decrease its resistance, the furnace would
be operating at less than optimum conditions
and would probably not be economic. Modifi-
cation of these furnaces for alternative uses
may be physically and process constrained by
the existing pollution abatement equipment.
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Figure 5-1.—Simplified Flowchart, Chromium Ore to Industrial Use
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Figure 5-2.—Submerged Arc Furnace
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ADVANCED TECHNOLOGY

While the submerged-arc electric furnace
process predominates in the production of fer-
roalloys, other methods are being explored.
Most attention is directed at the development
of plasma furnaces.” This furnace is basically
an electric arc furnace in which carbon elec-
trodes are replaced by metallic electrodes and
the electric arcs by plasma arcs.” An essential
difference in design is the installation of plasma
torches in the wall of the furnace, rather than

8Charles River Associates, Processing Capacity for Critical

Materials, contractor study prepared for the Office of Technol-
ogy Assessment, January 1984. )

A plasma is a gas of sufficientl high energy content that
many of its molecules split into atoms, which then become
ionized and electrically conducting. Such a gas can develop and
deliver heat as high as 20,000° C. Fossil fuels, on the other hand,
limit combustion processes to 2.000°C. See “The Promise of
Plasma, " 33 Metal Producing, February 1984.



156 . Strategic Materials: Technologies to Reduce U.S. /report Vulnerability

the roof as with carbon electrodes. A plasma
furnace used for the production of ferrochro-
mium can be used to produce ferromanganese
or other ferroalloys.

The major advantages claimed for the plasma
furnace process are: increased economy due
to longer life electrodes, fewer environmental
problems (e.g., less dust and waste gas are gen-
erated, noise level is extremely low), reduced
cost of charge material (e. g., use of small par-
ticle-""fines” —feed material rather than lumps,
eliminating the need for preliminary processes
to compact such material, and fine coal rather
than more expensive coke), higher product
guality (e.g., a lower carbon content), and in-
creased product yield due to lower losses into
the waste material.

In the production of ferroalloys, the plasma
furnace can either be used for the reduction
of ore (as in the submerged arc furnace) or for
melting metallic fines. Such a melting opera-
tion has been installed by Voest-Alpine of Aus-
tria at Samancor (a major manganese ore and
ferroalloy producer) in South Africa, Middel-
burg Steel & Alloys, a major ferrochromium
producer in South Africa, has been investi-
gating plasma furnace technology for a num-
ber of years and in late 1983 installed a Swe-
dish-designed 20 megawatt (MW) reduction
furnace at its plant in Krugersdorp. This is the
first commercial application of plasma technol-
ogy in the ferroalloys field,”and Middelburg
expects to take 2 years to evaluate the effi-
ciency of the operation before committing to
a conversion of its other furnaces (which could
result in a doubling of its output capacity) to
plasma operation. South Africa appears to be
in an excellent position to adopt the plasma
technology since its chromite ores tend to
break up into fine material, its coal is gener-
ally of the lower grade applicable, and electric
power is the main energy source. Plasma tech-
nology does not yet appear to be able to com-
pete in areas where fossil fuel is available.

«wSKF Steel of Stockholm announced i n June 1984 intentions
of building a 78,000-tonne per year ferrochromium plant in
southern Sweden using plasma technology. Overall savings of
SKF’S Plasmachrome process compared to costs of conventional
ferrochromium production in Sweden has been estimated at 15
to 20 percent.

Relative to Western Europe, South Africa
and the Soviet Union, the United States has
seen little activity in plasma technology for
process metallurgy (reduction). Westinghouse
is one U.S. firm involved in developing the
technology, especially the initial torch systems
which were a spinoff of the U.S. space pro-
gram. “Foster Wheeler Corp. holds a U.S.
license for European plasma furnaces and was
involved in setting up the Middelburg furnace.
Its estimates have shown that capital costs for
the system would be 40 percent less than for
a conventional electric arc furnace and oper-
ating costs, about 25 percent lower.” A major
inhibiting factor to U.S. interest in plasma tech-
nology is the relatively high cost of electrical
power compared with fossil fuel in most parts
of the country .43 However, since ferroalloy
processing is an electric power consumer,
plasma technology has the potential to be eco-
nomically viable in this particular application.

Plasma arc reduction processes have occa-
sioned a good deal of interest, but they have
yet to be proven in full scale for ferroalloy
production, It is not known, for instance, if
they can compete with submerged arc furnaces
on the basis of energy consumed per ton of
ferroalloy produced. They would seem to merit
attention, however, if the high-intensity heat
source used would permit economical opera-
tion of smaller scale units (as compared with
the large, 50 MW, submerged arc furnaces).
Small-scale, adaptable units could provide flex-
ible production capacity for a new, lean domes-
tic ferroalloy industry.

Chromium Metal

Aluminothermic, carbothermic, and electro-
Iytic processes are used to produce metallic
chromium. Each process results in a different
quality of product, which determines its pos-
sible value to industry. Electrolytic chromium
is the purest and used in the most demanding

4K.]. Reid, “Plasma Tech Potential Best in High-Vaue Goods,”
American Metal Market, May 15, 1984, p. 22. Excerpts from a
speech “Plasma Metalurgy in the 80s’ given at an international
symposium—Mintek 50—in Johannesburg, South Africa, in April
1984.

42Charles River Associates, op. cit., p. 78.

#Reid, op. Cit., p. 22.
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applications. The most widely used method is
the aluminothermic (A-T) process. The same
equipment can be used to produce other alloys
—e.g., ferrovanadium, ferrocolumbium, or
ferromolybdenum—providing a wide range of
furnace flexibility, but also making it difficult
to estimate total aluminothermic capacity.

The A-T process is relatively simple. High-
purity aluminum powder is mixed with Cr,0O,,
charged into a reaction vessel, and ignited, The
reaction of aluminum and oxygen produces
chromium metal and a slag that contains the
oxidized aluminum. The metal is separated
from the slag, cooled rapidly, and crushed to
specified sizes for sale.

Two products are made by the A-T process,
One, known as Chrome 99, is suitable for proc-
esses using open vessels in contact with air,
but residual oxygen and nitrogen in Chrome
99 limit its use to less demanding end-use ap-
plications. The other product, called vacuum
melting grade (for use in vacuum furnaces), is
produced with excess aluminum to drive down
the levels of oxygen. This high purity grade is
interchangeable with electrolytic chromium in
all but the most stressful applications, e.g., the
rotating hot sections of the jet engine.

The A-T process requires high-purity chro-
mic oxide as feed material. This chromic ox-
ide is produced by roasting chromite. Care
must be taken during this process to minimize
the sulfur, oxygen, and nitrogen content of the
end product. producing this oxide is the capi-
tal-intensive phase of chromium metal pro-
duction,

Another chromium product, Chrome 98, also
uses Cr,0,as the input material. Carbon is
mixed with the oxide to form briquettes, which
are then heated in a vacuum furnace at close
to the melting point for several days. The car-
bon and oxygen form carbon monoxide gas,
which leaves behind briquettes of chromium
metal, The vacuum furnaces used for this car-
bothermic process are used for the production
of other alloys (e. g., low-carbon ferrochro-
mium) so that total production capacity is dif-
ficult to measure. Chrome 98 competes with
A-T chromium for use in superalloy.

Chromium metal of the highest purity, con-
sumed in the most demanding superalloy ap-
plications, is produced by the electrolytic
method. This process, based on developments
by the U.S. Bureau of Mines in the 1950s, uses
ferrochromium as a feed material. Chemical
processing removes the iron content of the
ferrochromium, and this “chrom alum” (chro-
mium aluminum sulfate) is then dissolved in
water to provide the feed for electrolytic cells.
Chromium, deposited on cathodes, is periodically
removed. This product is sold as regular grade
(99.1 percent chromium) or further purified.

Production Capacity and Distribution

The worldwide distribution of production ca-
pacity for ferrochromium and chromium metal
is shown in tables 5-14 and 5-15. In 1979, the
United States had more than 225,000 tonnes
(205,000 tons) of ferrochromium capacity
among seven firms, Of the six firms now
credited with capacity, only two were operat-
ing in 1983, functioning at low levels of produc-
tion or only intermittently, Early in 1984, tem-
porary respite was provided to one bankrupt
firm with the award of a contract from the Gen-
eral Services Administration to upgrade
121,173 tons of chromite in the national de-
fense stockpile to ferrochromium. Table 5-16
shows the increasing U.S. reliance over the
past decade on imports of both chromium fer-
roalloys and metal.

In the past, the West’s supply of chromic ox-
ide, the precursor for aluminothermic chro-
mium metal production, was supplied almost
entirely by a single firm, the British Chrome
& Chemical Co., which has an annual capac-
ity of 12,700 tonnes of chromic oxide. In 1982,
however, a subsidiary of the British firm, the
American Chrome & Chemical Co., began oper-
ating a plant in Texas that produces chromic
oxide, along with various chromium chemicals.
Shieldalloy Corp. has been producing chromic
oxide in the United States, but has used it for
internal consumption in the production of A-
T metal. It has an annual output capacity of
1,400 tons of chromium metal, with the possi-
bility of expanding capacity to 1,800 tons, if
equipment normally used in the production of



158 . Strategic Materials: Technologies to Reduce U.S.

Import Vulnerability

Table 5-14.—Ferrochromium Capacity, 1979 (in tonnes)

Charge High Medium Low Ferro-
Country chrome carbon carbon carbon silico
Brazil ...................... 90,000 - - - -
Canada.................... 50,000 - - -
Finland . . .................. 50,000 - - - -
France . ... ................ — - - - 2,000
West Germany. . . . ... ... ..... ) 35,000
India...................... 10,000+ . 5,000 + 1,000
taly, . .. ..o — 40,000 — 15,000 —

(incl.
charge)
Japan........... ... .. 172,000 344,100 12,000 106,000 81,400
Mexico . . .................. — - - 6,000 -
Norway . . .................. — 20,000 18,000 — -
Philippines . . . . ............. — ) ) ) -
South Africa . . . ............ 270,000 30,000 - 10,000 55,000
Spain . ... — 28,000 - 10,000 —
Sweden . ................... — 240,000 - 33,000 53,000
Turkey. . .. ... — 50,000 - 15,000 -
United States. . . . .. .......... 136,000+ 36,000+ 53,000+
Yugoslavia . . . . ......... ..., — 68,000 - 15,000 5,500
Total . . ... ... . ... 642,700+ 956,100+ 30,000 251,300+ 285,900+

® —Capacity notavallable.

SOURCE: Charles River Associates, Processing Capacity for Critical Materials, OTA contract report, January 1984

Table 5-15.—Production Capacities for Chromium
Metal in the Non-Communist Countries-1981
(tonnes per year)

a

Country Electrolytic Aluminothermic
France .................. 900-1000
Japan................... 3,000-4,000 300-1,000
West Germany’.......... 600,1,200
Luxembourg . ............ 0- 500
Great Britain . . . .......... 2,000-4,000
United States . . . . ........ 2,800-3,000 0-1,800

4A.T capacity is difficult to estimate Since some facilities that are used forthe
production of other atioys Can be used for the production of A-T chromium The

wide range Of capacity estimates refiects this difficulty.
DThare is an additional “'Captive" producer Of A-T chromium in West Germany.

Its substantial production is sold directly to two or three companies within West
Germany

SOURCE: Charles River Associates, Processing Capacity for Critical Materials,
OTA contract report, January 1984.

other alloys is employed. In addition, Elkem
Metals, which produces Chrome 98 at its plant
in Marietta, OH, offers variable capacity be-
cause it uses its vacuum furnaces for other
products, e.g., vanadium carbide and low-
carbon ferrochromium. But briquetting equip-
ment for preparing the furnace feed material
limits production to 1,400 tonnes (1,300 tons)
of chromium metal per year. A small invest-
ment in additional briquetting equipment could
easily double output.

Table 5-16.—Chromium Ferroalloys and Metal:
imports and Consumption (gross weight, short tons)

Ferrochromium Metal®

1971:
Imports . . .................. 85,187 NA
Consumption . . ............. 253,193 NA
Imports as percent of

consumption . . ........... 34 -
1974:
Imports . . .................. 161,573 1,960
Consumption. . . ............ 472,379 5,479
Imports as percent of

consumption . . ....... S 34 36
1980:
Imports . . .................. 297,218 4,075
Consumption . .............. 388,639 5,635
Imports as percent of

consumption . .. .......... 76 72

aMetal impori_ data include unwrought metal, waste, and scrap
NA—Not available.

SOURCE: U S. Department of the Interior, Bureau of Mines, Minerals Yearbook,
VOI 1, 1971, 1974, and 1980.

Western production of electrolytic chromium
metal comes from two plants, one each in Ja-
pan and the United States. Toyo Soda has a ca-
pacity of 4,000 tonnes (3,600 tons) per year, and
Elkem has a 2,800-tonne capacity (2,600 tons).
Plans to expand capacity to 4,500 tonnes at
Elkem were considered but shelved owing to
lack of prospective markets.
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The United States still has domestic capac-
ity for all types of ferrochromium products, al-
though “practical” (in operating condition) ca-
pacity no longer covers its needs. For instance,
estimated practical capacity (1984-85) for high-
carbon ferrochromium is placed at 130,000
tonnes (118,000 tons),“while 1982 consump-
tion totaled 215,000 tons.” Imports are ex-

#Charles River Associates, op. cit., p. 58.
45(J.S. Department of the Interior, Bureau of Mines, Minerals
Yearbook 1982, vol. 1, p. 205.

Cobalt Production

State-controlled mining operations produce
more than 90 percent of the world’s cobalt sup-
ply. The industry is dominated by one such
African producer, Zaire, which directly sup-
plies nearly 40 percent of U.S. imports. Unlike
the other first-tier strategic materials, the num-
ber of producer countries has grown in the past
20 years; and these four countries now hold 9
percent of overall output. In addition, a num-
ber of cobalt-containing ore deposits—includ-
ing some in the United States—have been
evaluated in the past decade, but all await im-
proved prospects for primary ores and/or co-
balt before any operations will be considered.

Cobalt minerals are oxides, sulfides, or ar-
senides, and they occur in a number of geologi-
cal environments. The majority of the world’s
cobalt production comes from a particular
geologic combination (stratabound copper de-
posits associated with sedimentary rock) that
has only been found in Zambia and Zaire.
Other geological types in which cobalt is lo-
cated are laterite, hypogene, and hydrothermal
deposits. Hypogene deposits are formed dur-
ing the crystallization of molten rock in which
minerals separate and accumulate. Hydrother-
mal deposits are formed when water contain-
ing metals circulates through rocks, solidify-
ing along fractures to produce vein deposits.
The principal product derived from cobalt-
bearing laterites is nickel in combination with
iron; from hypogenes, nickel, and/or copper.

pected to continue to erode U.S. production ca-
pacity. Firms that appear to be able to remain
viable—e.g., Globe Metallurgical Division of In-
terlake, Inc.—have small, flexible furnaces
which can handle special orders and produce
premium grades. In terms of chromium metal
production, the United States has the ability
to handle all stages of both the electrolytic and
aluminothermic processes and produce a sub-
stantial portion of domestic needs.

and Processing

Cobalt is only a secondary product of cur-
rent mining operations; therefore, its mining
and refining is tied to the primary metals nickel
and copper, Thus, normal market fluctuations
for cobalt do not usually directly influence de-
cisions to alter production rates. Only two
countries have had the capability to produce
cobalt as a primary product: Zaire, partly be-
cause of its high cobalt content ores (0.35 per-
cent); and Morocco, whose cobalt arsenide ores
were mined until 1983. For other producers,
increasing cobalt production in the absence of
increased demand for copper or nickel means
either bearing the cost of stockpiling copper
or nickel or running a risk of depressing prices
by creating an oversupply in those markets.

Although 12 countries reported mine produc-
tion of cobalt in 1982, Zaire supplied 45 per-
cent of the world’s total output (table 5-17).
Zambia contributed another 13 percent. These
two African countries are the major sources
of cobalt for the free world market, the prin-
cipal consumers being the United States, West-
ern Europe, and Asia. The United States is de-
pendent on imports for all of its primary cobalt
needs. (Eight percent of consumption in 1982
was provided by the recycling of purchased
scrap.) The Eastern bloc’s cobalt needs are sup-
plied by the Soviet Union and Cuba. Little co-
balt is consumed by producer countries, except
the Soviet Union.
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Table 5-17.—World Cobalt Reserves and Production by Country
(million pounds of contained cobalt)

Average Percent
grade Production® of world
Producer country Reserves percent 1982 production

Australia. .. ................ 50 0.10 4.8 9
Botswana .................. 20 0.06 0.6 1
Canada.................... 100 0.07 3.3 6
Finland . ................... 50 0.20 2.2 4
MOrocco’. . ...t 0 1.20 15 3
New Caledonia . . ........... 500 0.05 11 2
Philippines . . . .............. 300 0.08 11 2
South Africa . . ............. 40 NA NA -
SovietUnion . .............. 300 NA 5.2 9
Zaire . ... 3,000 0.35 24.9 45
Zambia............ ... ... .. 800 0.25 7.2 13
Subtotal . ................ 5,160 51.9 94
Others. . ................... 840 34 6
Total . ................. 6,000 55.3 100

3Mine outout. .
boperations suspended in Decembertgs2.

NA—Not available,

SOURCE: U.S. Department of the Interior, Bureau of Mines. Reserve baseMineral Commodity Profile 1963: Cobalt

Production: Minerals Yearbook 1982, vol. 1,p. 258

Foreign Production of Cobalt

The cobalt industry is divided into two groups:
vertically integrated firms, which mine ores
and process them into cobalt products, and
mine producers, which sell semiprocessed ores
to refiners. Mining is singly controlled in each
producer country, except in Canada, Australia,
and South Africa. As table 5-18 shows, a tangle
of multi-national firms produce cobalt. U.S.
firms have interests in Australia (Freeport and,
indirectly, Asarco), Botswana (Amax), Canada
(Newmont Mines and Superior Qil), the Philip-
pines (indirectly, Superior Oil, through Sher-
ritt Gordon), and Zambia (Amax).

Cobalt flows worldwide in a number of forms
until final products such as metal (electrolytic)
cathodes and powder, cobalt salts, and oxides
are produced for sale to industrial users. Even
within integrated firms, intermediate products
are often shipped from the mining country else-
where for final processing. However, there is
a growing trend toward complete processing
in the country of origin.

In an emergency, one advantage of vertically
integrated processing in the producing coun-
try is that final cobalt products—principally
pure metal—can be air shipped at no great in-

crease in cost. Intermediate products, on the
other hand, have few metal units per pound,
and shipping them other than by sea is costly.
During the Shaba uprising in Zaire in 1978 and
1979, air transportation proved to be a success-
ful export method.

Because of cobalt’s varied and complex proc-
essing flows (see the following section on co-
balt processing), mine production cannot be
discussed independently from final processing.
Cobalt production and import data often refer
to both the mine producer and the downstream
processing countries. When integrated mine
producers and independent refiners are both
considered, the world’s sources of refined co-
balt products appear to be diverse, although
Zaire still dominates. As table 5-19 indicates,
the flow of semiprocessed ores is toward the
consuming nations. Zaire, Zambia, and Fin-
land have integrated firms which can com-
pletely process their ores into cobalt cathode
and powder forms. South Africa now exports
both cobalt chemicals (sulfate) and metal pow-
ders. Some South African intermediates, how-
ever, are still shipped to England and Norway
for processing. Canada’s Inco now has the ca-
pability to produce metal from its ores but
maintains the option to ship intermediates to
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Table 5-18.—Cobalt Mining Industry by Country

Ownership

Primary national

Country Major firms Sector Major holders® identity
Australia . .. ......... Queensland Nickel Pty. Ltd Private Metals Exploration (50) Local
Private Freeport®(50) Us.
Western Mining Corp. Ltd. Private WM Corp. Holdings (100) Local
Agnew Mining Co. Pty. Ltd. Private Seltrust Mining (60) Local
Private Mount Isa Mines’(40) Local
Botswana. .. .......... Botswana RST Ltd. Private Amax (30) Us.
Private AngloAmer (30) South
Africa/U. K.
Private various (40) Local
Operated by BCL Ltd. Private Botswana RST (85) (see above)
Government (15) Local
Canada. .............. Inco Ltd. Private d Canada
Falconbridge Ltd. Private Mcintyre Mines®(40) Canada
Finland. . ............ .Outokumpu Oy Government (81) Local
Private (balance) Local
Morocco'... , . . . ... ... Campagnie de Tifnout Private/ Omnium (81) French/
Tiranimine (CTT) government Local
New Caledonia . . . .. ... Societe ie Nickel (SLN) Private Imetal (15) French
Government SNEA®(15) French
Government ERAP (70) French
Philippines . . .. ...... . Marindugue Mining and Government (87) Local
Industrial Corp. Private Sheritt Gordon (10) Canada
South Africa", . . . ..., . Rustenberg Platinum Mines Private JCI (33) Local
Ltd. Private AngloAmer (24) Local
Private Lydenburg (24) Local
Impala Platinum Holdings Ltd. Private Gencor (56) Local
Zaire . ... . Generale des Carrieres et des Government (loo) Local
Mines (Gecamines)
Zambia . .. ... e .Zambia Consolidated Copper Government ZIMCO (60) Local
Mines Ltd. Private Zambia Copper Investment South
27y Africa/U. K.
Private RST International (7) Local
awith approximate percentage Of control, if available

ba wholly owned subsidiary of Freeport McMoraninc(U.S)
Ca subsidiary of MiMHoldings which is (49°/0] owned by Asarco Inc
dThe targest Single.shareholder block of Inco stock !s 4 Percent

8Falconbridge's 327 percent ownedby Superior 011 through direct equity and its controlling Interest in Myintyre

fNot | production since December 1982

OSNEA 1s 67 percent owned by ERAP-Entreprise de Recherches et d'Activites Petrolieres. giving ERAP about 80 percent control of SLN

NThere are s)x finance houses (th,~Groups') Which dominate the South Africanindustry: The Anglo American Corp of S A Ltd (AngloAmer); Gold Fields Of S A Ltd,
General Mining Union Corp Ltd{Gencor); Rand Mines/Barlow Rand, Johannesburg Consolidated Investment Co Ltd{JCI), and AngloTransvaal Consolidated Investment

Co Ltd(AngloTC)
'Owned by Anglo American

SOURCES E&MJ 1983 International Directory of Mining, Bureau of Mines Mineral Commodity Profile 1983: Cobalt; Office of Technology Assessment

its plant in Wales, where cobalt salts are pro-
duced. Falconbridge exports processed ore
from Canada to its plant in Norway for the pro-
duction of cathodes.

Firms in Botswana, Australia, New Cale-
donia, and the Philippines mine and smelt their
ores. This intermediate product (matte) is
traded to refiners for final processing. Two Jap-
anese firms refine intermediates from the
Philippines and Australia. The resulting cobalt
cathodes are either consumed in Japan or ex-
ported. Amax, the sole U.S. cobalt refiner, cur-

rently holds contracts to receive matte from
one producer in Australia and from its own
operations in Botswana, Output from the ma-
jor Australian producer, Western Mining, is
shipped to Sherritt Gordon’s refinery in Can-
ada for processing into cobalt powder. New
Caledonia’s small output is processed into co-
balt salts by Metaux Speciaux in France.

Four of today’s producer countries, shown
in table 5-20, have initiated production since
1960, causing a redistribution of market shares
despite the commanding hold on the market
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Table 5-19.—World Refined Cobalt Production—
1982, by Country (million pounds)

Recovered Percent

Country*® metal of total
CANADA . . ... .. 1,730 4
FINLAND . .............. 3,218 7
France . ................. 11,100 26
West Germany . . ......... 880 2
Japan. .................. 4,282 10
Norway ................. 2,184 5
SOVIETUNION .. ........ 8,700 20
United Kingdom. . . ....... 1,600 4
United States . . .......... 1,016 4
ZAIRE . ................. 13,200 30
ZAMBIA . ... 5,392 12
ZIMBABWE . ............. 110 <1
Total . ................ 43,412 100

aypper case indicates refiner is also an ore producer

SOURCE: U.S. Department of the Interior, Bureau of Mines, Minerals Yearbook
1982, vol 1, p 256.

that Zaire has maintained. Until the worldwide
recession abates and steady economic growth
is anticipated by the mining industry, the cur-
rent producers of cobalt will remain the only
sources.

There has been extensive activity since the
late 1970s on cobalt-related projects around the
world, including in the United States. A num-
ber of mining projects are being or have been
evaluated, although none appear economic.
Foreign projects (table 5-21) reportedly evalu-
ated include Gag Island in Indonesia, Kilembe

copper mine in Uganda (processing of copper-
cobalt tailings), the Windy-Craggy deposit in
Canada, Musongati in Burundi, Ramu River in
Papua New Guinea (see the section on chro-
mium in this chapter), and Goro in New Cale-
donia. Except for the Ramu River project,
which depends on chromite and nickel, the
economic viability of these projects will be de-
termined by the market for nickel or copper.
(U.S. projects are discussed in detail in the next
section,)

Albania has contracted for the construction
of a nickel and cobalt refinery, which will pro-
duce cobalt oxide from domestic nickelifer-
ous“ores. (A West German government firm,
Saltzgitter Industriebau A. G., and Inco of Can-
ada are involved.) An unconventional source
of cobalt is under investigation in Peru, involv-
ing concentration and refining of cobalt-bear-
ing tailings from the Marcona Iron Mine.

These projects represent a potential 20 per-
cent increase in supply for world markets
under improved economic conditions. Bring-
ing any of them into production, however,
would require considerable capital and lead
times of several years to develop the necessary
infrastructure.

“Bearing or containing nickel.

Table 5-20.—Historical Production—Cobalt, 1960-80, by Country
(thousand pounds, contained cobalt; percent of world total)

1960 1965

1970 1975 1980

Producer country Production Percent

Producer Percent

Producer Percent Producer Percent Producer Percent

Botswana Gy 0 0 0 0 0 0 178 <1 498 1
Canada. o 3,330 10 3,648 10 4,562 9 2,986 5 3,534 5
Finland o . 0 0 3,292 9 2,800 5 3,090 5 2,282 3
Morocco e e 2,802 8 4,038 1 1,332 3 4,324 7 1,848 3
New Caledonia ., ., 0 0 0 0 0 0 4,528 7 400 1
Philippines ., ., ., . 0 0 0 0 0 0 234 <1 2,934 4
South Africa ., ., . . NA NA NA NA a
Zaire, ., ., . .y 18,166 54 18,492 49 30,772 59 30,860 48 34,180 51
Zambia S 4,070 12 3,404 9 5,290 10 5,252 8 9,700 14
Soviet Union . b 2,800 7 3,400 6 3,900 6 4,960 7
Subtotal " " 28,400 85 35,874 95 49,178 94 61,324 94 63,856 95
Other " . " 5,000 15 1,760 5 3,400 6 3,600 6 3,620 5
Total ., .. 33,400 100 37,634 100 52,578 100 64,924 100 67,476 100

3stimated 475,000 pounds in 1981
bonly Free World reported in1960
NA—Data not available

SOURCE U S Department of the Interior, Bureau of Mines, Minerals Yearbook, 1961, 1966, 1971, and 1981
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Table 5-21 .—Potential Foreign Cobalt Sources

Estimated cobalt content,
million pounds

Production Estimated leadtime
Site per year Deposit to production
Gag Island, Indonesia. . .. ......... 2.8 400 2 to 3 years
Kilembe, Uganda . .. .............. NA 784 1 to 3 years
Windy-Craggy, Canada . . . ......... NA 982
Musongati, Burundi . . . ............ NA 160 NA
Ramu River, New Guinea . . . ., , ..., 5.9 NA +5 years
Goro, New Caledonia . .. .......... 2.0 NA 3.5 to 5 years
Marcona Mine, Peru . . . ........... 4.0 NA =2 years
Albania refinery . . ............. ... NA NA = 1985

NA—Data not available.
SOURCE Office of Technology Assessment

Following is a brief discussion of each ma-
jor cobalt mine producer’s operations and the
processing route of the ores. The industry ex-
perienced a cutback in mine production and
delay in expansion plans because of the 1981-
82 worldwide recession. In 1984-85 future pros-
pects have been regarded cautiously.

Australia

Only intermediate cobalt products are pro-
duced in Australia. The major producer, West-
ern Mining, is also the third largest nickel pro-
ducer in the world. For cobalt recovery, the
company processes nickel sulfide ores from de-
posits in western Australia into mixed nickel-
cobalt sulfides, which are shipped to Sherritt
Gordon in Canada for processing into cobalt
powder. Queensland Nickel in northeastern
Australia also produces a mixed nickel-cobalt
sulfide, but its ores are nickel oxides from
laterite deposits. The intermediate product is
shipped to Nippon Mining’s refinery in Japan
under a life-of-mine contract. Agnew Mining’s
nickel sulfides are smelted by Western Mining
in Australia and refined by Amax at Port
Nickel in Louisiana. Although a minor world
source of cobalt, Agnew is one of Amax’s two
current sources of cobalt intermediates. In-
ternally, Australian producers rely on rail for
transportation between mining, smelting, and
exporting phases of production.

Botswana

The two mines in Botswana, Selebi and
Pikwe, are operated by BCL Ltd. (15 percent

government owned). The smelting furnace at
the mining complex had a production peak of
47,000 tonnes of matte (nickel and copper at
38.5 percent each and cobalt at 0,56 percent)
or, 479,000 pounds of contained cobalt in 1981.
The matte is sent by railroad through South
Africa to the port of East London or through
Mozambique to Maputo for sea shipment to
Amax’s refinery in Port Nickel. The South
African route is preferred because the loading
facilities at East London are more efficient.
Botswana RST has been reevaluating its cop-
per-nickel sulfide ore deposits in recent years.
Preliminary indications are that the reserves
could be increased significantly, but an invest-
ment in extensive drilling is needed for con-
firmation.

Canada

Canada has two integrated mine producers,
Falconbridge and Inco, and one independent
refiner, Sherritt Gordon. Most of Canada’s co-
balt deposits are located in the Sudbury area
of Ontario and are classified as nickel/copper
sulfides. Falconbridge smelts its ores into a
mixed metal matte containing nickel, copper,
and cobalt (1 percent). This material is then
shipped to Falconbridge’s refinery in Kris-
tianstad, Norway, where cobalt cathodes are
produced. Inco has produced cobalt oxide at
its own plants in Port Colborne and Thomp-
son, Canada, Recently, an electrolytic plant
with a design capacity of 900 tonnes (1.6 mil-
lion pounds) of metal per year began operation
at Port Colborne to complete domestic proc-
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Photo credit: Inco, Ltd

Cobalt is recovered from nickel and copper ores in the
Inco processing plant at Port Colborne, Ontario

essing of the ores. Cobalt oxide will still be pro-
duced at Thompson, with some being shipped
to Inco’s refinery in Wales for final process-
ing. Inco and Falconbridge together normally
have the capacity to mine ores containing 9
million pounds of cobalt per year. Inco’s smelter
has a maximum output capacity of 4 million
pounds of cobalt per year. However, world
market conditions have reduced actual output
by half in the past few years. Sherritt Gordon
stated in 1983 that if the price of cobalt rose
to $10 per pound (signaling improved markets),
the company would triple its output of cobalt
powder."

vAmerican Metal Market, Oct. 27, 1983.

Finland

The integrated firm Outokumpu Oy, Fin-
land’s sole producer, derives cobalt from cop-
per sulfide ores containing copper, zinc, and
cobalt; the ores are from the firm’s Keretti and
Vuonos mines in eastern Finland. A cobalt con-
centrate is subsequently processed at the Kok-
kola refinery on the west coast. Products in-
clude both cobalt powder and salts. Outokumpo
has been conducting exploration and process
development work (a new concentration tech-
nique based on leaching technology) at the
Talvivaara deposit near Sotkamo in order to
improve the firm’s reserve figures and develop
a new source of cobalt, as well as nickel, zinc,
and copper. Total resources have been esti-
mated at 300 million tons of ore which, with
a cobalt grade of 0.02 percent, represents
60,000 tons (120 million pounds) of cobalt. If
the processing technique proves feasible, about
10 million tons of ore (containing 4 million
pounds of cobalt) could be produced annually.

Morocco

Cobalt production in Morocco was discon-
tinued in December 1982 because declining re-
serves and increased mining costs made the
firm’s cobalt production noncompetitive. A
better worldwide economic climate could en-
courage broadening of the reserve base and re-
opening of the mines. Morocco’s ores are
cobalt-iron-nickel arsenides, and Morocco is
the only world producer for which cobalt has
been the primary product. The ores were proc-
essed in France by Metaux Speciaux, a subsidi-
ary of Pechiney Ugine Kuhlmann, the state-
owned metals group. The oxide and metal
products were consumed internally. (Metaux
Speciaux now receives cobalt intermediates
from SLN in New Caledonia for processing
into salts.) Amax considered using Moroccan
ores and ores in the tailings at the Uganda
Kilembe copper mine as a feed for its U.S.
plant. Neither source presents any technical
problems, but it is difficult and costly to trans-
port the ores from either spot in northern
Africa to the Botswana smelter for initial proc-
essing.
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In 1982, the Trade and Development Pro-
gram of the U.S. International Development
Cooperation Agency completed a study of the
prospects for Moroccan cobalt production.”
The study reported that, although the reserves
were approaching exhaustion, the potential for
discovering new cobalt deposits in the Bou
Azzer region (site of the closed mines) was very
high, suggesting that extensive geological
studies be undertaken.

New Caledonia

Only 8 percent of the cobalt in SLN’s ores
is recovered because most of its nickel oxide
ores are smelted directly into ferronickel. (See
discussion of cobalt losses due to ferronickel
production in the following processing sec-
tion.) The cobalt intermediates that are pro-
duced by SLN’s smelter are processed in
France by Metaux Speciaux. Cofremmi, S. A.,
a firm controlled by Amax, BRGM (France),
and Patino N.V. (Netherlands), has studied the
feasibility of mining the nickel laterite depos-
its containing cobalt at Goro, estimating a co-
balt output of 1,000 tons (2 million pounds) per
year. A deposit at Tiebaghi has been investi-
gated by Amax. Both deposits could be ex-
ploited using existing technology, but eventual
production from either source will depend on
the nickel market.

The Philippines

Some 20 nickel laterite deposits, with vary-
ing cobalt content, have been identified in the
Philippines, although only one is in production.
Marinduque derives cobalt from a large deposit
with 0.10 percent cobalt content at Surigao on
Nonoc Island. A mixed nickel-copper sulfide
is shipped to Japan for refining into cobalt
cathodes by Sumitomo Metal Mining. Marin-
duque planned a cobalt refinery with a rated
output of 1,200 tons (2.4 million pounds) per
year, but current financial problems have pro-
hibited any action. It is estimated that the plant
would take about 18 months to complete.

1] S.International Development Cooperat ion Agency, Trade
and Development Program, Morocco Cobalt Mission. February
1982,

South Africa

Cobalt from the Union of South Africa is pro-
duced from nickel products separated during
platinum ore beneficiation. Data on actual co-
balt production became available only recently.
Production in 1981 has been estimated at
475,000 pounds of recovered cobalt. Two pro-
ducers, Rustenburg and Impala, are now fully
integrated within South Africa. Rustenburg
processes nickel mattes into cobalt sulfate at
a plant jointly owned with Johnson-Matthey.
Impala’s mattes are processed into cobalt pow-
der at its refinery at Springs in the Transvaal
Province, A third (minor) producer, Western
Platinum Ltd., ships mattes to the Falconbridge
plant in Norway for processing. (Falconbridge,
a Canadian firm, is part owner of Western
Platinum.)

Zaire

The copper oxide and mixed oxide-sulfide
deposits of Zaire have one of the world’s high-
est concentrations of cobalt (average 0.3 per-
cent). Gecamines (the government mining firm)
recovers cobalt after the last step of the copper
ores processing. This makes cobalt production
relatively inexpensive, but because the opera-
tions seek to maximize copper recovery, over-
all cobalt recovery from the mined ores is only
in the 30-percent range. Mine-to-metal cobalt
production is integrated at the mining area,
Gecamines’ two refineries produce cobalt metal
cathodes.

Metallurgic Hoboken Overpelt in Belgium
has an agreement with Zaire to process refined
cobalt into cobalt chemicals and extra-fine
powder. During the depressed markets of the
past few years, Gecamines has stockpiled co-
balt rather than substantially curtail its produc-
tion rate. Estimates are that, by the end of 1982,
Zaire and its sales agents were holding more
than 20,000 tonnes (36 million pounds) of co-
balt products off the world market. This amount
exceeds Zaire’s 1980 production rate of 17,090
short tons (34 million pounds),

Zaire was granted $360 million in loans by
the International Monetary Fund in 1984 to
help compensate for the decrease in export
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earnings due substantially to the depressed
world markets for copper and cobalt. There
have been attempts to open additional Zairian
sources of cobalt by various consortiums of
government and multinational private firms
(e.g., Sodimiza and Societe Miniere de Tenke-
Fungurume), but they have failed because of
market conditions for both copper and cobalt.

After the Shaba crisis ended in 1979, Zaire
continued to use air transportation for cobalt
exports until the price of cobalt dropped dra-
matically. Land routes from Zaire include a
river barge/rail combination west to the port
of Matadi and rail routes via South Africa and
Tanzania. Negotiations were underway in 1984
to allow Zaire the use of the Mozambique port
of Beira.

Zambia

While Zambia produces from the same ore
belt as Zaire, Zambia’s ores are almost exclu-
sively copper sulfides, and the concentration
of both copper and cobalt (0.15 percent) is
lower than in Zaire. The overall recovery rate
for cobalt is about 25 percent. (The cobalt re-
finery yield is 75 percent, but only a third of
the mined cobalt containing ores are processed
for cobalt with the rest going to copper.) Sul-
fide ore processing requires smelting and sep-
arate streams for copper and cobalt rather than
the sequential hydrometallurgical extraction
process used in Zaire with oxide ores. The end
product in Zambia is cobalt cathodes, half of
which are of the high purity required for super-
alloy use.

The major transportation route from Zambia,
especially for copper, is via the Tazara Railroad
to the port of Dar es Salaam in Tanzania. The
railroad was built in the 1970s, with assistance
from the Chinese government, to reduce black
southern Africa’s dependence on rail routes
through South Africa. It has been continually
plagued with equipment and maintenance
problems, reducing its reliability. China agreed
to extend the grace period for repayment of the
railway’s debt, freeing up funds for repairs and
for purchase of additional rolling stock. Sev-
eral Western European nations have agreed to

assist the rehabilitation effort. The port of Dar
es Salaam tends to be a bottleneck causing ex-
treme delays in shipments.

Potential Sources

The first of the following potential sources
of cobalt is of particular interest because it is
located close by in Peru and because little de-
velopment would be required to produce co-
balt. The time-consuming ground work has
been completed for the second project, and it
awaits economic viability.

Peru/Marcona Iron Mine

It has long been known that the iron sulfide
(pyrite) tailings from operation of the Peru/Mar-
cona iron mine contain cobalt. The Trade and
Development Program (TDP) studied this proj-
ect in 1982“at the request of Hierro-Peru, the
Peruvian government iron mining concern,
and estimated that at an iron mining rate of 7.2
million tons per year, 2,079 tons (4.2 million
pounds) of cobalt could be recovered annually
from the pyrite tailings. (In 1981, nearly 7.5 mil-
lion tons of crude ore were mined, although
the mine has an annual capacity of 15 million
tons.) Additional cobalt is contained in the tail-
ings generated over the lifetime of the mine’s
operation. The TDP report proposed that the
cobalt ore be prepared for use in a U.S. refin-
ery, such as the Amax refinery in Louisiana or
one of Hall Chemical’s plants. An evaluation
was underway in 1984, funded by the TDP, to
identify the required processing steps, the nec-
essary infrastructure, and the capital require-
ments. This cobalt source might provide one
of the quickest new supplies, given any disrup-
tion in the normal market, because the iron
mining operation and most of the infrastruc-
ture required are already in place. Deepwater
port loading facilities are available nearby.

«(Js. International Development Cooperation Agency, Trade
and Development Program, The Marcona Iron Mine: A Poten-
tial New Source of Cobalt in Peru, November 1982.
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Indonesia/Gag Island

After 10 years and a $50 million investment,
further investigation on the nickel laterite proj-
ect at Gag Island, Indonesia, was halted in 1981
by P.T. Pacific Nikkei Indonesia. The partner-
ship of U.S. Steel, Amoco Minerals, and Ijmuiden
Hoogovens BV of The Netherlands was subse-
quently liquidated. The reasons given for aban-
doning the project were the depressed state of
the nickel and cobalt markets and the uncer-
tainty of the future, along with interference by
the Indonesian government, A production rate
of 60,000 tons of nickel and 1,400 tons (2.8 mil-
lion pounds) of cobalt for the first 10 years of
operation had been projected,

(See also the Ramu River, Papua New Guinea,
project discussion in the chromium section.)

Domestic Production of Cobalt

Currently, cobalt is not produced from do-
mestic mines, but this has not always been the
case. U.S. mine production (fig. 5-3) reached
a high point in 1958, when about 4.8 million
pounds of contained cobalt were produced.
(U.S. consumption of cobalt in 1958 was 7.5
million pounds.) In the 1948-1962 period, a total
of approximately 14 million pounds were ac-
quired by the government through stockpile
purchases and Defense Production Act subsi-
dies, Federal purchases included about 6 mil-
lion pounds of cobalt from the Blackbird Mine
in ldaho, and about 2.9 million pounds from
mines in the Missouri Lead Belt (including the
Madison Mine). There has been no production
from these mines since the Federal purchase
contracts expired more than two decades ago,
During the period 1940-72, approximately
500,000 pounds of cobalt were produced each
year from iron ore pyrite concentrates taken
from Pennsylvania’s Cornwall Mine.”

Since 1980, Federal subsidies for domestic
cobalt production have again been proposed
as an alternative to stockpiling, These propos-

50The history of domestic cobalt production, through 1968, is
discussed in James C. Burrows, Cobalt: An industry Analysis, ”
Charles River Associates Research Study (Lexington, MA: Heath
Lexington Books, 1971], pp. 103-113 and 185-189.

Figure 5-3.—Total U.S. Cobalt Production, 1945-71
(cobalt content of mined ores)
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als are discussed later in this section, and also
in chapter 8.

Domestic deposits that may yield cobalt to
meet national needs today are the Blackbird de-
posits, the Madison Mine of Missouri and asso-
ciated cobalt in the Missouri Lead Belt, the Gas-
guet Mountain project in California, and in the
Duluth Gabbro of Minnesota. Older, smaller
mines primarily located in the Eastern United
States, such as Pennsylvania’s Cornwall Mine,
are not considered potentially economic sources
by the Bureau of Mines.

Fluctuating metal prices have made it diffi-
cult to assess domestic cobalt development
projects, In 1981, spokesmen for the Blackbird,
Madison, and Gasquet Mountain projects all
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stated that sustained market prices of from $20
to $25 per pound would be required to warrant
production.™ At that time, the market price for
cobalt was $15 per pound, by 1983 it had
dropped to $5 to $6 per pound, and in 1984 was
being quoted at $10 to $12 per pound.

Although large deposits containing amounts
of cobalt too small to be mined for cobalt alone
occur throughout the world, the Madison and
Blackbird deposits could—according to their
proponents —support the mining of cobalt as
a primary ore. Other domestic cobalt resources
can be produced only as byproducts and would
therefore be unlikely to respond solely to
changes in the price of cobalt. The California-
Oregon laterite deposits are primarily nickel,
but the Gasquet Mountain project in northern
California is dependent on nickel, chromium,
and cobalt prices for success. The Missouri
lead and zinc mines may have only a small rela-
tive incremental cost for producing small
amounts of cobalt, but production at these
mines is dependent on the base metals market.
Moreover, cobalt recovery from these Missouri
ores may require changes in lead and zinc
processing practices and, in some cases, in end
use standards. With present technologies, it is
thought that increased cobalt recovery would
result in higher iron concentration in recov-
ered lead and zinc, which may not be satisfac-
tory for consumers of lead-zinc products.”

The development of deposits in part of the
Duluth Gabbro depends on copper and nickel
markets. At copper and nickel prices at least
double 1983 levels, these Minnesota deposits
could become an attractive venture. Values of
precious metals may also contribute to pros-
pects for development of this area. However,
the considerable excess production capacity of
U.S. copper mines and of Canadian copper and
nickel operations dampen prospects for
production from these deposits.

shearings before the U.S. Senate, Committee on Banking,
Housing, and Urban Affairs, Oct. 26, 1981, p. 145, Noranda Min-
ing, the Blackbird Mine owners, now believe that a sustained
cobalt price of $16 per pound would make it feasible to bring
the mine into production due to improved mine planning and
the discovery of higher grade ores. The other mine owners have

not revised their 1981 figures.
s2Gjlverman, et a., op. Cit.

Given the proper economic incentives (sus-
tained, higher market prices for primary metals
and/or Government subsidies), domestic sources
(table 5-22) that have seen recent commercial
activity could annually supply 7.7 million
pounds of cobalt. Another 800,000 to 2 million
pounds per year might be recovered from the
Duluth copper-nickel sulfide deposits. (U.S.
consumption of cobalt in 1982 totaled about 10
million pounds.) At current estimated resource
levels, production from these deposits would
range from 12 to 25 years.”

Blackbird Mine

The Blackbird Mine is located in the Salmon
River Mountains of Lemhi County, ID. The
Caldera Co. acquired claims to the Blackbird
District in 1943 after investigations by the Bu-
reau of Mines revealed the presence of com-
mercially feasible deposits of cobalt. Produc-
tion began in 1950 with subsidies under the
DPA running from 1952 through 1959, when
production ceased.”

Blackbird is now managed by Noranda Min-
ing of Canada, which has proposed reopening
the Blackbird Mine and concentrator to pro-
duce 1,200 tons of copper-cobalt ore daily.” A
final environmental impact statement (EIS)
was published in 1982. Permits currently allow
production of 300 tons daily for a “pilot” oper-
ation. However, in 1981 Noranda began lay-
ing off employees, and when the final EIS was
issued, only a few workers were still on site.
The project is on hold awaiting improvement
in cobalt demand and prices. The company has
sealed off the mine at the 6,850-foot level, and
the mine is filling with water.

Ore reserves at Blackbird are now given at
7.5 million tons of 0.72 percent cobalt (108 mil-
lion pounds of contained cobalt) with 1.4 per-
cent copper and 0.01 percent gold. The esti-

s3Production levels at Blackbird, Madison, and Gasquet Moun-
tain were stated in testimony during U.S. Senate hearings be-
fore the Committee on Banking, Housing, and Urban Affairs on
Oct. 26, 1981. They were also confirmed to OTA in telephone
conversations with each mining firm in July 1984. Data for
Duluth Gabbro is taken from the Minnesota study cited in note
67.

s4Burrows, op. cit.,, p. 187.

ssGilverman, et d., op. cit., p. 67.
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Table 5.22.—Potential U.S. Cobalt Production

Estimated annual production Estimated
capacity (million pounds mine life
Resource/Mine of recovered cobalt) (years) Production dependent on
Blackbird Mine
Idaho.................... 3.7 20 Cobalt price of about $16 per pound (1984)
Madison Mine
Missouri . ................ 2 20 Cobalt price of about $25 (1981)°
Missouri Lead Belt
(tailings) . . ............... 2 ? Cobalt price of about $20-25 (1984)°
Gasquet Mountain
California . . .............. 2 18 Cobalt price of about $20 (1981)plus Nickel
$2 to $3 per pound
Chromite $40 per ton
Duluth Gabbro
Minnesota . . . ............ 0.8-2 25 Copper, $1.50 per pound

Nickel, $4.00 (1975 data converted to January
1983 dollars)

“Year of estimate

SOURCE Blackbird—Noranda Mining, July 1984
Madison—Anchutz  Mining, July 1984
Missouri Lead Belt —Amax estimates. July 1984
Gasquet Mountain-California Nicket Corp , July 1984

Duluth Gabbro—State of Minnesota, Regional Copper. Nickel Study, 1979

mated cost of production has declined over the
last few years with the discovery of higher
grade reserves and improved mine planning,
and the mine life has almost doubled to 20
years. An estimate provided to OTA by Noranda
holds that about $16 per pound is the price of
cobalt needed to promote the development of
the project, should that occur, 3.7 million
pounds of cobalt is expected to be recovered
per year.*

The Blackbird ores contain high levels of
arsenic, and past mining operations contami-
nated streams flowing into the Salmon River
drainage, As a condition of reopening the proj-
ect, Noranda agreed to install a water treat-
ment facility and take other measures to im-
prove and protect water quality. Noranda
negotiated a settlement with the Environmental
Protection Agency in July 1983 that allowed the
company to close the water treatment plant,
evidence of the declining commercial interest
in this project. The cobalt concentrates from
Blackbird also contain a level of selenium
which may or may not be a problem in super-
alloy use. Noranda officials claim that effec-
tive techniques to reduce this element to a
lower level, if necessary, are available. (The

ssRichard Fiorini, Vice-President and General Manager,
Noranda Mining Inc., persona] communication, July 1984.

current maximum allowable limit for selenium
in jet engine superalloy is 5 parts per mil-
lion. )*

The proposed mining area is surrounded by
private and public lands, approximately 6 miles
from a wilderness area on National Forest
land. Some of the mining claims (not connected
with the Blackbird Mine, as proposed) extend
into the wilderness area. However, the Act®
creating the wilderness area made special pro-
visions for exploration for cobalt. No explora-
tion activities have yet been carried out in the
special mineral management area, despite ten-
tative approval granted Noranda by the U.S.
Forest Service.

Large amounts of cobalt are contained in tail-
ings from previous operations at Blackbird;
however, Noranda does not count the tailings
in its reserves, and at present is unlikely to ex-
ploit them for their mineral content. The firm
would thereby avoid incurring responsibility
for rectifying water pollution and waste prob-
lems caused by past imprudent handling of

s’American Society for Metals, Quality Assessment of National

Defense Stockpile Cobalt Inventory, prepared for the Federal
Emergency Management Agency (Metals Park, OH, 1983), p. 26.

s8Public Law 96-31z., The Central Idaho Wilderness Act of 1980,
authorized exploration for cobalt in specia management zone
in the River of No Return Wilderness area near Blackbird Mine,
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these mine wastes. The State of Idaho filed a
preliminary suit under the Resource Conserva-
tion and Reclamation Act against Noranda and
previous owners for environmental damage.

Madison Mine and Missouri Lead Belt Deposits

Mines in the southeast Missouri lead district
produced 5.2 million pounds of cobalt from
1844 to 1961. In 1979, Anschutz Mining ac-
quired the inactive Madison Mine, located near
Frederickstown in part of the old Missouri
Lead Belt, an area where most of the lead and
zinc mines have been depleted. The Madison
Mine produced 2.8 million pounds of cobalt
from 1954 to 1961, before it was closed. The
mine also produced lead, copper, and nickel.
The cobalt mineralization is reportedly high
enough in one zone in the mine to support co-
balt production as a primary ore.

If reopened, the mine could have an esti-
mated annual production of 2 million pounds
of cobalt. Recoverable geologic (as opposed to
economic) cobalt reserves at the Madison Mine
are given as 37 million pounds (in 5.6 million
tons of ore and 3.4 million tons of existing tail-
ings).” The depressed world price of cobalt and
lack of Government action on proposed price
supports under the Defense Production Act
have led Anschutz to postpone opening the
mine. In 1981, company officials said an esti-
mated guaranteed price of about $25 per pound
would be necessary to promote production
from Madison.”Economic studies have not
been revised to reflect any changes in mining
costs since then.

Cobalt in the Madison Mine is a sulfide
mineral. Anschutz Mining has reportedly
found a previously unrecognized cobalt ore
body that does not contain the lead and zinc
customarily associated with cobalt deposits in
the Missouri Lead Belt. This discovery could
prove to be significant worldwide in identify-
ing an additional geologic environment for co-
balt occurrences.

*John Spisak, Vice-President for Operations for Anchutz Min-
ing, persona] communication, july 1984.

®(].S. Senate, Committee on Banking, Housing, and Urban
Affairs, hearings, Oct. 26, 1981, p. 145.

An underground and surface mining opera-
tion has been proposed for the Madison Mine
including a smelter to refine its own ores and
process existing tailings from previous mining
periods, as well as the tailings from other lead
belt producers. Perhaps 300,000 to 400,000
pounds of cobalt is recoverable from these tail-
ings given the current technologies used by the
region’s lead mines to produce lead and zinc
from their ores”Up to 1.5 million pounds
might be available, given changes in lead and
zinc recovery practices.

Another analysis”of extracting cobalt from
the byproducts of lead-zinc mining in Missouri
estimates that 2 million pounds could be pro-
duced per year, based on the recovery of 65
percent of the cobalt content in currently
mined ores. Capital requirements would be in
the range of $40 million to $65 million to in-
stall equipment to treat the raw materials (mill
tailings, smelter slags, mattes, copper concen-
trates and copper-cobalt cakes), This is substan-
tially less than would be required to finance
a new mining venture and would likely yield
an acceptable return if the price of cobalt were
$20 to $25 and if raw materials from several
firms operating in the Lead Belt were pooled
to provide economies of scale. Successful im-
plementation would also require work, in ad-
dition to that already done by the Bureau of
Mines Rolla Research Center, on technologies
to recover cobalt from mill tailings and blast
furnace slag.

Gasquet Mountain Project

Cobalt resources are contained in nickel
laterite deposits in northern California and
Oregon.

California Nickel Corp., a wholly owned sub-
sidiary of Ni-Cal Development Ltd. of Canada,
has proposed development of the Gasquet
Mountain mine on unpatented mining claims
it controls in the Six Rivers National Forest in
northern California. The mine, along with asso-

s1Silverman, et al., Op. cit, p.111.

02This preliminary analysis was provided to OTA by Amax,
which has extensive holdings in the Missouri Lead Belt from
which it produces lead and zinc.
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ciated milling and processing facilities, as
proposed would annually produce 2 million
pounds of cobalt (cathode), 19.4 million pounds
of nickel (cathode), 50,000 tons of chromite
concentrate (42 to 43 percent chromic oxide),
and 100,000 tons of magnesium oxide, Mine
life has been calculated at approximately 18

63

years .

California Nickel has sought production sub-
sidies from the government for the operation,”
one of several factors that have made the pro-
posal controversial. Viability of the project
hinges on the economics of multiple (cobalt,
nickel, chromium) metal production and proc-
essing, on successful mitigation of several ad-
verse environmental impacts, and on demon-
stration that mine areas can be reclaimed, A
draft EIS was published in March 1983, but the
project appears to be in suspension,

Based on a Kaiser Engineers’ mine feasibil-
ity study for the project, estimated total ore re-
serves at Gasquet Mountain are 23.6 million
tons (16.0 million of which are proven reserves
with grade of 0.75 percent nickel, 0.07 percent
cobalt, and 2 percent chromium), Kaiser esti-
mated annual ore production of 1.32 million
tons would be required to generate 2 million
pounds of cobalt per year.

Kaiser also examined several prospective
processing techniques. It concluded that with
the use of a high-pressure acid leach process
(a well-established 20-year old hydrometal-
lurgical technology) maximum extraction of
both nickel and cobalt would occur. In addi-
tion, use of this process would make it possi-
ble to recover most of the chromite in the ores
using existing gravity concentration methods
and, “might yield another commercial prod-
uct.”**

The operation would be a surface mine oper-
ating at the crest of 2,000- to 3,000-foot moun-
tains. The mineralization of the Gasquet de-
posit is shallow, down to about 25 feet; and

83Documents providedto OTA by California-Nickel, March
1983.

84(J.S. Senate, Committee on Banking, Housing, and Urban
Affairs, hearings, Oct. 26, 1981, p. 185.

ssKaiser Engineers, Interim Report for the Gasquet Mountain
Project, March 1982, p. 5-10.

mining would consist of scooping up the soil
with backhaulers. Cost to build the project in
1982 was projected at $300 million.*

California Nickel has now split its operations
into two separate units. One oversees the min-
ing project itself and the other, Ni-Cal Tech-
nology Ltd., is pursuing the development and
promotion of a modified acid leach processing
technology that was intended for the Gasquet
mine. Six patent applications have been filed
so far, and Ni-Cal intends to build a pilot plant
to test the process on ores from various sources.
Marketing of the process is aimed at laterite
mining operations in the Pacific rim area. No
domestic prospects are in sight.

Duluth Gabbro

The Duluth Gabbro, in northeastern Min-
nesota, has been suggested as a potential
source of cobalt, as well as PGMs. Cobalt pro-
duction would only be as a byproduct, depen-
dent on the production of copper and nickel.
The area contains an estimated recoverable re-
source of 20 million tonnes of copper, 5 mil-
lion tonnes of nickel, 80,000 to 90,000 tonnes
of cobalt (145 million to 164 million pounds),
and lesser amounts of titanium, platinum, gold,
and silver.”

A Regional Copper-Nickel Study was re-
leased by the State of Minnesota in 1979.* The
study, conducted from 1976 to 1979, assessed
the technical aspects of the development of
mining activities in the Duluth Gabbro and
resultant environmental, economic, and social
impacts. Mining schemes were developed with
the goal of generating representative models,
rather than for predicting or recommending
the choices that might actually be made by a
company developing a specific ore deposit. It
was decided that technology and economic
conditions required large-scale operations for
Minnesota’s low-grade resource to compete in
late 1970s markets. Thus, the models provided
for a minimum annual production of 100,000

selbid., p. 18.

s’Minnesota Environmental Quality Board (State Planning
Agency), The Minnesota Regional Copper-Nickel Study, 1976-
1979, vol. |, Executive Summary, August 1979, p. 10,

se]hid.
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tonnes of metal (85 percent copper and 15 per-
cent nickel). Three hypothetical mine-smelter
complexes were considered, one each with an
underground, open pit or combination under-
ground/open pit mining operation. Assuming
simultaneous development of these three models,
an annual production of 254,000 tonnes (231,000
tons) of copper could be generated over a
period of approximately 25 years.

A report prepared for OTA estimated poten-
tial overall cobalt recovery of 25 to 30 percent
from Duluth ores, with significant amounts of
the cobalt lost to mill tailings and during re-
fining.”For every 100,000 tonnes of copper
produced, associated cobalt recovery would
be about 4100 to 450 tonnes or about 800,000
pounds. "

Operation of copper-nickel production at
Duluth would be marginally economic at metal
prices of $1.50 per pound for copper and $4
per pound for nickel, in January 1983 dollars.”
(In 1983, the U.S. producer delivered price for
copper cathodes averaged 77 cents and the spot
price for nickel averaged $2.20.)""

Other Domestic Cobalt Deposits

Pennsylvania’s Cornwall Mine produced co-
balt for many vyears, yielding 400,000 to 600,000
pounds annually as a byproduct of mining iron
ore. From 1940 until operations ceased in 1972,
the mine produced 100,000 tonnes (182 million
pounds) of cobalt ore. The Gap Nickel Mine
in Lancaster County, PA, has 1 million tons of
remaining ore at grades of 0.1 to 0,3 percent
cobalt. Although these small cobalt deposits are
potential resources, there has been no thorough
examination of the economic and technical via-
bility of mining them. They have usually been
omitted from Minerals Availability System Ap-
praisal studies conducted by the U.S. Bureau

®sSilverman, et al., Op. cit., p.181.

70The Minnesota Regional Copper-Nickel Study, Op. cit., p. 10.

MSilverman, et d., . Cit., p. 182. These data are based on
conclusions from a 1975 study, Mineral Beneficiation Studies
and an Economic Evaluation of Minnesota Copper-Nickel De-
posit From the Duluth Gabbro by |.E. Lawver, et al., for the U.S.

Bureau of Mines.
72U S Department of the Interior, Bureau of Mines, Minerals

and Materials; A Bimonthly Survey, December 1983/January
1984, pp. 25 and 29.

of Mines because their probable cobalt yield
is not considered significant.”

Proposed Federal Subsidies for Domestic
Cobalt Production

AS is discussed in chapter 8, proposed re-
newal of Federal support for domestic cobalt
production has been the subject of consider-
able debate in Congress and the Administra-
tion. Most of this debate has focused on pro-
posed Federal support for domestic cobalt
production, under Title 111 of the Defense
Production Act. (Title 111 authorizes purchase
commitments, loans, and loan guarantees for
materials, services, and facilities considered es-
sential for defense needs. ) president Reagan,
in his April 1982 national materials plan sub-
mitted to Congress under the National Mate-
rials Policy, Research, and Development Act
of 1980, indicated that analyses were ongoing
to determine whether DPA incentives might be
more cost effective than stockpile purchases
in some circumstances.

The great fluctuation in cobalt prices since
1978 in fact has made it very difficult to make
cost-benefit comparisons among stockpile/do-
mestic production options, as was made clear
in hearings held in early 1983 about an Admin-
istration proposal to provide federally guaran-
teed price supports for domestic cobalt produc-
tion.” In August 1982, the Federal Emergency
Management Agency (FEMA) issued a report
comparing four alternative combinations of
Title 11l subsidies and stockpile purchases for
cobalt—ranging from exclusive reliance on
government stockpile purchases on the world
market to extensive reliance on a government-
guaranteed minimum price to domestic cobalt
producers—which might be used to realize the
materials availability equivalent of the strate-
gic stockpile goal of 85 million pounds of co-
balt.”

" #Silverman, et al., op. cit.

7sU.S. Senate, committee on Banking, Housing, and Urban

Affairs, Extension of the Defense Production Act, hearing on

Mar. 21, 1983, 98th Cong.,1st sess., Senate Hearing 98-66 (Wash-
ington, DC: U.S. Government Printing Office, 1983).

sFederal Emergency Management Agency, Alternative U.S.
Policies for Reducing the Effects of a Cobalt SupplyDisruption—
Net Economic Benefits and Budgetary Costs, August 1982, as
reproduced in its entirety in ibid., pp. 15-100.
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For each scenario, cobalt prices, budget ex-
penditures, and overall economic costs were
projected over a 10-year period (1981-90) under
both a “no disruption” assumption and a peace-
time disruption assumption affecting 50 per-
cent of normal U.S. supplies. The disruption
was assumed to occur in 1985. Each of these
scenarios, which addressed the 1981-90 period,
were intended to provide an equal degree of
supply security. FEMA recommended, as the
most cost-effective option, a so-called “hybrid”
alternative entailing a 5-year program of gov-
ernment-stimulated production of 10 million
pounds of cobalt annually from domestic
mines, supplemented by stockpile purchases
of 1,42 million pounds for 10 years. The domes-
tic production would be stimulated through a
federally guaranteed minimum price of cobalt
of about $15 per pound.

When hearings were held on the FEMA pro-
posal in March 1983, cobalt prices had fallen
to about $6 per pound on world markets. The
U.S. General Accounting Office (GAO), which
testified on the FEMA report,”found that
FEMA'’s “stockpile only” analysis in a nondis-
ruption scenario assumed cobalt prices would
rise to over $36 per pound by 1990, more than
double the price projections made by other gov-
ernment agencies. In its hybrid scenario,
FEMA assumed that Federal price guarantees
for domestic production would only be neces-
sary for a 5-year period. This would only be
the case if FEMA's projected cobalt price is as-
sumed to be accurate. GAO found that, at 1983
prices, buying cobalt on the world market for
the stockpile would be far cheaper than sub-
sidizing domestic production.

Another Defense Production Act issue that
has received considerable attention concerns
a Department of Defense (DOD) proposal for
pilot plant production of domestic cobalt in or-
der to evaluate the quality of this cobalt for de-
fense applications, In 1983, the Air Force is-
sued a draft Request For Proposal (RFP) to
potential domestic producers concerning such
a project. According to DOD, the draft RFP was

78Statem ent of J, Dexter peach, Director, Resources Com mu-
nity and Economic liiVision, U ,S. General Accounting Office,
as reproduced in ibid., pp. 3-6.

issued for two reasons: 1) to secure “definitive
data through legal contracting procedures for
a cost/benefit analysis of domestic cobalt pro-
duction”; and 2) “to determine if domestically
produced cobalt will meet national security re-
quirements.”” DOD maintains that the issu-
ance of the draft RFP was simply to evaluate
the costs and benefits of the proposal, in or-
der to support activities of its DPA Title Il
steering committee, which has been set up to
evaluate candidate DPA projects. However, the
cobalt pilot plant became an issue in congres-
sional debate about amendments to the Defense
production Act in April 1984. (The DPA amend-
ments are discussed in chapter 8.)

Domestic Mining and Processing Technology Prospects

Lateritic deposits containing cobalt are suited
to open pit mining and to the continuous sys-
tems of excavators and conveyor belts that will
gradually become more common in steep pits.
Open pit mining in harder rock would be prac-
ticable in the copper-nickel-cobalt deposits of
the Duluth Gabbro, with underground mining
at depths involving open stoping and room-
and-pillar methods. In the steeper hard-rock
bodies of cobalt ore such as at Blackbird, cut-
and-fill mining and the new ramp-in-stope sys-
tem underground methods could be appro-
priate.

Process technology has been developed for
recovering cobalt from the Blackbird and
Madison deposits, and preliminary pilot-scale
testing has been completed for both properties
and byproduct cobalt production from Missouri’s
lead mines. Commercial facilities have not
been designed or tested, however. Ore process-
ing systems could be designed for these depos-
its, plus Duluth Gabbro, that would allow ship-
ment to the existing Amax Nickel refining
plant at Port Nickel for final processing.

The Bureau of Mines has conducted research
into reclaiming the cobalt from Missouri lead
ores which is currently neglected (an estimated

77Asdiscussedinl).S.Senate, Committee on Banking, HO Us-
ing, and Urban Affairs, hearing: Reextension of the Defense
Production Act, Hearing on S. 1852, Sept. 15, 1983, Senate Hear-
ing 98-400 (Washington, DC: U.S. Government Printing Office,
1983), p. 159.
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2.5 million pounds of contained cobalt per year
is lost) during lead, zinc, and copper process-
ing.” In other research, the Bureau investi-
gated the extraction of cobalt from the liquid
which remains after dilute acid solutions have
leached copper from its ore. One U.S. copper
mine might be able to contribute 1.3 million
pounds of cobalt per year through this proc-
ess, which has not yet been economically evalu-
ated.”

Research on Blackbird complex arsenical
copper-cobalt ores is attempting to find the ba-
sis for less costly extraction technology than
currently exists. Investigations have centered
on methods for improving hydrometallurgical
technology because severe sintering and atmos-
pheric pollution problems occur with an alter-
native roasting procedure. Selective solvent ex-
traction processes are being compared with
conventional precipitation processes for re-
moving iron and recovering cobalt, nickel, and
copper from the resultant leach liquids.”

A comprehensive plan to recover all of the
mineral values in Duluth Gabbro ores (nickel,
copper, cobalt, silver, gold, and PGMSs), rather
than concentrate on the primary metals, has
undergone investigation by the Bureau of
Mines Twin Cities Research Center in Min-
nesota. The approach is a combined pyrometal-
lurgical-hydrometallurgical process to recover
a maximum amount of the byproduct metals
without sacrificing energy or metallurgical effi-
ciency.”

Laterite ores containing cobalt could bene-
fit from a commercial hydrometallurgical proc-
ess developed by Ni-Cal Technology Ltd. as a
spin-off of the Gasquet Mountain project in
northern California. After separating out chro-
mite from the mined ores, a slurry of the re-
sidual nickel-cobalt-iron minerals is leached,
producing separate nickel-cobalt sulfide and

WI. S. Department of the Interior, Bureau of Mines, Research
83, p. 89.
7y s. Department of the Interior, Bureau of Mines, Mineral

Industry Survey: “Cobalt in February 1984. "

%oResearch 83, Op. cit., p. 91. .

siNational Materials Advisory Board, A Review of the Minerals
and Materials Research Programs of the Bureau of Mines, p.
53; Research 83, op. cit., p. 83.

iron concentrates. Nickel and cobalt are then
produced by standard selective precipitation
and solvent extraction methods, and further
refining is accomplished by electrowinning.

Domestic and Foreign Cobalt Processing

The primary industrial uses of cobalt are in
superalloys, magnetic alloys, catalysts for the
petroleum and chemical industries, and as a
binder in tungsten carbide cutting tool mate-
rials. While catalyst producers use chemical
forms of cobalt, superalloy and tungsten car-
bide makers use pure metal in cathode and
extra-fine powder forms, respectively. Mag-
netic alloy production uses powder metallurgy
techniques, and fabricators purchase either
cathodes or powder forms.

Cobalt is produced from a variety of ores, and
the processing, tailored for each deposit, de-
pends on the type of ore in which the cobalt
occurs, as figure 5-4 shows. Processes can be
grouped into two general categories, pyro-
metallurgical and hydrometallurgical. The
pyrometallurgical process is usually conducted
in three stages. First, the minerals in the ore
are concentrated. Second, a smelting or roast-
ing process is used to produce a matte contain-
ing cobalt, with associated sulfur and the nickel
and/or copper of the original ores. In the third
step, the matte is treated chemically or elec-
trolytically to separate the cobalt as metallic
powder or cathodes, or as cobalt chemicals. In
hydrometallurgical processes, the concentrated
ore can be chemically processed without the
intermediate smelting step but does require the
application of heat and pressure.

Much of the cobalt content of mined ores is
never recovered, owing to processing technol-
ogies and economics or to excessively low
cobalt grades. Processes are such that a high
recovery of the primary metal is often detri-
mental to the recovery of cobalt. In Zaire, for
instance, the recovery of the cobalt content in
the mined ores is only 30 percent, and in Zam-
bia, 25 percent. (Cobalt is lost into tailings
when the ores are initially concentrated and
again when the concentrates are processed.)
Yields of cobalt could be increased somewhat
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Figure 5-4.—Simplified Flowchart for the Production of Cobalt
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SOURCE: Charles River Associates, January 1984, Processing Capacity for Critical Materials, contract report for OTA.

by improving the efficiency of producing co-
balt from the concentrates,

Nickel laterite ores tend to have cobalt asso-
ciated with them in very low (0.02 to 0,11 per-
cent) grades. These ores can be leached to
separate out both nickel and cobalt, The eco-
nomics of nickel production, if energy sources
are available and competitively priced, usually
demand, however, that the nickel ores be smelted
into ferronickel. The cobalt contained in the
smelted ores is either lost into the ferronickel
or the slag. New Caledonia, for instance, pro-
duces limited amounts of cobalt from nickel
laterite deposits, because its main effort is con-
centrated on producing ferronickel. The cobalt
that is produced is a byproduct of some ore
diverted into nickel metal production. Substan-
tially higher amounts of cobalt are produced
by one nickel mining firm in Australia as a re-
sult of its ore-matte-nickel metal processing
steps. Other copper and nickel producers to-
tally neglect the cobalt units in their deposits.
In this category are the Hanna Mining opera-
tion at Cerro Matosa in Colombia, the Larco
operations in Greece, Bonao in the Dominican
Republic (Falconbridge), and the now-moth-
balled Inco operation in Guatemala.

Ferronickel was originally developed by New
Caledonia’s SLN and is used in lieu of nickel
metal in the steel industry for the production
of iron-nickel steels. Use of nickel metal is less
energy-intensive than ferronickel, but ferro-
nickel is not so much more expensive that steel-
maker will alter their traditional methods.
Nickel metal, however, must be used when the
cobalt in ferronickel would be detrimental to
the final product.

Domestic Processing Capacity

The United States has the operating capac-
ity only to refine imported cathodes and proc-
ess nickel-cobalt mattes or recycled materials
into cobalt powder (table 5-23). In 1980, only
one-tenth of the 10,825,000 pounds of cobalt
metal consumed in the United States was pro-
duced domestically. The United States has no
capacity to produce superalloy-grade cobalt,
This material is all imported.

At its refinery in Louisiana, Amax Nickel
produces cobalt powder, which is sold for ap-
plications other than superalloys. The plant,
which mainly produces nickel, was originally
designed with a 5 million to 6 million pound
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Table 5-23.—U.S. Cobalt Processing Capacity

Source
Product material Firm Annual operating capacity
Superalloy
grade....... none
Powder........ Imported smelted Amax Nickel 1 million pounds
ores (matte) Capable of production expansion
to about 3 million pounds; can
add electrolytic circuit to produce
superalloy grade
Extra-fine
powder . . . ... Cathodes (Zaire) Carol met 2 million pounds
Domestic scrap GTE 32,000 pounds (pilot plant operation)
Salts
(chemical) . . . Recycled Hall Chemical 1 million pounds

catalysts and Plus 3 million to 4 million pounds
scrap from projected plant; could add
circuit to produce superalloy grade

SOURCE: Office of Technology Assessment.
U.S. Cobalt Consumption, 1982

Thousand pounds

End use contained cobalt
Superalloys. . . ........... 3,319
Steel alloys. .. ........... 326
Otheralloys . ............ 2,829
Chemical .. .............. 2,846
Other .., ............... 148

Total . ................ 9,468

SOURCE: U.S. Department of the Interior, Bureau of Mines. Minerals Yearbook
1982

annual output capacity for cobalt. Available
feed and markets, however, have restricted the
plant to a maximum of just over 1 million
pounds. Estimates are that output could be
raised to some 3 million pounds in avery short
time, provided feed was available. In addition,
all plans and design work have been completed
for adding an electrowinning operation that
would produce cobalt cathodes suitable for su-
peralloy use. This plant modification would
take approximately 2 years to complete. Feed
for the plant is currently imported from Bots-
wana and Australia in the form of mixed metal
mattes. Other sources—e.g., Morocco, Uganda,
and Peru—have been investigated and, while
deemed technically possible, have been dis-
carded as economically unfeasible. Amax’s
operation is a likely candidate to process and
refine any domestic nickel-cobalt ores that
might one day be produced.

At Carolmet, Inc., in North Carolina, an
extra-fine powder for use in tungsten carbides
is produced from cobalt cathodes imported

from Zzaire. The plant capacity is 1,000 tonnes
(about 2 million pounds) annually. The other
domestic source of extra-fine powder is the
GTE Chemical and Metallurgical Division at
Towanda, PA. Employing their own process,
tungsten carbide scrap is used as the feed ma-
terial, and a pilot plant now in operation has
a capacity of 175 tonnes (32,000 pounds)
annually. This process could also be used to
purify substandard grades of cobalt and, if
equipment were added to compact the powder
produced, could possibly provide a source of
cobalt for superalloy use.

Hall Chemical has plants in Ohio and Ala-
bama to recycle catalysts and scrap metals, in-
cluding cobalt, into chemical products for re-
use. (See a discussion about the prospects for
cobalt recycling in chapter 6.) A new plant has
been planned by Hall that would more than
triple its capacity, but the project has been
halted by the recent recession, A large portion
of this new capacity could be used exclusively
for cobalt refining (from ore concentrates) with
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a lead time of 3 to 4 months. Installation of an
electrolytic circuit to produce cobalt cathodes
suitable for superalloy would require about 18
months.

Unlike the decline in domestic capacity for
processing manganese and chromium, U.S. co-
balt processing capacity has increased in the
past 5 years with the addition of the two extra-
fine powder production facilities mentioned

above. Still, operational domestic capability re-
mains at the last stages of processing only. Ini-
tiation of domestic ore production would re-
quire the development of smelting and refining
facilities, as well. This could be accomplished
by upgrading the standing plants in order for
the United States to have the greatest flexibil-
ity and ability to use the cobalt produced in the
most critical applications (e. g., superalloy).

Manganese Production and Processing

The bulk of the world’s manganese ore is pro-
duced in a few countries where large, discrete
deposits of high-grade ore are mined by multi-
national firms. These deposits offer the possi-
bility for expansion on a large scale, but sub-
stantial mine expansion would have to be
accompanied by expansion of processing and
transportation facilities, The Western Hemi-
sphere has two sources of manganese ores,
Mexico and Brazil. One new deposit may come
onto the world market soon—part of the
Grande Carajas project in Brazil. How much
this operation will provide in terms of net gain
in the world’s export supply of manganese is
unknown owing to Brazil’s growing domestic
steel industry.

The largest occurrences of worldwide eco-
nomic manganese deposits are sedimentary in
origin, formed from either volcanic or weather-
ing activity. Residual ores, which make up a
small part of the economic base, are formed
in a concentration process similar to that for
laterite deposits. Manganese is also found in
hypogene deposits and with metamorphic
rocks, primary sedimentary ores that have been
subjected to changes in mineralogy and texture
due to pressure and/or heat. Manganese is
mined as an oxide and/or carbonate mineral,
and both minerals are often present to varying
degrees in each deposit,

The bulk of the ore mined today, however,
is an oxide mineral. Initial processing of these
ores involves only sorting by size and concen-
trating to increase the manganese content of

the ores to 40 and 48 percent. (U.S. industry
standard is 48 percent for ferroalloy produc-
tion), Manganese carbonate minerals, on the
other hand, must be converted to an oxide by
roasting. Currently, only Mexico mines car-
bonate minerals, but this mineral type may
eventually become a more important source as
the higher grades of oxide ores are exhausted.

Manganese ores are classified as metallur-
gical, chemical, or battery grades. For metal-
lurgical grade,”the iron, silica and especially
phosphorus content are important, In battery
grades the manganese content is expressed in
terms of manganese dioxide, and these ores
typically contain from 70 to 85 percent MnO,
(44 to 53 percent manganese).

The United States imports 99 percent of its
consumption of manganese ore and metal. In
1980, manganese ore accounted for 41 percent
of U.S. imports of manganese, but an ongoing
trend in producer countries to integrate ferro-
alloy production with ore mining is decreas-
ing the ratio of manganese ore to ferroalloys
in U.S. imports and throughout world markets.

In 1982, manganese ore was produced in 26
countries. Of these, 8 accounted for 98 percent
of total world production. As indicated in table
5-24, the Soviet Union and South Africa pro-
duced 64 percent, while five countries (Gabon,
Australia, Brazil, India, and China) each made
a substantial contribution of over a million

s2Ahout 90 percent of th.world’'s manganese ores are destined
for metallurgical uses,
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Table 5-24.—World Manganese Ore Reserves and Production by Country (thousand tons)

Reserves
(recoverable metal Product ion Estimated man- Percent of world

Country producer content) 1982 ore output ganese content product ion
Australia . . ......... ... ... . ... 51,600 1,248 37-53 5
Brazil . ........ ... . 20,900 1,433 38-50 6
China...,....... ... 15,000 1,760 20+ 7
Gabon........... ... i 110,000 1,667 50-53 7
India. .. ... .. 21,500 1,596 10-54 6
MexiCo. . ... 3,500 561 27+ 2
South Africa. . ................... 407,000 5,750 30-48 23
SovietUnion. . ................... 365,000 10,140 30-33 41
Other....... ... .. ... ... ... .... 5,500 599 2

Total .. ... 1,000,000 24,754 100

SOURCE: U.S Department of the Interior,Bureau of Mines
Reserves—Mineral Commoditv, Profile 1983” Manganese. b 8. table 3
Production—Minerals Yearbook 1982, voit, table 9,p. 587

short tons of ore. Mexico is the smallest pro-
ducer of the eight at half a million short tons.
Major exporters to market economy countries
are South Africa, Gabon, India, Brazil, and
Australia. India’s exports are controlled by a
government quota system and are destined pri-
marily for Japan; the other four nations are the
principal suppliers to the United States, Japan,
and Western Europe.

Foreign Production of Manganese

In general, the manganese mining interests
of each producer country are controlled by one
or two firms, reflecting the concentrated nature
of the deposits in these countries. Two private
firms with primarily local, but also interna-
tional, investors dominate South African pro-
duction. Their deposits in South Africa occur
in its northern Capetown Province in the Post-
masburg and Kuruman (Kalahari) districts. The
latter provides 75 percent of the total output.

The Soviet Union’s government-controlled
operations produce mainly from two areas in
western Russia: the Nikopol Basin deposits,
which contribute high-volume production; and
those in the Tchiatura Basin, which provide the
highest grade ores. Mexico and Gabon each
have one privately operated firm in which the
government holds a minority interest. Brazil’s
producing firms are a mixture of private and
public sector interests. Brazil’s manganese de-
posits in the Grande Carajas Development Proj-
ect are being developed along with iron ore

mines by Cia. Vale do Rio Doce (CVRD), a cor-
poration jointly owned by the Brazilian gov-
ernment and local, private shareholders.

By contrast, manganese production in India
and China is supplied by numerous small- or
medium-sized operations scattered throughout
each country. China’s production is run by the
national government, while India’s ores are
mined by a mixture of local private and state
or national government firms.

U.S. firms participate in a number of foreign
manganese mining operations (table 5-25).
United States Steel has interests in Gabon’s
Comilog and South Africa’s Associated Man-
ganese; International Minerals & Chemical of
New York has a minority interest in South
Africa’s Samancor. Bethlehem Steel owns part
of Brazil’s ICOMI and until the late 1970s was
a partner in Mexico’s Autlan. British investors
are heavily involved with South African pro-
ducers through traditional ties with the Anglo-
American Corp., Ltd., Anglo Transvaal-Con-
solidated Co. Ltd., and General Mining Union
Corp. Ltd (Gencor). These investment houses,
or groups, hold interests in Samancor and
Associated Manganese.

Historically, ores have been exported from
producer countries after relatively minor bene-
ficiation. The ore is ultimately moved to con-
sumers by sea, which, along with transporta-
tion from a mining area to a shipping port, can
account for a major portion of the cost of the
product to consumers. Approximately two-
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Table 5-25.—Manganese Mining Industry by Country

Ownership

Primary national

Country Major firms Sector Major holders® identity
Australia . . .......... . Groote Eylandt Mining Co. Private Broken Hill Prop. (100) Local
Brazil ............... . Industria e Comercio de Private Bethlehem Steel (49) Us.
Minerios S.A. (ICOMI) Private CAEMI (51) Local
Urucum Mineracao S.A. Private/ CVRD"(47) Local
government
Various Local
Gabon.............. . Compagnie Minere de Government BRGM (19) French
'Ogooue S.A. (Comilog) Government (15) Local
Private Imetal (16) French
Private U.S. Steel (41) Us.
Mexico . ............. Cia. Minera Autlan S.A. de Government (34) Local
C.V. Private Various Local
South Africa’........ .SA Manganese Amcor Ltd. of Private/ African Metals‘(40) Local
S.A. (Samancor) government
Private AngloAmer (32) Local/U.K.
Private Gencor (7) Local
Private Lavino®(10) Us.
Associated Manganese Mines Private Assoc Ore & Metal'(38) Local
of S.A. U.S. Steel (20) Us.
Fox Street (34) U.K.
awith approximate percentage of control, if availabie.

bCia. Vale do roDoce, which also controls the emerging production at Carajas inBrazil.

CThere are six finance NOUSes (the ‘.

Groups') which dominate the SouthAfricanindustry: The Anglo American Corp of S.A Ltd (AngloAmer); Gold Fields Of S.A Ltd ,

General Mining Union Corp Ltd (Gencor); Rand Mines/Barlow Rand; Johannesburg Consolidated Investment Co Ltd (JCI); and AngloTransvaal Consolidated Investment

Co Ltd. (AngloTC)

Owned by Iscor,a state-owned integrated steel firm, (49 75%) and Gencor (5025°/0)

?Whnllv owned by International Minerals and Chemical (U.S).
Owned by AngloTyC and AngloAmer.

SOURCES E&MJ 1983 International Directory of Mining, Bureau of Mines, Mineral Commodity Profile 1983: Manganese; Off Ice of Technology Assessment

thirds of the manganese ores traded on the free
market are sold by contracts (generally of 1
year’s duration) between producer and indus-
trial user. Other forms of trade include captive
sales within integrated firms (e. g., between
Gabon and U.S. Steel) and spot market pur-
chases when excess supplies are available.

World trade in manganese is now undergo-
ing a shift from basic ores to the higher proc-
essed manganese ferroalloys. This new ferro-
alloy production capacity competes primarily
with plants close to steelmaking centers in the
United States, Western Europe, and Japan. As
table 5-26 shows, however, not only the ore-
producing countries have increased produc-
tion of ferroalloys. Some other countries have
increased or added local production to meet
the domestic and export markets steel indus-
try demand. While the major manganese ferro-
alloy producing countries in 1980 were the So-
viet Union (23 percent of world’s total), Japan
(14 percent), South Africa (9 percent), and

France (8 percent), the exporting countries
were principally South Africa, France, and
Norway. More recently, Brazil has increased
its exports because its ferromanganese produc-
tion capacity is far in excess of its domestic
steel demand. South Africa remains the world’s
leading supplier of manganese ferroalloys, and
Western Europe and the United States are the
major importers. In 1982 the United States re-
ceived 50 percent of its manganese ferroalloys
from South Africa and 21 percent from France.

All of the major ore producers, with the ex-
ception of Comilog in Gabon, have the capa-
bility to produce manganese ferroalloys. Trade
in manganese ferroalloys may not be replac-
ing trade in ores as rapidly as ferrochromium
is replacing chromite. Gabon is at the discus-
sion stage regarding ferroalloy production, but
any actual projects will depend on develop-
ment of an energy source, Australia is re-
strained from increasing its ferroalloy capabil-
ity by the lack of low-cost energy. Only in
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Table 5-26.—Ferromanganese and Silicomanganese Production by Country
(thousand short tonnes, gross weight)

Percent Percent Percent change

Country*® 1974 of total 1980 of total 1974-80
Argentina. .. .......... 34 0.5 39 0.5 15
AUSTRALIA .. ......... 69 11 124 17 80
Belgium . ............. 108 1.7 94 13 -13
BRAZIL.............. 124 2.0 303 4.0 144
Canada............... 100 1.6 95 13 -5
CHILE............... 12 0.2 6 0.1 -50
CHINA . .............. NA 390 5.2
France ............... 587 9.4 551 7.3 -6
Great Britain . . . ....... 91 15 57 0.8 -37
INDIA................ 163 2.6 193 2.6 18
ITALY .. ..o 133 2.1 141 19 6
JAPAN . ... ... ... 1,182 19.0 969 12.9 -18
North Korea . .. ....... 0 7 1.0
SOUTH KOREA . ... ... 0 60 0.8
MEXICO.............. 70 11 172 2.3 146
Norway. . ............. 577 9.3 496 6.6 -14
Peru................. 0 1 0.0
Poland............... 138 22 183 2.4 33
SOUTH AFRICA . . ... .. 400 6.4 650 8.6 63
Spain................ 211 34 239 3.2 13
SOVIETUNION . ....... 1,075 17.3 1,644 21.8 53
United States . . .. ... .. 740 119 377 5.0 -49
Venezuela . ........... 0 4 0.1
West Germany . . ...... 353 5.7 248 3.3 -30
YUGOSLAVIA .. ....... 44 0.7 73 1.0 66
Zimbabwe . ........... 0 3 0.0
Other “............... 13 0.2 334 44 2,469

Total ............... 6,224 100.0 7,523 100.0 16

aypper case indicates country was OF€ producer in both years, but did nOt necessarily cover its needs.

bproduced - 1N 1974 only.

CIn1974 includes Thailand and Sweden; In1980includes BuLGARIA, Czechoslovakia, East Germany, and Portugal All Were
ferroalloy producers in 1974butamountof manganese ferroalloys unknown; thus,total shown for 1974 production isnot accurate

SOURCE: U.S. Department of the Interior, Bureau of Mines, Minerals Yearbook. 1976and 1981

Tasmania, south of the Australian mainland,
where hydropower is available, is it economic
to produce ferroalloys. However, ore must be
shipped approximately 3,000 miles from the
north coast of Australia by sea, reducing some
of the cost advantage of integrated ore and fer-
roalloy production. New manganese ferroalloy
production is being added in Brazil and India.
During recessionary periods this production
appears on the export market instead of being
consumed in domestic steel industries.

As indicated by table 5-27, there have been
shifts over the last 20 years in the relative out-
put of ore producer countries. Most notably,
world production has been increasingly con-
centrated in the eight producer countries listed.
From 79 percent in 1960, they now supply 97
percent of the world’s total ore needs. The most
recent producer to enter the world market was

Australia’s Groote Eylandt in 1966. There is
one new manganese mining project now under
development; Carajas in Brazil may add export
production by 1986.

Between now and 2000, virtually all of the
growth in total world output of manganese ore
will come from the expansion of existing mines
rather than the opening of new mines. A de-
crease or cessation of production from one
source would force expansion of production
from the remaining suppliers, Current world
mining capacity is substantially greater than
demand, as shown in table 5-28. In 1981 only
73 percent of existing capacity was used, That
unused capacity was 1% times South Africa’s
total output. Under such conditions, rapid ex-
pansion of production from existing mines is
quite feasible. In times of tighter markets, there
is potential for expansion of current mine ca-
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Table 5-27.—Historical Manganese Ore Production, 1960-80, by Country
(thousand short tons, gross weight)’
(percent of world total)

1960 1965 1970 1975 1980

Producer country Tons  Percent Tons Percent Tons Percent Tons Percent Tons Percent
Australia . . . . . ... ... .. 68 <1 112 1 828 4 1,714 6 2,226 8
Brazil . ............... 1,101 7 1,539 8 2,071 10 2,376 9 2,515 9
China . ............... 1,323 9 1,102 6 1,100 5 1,100 4 1,750 6
Gabon............... 0 0 1,411 7 1,602 8 2,444 9 2,366 8
India................. 1,321 9 1,815 9 1,820 9 1,688 6 1,814 6
Mexico . ............. 171 1 144 1 302 2 473 2 493 2
South Africa . .. ....... 1,316 9 1,738 9 2,954 15 6,359 23 6,278 22
Soviet Union . . . . .. .. .. 6,473 43 8,351 43 7,541 38 9,324 34 10,750 37
Subtotal . . ... ....... 11,773 79 16,212 83 18,218 91 25,478 94 28,192 97
Other . . .. ............ 3,216 21 3,345 17 1,866 9 1,598 6 869 3
Total . ............ 14,989 100 19,557 100 20,084 100 27,076 100 29,061 100

a0res vary widely in contained manganese, see table 22

SOURCE U S Department of the Interior, Bureau of Mines, Minerals Yearbooks, 1961, 1966, 1971, and 1981

Table 5-28.—Manganese Mine Capacity and Usage in 1981, by Country
(thousand short tons, contained manganese)

Estimated annual Percent Estimated unused

Producer country capacity in use capacity
Australia . .. ............. .. .. ... 1,300 580/0 550
Brazil ....................... .. 1,350 76 320
China.............. ... ... .. ... 96 22
Gabon....................... ... 1,300 64 470
India. . ...... ... . .. .. 72 225
MexiCo. . ....... ..o 81 60
South Africa . . ............. s 3,000 72 840
SovietUnion . ................... 3,800 80 760
Other.......... ... .. ... .. ... 63 178

Total .. ... 12,885 73 3,610

SOURCE US Department of the Interior, Bureau of Mines, Minerals Commodity Profile 1983 Manganese

pacity, especially in South Africa, Gabon, and
Australia. Given a year or more extra lead time,
Brazil and Mexico could increase their produc-
tion, as well.

Caracas in Brazil and a site at Tambao in Up-
per Volta are the only deposits of manganese
ore that might alter future supply patterns. The
Tambao deposit suffers from its location, far
from existing transportation facilities. Activ-
ity there was halted at the end of the explora-
tion phase. Although the Carajas project is
proceeding, obtaining capital for development
of such deposits is difficult because they must
produce ore for markets that are already filled
by suppliers with large reserves. Thus, the cur-
rent ore producer countries will be the major
producers of the future. Among these, the ma-

jor exporters are expected to be South Africa,
Gabon, and Australia, all of which have sub-
stantial resources in relationship to their own
domestic needs.

In contrast, India’s ore production is increas-
ingly tied to its expanding domestic steel pro-
duction. India is also limited in the export mar-
ket by the low grade of its manganese deposits
and the inefficiency of its overall operations.
Brazil’s future as a major supplier to the ex-
port market is uncertain, Facing the depletion
of its most productive deposit in the 1990s, Bra-
zil has instituted a policy of reserving much
of its ore, including 50 percent of Carajas’ fu-
ture production, for ferroalloy production and
the domestic steel industry. If the Carajas de-
posit reaches its planned output of 1 million
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tons of ore per year and is the sole source of
exports, this policy will result in an export level
of about 50 percent less than current exports
from Brazilian manganese mines.

The Soviet Union was once a major supplier
of manganese ore to world markets, but since
the 1970s, it has concentrated on trade within
the Eastern bloc. Historically, this provided for
self-sufficiency among this group. In the 1980s,
however, some Eastern bloc countries (e.g.,
Romania, Czechoslovakia, and Poland) have
begun satisfying a portion of their ore needs
by importing from the same sources as the mar-
ket economy countries. The Soviet Union ne-
gotiated with Gabon for supplies of ore in 1984
and has purchased from Gabon, India, and
Australia in the recent past. The assumption
in the West is that, since the ore production
tonnages being reported from the Soviet Union
are not declining, they are experiencing a
depletion of higher grade material. China
produces for internal consumption, and this
policy is expected to continue as the country’s
domestic needs increase.

Following is a brief description of the oper-
ations of the producer countries of interest,
with discussion of major factors that may af-
fect future development and production of ore
and ferroalloys.

Australia

Groote Eylandt Mining Co., a wholly owned
subsidiary of the Broken Hill Proprietary Co,
(BHP)--Australia’s sole integrated steelmaker—-
produces from open pit mines located on an
island 50 kilometers off the coast of the North-
ern Territory. Beneficiated ore is hauled 16
kilometers to Milner Bay for ocean shipping.
Capacity has recently been increased to 2.6 mil-
lion tons per year with the installation of a
plant to upgrade ore fines (which were previ-
ously discarded). Further expansion plans to
increase capacity to 3 million tons per year
have been delayed because of unfavorable mar-
ket conditions.

Barriers to expansion are the concentration
plants and loading facilities at Milner Bay.

Company officials have stated that, given an
emergency, significant expansion in these
areas would take an estimated 3 years to com-
plete. With government financial assistance
and guarantees of long-term markets, facilities
could be in place in 2 years. Australia is cur-
rently heavily reliant on Japan as an export cus-
tomer because of high shipping costs to other
major consumers. Its one manganese ferroalloy
plant is located in Tasmania and was originally
constructed to supply BHP steelmaking needs.
Recent expansion, however, has been based on
the export market.

Brazil

There are two principal ore-producing areas
in Brazil, one in the Federal Territory of Amapa
and the other in the Matto Grosso state. The
existing mines’ location, remaining life, or ore
quality limit their attractiveness. The Amapa de-
posits, owned by ICOMI, are located in north-
ern Brazil, produce half of Brazil’s output, and
are operated mainly for exports because of the
high cost of transporting the ores to the steel-
making center in southern Brazil. The steel
plants are supported by the Matto Grosso oper-
ations of Urucum Mineraco S. A., and a small
operation in Minas Gerais. ICOMI’s reserves
are expected to be depleted by the 1990s. Pro-
duction by Urucum (about 100,000 tons of man-
ganese ore in 1980) is hampered by the qual-
ity (high alkali content) of the ores and
accessibility of the deposits, which lie 2,000
kilometers from the nearest port. Future in-
creases in production at Urucum could come
from an underground deposit if manganese
prices were to double.

The Grande Carajas Development Project,
some 900 kilometers from the Atlantic coast
in the state of Para, is a mineral development
that includes iron ore, manganese, copper,
nickel, gold, tin, and bauxite. The project is
financed by national and international loans.
Participants have included the EEC, Japan,
West Germany, and the World Bank.

Three manganese deposits have been identi-
fied: Azul, Buritirama, and Serene. Develop-
ment of the Azul deposits (with reportedly 16
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million to 24 million tons of manganese)®is
the second phase of the project. The initial
phase has included the preparation of iron ore
mines, along with the construction of the nec-
essary infrastructure. A railroad to Sao Luiz
on the coast and new ocean port facilities at
Ponta da Madeira are expected to be completed
in 1986, when manganese production of metal-
lurgical grade ores will begin,

The deposit is currently being exploited for
battery-grade ores which, because of their high
value (grades up to 75 percent MnQ,), can be
economically transported by truck to the coast
for shipment, The metallurgical ores will be
hauled from an open pit mine 20 kilometers to
the railhead at the iron ore mine area. Proc-
essing will consist of washing and crushing,
using existing facilities originally constructed
as a pilot plant for the iron ores, It is expected
that the output from the manganese mine will
eventually total 1 million tonnes (900,000 tons)
of about 48 percent manganese ores per year.
With additional beneficiation equipment, the
deposit could support up to 2 million tonnes
per year.” This extension of facilities, however,
must await favorable market conditions, An on-
site ferroalloy plant was included in the orig-
inal concept but lack of financing has shelved
these plans.

U.S. Steel was involved in the discovery of
the Carajas deposit, but its interest was bought
out by CVRD in 1976. Utah International (pre-
viously owned by General Electric but in April
1984 transferred to Broken Hill Proprietary of
Australia) holds the rights to the development
of the Buritirama manganese deposits at Carajas;
however, there are no development plans be-
ing considered for the near future.* The

8 ,ouis Fuchs of th,CVRD office in New York, personal com

munication, December 1983. Total reserves were placed at 65
million tonnes of ore at about 48 percent manganese. Of this
amount, 10 million tonnes consists of battery grade material at
74 to 75 percent Mn0,. The National Materidls Advisory Board,
in Manganese Reserves and Resources of the World and Their
Industrial Implications, 1981, reported a crude ore resource of
65 million tonnes that would wash 44 million tonnes of prod-
uct grading 46.5 percent manganese. Thomas Jones, commodity
specidist at the Bureau of Mines, reports 45 million tonnes of
ore at 40 percent manqanese.

84,ou is Fuchs, op. C 1t
as]gan Goity, PublicRelations, Utah International, San Fran-
cisco, persona] communication, February 1984.

Sereno deposits are currently unexploited. To-
gether, these deposits have considerably less
identified reserves and resources than does
Azul.

Brazil has five firms involved in producing
various types of manganese ferroalloys for both
domestic and export purposes.

Gabon

Market conditions now hold output from
Gabon’s Moanda mines well below the 1979
peak of 2,5 million tons. These mines are ca-
pable of supporting up to 4 million tons per
year but shipments are limited to 3 million tons
per year via the available transportation sys-
tem.”This involves the use of a 76-kilometer
aerial ropeway connection to the Congo’s rail
system, followed by a 560-kilometer rail trip to
the port of Pointe Noire. An alternate route,
the Trans-Gabon railway, has been under con-
struction since 1974. Completion to the mine
site near Franceville (500 more km) plus up-
grading of the timber port at Owendo, Gabon,
would make possible the shipping of the max-
imum of 4 million tons per year from Moanda,
although current market conditions would not
make increased shipments economically fea-
sible, Development of ferromanganese facilities
are under discussion, but no firm plans have
yet been made.

Mexico

The Molango district deposits in Mexico are
mined by the Cia. Minera Autlan S.A. de C.V.
and represent significant reserves and re-
sources which could support a substantial in-
crease in production if the market and invest-
ment funds were available.” The deposits
consist of two types, carbonates and oxides.
The carbonate ores represent the bulk of the
minerals present, and Autlan has reported
measured reserves of 28.4 million tons of car-
bonate ore at 27.5 percent manganese (from a
total estimated resource of 1.5 billion tons at
25 percent).

88Robert I,Tesperance, U.S. Steel Corp., Pittsburgh, PA, Per-

sona] communication, August 1983.
”NMAB 81, p. 39.
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After mining and beneficiation, these car-
bonate ores are converted to nodules of man-
ganese oxide (39 to 40 percent manganese) in
a rotary kiln near the mines, One of the difficul-
ties that Autlan manages to overcome is the
rugged terrain of the Sierra Madre Oriental in
which their mines (open pit and underground)
are located. In these precipitous and densely
vegetated mountains, elevations vary from 200
to 2,600 meters above sea level. The export ores
(50 percent of Autlan’s production) must be
hauled 260 kilometers to Autlan’s maritime
terminal at Tampico on the Gulf Coast for
shipment.

The quality of Autlan’s ores has been ques-
tioned because of their high silica content and
relatively low grades. The general commercial
standard for ores used in ferroalloy production
is 48 percent manganese. Although Autlan pro-
duces ferromanganese with its 40 percent ores,
its customers blend the ores with higher grade
ores in order to produce 78 percent ferroman-
ganese, the U.S. industry standard for a high-
carbon product. The high silica content makes
the ores most suitable for the production of sili-
comanganese.

Several projects are currently being studied
by Autlan to enable them to expand their pro-
duction. Among them are the opening of a new
open pit mine at Noapa, the installation of a
second rotary kiln, and a new water supply sys-
tem. Physically, the resources could support a
doubling of production, but manganese prices
and demand in the 1980s will not support such
a change in policy. The Trade and Develop-
ment Program in the U.S. International Devel-
opment Cooperation Agency has been active
in studying the manganese deposits in Mexico
and in attempting to interest U.S. investors in
joint ventures with Autlan to expand its pro-
duction.”

South Africa

Associated Manganese and Samancor each
own mines in both the Postmasburg and Kuru-

88See U.S. International Development Cooperation Agency,
Trade and Development Program, The Molango Area (Mexico)
Manganese Deposits of Compania Minera Autlan—The Largest
Known Manganese Ore Reserve in North America, June 1983.

man (Kalahari) districts. The capacity of these
mines has been estimated to be greater than 9
million tons of ore per year. Even at current
operating rates, the reserves are sufficient to
last hundreds of years, and South African pro-
duction is capable of rapid expansion. Trans-
portation, however, could be a limiting factor
because ores must be shipped south from both
mining districts by rail to either Port Elizabeth
(950 km directly south) or to Saldanha Bay,
north of Capetown (800 km southwest).

South Africa has four firms engaged in pro-
ducing various manganese ferroalloys, plus
two producing manganese metal. Ferroalloy
production is integrated within mine produc-
ing firms, either directly or through “group”
investment houses.

Potential Source

At Tambao, Upper Volta, a remote area 350
kilometers from a railhead, some 13 million
tonnes (12 million tons) of 52 percent oxide
ores have been identified. Extensive explora-
tion work was done and feasibility studies were
completed during the late 1970s while the proj-
ect was being considered by a consortium con-
sisting of a number of international firms in-
cluding Union Carbide, The group subsequently
fell apart owing to the divergent goals and con-
flicting interests of its members.” It would take
about 5 years to bring the area into production
and provide the infrastructure needed to ex-
port the ores (the construction of a railroad and
a port). Since Upper Volta is a landlocked coun-
try, arrangements would have to be made with
the Ivory Coast for rail transiting and the de-
velopment of port facilities.

Domestic Production of Manganese

Domestic manganese has made some contri-
butions to U.S. needs, especially in wartime.
During the latter part of the 19th century, the
United States produced sufficient manganese
from domestic deposits to meet its needs. With
the growth of the U.S. steel industry since 1900,

®Benjamin Brittain, Union Carbide Corp., persona] commu-
nication, August 1983.
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however, domestic manganese production has
not been able to keep up with demand, Despite
avariety of government incentive programs,
domestic production was only 23 percent of
consumption during World war |, 13 percent
during World War |1, and 8 percent during the
Korean war. In 1944, manganese ores were
produced in more than 20 States, but Montana,
Nevada, New Mexico, Arizona, and Arkansas
have provided the bulk of the historical pro-
duction.

Today, aside from minor amounts, the pros-
pects for production of manganese from U.S.
deposits is highly unlikely except during a sus-
tained cutoff of imported ores. And, unless
world prices rose considerably during such a
period, Federal Government production incen-
tives would be required.

There has been no manganese ore (table 5-
29) produced in the United States since 1970.”
The last year of production of ferruginous man-
ganese ores was 1981 and totaled 22,165 tons
of contained manganese from Cuyuna North
Range in Minnesota (20,712 tons) and from
New Mexico (1,453 tons). The only domestic
production in 1984 is of maganiferous iron ores
from South Carolina which are used in pig-
ments (total production in 1982 of this ore type
contained 1,325 tons of manganese). lron ores
consumed in the United States in 1982 pro-
vided approximately one-third of the manga-
nese used in domestic steelmaking. Since 30
percent of those iron ores were imported
(mainly from Canada), domestic sources can
be credited with 23 percent of that input.”

‘Thomas Jones, Jr., U.S. Department of the Interior, Bureau
of Mines, Mineral Commodities Profiles 1983: Manganese, p. 10.
91See th discussion on manganese and steelmaking in ch. 6.

Table 5-29.—Definition of Manganese-Bearing Ores

Type Description

Manganeseore.......... Ores containing more than
35 percent Mn

Ferruginous manganese
(o] Ores containing from 10 to
35 percent Mn
Manganiferous iron ore . .. Ores containing from 5 to 10
percent Mn
SOURCE Use of Manganese (nSteeimaking and Steel Products and Trends tn

the Use of Manganese As An Alloying Element in Steels, OTA contract
report, 1983

38-844 0 - 8 - 7 , o, 3

Eight U.S. deposits of manganese were con-
sidered in aBureau of Mines Minerals Avail-
ability System Appraisal®in 1982 and were
termed “submarginally subeconomic.” The re-
port concluded that incentive prices ranging
from $8 to almost $35 per long ton unit®of con-
tained manganese would be required in order
to encourage production from these deposits,
as compared with the market value at that time
of $1,70 per long ton unit.” Annual production
from these sources would peak at 900,000
tonnes (818,000 tons) of recoverable manganese
6 years after simultaneous development began,
declining thereafter (o 578,000 tons per year
within 10 years, for instance) unless additional
resources were located and/or technological
improvements were made in mining or proc-
essing of the ores.”(U.S. apparent consump-
tion of manganese was 1.25 million tons in
1979 and 672,000 tons in 1982.)

The more significant deposits among the
identified domestic manganese resources are
those of the Artillery Mountains, Arizona;
Batesville, Arkansas; San Juan Mountains,
Colorado; Aroostook County, Maine; and the
Cuyuna Range in Montana. Collectively this
group is estimated to contain over 70 million
tons of manganese.*The average grade of
manganese in U.S. deposits is generally less
than 10 percent which compares unfavorably
with the major world producers who extract
manganese from deposits with grades of from
27 to 53 percent.

The National Materials Advisory Board in
1976 concluded that:

The U.S. land-based manganese resources of
significant size are very low in grade and should
not be developed except in a dire emergency.”

92Catherine C. Kilgoreand Paul R. Thomas, U.S. Depart ment
of the interior, Bureau of Mines, Manganese A vailability—
Domestic, A Minerals Availability System Appraisal,Informa-
tion Circular/1982 No. 8889.

%A long ton unit is 22.4 pounds of manganese and is the stand-
ard unit for quoting manganese ore prices.

Another study has calculated a cost estimate for UJ. S. produc-
tion at four times that of South African producers in 1980 dol-
lars. See Processing Capacity for Critical Materials, op. cit.

osKilgore, et a)., op. cit., p.1.

s61). s, Bureau of mines, Mineral Commodity Profile 1983:
Manganese, p. 7.

9’National Materials Ad\, isory Board, Manganese Recovery
Technology, NMAB-323 (Washington, DC: National Academy
of Sciences, 1976), p. 1.
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The NMAB study stated that, while there were
no known deposits in the United States of man-
ganese ores that could be exploited at current
or even substantially higher prices, the best
suited deposits for development in an emer-
gency on a significant scale were those of the
Cuyuna Range and in Aroostock County.*”
The Bureau of Mines’ appraisal results concur.
In its estimates of mining capacity, as sum-
marized in table 5-30, these deposits could con-
tribute the highest levels of production and be
able to operate from 14 to 61 years.

In analyzing the impact of different variables
(e.g., beneficiation and transportation costs, by-
product prices, State severance taxes), the Bu-
reau of Mines determined that technologic im-
provements leading to a reduction in the cost

TwNMAB-323, p. 14 and p. 1.

of beneficiation methods would be the single
most significant factor for improving the eco-
nomic status of these deposits. Substantial in-
creases in byproduct prices, for instance,
would be necessary to significantly decrease
the incentive price needed for domestic man-
ganese. A 9-percent increase in iron ore prices
would produce a 4-percent decrease in the
manganese incentive price at Cuyuna Range,
for instance. (lron is also a byproduct of the
Aroostoock area; silver at Hardsell in Arizona;
and silver, lead, and zinc at Montana’s Butte
District.)”

Domestic Mining and Processing Technology Prospects

Manganese deposits in the United States are
in a variety of environments ranging from rela-

*Kilgore, et al., op. cit., pp. 9-10.

Table 5-30. U.S. Manganese Resources and Potential Production

Demonstrated resource

Estimated annual mine capacity

Contained Contained
Manganese Ore manganese Ore manganese Estimated
grade (thousand (thousand (thousand (thousand minelife
Property name by State (percent) tonnes) tonnes) tonnes) tonnes) (years)
Arizona:
Hardshell Mine. . . ... ... 15.0 5,896 804 536 73 11
Maggie Mine
(Artillery Peak) . . . . . . . 8.8 8,441 671 328 26 26
Colorado:
Sunnyside Mine . . ... ... 10.0 24,909 2,264 635 58 39
Maine—Aroostock County:
Maple Mtn/Hovey Mtn . . . 8.9 260,000 20,965 4,263 344 61
North District . . .. ...... 9.5 63,100 5,472 2,620 227 24
Minnesota:
Cuyuna North Range
(SW portion) . . . ...... 7.8 48,960 3,490 3,570 254 14
Montana:
Butte District
(Emma Mine). . ....... 18.0 1,232 202 400 65 3
Nevada:
Three Kids Mine . . . . ... 13.2 7,230 868 1,050 126 7 _
Total .............. 419,768 34,737 13,401 1,174

SOURCES: Resources, ore grades, proposed ore mining capacity from U.S. Department of the Interior, Bureau of Mines, Manganese Availability—Domestic,1C8889/1982.

Balance, calculated by OTA using that data

Apparent U.S. Manganese Consumption

Tons Contained metal
1979 ... yee 1,250,000
1982. ... 672,000

SOURCE: U.S. Department of the Interior, Bureau of Mines, Mineral Commodity
Summaries, 1984, p. 98.
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tively soft deposits to steeply dipping veins in
hard rock. Thus, standard mining methods
would include both underground and open pit
operations.

Solution mining of manganese ore has been
proposed. Two variations are possible. In one
the ore is mined, spread on the surface, and
a solvent is applied. This “heap leaching” proc-
ess produces a solution of manganese which
can be collected. In another process, “in situ
leaching, ” a hard-rock ore body is blasted to
induce permeability and the solvent is pumped
into the fractured ore body, The leached solu-
tion is then pumped out of the mine, These so-
lution mining techniques for manganese'
were under evaluation by the Bureau of Mines
for 2 years but the project was eliminated from
the fiscal year 1984 budget, Preliminary eco-
nomic analysis indicated that leached manga-
nese could compete favorably with foreign
manganese ores for chemical (battery) indus-
try markets but not for the ferromanganese in-
dustry. * Conventionally mined metallurgical
ores bound for ferromanganese production re-
quire little processing after mining; solution
mined ores are uncompetitive. Another con-
clusion of the study was that solution mining
applied to domestic manganese-silver ore
bodies would permit the separation of these
minerals not possible by other techniques. The
private sector has expressed some interest in
the process in order to obtain the silver values.
Manganese could be a byproduct of any such
operation. A pilot plant is apparently in oper-
ation in the Artillery Peak area of Arizona,
funded by major mining companies, to test a
heap leaching process on manganese ores,

Most of the U.S. manganese resources are
not amenable to normal beneficiation methods
of gravity and flotation alone owing to their low

100§ ee various Bureau of Mines papers including ‘* Arizona's
Artillery Peak Manganese Deposits and Their Potential for In
Situ Leaching” (1981) by Peter G. Chamberlain; “Recovery of
Silver From Manganese Ores’ (1984) and “Recent Research on
Leaching Manganese” (1983)by Peter G. Chamberlain, John E.
Pahlman, and Charles A. Rhoades.

11 U ,S, Department of the Interior, Bureau of mines, Research
83, op. cit., p. 5. Also National Materials Advisory Board, A Re-
view of the Minerals and Materials Research Programs of the
Bureau of Mines, op. cit., 1984.

grades. Chemical and roasting processes (e.g.,
the ammonium carbamate leach and sulfur di-
oxide roast processes) have been developed for
beneficiating domestic manganese. These proc-
esses have so far proved to be too costly for
extended use. Grinding and fine-particle con-
centration processes might improve the eco-
nomics.” A study to identify the three most
promising processes for recovering manganese
from low-grade domestic sources was under-
way by the Bureau of Mines in 1984,

Domestic and Foreign Manganese Processing

Manganese is used as a processing and alloy-
ing agent of steel and an alloying agent in non-
ferrous materials. Although manganese is used
to some extent in the mineral form in which
it occurs in the ore, for the most part it is use-
ful only after several processing steps convert
it to a metal or metal alloy. Steelmaking requires
manganese ferroalloys with high-, medium-, or
low-carbon content, and silicomanganese. Alu-
minum alloys are made with additions of pure
metallic manganese. The compositions of these
materials are shown in table 5-31. Figure 5-5
is a simplified flowchart for the production of
these alloys showing the close relationship that
exists between the processes for the various
forms of ferroalloys.

The U.S. steelmaking industry has a stand-
ard of 78 percent manganese content for high-
carbon ferromanganese, and this product is
traditionally made from 48 percent manganese
ores, It is technically possible to produce steel
from a lower grade ferromanganese, and inter-
nationally this standard is not as rigorously ap-
plied. This is a possible area wherein diversity
of supply of manganese could be broadened by
turning to lower grade deposits such as those
in Mexico if the need should arise.

Manganese Ferroalloys™

The major manganese commodity is high-
carbon ferromanganese, used in the production
of steel. It is now commonly produced in sub-

1028ilverman, et al., Op. cit.,, P-159.

w3Thisdiscussion of manganese ferroallov processes is taken
primarily from CharlesRiver Associates, op.cit.
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Table 5-31 .—Composition of Manganese Alloys

Manganese Carbon Silicon

Ferromanganese:

Highcarbon............. ... ... ... .. ... 74-82 7.5 12

Medium carbon . ....... ... ... ... ... 80-85 15 12

Lowcarbon.......... .. ... . i 80-90 0.7-0.75 12
Silicomanganese . .............. i 65-68 1.5-3.0 12.5-21
Ferromanganese-silicon ................... 63-66 .08 28-32
Manganesemetal ................. ... ... 99.5 .005 .001

SOURCE: U S Department of the Inter! or, Bureau of Mines, Minerals Commodity Profile 1983: Manganese,

Figure 5-5.—Simplified Flowchart, Manganese Ore to Industry Use
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SOURCE: Charles River Associates, Processing Capacity for Critical Materials, OTA contract study, January 1984,

merged arc electric furnaces, similar to those
used for ferrochromium, rather than the orig-
inal blast furnace method. (See the previous
chromium processing section for a general dis-
cussion on ferroalloy production in submerged
arc furnaces, the degree of convertibility be-
tween ferrochromium and ferromanganese fur-
naces, and the applicability of new technology
to ferroalloy production.)

In the United States the blast furnace has
been entirely supplanted by the electric furnace
for the production of ferromanganese. The last
ferromanganese blast furnace was shut down
in 1969 by Bethlehem Steel after being dam-
aged by the Johnstown, PA, flood. Limited blast
furnace capacity still exists in Western Europe
and South Africa, but all hew furnace capac-
ity worldwide is of the electric type.

Pig iron blast furnaces can be considered as
alternative capacity for ferromanganese pro-
duction. As the ferromanganese blast furnaces

were generally adapted from old pig-iron fur-
naces, they are smaller than current pig-iron
furnaces, and the hot blast temperatures are
lower (about 1,0000 to 2,0000 F) than for mod-
ern iron furnaces. The main disadvantage of
using the blast furnace for the production of
ferromanganese is that the coke requirement
is almost twice that for the electric furnace,
since coke must be used both as a reducing
agent and to supply the thermal energy for the
reaction. Both furnace types require a blend
of manganese ores and dolomite or limestone
as a fluxing agent. Existing small, pig-iron blast
furnaces could readily be converted to produce
ferromanganese at minimal capital cost. Oper-
ating costs would be higher than for electric
furnaces.

Silicomanganese is produced in an electric
furnace similar to that used for ferromanga-
nese production. The manganese content in the
slag from a standard ferromanganese furnace
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operation normally ranges from 30 tO 40 per-
cent and iS used as feed for the production of
silicomanganese. Efficient production requires
that both standard ferromanganese and silico-
manganese furnaces be located in the same
plant.

The silicomanganese furnace has a smaller
crucible with smaller electrode diameter and
closer electrode spacing than does a standard
ferromanganese furnace. If a furnace designed
for ferromanganese production has the capac-
ity in its environmental control (gas-cleaning)
system, it can be operated at higher power
levels (to compensate for the charge property
difference) to produce silicomanganese.

Medium- and low-carbon ferromanganese is
produced by refining various high-carbon fer-
romanganese products in open arc furnaces.
These furnaces are different from submerged
arc furnaces in that the electrodes are not sus-
pended deep within the charge.

Manganese Metal

Metallic manganese iS commonly produced
by an electrolytic process from an acidic solu-

tion of manganese ore. South Africa, Japan,
and the United States are manganese metal
producers.

Processing Distribution and Capacity

The worldwide distribution of processing ca-
pacity for ferromanganese, silicomanganese,
and manganese metal is shown in table 5-32.
Although having dramatically declined in ca-
pacity in the last decade, the United States still
has the capability to produce all types of man-
ganese ferroalloys and electrolytic manganese
metal. Table 5-33 shows the growth of imports
over the last decade that have eroded the U.S.
industry, ferroalloys having made the greatest
inroads.

Of the six firms in the United States still
credited with the capacity to produce manga-
nese ferroalloys (out of 10 in 1979), three have
shut down their plants, and the others are oper-
ating at very low rates. A contributing factor
to this demise—other than import penetra-
tion—was the steel industry depression during
the early 1980s. Elkem Metals plant at Marietta,
OH, for instance, in early 1984 had only 3 fur-
naces of an original 14 in operation; by mid-

Table 5-32.—Manganese Ferroalloys and Metal Production Capacity—1979
(tonnes, gross weight)

Ferromanganese
High Medium Low Silico-  Manganese

Country carbon carbon carbon  manganese metal
Argentina . . ................ 40,000 2,000
Australia. . ... ... 135,000
Belgium . .................. 150,000 30,000 50,000
Brazil . .............. ... ..., 117,000 61,000 600 61,600
Canada .. .................. 90,000 50,000
Chile...................... 5,000 1,000
France .................... 580,000 50,000 60,000
West Germany. . ............ 298,000 35,000
India...................... 229,000 3,000 13,000
taly ...... ... .. 130,000 15,000 5,000 4,000
Japan. ... 700,800 205,820 535,200 6,000
Mexico.................... 135,000
NOMWAY .« . oo ve e eee e 370,000 50,000 5,000 220,000
Peru............. ... ..... 3,600
Portugal . . ................. 150,000
South Africa . .. ............ 493,000 10,000 122,000 35,000
Spain............. ... .. ... 60,000 35,000 10,000 45,000
Taiwan .................... 4,200 3,000
GreatBritain . . ............. 80,000 300
United States. . .. ........... 453,000 36,000 125,000 11 ,000+
Yugoslavia . ................ 40,000 5.000

Total . .......... .. ....... 4,263,900 530,820 20.900 1,296.800 52,000

SOURCE Charles River Associates Processing Capacity for Critical Materials, OTA contract report, January 1984
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Table 5-33.--Managanese Ferroalloys and Metal:
U.S. Imports and Consumption
(gross weight, short tons)

Ferroalloys Metal

1970:
Imports . . .................. 290,946 NA
Consumption . . ............. 1,000,611 NA
Imports as percent of

consumption . . ........... 29 -
1974:
Imports®. . ................. 421,222 2,506
Consumption . . ............. 1,115,395 34,748
Imports as percent of

consumption . .. .......... 38 7
Imports®. . ................. 605,703 7,508
Consumption . . ............. 789,076 25,092
Imports as percent of

consumption . .. .......... 7 30

dMetal imports Include unwrought metal, waste and scrap.
bMetals imports is unwrought metal only; waste and scrap total 407 tons

SOURCE: u.s. Department of the Interior, Bureau of Mines, Minerals Yearbook,
vol. 1, 1970, 1974, and 1950

1984 the picture was somewhat brighter owing
to the steel industry revival. (Of the 14 furnaces
some have been permanently decommissioned.)
Elkem was awarded a contract by the General
Services Administration (GSA) in the spring of
1984 to convert 48,476 tons of manganese ore
in the national defense stockpile into ferroman-

104

ganese. " This GSA plan to upgrade stockpiled

ores was developed in late 1982 by the Reagan
Administration to give financial relief to the
domestic ferroalloy industry. The contract
amount will, however, only provide about 6
months work for one Elkem furnace. (See the
chromium processing section for details on a
similar chromite conversion contract.)

Manganese metal, sufficient to cover domes-
tic needs, can be produced in the United States,
although the feedstock is imported manganese
ores. In 1982 domestic production of manga-
nese metal (18,600 tons) was greater than the
consumption rate (17,100 tons),”while an ad-
ditional 30 percent was imported. Due to gen-
eral economic conditions, in 1983 two metal
producing firms were operating at reduced
levels of production and the third had shut
down its facilities.

104 ‘MacalloySetsReorganization,” American Metal Market,
Jan. 5, 1984, p. 1.

10syJ.s. Department of the Interior, Bureau of Mines, Minerals
Yearbook 1982, vol.1, pp. 579-580.

Platinum Group Metals Production and Processing

PGMs have always come from few locations.
Colombian placer deposits were the original
and only suppliers of PGMs until 1824, when
Russian placer deposits were discovered. Pro-
duction from Canadian nickel mines followed
in 1919, and South African deposits were dis-
covered in 1924. South Africa, the Soviet
Union, and Canada are today the world’s sup-
pliers of these metals (see fig. 5-6).

The major deposits of this group of metals
have been found in layered formations of ig-
neous rocks among chromite, nickel, and cop-
per, Only in South Africa and, it has been esti-
mated, the United States (Stillwater, MT) can
such vein deposits be mined primarily for their
PGM content. Canada produces PGMs as a by-
product of nickel and copper production; the
Soviet Union’s production may be a coproduct

rather than a byproduct. Chemical and physi-
cal weathering can separate platinum minerals
from these primary ores, creating placer depos-
its in high enough concentrations to provide
minable ore grades. Such a PGM deposit ex-
ists in Goodnews Bay, AK, but it has not been
in production since 1975.

Each PGM deposit produces platinum and
palladium and some of the other four metals
(rhodium, ruthenium, iridium, and osmium) of
the group. Among the similar sulfide deposits
in the three producer countries, there are dif-
ferences in the proportion of PGMs that each
contributes to the market, as shown in table 5-
34. Platinum and palladium are considered the
most important metals of the group owing to
their predominance and end uses in industry.
While Canada produces roughly an equal
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Figure 5-6.—Comparative PGM Production, 1981
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SOURCE: Bureau of Mines, Minerals Commodity Profile 1983: Platinum-Group Metals, figures 1 through 6.

amount of platinum and palladium, the Soviet
Union’s output is principally palladium (67 per-
cent), with platinum secondary (25 percent), In
South Africa, platinum accounts for 61 percent
of production, and palladium, 26 percent. For
all three countries, the balance of output is in
small amounts of the minor metals of the
group. The proposed Stillwater mine is ex-
pected to produce almost 80 percent palladium,
20 percent platinum. Colombia has long been
a relatively small producer from placer depos-
its. Its output is over 90 percent platinum, Very
small amounts of the metals are produced by
a number of other countries as byproducts

from a variety of ores. The United States is in-
eluded in this group with a contribution from
copper mining and refining,

The world now depends on South Africa for
two-thirds of its platinum and on the Soviet
Union for two-thirds of its palladium. In 1982,
99 percent of the world’s primary PGM sup-
ply was produced by five private firms and one
government firm. Mines in South Africa and
the Soviet Union provide 95 percent of the
world’s needs, while Canadian mines provide
another 6 percent (table 5-35). Little change in
this pattern is likely in the future. The most
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Table 5-34.—Distribution of Platinum Group Metal Production
by Metal and Country, 1981 (percentage)

Producer country  Platinum  Palladium  Rhodium Iridium  Ruthenium Osmium
Canada......... 6 6 8 6 5 10 ~
South Africa. . . . . 64 24 44 60 74 38
Soviet Union . 29 69 49 34 21 51
Other........... 1 1 <1 <1 <1 <1
Total ......... 100 100 100 100 100 100

SOURCE U S Department of the Interior, Bureau of Mines, Minerals Commodity Profile1983: Platinum-Group Metals. figures

1 through 6.

Table 5-35.—Platinum Group Metals: World Reserves and production by Country
(thousand troy ounces?)

Reserves Production Percent  of

Producer country 1981 1982 world production _
Australia . . .............. 14.0 0.22
Canada................. 9,000 269.8 4.18
Colombia............... 12.0 0,19
Ethiopia. . . .............. 0.1
Finland . ................ 3.6 0,06
South Africa . . ........... 970,000 2,600.0 40.28
Soviet Union. . . .......... 200,000 3,500.0 54.23
United States . . . ......... 16,000 8.0 0.12
Yugoslavia . ............. 35 0.05
Other®. ................. 43.3 0.67

Total ,................ 1,200,000 6,454.3 100.00

aThere are 1458 troy ounces per pound

b.Other Production’ reflects Japanese refining of ores originating in Australia, Canada, Indonesia. Papua NEW Guinea, and

the Philippines

SOURCE: Reserve base—U S Department of the Interior, Bureau of Mines, Mineral Commodity Profile 1983 Platinum-Group

Metals

Production—U S Department of the Interior, Bureau of Mines, Minerals Yearbook 1982, VOI 1

activity underway in investigating new, diver-
sifying sources is in the United States with the
effort to initiate mining from the deposits at
Stillwater. For possible long-term applicability,
the U.S. Geological Survey is conducting re-
search on the platinum content of nickel lat-
erite deposits in countries along the south-
western rim of the Pacific Ocean.

The principal importing nations are the
United States and Japan, which together con-
sume about two-thirds of the world’s PGM pro-
duction. Western Europe and the Soviet Union
consume most of the remainder. The Soviet
Union’s position as the important palladium
supplier to the West provides it with one of its
valuable sources of foreign exchange, although
gold sales are more important in this respect,

Foreign Production of Platinum Group Metals

Unlike many other mineral industries today,
PGM production, excluding that of the Soviet
Union, is entirely within the private sector,
Ownership is a complex interconnection of
multinational firms, as shown in table 5-36,

Rustenberg Platinum Mines and Impala
Platinum Holdings control over 90 percent of
South African production, Ownership of both
firms is primarily local shareholders, through
three investment houses. These “group”
houses have connections with British industry
that date back to colonial times. They also hold
interests in American operations: Johnson
Matthey—which jointly owns a South African
refinery with Rustenberg (Matthey-Rustenberg
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Table 5-36.—PGM Mining Industry by Country

Ownership

Primary national

Country Major firms Sector Major holders® identity
Canada ..., ...... - .-. Inco Ltd. Private b Canada
Falconbridge Ltd. Private Mclntyre Mines‘(40) Canada
Private Newmont Mines’(40)
South  Africa®. . . . .. Rustenberg Platinum Mines Private JCI'(33) Local
Ltd. Private AngloAmer (24) Local/U, K,
Private Ludenburg (24) Local
Impala Platinum Holdings Ltd. Private Gencor (56) Local
Western Platinum Ltd. Private Lonrho (51) Local/U. K.
Private Falconbridge (25) Canada/U.S.
Private Superior Oil (24) us
Soviet Union ., ... Government (loo)
United States’. . . . .. Goodnews Bay Private Hansen Properties Us.
Stillwater Mining Co. Private Johns-Manville Us.
Private Chevron Resources Us.
(Chevron USA)
Private Anaconda Minerals Us.

(Atlantic Richfield)

awith approximate percentage of control, 'f available
b T h,largest, s.glshahid block of Inco stock 1s 4 Percent

CFalconbridgeis 32.7 percent owned by Superior 011 through direct equity and Its controllinginterestinMcintyre

dNewmont Mining 20 jownedby Consolidated GoldFields Ky whichis eso. ) ownedbyMineralse Resources Corp

which is (43° o) owned by Anglo American

€There are six 111aNCe hoyses (the Groups'™) Which dominate the South Africanindustry The Anglo American Corp of S A Ltd (AngloAmer); Gold Fields Of S A Ltd ,
General MiningUnion Corp Ltd(Gencor); Rand Mines/Barlow Rand Johannesburg Consolidated investment Co Ltd (JCI); and AngloTransvaal Consolidated Investment

Co Ltd {AngloTC)

’Johar\nesburgConsolvdaled Investment Co Ltd 1s (41) owned by the Anglo American

gNot tn production, pro?, pectiveonly

SOURCES E&MJ1983 International Directory of Mining, Bureau of Mines, Mineral Commodity Profile 1983 Piatinum-Group Metais Off Ice of Technology Assessment

Refiners)-and Engelhard Corp., both with
refineries in England and the United States, are
connected through Minerals & Resources Corp.
to the Anglo American Corp. of South Africa,
one of the group houses. The third South Afri-
can producer firm, Western Platinum, is con-
trolled by British, Canadian, and American in-
terests,

Canada’s two PGM-producing firms are pri-
marily Canadian and American owned, Falcon-
bridge, which is a part owner of Western Plati-
num in South Africa, owns a refinery in
Norway. Inco operates refineries in Canada
and the Mend Nickel Co. refinery in England.

While most of the mining firms are vertically
integrated, from ore mining and processing
through to metal production, processing has
traditionally involved a physical, international
flow of semiprocessed forms of the metals be-
tween mining countries and refiners in north-
ern Europe. While Rustenberg now has the ca-
pability to process its ores completely within
South Africa, some still follow the traditional
path and are shipped as concentrates or in

smelted form (matte) to England for refining.
Western platinum ships mixed metal mattes to
Norway, where nickel and cobalt are extracted.
Final PGM units (as a “sludge”) are returned
to South Africa for final separation. Canada’s
Inco ships PGM sludge to its plant in England
for refining. Falconbridge’s semiprocessed ores
go to Norway, with final recovery either in
Norway or at the Engelhard refinery in New-
ark, NJ.

A consequence of this processing flow of
PGMs is that essentially all the United States’
primary PGM needs, even those obtainable
from Canada, must ultimately be shipped from
overseas. Both Ontario and Manitoba prov-
inces in Canada have laws requiring all ores
mined there to be fully processed in Canada,
if possible. Inco and Falconbridge have so far
been granted exemptions allowing them to ex-
port semiprocessed ores for refining, follow-
ing a pattern set more than 50 years ago. Both
expect to continue this system as long as it is
economically feasible to use their northern
European refineries. While semiprocessed ores
are transported by surface, final metal forms
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are normally shipped by air, mitigating poten-
tial access problems (on the return journey)
during crises.

Platinum group metals are investment as
well as industrial commodities. Accordingly,
three levels of trade exist: long-term contracts
between producers and consumers, the dealer
market for small and spot purchases, and in-
vestment and speculative buying of futures
contracts on various metal exchanges, such as
the New York Mercantile Exchange (platinum
and palladium) and the Japanese Gold Ex-
change (platinum). At any one time, stocks of
these metals are held by producers, refiners,
investors, dealers, fabricators, and govern-
ments. The U.S. Bureau of Mines estimated
that at the end of 1981 there were 900,000 troy
ounces of PGMs (about a 4 to 5 months’ supply)
held by these groups in the United States
alone.”” The existence of widespread holdings
of these stocks is one factor used to explain
why the producer-set price recently gave way
—after a 50-year dominance—to a market price
for PGMs. In effect, the stocks held by a vari-
ety of groups serve as an intermediate supply,
reducing producers’ ability to set prices or con-
trol the flow of processed material.

Any near-term increase in demand is ex-
pected to come from current sources. South
African producers, who tend to tailor produc-
tion to their estimates of western consumption,
have proven adept in drawing on their vast re-
serves to meet increased demand, In the 1970s,
for example, South African firms greatly ex-
panded production to meet demand created by
requirements for automobile catalytic con-
verters in the United States. They would likely
respond similarly in the future, and their am-
ple resources should allow them to do so."”
Most of South Africa’s production of PGMs is
committed to major consumers—including the
automobile industry (for catalytic converters)—
through long-term (approximately lo-year) con-
tracts. While information about contracts is not

1] s. Department of the Interior, Bureau of Mines, Mineral

Commodity Profile 1983: Platinum-Group Metals, p. 10.
107Sge for instance,the Bureau of Mines' Platinum Avail-

ability—Market Economy Countries, Information Circular No.
8897/1982.

made public, Rustenberg reportedly supplies
Toyota, Honda, and Ford; Impala is said to sup-
ply General Motors, Chrysler, and Nissan; and
Western Platinum reportedly supplies Mitsu-
bishi.”

While South Africa’s portion of the world
PGM market has steadily increased, Canada’s
production has not kept pace with growing de-
mand. Since the 1960s, its share of the world
market has decreased by 84 percent, while ac-
tual output has remained level.

The Soviet Union’s production and market-
ing techniques cannot be determined accurately;
most of its output is marketed through dealers
rather than directly. Explanations for short-
term changes in the amount of palladium made
available for the market have ranged from pure
political motivations to maximization of long-
term commercial advantage. Over the past 20
years, the Soviets have managed to increase
steadily the overall production of PGMs.

The following country-by-country overview
of major producers discusses the current and
projected status of PGM output.

Canada

Inco is the major PGM producer in Canada,
with Falconbridge a distant second, Both de-
rive PGMs as byproducts of nickel-copper sul-
fide deposits near Sudbury, Ontario. Inco also
has lesser deposits at Thompson, Manitoba.
PGM processing is tied to recovery of nickel,
copper, and cobalt. Inco’s ores are smelted at
Copper CIiff, Ontario, with final recovery of
PGMs at the firm’s Mend Nickel Co. refinery
at Acton, England. Falconbridge smelts ores
in Sudbury; ships a nickel-copper matte to its
plant in Norway for nickel, copper, and cobalt
recovery; and refines the resulting PGM sludge
in Norway or at the Engelhard refinery in New-
ark, NJ.

South Africa
In South Africa, PGMs are considered the
primary product derived from sulfide depos-

* Impala, GM Set Long-Term Pact Huddle, * American
Metals Market, June 2, 1983.
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its. Rustenberg Platinum Mines produces more
than 50 percent of South Africa’s output, fol-
lowed by Impala, with some 40 percent, The
balance is produced by Western Platinum,
which now has capacity to produce about
125,000 troy ounces of platinum per year. The
Bushveld Complex in northeastern South
Africa supports the entire PGM production.
PGM deposits primarily occur in its Merensky
Reef section—with concentrations ranging
from 4 to 15 grams per tonne of ore or 4 to 15
parts per million (ppm). (Technically, 9 percent
of South Africa’s PGM reserves lie within the
Bophuthatswana Homeland. Bophuthatswana
actually produced over half of the PGMs
credited to South Africa in 1982 as all of Im-
pala’s mining operations are within the home-
land along with part of Rustenberg’s.)

Two other sections of the Bushveld, the Up-
per Group (UG2) Chromium seam and the Plat-
reef, have lower overall grades of PGMs but
higher proportions of some of the lesser metals,
such as rhodium and ruthenium. The Platreef
is currently unmined. Western Platinum pro-
duces from some sections of the UG2. With the
introduction of a new smelting process in 1984,
PGMs can also be extracted from the chromite
seams. The Bureau of Mines has stated™ that
commercial development of the UG2 and Plat-
reef of the Bushveld Complex would more than
double the amount of platinum available from
South African deposits.

Rustenberg and Impala each have facilities
in South Africa to process their ores completely
to metal forms of separated PGMs. Rustenberg
can also ship semiprocessed ores to the Johnson
Matthey plant at Royston, England, for proc-
essing. Western Platinum ships all its produc-
tion as mixed metal mattes to the Falconbridge
(a part owner of Western) plant in Norway for
separation of copper, nickel, and cobalt. A re-
sidual PGM sludge is returned to the Lonrho
refinery at Brakpan in South Africa for final
separation of PGMs. Western is currently con-

18T F. Anstett, et ., U. S. Department of the Interior, Bu-
reau of Mines. Platinum A vailability—Market Economy Coun-
tries, Information Circular No. 8897, 1982, p. 12.

sidering development of its own matte treat-
ment facility in South Africa, which—if estab-
lished—would eliminate the time-consuming
shipment of matte to Norway, cutting overall
PGM processing time from about 6 to 2 months.

Gold Fields of South Africa Ltd. (partly
owned by Consolidated Gold Fields of London,
which is 30-percent owned by Anglo Ameri-
can) has been investigating a prospective new
PGM mine on the Merensky Reef. The project
was in the exploration phase in 1984. Poten-
tial PGM output is expected to total 386,000
troy ounces, including platinum (64 percent),
palladium (27 percent), ruthenium (6 percent),
and rhodium (3 percent). This would add about
5 percent to the world’s output of PGMs (using
1980 as a base year).

Soviet Union

PGMs area coproduct or byproduct derived
from nickel-copper sulfide deposits in Siberia
(with PGM values as high as 10.4 grams per
tonne of ore) and the Kola Peninsula. Limited
amounts are also produced from placer depos-
its in the Ural Mountains. The mines at the
Noril’sk mining combine in Siberia provide up
to 90 percent of the total output. Ores, extracted
under adverse conditions of an 8-month win-
ter, are smelted and refined to metal within the
Soviet Union. Expansion of capacity at Noril’sk,
reportedly underway in the 1980s, could sig-
nificantly increase Soviet production capa-
bilities.

Potential Foreign Sources

The U.S. Geological Survey has a study
underway to determine the PGM content of
laterite formations in the Southwest Pacific (In-
donesia, the Philippines, and New Caledonia).
These mineralizations are found along with
chromite. The separation techniques using
plasma technologies that are being developed
in South Africa for PGM/chromite deposits
there could be applicable. The economic fea-
sibility of mining PGM in these laterite forma-
tions may make it possible to extract the chro-
mite content as a byproduct.



196 e« Strategic Materials: Technologies to Reduce U.S. Import Vulnerability

Domestic Production of
Platinum Group Metals

In contrast to the other first-tier materials,
the United States is a producer, albeit minor,
of PGMs (8,033 troy ounces in 1982 as a by-
product of copper mining and refining) and
mining firms are actively pursuing the com-
mercial possibilities of exploiting PGM depos-
its at Stillwater in Montana. These deposits
could initially supply 14 percent of the US. pal-
ladium and 4 percent of platinum needs, or 9
percent of overall PGM needs (based on 1982
consumption data). Production from Stillwater
is considered to be the only possible near-term,
worldwide competition for existing PGM pro-
ducers such as South Africa and the Soviet
Union.

The Goodnews Bay Placer Mine in Alaska
is a past producer of PGMs and was to resume
operations in mid-1981 but did not. There are
no immediate plans to do so. Other U.S. PGM
resources exist in Alaska (Salt Chuck Mine and
the Brady Glacier-Crillion-Le Pousse sulfide de-
posit) and Minnesota at the Duluth Gabbro.
These latter properties have not been the sub-
ject of any recent commercial development
interest. New U.S. mining activity in the de-
velopment and expansion of gold and silver
properties (the ore bodies of which often con-

tain some PGMs) may result in small amounts
of PGMs being recovered.

U.S. resources of PGM total 300 million troy
ounces (less than 10 percent of world resources)
and are concentrated in Montana, Alaska, and
Minnesota.” An estimate of total possible U.S.
production of PGMs from the most likely prop-
erties—Stillwater, Goodnews Bay, and the
Duluth Gabbro—is shown in table 5-37.

Stillwater Complex, MT

PGM occurrences in the Stillwater Complex
along the Beartooth Mountains in Montana
have been commercially explored and evalu-
ated over the past 15 years. The deposits are
geologically similar to those in the Merensky
Reef of South Africa and contain nickel, cop-
per and chromite in addition to PGMs. Still-
water is being evaluated on the basis of extract-
ing PGMs from sulfide ores as a primary
product. The Complex is approximately 28
miles long and from 1 to 5 miles wide and is
divided into distinctive mineralized zones with
PGMs present at greater-than-normal concen-
trations in some bands. Typical PGM grades
at Stillwater have been reported by the Bureau

110], Roger Loebenstein, U.S. Department of the Interior, Bu-
reau of Mines, Mineral Commodity Profiles1983: Platinum -
Group Metals, p. 3.

Table 5-37.—Potential U.S. PGM Production

Estimated annual production Estimated
capacity (troy ounces of minelife
Resource/mine contained metal) (years) Production dependent on
Stillwater, Montana . . . . ... .. 10-25 Combined platinum-palladium price of about
Initial: Palladium . . . . 136,000 $220 per troy ounce (1984)**
Platinum . . . . . 38,000
Total . ...... 175,000
Additional expansion: Palladium . . . . 340,000
Platinum . . . . . 97,000
Total. . .. ... 437,000
Goodnews Bay, Alaska . . unknown Platinum price of $600-700 per troy ounce (1984)
Platinum . . . . . 10,000
Duluth Gabbro, Minnesota ... 25 Copper, $1.50 per pound
Palladium ., . . 30,800-92,400 Nickel, $4.00 (1975 data converted to January
Platinum . . . . . 6,800-20,300 1983 dollars
Total ....... 37,600-112,700

8Year of estimate.

SOURCE: Stillwater—Stillwater Mining, June 1984.
Goodnews Bay-Hanson Properties, July 1984.
Duluth Gabbro—Calculated by OTA using preliminary results of Bureau of Mines research on Duluth ores, State of Minnesota, Regional Copper-Nickel Study,
1979; Silverman, et al., OTA background study, 1983.
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of Mines as 0.130 troy ounces of platinum and
0.509 troy ounces of palladium per ton of ore
(5 ppm platinum, 17 ppm palladium). In com-
parison, grades of representative ore from the
Merensky Reef are 0.154 troy ounces of plati-
num and 0.066, palladium per ton (5 ppm plati-
num, 2 ppm palladium).”™ The estimated PGM
reserves of the entire complex have been re-
ported at 7 million troy ounces."”

The most important PGM zone was discov-
ered during exploration by the Johns Manville
Sales Corp. in 1967 and sparked renewed com-
mercial interest in this area once mined for its
chromite content. The Johns Manville zone has
an estimated 0.47 troy ounces of platinum and
palladium per ton of ore with a palladium-to-
platinum ratio of 3.5:1"°(0.11 troy ounces of
platinum and 0.36 troy ounces of palladium per
ton of ore, or 4 ppm platinum and 12 ppm pal-
ladium).

Two sets of properties in the Stillwater Com-
plex have been the object of extensive commer-
cial exploration since 1979. The properties,
since June 1983, have been held by a joint ven-
ture of Stillwater PGM Resources & Anaconda
Minerals Co. under the name of Stillwater Min-
ing Co. Stillwater PGM Resources is a partner-
ship of Johns-Manville and Chevron Resources
Co. (Chevron USA); Anaconda Minerals is a
wholly owned subsidiary of Atlantic Richfield.
Stillwater Mining Co. has selected a particu-
lar mineralized zone (the Minneapolis Adit) in
one of the original Anaconda properties as the
site for an 18-month exploration and evalua-
tion effort. Core drillings, both from the sur-
face and within the Adit, constitute a major
portion of the evaluation project’s data. This
joint project may—or may not—result in even-
tual combined mine development and produc-
tion activity.

The development phase would reportedly
take 2 years to place into operation an under-
ground, hard-rock mine producing 1,000 tons
of ore per day. A milling plant, constructed at
the mining site, would produce a concentrate

milbid., p. 4.
| 2Anstett, et a]., op. cit.,p.7.
1sThe Stillwater Citizen-Sun, Apr. 26, 1984, sec. 2, p.5.

from the mined ores by grinding and flotation
processes. This product would be transported
by surface to an existing smelter (e.g., Inco’s
in Canada) for refining. Estimated mine life for
the project is 20 years.™

In mid-1984, the possibility of proceeding
with mining development was considered
“very price sensitive.”"” A weighted average
price of $220 per troy ounce of PGMs is being
used in Stillwater Mining’s feasibility study cal-
culations. (As a comparison, the June 1984 pro-
ducer prices for PGMs were: platinum, $475
per troy ounce and palladium, $130 to $140.116
At these prices and given the Stillwater pal-
ladium-to-platinum ratio of 3.5:1, a weighted
average price of $206 to $214 is realized. Thus,
the market prices did not quite meet the tar-
get price,] The drilling program and feasibil-
ity study is scheduled for a mining develop-
ment “go/no go” decision by mid-1985.

Anaconda’s Stillwater Project had originally
proposed, for a 1982 draft EIS, a mining oper-
ation producing 350,000 tons of ore per year
(1,000 tons daily for 350 days per year) over 25
years. Contained PGMs (at about 0.5 troy
ounces per ton of ore) would be 500 troy
ounces per day (or 175,000 troy ounces per
year).” The Anaconda site (now the Stillwater
Mining investigation) is smaller than the
original Stillwater PGM Resources properties,
whose reserves might be able to support a min-
ing rate of 2,500 tons of ore per day,”or ap-
proximately 437,500 troy ounces per year of
contained PGM values.

The Stillwater Complex is located in a rural,
agricultural community, partly within the
borders of two national forests. While devel-
opment of mining at Stillwater would provide
job opportunities and broaden the local tax
base, local citizen groups have voiced concerns

14The Stillwater Citizen-Sun, p. 12.

usLes Darling, Environment] Coordinator and principal
spokesperson, Stillwater Mining Co., personal communication,
May 1984.

1e“Closing Prices,” American Metal Market, June 15, 1984,
. 31,
P 1Silverman, etal., op. cit.,, p. 104 (text of E] S).

18Sjlverman, et al., op. cit., p. 190. A Sept. 10, 1980, statement
from the Manvilfe group estimated a production rate of 1,000
to 3,000 tons of ore per day.
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over population influx, overburdening of the
public service system and environmental issues
such as location of the mill and tailings pond,
the wastewater’s effect on the region’s ground-
water, and protection of air, water and wild-
life. During any permitting process, Montana’s
Department of State Lands will coordinate the
preparation of the necessary EIS; and the local
government and the Montana Hard Rock Min-
ing Impact Board will evaluate socioeconomic
issues.

Goodnews Bay and Other Alaska Occurrences

The Goodnews Bay Placer Mine is a dredg-
ing operation located on the Salmon River near
the Bering Sea coastline of Alaska. Production
from Goodnews Bay totaled 641,000 troy
ounces of PGMs (over 80 percent platinum)
from 1934 until 1975, when production was
halted.™ Although new owners, Hanson Prop-
erties, announced intentions to resume oper-
ations in 1981, operational difficulties with
dredging machinery, environmental issues,
and overall, the costs of production have pre-
vented them from doing so.”

While the major component of this placer de-
posit is platinum (reserves are estimated at
500,000 troy ounces of platinum),” other
PGMs and precious metals are present. The ap-
proximate proportions of metals in the concen-
trate produced in the past were 82.31 percent
platinum; 11.28, iridium; 2.5, osmium; 0.17,
ruthenium; 1.29, rhodium; 0.38, palladium; and
2.24 percent gold.”The mine could possibly
produce up to 10,000 troy ounces of platinum
per year.”The high grade concentrate gener-

u9]ames C. Barker, et al., U.S. Department of the INnterior, su-
reau of Mines, Critical and Strategic Mineras in Alaska: Co-
balt, the Platinum-Group Metals and Chromite, Information Cir-
cular No. 8869, 1981, p. 2.

120Raymond Hanson, Hanson Properties, persona] communi-

cation, July 1984.
121(J.S. Department of the Interior, Bureau of Mines, Minerals

Yearbook 1981, p. 668.

122These are the weighted mean percentages of the metals
mined from Goodnews Bay from 1936 to 1970 as presented in
the National Research Council, National Materials Advisory
Board, Supply and Use Patterns for the Platinum-Group Metals,
NMAB-359, 1980, p. 17.

1231J s Department of the Interior, Bureau of Mines, Minerals
Yearbook, 1981, vol. I, p. 668. Mr. Hanson inferred that this fig-
ure was high and commented that it was “what the oldtimers
in Alaska claim, ”

ated could be shipped directly to a U.S. refin-
ery, such as Engelhard in Newark, NJ, for proc-

essing.

The Salt Chuck lode mine has been intermit-
tently exploited for various PGMs since 1918
with the latest period of operation having been
1935 to 1941. Overall, 14,271 troy ounces of
PGMs have been produced from this mine.

PGMs are known to exist in deposits in Gla-
cier Bay National Park in the Crillion-La
Perouse Complex. An unpublished U.S. Geo-
logical Survey report in 1980 indicated that
platinum may be recovered as a byproduct
from the Brady Glacier nickel-cooper ore body.
The ore body, which extends under moving
glacier ice, has not been extensively evaluated
and could prove expensive to mine.” In ad-
dition, given its location, environmental con-
cerns would weigh heavily on any mining
prospects.

In general, there is potential for more lode
and placer deposits in Alaska. The Alaska Field
Operations Center of the Bureau of Mines has
an ongoing program specifically directed
toward improving the available information
about occurrences of PGMs, as well as chro-
mite and cobalt, in Alaska.

Duluth Gabbro, Minnesota

Copper and nickel sulfide deposits along the
Duluth Gabbro in the Lake Superior region of
northeastern Minnesota contain cobalt, PGMs
and other precious metals that could be re-
covered as byproducts. Production of signifi-
cant amounts of PGMs depends on copper and
nickel mining on a large enough scale to make
these low-grade resources competitive in global
markets. Commercial production will not even
be considered until the recovery of both pri-
mary metals markets occurs and existing
worldwide nickel and copper mines have
returned to full production. (For information
on the economics of Duluth Gabbro and a Re-
gional Cooper-Nickel study released in 1979 by
the State of Minnesota, see the domestic co-
balt section.)

124Critical and Strategic Minerals in Alaska, op. cit.,p. 3
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Industry interest in the area peaked between
the late 1960s and 1970s. During that time,
Amax Nickel acquired an option from Ken-
necott Copper and investigated the possibility
of a combined surface and underground oper-
ation (Minnamax) and Inco considered open-
ing an open pit mine (Ely Spruce). Inco’s
project was suspended in 1975, and Amax in-
definitely postponed its project in 1981 owing
to depressed metal prices. This property has
now reverted back to Kennecott control. There
has been no revival of commercial interest in
the area.

These two holdings in the Duluth Gabbro
contain demonstrated resources of less than
800,000 troy ounces of platinum.”PGM values
of 0.00107 troy ounces of platinum and 0.00304
troy ounces of palladium per ton (0.036 ppm
platinum, 1.03 ppm palladium) were estimated
from an Inco sample by the Bureau of Mines."”
The Minnesota Department of Natural Re-
sources extrapolated this data to the rest of the
area and estimated that about 18 million troy
ounces of platinum resources existed in 4.4 bil-
lion tons of ore.”

The Bureau of Mines has recently conducted
research on the processing of raw materials
typical of Duluth Gabbro ores, and a report on
the results is in preparation. Data from these
studies indicate that, under optimum condi-
tions, the recovery of platinum and palladium
per ton of ore would be approximately 0.0005
troy ounce and 0.0022 troy ounce, respectively.
This is equivalent to approximately 0.088 troy
ounces of platinum and 0.40 troy ounces of pal-
ladium per ton of copper produced.” In the
1979 study by the State of Minnesota, the max-
imum possible annual output from Duluth was
calculated at 231,000 tons of copper metal and,
with one mine complex (rather than three) in
operation, 77,000 tons of copper would be
produced per year. This implies that between

1z Anstett, et a., op. cit., p. 7.

122N ational Research Council. National Materials Advisory
Board, Supply and Use Patterns for the PlatinumGroup Metals,
NMAB-359, Washington, DC, 1980, p. 16.

171 bid., p. 16.

121 §. Department of the Interior, Bureau of Mines, letterto
OTA, July 31, 1984.

30,800 and 92,400 troy ounces of palladium and
between 6,800 and 20,300 troy ounces of plat-
inum might be generated as byproducts from
Duluth given the proper economic incentives
for copper and nickel production.

Although the Duluth Gabbro lacked any com-
mercial activity recently, this large resource of
low-grade material will continue to be viewed
as a potential source of metals. The proximity
of potential mining areas to the Boundary
Waters Canoe Area and Voyageurs National
Park, as well as possible damage from sulfur
emissions from a smelter operation processing
Duluth Gabbro sulfide ores, will ensure an im-
portant role for environmental considerations
in mine planning in the area.”

Domestic Mining and Processing
Technology Prospects

PGM deposits which occur in hard-rock envi-
ronments (Stillwater, for instance) are amen-
able to underground methods such as sublevel
stoping and the newer vertical crater retreat
system. Placer deposits are generally dredged
unless, as maybe the case in some areas of the
Goodnews Bay deposit in Alaska, the thickness
of the overburden makes the technique un-
economic.

Domestic PGM deposits are not unique and,
therefore, metallurgical processing technology
is available. The high-grade platinum concen-
trates from Goodnews Bay can be sold directly
to existing U.S. precious metal refineries for
purification. Technology for the required
smelting and refining of Stillwater’s nickel-
copper-PGM ores is well established. The most
gualified North American smelter for the ini-
tial refining of its concentrates is the Inco plant
at Copper CIiff, Ontario.

Included in current Bureau of Mines re-
search is the evaluation of a method for proc-
essing of Stillwater ores. It involves flotation
of the ores and subsequent smelting and leach-
ing to recover the various metal values in the
ores. The flotation concentrate results in 88
percent recovery of the PGM values and smelt-

129Gjlverman, et a., Op. cit., p. 112.
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ing to a sulfide matte retains 95 percent, for
an overall recovery of 84 percent. This matte
then requires a refining step to separate out
PGMs and gold.” Duluth ores are also under
investigation and are discussed in the preced-
ing domestic cobalt section.

Processing of Platinum Group Metals

The major end uses of PGMs are as catalysts
in the automotive, petrochemical, and chemi-
cal industries and as contacts in the electronics
industry. These products are fabricated from
chemical forms of PGMs, which are produced
from metals, mainly platinum and palladium
and, increasingly, rhodium.

PGMs follow the same processing path as co-
balt because they originate in the same ores.
PGMs are the last step in the long extraction
process of these ores (fig. 5-7), and it can take
up to 6 months to complete the cycle from min-
ing of the ores to production of PGMs. The
final residual from the sequential processing
is a PGM concentrate, or “sludge,” Separation
of the precious metals from this concentrate

130 Research83, op. cit., p. 89.

is accomplished by various chemical methods,
many of which are proprietary, A new extrac-
tion process developed by the South African
National Institute of Metallurgy in 1975 can re-
duce the overall PGM processing time dra-
matically (to 20 days). Two South African
refineries and one in England now use the in-
stitute’s process.

PGMs are imported by the United States in
forms such as unwrought and semimanufac-
tured metal. Recycled catalysts from the petro-
leum and chemical industries are another
source. The processing industry in the United
States consists of refiners and fabricators.
Large firms, such as Engelhard and Johnson
Matthey, can handle the final PGM processing
steps, while smaller firms only fabricate the
end products. Engelhard’s New Jersey refin-
ery reportedly processes some of Falcon-
bridge’s (Canada) PGM sludge. The National
Materials Advisory Board reported in 1980™
that, as a whole, the U.S. PGM processing in-
dustry was healthy and aggressive and could
readily meet the challenges of any increased
demand.

INMAB-359, op. Cit.

Exploration

The development of the major known domes-
tic resources of chromium, cobalt, manganese,
and PGMs is technically feasible if political ne-
cessity dictates, However, with the exception
of a PGM deposit, these domestic resources
could be produced only at several times cur-
rent world price.

Exploration for additional domestic depos-
its by private concerns will proceed only in-
sofar as there are geologically favorable areas,
perceived economic benefits to the explorer,
and procedures that permit mining if a discov-
ery is made. No group is actively exploring for
first-tier strategic materials in the United States
today, The benefits are not consistent with the
costs and risks involved, especially when for-
eign countries can produce vast quantities of

high-grade materials at costs well below that
of any domestic producer.

Land-Based Resources'”

In North America, Precambrian rocks are
considered the most geologically favorable
areas for possible significant deposits of chro-
mite and nickel-copper-cobalt sulfides with
associated PGMs. Figure 5-8 shows the forma-
tion period (1 to 2.6 billion years ago) of cer-
tain world deposits of chromium, cobalt and
PGMs. The formation of manganese deposits
is not as exclusively timebound as the other

132This section is based primarily on Ben F. Dickerson 111 . and
Carole A. O'Brien, Exploration for Srategic Materials, contrac-
tor study prepared for the Office of Technology Assessment, Sep-
tember 1983.



202 . Strategic Materials: Technologies to Reduce U.S. Import Vulnerability

Figure 5-7.--PGM Processing, Simplified Flowchart®
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Figure 5-8.—Time Chart of Some First-Tier Strategic Material Deposits
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strategic metals. In the United States the ma-
jor exposure of Precambrian rocks (fig. 5-9) is
in the Great Lakes region of Michigan, Min-
nesota, and Wisconsin, with smaller, scattered
areas in many States, including Montana,
Idaho, Colorado, Arizona, South Dakota, Wy-
oming, Texas, and Missouri.

The constraints on exploration imposed by
the absence of extensive geological exposure
cannot be ignored in assessing the Nation’s
strategic materials outlook. Currently uniden-
tified geologic environments in the United
States could possibly contain these metals, but
the uncertainties involved in identifying such
environments compound the already high risk
of exploration of regions of known potential.

Metals experts interviewed by OTA gener-
ally agree that there is a very low probability
that the United States contains significant, un-
discovered economic deposits of chromite, co-
balt, or PGMs. (Prospects for manganese are
deemed somewhat better.) Undoubtedly, some
geologists disagree with this majority opinion,
asserting that increased geologic knowledge,
better technology, and fresh exploration con-
cepts can find new, economical deposits. Even
if such deposits do exist, the apparent risk/
reward ratio and the magnitude of identified
foreign reserves preclude meaningful action
under current conditions.

Experts were unanimous on one point: all be-
lieved their companies’ management would re-
ject any strategic metals exploration program,
no matter how geologically well-conceived,
now and in the near future.

Until reliable long-term economic incentives
[perception of profits commensurate with risks)
are available, there will be no significant ex-
ploration for strategic materials in the United
States. A recent estimate gave $290 million as
the cost to find an ore deposit that would sig-
nificantly affect the profits of a medium-sized
corporation.”™ Any find would have to result
in ores of higher than average grades and/or
lower than average costs to mine, substantial

1331bid., p. 11,
134[bid., p. 18.

and dependable markets, and an assumption
of long-term stability in the domestic economy.

Exploration Technology Today and in the Future

The following briefly reviews present and po-
tential near-term technological developments
in land-based exploration for strategic mate-
rials. It is felt that the technology level that
mineral geologists employ today is about 20
years behind the level used in oil and gas ex-
ploration. This may be a reflection of the value
of national energy versus mineral needs. For
instance, in 1977 fuel production in the United
States was valued at $56.2 billion and metals
production, a tenth of the fuels value at $5.2
billion.™

Most specialists think that a breakthrough in
mineral exploration technology is unlikely in
the next 10 years and that the exploration scene
of the early 1990s will probably not be greatly
different from that of today, except it will be
more expensive. Current tools and techniques
will be more precise and refined, owing largely
to the application of mineral exploration ad-
vances, general scientific knowledge, and elec-
tronic technology. Lacking incentives to ex-
plore for strategic materials, there will be little
attention to the development of specialized
technology for that purpose; but any general
improvements in exploration methodology or
technology could be of use.

Chromite deposits, for instance, have gener-
ally been found by surface prospecting and
drilling in and around identified outcrops (sur-
face appearances). There are no unique prob-
lems in exploring for most types of cobalt de-
posits. Current geophysical methods can be
used to detect the presence of copper, nickel
and iron sulfide minerals, with which it is asso-
ciated. Cobalt can be easily identified by rela-
tively simple chemical analysis methods.

GENETIC THEORY

Increased interaction between industry and
academia could lead to better application of
new and developing concepts in genetic the-

wsStatistical Abstract of the United States, 1982-83 edition, ta-
ble No. 1276, p. 715.
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Figure 5-9.— Exposure of Precambrian Rock in North America
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ory. Most currently employed theories of ore
genesis are derived from developments in the
understanding of plate tectonics and conti-
nental drift.” These concepts are definitely
useful in predicting areas favorable for certain
types of mineral deposits and will probably
continue to provide practical information.

Advances in this field are expected to call at-
tention to some hitherto ignored, or currently
unknown, geologic environments for some
metals, particularly gold, silver, and perhaps
some base and strategic metals. Explorationists
do not feel, however, that any lo-year devel-
opment of genetic theory will allow them to ac-
curately fix the location and approximate qual-
ity of any type of mineral deposit. In fact, there
is strong doubt that this could ever be done.

DATA INTERPRETATION

Data interpretation is the single, biggest prob-
lem facing exploration. A substantial improve-
ment in this art might far outweigh potential
technological improvements.

Both geophysics and geochemistry now can
deliver vast amounts of data that no one com-
pletely understands. Fully integrating this in-
formation with data from other exploration
techniques is very difficult. While a very few
“seat-of-the-pants” ore finders may be able to
do this intuitively, most explorationists are not
so gifted. One geologist said, “Better instru-
mentation is like giving an encyclopedia to an
illiterate—the pictures are neat, but it doesn’t
help him to read. ”

GEOPHYSICS

Geophysical techniques for locating particu-
lar geological structures and compositions are
one of the primary screening tools of mineral
exploration. The process involves measure-
ment of various physical fields in which vari-

138]n 1912 a German, A. Wegener, suggested that about 200
million years ago the continents were packed together in one
universal land mass called “Pangaea” Wegener called attention
to the “jig-saw” piece matching effect of the South American
and African continents; similarities in geology, plant and ani-
ma life; and in paleoclimates of various continents. This basic
concept received little support until the mid 1950s.

ances in mineral content or physical condition
will cause anomalies in the data produced.

Current techniques, however, particularly
electromagnetic methods, are unable to distin-
guish between anomalies caused by various
minerals such as pyrite, chalcopyrite, or graph-
ite. This prevents the explorer from correctly
identifying, or narrowing down sufficiently,
the sought-after mineral environment.

Research programs of a few large exploring
firms are aimed at developing instrumentation
to discriminate between various minerals, par-
ticularly sulfides. Because the work is propri-
etary, very little information is publicly avail-
able, Geophysicists interviewed for this report
said that such instrumentation would probably
not be developed before the end of the century
and, even then, may only compound current
problems of interpreting findings.

Other than the major problem of data inter-
pretation mentioned above, instrumentation:

.must be better able to screen out natural
or human “background noise, ” this im-
provement might increase the effective
depth penetration, a current limitation of
the geophysical techniques; and

.needs additional miniaturization and im-
provement for borehole use, also increas-
ing depth penetration.

Geophysical techniques are expected to im-
prove only slightly, as many methods are ap-
proaching absolute barriers imposed by phys-
ical laws. (In particular, the decline of signal
strengths by the “inverse of the square of the
distance” effect.) Miniaturization of geophysi-
cal instrumentation will be much more highly
developed. The subsequent increased employ-
ment of down-the-hole geophysics will give, in
effect, greater depth penetration in areas be-
ing explored and could cope with the physi-
cal law limits, However, this improvement will
be of little use in the initial or reconnaissance
stages of exploration.

Geosatellite imagery and other associated
data will probably be employed cautiously, but
more frequently, particularly if some of the un-
certainties of spectral interpretation can be
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eliminated and higher spectral resolution ob-
tained, Unfortunately, many large, geologically
favorable areas of the earth’s crust are hidden
beneath an alternate environment, preventing
satellite identification despite improved tech-
nology.

There are no special geophysical problems
related to strategic materials that preclude ap-
plication of general improvements in explora-
tion technology. For example, an effective bore-
hole induced polarization (1P) transmitter and
receiver would perhaps be effective in explo-
ration for podiform chromite bodies, in areas
where they are known to occur. Cobalt is asso-
ciated with copper, nickel, and iron sulfides
which have detectable electromagnetic signa-
tures. Chromite and manganese oxide can be
detected by using certain geophysical tech-
niques as well. However, geophysical tech-
niques have not been developed to identify eco-
nomic concentrations of metals present in the
earth’s crust as carbonates and/or silicates (e. g.,
manganese carbonate deposits and nickel-
cobalt silicate minerals in laterites). Limited
success has been achieved in distinguishing
carbonate and silicate minerals using satellite
imagery but only when they appear on the sur-
face. Manganese oxides, as well as sulfides, re-
spond to 1P techniques but carbonates offer lit-
tle, or no geophysical signature. Uncertainties
abound, however. 1P effects are produced by
graphite, magnetite, certain clays, and other
minerals. In fact, many 1P anomalies have no
ascertainable cause.

GEOCHEMISTRY

Geochemistry involves the analysis of soils,
surface water, and organisms for abnormal
concentrations of minerals. It is one of the
basic tools of modern mineral exploration and
is relatively rapid, cheap, and direct. But,
faster, more accurate, more sensitive, and more
specific analytical techniques are needed.

Current practice in sample preparation con-
sists of crushing, grinding, pulverizing, and se-
lecting a sample of appropriate size; each stage
of this process offers opportunity for error. The
ideal methodology would include automated
sample preparation and on-the-spot whole-

rock, accurate, multi-element analyses. An in-
strument for onsite analysis of drill-hole
derived samples, at least semiquantitatively, is
also needed. A technique that would not alter
the physical characteristic of the sample is
preferable.

Since strategic materials are not actively ex-
plored domestically, accurate multi-element
analysis would be highly desirable, no matter
what type of sample is being analyzed.” Po-
tentially valuable deposits of one element have
certainly been overlooked because analytical
work was at the time concentrated on locat-
ing other elements. Even if no potentially eco-
nomic element is present, there would be great
geologic value in identifying and quantifying
all of the trace elements associated with par-
ticular types of mineralized bodies. In time, the
resulting patterns might offer definite clues to
the presence or absence of economic mineral-
ization.

Borehole and handheld instruments, employ-
ing X-ray fluorescence analysis methodology,
have recently been developed. These are spe-
cific for such elements as silver, gold, molybde-
num, and tin, But substantial improvements in
6 Compilation procedures for this “unwanted-
at-the-time” information would need to be in-
stituted, however, sensitivity and analysis
reproducibility are needed. ICP (Inductively
Coupled Plasma atomic emission spectrom-
etry) is the latest technique and is claimed to
be a multi-element analytical tool. There are,
however, substantial problems with inter-
element interference and element detection
levels.

High-precision and sensitive analytical meth-
ods—including ICP, neutron activation, laser
bombardment, irradiation by radioactive iso-
topes—have only limited use in geochemical
work because of their high unit costs (more
than $50 per sample) and certain physical
limitations of the equipment.

The main advances in geochemical explora-
tion are expected to occur in instrumentation

17Compilation proceduresfor this *‘unwanted-at-the-time in -

formation would need to be instituted, however.
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and in analytical techniques. Handheld and
drill hole-adaptive, direct in situ analytical de-
vices will be available in exploration for some
elements, but probably only for PGMs among
the strategic metals, since there is little eco-
nomic interest in the others. Although semi-
automated wet chemical analytical methods
will be standard, and will increase reproduci-
bility and sensitivity, more highly trained and
more costly technicians and analysts will be
required to perform the analyses,

Helicopter-borne spectral reflectance instru-
mentation, perhaps a spinoff of satellite re-
search, may be used to screen vegetation geo-
chemically in large forested areas. Practical
instrumentation should be available that will
directly measure gases emitted in decomposi-
tion of some economical minerals.

Chromite is a common accessory mineral in
mafic/ultramafic rocks, but geochemical sur-
veys have not been successful at identifying
economic concentrations of chromite. Wide-
spread high, but very variable, background con-
centrations of manganese in water, soils, and
rocks make geochemical techniques very dif-
ficult to employ.

DRILLING TECHNOLOGY

Drilling is the ultimate test phase of all ex-
ploration, and its costs, direct and indirect, are
one of the most significant limiting factors in
minerals exploration today.” Improved tech-
nology which reduces these costs would allow
testing of more targets, however they are iden-
tified and defined, and would help improve
current ore discovery rates.

Techniques for mineral exploration include
core and rotary drilling. Core drilling physi-
cally removes a cylindrical sample of rock
while a rotary crushes and chips the rock so
that only cuttings are removed by air or water,

Core drilling today is not greatly different
from that of the 1860s, when it was first em-
ployed for coal exploration in Pennsylvania.
Although overall technology has steadily im-
proved, only two significant improvements in

1sDjckerson, €t a., Op. Cit., p. 66.

core drilling have been introduced in the past
30 years. The first was the introduction of wire-
line drilling (allowing the recovery of a sam-
ple core inside a drill stem); the second, the ad-
vent of long-wearing, impregnated diamond
drill bits.

Rotary drilling techniques for metals have
also generally stabilized. Sampling-related
problems prevent rotary drilling from being
employed to a much greater extent in minerals
exploration.

There has been comparatively little direct re-
search directed at improving mineral explora-
tion drilling. The U.S. Bureau of Mines and a
drill machine manufacturer and contract drill-
ing company, E.J. Longyear, have jointly de-
signed a method for replacing worn diamond
bits without removing drill rods from bore
holes, eliminating a costly and time-consuming
operation. With the use of impregnated dia-
mond bits, however, it has proven more cost
effective to stay in the hole with these longer
wearing bits than to purchase the relatively ex-
pensive equipment required to change the now
partly obsolete surface set bits.

Most incremental improvements in drilling
have been developed in oil exploration, Al-
though helpful in strategic materials explora-
tion, various factors—e.g., the size of target,
rock types, dimensions of drill holes, and mar-
ket size differences—prevent large-scale adap-
tation in mineral exploration. Substantial tech-
nical and cost benefits in mineral exploration
drilling techniques may be possible only if a
long-term, well-conceived, and adequately
funded research program is undertaken.

Drilling techniques are not expected to be
much different from those employed now.
Most explorers foresee increased drilling costs
and little change in drilling efficiency. If the
rate of growth in average drilling depth is
maintained, with its attendant increased costs
per hole, it is probable that fewer holes will be
drilled on any one target.

Research and Development

Mineral exploration technology and method-
ology have not been the subject of significant
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research and development (R&D) attention for
some time. Current metal market prices and
other problems have led to reductions of pre-
vious, modest funding levels in the private
sector.

A precise picture of mineral exploration re-
lated R&D, however, is difficult to develop.
Most work is spread throughout academia
(geology), the U.S. Geological Survey (geology,
geophysics, and geochemistry), the Bureau of
Mines (drilling, geophysics, and miscellaneous
pursuits), and mining and oil companies (geol-
ogy, geophysics, and geochemistry). Equip-
ment manufacturers, with a few exceptions
(mainly geophysical contractors), do very lit-
tle R&D because their markets are so limited.

There appears to be no reliable figure avail-
able for the amount of direct exploration-
related R&D expenditures for any specific
period. (Guesses range from $10 million to $50
million per year by the private sector in North
America.) The quantification problem is com-
plicated by no agreed-upon definition of work
that should be classified as mineral exploration
R&D, especially within the Federal Govern-
ment. Is a U.S. Geological Survey geologist
studying the magnesium content of chromite
engaged in mineral exploration research? Most
practicing explorationists would say no, but an
argument could be made otherwise. One thing
is clear to explorationists: R&D in their field,
no matter how defined, is, by comparison to
most other technical fields, very poorly funded
and directed.

Ocean-Based Resources

The floor of the ocean provides a favorable
environment for the formation of expansive de-
posits of minerals containing manganese, iron,
and other metals. Some of these deposits con-
tain significant amounts of nickel, copper, or
cobalt. As a result, they have gained some at-
tention as possible alternative sources of metals
to supplement or replace land-based sources
of questioned reliability. The mineral resources
of the deep seabed gained visibility during the
1970s when their status was added to many
other subjects under consideration at the Third

United Nations Conference on the Law of the
Sea.

Three forms of the seabed manganese depos-
its are of interest from a strategic materials per-
spective: the manganese nodules and crusts lo-
cated on the Blake Plateau off the coast of
Florida, the manganese nodules of the east cen-
tral Pacific Basin, and the cobalt-rich crusts lo-
cated on the slopes of seamounts and islands
in the Pacific. The status and outlook for ex-
ploitation of each of these types of deposits is
summarized in table 5-38.

The Blake Plateau deposits contain approx-
imately 15 percent manganese and 15 percent
iron, but their content of more valuable metals
is low. The water depth ranges between 300
and 1,000 meters, and they are located on the
continental slope where they fall under the
jurisdiction of the coastal state (in this case,
jurisdiction is principally that of the United
States, although some of the region is under
Bahamian jurisdiction). In 1976, the National
Materials Advisory Board evaluated