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Cobalt is a strategic and critical metal used in many diverse
industrial and military applications. The largest use of cobalt
is in superalloys, which are used to make parts for gas turbine
engines. Cobalt is also used to make magnets; corrosion- and
wear-resistant alloys; high-speed steels; cemented carbides
(also called hardmetals) and diamond tools; catalysts for the
petroleum and chemical industries; drying agents for paints,
varnishes, and inks; ground coats for porcelain enamels;
pigments; battery electrodes; steel-belted radial tires; airbags in
automobiles; and magnetic recording media.

The United States did not mine or refine cobalt in 2002.
However, a small number of mining operations produced
negligible amounts of byproduct cobalt as intermediate
products. Since 1993, sales of excess cobalt from the National
Defense Stockpile (NDS) have contributed to U.S. and world
supplies. In 2002, U.S. consumption of cobalt decreased
significantly from that of 2001.

World refined cobalt production continued to increase in
2002. The Cobalt Development Institute reported that although
estimated world demand for cobalt increased in 2002, it was
less than total estimated world cobalt availability (refinery
production plus NDS releases) (Cobalt Development Institute,
2003d). This imbalance between supply and demand resulted
in a continued downtrend in annual average cobalt prices (Inco
Ltd., 2003, p. 18).

Salient U.S. and world cobalt statistics for 2002 and the
previous 4 years are listed in table 1. With the exception of
prices and reported production from foreign countries, all
quantity and value data in this report have been rounded to no
more than three significant digits. Totals and percentages were
calculated from unrounded numbers.

Legislation and Government Programs

The Defense National Stockpile Center (DNSC), U.S.
Department of Defense, held seven sealed-bid cobalt offerings
during fiscal year 2002 (October 1, 2001, through September
30, 2002). In June, DNSC introduced a new sales format for
cobalt—the Basic Ordering Agreement (BOA). Under the
BOA format, prospective purchasers prequalified for bidding
by showing that they had adequate financial resources, a
satisfactory performance record with DNSC, and a satisfactory
record of integrity and ethics. DNSC offered cobalt on a
periodic basis, depending on market needs. Each Tuesday
morning any cobalt for sale would be posted on DNSC’s Web
site. Prequalified prospective purchasers would send in quotes
by facsimile before a specific date and time, and the DNSC
would accept or reject the quotes within two business days
(Defense National Stockpile Center, 2002a, p. 7, 9). DNSC
awarded cobalt under this format each month from June through
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September. During the fiscal year, the DNSC sold 1,210 metric
tons (t) of cobalt cathode, granules, and rondelles valued at
nearly $19 million (table 2). This represented 44% of the 2,720-
t (6-million-pound) maximum allowed for sale under the fiscal
year 2002 Annual Materials Plan (AMP). As of the end of the
fiscal year, 214 t of cobalt had been sold, but not shipped from
the stockpile (U.S. Department of Defense, 2003, p. 6, 12-13,
54). The AMP for fiscal year 2003 (October 1, 2002, through
September 30, 2003) maintained the maximum allowable sale of
cobalt at 2,720 t (Defense National Stockpile Center, 2002b).
During calendar year 2002, DNSC held one negotiated and
five sealed-bid cobalt offerings. BOA awards were made
each month from June through December, with the exception
of October and November. During this period, DNSC sold
1,320 t of cobalt cathode, granules, and rondelles valued at
$19.6 million. On December 31, the total uncommitted cobalt
inventory held by the DNSC was 6,190 t, all of which was
authorized for eventual disposal.

Production

With the exception of negligible amounts of byproduct cobalt
produced from mining operations in Missouri and Montana,
the United States did not mine or refine cobalt in 2002. For
example, minor amounts of cobalt present in the ores mined for
platinum-group metals at the Stillwater Complex of southern
Montana were recovered from converter matte at Stillwater
Mining Co.’s refinery and sold as a byproduct. In November,
Russia’s Open Joint Stock Company Mining and Metallurgical
Company Norilsk Nickel entered into definitive agreements to
acquire 51% of Stillwater Mining Co. (OJSC MMC Norilsk
Nickel, 2003a, p. 11; Stillwater Mining Co., 2003, p. 14-15).

Formation Capital Corp. of Vancouver, British Columbia,
Canada, continued to work on the mine permitting process
for its Idaho Cobalt Project in Lemhi County, ID. The project
entailed developing cobalt-copper-gold deposits in the Idaho
Cobalt Belt in the central part of the State. The diluted proven
and probable reserves and inferred resources for the project
were estimated to be 2.86 million metric tons (Mt) grading
0.602% cobalt, 0.45% copper, and 0.5 grams per metric ton
gold. The company’s initial plan of operations described
separate underground mining operations to extract ore from
two deposits and a flotation mill to process the ore nearby. In
September, Formation Capital completed the purchase of a
hydrometallurgical complex approximately 320 kilometers (km)
(200 miles) north of the cobalt project in Big Creek, ID, from
Sunshine Precious Metals, Inc. The complex included a silver
refinery, which used pressure-leaching technology. Formation
planned to renovate the refinery to toll refine silver materials
from other companies to generate cash flow, while retrofitting
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the refinery to process concentrates from the Idaho Cobalt
project. Once retrofitted, the refinery would have the capacity

to produce approximately 2,000 metric tons per year (t/yr) of
cobalt products. Formation planned to produce approximately
1,500 t/yr of cobalt as cathode and/or cobalt compounds, such as
carbonate, hydroxide, or oxide, with initial production beginning
in late 2004 (Forest Service, U.S. Department of Agriculture,
2001; Formation Capital Corp., 2001, 2002; Bending, 2002, p.
2,6,8-9,13).

Cominco Engineering Services Ltd. continued to evaluate a
proprietary hydrometallurgical process to treat ores from the
Mesaba deposit in northeastern Minnesota. Mesaba is a large
undeveloped copper-nickel deposit in the Duluth Complex of
northeastern Minnesota, which is a large layered mafic intrusion.
Mesaba was estimated to contain resources of more than 700
Mt of ore grading 0.46% copper and 0.12% nickel accessible
by open pit mining and an additional 300 Mt of higher grade
resources, which could be mined by underground methods.
Cobalt, platinum-group metals, and other precious metals are
also present (Cominco Ltd., 2001; Teck Cominco Ltd., 2003, p.
25).

In August, U.S. Cobalt Inc. of Denver, CO, announced
that future production from the Madison cobalt mine, near
Fredericktown, MO, would not be economic if cobalt prices
remained at less than $7 per pound. In addition, because
U.S. Cobalt had been unable to renegotiate the environmental
indemnity agreement with property owner Anschutz Mining
Corp., Anschutz terminated the exploration with option to
purchase agreement, thereby canceling all of U.S. Cobalt’s
rights to the property. U.S. Cobalt stated that as a result of
these factors, it was shifting its efforts away from developing
the Madison cobalt mine and towards evaluating opportunities
in the renewable energy industry. The Madison property had
a measured plus indicated resource of 6 Mt grading 0.306%
cobalt, 0.470% nickel, and 0.743% copper using a cobalt
equivalent cutoff grade of 0.20% (U.S. Cobalt Inc., 2002a-c).

PolyMet Mining Corp.’s NorthMet project was placed on
care-and-maintenance status, while the company concentrated
its efforts on identifying potential joint-venture partners or
other forms of financing to complete a final feasibility study.
The NorthMet polymetallic deposit, which is in the Duluth
Complex of northeastern Minnesota, was being considered
for development by open pit mining and hydrometallurgical
processing. It had an estimated 371 Mt of measured and
indicated reserves grading 0.29% copper, 0.08% nickel, 67.2
parts per million cobalt, 0.28 parts per million palladium, 0.08
parts per million platinum, and 0.04 parts per million gold using
a copper equivalent cutoff grade of 0.01% (PolyMet Mining
Corp., 2002a, p. 9; 2002b).

U.S. processors made cobalt chemicals and cobalt metal
powders from refined cobalt materials and/or cobalt-bearing
scrap. U.S. Geological Survey (USGS) data on chemical and
metal powder production, shipments, and stocks were derived
from a monthly voluntary survey of U.S. cobalt processors.
Information from this survey was used to prepare the statistics
on cobalt consumption and stocks in table 3. Four of the six
cobalt processors on this survey provided data. Estimates
were made for plants for which data were not provided.

Two processors made extra-fine cobalt metal powder in the
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United States. Carolmet Cobalt Products (a division of n.v.
Umicore s.a.), made cobalt metal powder from cobalt metal
at its Laurinburg, NC, plant. Osram Sylvania Inc. produced
cobalt metal powder as a byproduct of tungsten recovered
from cemented carbide scrap in Towanda, PA. Production
and shipments of cobalt metal powder are withheld to avoid
disclosing company proprietary data.

Consumption

U.S. apparent consumption for 2002 as calculated from
net imports, consumption of purchased scrap, and changes in
Government and industry stocks, was 17% lower than that
calculated for 2001 (see table 1). The decrease in apparent
consumption in 2002 was primarily because cobalt shipments
from the NDS were significantly lower than those in 2001.

U.S. reported consumption for 2002 was 17% lower than
that for 2001. As compared with 2001, metallurgical industries
consumed 19% less cobalt, and the total reported cobalt
consumption for chemical uses was 9% lower. Reported
consumption was derived by the USGS from voluntary surveys
of U.S. operations. Most of the data on cobalt chemical uses
were obtained from the cobalt processors survey. A second
survey covered a broad range of metal-consuming companies,
such as superalloy, magnetic alloy, and cemented carbide
producers. For this survey, nearly 90 cobalt consumers were
canvassed on a monthly or annual basis. Reported consumption
and stocks data in tables 1 and 3 contain estimates to account for
nonrespondents.

Prices

U.S. spot prices for cathode (minimum of 99.8% cobalt),
as reported by Platts Metals Week, fluctuated between $6 per
pound and $9 per pound. The highest price, at a range of $8.60
to $9.00 per pound, was reported in mid-May and the lowest
price, at a range of $6.00 to $6.25 per pound, was reported in
late October. Platts’ annual average U.S. spot cathode price
for 2002 was $6.91 per pound, down by 34% from that of 2001
(table 1). This price has steadily declined since 1995, when it
was $29.21 per pound.

Trends in Platts prices for Zambian cobalt (minimum 99.6%
cobalt) and Russian cobalt (minimum 99.3% cobalt) were more
or less parallel to those for U.S. spot cathode. The annual
average of weekly prices for Zambian cobalt was $6.71 per
pound, 32% lower than that of 2001, and the annual average
of weekly prices for Russian cobalt was $6.63 per pound, 30%
lower than that of 2001.

Sales prices for 99.8% cobalt cathode reported by WMC
Resources Ltd. (formerly WMC Ltd.) at its Internet Web site
provided some market transparency and were considered a
benchmark for cobalt prices (Metal Bulletin, 2000; Ryan’s
Notes, 2000). The trend in these prices was similar to that of
Platts’ U.S. spot cathode prices. WMC'’s highest sales price
during the year was $8.85 per pound in early May, and its lowest
sales price was $6.20 per pound for several sales during mid- to
late October.

OM Group, Inc. (OMG) sold grade B cobalt briquettes, with a
minimum of 99.8% cobalt, on its Internet Web site. Sale prices
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during 2002 ranged from a high of $8.50 per pound for a sale in
July to a low of $6.75 per pound for a sale in September.

Foreign Trade

Net import reliance as a percentage of apparent consumption
is used to measure the adequacy of current domestic production
to meet U.S. demand. Net import reliance was defined as
imports minus exports plus adjustments for Government and
industry stock changes. Releases from stocks, including
shipments from the NDS, were counted as part of import
reliance, regardless of whether they were imported or produced
in the United States. In 2002, net import reliance as a
percentage of apparent consumption was 72%. Because there
was no measurable U.S. primary cobalt production in 2002, this
indicates that 72% of U.S. cobalt supply was from imports and
stock releases of primary cobalt and 28% was from scrap, which
would have been generated domestically or imported.

As shown in tables 4 and 5, in 2002, the United States imported
10% less cobalt than it did in 2001. Nine countries supplied 90%
of U.S. imports of unwrought cobalt and cobalt in chemicals.
Finland was the leading supplier, followed by Norway, Russia,
Canada, Belgium, Zambia, Brazil, the Democratic Republic of the
Congo [Congo (Kinshasa)], and South Africa. Compared with
those of 2001, cobalt imports from Belgium, Canada, and Norway
increased and imports from Congo (Kinshasa), Finland, Russia,
South Africa, and Zambia decreased. Cobalt imports from Brazil
were approximately equal during the past 2 years.

In 2002, the United States imported 72 t, gross weight, of
unwrought cobalt alloys valued at $1.4 million. Six countries
supplied most of these materials—the United Kingdom (33%),
Congo (Kinshasa) (28%), Japan (14%), Germany (12%),
Belgium (8%), and Canada (3%). The United States imported
224 t, gross weight, of cobalt waste and scrap, valued at $1.8
million. Seven countries supplied 99% of this material—the
United Kingdom (31%), Ireland (21%), Canada (19%), Brazil
(10%), Japan (9%), Germany (5%), and France (4%). The
United States also imported 230 t, gross weight, of wrought
cobalt and cobalt articles valued at $11.5 million. The leading
suppliers of these materials were the United Kingdom (39%),
Japan (13%), Belgium (12%), Australia (11%), Canada and
France (9% each), and Germany (6%).

U.S. exports of unwrought cobalt and cobalt contained in
chemicals decreased by 35% compared with those of 2001. As
listed in table 6, 82% of the cobalt metal and chemical exports
was shipped to eight countries—Belgium, Canada, China,
Germany, Ireland, Japan, the Netherlands, and the United
Kingdom. The remainder was shipped to 38 other countries.

Exports also included 923 t, gross weight, of wrought metal
and cobalt articles valued at $26.6 million. More than 85% of
these materials was sent to 8 countries—the United Kingdom
(26%), France (17%), Germany and Switzerland (10% each),
Japan (9%), Belgium (6%), Canada (5%), and the Republic of
Korea (4%). The remainder was shipped to 35 other countries.

World Review

World refined cobalt production increased in 2002 as
compared with that of 2001. Refinery capacity by country is
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listed in table 7. Plants that processed refined cobalt, that used
secondary materials (scrap) as their main source of feed, or that
produced a cobalt product that required further refining were not
included.

Australia.—QNI Pty. Ltd. (a subsidiary of BHP Billiton
Ltd.) processed lateritic ore imported from third party mining
operations in Indonesia, New Caledonia, and the Philippines
at its Yabulu nickel-cobalt refinery in Townsville, Queensland,
and produced 1,863 t of cobalt as cobalt oxide hydroxide, a
slight increase as compared with the 1,818 t produced in 2001.
During the year, QNI continued to study the feasibility of
developing an integrated nickel-cobalt mine and front-end acid
leaching plant at Ravensthorpe on the southern coast of Western
Australia and expanding the Yabulu refinery to accommodate
the intermediate nickel-cobalt hydroxide that would be
produced from Ravensthorpe. QNI performed trial mining at
Ravensthorpe, which generated ore for metallurgical studies.
The company planned to complete the studies and make an
investment decision by the end of 2003. Late in the year, QNI
received environmental approvals from the Federal Government
to construct and operate the infrastructure necessary to increase
Yabulu’s production capacity to approximately 73,500 t/yr of
nickel and 3,100 t/yr of cobalt from the current capacity of
29,000 t/yr of nickel and 1,900 t/yr of cobalt. The expansion
was scheduled to be completed by the end of 2006 (Cobalt
Development Institute, 2003e; QNI Pty. Ltd., 2003; BHP
Billiton, undated§').

WMC produced cobalt in intermediate nickel-cobalt mixed
sulfide at its Kwinana nickel refinery in Western Australia. The
refinery processed matte produced at WMC'’s Kalgoorlie smelter
from nickel sulfide concentrates produced from ores mined
in Western Australia by WMC and other companies. WMC'’s
mixed sulfide was refined in Norway by Falconbridge Ltd. under
a tolling agreement and the resulting cobalt cathode was offered
for sale by WMC on its Internet Web site. In 2002, WMC sold
approximately 848 t of cobalt, 15% more than the 737 t sold in
2001 (WMC Resources Ltd., 2003a, p. Business Performance-6).

Anaconda Nickel Ltd. produced 1,838 t of cobalt as metal
powder and briquettes from its Murrin Murrin nickel-cobalt
laterite pressure acid leaching operation east of Leonora in
Western Australia, 27% more than the 1,452 t produced in
2001. During the year, the company focused on increasing
metal production levels, reducing production variability, debt
restructuring, and recapitalization. Production problems during
the year were attributed to an unstable power supply, lack of
availability of autoclaves, a hydrogen flare header blockage,
scale buildup in the hydrogen sulfide precipitation circuit,
unplanned refinery maintenance, and relatively high employee
turnover. Late in the year, Anaconda Nickel reported that based
on a strategic review, it had determined that previous production
and cost estimates for the Murrin Murrin project were overly
optimistic and unlikely ever to be attained (American Metal
Market, 2002; Anaconda Nickel Ltd., 2003a, p. 3-4; 2003b;
Cobalt Development Institute, 2003¢).

OMG shipped intermediate nickel hydroxide produced from
its Cawse plant, northwest of Kalgoorlie in Western Australia, to

IReferences that include a section mark (§) are found in the Internet
References Cited section.
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Finland for refining. Output from the plant, which used pressure
acid leaching to treat lateritic ore, was expected to supply
approximately 8,000 t/yr of nickel to Harjavalta and 800 t/yr of
cobalt to Kokkola (OM Group, Inc., 2001; Reuters Ltd., 2002c).

During the first half of 2002, Preston Resources Ltd. produced
220 t of cobalt in intermediate cobalt sulfide from its Bulong
nickel-cobalt laterite pressure acid leaching operation east of
Kalgoorlie in Western Australia; no cobalt metal was produced
during that period and no production data were available for the
second half of the year. As a result of financial restructuring
that became effective in late August, 95% of Preston’s interest in
Bulong was acquired by Barclays Bank Plc. and related entities
and noteholders (Preston Resources Ltd., 2002a, p. 2, 6, 49-51;
b; ¢).

In addition to the production discussed above, cobalt-bearing
nickel sulfide concentrates produced in Australia were exported
to OMG in Finland and Inco Ltd. in Canada to be refined.

Titan Resources NL, West Perth, Western Australia, continued
development work on a metallurgical process that used
bacterial oxidation to recover base metals from sulfide ores.

In addition to studying the feasibility of using the heap-leach
process on company ores from the Carr Boyd, Mt. Scholl, and
Widgiemooltha deposits in Western Australia, Titan was testing
the process on ore samples from Inco, Jinchuan Group Ltd.,
WMC, and other companies (Titan Resources NL, 2002a, 2003).

Sally Malay Mining Ltd. agreed to sell 100% of the nickel-
copper-cobalt concentrates from its nickel sulfide mine in the
East Kimberly district of Western Australia to Jinchuan Group
Ltd. First shipment of concentrates, which were expected to
contain an estimated 7,500 t/yr of nickel, 3,600 t/yr of copper,
and 370 t/yr of cobalt, was scheduled for early 2004. As part
of the agreement, Jinchuan was considering financing a study
on the feasibility of producing a nickel-cobalt intermediate
(mixed sulfide or carbonate) from the mine’s low-grade flotation
concentrates (Sally Malay Mining Ltd., 2002a, p. 6, 15, 17;
2002b).

Compass Resources NL continued to study the feasibility of
developing its Browns lead-copper-cobalt-nickel sulfide project
in the Northern Territory. In June, Compass announced that it
had selected a hydrometallurgical process to treat Browns’ ores.
The process, which was jointly owned by Engitec Technologies
S.p.A. and Compass’ strategic partner the Doe Run Corp., used
ferric fluoborate to leach lead. Compass was considering a
project with average metal production levels of 40,000 t/yr of
lead, 4,500 t/yr of copper, 1,200 t/yr of cobalt, and 850 t/yr of
nickel. Progress on the project was delayed during the second
half of the year while Doe Run underwent financial restructuring
(Compass Resources NL, 2002; 2003; Engitec Technologies
S.p.A., undated§).

Belgium.—Umicore converted cobalt metal, residues, and
other cobalt-bearing materials into a wide range of cobalt
specialty products including metal powders, oxides, salts, and
compounds. According to the Cobalt Development Institute,
Umicore’s 2002 cobalt refinery production was 1,135 t, 4%
more than the 1,090 t produced in 2001 (Cobalt Development
Institute, 2003e). This production occurred in plants in Olen,
Belgium; south central China; and Roodepoort, South Africa.

In addition, Umicore produced specialty cobalt products at
processing plants in Arab, AL, and Laurinburg, NC, in the
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United States; in Leduc and Fort Saskatchewan, Alberta,
Canada; in Shanghai, China; Subic, Philippines; and Cheonan,
the Republic of Korea (Gellens, 2002, p. 7-8; n.v. Umicore, s.a.,
2003, p. 10).

Brazil.—Cia. Niquel Tocantins produced 960 t of cobalt
cathode at its refinery in Sao Miguel Paulista, Sao Paulo State,
8% more than the 889 t produced in 2001 (Cobalt Development
Institute, 2003¢). The refinery used lateritic nickel-cobalt
ore from Niquelandia, Goias State, as feed. Niquel Tocantins
proceeded with its plan to complete an expansion of the
refinery’s cobalt capacity to 1,100 t/yr during 2004. Cobalt
output was forecast to steadily increase as the plant was
expanded (Metal Bulletin, 2002g).

Cameroon.—In August, the Government of the Republic of
Cameroon granted Geovic Cameroon S.A. the exclusive rights
to mine and process lateritic ore from Geovic Cameroon’s
exploration license in the Eastern Province, and to export
cobalt-nickel sulfide intermediates produced from the ore. On
the basis of exploration and development drilling and trenching
undertaken in the area since 1995, Geovic Cameroon estimated
that the resource was more than 225 million metric tons (Mt),
grading approximately 0.6% nickel and 0.3% cobalt. During
the year, Geovic Cameroon began the first phase of a bankable
feasibility study on the project, which was financed in part by
the U.S. Trade and Development Agency. The study was to
include confirmation of ore reserves, refinement of a proprietary
heap-leach metal recovery process, and analyses of the cobalt
market. Geovic Cameroon is 60.5% owned by Geovic, Ltd.,
of Grand Junction, CO, and 39.5% owned by the Government
of Cameroon and other stakeholders (Embassy of the United
States of America, Office of Public Affairs, Yaounde, Cameroon,
2002; Geovic, Ltd., 2002; Sherborne, 2002, p. 3, 6, 9).

Canada.—Falconbridge Ltd. produced 690 t of cobalt in
concentrate from its Sudbury, Ontario, mines and 386 t of
cobalt in concentrate from its Raglan Mine in Quebec. Nickel-
copper matte produced at the Sudbury smelter was refined
at the company’s Nikkelverk refinery in Norway. In 2002,
this matte contained 1,955 t of cobalt; 54% of the cobalt
originated from ores produced at company mines, and 46% from
custom feed materials, defined as feeds that did not originate
from Falconbridge mines. The custom feed was primarily
nickel-copper-cobalt secondary materials (scrap), plus some
intermediate feedstocks and smaller amounts of concentrates
(Falconbridge Ltd., 2003a, p. 20; 2003b, p. 11-16).

Inco Ltd. produced cobalt cathode at its Port Colborne,
Ontario, refinery, and cobalt oxide at its Thompson, Manitoba,
refinery. Approximately 63% of the cobalt produced was from
nickel sulfide ores from company mines in Sudbury, Ontario;
24% was from nickel sulfide ores from company mines in
Thompson, Manitoba; and 13% was from purchased feedstocks,
including nickel sulfide concentrates from the Jubilee Mines
NL’s Cosmos nickel project and Lionore Mining International
Ltd.’s Emily Ann Mine in Western Australia. In 2002, Inco
produced 1,480 t of refined cobalt, a slight increase from
the 1,450 t produced in 2001. Approximately 80% of this
production was cathode and 20% was oxide (Jubilee Mines NL,
2002, p. 41; Cobalt Development Institute, 2003¢; Inco Ltd.,
2003, p. 17, 19-21; Lionore Mining International Ltd., 2003, p.
17-21).
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During the year, Inco reached agreements with the
Government of Newfoundland and Labrador, the Labrador
Inuit Association, and the Innu Nation that enabled it to
proceed with the commercial development of the Voisey’s
Bay nickel-copper-cobalt-sulfide deposits in northeastern
Labrador. Inco’s agreement with the Provincial Government
included the development of a mine and concentrator at
Voisey’s Bay, a research and development program focusing
on hydrometallurgical processing technologies, an industrial
and employment benefits program, a timetable for the start
and completion of principal stages of the project, and other
items related to the overall development of the project. Inco
began infrastructure and site development work for the first
phase of the project in July. This stage included construction
of the mine and concentrator at Voisey’s Bay and construction
of a demonstration plant in Argentia, Newfoundland, to test
hydrometallurgical processing technologies on Voisey’s Bay
concentrates. Once the demonstration plant was operational,
Inco would be allowed to ship Voisey’s Bay concentrates to
its Ontario and Manitoba operations for refining, which would
generate early cash flow for the project. The company expected
initial concentrate production to begin in 2006.

In the second stage of the project, Inco was to build and
begin operating a commercial processing facility in the
Province by the end of 2011. Once the commercial facility
was operational, it would treat all of the concentrates from
Voisey’s Bay and produce finished nickel and cobalt products
by using hydrometallurgical processing technologies, or if
hydrometallurgical processing did not prove to be technically or
economically feasible, by using conventional technologies. In
return for permission to process Voisey’s Bay concentrates in
Ontario and Manitoba during the first phase of the project, Inco
was required to bring in and process intermediate products at the
Voisey’s Bay commercial facility, which originated outside of
the Province of Newfoundland and Labrador and contained total
quantities of nickel and cobalt equal to those of the concentrates
shipped from Voisey’s Bay to Ontario and Manitoba. The
hydrometallurgical plant was expected to produce approximately
50,000 t/yr of nickel, 2,300 t/yr of cobalt, as much as 7,000 t/yr
of copper intermediates, and 32,000 t/yr of copper concentrates.
The third phase of the project was to be the development of
underground deposits at Voisey’s Bay to extend the life of the
project (Inco Ltd., 2003, p. 2, 34-38).

The Sherritt International Corp.-General Nickel Co. S.A.
joint venture’s refinery in Fort Saskatchewan, Alberta, produced
3,065 t of cobalt in 2002, which was a 4% increase from the
2,943 t of cobalt in 2001 and record-breaking production for
the seventh consecutive year. The increase in production in
2002 was attributed to a reduction in process variability and
a higher concentration of metals within the refinery (Sherritt
International Corp., 2003b, p. 7-8). Most of the feed was in the
form of nickel-cobalt mixed sulfides from the joint venture’s
operations at Moa Bay, Cuba. As a result of a U.S. embargo on
imports of products originating from Cuba, nickel and cobalt
produced by Sherritt cannot be sold to U.S. customers.

In late March, Canmine Resources Corp. began the initial
processing of cobalt-nickel feedstock at its newly modified
hydrometallurgical refinery in Cobalt, Ontario. By August, the
refinery had been successfully commissioned and the first batch
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of good quality product had been produced. Shortly thereafter,
Canmine placed the refinery on care-and-maintenance status,
while it worked on restructuring its financial obligations to
acquire adequate working capital for continuing operations
(Canmine Resources Corp., 2002a, b).

China.—According to the Cobalt Development Institute,
1,842 t of refined cobalt was produced in China from domestic
and imported raw materials, a 25% increase from the 1,470 t
estimated for 2001 (Cobalt Development Institute, 2003e). This
cobalt would have been in the form of metal, metal powders,
and compounds. The number of Chinese cobalt refiners and
processors was reported to be approximately 50. The largest
refiners were Jinchuan Group Ltd. (formerly called Jinchuan
Non-Ferrous Metals Corp.) and Ganzhou Cobalt & Tungsten
Co., Ltd. (Aidong, 2002).

Most of Jinchuan’s production of cobalt cathode and other
cobalt products was from domestic nickel-copper-cobalt
sulfide ores mined and refined at Jinchuan, Gansu Province.
Jinchuan has been steadily increasing its refinery capacity for
nickel, copper, cobalt, and platinum-group metals. Cobalt
refinery capacity was expected to reach 2,000 t/yr by 2005.
Production is limited, however, by the amount of ore that can
be produced from Jinchuan’s mines. As a result, Jinchuan
has been investigating new sources of feed materials. In late
2001, Jinchuan reportedly signed an agreement with Empresa
Cubana Exportadora de Minerales y Metales (also known as
Cubaniquel) to purchase 300 t/yr of cobalt “concentrate” from
Cuba. In 2002, Jinchuan signed a life-of-mine concentrate
offtake agreement with Sally Malay Mining Ltd. in Western
Australia, signed an agreement with WMC to purchase nickel
matte from the Kalgoorlie Smelter beginning in 2005, and began
discussions with Heron Resources Ltd. regarding its North
Kalgoorlie nickel laterite project in Western Australia. Jinchuan
also negotiated with Titan Resources on the formation of a joint
venture for the commercial use of Titan’s BioHeap bacterial
heap-leaching technology on Jinchuan’s ores. As proposed, the
joint venture would begin by mining ores, and then construct
and operate a trial heap-leaching operation (China Metal
Market, 2001a, p. 13-14; 2001b, p. 12-13; Song, 2001, p. 3-16;
Sally Malay Mining Ltd., 2002b; Titan Resources NL, 2002b,
2003; Heron Resources Ltd., 2003; WMC Resources Ltd.,
2003b, p. 38).

Ganzhou, which produced cobalt metal powders and
compounds at Ganzhou, Jiangxi Province, and several of the
smaller refiners, also planned to expand their cobalt refining
capacities in the near term. To lessen their dependence on
imported raw materials, an increasing number of these smaller
refiners worked on developing local cobalt resources (Song,
2001, p. 3-16; Aidong, 2002).

Hainan Iron & Steel Co. produced cobalt and copper
concentrates as byproducts of iron ore mined on Hainan Island.
In 2002, Hainan reportedly secured financial backing from the
Provincial Government for the construction of a copper-cobalt
refinery. The refinery would be built in Changjiang County
on Hainan Island and would have the capacity to produce 330
t/yr of cobalt metal and 1,000 t/yr of copper cathode (Metal
Bulletin, 2002¢; Hainan Steel Co., undated§).

In May, Umicore announced that it had commissioned a
cobalt re