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Metal Prices in the United States Through 2010

By U.S. Geological Survey National Minerals Information Center staff

Introduction and Acknowledgments

This report, which updates and revises the U.S.
Geological Survey (USGS) (1999) publication, “Metal Prices
in the United States Through 1998,” presents an extended
price history for a wide range of metals available in a single
document. Such information can be useful for the analysis
of mineral commodity issues, as well as for other purposes.
The chapter for each mineral commodity includes a graph of
annual current and constant dollar prices for 1970 through
2010, where available; a list of significant events that affected
prices; a brief discussion of the metal and its history; and one
or more tables that list current dollar prices.

In some cases, the metal prices presented herein are for
some alternative form of an element or, instead of a price,

a value, such as the value for an import as appraised by the
U.S. Customs Service. Also included are the prices for steel,
steel scrap, and iron ore—steel because of its importance to
the elements used to alloy with it, and steel scrap and iron ore
because of their use in steelmaking. A few minor metals, such
as calcium, potassium, sodium, strontium, and thorium, for
which price histories were insufficient, were excluded.

The annual prices given may be averages for the year,
yearend prices, or some other price as appropriate for a
particular commodity. Certain trade journals have been the
source of much of this price information—American Metal
Market, ICIS Chemical Business, Engineering and Mining
Journal, Industrial Minerals, Metal Bulletin, Mining Journal,

Platts Metals Week, Roskill Information Services Ltd.
commodity reports, and Ryan’s Notes. Price information also
is available in minerals information publications of the USGS
(1880-1925, 1996—present) and the U.S. Bureau of Mines
(1926-95), such as Mineral Commodity Summaries, Mineral
Facts and Problems, Mineral Industry Surveys, and Minerals
Yearbook. In addition to prices themselves, these journals and
publications contain information relevant to prices, which has
been helpful in the preparation of this publication.

Prices in this report have been graphed in 1992 constant
dollars to show the effects of inflation as measured by the
U.S. Bureau of Labor Statistics Consumer Price Index for All
Urban Consumers, a widely used measure of overall inflation
in the United States. These prices are not tabulated, but a table
of the deflators used is given in an appendix. Constant dollar
prices can be used to show how prices that producers receive
would have less purchasing power.

The individual chapters in this publication were
prepared by mineral commodity specialists in the National
Minerals Information Center of the USGS and edited by
Marilyn Billone. Kenneth Beckman provided guidance on
price indexes.

Reference Cited

U.S. Geological Survey, 1999, Metal prices in the United
States through 1998: U.S. Geological Survey, 179 p.
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Aluminum (Al)

by E. Lee Bray

Aluminum metal was first isolated by Hans Christian
Oersted in 1825. As late as the early 1880s, it was consid-
ered to be a semiprecious metal and was sold in troy-ounce
quantities; the retail price of aluminum metal was reported
to be higher than that of silver. A commercially viable large-
scale production method had yet to be developed. Domestic
production levels during this period were in the 1,000-to-
3,000-troy-ounce range, and many uses were considered to be
experimental (Mining Engineering, 1987).

In 1886, formal patent applications were filed for the
electrolytic reduction process for aluminum. This process,
which came to be known as the Hall-Heroult process, led
to the mass commercial production of aluminum metal. As
the process was developed and refined, production levels
increased rapidly. By 1895, domestic production levels had
reached 1 million pounds. As production levels continued to
increase, domestic producers kept the price of aluminum low
to encourage its use by consumers. In the early 1900s, produc-
ers held aluminum metal prices at a low, steady level to com-
pete against copper in the electrical industry (U.S. Department
of Commerce, 1956, p. I1.1-11.4).

With the outbreak of World War I in Europe in 1914,
shortages of aluminum metal began to develop, and prices
began to rise dramatically because of the increased demand
for aluminum in war materials, which included airplanes and
munitions. In March 1918, the President imposed price con-
trols on aluminum metal, and the use of aluminum for military
equipment and essential civilian needs was placed under
Government regulation (Hill, 1921).

The 1920s saw the demand for aluminum metal expand,
especially in the growing domestic automobile industry. The
advent of the Great Depression, however, brought about a
general decrease in demand for aluminum in all sectors of the
economy, especially in the automobile and aircraft industries.

In 1939, the production and consumption of aluminum
shattered all previous records, enhanced by the preparations
for national defense and the expanding conflicts in Europe and
Asia. The aviation industry alone consumed twice the quan-
tity of aluminum as in 1937, the previous peak year. In 1940,
producers lowered the price of aluminum to enable the metal
to compete better with other materials. During the war years,
aluminum prices were placed under formal control and held
at $0.15 per pound (U.S. Department of Commerce, 1956,

p. IV.6).

After the war, the aluminum industry benefited from its
price advantage compared to copper and other nonferrous
metals. Aluminum, which was cheaper and more readily avail-
able than some other metals, was used in new applications and

made substantial inroads in the construction and transportation
industries.

Rearmament programs during the Korean conflict
increased the demand for aluminum. In 1951, the allocation
of aluminum supplies and the price of aluminum metal
were again placed under Government control (Blue, 1954,

p. 137-138). At the end of the conflict, domestic aluminum
producers began an aggressive program to develop civilian
uses for aluminum metal.

During the 1960s, aluminum prices remained relatively
stable in the low- to mid-$0.20-per-pound range. Production
capacity increases were able to keep pace with the continuous
growth in demand during this period.

In the early 1970s, the price of aluminum, as well as of
other metals, was controlled by the Cost of Living Council in
an attempt to check inflation. As these controls were gradu-
ally removed during 1974, prices rose to reflect the increased
cost of energy brought about by the surge in world oil prices
(fig. 1; table 1).

In the late 1970s and throughout the 1980s, aluminum
prices, for the most part, reflected market supply and demand.
During the early 1980s, the aluminum industry suffered from
a period of oversupply, high inventories, excess produc-
tion capacity, and weak demand, causing aluminum prices
to tumble. By 1987, however, excess production capacity
had been permanently closed, inventories were low, and the
worldwide demand for aluminum increased with increasing
use of aluminum in automobile parts and beverage cans. This
extremely tight supply situation, which continued throughout
1987 and 1988, brought about a dramatic increase in alumi-
num prices.

During the 1990s, however, the speculative effect of
the futures market began to exert its influence on aluminum
prices. Prices were not only reacting to the supply-and-
demand situation but also to the perceived direction of the
market as reflected on the futures exchanges.

In the early 1990s, the major influence on aluminum
prices was the dissolution of the Soviet Union. To generate
hard currency, large quantities of Russian aluminum ingot
entered the world market. Unfortunately, the aluminum market
had just entered an economic downturn and was unable to
absorb the Russian material. This period of oversupply,
decreasing demand, and increasing inventories depressed
world aluminum prices.

By the mid-1990s, production cutbacks, increased
demand, declining inventories, and the perceived improvement
in the world market led to a dramatic rebound in aluminum
prices. Prices began to trend downward again during the late



1990s as the economic crisis in the Asian market put pres-
sure on the prices of several mineral commodities, including
aluminum. The annual average U.S. market price was $0.65
per pound of aluminum in both 1998 and 1999. Once again,
the aluminum market was entering a period of oversupply. The
perceived downward influence of the Asian crisis, however,
may have hastened the decline in prices before the actual
oversupply conditions developed. In late 1999, prices for
aluminum began to rebound from the lows during the Asian
economic crisis, but began to decline during the second half
of 2001 with the onset of a domestic recession. The annual
average U.S. market price was $0.75 per pound of aluminum
in 2000 and $0.69 per pound of aluminum in 2001. Lower
prices for aluminum persisted until early 2004, with the
annual average U.S. market price in 2002 at $0.65 per pound
of aluminum, and $0.68 per pound in 2003, as the domestic
economy recovered and global demand increased.

From the beginning of 2004 through mid-2008, global
demand for aluminum and other mineral commodities rose
significantly, led by the emerging economies of Brazil, China,
India, and Russia, as well as by increasing domestic con-
sumption for automobiles and home construction. The annual
average U.S. market price was $0.84 per pound of aluminum
in 2004, $1.06 per pound in 2005, $1.21 per pound in 2006,
$1.22 per pound in 2007, and $1.21 per pound in 2008. The
monthly average U.S. market price increased dramatically
until reaching an alltime high of $1.42 per pound of aluminum
in July 2008, supported by strong demand, low inventories,
and strong investment interest in mineral commodities. In the
third quarter of 2008 in response to the onset of the global
financial crisis, physical and speculative demand for aluminum
collapsed, and prices began to decline as consumption by end
users declined, especially within the automobile industry and
the construction market. The price decline accelerated during
the fourth quarter of 2008 and continued throughout most
0f 2009 in response to the expanding global financial crisis,
with the monthly average price reaching $0.63 per pound of
aluminum in February 2009. Prices stabilized in late 2009 and
recovered in 2010, as growth continued in China and other
emerging markets, although prices did not reach the previ-
ous highs. In 2009, the annual average U.S. market price of
aluminum was $0.79 per pound, and in 2010, it was $1.04 per
pound.

As prices dropped in the fourth quarter of 2008, inven-
tories at London Metal Exchange (LME) warehouses in
the United States increased dramatically. At yearend 2007,
total aluminum inventories were 463,000 metric tons (t). By
yearend 2008, total aluminum inventories at LME warehouses
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were 1.29 million metric tons (Mt), rising to 2.2 Mt at yearend
2009, and at yearend 2010, total aluminum inventories were
2.23 Mt. Long-term financing deals by speculators using
low-interest credit and low storage rates accounted for much
of the inventory buildup in the warehouses. Primary aluminum
producers also preferred to sell to LME traders for immediate
cash payment rather than sell to manufacturers on credit terms
during this period.

The fluctuation of prices, production costs, and the
impact of global growth opportunities affected domestic
smelting capacity. High electricity prices in the Pacific
Northwest outpaced the increase in aluminum prices during
the second half of 2000 and continued throughout 2001,
leading to production cuts at many smelters. As electricity
prices remained relatively high in the Pacific Northwest, many
of the closures were made permanent, and several smelters
were demolished. During the same period, smelters were
constructed and expanded in other parts of the world that had
lower priced electricity, specifically in Iceland and the Middle
East. Between 1995 and 2004, domestic smelting capacity
declined by 6 percent, and by 2009, domestic capacity was
16 percent lower than it had been in 1995. Smelting capacity
in Iceland increased by 165 percent from 1995 to 2004, and
by 2009, capacity was 684 percent higher than it had been
in 1995. In the Middle East, capacity of primary aluminum
smelters increased by 57 percent from 1995 to 2004, and by
181 percent between 1995 and 2009. Between 2000 and 2009,
smelting capacity expanded in Brazil (35 percent), China
(390 percent), India (123 percent), and Russia (34 percent) to
supply the demand in these emerging economies and in export
markets.

References Cited

Blue, Delwin, 1954, Aluminum, in Minerals yearbook 1951,
v. I: U.S. Bureau of Mines, p. 128-150.

Hill, J.M., 1921, Bauxite and aluminum, in Metals, pt.
I of Mineral resources of the United States 1918:
U.S. Geological Survey, p. 513-526.

Mining Engineering, 1987, Aluminum—The first 100 years
and a look to the future: Mining Engineering, v. 39, no. 3,
March, p. 178-180.

U.S. Department of Commerce, 1956, Materials survey—
Aluminum: Compiled by the U.S. Department of Com-
merce for the Office of Defense Mobilization, 320 p.
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Figure 1. Annual average aluminum price.

Significant events affecting aluminum prices since 1970

1971-74
197375
198688
1991

2004-08
2008-09

Price controls

Organization of Petroleum Exporting Countries (OPEC) oil embargo and sharp recession

Worldwide supply shortages

Dissolution of the Soviet Union

Emergence of economies in Brazil, China, India, and Russia drove demand and prices for commodities
Prices for aluminum dropped in the wake of the global financial crises




Table 1. Annual average primary aluminum price.

[Values in dollars per pound. NA Not available]

Aluminum (Al)

Year Price Year Price Year Price Year Price
1850 17.000 1891 NA 1932 0.233 1973 0.264
1851 NA 1892 NA 1933 0.233 1974 0.431
1852 NA 1893 NA 1934 0.234 1975 0.348
1853 NA 1894 NA 1935 0.200 1976 0.412
1854 NA 1895 0.587 1936 0.205 1977 0.478
1855 NA 1896 0.507 1937 0.199 1978 0.510
1856 NA 1897 0.390 1938 0.200 1979 0.707
1857 NA 1898 0.306 1939 0.200 1980 0.761
1858 NA 1899 0.327 1940 0.187 1981 0.598
1859 NA 1900 0.327 1941 0.165 1982 0.468
1860 NA 1901 0.330 1942 0.150 1983 0.683
1861 NA 1902 0.330 1943 0.150 1984 0.611
1862 NA 1903 0.330 1944 0.150 1985 0.488
1863 NA 1904 0.350 1945 0.150 1986 0.559
1864 NA 1905 0.350 1946 0.150 1987 0.723
1865 NA 1906 0.358 1947 0.150 1988 1.101
1866 NA 1907 0.450 1948 0.157 1989 0.878
1867 NA 1908 0.287 1949 0.170 1990 0.740
1868 NA 1909 0.220 1950 0.177 1991 0.595
1869 NA 1910 0.223 1951 0.190 1992 0.575
1870 NA 1911 0.201 1952 0.194 1993 0.533
1871 NA 1912 0.220 1953 0.209 1994 0.712
1872 9.000 1913 0.236 1954 0.218 1995 0.859
1873 NA 1914 0.186 1955 0.237 1996 0.713
1874 NA 1915 0.340 1956 0.240 1997 0.771
1875 NA 1916 0.607 1957 0.254 1998 0.655
1876 NA 1917 0.516 1958 0.248 1999 0.657
1877 NA 1918 0.335 1959 0.247 2000 0.746
1878 NA 1919 0.321 1960 0.260 2001 0.688
1879 NA 1920 0.327 1961 0.255 2002 0.649
1880 NA 1921 0.221 1962 0.239 2003 0.681
1881 NA 1922 0.187 1963 0.226 2004 0.840
1882 NA 1923 0.254 1964 0.237 2005 0.910
1883 NA 1924 0.270 1965 0.245 2006 1.214
1884 NA 1925 0.272 1966 0.245 2007 1.222
1885 NA 1926 0.270 1967 0.250 2008 1.205
1886 NA 1927 0.254 1968 0.256 2009 0.794
1887 8.000 1928 0.243 1969 0.272 2010 1.044
1888 NA 1929 0.243 1970 0.287
1889 NA 1930 0.238 1971 0.290
1890 NA 1931 0.233 1972 0.250
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Table 1. Annual average primary aluminum price—Continued
[Values in dollars per pound. NA Not available.]

Notes:

185094, in U.S. Geological Survey Minerals Yearbooks and predecessor volumes.

1895-98, 98-percent-pure aluminum, in American Bureau of Metal Statistics.

1899-1900, 99-percent-pure aluminum ingot, in American Bureau of Metal Statistics.

1901-04, 99.75-percent-pure aluminum ingot in 2,000-pound lots, in American Bureau of Metal Statistics.
1905, 99.75-percent-pure aluminum ingot in 2,000-pound lots, in American Metal Market/Metal Statistics, 1955.
190619, 99-percent-pure No. | aluminum ingot, in American Metal Market/Metal Statistics, 1955.
1920-21, 98-percent- to 99-percent-pure aluminum, in American Metal Market/Metal Statistics, 1955.
1922-28, 98-percent-pure aluminum metal, in American Metal Market/Metal Statistics, 1955.

1929-35, 99-percent-pure aluminum metal, in American Metal Market/Metal Statistics, 1955.

193654, 99-percent-plus pure aluminum virgin ingot, in American Metal Market/ Metal Statistics, 1955.
1955-56, 99-percent-pure aluminum virgin ingot, in Engineering and Mining Journal.

1957-71, 99.5-percent-pure unalloyed aluminum ingot, in Engineering and Mining Journal.

1972, 99.5-percent-pure unalloyed aluminum ingot, in Metals Week.

1973-82, U.S. market spot price, in Metals Week.

1983-92, 99.7-percent-pure aluminum ingot, U.S. market spot price, in Metals Week.

1993-2010, 99.7-percent-pure aluminum ingot, U.S. market spot price, in Platts (Platt’s) Metals Week.
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Antimony (Sh)

by James F. Carlin, Jr.

Archaeological and historical studies indicate that anti-
mony and its mineral sulfides have been used by humans for
at least 6 millennia. In ancient times, powdered stibnite, the
most common mineral form of antimony sulfide, was, along
with lead sulfide, a principal ingredient of kohl, the thick black
paste used by the Egyptians and others as a cosmetic for color-
ing eyebrows and lining the eyes. The Chaldeans knew the art
of extracting the metal from its ores and casting it into orna-
mented vessels by 4000 B.C. It was being used as a plating on
copper articles in Egypt by the middle of the third millennium
B.C. The alchemist Basil Valentine is sometimes credited
with “discovering” the element; in any case, he described
the extraction of metallic antimony from its sulfide ore in
his treatise “The Triumphal Chariot of Antimony,” published
sometime between A.D.1350 and 1600. When Gutenberg and
others began using cast metal printing type in the mid-15th
century, antimony was incorporated in it. As late as the 19th
century, the number of uses for antimony and the amount used
remained small. Most of it was used in type metal or alloyed
with lead for use as bearing metal (babbitt metal) or with tin
for use in Britannia metal as candlesticks, dinnerware, eating
utensils, and so forth.

Antimony metal accounts for only a small fraction of
the antimony consumed in the United States. Alloys contain-
ing antimony are used in a variety of applications, including
lead-acid storage batteries and special solders for joining
pipes that carry potable water. Domestically, most antimony is
converted to antimony trioxide, which is primarily used in the
flame-retardant industry, finding application in such uses as
children’s clothing and aircraft seats. The major producers of
antimony, in order of importance, are China, Bolivia, Russia,
and South Africa.

During the past 40 years, antimony has been subject to a
few periods of extreme price swings (fig. 1; table 1). Gener-
ally, these have been the result of spikes or declines in the
American and (or) foreign demand for antimony or changes
in the pattern of the world production—where supply disrup-

tions in any of the major producing countries can cause a
marked price change. In 1970, a combination of high world-
wide demand and short supply from a few countries caused
a considerable price spike in the early part of that year; the
price quickly subsided by yearend. In 1974, sharply increased
demand, especially for antimony trioxide, and supply disrup-
tions from China combined to produce the highest antimony
price recorded up to that time. During the next 20 years, prices
generally subsided. By 1994, China had clearly emerged as
the predominant world antimony producer. That year and
the following year, severe flooding in the antimony mining
regions of China created major supply disruptions that caused
the price to triple within 2 years (Roskill Information Services
Ltd., 1997, p. 172-179). After 1995, the price fell steadily to a
level, in 2001, that had not been seen in 30 years.

From 2002 to 2010, the antimony price experienced a
fairly steady increase, reaching a peak in 2010. This period
of increasing prices was attributable to several factors: (a) the
increasing domination of the world market supply by China,
with occasional stretches of production shortfalls because of
mining accidents resulting in Government closure of some
antimony mining sites; (b) the increasing role of China as the
world’s leading antimony consumer; and (c) a general trend of
increased global consumption.

The 2008—09 worldwide financial crisis resulted in
a moderate decline in antimony consumption and prices.
Perhaps because of antimony’s diversity of end uses, it was
spared the more severe declines experienced by many metals.
Furthermore, antimony consumption rebounded reasonably
well by 2010.

Reference Cited

Roskill Information Services Ltd., 1997, The economics of
antimony: London, Roskill Information Services Ltd.,
184 p.
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Figure 1. Annual average antimony price.

Significant events affecting antimony prices since 1970

1970 Strong demand and weak supply worldwide, resulted in a price spike

1974 Increased global demand and decreased supply from China, resulted in a price spike
1994-95 Severe reduction in supply from China, resulted in a price spike

2003-10 Periods of intermittent supply interruptions in China, with mine accidents causing closures

2008-09 The global financial crisis caused a moderate decline in world antimony consumption and price




Table 1.

[Values in dollars per pound]

Annual average antimony price.

Antimony (Sh)

Year Price Year Price Year Price Year Price
1900 0.095 1928 0.103 1956 0.360 1984 1.510
1901 0.082 1929 0.089 1957 0.350 1985 1.310
1902 0.061 1930 0.077 1958 0.320 1986 1.220
1903 0.060 1931 0.067 1959 0.310 1987 1.110
1904 0.064 1932 0.056 1960 0.310 1988 1.040
1905 0.102 1933 0.065 1961 0.340 1989 0.940
1906 0.217 1934 0.089 1962 0.350 1990 0.820
1907 0.148 1935 0.136 1963 0.350 1991 0.820
1908 0.080 1936 0.122 1964 0.420 1992 0.790
1909 0.075 1937 0.154 1965 0.460 1993 0.770
1910 0.074 1938 0.124 1966 0.460 1994 1.780
1911 0.075 1939 0.124 1967 0.460 1995 2.280
1912 0.078 1940 0.140 1968 0.460 1996 1.470
1913 0.075 1941 0.140 1969 0.580 1997 0.980
1914 0.088 1942 0.156 1970 1.440 1998 0.718
1915 0.303 1943 0.159 1971 0.710 1999 0.627
1916 0.254 1944 0.158 1972 0.590 2000 0.655
1917 0.207 1945 0.160 1973 0.690 2001 0.647
1918 0.126 1946 0.170 1974 1.820 2002 0.884
1919 0.082 1947 0.340 1975 1.770 2003 1.075
1920 0.085 1948 0.370 1976 1.650 2004 1.303
1921 0.050 1949 0.390 1977 1.780 2005 1.605
1922 0.054 1950 0.290 1978 1.150 2006 2.380
1923 0.078 1951 0.440 1979 1.410 2007 2.590
1924 0.108 1952 0.440 1980 1.510 2008 2.800
1925 0.175 1953 0.360 1981 1.360 2009 2.360
1926 0.159 1954 0.310 1982 1.070 2010 4.010
1927 0.123 1955 0.320 1983 0910

Notes:

1900-36, New York dealer price for 99.30-percent- to 99.50-percent-pure antimony, in Engineering and Mining Journal.

1937-66, New York dealer price for 99.30-percent- to 99.50-percent-pure antimony, in Engineering and Mining Journal, Metal and Mineral Markets.

1967-81, New York dealer price for 99.30-percent- to 99.50-percent-pure antimony, in Metals Week.
1982-93, New York dealer price for 99.50-percent- to 99.60-percent-pure antimony, in Metals Week.
1993-2010, New York dealer price for 99.50-percent- to 99.60-percent-pure antimony, in Platts (Platt’s) Metals Week.
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Arsenic (As)
by William E. Brooks

Arsenic has a long and varied history. Its name comes
from Arabic and means “powder of the mine.” It was known to
the ancient Chinese, Egyptians, and Greeks in compound form
as the minerals arsenopyrite, realgar, and orpiment; however,
it was not isolated as an element until the 13th century. In the
1400s, arsenic-derived “Scheele’s Green” was used as a pig-
ment in wallpaper, and arsenic leached from the wallpaper in
his room may have contributed to Napoleon’s death in 1821.
The 1940s play, and later the movie, Arsenic and Old Lace
dramatizes the metal’s more sinister role.

Arsenic is a widely distributed element that is associ-
ated with copper, gold, lead, and other nonferrous metal ores
and continues to be an important mineral commodity with
many modern applications. The first domestic production of
arsenic, which was as a byproduct of the smelting of gold
and silver ores, came near the beginning of the 20th century
(Greenspoon, 1976, p. 99); however, the United States has not
produced arsenic since 1985.

The amount of arsenic metal that is consumed domesti-
cally is small and is used as an alloy to strengthen grids in
lead-acid storage batteries, in lead shot, small-arms ammu-
nition, wheel weights, and with gallium for substrates in
electronics applications. During the early 1970s, demand
for arsenic metal was growing, mainly in response to the
increased use of the metal in the grids of lead-acid batteries;
the price peaked in 1974 at nearly $2.00 per pound in current
dollars and then stabilized (fig. 1; table 1). During this time,
however, the United States and other countries began hearings
on the health and environmental impacts of arsenic exposure.
During the late 1970s, various domestic and foreign regula-
tions related to arsenic exposure and emissions were adopted.

The arsenic metal price peaked again in 1980 at $3.00 per
pound in current dollars as world producers raised their prices,
partly to compensate for the cost of modernizing their plants
and partly in response to the elimination of some capacity by

producers unable to modernize their plants. Between 1980
and 1985, owing to an ample supply and a static or possibly
declining demand, the arsenic metal price declined, averaging
approximately $1.09 per pound.

Most of the arsenic used domestically was consumed as
arsenic trioxide (As,0,) that was used in the manufacture of
chromated copper arsenate (CCA), a preservative for pressure-
treated wood. Arsenic trioxide also was used in the manu-
facture of herbicides and insecticides. Arsenic was widely
used in the United States in the production of CCA; however,
exposure to arsenic leached from CCA-treated wood was a
health concern because it could potentially affect breathing,
heart rhythm, and possibly increase the risk for bladder cancer
(Agency for Toxic Substances and Disease Registry, 2007).
In response to human health concerns, the wood-preserving
industry made a voluntary decision to stop using CCA to treat
wood used for decks and outdoor residential use by yearend
2003, and imports of As, O decreased dramatically. CCA may
still be used for nonresidential wood applications.

China remains as the world’s leading source of arsenic;
however, because its principal use for CCA in the United
States was eliminated, the market stagnated through yearend
2010.
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Significant events affecting arsenic prices since 1970

1972-74

Mid-1970s
1980
1985
2003

Consumption of arsenic as an alloy to strengthen grids in lead-acid batteries increased; domestic arsenic
production resumed in 1974

Congressional hearings on effects of arsenic on health and environment

Production capacity declined as plants that did not meet health and environmental standards were closed

Closure of last copper smelter in Tacoma, Wa., and domestic arsenic production ceased

Voluntary decision by wood-preserving industry to stop using chromated copper arsenate (CCA)
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Table 1.

[Values in dollars per pound. NA Not available]

Metal Prices in the United States Through 2010

Yearend arsenic metal price.

Year Price Year Price Year Price Year Price
1959 0.50 1972 0.75 1985 2.10 1998 0.46
1960 0.50 1973 0.98 1986 1.85 1999 0.59
1961 0.50 1974 1.91 1987 NA 2000 0.51
1962 0.50 1975 1.60 1988 NA 2001 0.75
1963 0.50 1976 1.75 1989 NA 2002 1.20
1964 0.50 1977 1.90 1990 NA 2003 0.87
1965 0.56 1978 1.90 1991 NA 2004 0.88
1966 0.56 1979 1.90 1992 0.73 2005 0.95
1967 0.48 1980 3.00 1993 0.53 2006 0.62
1968 0.56 1981 2.75 1994 0.90 2007 1.22
1969 0.56 1982 2.45 1995 0.70 2008 1.25
1970 0.64 1983 2.25 1996 0.58 2009 1.21
1971 0.64 1984 2.10 1997 0.45 2010 1.20

Notes:

1959-74, London prices for 99.5-percent-pure metal, in Metal Bulletin.
1975-86, U.S. producer prices for 99-percent- to 99.5-percent-pure metal, in Metals Week.

1992-98, London prices for minimum 99-percent-pure metal, in Metal Bulletin.
1999-2010, London prices for minimum 99-percent-pure metal, in Platts (Platt’s) Metals Week.
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Beryllium (Be)
by Brian W. Jaskula

Beryllium is one of the lightest of all metals and has one
of the highest melting points of any light metal. It was dis-
covered initially by Vauquelin in 1797 as a constituent of the
mineral beryl. Wohler and Bussy working separately produced
metallic beryllium as an impure powder in 1828 by reducing
beryllium chloride with metallic potassium. By 1916, the first
significant quantity of beryllium metal was produced in the
United States. It was not until after World War 11, with the
development of powder fabrication techniques, that a number
of markets for beryllium metal were developed.

Beryllium has physical and chemical properties, such
as its stiffness, high resistance to corrosion from acids, and
high thermal conductivity, which make it useful for various
applications in its alloy, oxide, and metallic forms. Beryllium
metal is used principally in aerospace and defense applications
because of its stiffness, light weight, and dimensional stability
over a wide temperature range. Beryllium-copper alloys are
used in a wide variety of applications because of their electri-
cal and thermal conductivities, high strength and hardness,
good corrosion and fatigue resistance, and nonmagnetic
properties. Beryllium oxide is an excellent heat conductor,
with high strength and hardness, and acts as an electrical
insulator in some applications. The United States, one of only
three countries that process beryllium ores and concentrates
into beryllium products, supplies most of the rest of the world
with these products (Cunningham, 1999). Because of its use
in aerospace and defense applications, beryllium is classi-
fied as “critical and strategic,” and in the past, various beryl-
lium materials have been purchased for the National Defense
Stockpile (NDS). Steel, titanium, phosphor bronze, and alumi-
num nitride can be substituted for beryllium in some applica-
tions but usually at a performance penalty. The quoted price
for beryllium metal during most of the 1980s and 1990s, as
presented in the table and graph, may not reflect true transac-
tion prices for the material (fig. 1; table 1). The quoted prices
reflect the more high-end/high-purity form of the material.

In 1956, the Atomic Energy Commission awarded 5-year
contracts to two domestic companies for each to produce
about 45 metric tons (t) of beryllium annually (Eilertsen,
1958). Beryllium metal was also considered for aircraft struc-
tural components and components in inertial guidance systems
for advanced missiles. These new applications increased beryl-
lium metal demand, which led to improvements in beryllium
processing and a reduction in price.

Prior to 1970, the United States was nearly 100 percent
import dependent for its beryl ore needs. In 1969, however, a
bertrandite mine opened in Utah that provided a large, secure
source of domestic raw material supply (Petkof, 1985). Dur-

ing most of the 1960s, the price for beryllium metal remained
stable.

By 1977 and continuing through the 1990s, the effects
of inflation rates and rising operating costs were reflected in
increased beryllium prices. Energy requirements for producing
beryllium metal are high. Processing requires the use of
induction furnaces that consume large quantities of energy.
Also, because of the toxic nature of beryllium, the industry
must maintain careful control of the quantity of beryllium
dust and fumes in the workplace. Under the Clean Air Act,
the U.S. Environmental Protection Agency issues standards
for certain hazardous air pollutants, including beryllium, and
the Occupational Safety and Health Administration issues
standards for airborne beryllium particles. To comply with
these standards, plants are required to install and maintain
pollution control equipment. Beryllium dust and fumes have
been recognized as the cause of berylliosis, a serious chronic
lung disease. Although the exact cause of the disease is uncer-
tain, the problem appears to be controlled when established
preventative measures are exercised. In beryllium-processing
plants, harmful effects are prevented by maintaining clean
workplaces; requiring the use of safety equipment, such as
personal respirators; collecting dust, fumes, and mists at
the source of deposition in dust collectors; following strict
medical programs; and following other procedures to provide
safe working conditions (Rossman and others, 1991, p. 267;
Kramer, 1995). This control of potential health hazards adds to
the cost of beryllium metal and other beryllium products. The
additional costs are ultimately passed on to the consumer in
the form of increased prices.

In 1979, one of the two domestic beryllium producers
discontinued beryllium metal production, leaving the price of
the metal to be set by one company (Petkof, 1980). In 1988,
the U.S. Government purchased about 27 t of “vacuum hot-
pressed beryllium billets” worth an estimated $19 million; the
metal was delivered to the NDS by yearend 1989 (Kramer,
1990). The average unit value for the NDS metal was about
$317 per pound. The quoted price for beryllium metal powder
at yearend 1988 and yearend 1989 was $244 per pound and
$261 per pound, respectively. In 1990, the Defense Logistics
Agency awarded a contract to convert some of the beryl ore
contained in the NDS to vacuum hot-pressed beryllium billets.
The contract was extended through 1992 for a combined
total of 73 t of beryllium metal, valued at about $46 million,
recovered from about 2,940 t of NDS beryl ore (Kramer,
1993; 1994). The overall unit value of the NDS metal, about
$287 per pound, was comparable to the price being quoted
for beryllium metal powder from yearend 1990 to yearend
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1994, which ranged from $269 per pound to $295 per pound.
Deliveries of the metal to the NDS were completed in the
second quarter of 1994.

The beryllium metal purchase and beryl ore conversion
came at a time of declining beryllium metal consumption,
caused by reduced spending for strategic defense programs.
The jump in price in 1995, shown in the graph, reflects a
change in the nature of the price quotation, not any single
causal event. Beryllium metal currently averages about 10
percent of annual U.S. beryllium demand compared with about
20 percent in the early 1990s. With applications primarily in
the aerospace and defense sectors, the dissolution of the Soviet
Union in 1991 contributed most to the decline in beryllium
metal demand as defense strategic plans changed.

In 2000, the sole U.S. beryllium producer closed its
beryllium metal production facility owing to equipment obso-
lescence, the availability of beryllium metal from the NDS,
and other factors (Shedd, 2006). As a result, the U.S. producer
price, quoted in American Metal Market, was no longer avail-
able, and another pricing source was required. The only source
of beryllium metal pricing available was derived from NDS
sales; however, this price reflected sales of vacuum-cast ingot
for upgrading, which were of significantly lower quality than
the beryllium powder that had been priced commercially. In
2005, the U.S. Department of Defense invested in a public-
private partnership with the U.S. beryllium producer to build
anew $90.4 million primary beryllium facility in Ohio.
Construction of the facility was completed in 2010. Approxi-
mately two-thirds of the facility’s output was to be allocated
for defense and government-related end uses, the remaining
output going to the private sector. Plant capacity was reported
to be 73 t per year of high-purity beryllium metal (Jaskula,
2011).

The sharp drop in price beginning in 2000, as shown in
the graph, resulted from the change in price series and grade,
not necessarily an actual decline in pricing.
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Significant events affecting beryllium prices since 1970

1977

1979
1988
1990
1995

2000
2000
2010

Effects of inflation rates, increased energy costs, and additional costs associated with complying with air emission
standards resulted in increased prices

Beryllium metal price was set by one producer

Purchase of beryllium metal for the National Defense Stockpile (NDS)

Conversion of NDS beryl ore to beryllium metal for the NDS

Price increase resulted from change in reported beryllium metal grade, not necessarily an actual increase in pric-
ing

Price decrease resulted from change in price series and grade, not necessarily an actual decline in pricing

Closure of obsolete primary beryllium production plant in United States

Construction of new primary beryllium production plant in United States
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Table 1. Yearend average beryllium metal price.

[Values in dollars per pound]

Year Price Year Price Year Price Year Price
1947 95.00 1963 54.00 1979 103.00 1995 385.00
1948 95.00 1964 54.00 1980 120.00 1996 385.00
1949 95.00 1965 54.00 1981 148.00 1997 385.00
1950 95.00 1966 54.00 1982 166.00 1998 385.00
1951 95.00 1967 54.00 1983 178.00 1999 385.00
1952 95.00 1968 54.00 1984 178.00 2000 83.00
1953 71.50 1969 60.00 1985 196.00 2001 73.00
1954 71.50 1970 60.00 1986 204.00 2002 76.00
1955 71.50 1971 60.00 1987 229.00 2003 74.00
1956 71.50 1972 60.00 1988 244.00 2004 76.00
1957 71.50 1973 49.00 1989 261.00 2005 78.00
1958 71.50 1974 59.75 1990 269.00 2006 82.00
1959 71.50 1975 59.50 1991 280.00 2007 85.00
1960 70.00 1976 59.50 1992 280.00 2008 89.00
1961 54.00 1977 96.00 1993 295.00 2009 109.00
1962 54.00 1978 103.00 1994 295.00 2010 107.00

Notes:

1947-52, Beryllium, technical grade, in Engineering and Mining Journal, Metal and Mineral Markets.

1953-59, Beryllium, lumps and beads, 97 percent beryllium, in American Metal Market (AMM).

1960-68, Beryllium, powder or powder blend, 97 percent beryllium, in AMM.

1969-80, Beryllium, powder or powder blend, in U.S. Bureau of Mines, Minerals Yearbook, origin and (or) beryllium content unknown.

1981-85, Beryllium, powder blend, 97 percent beryllium, in AMM.

1986-89, Beryllium, powder blend, 98.5 percent beryllium, provided by Brush Wellman, Inc.

1990-94, Beryllium, powder blend, 98.5 percent beryllium, in AMM.

1995-99, Beryllium, powder, 99 percent beryllium, in AMM.

2000-09, Beryllium metal, in U.S. Department of Defense, Strategic and Critical Materials Operations Report to Congress, beryllium content unknown.
2010, Beryllium, hot-pressed powder, in Defense National Stockpile Center, National Defense Stockpile cash disposals, beryllium content unknown.
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Bismuth (Bi)

by James F. Carlin, Jr.

Bismuth-lead and bismuth-tin alloys are known to have
been used during the Middle Ages. Around 1597, the efficacy
of bismuth nitrate in the treatment of intestinal disorders was
discovered, and this is still used today in stomach ailment
remedies. In the 18th century, pure bismuth metal was pro-
duced, demonstrating that bismuth was a distinct element.

Demand for bismuth in the United States was small prior
to World War II. The chief use was for medicines; bismuth
compounds were used to treat such conditions as digestive
disorders, venereal diseases, and burns. Minor amounts of
bismuth were consumed in fusible alloys for fire sprinkler
systems and fuse wire. Bismuth has always been produced
mainly as a byproduct of lead refining. The price, which was
controlled by the major producers until the mid-1960s, typi-
cally reflected the cost of recovery. In World War 11, bismuth,
considered to be a strategic and critical material, was used for
solders, fusible alloys, in medications, and in atomic research.
To stabilize the market, the producers set the price at $1.25 per
pound during the war and at $2.25 per pound from 1950 until
1964 (U.S. Bureau of Mines, 1966) (table 1).

In the early 1970s, demand for bismuth as a metallurgical
additive to aluminum, iron, and steel increased rapidly. This,
combined with increased consumption in other categories,
caused the producer price to increase dramatically in 1974 to a
peak of $12.00 per pound in June (fig. 1). By August, the price
dropped back to $9.00 per pound, where it remained through
the rest of the year. During 1974, a 21-percent decrease in
domestic consumption affected all categories of bismuth con-
sumption (Wyche, 1976).

Prices trended sharply downward from 1975 to 1982
owing to increased world production, with little growth in
consumption. ASARCO Incorporated, the only domestic pro-
ducer, suspended its list price on October 1, 1980. Until then,
the annual average price reported was the Asarco price for
99.99-percent-pure bismuth. After 1980, the New York dealer
price was reported (Carlin, 1981).

In Bolivia, the only country where bismuth was mined
as a principal product, production virtually ceased in 1980
owing to the sustained low price of bismuth (Metal Bulletin,
1982). During the recession of 198182, declining domestic
consumption and an excess of stocks held by world producers
caused the price to drop to a low of $1.30 per pound in Janu-
ary 1983.

In 1984, the price began to climb as consumption
increased worldwide, especially in the United States and
Japan. In 1988, a series of miners’ strikes in Peru, one of the
largest producers of bismuth in the world, cut off all shipments

for several months (King, 1988; Mining Journal, 1988). This
led to the price reaching nearly $7 per pound, even though
domestic consumers were able to compensate for this loss by
obtaining bismuth elsewhere.

In late 1989, the price of bismuth began to drop owing
to lower consumption, increased imports, large world stocks,
and dealer reaction to the plan to sell 510 metric tons (t) of the
bismuth in the National Defense Stockpile (NDS) within 10
years (American Metal Market, 1990). The Defense Logistics
Agency (DLA) sold more than 59 t from the NDS in 1990 and
more than 57 t in 1991. U.S. imports also increased in 1989
and 1990, which further increased the supply of bismuth and
helped keep the price near $3.00 per pound. In 1992, the DLA
released 91 t of bismuth from the NDS and announced a new
plan to release the remaining 740 t during a 10-year period
(Jasinski, 1993).

In the early 1990s, research began on the evaluation
of bismuth as a nontoxic replacement for lead in such uses
as ceramic glazes, fishing sinkers, food-processing equip-
ment (Murray, 1993), free-machining brasses for plumbing
applications (Feder, 1991), lubricating greases, and shot for
waterfowl hunting (Lowry, 1993). During the mid-1990s,
growth in these areas remained slow in spite of direct or
indirect Government backing of bismuth for lead replacement.
The 1996 Amendments to the 1986 Safe Drinking Water Act
required lead-free plumbing for new installations and repairs
of facilities providing potable water by August 1998. Also,
the U.S. Fish and Wildlife Service gave final approval for the
use of bismuth-tin shot for waterfowl hunting (U.S. Fish and
Wildlife Service, 1997). In 1997, after extended negotiations
with local and Nebraska State authorities on environmental
remediation, Asarco closed its Omaha smelter, the only site of
domestic bismuth production. Also in 1997, the DLA sold all
the bismuth remaining in the NDS (American Metal Market,
1997). Thus, the United States became completely dependent
on imports for its supply of primary bismuth.

At the end of the 1990s, total bismuth demand increased
moderately as consumption for new uses, especially hunt-
ing and plumbing applications, began to increase. Supply
remained adequate and prices remained low. Owing to low
prices for bismuth, the reopening of the Tasna Mine in Bolivia,
closed since 1980, was delayed. When production started,
bismuth, copper, gold, and tungsten were to be coproducts
(Mining Journal, 1999). In the original plan, bismuth was to be
the main product (Tice, 1997).

During the late 1990s and through 2010, environmental
and legislative pressure continued to mount against the use
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of lead in numerous countries and in several specific lead
applications. These actions resulted in a growing market for
bismuth, which was seen as being nontoxic.

From 1990 to 2010, use of bismuth in some of its major
applications began to subside as companies found that they
could get approximate quality levels and lower their costs by
using less bismuth. These trends were especially noted in the
use of bismuth as an additive to free-machining aluminum and
steel products, and also in a few of the medicinal applications.

In 2007, two of the major international bismuth refiners
agreed to merge their operations to become the world’s leading
bismuth refiner. The merger had the effect of giving the newly
merged company better control of the bismuth supply side,
and therefore tended to boost the bismuth price higher than it
may have otherwise been. Also in 2007, the increasing role of
private investment commodity funds generally had the effect
of causing higher metal prices.

In 2008-09, the worldwide financial crisis and recession
had a marked effect on global bismuth consumption and price.
By 2009, the average bismuth price was almost one-half of the
2007 average price.
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Significant events affecting bismuth prices since 1970

1970-74
1975-81
1980
1981-82
1984
1988
1989-90
1990

1992
1994

1996

1997

1998-2004

2005-07

2008-09
2010

Major increase in demand for bismuth as a metallurgical additive to aluminum, iron, and steel caused price to
reach an alltime high

World production increased faster than consumption

Bolivia ceased production; ASARCO Incorporated suspended producer price

Economic recession

Bismuth consumption increased, especially in the United States and Japan

Miners’ strikes cut off all shipments from Peru for several months

U.S. consumption decreased, especially for metallurgical additives and chemicals; this, combined with increased
imports, large world stocks, and impending releases from Government stockpiles caused the price to drop, in
spite of bismuth’s increasing potential for replacing lead in environmentally sensitive applications

U.S. Department of Defense (DOD), having lowered the goal for bismuth in the National Defense Stockpile
(NDS) from 990 to 480 metric tons (t), began selling the excess bismuth

DOD announced plans to sell all bismuth remaining in the NDS within a 10-year period

A significant increase in domestic consumption, especially in the chemicals and pharmaceutical category,
combined with a moderate decline in world mine production tightened supply

Amendments to 1986 Safe Drinking Water Act; U.S. Fish and Wildlife Service gave final approval to
Bi-97-percent-Sn shot for waterfowl] hunting

Omaha, Nebr. plant (the sole U.S. producer of primary bismuth) closed in June; the NDS exhausted its supply of
bismuth in November
Prices remained low and supplies remained adequate as efforts to reduce use of bismuth in free machining
aluminum and steel applications counter growth in nonferrous alloys
Increased global demand and speculative interest resulted in higher prices for most metals; two of the world’s
leading refined bismuth producers agreed to combine their operations
Global financial crisis reduced demand
Recovery in world demand




Table 1.

[Values in dollars per pound]

Annual average bismuth price.
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Year Price Year Price Year Price Year Price
1906 1.25 1933 1.08 1960 2.25 1987 3.65
1907 1.25 1934 1.20 1961 2.25 1988 5.78
1908 1.75 1935 1.05 1962 2.25 1989 5.76
1909 1.75 1936 1.00 1963 2.25 1990 3.56
1910 1.93 1937 1.00 1964 2.30 1991 3.10
1911 2.13 1938 1.05 1965 3.43 1992 2.66
1912 2.03 1939 1.10 1966 4.00 1993 2.50
1913 2.00 1940 1.25 1967 4.00 1994 3.25
1914 2.88 1941 1.25 1968 4.00 1995 3.85
1915 2.88 1942 1.25 1969 4.63 1996 3.65
1916 3.63 1943 1.25 1970 6.00 1997 3.50
1917 343 1944 1.25 1971 5.26 1998 3.60
1918 3.43 1945 1.25 1972 3.63 1999 3.85
1919 3.08 1946 1.44 1973 5.25 2000 3.70
1920 2.55 1947 1.98 1974 9.25 2001 3.74
1921 1.95 1948 2.00 1975 8.25 2002 3.14
1922 1.98 1949 2.00 1976 7.50 2003 2.87
1923 2.50 1950 2.06 1977 6.00 2004 3.35
1924 2.03 1951 2.25 1978 3.38 2005 3.91
1925 2.00 1952 2.25 1979 3.01 2006 5.04
1926 3.03 1953 2.25 1980 2.64 2007 14.07
1927 2.30 1954 2.25 1981 2.52 2008 12.73
1928 1.98 1955 2.25 1982 1.61 2009 7.84
1929 1.70 1956 2.25 1983 1.72 2010 8.76
1930 1.35 1957 2.25 1984 4.27
1931 1.25 1958 2.25 1985 5.18
1932 0.85 .1959 225 1986 3.25

Notes:

1906-23, ASARCO Incorporated, producer price for 99.99-percent-pure bismuth, in U.S. Geological Survey, Mineral Resources of the United States.
1924-31, ASARCO Incorporated, producer price for 99.99-percent-pure bismuth, in U.S. Bureau of Mines, Mineral Resources of the United States.
1932-80, ASARCO Incorporated, producer price for 99.99-percent-pure bismuth, in U.S. Bureau of Mines, Minerals Yearbook.

1981-93, New York dealer price for 99.99-percent-pure bismuth, in Metals Week.
1993-2010, New York dealer price for 99.99-percent-pure bismuth, in Platts (Platt’s) Metals Week.
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Cadmium (Cd)

by Amy C. Tolcin

Cadmium was discovered in 1817 by F. Strohmeyer as
an impurity in pharmaceutical zinc carbonate. The first use of
cadmium was in a sulfide form in paint pigments. Cadmium
metal was first produced commercially in Germany in the 19th
century as a byproduct of the smelting of cadmium-bearing
zinc ores of Upper Silesia. Cadmium was first produced in
the United States in 1906, and by 1917, the United States had
become the world’s leading producer.

Cadmium minerals are not found in sufficient commercial
quantities to be considered a main product in ore deposits. The
metal is produced as a byproduct in the recovery of primary
zinc from zinc ores and also from some lead or complex
copper-lead-zinc ores. The feed material for cadmium produc-
tion consists of fume and dust that are collected as flue dust
in baghouses during the pyrometallurgical processing of zinc
and residues that result from electrolytic zinc production.

The availability of cadmium is, in most cases, dependent on
the amount of zinc produced. Germany was the only impor-
tant producer of cadmium until World War I. Production of
cadmium in the United States began in 1907. By 1917, the
United States had become the world’s leading producer and
held that position for more than 50 years. During this period,
the price of cadmium was dictated by either market forces or,
during World War II and the Korean Conflict, Government-
imposed regulations. The last of these regulations, enacted
during the Korean Conflict, was revoked on May 15, 1952.
Since that time, the price of cadmium has been determined
primarily by supply and demand.

Following the end of Government regulations, the
price of cadmium metal fluctuated widely between 1953 and
1973, reflecting the variation in supply and demand (table 1).
Domestic prices rose concurrent with generally strong eco-
nomic conditions most of 1973 and increased to $4.09 per
pound by 1974, surpassing the European market quotations
(fig. 1). During the next few years, the price trended slowly
downward despite continuing currency inflation. By 1982,
depressed by the recessions of 1980 and 1981-82, the price
had dropped to the lowest level since the end of World War
II—$1.11 per pound of cadmium metal.

What began as a modest increase in 1986 and 1987
turned into the largest recorded annual increase of cadmium
price in 1988. By March of 1988, the domestic price for a
pound of cadmium metal reached $9.10. The market was so
tight in early 1988 that major producers did not have any
material to sell on the spot market and would not make any
commitments for near-term sales at a specific price. The price
increase was attributed to the tight supply of cadmium, heavy
speculative trading, and world labor disputes, which disrupted

the supply of cadmium metal. The supply squeeze was further
affected by the purchases of large quantities of cadmium by
the nickel-cadmium battery industry, particularly in Japan.

For the first 8 months (after which producers stopped quoting
prices), the price averaged $7.90, a nearly 300 percent increase
from that of the previous year. The price fell precipitously in
the following 5 years, dropping to $0.45 in 1993. Since that
year, the price for cadmium has fluctuated between $0.28 and
$1.80 per pound of metal. Some industry analysts attribute the
volatility of cadmium prices to the fact that 95 percent of all
cadmium is sold under long-term contracts, usually by primary
zinc producers, and the price of cadmium is strongly influ-
enced by the 5 percent of cadmium sold on the spot market,
which is more reflective of supply and demand.

The price for cadmium in the next several years will
probably be affected by the ban on the use of cadmium in
selected applications in countries of the European Union,
increasingly strict U.S. environmental regulations limiting
domestic use of cadmium in all its forms, and an increased
supply of primary cadmium from zinc smelting and secondary
cadmium from recycling (European Union, 2011; Organisation
for Economic Co-operation and Development, 1997, p. 3-5).

As the byproduct of other metals production, cadmium
is not subject to the normal supply demand dynamics of most
metals. The inelastic supply-demand situation associated with
byproduct commodities invariably leads to volatile pricing,
and such has been the case for cadmium for the past 20 to 30
years.

Cadmium prices remained at historically low levels in
2000. As world supply tightened toward yearend, however,
prices for cadmium began to inch upward. Reduced primary
production—offsetting increased secondary cadmium out-
put—and continued moderate demand led to a balanced world
cadmium market in 2000. At yearend 2002, the price of cad-
mium increased significantly to $0.90 per pound from $0.25
per pound in January owing to the closure of Metaleurop SA’s
cadmium production facility at its Noyelles-Godault smelter
in France, creating a supply deficit in the refined cadmium
market of 4,100 metric tons. The price increase continued
into 2003, although moderated, and reached an average of
$0.59 per pound for the year. In 2005, the annual average
cadmium price increased to $1.50 per pound from $0.54 per
pound in 2004 owing to China’s rising consumption and lower
than anticipated global production growth, which was con-
strained by a scarcity of zinc concentrates. The average price
of cadmium in 2006 decreased to $1.35 per pound. During
early 2006, cadmium prices fell sharply as consumers drew
down material from excess stocks rather than buy on the
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spot market. After a slight increase from April to June 2006, References Cited

prices again turned downward during the summer—a decline

largely attributed to temporary. oversupply .rather than a lack of European Union, 2011, Chemicals/REACH-EU to ban cad-
demand. The 2007 average price for cadmium was $3.45 per
pound. Cadmium’s considerable price increase was attributed
to a lack of available material on the spot market during the
year. The 2008 average price for cadmium decreased to $2.69  Organisation for Economic Co-operation and Develop-

mium in jewelry, brazing sticks and all plastics: Brussels,
Belgium, European Union press release, May 20, 1 p.

per pound. Prices declined sharply after the first quarter of ment, 1997, OECD workshop on the effective collection
2008, coinciding with the escalation of the global financial and recycling of nickel-cadmium batteries: Lyon, France,
crisis that began around midyear. In 2009, cadmium prices Organisation for Economic Co-operation and Development,

recovered slightly; prices rose to $1.59 per pound in December 30 p.
from $0.83 per pound in January, averaging $1.30 per pound
for the year.
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Figure 1. Annual average cadmium price.

Significant events affecting cadmium prices since 1970

1971-74 Doubling of price, despite anti-inflation price controls
1973-74 Oil embargo by the Organization of Petroleum Exporting Countries
1980-82 Two recessions (1980 and 1981-82); plummeting price

1982 Lowest cadmium price since end the of World War 11

1988 Tight supply of cadmium metal, speculative trading; largest recorded annual increase in cadmium price

2002 Closure of Metaleurop’s Noyelles-Godault smelter reduces cadmium supply; price increases

2004 Battery manufacturing industry relocates to China; rate of Chinese cadmium consumption increases significantly

2008-09 Global economic crisis; price declines
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Table 1. Annual average cadmium price.

[Values in dollars per pound]

Year Price Year Price Year Price Year Price
1900 0.650 1928 0.600 1956 1.700 1984 1.690
1901 0.680 1929 0.600 1957 1.700 1985 1.210
1902 0.540 1930 0.600 1958 1.520 1986 1.250
1903 0.530 1931 0.550 1959 1.360 1987 1.990
1904 0.590 1932 0.550 1960 1.520 1988 7.900
1905 0.650 1933 0.550 1961 1.680 1989 6.280
1906 0.760 1934 0.550 1962 1.720 1990 3.380
1907 1.020 1935 0.700 1963 2.260 1991 2.010
1908 0.750 1936 0.980 1964 3.000 1992 0.910
1909 0.520 1937 1.220 1965 2.580 1993 0.450
1910 0.550 1938 0.980 1966 2.420 1994 1.130
1911 0.670 1939 0.640 1967 2.640 1995 1.840
1912 0.760 1940 0.820 1968 2.650 1996 1.240
1913 0.770 1941 0.900 1969 3.270 1997 0.510
1914 0.890 1942 0.900 1970 3.570 1998 0.280
1915 1.190 1943 0.900 1971 1.920 1999 0.177
1916 1.560 1944 0.900 1972 2.560 2000 0.164
1917 1.470 1945 0.900 1973 3.640 2001 0.227
1918 1.480 1946 1.090 1974 4.090 2002 0.292
1919 1.220 1947 1.700 1975 3.360 2003 0.594
1920 1.170 1948 1.830 1976 2.660 2004 0.546
1921 0.980 1949 2.000 1977 2.960 2005 1.497
1922 1.090 1950 2.170 1978 2.450 2006 1.353
1923 0.880 1951 2.550 1979 2.760 2007 3.451
1924 0.700 1952 2.230 1980 2.840 2008 2.686
1925 0.600 1953 2.000 1981 1.930 2009 1.300
1926 0.600 1954 1.700 1982 1.110 2010 1.767
1927 0.600 1955 1.700 1983 1.130

Notes:

1900-66, Producer price for 99.95-percent-pure cadmium, in Engineering and Mining Journal.

1967-93, Producer price for 99.95-percent-pure cadmium, in Metals Week. Major producers suspended price quotes during the last 4 months of 1988; 1988
price is January to August average.

1994-2010, New York dealer price for 99.99-percent-pure cadmium, in Platts (Platt’s) Metals Week.
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Cesium (Cs)
by William E. Brooks

Cesium, the most electropositive and least abundant of
the five naturally occurring alkali metals, was the first ele-
ment to be discovered spectroscopically (Perel’man, 1965,

p. 1). Cesium was first produced in its metallic state in 1881.
Industrial uses of cesium did not emerge until 1926, when it
was used as a getter and in radio tubes (Burt, 1993, p. 749).
Although there are cesium occurrences in the United States,
cesium is not mined domestically and the United States is 100
percent reliant on imports. Historically, the most important use
for cesium has been in research and development, primarily in
chemical and electrical applications. Radioactive isotopes of
cesium are generated in fuel rods in nuclear powerplants and
have important biomedical and industrial applications.

Owing to the small size of the industry, quoted cesium
prices are those of individual companies. The price of cesium
varies with the purity of the material and inversely with the
quantity purchased, and the metal has been marketed in puri-
ties ranging from 99 percent to 99.98 percent.

The annual prices presented in the graph and table may
not be comparable from year to year owing to differences in
purities, quantity of material purchased, and (or) the source
of the price (fig. 1; table 1). For example, prior to 1960,

the prices published in the U.S. Bureau of Mines Minerals
Yearbook (MYB) were for purchases of less than 1 pound
of cesium metal. From 1960 through 1991, the cesium metal
prices published in the MYB were for purchases of at least 1
pound of material and are significantly lower than the pre-
1960 prices owing to discounts for the larger quantity pur-
chased. The prices for 1992 through 2010 represent the price
charged for a 1-gram ampoule of 99.98-percent-pure cesium
metal and are an order of magnitude higher than the 1960 to
1991 prices.

References Cited

Burt, R.O., 1993, Cesium and cesium compounds, in
Ullmann’s encyclopedia of industrial chemistry (4th ed.):
Weinheim, Germany, VCH Verlagsgesellschaft mbH, v. 5,
p. 749-763.

Perel’man, F.M., 1965, Rubidium and caesium: New York,
The Macmillan Co., 144 p.
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Table 1.

Annual average cesium price.

[Values in dollars per gram. NA Not available]

Cesium (Cs)
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Year Price Year Price Year Price Year Price
1959 2.23 1972 0.52 1985 0.72 1998 63.30
1960 1.19 1973 0.52 1986 0.72 1999 61.90
1961 0.83 1974 0.52 1987 0.66 2000 59.90
1962 0.83 1975 0.52 1988 0.66 2001 46.00
1963 0.52 1976 0.52 1989 0.69 2002 45.30
1964 0.52 1977 0.66 1990 0.69 2003 46.10
1965 0.58 1978 NA 1991 0.69 2004 46.90
1966 NA 1979 0.50 1992 38.50 2005 45.30
1967 0.58 1980 0.50 1993 38.50 2006 45.20
1968 0.58 1981 0.50 1994 38.50 2007 44.00
1969 0.52 1982 0.66 1995 40.80 2008 44.20
1970 0.52 1983 0.66 1996 40.80 2009 47.70
1971 0.52 1984 0.66 1997 43.70 2010 47.80

Notes:

1959, Average of the prices attributed to American Potash & Chemical Corp. & Penn Rare Metals Co.

1960, 99+-percent-pure cesium, 10-pound lots.
1961-62, Penn Rare Metals Division, Kawecki Chemical Co., 99.9-percent-pure cesium, 1- to 9-pound lots.

196364, Average of the range of prices for 99+-percent-pure cesium in American Metal Market.
1965, Average of the range of prices for 99.6-percent-pure cesium, 1- to 9-pound lots attributed to the Penn Rare Metals Division of Kawecki Chemical Co.

1967-68, Average of the range of prices for 99.5-percent-pure cesium, 1- to 9-pound lots attributed to the Penn Rare Metals Division of Kawecki Chemical Co.

1969, Average of the range of prices for 99+-percent-pure cesium.
1970-77, Average of the range of prices for 99+-percent-pure cesium in American Metal Market.
1979-81, American Metal Market yearend price for 99+-percent-pure cesium.

1982-86, KBI Division, Cabot Corp., average of the yearend price for technical- and high-purity-grade cesium.
1987-88, KBI Division, Cabot Corp., average of the yearend price for technical- and high-purity-grade cesium in lots of less than 50 pounds.

1989-91, KBI Division, Cabot Corp.

1992-2010, Alfa Aesar and other chemical catalogs. Prices for purchases of 99.98-percent-pure cesium in 1-gram ampoules.
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Chromium (Cr)

by John F. Papp

Chromium was discovered in 1797 by Nicolas-Louis
Vauquelin (Weeks, 1968, p. 271-283). The chromite mineral,
comprising primarily chromium, iron, and oxygen, was subse-
quently found to be useful as a refractory material. Chromite
was first exploited for the production of pigments (Gray, 1988)
and the manufacture of refractory materials. Today, the major
use of chromium is in the metallurgical industry to make stain-
less steel; substantially less chromium is used in the refractory
and chemical industries (Papp, 1994, p. 7, 17). The major
chromium commodity materials are chromite ore, ferrochro-
mium, and chromium metal. The major traded chromium com-
modity is ferrochromium, which replaced chromite ore as the
United States leading source of chromium between 1981 and
1983 (Papp and Lipin, 2001, p. 32-33). Chromium commodity
value histories have been provided for these three materials to
meet the needs of different users of such information. At least
since 1994, stainless steel trade has become a significant factor
in U.S. chromium supply, with scrap exports exceeding mill
product imports in recent years.

The structure of the chromium industry is important
to understanding chromium material prices. Ferrochro-
mium was originally produced mainly near stainless steel
producers; however, production has since moved to loca-
tions in proximity to chromite ore producers. Leading fer-
rochromium producers are vertically integrated chromite
ore-ferrochromium producers, and mines and plants are often
collocated. Historically, the United States has been a major
world producer of stainless steel and of chromium chemicals,
but has produced only small amounts of chromite ore and
ferrochromium. After World War II, the United States built
a stockpile of chromium commodities for national security
reasons. After the dissolution of the Soviet Union in 1991, the
Federal Government started to sell its stockpile. The Defense
Logistics Agency (DLA) negotiated a price for the chromium
material with the potential purchaser. The DLA disposed of its
stocks of metallurgical-grade chromite ore in 2001, ferrochro-
mium silicon in 2002, chemical- and refractory-grade chro-
mite ore in 2004, and continued selling high- and low-carbon
ferrochromium and chromium metal into 2010.

Import data for various forms of chromium are important
because their value is a good indicator of price. Before 1980,
the United States imported most of its chromium needs in the
form of chromite ore because ferrochromium was domestically
produced. At that time, the U.S. import value reflected aver-
age price and likely reflected world market prices because the
United States imported a variety of grades (Papp and Lipin,
2001, p. 28-30). Historically, when the United States imported
all grades of chromite ore, the unit value of imports was likely

representative of chromite ore production costs; however,
since the United States no longer produces ferrochromium, the
leading commercial chromium material, and refractory appli-
cations have declined significantly, chromite ore imports are
limited to chemical production and casting sand—small and
specialized portions of the chromite ore market. As domestic
ferrochromium production capacity declined, imported
ferrochromium surpassed chromite ore as the major commod-
ity source of chromium for the United States. Stainless steel
and stainless steel scrap trade has since grown in importance
to the U.S. economy, rivaling that of ferrochromium. Markets
for chromium metal developed along with the jet engine, many
parts of which need alloys that require chromium metal.

Reported U.S. trade statistics (that is, quantity and value)
for chromite ore date back to 1884; ferrochromium, 1910;
and chromium metal, 1923. Trade journal prices for chro-
mium metal go back only to 1964. Thus, chromite ore is the
chromium commodity for which the reported historical trade
journal price and U.S. import value series is longest (fig. 1;
table 1). Since U.S. import data were first collected, techno-
logical changes have resulted in a change in the predominant
grade of chromite ore and ferrochromium traded. The United
States has been a consumer of a broad range of chromium
materials, and to a large degree, prices of chromium-contain-
ing materials have been sustained by demand in the United
States and other industrialized nations. As a chromium-chem-
ical-manufacturing nation, the United States also imported
chromite ore for chemical production. As a steel-producing
nation, the United States imported chromite ore for refrac-
tory and alloy production. Between about 1970 and 2000, the
United States made the transition from primarily producing
to primarily importing ferrochromium for its steel industry.
As a result, the United States imported declining amounts of
metallurgical-grade chromite ore during that time period. The
United States is a major alloy- and stainless steel-producing
nation, and chromium ferroalloy imports, including a broad
range of grades and sources, reflect that. The United States
imports and exports stainless steel mill products, but mostly
exports stainless steel scrap.

Chromite ore and other chromium materials are not
traded on commodity or futures exchanges. Thus, the price for
chromite ore or any other chromium material is not publicly
negotiated or available. After surveying consumers and
producers, some trade journals publish a composite price or
price range based on their survey. Included among these at
various times have been American Metal Market, Industrial
Minerals, Metal Bulletin, Metals Price Report, Platts Metals
Week, and Ryan’s Notes. Although the prices for chromium



materials reported in such periodicals might represent price

in the market being surveyed, no representation of quantity of
trade is made. Usually, more than one source and (or) grade
of material reported by the trade journals have disparate
characteristics. In this situation, price is an average and does
not apply to any specific product. A broadly descriptive

name like “chromite ore” covers many sources and grades of
material. The U.S. import value reported to the U.S. Customs
Service, U.S. Department of Homeland Security, and pub-
lished by the U.S. Bureau of the Census, U.S. Department of
Commerce, includes a declared value of the imported material
estimated at the point of export. It excludes U.S. import duties,
freight, insurance, and other charges incurred in shipping the
merchandise to the United States. Chromite ore values are
annual mass-weighted-average values based on quantity, con-
tent, and customs value of imports as reported in U.S. customs
statistics.

Chromite ore is graded by its chromic oxide (Cr,0,)
content, and its price is reported in trade journals on a gross-
weight basis (U.S. dollars per metric ton, gross weight).
Commercially traded chromite ore grades range from
35 percent to 55 percent Cr,O,. Suppose, for example, that a
particular chromite ore is graded at 42 percent to 45 percent
Cr,0, and priced at $100 per metric ton, gross weight. To
calculate the cost of the chromium contained in this material,
remember that chromic oxide is 68.42 percent chromium.
Consequently, 1 ton of this material then contains between
0.287 and 0.308 ton of chromium yielding a unit value of
between $325 and $348 per ton of contained chromium. Fer-
rochromium typically contains between 50 percent and 65
percent chromium, and its price is reported in trade journals in
dollars per pound of contained chromium. Chromium metal is
typically in excess of 99 percent pure, and its price is reported
in trade journals in dollars per pound, gross weight (Papp,
1995).

Because nonferrochromium-grade chromite ore is often
a byproduct of ferrochromium-grade ore, ferrochromium
industry demand is the main driving force of chromite ore
production (O’Driscoll, 1998). The relationship is indicated by
the lead sometimes shown by ferrochromium price compared
to chromite ore price. Annually averaged price data show that
price peaks for ferrochromium and chromite ore were coinci-
dent in 1982 and 1989, and ferrochromium price led chromite
ore price in 1975-76 and 1995-96. In the first two cases,
annual averaging hides the price change relationship. In the
second two cases, increased demand for ferrochromium drove
up ferrochromium prices, but the chromite ore price increase
lagged by 1 year.

The cause(s) of specific price changes is often not readily
apparent, especially when reported prices do not result from
open market activity or reflect only a portion of the market.
Prices are negotiated between buyer and seller and remain
confidential to them. In a general global sense, the lower price
limit is set by the costs of production. A lower limit on price
is cost of production, because an individual producer can-
not sustain sales at a price that is less than production cost.
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Because each producer has a different cost of production

and buyers seek to purchase at the lowest price, one would
expect low-cost producers to satisfy demand before high-cost
producers; the level of consumption would then determine the
highest cost producer that could remain in the market. Since
each producer seeks to maximize selling price, they may do so
by selling for marginally less than the highest cost producer
sustained by the level of consumption. The marketplace is
likely not so well organized and orderly, since no one knows
what is the level of consumption and what price would be sus-
tained by it. Nor are factors like commercial relations, material
grade and quality, and historical experience and practice taken
into account.

It appears that chromium commodity market prices
fluctuate, often for no apparent reason. No markets are trans-
parent, some are translucent, but many are opaque. That is,
economic factors like the cost of production, the amount of
production, the amount of consumption, price, and the amount
of stocks held by producers, consumers, and traders are not
commonly available information. However, sometimes events
can be associated with price changes or a consensus as to the
cause of price changes can be reached among market analysts,
participants, and spectators.

Events that affect prices can be of several types based on
the extent of their effect: global events (events that affect a
large part of the world), international events (events that affect
more than one country), area events (events that affect an
area possibly extending over more than one country), or local
events (events that affect a limited geographic area). Examples
of these might be as follows: global event—the recession that
followed the world financial crisis; international events—dis-
solution of the Soviet Union or policy changes that resulted
in strong economic growth in China; area event—snowslide
damage in 2010 that interrupted rail service in Turkey limiting
chromite ore movement from mine to port; and local event—
safety issues or equipment failures that affect one plant or
operation. Some events may take longer than others to affect
prices. For example, shortage of electrical power in an area
affects manufacturers at the same time the shortage occurs;
however, a reduction in air travel, as what happened with the
severe acute respiratory syndrome (SARS) threat and after the
September 11, 2001 (9/11) terrorist attacks, impacts the market
more slowly and for an extended period of time. Since many
things happen concurrently, the effect of each on prices is
obfuscated by the cacophony of events.

As indicated by the preceding analysis, any event that
affects cost of production or transportation to the consumer
would be expected to affect price. In addition, price can be
affected by the market participants’ expectations. For example,
futures markets are supposed to provide cost security for
producers and consumers by integrating expected changes in
supply and demand into a time-dependent future price that can
be traded. If “the market” (also known as investors or specu-
lators) expects there to be a supply shortfall/demand excess,
prices go up; however, when the market expects there to be
a supply excess/demand shortfall, prices go down. In effect,



30 Metal Prices in the United States Through 2010

today’s expectations shaped by anticipated future events affect
price. This appears to be a particularly useful explanation of
price changes, especially when lacking actual and specific
events.

The predominant influence on the price of chromite ore

is the relationship between supply and demand and general
economic conditions. Stock levels relative to anticipated
consumption also affect material price. When supply does not
meet demand or when stocks appear to be insufficient, price is
expected to increase. Because stainless steel is the major end
use for chromium, world stainless steel production or antici-
pated production plays a major role in determining chromium
demand and is, therefore, a major influence on chromite ore
and ferrochromium prices. Strong demand for chromium
from the international stainless steel market resulted in price
increases from 1987 through 1989. Chromium industry
production capacity growth exceeded stainless steel industry
chromium consumption growth, which continued but at a rate
lower than that of ferrochromium production capacity. The
result was excess production capacity in the chromium ferroal-
loy industry that resulted in lower ferrochromium prices. In
1991, the dissolution of the Soviet Union resulted in decreased
demand for chromium from those markets and added chro-
mium products from the Soviet Union to world markets.
Both of these events exacerbated the downward pressure on
ferrochromium prices. The Asian financial crisis (1997-98)
resulted in a lower world demand for stainless steel that put
more downward pressure on ferrochromium prices.

The chromium industry’s production-capacity expan-
sion to meet sustained stainless steel demand was delayed
by chromium-consuming countries and their antiapartheid
policies, and by dissolution of the Soviet Union, an event
that reduced demand and put chromium-containing materials
on the market until 1994 as stocks in the Soviet Union were
sold off. It took until 1995 for world demand to catch up with
installed capacity as indicated by the ferrochromium value
increase in that year.

In 2003, the price of chromium rose following 2 consecu-
tive years of strengthening of the South African rand against
the U.S. dollar; in 2003 alone, the rand increased 24 percent
against the U.S. dollar. The rising cost of ferrochromium
production and a strengthening South African rand, along
with increased demand for ferrochromium and limited supply
of stainless steel scrap, caused the price of ferrochromium to
reach historically high levels in 2004. Carbon for electrodes
was in short supply as were electrical power and transportation
in South Africa. From 1991 to 2006, South African chromite
ore and ferrochromium smelter production capacity more than
doubled while that of other countries declined. Kazakhstan
and India became the second and third leading chromite ore
producers. Indian chromite ore and ferrochromium production
capacity also expanded while that of Albania, Croatia, Japan,
Zimbabwe, and other countries decreased.

Data for chromium consumption by the leading consum-
ers (China, Germany, Japan, and the United States) show that
China moved from the least amount of consumption to the

greatest amount from 1995 to 2006 and was the only lead-

ing consumer that substantially increased its consumption.
Percentage changes of the chromium price are similar to those
for China’s consumption. Chromium consumption growth was
driven throughout the time period by stainless steel production
growth in Asia; growth in Taiwan in the early part of the time
period; growth in the Republic of Korea and India throughout
the time period reported here; and growth in China that started
about 2000 and dominated the end of the time period. China’s
growth rate was more than double that of any of the other
countries. After 1993, chromite mine production and stainless
steel production rose similarly. Percentage changes of world
stainless steel and chromite mine production were similar for
the time period. Percentage change of chromium price was
similar to that of stainless steel production as was chromite
mine production (Papp and others, 2007, p. 67-76).

In 2007, China had the second ranked economy after that
of the United States. China’s impact on the mineral and metals
markets is greater than its proportional economic size might
indicate because China, unlike developed countries, is build-
ing infrastructure, a process that is mineral and metal inten-
sive. Prices rise, fall, or stay the same, but generally prices
have risen during the long term (at least in current dollars)
and fluctuated in the short term. In addition, the magnitude of
short-term price variations exceeds that of long-term trends.
Looking at frequently quoted prices (such as those in the trade
journals that report prices daily or weekly, or commodity
exchanges that quote prices even more frequently) obscures
long-term trends.

Two major events that affected metal prices from 1991 to
2006—dissolution of the Soviet Union and growth in China
starting about 1998—may be associated with these common
trends of production dips that were followed by declining
prices in the early part of the time period and were coincident
with dissolution of the Soviet Union, while rising production
after the dip and dramatically increasing prices at the end of
the time period were coincident with economic growth in
China. Dissolution of the Soviet Union reduced consump-
tion and added to supply. Sustained demand growth in China
exceeded world supply growth and support infrastructure
(electrical power and transportation) causing stock depletion
and rising prices (Papp and others, 2007, p. 95-109).

The price of metallurgical grade chromite ore (40 percent
Cr,0,) from South Africa declined in the 1990s because of
reduced ferrochromium consumption owing to reduced stain-
less steel production. Between 1999 and 2001, ferrochromium
consumption declined owing to falling stainless steel produc-
tion, increased availability of stainless steel scrap from Soviet
Union, and high industry stocks. Since 2001, consumption has
increased largely owing to increased demand for stainless steel
in China. Constrained electrical supply in South Africa limited
chromite ore and ferrochromium production resulting in a
price surge in 2008, subsequently mitigated by the recession
that resulted from the world financial crisis that took place
at about that time (Roskill Information Services Ltd., 2009,

p. 419-439).



The price of ferrochromium is strongly influenced by the
stainless steel industry, which is cyclic; as a result so is the
price of ferrochromium (fig. 2, table 2). Ferrochromium prices
fluctuate more sharply than stainless steel owing to destocking
and restocking during production cycles. The 2002 price mini-
mum resulted from coincident falling stainless steel demand
and ferrochromium overcapacity, high industry stocks amassed
in 2000, and increasing availability of Russian stainless steel
scrap. In 200304, stainless steel production rose driven by
Chinese production, inventories were reduced, and ferrochro-
mium production capacity utilization was high (90 percent for
leading producers), the rand strengthened against the U.S. dol-
lar (the currency of ferrochromium trade), and raw materials
prices rose. World stainless steel production grew from 2004
to 2008 driven by increased Chinese demand with production
driving ferrochromium prices steadily upward. Supply issues
in 2008 drove prices up. Ferrochromium production in South
Africa, the leading ferrochromium supplier, was restricted by
limited electrical power supply. Anticipated supply shortfall
led to panic buying (investment), which drove demand over
supply and resulted in surging prices. Global recession result-
ing from the global financial crisis gained momentum in 2008,
driving demand down and bringing supply in excess, resulting
in declining prices (Roskill Information Services Ltd., 2009,
p- 419-439).

After World War 11, gas turbine engines moved into com-
mercial airline use and electrical power generation. They are
now used to power civilian and military flight, electrical power
generation and surface transportation. The high temperature
oxidizing environments generated by these engines require
superalloys that include chromium. The price of chromium
metal depends on superalloy consumption, availability of Chi-
nese and Russian metal, and processing costs (fig. 3; table 3).
Chromium-containing superalloys are used in jet aircraft
engines used in transportation and international travel. Severe
acute respiratory syndrome (SARS) and 9/11 reduced air
travel (Roskill Information Services Ltd., 2009, p. 419-439)
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that was followed by reduced demand for chromium metal and
were thought to have contributed to the chromium metal price
decline that occurred during that time period.
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Table 1. Chromite ore value.

[Values in dollars per metric ton, gross weight]

Year Price Year Price Year Price Year Price
1940 13 1958 25 1976 61 1994 69
1941 12 1959 23 1977 57 1995 80
1942 16 1960 19 1978 55 1996 93
1943 20 1961 18 1979 60 1997 74
1944 21 1962 18 1980 63 1998 74
1945 21 1963 16 1981 61 1999 62
1946 17 1964 18 1982 65 2000 64
1947 19 1965 18 1983 60 2001 61
1948 24 1966 18 1984 56 2002 60
1949 22 1967 19 1985 54 2003 54
1950 20 1968 19 1986 49 2004 114
1951 20 1969 20 1987 49 2005 140
1952 25 1970 25 1988 69 2006 141
1953 28 1971 27 1989 84 2007 156
1954 26 1972 29 1990 72 2008 227
1955 23 1973 25 1991 71 2009 227
1956 25 1974 29 1992 70 2010 230
1957 27 1975 53 1993 65

Note:

Annual mass weighted-average chromite ore value based on quantity and declared free-on-board value of U.S. imports as reported in U.S. Customs statistics,
as reported by the U.S. Department of Commerce. Based on U.S. chromite ore import statistics from 1946 through 2009, average chromic oxide content plus or
minus average deviation is 43.6 + 1.9 percent; and chromium content, 29.8 + 1.3 percent.



Table 2.

Ferrochromium value.

[Values in dollars per metric ton contained chromium. NA Not available]
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Year Price Price Year Price Year Price
1947 295 1963 376 1979 945 1995 1,322
1948 344 1964 360 1980 972 1996 1,179
1949 352 1965 395 1981 961 1997 1,212
1950 363 1966 367 1982 1,008 1998 1,009
1951 411 1967 394 1983 737 1999 723
1952 442 1968 382 1984 833 2000 797
1953 556 1969 370 1985 914 2001 709
1954 NA 1970 401 1986 851 2002 646
1955 448 1971 464 1987 893 2003 835
1956 484 1972 422 1988 1,403 2004 1,322
1957 516 1973 392 1989 1,609 2005 1,425
1958 540 1974 600 1990 1,017 2006 1,290
1959 512 1975 1,061 1991 997 2007 1,951
1960 462 1976 916 1992 966 2008 3,728
1961 449 1977 826 1993 801 2009 2,085
1962 435 1978 686 1994 767 2010 2,400

Note:

Annual mass weighted-average ferrochromium value based on content quantity and declared free-on-board value of U.S. imports as reported in U.S. Customs
statistics by the U.S. Department of Commerce. Based on U.S. ferrochromium import statistics from 1947 through 1997, average chromium content plus or

minus average deviation is 59.2 + 3.4 percent.
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Table 3. Chromium metal value.

[Values in dollars per metric ton, gross weight. NA Not available]

Year Price Year Price Year Price Year Price
1956 1,852 1970 NA 1984 5,674 1998 7,569
1957 2,237 1971 2,003 1985 5,468 1999 6,267
1958 1,816 1972 2,206 1986 5,320 2000 5,976
1959 1,993 1973 2,491 1987 6,098 2001 6,116
1960 1,998 1974 3,030 1988 7,231 2002 5,767
1961 1,832 1975 4,486 1989 6,566 2003 5,272
1962 1,689 1976 4,350 1990 6,575 2004 5,823
1963 1,677 1977 4,938 1991 7,584 2005 8,007
1964 1,670 1978 NA 1992 6,671 2006 8,181
1965 1,661 1979 NA 1993 6,143 2007 8,331
1966 NA 1980 7,682 1994 6,031 2008 11,078
1967 NA 1981 7,475 1995 6,471 2009 9,896
1968 1,656 1982 6,018 1996 7,011 2010 10,000
1969 1,510 1983 4,491 1997 7,403

'Annual mass weighted-average chromium metal value based on quantity and declared free-on-board value of U.S. imports as reported in U.S. Customs statistics
reported by the U.S. Department of Commerce. Chromium metal is typically in excess of 99-percent pure.
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Cobalt (Co)
by Kim B. Shedd

The element cobalt was named after “kobald,” a mythical
spirit of Germanic folklore. Medieval miners thought that
kobalds poisoned their copper ores, but the actual culprits
were the arsenic-bearing cobalt minerals cobaltite and smaltite
(Young, 1960, p. 1-4).

The earliest known use of cobalt was to color blue glass
beads more than 4,000 years ago in ancient Persia. In the early
1900s, the glass and ceramics industries were still the leading
consumers of cobalt. During the next 4 decades, many new
uses were developed for cobalt metal and its compounds, and
by the mid-1940s, many of cobalt’s current uses had been
developed (Davis, 1948; Young, 1960, p. 1-4). By 2010,
cobalt was used in numerous diverse commercial, industrial,
and military applications, many of which were considered
strategic and critical. On a global basis, the leading use of
cobalt was in rechargeable battery electrodes. Superalloys,
which were used to make parts for gas turbine engines, were
another major use for cobalt. Cobalt metal or chemicals also
were used to make catalysts for the petroleum and chemical
industries; cemented carbides (also called hardmetals) and
diamond tools; corrosion- and wear-resistant alloys; drying
agents for inks, paints, and varnishes; dyes and pigments;
ground coats for porcelain enamels; high-speed steels; mag-
netic recording media; magnets; and rubber-adhesion promot-
ers for steel-belted radial tires.

Various forms of cobalt metal, including briquettes,
cathode (electrolytic cobalt), fines, granules (shot), ingot,
powder, and rondelles, have been produced and marketed.
Cobalt prices presented in the table for 1969 onward are for
cobalt cathode, which is produced by electrowinning (fig. 1;
table 1). In the electrolytic cell, cobalt metal is deposited on a
permanent cathode, usually as a sheet of cobalt metal. Fol-
lowing removal from the cathode, the sheet of cobalt can be
broken into small pieces and sold as “broken cathode” or cut
into squares and sold as “cut cathode.” In 2010, U.S. spot
prices quoted in Platts Metals Week were for cathode with a
minimum cobalt content of 99.8 percent.

In addition to general economic conditions and supply-
and-demand fundamentals, other factors have influenced
cobalt prices over time. Although the number of producers has
increased, cobalt has been produced in a limited number of
countries. The Democratic Republic of the Congo [also known
as Congo (Kinshasa) and formerly as Zaire or the Belgian
Congo] has been the dominant cobalt producer for most of the
period since the 1920s. Therefore, political and civil unrest
in that country has affected cobalt supply and prices. Until
late 1990, when a mine collapse in Zaire led to reduced mine
production and an increase in recovery of cobalt from stock-

piled partially refined materials, most cobalt was produced as
a byproduct of either copper or nickel mining, resulting in a
certain degree of supply inelasticity. Cobalt is considered to
be a strategic and critical metal, and as a result, purchases for
and sales from Government stockpiles have added to demand
and supply, respectively. Finally, the reasons for cobalt price
changes are not always evident, and sometimes have been
attributed to market manipulation, perceptions of supply-and-
demand conditions, or speculation.

Prior to the mid-1990s, the price of cobalt metal was
set primarily by producers. Before World War II, the leading
Belgian, British, Canadian, Finnish, and French producers
agreed to control cobalt supply and to maintain a uniform
price. Following the War, prices quoted by the Belgian Congo
were generally followed by other producers (Young, 1960,

p- 8). From the mid-1980s through the mid-1990s, Zaire and
Zambia cooperated in setting the producer price (Jones, 1986;
Cobalt Development Institute, 1987). During times when pro-
ducers controlled the market, the majority of cobalt sales were
conducted directly between producers or their sales agents and
consumers. These sales were conducted under medium- or
long-term agreements at the producer price or at the producer
price discounted for quality and quantity. In the early 1990s,
the African producers lost much of their influence on cobalt
prices (Kielty, 1992, p. 2). This was the result of reduced
production from Zaire and Zambia at a time when an increas-
ing amount of cobalt was entering the free market from other
countries. The producer price was renamed the “reference
price” in 1994, but lost its relevance within a few years. In
2010, cobalt was sold either under contract with a producer or
on the free market. The volume of free market sales has varied
over time and from country to country.

In the free market, sales are negotiated between produc-
ers and consumers, traders and consumers, or traders and other
traders. Cobalt can originate from producers, either officially
or unofficially; from Government stockpile releases; or from
consumers with excess metal. Free market prices published
by trade journals, such as Metal Bulletin, Platts Metals Week,
and Ryan’s Notes, are derived from information collected from
producers, consumers, and traders. This approach provides
historic rather than current prices, is not fully transparent,
relies on the knowledge and experience of the journalist(s)
compiling the prices, and has the potential for bias or manipu-
lation, particularly when a reported price change is the result
of a small tonnage of material traded (Tunna, 2004; Roskill
Information Services Ltd., 2011, p. 223).

Historically, cobalt prices were relatively stable until
the late 1970s, when a series of events resulted in concerns
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about cobalt supply and a rapid increase in prices to more than
$40 per pound. The key factors and events leading up to the
“cobalt crisis” included the cessation of cobalt sales from the
U.S. Government stockpile in 1976, a drawdown of Zairian
producer inventories following 2 years of sales exceeding
production, a sharp increase in demand, a reduction in cobalt
allocations by the Zairian producer, limited world cobalt
production capacity, and an invasion of the copper-cobalt
mining region in Zaire (Mining Journal, 1979; Kirk, 1985).
Although Zaire’s annual production actually exceeded that of
the previous year, the “cobalt crisis” had long-term impacts
on the cobalt market. For the first time in many years, a strong
free market in cobalt developed, and cobalt prices became
unstable.

Following the “crisis,” production capacity and recycling
and recovery of cobalt from secondary materials increased,
and consumers began conserving or substituting cobalt
where possible. The recession in the early 1980s added to the
reduction in demand and an oversupply developed (Kielty,
1988). Beginning in the mid-1980s, Zaire and Zambia worked
together to stabilize cobalt prices. They established a joint
producer price and limited sales of cobalt to the free market
(Kramer and Salak, 1984). In addition, Zaire acted as a “swing
producer” by reducing its production and inventories to meet
demand (Kielty, 1990, p. 2-3, 10). From late 1986 until mid-
1990, Zaire and Zambia were successful in returning stability
to cobalt prices.

Free market price stability ended during the second
half of 1990. In early 1990, delayed shipments from African
producers, planned cutbacks in nickel production by Canadian
nickel-cobalt producers, assumptions regarding reduced inven-
tory levels in Zaire, and tightening of free market cobalt sup-
plies caused concern about future cobalt availability. In July,
the free market cobalt price began to rise following reports of
strikes in Zaire and political unrest in Zambia. News of a cave-
in at Zaire’s Kamoto copper cobalt mine in late September
added to concerns about cobalt availability.

During 1990, Russia began exporting cobalt to Western
markets. The breakup of the Soviet Union, a reduction in
cobalt consumption by the Russian military sector, and an
increase in demand for hard currency led to increased exports
in 1991. As a result, Russia became a net exporter of cobalt,
and Russian cobalt developed into a significant component of
Western supply. Most of this cobalt was sold by traders in the
free market.

The free market cobalt price slowly decreased during
the first 9 months of 1991. Speculation continued during this
period regarding potential supply shortages, but demand was
limited by the economic recession. Political and economic
tensions in Zaire continued to increase. The price of cobalt
began to rapidly increase following news of renewed unrest
in September and October and increased to more than $30 per
pound in December 1991 through January 1992.

During 1992 and 1993, the free market cobalt price
trended downward to approximately $11 per pound by early
December 1993. The decrease was attributed to reduced con-

sumption because of lower U.S. defense spending, a decrease
in demand from the commercial aircraft sector, and an overall
economic downturn in the United States, Europe, and Japan;
reduced demand because of a drawdown of consumer invento-
ries; and good availability of cobalt on the free market.

Despite several years of decline in world refined cobalt
production, supplies of cobalt remained adequate through
most of 1993. The U.S. Government began selling excess
cobalt from the National Defense Stockpile (NDS) in 1993.
The NDS cobalt was available to traders as well as to consum-
ers, thus providing more cobalt to the free market. Although
cobalt from the NDS and Russia was a lower quality than that
typically offered to the market, consumers found ways to take
advantage of the availability and lower cost of cobalt from
these sources.

Beginning in mid-December 1993 and ending in mid-Jan-
uary 1994, the free market cobalt price more than doubled and
reached a high of $24 per pound. This price increase reflected
a growing concern about cobalt supply prompted by delays by
the African producers in announcing their 1994 pricing policy,
consumers’ reduced inventory levels resulting from buying
on an as-needed basis, press reports that the copper-cobalt
mining region in Zaire had declared autonomy from the rest
of the country, expectations for reduced production in 1994,
and traders’ reports of reduced supplies of Russian cobalt. The
magnitude and speed of the price increase, however, suggested
market manipulation (Kielty, 1994). In 1994, world mine pro-
duction of cobalt fell to its lowest level in 30 years.

In 1994 and 1995, the supply of cobalt increased. World
production increased, cobalt from Russia and the NDS
continued to contribute to supply, and the amount of cobalt
recovered from intermediate materials and recycled from scrap
increased. Economic conditions improved, and world demand
increased. During this 2-year period, the free market price
was high and somewhat unstable, although the overall trend
was upward, reaching more than $32 per pound by December
1995. High cobalt prices, combined with forecasts for large
increases in nickel demand, resulted in the initiation of a sub-
stantial number of projects that could produce cobalt within 3
to 6 years, either as a byproduct of nickel or copper mining or
from the processing of cobalt-bearing intermediate materials
stockpiled during past copper production.

Beginning in 1996, the annual average free market cobalt
price began a 7-year decline, in spite of significant short-term
fluctuations in price during the period. World cobalt pro-
duction continued to increase in 1996 and was expected to
continue to trend upward, owing to expanded production from
existing nickel producers, renewed interest in investing in
Congo (Kinshasa)’s copper-cobalt industry, and the anticipa-
tion of significant amounts of cobalt production from refining
nickel laterite ores using new pressure acid leaching technol-
ogy (Day, 1996; Searle, 1997). Market sentiment shifted from
concern about availability to forecasts of potential oversupply
as future production increased at a faster rate than demand
(Ryan’s Notes, 1996). Demand remained strong, but the free



market cobalt price fell below $21 per pound during the sec-
ond half of 1996.

During 1997, world production was approximately equal
to that of 1996, and demand remained strong. The free market
cobalt price fluctuated between approximately $19 and $26
per pound. From 1998 to early 1999, the price declined from a
high of approximately $26 per pound in January 1998 to a low
of $8 per pound in January 1999. This price decrease suggests
that plenty of cobalt was available to meet demand. World pro-
duction and sales and shipments of cobalt from the NDS were
higher in 1998 than in 1997. Additional possible contributing
factors for decreasing prices included reduced demand from
the former Soviet Union; consumers buying only as needed,
drawing down inventories, and delaying purchases while wait-
ing for the price to bottom out; producers offering cobalt at
low prices to reduce their inventories and (or) to gain market
share; and traders pushing down prices to buy cheaper cobalt
at a later date and (or) to gain market share (Cobalt Develop-
ment Institute, 1999; Metal Bulletin, 1999; Ryan’s Notes,
1999; Searle, 1999).

The free market cobalt price increased sharply in late
January 1999 and by mid-February had more than doubled to
$20 per pound. It then gradually declined until midyear, when
it increased to more than $22 per pound. High prices during
the first half of 1999 may have been from concern about a
pending shortage in supply, which did not materialize. One
analyst attributed the rise to market manipulation, although
reduced inventory levels were noted (Cobalt Development
Institute, 2000; Kielty, 2000).

In 1999, an Australian nickel producer introduced an
Internet-based system for selling its cobalt. The Cobalt Open
Sales System listed the availability and asking prices of the
company’s cobalt, as well as information on sales. For the
next decade, this system offered some market transparency
and was considered a benchmark for cobalt prices, in spite of
representing only a small portion of the total market. Dur-
ing this period, several producers and other suppliers briefly
sold cobalt via the Internet (WMC Ltd., 1999; Metal Bulletin,
2000).

Following the highs of mid-1999, the free market cobalt
price generally trended downward for several years. From
1999 through 2003, cobalt supply steadily increased, owing
to increases in production and continuing shipments of excess
cobalt from the NDS. Global demand for cobalt increased until
2001, when it decreased for the first time since 1992 owing
to weak economic conditions in major consuming countries
such as the United States and Japan, and a decrease in the
production of rechargeable batteries owing to high inventories.
The terrorist attacks in the United States on September 11,
2001, led to economic uncertainty, concern that renewed U.S.
industrial activity would be delayed, and financial problems
for the U.S. commercial airline industry, a major consumer of
superalloys (Searle, 2002; Shedd, 2002).

The free market cobalt price remained weak for most
0f 2002. U.S. consumption declined, particularly from the
superalloy sector; global cobalt production continued to
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increase, and by September, the price had dropped to a low of
$6 per pound. From late 2002 through early 2004, the price
increased—first gradually, then steeply, to reach a peak of $29
per pound in January 2004. The increase was attributed to tight
supply owing to a decrease in the production of refined cobalt
in Congo (Kinshasa), an apparent change in the sales strategy
for Russian cobalt, a brief strike at a Canadian nickel-cobalt
operation, increased consumption from China and the bat-
tery industry, expectations of increased consumption from the
superalloy industry, and a buildup of stocks by consumers and
traders. In 2004, China imported increasing amounts of cobalt
ores and concentrates from Congo (Kinshasa) and became the
world’s leading producer of refined cobalt; more than one-half
of China’s cobalt consumption was for battery production
(Metal Bulletin, 2003; Searle, 2004; Chen, 2005; Tomlinson,
2005; Roskill Information Services, Ltd., 2007, p. 287).

Following the peak in early 2004, the free market cobalt
price generally trended downward for the next 2 years, reach-
ing a low of nearly $12 per pound in late 2005. Supply and
demand were roughly in balance. From 2006 through early
2008, the price was unstable but gradually and then steeply
trended upward as demand for cobalt increased and supply
tightened. The price doubled in 2006, and then doubled again
by March 2008, when it reached a peak of $54 per pound. The
escalation in price was attributed to concern about availability
during a period of good demand for cobalt from all consum-
ing sectors. Contributing factors included reductions in power
supply to African producers, lost production by an Australian
producer following an interruption in gas supply, and low
producer inventories. A consolidation of cobalt suppliers was
also cited as contributing to increased prices. In late 2006, the
leading Russian producer committed most of its cobalt output
to the world’s leading cobalt refiner under a 5-year supply
agreement, and shortly thereafter, a leading trading firm was
selected to market all of the cobalt produced in Norway. Dur-
ing this time, much of the increase in consumption was for
the production of batteries in China, which depended heavily
on imported raw materials. Reduced exports of unprocessed
cobalt concentrates from Congo (Kinshasa) in 2006 and 2007
led Chinese consumers to draw down stocks in 2007 to meet
demand (Ryan’s Notes, 2006; Cobalt Development Institute,
2007, 2008; Roskill Information Services, Ltd., 2007, p. 288;
Baker, 2008, p. 3, 5, 8-9; Darton Commodities Ltd., 2008,

p. 1,3,5).

Following the peak in March 2008, the free market cobalt
price declined sharply as exports of raw materials from Congo
(Kinshasa) increased, Chinese production of refined cobalt
increased, and consumers postponed purchases in a declining
market. By August, the price had decreased by more than 50
percent to approximately $25 per pound. It rebounded briefly
to nearly $39 per pound in September, before decreasing to
less than $13 per pound in December. The decrease during the
fourth quarter of 2008 was in response to the global financial
crisis and economic downturn that followed. These events
caused reduced demand for commodities and rapidly decreas-
ing prices, which led to reductions in cobalt production and



40 Metal Prices in the United States Through 2010

delays to future production from new projects (Darton Com-
modities Ltd., 2008, p. 1, 3, 5-6; Platts Metals Week, 2008;
Seeking Alpha, 2008).

During 2009, the free market cobalt price was unstable,
but generally trended upward, reaching a high of $23.50 per
pound in November. Global demand was less than that of
2008, despite an increase from China, and global produc-
tion of refined cobalt was higher than that of 2008. Higher
prices towards the end of the year were attributed to increased
demand, particularly from the battery sector, combined with
concerns about short-term supply because of strikes in Canada
and a delayed restart of production from a Zambian refinery.
Speculative purchases in advance of the launch of a cobalt
futures contract on the London Metal Exchange (LME) were
also cited as contributing to higher prices (CRU International
Ltd., 2009, p. 5).

The LME cobalt futures contract was launched in Febru-
ary 2010. Under terms of the contract, cobalt metal was to be
traded in 1-metric-ton lots of minimum 99.3-percent cobalt
with warehouses in Asia, Europe, and the United States as
delivery points. By yearend, cobalt from 11 producers had
been approved for delivery against the contract. Before the
cobalt contract was launched, some companies announced
that they planned to use LME cobalt prices as reference prices
for their sales contracts (Metal Bulletin, 2010; London Metal
Exchange Ltd., The, 2010).

Although the free market cobalt price fluctuated during
2010, the overall trend was downward to a low of $16 per
pound in November, before recovering slightly by yearend.
Cobalt demand increased with the improved global economic
situation and increased industrial activity, and was higher than
that of 2007, the year preceding the global financial crisis.
Supply also increased, particularly from production from
new copper-cobalt operations in Congo (Kinshasa). Global
increases in cobalt supply from existing producers and new
projects were expected to outpace increases in consumption
within a few years, which could lead to an oversupply of
cobalt and downward pressure on prices (Collignon, 2011).
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Figure 1. Average annual cobalt prices.
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Significant events affecting cobalt prices since 1970

1970-76
1978
1981-82
1984
1990

1990-91
1991
1992-93
1993-94
1993-2009
1994-2005
1994

1995
1995-2010
1996
1996-97

1998
1999-2009
2001

2001-02
2003-04
2003
2004
200607
2008-09
2010

Sales of significant quantities of cobalt from U.S. Government stockpile

Strong cobalt demand; Zaire’s copper cobalt mining region invaded; free market developed

Sharp recession

Zaire and Zambia established a joint producer price and limited sales of cobalt to the free market

Strikes in Zaire and political unrest in Zambia; cave-in at Zaire’s Kamoto copper cobalt mine; Russia began
exporting cobalt to Western markets

Recession

Unrest in Zaire; dissolution of the Soviet Union and increased cobalt exports from Russia

Economic downturn and decrease in U.S. defense spending

Low global production and concern about cobalt supply led to a sharp increase in prices

Sales of cobalt from the U.S. Government stockpile

Yearly increases in global production of refined cobalt

Zaire’s and Zambia’s producer price was changed to a reference price

Last year that Zaire’s and Zambia’s reference price was updated

Rapid increase in use of cobalt to make rechargeable batteries

Shift from concern about potential undersupply to potential oversupply

Zaire renamed the Democratic Republic of the Congo following a change in administration; renewed interest in
investing in Congo’s copper-cobalt industry

First cobalt production from new pressure acid leaching technology for refining nickel laterite ores

Internet-based cobalt sales via Cobalt Open Sales System

September 11th terrorist attacks in the United States; first year that global cobalt demand decreased since 1992;
beginning of rapid increase in Chinese production and consumption of refined cobalt

Slowdown in world economy

Tight supply during a period of increasing demand

Batteries overtook superalloys as leading use of cobalt

China became the world’s leading producer of refined cobalt

Reduced exports of raw materials from Congo (Kinshasa); consolidation of cobalt suppliers

Financial crisis and global economic downturn

Launch of cobalt contract on the London Metal Exchange (LME)
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Table 1. Annual average cobalt price.

[Values in dollars per pound]

Year Price Year Price Year Price Year Price
1937 1.29 1956 2.58 1975 3.98 1994 24.66
1938 1.36 1957 2.03 1976 4.47 1995 29.21
1939 1.40 1958 2.00 1977 5.62 1996 25.50
1940 1.50 1959 1.77 1978 24.52 1997 23.34
1941 1.50 1960 1.54 1979 32.83 1998 21.43
1942 1.50 1961 1.50 1980 21.82 1999 17.02
1943 1.50 1962 1.50 1981 15.67 2000 15.16
1944 1.50 1963 1.50 1982 8.56 2001 10.55
1945 1.50 1964 1.50 1983 5.76 2002 6.91
1946 1.50 1965 1.63 1984 10.44 2003 10.60
1947 1.58 1966 1.65 1985 11.43 2004 23.93
1948 1.65 1967 1.85 1986 7.49 2005 15.96
1949 1.76 1968 1.85 1987 6.56 2006 17.22
1950 1.80 1969 1.92 1988 7.09 2007 30.55
1951 2.18 1970 2.20 1989 7.64 2008 39.01
1952 2.40 1971 2.20 1990 10.09 2009 17.86
1953 2.43 1972 2.45 1991 16.92 2010 20.85
1954 2.60 1973 3.04 1992 22.93
1955 2.60 1974 3.47 1993 13.79

Notes: Annual average prices were derived from price changes reported in the following sources:

1937-77, contract or producer price, domestic quotation for cobalt metal, in U.S. Bureau of Mines Minerals Yearbook; origins of prices are unknown.

1978, free market price, cobalt metal, in Engineering and Mining Journal, v. 180, no. 3, 1979, p. 138.

1979, free market price, cobalt metal, in Engineering and Mining Journal, v. 181, no. 3, 1980, p. 112.

1980, European free market price, 99.5-percent cobalt metal, in Metal Bulletin Handbook, 1981, p. 73.

1981, European free market price, 99.5-percent cobalt metal, in Metal Bulletin Handbook, 1982, p. 51, and U.S. spot price, 99.5-percent cobalt cathode, in
Metals Week.

1982-92, U.S. spot price, 99.5-percent cobalt cathode, in Metals Week.

1993, U.S. spot price, 99.8-percent cobalt cathode, in Metals Week.

1994-2010, U.S. spot price, 99.8-percent cobalt cathode, in Platts (Platt’s) Metals Week.
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Copper (Cu)

by Daniel L. Edelstein

Copper, the first metal used by humans more than 10,000
years ago, is one of the most important materials in the
development of civilization. Though copper is usually found
in nature in association with sulfur, native copper metal found
in a few places around the world was the most likely source
of early copper used first for decorative and then for utilitar-
ian purposes. The alloying of copper with tin to form bronze,
a harder, stronger, and more readily cast metal, gave rise to an
era bearing its name. With the dawn of the industrial revolu-
tion in Europe and the first transmission of electricity in the
18th century, demand for greater quantities and higher purity
led to significant improvements in the mining, processing, and
refining of copper metal. Its relatively low-cost availability
and excellent electrical conductivity (second only to silver),
combined with its properties of high ductility and thermal con-
ductivity, malleability, and corrosion resistance, have resulted
in copper becoming a major industrial metal that ranks third
after iron and aluminum in terms of quantities used. Currently,
more than 70 percent of copper used is in electric and elec-
tronic applications distributed throughout all sectors of the
economy, and it is ubiquitous in our lives through use in the
generation and distribution of electricity and the circuitry of
all of our electronic items. Other uses include plumbing tube,
heat exchangers, building hardware and roofing, and coinage.
New uses of copper are found in such applications as silicon-
based computer chips, solar and wind power generation,
superconducting cables for the electric grid, antimicrobial
touch surfaces, and rotors in energy-efficient motors.

Historically, wirebar was the dominant form of cop-
per traded, and the price for refined copper wirebar was the
“bellwether” price for copper. By the mid-1970s, however,
technology had changed to continuous casting and drawing
of wire rod directly from refined cathode, thus bypassing the
need to cast wirebar. Even though more than 50 percent of
primary copper produced in the United States is traded as rod
by integrated mine producers, the high-grade copper cathode
price is used as the “base” price for most transactions.

About 60 percent of domestic primary refined copper
is produced from a multistage process, beginning with the
mining and concentrating of ores, and followed by smelting
and electrolytic refining to produce a high-grade cathode. The
remaining 40 percent is produced from acid leaching of copper
ores and wastes and solvent extraction and electrowinning of
refined copper from the pregnant solution. Though historically
most domestic producers have had a high degree of vertical
integration, copper products from each stage of processing
have their own independent markets and are traded globally.
Each product has its own pricing procedure that is linked,

for the most part, to its copper content and the market price
for refined copper. For example, copper concentrates, which
contain between 20 percent and 35 percent copper, are pur-
chased on the basis of the refined copper market value of their
recoverable copper content, with charges taken for smelting
and refining. Penalties may be assessed by the smelter/refiner
for unwanted contaminants or low grade, and credits may be
given for recoverable byproducts. Even though the smelting
and refining charges are driven by processing cost factors, they
may fluctuate significantly according to the market balance
for concentrates and may be influenced by copper prices in
protected markets and price sharing arrangements with miners.
Similarly, prices for copper scrap are discounted from the
refined value of the recoverable copper content to allow for
processing costs and profit. Though the discount from refined
copper must be sufficient to account for processing costs,
market conditions for each type of scrap will affect the price.

Until the late 1970s, domestic copper prices were gener-
ally referenced to the U.S. producer price (fig.1; table 1). The
traditional U.S. producer price, which normally included a
charge for delivery and insurance, was based on annually
negotiated sales contracts, with prices changing at least quar-
terly. The producer price system offered stability and served
the interests of both the producer and the consumer. Producer
prices tended to be higher than commodity exchange prices
during weak markets and less than the exchange prices during
high demand periods. During periods of tight supply, U.S.
mills, most of which were producer-owned subsidiaries, were
given allocations assuring them of reasonably priced supplies.
Although the producer pricing provided stability for contract
purchases, it created a two-tiered price structure, where spot
purchases and exchange prices were significantly different
from producer prices. During the peak demand period of the
Vietnam War, 1964—-69, the average London Metal Exchange
Ltd. spot price was $0.575 per pound, compared with only
$0.38 per pound for the domestic producer price.

Beginning with the nationalization of foreign produc-
tion in Africa and Chile in the 1960s and early 1970s, the U.S.
producers’ influence on domestic and world markets weak-
ened, and domestic producer pricing became more market
sensitive, changing frequently to track global prices. Periods
of surplus supply, which took place from the mid-1970s to the
mid-1980s also contributed to the decreased influence of U.S.
producer prices on world markets as surplus supplies flowed to
the exchanges. As a result, U.S. producers abandoned classic
producer pricing, some in 1978 and others in the early 1980s,
and changed to a COMEX-based pricing system. Using the
first-position COMEX price as a base, producers began to
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quote premiums that generally included transportation and
insurance costs (Jolly, 1991). The producer price quote came
to reflect a weighted average of the delivered price of cop-
per to domestic consumers by domestic producers. Since the
adoption of COMEX-based pricing, the producer price margin
has averaged about 5 cents per pound of copper, generally
increasing at times of low prices and decreasing during high
prices and ranging between an annual average of 2 cents and
7 cents per pound. During the high-price period from 2004 to
2010, the producer premium averaged 5.6 cents per pound,
not significantly different from the 30-year average. While the
traditional producer prices provided a buffer to price shifts,
speculative influence on a COMEX-based pricing system has
resulted in increased price volatility, especially during tight
markets, such as from late 1987 through 1989, 1995 through
1997, and 2003 through 2010. Periods of stock surpluses and
generally lower prices tend to create greater price stability.

In response to the greater volatility of COMEX-based pric-
ing, producers and consumers have increasingly used futures
markets to hedge their sales and purchases.

Strike periods that take place with expiration of labor
contracts have a significant effect on copper prices. The two
6-month strikes in 1946 and 1959, the 9-month strike in
1967-68, and the 5-month strike in 1980 were of particular
significance. The 1967—68 strike had the most significant
impact because it coincided with a period of high international
demand occasioned by the Vietnam War and an unusually high
period of worldwide economic growth. Government releases
of stockpile material were used to alleviate shortages during
each of these incidents, with the exception of the 1980 strike,
which took place during a period of high commercial invento-
ries and low Government stocks.

Since at least 1990, mines with capacities that are larger
than 100,000 metric tons per year (t/yr) of copper have
constituted from 65 percent to 70 percent of global copper
mine capacity, and the largest 20 copper mines have accounted
for about 40 percent of global capacity. Given a frequently
close balance between production and consumption, disrup-
tions to production at any given large mine can affect prices.
For example, from 1989 to 1991, a series of events tem-
pered what might have otherwise been a modest oversupply
period. These events included political insurgencies and labor
strikes at foreign producers that closed a 180,000-t/yr mine in
Papua New Guinea and severely reduced production in Zaire
[now Congo (Kinshasa)]. In 2003, in the face of high global
inventories, the leading global copper mine producer altered
its mine plan by processing lower grade ores and effectively
reducing its capacity by 200,000 t/yr of copper. Similarly, a pit
wall failure in Indonesia and a mine strike in Mexico reduced
production and contributed to a price spike in 2006.

Governments’ interventions in economic policies or
directly in copper markets have had significant effects on cop-
per prices. The U.S. Government has taken action during peri-
ods of war and national emergency to control prices and levy
tariffs, to impose export quotas, to provide price supports, to
lend monies for expansion and exploration, to guarantee pro-

duction purchases, and to buy and sell for the national stock-
pile. Most of these strategies, including the use of price con-
trols (1971-74) were applied most recently during the Vietnam
War. Beginning in the mid-1960s with the nationalization of
copper mines in Chile, Congo (Kinshasa), and Zambia, the
private copper mining industry (principally U.S. owned) lost
a significant share of its net equity and influence in copper
and its ability to adjust production at times of surplus. In 1978
and 1983, which were periods of depressed copper prices, the
U.S. industry unsuccessfully filed suit with the International
Trade Commission to restrict imports of “low-priced” cop-
per. Currency devaluations by copper-exporting counties had
served to lower their costs and maintain production levels.
In 1967, the Intergovernmental Council of Copper Exporting
Countries (CIPEC) was formed by countries accounting for
about 40 percent of global copper mine production. Its attempt
to intervene in the depressed copper market in 1975 by limit-
ing production of member countries to 90 percent of normal
production and by reducing CIPEC-country copper exports
by 15 percent was not fully observed and was unsuccessful in
stimulating a price rise (Mikesell, 1979, p. 187-215).

Although the price of copper has been influenced by busi-
ness cycles, government policy, and technological changes,
production costs and the balance or imbalance between supply
and demand have ultimately been the principal determinants.
The above influences, combined with the large capital invest-
ment and long lead times required to develop new mines,
have resulted in a highly cyclical copper industry. World mine
production reached a peak in 1974 at the height of a major
economic recession; this followed capacity growth stimu-
lated by the high-demand Vietnam War years. The resulting
oversupply kept prices depressed for 4 years. Strong growth in
consumption in the latter part of the 1970s led to tight sup-
plies, high prices, and expansions in global capacity. When a
sharp economic recession began in 1981, world mine produc-
tion and capacity were again reaching peak levels. The result-
ing oversupply depressed prices for 5 years and resulted in the
initial shutdown of about one-third of U.S. mine production.
The large surplus and low prices discouraged new production
for 3 years and set the stage for the tight supplies and high
prices that ensued from 1987 to 1990. Similarly, a recession in
2001 led to a large inventory surplus and a sustained period of
low prices.

World copper inventories began to rise in 1990 with
the onset of a global recession and, except for a dip in 1992,
continued to rise through most of 1993. Though relatively
high by historical standards, copper prices declined as copper
inventories rose. In 1992, a short-lived dip in inventories
that was attributed to a bottleneck in smelter capacity caused
prices to spike upward for several months before resuming
their downward trend. Despite rising London Metal Exchange
(LME) inventories, a second spike in prices took place in mid-
1993; a spot shortage of copper developed that was attributed
to market control by several large market participants. Prices
plummeted in September when the LME intervened to limit



price backwardation (forward prices selling at a discount to
spot prices).

Prices rose sharply in 1994 following a strong growth
in world demand, which had stagnated during the preced-
ing 3 years, and the onset of a production deficit. The rapid
growth in world demand, fueled by the United States and Asia,
stimulated a surge in new capacity development, particularly
in South America. Changing political/investment climates,
including increased government stability and privatization
efforts, made foreign investment more attractive to companies
that sought to protect themselves from future downturns by
investing in lower cost production. An anticipated surplus
in production was delayed, in part, by higher-than-expected
consumption and by production disruptions, including political
strife in Africa, which reduced expected output. In June 1996,
copper prices plummeted from the high level of the previous
18 months, the producer price falling to $0.94 per pound, fol-
lowing revelations by Sumitomo that it had lost several billion
dollars on unauthorized copper trades and speculation by
industry that Sumitomo held large unreported copper inven-
tories (Platt’s Metals Week, 1996). Following the sharp drop
in prices, however, an increasingly tight copper supply caused
prices to rise to $1.20 per pound.

With the onset of the Asian economic crises in 1997,
demand failed to keep pace with production increases, and a
global copper surplus developed. Yearend 1998 inventories
held in global metal exchange warehouses (COMEX, LME,
and the Shanghai Futures Exchange) rose to 760,000 metric
tons (t) from 457,000 t at yearend 1997. The constant dollar
copper price in 1998 fell to the lowest level since the Great
Depression of the 1930s. Prices continued their downward
trend for the first half of 1999, and exchange warehouse stocks
reached a new record high of almost 900,000 t. Prices trended
upward in the second half of 1999 to about $0.80 per pound
as stocks stabilized and North American and South American
producers announced production cutbacks.

In 2000, strong consumption growth (led by Asia) and
mine production cutbacks resulted in the global production-
to-consumption balance shifting from a surplus to a deficit.
Combined yearend inventories on the global exchanges fell
by more than one-half to about 524,000 t, and the monthly
average COMEX price ranged between $0.77 and $0.91 per
pound. The deficit market, however, was short lived owing to
the onset of a global recession in 2001. Demand for refined
copper in 2001 declined for the first time in 10 years, invento-
ries rose, and the COMEX price fell below $0.70 per pound of
copper. Global exchange inventories continued to rise through
April 2002, peaking at more than 1.5 million metric tons (Mt).
By yearend, however, inventories began to fall owing to cut-
backs in production and the emergence of China as the leading
global consumer of refined copper, displacing the United
States. Apparent consumption of copper in China rose to 2.8
Mt in 2002 from only 1.5 Mt in 1999. Though trending down-
ward through the first three quarters of 2003 to below 1 Mt,
large overhanging exchange inventories kept prices relatively
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low, and the COMEX copper price averaged only about $0.77
per pound for the first three quarters of 2003.

In October 2003, in response to a continued slide in
global exchange inventories and concerns over supply disrup-
tions, prices began a steep climb, the COMEX price peaking
at yearend at $1.04 per pound. This marked the beginning of
an upward trend in copper prices to increasingly higher record
levels that persisted until the onset of the global financial
crisis during the fourth quarter of 2008. By yearend 2004,
global exchange inventories had fallen to 124,000 t, and the
COMEX copper price had risen to a then record-high monthly
average of $1.43 per pound. Though volatile, copper prices on
average continued to climb. In May 2006, the COMEX price
reached a new record daily high of $4.08 per pound of cop-
per, and in April 2008 reached a new record monthly average
high of $3.94 per pound. According to data compiled by the
International Copper Study Group (ICSG) (2010, p. 9), the
balance between refined copper production and consumption
showed an almost continuous production deficit and a cumula-
tive production deficit (2003—07) of almost 1.4 Mt of refined
copper. Though trending slightly upward from yearend 2004,
global exchange inventories remained very low by historical
standards.

Several factors contributed to the market imbalance and
rise in prices. According to ICSG data (International Cop-
per Study Group, 2010, p. 25), global consumption of refined
copper rose by 16 percent (2.5 Mt) from 2003 to 2007, led by
a 60-percent growth (1.9 Mt) in China’s apparent consump-
tion of refined copper. Meanwhile, despite a 2.7-million-
metric-ton-per-year (Mt/yr) growth in global mine production
capacity (International Copper Study Group, 2011b, p. 13),
mine production rose by only 1.7 Mt. Factors that contributed
to a lower mine capacity utilization rate (85.4 percent in 2007
compared with 89.7 percent in 2003) included shortages of
equipment, supplies, utilities, and labor that accompanied the
coincident production growth and demand increases for cop-
per and other mineral and agricultural commodities; techni-
cal problems associated with capacity expansion and startup
of new operations; and labor and political unrest, at least in
part attributed to higher copper prices. The above limitations
reduced miners’ ability to produce additional copper at any
price. Despite a significant increase in production costs, prices
rose significantly above marginal production costs as increased
investment interest in commodities spurred a global runup in
prices across mineral commodities.

Global copper consumption and prices continued their
upward trend through the first 9 months of 2008. In October,
however, with the onset of the global financial crisis, prices
began a sharp downward spiral that did not come to a halt until
December 24, when the COMEX price fell to $1.25 per pound
of copper, the lowest level since September 2004. Despite a
year-on-year growth for the first 8 months of 2008, global con-
sumption of copper for the full-year 2008 was down slightly
from that of the previous year.
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Copper prices trended sharply upward in 2009 and 2010,
the COMEX price rebounding to an average monthly price of
$3.19 per pound in December 2009, and a new record-high
daily price and monthly average price of $4.27 and $4.17
per pound, respectively, in December 2010. Though global
exchange inventories rose to almost 790,000 t at yearend
2009, cutbacks in production in response to the economic
crises and a 38-percent growth (2008—09) in China’s apparent
consumption spurred concerns over future supply adequacy
and renewed speculative interest (International Copper Study
Group, 2011a, p. 19). Global recovery outside of China in
2010, which helped sustain a renewed growth in global copper
consumption and a continuing downward trend in mine capac-
ity utilization, led to a decline in global exchange inventories,
increased speculative interest, and the runup in prices.
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Figure 1. Annual average U.S. producer copper prices.
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Significant events affecting copper prices since 1970

1970-73

1974

1975-77
1978-80

1981
1982-84
1985-6
1987-89
1990-92

1993

1994-95

1996

1997-98

1999-2000

2001-02

2004-07

2008
2009-10

Continued high wartime demand, though export controls and set-asides instituted to meet defense needs were
eased; two-tier pricing generates Government concern; price controls limit price rise; nationalization of U.S.-
owned Chilean properties; the Organization of Petroleum Exporting Countries oil embargo begins

End of price controls and strong demand caused first-half price rise before second-half economic reversal; last
wartime-related stockpile release (229,000 metric tons); fixed exchange rates abandoned

Demand dropped precipitously owing to recession; copper inventories rose to record levels; high price volatility

Record copper consumption and lower stock levels; rising precious metals prices; S-month labor strike; beginning
of Commodity Exchange, Inc. (COMEX)-based pricing

Large growth in domestic and world production; rising inventories

Recession; inventory buildup; U.S. production sharply curtailed; expansion of COMEX-based pricing

Drawdown of high copper inventories; cutback in capacity at U.S. mines; cost cutting and efficiency moves

Historically low inventories; growing world consumption; prices peaked at $1.68 in December 1988

Global supply constraints balanced recession; dissolution of the Soviet Union and political turmoil in Africa;
precarious supply/demand balance led to price volatility

Stagnant world demand and rising inventories; London Metal Exchange (LME) intervention in market caused
sharp price drop in September

Strong global demand growth, sharp inventory decline, highest annual price to date; LME opened U.S. ware-
houses

Sumitomo Corp. revealed huge trading losses, and prices plummeted at midyear despite global inventory decline

Asian economic crises and rapid expansion of global capacity combined to generate large global surplus

Asian demand growth and production cutbacks reduced oversupply and encouraged higher prices

Global recession reduced demand and led to large inventory buildup; China displaced the United States as leading
world consumer of refined copper

Explosive growth in China’s demand, production disruptions, and delays in new capacity constrained supply;
global exchange inventories fell to minimal levels and copper prices rose to new record-high levels, buoyed by
investment interest

Onset of global economic crisis in fourth quarter caused prices to plummet and inventories to rise

Copper prices rebounded owing to extraordinary growth in China’s apparent consumption, continued supply con-
straints, and renewed interest in commodity investment; China accounted for 38 percent to 39 percent of world
demand, up from 12 percent in 2000
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Table 1. Annual average U.S. producer copper price.

[Values in cents per pound]

Year Price Year Price Year Price Year Price
1850 22.00 1891 12.80 1932 5.79 1973 59.49
1851 17.00 1892 11.60 1933 7.28 1974 77.27
1852 22.00 1893 10.80 1934 8.66 1975 64.16
1853 22.00 1894 9.50 1935 8.88 1976 69.59
1854 22.00 1895 10.70 1936 9.71 1977 66.77
1855 27.00 1896 10.80 1937 13.39 1978 65.81
1856 27.00 1897 11.29 1938 10.22 1979 92.19
1857 25.00 1898 12.03 1939 11.20 1980 101.31
1858 23.00 1899 16.70 1940 11.53 1981 84.21
1859 22.00 1900 16.19 1941 12.00 1982 72.80
1860 23.00 1901 16.10 1942 12.00 1983 76.53
1861 22.00 1902 11.63 1943 12.00 1984 66.85
1862 22.00 1903 13.20 1944 12.00 1985 66.97
1863 34.00 1904 12.80 1945 12.00 1986 66.05
1864 47.00 1905 15.60 1946 14.04 1987 82.50
1865 39.20 1906 19.30 1947 21.27 1988 120.51
1866 34.20 1907 20.00 1948 22.32 1989 130.95
1867 25.40 1908 13.20 1949 19.50 1990 123.16
1868 23.00 1909 13.11 1950 21.58 1991 109.33
1869 24.20 1910 12.88 1951 24.50 1992 107.42
1870 21.20 1911 12.55 1952 24.50 1993 91.56
1871 24.10 1912 16.48 1953 29.05 1994 111.05
1872 35.60 1913 15.52 1954 29.94 1995 138.33
1873 28.00 1914 13.31 1955 37.51 1996 109.04
1874 22.00 1915 17.47 1956 42.00 1997 106.92
1875 22.70 1916 28.46 1957 30.17 1998 78.64
1876 21.00 1917 29.19 1958 26.31 1999 75.91
1877 19.00 1918 24.68 1959 30.99 2000 88.16
1878 16.60 1919 18.19 1960 32.34 2001 76.85
1879 18.60 1920 17.50 1961 30.32 2002 75.80
1880 21.40 1921 12.65 1962 31.00 2003 85.01
1881 19.20 1922 13.56 1963 31.00 2004 134.20
1882 19.10 1923 14.75 1964 32.35 2005 173.57
1883 16.50 1924 13.28 1965 35.36 2006 314.75
1884 13.00 1925 14.30 1966 36.00 2007 328.00
1885 10.80 1926 14.05 1967 38.10 2008 319.16
1886 11.10 1927 13.05 1968 41.17 2009 241.38
1887 13.80 1928 14.81 1969 47.43 2010 348.34
1888 16.80 1929 18.35 1970 58.07
1889 13.50 1930 13.23 1971 52.09
1890 15.60 1931 8.37 1972 51.44
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Notes:

1850-96, New York price for Lake copper (99.9-percent-pure copper), in Loughlin, G.F., Prefatory note on the report on gold, silver, copper, lead, and zinc,
Mineral Resources of the United States 1922, Part I, U.S. Geological Survey, 1925, p. 127a.

1897-98, New York price for Lake copper (99.9-percent-pure copper), in Engineering and Mining Journal.

1899-1908, Electrolytic (99.9-percent-pure copper) refinery price in New York, in Engineering and Mining Journal.

1909-22, Electrolytic (99.9-percent-pure copper) domestic f.o.b. refinery, in American Metal Market.

1923-72, Electrolytic (99.9-percent-pure copper) domestic delivered to Connecticut price, in American Metal Market.

197377, U.S. producer electrolytic (99.9-percent-pure copper) wirebar, in Metals Week.

1978-92, U.S. producer cathode (99.99-percent-pure copper), in Metals Week.

1993-2010, U.S. producer cathode (99.99-percent-pure copper), in Platts (Platt’s) Metals Week.
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Gallium (Ga)
by Brian W. Jaskula

In 1875, French chemist Lecoq de Boisbaudran isolated
an element and named it gallium, a derivative of Gallia, the
Latin name for France. Gallium was initially produced in the
United States in 1915 from residues obtained in the redistilla-
tion of spelter in the extraction of zinc from zinc concentrates
(Petkof, 1985).

Prices shown in the graph are for gallium of
99.9999-percent purity (fig. 1; table 1). This grade has been
used since the 1960s in gallium-arsenide (GaAs)-based opto-
electronic devices, including light-emitting diodes (LEDs),
laser diodes, and solar cells. From 1936 to 1960, prices for
99.9-percent-pure gallium were quoted at $3,000 per kilo-
gram; this grade of metal, however, had very limited uses in
commercial applications. Most of its consumption was for
experimental purposes; small quantities were used in high-
temperature thermometers and low-melting-point alloys, and
as a specialized mirror coating. Consequently, there was little
relationship between prices prior to 1960 and those after that
time, when commercial applications were developed.

Gallium is recovered primarily as a byproduct from the
refining of bauxite to alumina. As a byproduct metal, price
trends for gallium are not significantly influenced by macro-
economic factors; rather, they are driven by gallium supply
and demand relationships. The large drop in prices in the early
1960s was principally because of technologic improvements in
gallium recovery and purification processes. Commercial gal-
lium extraction techniques were introduced in the late 1950s
(Beja, 1951; de la Breteque, 1957). As these processes were
improved, the availability of gallium became greater, but the
demand did not increase.

Introduction of the GaAs-based LED changed the con-
sumption pattern of gallium from that of a laboratory curiosity
to a metal with some consumer applications. LEDs, used in
consumer applications such as displays in digital watches
and handheld calculators, were responsible for large annual
increases in demand from 1966 to 1973. To capture the LED
market, gallium prices continued to drop throughout this
period.

Research and development of GaAs’s semiconducting
properties, which were begun in the mid-1960s, has contin-
ued as potential applications for the material continue to be
evaluated (Brodsky, 1990). GaAs-based integrated circuits
have been developed and have made inroads into low-volume
applications, such as sophisticated military warfare systems

and supercomputers. Because these are low-volume applica-
tions and the quantity of gallium used per unit produced is
small, gallium’s raw material cost is not a significant factor

in the item’s final cost. The demand for gallium, therefore,
has not increased to a level that cannot be met by existing
supplies, and there has been no incentive to increase gallium’s
price. Although gallium prices have decreased as its uses have
grown, it is still used in small quantities compared with many
other metals and only in specialized applications where its
properties are crucial.

By 2010, GaAs demand was driven mainly by cellular
handsets and other high-speed wireless applications, and
increasingly by feature-rich, application-intensive, third- and
fourth-generation “smartphones,” which employ consider-
ably higher GaAs content than standard cellular handsets.

The rapidly growing high-brightness LED industry was also a
significant driver for GaAs- and GaN (gallium nitride)-based
technologies. The backlighting of computer notebook screens,
flat-screen computer monitors, and flat-screen televisions was
the driving force for high-brightness LED consumption in
2010.

Most gallium prices are directly negotiated between the
producer and consumer, with larger volume consumers able to
negotiate lower prices. Producer-quoted prices, therefore, may
not represent actual selling prices; in most cases, they provide
an indication of the trend of gallium prices. Producer-quoted
gallium prices have not been published since 2001. Prices
since 2002 are based on the average value of U.S. gallium
imports as provided by the U.S. Census Bureau.
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Figure 1. Annual average gallium prices.

Significant events affecting gallium prices since 1970

1970-73 U.S. gallium demand increased significantly because of widespread use of light-emitting diodes (LEDs)

2009-10 U.S. gallium demand increased significantly owing to rapid growth of feature-rich, gallium arsenide (GaAs)-
intensive “smartphones,” LED-backlit computer notebook screens, flat-screen computer monitors, and flat-
screen televisions
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Table 1. Annual average gallium price.

[Values in dollars per kilogram]

Year Price Year Price Year Price Year Price
1959 3,000 1972 750 1985 475 1998 550
1960 2,600 1973 750 1986 475 1999 595
1961 2,250 1974 775 1987 475 2000 595
1962 1,750 1975 775 1988 475 2001 595
1963 1,200 1976 775 1989 475 2002 530
1964 1,200 1977 550 1990 475 2003 411
1965 1,200 1978 550 1991 475 2004 550
1966 1,200 1979 510 1992 475 2005 538
1967 1,200 1980 630 1993 330 2006 443
1968 1,200 1981 630 1994 325 2007 530
1969 850 1982 470 1995 390 2008 579
1970 850 1983 470 1996 390 2009 449
1971 850 1984 445 1997 550 2010 600

Notes:
1959-2001, 99.9999-percent-pure metal in American Metal Market.
2002-10, average value of U.S. imports for consumption.
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Germanium (Ge)

by David E. Guberman

Germanium was discovered by Clemens Winkler of
Germany in 1886, although its existence had been predicted
by D.I. Mendeleev in his periodic table of elements in 1869.
Germanium is a hard, grayish-white element; has a metallic
luster; has the same crystal structure as diamond; and is brittle,
like glass. It is a semiconductor, with electrical properties
between those of a metal and an insulator. Germanium and
its compounds remained almost entirely items of interest for
research until World War 11, although the use of germanium
dioxide in treating anemia was reported in 1922 (Gregory,
1942).

With the invention and development of the crystal diode
and the transistor in the 1940s, germanium became an impor-
tant industrial material (Bardeen and Brattain, 1948). Prior to
1945, the amount of germanium produced was very small, a
few hundred pounds per year. From 1945 to 1949, the demand
for electronic uses resulted in substantial growth of the germa-
nium industry and higher prices for the metal.

After 1953, germanium prices started to decline pro-
gressively and, by 1966, bottomed out at $175 per kilogram
of metal, the lowest price ever quoted (table 1). This price
prevailed for the next 2 years, rose in 1969, and rose again
in 1970 because of inflationary trends in the market. Prices
remained constant at $293 per kilogram from 1971 through
1976 (fig. 1).

The invention and development of the germanium tran-
sistor opened the door for countless applications of solid-state
electronics. From 1950 through the early 1970s, this area
provided an excellent market for germanium. In the 1970s,
demand for germanium in transistors, diodes, and rectifiers
declined, owing mainly to the increasing use of electronic-
grade silicon as a replacement. The reduced demand for
germanium in the electronics field was offset, however, by
dramatic increases in demand in fiber-optic communication
networks (Roskill’s Letters From Japan, 1997), in infrared
night vision systems (Metal Bulletin, 1975), and as a polym-
erization catalyst (Metal Bulletin, 1995). These end uses
represented 77 percent of worldwide germanium consumption
for 1998.

Increased consumption and tight supply caused dramatic
increases in both domestic and foreign prices for germanium
metal beginning in 1979. By December 1981, the domestic
germanium metal quoted price was set at $1,060 per kilogram
and remained there for 13 years. During most of this period,
the free market price remained lower than the published pro-
ducer price for germanium metal owing to the development of
a worldwide excess of supply relative to demand.

Germanium was designated a strategic and critical mate-
rial and was included in the National Defense Stockpile (NDS)
in 1984 with an initial goal of 30,000 kilograms of germa-
nium metal. In 1987, a new NDS goal of 146,000 kilograms
was established on the basis of U.S. Department of Defense
estimates for actual emergency conditions of mobilization. In
1991, the goal was adjusted downwards to 68,000 kilograms.
In 1995, the Defense Logistics Agency, which managed the
NDS, planned to sell germanium from the stockpile at the rate
of 4,000 kilograms per year through 2005. The release rate
was increased to 6,000 kilograms per year in 1997, the first
year of actual sales, and to 8,000 kilograms per year in 1998
(U.S. Department of Defense, 1998).

Starting in 1995, the producer price rose again and
fluctuated around $1,500 per kilogram. It reached $2,000 per
kilogram in 1996. The higher price levels were because of
increased demand and shortages in production. The gradual
releases of germanium from the United States, Russian, and
Ukrainian stockpiles concurrent with the lowering of world
military tensions tended to stabilize prices.

In 1998, germanium prices increased despite an oversup-
ply that resulted from slight decreases in world demand for
optical fibers and polyethylene terephthalate, and an increase
in total supply owing to greater amounts of recycling and
continued releases of germanium from national stockpiles.
This increase in price was probably due to anticipated demand
in the satellite communications sector, and, when this increase
in demand did not take place in 1999, germanium prices began
to fall. This same mechanism prevailed in 2000. Demand in
satellite applications did not increase, and prices continued to
fall. Germanium prices continued to decline until 2004.

The use of germanium in infrared equipment and solar
cells for satellites by military and civilian security forces
increased after the terrorist attacks of September 11, 2001,
and with United States military operations in Afghanistan
and Iraq. Demand for germanium and prices increased in late
2006-07 owing to increased use in the construction of fiber-
optic networks in many regions of the world. The fiber-to-
the-home market began to gain momentum during this time
period. Germanium also began to be used in greater quanti-
ties for terrestrial-based solar cells and light-emitting diodes.
China removed toll trading tax benefits for germanium and
most other minor metals in April 2007, effectively decreasing
the supply of germanium to the world market and increasing
prices (Metal Bulletin, 2007).

A downturn in the global economy began during the
second half of 2008 and continued in 2009. The market price
of germanium declined throughout 2009 owing to weakened
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global demand. Free market prices for germanium dioxide

in 2009, published by Metal-Pages, began the year at about
$920 per kilogram and declined by 37 percent to $580 per
kilogram by yearend. The free market prices for germanium
metal began the year at $1,425 per kilogram and declined by
34 percent to $940 per kilogram by yearend 2009. The market
prices of germanium dioxide and metal were relatively stable
during the first three quarters of 2010 and increased in the
last quarter. Germanium prices have proven to be relatively
volatile at times owing to limited supply sources and the lack
of substitutability in many applications. It should be noted
that price changes can potentially be caused by changes in the
source of price quotations.

References Cited

Bardeen, John, and Brattain, W.H., 1948, The transistor—
A semiconductor triode: Physics Review, v. 74, Series 2,
July 15, p. 230-231.

2,500

Gregory, T.C., 1942, Germanium, in The condensed chemical
dictionary: New York, Reinhold, p. 320.

Metal Bulletin, 1975, Minor, precious metals—Germanium:
Metal Bulletin, no. 5971, March 4, p. 21.

Metal Bulletin, 1995, Germanium dioxide prices continue to
firm: Metal Bulletin, no. 7982, May 25, p. 7.

Metal Bulletin, 2007, China to cancel minor toll trading
benefits: Metal Bulletin, no. 8991, April 16, p. 12.

Roskill’s Letters From Japan, 1997, Germanium—Growth in
demand led by the use of high-purity germanium tetrachlo-
ride in optical fibres: Roskill’s Letters From Japan, no. 256,
August, p. 2-6.

U.S. Department of Defense, 1998, Strategic and criti-
cal materials report to the Congress: U.S. Department of
Defense, January 13, 43 p.

2,000

=
U
=}
S

&

EXPLANATION
—4&— Price

—— 1992 dollars

Dollars per kilogram

500

A,

1

0 L' e e e e

1970 1975 1980 1985 1990

Year

Figure 1. Annual average germanium price.

1995

2000 2005 2010



Germanium (Ge) 57

Significant events affecting germanium prices since 1970

1979-82 Increased demand, tight supply

1984 National Defense Stockpile (NDS) authorization, goal 30,000 kilograms

1987 New authorized NDS goal of 146,000 kilograms

1991 NDS goal lowered to 68,000 kilograms

1996 Increased demand, production shortages

1997 NDS stockpile sales began

2001 Events on September 11, 2001, increased military demand for infrared devices
2006-07 Increased global demand, relatively tight supply

2008-10 Global economic crisis, prices declined

Table 1. Annual average germanium price.

[Values in dollars per kilogram]

Year Price Year Price Year Price Year Price
1945 441 1962 300 1979 398 1996 2,000
1946 397 1963 270 1980 653 1997 1,475
1947 397 1964 270 1981 911 1998 1,700
1948 507 1965 270 1982 1,060 1999 1,400
1949 727 1966 175 1983 1,060 2000 1,250
1950 397 1967 175 1984 1,060 2001 890
1951 397 1968 175 1985 1,060 2002 620
1952 484 1969 185 1986 1,060 2003 380
1953 720 1970 280 1987 1,060 2004 600
1954 650 1971 293 1988 1,060 2005 660
1955 650 1972 293 1989 1,060 2006 950
1956 535 1973 293 1990 1,060 2007 1,240
1957 445 1974 293 1991 1,060 2008 1,490
1958 445 1975 293 1992 1,060 2009 940
1959 350 1976 293 1993 1,060 2010 1,200
1960 300 1977 314 1994 1,060
1961 300 1978 319 1995 1,375

Notes:

1945-57, Domestic price for 99.9-percent-pure germanium, in Engineering and Mining Journal, Metal and Mineral Markets.

1957-66, Domestic price for zone-refined germanium (99.9999-percent pure), in Engineering and Mining Journal, Metal and Mineral Markets.
1967-81, Domestic price for zone-refined germanium (99.9999-percent pure), in Metals Week.

1982-93, U.S. producer price for zone-refined germanium (99.9999-percent pure), in Metals Week.

1993-94, U.S. producer price for zone-refined germanium (99.9999-percent pure), in Platt’s Metals Week.

1995-2010, U.S. producer price quotes for zone-refined germanium (99.9999-percent pure), in Metal Bulletin.
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Gold (Au)
by Micheal W. George

Gold was highly regarded by ancient civilizations that
possessed it because of its scarcity, durability, and malleability.
In ancient times, gold was used for jewelry, craft, or ceremo-
nial purposes and not for its monetary value. Its characteristic
yellow color was reminiscent of the sun, which was worshiped
as a deity. Because of its high specific gravity, it was first
recovered from streambed gravels as nuggets or flakes, where
it occurred in metallic form, and thus required no complicated
metallurgical extraction from ores; it was essentially imperish-
able and was easily worked.

These beautiful and seemingly indestructible nuggets
were prized possessions that could be fashioned into bars of
different set weights, and into ornaments and items of adorn-
ment that also served as portable wealth. At first crude, but
increasingly refined and specialized over the years, these
manufactured forms eventually diverged, at least partly, into
jewelry and money. For more than five millennia, until well
into the 20th century, they were the only quantitatively impor-
tant uses of gold.

During that time, there remained, and in some developing
countries remains today, a functional overlap between jewelry
and money; that is, items of gold jewelry have been used as
money, and gold money has been made into items of jewelry.
Crude forms of jewelry/money appear to have originated soon
after the founding of the first cities. The invention of money
is commonly ascribed to the Mesopotamians or, more specifi-
cally, the Sumerians, who lived in what is now southern Iraq.
The art of working gold and silver into jewelry and (or) money
seems to have arisen in Crete, Egypt, and Sumer at roughly the
same time—probably around 3000 B.C. From the beginning,
the universal perception of gold as a store of wealth has been
implicit in its use as money and jewelry (Green, 2007).

Increases in gold price have had a good basis in history.
From 1344 to 1717, the price for gold almost quadrupled,
reaching the equivalent of $20.67 per troy ounce. That price
was maintained for more than 200 years until the enactment of
the Gold Reserve Act, which increased the price of gold to $35
per troy ounce, on January 30, 1934. Pressure for still another
increase in price gathered momentum less than 15 years later.
Prices as high as $105 per troy ounce had been proposed, and
world trade brought prices up to $70 per troy ounce (Colorado
School of Mines, 1959).

In November 1961, the London gold pool, in which
central banks of the United States and seven other nations
agreed to buy and sell gold to support the $35-per-troy-ounce
price, was established (Ryan and McBreen, 1962, p. 607). On
March 17, 1968, the governors of the member central banks

announced that they would no longer buy and sell gold in
the private market but would sell gold to each other for $35
per troy ounce. Thus, a two-tier market was established—an
official market and a private market—in which the price was
determined by supply and demand (Ryan, 1969, p. 535).

Following the establishment of the two-tier price system,
a fixed price of $35 per troy ounce for official monetary trans-
actions and a floating market price for private transactions, the
U.S. Government asked Engelhard Minerals and Chemicals
Corp. (known today as Engelhard), to quote a daily price.
Engelhard initiated a buying quotation—the lowest price at
which it could obtain sufficient gold of 99.95 percent purity
to meet its requirements. A selling quotation $0.60 above the
buying price, later reduced to $0.40, was also established
(Ryan, 1969, p. 535). Thus, the basis for the average domes-
tic market price for gold shown in the table was established
(fig. 1; table 1).

On August 15, 1971, the President announced the
suspension of convertibility of dollars into gold. Following
provisions of Public Law 92-268, the Par Value Modification
Act, enacted March 31, 1972, the official price of gold was
increased to $38 per troy ounce on May 8, 1972 (West, 1975,
p. 557).

Following amendments to the Par Value Modification
Act contained in Public Law 93—110, enacted on September
21, 1973, the dollar’s par value was devalued by 10 percent,
to 0.829848 Special Drawing Rights [a unit of account in the
International Monetary Fund (IMF)]. This fixed the official
price of gold at $42.22 per troy ounce effective at 12:01 a.m.,
October 18, 1973. That price remains unchanged (West, 1975,
p. 560).

Gold occupies a unique position among the world’s
commodities; it is an internationally traded commodity and
a long-established, universally acceptable storehouse of
value, considered by many people worldwide to be superior
to fiat paper currencies with fleeting longevity or fluctuating
unpredictable value. It has been said many times that gold
is “forever;” its high intrinsic and monetary value usually
dictates that, in time, most of it will be recycled to serve again.
Because of its historically high value, much of the gold mined
throughout history is still in circulation in one form or another
(Lucas, 1993, p. 505).

As a consequence of the dual roles played by gold, as
commodity and as money, its price cannot be viewed as one
would view the price of other goods or services in a free mar-
ket. Gold also cannot be viewed strictly from the standpoint
of the U.S. market alone because international political and



economic events that may influence the market for gold as a
commodity may be outweighed by developments perceived to
favor gold as a medium of exchange.

During 1969 and 1970, the United States experienced a
mild recession, while the Republic of South Africa was per-
mitted to sell gold to the IMF at $35 per troy ounce or less to
meet its foreign exchange needs (Hoyt, 1971, p. 521).

By December 1971, the U.S. dollar had been devalued
by 7.9 percent per exchange agreements reached during the
Smithsonian Accords in Washington, D.C. Affected by previ-
ous year’s devaluation, the official U.S. gold price was raised
to $38 per troy ounce on May 8, 1972; speculative buying
was encouraged by monetary policy changes made by the
European Economic Community and by restricted supplies of
newly mined gold (West, 1974, p. 567).

In 1973, the gold market was influenced by a weaken-
ing and devaluation of the U.S. dollar, lowered confidence in
currency values, higher inflation rates, unsettled world trade,
and, for the third consecutive year, lower mine production.
The official U.S. gold price was increased to $42.22 per troy
ounce on September 21. An embargo was begun on petro-
leum shipments to the United States by the Organization of
Petroleum Exporting Countries (OPEC) in mid-October. The
two-tier gold price system, begun in 1968, was terminated on
November 13, 1973 (West, 1975, p. 557).

The OPEC embargo contributed to rising oil prices,
worldwide inflation, and general economic uncertainty in
1974. Following provisions of Public Law 93-373, enacted
August 14, 1974, the President was given the authority to
repeal the prohibition on the holding of gold by private
citizens, and effective December 31, 1974, the prohibition
was repealed and gold prices rose on speculation. The gold
price trend was reversed in December by the U.S. Treasury’s
announcement that it would offer 62,200 kilograms (kg)

(2 million troy ounces) of Treasury gold for public sale begin-
ning on January 6, 1975. Investor and speculator interest was
diminished by the announcement by the IMF that it would
sell 778,000 kg (25 million troy ounces) of gold on the open
market beginning in 1976. The Treasury, however, was able to
sell 38,900 kg (1.25 million troy ounces) from its gold stock
during 1975 (West, 1977, p. 669).

Monthly IMF auctions were begun in midyear 1976 to
provide capital for low-interest loans to developing coun-
tries. The IMF planned to sell a total of one-sixth of its gold
stocks, or 778,000 kg (25 million troy ounces), during a 5-year
period, and planned to restore an equal portion to member
countries. In addition, a reduced inflation outlook drove prices
down until October, when the low gold price and renewed
anxiety about the economy served to reverse price trends. The
Treasury gold stock was down at yearend owing to its use in
Bicentennial medals, which were made by the Bureau of the
Mint (West and Butterman, 1978, p. 591).

The world economy was stagnant in 1977. Limited suc-
cess in controlling inflation led to higher gold prices, which
benefitted the IMF auctions that continued throughout the

Gold (Au) 59

year. There was a hiatus in Treasury sales (Butterman, 1980,
p. 428).

IMF auctions continued during 1978, and the Treasury
resumed gold stock selling (Butterman, 1980, p. 428). Middle
East oil-producing countries and investors began purchasing
gold with their eroding dollar assets.

Economic conditions worsened during the next 3 years.
Political events in Iran, Afghanistan, and elsewhere propelled
the price of gold to a high of $850 per troy ounce by January
21, 1980. The IMF completed its 5-year auction program in
May 1980. The Treasury sold no more gold in 1980 or 1981
(Lucas, 1981, p. 347). After the U.S. hostages were released
by Iran on January 20, 1981, political tension was lessened,
which led to less hoarding and reduced gold prices. The
Japanese began to invest in the gold market.

Although the U.S. strict monetary policy contributed to
a recession and high interest rates in 1982, the advent of com-
puter trading contributed to short-term volatility in the gold
price. Lingering effects of the world economic recession on
the mineral industry led to profit taking during the first part of
1983. Speculative gold trading to midyear strengthened price
but was followed by profit taking (Lucas, 1984, p. 385). Oil
prices weakened, while gold supplies from mines and official
sources increased.

In 1984, the price declined owing to increasing strength
of the U.S. dollar and investor selling. Weakened price
and a favorable market outlook contributed to increases in
demand for gold-bearing fabricated products. The U.S. dollar
weakened in the first quarter of 1985 against major European
currencies and the Japanese yen. It continued weakening
in 1986, which encouraged gold investment (Lucas, 1988,

p. 441) as oil prices declined sharply.

By 1987, there was a sharp reversal in world stock
markets with a continued weakness of the U.S. dollar com-
bined with growing concern regarding U.S. budget and trade
deficits and increasing U.S. private and Third World debt.
Stability of the international monetary arrangements was
questioned. Volatile investment markets generated increased
gold-trading activity (Lucas, 1988, p. 441). During 1988, gold
prices declined in response to a variety of factors, such as the
withdrawal of the Soviet troops from Afghanistan, which gave
investors the perception that political stability was at hand;
weakening oil prices combined with an increase in interest
rates by the U.S. Federal Reserve led to reduced inflation-
ary expectations, increasing U.S. dollar strength, as well as
improving U.S. trade results (Lucas, 1989, p. 64-65).

Official sector gold sales increased in 1989 as central
banks adopted a more aggressive policy of gold management.
In addition, a change of attitude developed toward gold, aided
by concerns about the security of bonds and other financial
assets and a setback in the U.S. stock markets in mid-October
(Gold Fields Mineral Services Limited, 1990, p. 8).

The rise in Japanese interest rates in 1990 provided
alternate investment havens. The former Soviet Union was
reported to have sold significant amounts of gold for hard
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currency. The Chinese sold out of equity swap agreements that
were negotiated in mid-1989. The gold price drifted down as a
result of the Persian Gulf War and the recession (Gold Fields
Mineral Services Limited, 1991, p. 8-9).

The brief multination conflict that started in 1991 in the
Persian Gulf did little to affect the perception of moderating
political stability generally or to influence the price of gold for
any sustained period of time. The collapse and restructuring of
the Soviet Union, however, did much to reduce investor inter-
est in gold (Gold Fields Mineral Services Limited, 1992, p. 5).

The end of the 1992 bear market encouraged a return of
European and U.S. investor confidence. In 1993, the high gold
price, which particularly affected the local currencies of the
Middle East and Asia, resulted in reduced hoarding of coins
and large amounts of gold scrap being introduced into the
market (Roskill Information Services Ltd., 1995, p. 1).

During 1994, the gold market held onto the gains
achieved during the previous year, but the U.S. dollar price
lacked direction and volatility. Hoarding of gold contin-
ued to be reduced as investors deserted the market (Roskill
Information Services Ltd., 1995, p. i).

The average dollar price of gold remained almost
unchanged between 1994 and 1996. Late in the fourth quarter
of 1996, the Dutch Government provided a key catalyst by
selling one-third of its reserves (Gold Fields Mineral Services
Limited, 1997, p. 5). Fears that other central banks might sell
their gold reserves followed (CRU International Ltd., 1996,

p. 19).

During 1997 through 2001, central banks of several
countries sold large shares of gold holdings to meet common-
currency criteria for the European Union or to demonetize.
Bank failures or insolvencies in East and Southeast Asian
countries created uncertainty in investment circles. The price
of gold returned to the low levels of 1979 (Gold Fields Min-
eral Services Limited, 1998, p. 5).

The gold price started to increase in late 2001 after the
terrorist attacks on September 11, and continued to climb into
2010. The annual average price of gold in 2001, the lowest
level since 1978, was $272.22 per troy ounce. After 9 continu-
ous years of near-double-digit-percentage yearly increases, the
average annual price in 2010 was $1,227.51 per troy ounce
or 351 percent greater than the 2001 price. The driving force
behind the price surge has been the increased investments,
lack of sales from central banks, producer dehedging, and
decreased mine production. Many investors turned to gold as
a safe haven investment because of the multiple wars, global
economic downturns, and devaluation of the U.S. dollar.

In 2003, a gold exchange traded fund (ETF) first
appeared. Gold ETFs have gained popularity with many
investors. According to some industry analysts, investing in
gold in the traditional manner is not as accessible and carries
higher costs owing to insurance, storage, and higher markups.
The claimed advantage of the ETF is that the investor can
purchase gold ETF shares through a stockbroker without being
concerned about these problems, and the ETFs are treated by
regulators as securities. Each share represents one-tenth of

an ounce of allocated gold. With the advancement of ETFs,
investors had easier access to gold as an investment. By the
end of 2010, there were 23 ETFs and 2 physically backed
Canadian funds, which had physical gold holdings of 2,190
metric tons (CPM Group, 2011, p. 41-46).
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Significant events affecting U.S. gold prices since 1970

1971
1972
1973

1974
1975
1976

1977
1978
1979
1980
198288
1989-91

1992-96
1997-2001

2001
2002-10

President suspended convertibility of dollar into gold; dollar devalued by 7.9 percent

Official U.S. gold price increased to $38 per troy ounce

Official U.S. gold price increased to $42.22 per troy ounce, dollar devalued, two-tier gold price terminated,
Organization of Petroleum Exporting Countries (OPEC) oil embargo begins

U.S. citizens allowed to hold gold bullion and coins for the first time in 40 years

U.S. Treasury began public sales of gold stocks

International Monetary Fund (IMF) began 5-year gold sales program; IMF auctions and lower inflation outlook
drove gold prices down

Hiatus in U.S. Treasury gold sales

U.S. Treasury resumed selling gold; Middle Eastern investors increased gold purchases

Soviet Union invaded Afghanistan; political upheaval in Iran; taking of U.S. hostages

Gold price peaked at an historic daily high of $850 per troy ounce on January 21; IMF completes 5-year gold
sales program

Fluctuating world currency exchange rates, increasing concern about U.S. trade and budget deficits and banking
problems, and Third World debt

Conflict in the Persian Gulf and the breakup of the Soviet Union; erosion of gold’s role as a safe haven for inves-
tors;, generally weak economic growth worldwide

Gold price remained relatively stable

Central banks of several countries sold large shares of gold holdings to meet common-currency criteria for
European Union or to demonetize; bank failures or insolvencies in East and Southeast Asian countries

September 11 terrorist attacks

Prices surged because of increase in investment in gold stemming from political and economic concerns

Table 1. Annual average gold price.

[Values in dollars per troy ounce]

Year Price Year Price Year Price Year Price
1968 40.06 1979 307.50 1990 384.93 2001 272.22
1969 41.51 1980 612.56 1991 363.29 2002 311.33
1970 36.41 1981 459.64 1992 344.97 2003 364.80
1971 41.25 1982 37591 1993 360.91 2004 410.52
1972 58.60 1983 424.00 1994 385.41 2005 446.20
1973 97.81 1984 360.66 1995 385.50 2006 605.83
1974 159.74 1985 317.66 1996 389.08 2007 698.95
1975 161.49 1986 368.24 1997 332.38 2008 873.50
1976 125.32 1987 477.95 1998 295.24 2009 974.68
1977 148.31 1988 438.31 1999 27991 2010 1,227.51
1978 193.55 1989 382.58 2000 280.10

Notes:

1968-93, Englehard domestic market price, 99.95-percent-pure gold, in Metals Week.
1994-2010, Englehard domestic market price, 99.95-percent-pure gold, in Platts (Platt’s) Metals Week.
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Hafnium (Hf)

by Joseph Gambogi

In 1923, hafnium was discovered when Dirk Coster
and George Charles von Hevesey separated it from zirco-
nium. Anton Eduard van Arkel and Jan Hendrik de Boer first
produced metal 2 years later by using the crystal bar pro-
cess—hafnium tetrachloride passed over a tungsten filament
(van Arkel and de Boer, 1925). Hafnium and zirconium occur
together in the ore mineral zircon. Until the 1940s, fractional
crystallization of zirconium-hafnium compounds was used to
produce limited quantities of hathium oxide and metal powder.
In 1948, hafnium metal powder was quoted at $32 per gram
($32,000 per kilogram). Because of the high costs associated
with this technique, a more economical means of recovery
was sought. Development of improved methods to separate
the two elements began in the 1940s. In 1949, the price of
hafnium metal powder dropped to $22 per gram ($22,000 per
kilogram). That same year, Carbide & Chemicals Corp., Oak
Ridge, Tenn., developed a liquid-liquid solvent extraction
technique to remove hafnium from zirconium, technology that
had grown out of the Manhattan Project (Powell, 1961). Com-
mercial production of hafnium arose from the need to produce
hafnium-free zirconium metal for use in nuclear reactors. In
1950, a decision was made to use zirconium in the prototype
land-based Nautilus nuclear reactor for future use in subma-
rines (Wilson and Staehle, 1960, p. 1). In 1951, hatnium was
selected as the material to be used in the reactor’s control rods.

Hafnium was an expensive laboratory metal in 1945
when development work on an improved magnesium-
reduction process (Kroll process) began at the U.S. Bureau of
Mines’ (USBM) Northwest Electrodevelopment Experiment
Station in Albany, Oreg. (Etherington, Dalzell, and Lillie,
1955, p. 2). A pilot plant to produce zirconium metal using the
Kroll process began operating in 1947 and was expanded in
1949, 1950, and twice in 1951 (Kroll, 1937; Kroll, Schlechten,
and Yerkes, 1946; Kroll, Schlechten, and others, 1947; Kroll,
Anderson, and others, 1948). It was not until 1951, however,
that the USBM facility produced several kilograms of hafhium
metal grading 28 percent hafnium and the balance zirconium.
By yearend 1951, the USBM produced 3,916 kilograms of
hafnium oxide that was used to produce 1,395 kilograms of
hafnium sponge (Smith and Stephens, 1960, p. 84).

Hafnium’s commercial availability coincided with the
expiration of U.S. Department of Defense contracts for nuclear
reactors in 1962. The price remained stable at about $165
per kilogram ($75 per pound) for 15 years, and the continued
availability of the metal resulted from the growth and develop-
ment of the commercial nuclear industry (table 1). In 1979,
equipment failures and operator error caused a partial core
meltdown at the Three Mile Island (TMI) nuclear power plant

in Pennsylvania. The TMI and subsequent nuclear accidents
elsewhere led to more stringent safety regulations in the
industry as well as public opposition to nuclear power, which
limited construction of new reactors.

In the 1990s, hatnium use in the nuclear industry was
primarily for control rods in existing nuclear reactors and as
an alloying agent in certain superalloys. During this period,
U.S. consumption and prices for hafnium declined and then
flattened (fig. 1). No additional orders for nuclear reactors
were placed, and following the end of the cold war, defense
spending declined.

In the 2000s, although nuclear power construction in
much of the world was flat, nuclear power in Asia increased
significantly. As of April 2010, in east and south Asia, there
were 112 nuclear power reactors in operation, 37 reactors
under construction, and plans to construct an additional 84
(World Nuclear Association, 2010.)

Because there are only a few producers of hafnium,
published prices are not available. U.S. imports of unwrought
hafnium are included under the Harmonized Tariff Schedule
category 8112.92.2000 that includes all unwrought hafhium
including bar, sponge, powder, and waste and scrap. The
import value of unwrought hatnium from France was con-
sidered to be the best available price for hafnium; however,
because this price may include a variety of material, it may
not necessarily reflect market conditions. The price of hafhium
metal from 2000 to 2010 fluctuated significantly and reached
a peak of $606 per kilogram in 2004. Rising prices from 2003
($193 per kilogram) to 2010 ($563 per kilogram) were paral-
leled by increased demand from the nuclear industry. Increas-
ing global construction of nuclear powerplants was expected
to increase future demand for hafnium metal.
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Significant events affecting hafnium prices since 1970

1979 Three Mile Island nuclear accident
1986 Chernobyl nuclear accident




Table 1. Yearend hafnium sponge metal price.

[Values in dollars per kilogram]

Hafnium (Hf)

65

Year Price Year Price Year Price Year Price
1961 88 1974 165 1987 187 2000 115
1962 88 1975 165 1988 231 2001 181
1963 165 1976 165 1989 231 2002 324
1964 165 1977 165 1990 187 2003 193
1965 165 1978 182 1991 187 2004 606
1966 165 1979 182 1992 187 2005 213
1967 165 1980 182 1993 187 2006 214
1968 160 1981 215 1994 187 2007 253
1969 165 1982 215 1995 187 2008 332
1970 165 1983 215 1996 187 2009 526
1971 165 1984 231 1997 187 2010 563
1972 165 1985 231 1998 187
1973 165 1986 231 1999 187

Notes:

1959-99, prices are an average of range, converted from pounds, in American Metal Market.

2000-10, unit value based on the duty-paid unit value of imported unwrought hafnium from France.
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Indium (In)

by Amy C. Tolcin

The invention of the spectroscope in 1860 led to the
discovery of several new elements, including cesium, indium,
rubidium, and thallium. In fact, the word “indium” originates
from the distinctive indigo blue lines the element emits in
the spectroscope. Indium is produced mainly from residues
generated during zinc ore processing. Prior to 1940, indium
was used almost entirely for experimental purposes, although
domestic production had begun in 1926. Because of its rarity,
about the same as that of silver (Weeks, 1973, p. 242), and
lack of industrial applications, indium was sold only in small
quantities during this period. The first commercial application
came in 1933, when small amounts of indium were added to
certain gold dental alloys. The Indium Corporation of America
(ICA) was founded in 1934 and became the major domestic
producer. From 1940 through 1945, prices were usually deter-
mined through individual negotiations between the producer
and consumer (Ludwick, 1959, p. 9).

The first large-scale application for indium was as a coat-
ing for bearings in high-performance aircraft engines during
World War II (Slattery, 1995, p. 157). Indium increased hard-
ness and helped prevent seizure and corrosion of the bearings.
After the war, production gradually increased as new uses
were found in fusible alloys, solders, and electronics. A pro-
ducer price for indium was first established by ICA in 1946,
and it remained at the same level through 1963.

From 1973 through 1980, demand increased, especially
for use in nuclear control rods, and easily accessible supplies
of raw materials gradually decreased. Indium Corporation of
America depleted its source of feedstock in Bolivia and then
obtained source material from Europe. The inability to meet
demand was the major factor in the price reaching $20 per
troy ounce during 1980, when the annual average price was
$17. To increase supply, world producers expanded production
capacities.

Orders for nuclear control rods dropped when the rate of
nuclear power expansion decreased in the United States fol-
lowing the Three Mile Island accident in 1979. Increased pro-
duction led to an oversupply during the recessions of the early
1980s. By 1983, the price had plummeted to less than $3 per
troy ounce (annual average was $3.19). In 1988, in response
to growing demand, especially in the Japanese electronics
industry, it climbed to nearly $10 per troy ounce.

In the middle and late 1980s, the development of indium
phosphide semiconductors and indium-tin-oxide (ITO) thin
films for LCDs aroused much interest. By 1992, the thin-film
application had become the largest end use (Jasinski, 1993).

In 1989, indium was included in the list of materials to
be added to the National Defense Stockpile (NDS) (Schmitt,

1989). The original stockpile goal was 42 metric tons (t);

this was reduced to 7.7 t in 1992. During that same year, the
Defense Logistics Agency, manager of the NDS, began pur-
chasing indium. The NDS had acquired its highest level, 1.56
t of indium, by 1994. According to the NDS Annual Materials
Plan for 1996, indium was to be eliminated from the stockpile,
but sales would be limited to 1.1 metric tons per year (Ameri-
can Metal Market, 1997). Slightly more than this amount was
sold in 1997, leaving the inventory at 0.44 t, which was sold in
December 1998.

In 1995, a tight supply situation with strong demand
forced the price to increase steadily to a $16.25-per-troy-ounce
high. The following year, increased supply and the implemen-
tation of an efficient recycling process led to a decrease in
price down to a $6.53-per-troy-ounce low (Roskill Information
Services Ltd., 1996, p. 34). This dramatic rise-and-fall is hid-
den in the annual average statistics, which indicate a drop of
only $0.20 from 1995 to 1996.

In 1998, indium demand declined owing to the sec-
ond successive year of somewhat less LCD production and
the introduction of a new thin-film coating technology that
requires only one-third as much indium per unit as the older
process (Roskill Information Services Ltd., 1998, p. 2). After
fluctuating moderately in 1997, the price was steady in 1998.

Annual average prices for indium continued to decline
through 2002 owing to an oversupply in the metal market,
which was largely attributed to excessive Chinese production
in the late 1990s and early 2000s and stagnant demand.

In 2003, demand for indium began to increase signifi-
cantly, especially in Japan and the Republic of Korea, owing
to considerable growth in the LCD market. As LCD technol-
ogy and manufacturing matured, prices for devices containing
LCDs fell, which bolstered consumer demand for the technol-
ogy. On the supply side, indium production was constricted
owing to shortages of primary raw material in China and the
closure of a primary indium production facility in France. This
led to a shortage of metal, causing prices to rise during 2003
to 2005.

After the indium price approximately tripled in 2004
from that of 2003, the price of indium in 2005 reached histori-
cal peaks of more than $30 per troy ounce before declining
to yearend. A brief price leveling that took place at the end
of 2005 was attributed to industry stockpiling. Japanese ITO
producers in particular were thought to hold large stocks of
indium bought in the 200405 fiscal year. This, in addition to
an unexpected slowdown in demand for LCDs, led to a price
dip at yearend.



In 2006, indium prices increased during the first quar-
ter and then declined rapidly through yearend. Although the
availability of primary indium feedstock was further reduced
and production capacity at ITO refineries and LCD plants in
China, Japan, the Republic of Korea, and Taiwan increased,
continued recycling efforts, especially in Japan, compensated
for primary supply shortages and alleviated price pressures.
By 2007, global secondary indium production significantly
increased and accounted for a greater share of indium produc-
tion than primary. In mid-2008, indium prices rebounded after
generally declining during 2007. However, as the recession
set in globally, prices once again declined in late 2008 through
the first half of 2009. In the second half of 2009, ITO demand
began to pick up, particularly in the Republic of Korea, where
exports of flat-panel displays increased significantly owing to
China’s household appliance subsidy program and the weaker
won, causing prices to rally.
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Significant events affecting indium prices since 1970

1973-80 Period of high demand, significant increase for nuclear control rods

1979 Lower demand after nuclear powerplant accident at Three Mile Island

1980-82 Economic recessions

1985 Development of indium phosphide semiconductors and indium-tin-oxide thin films
1989 Indium added to National Defense Stockpile (NDS) acquisition plan

1992-94 NDS acquisition of indium; price declined

1995 Steady price increase owing to tight supply and strong demand

1996 Steady price decline owing to greater supply and significant recycling

1997 Release of more than one-half of NDS holdings

1997-98 Reduced demand owing to decrease in production of liquid crystal displays (LCDs) and to shift to more efficient
thin-film technology

2003-05 Reduced supply owing to closure of primary production facility in France and several zinc mine closures in
China; price increases
2005-08 Significant increases in secondary capacity and production in Japan

2008-09 Global economic crisis

Table 1. Annual average indium price.

[Values in dollars per troy ounce]

Year Price Year Price Year Price Year Price
1936 30.00 1955 2.25 1974 4.42 1993 6.43
1937 30.00 1956 2.25 1975 5.67 1994 4.44
1938 30.00 1957 2.25 1976 8.03 1995 12.06
1939 30.00 1958 2.25 1977 9.77 1996 11.86
1940 23.00 1959 2.25 1978 8.56 1997 9.93
1941 12.50 1960 2.25 1979 13.48 1998 9.52
1942 22.50 1961 2.25 1980 17.00 1999 9.42
1943 12.50 1962 2.25 1981 7.53 2000 5.85
1944 8.75 1963 2.25 1982 4.18 2001 3.99
1945 4.88 1964 2.40 1983 3.19 2002 3.42
1946 2.25 1965 2.75 1984 3.00 2003 4.86
1947 2.25 1966 2.75 1985 2.63 2004 18.27
1948 2.25 1967 2.75 1986 2.61 2005 29.42
1949 2.25 1968 2.50 1987 7.30 2006 28.57
1950 2.25 1969 2.50 1988 9.92 2007 24.72
1951 2.25 1970 2.50 1989 8.55 2008 21.31
1952 2.25 1971 2.50 1990 7.15 2009 15.66
1953 2.25 1972 2.50 1991 6.78 2010 17.56
1954 2.25 1973 1.77 1992 7.01

Notes:

1936-66, 99.97-percent-pure indium, Indium Corporation of America, producer price.
1967-93, 99.97-percent-pure indium, U.S. producer price, in Metals Week.

1994-2010, 99.97-percent-pure indium, U.S. producer price, in Platts (Platt’s) Metals Week.
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Iron and Steel (Fe)

by Michael D. Fenton

Of the metallic elements, iron is the most useful and
most abundant, as well as the cheapest. The term “iron”
refers to alloys that contain too much carbon to be formable
by forging or rolling. The term “steel” refers to an alloy of
iron that is malleable in some temperature ranges and con-
tains manganese, carbon, and often other alloying elements.
Hundreds of individual alloy specifications known as “grades’
have been developed to produce combinations of strength,
ductility, hardness, toughness, magnetic permeability, and cor-
rosion resistance to meet the need of modern consumers. The
ability of steel to be permanently deformed by plastic working
allows it to be formed into many shapes and sizes (Lankford
and others, 1985, p. 773). Principal methods of hot and cold
steel working are hammering, pressing, piercing, extrusion,
rolling, drawing, and forging.

Price indices of groups of steel products have been
reported by the major trade publications to show at a glance
the overall movement of steel prices since 1897 (American
Metal Market) and 1926 (Iron Age) (table 1). For the purpose
of this publication, hot-rolled carbon steel bar was selected
because it has been produced continuously since the adoption
of the Bessemer steelmaking process in 1875; its historical
price series is indicative of prices for the range of steel prod-
ucts; and its price does not incorporate the cost of extensive
processing after hot rolling.

For the entire period of this review, except during World
War I, prices of hot-rolled carbon steel bar fluctuated within
a narrow range, in constant dollar terms. During World War I,
steep price increases brought about price controls, which were
also imposed on the industry during World War I (Campbell,
1948). During the 1960s, prices increased very slowly, but the
energy crisis of 1970 started a period of rapid price escalation
as energy costs of steel companies increased rapidly and infla-
tion dominated the economy. Wages of steel industry workers
were automatically increased because of inflation protection
clauses in their union contracts. Price increases were necessary
to keep pace with rapidly escalating costs. From 1971 through
1974, price controls were instituted in an attempt to halt price
inflation, but were abandoned when they proved ineffective
and administratively impractical (fig. 1).

During the early 1970s, a new approach to steelmaking
gained prominence that caused record highs in steel produc-
tion (1973) and scrap consumption (1974). Small steel plants
were erected to produce simple products such as hot-rolled
bars of steel. The first plants began production in 1965. These
new plants, called minimills, did not have blast furnaces to
process iron ore, but instead modern electric furnaces and
continuous casters were used to melt ferrous scrap and cast the

1)

raw steel into products at the lowest possible cost. Competi-
tion with blast-furnace-based steel mills increased as thin-slab
continuous casting equipment was adopted, first in 1989, to
produce products at thinner gauges with ever-improving qual-
ity at increasingly lower costs (American Metal Market, 1997;
33 Metal Producing, 1998). Minimills have been able to cap-
ture a significant share of the market by setting prices that the
previously dominant steel companies were unable to match.

One of the relatively simple products that the minimill
companies have come to dominate is hot-rolled steel bar.
Discounts from the quoted prices have been widely available,
and this was especially true during the late 1970s and early
1980s as minimill companies gained dominance of the market
for hot-rolled steel bar. In 1984, the major steel mills stopped
revising their quoted prices. In 1987, American Metal Market
discontinued the publication of the major mill price and began
to report the quoted prices of the minimills, which were more
representative of market transaction prices. This change was
marked by the 29 percent drop in the quoted price, to $17.12.

The first half of the 1990s were years of increasing
domestic demand for steel products and increasing domestic
capacity to satisfy this demand. U.S. exports and imports of
ferrous scrap reached record highs in 1990, but there was still
a trade deficit. By 1997, the American Iron and Steel Institute
(AISI) reported an indirect steel-trade surplus of 1.1 mil-
lion metric tons, the first surplus since AISI began tracking
the measurement in 1984 and perhaps since the late 1970s
(American Iron and Steel Institute, 1998). This surplus con-
firmed that U.S. manufacturers were among the world’s most
competitive producers of high-quality, steel-containing goods
in 1997.

Despite rising domestic steel mill capacity, imports
of semifinished steel increased significantly in 1993; these
imports were needed to make up for the domestic shortage of
hot metal capacity in order to satisfy the U.S. market demand
for finished steel mill products. Domestic producers were also
unable to keep up with demand for finished steel products. An
unfavorable currency exchange rate made foreign steel prices
much more competitive.

A financial crisis began in Asia in 1997 when Thailand
devalued its currency (Garino, 1999). Prospering economies
in China, Hong Kong, Indonesia, Japan, the Republic of
Korea, Malaysia, Singapore, Taiwan, and Thailand were seri-
ously weakened. Steel consumption began to decline in these
countries as they imported less steel and canceled some new
steel production projects. Generally, significant production
decreases in Asia were not feasible because sales were needed
to repay loans granted by the International Monetary Fund to
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support the economies of these countries (Becker, 1998). The
financial crisis of 1997 continued to have an adverse effect
on steel industries throughout the world until early 1999.

The U.S. steel industry began to rebound modestly during
early 1999 owing to a reduced availability of low-priced steel
imports and continued strong steel-product demand. As 2000
began, the U.S. economic expansion—the longest in U.S.
history—was showing signs of weakening. Meanwhile, from
1998 to 2003, prices for steel products declined to record lows
in 2001, when an economic recession in the United States
occurred between March 2001 and November 2001.

From 2004 through 2007, increasing global demand,
company consolidations that decreased competition, and a
weakening dollar, combined to result in large annual price
increases (Fletcher, 2008). In late 2007, domestic demand for
steel decreased, because of the weakening housing construc-
tion and automobile markets, which caused U.S. steel prices to
decline below those in Europe and China. Prices of steel mill
products spiked significantly during mid-2008, because of a
combination of possible factors—rising costs of raw materials,
strong global demand, and diminishing imports into the United
States of less expensive steel products, caused by a weak dol-
lar, which, in turn, allowed U.S. steelmakers to raise the prices
to take advantage of demand by U.S. manufacturers.

The U.S. and global economic crises in late 2008 eventu-
ally brought about a global decline in steel demand. World
apparent steel consumption declined in 2009 as did steel
production. Steel prices decreased significantly from late 2008
through 2009, and then rebounded significantly, as the world
economy began to recover, and steel consumption and produc-
tion increased.
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