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preface

A mineral is any naturally-occurring, homogeneous solid that has a definite chemical
composition and a distinctive internal crystal structure. Minerals are usually formed by
inorganic processes. Synthetic equivalents of some minerals, such as emeralds and
diamonds, are often produced in the laboratory for experimental or commercial purposes.

Although most minerals are chemical compounds, a small number (e.g., sulfur, copper,
gold) are elements. The composition of a mineral can be defined by its chemical formula.
The identity of its anionic group determines the group into which the mineral is
classified. For example, the mineral halite (NaCl) is composed of two elements, sodium
(Na) and chlorine (Cl), in a 1:1 ratio; its anionic group is chloride (CI')--a halide--so
halite is classified as a halide. Minerals can thus be classified into the following major
groups: native elements, sulfides, sulfosalts, oxides and hydroxides, halides, carbonates,
nitrates, borates, sulfates, phosphates, and silicates. Silicates are the most commonly
occurring minerals because silica is the most abundant constituent of the Earth's crust
(about 59 percent).

A mineral crystallizes in an orderly, three-dimensional geometric form, so that it is
considered to be a crystalline material. Along with its chemical composition, the
crystalline structure of a mineral helps determine such physical properties as hardness,
color, and cleavage.

Minerals combine with each other to form rocks. For example, granite consists of the
minerals feldspar, quartz, mica, and amphibole in varying ratios. Rocks are thus
distinguished from minerals by their heterogeneous composition. A mere 100 of the
several thousand known types of minerals constitute the main components of rocks. you
will know more about minerals here.



Aluminum & Bauxite

Aluminum: Is the most abundant metal Bauxite: A general term for a rock
element in the Earth’s crust. Bauxite is composed of hydrated aluminum oxides.
the main source of aluminum. It is the main ore of alumina to make

Aluminum is used in the United States in | aluminum. Also used in the production
packaging, transportation, and building. of synthetic corundum and aluminous
Guinea and Australia have about one- refractories.

half of the world’s reserves. Other
countries with major reserves include
Brazil, Jamaica, and India.

MII Photo

Background

Aluminum is a silver-white metal, very light in weight (less than three times
as dense as water), yet relatively strong. In addition, aluminum is ductile, that
is, it can be drawn into wires or pressed into sheets or foil. It is the most
abundant metallic element, and the third most abundant of all elements in the
Earth’s crust, making up 8% of the crust by weight. Only silicon and oxygen
are more plentiful.

Aluminum has numerous applications in the home and industry, and is a
familiar metal to nearly everyone.

Name

Aluminum is a reactive metal, and does not occur in the metallic state in
nature. Therefore, it was unknown as a separate element until the 1820’s,
although its existence was predicted by several scientists who had studied
aluminum compounds. It was produced in metallic form independently by the
Danish chemist and physicist, Hans Christian Oersted, and the German
chemist, Frederich Wohler, in the mid-1820’s.



The name aluminum was derived from alumen, the Latin name for alum (an
aluminum sulfate mineral). The metal was called aluminium with the -ium
ending being the accepted ending for most elements at this time. This usage
persists in most of the world except the United States, where the last i has
been dropped from the name.

Aluminum and Bauxite

Because aluminum metal reacts with water and air to form powdery oxides
and hydroxides, aluminum metal is never found in nature. Many common
minerals, including feldspars, contain aluminum, but extracting the metal
from most minerals is very energy-intensive, and therefore expensive.

The main ore of aluminum is bauxite, the source of over 99% of metallic
aluminum. Bauxite is the name for a mixture of similar minerals that contain
hydrated aluminum oxides. These minerals are gibbsite (Al(OH)s), diaspore
(AIO(OH)), and boehmite (AIO(OH)). Because it is a mixture of minerals,
bauxite itself is a rock, not a mineral. Bauxite is reddish-brown, white, tan,
and tan-yellow. It is dull to earthy in luster and can look like clay or soil.
Bauxite forms when silica in aluminum-bearing rocks (that is, rocks with a
high content of the mineral feldspar) is washed away (leached). This
weathering process occurs in tropical and subtropical weathering climates.

Alternative sources of aluminum might someday include kaolin clay, oil
shales, the mineral anorthosite, and even coal waste. However, as long as
bauxite reserves remain plentiful and production costs are low, the
technologies to process these alternative sources into alumina or metallic
aluminum will likely not progress beyond the experimental stage.

Sources

Australia has huge reserves of bauxite, and produces over 40% of the world’s
ore. Brazil, Guinea, and Jamaica are important producers, with lesser
production from about 20 other countries. The United States’ production,
which was important 100 years ago, is now negligible.

Most bauxite is first processed to make alumina, or aluminum oxide, a white
granular material. Sometimes, raw bauxite is shipped overseas for processing
to alumina, while in other cases it is processed near the mine. Alumina is
lighter than bauxite because the water has been removed, and it flows readily
in processing plants, unlike bauxite which has a sticky, muddy consistency.
Australia, the United States, and China are the largest producers of alumina.
All the U.S. alumina being made is from imported bauxite.

Aluminum metal is refined from alumina, usually in industrialized countries
having abundant supplies of cheap hydroelectric power. The refining process



is the Hall-Heroult Process, named after Charles Hall of the U.S. and Paul
L.T. Heroult of France, who each independently invented the process in 1866.
In this process, alumina (aluminum oxide) is dissolved in molten cryolite
(cryolite is an aluminum fluoride mineral, NazAlFg). The alumina is then
separated into its elements by electrolysis. Though attempts have been made
to replace this process, it is to this day the only method used to isolate
aluminum on a commercial scale.

The largest producers of aluminum metal are Russia, China, the United
States, and Canada, countries which have abundant hydroelectric power.
More than 40 other countries also produce aluminum, including Norway,
Iceland, Switzerland, Tajikistan, and New Zealand, which are small but
mountainous, and have many rivers to provide hydroelectric power. Other
areas of the world with access to abundant and cheap electricity, such as the
Middle East, are also expanding their metal production capacities.

Recycling of aluminum by melting cans and other products is an important
source of metal in many developed countries.

Uses

About 85% of all the bauxite mined worldwide is used to produce alumina for
refining into aluminum metal. Another 10% produces alumina which is used
in chemical, abrasive, and refractory products. The remaining 5% of bauxite
is used to make abrasives, refractory materials, and aluminum compounds.

The lightness, strength, and corrosion resistance of aluminum are important
considerations in its application. Metallic aluminum is used in transportation,
packaging such as beverage cans, building construction, electrical
applications, and other products.

Aluminum, the third most abundant element at the Earth’s surface, is
apparently harmless to plant and animal life.

Alternative Sources

Though aluminum is very important in industry and daily-life applications, it
can be replaced by other commodities if necessary. For instance, copper can
replace aluminum in electrical applications. Paper, plastics and glass make
good packaging alternatives. Magnesium, titanium and steel can be used in
vehicles and other forms of ground and air transportation.

Unless energy costs should rise steeply, the use of aluminum in most of these
applications is not likely to be seriously threatened. Worldwide sources of
bauxite are large enough to supply the demand for aluminum for some time to
come.



BARITE

Barite on Fluorite
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Barium: Used as a heavy additive in oil-well-drilling mud, in the paper and rubber industries,
as a filler or extender in cloth, ink, and plastics products, in radiography (“barium
milkshake”), as getter (scavenger) alloys in vacuum tubes, deoxidizer for copper, lubricant
for anode rotors in X-ray tubes, spark-plug alloys. Also used to make an expensive white
pigment.

Background

Barite is a mineral composed of barium sulfate, BaSO,. It is usually colorless or
milky white, but can be almost any color, depending on the impurities trapped in
the crystals during their formation. Barite is relatively soft, measuring 3-3.5 on
Mohs' scale of hardness. It is unusually heavy for a non-metallic mineral. The high
density is responsible for its value in many applications. Barite is chemically inert
and insoluble.



Name

Barite (spelled baryte in British publications) was named from the Greek word
baros which means weighty, a reference to its unusually high specific gravity.
(Specific gravity is a mineralogist’s measure of the density of a mineral; this is
done by comparing the weight of the mineral to the weight of an equal volume of
water.)

Sources

Most barite is mined from layers of sedimentary rock which formed when barite

precipitated onto the bottom of the ocean. Some smaller mines utilize barite from
veins, which formed when barium sulfate was precipitated from hot subterranean
waters. In some cases, barite is a by-product of mining lead, zinc, silver, or other
metal ores.

There are nine barite mines in the United States; in Nevada, Georgia, Tennessee,
and Missouri. China produces nearly ten times as much barite as the U.S., and
India also produces more. About 40 other countries are also producers.

Many barite deposits are known worldwide, but some are uneconomic because
barite can be mined more cheaply in China.

Uses

By far, the principal use for barite is as a “weighting agent” in oil and natural gas
drilling. In this process, barite is crushed and mixed with water and other materials.
It is then pumped into the drill hole. The weight of this mixture counteracts the
force of the oil and gas when it is released from the ground. This allows the oil and
gas rig operators to prevent the explosive release of the oil and gas from the
ground. Currently, the majority of barite consumption in the United States is for
this drilling application. However, the consumption in drilling "mud" fluctuates
from year to year, as it is dependent on the amount of exploration drilling for oil
and gas, which in turn depends on oil and gas prices.

Beyond this, barite is used as an additive to paints, enamels, and plastics, in the
production of so-called "lead" crystal or "leaded" glass, stops radiation from
computer monitors and television tubes, and as the source of barium chemicals.

Barite has the unique ability to strongly absorb X-rays and gamma rays.
Consequently, it is used in medical science for special X-ray tests on the intestines
and colon. It is also mixed with cement to make special containers used to store
radioactive materials. A more recent application of barite is in the production of
brake pads and clutches for cars and trucks.



Substitutes and Alternative Sources

Possible substitutes for barite, especially in the oil drilling industry, include other
similar minerals, such as celestite (strontium sulfate, SrSO,4) and iron ore. A
German company is producing synthetic iron ore (hematite) which is proving a
good substitute for barite. However, these alternatives have yet to be widely used
in the oil industry, and barite continues to be the preferred commodity for this
application as long as barite production remains strong.

Barite crystal drawings by
Darryl Powell

©1999 Darryl Powell
Used with permission.




Coal: One of the world’s major sources of energy. In the United States,
coal provides approximately 23% of all the energy consumed. Coal is
used to produce more than half of all the electrical energy that is
generated and used in the United States. Coal is a very complex and
diverse energy resource that can vary greatly, even within the same
deposit. In general, there are four basic varieties of coal, which are the
result of geologic forces having altered plant material in different ways.
These varieties descended from the first stage in the formation of coal:
the creation of peat or partially decomposed plant material.
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Lignite: Increased pressures and heat from overlying strata causes buried peat to dry and harden into lignite. Lignite is a brownish-
black coal with generally high moisture and ash content and lower heating value. However, it is an important form of energy for
generating electricity. Significant lignite mining operations are located in Texas, North Dakota, Louisiana, and Montana.

Subbituminous Coal: Under still more pressure, some lignite was changed into the next rank of coal subbituminous. This is a dull
black coal with a higher heating value than lignite that is used primarily for generating electricity and for space heating. Most
subbituminous reserves are located in Montana, Wyoming, Colorado, New Mexico, Washington and Alaska.



Bituminous Coal: Even greater pressure results in the
creation of bituminous, or “soft” coal. This is the type
most commonly used for electric power generation in the
U.S. It has a higher heating value than either lignite or
subbituminous, but less than that of anthracite.
Bituminous coal is mined chiefly in Appalachia and the
Midwest. Also used to make coke.

Anthracite: Sometimes also called “hard coal,”
anthracite forms from bituminous coal when great
pressures developed in folded rock strata during the
creation of mountain ranges. This occurs only in limited
geographic areas - primarily the Appalachian region of
Pennsylvania. Anthracite has the highest energy content
of all coals and is used for space heating and generating
electricity.




COPPER

Copper: Used in electric cables and wires, switches, plumbing, heating, roofing and building
construction, chemical and pharmaceutical machinery, alloys (brass, bronze, and a new alloy with
3% beryllium that is particularly vibration resistant), alloy castings, electroplated protective
coatings and undercoats for nickel, chromium, zinc, etc., and cooking utensils. The leading
producer is Chile, followed by the U.S., and Indonesia

Background

It is believed the Egyptians (as early as 3900 B.C.E.) were the first people to create
bronze, a mixture of copper and tin. This marked the beginning of the Bronze Age.

Modern culture and life is heavily dependent on copper and copper products. It is a
metal that has the desirable physical properties of being malleable and ductile.
Malleable means it can be hammered and molded into shapes; ductile means it can be
drawn into wire. As a result, copper pipes are used to bring water to and through our
buildings. Because it is such a good conductor of electricity, millions of miles of
copper wire crisscross the landscape and run through our buildings. Copper alloys
(such as brass) are important components in many household products and machines. It
has been said that the amount of copper a society consumes is a direct indicator of the
advancement of that society. In other words, those societies that consume larger
amounts of copper are considered more technologically developed.

Copper ore may be found in large deposits, relatively close to the surface, and
amenable to relatively low cost bulk mining methods. The combination of its physical
properties, abundance, and low cost make it a valuable commodity.



Copper is a mineral. As a mineral, natural copper (also called native copper) is
relatively rare. Most copper in nature is found in minerals associated with sulfur, or in
the oxidized products of these minerals.

Copper also easily combines with a number of other elements and ions to form a wide
variety of copper minerals and ores. Copper minerals occurring in deposits large
enough to mine include azurite (Cu3(C0O3)2(0OH)2), malachite (Cu2CO3(0OH)2),
tennantite ((Cu,Fe)12As4S13), chalcopyrite (CuFeS2), and bornite (Cu5FeS4).

Name

Copper was named from the Greek word kyprios, that is, the Island of Cyprus, where
copper deposits were mined by the ancients. The chemical symbol for copper is Cu
which is derived from the Latin name for copper, cuprium.

Sources

The amount of copper believed to be accessible for mining on the Earth’s land is 1.6
billion tons. In addition, it is estimated that 0.7 billion tons of copper is available in
deep-sea nodules. Mineral-rich nodules of magnesium, copper and other metals are
known to form as a product of deep-sea volcanic activity. Retrieving these nodules
from the sea floor is as yet too expensive to allow this to be a major source of copper.

Of the copper ore mined in the United States, the majority is produced in three western
states: Arizona, Utah, and New Mexico.

Other major copper producing nations include Australia, Canada, Chile, China,
Mexico, Russia, Peru, and Indonesia.

Recycled copper, predominantly from scrap metal, supplies approximately one-third of
the United States’ annual copper needs.

Uses

In pure form, copper is drawn into wires or cables for power transmission, building
wiring, motor and transformer wiring, wiring in commercial and consumer electronics
and equipment; telecommunication cables; electronic circuitry; plumbing, heating and
air conditioning tubing; roofing, flashing and other construction applications;
electroplated coatings and undercoats for nickel, chrome, zinc, etc.; and miscellaneous
applications. As an alloy with tin, zinc, lead, etc. (brass and bronze), it is used in
extruded, rolled or cast forms in plumbing fixtures, commercial tubing, electrical
contacts, automotive and machine parts, decorative hardware, coinage, ammunition,
and miscellaneous consumer and commercial uses. Copper is an essential micronutrient
used in animal feeds and fertilizers.

Substitutes and Alternative Sources




A number of plastic products are used now instead of copper pipes. The

telecommunications industry is using fiber optic cables in place of copper wires, and
the invention of cellular and satellite telephone technology allows many areas of the
world to have communications without the need to install “copper telephone wires.”

Aluminum can be used instead of copper for wires, refrigeration tubing, and electrical
equipment.

Copper crystal from Tsumeb, Namibia.
Drawing by Darryl Powell
© 2001 Darryl Powell.

Used with permission.




IRON ORE
Hematite, Magnetite &
Taconite

Iron Ore: About 98% of iron ore is used to make steel - one of the greatest inventions and most useful
materials ever created. While the other uses for iron ore and iron are only a very small amount of the
consumption, they provide excellent examples of the ingenuity and the multitude of uses that man can create
from our natural resources. Powdered iron: used in metallurgy products, magnets, high-frequency cores, auto
parts, catalyst. Radioactive iron (iron 59): in medicine, tracer element in biochemical and metallurgical
research. Iron blue: in paints, printing inks, plastics, cosmetics (eye shadow), artist colors, laundry blue, paper
dyeing, fertilizer ingredient, baked enamel finishes for autos and appliances, industrial finishes. Black iron
oxide: as pigment, in polishing compounds, metallurgy, medicine, magnetic inks, in ferrites for electronics
industry. Major producers of iron ore include Australia, Brazil, China, Russia, and India.

Magnetitt Hematite " Goethite Limonite

MII Photos




Background

Iron (Fe) is a metallic element and composes about 5% of the Earth’s crust. When pure it is a
dark, silvery-gray metal. It is a very reactive element and oxidizes (rusts) very easily. The reds,
oranges and yellows seen in some soils and on rocks are probably iron oxides. The inner core
of the Earth is believed to be a solid iron-nickel alloy. Iron-nickel meteorites are believed to
represent the earliest material formed at the beginning of the universe. Studies show that there
is considerable iron in the stars and terrestrial planets: Mars, the "Red Planet,” is red due to the
iron oxides in its crust.

Iron is one of the three naturally magnetic elements; the others are cobalt and nickel. Iron is the
most magnetic of the three. The mineral magnetite (Fe;O,) is a naturally occurring metallic
mineral that is occasionally found in sufficient quantities to be an ore of iron.

The principle ores of iron are Hematite, (70% iron) and Magnetite, (72 % iron). Taconite is a
low-grade iron ore, containing up to 30% Magnetite and Hematite.

Hematite is iron oxide (Fe,O3). The amount of hematite needed in any deposit to make it
profitable to mine must be in the tens of millions of tons. Hematite deposits are mostly
sedimentary in origin, such as the banded iron formations (BIFs). BIFs consist of alternating
layers of chert (a variety of the mineral quartz), hematite and magnetite. They are found
throughout the world and are the most important iron ore in the world today. Their formation is
not fully understood, though it is known that they formed by the chemical precipitation of iron
from shallow seas about 1.8-1.6 billion years ago, during the Proterozoic Eon.

Taconite is a silica-rich iron ore that is considered to be a low-grade deposit. However, the
iron-rich components of such deposits can be processed to produce a concentrate that is about
65% iron, which means that some of the most important iron ore deposits around the world
were derived from taconite. Taconite is mined in the United States, Canada, and China.

Iron is essential to animal life and necessary for the health of plants. The human body is
0.006% iron, the majority of which is in the blood. Blood cells rich in iron carry oxygen from
the lungs to all parts of the body. Lack of iron also lowers a person’s resistance to infection.

Name

The name iron is from an Old English word isaern which itself can be traced back to a Celtic
word, isarnon. In time, the "s" was dropped from usage.

Sources

It is estimated that worldwide there are 800 billion tons of iron ore resources, containing more
than 230 billion tons of iron. It is estimated that the United States has 110 billion tons of iron
ore representing 27 billion tons of iron. Among the largest iron ore producing nations are
Russia, Brazil, China, Australia, India and the USA. In the United States, great deposits are
found in the Lake Superior region. Worldwide, 50 countries produce iron ore, but 96% of this



ore is produced by only 15 of those countries.

Iron ore is the raw material used to make pig iron, which is one of the main raw materials to
make steel. Due to the lower cost of foreign-made steel and steel products, the steel industry in
the United States has had difficult economic times in recent years as more and more steel is
imported. Canada provides about half of the U.S. imports, Brazil about 30%, and lesser
amounts from Venezuela and Australia. 99% of steel exported from the USA was sent to
Canada.

Uses

In the United States, almost all of the iron ore that is mined is used for making steel. The same
is true throughout the world. Raw iron by itself is not as strong and hard as needed for
construction and other purposes. So, the raw iron is alloyed with a variety of elements (such as
tungsten, manganese, nickel, vanadium, chromium) to strengthen and harden it, making useful
steel for construction, automobiles, and other forms of transportation such as trucks, trains and
train tracks.

While the other uses for iron ore and iron are only a very small amount of the consumption,
they provide excellent examples of the ingenuity and the multitude of uses that man can create
from our natural resources.

Powdered iron: used in metallurgy products, magnets, high-frequency cores, auto parts,
catalyst. Radioactive iron (iron 59): in medicine, tracer element in biochemical and
metallurgical research. Iron blue: in paints, printing inks, plastics, cosmetics (eye shadow),
artist colors, laundry blue, paper dyeing, fertilizer ingredient, baked enamel finishes for autos
and appliances, industrial finishes. Black iron oxide: as pigment, in polishing compounds,
metallurgy, medicine, magnetic inks, in ferrites for electronics industry.

Substitutes and Alternative Sources

Though there is no substitute for iron, iron ores are not the only materials from which iron and
steel products are made. Very little scrap iron is recycled, but large quantities of scrap steel are
recycled. Steel's overall recycling rate of more than 67% is far higher than that of any other
recycled material, capturing more than 1-1/4 times as much tonnage as all other materials
combined.

Some steel is produced from the recycling of scrap iron, though the total amount is considered
to be insignificant now. If the economy of steel production and consumption changes, it may
become more cost-effective to recycle iron than to produce new from raw ore.

Iron and steel face continual competition with lighter materials in the motor vehicle industry;
from aluminum, concrete, and wood in construction uses; and from aluminum, glass, paper,
and plastics for containers.




LITHIUM

Lithium: Lithium compounds are used in ceramics and glass, in primary aluminum production,
in the manufacture of lubricants and greases, rocket propellants, vitamin A synthesis, silver
solders, underwater buoyancy devices, batteries.

Spodumene Photo from MIL. courtesy of the Smithsonian Institution

Lithic Sandstone

MII Photo

Background

Lithium, the lightest metal, is in a group of elements called i>alkali metals or Group
| elements, it has the atomic number of 3. This group includes lithium (Li),
potassium (K), and sodium (Na). The three alkali metals are highly reactive with
oxygen and water, so they are stored in oil. Although lithium will react dramatically
when put in water, it is the least reactive alkali metal. When it reacts with water it
bounces on the top of the water because it is lighter than water.

The metal lithium is a silvery-white; petalite is found in the minerals spodumene,
lepidolite mica, and amblygonite.

Johan A. Arfvedson, of Stockholm, Sweden, first discovered lithium in 1817. It was
first isolated by W.T. Brande and Humphrey Davy in the 19th century, but it was not
commercially produced until 1923.

Name

The name lithium comes from the Greek word lithos which means stone because
lithium was first discovered in rocks and other two alkali metals were first
discovered in plants. Lithium was first found in the mineral called petalite



(LiAI(Si20s),, lithium aluminum silicate).
Sources

Some lithium is recovered from the mineral spodumene. Commercial quantities of
spodumene are in a special igneous rock deposit that geologists call a pegmatite.. In
pegmatites, the liquid rock (magma) cools so slowly that crystals have time to grow
very large. The largest spodumene crystal ever found was found in a pegmatite in
South Dakota.

Most lithium is recovered from brine, or water with a high concentration of lithium
carbonate. Brines trapped in the Earth’s crust (called subsurface brines) are the
major source material for lithium carbonate. These sources are less expensive to
mine than from rock such as spodumene, petalite, and other lithium-bearing
minerals.

It is estimated that the United States has approximately 760,000 tons of lithium. The
resources in the rest of the world are estimated to be 12 million tons. The United
States is the world’s leading consumer of lithium and lithium compounds. The
leading producers and exporters of lithium ore materials are Chile and Argentina.
China and Russia have lithium ore resources, but it is presently cheaper for these
countries to import this material from Chile than to mine their own.

Uses
More than one-half of the lithium compounds consumed are used in the manufacture
of glass, ceramics, and aluminum. Lithium is also used in making synthetic rubber,

greases and other lubricants.

Lithium batteries are proving to be an effective and affordable alternative to
traditional batteries, and also in new battery applications.

Lithium is mixed with other light metals such as aluminum and magnesium to form
strong, light-weight alloys (an alloy is a mixture of metals).

Some lithium, in the form of lithium carbonate or lithium citrate, is used as medicine
to treat gout (an inflammation of joints) and to treat serious mental illness.

Substitutes and Alternative Sources

Potassium compounds can be used in glass and ceramic production. Greases can be
made using calcium soaps, for example, in place of lithium compounds. In some
cases, glass, polymers and resins can be used in place of aluminum-lithium alloys.
Zinc, magnesium, nickel and cadmium, and even mercury, can be used to make
batteries in place of lithium. (It must be noted that mercury is being phased out of
use due to the fact it is so poisonous.)



MOLYBDENUM

Molybdenum: The two largest uses of molybdenum are as an alloy in stainless steels and in alloy steels-
these two uses consume about 60% of the molybdenum needs in the United States. Stainless steels include
the strength and corrosion-resistant requirements for water distribution systems, food handling equipment,
chemical processing equipment, home, hospital, and laboratory requirements. Alloy steels include the
stronger and tougher steels needed to make automotive parts, construction equipment, gas transmission
pipes. Other major uses as an alloy include tool steels, for things like bearings, dies, machining components,
cast irons, for steel mill rolls, auto parts, crusher parts, super alloys for use in furnace parts, gas turbine
parts, chemical processing equipment. Molybdenum also is an important material for the chemicals and
lubricant industries. Moly has uses as catalysts, paint pigments, corrosion inhibitors, smoke and flame
retardants, dry lubricant (molybdenum disulfide) on space vehicles and resistant to high loads and
temperatures. As a pure metal, molybdenum is used because of its high melting temperatures (4,730 F) as
filament supports in light bulbs, metal-working dies and furnace parts. Major producing countries are China,
Chile, and the U.S.

Molybdenite Photo
from M, courtesy of

: the Smithsonian
Waulfenite - Lead Molybdate Institution

Molybdenite
MII Photos

Background

Molybdenum is a metallic, silvery-white element, with an atomic number of 42. Its chemical
symbol is Mo. Chemically, it is very stable, but it will react with acids. The physical
characteristic that makes molybdenum unique is that it has a very high melting point, 4,730
degrees Fahrenheit. This is 2,000 degrees higher than the melting point of steel. It is 1,000
degrees higher than the melting temperature of most rocks. It has the fifth highest melting
point of all of the elements.

Molybdenite (MoS,, molybdenum sulfide) is the major ore mineral for molybdenum
(sometimes called moly for short). It is rarely found as crystals, but is commonly found as
what mineralogists describe as foliated masses. This means the mineral forms folia or layers,



like the mineral mica. It is metallic gray, has a greasy feel, and is very soft at only 1 on Mohs'
hardness scale. Its softness, metallic luster and gray color led scientists to mistakenly believe
it was a lead mineral. Geologically, molybdenite forms in high-temperature environments
such as in igneous rocks. Some molybdenite forms when igneous bodies contact rock and
metamorphose, or change, the rock. This is called contact metamorphism.

Molybdenum is also found in the
mineral wulfenite (Pb(MoQ,),
lead molybdate). Wulfenite
forms colorful, bright orange,
~n red, and yellow crystals. They
‘.":.r can be blocky or so thin that they

drawings here illustrate these
two mineral habits. (Habit is a

description of the form in which a particular mineral has
grown.)

Molybdenum is a needed element in plants and animals. In plants, for example, the presence
of molybdenum in certain enzymes allows the plant to absorb nitrogen. Soil that has no
molybdenum at all cannot support plant life.

Molybdenum was discovered by the Swedish scientist, Peter Hjelm in 1781, three years after
Carl Scheele proposed that a previously unknown element could be found in the mineral
molybdenite.

Name

In 1778, Swedish chemist Carl William Scheele was studying, what he thought was lead, in
the mineral molybdenite. Molybdenite was named after the Greek word molybdos, which
means lead. Sheele's studies led him to the conclusion that this mineral did not contain lead,
but some other element. He named this new element molybdenum after the mineral
molybdenite. (As an aside, the mineral scheelite (Ca(WO,4,M00,), calcium tungstate-
molybdate) was named after Scheele in honor of his discovery of molybdenum.)

Sources

The most important ore source of molybdenum is the mineral molybdenite. A minor amount
is recovered from the mineral wulfenite. Some molybdenum is also recovered as a by-product
or co-product from copper mining.

The United States produces significant quantities of molybdenite from mines in Colorado,
New Mexico, and Idaho. Other mines in Arizona, New Mexico, Montana, and Utah produce
molybdenum as a by-product. The largest molybdenum resource in the U.S. is in Climax,
Colorado. It is estimated that there are 5.5 million metric tons of molybdenum in the United
States. It is probable there are more molybdenum resources in the U.S. yet to be discovered.



There are significant molybdenum resources around the world. The leading producers are
Canada, China, Chile, Mexico, Peru, Russia and Mongolia. It is estimated that there are 12
million metric tons of molybdenum in the world. Other ore deposits may be discovered.

Uses

Molybdenum is alloyed with steel making it stronger and more highly resistant to heat
because molybdenum has such a high melting temperature. The alloys are used to make such
things as rifle barrels and filaments for light bulbs. The iron and steel industries account for
more than 75% of molybdenum consumption.

The two largest uses of molybdenum are as an alloy in stainless steels and in alloy steels-
these two uses consume about 60% of the molybdenum needs in the United States. Stainless
steels include the strength and corrosion-resistant requirements for water distribution systems,
food handling equipment, chemical processing equipment, home, hospital, and laboratory
requirements. Alloy steels include the stronger and tougher steels needed to make automotive
parts, construction equipment, gas transmission pipes.

Other major uses as an alloy include: Tool steels, for things like bearings, dies, machining
components; cast irons, for steel mill rolls, auto parts, crusher parts; super alloys for use in
furnace parts, gas turbine parts, chemical processing equipment.

Molybdenum also is an important material for the chemicals and lubricant industries.
Molybdenum has uses as catalysts, paint pigments, corrosion inhibitors, smoke and flame
retardants, dry lubricant (molybdenum disulfide) on space vehicles and resistant to high loads
and temperatures. As a pure metal, molybdenum is used because of its high melting
temperatures (4,730 F.) as filament supports in light bulbs, metal-working dies and furnace
parts. Molybdenum cathodes are used in special electrical applications. It can also be used as
a catalyst in some chemical applications.

General uses for molybdenum are in machinery (35%), for electrical applications (15%), in
transportation (15%), in chemicals (10%), in the oil and gas industry (10%), and assorted
others (15%).

Substitutes and Alternative Sources

Possible substitutes for molybdenum as a strengthening alloy in steel include vanadium,
chromium, columbium, and boron. However, such substitution is not presently practiced since
molybdenum is plentiful, affordable, and effective.

Wulfenite drawings used with permission.
©1999 Darryl Powell



POTASH

Potash: Usually chloride of potassium. Used as a fertilizer, in medicine, in the chemical industry, and is
used to produce decorative color effects on brass, bronze, and nickel. Can also be potassium sulfate,
potassium-magnesium sulfate, and potassium nitrate. Is an essential mineral for vegetable and animal life.

SILICON or SILICA

Silica (chemical name for the mineral quartz and a synonym for silicon dioxide): Used in manufacture of special steels
and cast iron, aluminum alloys, glass and refractory materials, ceramics, abrasives, water filtration, component of
hydraulic cements, filler in cosmetics, pharmaceuticals, paper, insecticides, rubber reinforcing agent - especially for high
adhesion to textiles, anti-caking agent in foods, flatting agent in paints, thermal insulator. Fused silica is used as an
ablative material in rocket engines, spacecraft, silica fibers used in reinforced plastics.



Quartz Crystal Photo from MIL, courtesy of the Smithsonian Institution

Background

Silicon is the second most common element in the Earth's crust, comprising 25.7% of the Earth’s crust
by weight. It was discovered in 1824 by the Swedish chemist Jons Jakob Berzelius. It is shiny, dark gray
with a tint of blue. Silicon, atomic number of 14, is a semi-metallic or metalloid, because it has several
of the metallic characteristics. Silicon is never found in its natural state, but rather in combination with
oxygen as a silicate ion (SiOy) in silica-rich rocks such as obsidian, granite, diorite, and sandstone.
Feldspar and quartz are the most significant silicate minerals. Silicon alloys with a variety of metals,
including iron, aluminum, copper, nickel, manganese and ferrochromium.

Silica is processed into two intermediate products- silicon and ferrosilicon. Silicon is known in the
ferroalloy and chemical industries as “silicon metal.” The ultra pure form of silicon (>99.99% Si) is
distinguished from silicon metal by the term “semiconductor-grade silicon.” The terms “silicon metal”
and “silicon” are used interchangeably.

Silicon is used in ceramics and in making glass. Ferrosilicon is crushed into a variety of forms and sold
as bulk metal. Depending on its intended use, it can be mixed with aluminum and calcium. It is a very
heavy alloy. When it comes into contact with moist air or water, an explosive chemical reaction occurs
in which hydrogen is released. Consequently there are very strict laws about the shipping of ferrosilicon
it must be kept perfectly clean and dry.



<= A quartz crystal from Arkansas. Used with permission. © 1999 Darryl
Powell.

Silicon is considered a semiconductor. This means that it conducts
electricity, but not as well as a metal such as copper or silver. This
physical property makes silicon an important commodity in the computer
manufacturing business.

Ferrosilicon accounts for 53% of the annual silicon consumption in the
United States; pure silicon accounts for the remaining 47%.

Silica is in human connective tissues, bones, teeth, skin, eyes, glands and
organs. It is a major constituent of collagen which helps keep our skin elastic, and it helps calcium in
maintaining bone strength. Silica dust in mines has caused silicosis or a lung disease in miners. Wetting
the area being mined and application of good ventilation has reduced the danger of lung disease. Some
organisms like sponges and some plants use silicon to create structural support.

Name

The name silicon comes from the Latin word silicis which means flint.
Sources

Silicon compounds are the most significant component of the Earth’s crust. Silicon is recovered from an
abundant resource: sand. Most pure sand is quartz, silicon dioxide (SiO,). Since sand is plentiful, easy to
mine and relatively easy to process, it is the primary ore source of silicon. Some silicon is also retrieved
from two other silicate minerals, talc and mica. The metamorphic rock, quartzite, is another source
(quartzite is metamorphosed sandstone). All combined, world resources of silicon are plentiful and will
supply demand for many decades to come.

The United States has plentiful sand, quartzite, talc and mica resources. The majority of the silica
produced in the U.S. is produced East of the Mississippi River and in the Northwest. The U.S. also
imports silicon from Norway, Russia, Brazil, Canada, and from a number of other countries.

Uses

Ferrosilicon alloys are used to improve the strength and quality of iron and steel products. Tools, for
instance, are made of steel and ferrosilicon.

In addition to tool steels, an example of “alloy steels,” ferrosilicon is used in the manufacture of stainless
steels, carbon steels, and other alloy steels (e.g., high-strength, low-alloy steels, electrical steels, and full-
alloy steels).

An alloy steel refers to all finished steels other than stainless and carbon steels. Stainless steels are used
when superior corrosion resistance, hygiene, aesthetic, and wear-resistance qualities are needed.



Carbon steels are used extensively in suspension bridges and other structural support material, and in
automotive bodies, to name a few. Silicon is also added to aluminum to create a stronger alloy. The
largest consumers of silicon metal are the aluminum and chemical industries.

Silicon is used in the aluminum industry to improve castability and weldability, not to add strength as
noted in the text. Silicon-aluminum alloys tend to have relatively low strength and ductility, so other
metals, especially magnesium and copper, are often added to improve strength.

In the chemicals industry, silicon metal is the starting point for the production of silianes, silicones,
fumed silica, and semiconductor-grade silicon. Silanes are the used to make silicone resins, lubricants,
anti-foaming agents, and water-repellent compounds. Silicones are used as lubricants, hydraulic fluids,
electrical insulators, and moisture-proof treatments.

Semiconductor-grade silicon is used in the manufacture of silicon chips and solar cells. Fumed silica is
used as a filler in the cement and refractory materials industries, as well as in heat insulation and filling
material for synthetic rubbers, polymers and grouts.

Other silicon materials are used in the production of advanced ceramic materials, including silicon
carbide, silicon nitride, and sialons. Silicon carbide is also used as an abrasive material, a refractory
agent, and in steel manufacturing.

Substitutes and Alternative Sources

There are relatively few options to replace silicon in its applications. Germanium and gallium arsenide
can be used as semiconductors in place of silicon. In some applications, a small number of metal alloys,
such as silicomanganese and aluminum, can substitute for ferrosilicon.

SULFUR

Sulfur: Used in the manufacture of sulfuric acid, fertilizers, chemicals, explosives, dyestuffs, petroleum refining,
vulcanization of rubber, fungicides.



Sulfur Photo from MII. courtesy of the Smithsonian Institution

Sulfur Crystal

MII Photo

Background

The bright, lemon yellow, non-metallic element, sulfur, is a very soft
mineral. It is only 2 on Mohs' scale of hardness. Sulfur was
determined to be an element in 1809. Sulfur has a very low thermal
conductivity meaning it cannot transfer heat very well. The touch of a
hand will cause a sulfur crystal to crack because the crystal’s surface
warms faster than the interior. Sulfur melts at 108 degrees Celsius,
and burns easily with a blue flame. Even the flame of a match is
enough to set sulfur on fire. When sulfur is burned it combines with
oxygen producing sulfur dioxide, SO, , which smells like rotten eggs.

Sulfur attaches to metal ions, creating a number of significant sulfide
ore minerals such as galena (lead sulfide), pyrite (iron sulfide),




chalcocite (copper sulfide), and sphalerite (zinc sulfide).

Sulfur easily attaches to oxygen, creating the sulfate ion (SO,). Sulfates are another significant group of
minerals, some of which are important commaodities. Gypsum (hydrous calcium sulfate) and barite
(barium sulfate) are two commodities that include sulfur.

In the late 1800’s, Herman Frasch developed a process for removing sulfur from underground deposits.
This is still known as the Frasch process. In this process, hot water is forced into the sulfur deposit. The
sulfur melts and is pushed to the surface where it is collected and allowed to cool and solidify, or shipped
in molten form.

Name

Sulfur (also spelled sulphur) is derived from the Latin name for this element, sulphurium. It means
"burning stone™ in reference to its source from volcanoes and that it burns so easily.

Sources

Mined sulfur is mostly from salt domes or bedded deposits. The vast majority is produced as a by-product
of oil refining and natural gas processing.

Uses

The majority of the sulfur produced in the United States is used to make sulfuric acid. Sulfuric acid has
multiple uses in the production of chemicals, petroleum products and a wide range of other industrial
applications. Sulfur’s main use is in making chemicals for agriculture, mostly for fertilizers. Other uses of
sulfur include refining petroleum, metal mining, and the production of organic and inorganic chemicals. A
multitude of products (such as the production of rubber for automobile tires) require sulfur in one form or
another during some stage of their manufacture.

Substitutes and Alternative Sources

There are no good alternatives for sulfur. Fortunately, the variety of sulfur resources in different fossil fuel
deposits, as well as the large amount of sulfur contained in sedimentary gypsum, guarantees massive
sulfur resources for future use. It is estimated that there are 600 billion tons of sulfur contained in oil

shale, coal, and other sediments rich in organic matter but a cost-effective method of retrieving the sulfur
has not yet been developed. The sulfur available in gypsum and anhydrite is described as being "limitless."

Sulfur crystal drawing used with permission.
©1999 Darryl Powell



RUTILE

Rutile: Titanium dioxide. Used in alloys, for electrodes in arc lights, to give a yellow color to porcelain and false
teeth.

Rutile/Goethite Photo from MIL courtesy of the Smithsonian Institution
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Antimony: A native element, antimony metal is extracted from stibnite and other minerals. Antimony is used as a
hardening alloy for lead, especially storage batteries and cable sheaths, also used in bearing metal, type metal,
solder, collapsible tubes and foil, sheet and pipes, and semiconductor technology.

Stibnite: The sample in the photo contains 71.8 percent antimony and 28.2 percent sulfur. It is the most important
ore for antimony. Stibnite is used for metal antifriction alloys, metal type, shot, batteries, in the manufacture of
fireworks. Antimony salts are used in the rubber and textile industries, in medicine, and glassmaking.

Background

Antimony is a silvery-gray, brittle semi-metal with atomic number 51. It rarely occurs in nature as a
native element, but is found in a number of different minerals, the most important of which is stibnite
(SbS3). Antimony is often called a semi-metal, because in pure form it is not shiny and malleable like
true metals.

Antimony is not an element which most people see daily in a recognizable form. However, it is
present in many products in everyday use. Antimony’s moderate price allows it to be used in a wide
variety of applications.

Antimony minerals, particularly stibnite, have been known and used since ancient times. Because it is
so soft, stibnite was used in ancient times as black eye makeup. The Roman historian, Pliny, wrote
about its use as a medicine. Artists used finely-ground stibnite in the Middle Ages as a black pigment.
Ancient “scientists” were interested in antimony because of their belief that it may be useful in the
process of changing common metals into gold. This field was known as alchemy.

Name

The ancients may have occasionally produced pure antimony from its ore stibnite, and medieval
alchemists have left recipes for preparation of the pure metal. However, it was not actually recognized
as a separate element until the mid-1400’s, when chemistry as a science began to take shape. The
French chemist, Nicolas Lemery, is known to have performed some of the earliest studies on
antimony.

The name antimony is derived from the Greek words anti and monos, which together mean not alone,
because it rarely occurs naturally in pure form. Its chemical symbol, Sb, is derived from the Latin
word stibium, which was the name of the most common antimony mineral, stibnite.

Sources

Antimony rarely occurs in its native metallic form in nature. It easily combines with other elements,
usually including sulfur, to form over 100 different minerals. Of these minerals, only stibnite (SbS3) is
mined commercially as a source for metallic antimony. Antimony is found in trace (that is, very
minor) amounts in silver, copper and lead ores, and it is usually economically possible, as well as
environmentally desirable, to extract the antimony from these ores when they are smelted.

Most of the antimony mined each year comes from China, which supplies over three-quarters of the
world total. The remainder is from Russia, South Africa, Tajikistan, Bolivia, and a few other



countries. Some antimony is produced as a by-product of smelting ores of other metals, mainly gold,
copper and silver, in countries such as the United States, Canada, and Australia.

No mines are currently producing antimony ore in the U.S., but important amounts are yielded as a
by-product of copper and silver mining. Numerous stibnite deposits occur in Idaho, Montana and
Nevada, but most are worked out. Recycling of old lead-acid batteries (such as automobile batteries)
contributes to U.S. antimony production.

Uses

The most important use of antimony in the United States is in chemicals used to impregnate plastics,
textiles, rubber, and other materials as a flame retardant — that is, a form of fireproofing. This is
required by federal law for certain childrens’ clothing. Over half the annual U.S. antimony
consumption is for the manufacture of flame retardants.

A portion of U.S. consumption is in antimony alloys. Antimony is mixed (that is, alloyed) with other
metals, such as lead, to make the lead harder and stronger for use in lead-acid batteries. On the other
hand, some alloys such as Babbitt Metal (an alloy of antimony, tin, copper, and sometimes lead) are
useful as machine bearings because they are soft and slippery. Antimony is also alloyed with tin to
make pewter items such as plates, pitchers and cups, used mostly for decoration. One use of
antimony, which is declining, is to make type metal for printing newspapers and magazines.
Antimony is one of very few substances (bismuth and water are two others) which expands when it
cools and freezes. Antimony-bearing type metal thus fills every corner of a mold used to prepare
sharp type for printing. With the advent of computer printing, this use has greatly decreased.

Antimony is also used for pigments in plastics, paints, rubber, and for a wide variety of minor uses,
including medicines, fireworks, and others. Antimony oxide is a brilliant yellow color, accounting for
much of the pigment use.

A tiny amount of highly purified antimony metal is used in the computer industry to make
semiconductors. To be useful in this application, antimony has to be 99.999% pure!

Substitutes

Antimony could be replaced by chromium, tin, zinc, and titanium compounds in the paint industry.

Cadmium, sulfur, copper, and calcium can be used to harden lead. A number of organic compounds
can be used as fire retardants. Recycling, mining, and smelter production will meet the demand for

antimony and antimony compounds for many decades to come.



BERYL/BERYLLIUM

Beryllium: beryllium alloys are used mostly in applications in aerospace, automobiles, computers, oil and gas
drilling equipment, and telecommunications. Beryllium salts are used in fluorescent lamps, in X-ray tubes and as a
deoxidizer in bronze metallurgy. Beryl is the source of the gem stones emerald and aquamarine. Sample in photo
contains 14 percent beryllium oxide.

Heryl Phoso from ML

wotertesy of the Smithsonian lsstitution

MII Photo

v



Background

Beryllium is a metallic element, with atomic number 4 and
atomic weight 9. The metal is hard, silvery-white in color,
and very light — less than twice as dense as water, and
only two-thirds as dense as aluminum, which it somewhat
resembles. Beryllium has a very high melting point at
2349° F (1287° C). The combination of its light weight
and high melting point make it valuable for making metal
alloys.

Because of the toxic nature of beryllium, careful control over the quantity of dust and fumes in
the workplace must be maintained.

A beryl crystal from Africa.
(Beryl crystal drawing © 2002 Darryl Powell. Used with permission.)

Name

Beryllium was not known to ancient or medieval civilizations, and was first recognized by the
French scientist, Nicholas Louis Vauquelin in 1798. He discovered it as a component of the
mineral beryl, and named it beryllium. Metallic beryllium was not isolated until 1828, by
Friederich W”hler in Germany.

Sources

The most common mineral containing beryllium is beryl, a silicate mineral with the chemical
formula Be3Al,SigO15. Beryl forms distinctive hexagonal prisms, and is found in the igneous
rock granite and special igneous rocks, derived from granites, known as pegmatites. Colored,
transparent varieties of beryl may be gems, such as emerald (green), aquamarine (blue-green),
heliodor (yellow), and morganite (pink). In addition to being found in beryl, beryllium is found in
the mineral bertrandite Be4Si207(OH)2, which in recent years has become a major ore of this
element, in addition to beryl. Bertrandite is found in certain volcanic rocks derived from granite.

Bertrandite ore mined in Utah makes up nearly all of U.S. production, which is about two-thirds
of the world supply. Russia produces most of the rest, from beryl ores. Five to ten other countries
mine small amounts of beryl. The United States produces and exports large amounts of beryllium
alloys and compounds, and thus is a net importer of ores, but a net exporter of finished beryllium
products.

Small amounts of beryllium become available from recycling of beryllium-containing scrap.

Uses

Most beryllium is used in metal alloys, which account for more than 70% of world consumption.



Because beryllium is very light and has a high melting temperature, it is an ideal metal for use in
the aerospace and defense industry, almost always alloyed with other metals. Beryllium metal
also has the interesting characteristic of being elastic. Consequently, it is used in the manufacture
of springs, gears and other machine components that need a degree of elasticity. Another
everyday application is in the manufacture of gasoline pumps, because an alloy of copper and
beryllium (beryllium bronze) does not spark when hit against other metals, nor emit sparks from
static electricity.

Rods made of beryllium metal and oxide are used to control nuclear reactions, because beryllium
absorbs neutrons better than any other metal.

Most organisms do not depend on beryllium for growth. In fact, beryllium dust and fumes can be
dangerous to human health when inhaled. Consequently, the Clean Ar Act demands very careful
handling of beryllium dust and fumes to minimize or eliminate its danger to humans.

Substitutes and Alternative Sources

In some applications, graphite, steel and titanium can be used in place of beryllium. However, it
is a critical component of many military and aerospace applications, and even though it is
expensive to produce (costing more than silver), it is not often replaced by other materials.

COBALT

Cobalt: Used in superalloys for jet engines, chemicals
(paint driers, catalysts, magnetic coatings, pigments,
rechargeable batteries), magnets, and cemented carbides
for cutting tools. Principal cobalt producing countries
include Democratic Republic of the Congo, Zambia,
Canada, Cuba, Australia, and Russia. The United States
uses about one-third of total world consumption. Cobalt
resources in the United States are low grade and
Cobaiits Photo rom MIl, Courtesy of producti_on from these deposits is usually not

Smithsonian Instit’ution economically feasible.

Background

Cobalt is a bluish-gray, shiny, brittle metallic element. Its atomic number is
27 and its symbol is Co. It belongs to a group of elements called the
transition metals. It has magnetic properties like iron.



Ancient civilizations in Egypt and Mesopotamia used a substance to color
glass a beautiful deep blue. In 1735, the Swedish scientist Georg Brandt set
out to prove that this color was due not to the element bismuth, as people
believed, but to a new and unidentified element. He is credited with the
discovery of this new element, which he named cobalt.

Cobalt is one of the elements that is very important to life, including human
life and health. Vitamin B-12 contains cobalt. In areas where there is little
cobalt in the soil, farmers have to provide salt blocks containing cobalt for
their animals to lick in order to provide enough cobalt in their diet.

Cobalt is also found in iron-nickel meteorites.

Name

Cobalt was named after the German word kobald which means goblin or evil
spirit believed to cause health problems for silver and copper miners.

Sources

It is estimated that there are about 1 million tons of cobalt in the United
States. Minnesota has the largest resources, but other ore resources are found
in Alaska, California, Idaho, Missouri, Montana and Oregon. The identified
cobalt resources in the world total about 15 million tons. Most are found in
Australia, Canada, Congo, Russia, and Zambia.

The ocean floor has nodules of metals that form when hot water from deep in
the Earth comes into contact with the cold ocean water. These nodules are
mostly manganese and so are called manganese nodules. It is estimated that
there are millions of tons of cobalt in these nodules. Presently, we do not have
the technology to retrieve these nodules at a reasonable cost.

All of the primary cobalt used in the U.S. is imported. Cobalt is imported into
the United States in the form of cobalt metal, cobalt salts, and cobalt oxide.
The imports come from Norway, Finland, Canada, Russia, and other nations.

Uses

Cobalt has been used by civilizations for centuries to create beautiful deep
blue glass, ceramics, pottery and tiles. In a similar way, it is being used to
make paint pigments.

In addition to these traditional uses, cobalt is used in a number of industrial
applications. When cobalt is alloyed with other metals, very strong magnets
are created. Superalloys containing cobalt are used in the production of jet
engines and gas turbine engines for energy generation. These superalloys



account for nearly half of the cobalt used each year. Some cobalt is used to
make cutting and wear-resistant materials.

A manmade isotope of cobalt, cobalt-60, produces gamma rays. This is used
for sterilization of medical supplies and foods, for industrial testing, and to
fight cancer.

Substitutes and Alternative Sources

At times, cobalt prices rise significantly and there is concern about the
amount of cobalt easily available around the world. As a result, industries
have tried to conserve cobalt consumption. There are some replacements for
cobalt, but they don’t always work as well as cobalt. For example, nickel-iron
or neodymium-iron-boron alloys can be used to make strong magnets. Nickel
and special ceramics can be used to make cutting and wear-resistant
materials. Nickel-base alloys containing little or no cobalt can be used in jet
engines. Manganese, iron, cerium, or zirconium can be used in paint driers.

GYPSUM

Gypsum: Processed and used as prefabricated wallboard or as industrial or building plaster, used in cement manufacture, agriculture and
other uses.

Selenite
MI1 Photos




Rock Gypsum

i

Gypsum Photo [rom MIIL courtesy of the Smithsonian Institution

Background

Gypsum is found in nature in mineral and rock form. As a mineral, it can form
very pretty, and sometimes extremely large, crystals. As a rock, gypsum is a
sedimentary rock, typically found in thick beds or layers. It forms in lagoons
where ocean waters high in calcium and sulfate content can slowly evaporate and
be regularly replenished with new sources of water. The result is the accumulation
of large beds of sedimentary gypsum. Because it is deposited in this environment,
it is common for gypsum to be associated with rock salt and sulfur deposits.

Gypsum belongs to a group of minerals called the sulfates, and is the most
common of the approximately 150 sulfate minerals. Sulfates are compounds of
one or more metals with oxygen and sulfur. The oxygen and sulfur join together to




form the sulfate ion, SO, Technically, gypsum is hydrous calcium sulfate because it has water in its crystal
structure, CaSQO4.2H,0.

A secondary, and minor source, of raw calcium sulfate is the mineral anhydrite. Anhydrite is chemically very much
like gypsum, but lacks the water molecule in its crystal structure. Its chemical formula is CaSO,.

Gypsum is very soft at 2 on Mohs' hardness scale. It is so soft that a fingernail can easily scratch it. Gypsum crystals
can be a number of attractive colors, ranging from completely colorless to tan and even green. Sedimentary gypsum
is nearly always white or gray in color.

Sedimentary gypsum is the gypsum that is mined as a commaodity.

Name

The mineral name gypsum is so old that it is not known who originated its use. It was derived from the Greek word
gypsos which means plaster. Originally it referred to the form of gypsum which has been heated to a high
temperature to drive off the water in its crystal structure; this is called calcined gypsum. This is called Plaster of
Paris.

Sources

In the United States, gypsum is mined in about 19 states. The states producing the most gypsum are Oklahoma,
lowa, Nevada, Texas, and California. Together, these states account for about two-thirds of the United States’
annual production of gypsum. Over 30 million tons of gypsum is consumed in the United States annually. Canada,
Mexico and Spain are other significant producers of raw gypsum. In all, more than 90 countries produce gypsum.

Uses

The most significant use for gypsum is for wallboard and plaster products. All modern homes in North America and
other developed countries use a great deal of wallboard for interior walls. The United States is the world’s leading
consumer of wallboard at over 30 billion square feet per year. Some gypsum is used to make Portland cement, and
some is used in agricultural applications. A small amount of very pure gypsum is used in glass making and other
specialized industrial applications.

Substitutes and Alternative Sources

Gypsum is a by-product of some industrial processes. Although mined gypsum will remain the primary source of
this commodity for decades to come, about one-fourth of current gypsum production is provided as a by-product of
some industrial processes. There is presently no substitute for gypsum in the production of Portland cement.
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KAOLIN

Kaolin: Also known as "china clay" is a white, aluminosilicate widely used in paints, refractories, plastics,
sanitary wares, fiberglass, adhesives, ceramics, and rubber products.
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Background

The term clay refers to a number of earthy materials that are composed of minerals rich in
alumina, silica and water. Clay is not a single mineral, but a number of minerals. When
most clays are wet, they become "plastic” meaning they can be formed and molded into
shapes. When they are "fired" (exposed to very high temperatures), the water is driven off
and they become as hard as stone. Clay is easily found all over the world. As a result,
nearly all civilizations have used some form of clay for everything from bricks to pottery
to tablets for recording business transactions.

The minerals that make up clay are so fine that until the invention of X-ray diffraction
analysis, these minerals were not specifically known. Under extremely high
magnification, one can see that clay minerals can be shaped like flakes, fibers, and even
hollow tubes. Clays can also contain other materials such as iron oxide (rust), silica, and
rock fragments. These impurities can change the characteristics of the clay. For example,
iron oxide colors clay red. The presence of silica increases the plasticity of the clay (that
is, makes it easier to mold and form into shapes).

Clays are categorized into six categories in industry. These categories are ball clay,
bentonite, common clay, fire clay, fuller’s earth, and kaolin.

Name

Sources



Clays are common all over the world. Some regions, as might be expected, produce large
quantities of specific types of clay. It is estimated that the state of Georgia has kaolin clay
reserves of 5 to 10 billion tons. The United States is self-sufficient so it imports only
small amounts of clay from Mexico, Brazil, United Kingdom, Canada, and assorted other
nations. The United States exports nearly half of its production worldwide.

The nations producing the most significant amounts of the various clays are as follows:

« Kaolin: Brazil, United Kingdom, and the United States are the dominant
producers of high quality kaolin.

« Ball clays: Major producers of ball clays are Germany, the United States, United
Kingdom, the Czech Republic, China, and France.

« Fire clays: Major fire clay producing countries are Germany, and the United
States.

« Bentonite: Major producers of bentonite are the United States, Germany, Turkey,
and Greece.

e Fuller’s earth: Major producers of fuller’s earth are the United States
(attapulgite, smectite), Spain (attapulgite, sepiolite), and Senegal (attapulgite).

Uses

The United States both imports and exports clays and clay products. It is estimated that
the United States consumes about 37.6 million tons of clays each year.

Ball clays are good quality clays used mostly in pottery but are also added to other clays
to improve their plasticity. Ball clays are not as common as other clay varieties. One third
of the ball clay used annually is used to make floor and wall tiles. It is also used to make
sanitary ware, pottery, and other uses.

Bentonite is formed from the alteration of volcanic ash. Bentonite is used in pet litter to
absorb liquids. It is used as a mud in drilling applications. It is also used in other
industrial applications such as the "pelletizing" of iron ore.

Common clay is used to make construction materials such as bricks, cement, and
lightweight aggregates.

Fire clays are all clays (excluding bentonite and ball clays) that are used to make items
resistant to extreme heat. These products are called refractory products. Nearly all (81%)
of fire clays are used to make refractory products.

Fuller’s earth is composed of the mineral palygorskite (at one time this mineral was
called "attapulgite™). Fuller’s earth is used mostly as an absorbent material (74%), but
also for pesticides and pesticide-related products (6%).



Kaolinite is a clay composed of the mineral kaolin. It is an essential ingredient in the
production of high quality paper and some refractory porcelains.

Substitutes and Alternative Sources

When necessary, calcium carbonate and talc can be used in place of clay as filler in some
applications. However, clay is so abundant in all its forms that such substitutions may
only be necessary if the alternative materials are less expensive than clay (which is not

very likely).

MANGANESE

Manganese: essential to iron and steel production. The U.S., Japan, and Western Europe are all

nearly deficient in
economically mineable manganese. South Africa and the Ukraine have over 80% of the world's

reserves.



Manganite Photo from MII.
courtesy of the Smithsonian Institution

Manganite - M1l Photo

Background

Manganese is gray-white metal with a pinkish tinge, and a very brittle but hard
metallic element. Its atomic number 25. In 1774, while heating the mineral
pyrolusite (MnO,, manganese dioxide) in a charcoal fire, the Swedish scientist
Johann Gahn discovered manganese. The heat and carbon in the charcoal
separated oxygen from the pyrolusite, leaving a metallic manganese residue. This
chemical reaction is called a reduction reaction.

Manganese is a reactive element that easily combines with ions in water and air. In
the Earth, manganese is found in a number of minerals of different chemical and
physical properties, but is never found as a free metal in nature. The most
important mineral is pyrolusite, because it is the main ore mineral for manganese.
When manganese is alloyed with other metals like aluminum, copper and
antimony, the end product is magnetic.

Trace amounts of manganese are very important to good health. It makes bones
strong yet flexible, and it aids the body in absorbing Vitamin B1. It also is an
important activator for the body to use enzymes. As little as 0.00002% Mn in the
human body is essential. Studies have shown that a lack of manganese leads to
infertility in animals.

Name

The word manganese comes from the Latin word magnes which means magnet.



Sources

Over 80% of the known world manganese resources are found in South Africa and
Ukraine. Other important manganese deposits are in China, Australia, Brazil,
Gabon, India, and Mexico. The United States imports manganese ore because the
manganese resources in the U.S. are relatively low in manganese content per ton
of ore. Importing these ores is presently more economic than mining them locally.

Most manganese ore imported to the United States is used to manufacture
intermediate manganese ferroalloy products and electrolytic manganese for use in
dry-cell batteries. Only a small amount of the ore is directly used in the steel
making process.

Some manganese is recovered through the reprocessing of scrap metals and steel
slag, or the materials left over from the steel-making process. Though considered
waste in terms of its steel content, slag often contains significant amounts of other
elements that can be recovered.

Deep-sea nodules of manganese and other metals are scattered on the ocean floor.
They form when the hot waters from hot springs (called black smokers) on the
ocean bottom meet the cold, deep ocean water. The elements in the hot volcanic
waters precipitate as nodules. Though rich in manganese (nearly 25% manganese)
they are very deep in the ocean and it would cost too much to make them worth
retrieving. This may prove to be an important source of manganese in the future
should reserves in the Earth’s crust be depleted and cost-effective deep-sea mining
methods are discovered.

Uses

Steel becomes harder when it is alloyed with manganese. It has similar
applications when alloyed with aluminum and copper. Hardened steel is important
in the manufacture of construction materials like I-beams (24% of manganese
consumption), machinery (14% of manganese consumption), and transportation
(13% of manganese consumption).

Manganese dioxide is used to: manufacture ferroalloys; manufacture dry cell
batteries (it's a depolarizer); to "decolorize™ glass; to prepare some chemicals, like
oxygen and chlorine; and to dry black paints. Manganese sulfate (MnSO,) is used
as a chemical intermediate and as a micronutrient in animal feeds and plant
fertilizers. Manganese metal is used as a brick and ceramic colorant, in copper and
aluminum alloys, and as a chemical oxidizer and catalyst. Potassium
permanganate (KMnQOy,) is used as a bactericide and algicide in water and
wastewater treatment, and as an oxidant in organic chemical synthesis.

Substitutes and Alternative Sources




There are presently no adequate substitutes for manganese in its varied
applications.

NICKEL

Nickel: Vital as an alloying constituent of stainless steel, plays key role in the chemical
and aerospace industries. Leading producers include Australia, Canada, Norway and
Russia. Large reserves are found in Australia, Cuba, New Caledonia, Canada, Indonesia,

the Philippines, and Russia.
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Nickeline photo frum-MIl, courtesy of Smithsonian Institution

Background

Nickel, with a symbol of Ni, is a silvery shiny, metallic element with an



atomic number of 28. It can be hammered into thin sheets, which means it is
malleable. Nickel, iron and cobalt are the only three elements known to be
ferro-magnetic. Of the three, nickel is the least magnetic. When all three
ferro-magnetic metals are alloyed together, an unusually strong magnet is
created. This alloy conducts heat and electricity fairly well, but is not as good
a conductor as pure silver or copper.

In 1751, Axel Fredrik Cronstedt of Sweden attempted to extract copper from
the mineral niccolite and to his surprise got a silvery-white metal, instead of
the copper. He named the new metal nickel after the mineral name of
niccolite. This was the first discovery of nickel in the western world, but an
alloy of copper, nickel and zinc - paitung or paktong - was used in China as
far back as 235 B.C.E. for utensils and other metal ware.

The presence of elemental nickel in iron-nickel meteorites distinguishes them
from rocks or minerals produced in the Earth. The amount of nickel in these
meteorites ranges from 5% to almost 20%. When they are sliced and etched
with acid, a pattern of intergrown crystals is revealed. This is called a
widmanstatten pattern. This texture of the iron-nickel meteorites suggests
they cooled and crystallized very, very slowly deep inside asteroids.

Trace amounts of nickel are important to a number of species of animals. It
plays a role, along with iron, in the transport of oxygen in the blood. Nickel
deficiency has been shown to reduce iron uptake in young pigs.

Nickel is also important to the proper function of some enzymes in both
plants and animals. Experiments on rats have shown that insufficient nickel
leads to liver damage. Nickel is involved in the transmission of genetic code -
DNA, RNA, etc. it is also present in certain enzymes that metabolize sugar.
Oats and other whole grains are an excellent source of nickel.

Scientists who study seismic waves from earthquakes, have determined that
the core of the Earth consists of a liquid outer core and a solid inner core
composed of an iron-nickel mixture.

Name

From very early times nickel-bearing minerals, such as niccolite, were mixed
with glass to create green glass. This was called kupfernickel which means
Devil’s Copper. When nickel was extracted from niccolite, the mineral name
was a logical source of the name for the element, nickel.

Sources

Although today it is not profitable to mine nickel in the U.S., small amounts
of by-product nickel are being recovered from copper and palladium-



platinum ores in the Western United States.

Approximately 87,000 tons of nickel is recovered annually by recycling
stainless steel and other nickel-iron alloys. This represents about 39% of the
nickel used each year.

It is estimated that there is about 140 million tons of nickel available in
identified deposits. Eighty-four million tons, or 60 percent of the total
available nickel is in laterite deposits. A deposit in which rain and surface
water leached nickel-rich rock and concentrated the nickel at or near the
surface of the Earth is a laterite deposit. Nickel sulfide deposits contain the
remaining forty percent (56 million tons).

Demand for nickel in the United States is much higher than what recycled
nickel can provide, so nickel is imported into the country. Most of the
imported nickel comes from Canada (40%), while the rest is imported from
Norway (13%), Russia (12%), Australia (10%), and various other nations
(25%).

Uses

In the United States, large amounts of nickel (42% of consumption in 2001)
are used in the specialty steel industry for stainless steel and related alloys. In
1913, Harry Brearly, an English scientist, was the first to produced stainless
steel, when he accidentally discovered that the addition of chromium to steel
makes the steel resistant to staining. Today, stainless steel also contains some
molybdenum, titanium and nickel, to increase its resistance to corrosion.

Thirty-eight percent of annual nickel use is in nonferrous alloys (or mixed
with metals other than steel) and superalloys (metal mixtures designed to
withstand extremely high temperatures and/or pressures, or to have high
electrical conductivity). Nickel is used as a coating on other metals to slow
down corrosion. Nickel coatings accounts for 14% of nickel use.

The remaining 6% of the annual nickel use is for a variety of purposes
including the production of coins, nickel-cadmium and nickel-metal hydride
batteries; as a catalyst for certain chemical reactions; and, as a colorant,
nickel is added to glass to give it a green color. The U.S. 5-cent piece is
called a "nickel" because it only contains 25% nickel. The other 75% is
copper.

Rechargeable nickel-hydride batteries are widely used for cellular phones,
video cameras, and other electronic devices. Nickel-cadmium batteries are
used primarily to power cordless tools and appliances.



Substitutes and Alternative Sources

Manganese crusts and nodules on the ocean floor could be a valuable source
of nickel someday. These deposits contain manganese and other metal ions,
such as nickel. Some deposits appear to have formed when superhot liquids
from deep sea volcanoes came in contact with the very cold deep ocean water
causing the metals to precipitate and collect on the ocean floor. Other
deposits far from subduction zones may have formed when microorganisms
in the sea water accelerated the precipitation of dissolved iron and
manganese. Today, it is too expensive to mine the deposits, but as the surface
nickel deposits are used up, the value of nickel may increase and make it
profitable to retrieve these manganese nodules.

There are a number of materials that could be used in place of nickel, but
generally, these substitutes are more expensive than nickel and/or less
effective. Aluminum, plastics or coated steel could be used in place of
stainless steel in some situations. Titanium can be used in place of nickel to
make some superalloys.

PYRITE

Pyrite: used in the manufacture of sulfuric acid and sulfur dioxide; pellets of pressed pyrite dust have
been used to recover iron, gold, copper, cobalt, nickel, etc.; used to make inexpensive jewelry.




SILVER
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Background



Silver has been known and used since ancient
times. Evidence in Asia Minor suggests that people
were separating silver from lead as long ago as
3000 B.C.E. Like gold, it is a prized metal, both
for its beauty and usefulness.

Silver
(atomic
number 47)
is sometimes
found in the
Earth as the
mineral
native silver.
Its chemical
symbol is
Argentum.
metallic

Ag, after the Latin word
Silver has a bright,
luster, and when untarnished,
has a white color. Silver is found
combined with a number of different
elements to form a variety of minerals and ores. It is also found in very small
amounts (called trace amounts) in gold, lead, zinc, and copper ores.

As a mineral, silver crystallizes in the cubic (isometric) system. In rare cases
it forms crystals. Usually it is found in thin sheets or as long wires and
bundles of wires, as in these drawings of native silver from Colorado. Silver
is rather soft at 2 to 3 on Mohs' hardness scale. Like gold, it is malleable
which means it can be hammered into thin sheets. It is also ductile, meaning it
can be drawn into wire.

Name

Silver was named from the Old English (Anglo-Saxon) word seolfer. This
name is related to the German word silber and the Dutch word zilfer.

An early Latin name for this mineral was Luna which means moon, an
allusion to its striking, bright luster.

Sources
Silver is found in lead, zinc, and copper ore deposits. A full two-thirds of the
silver resources in the world are found in association with these other metal

ores. The remaining third is found in association with deposits of gold.

The most important ore mineral of silver is argentite (Ag,S, silver sulfide).



In the United States, Nevada is the leading producer of silver where it is a by-
product of gold mining. Other significant world producers of silver are
Mexico, Peru, Chile, and Canada. A number of other countries produce
smaller amounts of silver.

Uses

Silver has been used for thousands of years for jewelry and decorative items
of all types. Likewise, it has been used for silverware. Of all the metals,
untarnished silver is the best reflector of light. As a result, it was used in
ancient times to make mirrors. Unfortunately, silver tarnishes very easily and
quickly, and its use as a mirror could be frustrating. Sterling silver is silver
alloyed with another metal, usually copper. For such an alloy to be called
“Sterling” it has to have 92.5% silver content. Silver is also used as a
currency and at one time, along with gold, was the standard for the currency
of the United States of America. Silver bromide and silver nitrate are used in
photography. It is estimated that about one-third of the silver used in the
United States is used in various photographic materials and processes. It is
also used in electrical products because it conducts electricity so well (silver
actually conducts electricity more efficiently than copper). It is used by
dentists in amalgam fillings. Silver is also used in the production of bearings.

Substitutes and Alternative Sources

There are a number of materials and
technologies that can be used in place of
silver. Stainless steel is used to make
tableware. Film with a lower silver content
might be used in photography. Digital
photography can conceivably significantly
reduce the demand for silver-based films.
Digital imaging will also reduce the
consumption of silver-based films in the
printing industry. Rhodium and aluminum
can be substituted for silver in making
mirrors.

< = Sheet silver from Colorado

All drawings used with permission
© 2000 Darryl Powell



TANTALUM

Tantalum: a refractory metal with unique electrical, chemical, and physical properties
that is used mostly as tantalum metal powder in the production of electronic components,
mainly tantalum capacitors. Alloyed with other metals, tantalum is also used in making
cemented carbide tools for metal working equipment, and in the production of
superalloys for jet engine components. Australia, Brazil, Canada, Congo (Kinshasa),
Ethiopia, and Rwanda are leading tantalum ore producers. There is no tantalum mine
production in the United States. The sample photograph is tantalite, a source for
tantalum.

Tantalite Photo from MII, courtesy of the Smithsonian Institution

Background

Tantalum is a hard, grayish-blue, metallic element. Its atomic number is 73
and its symbol is Ta. It has a very high melting point (2996°C). This melting
point is exceeded only by that of carbon, tungsten, and rhenium. Tantalum is
remarkably resistant to attack by air, water and most acids.

Tantalum was discovered in 1802 by the Swedish scientist Anders Ekeberg.
Commercial use of tantalum began in 1903 with the production of tantalum



Tantalum is mostly found with the element niobium. The two elements are so
similar that they are very difficult to isolate from one another. Tantalum was
named after the Greek god, Tantalus. Niobium, discovered before tantalum
(1801), was named after the daughter of Tantalus, Niobe.

Sources

Tantalum is recovered from ore minerals such as columbite and tantalite. The
United States has no high-grade tantalum ores. In fact, no significant tantalum
ores have been mined in the U.S. since 1959.

About 20% of the tantalum used in the United States comes from recycling.
The rest must be imported. Recent major sources for tantalum imports were
Australia, Kazakhstan, Canada, China, Thailand, and others.

Uses

The electronics industry uses most of the tantalum consumed to make
electronic components (tantalum capacitors). Since tantalum is so resistant to
corrosion, it is used to make surgical instruments and medical equipment
such as rods to attach to broken bones, skull plates, and wire meshes to help
repair nerves and muscles.

Because it has such a very high melting point, it is alloyed (that is, mixed
with) other metals to create alloys that are needed for very high temperature
applications. Tantalum is also used in camera lenses.

Substitutes and Alternative Sources

Columbium can be used in place of tantalum to make carbides. Columbium,
hafnium, iridium, molybdenum, rhenium and tungsten can be used for high-
temperature situations. Aluminum and ceramics can be used in place of
tantalum in electronic capacitors. The problem is, however, that most of these
substitutes are not as effective as tantalum in some of these applications.



VANADIUM

Vanadium: Used in metal alloys, important in the production of aerospace titanium alloys, as a catalyst for production of maleic
anhydride and sulfuric acid, in dyes and mordants, as target material for X-rays. Russia and South Africa are the world’s largest
producers of vanadium. Large reserves are also found in the U.S., Canada, and China. The sample photo is vanadinite, an ore of
vanadium and lead.

Background

Vanadium is a soft, silver-gray metallic element. Its atomic number is 23 and symbol is V. Two scientists discovered
it. However, they were not working together and even lived across the globe from one another. In 1803, Andres
Manuel del Rio, a Spanish mineralogist working in Mexico City, first discovered a material he called “brown lead”.
He later renamed this compound erythronium meaning red, a reference that this material turned red when heated. In
1831, a Swedish chemist named Nils Gabriel Sefstrom isolated a new material that he named vanadium in honor of
the goddess of beauty and fertility, Vanadis. Ultimately, the name vanadium was chosen.

Henry Roscoe isolated metallic vanadium in 1867. He took vanadium chloride (VCls3) and reduced it with hydrogen
to form vanadium metal and hydrochloric acid (HCI). Henry Roscoe isolated metallic vanadium in 1867. He took
vanadium chloride

There is a very minor amount of vanadium in the human body, however it does not serve any biological purpose. It is
an interesting fact that vanadium is an essential element to ascidians, also known as sea squirts. They concentrate
vanadium in their bodies to a level one million times higher than the concentration of vanadium in seawater.



Name

Vanadium was named after Vanadis, the goddess of beauty in Scandinavian mythology.
The name was given by Nils Gabriel Sefstrom. A very beautiful, deep red mineral,
vanadinite, contains vanadium and was named after its vanadium content.

Deep red vanadinite crystals. Drawing © 2000 Darryl Powell. Used with permission.
Sources

It is estimated that the presently known world resources of vanadium total 63 million
tons. There is no single mineral ore from which vanadium is recovered. However, it is
found as a trace element in a number of different rock materials and is a by-product of
other mining operations. Vanadium is found in magnetite (iron oxide) deposits that are also very rich in the element
titanium. It is also found in bauxite (aluminum ore), rocks with high concentrations of phosphorous-containing
minerals, and sandstones that have high uranium content. VVanadium is also recovered from carbon-rich deposits such
as coal, oil shale, crude oil, and tar sands.

Vanadium resources in the United States, where it is usually associated with uranium ores in sandstones, are large
enough to supply U.S. vanadium needs. However, it is often cheaper to import vanadium and ferrovanadium
products. The ferrovanadium that is imported is purchased from Canada, China, the Czech Republic, South Africa,
and other nations. The majority of vanadium pentoxide used in glass manufacturing is imported from South Africa.

Uses

Vanadium itself may be soft in its pure form, but when it is alloyed (that is, mixed) with other metals like iron, it
hardens and strengthens them dramatically. Consequently, vanadium is used extensively to make alloys (mostly steel
alloys) for tools and construction purposes. Most of the vanadium consumed is used for these applications.
Specifically, vanadium is alloyed with iron to make carbon steel, high-strength low-alloy steel, full alloy steel, and
tool steel. These hard, strong ferrovanadium alloys are used to make armor plating for military vehicles and other
protective vehicles. It is also used to make car engine parts that must be very strong, such as piston rods and crank
shafts. The steel “skeleton” or frames of high-rise buildings and oil drilling platforms must be very strong to support
the weight of the building and its contents; vanadium steel has the strength to support such massive weight.

Some vanadium is used in other industrial applications. For example, vanadium pentoxide (V,0s) is used production
of glass and ceramics and as a chemical catalyst. (A catalyst is a substance that assists in and often speeds up
chemical reactions but is not consumed in the chemical reaction.) Compounds of vanadium are used to dye fabrics.

Scientists have discovered that a mixture of the elements vanadium and gallium are useful in making
superconductive magnets.

Substitutes and Alternative Sources

A number of other elements can be substituted for vanadium in the production of high-strength steel. These include
columbium, molybdenum, titanium, and tungsten. Other metals can be used in place of vanadium as a chemical
catalyst, including platinum and nickel.



ASBESTOS

MII Photos

Asbestos: because this group of silicate minerals can be readily separated into thin, strong fibers that are flexible, heat resistant,
and chemically inert, asbestos minerals are suitable for use in fireproof fabrics, yarn, cloth, paper, paint filler, gaskets, roofing
composition, reinforcing agent in rubber and plastics, brake linings, tiles, electrical and heat insulation, cement, and chemical
filters.

Background

"Asbestos" refers to a small number of minerals that are formed of flexible fibers, and have the useful physical
property of being very heat resistant. Because asbestos forms as flexible fibers, it is woven to make fabrics for
heat-resistant and insulating materials.

Chrysotile asbestos, the fibrous variety of the mineral serpentine, is by far the most important type of asbestos. It
forms in metamorphic rock, that is, rock that has been altered by intense heat and pressure. Another asbestos
mineral is called crocidolite. Crocidolite is a dark blue variety of the mineral riebeckite. Crocidolite occurs in
metamorphic rock. Only about 4% of the asbestos consumed is crocidolite. Other, less important asbestos
minerals in occasional use are amosite, anthophyllite asbestos, tremolite asbestos, and actinolite asbestos.

Asbestos has a very high melting point. This, together with the flexible nature of the fibers, helps to determine
its usefulness.

Since the discovery in the mid-Twentieth Century that asbestos can cause a fatal lung condition, the mining and
use of asbestos has decreased, and has become closely regulated in all countries.

Name

The name asbestos came from ancient times from a Greek word meaning ungquenchable in reference to its



resistance to fire and heat. For many centuries, small cloths woven from asbestos were a luxury item, for
handling of hot items in kitchens and foundries.

Sources

Most of the asbestos consumed annually is chrysotile asbestos. Asbestos is no longer mined in the United States.
Imports from Canada account for most of the U.S. consumption. Russia, Canada, China, and Kazakhstan are
major producers of ashestos, with lesser production from a dozen other countries.

The tonnage of asbestos used worldwide is in a slow decline, as, for health reasons, many countries have
restricted or altogether banned the use of asbestos. The decline is expected to continue.

Uses

Asbestos is used to make heat resistant products. Long asbestos fibers are preferred, and short fibers are worth
only a fraction of the price. The former uses of asbestos in building construction (fireproof ceiling panels in
schools, for example) have largely disappeared, although asbestos is still used in making asbestos-cement
products, automobile and truck brakes, roof castings, and applications where the fibers are encased in other
materials and are unlikely to become free-floating.

Roofing products containing asbestos (asphalt coatings) account for more than half of U.S. consumption.
Friction products such as brake pads, and gaskets account for about another 20%. Asbestos is also used for some
specialized concrete products.

Substitutes

No better material has been found, or manufactured, that is as versatile as asbestos. However, due to the serious
health issues involved in asbestos use, a number of substitute materials are utilized. A variety of different
manufactured fibers have replaced asbestos in many applications. These include carbon fiber, cellulose fiber,
ceramic fiber, glass fiber and steel fiber. Other minerals, such as wollastonite, are used for some applications.



CHROMIUM

MII Photo . i L
Photo Courtesy of Simon Williams,

Chromite (chromium): some 99 percent of the world's chromite is found in southern
Africa and Zimbabwe. Chemical and metallurgical industries use about 85% of the
chromite consumed in the United States.

Background

Chromium is a hard, bluish metallic element (Cr) with an atomic number of 24.
In the mid-1700’s, chemical analysis of a mineral from Siberia showed that it
contained lead. This mineral, crocoite (PbCrQ,, lead chromate), was known as
“red lead” because of the beautiful orange-red color of its crystals. It also
contained another, then-unknown material. This material was identified as
chromium oxide (CrO3) by Louis-Nicholas Vauquelin. In 1797, he heated this
oxide with charcoal to remove the oxygen (chemists call this reaction a
reducing process) which left the metal chromium.

Shortly after Vauquelin’s discovery, a German chemist name Tassaert
discovered chromium in an ore that geologists now call chromite (FeCr,O,,
ferrous chromic oxide). Chromite forms in an igneous environment.

Name

The name chromium was derived from the Greek word chroma which means
color, in reference to the fact that chromium is known to cause a number of
colors in a variety of materials. For example, the green color of emerald is
caused by the presence of very small amounts of chromium in the crystal.



Sources

The only ore of chromium is the mineral chromite. United States chromium
consumption is equivalent to about 14% of all the chromite ore mined each
year. In the western hemisphere, chromite ore is produced only in Brazil and
Cuba; the United States, Mexico and Canada do not produce chromite. (The
Stillwater Complex in Montana is the biggest chromium deposit in the United
States, however it is not producing chromite ore at this time.) By comparison,
about 80% of world production of chromite comes from India, Kazakhstan,
Turkey and southern Africa. Southern Africa itself produces about half of this.

Geologists estimate that there are about 11 billion tons of chromium ore
(chromite) in the world that could be mined. Most of these resources are found
in southern Africa. This is enough chromium ore to meet world demand for
hundreds of years into the future.

Uses

Chromium is alloyed (that is, mixed) with steel to make it corrosion resistant or
harder. An example is its use in the production of stainless steel, a bright, shiny
steel that is strong and resistant to oxidation (rust). Stainless steel production
consumes most of the chromium produced annually. Chromium is also used to
make heat-resisting steel. So-called "superalloys” use chromium and have
strategic military applications.

Chromium also has some use in the manufacture of certain chemicals. For
example, chromium-bearing chemicals are used in the process of tanning
leather. Chromium compounds are also used in the textiles industries to produce
a yellow color.

Substitutes and Alternative Sources

There is no good alternative for chromium in the manufacture of steel or
chromium chemicals. Scrap metal that contains chromium can be recycled as an
alternative source. The natural abundance of chromite in the Earth’s crust
makes alternative sources unnecessary at this time.



COLUMBITE

Columbite-tantalite group (columbium is another name for niobium): Columbite is a natural oxide of
niobium, tantalum, ferrous iron, and manganese. Some tin and tungsten may be present in the mineral.
Columbium, in the form of ferrocolumbium, is used mostly as an additive in steel making and in superalloys for
such applications as heat-resisting and combustion equipment, jet engine components, and rocket
subassemblies, in cemented carbides, and in superconductors. Brazil and Canada are the world’s leading
producers.

Columbite photo from M1l courtesy of Smithsonian Institution



FLUORSPAR - Fluorite

Florite Photo from M|,
Courtesy of Smithsonian Institute
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Fluorite (fluorspar): Used in production of hydrofluoric acid, which is used in the electroplating, stainless
steel, refrigerant, and plastics industries, in production of aluminum fluoride, which is used in aluminum
smelting, as a flux in ceramics and glass, in steel furnaces, and in emery wheels, optics, and welding

rods.

Background

When found in nature, fluorspar is known by the mineral name fluorite. Fluorspar (fluorite) is
calcium fluoride (CaF,). It is found in a variety of geologic environments. Fluorspar is found
in granite (igneous rock), it fills cracks and holes in sandstone, and it is found in large deposits
in limestone (sedimentary rock). The term fluorspar, when used as a commodity name, also
refers to calcium fluoride formed as a by-product of industrial processes.

Fluorspar is relatively soft, number 4 on Mohs' scale of hardness. Pure fluorspar is colorless,
but a variety of impurities give fluorite a rainbow of different colors, including green, purple,
blue, yellow, pink, brown, and black. It has a pronounced cleavage, which means it breaks on
flat planes. Fluorite crystals can be well formed, beautiful and highly prized by collectors.

Despite its beauty and physical properties, fluorspar is primarily valuable for its fluorine
content.

Name

Even though fluorite contains the element fluorine, its name is not derived from its chemical
composition. The name was given by Georg Agricola in 1546 and was derived from the Latin



verb fluere which means to flow because it melts easily.

Spar is a generic name used by mineralogists to refer to any non-metallic mineral that breaks
easily to produce flat surfaces and which has a glassy luster.

A miner’s name used long ago for fluorite was Blue John.
Sources

The United States once produced large quantities of mineral fluorspar. However, the great
fluorspar mines of the Illinois-Kentucky fluorite district are now closed. Today, the United
States imports fluorspar from China, South Africa, Mexico, and other countries.

A small percentage of the fluorspar consumed in the United States is derived as a by-product
of industrial processes. For instance, an estimated 5,000 to 8,000 tons of synthetic fluorspar is
produced each year in the uranium enrichment process, the refining of petroleum, and in
treating stainless steel. Hydrofluoric acid (HF) and other fluorides are recovered during the
production of aluminum.

Uses

The majority of the United States” annual consumption of fluorspar is for the production of
hydrofluoric acid (HF) and aluminum fluoride (AlF3). HF is a key ingredient for the
production of all organic and non-organic chemicals that contain the element fluorine. It is
also used in the manufacture of uranium. AlF; is used in the production of aluminum.

The remainder of fluorspar consumption is as a flux in making steel, glass, enamel, and other
products. A flux is a substance that lowers the melting temperature of a material.

Substitutes and Alternative Sources

Phosphoric acid plants, which process phosphate rock into phosphoric acid, produce a by-
product chemical called fluorosilicic acid. This is used to fluoridate public water supplies or to
produce AIF3. Phosphate-rich rocks are a minor alternative source for elemental fluorine.



Pink fluorite from Peru

Fluorite crystal drawings by Darryl
Powell

© 1999 Darryl Powell

Used with permission.

Green fluorite from Colorado



SALT

MII Photos

Halite (Sodium chloride--Salt): Used in human and animal diet, food seasoning and food
preservation, used to prepare sodium hydroxide, soda ash, caustic soda, hydrochloric acid,
chlorine, metallic sodium, used in ceramic glazes, metallurgy, curing of hides, mineral
waters, soap manufacture, home water softeners, highway de-icing, photography, herbicide,
fire extinguishing, nuclear reactors, mouthwash, medicine (heat exhaustion), in scientific
equipment for optical parts. Single crystals used for spectroscopy, ultraviolet and infrared
transmission.

sy

Halite Photo from MII, courtesy of the Smithsonian Institution



Background

Salt, composed of sodium chloride (NaCl), is one of the necessities of life for
man and animals. Even in earliest times, man valued salt licks, springs, and
marshes, and would go to great effort to visit them and carry salt away. In
addition to the natural craving for salt which develops when it is absent from
the diet, salt is valuable for preserving meats in hot climates.

In Roman society, salt was used as currency, and soldiers were paid in salt.
The Latin word sal is the root for the English word salary. Based on this, we
have the familiar phrase that a person is "worth their salt", meaning worth the
wages they receive.

Halite crystal drawing
/ used with permission.
©1998 Darryl Powell
\ k Salt that is mined from

Q solid layers in the ground
is called rock salt. When
produced along with other,

&

usually powdery, salt-like

compounds by evaporation

from seawater, it is called
sea salt or solar salt. Brine is the term for salty water from which salt can be
produced. Geologically, salt is also known by its mineral name halite.

Pure halite is colorless, though it is often colored by impurities. It is soft and
breaks (cleaves) into cubes. Halite crystallizes in the isometric (also called
cubic) crystal system and when it forms crystals, it generally forms cubes. Its
most noticeable and important physical feature is that halite is readily soluble
in water. This allows halite to be useful in such varied applications as
cooking, food preservation, and chemical production.

Name

The term salt is an ancient word, occurring in various forms in earliest
English and in related languages. The formal mineral name for crystalline
sodium chloride is halite, derived from the Greek word hals meaning salt.
The mineral name was given by E.F. Glocker in 1847.

In chemical usage, salt may refer to any compound of a metal and non-metal;
thus terms such as "copper salts” or "magnesium salts" refer to the chlorides,
carbonates, sulfates, etc., of copper or magnesium. "Epsom salts" refers to a
specific hydrous magnesium sulfate mineral, made famous by its occurrence
at a spring in southern England. Sodium chloride is sometimes referred to as



"common salt" or "table salt", to distinguish it from other salts.
Sources

Sodium chloride occurs dissolved in seawater, along with other salts of
sodium, calcium, magnesium, and other light metals. When seawater
evaporates in a closed lagoon, halite and other minerals precipitate out and
sink to the bottom as crystals. In this way, great beds of rock salt have been
formed.

When sediments containing rock salt are folded and uplifted, the beds of rock
salt are exposed, and in time they dissolve away, forming brines which either
percolate into the ground or the ocean, or collect in salt lakes.

Salt can be mined from rock salt either by traditional mining practices using
heavy equipment underground, or by pumping hot water in pipes into the salt
deposit, where the hot water dissolves the halite. The resulting salt water is
then pumped to surface and evaporated to yield salt. This is called “solution
mining”. In some modern dry salt lakes, a crust of halite can be recovered by
simply scraping the salt crust off the lake bottom with bulldozers or scrapers.
Ancient rock salt is mined in Michigan, New York, Kansas, and other states.
Solution mining is used to recover salt from underground “salt domes” in
Louisiana and Texas. Recovery of salt from dry lakes takes place in the
deserts of California, Nevada, and Utah.

Much salt is produced by controlled evaporation of seawater or of brines in
salt lakes. In this technique, the water is pumped or drained into shallow
ponds. Solar evaporation will eventually (in an arid climate) concentrate the
salt to the point where it crystallizes on the floor of the pond. This process is
used around San Francisco Bay, at the Great Salt Lake in Utah, and
elsewhere.

In the United States, rock salt accounts for one-third of the salt produced,
while solution mining yields one-half the total. The remainder comes from
evaporation of seawater and lake brines, and a small amount from salt crusts
on dry lakes. The United States produces about one-fifth of the world’s salt.
However, the United States also imports about one-fifth of its needs from
other countries, mostly from Canada and Chile.

Salt is produced in most of the countries on Earth. After the United States, the
largest producers of salt are China, Germany, India, and Canada. In most
other countries having a seacoast, salt for local use is produced by
evaporation of seawater.



Uses

In every country, salt is used in food preparation. In some poor, non-
industrialized countries, this is the principal use. However, in a heavily
industrialized country such as the United States, the consumption pattern is
quite different.

In the United States, over 40% of salt is used in the chemical industry (mainly
for the production of chlorine and caustic soda), and another 40% as a de-icer
on roads in winter. The remaining is consumed in several sectors, including
manufacture of rubber and other goods, agriculture, and food processing
including as table salt. Table salt accounts for only about 1% of U.S. salt.

Substitutes

Some other salts, such as calcium chloride and potassium chloride, can be
used to de-ice roads and walkways. These options, however, are more
expensive than salt. Due to the limitless, inexpensive quantities available, salt
is not likely to be replaced in most of its industrial and domestic uses.

LEAD

Lead: Used in lead batteries, gasoline tanks, and solders, seals or bearings, used in electrical and electronic applications, TV
tubes, TV glass, construction, communications, and protective coatings, in ballast or weights, ceramics or crystal glass, tubes or
containers, type metal, foil or wire, X-ray and gamma radiation shielding, soundproofing material in construction industry, and
ammunition. The U.S. is the world's largest producer and consumer of refined lead metal. Major mine producers other than the
U.S. include Australia, Canada, China, Peru, and Kazakhstan.



MI1 Photos

Galena

Galena: A lead sulfide, the commonest ore of lead. Sample in photo below contains 86.6 percent lead.

Galena Photo from MII, courtesy of the Smithsonian Institution



Background

Lead, atomic number of 82, is very soft, blue-gray, metallic element and has been
used since antiquity. Because it is so soft, lead is usually alloyed with other
elements. Water pipes in ancient Rome, some of which still carry water, were
made of lead. The English words plumber and plumbing are derived from the
Latin word for lead, plumbum. Plumbum is also the source of the chemical
symbol for lead, Pb.

Lead is a very heavy element. Native lead was found in Sweden, but it is rare to
have the element alone in nature. Combined with other elements, it forms a
variety of interesting and beautiful minerals, all of which are heavy due to their lead content. The most
significant lead mineral is galena (PbS, lead sulfide). Galena deposits have been worked worldwide for their
lead. During the Civil War, the Union Army made bullets from lead derived from a galena mine at Balmat,
New York. Anglesite and cerussite ((PbSO,, lead sulfate and PbCOs, lead carbonate respectively) are two
other lead-based minerals.

All major radioactive elements (such as uranium) break down and
create lead as one of their end products. Interestingly, lead is used to
safely store radioactive materials because it absorbs radiation from the
radioactive isotopes.

Lead is toxic. It can cause damage to the digestive and nervous
systems, so its use in some applications has been discontinued. Lead
poisoning is monitored in children to prevent any permanent damage.
At one time lead was added to gasoline to eliminate “knock” in car
engines. It was also in paint, but the lead-based paints have a sweet
taste, and some children were eating the paint and getting serious lead
poisoning.

(Above left: Galena crystals on fluorite from Illinois. Above right:
cerussite crystals from Morocco. Drawings used with permission. ©2000, 2001 Darryl Powell)

Name

Although it is believed that it comes from an Anglo-Saxon background, the exact origins of the name lead are
unknown.

Sources
It is estimated that the identified lead resources worldwide exceed 1.5 billion tons. Much lead is recovered as
the primary metal from galena deposits. Significant amounts of lead are being recovered as a by-product or co-

product from zinc mines, and silver-copper deposits.

In the United States, mines in Missouri, Alaska, Idaho and Montana produced the majority of lead. Lead is
also imported into the United States from a number of countries, both as ore concentrates and as metallic lead.



Canada is the most important importer, followed by Mexico, Australia, and Peru.

More than 1 million tons of lead is recovered in recycling annually, the majority of which is from the recycling
of batteries.

Uses

The majority of the lead consumed annually is used to make batteries for cars, trucks and other vehicles, as
well as wheel weights, solder, bearings and other parts. Lead is used in electronics and communications
(emergency power batteries, for example), ammunition, television glass, construction, and protective coatings.
A small amount is used to make protective aprons for patients having x-rays to shield the body from excess
radiation exposure, for crystal glass production, weights and ballast, and specialized chemicals.

Substitutes and Alternative Sources

Plastics, aluminum, tin, and iron are replacing the use of lead in construction materials, containers, packaging,
etc. Tin and other metals are being used to replace lead as a solder in some applications where lead could
poison people, such as in drinking water systems.

PLATINUM GROUP

Platinum Group Metals (includes platinum, palladium, rhodium, iridium, osmium, and
ruthenium): They commonly occur together in nature and are among the most scarce of
the metallic elements. Platinum is used principally as catalysts for the control of
automobile and industrial plant emissions, as catalysts to produce acids, organic
chemicals, and pharmaceuticals. PGMs are used in bushings for making glass fibers used
in fiber-reinforced plastic and other advanced materials, in electrical contacts, in
capacitors, in conductive and resistive films used in electronic circuits, in dental alloys
used for making crowns and bridges. in jewelry. Russia and South Africa have nearly all
the world’s reserves. The sample in the photo is Sperrylite; it is of very rare occurrence
but of interest as the only native compound of platinum.



Sperrylite Photo from MII, courtesy of the Smithsonian Institution

Background

The name platinum refers to a mineral, an element and a group of elements.
As an element, platinum (chemical symbol Pt) is a silvery-gray metal with an
atomic number of 78. It belongs to a group of elements that are in the second
and third triads of Group VIII of the Periodic Table of the Elements.

The platinum group of elements consists of metals with similar physical
properties. They are among the rarest elements in the Earth’s crust. They have
high melting points, are dense or heavy (mineralogists say they have a high
specific gravity), and are very non-reactive to other elements and ions. The
platinum group elements include: ruthenium (44), rhodium (45), palladium
(46), osmium (76), iridium (77) and platinum (78). Of these elements, only
platinum and palladium are found in a pure form in nature. The others occur
in nature as natural alloys with platinum and gold, for example. In industry
people refer to this group of elements as the platinum group metals, or simply
as PGM.

As a mineral, platinum occurs in dark silicate rocks with minerals containing
iron and magnesium. It is usually found as fine grains or flakes scattered
throughout the rock and rarely as large nuggets. It crystallizes in the cubic
crystal system, but rarely forms actual crystals. The crystal drawings here are
of very rare platinum alloy crystals from Russia. Platinum is metallic and,
like gold and silver, is malleable (it can be hammered into sheets) and ductile
(it can be drawn into wire). Most naturally
occurring platinum is actually a mixture of
platinum and iridium

Name

Platinum has been known and used since
antiquity in South America, where the use




of platinum by the natives was discovered by Antonio de Ulloa of Spain in
1735. Because it is silver-gray in color, it was named after the Spanish word
for silver, plata.

Sources

Geologically, platinum is found in thin layers of metal ores called sulfides.
These sulfide ores are found in mafic igneous rocks (that is, dark igneous
rocks with high iron and magnesium content).

In the United States, the only mines producing platinum group metals (PGM)
are in what geologists call the Stillwater Complex of Montana. In recent
years, old mines have been enlarged and a new mine has been established in
this complex. Small amounts of PGM are recovered from copper processing
in Texas and Utah.

In 1822 large amounts of platinum were discovered in the Ural Mountains in
Russia. Russia continues to be an important world source of PGM to this day.
The most productive PGM mines are in South Africa in a geologic region
known as the Bushveld Complex. Canada, Zimbabwe, and Australia also
produce PGM.

Significant amounts of platinum are recovered annually through recycling. In
1999, for example, 70 metric tons was recovered through recycling. This will
continue to be an important part of PGM supplies in the future.

Uses

Most platinum is used to produce catalytic converters in automobile exhaust
systems. The goal is to limit the smog-producing chemicals that come from
burning gasoline. When an internal combustion engine burns gasoline,
nitrogen oxides (NOy) are produced. The exhaust passes through the catalytic
converter that contains platinum and iridium. The gases are in the converter
for 0.1 to 0.4 seconds and in that very short time, 75% of the nitrogen oxide is
converted into nitrogen and oxygen. In addition, more than 95% of carbon
monoxide and other hydrocarbons in the exhaust are oxidized. The platinum
works by lowering the energy needed to cause these chemical changes. The
result is a dramatic reduction in pollution.

Although about one-third of all platinum is used by the automotive industry,
there are various other uses. It is alloyed with gold, silver and copper for
dental uses. PGM is used in chemotherapy, particularly to fight leukemia.
Platinum-iridium compounds are used to make biomedical devices. An alloy
of platinum and osmium is used in pacemakers to regulate heart function and



in heart replacement valves.

Substitutes and Alternative Sources

Some manufacturers are using less expensive palladium in place of platinum
in catalytic converters. As a catalytic converter component in diesel engines,
palladium is proving to be a better than platinum.

Platinum crystal drawings used with permission.
©2000 Darryl Powell

QUARTZ

Quartz (Silica): as a crystal, quartz is used as a
semiprecious gem stone. Cryptocrystalline forms may also
be gem stones: agate, jasper, onyx, carnelian, chalcedony,
etc. Crystalline gem varieties include amethyst, citrine, rose
quartz, smoky quartz, etc. Because of its piezoelectric
properties quartz is used for pressure gauges, oscillators,
resonators, and wave stabilizers; because of its ability to
rotate the plane of polarization of light and its transparency
in ultraviolet rays it is used in heat-ray lamps, prism, and
spectrographlc lenses. Used in the manufacture of glass, paints, abrasives, refractories, and precision
instruments.




Rose Quartz Photo from MII, courtesy of the Smithsonian Institution



Background

Quartz is a very common
mineral in the Earth’s crust.
Chemically, quartz is silica, or
silicon dioxide, SiO,. It is found
in most types of rocks: igneous,
metamorphic and sedimentary.

Quartz is rather hard, 7 on the
Moh’s hardness scale, and has a
glassy (vitreous) luster. When a
crystal is broken, the fracture
surface is curved, like a shell.
This is referred to as conchoidal
fracture; glass fractures in the
same way.

When crystallized in an open cavity in rocks, quartz forms easily-
identifiable 6-sided (hexagonal) prismatic crystals. When formed without
open spaces, deep within the earth, quartz crystallizes in small, roundish

masses.

Quartz is physically and chemically resistant to weathering. When quartz-
bearing rocks become weathered and eroded, the grains of resistant quartz
are concentrated in the soil, in rivers, and on beaches. The white sands
typically found in river beds and on beaches are usually composed mainly of
quartz, with some white or pink feldspar as well.

Name

Because of its abundance and distinctive
crystal shape, quartz has been recognized as
a mineral for thousands of years. The name
has an uncertain origin, possibly derived
from the German word quarz, a word of
ancient and uncertain origins.

When water-clear, quartz is known as rock
crystal or mountain crystal. However, quartz
can contain a number of different impurities,
which create different color varieties. Purple
quartz is known as amethyst; white is milky
quartz; black is smoky quartz; pink is rose

quartz, and yellow or orange is citrine.



SODA ASH or TRONA

Sodium Carbonate (Soda Ash or Trona): Used in glass container manufacture, in fiberglass and specialty
glass, also used in production of flat glass, in powdered detergents, in medicine, as a food additive,
photography, cleaning and boiler compounds, pH control of water.

Background

The commodity called "soda ash™ is anhydrous sodium carbonate (that is, sodium carbonate
without water, Na,CO3). It is made both by the processing of the minerals trona
(NagH(CO03),.2H,0)and nahcolite (NaHCO3), and by processing sodium carbonate-rich
waters (called brines). Sodium carbonate is one of the most important compounds in the
chemical industry. The production of these chemicals and their compounds is known as the
“alkali” industry.

Natural sodium deposits are formed by a long geologic process of the erosion of igneous
rocks, the transportation of sodium from these rocks, and chemical reactions. First, the
sodium is released from igneous rocks when they weather and break down. In the right
situation, the sodium is carried by water in rivers, streams, and as runoff and collects in
basins. Then, when it comes in contact with carbon dioxide, it precipitates out as sodium
carbonate.

When companies process and produce soda ash, a number of other sodium compounds are
made as co-products, including sodium bicarbonate (also known as baking soda), sodium



sulfite, sodium tripolyphosphate, and chemical caustic soda.

Soda ash is one of the most widely used and important commaodities in the United States.
Because so much soda ash is used by so many industries, monthly soda ash production
information is one of the pieces of information used to determine the condition of the United
States economy.

Name

Sources

Deposits of sodium carbonate are found in large quantities in the United States, China,
Botswana, Uganda, Kenya, Mexico, Peru, India, Egypt, South Africa and Turkey. It is found
both as extensive beds of sodium minerals and as sodium-rich waters (brines).

Six companies in the United States (four in Wyoming, one in California, and one in
Colorado) produce over 14 million tons of soda ash annually. The largest trona deposit in the
world is in the Green River Basin of Wyoming. It is estimated that this deposit alone could
produce as much as 47 billion tons of soda ash. This deposit consists of thick, extensive beds
of trona and thin trona beds interbedded with salt (halite). In California, Searles Lake and
Owens Lake are soda brine lakes that are estimated to contain 815 million tons of soda ash.

Worldwide, more than 60 natural sodium carbonate deposits have been identified.

Uses

By far, the majority of soda ash is used to make glass. The next largest use is to make a
variety of chemicals, followed by soaps and detergents, distributors, the removal of sulfur
from smokestack emissions, paper and paper pulp production, water treatment, and other

assorted uses. These other uses include oil refining, making synthetic rubber, and explosives.

Substitutes and Alternative Sources

Soda ash can be made synthetically using limestone, salt and ammonia. This is known as the
Solvay process, and was the main source of soda ash until the Wyoming trona deposits were
discovered. However, it is more expensive than mining natural sodium carbonate deposits. In
addition, the waste products of this process are harmful to the environment and could cause
serious waste management problems. The enormous natural deposits will not be exhausted
for decades to come. If ever soda ash must be synthesized using the Solvay process, nearly
limitless sources of limestone and salt are available.



TITANIUM

Titanium: Titanium is a strong lightweight metal often used in airplanes. When titanium
combines with oxygen, it forms titanium dioxide (TiO,), a brilliant white pigment used
in paint, paper, and plastics. Major deposits of titanium minerals are found in Australia,
Canada, India, Norway, South Africa, Ukraine, and the United States. The sample in the
photo is a mineral collector’s specimen of titanite (or sphene). However, it is not typical
of the black sands often used to produce titanium metal or TiO, pigment.

Titanite Photo from MII, courtesy of the Smithsonian Institution

Background

In 1791, the Reverend William Gregor, an English clergyman and
mineralogist, reported that he had discovered a magnetic black sand near the
beaches of Cornwall, England. The mineral was named menachanite after the
local parish of Menaccan. A few years after Gregor’s discovery, M.H.
Klaproth, a German chemist, separated TiO, from the mineral rutile. Klaproth
named the new element titanium after the giants of Greek mythology. In
1825, J.J. Berzelius, a Swedish chemist, performed a crude separation of
titanium metal. However, it was not until 1910 that M.A. Hunter, an
American chemist, produced pure titanium. W.J. Kroll patented his method
for producing titanium metal in 1938. Coincidently, commercial production
of titanium metal and TiO, pigment began in the 1940s.

Titanium is a hard, silvery-gray metallic element. Its atomic number is 22 and
its symbol is Ti. It is the 9th most common element in the Earth’s crust. It



also is found in meteorites, the moon, and the sun.

Titanium metal has a number of useful physical properties. It is very resistant
to corrosion. It is hard, has a high melting temperature, and is lightweight. Its
strength is similar to steel, but is 45% lighter. Titanium alloys can be twice as
strong as aluminum alloys.

Titanium has no known nutritional benefit for animals. It does, however, have
some slight benefits for plant health. Titanium has been found to be very
compatible with the human body and is often used in surgical instruments and
medical implants. Titanium is the only element that will burn in a pure
nitrogen atmosphere.

Name

Titanium was named by M.H. Klaproth after Titans. The Titans were the
giant sons of Uranus and Gaea. They set out to rule heaven, but were defeated
by Zeus. Although the name seems quite appropriate, it was not meant to
impart any particular meaning.

Sources

Titanium is found in many minerals. limenite (FeTiO3) and rutile (TiO,) are
the most important sources of titanium. limenite provides about 90% of the

titanium used every year. It is estimated that the resources of ilmenite in the
world contain 1 billion tons of titanium dioxide. The estimated resources of
rutile in the world contain about 230 million tons of titanium dioxide.

Rutile and ilmenite are extracted from sands that may contain only a few
percent by weight of these minerals. After the valuable minerals are
separated, the remaining sands are returned to the deposit and the land
recultivated. In the United States, titanium-rich sands are mined in Florida
and Virginia.

Even though the United States mines and processes titanium and titanium
dioxide, it still imports significant amounts of both. Metallic titanium is
imported from Russia (36%), Japan (36%), Kazakhstan (25%), and other
nations (3%). TiO, pigment for paint is imported from Canada (33%),
Germany (12%), France (8%), Spain (6%), and other nations (36%).

Uses
Most titanium is used in its oxide form. TiO; is a white pigment used in paint,

varnishes and lacquers (49%), plastics (25%), paper (16%), and other
products such as fabrics, printing inks, roofing granules, and special coated



fabrics.

Titanium is lighter than steel but still is very strong. It also has a very high
melting temperature. These physical properties make titanium and titanium
alloys (an alloy is a mixture of metals) very useful in the aerospace industry
where it is mostly used to make engines and structural components for
airplanes, satellites, and spacecraft. An estimated 60% of metallic titanium is
used in the aerospace industry. The remaining 40% is used in a number of
other areas that require titanium’s unique properties.

For example, one physical property of titanium is that it is very resistant to
corrosion. Since it is very resistant to corrosion by seawater, it is used to
make propeller shafts and other ship parts that will be exposed to ocean
water. For medial uses, titanium is considered to be bio-compatible and often
is used to make joint replacement parts such as hip joints. Because of its
strength, it is also used to make armor plated vehicles for the military.
Titanium is also used to produce silvery-white sparks in some fireworks.

Substitutes and Alternative Sources

There are few good substitutes for titanium for its aerospace uses.
Substituting other metals for titanium usually results in alloys that are not as
lightweight or as strong as titanium alloys. For applications that require
corrosion resistance, titanium alloys compete with nickel, stainless steel, and
zirconium alloys.

As a white pigment, TiO,’s brightness and opacity are nearly unsurpassed.
However, a number of less expensive compounds can be used to substitute or
reduce the amount of titanium dioxide needed. These alternative materials
include calcium carbonate, the mineral talc, and the clay kaolin.



ZINC

Zinc: Used as protective coating on steel, as die casting, as an alloying metal with copper to make brass, and as chemical
compounds in rubber and paints, used as sheet zinc and for galvanizing iron, electroplating, metal spraying, automotive parts,
electrical fuses, anodes, dry cell batteries, fungicides, nutrition (essential growth element), chemicals, roof gutters, engravers'
plates, cable wrappings, organ pipes, in pennies, as sacrificial anodes used to protect ship hulls from galvanic action, in
catalysts, in fluxes, in phosphors, and in additives to lubricating oils and greases. Zinc oxide: in medicine, in paints, as an
activator and accelerator in vulcanizing rubber, as an electrostatic and photoconductive agent in photocopying. Zinc dust: for
primers, paints, sherardizing, precipitation of noble metals, removal of impurities from solution in zinc electrowinning. Zinc is
mined in about 40 countries with China the leading producer, followed by Australia, Peru, Canada, and the United States. In
the U.S. mine production mostly comes from Alaska, Tennessee, and Missouri. The sample photo shows sphalerite, a zinc
sulfide.

Sphalerite Photo from MIL courtesy of the Smithsonian Iustization

Sphalerite Photo from MII, Courtesy ita --
of Smithsonian Institute Sphalerite -- M11 Photos

Background

In the 1200’s, India produced zinc metal by burning organic materials with smithsonite (ZnCOs, zinc
carbonate). Zinc was used long before it was known to be a distinct element. Brass items (brass is an alloy,
that is, a mixture, of copper and zinc) have been discovered dating back to as early as 1000 B.C. Zinc was
isolated and identified as a distinct element in 1746 by the German, Andreas Marggraf.

Zinc is a blue-gray, metallic element, with the atomic number 30. At room temperature, zinc is brittle, but it
becomes malleable at 100 C. Malleable means it can be bent and shaped without breaking. Zinc is a
moderately good conductor of electricity. It is relatively
resistant to corrosion in air or water, and therefore is
used as a protective layer on iron products to protect
them from rusting.

Zinc is recovered from a number of different zinc
minerals. The most significant of these is sphalerite
(ZnS, zinc sulfide). Other minerals, such as smithsonite
(ZnCQg, zinc carbonate), and zincite (ZnO, zinc oxide)
are also zinc ores.




Adequate amounts of zinc are essential to a healthy life in all humans and animals. It is necessary for the
function of a number of different enzymes. It has also been proved necessary for skin and bone growth as
well as sexual maturation. The body uses zinc to process food and nutrients. When animals do not have
enough zinc in their systems, they need to consume 50% more food to match the weight gain of an animal
with enough zinc in its body. About 0.003% zinc is needed for proper health.

Zinc alloys (mixes) well with other metals resulting in stronger, harder metals. Brass, for example, is a
mixture of copper and 20%-45% zinc.

Above: Smithsonite (zinc carbonate) from Mexico. This bubbly form is described as "botryoidal." Drawing
used with permission. ©2000 Darryl Powell.

Name

The derivation of zinc is unknown but it comes from the similar German word zinker that is used for the
element zink.

Sources

The identified zinc resources worldwide are estimated to total over 1.9 billion tons. In the United States, zinc
is mined in several states. Alaska produces the most, followed by Tennessee, and Missouri. Together, these
states account for nearly all of the U.S. zinc production. In earlier years zincite deposits in Ogdensburg, New
Jersey produced significant quantities of zinc. These mines are now closed but the zinc production of this
area is famous among mineralogists.

The United States imports zinc from a number of countries. Of total U.S. zinc imports, the majority comes
from Canada, followed by Mexico, from Peru, other countries. Australia is also a significant zinc-producing
nation.

Recycling of new scrap, old scrap and other zinc-using products produces about 400,000 tons of zinc in the
United States.

Uses

Zinc is relatively non-reactive in air or water. Consequently, it is applied in thin layers to iron and steel
products that need to be protected from rusting. This process is called galvanizing. Galvanizing is done in a
number of ways. Generally, the metal is dipped in molten zinc. It can also be done by electroplating or by
painting on a layer of zinc compound. More than half of the zinc consumed is used for galvanizing.

The second largest use of zinc is as an alloy (other than brass or bronze). Making brass and bronze accounts
for another portion of zinc consumption. The remaining zinc consumption is for making paint, chemicals,
agricultural applications, in the rubber industry, in TV screens, fluorescent lights and for dry cell batteries.
The pennies in your piggy bank are made of zinc - with a thin coating of copper on top.

Substitutes and Alternative Sources




There are a number of alternative materials that are used in place of zinc. For example, aluminum and plastics
can be used in place of galvanized steel (plastic trash cans are rapidly replacing the old galvanized cans of
earlier generations). A number of elements can replace zinc in its electronics and paint applications.
Cadmium and aluminum alloy coatings can be used in place of zinc to protect steel from corrosion.
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Quartzite

Background

Quartzite is a nonfoliated metamorphic rock that formed by the metamorphism of pure
quartz sandstone. The intense heat and pressure of metamorphism causes the quartz
grains to compact and become tightly intergrown with each other, resulting in very hard
and dense quartzite. Quartzite is usually white or gray, but can be other light colors
depending on the impurities in the parent sandstone. It has a glassy luster, as would be
expected considering the quartz in sandstone has a vitreous or glassy luster. When
quartzite weathers it can have a granular appearance, but freshly broken surfaces break in
even surfaces because the break goes through the intergrown quartz grains. (By
comparison, sandstone breaks around the quartz grains and therefore shows a granular
appearance on a freshly broken surface.) They can form anywhere heat and pressure
change pre-existing sandstone deposits, so quartzite is found both in geologic settings of
regional metamorphism (where metamorphism occurs more from pressure than heat) and
contact metamorphism (where metamorphism occurs more from heat than pressure).
However, quartzite most typically forms during mountain-building events where
continents collide with each other. Because it is so dense and tough, quartzite is
extremely resistant to weathering and erosion.

Name

Sources

Geologically speaking quartzite occurs in regions of regional, high-pressure
metamorphism. In the United States quartzite quarries are found in Idaho, New York,
Wisconsin, Pennsylvania, Minnesota, Montana, Arizona and South Dakota. Because it is
so dense and resistant to both physical and chemical weathering, it is poor bedrock on
which to form soil. As a result, typically-quarried quartzite is very near the surface.
Because it is so hard and dense, quartzite has not been quarried as extensively as other



softer dimension stone (such as limestone, sandstone and granite), although construction
industry experts estimate that present demand exceeds annual production.

A total of 1.3 billion tons of crushed rock is produced in the United States annually. Of
this, less than 6% is quartzite. In fact, sandstone, marble, scoria, volcanic cinder and
miscellaneous stone - all together - account for less than 6% of the total crushed stone
production in the U.S.

Uses

Quartzite is becoming more popular as a dimension stone in the construction industry.
The use of quartzite as decorative stone in building construction is growing annually. As
noted above, quartzite breaks into flat surfaces. Consequently, quartzite slabs are used to
cover walls, as roofing tiles, as flooring, and stair steps to name just a few applications.
Quartzite is also used, to a small degree, as crushed stone. The vast majority of crushed
stone - about 85% - is used in road construction and repair. In the United States, most
crushed stone produced is limestone, granite, and trap rock. Limestone represents 70% of
all the crushed rock produced.

Substitutes and Alternative Sources

Other hard, durable rock types are used in road construction and repair. Since they are
extremely plentiful and easier to quarry than quartzite, it is not likely that quartzite will
be utilized in greater amounts as a crushed rock. On occasion, quartzite is the alternative
to other crushed rock simply because it is locally available.

The popularity of quartzite as dimension stone in construction is growing dramatically
each year . It is an interesting rock with great durability and a unique texture. More and
more contractors and homeowners are using quartzite to finish and decorate their
buildings. Natural alternative materials include sandstone, granite, and marble. Created
materials include bricks, ceramic tiles, concrete, plastics, and resin-agglomerated stone.
(“Resin-agglomerated stone” is a material composed of crushed pieces of stone held
together by resin, then cut to the dimensions and shapes needed for each application)
There are other materials readily available that have very different physical
characteristics. Two examples are aluminum and steel.

By Darryl Powell

Darryl Powell is a 1984 graduate of the University of Rochester, Rochester, New York
with a B.S. in Geological Sciences. For six years Mr. Powell was an Adjunct Professor at
Finger Lakes Community College in Canandaigua, New York, where he taught
“Introduction to Physical and Historical Geology.”” He creates Earth Science
educational kits for NeoSCl, Inc., a science education resource company based in
Rochester, New York. He also writes Earth Science materials for NewPath Learning, Inc.



based in Victor, New York. Mr. Powell is the founder of Diamond Dan Publications, a
small company focused on creative activity books and activity-based learning games
about rocks and minerals, based in Manchester, New York.

Amphibole

(Amphibolite - Hornblende)

Background

Amphibolite is a dark, heavy, metamorphic rock composed mostly of the
mineral amphibole. Amphibolites have very little to no quartz. “Amphibole”
refers not to a single mineral, but to a group of minerals. Most belong to the
monoclinic crystal system, but some belong to the orthorhombic crystal
system. They are silicate minerals containing SiO4 molecules. The SiO4
groups are connected to each other in double chains.

Rocks that are composed mainly of amphibole minerals are found in both
metamorphic and igneous environments. Geologists restrict the term
amphibolite to metamorphic rocks composed of amphibole. In most instances
the specific amphibole mineral is hornblende. By contrast, geologists often
refer to igneous rock with amphibole as hornblendite. However, those who



work with rock as a construction material usually refer to all rock types
composed of amphibole as “amphibolite.” Based on this industrial application
of the term “amphibolite” as both metamorphic and igneous in origin, the
textures of amphibolite can be either roughly laminated if metamorphic or
granular if igneous.

The original rock that is metamorphosed (called the protolith) into
amphibolite is often igneous basalt or gabbro. However, the sedimentary rock
called marl can also be metamorphosed into amphibolite. “Marl” is mudstone
that has a certain amount of calcium carbonate (lime) mixed in it. Geologists
have also discovered that some sediments derived from volcanic rock can
also be metamorphosed into amphibolite.

The name amphibolite comes from the Greek word amphibolos which means
ambiguous, a reference to the fact that the amphibole minerals are easily
mistaken for other dark-colored minerals (especially the group of minerals
called the pyroxenes).

Name

Sources

Amphibolite is relatively common. It is found in regions that have been
affected by regional metamorphism. Amphibolite is found throughout the
Appalachian Mountain chain. For example, significant quantities of
amphibolite are found in the Gore Mountain region of the Adirondack
Mountains in New York State. This is a particularly interesting deposit
because the amphibolite contains large nodules of deep red garnet that has
been mined for use in sand papers and other abrasives applications. They are
also found in the Great Smoky Mountains National Park on the Tennessee-
North Carolina border. Other states along the Appalachian Mountains
producing amphibolite are Maine, Connecticut, Pennsylvania and North
Carolina.

Uses

Amphibolite is very hard and takes a high polish. The combination of its
ability to be polished, its dark color and its texture have made amphibolite a
popular dimension stone in construction. It is used as paving stones and as a
veneer or facing on buildings (both for interior and exterior use).

It is also used as crushed stone for the usual crushed stone applications such
as road and railroad bed construction. In this application it is used locally,
near the source of the amphibolite. This reduces the cost of transporting non-
native stone in from other sources.

Gemologists and lapidary workers have discovered that some amphibolite



rock produces a shimmer effect when it is polished. They use rounded and
polished pieces of amphibolite for various pieces of jewelry.

Substitutes andAlternative Sources

There are nearly limitless alternatives for the various crushed stone
applications for which amphibolite is occasionally used. Any type of rock,
local or imported, that can be readily quarried, crushed and transported can
replace amphibolite. In the United States, limestone and granite together
represent over 80% of all the crushed rock consumed annually. As noted
above, amphibolite is used locally where it is easily quarried, reducing the
costs of transporting rock in from other regions.

There are many options to amphibolite as dimension stone. Marble, granite,
and quartzite, for instance, can all be polished and used as facing on the
interior and exterior of buildings. In some environments even sandstone can
be used for building construction. In the end, amphibolite is chosen for the
particular color, texture and overall look it gives to a building. Substitutes
that provide a similar look include plastics and some varieties of other dark
rock like dark granite.

By Darryl Powell

Darryl Powell is a 1984 graduate of the University of Rochester, Rochester,
New York with a B.S. in Geological Sciences. For six years Mr. Powell was
an Adjunct Professor at Finger Lakes Community College in Canandaigua,
New York, where he taught “Introduction to Physical and Historical
Geology.” He creates Earth Science educational kits for NeoSCl, Inc., a
science education resource company based in Rochester, New York. He also
writes Earth Science materials for NewPath Learning, Inc. based in Victor,
New York. Mr. Powell is the founder of Diamond Dan Publications, a small
company focused on creative activity books and activity-based learning
games about rocks and minerals, based in Manchester, New York.
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Aragonite is a carbonate mineral, one of the two common, naturally occurring polymorphs of calcium
carbonate, CaCQO3. The other polymorph is the mineral calcite. Aragonite's crystal lattice differs from that

of calcite, resulting in a different crystal shape, an orthorhombic system with acicular crystals. Repeated
twinning results in pseudo-hexagonal forms.
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Copper: Used in electric cables and wires, switches, plumbing, heating, roofing and building construction, chemical and pharmaceutical
machinery, alloys (brass, bronze, and a new alloy with 3% beryllium that is particularly vibration resistant), alloy castings, electroplated
protective coatings and undercoats for nickel, chromium, zinc, etc., and cooking utensils. The leading producer is Chile, followed by the
U.S., and Indonesia

Background

It is believed the Egyptians (as early as 3900 B.C.E.) were the first people to create bronze, a mixture of copper and
tin. This marked the beginning of the Bronze Age.

Modern culture and life is heavily dependent on copper and copper products. It is a metal that has the desirable
physical properties of being malleable and ductile. Malleable means it can be hammered and molded into shapes;
ductile means it can be drawn into wire. As a result, copper pipes are used to bring water to and through our
buildings. Because it is such a good conductor of electricity, millions of miles of copper wire crisscross the
landscape and run through our buildings. Copper alloys (such as brass) are important components in many household
products and machines. It has been said that the amount of copper a society consumes is a direct indicator of the
advancement of that society. In other words, those societies that consume larger amounts of copper are considered
more technologically developed.

Copper ore may be found in large deposits, relatively close to the surface, and amenable to relatively low cost bulk
mining methods. The combination of its physical properties, abundance, and low cost make it a valuable commodity.

Copper is a mineral. As a mineral, natural copper (also called native copper) is relatively rare. Most copper in nature
is found in minerals associated with sulfur, or in the oxidized products of these minerals.

Copper also easily combines with a number of other elements and ions to form a wide variety of copper minerals and
ores. Copper minerals occurring in deposits large enough to mine include azurite (Cu3(C0O3)2(0OH)2), malachite
(Cu2C0O3(0H)2), tennantite ((Cu,Fe)12As4S13), chalcopyrite (CuFeS2), and bornite (Cu5FeS4).

Name

Copper was named from the Greek word kyprios, that is, the Island of Cyprus, where copper deposits were mined by
the ancients. The chemical symbol for copper is Cu which is derived from the Latin name for copper, cuprium.

Sources

The amount of copper believed to be accessible for mining on the Earth’s land is 1.6 billion tons. In addition, it is
estimated that 0.7 billion tons of copper is available in deep-sea nodules. Mineral-rich nodules of magnesium, copper
and other metals are known to form as a product of deep-sea volcanic activity. Retrieving these nodules from the sea
floor is as yet too expensive to allow this to be a major source of copper.

Of the copper ore mined in the United States, the majority is produced in three western states: Arizona, Utah, and
New Mexico.

Other major copper producing nations include Australia, Canada, Chile, China, Mexico, Russia, Peru, and Indonesia.



Recycled copper, predominantly from scrap metal, supplies approximately one-third of the United States’ annual
copper needs.

Uses

In pure form, copper is drawn into wires or cables for power transmission, building wiring, motor and transformer
wiring, wiring in commercial and consumer electronics and equipment; telecommunication cables; electronic
circuitry; plumbing, heating and air conditioning tubing; roofing, flashing and other construction applications;
electroplated coatings and undercoats for nickel, chrome, zinc, etc.; and miscellaneous applications. As an alloy with
tin, zinc, lead, etc. (brass and bronze), it is used in extruded, rolled or cast forms in plumbing fixtures, commercial
tubing, electrical contacts, automotive and machine parts, decorative hardware, coinage, ammunition, and
miscellaneous consumer and commercial uses. Copper is an essential micronutrient used in animal feeds and
fertilizers.

Substitutes and Alternative Sources

A number of plastic products are used now instead of copper pipes. The telecommunications industry is using fiber
optic cables in place of copper wires, and the invention of cellular and satellite telephone technology allows many
areas of the world to have communications without the need to install “copper telephone wires.” Aluminum can be
used instead of copper for wires, refrigeration tubing, and electrical equipment.

Copper crystal from Tsumeb, Namibia.
Drawing by Darryl Powell
© 2001 Darryl Powell.

Used with permission.
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Background

Tin has been known from ancient times. Ancient peoples found that heating
the tin mineral cassiterite (sometimes found in streams as nuggets) in a
charcoal fire, they could produce the silvery, soft metal we know as tin.

Tin is a silvery-white metallic element with atomic number 50. Tin is
malleable, meaning it is easily shaped by hammering. Pure tin also has a
relatively low melting point, easily attainable in a wood fire, and is therefore
easy to melt and cast in a clay mold. Tin is stable in air and water, meaning it
does not oxidize or react easily . When pure tin is bent rapidly, it makes a
peculiar squealing noise: this is called the “tin cry.”

The ancients found tin to be too soft to be of much use for other than
decorative objects, and the use of pure tin in ancient times was restricted to
mirrors, clasps, and decorative items. Some coins have been minted of tin, but
the coins wear and bend rapidly. However, when mixed (alloyed) with
copper, another metal which could be found in a nearly pure state in nature,
then a new and much harder alloy resulted: bronze. This discovery marked
the beginning of the historical period known as The Bronze Age. The advent
of the Bronze Age, with the use of bronze spears, arrowheads, knives, sickles,
and scythes, greatly enhanced the efficiency of hunters and farmers.

The most important ore mineral of tin, cassiterite (tin dioxide, SnO2) forms in
high-temperature veins, usually related to igneous rocks such as granites and
rhyolites. It is often found in association with tungsten minerals. When rocks
containing cassiterite are weathered (decomposed by the action of surficial
waters and oxidation), the cassiterite tends to remain intact, and eventually is
concentrated in streams to form “placer” deposits, in a manner similar to gold
nuggets in “placer” deposits. Ancient peoples recovered cassiterite from
streams by panning, and even today panning or - more importantly - large-
scale mechanical dredging of stream deposits and decomposed rock are a
major means of producing cassiterite. Veins with a high enough cassiterite
content to mine underground occur in China, Bolivia, Peru, and a few other
countries.

Name

The name tin is an ancient Anglo-Saxon word. Tin in the form of cassiterite
was mined in ancient Britain and was a major trade item between Britain and
the Greeks and Phoenicians of the Mediterranean region. The chemical
symbol for tin, Sn, comes from the Latin word for tin, stannum. Tin was one
of only seven chemical elements known in pure form, and named by ancient
peoples. The mineral cassiterite is named for the ancient Greek word for tin.



Sources

As noted earlier, the primary mineral source for tin is cassiterite. The most tin
resources in the United States are in Alaska, but these are relatively
insignificant, and the U.S. has long imported its tin from other countries.

World resources to meet the demand for tin are sufficient for many decades to
come. The primary producers of tin are China, Indonesia, and Peru, with
lesser amounts from Brazil, Bolivia, Australia, and about a dozen other
countries.

Uses

Much tin is used to coat so-called “tin” cans. Since tin does not oxidize (rust)
in air or water, it is applied to the surface of flat-rolled steel to make tin plate,
which is then fabricated to produce “tin” cans. This use accounts for about
one-fourth of the tin consumed annually. Alloys such as bronze and pewter
are also a major use of tin. Tin is useful in electrical applications, mainly low-
melting-point solders, that account for one-fourth of tin consumption. It is
also used in construction, transportation (mainly in bearings requiring soft
metal alloys) and other various industrial applications. For example, window
glass is made by pouring molten glass onto molten tin; this process results in
flat sheets of glass. An alloy of tin and niobium has proven to be a
“superconducting” compound at very low temperatures.

Substitutes and Alternative Sources

A number of materials can replace tin in its various applications. In the food
packaging industry, plastics, paper, aluminum and glass can be used in place
of metal “tin cans.” Tin can be used as a non-toxic substitute for lead in
solders, pewter, and shotgun pellets. On balance, the world production and
consumption of tin have not grown during the past 20 years, due mainly to
the substitution of tin by plastic in the manufacture of cans and other
containers, such as tubes for toothpaste and ointments.
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MERCURY

Cinnabar - Mercury mineral

Background

Mercury, known since ancient times, is a heavy, silvery, metallic mineral. Its



atomic number is 80. It is liquid at room temperature. Only two other
elements (cesium and gallium) are liquid at room temperature. Mercury
becomes solid at -40° F (-40° C). It is dense and heavy, with a specific
gravity of 13.6. For comparison, iron has a specific gravity of 7.5.

Name

The term "native mercury” is used for natural mercury found associated with
the mineral cinnebar. Mercury was named after the planet Mercury that was
named after the Roman god of travel. Mercury is also known by the popular
name of quicksilver, derived from the Greek words, hydros meaning water,
and argyros meaning silver, because this silvery mineral occurs at room
temperature as a liquid. The symbol for mercury, Hg, was derived from the
name, hydrargyrum.

Sources

Native mercury is found in association with its ore mineral, cinnabar. In the
United States, mercury was mined in California, Arkansas, Oregon, Nevada,
Idaho, and Texas, but these deposits are no longer mined. Major world
producers of mercury are Algeria, Kyrgyzstan, Spain and China. The United
States imports much of the mercury it needs each year.

Mercury vapor has been found to be extremely toxic. New laws, in the United
States, call for reductions in mercury emissions from smokestacks and
carefully controlled disposal of waste mercury and mercury compounds.

The demand for mercury has declined in the past years because of new
technologies and environmental laws. Some of the demand has been met by
the recycling of mercury from obsolete or worn out machines, scientific
apparatus, and batteries. It is also recovered as a by-product from gold mining
operations in California, Nevada, and Utah. Historically, mercury was used to
obtain gold from placer gold deposits but this process is no longer used in the
United States and many other countries. This process is still used by some
operators in a few other countries, but the practice is disappearing.

Uses

Mercury is used to manufacture chlorine and caustic soda (35%). Because it
is a metal, mercury conducts electricity making it useful in electronics and
electrical applications (30%). Mercury, for example, is necessary in
fluorescent light tubes. Mercury was an important ingredient in batteries, but
newer types of batteries use other metals. The remaining 35% of mercury
usage is in scientific measuring instruments such as thermometers and
barometers, and is combined with other metals and used for in fillings for



teeth (called amalgams by dentists).

Biological Interactions

Mercury vapor is a neurotoxin, which means it affects the nervous system.
Once mercury is in the body, it causes nervousness, trembling, personality
changes, and in extreme cases, even dementia. Fish that ingest mercury
compounds that may occur in streams and lakes can become a source of
mercury poisoning in humans. Consequently, the United States has enacted
many strict laws to guarantee the proper and safe disposal of all mercury and
mercury compounds.

Substitutes and Alternative Sources

Mercury is being used less in batteries as new types of batteries are
developed, such as zinc-air, lithium and nickel-cadmium (also called Ni-Cad)
batteries. Ceramics have lately been used in dental work instead of the
mercury amalgams. Electronic digital instruments are used more frequently in
place of mercury thermometers and barometers.

CLAYS
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Background

The term clay refers to a number of earthy materials that are composed of minerals rich in
alumina, silica and water. Clay is not a single mineral, but a number of minerals. When most
clays are wet, they become "plastic" meaning they can be formed and molded into shapes. When
they are "fired" (exposed to very high temperatures), the water is driven off and they become as
hard as stone. Clay is easily found all over the world. As a result, nearly all civilizations have
used some form of clay for everything from bricks to pottery to tablets for recording business



transactions.

The minerals that make up clay are so fine that until the invention of X-ray diffraction analysis,
these minerals were not specifically known. Under extremely high magnification, one can see
that clay minerals can be shaped like flakes, fibers, and even hollow tubes. Clays can also contain
other materials such as iron oxide (rust), silica, and rock fragments. These impurities can change
the characteristics of the clay. For example, iron oxide colors clay red. The presence of silica
increases the plasticity of the clay (that is, makes it easier to mold and form into shapes).

Clays are categorized into six categories in industry. These categories are ball clay, bentonite,
common clay, fire clay, fuller’s earth, and kaolin.

Name

Sources

Clays are common all over the world. Some regions, as might be expected, produce large
quantities of specific types of clay. It is estimated that the state of Georgia has kaolin clay
reserves of 5 to 10 billion tons. The United States is self-sufficient so it imports on