CHAPTER 7 – METALLIC BONDING AND THE PRECIOUS METALS

The physical properties of most crystals are determined more by the arrangement of atoms (i.e., crystal structure) and bonds which hold those atoms together (i.e., bond type) than by the kind of atoms involved (i.e., chemical composition). Consider, for example, the contrasting properties of diamond and graphite which are both pure carbon. In the next three chapters we will consider those forces which hold atoms together, all of which are determined by the distribution of valence electrons in the outer electron shells.

Before we consider the major bond types, let us acknowledge the existence of van der Waal’s bonds. These are very weak universal bonds which are always and everywhere present, but become important to us only in the absence of all other bond types. Van der Waal”s bonds hold together atoms of inert gasses at very low temperatures, complex molecules of soft organic compounds, hydrocarbon lubricants and sheets of graphite and talc.  
The Metallic Bond

A metallic bond unites like atoms of the metallic elements which constitute most of the periodic table, except the upper right-hand corner of non-metals. A neutral atom of a metallic element normally has only one or two outer-shell, or “valence”, electrons.  These distant electrons are loosely tied to the atom nucleus and easily stripped from the atom making it a positive ion (i.e., cation). In its simplest form we may view a metallic structure as a close packed arrangement of positive cations in an interstitial, “fluid sea” of negative electrons which “glues” the cations together to form a solid, crystalline metal. 

These “free” electrons, detached from their nuclei, now belong to no specific atom nucleus and may flow freely around the metal cations as an electrical current with the application of an electrical potential. These free electrons may occupy a wide range of energy levels, and they absorb the entire visible spectrum making metals opaque. Metallic luster results when electrons in their “excited state”, after light absorption, fallback to their stable low-energy state in a single step re-emitting the same light they absorbed, and we say the light is reflected at a metallic surface.  Metals are heavy (i.e. large specific gravity) because most metals are elements of great atomic weight and their atoms are in a closely packed arrangement. Metals may be soft or hard depending on atom arrangement (i.e. crystal structure).

The closest-packing of similar spheres in two dimensions is shown in Figure 7-1A and is the configuration we see when we drop marbles into a box. The marbles on the bottom of the box form a single close-packed layer with each sphere in contact with six others which fit perfectly around it in hexagonal symmetry. Spheres of the second layer settle into the hollows, or depressions, of the first layer to form a second close-packed layer (Figure 7-B). The third layer is the key to the final structure.  If you were to carefully place the third layer spheres one-by-one, you would have a choice to make upon placing the first sphere, and the position of all third layer spheres is now fixed by the choice you made. 

Hexagonal Close-pack Crystal Structure (hcp) Figure 7-2 - If you chose to place the first sphere of the third layer directly above a sphere of the first layer, the entire third layer will be in the same stacking position as the first layer and the sacking sequence becomes: first layer position (A) overlain by second layer position (B) overlain by first layer position (A). Continuation of this stacking repetition leads to the stacking sequence ABABAB...... and to a hexagonal crystal structure where the c-crystallographic axis is normal to the plane of the close-packed layers, or the basal {0001} plane of the crystal.

Cubic Close-pack Crystal Structure (ccp) Figure 7-3 - Had you chosen to locate the initial sphere of the third close-pack layer not over a sphere of the first close-pack layer, the third layer would be in a stacking position (C) unlike that of either the first layer stacking position (A) or the second layer stacking position (B).  The stacking sequence of this crystal structure is ABCABCABC..... which creates a cubic (i.e., isometric) crystal structure with four directions of close-packed layering on the octahedral {111} crystallographic planes. The four triad axes required of every isometric crystal are, of course, normal to the planes of the four close-packed layers.

Both close-pack systems represent the same maximum space efficiency where spheres occupy 74% of the total volume of the unit cell. Each metal cation is in contact with twelve like cations, six in its close-packed layer, three in the layer above and three in the layer below (i.e., regular twelve-fold coordination).

Close-packed layers slip over one another with comparatively little shearing force, since all cations and all cation positions are the same. Metals with cubic close-pack structures, like gold, silver, copper, lead and aluminum, are soft and malleable because there are no stationary electrical forces to prevent close-pack layers from slipping over one another. Metals with hexagonal close-pack structures, like zinc, titanium, magnesium and chromium, are much harder and less malleable owing to the single direction of close-packed planes {0001}. Any metal familiar to us is an aggregate of small crystalline domains in many possible orientations.  The probability of a slippage direction in one small domain aligning approximately with a slippage direction in adjacent domains is much greater for ccp metals.

Alloys - Metals of the same crystal structure and cations of somewhat similar size may form crystals of mixed composition called alloys. Gold, silver and copper may mix in almost any proportion leading to colored gold and gold ranging from 8 to 24 karat. Some metal mixtures involving metal cations of different size may require a specific ratio of the component metal cations for the resulting structure to be stable.

Gold, silver and copper and their alloys are easily soldered with gold or silver solder, as the cations in the solder can blend with the cations in the metal surfaces to be joined.  The hard, hcc metals cannot be soldered, and when used in jewelry manufacture must be riveted or otherwise mechanically joined.   

Body Centered Cubic Crystal Structure (bcc) Figure 4 - The third crystal structure adopted by many metals, like molybdenum, tungsten and tantalum, is not a close packed structure but one where spheres occupy only 68% of a unit cell volume, which is still a dense packing arrangement.  Every metal cation is in contact with only eight like cations arranged about it as on the corners of a cube (i.e., regular eight-fold, or cubic, coordination). This structure has no close-packed layers to slip over one another, but the cations are in close-packed alignment along the cube diagonals. Metals with body-centered cubic structures are hard and non-malleable compared to metals having the cubic close-packed structure.  They also tend to have high melting points, consistent with hardness and bonding directions.

These three, dense crystal structures (ccp, hcp and bcc) are the crystal structures of almost all metals, and crystals of the precious metals may be expected to show some combination of the cube {100}, octahedron {111} or dodecahedron {110} forms (Figure 7-5)

   Some metals, like iron, nickel and zirconium, may assume one structural configuration over one temperature -pressure range and invert to another structure in another temperature range. This characteristic opens the possibility of quite different properties for the same metal. Any one of these metals has only one stable structure at surface temperatures and pressures, however, quick cooling may “freeze” a high-temperature structure allowing it to persist for a very long time in a meta-stable state at surface conditions.  

The Precious Metals:
Gold



Au



Isometric

Cubic close-pack, metallic bonding

Gold is a very rare element, averaging about 0.005 gm./ton* in the rocks of the earth’s crust. It is most commonly found in nature as native gold almost always alloyed with some silver.  It may be called a “noble metal” as it does not commonly combine with other elements to form naturally occurring chemical compounds. Silver and the “base metals” (Cu, Pb, Zn, Fe) combine readily with sulfur to form the common sulfide ores, but there are no gold sulfide minerals.  Gold does combine with tellurium, forming several gold telluride minerals, which are very rare. 
Crystals of gold are usually octahedrons {111} or cubes {100} commonly modified by the dodecahedron {110} form (Figures 7-6a and b).  Natural gold is usually dendritic (Figures 7-6c and d), suggesting rapid growth and showing tree-like branching with fins and spines. Gold is often mashed to rounded or baroque forms (Figure 7-6e) by mechanical deformation during travel down a stream channel.
Physical Properties of Gold
H = 2½ - 3 (very soft for a metal)

Sp. Gr. = 19.3 (very heavy)

M.P. = 1063° C (1945° F)

Opaque with golden metallic luster
Very Malleable and Ductile

Good electrical conductor

Chemically inert (Does not tarnish) 

*The unit of measure for the precious (noble) metals is a Troy ounce = 31.3 grams.

The more common Avoirdupois ounce = 28.35 grams.

Composition of Gold
Karat* is the measure of gold purity and is 1/24 of the total.  24 K gold is pure gold, and 12 K gold is 50 wt. % Au and 50 wt.% other metals alloyed with it. For international commerce, gold is usually 14 K (58.33% Au) or 18 K (75% Au) in the Mediterranean countries. Gold alloys less than 10 K cannot be sold as “gold” in the United States. The legal limit in the UK is 9 K and 8 K in Germany. 14 K gold is often stamped “585” and 18 K is marked “750”, meaning 750 parts per thousand or 75%. 
A hallmark is a mark of quality stamped into a precious metal object to attest to a standard of fineness which is not uniform in all countries. It may show the parts per million fineness, the initials or crest of the craftsman who made the object and even the mark of the assayer. The hallmark was introduced in France in 1355 and spread quickly to British silver and other objects of precious metals manufactured throughout Western Europe. It was the earliest attempt at consumer protection.
Natural gold is almost always a gold-silver alloy containing 1% to 80% silver. Electrum is natural, silver-gold alloy containing 20% or more silver. 
Alluvial gold tends to be more pure than lode gold and may approach 24 Karat purity.

Gold resists common acids but is soluble in aqua regia. 

*”Karat” derives from the coinage of Constantinople which was a standard of world trade for over a thousand years. The unit Byzantine coin was the solidus, which was divided into 24 keratines or siliqua, as we divide our dollar into 100 cents. Twenty-four keratines came to represent the total or “completeness”. Outside the United States, “karat” is often spelled “carat” which may lead to confusion, as “carat” is also used as the weight measure for precious gem stones.

“Colored” Gold

Yellow gold is most popular for jewelry and is gold alloyed with silver and copper to yield the desired color and karat purity.

White gold is an alloy of gold with nickel and perhaps minor amounts of zinc, copper or other metals.
It was introduced in the 1920's as a workable, low-cost substitute for the platinum characteristic of the upper class, Edwardian society. To gain even greater whiteness, some white gold may be electroplated with rhodium.
Red or rose gold contains much copper (25% to 50%), the more copper the deeper the reddish color. As ancient Egypt was silver-poor, its gold is often reddish (Figure 7-6f). 
Green gold contains silver and iron. Gold with other exotic colors (purple, brown, blue) is also commercially available.

Uses of Gold





Gold is the traditional base of economic life and the measure of national and individual wealth. Most gold lies as medals or ingots in the vaults and treasuries of many nations, as support for their currencies, and in the home safes and deposit boxes of many individuals.
Few, if any, nations today hold to the “gold standard” where paper currency can be exchanged for gold and where the nation agrees to buy and sell gold at a fixed price.  In 1934 the United States officially “went off the gold standard” and the value of the dollar plunged as the value of gold rose from $35 per ounce to its astronomical value today. No gold coins have been minted in the United States as circulating currency since that time, however, gold bullion coins (i.e., medals) are still produced in abundance. 
Much gold is held in the portfolios of private speculators even though there have been legal restrictions about holding gold bullion in both the United States and Great Britain.

Goldsmiths and Jewelers, of course, use huge amounts of gold for the personal adornment of a growing population, however, silver is rapidly becoming a viable, less-expensive replacement. Gold is easy to work and is perhaps the most beautiful and desirable of all the metals. It does not tarnish or discolor with millennia of exposure to the gasses and chemicals of the earth’s atmosphere.  The most ancient gold objects come from the ground as bright and clean as the day they were made. 

Gold is recycled and has been from the earliest time.  Ancient gold jewelry from the tombs of ancient Egypt, Greece, Rome or China is easier to come by today than gold jewelry from Western Europe of the eighteenth or nineteenth centuries.  It has never been a Christian tradition to bury precious objects with the dead, and the beautiful ring that I passed to my daughter from her grandmother will most likely be melted down and recast into a more “stylish” form. This loss of period jewelry is one of the tragedies of our time.

Industry has found little practical use for gold.  It is used for some miniature electronic circuits and for radiation shields and appears as gold leaf or gilding on picture frames, book covers and bathroom taps. 
Sources and Recovery of Gold
To date, the world has probably mined and processed well over 166,000 tons of gold, mostly in the last century. More gold comes from the ground in one year today than in centuries of the past. Many of the active metal mines in the United States are gold mines. Gold was probably the first metal to be used by early man, and new gold only adds to the stockpile that began with him. Gold does not decay or destruct and is never really lost, even in the holds of sunken galleons. A gold ring in a jewelry store today may contain gold once in the scepter of an Egyptian pharaoh, the crown of a Chinese monarch or the treasure chest of Blackbeard the Pirate.
An old saying notes that: “Gold is where you find it.”, and, indeed, gold is recovered from a very wide range of geological environments. It is recovered from igneous, sedimentary and metamorphic rocks and from unconsolidated modern sediments. Gold crystallizes, with associated nickel, cobalt and platinum, from some magmas in the earliest, high-temperature stages of magmatic segregation and is concentrated again in the last, low-temperature, hydrothermal vein deposits, where it crystallizes with the excess silica (Figure 7-6d) left over from the earlier crystallization stages. Gold mined directly from these late stage quartz veins or from early stage segregation deposits is called “lode”, “vein” or “reef” gold.  

When the gold is freed from its host rock by the weathering and decay of the minerals about it, it becomes part of the sand, gravel or clay sediment which wash down stream beds, river channels and flooding wadies.  Tiny particles of gold are flattened to thin flakes by the pounding of rocks and water, and larger masses are mashed to nondescript blobs, or nuggets (Figure 7-6e), to brighten the eye of a prospector. Gold from sediments is called “alluvial” or “placer” gold and is recovered by sluices or pans.

Gold is also recovered from the metamorphic equivalents of the sediments or igneous rocks which originally contained it.  Although the nature of the original rock may be changed by the heat and pressure of metamorphism, the gold remains.

Ancient Sources of Gold

Ancient Egypt panned its gold, as early as 3,000 B.C., from the dry wadies which descend from the low hills of the East Desert between the Nile and the Red Sea. These hills fringe the western (and eastern) edge of the Red Sea and are the product of thermal rise associated with the spreading of the Red Sea. The igneous-metamorphic rocks exposed in these hills by erosion contain the lode gold which washes down wadies west into the Nile Valley and east into the Red Sea. By the Middle Kingdom, the wadi deposits in Egypt were exhausted and later Pharaohs sent expeditions south into Nubia to pan the wadies of the Sudan (“Kush gold”). Little lode gold was recovered before Roman times.

Arabia yielded gold (“Midian gold”) from low mountain range paralleling the east shore of the Red Sea and analogous to the East Desert range in Egypt. Biblical references site the land of Ophir and King Solomon’s Mines as the source of much gold. 

Asia Minor is a plateau (Anatolian) bounded on the north by mountains (Pontis Range) and of the south by similar range (Tarus Range). Both yielded placer gold washed into the plateau basin by rivers and streams.  The Pactolus River supplied the wealth of King Croesus; the Hermus River brought gold to King Midas of the “golden touch” and, in the eastern Pontus, Jason and the Argonauts sought the “golden fleece”.
 Both ancient Greece and Rome were gold-poor city states before the conquests of Alexander and the Caesars. 

New World gold from Mexico and the Andes of Chili and Peru was surrendered to Spanish conquistadors in the 16th century. Incas and Aztecs had no gold based monetary system.  They made no coins and did not use gold for barter or, indeed, for the personal adornment of common people; and they did not really understand the Spanish obsession for gold. Highly skilled Indian goldsmiths created countless objects to please kings, priests and gods. Most of these pieces, many of great artistic merit, were melted down, cast as ingots and shipped to Spain when not intercepted by the galleons and Jolly Roger of Blackbeard, Henry Morgan, Anne Bonny or maybe “Captain Jack Sparrow”.
Modern Sources of Gold 
The discovery of new gold fields in California (1849), Colorado (1858) and the Klondike district of the Yukon (1896) opened new areas to the pioneers of the new world. New towns grew up overnight and new territories were explored and developed. Similar gold rushes to new fields in Australia, South Africa, Malaya, Siberia and elsewhere opened new frontiers throughout the world.

Today, no single nation dominates of the world’s gold production. In 2010, China was the largest producing nation with Australia, United States, South Africa, and Russia following in that order, however, this order and production statistics change widely over the years and with the reporting agency. In the United States, Nevada is the major gold producing state, but Alaska, California, Colorado, New Mexico, Arizona and Utah are also major contributors. Most gold is produced today by cyanide leaching of huge volumes of crushed ore where gold is totally invisible and highly disseminated in other minerals like pyrite or arsenopyrite.
Silver



Ag



Isometric

Cubic close pack, metallic bonding

Silver is twenty times more abundant than gold but only twice as abundant as platinum. Like gold, silver can be found in the uncombined, native state. Silver crystals are uncommon and are usually the cube form {100} (Figures 7-7a and b).  Dendritic forms are most common (Figure 7-7c and d), and “wire silver” resembles curled wires or wool (Figure 7-7e). Several silver sulfides exist, argentite (Ag2S) being the most common, and silver appears in  numerous minerals in combination with arsenic, antimony, tellurium and the base metals lead and copper. The lead-sulfide galena (PbS) is the major source of silver, where silver sulfides occur as specs of impurity in the galena (Figure 7-7f).
.
Physical Properties of Silver
H = 2½ - 3

Sp. Gr. = 10.5

M.P. = 960° C (1761° F)

Opaque with brilliant metallic luster
Silver is the whitest and most reflective of all metals

Malleable and ductile

Best conductor of both electricity and heat.
Tarnishes in the presence of sulfur

Composition of Silver
Silver is usually alloyed with copper, to give it the desired hardness.

Sterling silver is the universal standard for fine silver.

It is 925 parts silver and 75 parts copper (i.e., 92.5% Ag and 7.5% Cu)

Coin silver is 900 parts silver and 100 parts copper (90% Ag)
This was the composition for United States silver coins, which are no longer minted. Silver objects are often marked parts per thousand to indicate fineness, e.g., 800, 875, or 900.
Silver may be considered a “noble metal”, since it does not oxidize; however, it readily darkens when exposed to sulfur or sulfur gases. 

Silver is resistant to aqua regia but attacked by hot nitric or sulfuric acids.

“Nickel Silver” or “German Silver” is an alloy of copper, nickel and zinc. It was a product of 19th century German silversmiths attempting to reproduce a Chinese alloy called paktong.  It contains no silver, but it may have the appearance of silver.

Coin Jewelry


Jewelry made from gold, silver and even bronze and copper coins, both ancient and modern, are popular in some parts of the world, and like ethnic jewelry, they say: “been there, done that”. Ancient coins of the Greek, Hellenistic, Roman and Byzantine periods (Figure 7-7g and h) where quite common in the antique shops in Greece, Turkey, Israel, Egypt and other Mediterranean and Middle East countries for several decades following World War II. Children scavenged coins from archaeological sites and plowed fields and were eager to sell them to foreign visitors of the rapidly expanding tourist trade. Such coins are far less available today, and their sale is now closely monitored and regulated in most countries. 


Jesus was betrayed for thirty pieces of silver, and the silver Hellenistic tetradracma (Figure 7-7h); probably the dominant temple coin in the Jerusalem 
temple, has obvious appeal for many Christians, and presents a strong temptation for forgers. Numerous attempts have been made in recent years to authenticate ancient coins based on trace element analysis. Of special note is the trace element signature of Spanish gold from the New World. Although gold and silver coins have not been minted for commercial exchange for nearly half a century, they are still minted as gold or silver bullion. 
Many investors prefer beautiful gold coins to a block of precious metal, and some of these investment coins end up in jewelry pieces.
Uses of Silver
The photographic industry was once the greatest consumer of silver for the manufacture of photographic film, but this market has rapidly declined with the introduction of digital photography. It is still preferred for x-ray film and by some movie producers. 
Industrial silver appears in batteries, electronics, catalysts and soldering applications. It is finding use in solar energy production and water purification and is essential in many dental and medical procedures. Fine tableware, both flatware and hollowware, are silver or silver plate.

Silver plate is base metal (Cu, Ni, brass) coated with pure silver by an electroplating process. The original Sheffield silver plate was base metal coated with silver by fusion, and “Silver filled” or “silver overlay” implies a coating of silver by mechanical, not electrical, means.

Silver and silver mountings are commonly used for less expensive jewelry items, but it is becoming more popular, with the ascending price of gold.  It is desired for its whiteness, and it is easy to work. Silver is the standard for turquoise settings and American Indian jewelry, and silver was the “white metal” used for diamond setting in the 19th century, before the introduction of platinum.

Mexico is the only country still producing silver coinage, although many countries use it to strike commemorative medals  

Molten silver absorbs large amounts of oxygen, which is released as small gas bubbles when the silver cools to a solid.  The bubbles of oxygen may explode at the surface (“spitting”) or may be trapped in the solid silver.  Spitting is prevented by alloying with a small amount of some other metal.

Sources of Silver
Ancient Egypt, had much gold but little silver, and it sometimes valued silver above gold.  
The mountains of Asia Minor were the source of much silver for the ancient Mediterranean, and Greece mined silver from Laurion south of Athens and minted silver coins. Spain was the early source of silver for ancient Rome, which was both gold-poor and silver-poor. Many Roman “silver” coins were 80% copper.

The British islands had no gold but yielded much silver in Derbyshire. The British introduced “hallmarks” and silver plate and set world standards for silver and silverwork.

Mexico’s Sierra Madre Mountains supplied silver for the Aztec and still holds the world’s largest silver deposits. It is also the source of many rare silver-bearing minerals. 

Silver is commonly a byproduct, or even the principal product, of most large base metal mines, such as the lead mines of Coeur d’Alene, Idaho or Broken Hill, Australia, where is silver is recovered from the lead sulfide galena.

Platinum



Pt



Isometric

Cubic close pack and hexagonal close pack, metallic bonding
The “platinum group” constitutes six very similar metallic elements in the center of the periodic table, and combined, they are almost three times the abundance of gold.  Ruthenium, rhodium and palladium are the light platinum elements, with atomic weights 101.07, 102.905 and 106.4.  Osmium, Iridium and Platinum are the heavy platinum elements, with atomic weights 190.2, 192.2 and 195.09.  Cations of all six elements are about the same size and easily replace one another in native “platinum” metal which is always some alloy, or mixture, of the six elements. One might not expect the cations of the light platinum elements to be the same size as those of the heavy platinum elements which have a complete, additional electron shell., however, the lanthanide contraction lies between the light and heavy platinum elements and reduces the expected size of the elements in the sixth row of the periodic table (See page   ). Rhodium and iridium have odd atomic numbers are less abundant than palladium and platinum. Platinum is most abundant of the platinum group in iron meteorites but palladium predominates in the rocks of the earth’s crust.

Ruthenium and osmium want to form hexagonal close pack structures while palladium and platinum form cubic close pack structures, and some mixtures make hexagonal crystal structures while most mixtures are isometric. Relating physical properties, like hardness and melting point, to crystal structure is not as simple with “platinum” as with the simple cubic close-pack gold, silver and copper.
Native platinum is usually found as irregular nuggets in a wide range of sizes (Figures 7-b, c and d). Natural crystals of platinum (Figure 7-8a) are rare and usually in the cube form {100}. 

Physical Properties of Platinum 
H = 4 - 4½ (harder than gold or silver)

Sp. Gr. ≈ 21

M.P. = 1773° C (3224° F) (higher than gold or silver)

Opaque with white metallic luster

Much less malleable and ductile than gold or silver

Will not tarnish or corrode even in most corrosive chemicals.

Composition of Platinum
The platinum elements are true “noble” metals, refusing to combine with other elements, even under the most corrosive conditions. Consequently, the platinum elements are found in nature chiefly in the native state and always associated with one another.

Natural platinum is always a mixture of the six platinum elements and often contains varying amounts of gold, silver, copper, nickel and chromium.

Sulfides, tellurides and arsenides of the platinum elements are known but are very rare. 

Deliberate alloys of the six platinum elements can be created to alter hardness and other characteristics related to the workability of the metal.  Platinum is much more difficult for jewelers to work and cast than either gold or silver.

Uses of Platinum
About 50% of the platinum produced is consumed by industry, 40% is used for jewelry, and the remainder is held by investors. Platinum is used extensively in chemical and manufacturing laboratories because of its resistance to heat and corroding chemicals. Platinum crucibles are standard in every chemistry laboratory. It acts as a catalyst to facilitate some manufacturing processes, catalytic converters and filters to separate gasses. 
The world standards for weight and measures, established in 1875 in Sevres, France, are bars of a platinum-iridium alloy  

Platinum finds use in dentistry and the finest surgical instruments.

Platinum was not used in jewelry before the late Victorian period but was very much in demand for expensive jewelry for the wealthy Edwardian set at the turn of the 20th century. Platinum was the white metal to replace silver for delicate settings, especially for diamond-platinum broaches.  During the world wars, both platinum and diamonds became strategic war materials and largely disappeared from the jewelry shops for the duration. Compared to gold or silver, platinum allows much sharper and more delicate designs, owing to its greater hardness, but it is much more difficult to work and cast and generally beyond the limits of the simple jeweler’s torch.

 Platinum is the metal of choice in fine jewelry today. Platinum prongs require less maintenance, and settings can be thinner and more delicate than gold settings. Palladium is actually more abundant in jewelry than platinum and is also considerably lighter, which makes it more desirable for some jewelry applications. Rhodium plating gives platinum a whiter appearance. 

Sources of Platinum
Platinum was introduced to Spanish explorers in the late 16th century at the Pinto River of Ecuador, where it was in use earlier by the Incas and other natives of the central Andes.

Modern production is largely confined to two sources, four mines in the Bushfeld Complex in of South Africa and one mine in the Central Urals of Russia. South Africa yields 80% of world production and holds almost 90% of the world’s reserves. Any labor turmoil in the South African mines could send platinum prices into the upper atmosphere. Although platinum is three times the abundance of gold in the earth’s crust and about one-fifth the abundance of silver, far less platinum is produced. By weight, platinum production is less than 10% of the gold output and less than 1% of the silver produced. Ten tons of ore from mines over a mile deep in the earth and 120° F are required to produce one ounce of the platinum metals, and no large inventory is retained.

The only significant source for platinum in the United States is the Stillwater Complex in the Absaroka Range of Montana.
The platinum elements are believed to be concentrated in the earth’s iron-nickel core and are certainly greatly enriched in iron-nickel meteorites.
In the cooling of the earth, the platinum elements crystallized early, owing to their high melting point and inability to combine with other elements. The high density platinum tends to migrate toward the earth’s interior and, with the other early crystallizing minerals (e.g., olivine), to become concentrated in ultramafic rocks like peridotite, kimberlite, and pyroxenite.

Copper 



Cu



Isometric

Cubic close pack, metallic bonding

Native copper is common in the oxide zones of copper ore deposits where it may appear as isometric crystals (Figures 7-9a, b and c) or in dendritic form (Figures 7-9d and f).
Copper is not rightly considered a precious, or noble, metal and is considered here only because of its metallurgical characteristics are so much like those of gold and silver and it forms alloys of possible interest to those in the jewelry trade.

Physical Properties of Copper

H = 2½ - 3


Sp. Gr. = 8.9


M.P. = 1083° C


Opaque with orange-pink metallic luster


Malleable and ductile


Excellent conductor of electricity and heat


Easily tarnished and commonly weathers to a light green carbonate (malachite)

Composition of Copper
Copper forms almost complete mixture with gold and/or silver and will form alloys with most common metals. 

Bronze is an alloy of tin and copper and was an important industrial metal from about 3600 B.C., in the Middle-east and much of Medieval Europe.

Bronze may contain as much as 25% tin.  Alloys with high tin content have low melting points and are preferred for intricate ornamental castings and bronze statues. Small amounts of lead or phosphorous harden and strengthen the bronze. Bronze can be “work-hardened”, by hammering, to reach the hardness of soft steel.  Alloys of copper with aluminum or beryllium can be even harder. Most bronze alloys are quite resistant to corrosion and weather to a resistant brown or green patina, characteristic of copper and its alloys.

The “Bronze Age” in Mesopotamia began about 3600 B.C. and ended about 1200 B.C. when the tin routes were interrupted and iron became the metal of choice. Before the Industrial Age, iron in the western world was “wrought iron” which was never molten and could not be cast into molds. For that reason, bronze was used well into the Iron Age for cast items like arrowheads and spear points which required a socket to receive a wooden shaft. The concept of a bronze age makes sense only by reference to a specific place and a specific people.  The Mediterranean Bronze Age had come and gone when 16th century Spanish explorers found Indians of Mexico still in a pre-bronze civilization. Bronze was the earliest metal alloy, and the earliest “bronze” was an alloy of copper and arsenic which may have been an accident of smelting copper-arsenic minerals. Anciently, copper and all its alloys were grouped together under the Latin name “aeris” (copper); and it is hard to tell in early writings what metal or alloy is intended.
Brass is the copper-zinc alloy which may contain from 5% to 45% zinc.

Common yellow, or high, brass contains about 30% zinc; red, or low, brass is 80% or more copper, and Muntz metal is 60% copper and 40% zinc.  High zinc brass tends to be hard and brittle, and when nickel is added to the alloy the brass becomes pale and almost white. This is the metal most amenable for electroplating and is the core metal for most silver plate tableware and gold plated jewelry.

The copper-zinc alloy did not come into common use before Roman times and was originally included with copper and bronze in the Roman name “aeris”. “Brass” is an English word derived from “braes” (Old English) and “bres” or “bras” (Middle English) about 1200 A.D. and stood for any copper alloy. The word “bronze” did not come into use before the 18th century.

Uses of Copper
About half the copper produced is absorbed into the electrical industry, mostly for use as wire.  Its heat conductivity and malleability make it useful for pots and pans and it is resistance to corrosion makes it useful for plumbing pipes, rain gutters and other applications where iron would rust.

Copper has only limited uses in jewelry, but it is alloyed with precious metals to achieve the desired karat fineness. Copper plates and vases are the common base for cloisonné enamel, and copper bracelets were worn in the late 1960's to cure or ward off arthritis and rheumatism. Copper may be combined with base metals, to produce alloys resembling gold. Pinchbeck is a brass alloy of about 88% copper which was introduced in the early 18th century to imitate gold for jewelry applications. It was developed by Christopher Pinchbeck, a London watchmaker.
The copper carbonate minerals, malachite [Cu2(OH)2CO3] and azurite [Cu3(OH)2(CO3)2], are bright green and azure blue respectively and are used extensively in cabochon jewelry and as ornamental stone for carved figures, vases and even wall covering, especially in Russian palaces.
Traces of copper in tourmaline produce intense green, blue and violet gems.

Sources of Copper
Copper is more than 10,000 times more abundant than gold and combines with numerous elements to yield a very long list of copper-bearing minerals.

Some copper is concentrated in the early stages of magma differentiation where it appears as copper sulfides in magmatic segregation ores associated with nickel, cobalt, chromium and platinum. It is concentrated again in the late hydrothermal stages where copper sulfides are associated with zinc, lead and gold.

Most copper is produced from primary (i.e., not weathered) copper sulfides, especially chalcopyrite (CuFeS2), in underground mines or pits open to the surface. The open pit “porphyry” copper mines in Arizona, Utah and the Andes of Chili produce large amounts of copper from very low-grade ores by processing huge tonnage at low cost.

Secondary (i.e., weathered) copper minerals form near-surface deposits of cuprite (Cu2O), malachite and azurite derived from the weathering of primary copper sulfides.  Secondary copper deposits were important sources of copper in ancient times, as they often contain native copper and secondary minerals are easily reduced to metallic copper.

Native copper (Figure 7-9e) is very rare compared with the sulfides of copper, however, it is very abundant compared to native gold, silver or platinum.  Implements made from native copper were produced in Egypt and Mesopotamia thousands of years before the Bronze Age began. Native copper has always been a minor secondary ore of copper, but is negligible as a copper source today.  The Keweenaw Peninsula of upper Michigan is one of the few remaining sources of native copper (Fig. 7-9b) where it was exploited by the earliest Native Americans.
The principal source of copper for the ancient Mediterranean world was the island of Cyprus off the south coast of Asia Minor.  The Roman word for copper was “cuprum”; and our word “copper” and the chemical symbol “Cu” derives from this Latin word and from the “copper island”.
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