Cu – Copper
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Symbol: Cu 
Atomic Number: 29 
Atomic Mass: 63.546 amu 
Melting Point: 1083.0 °C (1356.15 °K, 1981.4 °F) 
Boiling Point: 2567.0 °C (2840.15 °K, 4652.6 °F) 
Number of Protons/Electrons: 29 
Number of Neutrons: 35 
Classification: Transition Metal 
Crystal Structure: Cubic 
Density @ 293 K: 8.96 g/cm3 
Color: red/orange 

Copper is a reddish, extremely ductile metal of Group Ib of the periodic table. Copper is an unusually good conductor of electricity and heat. Copper is found in the free metallic state in nature; this native copper was first used (c. 8000 BC) as a substitute for stone by Neolithic man. Metallurgy dawned in Egypt as copper was cast to shape in molds (c. 4000 BC), was reduced to metal from ores with fire and charcoal, and was intentionally alloyed with tin as bronze (c. 3500 BC). The Roman supply of copper came almost entirely from Cyprus

Occurrence, uses, and properties

Native copper is found at many locations as a primary mineral in basaltic lavas and also as reduced from copper compounds. The greatest known deposit of copper is in porphyries formed by volcanic activity in the Andean Mountains of Chile. (For mineralogical properties, see native elements [table].) Copper occurs combined in many minerals, such as chalcocite, chalcopyrite, bornite, cuprite, malachite, and azurite. It is present in the ashes of seaweeds, in many sea corals, in the human liver, and in many mollusks and arthropods. Copper plays the same role of oxygen transport in the hemocyanin of blue-blooded mollusks and crustaceans as iron does in the hemoglobin of red-blooded animals. The copper present in humans as a trace element helps catalyze hemoglobin formation.

/bcom/eb/article/single_table_inline/0,5716,1118,00.htmlCopper is commercially produced mainly by smelting or leaching, usually followed by electrolytic refining or recovery. For a detailed treatment of the production of copper, see Industries, Extraction and Processing.

The major portion of copper produced in the world is used by the electrical industries; most of the remainder is combined with other metals to form alloys. Important series of alloys in which copper is the chief constituent are brasses (copper and zinc), bronzes (copper and tin), and nickel silvers (copper, zinc, and nickel, no silver). There are many useful alloys of copper and nickel, including Monel; the two metals are completely miscible. Copper also forms an important series of alloys with aluminum, called aluminum bronzes. Beryllium copper (2 percent Be) is an unusual copper alloy in that it can be hardened by heat treatment. Copper is a part of nearly all coinage metals. Long after the Bronze Age passed into the Iron Age, copper remained the metal second in use and importance to iron; but, by the 1960s, cheaper and much more plentiful aluminum had moved into second place in world production.

Copper is one of the most /bcom/eb/article/idxref/0/0,5716,195633,00.htmlductile metals, not especially strong or hard. Strength and hardness are appreciably increased by cold-working because of the formation of elongated crystals of the same face-centred cubic structure that is present in the softer annealed copper. Common gases, such as oxygen, nitrogen, carbon dioxide, and sulfur dioxide are soluble in molten copper and greatly affect the mechanical and electrical properties of the solidified metal. Natural copper is a mixture of two stable isotopes: copper-63 (69.17 percent) and copper-65 (30.83 percent).

Because copper lies below hydrogen in the electromotive series, it is not soluble in acids with the evolution of hydrogen, though it will react with oxidizing acids, such as nitric and hot, concentrated sulfuric acid. Copper resists the action of the atmosphere and seawater; exposure for long periods to air, however, results in the formation of a thin protective coating of green, basic copper carbonate (patina).

Principal compounds. 

Copper forms compounds in the oxidation states +1 and +2 in its normal chemistry, although under special circumstances some compounds of trivalent copper can be prepared. It has been shown that trivalent copper survives no more than a few seconds in an aqueous solution.

Copper(I) (cuprous) compounds are all diamagnetic and, with few exceptions, colourless. Among the important industrial compounds of copper(I) are cuprous oxide (Cu2O), cuprous chloride (Cu2Cl2), and cuprous sulfide (Cu2S). Cuprous oxide is a red or reddish brown crystal or powder that occurs in nature as the mineral cuprite. It is produced on a large scale by reduction of mixed copper oxide ores with copper metal or by electrolysis of an aqueous solution of sodium chloride using copper electrodes. The pure compound is insoluble in water but soluble in hydrochloric acid or ammonia. Cuprous oxide is used principally as a red pigment for antifouling paints, glasses, porcelain glazes, and ceramics and as a seed or crop fungicide.

Cuprous chloride is a whitish to grayish solid that occurs as the mineral nantokite. It is usually prepared by reduction of copper(II) chloride with metallic copper. The pure compound is stable in dry air; moist air converts it to a greenish oxygenated compound, and upon exposure to light it is transformed into copper(II) chloride. It is insoluble in water but dissolves in concentrated hydrochloric acid or in ammonia because of the formation of complex ions. Cuprous chloride is used as a catalyst in a number of organic reactions, notably the synthesis of acrylonitrile from acetylene and hydrogen cyanide; as a decolourizing and desulfurizing agent for petroleum products; as a denitrating agent for cellulose; and as a condensing agent for soaps, fats, and oils.

Cuprous sulfide occurs in the form of black powder or lumps and is found as the mineral chalcocite. Large quantities of the compound are obtained by heating cupric sulfide (CuS) in a stream of hydrogen. Cuprous sulfide is insoluble in water but soluble in ammonium hydroxide and nitric acid. Its applications include use in solar cells, luminous paints, electrodes, and certain varieties of solid lubricants.

Copper(II) compounds of commercial value include cupric oxide (CuO), cupric chloride (CuCl2), and cupric sulfate (CuSO4). Cupric oxide is a black powder that occurs as the minerals tenorite and paramelaconite. Large amounts are produced by roasting mixed copper oxide ores in a furnace at a temperature below 1,030º C (1,900º F). The pure compound can be dissolved in acids and alkali cyanides. Cupric oxide is employed as a pigment (blue to green) for glasses, porcelain glazes, and artificial gems. It is also used as a desulfurizing agent for petroleum gases and as an oxidation catalyst.

Cupric chloride is a yellowish to brown powder that readily absorbs moisture from the air and turns into the greenish blue hydrate, CuCl22H2O. The hydrate is commonly prepared by passing chlorine and water in a contacting tower packed with metallic copper. The anhydrous salt is obtained by heating the hydrate to 100º C (212º F). Like cuprous chloride, cupric chloride is used as a catalyst in a number of organic reactions--e.g., in chlorination of hydrocarbons. In addition, it serves as a wood preservative, mordant (fixative) in the dyeing and printing of fabrics, disinfectant, feed additive, and pigment for glass and ceramics.

Cupric sulfate is a salt formed by treating cupric oxide with sulfuric acid. It forms as large, bright-blue crystals containing five molecules of water (CuSO45H2O) and is known in commerce as blue vitriol. The anhydrous salt is produced by heating the hydrate to 150º C (300º F). Cupric sulfate is utilized chiefly for agricultural purposes, as a pesticide, germicide, feed additive, and soil additive. Among its minor uses are as a raw material in the preparation of other copper compounds, reagent in analytic chemistry, electrolyte for batteries and electroplating baths, and in medicine as a locally applied fungicide, bactericide, and astringent.

Other important copper(II) compounds include cupric carbonate [Cu2(OH)2CO3], which is prepared by adding sodium carbonate to a solution of copper sulfate and then filtering and drying the product. It is used as a colouring agent; with arsenic it forms cupric acetoarsenite (commonly known as Paris green), a wood preservative and insecticide.

Copper & Human Health


        Copper is essential for life, which means that the human body must have copper to stay healthy. In fact, for a variety of biochemical processes in the body to operate normally, copper must be a part of our diet. Copper is needed for certain critical enzymes to function in the body. Too little copper in the body can actually lead to disease. These enzymes are involved with energy metabolism - the way that the body gives you the energy to function. In addition, copper is involved in the functioning of the nervous system, in maintaining the balance of other useful metals in the body such as zinc and molybdenum, and possibly other body functions. Scientists around the globe are continually learning more about the body’s need for copper and its benefits in the normal diet.
The main source of copper in infants, children, and adults, regardless of age, is the diet. Copper is a natural ingredient in many foods. Copper is typically present in mineral rich foods like vegetables (potato), legumes (beans and peas), nuts (peanuts and pecans), grains (wheat and rye), fruits (peach and raisin), and, yes, even chocolate!

Drinking water. Copper is a natural element found in the earth’s crust. As a result, most of the world’s surface water and ground water that is used for drinking purposes contains copper. The actual amount varies from region to region, depending on how much is present in the earth, but in almost all cases the amount of copper in water is extremely low. Naturally occurring copper in drinking water is safe for human consumption, even in rare instances where it is at levels high enough to impart a metallic taste to the water. Copper tubing that carries residential tap water properly regulated for its chemical composition can also be a source of copper in drinking water under very specific conditions 

Dust and particles. Copper is used in many consumer products. In a small number of these products, copper is released during the course of their normal use. An example is copper in roadway dust, shed from automobile brakes during their normal use. 

Copper cookware. Certain foods prepared and left to sit for an extended period of time in unprotected copper cookware may contain copper transferred from the cookware surface. Modern-day copper cookware, which usually has an inner cooking surface of another material like tin or stainless steel, does not release copper and is safe for use in food preparation. 

In many regions of the world, copper is carried to the drinking water tap by copper tubing. For the better part of a century, communities have had practical experience in keeping drinking water clean, and in using copper plumbing as the preferred method for carrying drinking water. Conclusive scientific studies allow us to say that copper plumbing keeps drinking water clean by keeping down microbial growth, and reduces the need for overly aggressive water treatment to keep the water clean. Copper plumbing tube leaches a small amount of copper in the first year or two of delivering tap water in residences and public buildings. Afterward, the inner surface of the tube forms a hard surface that retards leaching, unless certain chemical characteristics of water in the tubes exceed acceptable limits used by regulators responsible for protecting the drinking water supply.

Like all substances, excessive copper can make people ill when ingested. Copper toxicity in humans takes the form of stomach upset, nausea, and diarrhea, and stops when the high copper source is removed. These effects are noted at copper levels far in excess of the World Health Organization limits for copper in drinking water. In extremely rare cases, particularly among those people with rare genetic conditions, copper can be more toxic, adversely affecting various bodily functions and organs. Through research, we continue to learn what happens to copper in the body. The strong scientific opinion is that small amounts of copper in drinking water are not a human health hazard. An expert panel of the World Health Organization has concluded that copper deficiency is much more of a global problem than copper toxicity.

People with poor diets, often including the elderly not able to care for themselves and people in places where it is hard to get good nutrition, may not take in enough copper to meet the body’s needs. In addition, a small number of people in rare cases have genetic sensitivities that make it difficult for them to either absorb copper when the body needs it (Menke’s Disease) or get rid of it when the body does not need it (Wilson’s Disease). We now can define the genetic bases of these diseases. And, contrary to common myth, the fetus, infants, and children are not particularly susceptible to copper toxicity. In fact, the fetus, late in development, actually stores copper in preparation for nutritional needs after birth. Recent research has revealed that the very young have special biochemical mechanisms for adequately managing copper in the body while their permanent life-long mechanisms develop and mature.

Copper is an essential nutrient required by the body in daily dietary amounts of 1 to 2 milligrams for adults (1/2 to 1 milligram for children). This can be obtained by eating normal amounts of the copper-rich foods indicated earlier. Copper water tube actually helps to keep water clean. Copper water tube releases copper to drinking water in small amounts when the tube is new or when the water in the tube has certain chemical characteristics. For the general population, copper is not toxic during the normal course of daily life. Certain individuals (those with Wilson’s Disease or Menke’s Disease) need to be vigilant about monitoring the levels of copper in their bodies and managing it in consultation with their physicians.

Copper Facts

For nearly 5,000 years, copper was the only metal known to man. Today, it’s one of the most used and reused of our “modern” metals.

· The copper on that penny maybe as old as the pharaohs, because copper has an infinite recyclable life. Copper, by itself or in any of its alloys, such as brass or bronze, is used over and over again. 

· Copper was first used by humans more than 10,000 years ago. A copper pendant discovered in what is now northern Iraq has been dated about 8700 B.C. 

· Known worldwide copper resources are estimated at nearly 5.8 trillion pounds of which only about 0.7 trillion pounds (12%) have been mined throughout history...and nearly all of that is still in circulation, because copper’s recycling rate is higher than that of any other engineering metal. 

· Each year in the U.S.A., nearly as much copper is recovered from recycled material as is derived from newly mined ore. When you exclude wire production, most of which uses newly refined copper, the amount of copper used by copper and brass mills, ingot makers, foundries, powder plants and other industries shows that nearly three-fourths (72%) comes from recycled copper scrap.

Copper and Aquatic Life

Oceans, tidal pools, lakes, rivers, and ponds --all bodies of water that sustain life-- have copper present as a vital, naturally occurring element. Its presence as a basic component of the process that spawns the abundant species that swim, scurry, wiggle and wallow in the waters of the world has been established by Nature and confirmed by scientists. 

It is, simply stated, indispensable because it is necessary for normal growth in living beings. 

"The role of copper in small quantities is essential to marine life," says Dr. Karl D. Shearer, Research Fisheries Biologist with the National Marine Fisheries Service, at the Northwest Fisheries Science Center in Seattle, Washington. 

"It is a key component of enzymes, compounds that act as catalysts in the metabolism of organisms," says Dr. A. G. Lewis, an oceanographer and Professor in the Department of Oceanography and Zoology at The University of British Columbia in Vancouver, B. C., Canada. "Because it is an essential metal, an adequate supply is necessary for normal metabolism," he explains 

"Copper's main role in the body is through metalloenzymes and enzymes catalyze many different chemical reactions," says Dr. Kathryn Michel, Assistant Professor of Nutrition at the University of Pennsylvania School of Veterinary Medicine, Philadelphia, Pennsylvania. 

Dr. Michel adds that "the body is full of enzymes and any chemical reaction in the body has possibly enzymes associated with it. Copper is a very important component and absolutely essential to the performance of the enzymes" 

She explains that "enzymes are critical to the development of bone tissue and the production of red blood cells. A copper deficiency would contribute to anemia." 

Put simply, "enzymes won't function without trace minerals such as copper, which means there's no metabolism," says Dr. Shearer, the National Marine Fisheries Services biologist, who has worked extensively in the analysis and development of food for fish. With no metabolism there would be no energy to fuel the vital processes that sustain life in creatures. 

Aquatic plants, which play an important role in marine life, are no less reliant on copper. It plays an important role in photosynthesis and respiration. Like marine animal life, plants get copper from copper that is dissolved in the water, copper that is present in other particles or sediment found in the water and copper in their food. 

Levels of copper in fresh water and salt water have been found to be generally low. In the United States studies of raw, untreated surface water have shown copper content ranging from 0.001 milligrams per liter to 0.28 milligrams per liter. The mean was 0.015 milligrams per liter. In open oceans, copper levels ranged from 0.1 milligrams per liter to 0.39 milligrams per liter, with an average of 0.8 milligrams per liter. 

These figures show how copper is effective in small quantities. Dr. Shearer says that "the normal level of copper in whole fish tissue is one to two parts per million." To measure such tiny amounts requires a spectro photometer, an instrument that gauges matter by zeroing in all the way down to atoms in molecules. Scientists heat animal tissue to extremely high temperatures until atoms begin to emit light. Different atoms produce light at different wavelengths. So "we measure (light) wavelength to get to know what elements are present in the tissue of the fish and we measure the intensity of the light, which tells us the amount present," says Dr. Shearer. 

They amount of copper and other trace minerals in the growth and development of fish, crustaceans (shellfish) and mollusks such as oysters and clams may be minute in quantity but enormous in economic terms. Many of these species are part of the renewable foundation of fishing, a vast worldwide activity that helps meet a growing demand for protein. 

Commercial and recreational fishing is practiced just about every where in the world, including such land-locked countries as Bolivia, in South America, and Azerbaijan, in Asia. Bolivians have been fishing the waters of Lake Titicaca for centuries, and the valuable caviar industry of the world is centered in Azerbaijan, on the Caspian Sea. The Food and Agriculture Organization (FAO) of the United Nations estimated that in 1997 the world's food fish production reached 90 million tons, an almost threefold increase since 1960. Almost a third of that catch was raised on fish farms in a fast-growing commercial process known as aquaculture. Fish grow under controlled conditions within enclosures and are fed a carefully balanced diet that invariably includes copper. 

At Bio-Oregon, in Warrenton, Oregon, a producer of formulated food for fish farms, Dr. Dennis Roley, says that "copper has always been a supplemental trace element." Because copper can be virtually recycled from healthy animal tissue, fish food industries find copper in organic forms such as copper sulfate in the offal of edible fish such as salmon that has already been processed. 
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1066.6

1376.3
549.0
1925.3

114.3

30.2
21.0
51.1

97.5
65.6
163.1

217.5
78.9
296.4

71.8
38.0
109.8



324.8
154.7
479.5

4226.9
2062.0
6288.8

2458.1
912.9
3371.0

6684.9
2974.9
9659.8
65.0
25.0
90.0

111.4
14.7
126.1

49.9
27.3
77.2

364.8
134.6
499.4

789.6
430.1
1219.7

71.8

21.3
16.0
37.3

652.0
561.9
1213.9

1407.9
561.8
1969.7

118.6

42.1
21.0
63.0

129.8
84.5
214.4

228.4
89.0
317.4

75.0
44.8
119.8

111.4

336.0
160.3
496.3

4396.6
2238.0
6634.6

2422.1
859.8
3281.9

6818.7
3097.8
9916.5
65.0
25.0
90.0

91.2
15.6
106.8

50.3
19.4
69.7

344.3
123.4
467.7

732.0
349.0
1081.0

53.6

55.9
12.6
68.4

638.1
535.7
1173.9

1422.8
542.4
1965.2

118.8

41.7
18.5
60.1

146.9
76.3
223.3

227.6
77.3
304.9

70.4
37.3
107.7

127.1

338.1
139.6
477.7

4348.0
2020.7
6368.6

2562.9
868.1
3431.0

6910.9
2888.8
9799.7
70.0
25.0
95.0

92.6
15.4
108.0

79.1
17.0
96.1

370.9
134.7
505.6

689.2
396.6
1085.9

57.9

41.5
11.3
52.8

639.0
611.6
1250.6

1428.6
543.3
1971.9

120.1

56.9
18.6
75.0

151.2
86.7
238.0

239.3
83.8
323.1

67.9
39.6
107.5

129.0

349.1
149.1
498.4

4398.8
2187.0
6585.8

2721.3
932.3
3653.6

7120.2
3119.3
10239.4
70.0
25.0
95.0

86.9
22.3
109.2

90.3
19.6
109.9

355.1
151.2
506.3

759.8
430.5
1190.3

62.0

44.2
8.2
52.4

693.0
671.8
1364.7

1251.0
442.9
1694.0

112.9

53.4
26.9
80.3

164.2
88.4
252.6

291.5
114.5
406.0

73.9
45.2
119.1

131.6

322.2
141.3
463.5

4375.9
2244.9
6620.8

2894.8
917.3
3812.1

7270.6
3162.2
10432.8
79.1
53.2
132.3

71.2
19.4
90.6

106.5
19.3
125.8

352.7
153.0
505.7

683.6
420.6
1104.2

68.2

36.7
5.8
42.5

686.8
644.7
1331.5

1201.1
454.6
1655.7

119.6

64.0
22.8
86.8

144.4
81.6
226.0

286.7
109.2
395.5

67.2
50.6
117.8

190.2

313.7
135.5
449.2

4221.5
2216.4
6437.9

3087.1
976.1
4063.1

7308.6
3192.5
10501.0
13.1
112.6
39.3

-18.0
-13.3
-17.1

17.9
-1.3
14.5

-0.7
1.2
-0.1

-10.0
-2.3
-7.2

9.9

-17.0
-29.3
-18.9

-0.9
-4.0
-2.4

-4.0
2.6
-2.3

6.0

19.9
-15.5
8.0

-12.1
-7.7
-10.5

-1.6
-4.6
-2.5

-9.0
12.0
-1.1

44.5

-2.6
-4.1
-3.1

-3.5
-1.3
-2.8

6.6
6.4
6.6

0.5
1.0
0.7
40.0
22.0
62.0

43.8
9.9
53.7

70.7
7.8
78.6

182.3
77.4
259.7

329.2
199.6
528.8

29.6

18.3
2.9
21.3

342.1
335.4
677.5

609.0
224.1
833.1

52.6

32.4
12.3
44.8

69.6
41.3
110.9

149.4
58.0
207.4

32.3
18.0
50.3

91.1

166.3
63.0
229.3

2144.7
1094.8
3239.5

1543.5
488.0
2031.6

3688.2
1582.8
5271.0
47.0
24.6
71.6

31.3
8.0
39.3

17.2
6.9
24.1

170.4
75.6
246.0

354.7
211.4
566.1

38.9

18.3
2.9
21.2

338.4
307.9
646.3

592.5
230.2
822.8

52.8

31.6
10.4
42.0

74.8
40.4
115.1

148.9
53.8
202.7

34.9
16.1
51.0

99.1

144.9
66.9
211.8

2073.5
1078.1
3151.6

1543.5
488.0
2031.6

3617.1
1566.1
5183.2
n.a.
n.a.
n.a.

38.1
10.1
48.3

49.7
9.3
59.0

190.1
89.6
279.7

401.9
244.9
646.9

39.6

20.6
6.6
27.2

385.9
379.0
764.9

618.7
256.2
874.8

55.5

34.5
12.5
47.1

80.5
39.0
119.5

172.7
53.4
226.1

35.9
20.3
56.2

124.5

165.8
68.9
234.7

2194.4
1190.0
3384.4

1995.0
533.6
2528.6

4189.4
1723.6
5913.0
-
-
-

-13.0
2.2
-10.2

-29.7
19.0
-24.9

4.3
15.8
7.7

22.1
22.8
22.3

33.8

12.4
125.5
28.0

12.8
13.0
12.9

1.6
14.3
5.0

5.5

6.5
1.6
5.2

15.6
-5.5
7.8

15.6
-7.8
9.0

11.1
12.8
11.7

36.7

-0.3
9.4
2.4

2.3
8.7
4.5

29.2
9.3
24.5

13.6
8.9
12.2

a - Based on WCCA production
a - Data for 1994-1999 are estimates
b - Includes estimates for Norway
c - Total of Members shown
d - New series from 1995
e - % Change between H2 1997 and H2 1998 
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