Cr – Chromium
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This transition metal was discovered by Vanquelin in 1790. Modern uses include   pigment, high strength alloys and metal finishing applications. We use chromium compounds for crystal growing, redox titrations and spectrophotometric analysis. 

	
	Atomic number
	-
	24
	
	
	Density
	g/mL
	7
	.19

	
	Atomic weight
	u
	51
	.996
	
	Melting point
	K
	2130
	

	
	Bonding radius
	A
	1
	.18
	
	Boiling point
	K
	2945
	

	
	Atomic radius
	A
	1
	.85
	
	Heat of vaporization
	kJ/mol
	344
	.3

	
	Ionization Potential
	V
	6
	.766
	
	Heat of fusion
	kJ/mol
	16
	.9

	
	Electronegativity
	-
	1
	.66
	
	Specific heat
	J/gK
	0
	.45

	
	The oxide is a strong acid.
	
	Crystal are body centered cubic.

	
	
Electron config. : [Ar] 3d5 4s1


Appearance & Characteristics

	structure
	bcc: body-centered cubic 
	color
	silvery-white 

	uses
	CrO2 tape, paint, steel 
	toxicity
	
	hardness
	9 mohs 
	characteristics
	hard 


	


Reactions

	reaction with air
	none 
	reaction with 6M HCl
	mild, =>H2, CrCl3 

	reaction with 6M HCl
	mild, =>H2, CrCl3 
	reaction with 15M HNO3
	passivated 

	reaction with 6M NaOH
			

	


Radius

	ionic radius (2- ion)
	pm 
	ionic radius (1- ion)
	pm 

	atomic radius
	128 pm 
	ionic radius (1+ ion)
	pm 

	ionic radius (2+ ion)
	90.5 pm 
	ionic radius (3+ ion)
	75.5 pm 


	


Conductivity

	thermal conductivity
	93.9 J/m-sec-deg 
	electrical conductivity
	77.519 1/mohm-cm 

	polarizability
	11.6 A^3 
		

	


Abundance
	source
	Chromite (oxide) 
	rel. abund. solar system
	4.130 log 

	abundance earth's crust
	2 log 
	cost, pure
	10 $/100g 

	cost, bulk
	$/100g 
		

	


Chromium is a  gray metallic element that can take on a high polish. The atomic number of chromium is 24; the element is one of the transition elements of the periodic table.

II. Properties and Occurrence
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The element was discovered in 1797 by the French chemist Louis Nicolas Vauquelin, who named it chromium (Greek chroma,"color") because of the many different colors of its compounds.

Chromium is a common element; overall it ranks about 21st in natural abundance among the elements in crustal rocks. Chromium has an atomic weight of 51.996; the element melts at about 1857° C (about 3375° F), boils at about 2672° C (about 4842° F), and has a specific gravity of 7.2.

Chromium can replace part of the aluminum or iron in many minerals, imparting to them their unique colors. Many precious stones owe their color to the presence of chromium compounds (see Gemstones). Workable ores are rare, however, chromite (FeCr 2O4) being the only important one.

In chromites and chromic salts, chromium has a valence of +3. Most of these compounds are green, but some are red or blue. Chromic oxide (Cr2O 3) is a green solid. In chromates and dichromates, chromium has a valence of +6. Potassium dichromate (K2Cr2O7) is a red, water-soluble solid that, mixed with gelatin, gives a light-sensitive surface useful in photographic processes (see Photography). The chromates are generally yellow, the best known being lead chromate (PbCrO 4), an 

insoluble solid widely used as a pigment called chrome yellow. Chrome green is a mixture of chrome yellow and Prussian blue.
III. Uses
More than half the production of chromium goes into metallic products, and about another third is used in refractories. It is an ingredient in several important catalysts. The chief use of chromium is to form alloys with iron, nickel, or cobalt. The addition of chromium imparts hardness, strength, and corrosion resistance to the alloy. In the stainless steels, chromium makes up 10 percent or more of the final composition. Because of its hardness, an alloy of chromium, cobalt, and tungsten is used for high-speed metal-cutting tools. When deposited electrolytically, chromium provides a hard, corrosion-resistant, lustrous finish. For this reason it is widely used as body trim on automobiles and other vehicles. The extensive use of chromite as a refractory is based on its high melting point, its moderate thermal expansion, and the stability of its crystalline structure.

Chromium is an essential trace mineral nutrient.  Like iron, zinc, selenium, copper, and several other essential trace minerals, chromium plays a critical role in maintaining normal health and well-being.  

 

Crystal Structure 
structure: bcc (body-centred cubic)
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	The chromium that our body requires is called trivalent chromium, which means it has a net electronic charge of plus three (3+).  The electronic charge on a molecule (also called "valence") is a major determinant of how the molecule will react chemically with other molecules.  Trivalent chromium is sometimes written in a short-hand form (Cr+3).  

Discovery of Chromium's Role in Human Health

It was known by the 1950s that chromium was required by animals to control blood sugar, but it wasn't until the 1970s that chromium's essential role in humans was clearly proven. This proof came accidentally, as a result of a new procedure that had been introduced to nourish hospitalized patients who could not take in any food by mouth. This procedure, giving specially-made feeding solutions directly through the patient's vein, is referred to as Total Parenteral Nutrition after the initial receptor site activation, reactions that are referred to as post-receptor events.  

Chromium and Diabetes

Because of chromium's connection to insulin function, it should come as no surprise that most of the research with this trace mineral relates to diabetes or to non-diabetic persons who develop high blood glucose levels after ingesting simple sugar. There are at least 16 clinical studies which have tested specific chromium compounds in such patients using proper scientific methods (other studies on chromium supplementation in diabetics which used questionable methods in their study design are not included in the following summary).  
The combination of obesity, diabetes, hypertension (high blood pressure) along with abnormalities in blood cholesterol and fat( lipid) has long been noted in the medical literature. By the late 1980s, a noted diabetes expert from Stanford University (Dr. Gerald Reaven) proposed that the basic combination of high blood sugar, high blood pressure and abnormal blood lipids all constituted disease that was based on increased insulin resistance; 

he noted that while increased insulin resistance is the first step in the development of maturity-onset or type II diabetes, it is the body's response to the insulin resistance which determines whether or not the individual becomes a diabetic or not.  

"Even if high blood sugar does not develop, insulin resistance does not appear to be a good thing to have: The fact that an insulin-resistant subject may not become diabetic does not mean that they suffer no untoward consequences. Indeed, an argument can be made that the more insulin sensitive an individual, the better off he or she is, and that the attempt to compensate for insulin resistance sets in motion a series of events that play an important role in the development of both hypertension and coronary artery disease."  

Since chromium reduces insulin resistance, this essential trace element could therefore have wide-ranging effects on high blood pressure and abnormal blood lipids in addition to lowering blood sugar and data on chromium and blood pressure.  

Chromium and Body Composition

Another area that is gaining more interest lately is the possible effect of chromium on body composition; that is, how chromium affects the relative amounts of lean body mass (mainly muscle) compared to the amount of body fat. At present, there are positive results from studies with four separate animal species supplemented with chromium picolinate: pigs, lambs, rats and chickens. In all of these species, there were increases in muscle mass and decreases in fat body mass. And, in the case of pigs, these findings have been confirmed by several additional studies.  

While the mechanism of action whereby chromium has this apparent effect is not known, it is interesting to note that therapies for diabetes that increase insulin levels in the blood are associated with weight gain (insulin injections and sulfonylureas such as Diabinese and Micronase) while therapies that decrease insulin levels (such as Glucophage and the not-yet-released oral agent troglitazone) are associated with no weight gain or even weight loss. Since chromium supplementation has been associated with decreased insulin levels, it is tempting to speculate that it is through this effect (that is, decreasing insulin resistance with the attendant drop in circulating insulin) that chromium works in altering body composition.  

Dietary Intake of Chromium
Data from U. S. Government sources show that the great majority of Americans get less chromium in their daily diets than the amount recommended by nutrition experts (the RDA Committee recommends 50-200 mcg of chromium/day; the vast majority of Americans get less than 50 mcg/day).  

"In the majority of all chromium supplementation studies in the United States, at least half the subjects with impaired glucose tolerance improved upon chromium supplementation, suggesting that the lower ranges of chromium intake from typical U.S. diet are not optimal with regard to chromium nutrition.”

Few foods are rich sources of chromium in the Western diet, the best being organ meats, mushrooms, wheat germ, broccoli and processed meats. It is theorized that Stone Age people ingested more chromium than modern people because they regularly ate organ meats from the animals they hunted (which contained higher levels chromium as well as other trace elements).  

Dietary Intake of Chromium

Data from U. S. Government sources show that the great majority of Americans get less chromium in their daily diets than the amount recommended by nutrition experts (the RDA Committee recommends 50-200 mcg of chromium/day; the vast majority of Americans get less than 50 mcg/day).  

"In the majority of all chromium supplementation studies in the United States, at least half the subjects with impaired glucose tolerance improved upon chromium supplementation, suggesting that the lower ranges of chromium intake from typical U.S. diet are not optimal with regard to chromium nutriture."  

RDA 10th Edition 1989 
Few foods are rich sources of chromium in the Western diet, the best being organ meats, mushrooms, wheat germ, broccoli and processed meats. It is theorized that Stone Age people ingested more chromium than modern people because they regularly ate organ meats from the animals they hunted (which contained higher levels chromium as well as other trace elements.

Assessment of Chromium Status

One of the main problems that has hindered a more widespread interest and possible usage of chromium by the medical profession is the fact that gauging whether or not someone is chromium deficient or not cannot easily be done. The only generally accepted method for assessment of chromium status is to supplement an individual (who has abnormalities of either blood sugar, cholesterol, triglycerides or all three) with the trace clement and see if the laboratory values improve. If they do, then chromium insufficiency is presumed. This is an expensive and cumbersome process (especially when doing a glucose tolerance test).  

Safety

It is extremely difficult to poison laboratory animals with oral chromium. For example,cats fed 1,000 mg of trivalent chromium per day showed no signs of toxicity (the equivalent daily dose for a 150 lb person would be approximately 35,000 mg per day or 3.5 million mcg per day. In terms of the number of 200 mcg tablets, this would be 175,000 tablets per day for a human. The highest doses were equal to a human consuming 5,000 tablets of 200 micrograms chromium picolinate. At regular intervals during the study the rats were weighed and blood was taken for laboratory tests.  sted in this way would be found to be without toxicity; for example, merely doubling the blood concentration of the mineral calcium is fatal to humans. When tested by the Ames test (a specific test for mutagenicity) for cancer-causing potential, chromium picolinate was proven negative.  

Again, the standard medical reference on nutrition:  

"Trivalent chromium has such a low order of toxicity that deleterious effects from excessive intake of this form of chromium do not occur readily. Trivalent chromium becomes toxic only at extremely high amounts.- chromium then acts as a gastric irritant rather than as a toxic element interfering with essential metabolism or biochemistry."  his regimen is well-supported by a large amount of data.  

© 1996-1999 Chromium Information Bureau 

Product
Grade
Use
 
 
 
Chromium Acetate
CAC 11G
Cross linking agent/Dyestuff manufacture
 
A
Dyestuff Manufacture
 
A 35
Catalyst Manufacture
 
D
Cross-linking agent/ Dyestuff Manufacture
Chromium Chloride
CL 50N
Catalyst Manufacture/Metal Treatment
Chromium Hydroxide Chloride
CL60B
Dyestuff Manufacture
 
CCLP(sol)
Metal Treatment
 
CCLP (Powder)
Water Proofing Agent Manufacture
Chromium Hydroxide Nitrate
CN15
Catalyst Manufacture/Adhesive Cross-linker
Chromium Nitrate
CN65N
Metal Treatment/Adhesive Cross-linker
 
CN74N
Metal Treatment/Adhesive Cross linker
Chromium Sulphate
TLT 15
Metal Treatment
 
CS 26-33
Leather Tanning Agents
Chromium Potassium Sulphate
PCA
Leather Tanning Agents/Pigment Manufacture
 
PCA21
Printing Inks/Pigment Manufacture
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SODIUM DICHROMATE ANHYDROUS CRISTALLINE
(Na2Cr2O7)
· Used in: 

· Tannery and fur industry for skin and furs tunning 

· Chemical industry for manufacturing of non-organic pigments, catalizers, and other chrome-containing elements 

· Textile industry for color extermination 

· Other industries in some passive mixtures, in anti-freeze liqued for engines, acetilen cleaning material ets. 

· Specification:
Usual Guaranteed: 

	Main substance (Na2Cr2O7)
	98.9%
	98.2%

	Main substance in conversion to (CrO3)
	75.5%
	75.0%

	Chlorides in conversion to (Cl)
	0.2%
	0.4%

	Sulphates in conversion to (SO4)
	0.1%
	0.2%

	Water insoluble residue
	0.01%
	0.03%

	pH of water solution
	3.5
	3.5


CHROMIC ANHYDRYDE
· Small scales or granules of crimson-re

· Specification: 

	Total mass fraction of chromic anhydride (Cr2O3), min
	99.7%

	Total mass fraction of water-insolubles, max
	0.02%

	Total mass fraction of sulphates (SO4), max
	0.06%

	Total mass fraction of sodium (Na), max
	0.05%


CHROME TANNING AGENT
(basic chromium sulphate)
· Powder or granules of green color.
· Used in:
Tannage. 

· Specification: 

	Total mass fraction of chromium to Cr2O3, min-max
	25-27%

	Basicity
	30-36%; 37-42%

	Total mass Fraction of water-insolubles, max
	0,2%

	Water solubility of 25-25 °C, min
	97%

	Content of compounds Cr+6
	........


TECHNICAL (GREEN) CHROME OXIDE
(Cr2O3)
    Find dispe

· Used in 

· Varnish/dya industry for manufacturing of enamels and paints 

· Metal industry for production of metallic chrome and abrazive materials 

· Building industry as a filling pigment for building materials 

· Specification: 

	Total Chrome in conversion to (Cr)
	99.0%

	Materials soluble in water, max
	0.1%

	Moisture, max
	0.15%

	Residue on sieven N 0063, max
	0.1%

	pH of water solutions
	6-8

	Covering power, max
	12 g/m2
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The valve resists high temperatures (about 1000 C) as well as high pressure, and has furthermore good wear resitance. The length of the valve is about 10 cm. It is placed in the explosion chamber of a car engine where it opens and closes for exhaust gases up to 2500 times a minute. Hard-chromium improves hardness and reduce friction of the steel substrate, beside providing corrosion and wear resistance.

Hard-chromium plating is used for improving sliding properties, against wear and, in thick layers, corrosion. Its typical use is for hydraulic cylinders and industrial tools. Thickness varies from 10 to 1000 micron. Both are electrochemical processes, where the object to be coated is connected to the cathode. Coating distribution is irregular mostly if the substrate has sharp angles. Decrease of the fatigue strength because of many microfessures
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Chromium is used in chromium plating for decoration and corrosion as well as wear protection. It is also used as an alloying element in stainless steel. 
The most common form of chromium is very hard and brittle up to 700 C, and only over this temperature becomes ductile. Pure chromium is ductile, but is only produced in laboratory scale. Chromium is resistant to corrosion and oxidation up to 1100 C, due to an resistant film that develops on the surface of the metal. These properties are transferred to alloys which contains chromium in sufficient amounts.
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With a series of surface coating steps permanent brightness and surface protection is achieved on the die casted blank zinc substrate of this water tap. The die casted part is first electropolished, copper-plated and nickel-plated prior to chromium-plating. Alternatively, gold-plating or alloys-plating (bronze), can be used to get enhanced values and better decoration effects.
Brinica C. Noakes

IEGR- 309

Materials Engineering

Prof. Salimian

Spring 2001
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