Iron Report


Iron is a relatively abundant element in the universe. It is found in the sun and many types of stars in considerable quantity. Its nuclei are very stable. Iron is a principal component of a meteorite class known as siderites and is a minor constituent of the other two meteorite classes.  In the crust the free metal is rare, occurring as terrestrial iron (alloyed with 2-3 percent nickel) in basaltic rocks in Greenland and carbonaceous sediments in the United States (Missouri) and as a low-nickel meteoric iron (5-7 percent nickel), kamacite. Nickel-iron, a native alloy, occurs in terrestrial deposits (21-64 percent iron, 77-34 percent nickel) and in meteorites as taenite (62-75 percent iron, 37-24 percent nickel). Iron is also found combined with other elements in hundreds of minerals; of greatest importance as iron ore are hematite, [iron (III) oxide, Fe2O3], magnetite [triiron tetroxide, Fe3O4], limonite [iron (II) carbonate, FeCO3], and siderite [iron (III) oxide hydroxide, FeO (OH)].  Limonite and hematite are the chief iron ores.  

Meteorites are classified as iron, iron-stone, or stony according to the relative proportion of their iron and silicate-mineral content. Iron is also found combined with other elements in hundreds of minerals; of greatest importance as iron ore are hematite, magnetite, limonite, and siderite.  Limonite and hematite are the chief iron ores.  The most common ore is hematite, which is frequently seen as black sands along beaches and banks of streams.  

Iron makes up 5 percent of the Earth's crust and is second in abundance to aluminum among the metals and fourth in abundance behind oxygen, silicon, and aluminum among the elements.  The core of the earth -- 2150 miles in radius -- is thought to be largely composed of iron with about 10 percent occluded hydrogen. The metal is the fourth most abundant element, by weight that makes up the crust of the earth.  Iron, which is the chief constituent of the Earth's core, is the most abundant element in the Earth as a whole (about 35 percent) and is relatively plentiful in the Sun and other stars. Iron is abundant in the universe. It is found in many stars, including the sun.  

Iron is rarely found uncombined in nature except in meteorites.  Iron is a metallic element chemical element with the symbol Fe.  It is one of the transition elements found in Group VIII of the periodic table.  Iron has an atomic number of twenty-six.  It has twenty-six protons and electrons.  Thirty neutrons orbit the nucleus of the atom.  The first energy level contains two electrons.  The second level contains eight electrons.  The third level contains fourteen electrons and the fourth level contains two electrons.  Iron has an atomic mass of 55.847amu.  
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Bohr Diagram of Iron’s Atomic structure
The following table shows some atomic properties of iron.

	PRIVATE
Atomic Properties of Iron
	


	· PRIVATE
Atomic Mass: 55.847

· Electronegativity:
· Pauling: 1.83

· Allred: 1.64

· Absolute: 4.06 eV

· Electron Affinity: 15.7 kJ mol-1
· Polarizability: 8.4 Å3
· Effective Nuclear Charge:

· Slater: 3.75

· Clementi: 5.43

· Froese Fischer: 7.4

· Radius:

· Fe 2 +: 82 pm

· Fe 3 +: 67 pm

·  Atomic: 124.1 pm

· Covalent: 116.5 pm
	· Successive Ionization Energies:

· Fe -› Fe + : 759.3 kJ mol-1
· Fe+1 -› Fe+2 : 1561 kJ mol-1
· Fe+2 -› Fe+3 : 2957 kJ mol-1
· Fe+3 -› Fe+4 : 5290 kJ mol-1
· Fe+4 -› Fe+5 : 7240 kJ mol-1
· Fe+5 -› Fe+6 : 9600 kJ mol-1
· Fe+6 -› Fe+7 : 12100 kJ mol-1
· Fe+7 -› Fe+8 : 14575 kJ mol-1
· Fe+8 -› Fe+9 : 22678 kJ mol-1
· Fe+9 -› Fe+10 : 25290 kJ mol-1
· Common Ions : Fe 2 +, Fe 3 +



· Electronic Configuration: [Ar]3d64s2
· Abundance:

· Earth: 4.1x104 ppm

· Solar System: 3.16x107 (rel. to [H]=1x1012)

The following table shows information about the properties of iron .

Elementary Substances

	· Origin : Natural

· Physical State : Solid

· Density [298K] : 7874 kg m-3
· Price : ~ 6.1 USD

· Electrical Conductivity [298K] : 1.03x107 Ohm-1m-1
· Thermal Conductivity [300K] : 80.2 W m-1K-1
· Heat of:

· Fusion: 14.9 kJ mol-1
· Vaporization: 351 kJ mol-1
· Atomization: 418 kJ mol-1
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A slab of iron.

Iron is a lustrous, soft, ductile, malleable, bright silver-gray metal.  It rusts readily in moist air.  Its hardness ranges from 4 to 5. ). It is a good conductor of heat and electricity, it is attracted by a magnet and is itself easily magnetized.  It is difficult to magnetize when heated, and at about 790(C the magnetic property disappears.  Iron has a melting point of 1535.0 (C(1808.12 (K, 2795.0 (F) and a boiling point of 2750.0 (C(3023 (K, 4982.0 (F).  The density of iron is 7869 kg/m.   The specific heat is 400J/kg.  The conductivity of iron is 74W/mk.

Iron is a vital constituent of plant and animal life.  Iron is also found in the human body where it plays a very important role.  The average quantity of iron in the human body is about 4.5 g (about 0.004 percent), of which approximately 65 percent is in the form of hemoglobin, which transports molecular oxygen from the lungs throughout the body; 1 percent in the various enzymes that control intracellular oxidation; and most of the rest stored in the body (liver, spleen, bone marrow) for future conversion to hemoglobin. Red meat, egg yolk, carrots, fruit, whole wheat, and green vegetables contribute most of the 10-20 milligrams of iron required each day by the average adult. For the treatment of hypochromic anemias (caused by iron deficiency), any of a large number of organic or inorganic iron (usually ferrous) compounds are used.

The metal is extracted by smelting with carbon (coke) and limestone.  Iron, as commonly available, nearly always contains small amounts of carbon, which are picked up from the coke during smelting. These modify its properties, from hard and brittle cast irons containing up to 4 percent carbon to more malleable low-carbon steels containing less than 0.1 percent carbon. Three true allotropes of iron in its pure form occur. delta iron, characterized by a body-centered-cubic crystal structure, is stable above a temperature of 1,394º C (2,541º F). Below this temperature there is a transition to gamma iron, which has a face-centered-cubic structure and is paramagnetic (weakly affected by a magnet); its ability to form solid solutions with carbon is important in steel making. The transformation from BCC to FCC is a very important aspect of Iron, and is one of the main reasons iron is so important in the production of steel. By changing its unit cell structure, carbon atoms can dissolve into the FCC structure of iron. When the iron is cooled, it 'traps' carbon within the crystal structure making it stronger.
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Different model representations of the element iron.
The energy while heated is transferred into the vibration of the atoms in the sample. This causes the atoms to change unit cell structure.   Once the iron is in an FCC configuration, carbon dissolves into the lattice. What happens after that can be explained by the natural deformations in the iron.

At 912º C (1,674º F) there is a transition to paramagnetic alpha iron, which is also body-centered cubic in structure. Below 770º C (1,420º F), alpha iron becomes ferromagnetic, indicating a change in electronic structure but no change in crystal structure; above 770º C (its Curie point) it loses its ferromagnetism altogether. Alpha iron is a soft, ductile, gray-white metal of high tensile strength. Natural iron is a mixture of four stable isotopes: iron-56 (91.66 percent), iron-54 (5.82 percent), iron-57 (2.19 percent), and iron-58 (0.33 percent). 

The stable structure of iron up to 766º C is that of a crystal form called body-centered cubic, and it is ferromagnetic (i.e., capable of being permanently magnetized). Above this temperature the structure is retained but the magnetic properties change to simple paramagnetic (i.e., capable of being only weakly magnetized and only as long as the magnetizing field is present). At 906º C the structure changes to a crystal form called cubic close-packed; but there is another structural change at 1,401º C, and iron reverts to the body-centered cubic structure.
Iron from meteorites was first used about 6000 years ago to make ornaments, weapons and tools. These days we use 20 times more iron (in the form of steel) than all the other metals put together. Iron ores are refined in a blast furnace to produce pig iron, which can be remelted and poured into molds to make cast iron, commercially purified to make wrought iron, or alloyed with carbon and other elements to make steel. Iron compounds are used as paint pigments, in dyeing, and in ink manufacture. 

Although of greater use than bronze technologically, iron and steel are less often used for artistic purposes. One of iron's earliest uses was in the making of swords. As an art the highest development of sword manufacture occurred in Japan, where a complex process produced an elaborate pattern in the metal and a beautiful curve to the blade.  Wrought iron is widely used as architectural decoration. Cast-iron statues have been made by the Chinese for nearly 2,000 years, but artistic use of cast iron in the West has been mainly for stoves, fireplace hardware, and architectural ornament.  Chiseling, embossing, and etching of iron and cut steelwork became highly                      refined in Europe during the 17th and 18th centuries. The development of machine tools effectively put an end to these crafts.
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The Eiffel Tower is made of wrought iron.

Lake transportation is far cheaper than rail. The iron and

steel industry is dependent on the lakes for the transport of

raw materials for making steel at minimum cost. On the borders of Lake Superior lie the world's greatest iron mines--the famous Mesabi, Gogebic, and other range of Minnesota, Wisconsin, and Michigan. These supply about four fifths of the iron ore mined in the country. From Duluth and Superior the ore is shipped for slightly more than a dollar a ton to Gary, Ind., on Lake Michigan, and to Lake Erie ports. These ports serve the steel districts of Ohio and Pennsylvania.  Limestone needed in steel- making is shipped from Calcite, Alpena, and Port Inland, near Manistique, in Michigan.                     

 For the element iron the trends already noted in the relative stabilities of oxidation states among elements of the first transition series are continued, except that there is

no compound or chemically important circumstance in which the oxidation state of iron is equal to the total number of its valence shell electrons, eight; the highest known

oxidation state is +6, which is rare and unimportant. Even the trivalent state, which is important at the position of chromium in the periodic table, loses ground to the divalent state at the position of iron. This trend continues in the remaining elements

with the sole exception of trivalent cobalt, which is stable in a host of complexes.

Iron-57, which exhibits a marked Mössbauer effect (recoil-free gamma-ray resonance absorption), has been used in studying magnetism and hemoglobin derivatives and for making a very precise nuclear clock.  Iron compounds are amenable to study by taking advantage of a phenomenon known as the Mössbauer effect (the phenomenon of a gamma ray being absorbed and reradiated by a nucleus without recoil). Although the Mössbauer effect has been observed for about one-third of the elements, it is particularly for iron (and to a lesser extent tin) that the effect has been a major research tool for the chemist. In the case of iron the effect depends on the fact that the nucleus of iron-57 can be excited to a high energy state by the absorption of gamma radiation of very sharply defined frequency that is influenced by the oxidation state, electron configuration, and chemical environment of the iron atom and can thus be used as a probe of its chemical behavior.

Pure iron is a white, lustrous metal that is not particularly hard and is quite reactive. As commonly available, however, iron almost always contains small amounts of carbon,

which modify its properties greatly. In a very finely divided state metallic iron is pyrophoric (i.e., it ignites spontaneously). It combines vigorously with chlorine on mild

heating and also with a variety of other nonmetals, including all of the halogens, sulfur, phosphorus, boron, carbon, and silicon (the carbide and silicide phases play major roles in the technical metallurgy of iron). Metallic iron dissolves readily in dilute mineral acids. With nonoxidizing acids and in the absence of air divalent iron is obtained; with air present or when warm dilute nitric acid is used, some of the iron goes into solution as the iron (III) ion, Fe3+. Very strongly oxidizing mediums, for example, concentrated nitric acid or acids containing dichromate, passivate iron (i.e., cause it to lose its normal chemical activity), however, much as they do chromium (see above). Air-free water and dilute air-free hydroxides have little effect on the metal, but it is attacked by hot concentrated sodium hydroxide.

Under normal atmospheric conditions iron rusts to form hydrated oxides, a process that occurs in two steps: first, iron dissolves in the acid solution produced by the moisture and the carbon dioxide of the air, to form ferrous iron--i.e., iron (II)--and liberate hydrogen; second, oxygen from the air oxidizes the ferrous iron to form hydrated iron (III) oxide.
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