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IRON 

Fe : [Ar18],3d6, 4s2 

-Iron is the most important metal in heavy industries.  

-Iron is the fourth most abundant element in the earth's crust after oxygen, silicon and 

aluminum as it forms(5.1%) of the earth's crust by mass.  

-its mass increases gradually as we come close to earth core. 

- It is found only in the form of pure metal (90%) in meteorites.  

-Iron is found in the earth's crust in the form of natural ores which contains deferent iron 

oxides mixed with impurities. 

 The suitability of iron ore for extraction of iron based on:  

1- The iron percentage in the ore. 

2-  the composition of the impurities in the ore.  

3- The type of harmful elements mixed with the ore such as sulphur, phosphorus 

arsenic and others.  
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Extraction of Iron from its Ores 

Firstly: Ore dressing: 

1. Improving the physical and mechanical properties of iron ore  

a- Crushing processes:  

To obtain the ore in suitable size to be easily reduced. 

b-  Sintering processes: 

As a result of the crushing processes and cleaning furnace a huge amount of fine 

particles of ore are obtained which cannot be used directly in high furnace directly. 

These particles must be treated to collect them in larger size to be similar and 

homogeneous. 

c- Concentrating processes:  

This process is used to increase the percentage of iron by removing most of the 

impurities which are chemically combined or mixed with the ore. The separation of 

the impurities mixed with the ore done by using the surface tension or magnetic or 

electric separation. 

2- Improving the chemical properties: 

Roasting : In this process the ore is strongly heated in air for : 

• Drying the ore and expelling humidity, to increase the percentage of iron in 

the ore. 

 

 

 

 

• Oxidation of some impurities such as sulphur and phosphorus. 
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Secondly : Reduction of Iron Ores: 

In this stage the reduction of iron oxides to iron is carried out by one of two methods 

depending on the reducing agent: 
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Thirdly: Iron Production 

After the reduction of iron ores in the blast furnace or Midrex furnace the third step in 

which the production of the different types of iron such as cast iron and steel. 

Steel 

The steel industry depends on two essential processes:  

1. Removal of impurities from iron resulting from the furnaces.  

2. Addition some elements to iron to produce steel with the required properties for 

industrial purposes. 

 The production of steel may formed by one of the following furnaces: 

 1. The Oxygen converters.          2. Open-hearth Furnace.             3. Electric Furnace. 
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Properties of Iron 

Physical properties: 

Pure Iron has no industrial importance because it is relatively soft, with low hardness 

malleable, ductile, with magnetic properties, melts at 1538°C and its density is 7.87gm/cm3. 

Its physical properties depend up on its purity and the nature of its impurities. A large 

number of steels and other iron alloys may be produced with specific properties suitable for 

many uses. 

 Chemical Properties:  

Iron differs from the elements before it in the first transition series, where it has not the 

maximum oxidation state corresponding to the removal of all electrons(8 electrons)from 

(4s and 3d). . All the oxidation states above (+3) are not important. . It has oxidation state 

(+2) which is corresponding to loss two electrons from (4s) Sublevel and oxidation state (+3) 

corresponding half-filled (3d) sublevel (stable state).  

1. Effect of air : Red hot iron reacts with dry air or oxygen producing magnetic iron 

oxide 

 

2. Effect of water vapour : Red hot iron (500°C) reacts with water vapour producing 

magnetic iron oxide and hydrogen gas 

 

3. with non-metals: Iron reacts with chlorine producing iron (III) chloride and with 

sulphur producing iron (II) sulphide 
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4. with Acids:  

Iron dissolves in dilute mineral acids producing iron (II) salts not iron(III)salts which are 

reduced by product hydrogen.  

 

- Iron reacts with hot concentrated sulphuric acid producing iron (II) sulphate, iron (III) 

sulphate, sulphur dioxide and water :  

 

- Concentrated nitric acid (HNO3) causes passivity of iron due to the formation of a thin 

layer of oxide which protects the metal from further reaction. This layer can be removed by 

abrasion or by using dilute hydrochloric acid. 

IRON Oxides 

1-Iron (II) Oxide FeO:  

❖ Preparation :  

1. By heating iron (II) oxalate in absence of air 

 

2. By reduction of higher oxides by hydrogen or carbon monoxide 
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❖ Properties :  

1- It is black powder, insoluble in water. 

2- Easily oxidized in hot air.  

 
3- It reacts with mineral acids forming iron (II) salts and water. 

 

2- Iron (III)oxide Fe2O3:  

❖ Preparation:  

1- On adding an alkali to an aqueous Solution of iron (III) salts ,the(reddish brown) 

iron (III)hydroxide precipitates .and heating iron(III)hydroxide above 200°C, it 

converts to iron(III) oxides.  

 

2- By heating iron (II) sulphate, iron (III)oxide is obtained:  

 

❖ Its existence 

This oxide present in nature in form of hematite  

❖ Properties:  

1 - it is insoluble in water  

2-It is used in red pigments in paints  

3-It reacts with hot conc. mineral acids to form iron (III) salts and water. 
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3- The black oxide (magnetic iron oxide) Fe3O4 : 

❖ Its existence  

it can be conceder as a mixed iron (II) and iron (III)oxides knowing naturally as magnetite. 

❖ Preparation :  

1.It is Prepared by the action of hot air or steam on red hot iron.  

2. By reduction of iron (III) oxide. 

  

❖ Properties :  

1-  It strong magnet. 

2- It reacts with hot concentrated acids to give iron (II) and iron (III) salts proving that it 

is a mixed oxide:  

 

3- It is oxidized to iron (III) oxide when its heated in air  

 

ALLOYS 

Alloys: are usually formed from two metals or more (such as the ferrochromium, 

ferromanganese, ferrovanadium, Ferronickel alloys) and it may consists of metal and 

other nonmetal such as carbon (steel).  

❖ Preparation of alloys:  

1. By Melting: Alloys are usually prepared by melting the metals together and leaving 

them to cool gradually. 
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 2.By electro deposition: Alloys can also be obtained by electro deposition of two 

metals or more at the same time, such as electroplating Iron handles with brass 

(Cu+Zn) by its deposition from a solution of copper and zinc ions. 

Types of alloys: 

1-Interstitial alloys: 

Pure iron, as other metals, is formed of a Crystal lattice of metal atoms are arranged 

in compact closed rows. On hammering, a layer of metal atoms can slip one over the 

other.  

However the introduce of an element with small atomic size to another pure metal 

in the Intermolecular spaces of the crystal lattice of the main element this prevents 

the movement of the metal layers this will increase the hardness of the metal and 

change the physical properties of the metal like malleability, ductility, melting point, 

electric conductivity and magnetic properties of metal.  

❖ Such as iron and carbon alloy (Steel). 

 2-Substitution alloys:  

In this type of alloys some of the atoms of the pure metal are replaced by atoms of 

other metal which having the same atomic radius ,crystal lattice and the chemical 

properties such as(Ferrochrome alloy) in the stainless steel, (copper-gold alloy) and 

(ferronickel alloy).  

3-Inter-metallic alloys:  

In this type of alloys the elements forming the alloy combine chemically with each 

other to form chemical compound. Its chemical formula disobeys valence law, and 

the compounds formed are solids consist of metals are not in the same group in the 

periodic table 

❖ such as: 

- Two alloys (Aluminum - Nickel) and (Aluminum - Copper) that are called Dueralumin 

alloys. 

-  Lead - gold alloy (Au2Pb). 

- Cementite (Fe3C) 


