
MODULE-13 

EXTRACTION OF METALS 

The elements or compounds, which occur naturally in the earth’s crust, are known as 
minerals.  

At some places, minerals contain a very high percentage of a particular metal and the metal 
can be profitably extracted from it. These minerals are called ores. 

CONCENTRATION OF ORE: 

Ores mined from the earth are usually contaminated with large amounts of impurities such as 
soil, sand, etc., called gangue, which must be removed. The processes used for removing the 
gangue from the ore are based on the differences between the physical or chemical properties 
of the gangue and the ore. 

REDUCTION: Obtaining metals from metal oxides by using a suitable reducing agent. 

On the basis of reactivity, the metals may be grouped into the following three categories: 

(i) Metals of low reactivity; (ii) Metals of medium reactivity; (iii) Metals of high reactivity. 

Different techniques are to be used for obtaining the metals falling in each category. 

 

 

 



Steps involved in the extraction of metals from ores 

 

(I) Extracting Metals Low in the Activity Series:- 

Metals found at the bottom of the activity series have very low reactivity.The oxides of these 
metals can be reduced to metals by heating alone.  

Examples:-  

Cinnabar (HgS) is an ore of mercury. When it is heated in air, it is first converted into mercuric oxide 
(HgO). Mercuric oxide is then reduced to mercury on further heating. 

   

Similarly, copper which is found as Cu2S in nature can be obtained from its ore by just heating in air. 

    

 

 



(II)Extracting Metals in the Middle of the Activity Series:- 

The metals in the middle of the activity series such as iron, zinc, lead, copper, etc., are moderately 
reactive. These are usually present as sulphides or carbonates in nature. 

It is easier to obtain a metal from its oxide, as compared to its sulphides and carbonates. Therefore, 
prior to reduction, the metal sulphides and carbonates must be converted into metal oxides. 

Calcination and roasting: - Calcination is the process in which the ore is heated 
below its melting point, either in the absence or in a limited supply of air, in an aim to drive 
off volatile expunges, moisture, water of hydrates and organic matter from the ore.  

Carbonate, bicarbonate and hydroxide ores are generally subjected to calcination which 
produce the metal oxide after expelling CO2 or H2O in the process. 

          

    

In the process of roasting concentrated ore is heated strongly, below its melting point, in 
presence of air with or without some other additives, in order to bring about some desired 
changes. Generally sulphide ores are subjected to roasting whereupon oxides are formed and 
SO2 is expelled. 

  

The metal oxides are then reduced to the corresponding metals by using suitable reducing 
agents such as carbon. For example, when zinc oxide is heated with carbon, it is reduced to 
metallic zinc. 

 ZnO (s) + C (s) → Zn (s) + CO (g) 

Obtaining metals from their compounds is a reduction process. 

Besides using carbon (coke) to reduce metal oxides to metals, sometimes displacement 
reactions can also be used.  

The highly reactive metals such as sodium, calcium, aluminium, etc., are used as reducing 
agents because they can displace metals of lower reactivity from their compounds. For 
example, when manganese dioxide is heated with aluminium powder, the following reaction 
takes place – 

 3MnO2(s) + 4Al(s) → 3Mn (l) + 2Al2O3(s) + Heat 

 



Thermit reaction: - These displacement reactions mentioned above are highly exothermic. 
The amount of heat evolved is so large that the metals are produced in the molten state. In 
fact, the reaction of iron (III) oxide (Fe2O3) with aluminium is used to join railway tracks or 
cracked machine parts. 

Fe2O3(s) + 2Al(s) → 2Fe (l) + Al2O3(s) + Heat 

(III)Extracting Metals towards the Top of the Activity Series:- 

The metals high up in the reactivity series are very reactive. They cannot be obtained from 
their compounds by heating with carbon. For example, carbon cannot reduce the oxides of 
sodium, magnesium, calcium, aluminium, etc., to the respective metals. This is because these 
metals have more affinity for oxygen than carbon. These metals are obtained by electrolytic 
reduction. 

For example, sodium, magnesium and calcium are obtained by the electrolysis of their 
molten chlorides. 

Electrolysis of Fused NaCl: 

2NaCl (l) → 2Na (l) + Cl2 (g) 

At the Cathode (Reduction): Na+ gains electrons and gets reduced to the metal. 

2Na+ (l) + 2e‾‾ (aq) → 2Na(s) 

At the Anode (Oxidation): Cl- gives off electrons and gets oxidized. 

2Cl‾‾ (l) → Cl2 (g) + 2e‾‾ (aq) 

This method is used for the commercial preparation of sodium metal and chlorine gas. 

Electrolytic reduction of aluminium oxide: 

2Al2O3 (l) → 4Al (l) + 3O2 (g) 

At the Cathode (Reduction): The aluminium ions gain electrons. 

4Al 3+ (l) + 12e‾‾ → 4Al (l) 

At the Anode (Oxidation): The oxide ions lose electrons. 

6O2‾‾ (l) →3O2 (g) + 12e‾‾    

 

 

 



REFINING OF METALS:- 

The purification of metals obtained by various reduction processes is called refining of 
metals. The most widely used method for refining impure metals is electrolytic refining. 

Purification of Copper: - (Electrolytic refining) 

                                            

Purification of copper is carried out using CuSO4 solution as electrolyte, the impure copper as 
the anode and the cathode a thin strip of pure copper. During the process, the anode (impure 
copper) decomposes and goes into solution as Cu2+, while at the cathode, pure copper is 
deposited. 

At anode (oxidation): Cu(s) → Cu2+ (aq) + 2e‾‾(aq) 

At cathode (reduction): Cu2+ (aq) + 2e‾‾ (aq) → Cu(s)  

The impurities, which include silver (Ag) and gold (Au), are not discharged in the process, 
but collect in a sludge at the bottom of the cell (anode mud) and are recovered from it. 

ELECTROLYSIS:- 

Decomposition of an ionic compound by electricity is called electrolysis and the liquid that 
decomposes is called an electrolyte. So, electrolytes are ionic compounds which are either in 
a molten or aqueous state. Electrolytes conduct electricity due to the presence of free mobile 
ions. Liquids which do not conduct electricity, such as distilled water, are called non-
electrolytes. 

During electrolysis, positive ions (metal ions or cations or H+ ions) move towards the 
cathode, while negative ions (non-metal ions) move towards the anode. 

The apparatus in which electrolysis is carried out is known as an electrolytic cell. The direct 
current may be supplied by a battery. Generally, graphite rods are chosen as the electrodes 
(cathode and anode) because it is quite unreactive. It will not react with the electrolyte or the 
products of electrolysis. The electrodes are connected to opposite poles of a battery. The 
electrode connected to the positive pole is called the anode and the electrode connected to the 
negative pole is the cathode.  

During electrolysis, ions with a positive electrical charge move toward the cathode, where 
they take up electrons; ions with a negative charge move toward the anode, where they give 



up electrons. This transfer of electrons causes chemical changes to take place at each 
electrode. 

                                               

 

 

 

 

 

 

  

 


