
1. Electrolytic reduction (Electrometallurgy): this method is applicable to 
highly electropositive metals like Na, K, Ca, Mg etc as their oxides are very stable to 
reduce and require a high temperature in carbon reduction method resulting in the 
formation of metal carbides. It is better to reduce their fused metal salt by 
electrolysis by using proper electrodes. E.g. 

NaCl → Na + + Cl– 

At cathode: reduction of 2Na+ + e– → Na 

At anode: oxidation of 2Cl– → Cl2(g) + 2e– 

Net Reaction is written as: 2Na + + 2Cl– → 2Na + Cl2(g) 

Electrolytic reduction is a form of electrolysis in which electric current passes 

through an ionic substance in a molten or dissolved state causing the electrodes to 

react chemically and the materials to decompose. Some metals such as K, Na, Al 

are obtained through the process of electrolytic reduction.e.g. 

Production of aluminum  :The Hall-Hroult electrolysis process is the major 

production route for primary aluminium. 

Refining of copper: electrolytic production of copper cathode. 

silver  -  electrolytic recovery of recycled silver producing crystal silver. 

Electrolysis is also applied in electroplating, the process of coating an inferior metal 

with a superior one. 

Down’s Process: Sodium chloride melts at a very high temperature of 801°C. 
Addition of anhydride calcium chloride in the ratio of CaCl2: NaCl = 3:2 reduces the 
melting point to 580°C. Electrolysis is done with an iron cathode and graphite 
anode and iron gauze preventing the mixing of products chlorine and sodium. The 
products of molten sodium chloride are sodium metal and chlorine gas. 

 
2. Hydrometallurgy:  Hydrometallurgy is the process of bringing the metal into 
solution by the action of suitable chemical reagents (e.g., sodium cyanide solution 
or chlorine in presence of water etc.) followed by recovery of the metal by the use of 
a proper precipitating agent which is a more electropositive metal. For example, the 
ore of silver or gold is suspended in a dilute solution of sodium cyanide and air is 
blown through it when the silver present goes into the solution as the 



argentocyanide complex. From this solution the metal is precipitated by adding 
zinc turnings. 
Gold is often found as tiny flakes of the metal, usually in association with quartz or 
pyrite deposits. In those circumstances, gold is typically extracted by using cyanide 
leaching, which forms a stable gold–cyanide complex—[Au(CN)2]−: 
4Au(s)+8NaCN(aq)+O2(g)+2H2O(l)→4Na[Au(CN)2](aq)+4NaOH(aq) 
Virtually pure gold can be obtained by adding powdered zinc to the solution: 
Zn(s)+2[Au(CN)2]−(aq)→[Zn(CN)4]2−(aq)+2Au(s) 
 
3. Auto reduction or self reduction: Auto reduction is an industrial process of 

extraction. Auto reduction process in which the sulphide ores of less electropositive 

metal are heated in presence of air and converts the sulphide ore into sulphate or 

oxide ore. In some cases no extra reducing agent is required. A part of the sulphide 

ore is changed to oxide or sulphate which then reacts with the remaining part to 

give the metal and sulphur dioxide. Copper and lead are obtained by this method. 

The auto reduction or self-reduction process is a metal extraction method. In this 

process a sulphide ore of less electropositive metal like copper, lead, mercury etc. 

In this process, the metal sulphide ore is heated in presence of air. It is done by the 

conversion of ore into sulphate or oxide. These further react with the remaining ore 

of the sulphate in the absence of the air to give the less electropositive metal and 

the sulphur dioxide.In simpler words, the auto reduction process is used for the 

preparation of less electropositive metal like copper, mercury, lead, etc. Some of 

the examples of auto reduction are as follows: 

The copper ore is roasted in presence of air to give oxide. After a time, the air 

supply and the temperature is raised such that the left sulphide ore is converted to 

form metal. The reaction is as follows: 

 2CuS + 3O2 → 2CuO + 2SO2 (limited supply of air) 

CuS + 2CuO → 6Cu + SO2(in excess of air)  

 

- Similarly, the lead can be extracted through the auto reduction method. The 

extraction of lead is as shown below: 

 2PbS + 3O2 → 2PbO + 2SO2 (limited supply of air) 

 PbS + 2PbO → 3Pb + SO2(in excess of air)  



  

Similarly, mercury can be extracted through the auto reduction method. The 

extraction of lead is as shown below: 

2HgS + 3O2 → 2HgO + 2SO2 (limited supply of air) 

 HgS + 2HgO → 3Hg + SO2(in excess of air)  

  

Thus, copper, lead, and mercury is extracted through auto reduction. 

 


