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GOAL OF THIS SUBJECT  

1- To impart knowledge about extractive 

metallurgy which can be implemented while 

working in any smelter of refinery  

2- To teach you to think rather than cook. 

3- To encourage you to consider career path in 

process metallurgy  

4- To solve questions in gate exam  

5- To crack viva voice and written test in 

interview during placement and other 

competitive exams. 

 

 

 

 

 

 

 



 

 

MODULE-1 

WHAT IS EXTRACTIVE METALLURGY ?  

× Deals with extraction of metals from its naturally existing 

ore/minerals and refining them 

×  Minerals: Inorganic compounds with more than one metal in 

association with non-metals like S,O,N etc. 

×  Naturally existing minerals are sulphides, oxides, halides like: 

Hematite (Fe2O3), Magnetite (Fe3O4), Chalcopyrite (CuFeS2), 

Dolomite (CaCO3.MgCO3) ..list is endless. 

× What are the sources of metals ? 

×  Earth Crust (Aluminum:  8.1%, Iron 5.1%, Calcium: 3.6%, 

Sodium:2.8%, Potassium: 2.6%, Magnesium: 2.1%, Titanium: 2.1%, 

Manganese: 0.10%) 

× Ocean water: ( Na: 10500 g/ton, Mg: 1270 g/ton, Ca: 400 g/ton, K: 

380 g/ton) ; Ocean nodules (Mn: 23.86%, Mg 1.66%, Al 2.86%, Fe 

13.80%..) 

× Recycled scrap (at the end of metalsô life  

× Resources of metal containing minerals in India  

×  Abundant: Al, Be, Cr, Fe, Mn, Mg, Ti, Zr, Th, Pb and Zn, raw earth 

metals   

× Very small: Co, Ni,Cu,Sn, Au, V, Ni, Cd and U. 

× Poor or not found: Sb, Bi, Co, Hg, Mo, Nb, Ta, Sr, Se, Ag, W, Pt  

 

 

  
 

 

 

  

 

 

 

 



 

 

 

 

 
Mineral reservoirs in india  

 



 

 

 

 
 



 

 

        TYPES OF ORES 

× Oxide ores: Examples: Fe2O3, Fe3O4  

× Apart from Fe, other heavy metals which are produced from oxide ores 

are: Manganese, Chromium, Titanium, Tungsten, uranium and Tin. 

× Sulphide ores: Copper ore (CuFeS2, Chalcopyrite), sphalerite (Zn,Fe)S, 

Galena PbS, Pyrite FeS2. Others: Nickel, Zinc,Mercury and Molybdenum 

× Halide ores: Rock salts of Sodium, Magnesium chloride in sea water.  

× Others ore are very rare like carbonate ore(zinc carbonate), hydroxide ore 

and silicate ores.  

COMMERCIAL PRODUCTION OF METALS  

× Availability of ore deposits 

× Concentration of metal in the ore 

× Availability of technology of extraction and refining of that 

metal 

× Physical and chemical properties of the metal  

× Market demand of that metal 

× Economy of the process: Readily available, Easily produced 

and available at low processing cost with desired properties 

UNIT PROCESSES AND UNIT OPERATIONS 

× Any metal extraction process is the combination of similar and 

unique kind of steps known as Unit processes/unit operations. 
× Unit operations: Physical operations like crushing, grinding, sizing, 

mixing through agitation, filteration, distillation, comminution  

× Unit processes: Chemical processes like leaching, smelting, 

roasting,Electrolysis, decarburization, Dephosphorization, 

Degassing, Deoxidation etc. 

 

 



 

 

CLASSIFICATION OF UNIT PROCESSES/ 

OPERATION BY DIFFERENT CRITERIA  

 

×  According to phases involved: 

×  Gas-Solid: Roasting, Gas reduction 

×  Gas-liquid: steelmaking blowing/refining, Distillation  

×  Liquid -Liquid: Slag metal reactions 

×  Solid-solid: Leaching, precipitation etc. 

×  According to equipments involved: 

×  Fixed bed: Sintering, percolation leaching 

×  Fluidized bed: Fluidized roasting and reduction 

×  Shaft furnace: Iron blast furnace, lime calcination kiln 

×  Rotary kiln: Drying and calcination  

×  Ritort: Coke open, carbothermic zinc production, Mg production by 

pidgeon  

×  Reverberatory furnace: Matte smelting (Cu etc.), open hearth 

Steelmaking 

× Electric arc furnace: Steelmaking, matte smelting, ferro alloy 

production 

× Cell for salt fuse electrolysis: Production and refining of aluminium  

× Cell for aqueous electrolysis: Electrolytic reduction and refining  

 

 

 

 



 

 

CLASSIFICATION ACCORDING TO CHEMICAL 

REACTIONS 

 

× Oxidation: roasting, sintering, ld steelmaking 

×  reduction: blast furnace iron making  

×  slag metal reactions: steelmaking, matte smelting 

×  chlorination: titanium (converting to tetrachloride) 

×  electrolytic reduction: zinc and aluminum production electrolyte 

refining: refining of copper and nickel 

 

 

CLASSIFICATION BASED UPON METHODS OF 

METAL EXTRACTION  

×  Physical separation/Mineral processing 

o The objective is to concentrate the metallic content in the ore, 

o achieved by a series of comminution (crushing and grinding), 

o screening and separation process 

×  Pyrometallurgy  

o It involves the smelting, converting and refining of metal 

concentrate. 

×  Hydrometallurgy  

o It involves the precipitation of metal in an aqueous solution. 

×  Electrometallurgy 

o Electrolysis process to extract metal. Electro winning: 

Extraction of the metal from electrolyte; Electro refining:  

o  



 

 

Element  minerals  

Aluminium  Bauxite (gibbsite, diaspore )  

Copper  Chalcopyrite ,chlcocite,bornite  

Gold  Calaverite, sylvanite  

Iron  Hematite ,megnetite,  

Lead  Galena, anglesite, cerussite  

magnesium  Dolomite, magnesite,carnallite  

Mangenese  Pyrolusite braunite, manganite  

Murcury  cinnabar  

Nickel  pentlandite  

Silicon  qurtz  

silver  Argentite ,pyrargyrite  

Thorium  Monazite  

Tin  Cassiterite  

Uranium  Pitchblend ,uraninite  

Zinc  Sphalerite  

Zirconium  Zircon  

 

Elements and their  respective minerals  
 



 

 

GENERAL METHODS OF EXTRACTION  

 

 

 

 



 

 

DIVISION OF EXTRACTIVE METALLURGY  

 

 

 

 



 

 

PYROMETALLURGY  

 

× Principle means of metal extraction despite of rapid development in 

hydro and electro metallurgy. 

× Extraction and refining carried at elevated temperature where physical 

and chemical changes occurs at 500- 2000 ° c. 

× Significance of pyrometallurgy over hydro and electro metallurgy : 

× Since it is a high temperature process so it is cheaper and more versatile . 

 

HOW IT IS CHEAPER AND VERSATILE   

 

 



 

 

× Brings about a  reduction which cannot takes place in presence of water. 

× Only pyrometallurgy and fused salt electrolysis can extract reactive 

metals namely the alkaline earth metals zirconium and titanium.  

× Ability to treat a large tonnage of ore in a compact space , which leads to 

a saving in capital cost.  
 

 

PYROMETALLURGICAL PROCESS (HIGH 

TEMPEARTURE PROCESS) 
× Calcination  

× Roasting  

× smelting  

× Refining  

 

 

 
 



 

 

       MODULE -2  

 

 
 

 

 

 



 

 

ROASTING DEPEND UPON FOLLOWING 

FACTOR 

 
× Time(duration)  

× Availability of oxygen or air  

× Temperature 

×  physical condition of the ore  

× Nature of the mechanical device used 

DURATION OF ROASTING PROCESS VARIES 

GREATLY   

× Blast roasting is done in a mere flash of time  

× Hearth roasting takes hour.  

× Heap roasting months  

× Weather roasting year.  

 

OTHER ROASTING PROCESS 

 
 



 

 

ROASTING PRACTICE  

CRITERIA OF CHOOSING A ROASTING PROCESS? 
× Required physical condition of product  

× Required chemical composition of the product. 

 

WHAT ARE THE REQUIRED PHYSICAL 

CONDITION:  

 

 
 

WHAT ARE THE REQUIRED CHEMICAL  

COMPOSITION  
× Lead should be totally free from sulphur before smelting it in BF. 

× In cu the sulphur content should not be totally removed it should be 

present in excess amount so as to produce a matte which is mainly the 

mixture of iron sulphide and coper sulphide of desire grade. 

× For zn total sulphur content should be removed. 

× Formation of zinc ferrite should be avoided when zinc is extracted by 

leaching because it is difficult to leach the ferrite.  

 



 

 

INDUSTRIAL ROASTING UNITS DIAGRAM   

  

 

 

 



 

 

MCDOUGALL HEARTH ROASTER OR MULTIPLE 

HEARTH ROASTER   

FIRST DESINED BY ï Macdougal in Ingland  

Basic principle: counter current flow of sold ore and oxidizing gases.  

Construction of Macdougal roaster: 

× Consists of several (about 10) circular brick hearth superimposed on each 

other. 

× Entire structure is enclosed in a cylinder bricks lined steel shell.  

× Revolving mechanical rabbles attached to arm move over the surface of 

each hearth to continuously shift ore  

× Arms are attached to a rotating central shaft.  

× Ore discharge at the top of gradually moves down through alternate 

passage around the shaft and the periphery and finally emerge at the 

bottom.  

× Oxidizing gases flow upward countercurrent to descending charge . 

 

× For properly insulated roaster externally heating is unnecessary except 

when the charge is highly mist. 

× The hearth at the top of the roaster dry and heat the charge . 

× Ignition and oxidation of the charge occurs at lower down .  

 

 

 

 

 

 

 

 

 

 



 

 

DRAW BACK OF MULTIPLE HEARTH 

ROASTER 

 
The roasting process is slow and the sulphur gases evolved when a 

sulphide is roasted are unsuitable for the production of sulphuric acid 

because they do not contain sufficient so2 and so3. 

                  

 FLASH ROASTER  

× The preheated sulphide ores particle are made to fall through a body of 

hot air , resulting in the instantaneous oxidation  

 
 



 

 

FLUDIZED BED ROASTING FLUOSOLID ROASTING  

× The ore particle are roasted while suspended in air 

× Here gas is passed at high velocity through a bed solid ore particle (small 

and preferable regular in size over the range of 0.005-0.05 cm in dia . 

× The behavior of bed depends upon velocity of gas . 

FIVE STAGE OF FLUOSOLID ROASTING  

1-When the gas flow rate is very low and since the bed is porous, the gas 

permeates the bed without disturbing the ore particles.  

In this stage the pressure drop is proportional to the flow rate. 

Other factors influencing the pressure drop are  

A- Void fraction 

B-the particle size  

C- Particle shape factor 

2- As the gas velocity increases the bed expands upward due to the effect 

of the drag force exerted by the gas stream. In this stage the pressure drop 

across the bed depends on the gas velocity. 

3- When the gas velocity is further increased a stage is eventually reached 

when the pressure drop across the bed is equal to the weight of the 

particle per unit area of the bed. The particles now remain individually 

suspended and offer less resistance to the gas flow. 

4- when further increases in the gas velocity leads to the continued 

expansion of the bed since such an interparticle distance , the pressure 

drop across the bed continues to decrease as the gas velocity increases . 

5-finally a stage is reached when the expansion of the bed becomes 

independent of the gas velocity. 

 



 

 

DIAGRAM OF FLUIDIZED BED ROSTER   

 

 

 
  



 

 

DIAGRAM OF TYPICAL FLUDIZATION CURVE  

 

× AB represent the pressure drop for the stationary bed , before fluidization 

occurs . 

× BC indicates the bed is rearranged to provide minimum resistance to the 

gas flow. 

× Point C represent or correspond to both maximum voidage of the packed 

bed or voidage corresponding to minimum fluidization , and the 

minimum gas velocity required for fluidization. 

× Beyond C the pressure drop become independent of the gas velocity.  

× For fluidized bed design minimum fluidization velocity is one of the most 

important factors. 

 

        AUTOGENOUS ROASTING  

× When an ore particle is initially maintained at the minimum temperature 

in a stream of air and the roasting is initiated by an ignition device, then 

roasting continues to proceed even in the absence of any external heat 

such a reaction is termed as autogenously.   

 

FACTORS ON WHICH IGNITION TEMPERATURE 

DEPENDS FOR FLUIDIZED BED ROASTING 

 

× Fluid flow 

× Geometry of a reactor 

× Characteristic of ore 

 



 

 

The ignition temperature roughly indicates the temperature required for 

fluidized bed roasting. 

IGNITION TEMPERATURE  : minimum temperature at which a 

mineral particle oxidized fast enough to maintain or increase the 

temperature of the roaster. 

 

SINTER ROASTING OR BLAST ROASTING  

× Heavy dust loss 

× Permeability reduced it jam the furnace 

 

 
 

 



 

 

 

 

STEPS IN SINTER ROASTING  

1- The fine concentrate is charged as a layer 15-50 cm thick on to the 

endless revolving belt or grate or pallets which moves over wind boxes at 

regular speed. 

2- Burners under the ignition hood is used to start the combustion of the 

bed surface. This combustion is propagated through the mass or charge 

by a current of air drawn through the charge into the wind box below 

which is connected a suction fan sufficient high temperature are develop 

in the material to cause partial or incipient fusion which produces a pores 

cinder like material called sinter. 

3- When the sinter reaches the end of the machine it is discharged and 

cooled.  

4-The cooled sinter is sized to give a uniform product. 



 

 

The sinter roasting of sulphide ore does not require 

 Addition of any fuel to the charge because the sulphur in the charge itself 

act as a fuel. 

But for an oxide or fuel is required ex- iron ore 

 

WINNING OF METALS FROM SULPHIDES  

 

1- Thermal decomposition (hgs), platinum and iridum sulphide) 

2- Roasting and subsequent reduction.(ZnS) 

3- Controlled roasting followed by smelting to produce matte and 

converting the matte to metal.(CuS) 

4- Flash smelting  

(flash roasting + matte smelting) followed by converting the resultant 

matte to metal. 

5-electrolyis of a sulphide matte obtained from smelting or converting 

operations 

6-Metallothermic reduction of a sulphide.(ca,Na,Mg,Al,Mn,Si,Fe, 

7-hydrometallurgical process of a sulphide.leaching followed by 

electrolysis,cementation) 

8-chlorination of metal sulphide mineral and subsequent metal recovery. 

 

 

 

 



 

 

 

MODULE -3 

 
 

 

 

 



 

 

 

Furnace used for reduction and matte smelting 
 

 

 

FLUXES 

REASON OF USING FLUXES: 

i. Used to lower the liquidus temperature.  

ii. Lowers the viscosity of slag(increase the fluidity). 

 FLUX ARE CLASSIFIED ACCORDING TO THERE 

CHEMICAL TYPE. 

 CRITERIA FOR CHOOSING FLUX : 

i. Chemical nature of gangue . 

ii. Properties desired in the slag as density and viscosity  


