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Target’s ‘Challenger Chemistry: Vol-II’ is a compact guidebook, extremely handy for preparation of 
various competitive exams like NEET (UG), JEE (Main).   
Features of each chapter:      
 Theoretical Concepts presented in the form of pointers, tables, charts and diagrams that form a vital 

part of any competitive examination.   
 Multiple Choice Questions segregated into two sections. Concept Building Problems contains 

questions of various difficulty range and pattern. Practice Problems contains ample questions for 
thorough revision.   

 Quick Facts section covers additional information relevant to the topic.    
 Formulae section for each chapter according to its relevance for quick revision.   
 Diagram Based Problems contains questions that facilitate students’ conceptual understanding and 

enhance their spatial thinking ability.  
 Problems to Ponder contains MCQs of different pattern created with the primary objective of helping 

students to understand the application of various concepts of Chemistry.   
Two Model Test Papers are included to assess the level of preparation of the student on a competitive level.  
 
In the development of each chapter, we have ensured the inclusion of important topics that are enclosed 
within a box. These topics will enhance students’ knowledge and provide them an edge to score better in the 
highly competitive exams. 
 
MCQs have been created and compiled with the following objective in mind – to help students solve complex 
problems which require strenuous effort and understanding of multiple-concepts. The MCQs are a mix of 
questions based on higher order thinking, theory, numerical, multi-step reactions, graphical and multiple 
concepts.  
   
The level of difficulty of the questions is at par with that of various competitive examinations like CBSE, 
AIIMS, CPMT, JEE, TS EAMCET (Med. and Engg.), BCECE, Assam CEE, AP EAMCET (Med. and Engg.) 
and the likes. Also to keep students updated, questions from most recent examinations such as AIPMT/NEET 
(UG) and JEE (Main) of years 2015 to 2018 are covered exclusively.   
 
NEET (UG) - 2019, NEET (Odisha) - 2019 and JEE (Main) - 2019 [8th April (set - I)] Question Papers and 
Answer Key have been provided. Students can access the hints of these Question Papers given in the form of 
Q.R. Code. 
 
The journey to create a complete book is strewn with triumphs, failures and near misses. If you think we’ve 
nearly missed something or want to applaud us for our triumphs, we’d love to hear from you. 
 
Please write to us on : mail@targetpublications.org  
 
A book affects eternity; one can never tell where its influence stops. 
 
From,  
Publisher 
 
Edition: Second 
  
 

Disclaimer  
This reference book is based on the NEET-UG syllabus prescribed by Central Board of Secondary Education (CBSE). We the publishers are making this reference book 
which constitutes as fair use of textual contents which are transformed by adding and elaborating, with a view to simplify the same to enable the students to understand, 
memorize  and reproduce the same in examinations.  
This work is purely inspired upon the course work as prescribed by the National Council of Educational Research and Training (NCERT). Every care has been taken in the 
publication of this reference book by the Authors while creating the contents. The Authors and the Publishers shall not be responsible for any loss or damages caused to any 
person on account of errors or omissions which might have crept in or disagreement of any third party on the point of view expressed in the reference book.   
© reserved with the Publisher for all the contents created by our Authors.  
No copyright is claimed in the textual contents which are presented as part of fair dealing with a view to provide best supplementary study material for the benefit of 
students.    
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 Why Challenger Series?  

 Gradually, every year the nature of competitive entrance exams is inching towards conceptual 
understanding of topics. Moreover, it is time to bid adieu to the stereotypical approach of 
solving a problem using a single conventional method.   

 To be able to successfully crack the NEET and JEE (Main) examination, it is imperative 
to develop skills such as data interpretation, appropriate time management, knowing various 
methods to solve a problem, etc. With Challenger Series, we are sure, you’d develop all the 
aforementioned skills and take a more holistic approach towards problem solving. The way 
you’d tackle advanced level MCQs with the help of hints, tips, shortcuts and necessary practice 
would be a game changer in your preparation for the competitive entrance examinations. 

 
 What is the intention behind the launch of Challenger Series?  

 The sole objective behind the introduction of Challenger Series is to severely test the student’s 
preparedness to take competitive entrance examinations. With  an eclectic range of critical and 
advanced level MCQs, we intend to test a student’s MCQ solving skills within a stipulated 
time period. 

  
 What do I gain out of Challenger Series? 

 After using Challenger Series, students would be able to: 

 a.   assimilate the given data and apply relevant concepts with utmost ease. 

 b.  tackle MCQs of different pattern such as match the columns, diagram based questions, 
multiple concepts and assertion-reason efficiently.  

 c.  garner the much needed confidence to appear for various competitive exams. 
 
 Can the Questions presented in Problems to Ponder section be a part of the NEET/JEE 

(Main) Examination? 

No, the questions would not appear as it is in the NEET/JEE (Main) Examination. However, 
there are fair chances that these questions could be covered in parts or with a novel question 
construction.  

  
 Why is then Problems to Ponder a part of this book? 

 The whole idea behind introducing Problems to Ponder was to cover an entire concept in one 
question. With this approach, students would get more variety and less repetition in the 
book.  

 

Best of luck to all the aspirants! 
 

 

Frequently Asked Questions
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 Occurrence of metals: 
i. Elements owing to their different chemical reactivities occur either in free state, for example: noble gases,  

gold, platinum, etc. or in combined state, for example: iron, zinc, aluminium, copper, etc.  
ii. In the combined state, metals usually occur in their oxidized form. 
iii. Metals also occur in their respective sulphide, halide, silicate, carbonate and phosphate forms. 
  
 Common terms used in metallurgy: 
i. Mineral: A naturally occurring substance obtained by mining which contains the metal in free state or 

combined state (form) is called mineral.    
 Eg. Bauxite, cryolite and clay are the minerals of aluminium. 

ii. Ore: The mineral, from which the metal can be economically and conveniently extracted, is called an ore. 
 Eg. Bauxite (Al2O3.2H2O) is an ore of aluminium. 

iii. Gangue: The earthly, undesired materials (impurities) which contaminate the ore are called gangue or matrix. 
 Eg. Silica is the gangue present in haematite ore. 
iv. Metallurgy: The process of extraction of a metal in a pure state from its ore is called metallurgy. 
 Different methods are used in the extraction of metals depending upon the nature of metal, nature of ore and 

the impurities present in it. These methods are given below: 
  
 
 
 
 
 
 
 
     
 
  
 General principles of metallurgy:  
i. Extraction of different metals from their respective ores involves different set of procedures.  
ii. There is no universal method/uniform procedure which can be applied to the extraction of all the metals. 

General Principles and Processes of 
Isolation of Elements 06

6.0 Introduction 
 
6.1 General principles of metallurgy 
 
6.2 Pulverization and concentration of ore 
 
6.3 Extraction of crude metal from concentrated 

ore 
 
6.4 Refining of crude metals 
 
6.5 Occurrence and principle of extraction of 

aluminium from bauxite 

6.6 Occurrence and principle of extraction of 
copper from copper pyrites 

 
6.7 Occurrence and principle of extraction of zinc 

from zinc blende 
 
6.8 Occurrence and principle of extraction of iron 

from haematite 
 
6.9 Uses of aluminium, copper, zinc and iron  
 

Introduction 6.0

General principles of metallurgy 6.1

Metallurgy 

Pyrometallurgy 

Ores are reduced to the
metals at high temperatures
using suitable reducing
agents. 

Hydrometallurgy 

Metals are extracted from
aqueous solutions of their
salts using suitable
reducing agents. 

Electrometallurgy

Metals are extracted by 
electrolytic reduction of 
molten metallic 
compounds. 
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iii. The flow chart outlining the general or common steps involved in the extraction of metals is given below: 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
  
 Pulverization: 
i. Naturally occurring huge lumps of ore are broken down into small pieces by using crushers or grinders. 
ii. These pieces are then converted into fine powder (pulverized ore) by using ball mill or stamp mill and the 

process is called as pulverization.  
 Concentration of an ore: 
i. The process of removal of unwanted impurities such as sand, clay, etc., from the ore is called ore 

concentration/ore dressing/ore benefaction. 
ii. Different steps are involved in the ore benefaction and the selection of these steps depends upon the following: 
 a. Difference in the physical properties of the metal or metal compounds and that of the gangue present 

in the ore 
 b. Type of metal 
 c. Environmental factors 
 d. Available facilities 

Pulverization and concentration of ore 6.2

Ex
tr

ac
tio

n 
of

 m
et

al
s

Step I 
Crushing and grinding of the ore

Concentration of the ore
(benefaction/ore dressing)

Step II 

Different methods: 
 Gravity separation 
 Magnetic separation 
 Froth floatation process 
 Leaching 
 Electrostatic concentration 

Step III 
Extraction of crude metal from concentrated ore

Step 1 Conversion of ore into oxide 
or other suitable compounds 
 

Step 2 

Different methods: 
 Pyrometallurgy 
 Hydrometallurgy 
 Electrometallurgy 

Purification of crude metal 

Different methods: 
 Distillation 
 Liquation 
 Polling 
 Electrolytic refining 
 Zone refining 
 Vapour phase refining 
 Chromatography 

Step IV 

Different methods: 
 Roasting 
 Calcination 

Reduction of ore 
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 Common methods of ore concentration: 
i. Gravity separation or levigation or hydraulic washing: 
 a. Gravity separation method is based on the differences in gravities of the ore particles and the gangue particles.  
 b. When the powdered ore is fed into a stream of running water; due to differences in the specific 

gravities, heavier ore particles are retained while lighter impurities are washed away.  
 Note: 
 1. Hydraulic washing can be carried out by two methods: hydraulic washing by Wilfley table and 

hydraulic classifier method/Levigation. 
 2. Wilfley table method is used for concentration of native gold ore or ore of tin called cassiterite (SnO2). 
 3. Hydraulic classifier is used for concentration of ores of iron, gold, chromium, etc.  
 
ii. Magnetic separation: 
 a. The magnetic separation method is based on the differences in magnetic properties of the ore components. 

 b. The method is useful when either an ore or the gangue (but not both) exhibit attraction by a magnet.   
 c. An electromagnetic separator is used in this process as shown in the following diagram: 

 
 
 
 
 
 
 
 
 
 
 
 
  

 Eg. Ores of iron and tin: 
 

  
     
 

 
    

iii. Froth floatation process: 
 a. This process is based on the principle of difference in the wetting properties of the metallic ore and 

gangue particles by oil and water, respectively. 
 b. In this method, a suspension of the powdered ore is made with water. 
 c. To this suspension, small quantities of froth stabilizers and collectors are added. 
 Froth stabilizers : Help in stabilization of froth. Eg. Cresols, aniline, etc. 
 Collectors: Help in enhancing non-wettability of the ore particles by water. 
 Eg. Pine oil, eucalyptus oil, fatty acids, xanthates, etc. 
 d. A rotating paddle agitates the mixture and draws compressed air into it.   
 e. When water, oil and air are mixed up, they produce froth which rises up in the tank and adsorbs the 

ore particles (which are wetted by oil and have become lighter). 
 f. The froth is then skimmed off and broken by adding some acids, filtered and dried for the recovery of 

ore  particles. 
 g. Ore particles float with the froth at the surface hence the name ‘froth floatation process’.  
 h. The gangue material (containing heavier impurities) is wetted by water and settles at the bottom. 
 i. Sulphide ores like galena (PbS), zinc blende (ZnS), copper pyrites (CuFeS2), etc. can be concentrated 

by this method. 

Cassiterite/tin stone      SnO2        +    FeWO4    +   MnWO4 
(Ore of tin) Stannic 

oxide 
(Non-magnetic
ore particles) 

Ferrous 
 tungstate 

 (Wolframite)

Manganese 
tungstate 

Magnetic gangue 
particles 

Magnetic separation using electromagnetic separator

Leather belt Magnetic particles 
of an ore 

Non-magnetic 
particles     
of an ore 

Magnetic 
roller 

Pulverized ore
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 j. Two sulphide ores can also be separated by adjusting the proportion of oil to water or by using 
‘depressants’. 

  Eg. For an ore containing ZnS and PbS, the depressant used is NaCN which prevents ZnS from 
coming to the froth by forming a complex, Na2[Zn(CN)4] with ZnS  and allows PbS to come with the 
froth. 

iv. Leaching: 
 a. Leaching is the process of extracting a soluble material from an ore by dissolving it in a suitable solvent. 
 b. It is a chemical method of concentration and is mainly useful for concentrating ores of aluminium, 

silver, gold, etc. 
 c. Leaching of alumina from bauxite (Baeyer’s process): 
 1. The ore of aluminium, bauxite (Al2O3.2H2O), is contaminated with impurities of silica (SiO2), iron 

oxide (Fe2O3), titanium oxide (TiO2), etc. 
 2. Pulverized bauxite ore is digested with aqueous solution of NaOH (45%) at 473 K  523 K and under 

35  36 bar pressure. 
 3. Alumina dissolves in alkali forming soluble Na[Al(OH)4] and SiO2 dissolves forming soluble sodium 

silicate leaving behind Fe2O3 and TiO2 as insoluble impurities. 
 

 
    
 4. The solution thus obtained is filtered, cooled and its pH is adjusted towards neutral either by dilution or by 

neutralisation with carbon dioxide.  
 5. The solution is agitated for two to three hours when hydrated Al2O3 gets precipitated. Seeding with freshly 

prepared aluminium hydroxide or hydrated Al2O3 induces the precipitation. Sodium silicate being more 
soluble than alumina remains in the solution. 

    
           
 6. Precipitated hydrated alumina is separated by filtration and dried by heating upto 1473 K to give pure 

alumina.  
    
                                                           
 d. Leaching of the ore containing native metal (silver and gold): Mac Arthur Forest Cyanide process: 
 1. The pulverized ore containing native metal (Ag or Au) is treated with a dilute solution (0.5%) of 

sodium cyanide or potassium cyanide in the presence of atmospheric oxygen. The metal dissolves in 
the solution to form soluble complex. 

  4M(s) + (aq)8CN  + 2H2O(l)  + O2(g)   2 (aq)4 M(CN)       +   (aq)4OH                    (where M = Au or Ag) 
     Water         Air   Soluble complex 
             of the metal    
 2. The metal Au or Ag is obtained by treating the soluble complex with another suitable active metal like 

zinc (displacement reaction). 
   2 (aq)

2 M(CN)    +    Zn(s)   2
4 (aq)

Zn(CN)   + 2M(s) 
  Soluble complex      Zinc   Zinc 
  of the metal                       complex  
v. Electrostatic concentration: 
 a. When an electrostatic field is applied to particles which are good conductors of electricity, they 

become electrically charged. 
 b. Such charged particles are thrown away due to repulsion by the electrode having the same charge. 
 Eg. The pulverized lead sulphide and zinc sulphide ores (occurring together in nature) are fed upon a 

roller in thin layer and subjected to the influence of an electrostatic field. Lead sulphide gets 
immediately charged as it is a good conductor of electricity and it is thrown away from the roller. Zinc 
sulphide being a poor conductor of electricity falls vertically from the roller. 

 c. The method is also used for separation of metallic materials from the non-metallic materials. 

Alumina 
(from pulverized 

bauxite ore) 

 Sodium tetrahydroxido
aluminate (III) 

(soluble) 

Al2O3.2H2O(s)   +  2NaOH(aq) + H2O(l)
473K 523K

35 36 bar pressure


 2Na[Al(OH)4](aq)       

Hydrated alumina (ppt) 
Na[Al(OH)4](aq)    

CO2(g)
NaHCO3(aq)      Al2O3.xH2O(s)      

Hydrated
alumina 

Al2O3.xH2O(s) 1473 K Al2O3(s)  +  xH2O(g) 
Alumina
(Pure) 
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The extraction of metal from its concentrated ore generally involves following two steps: 
i. Conversion of ore into oxide 
ii. Reduction of an oxide to the metal 
 Conversion of ore into oxide: Concentrated ore (in the form of hydrated oxide, a carbonate or a sulphide) 

can be converted into its oxide form either by roasting or by calcination. 
i. Roasting: 
 a. Roasting is a process in which ores are heated to a high temperature below their melting point in the 

presence of excess of air.  
 b. During roasting, impurities like sulphur, arsenic and phosphorus are removed as their volatile oxides such as 

SO2, As2O3 and P2O5 respectively. Moisture is also removed in the process and the mass becomes porous. 
 c. The ores of the metal (sulphide ores) are converted into their oxides. 
  Eg. 
   
                                                               
  Sometimes, when the roasting is carried out at moderate temperature, the oxidation of sulphides takes 

place only to the sulphate stage. 
  Eg. ZnS + 2O2   ZnSO4   
  Note: The sulphur dioxide produced during roasting is utilised for the manufacture of sulphuric acid. 
 d. In case of argentite (Ag2S) which is an ore of silver, chlorinating roasting is done. Here, metal is 

obtained by reduction with halide (usually chloride). 
   
                                                   
 
ii. Calcination: 
 a. Calcination is a process in which the ore is heated to a high temperature below its melting point in 

the absence or in limited supply of air.  
 b. During calcination, volatile impurities such as CO2, SO2, H2O, etc. are removed and the mass becomes 

porous. 
 c. Hydrated oxide and carbonate ores are generally calcined to give oxides.  
  Eg.  
                                                        
 Difference between roasting and calcination:   

 Roasting Calcination 
i. In roasting, the ore is heated to a high temperature 

in the presence of excess of air. 
In calcination, the ore is heated to a high temperature 
in the absence or in limited supply of air. 

ii. It is used for sulphide ores. It is used for carbonate and hydrated oxide ores. 
iii. In this, metal sulphides are converted to their 

oxides or sulphates. 
In this, metal carbonates decompose to form their 
oxides and water of hydration is removed from 
hydrated oxides. 

iv. During roasting, air holes of a reverberatory 
furnace are kept open. 

During calcination, air holes of a reverberatory 
furnace are partially or completely closed.  

 Reduction (reduction of an oxide to the metal): Reduction of roasted or calcined ore to form crude metal 
can be achieved by any one of the following processes: 

i. Pyrometallurgy  ii. Hydrometallurgy  iii. Electrometallurgy 
i. Pyrometallurgy: 
 a. In this process, the ores are reduced to crude metals either by smelting or by heating with reducing 

agents like carbon, hydrogen, aluminium or other metals. 
 Eg.  

        

Extraction of crude metal from concentrated ore6.3 

Zinc  
sulphide

2ZnS    + 3O2     2ZnO   +  2SO2   ;   2PbS  +  3O2    2PbO  +  2SO2 
Zinc oxide Lead 

sulphide 
Lead 
oxide 

Argentite
Ag2S(s)        +  2NaCl(s)    AgCl(s)  +  Na2S(s) 

Silver 
chloride 

Malachite
CuCO3.Cu(OH)2   Calcination

   2CuO    +   H2O(g)  +  CO2(g) 
Cupric oxide 

Nickel oxide   Nickel
NiO    +   H2   High temperature   Ni    +   H2O 
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 b. Depending upon the nature of the oxide and metal, the extraction of metal can be carried out by the 
following reducing agents: 

 
 Method Used in the metallurgy of 

1. Reduction with C or CO Fe, Cu, Pb, Sn, Zn, Mg, Co, etc. 
2. Reduction with Na, Al, Mg or H2 Mn, Cr, Ti, Mo, W, etc. 
3. Reduction with water gas (CO + H2) Ni 
4. Self reduction or auto-reduction Pb, Hg, Cu, etc. 

 
 Note: 
 1. i. Aluminium is a strongly electropositive metal and can reduce oxides like Cr2O3, Mn3O4, Fe2O3, 

etc. which are not easily reduced by carbon or carbon monoxide.  
  ii. The process of reduction of a metal oxide to the metal with the help of aluminium powder is 

called aluminothermy/Goldschmidt thermite process/alumino thermite process/thermite 
process. 

  Eg.  
                    
   
  iii. The molten iron produced by thermite process can be used to weld broken parts of heavy 

machinery of all kinds. This process is also called thermite welding. 
 
 2. Reduction by Na, Mg, Ca or H2: Used for reduction of halides of metals such as Ti, Zr, V, etc. 

which on heating in a closed vessel (~ 1070 – 1170 K) give the respective metals. 
  Eg. TiCl4 + 4Na   Ti + 4NaCl ; VCl4 + 2Mg   V + 2MgCl2  
 
 Some common terms used in pyrometallurgy: 
 i. Flux: A flux is a chemical substance added to the concentrated ore during smelting in order to 

remove the gangue in the form of easily fusible slag. The selection of a flux depends on the nature of 
gangue present in the ore. 

  Eg.      
                                                
                                                
 
   
       

 ii. Slag: Slag is a waste product formed by combination of a flux and gangue during the extraction of 
metals by smelting process. Slag is not soluble in molten metal and can be easily skimmed off from its 
surface as slag is lighter than the molten metal. 

 
 iii. Smelting: 
  a. Smelting is the process of extracting the impure molten metal from its ore at a high temperature 

using suitable flux and a reducing agent like carbon, hydrogen, aluminium, etc. 
  b. Mixture of roasted ore, carbon (in the form of charcoal, coke or carbon monoxide) and flux is 

heated above the melting point of the metal in a blast furnace. Carbon or carbon monoxide 
reduce the oxide ore to give free metal. 

   MxOy  +  yC   xM  +  yCO 
   MxOy  +  yCO   xM  +  yCO2 
   Eg. 
    
                                                                                                                                                    
ii. Hydrometallurgy: 
 In this process, the metal ore is treated with a suitable reagent such that the metal forms a soluble compound 

from which the metal is obtained by using a more electropositive metal.  

CaO        +        SiO2               CaSiO3 
Calcium oxide

(Basic flux) 
Calcium silicate

(Slag) 
Silica  

(Acidic gangue)

SnO2     +  2C 1473 K 1573 K  Sn  +   2CO 
(Cassiterite 

ore) 
Carbon 

monoxide
Tin 

SiO2       +         FeO              FeSiO3 
Silica 

(Acidic flux)
Ferrous silicate

(Slag) 
Ferrous oxide 
(Basic gangue) 

Alumina
3Mn3O4  +  8Al  9Mn  +  4Al2O3  +  Heat 

Manganese
oxide 



SAMPLE
 C

ONTENT

186 

  

  

Challenger Chemistry Vol-II (Med. and Engg.) 

186

 Eg. a. Argentite (an ore of silver containing silver in the form of Ag2S) is first treated with dilute 
solution of sodium cyanide to form sodium dicyanidoargentate(I) which is a soluble complex. 

   
   
    
    

  b. Sodium sulphide formed is converted to sodium sulphate by blowing air into the solution and 
this helps the reaction to occur in the forward direction. 

  c. The solution is then decanted off and treated with zinc or aluminium to obtain silver by 
displacement reaction. 

   
 

  
iii. Electrometallurgy: The process of extraction of metals by electrolysis process is called electrometallurgy. 
 Eg.  Magnesium is obtained by electrolysis of fused (molten) magnesium chloride. 
  At Cathode:        
     
                                                                      
  At Anode:           
                  
 
 Thermodynamic principles of metallurgy: 
i. For the reaction to proceed in the required direction, the thermodynamic condition is that G (free energy 

change) must be negative. 
ii. G can be calculated as G = H  TS ....(1) 
iii. G is also related to the equilibrium constant (K) of the reactant–product system at the temperature T, as 

G = RTlnK     ....(2) 
iv. In the equation (2), in order to have a negative value of G, value of K must always be greater than 1.  
v. For the formation of metal oxide, G increases with the increase in temperature. 
 2M(s)  +  O2(g)  2MO(s) 
 Here, H = ve (it is a combustion process and all combustion reactions are exothermic). 
 S = ve (gaseous reactant is converted into solid product i.e., O2(g) is converted to MO(s). Hence, there is 

reduction in entropy of the system). 
vi. For the formation of carbon monoxide, G decreases with the increase in temperature. 
 2C(s)  + O2(g)  2CO(g) 
 Here, H = ve, and S = +ve (volume of gaseous product > volume of gaseous reactant). 
 TS in equation (1) becomes negative and thus G decreases with the increase in temperature. 
vii. For the formation of CO2, G does not change significantly with the temperature. 
 C(s) + O2(g)  CO2(g) 
 Here, H = ve, and S  0 
 TS in equation (1) becomes zero, thus G does not vary much with the temperature.  
 Reduction of metal oxides (Ellingham diagram): 
 The Ellingham diagram is the plot of free energy change (G) against temperature for the reaction of a 

metal and other elements with one mole of oxygen at 1 atmosphere. 
i. Ellingham diagram helps in predicting the feasibility of thermal reduction of an ore. The basic criterion of 

feasibility being that, the Gibbs energy change of the reaction must be negative at the given temperature. 
ii. Ellingham diagrams can also be plotted for the formation of sulphides, halides, etc. These diagrams show 

that direct reduction of metal sulphide is difficult (as fG of metal sulphide is not compensated). Therefore, 
sulphide ores are first converted into oxides before its reduction: 

                                    
                         
 

  Silver 
   sulphide 

(dil.) 
Sodium 
cyanide 

Sodium 
dicyanidoargentate(I) 

(soluble) 

Sodium 
sulphide

Ag2S   +   4NaCN     2Na[Ag(CN)2]     +  Na2S 

Sodium 
dicyanidoargentate(I) 

Sodium 
tetracyanidozincate(II) 

2Na[Ag(CN)2]     + Zn       Na2[Zn(CN)4]      +   2Ag 

Mg2+     +  2e        Mg 
Magnesium
(deposited) 

Magnesium
ion 

2MS   +    3O2      2MO   +   2SO2 
Sulphur 
dioxide 

Metal 
sulphide

Oxygen
oxide 

Metal 
oxide 

2Cl    Cl2 + 2e 
Chloride

ion 
Chlorine
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 Significance of Ellingham diagram: 
i. The positive slope of metal oxides shows that their stability decreases with increase in temperature. The 

decrease in their stability is due to an increase in G value. 
ii. The sudden change of slope in the graph indicates a phase change that is, change from solid to liquid or from liquid to 

vapour. 
iii. The negative slope of CO shows that it becomes more stable with increase in temperature (this is opposite to 

the change in G taking place in metal oxides). 
iv. The relative tendency of the metals to undergo oxidation is in the order, as shown below: 
 Mg > Al > Cr > Fe > Hg > Ag 
 The stability of oxides is in the order given below: 
 MgO > Al2O3 > Cr2O3 > FeO > HgO > Ag2O 
v. The graph of formation of oxides of silver and mercury is at the upper part in the Ellingham diagram. This 

indicates that HgO and Ag2O are unstable and can be decomposed at moderate temperature. 
vi. From Ellingham diagram, it can be deduced that any metal can reduce the oxide of other metal which 

appears above it in the diagram. 
vii. For temperatures at which C  CO graph lies below the metal oxide graph, carbon can be used to reduce 

metal oxide and it itself gets oxidised to CO. 
 Eg. ZnO + C 1500 K  Zn + CO 
viii. In reduction of iron oxide, the CO  CO2 line in Ellingham diagram lies below Fe  FeO line at 

temperatures below 1073 K. Thus, CO is good reducing agent for iron oxide below 1073 K. At temperatures 
above 1073 K, the C  CO line is well below Fe  FeO line. Thus, C is good reducing agent for iron 
oxide above 1073 K temperatures. 
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Ellingham diagram for oxide formation 
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 Limitations of Ellingham diagram: 
i. Ellingham diagram is based on the thermodynamic concepts. It simply indicates whether the reaction is 

possible or not, however it cannot predict the kinetics of the reaction (i.e., rate or time taken for reduction to 
occur or how fast it could be). 

ii. Choice of reducing agents is based on the assumption that reactants and products are in state of equilibrium; 
however this is not always true because the reactant or product may be in solid state. 

 
 Electrochemical principles of metallurgy: 
i. The electrochemical principle could be understood by the following equation:  
 G = nFE …. (1) 
 where, G = change in Gibbs free energy, n = number of electrons taking part in the redox reaction,            

F = Faraday of electricity, E = standard electrode potential of the redox couple formed in the system. 
ii. Highly reactive metals having large negative values of reduction potentials are difficult to reduce. Whereas, 

less reactive metals having large positive values of reduction potentials are reduced easily. 
iii. More reactive metal will go into the solution and dissolve as ions. Whereas, less reactive metals will come 

out of the solution and get deposited as pure metal on cathode. 
Eg. Fe2+

(aq) + 2e      Fe(s),    E =  0.44 V 
 Cu2+

(aq) + 2e      Cu(s),   E = + 0.34 V 
 In the above case, the difference of two E values of a redox system corresponds to a positive E value and 

consequently negative G in the equation (1), thus the more reactive metal (Fe) will go into the solution 
and less reactive metal (Cu) will come out of the solution as: 

  
                                           
  
 Extraction of non-metals based on oxidation: 
i. Chlorine gas is obtained by electrolysis of brine or sea water [as chlorine is abundant in it in the form of 

common salt (NaCl)]. This extraction is based on oxidation of chloride (Cl) ions to give chlorine gas. 
ii. Overall reaction is: 
 (aq)2Cl   +  2H2O(l)    (aq)2OH   +  H2(g)  +  Cl2(g)     ;        G = +422 kJ 
 
  
 Refining: 
i. The purification of crude metals by removing metallic and non-metallic impurities is known as refining of metals. 
ii. Depending upon the differences in the properties of the metal and the impurities, refining can be carried out 

by several methods like distillation, liquation, polling, electrolytic refining, etc. 
 
 Distillation: In this method of refining, impure metal is evaporated to obtain pure metal as distillate. This 

method is useful for low boiling metals. 
Eg. Metals like Zn and Hg are purified by distillation.  
 Liquation: 
i. In this method of refining, the impure metal is placed on the sloping hearth of a reverberatory furnace and is 

gently heated (slightly above the melting point of the metal) in an inert atmosphere of carbon monoxide. 
ii. The pure metal flows down (which is collected in a receiver) and non-fusible impurities (called dross) are 

left behind on the hearth.  
 Eg. a. Metals having low melting point such as bismuth, lead, mercury, etc., are separated from their 

crude form by liquation. 
  b. The pure tin metal obtained by this method is called pig tin. 
 
 Polling: 
i. In this method of refining, the impure metal is melted and stirred with green logs of wood. 
ii. The heat of molten metal makes the freshly cut green logs/poles of wood to liberate hydrocarbon gases 

which in turn reduce the metal oxide into metal. 
iii. This method is generally employed in the purification of copper or tin which contain oxide impurities. 

Refining of crude metals 6.4

Cu+2
(aq)   + Fe(s)        Cu(s)      +   Fe2+

(aq) 
IronCopper

ion 
Copper 

(Deposited) 
Ferrous

ion 
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 Electrolytic refining: 
i. In this method of refining, anode is made up of impure metal and cathode is made up of strip of the same 

metal in pure form. 
ii. Anode and cathode are suspended in a suitable electrolytic bath containing soluble salt of the same metal. 
iii. On passing electric current, following reactions take place: 
 At Cathode:   
 Mn+  +  ne  M (Reduction) 
 At anode:  
 M    Mn+ + ne (Oxidation)  
 Thus, during electrolysis, metal from anode dissolves in the solution while the same amount of pure metal 

gets deposited on the cathode. In this process, 99.9% pure metal is obtained. 
iv. Recovery of metals like silver, gold, antimony, platinum, etc. from the anode mud may meet the cost of 

refining. 
Eg. Metals like Cu, Ag, Ni, Al and Zn are refined by this method.  
 Zone refining/Fractional crystallization:  
i. Principle: Impurities are more soluble in the molten state than in the solid state of the metal. 
ii. In this method of refining, the impure metal is cast into a thin bar and circular mobile heater is fixed at one 

of its end. The molten zone moves along with the heater which is moved forward. The heating is done in an 
inert atmosphere like argon, to prevent oxidation of the metal. 

iii. As the heater moves forward, the pure metal crystallizes out of the melt and the impurities pass on into the 
adjacent molten zone.  

iv. The process is repeated in the same direction until purity of 99.999%  is achieved. The end of the metal bar, 
where the impurities get concentrated is cut off, thus obtaining completely pure metal. 

v. This method is specially useful for producing semiconductors of very high purity. 
vi. Thus, ultra pure metals and non-metals are obtained by zone refining.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Eg. Elements which are used as semiconductors like germanium, silicon, etc. and elements such as boron, 

gallium and indium are refined by this process.  
 Vapour phase refining: 
i. In this method of refining, the metal is converted into its volatile compound and collected elsewhere. It is 

then decomposed to give pure metal.  
ii. The two requirements for refining metal by this method are: 
 a. the metal should form a volatile compound with an available reagent. 
 b. the volatile compound should be easy to decompose, so that the recovery of metal is easy. 
iii. Mond process for refining of nickel: In this process, Ni is heated with CO to form volatile nickel 

tetracarbonyl, which on further thermal decomposition gives pure nickel. 
     
                                                                        
                      
iv. van Arkel method for refining of zirconium or titanium: In this method, oxygen and nitrogen present in 

the impure form of metals like Zr or Ti are completely removed. The impure metal is heated in an evacuated 
vessel with little iodine to form iodide of metal, which is more covalent and thus volatilises. This method is 
quite expensive. 

Ni    +  4CO 330 K 350 K         Ni(CO)4      450 K 470 K   Ni(s)  +  4CO(g) 
Impure Nickel tetracarbonyl 

(volatile) 
Pure

Metal rod
Molten zone 

(containing impurities)

Direction of movement of 
molten zone and impurities Circular mobile

heaters 

Argon gas atmosphere 

Zone refining of metals 

99.999 % Pure metal Impure metal



SAMPLE
 C

ONTENT

190 

  

  

Challenger Chemistry Vol-II (Med. and Engg.) 

190

 Eg. The volatile iodide of the corresponding metal (formed after treatment of impure metal with iodine) is 
electrically heated using tungsten filament above 1800 K. The pure metal gets deposited on the filament and 
as the deposition goes on, the current is steadily raised to maintain the temperature. 

  
 
                 
  
                
  
 
  
 Chromatography: 
i. Principle: On an adsorbent, different components of a mixture get adsorbed at different levels, depending 

upon their different rates of adsorption. 
ii. In column chromatography, porous medium like Al2O3 or SiO2 (with large surface area) is packed in a 

column. This acts as an adsorbent and is called as stationary phase. 
iii. The mixture whose different components are to be separated is dissolved in a suitable liquid or gaseous 

solvent (moving/mobile phase) and it is then moved through the stationary phase. 
iv. Due to difference in extent of adsorption of mixture components on to the stationary phase versus the mobile 

phase, separate bands are formed in the column. The component which is adsorbed strongly to the stationary 
phase  forms a band at the top of the column while the components with decreasing degree of adsorption are 
held up at different zones down the column.  

v. After the separation, the different adsorbed components are extracted/recovered from the adsorbent by the passage 
of a series of eluants (solvents) in which they have higher solubility. This process is called as elution. 

vi. The weakly adsorbed component will be eluted more rapidly than a more strongly adsorbed component and 
they are collected in the form of different fractions in separate containers. 

vii. Depending upon the physical states of stationary and mobile phase and also on the process of passage of 
mobile phase, the chromatographic techniques are named such as gas chromatography, thin layer 
chromatography (TLC), paper chromatography, etc. 

viii. Chromatography is a useful method for purification of the elements which are found in traces and the 
impurities have almost similar chemical properties as that of the element to be purified. 

 
  
 Occurrence: 
i. Aluminium is the most abundant metal found in the earth’s crust but it does not occur in the free state.  
ii. After oxygen and silicon, it is the third most abundant element (8.31% by weight).  
iii. Aluminium occurs widely as a constituent of rocks and 

soil. It is also occasionally found as a component of  
valuable precious stones like corundum, ruby, sapphire, 
topaz, turquoise, etc. which contain aluminium oxide 
(Al2O3)  along with other impurities.  

iv. Important minerals of aluminium are as follows:   
 Mineral Chemical formula  Mineral Chemical formula 

a. Bauxite Al2O3.2H2O b. Diaspore Al2O3.H2O 
c. Cryolite Na3AlF6 d. Corundum Al2O3 
e. Feldspar KAlSi3O8 f. Mica  K2O.3Al2O3.6SiO2.2H2O  

 Extraction of aluminium: Extraction of aluminium is normally done from bauxite ore (Al2O3.2H2O) and it 
involves the following steps: 

  
 
    
i. Purification of bauxite: 
 a. Bauxite ore is of two types; if the main impurity is iron oxide (Fe2O3), it is called red bauxite and if 

the main impurity is silica (SiO2), it is called white bauxite. 
 b. Red bauxite is purified by leaching which is carried out either by Baeyer’s process or by Hall’s 

process/dry process. 

Name Colour Constituents 
Ruby Red Al2O3 and Cr 
Sapphire Blue Al2O3 and Co 

Zr(s)      +   2I2(g) 870K   ZrI4(g) 2075K  Zr(s)  +  2I2(g) 
Impure Volatile 

iodide of 
zirconium

Pure

Ti(s)    +  2I2(g) 523 K   TiI4(g) 1700 K  Ti(s)  +  2I2(g) 
Impure Volatile 

iodide of 
titanium 

Pure

Occurrence and principle of extraction of aluminium from bauxite 6.5

Bauxite Purification Reduction by
electrolysis 

Refining 
(Electrolytic

method) 
Pure aluminium 
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 Note:  
 1. In Hall’s process, the bauxite ore and sodium carbonate are fused together to form soluble sodium 

meta-aluminate. The insoluble part contains impurities of silica, iron oxide, titanium oxide, etc. 
   
                                                     
                                                                  
                                                             
   
  The fused mass is treated with water and filtered. The filtrate is warmed and neutralized by passing 

carbon dioxide through it, when aluminium hydroxide gets precipitated. 
   
                                      
                                                                         
                                                             
 
  The precipitate of aluminium hydroxide is washed, dried and ignited (heated) at 1473 K to get pure 

alumina. 
   
  
 
 
 2. White bauxite is purified using Serpeck’s process as follows: 
  i. White bauxite is powdered and mixed with coke. It is then heated to 2073 K in an inert 

atmosphere of nitrogen.  
  ii. Silica which is the chief impurity gets reduced to volatile silicon (removed as vapours) and 

alumina is converted into aluminium nitride (AlN). 
     
                                       
                        
    
     
  
  iii. Aluminium nitride (AlN) on hydrolysis with water gives precipitate of aluminium hydroxide 

[Al(OH)3] which is dried and ignited to 1473 K, to get pure alumina. 
       
  
                    
    
        
   
   
ii. Electrolysis of fused alumina (Hall and Heroult’s process): 

a. Fused mixture of 
alumina 2-8% (purified 
above), cryolite, 
Na3AlF6 (80-85%), 
AlF3 (5-7%) and 
fluorspar, CaF2 (5-7%) 
is subjected to 
electrolysis in an iron 
or steel tank having a 
lining of carbon (which 
acts as cathode) and 
the temperature is 
maintained between 
1150 K-1225 K. 

Al2O3.2H2O(s)     +    Na2CO3(aq)  2NaAlO2(aq)   + CO2(g)   + 2H2O(l) 
Water Alumina 

(from pulverized 
bauxite ore) 

(soluble) 

Sodium 
carbonate

Sodium 
meta- 

aluminate 

Carbon 
dioxide

Carbon 
dioxide

2NaAlO2(aq)  +  3H2O(l)  +  CO2(g)   2Al(OH)3(s)  +  Na2CO3(aq) 
Sodium meta-

aluminate 
(soluble) 

Water Sodium 
carbonate 

Aluminium
hydroxide 

(ppt) 

2Al(OH)3  1473K  Al2O3   +  3H2O 
AluminaAluminium

hydroxide 

Al2O3  +  N2 + 3C   2073 K    2AlN     +   3CO 
Aluminium 

nitride 
Alumina Carbon  

monoxide

SiO2 + 2C 2073 K   Si     +   2CO 
Silicon 

(volatile)
Silica Carbon  

monoxide

AlN    +  3H2O   Al(OH)3   +    NH3 
Aluminium

nitride 
Aluminium 
hydroxide 

Al(OH)3 1473 K   Al2O3  +  3H2O 
AluminaAluminium 

hydroxide 
(Dried) 

Outlet for 
aluminium 

Copper clamp 

Carbon rods (anode) 
Carbon lining 
(cathode) 
Iron or steel 

container 
Molten 
aluminium

Electrolytic cell for the extraction of aluminium 

Powdered coke 
+

Molten Al2O3 + Na3AlF6 
+ CaF2

–
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 b. The anode comprises of a number of carbon (or graphite) rods which are dipped in the fused 
electrolyte. The molten electrolyte is covered with a layer of powdered coke to prevent oxidation and 
loss of heat due to radiation. 

 c. The cryolite and fluorspar added in the mixture lower the fusion temperature of the mixture to around 
1140 K and also increase its electrical conductivity. 

 d. The overall reaction is as follows: 
   
                 
             
  At cathode:  Al3+ (melt) +  3e    Al(l)   (Reduction) 
  At anode: C(s)  +  O2(melt)   CO(g)  +     2e      (Oxidation) 

    C(s)  +  2O2 (melt)   CO2(g)  +  4e  
 e. Thus, aluminium is liberated at cathode and gets collected at the bottom of the tank from where it is 

removed periodically. 
 f. The oxygen evolved at the anode, combines with the carbon of the anode to produce carbon monoxide 

and carbon dioxide. Hence, carbon rods need to be replaced periodically.  
iii. Refining of aluminium: 
 a. 99% pure aluminium 

obtained by the electrolysis 
of fused alumina is further 
purified by Hoop’s 
electrolytic process. 

 b. The refining cell consists 
of an iron tank lined 
inside with carbon which 
serves as anode. Inside the 
cell, three fused layers of 
different densities are 
present: 

 1. The upper layer consists of pure molten aluminium having carbon electrodes immersed in it which 
serves as cathode. 

 2. The middle layer consists of a mixture of cryolite and fluorides of barium, sodium and aluminium and 
it serves as an electrolyte. 

 3. The bottom layer consists of 99% pure aluminium which needs to be further refined. 
 c. On electrolysis, aluminium ions from the electrolyte pass into the upper layer and are discharged at the 

cathode as pure aluminium metal which is removed from the tapping hole. 
 d. An equivalent amount of aluminium from bottom layer goes into an electrolyte leaving behind the 

impurities. Thus, this method gives completely pure aluminium. 
   
 Occurrence: 
i. Copper occurs in the native as well as in the combined form.  
ii. Important minerals of copper are:    

 Mineral Chemical formula 
a. Copper glance Cu2S 
b. Copper pyrites (Chalco pyrites) CuFeS2 
c. Malachite Cu(OH)2.CuCO3 
d. Cuprite (Ruby copper) Cu2O 
e. Azurite 2CuCO3.Cu(OH)2  

 Extraction of copper: Copper is mainly extracted from copper pyrites or chalco pyrites (CuFeS2). The 
sulphide ore of copper i.e., copper glance (Cu2S) is of very low grade and contains iron sulphide, gangue and 
smaller quantities of As, Sb, Se, Tl, Ag, Au and Pt.  

 The various steps involved in the extraction are as follows:  
  
   

Occurrence and principle of extraction of copper from copper pyrites6.6

2Al2O3  + 3C     4Al   +  3CO2 
Alumina Aluminium

(Purified) 

Copper 
pyrites Concentration Roasting Smelting Bessemerization 

(Self-reduction) 

Refining 
(Electrolytic 

method) 

Pure  
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(serving as anode) 

Electrolyte 
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Impure 
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Refining of aluminium by Hoop’s cell 
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i. Concentration: The ore is concentrated by froth floatation process. 
ii. Roasting: The concentrated ore is converted to oxide by roasting. In this process, impurities of S, As, Sb and P 

are removed as their volatile oxides and the ore becomes dry. 
 2CuFeS2  +     O2   Cu2S    +      2FeS     +     SO2 
  Copper          (Excess        Cuprous           Ferrous           Sulphur 
   pyrites           of air)          sulphide           sulphide         dioxide  
 2FeS     +   3O2    2FeO     +    2SO2 
 Ferrous        (Excess          Ferrous        Sulphur 
 sulphide        of air)            oxide           dioxide  
 2Cu2S   +  3O2    2Cu2O   +  2SO2 
 Cuprous      (Excess          Cuprous     Sulphur 
 sulphide        of air)            oxide         dioxide  
 Note: Cu2O  can be easily reduced to metallic Cu using coke as: 
 Cu2O    +    C        2Cu    +    CO 
 This can be understood on the basis of the Cu2O line being positioned quite high in the Ellingham diagram 

(much higher than C/CO and C/CO2 lines, especially at 500 – 600 K). 
iii. Smelting:  
 a. During smelting, the roasted ore is mixed with coke and sand and it is heated in a blast furnace. 
 1. Any oxide of copper (formed during roasting) combines with FeS and is changed back into its sulphide. 
   
                       
    
 2. Ferrous oxide combines with silica (flux) to form fusible slag. 
   
                             
                             
 b. Two separate layers are formed at the bottom of the furnace as a result of smelting, out of which the 

upper layer consists of slag and is removed as a waste. 
 c. The lower layer consists of sulphides of Cu+, Fe+2, coke and sand. It is called copper matte and is 

taken out from the tapping hole. 
iv. Bessemerization: The molten matte obtained from blast furnace is transferred into a Bessemer converter.  
 On blowing blast of hot air into the molten matte, following reactions take place: 
 a. FeS (present in trace amounts in the molten matte) is oxidised to FeO which combines with silica to 

form ferrous silicate (slag). 
   
  
  
 b. Cuprous sulphide is partially oxidised to cuprous oxide which further reacts with remaining cuprous 

sulphide to form copper and sulphur dioxide. 
   
 
 
 c. This is self reduction/auto reduction. After the reduction is complete, the molten copper is poured 

into sand moulds. Blisters are formed on the surface of copper, as sulphur dioxide (SO2) escapes from 
it during solidification. Blister copper thus obtained is about 99% pure.  
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oxide 
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oxide 
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v. Refining: Blister copper is further purified by polling. 99.5% pure copper obtained from polling may be 
further subjected to electrolytic refining which gives 99.95% to 99.99% pure copper. 

Note: i. Copper is also extracted from low grade ores by hydrometallurgy. The ore is leached using acid or 
bacteria to obtain a solution containing Cu2+ ions. This solution which contains Cu2+ ions is treated 
with iron scrap or H2 to get copper. 

  Cu2+
(aq) + H2(g)  Cu(s) + 2H+

(aq) 
 ii. Cu+2 ion has extensive hydration, higher charge and smaller size as compared to                     

Cu+(d10 configuration) ion and thus, Cu+2 ion is more stable than Cu+ ion.  
   
 Occurrence: Zinc always occurs in combined state.  
 The important minerals of zinc are:   

 Mineral Chemical formula  Mineral Chemical formula 
i. Zinc blende ZnS ii. Zincite ZnO 
iii. Calamine ZnCO3 iv. Willemite Zn2SiO4 
v. Franklinite ZnO.Fe2O3     

 Extraction of zinc: Zinc can be extracted from zinc blende (ZnS) by the following steps:  
 
   
i. Concentration: Zinc blende ore is concentrated either by gravity separation or by froth floatation process or 

by electromagnetic separation. 
ii. Roasting: The concentrated zinc sulphide ore is converted to oxide by roasting in a reverberatory furnace. 
 2ZnS             +  3O2  1200 K

  2ZnO       +  SO2(g) 
 Zinc sulphide                        Zinc oxide   
 During roasting, ZnSO4 may get formed. Hence, care is taken to complete the roasting at 1200 K during 

which ZnSO4 will be converted to ZnO.   
iii. Smelting (reduction by modern vertical retort process): 
 a. Zinc oxide is reduced to zinc by coke at a temperature about 1673 K. 
 
 
 
 b. Zinc metal formed is distilled off and is collected by rapid chilling. Molten zinc on cooling solidifies 

into the zinc spelter (crude zinc or impure zinc) which contains impurities of Cd, Pb and Fe. 
iv. Refining: Zinc spelter (impure/crude zinc) is further refined by electrolytic method or fractional distillation. 

The electrolytic cell consists of impure zinc (anode), pure zinc (cathode) and acidified zinc sulphate solution 
(electrolyte). Pure zinc is deposited on cathode. 

 Alternatively, electrolysis can also be carried out using an electrolytic cell consisting of aluminium cathode 
and lead anode at a voltage of 3.5 V. The electrolyte used in this cell is a ZnSO4 solution (obtained by 
dissolving spelter in dil. H2SO4) containing about 3% free H2SO4. On passing electric current, pure zinc is 
deposited on aluminium cathode.  

Note: Two special types of zinc: 
 i. Zinc dust: It is prepared by melting zinc and then atomising it with the blast of air. 
 ii. Granulated zinc: It is prepared by pouring molten zinc into cold water.  
  
 Occurrence: 
i. Iron is the second most abundant metal and fourth most abundant element (6.2% by mass) occurring in the 

earth’s crust. Inner core of earth contains mostly iron and nickel. Iron occurs in combined state. 
ii. Important minerals of iron are:  

 Mineral Chemical formula 
a. Haematite  Fe2O3 (red oxide of iron) 
b. Magnetite Fe3O4 (magnetic oxide of iron) 
c. Limonite 2Fe2O3.3H2O (hydrated oxide of iron) 
d. Iron pyrites FeS2 (sulphide of iron) 
e. Siderite FeCO3 (carbonate of iron) 

Occurrence and principle of extraction of zinc from zinc blende6.7 

ZnO   +   C  1673K
   Zn    +   CO 

Zinc 
oxide 

Carbon 
monoxide

Occurrence and principle of extraction of iron from haematite 6.8 
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zinc 
Refining 
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iii. Iron pyrites (FeS2) also called fool’s gold, though being a common ore of iron, is not preferred for the 
production of iron because of its higher sulphur content. 

iv. There are three commercial forms of iron and they differ in their carbon content as follows:    
 Name  Carbon content Nature 

a. Cast iron or pig iron 4% Hard and brittle 
b. Steel (alloy of iron) 0.2% 2% Neither too brittle nor too soft 
c. Wrought iron (purest form of iron) < 0.2% Very soft  

v. When small amounts of elements like Mn, Cr and Ni are added to steel, mechanical properties of steel get 
altered and such steels are called alloy steels. 

Note: 
i. Iron in the pure form is a silvery white metal and melts at a high temperature i.e. at about 1800 K. In the 

presence of carbon, lowering in the melting point of iron is observed. 
ii. Iron shows a very high degree of magnetism and exhibits property of ferromagnetism below 1042 K. 
 
 Extraction of iron: 
i. Extraction of iron (mostly from haematite ore) is carried out in blast furnace. 
ii. The various steps involved in the extraction are as follows: 
 
 
 
 a. Concentration: The haematite ore is concentrated by gravity or magnetic separation process. 
 b. Roasting: The concentrated ore is heated in a current of air to remove volatile impurities and to 

convert FeCO3 (if present) to Fe2O3. 
     
   
  
 c. Smelting (Reduction): 
 1. The charge consisting of roasted ore, coke and limestone in the approximate ratio of 12 : 5 : 3 is 

introduced in the blast furnace from the top through cup and cone arrangement. 
 2. At the same time, a blast of hot air (pre-heated at about 1000 K) is blown upwards from the tuyeres. 
 3. The added coke serves as both fuel as well as reducing agent while limestone serves as a flux. 
 4. At the bottom of the furnace, the reducing agent is carbon but at the top part of the furnace, the 

reducing agent is carbon monoxide. 
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 Temperature zones in blast furnace: 
i. Zone of combustion (5 m  10 m height from the bottom): 
 a. Coke reacts with the hot air blown through tuyeres and forms carbon monoxide. The reaction is highly 

exothermic and the temperature rises to around 2000 K. 
 
 
    
     
 b. A part of carbon monoxide dissociates to give finely divided carbon. 
   
 
 
 c. C(s)  +  CO2(g)      2CO(g)    ;    H  =  + 163.2 kJ 
  As this reaction is endothermic, the temperature gradually reduces to 1423 K.     
 d. Carbon monoxide rises up the furnace and heats up the descending charge and also reacts with it.  
ii. Zone of reduction (22 m  25 m height from the bottom):  
 a. At lower temperature range of 500 – 800 K: 
               ;        
 
         
  Fe3O4   +  4CO     3Fe  +  4CO2      ;     Fe3O4    +  CO   3FeO  +  CO2        
 b. At higher temperature range of 900 – 1500 K: 
  FeO  +  CO     Fe  +  CO       ;         FeO  +  C        Fe  +  CO  
iii. Zone of slag formation (20 m in height from the bottom): 
 Limestone acting as a flux, decomposes to give calcium oxide (quick lime) at about 1200 K which combines with 

silica and alumina at about 1500 K to form molten slag of calcium silicate and calcium aluminate. 
 
 
 
  
iv. Zone of fusion (15 m height from the bottom): 
 a. Mn, P and Si are formed as a result of reduction of MnO2, Ca3(PO4)2 and part of SiO2, respectively. 
 b. The spongy iron descending from the top of the furnace melts and absorbs the impurities like C, Si, 

Mn, P and S. It then gets collected at the bottom of the furnace. 
 c. Pig iron obtained from blast furnace contains 4% carbon and other impurities such as S, P, Si, Mn.  
 Cast iron: It is different from pig iron. It is obtained by melting pig iron with scrap iron and coke using hot 

air blast. This is done to lower the carbon content to about 3%. Cast iron is extremely hard and brittle.  
 Wrought iron: 
i. Wrought iron or malleable iron – the purest form of commercial iron – is prepared from cast iron.  

A reverberatory furnace, lined with haematite, is used to oxidize impurities present in cast iron. Haematite 
(Fe2O3) is used as it oxidizes carbon to carbon monoxide as, 

   
                            
                                 
  
ii. Limestone is added as flux for the oxidation of sulphur, silicon and phosphorus that are then passed into the 

slag. 
iii. Removal of slag from the metal is achieved by passing this mixture through rollers. 
 
 
 Uses of aluminium: 
i. for making electrical transmission cables as it is a good conductor of electricity. 
ii. as a reducing agent in thermite welding (powdered form of aluminium is used). 

C     +   1
2
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iii. in anti-rust paints and lacquers in the form of finely divided powder. 
iv. for wrapping food stuffs, chocolates, soaps, etc. in the form of aluminium foils. 
v. to remove dissolved oxygen during the extraction of certain metals. 
vi. in making household utensils. 
vii. in the extraction of chromium and manganese from their oxides. 
viii. in making certain alloys. These alloys are lightweight and are extensively used for various purposes. Some of the 

common alloys of aluminium are duralumin (Al, Cu, Mg, Ni), magnalium (Al, Mg), and alnico (Al, Fe, Ni, Co).  
 Uses of copper:  
i. for making electric wires used in electrical industry and for water and steam pipes. This is because of very 

high electrical conductivity of copper. 
ii. for making utensils, containers, kettles, evaporating pans, coins, etc., owing to its inertness towards reaction 

with water and air, etc. 
iii. in electroplating and electrotyping industry. 
iv. in several alloys which are tougher than the metal itself. The common alloys are brass (with Zn), bronze 

(with tin), gun metal (with tin and zinc), coinage metal (with Ni), etc. 
v. for alloying with gold and silver, to make them hard for the purpose of making ornaments and coins.  
 Uses of zinc:  
i. for galvanising iron. 
ii. in the extraction of gold and silver by cyanide process. 
iii. as a reducing agent in the manufacture of drugs, dye stuffs, paints and other chemicals, etc.  
iv. in dry cells as electrodes. 
v. in the manufacture of many alloys such as brass (Cu 60%, Zn 40%), German silver (Cu 25-30%, Zn 25-30%, 

Ni 40-50%), etc.  
 Uses of iron:  
i. Cast iron, the most important form of iron, is used for casting stoves, railway sleepers, gutter pipes, toys, etc.  
ii. Cast iron is the raw material used in the manufacture of wrought iron and steel. 
iii. Wrought iron is used in making wires, bolts, anchors, chains and agricultural implements. 
iv. Steel is used in multiple ways. Alloy steel (obtained when other metals are added to steel) can be used for 

various purposes.   
v. Nickel steel is used for making cables, automobiles and aeroplane parts, pendulum, measuring tapes. 
vi. Chrome steel is used for cutting tools and crushing machines.  
vii. Stainless steel is used for cycles, automobiles, utensils, pens, etc.    
 
 
 
 
 
 
  
 
 
 
 
   
1. Which of the following statements is 

INCORRECT? 
 (A) Elements such as Au and Pt occur in 

free state. 
 (B) In combined state, metals usually occur 

as oxides and sulphides. 
 (C) Elements such as Fe and Zn occur only 

in free state. 

 (D) Most reactive metals occur in combined 
state. 

 
2. Assertion: All ores are minerals but all 

minerals are not ores. 
 Reason: All minerals do not contain the 

desired metal. 
 (A) Assertion and Reason are true. Reason 

is the correct explanation of Assertion. 
 (B) Assertion and Reason are true. Reason is 

not the correct explanation of Assertion. 
 (C) Assertion is true. Reason is false. 
 (D) Assertion is false. Reason is true. 

 Generally, non-metals occur in the reduced form except hydrogen which occurs in oxidized form. 
 Magnesium readily reacts with air to form stable oxide. Therefore, in electrolytic extraction of

magnesium, the air is replaced by coal gas. 
 The high universal abundance of iron is because of its high nuclear binding energy. 
 Refractive materials are used in the form of bricks in the internal lining of furnaces because these

materials can withstand very high temperatures. 

Quick Facts

 Concept Building Problems

Introduction 6.0
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3. Concentration of an ore is also called _______. 
 (A) benefaction  (B) pulverization 
 (C) refining  (D) roasting 
 
  
4. Assertion: Extraction of different metals from 

their respective ores involves different set of 
procedures. 

 Reason: Naturally occurring ores of metals 
contain gangue. 

 (A) Assertion and Reason are true. Reason 
is the correct explanation of Assertion. 

 (B) Assertion and Reason are true. Reason 
is not the correct explanation of 
Assertion. 

 (C) Assertion is true. Reason is false. 
 (D) Assertion is false. Reason is true.  
5. In froth floatation process, the difference 

between ore and gangue particles is their 
_______. 

 (A) specific gravities   
 (B) magnetic properties 
 (C) wetting properties   
 (D) electrical conductivities  
6. Which of the following enhances non-

wettability of ore particles by water in froth 
floatation process? 

 i. Xanthates  ii. Fatty acids 
 iii. Pine oil  iv. Cresols 
 v. Eucalyptus oil vi. Aniline 
 (A) i, ii, iii, vi  (B) i, ii, iv, vi 
 (C) i, ii, v, vi  (D) i, ii, iii, v  
7. Which one of the following ores is best 

concentrated by froth floatation method?       
[JEE (Main) 2016] 

 (A) Magnetite (B) Siderite 
 (C) Galena (D) Malachite  
8. In Baeyer’s process, the reagent that is used in 

leaching of bauxite ore is _______.   
 (A) carbon  
 (B) sodium hydroxide 
 (C) carbon monoxide 
 (D) sodium cyanide 
      
 
  
9. Which of the following is CORRECT? 
 (A) Gangue  Flux + Slag 
 (B) Flux + Slag  Gangue 
 (C) Gangue + Slag  Flux 
 (D) Flux + Gangue  Slag 

10. Which of the following is CORRECT? 
 (A) Density of molten metal > Density of 

slag 
 (B) Density of molten metal < Density of 

slag 
 (C) Density of molten metal = Density of 

slag 
 (D) Density of molten metal  Density of 

slag 
 
 
11. Which of the following reactions represents 

smelting? 
 (A) CuCO3.Cu(OH)2 

  2CuO + H2O  
+ CO2 

 (B)  2PbS + 3O2    2PbO + 2SO2 
 (C)  ZnO + C Zn + CO  
 (D)  Al2O3.2H2O 

  Al2O3 + 2H2O  
12. In Ellingham diagram, graph for the formation 

of CO2 from CO _______. 
 (A) is a straight line with negative slope 
 (B) is a straight line with positive slope 
 (C) is a straight line almost parallel to 

temperature axis 
 (D) is a straight line with sudden change in 

the slope  
13. Which of the following is an unstable oxide? 
 (A) MgO (B) ZnO 
 (C) Ag2O (D) Al2O3  
14. The Mg  MgO line in Ellingham diagram 

intersects C  CO line at about 2000 K.  
It means _______.  

 (A) C can reduce MgO above 2000 K 
 (B) CO can reduce MgO above 2000 K 
 (C) C can reduce MgO below 2000 K 
 (D) CO can reduce MgO below 2000 K  
15. Which of the following is refined by distillation? 
 (A) Cu   (B) Ag 
 (C) Au   (D) Hg  
16. Which of the following is a requirement for 

purifying a metal by vapour phase refining? 
 (A) The impurities should be volatile. 
 (B) The melting and boiling points of the 

metal should be low. 
 (C) The metal should form a volatile 

compound with a suitable reagent. 
 (D) The impurities should have very high 

melting points.  
17. In van Arkel method for refining of titanium, 

the impure metal is treated with _______. 
 (A) carbon monoxide  
 (B) iodine 
 (C) carbon dioxide  
 (D) silica 

Pulverization and concentration of ore6.2 

Extraction of crude metal  
from concentrated ore 

6.3

General principles of metallurgy 6.1 

Refining of crude metals6.4
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18. Bauxite ore is concentrated by ________. 
 (A) froth flotation   
 (B) electromagnetic separation 
 (C) leaching  
 (D) gravity separation  
19. In the context of the Hall-Heroult process for 

the extraction of Al, which of the following 
statement is FALSE?         [JEE (Main) 2015] 

 (A) CO and CO2 are produced in this 
process. 

 (B) Al2O3 is mixed with CaF2 which lowers 
the melting point of the mixture and 
brings conductivity. 

 (C) Al3+ is reduced at the cathode to form Al. 
 (D) Na3AlF6 serves as the electrolyte. 
 
 
 
20. A copper matte chemically is _______. 
 (A) Cu2S and FeS  
 (B) Cu2S and Cu2O 
 (C) Cu2S and FeO 
 (D) Cu2O and FeO  
21. In the extraction of copper from its sulphide 

ore, the metal is finally obtained by the 
reduction of cuprous oxide with _______. 

[AIPMT RE-TEST 2015] 
 (A) copper (I) sulphide 
 (B) sulphur dioxide  
 (C) iron (II) sulphide  
 (D) copper monoxide    
22. After Bessemerization, when molten copper is 

cooled slowly, blister copper is obtained. This 
is because ________ gas escapes out during 
solidification. 

 (A) SO2 (B) CO 
 (C) CO2 (D) O2  
23. Which of the following is generally recovered from 

the anode mud during electro-refining of copper? 
 (A) Au   (B) Bi 
 (C) Zn   (D) Fe 
 
 
 
24. Zinc spelter is a crude metal which contains 

impurities of _______. 
 (A) cadmium  
 (B) lead 
 (C) iron 
 (D) all of these 

25. In the extraction of zinc, zinc oxide is converted 
to zinc by coke at a temperature of about 1673 
K. This process is carried out in a _______. 

 (A) reverberatory furnace 
 (B) blast furnace 
 (C) modern vertical retort 
 (D) Bessemer converter  
26. Zinc dust is prepared by ________. 
 (A) atomising molten zinc with the blast of air  
 (B) grinding the pure zinc in the grinder 
 (C) pouring molten zinc into cold water 
 (D) mixing zinc with iron and nickel 
 
 
 
27. Which of the following minerals of iron is 

known as fool’s gold?    
 (A)  Fe3O4 (B)  Fe2O3 
 (C)  FeCO3   (D)  FeS2  
28. Arrange the following in increasing 

percentage of carbon content. 
 i. Pig iron   
 ii. Wrought iron 
 iii. Steel 
 (A) ii < i < iii  (B) i < ii < iii 
 (C) iii < ii < i  (D) ii < iii < i  
29. In blast furnace, at temperatures below 800 K, 

Fe2O3 is reduced by ________.      
 (A) C  
 (B) CO 
 (C) CO2  
 (D) Both (A) and (B)  
30. Considering Ellingham diagram, which of the 

following metals can be used to reduce 
alumina?        [NEET (UG) 2018] 

 (A) Fe (B) Zn 
 (C) Mg (D) Cu 
 
 
 
31. The common metal in the alloys duralumin, Gun 

metal, bronze and german silver is _______. 
 (A) copper  (B) zinc 
 (C) aluminium  (D) nickel  
32. Match the alloys to the constituent metals:   

 Alloy  Metals 
i. Duralumin a. Cu, Zn, Ni 
ii. Brass b. Cu, Ni 
iii. German silver c. Al, Cu, Mg, Ni 
iv. Coinage metal d. Cu, Zn  

 (A) i – d, ii – b, iii – a, iv – c 
 (B) i – c, ii – a, iii – d, iv – b 
 (C) i – a, ii – d, iii – b, iv – c 
 (D) i – c, ii – d, iii – a, iv – b 

Occurrence and principle of extraction  
of iron from haematite 

6.8

Occurrence and principle of extraction  
of zinc from zinc blende 
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33. “Metals are usually not found as nitrates in 

their ores”. 
 Out of the following two (a and b) reasons, 

which is/are TRUE for the above observation? 
 (a) Metal nitrates are highly unstable. 
 (b) Metal nitrates are highly soluble in water. 

[AIPMT 2015] 
 (A) (a) and (b) are true 
 (B) (a) and (b) are false 
 (C) (a) is false but (b) is true 
 (D) (a) is true but (b) is false  
34.  The autoreduction reaction is _______.            
 (A)  Fe3O4 + 4CO  3Fe + 4CO2  
 (B) 2FeS +3O2  2FeO + 2SO2 
 (C)  Ni + 4CO  Ni(CO)4 
 (D)   2Cu2O + Cu2S  6Cu + SO2  
35.  In the electrolysis of brine, the cathode 

reaction is ________. 

 (A) (aq) 2(g)
1Cl Cl + e
2

  ; o
redE  = 1.36 V 

 (B) 2H2O(l)  O2(g) + 4H+ + 4e ;  
                          o

redE  = 1.23 V 
 (C) (aq)Na + e  Na(s) ; o

redE  = –2.71 V 

 (D) (aq)H + e  1
2

H2(g) ; o
redE  = 0.00 V 

 
36. The refining method used to obtain highly 

pure silicon is ________.    
 (A) distillation (B) electrolysis 
 (C) crystallization (D) zone refining  
37. Extraction of gold and silver involves leaching 

with CN– ion. Silver is later recovered by: 
[NEET (UG) 2017] 

 (A) distillation 
 (B) zone refining 
 (C) displacement with Zn 
 (D) liquation  
38. Oxides of chromium and manganese can be 

reduced by _______. 
 (A) Cu (B) Al 
 (C) Hg (D) Ag 
  
 
    
1. The major steps in the extraction of pure metal 

from an ore are as follows: 
 i. Refining  
 ii. Ore dressing 
 iii. Pulverization 
 iv. Extraction of crude metal 

 The CORRECT order in which the above 
steps are carried out is _______. 

 (A) i  ii  iv  iii  
 (B) iii  ii  iv  i 
 (C) ii  iii  iv  i 
 (D) iii  iv  ii  i 
 
 
2. Which of the following is CORRECT 

statement for froth floatation process? 
 (A) Cresol is used as collector to enhance    

non-wettability of ore particles by water. 
 (B) NaCN is used to stabilize the froth. 
 (C) Pine oil is used as depressant to 

selectively separate two sulphide ores. 
 (D) The gangue particles are wetted by 

water and settles at the bottom.  
3. Assertion: Leaching is a process to 

concentrate ores. 
 Reason: The ore is treated with suitable 

reagent to dissolve impurities while the ore 
remains insoluble.  

 (A) Assertion and Reason are true. Reason 
is the correct explanation of Assertion. 

 (B) Assertion and Reason are true. Reason is 
not the correct explanation of Assertion. 

 (C) Assertion is true. Reason is false. 
 (D) Assertion is false. Reason is true. 
 
 
   
4. Match the methods involved in the extraction 

given in column (I) with the metals obtained 
given in column (II).  

 Column (I) Method  Column 
(II) Metal 

i. Carbon reduction a. Cu 
ii. Autoreduction b. Au 
iii. Reduction with Al c. Fe 
iv. Complex formation d. Cr 

 
 (A) i – c, ii – a, iii – d, iv – b 
 (B) i – c, ii – d, iii – a, iv – b 
 (C) i – b, ii – a, iii – d, iv – c 
 (D) i – c, ii – b, iii – d, iv – a  
5. Calcination can be employed for the ores 

_______.  
Limonite Siderite Zincite Haematite 

(i) (ii) (iii) (iv)    
Calamine Cryolite Wolframite Cassiterite 

(v) (vi) (vii) (viii)  
 (A) i, iii, iv, vii  (B) i, ii, v 
 (C) ii, iv, vi  (D) v, vi, viii 

Miscellaneous
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6. Which of the following statements is 
INCORRECT? 

 (A) During roasting, impurities such as 
sulphur, arsenic and phosphorus are 
removed as volatile oxides. 

 (B) In calcination, metal carbonates and 
hydrated oxides are converted to metal 
oxides. 

 (C) In Goldschmidt thermite process, 
aluminium is used as an oxidizing agent. 

 (D) In the extraction of Ag or Au by cyanide 
process, Zn is used to displace Ag or Au 
from cyanide complex. 

 
7. The C  CO line of Ellingham diagram 

intersects, Zn  ZnO, Al  Al2O3 and        
Mg  MgO lines around 1100 K, 1900 K and       
2000 K, respectively. It means _______. 

 (A) C can reduce MgO, Al2O3 and ZnO 
below 2000 K 

 (B) C can reduce MgO but not Al2O3 and 
ZnO below 2000 K 

 (C) C can reduce ZnO but not Al2O3 and 
MgO at 1500 K 

 (D) C can reduce MgO and Al2O3 but not 
ZnO at 1800 K 

 
8. The most stable pair among the given metal 

oxides is ______.   
 (A) HgO and Ag2O  
 (B) FeO and Ag2O 
 (C) MgO and Al2O3 
 (D) MgO and HgO 
 
9. In the Ellingham diagram, the lines of 

formations for metal oxides (M1O and M2O) 
from unknown metals M1 and M2 intersect the 
y-axis at –250 kJ/mol and –400 kJ/mol, 
respectively. The CCO line intersects y-axis 
at –280 kJ/mol and M2  M2O line at 400 K. 
It means _______. 

 (A) C can reduce M1O at any temperatures 
but it cannot reduce M2O at any 
temperatures below 400 K. 

 (B) C can reduce both M1O and M2O below 
400 K  

 (C) C can reduce M2O but not M1O below 
400 K 

 (D) M1  M1O and M2  M2O lines have 
negative slopes while C  CO line has 
positive slope. 

 
10. Assertion: Zinc and copper both can reduce 

Ag+ from the complex [Ag(CN)2]–. However, 
zinc is used instead of copper. 

       Reason: Zinc is more powerful reducing agent 
than copper. 

 (A) Assertion and Reason are true. Reason 
is the correct explanation of Assertion. 

 (B) Assertion and Reason are true. Reason is 
not the correct explanation of Assertion. 

 (C) Assertion is true. Reason is false. 
 (D) Assertion is false. Reason is true. 
 
 
11. Match the refining methods to the metals they 

are used for:   
 Method  Metal 

i. Distillation a. Zr 
ii. Zone refining b. Ni 
iii. Mond process c. Zn 
iv. Van Arkel process d. Ge  

 (A) i – d, ii – c, iii – a, iv – b 
 (B) i – c, ii – d, iii – b, iv – a 
 (C) i – b, ii – a, iii – c, iv – d 
 (D) i – c, ii – a, iii – b, iv – d  
12. Which of the following statements is CORRECT 

regarding refining of crude metals? 
 (A) In distillation, metal is converted to the 

volatile compound. 
 (B) In vapour phase refining, impure metal 

is evaporated and pure metal is collected 
elsewhere. 

 (C) In liquation, metal is heated below its 
melting point in inert atmosphere of 
carbon monoxide. 

 (D) In polling, the impure metal is melted 
and stirred with green logs of wood. 

 
 
 
13. Match the minerals to their chemical formulae.   

 Mineral  Formula 
i. Cryolite a. Al2O3 
ii. Feldspar b. K2O.3Al2O3.6SiO2.2H2O 
iii. Corundum c. KAlSi3O8 
iv. Mica d. Na3AlF6  

 (A) i – d, ii – a, iii – c, iv – b 
 (B) i – a, ii – d, iii – c, iv – b 
 (C) i – d, ii – a, iii – b, iv – c 
 (D) i – d, ii – c, iii – a, iv – b  
14. Which of the following species are related 

with Hall’s process of purification of bauxite? 
White bauxite Na2CO3 CO2 Cryolite 

(i) (ii) (iii) (iv)  
Red bauxite NaOH 

(v) (vi)  
 (A) i, ii, iii  (B) iv, v, vi 
 (C) ii, iii, v  (D) i, iii, vi 

Refining of crude metals6.4
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of aluminium from bauxite 

6.5



SAMPLE
 C

ONTENT

202 

  

  

Challenger Chemistry Vol-II (Med. and Engg.) 

202

15. In the extraction of pure aluminium from its 
ore, the following methods are employed: 

 i. Hall and Heroult’s process 
 ii. Baeyer’s process 
 iii. Hoop’s process 
 Arrange the methods in the sequence they are 

carried out to obtain pure aluminium. 
 (A) i  ii  iii  (B) ii  iii  i 
 (C) ii  i  iii  (D) i  iii  ii 
 
 
 
16. Given the metallurgy processes, identify the 

processes used in the extraction of pure copper 
from its ore: copper pyrites.  

 i. Magnetic separation 
 ii. Leaching 
 iii. Froth floatation 
 iv. Roasting 
 v. Calcination 
 vi. Thermite process 
 vii. Smelting 
 viii. Bessemerization 
 ix. Distillation 
 x. Electrolytic refining 
 (A) i, iv, vi, viii, x (B) iii, iv, vii, viii, x 
 (C) i, iv, vi, viii, ix (D) iii, v, viii, ix  
17. Which of the following reactions does NOT 

occur in Bessemer converter? 
 (A) 2FeS + 3O2  2FeO + 2SO2 
 (B) 4FeO + O2  2Fe2O3 
 (C) 2CuS + 3O2  2Cu2O + 2SO2 
 (D) Cu2S + 2Cu2O  6Cu + SO2  
18. Which of the following is INCORRECT for 

the extraction of copper from copper pyrites? 
 (A) Removal of iron as FeSiO3 
 (B) Autoreduction to give blister copper 

with evolution of SO2 gas 
 (C) Concentration of the ore by froth 

floatation process 
 (D) Refining by fractional distillation 
 
 
 
19. Identify the option in which the minerals are 

CORRECTLY matched with their chemical 
formulae. 

 (A) zinc blende  ZnS, zincite  ZnCO3, 
calamine  ZnO 

 (B) zinc blende  ZnS, zincite  Zn2SiO4, 
calamine  ZnCO3 

 (C) zinc blende  ZnS, zincite  ZnO, 
calamine  ZnCO3 

 (D) zinc blende  ZnCO3,  
  zincite  Zn2SiO4, calamine  ZnS 

20. For the following conversion: 
 ZnS  Zn 
 Which of the below listed methods are applicable? 
 i. Roasting 
 ii. Calcination 
 iii. Self-reduction 
 iv. Hydrometallurgy 
 v.  Carbon reduction 
 (A) ii, iv, v (B) i, iii, iv 
 (C) i, v (D) ii, iii  
21. In electrolytic refining of zinc, which of the 

following is CORRECT? 
 (A) Anode  impure zinc,  
  Cathode  pure zinc 
 (B) Anode  pure zinc,  
  Cathode  impure zinc 
 (C) Anode  carbon rod,  
  Cathode  pure zinc 
 (D) Anode  carbon rod,  
  Cathode  impure zinc 
 
 
 
22. Which of the following statements is 

INCORRECT for the extraction of iron using 
a blast furnace? 

 (A) Iron oxides are reduced to iron metal by 
C and CO. 

 (B) Quicklime acts as a flux and combines 
with the impurities such as SiO2, Al2O3 
and phosphate to form slag. 

 (C) The charge introduced in the blast furnace 
consists of roasted ore, coke and silica. 

 (D) The end product obtained from blast furnace 
is a pig iron which contains 4% carbon.  

23. Which of the following reactions does NOT 
take place in blast furnace during the 
extraction of iron? 

 (A) Fe3O4 + CO  3FeO + CO2 
 (B) FeO + SiO2  FeSiO3 
 (C) FeO + C  Fe + CO 
 (D) 2C + O2  2CO  
24. Assertion: In blast furnace, iron oxide is 

reduced by CO in lower temperature range 
(below 1073 K) while it is reduced by C in 
higher temperature range (above 1073 K). 

       Reason: C is more stable than CO above   
1073 K. 

 (A) Assertion and Reason are true. Reason 
is the correct explanation of Assertion. 

 (B) Assertion and Reason are true. Reason 
is not the correct explanation of 
Assertion. 

 (C) Assertion is true. Reason is false. 
 (D) Assertion is false. Reason is true. 

Occurrence and principle of extraction of 
copper from copper pyrites 

6.6

Occurrence and principle of extraction  
of zinc from zinc blende 

6.7 

Occurrence and principle of extraction  
of iron from haematite 

6.8
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25. When nickel is refined by Mond process, it is 

converted to a volatile compound (X). What 
are the hybridization and oxidation state of Ni 
in compound X?   
 Hybridization 

of Ni 
Oxidation state 

of Ni 
(A) sp2 +2 
(B) sp3 +2 
(C) sp3 0 
(D) sp3 +4  

26. Which ores contain at least two metals? 
 (A) Azurite and mica 
 (B) Azurite and willemite 
 (C) Iron pyrites and copper pyrites 
 (D) Copper pyrites and franklinite  
27. Listed below are the properties of a metal: 
 i. Its important ore is an oxide. 
 ii. It is extracted by electrolysis of its fused 

oxide ore. 
 iii. It is used in making lightweight alloys. 
 The metal could be _______. 
 (A) Fe (B) Zn (C) Cu (D) Al  
28. The percentage composition of Fe in siderite 

and the percentage composition of Zn in 
calamine are _______ respectively. (At. Wt of 
Fe = 55.8 u and Zn = 65.4 u) 

 (A) 40%, 58% (B) 48%, 52% 
 (C) 52%, 48% (D) 48%, 44%  
29. Assertion: Aluminium is used as reducing 

agent in Goldschmidt thermite process. 
       Reason: Aluminium is less electropositive 

than Fe, Cr and Mn. 
 (A) Assertion and Reason are true. Reason 

is the correct explanation of Assertion. 
 (B) Assertion and Reason are true. Reason is 

not the correct explanation of Assertion. 
 (C) Assertion is true. Reason is false. 
 (D) Assertion is false. Reason is true.  
30. Which of the following ores contain silicon? 

Zincite Willemite Siderite Mica 
(i) (ii) (iii) (iv)   

Azurite Malachite 
(v) (vi) 

 (A) i, ii (B) ii, iv 
 (C) iii, v (D) i, vi  
31. Identify the INCORRECT statement. 
 (A) The main impurity present in white 

bauxite is silica. 
 (B) In the extraction of copper from copper 

pyrites, the process of smelting is 
carried out in Bessemer converter. 

 (C) Iron is the second most abundant metal 
occurring in the earth’s crust.  

 (D) In the extraction of zinc from zinc blende, 
the concentrated ore is converted to oxide 
by roasting. 

 
   
1. Study the given Ellingham diagram. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
 Which of the following is the CORRECT 

statement? 
 (A) C can reduce FeO below temperature A. 
 (B) CO can reduce FeO above temperature D. 
 (C) Between temperature range A to D, both 

C and CO can reduce FeO. 
 (D) The value of G for the reduction of 

FeO by C at temperature D is zero.  
2. Identify temperature zones in the blast furnace 

for reduction of iron ore. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 (A) A: combustion zone, B: reduction zone, 

C: slag formation zone 
 (B) A: slag formation zone, B: reduction 

zone, C: combustion zone 
 (C) A: reduction zone, B: slag formation 

zone, C: combustion zone 
 (D) A: combustion zone, B: slag formation 

zone, C: reduction zone 
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3. Label the following diagram for the electrolytic 
refining of aluminium by Hoop’s process. 

 
 
 
 
 
 
 
 
   
 (A) P = Aluminium to be purified 
  Q = Electrolyte 
  R = Purified aluminium 
  S = Carbon cathode 
  T = Carbon anode 
 (B) P = Aluminium to be purified 
  Q = Purified aluminium  
  R = Electrolyte 
  S = Carbon cathode 
  T = Carbon anode 
 (C) P = Powdered coke 
  Q = Aluminium to be purified 
  R = Purified aluminium 
  S = Carbon anode 
  T = Carbon cathode 
 (D) P = Purified aluminium  
  Q = Electrolyte 
  R = Aluminium to be purified 
  S = Carbon cathode 
  T = Carbon anode 
 
4. Which of the following diagrams represents 

the CORRECT labeling for electrolytic 
refining of copper?  

 (A)  
 
 
 
 
 
 
 
 
  
 (B)  
 
 
 
 
 
 
 

 
 (C) 
 
 
 
 
 
 
 
 
 (D)  
 
 
 
 
 
 
 
 
 
 
1. Which of the following statements is 

INCORRECT? 
 (A) In roasting of ZnS, the species which 

undergo oxidation are O2
 and S2–.    

 (B) In blast furnace to reduce iron ore, the 
species which undergo oxidation are C 
and C2+. 

 (C) In auto-reduction of copper, the species 
which undergoes oxidation is S2–. 

 (D) In MacArthur Forrest cyanide process, 
the species which undergoes oxidation 
is Zn. 

 
2. From Ellingham diagram shown below,  
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 Calculate G at 1273 K for the reaction,  

Cr2O3 + 2Al  Al2O3 + 2Cr 
 (A) – 287 Kj 
 (B) – 430.5 kJ 
 (C) – 215.3 kJ 
 (D) – 53.8 kJ 

Impure copper 
as cathode- 
positive  
electrode 

Pure  
copper as 
anode- 
negative  
electrode 

Impure copper 
as cathode- 
negative  
electrode 

Pure  
copper as 
anode- 
positive  
electrode 

Pure copper
as cathode- 
negative  
electrode 

Impure  
copper as 
anode- 
positive  
electrode 

Pure copper
as cathode- 
positive  
electrode 

Impure  
copper as
anode- 
negative  
electrode 

 Problems To Ponder 
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3. A metal placed in group 12 and period 4 is 
extracted from its sulphide ore by the steps 
mentioned in the below given flow chart. 
Study the chart and determine whether there is 
any modification required in the process. If 
yes, identify the required change. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 (A) No, the steps given in the process do not 
require modification as it correctly 
follows the steps involved in the 
extraction of the metal. 

 (B) Yes, since it is a sulphide ore it should 
be concentrated by leaching and not 
froth floatation. 

 (C) Yes, since the reduction of ore is carried 
out by smelting, further refining is not 
required.  

 (D) Yes, smelting of the ore should be 
carried out before roasting is done. 

 
4. The number of copper atoms in 1 kg of brass 

(an alloy of copper and zinc with 40% (w/w) 
of zinc) is _______. 

 (A) 5.69  1024 

 (B) 9.49  1025 
 (C) 5.69  1023 

 (D) 9.49  1022 
 

 
 
   
 
 
 
  
1. (C) 2. (C) 3. (A) 4. (B) 5. (C) 6. (D) 7. (C) 8. (B) 9. (D) 10. (A) 
11. (C) 12. (B) 13. (C) 14. (A) 15. (D) 16. (C) 17. (B) 18. (C) 19. (D) 20. (A) 
21. (A) 22. (A) 23. (A) 24. (D) 25. (C) 26. (A)  27. (D) 28. (D)  29. (B) 30. (C) 
31. (A) 32. (D) 33. (C) 34. (D) 35. (D) 36. (D) 37. (C) 38. (B)     
 
 
 
  
1. (B) 2. (D) 3. (C) 4. (A) 5. (B) 6. (C) 7. (C) 8. (C) 9.  (A) 10. (A) 
11. (B) 12. (D) 13. (D) 14. (C) 15. (C) 16. (B) 17. (B) 18. (D) 19. (C) 20. (C) 
21. (A) 22. (C) 23. (B) 24. (C) 25. (C) 26. (D) 27. (D) 28. (B) 29. (C) 30. (B) 
31. (B)                   
 
 
 
  
1. (C) 2. (C) 3. (D) 4. (A) 
 
 
 
 
 
1. (A) 2. (B) 3. (A) 4. (A)  

Metal sulphide 

Froth floatation 

Roasting

Smelting

Electrolytic refining 

Pure metal 
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2. All minerals contain desired metal but the 

minerals from which a metal can be extracted 
economically are known as ores.  

4. Naturally occurring ores of metals contain 
gangue, however, different types of gangue are 
present in different ores. Hence, different set of 
procedures are involved in the extraction of 
different metals depending on the nature of 
metal, gangue present in the ore, environmental 
factors, etc.  

5. Froth floatation process is based on the 
principle of difference in the wetting properties 
of the metallic ore and gangue particles with 
oil and water, respectively.  

6. Xanthates, fatty acids, eucalyptus oil and pine 
oil are added as froth collectors. They enhance 
non-wettability of ore particles by water.  

7. Sulphide ores like galena (PbS) are 
concentrated by froth floatation method.  

8. In Baeyer’s process, leaching of bauxite ore is 
done using aqueous solution of sodium hydroxide.   

13. Ag2O lies in upper part of Ellingham diagram 
and thus, it is unstable oxide and it decomposes 
upon heating (at 600 K).  

14. Reduction of MgO by C occurs when C  CO 
line is below Mg  MgO line. The C  CO 
line is below Mg  MgO line above 2000 K.  

15. Low boiling metals like zinc, mercury, etc. are 
purified by distillation.  

18. Bauxite ore is concentrated by leaching. 
(chemical method of concentration). In this 
method, the powdered ore is treated with a 
suitable reagent which can dissolve the ore but 
not the impurities.  

21. In the extraction of copper, autoreduction 
reaction takes place as follows:  

  2Cu2O    +  Cu2S       6Cu    +  SO2  
22. After bessemerization, as the molten copper 

solidifies, SO2 escapes and leaves blisters on 
the surface. The solid metal thus obtained is 
called as blister copper.  

23. Metals like gold (Au), silver (Ag), antimony (Sb), 
platinum (Pt), etc. may be recovered from the 
anode mud inorder to meet the cost of refining. 

 
30. According to Ellingham diagram, magnesium 

(Mg) has more negative ΔG° value than that of 
aluminium for the formation of their respective 
oxides. Hence, Mg can be used to reduce alumina. 

 
33. Metal nitrates are stable salts and highly 

soluble in water.  
35. Reactions (C) and (D) are both probable 

reactions that may occur at cathode.  
 Since E (C) < E (D), reaction (D) occurs.   
38. Aluminium is strongly electropositive metal 

and can reduce oxides like Cr2O3, Mn3O4, etc. 
which are not easily reduced by carbon or 
carbon monoxide. 

 
  
3. In leaching, the ore is soluble in suitable 

reagent while the impurities are not.  
5. i.  Limonite – 2Fe2O3.3H2O 
 ii.  Siderite – FeCO3 
 iii.  Zincite – ZnO 
 iv.  Haematite – Fe2O3 
 v.  Calamine – ZnCO3 
 vi.  Cryolite – Na3AlF6 
 vii.  Wolframite – FeWO4 
 viii.  Cassiterite – SnO2 
 Calcination is generally employed for 

carbonate and hydrated oxide ores.  
6. In Goldschmidt thermite process, aluminium is 

used as a reducing agent. i.e., 
 Cr2O3 + 2Al  2Cr + Al2O3 + Heat  
7. C  CO line has negative slope. It can reduce 

any metal oxide above the temperatures it 
intersects with metal  metal oxide line.  

8. From Ellingham diagram, the formations of 
MgO and Al2O3 have more negative Gibbs free 
energy changes. Thus, MgO and Al2O3 are 
stable oxides.  

9. From the provided information, Ellingham 
diagram could be drawn as below:     
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Since C  CO line starts below M1  M1O 
line, it can reduce M1O at any temperatures. 
The C  CO line intersects M2  M2O line at 
400 K. Therefore, C can reduce M2O at any 
temperatures above 400 K. 

10. From Ellingham diagram, the relative tendency
of metals to undergo oxidation (or power to act
as reducing agent) is
Mg > Al > Zn > Fe > Cu > Hg > Ag
Thus, Zn is more powerful reducing agent than
Cu.

14. In Hall’s process, the red bauxite ore is fused
with Na2CO3 to give soluble NaAlO2. The
filterate is then treated with CO2 to give
precipitate of Al(OH)3. Al(OH)3 is dried and
ignited at 1473 K to give Al2O3 (alumina).

17. In Bessemerization, copper matte is used
which mainly contains Cu2S and small amount
of FeS. Cu2S is converted to Cu and FeS is
removed as FeSiO3 slag.

18. Copper is refined by polling and electrolytic
method.

20. In the extraction of Zn from zinc sulphide
(ZnS):  

 ZnS roasting  ZnO carbon reduction
Smelting  Zn. 

21. In electrolytic refining, zinc atoms from
impure zinc anode ionize and pass into the
electrolyte solution while an equivalent amount
of Zn2+ from electrolyte gets deposited on the
cathode as Zn.

23. In blast furnace, the slag is calcium silicate,
CaSiO3 which is formed as below: 
CaO + SiO2  CaSiO3

24. Above 1073 K, CO is more stable than C as the 
reaction 2C + O2  2CO has negative G. CO 
cannot reduce iron oxide above 1073 K because
the line for 2CO + O2  2CO is above             
2Fe + O2  2FeO line in Ellingham diagram.

25. In Mond process, Ni is heated with CO to form
volatile compound, nickel tetracarbonyl,
Ni(CO)4. The hybridization and oxidation state
of Ni in Ni(CO)4 are sp3 and zero respectively.

28. Molecular mass of siderite (FeCO3) = 115.8
115.8 g of FeCO3  55.8  1 g of Fe

 Percentage of Fe  = 55.8 1 100
115.8


 = 48%

Molecular mass of calamine (ZnCO3) = 125.4

125.4 g of ZnCO3  65.4  1 g of Zn 

 Percentage of Zn = 65.4 1 100
125.4


  = 52% 

30. Zincite – ZnO
Willemite – Zn2SiO4

Siderite – FeCO3

 Mica – K2O.3Al2O3.6SiO2.2H2O 
Azurite – Cu(OH)2.2CuCO3

Malachite – Cu(OH)2.CuCO3 

1. From Ellingham diagram, C can reduce FeO 
above temperature A and CO can reduce FeO 
below temperature D. Thus, both C and CO can
reduce FeO in the temperature range, A to D.

4. In electrolysis, anode is positive electrode and
cathode is negative electrode. In electrolytic
refining of copper, impure copper is anode 
whereas pure copper is cathode.

1. In roasting of ZnS, S2– is oxidized to S4+ and
O2 is reduced to O2–.
2ZnS + 3O2  2ZnO + 2SO2

   
–2      0 –2      +4

2. At temperature 1273 K,
4
3

Cr + O2   2
3

Cr2O3;  G = – 540 kJ     

…(i) 
4
3

Al + O2  2
3

Al2O3;   G = –827 kJ   

…(ii) 
Subtracting (i) from (ii) 
4
3

Al + 2
3

Cr2O3  2
3

Al2O3 + 4
3

Cr    …(iii) 

G = –827 – (–540) = –287 kJ

Multiplying (iii) by 3
2

Cr2O3 + 2Al  Al2O3 + 2Cr

G = –287  3
2

= –430.5 kJ 

4. Brass contains 60% Cu and 40% Zn.
Mass of Cu in 1 kg of brass = 1000  0.6

= 600 g

Moles of Cu  = 600
63.5

= 9.45 mol

 Number of atoms  = 9.45  6.022  1023

= 5.69  1024 
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