CHEMISTRY FOR NEET METALLURGY

Bl scif Practice Paper (SPP)

1. The rocky and silicious matter associated with an ore is called :
(1) slag (2) mineral (3) matrix or gangue (4) flux

2. The process of removing lighter gangue particles by washing in a current of water is called :
(2) levigation (2) liquation (3) leaching (4) cupellation.

3. Gravity separation method is based upon :

(1) preferential washing of ores and gangue particles.

(2) difference in densities of ore particles and impurities.

(3) difference in chemical properties of ore particles and impurities.
(4) none of these.

4, In the froth floatation process for the purification of minerals the particles float because :
(1) they are light. (2) they are insoluble.
(3) their surface is preferentially wetted by oil.  (4) they bear an electrostatic charge.
5. An ore of tin containing FeCr,0, is concentrated by
(1) magnetic separation (2) froth floatation (3) leaching method (4) gravity separation.
6. Process of heating ore in air to remove sulphur is :
(2) calcination (2) roasting (3) smelting (4) none of these.
7. In roasting :
(1) moisture is removed. (2) non—metals as their volatile oxide are removed.
(3) ore becomes porous. (4) all the above.
8. Roasting is carried out in case of :
(1) galena (2) iron pyrites (3) copper glance (4) all.
9. Slag is a product of :
(1) flux and coke. (2) coke and metal oxide.
(3) flux and impurities. (4) metal and flux.
10. An ore after levigation is found to have basic impurities. Which of the following can be used as flux
during smelting ?
(1) H,SO, (2) CaCO, (3) SiO, (4) Both CaO and SiO, .
11. Among the following statements, the incorrect one is :
(1) calamine and siderite are carbonates (2) argentite and cuprite are oxides

(3) zinc blende and iron pyrites are sulphides  (4) malachite and azurite are ores of copper

12. Electrolytic reduction method is used in the extraction of :
(2) highly electronegative elements. (2) highly electropositive elements.
(3) transition metals. (4) noble metals.
13. Which one of the following metals cannot be extracted by carbon reduction ?
(1) Pb (2) Fe (3) Zn (4) Al
14. Among the following groups of oxides, the group that cannot be reduced by carbon to give the
respective metals.
(1) Cu,0, SnO, (2) Fe,O,, ZnO (3) CuO, K,0 (4) PbO, FeO.
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The process of bringing the metal or its ore into solution by the action of a suitable chemical reagent
followed by extraction of the metal either by electrolysis or by a suitable precipitating agent i.e. more
electropositive metal is called :

(1) electrometallurgy  (2) hydrometallurgy (3) electro-refining (4) zone refining.

Cryolite is :

(1)yNa3AIF6 and is used in the electrolysis of alumina for decreasing electrical conductivity.

(2) Na,AlF, and is used in the electrolysis of alumina for lowering the melting point of alumina.

(3) Na,AlF, and is used in the electrolytic purification of alumina.

(4) Na,AlF, and is used in the electrolysis of alumina for increasing the melting point and electrical
conductivity.

In the extraction of Cu the reaction takes place in Bessemer converter is :
(1) 2Cu,0 + Cu,S — 6Cu + SO, . (2) 2CuFeS, + O, —» Cu,S + FeS + SO, .
(3) 2Cu,S + 30, — 2Cu,0 + 2SO0, . (4) 2FeS + 30, —» 2FeO + 2SO0, .

Which of the following statement is incorrect about the extractive metallurgy of copper ?
(1) Matte chiefly consists of iron sulphide and some ferrous oxide.

(2) The impurity of iron sulphide is removed as fusible slag, FeSiO, during roasting.

(3) The copper pyrite is concentrated by froth floatation process.

(4) Copper is obtained by self reduction in bessemer converter.

Van Arkel method of purification of metals involves converting the metal to :

(1) volatile stable compound. (2) volatile unstable compound.

(3) non-volatile stable compound. (4) none of these.

Copper and tin are refined by :

(2) liquation (2) cupellation (3) bessemerisation (4) poling.

The process of zone refining is used for :

(1) silicon (2) germanium (3) gallium (4) all the above.
Tin and zinc can be refined by :

(1) cupellation (2) liquation (3) poling (4) bessemerisation.
Which one of the following reactions is an example of calcination process ?

(1) 2 Ag + 2HCI + [O] —» 2 AgCl + H,O (2)22Zn+0, - 2Zn0.

(8)2ZnS +30, > 27Zn0O + 2 SO, (4) MgCO, — MgO + CO, .

Match column | with column Il and select the correct answer using the codes given below the lists :
Column | Column |1

l. Cyanide process. (a) Ultra pure Ge

Il. Froth floatation process. (b) Pine ail.

I11. Electrolytic reduction. (c) Extraction of Al.

IV. Zone refining. (d) Extraction of Au.

(1) I=(c), ll—(a), I1-(d), IV-(b) (2) I-(d), l1—(b), lllI—(c), IV-(a)
(3) I—(c), ll—(b), 111-(d), IV-(a) (4) 1-(d), lI-(a), l—(c), IV-(b)

Match the ores listed in column | with the type of ores listed in column Il and select the correct.
alternate.

Column | Column 11
(a) Limonite. (P) Carbonate ore.
(b) Argentite. (a) Halide ore.
(c) Carnallite N Sulphide ore.
(d) Calamine. (s) Oxide ore.
(a) (b) (c) (d) (a) (b) (c) (d)
1) (s) (r) (@ () ) () (s) (@ (1)

Page| 44



CHEMISTRY FOR NEET METALLURGY

3) (P) (@) () (s) @ (n P (@

26. Match the method of concentration of the ore in column | with the ore in column Il and select the
correct alternate.

Column | Column |1
(a) Leaching. (p) Copper pyrite.
(b) Calcination. (q) Siderite.
(c) Froth floatation. N Bauxite.
(d) Magnetic separation. (s) Chromite.
(a) (b) (©) (d) (a) (b) (©) (d)
1) (s) (@) () (r) (2) (r) (@ () (s)
3 () (@) (r) (s) 4) (@) (r) () (s).
27. Match the extraction process listed in column | with metals listed in column Il and choose the correct
option.
Column | Column 11
€) Self reduction. (p) Copper from copper glance
(b) Carbon and carbon monoxide reduction. Q) Silver from argentite.
(© Electrolytic reduction in fused state. (n Aluminium from bauxite.
(d) Complex formation and displacement by metal. (s) Iron from haematite.
(a) (b) (©) (D) (a) (b) (©) (D)
1) () (s) (r) (@) (2) (p) (r) (s) (@)
3) (s) () (r) C)] 4) () (r) (s) (@)
28. The iron obtained from the blast furnace is called :
(1) pig iron (2) cast iron (3) wrought iron (4) steel
29. The extraction of zinc from zinc blende involves :

(1) the electrolytic reduction.

(2) the roasting followed by reduction with carbon.

(3) the calcination followed by reduction with another metal.
(4) the roasting at molten temperature.

30. Carbon cannot be used in the reduction of Al,O, because :
(1) it is non-metal
(2) the heat of formation of CO, is more than that of AL,O,

(3) pure carbon is not easily available
(4) the heat of formation of Al,O,is too high

31. The metal that occurs in the native state as well as in the combined form is :

(1) silver (2) magnesium (3) aluminium (4) manganese
32. Element found in the sediments in the ocean floor is :

(1) iron (2) magnesium (3) gold (4) iodine
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33. In metallurgical processes the flux used for removing acidic impurities is :
(1) silica (2) sodium chloride (3) lime stone (4) sodium carbonate.
34. The following flow diagram represents the extraction of magnesium from sea water.

(p) (@)

Sea water———»> Mg(OH), ———> MgCl, + H,0
crystallisation

0 ©

Magnesium €«——— Anhydrous «——
MgCl,
Which of the following option describes the correct reactants, products and reaction conditions ?

() (@ (r) O] ®
@ Milk of magnesia| HCl(ag.) [MgCl,.2H,0| Heating in limited supply of air Reduction by coke.
. L . Electrolytic reduction
2 Lime water HCl(aq.) MqgCl, Heating in absence of air in molten state.
3) Milk of ime | HCI(ag.) |MgCl,.6H,0 | Heating in presence of dry HCI E'?ﬁtﬁgtfnrgfa“t‘:"o”
) Milk of lime | HCl(ag.) |MgCl,.6H,0 | Heating in presence of dry HCI E'ec"o'ﬁ'lzt?;r?q“eous
35. Leaching of Ag,S is carried out by heating it with a dilute solution of :
(1) NaCN only (2) HCI (3) NaOH (4) NaCN in presence of O,
36. For which ore of the metal, froth floatation method is used for concentration
(1) Horn silver (2) Bauxite (3) Cinnabar (4) Haematite
37. Refractory materials are generally used in furnaces because
(1) They possess great structural strength (2) They can withstand high temperature
(3) They are chemically inert (4) They do not require replacement
38. Main function of roasting is
(1) To remove volatile substances (2) Oxidation
(3) Reduction (4) Slag formation
39. Which of the following processes involves smelting
(1) ZnCO, —-»ZnO+CO, (2) Fe,0,+3C—2Fe+3CO
(3) 2PbS+30, — 2PbO+ 2SO0, (4) ALO,.2H,0 — ALO, +2H,0
40. Which of the following metals cannot be extracted by carbon reduction process
(1) Pb (2) Al (3) Hg (4)Zn
41, Thermite process is used to extract metals

(1) When their oxides can't be reduced by carbon

(2) When their carbonates do not yield oxides by thermal decomposition
(3) When their sulphides can't be converted into oxides by roasting

(4) When their melting points are very high

42. Iron is obtained on a large scale from Fe,O, by
(1) Reduction with Al (2) Reduction with CO (3) Reduction with H,  (4) Reduction with sodium

43. Electrometallurgy is used for
(1) Transition metals (2) Most reactive metals
(3) Noble metals (4) Soft metals
44, Silver obtained from argentiferrous lead containing lead impurity is purified by
(1) Distillation (2) Froth floatation (3) Cupellation (4) Treatment of KCN
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45, Which process of reduction of mineral to the metal is suited for the extraction of copper from its ores
with low copper content?
(1) Metal displacement (2) Auto reduction

(3) Chemical reduction (4) Electrolytic reduction
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Il SPP Answers

1. @) 2 a 3. @ 4 @) 5. 1) 6. @ 7. (4)

8. @ o @ 100 @ 11. (2 12 (2 13. (& 14  (3)
5. (2 16, (@ 17. (1) 18 (1) 19 (2 20. (4 21. (4
22 (2 23 (4 24 (2 25, (1) 26 (2 27. (1) 28 (1)
2. (@ 3. @4 3. (1) 32 (3 33 (3 34 (3 35 @&
3. (3 37. (@ 38 (1) 39 (2 40. (2 4. (1) 42

43. (2 44,  (3) 45, (3

- SPP Solutions

The rocky and silicious impurities associated with an ore is called matrix or gangue.

2. Lighter gangue particles are washed in a current of water by a process called levigation. In levigation
the powdered ore is agitated with water or washed with a upward stream of running water, the lighter
particles of sand, clay etc are washed away leaving behind heavier ore particles.

3. Hydraulic washing or Gravity separation or Levigation method is based on the difference in the
densities of the gangue and ore patrticles.

4, This method is commonly used for the concentration of the low grade sulphide ores like galena, PbS
(ore of Pb) ; copper pyrites CuFeS, (ore of copper) ; zinc blende, ZnS (ore of zinc) etc., and is based on
the fact that gangue and ore particles have different degree of wettability with water and pine oil; the
gangue particles are preferentially wetted by water while the ore particles are wetted by oil.

5. An ore of tin containing FeCr,0, is concentrated by magnetic separation as FeCr,O, is ferromagnetic.

6. Roasting is a process of heating the concentrated ore (generally sulphide ore) strongly in the excess of
air or O, below its melting point. During roasting impurities of As, Sb, P and S escape as their volatile
oxides.

S(s) + O, (9) — SO, (9)

7. Roasting removes easily oxidisable volatile impurities like arsenic (as As,O,) sulphur (as SO,),
phosphorus (as P,0,,) and antimony (as Sb,0.,).
4M (M = As, Sh) + 30, —> 2M,0, T
S+0, — SO, T ;P,+40 ——>P4010T
Organic matter, moisture if present in the ore, also get expelled and the ore becomes porous.

8. Generally the sulphides of Zn, Pb, Fe, Cu etc. are subjected to roasting to convert in to their oxides
prior to reduction by carbon.

9. In many extraction processes, an oxide is added deliberately to combine with other impurities and form
a stable molten phase immiscible with molten metal called a slag. The principle of slag formation is
essentially the following.

Nonmetal oxide (acidic oxide) + Metal oxide (basic oxide) —— Fusible (easily melted) slag.

10. Acidic flux is used. It is an acidic oxide (oxide of a non-metal) like SiO,, P,O,, B,O, (from borax). It is

used to remove the basic impurity like CaO, FeO, MgO etc. The acidic flux combines with the basic
impurity and forms a slag.
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(1) Calamine is ZnCO, and siderite is FeCO,

(2) Argentite is Ag,S while cuprite is Cu,O

(3) Zinc blende is ZnS and iron pyrites is FeS,

(4) Malachite is CuCO, Cu(OH), and azurite is 2CuCO, Cu(OH),

Electrolytic reduction method is used in the extraction of highly electropositive elements as they
themselves are stronger reducing agents. They lie above hydrogen in electrochemical series.

Electrolytic reduction method is used in the extraction of highly electropositive elements as they
themselves are stronger reducing agents. They lie above hydrogen in electrochemical series. The heat
of formation of ALO, is very high and therefore, at higher temperature there will be the possibility of

formation of Al,C, with carbon.

(1) Cu,0 +C —2 2Cu + CO ; SnO, + 2C (anthracite) —12%°C_, sn + 2CO.

(2) 2Fe, 0, + 3C — 4Fe (spongy iron) + 3CO, ; ZnO + C _1200°C_, 7n + CoO.

(3) Oxides of highly reactive metals (like K,0) are not reduced by carbon. K lie above hydrogen in

electrochemical series and so it acts as strong reducing agent. K is obtained by electrolytic reduction of
their fused salts.
4)FeO+C—>Fe+CO;PbO+C—> Pb+CO

A hydrometallurgical process for the extraction of metals from ores, concentrates, or secondary
materials essentially contains three basic steps—dissolution of the valuable metal in the aqueous
solution (leaching) purification of leach solution and subsequent recovery of metal from the purified
solutions either by electrolysis or by adding some electropositive metal to it.

Cryolite is Na,AlF, and is used in the electrolysis of alumina. It reduces the melting point of alumina and
increase the electrical conductivity of electrolyte.

Waste gases

T T \ /acidic(SiOQ)

lining

00000

Bessemer convertor
Reactions involved :
2FeS + 30, — 2FeO + 2SO0, ; FeO + SiO, — FeSIO,

2Cu,S + 30, —> 2Cu,0 + 280, ; 2Cu,0 + Cu,S —— 6Cu + SO, (self reduction)

In actual process the ore is heated in a reverberatory furnace after mixing with silica. In the furnace,
iron oxide ‘slags off’ as iron silicate and copper is produced in the form of copper matte which contains
mostly Cu,S and some FeS.

Ti (impure) + 21, (g) —2=22%C , Til, (g) ——2%C_, Ti (pure) + 2I, (g)
Tungsten filament
This process is used for the purification of copper and tin to remove the impurities of their oxides.

Green wood — Hydrocarbons — CH, ; 4CuO + CH, — 4Cu (pure metal) + CO, + 2H,0
Green wood — Hydrocarbon — CH, ; 2Sn0O, + CH, — 2Sn + CO, + 2H,0
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This process is used when metals are required in very high purity, for specific application. For example
pure Si and Ge are used in semiconductors and hence are purified by this method. Zone refining
method is based on the principle that an impure molten metal on gradual cooling will deposit crystals of
the pure metal, while the impurities will be left in the remaining part of the molten metal.

This process is used for the purification of the metal, which itself is readily fusible, but the impurities

present in it are not, i.e., the impurities are infusible. This process is used for the purification of Sn and
Zn, and for removing Pb from Zn-Ag alloy, which is obtained at the end of Parke’s process and contains
Pb as impurity.

Conversion of a carbonate into oxide is an example of calcination

MgCO, A —~— MgO+CO,T.
(1) 4Au / Ag (s) + BCN~(aq) + 2H,0(aq) + O,(g) — 4[Au/ Ag (CN),](aq) + 40H-(aq)

2[Au/ Ag (CN),J-(aq) + Zn(s) — 2Au/ Ag (s) + [Zn(CN),]* (aq)

(I This method is based on the fact that gangue and ore particles have different degree of wettability
with water and pine oil; the gangue particles are preferentially wetted by water while the ore particles
are wetted by oil.
(1) Electrolytic reduction (Hall-Heroult process) :
The purified Al,O, is mixed with Na,AlF, (cryolite) or CaF, (fluorspar) ) which lowers the melting point of
the mixture and increases conductivity. The fused matrix is electrolysed. The electrolytic reactions are :

Cathode : AR+ (melt) + 3e-—— Al(l)

Anode : C(s) + O* (melt) — CO(g) + 2e-

C(s) + 20% (melt) — CO, (g) + 4e-

(IV) This process is used when metals are required in very high purity, for specific application. For
example pure Si and Ge are used in semiconductors and hence are purified by this method. Zone
refining method is based on the principle that an impure molten metal on gradual cooling will deposit
crystals of the pure metal, while the impurities will be left in the remaining part of the molten metal.

€) Limonite is Fe,0,.3H,0. (b) Argentite is Ag,S.
(c) Carnallite is KCI.MgCL,.6H,0. (d) Calamine is ZnCO, .

(a) Bauxite is leached with NaOH (concentrated) to form soluble Na[Al(OH),] complex and insoluble
impurities are filtered off.

(b) Carbonate and hydroxide ores are heated in absence of air below their melting point to convert in to
their oxides in reverberatory furnace. This is called calcination. So siderite, FeCO, is subjected to
calcination.

(c) This method is commonly used for the concentration of the low grade sulphide ores like galena, PbS
(ore of Pb) ; copper pyrites CuFeS, (ore of copper) ; zinc blende, ZnS (ore of zinc) etc., and is based on
the fact that gangue and ore particles have dlifferent degree of wettability with water and pine oil; the
gangue particles are preferentially wetted by water while the ore particles are wetted by oil.

(d) Chromite ore (FeO.Cr,0O,) having magnetic properties is separated from non—-magnetic silicious
impurities by magnetic separator.

(a) Self-reduction method

This method is also called auto-reduction method or air reduction method. If the sulphide ore of some of
the less electropositive metals like Hg, Cu, Pb etc. are heated in air, a part of these is changed into
oxide or sulphate that then reacts with the remaining part of the sulphide ore to give its metal and SO,

Cu,S + 30, —»3Cu,0 +2 SO,
2Cu,0 + Cu,S —> 6Cu + SO,
(b) Reduction with carbon / carbon monoxide :
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2Fe, 0O, + 3C — 4Fe (spongy iron) + 3CO,
Fe,O, + 3CO— 2Fe + 3CO,
Fe,O, + 4CO— 3Fe + CO,

(c) Electrolytic reduction (Hall-Heroult process) :
The purified AL,O, is mixed with Na,AlF, (cryolite) or CaF, (fluorspar) ) which lowers the melting

point of the mixture and increases conductivity. The fused matrix is electrolysed.

The electolysis of the molten mass is carried out in an electrolytic cell using carbon electrodes.
The oxygen liberated at anode reacts with the carbon of anode producing CO and CO,,

Cathode : AR+ (melt) + 3e- —>Al(l)
Anode : C(s) + O* (melt) —CO(g) + 2e-
C(s) + 20 (melt) —>CO, (9) + 4e-
(d) Complex formation and displacement by metal :

Extraction of Ag and Au. Metals like Au and Ag can be precipitated for their salt solution by
electropositive metals for example, Zn.

Metallic Ag is dissolved from its ore in dilute NaCN solution, and the solute so obtained is
treated with scrap Zn when Ag is precipitated. Air is blown into the solution oxidize Na,S. Leaching the

metals like silver, gold with CN- is an oxidation reaction (Ag — Ag* or Au — Au*)
Ag,S (s) + 4CN- (aq) — 2 [Ag(CN),]- (aqg) + S* (aq)
2Ag(CN),” (aq) + Zn (s) — [Zn (Cn),J* (aq) + 2Ag (s)
Here Zn acts as reducing agent.

Molten iron from blast furnace is taken in to sand pigs for solidification. Therefore iron obtained from
blast furnace is called pig iron.

2ZnS + 30, —1M9_,57n0 + 250,

Zno + Cc —1%°C . 714 co.

Therefore, (B) option is correct.
In Ellingham diagram, the AG° of AL O, lies below that of CO,. If reduction is carried out at very high
temperature, the Al produced will react with carbon forming Al,C..

Silver occurs as free metal associated with rock / sand and as minerals (Ag,S, AgCl, etc.,) on earth
crust. Hence it is found as native ore as well as in the combined form.

Gold is found in the sediments found at floor of the ocean.

Basic flux is used. It is a basic oxide (i.e., oxide of a metal) like CaO (obtained from lime stone,CaCO,),
MgO (from magnesite, MgCO,), haematite (Fe,O,) etc. It is used to remove the acidic impurity like SiO,,
P,O, etc. The basic flux combines with the acidic impurity and forms a slag.

MgCl, + Ca(OH),(p) — Mg(OH), ¥ + HCI(q) — MgCl, + H,0 —=¥stalisation_, \igcy 6H,0 (1)
Heating in presence of dry

HCI to avoid its hydrolysis
by water of crystallisation to MgO.(s)

Mg < MgCl,
Electrolytic reduction in molten
state. In aqueous solution
Mg obtained will react with
water to form Mg(OH),. (t)

Air
Ag,S (conc. ore) + 2NaCN ——— 2AgCN + Na,S.
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Ag,S and AgCN are in equilibrium so Na,S is oxidised by air in to Na,SO, . Hence equilibrium shifts

towards right side.
4Na,S + 50, + 2H,0 —— 2Na,SO, + 4NaOH + 2S

AgCN + NaCN —— Na[Ag(CN),] (soluble complex)
2Na[Ag(CN),] + Zn (dust) —— 2Ag+ + Na,[Zn(CN),].
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