Metallurgy ﬂ—

Bl Exercise-1 |

% Marked questions are recommended for Revision.

= fifed o Sevm A e 2

PART -1 : SUBJECTIVE QUESTIONS

T - | : fAYITP U9 (SUBJECTIVE QUESTIONS)

Section (A) : ORES & Method of concentration
Gug (A) : P AR 9B A= o1 fafet

A-1.

Ans.
37N,

A-2.

Ans.

JTiX.
A-3.

Ans.

A-4.

Ans.

A-5.

Ans.
3TN,

A-6.

Ans.

Name three ores which are concentrated by froth-floatation process.

W RGP BT W A3y b1 Ao T wiad fafYy gRy e g |

This method is commonly used for the concentration of low grade sulphide ores like. ZnS, Cu:S, PbS.
I fafYy 771 TR & FowIss B SI¥ ZnS, CuzS, PbS & AMEY & foly AWM WU A WYad Bl 2 |

What is meant by a depressant ?

TS | AT FAT A & ?

Substances which are used to prevent certain type of particles, from forming the froth with the bubbles
by complexation.

g ugref Sl faRIY YBR & S B gAgal @ T M B wd H 99 A ADd © |
Which concentration method is used for separating tungsten ore particles from cassiterite ore (SnOz) ?
HRACST D (SNO2) W TREA D & doll DI fhd Arsv1 Ay gR1 gores e o g

By magnetic separation as wolframite (FeWO4 + MNWO4) has magnetic property.
DI JAFHRY §RT Rifds areparge (FEWOs + MNWO4) FHEHII 0T I & |

Which metals are obtained by self reduction of their ores ?
P egell BT ST P W W ITAIA §RI UK fHhar S g ?
Copper, Lead, Mercury etc.

PR, oS, B T |

How carnallite ore is made anhydrous ?
PSS D DI FAoield f6d JHR I9R=1 1l § 2
By heating in a current of dry hydrogen chloride gas.

Yh HCI I &1 gRT § T PR |

What is the role of a stabiliser in froth-floatation process ?
I iad fafd § miieRs &1 S &1 8l § 2

Stabiliser like cresol and aniline tend to stabilise the froth (i.e. the froth last for longer period).

SAS

RMAeRS o fhda iR UHEE 31T & @Rl 910 8 (@1d: ST $Idl o 9Hd d& 91 84T ©)

Section (B) : Thermodynamic Principles of metallurgy

@us (B) : gTgHH &1 SETad Rigra

B-1.

Ans.

Out of C and CO, which is a better reducing agent for ZnO ?
C AT COH ¥ ZnO & foIg I 312! Juarad AfAHHS & ?

All three oxidation curves for the carbon system lie above that for oxidation of zinc, until a temperature
of approximately 1000°C is reached. At this point, C is thermodynamically capable of reducing ZnO to
Zn. Since this temperature is greater than the boiling point of Zn (907°C), it will be formed as a vapour.
The overall equation for reduction is, ZnO(s) + C(s) — Zn(g) + CO(Q).

FEa 73 & fag aft A st a RNie & sifefiawer @& W Rerd 81 8| 99 a% arade o
1000°C T% Uga oIl 8 | 39 fdg R C SHMNSI w0 ¥ ZnO &1 Zn H afia &=+ & fog w@ed g
21 gf% I8 A™ Zn & F@AAIS (907°C) ¥ I1fF g 31 I8 a9 & w9 H A 8| e & foyg
Frgul FHIBROT ZnO(s) + C(s) — Zn(g) + CO(g) & |
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Metallurgy ﬂ—

B-2.  Why the HgO decomposes into its constituent elements on heating ?
T HRA TR HgO U+ maady deal § i faufed & omar g ?

Ans.  When the temperature is raised a point will be reached where the graph crossed the AG = 0 line. Below
this temperature the free energy of formation of oxide is negative, so the oxide is stable. Above this
temperature the free energy of formation of the oxide is positive, and the oxide becomes unstable and
should decompose into metal and oxygen. This explains why HgO, for instance, decomposes
spontaneously into its elements when heated. .

I, OF A9 931 & 79 T IS4 fIg W Ugd SR S8l AG = 01 | UR B S | 39 19 A A 3ifaargs
& i & qad Soff RomoAd B 3Afo Sifqarss Wl BT 81 39 A9 A SR Jfeass & i @)
& Holl GHD Bl & qA1 TS I Bral & q e1g 9 Sifedior A faufed 81 onar 8 1 39 yeR

e BT 8 f T B R HgO waa: & 31w qadl #§ faufed wit &1 S 2 |

B-3.w CuO is less reduced by carbon but more reduced by Hz. Explain in terms of thermodynamics, given:
AG®; for CuO = -129.7 kJ mol-1, CO = -137.2 kJ mole1, H.O = -237.2 kJ mol*
CuO BT §RT HH AAT Hp §RT SATQT SMUARIA BIT ® | SHSANIRIG! & Ugl § FHASIEY ?

fear mm ® 1 Cuo & faw AGY; = —129.7 kJ mol-L, CO = —137.2 kJ mole~?, H20 = —237.2 kJ mol-

Ans. CuO +Hz—> Cu + Hz0 CuO+C—>Cu+CO
AG® = — 237.2 — (- 129.7) AG® = - 137.2 — (- 129.7)
AG® = — 107.9 kJ AG% = —7.5kJ

So, reduction of CuO is quite feasible with H2 than C.

(TN, CuO &1 JUFIA C Bl Joa=l 9 Ha & 12l Sifereiieren | 8Ia 2 |

Section (C) : Metallurgy of some useful metals

@v@ (C) O Tedvl TS BT HIGHH
Cinnabar (HgS) and galena (PbS) on roasting often give their respective metals but zinc blende (ZnS)
does not. explain.
fAFER (HgS) 3R o1 (PbS) &1 ¥ $R1M R §9%1 |afdd €Ty UT il & offdd o &ie (ZnS) |
HIfOT grg U<l Fei Bl © | qHesy |

Ans. Oxide of Pb and Hg are unstable while that of zinc is stable towards heat, therefore, oxides of mercury
and lead are reduced by their respective sulphides to the corresponding metals but zinc oxide does not.

SWR.  d™ & Ufd Pb 3R Hg & 3ifaarssd SRAM 81 & W9 fh Zn &1 Uil 8l 2 | s9fely 7o iR ol &
JfATSS HHT: AU FHIgS d GRI AUYARIT B} AT &g I © olfbe oI B Afadrgs VAT 8l
FRAT B |

C-2.». Magnesium oxide is often used as the lining in steel making furnace, Explain.
AR, F1 AR JifavTse &1 Wid 91 dTell Hel § oRaR & w4 # Yo fhan ran g 2
Ans. MO acts as a basic flux and removes certain acidic impurities present in steel in the form of slag.
IW.  MgO &R MAS & A BRI PRI 8, 9T LI § IURAT AT fYfgAT P aTgdd & wU H Yo
PRAT B |
MgO + SiO2——> MgSiOs ; 3MgO + P20s —— Mgz(POa):2

C-3.& In the extraction of tin from tin stone addition of excess lime stone should be avoided. Why ?
e W ¥ &A1 & gumaxvl H o159 RIF Bl ead § T8l foran Sl &, & ?
Ans. It will combine with tin to form calcium stannate.

JUR. I fe9 & |y fhan oY dfevd wee 94rdar 2 |

C-4.  Inthe extraction of lead from galena lime stone is added, why ?
T | oS & YAHHIY 4§ o1gA T i e o g 2
Ans. CaO + SiO2 — CaSiOs(slag) ; PbO + SiO2 —— PbSiOs
CaO converts the PbSiOs to PbO, PbSiOs + CaO —— PbO + CaSiOs, and also prevents the formation
of PbSOa.
SR, Cao + Si02 —— CaSiOs (g1gHe); PbO + SiO2 —— PbSiOs
CaO, PbSiOs &1 PbO # 4Rafdd &= a1 & PbSiOs + CaO — PbO + CaSiOs 3R PbSO. & a1 &I

A el B |
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Metallurgy ﬂ—

C-5.

Ans.

C-6.

Ans.

C-7.x

Ans.
SRIN.

Why excess of carbon is added in the zinc metallurgy ?
7% eTgeH H BT B e R Admn S & ?
It reduces ZnO to Zn and also reduces CO2 to CO which is used as a fuel.

g8 ZnO P! Zn ¥ JUART PR <l & AR CO2 B CO ¥ AR &_al & O 89 & w4 H ugaa fban
NIGIEE

In the extractive metallurgy of iron from haematite ore, lime stone is added during smelting. Explain
why.

THSATSY R BHCISC D A AT B GIJHH H U & AR, AgH W DI e S g |
Remove the infusible impurities of silica as slag

CaCO3z —— CaO + CO2 ; CaO + SiO2 — CaSiOs (slag)

formed CO: reacts with carbon and form CO which works as reducing agent

CO2+C—— 2CO

faferat @1 srTera SrYfEal @1 agaa & w9 | gUd IR B forg

CaCOs —— CaO + CO2 ; CaO + SiO2 — CaSiOs (4TgH)

T GAT CO2 BIe & A1 AMfHAT PR CO AT 8 Sl ATARID BT HTH BT © |

CO2+C—— 2CO

State the role of silica in the metallurgy of copper.
HIR F argHd | faforar a1 yfe @ g ?
Silica removes iron oxide impurity remaining in the matte by forming silicate, FeSiOs.

faferet e 4§ 29 99 RIRA sifadIss &1 3rgfq @1 fafcrde FeSiOs® U H YId &_al 2 |

Section (D) : Electrochemical principles of metallurgy

@vg (D) : UIg®HH B Jgd g g

D-1.=

Ans.

D-2.»a

Ans.

Why air is continuously passed through the suspension of the concentrated ore of silver, the argentite
during leaching with the aqueous solution of sodium cyanide ?

iR & ifsd e & e 4 AIfsyd ARFgs & Seid [Jedd gR1 fered & SR a9y &l
AR R yared fhar S g ?

NazS is oxidised to Na2SOs4 in the presence of air and thus equilibrium is shifted in the forward direction
according to the following reactions.

Ag2S + 2NaCN é 2AgCN + NazS ; 4NazS + 502 + 2H20 —— 2Naz2S04 + 4NaOH + 2si

Ag2S +4 NaCN —— 2Na [Ag(CN)z] + NazS

arg @ IURART H NazS, Na:S04 # eifarfigd & irar 21 o: =1 aififsan & rgar 9= smifden §
RRIFTIRT & STl # |

arg
AgzS + 2NaCN ——— 2AgCN + NazS ; 4NazS + 502 + 2H20 — 2Na>S04 + 4NaOH + 2S{
Ag2S +4 NaCN FA 2Na [Ag(CN)z] + Naz=S

Alkali metals and alkaline earth metals can only be extracted by electrolytic reduction of their fused
salts, why ?

&R ggell R AR a1 I1geil BT JARHROT S Tord davli & fgd TuHe u=dE gRI & fHan
ST ® i P

As they have low ionisation energies and are more electropositive elements, they themselves act as
strong reducing agent.

ShiA#

D-3.

AnNs.

gIb1 T fawa for g1 @ iR 3 S=a faga e9ioie d@ B0 € RT9e tholkawy I8 Wi yad
AUTID IAABHD B Hifd Bl B b B |

What is the role of cryolite in the metallurgy of aluminium?
vgffd & aiged § wrrege H e ®n g ?
To lower the melting point and increase conductivity of the mixture.

TS DI HH B a1 fAs101 $I AAHd BT g™ | U a1 S B |
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Metallurgy ﬂ—
Section (E) : Purification or Refining of Impure Metals

Qug (E) : AYE o1y BT YhEgdvor A1 uRepeor
E-1. Name the physical processes which are used for the purification of impure metals ?
IYE U1 & Yedw & ol ST 7 ford M a1l Wifaes ushdl & W foran |

Ans. (A) liquation process, (B) fractional distillation process, (C) zone refining method and (D)
chromatographic methods.

Ans.  (A) SAHIV UsHHA (B) YHTSN 3MA UshH, (C) AYSH URWHIUT qefl (D) HIFCHT®I UshA

E-2.  Which impure metals are purified by Poling process ?
DITA 3TYE &1 BT YrEHRo T UsHH FRT Bl & 7

Ans.  This method is used for the purification of those impure metals which contain their own oxides as one of
the impurities. This process is used for the purification of copper and tin.

Ans.  TIfe UHH BT SUANT I 31Yg o1gal & Yegdror H Bl & R S0 @ & Jifargs e ayfs &
wY 7 B & 9 UHA B IUII Cu T1 Sn () 1g & glgd=or # & = |

E-3.w Give the name of the metals which are purified using vapour phase thermal decomposition method.
I g1 b1 M o a1 Yhgdvor are sawen $HY faeaed fafy gw1 8k 2 ?
Ans. Ni, Zr, Ti etc.

PART -1l : ONLY ONE OPTION CORRECT TYPE
AT - || : DIl TP Hel fddey TPR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : ORES & Method of Concentration
Gug (A) : AP AR s G B AR
A-1. Calamine is an ore of :
PIETST FTAD @ :
(A¥) Zn (B) Mg (C) Ca (D) Pb
Sol. Calamine is ZnCOsa.
ZnCO3.dAM™IZH B

A-2.  Which of the following is not the ore of aluminium ?

(A) Bauxite (B) Corundum (C*) Langbeinite (D) Kaolinite

1 7 Q4 P VAT B R T8 R

(A) dfeaTST (B) ®IR=eH (C*) J=TTST (D) daferTse
Sol.  (A) AIOx(OH)s-2x [Where 0 < x < 1] (B) Al203

(C) KaMg2(S0a4)s3 (D) [Al2(OH)4Si20s]

Therefore, (C) option is correct.
Bal. (A) AIOx(OH)s-2x [ST8T 0 < X < 1] (B) Al2O3

(C) KaMg2(S0a4)3 (D) [Al2(OH)4Si20s]

Al SR (C) |l & |

A-3.  Which of the following is not an ore ?

(A) Malachite (B) Calamine (C*) Salt cake (D) Cerussite

=1 & 9 e e @ 2

(A) HATHTST (B) HaATTZA (C*) <Iavl &b (D) ¥wuTST
Sol. Metal cannot be economically and conveniently extracted from salt cake (Na2SOs).

AU &b (NazSO4) ¥ €T NMH ®Y | qAT 1AM Fepyvr 721 fvan 51 daheh1 |

A-4.a. Which of the following set of metals mostly found as sulphide ores :

71 9§ 9§ DI a1l &1 AT UHIR AehlSS 3G & WU H Uil Il & |

(A) Zn, Cu, Mg (B*) Zn, Cu, Pb (C) Fe, Al Ti (D) Cu, Ag, Au
Sol. Zinc blende (ZnS) ; copper glance (CuzS) ; Galena (PbS).

Therefore, (B) option is correct.

Rip =is (ZnS), BIIR 7= (Cu2S), Tot=T (PhS) s¥fery fadwed (B) W& B 1
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Metallurgy ﬂ—

A-5.

Sol.

A-6.

Sol.

A-7. 3

Sol.

A-8.

Sol.

A-9.m

Sol.

Bal.

The formula of carnallite is :

FTIASE B I B

(A) LiAI(Si20s):2 (B*) KCI.MgCl2.6H20  (C) K20.Al203.6Si02 (D) KCI.MgCl2.2H20
Carnallite is the important ore of aluminium and it has chemical composition KCl.MgCl2.6H20.

Fricrse VIRAFTH &1 T80l 3RS § a1 §A®] ARG Fued KCL.MgCl.6H20 ® |

Magnetic separation process may be used for the concentration of :

(A) chalcopyrite (B) bauxite (C*) haematite (D) calamine
O g (Y § s & fog gged e ®
(A) FTCTPTUTERIES (B) dfeaTge (C) geTEe (D) HetrrE

It is used to separate haematite ore as it is attracted by electromagnet.

SAP] SUAN BHCISC IRTH B JATHRU H BT © | I8 dgd gdb gINT MDA s8Il 2 |

Which mineral has been named incorrectly ?

(A) Bauxite : Al>03.2H20 (B) Corundum : Al>O3

(C) Cryolite : 3NaF .AlFs (D*) Feldspar BesAl2SisO1s
DI @S & A9 FEl T8l 5 ?

NEIESIE- Al203.2H20 (B) ®IR=eH : Al203

(C) pTATATSE 3NaF .AlFs (D*) BeR : BesAlzSisO1s

(D) Feldspar is K20.Al203.6SiOz2. beryl is Be3Al2SisO1s .
(D) DR K20.Al203.6Si02 B | 31T BesAlLSisO1s & |

Black tin is

(A) an alloy of Sn (B) an allotrope of Sn
(C*) 60-70 percent SnO2 (D) 100 percent SnO2
Fer fed 8 ?

(A) Sn @ fHsETg (B) Sn &1 JURHY
(C*) SNnO2®1 60-70% (D) SNnO2®T 100%

The purified ore, cassiterite containing 60-70% SnO: is called as black tin.

60-70% SN0 J&I Y& 3D HRISISE HIcAl fe-T FHearan 2 |

NaCN is sometimes added in the froth flotation process as a depressant when ZnS and PbS minerals
are expected because :

(A) Pb(CN):2 is precipitated while no effect on ZnS.

(B*) ZnS forms soluble complex Naz[Zn(CN)4] while PbS forms froth

(C) PbS forms soluble complex Naz[Pb(CN)4] while ZnS forms froth.

(D) NaCN is never added in froth floatation process.

ST wa faf § NaCN &1 &H—HHl aTHadHRI & ®U H STall 9idl & oid ZnS @1 PbS <dvl 41y S
2 if—

(A) Pb(CN) raeifid & Sl & o9 f& ZnS R &I$ Y@@ &l 2idl & |

(B*) ZnS fdera gl Naz[Zn(CN)4] I91T 2 Sdfds PbS ST ST & |

(C) PbS faerg e Naz[Pb(CN)4] 91101 & STafdb ZnS ST ST 2 |

(D) 91T g+ fagh § NaCN &1 =81 e Sian 2 |

ZnS + 4NaCN — Naz[Zn(CN)a] + Naz2S

PbS + NaCN — No such complex formation.

ZnS + 4NaCN — Naz[Zn(CN)a] + Naz2S

PbS + NaCN — ®I§ Hqd a8l a7 |

A-10.= Which one of the following reactions represents a calcination reaction?

Sol.

o o 9 o= afafhan faros & fafhar & weffa axdt 8 °?

(A) HgS + O2 —» Hg + SOz (B) AgNOs + NaCl — AgCl + NaNOs
(C*) CuCO3.Cu(OH)2 — CuO + CO2 + H20 (D) Al203 + NaOH — NaAlOz + H20
(C) Carbonate ores are calcined in absence of air to obtain the metal oxides.

(C) BrEfT RS HI arg @ JFuRAfT # urg ifeaTge UM o & ford fanfoa fosan mam 2 |
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Metallurgy ﬂ—
Section (B) : Thermodynamic Principles of Metallurgy

@Us (B) : UIgHH BT SHENRID! g
B-1.  Selection of temperature to carry out a reduction process depends so as to make :
(A*) AG negative (B) AG positive (C) AH negative (D) AH positive
TS 9agd fohan & forg ame &1 = difvg i R a8 fvan iR &=t 2
(A*) AG UTHSD (B) AG g-TcH® (C) AH R UITHSB (D) AH g-TcH®
Sol. For a reduction process the change in the free energy, AG must be negative and to make AG negative

temperature should be high enough so that TAS > AH.
8. TP UUIT WA & U g Holl uRacdd AG FUAD BIF1 @8y T AG B FOMAD a1 & foIg

T Tai ST 8191 @1y S99 TAS > AH.

B-2.w Ellingham diagram represents :

(A*) change of AG with temperature. (B) change of AH with temperature.
(C) change of AG with pressure. (D) change of (AG — TAS) with temperature.
QT TN STl @ :
(A¥) A9 & HIA AG BT gRacdH (B) A & WA AH FT uRadH
(C)TE & U AG &1 gRacH (D) ATA & A (AG — TAS) BT uRad+
Sol.  The free energy change that occurs when 1 mol of common reactant (in this case Oz) is used may be

plotted graphically against temperature for a number of reactions. This is called an Ellingham diagram.

T, I SHoll URIT 81 & o9 SHAMS fhamaRs® (02 @1 RIfd #) & & dra &1 A= sfafeaneli @ forg
Y & faeg % T B Y Ugad wRd 2 | I8 Ul IRE HEdTT R |

B-3.= Which of the following represents the thermite reaction?

=1 # 9 ol rfafsear &1 fras wefRig fear Sar & 2

(A*) 3Mn304 + 8Al — 9Mn + 4Al,03 (B) MgCOs + SiO2 —» M@SiOs + COz2
(C) CuzS + 2Cu20 — 6Cu + SO2 (D) Fez03 + 3CO — 2Fe + 3COz2

Sol. Reduction of oxides of Mn, Cr etc., by electropositive aluminium metal is called as alumino thermite
process.

IW.  Mn, Cranfe & Jifqarss] &1 dgd gcAd VAR a1 SRT I9aa Ui aii Ushd ded 2 |

Section (C) : Metallurgy of some useful metals

@vs(C) $P A5ayYl TSl DI HRIHH

Self-reduction of Cu2S to Cu can be carried out in.

(A*) bessemer convertor (B) blast furnace
(C) both (A) and (B) (D) none of these
CuzS & CuH e e, & ford ygad 2ran 2 |
(A*) IR GRIdD GERIKEE (C) (A) @erm (B) Q19 &1 (D) SWRIGd # | ®Ig T8l
Sol. Matte is obtained in blast furnace and that contains mostly CuzS and FeS. It is transferred to bessemer
converter where self reduction takes place according to the following reactions.
2Cuz2S + 302 - 2Cu20 + 2S0: ; 2Cu20 + CuzS — 6Cu + SO2.

8.  Ac g Wedl W U BT B d1 A CupS T FeS g BT © | 39 dUAER URAdd H RIFRING
FRA & TRl A & IR W ruEdd R B § |

2CuzS + 302 —» 2Cu20 + 2S0: ; 2Cu20 + CuzS — 6Cu + SO2.
C-2.  Blister copperis:
(A) impure copper. (B) obtained in self reduction process during bessemerisation.
(C*) both (A) and (B) are correct. (D) none is correct.
qraT 2 |
(A) 3TYE B (B) SHTHIARYT & SR Wa: u=dd fafy § ura grar 7|
(C*) (A) @1 (B) <11 & |8 B | (D) SWRIFT § A PIg 2 |
Sol. The solidified copper obtained after bessemerisation is impure and contains Fe, Ni, Zn, Ag, Au etc., as

impurity. It has blistered like appearance due to the evolution of SO2 and so it is called blister copper.
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Metallurgy ﬂ—
T JUNIORY & U¥ER] W §¢ (solidified) PR 37YE BIAT © T°A1 Fe, Ni, Zn, Ag, Au STR SIfEdl ga
B 81 SO & HA & HRY 39 W HHidl TR O & TAT ST §H HHIGR dqdl Had ¢ |

C-3.  Main source of lead is PbS. It is converted to Pb by :

(X):  PbS — pho+S0,

A
e Po+co,

(Y): PbS —2" pPhO +PbS

A
L pb+so,

(2): PbS — pho+S0,

Leo , pyyco,

Self - reduction process is :
(A) X (B*) Y (C)z (D) none
oIS &1 Ug@ WId PbS © 39 11 UHR @ Pb # uRafia f&an s waan & |

(X): PbS % PbO + SO,

e pb+co,

(Y): PbS % PbO +PbS

|—) Pb + 802

@2: Pbs—T , pho+so,

A
Leo  ppy co,

o e fafr 2

(A) X (B%) Y )z (D) ®Tg & |
Sol. (Y) PbS reduces PbO to Pb ; it is called self reduction.

(Y) PbS , PbO &1 Pb # 319afid &R <1 & | I8 Wd: YA HEAN ¢ |

C-4.» ldentify the metal M whose extraction is based on the following reactions :
MS + 202 - MSO4
2MS + 302 —» 2MO + 2SO0
MS + 2MO — 3M + SO2
MS + MSO4 — 2M + 2S0>
(A) magnesium (B) aluminium (C*) lead (D) tin
g1 M &1 g ot v e siffiforaneii or emenRa 2
MS + 202 - MSO4
2MS + 302 —» 2MO + 2SO0z
MS + 2MO — 3M + SOz2
MS + MSO4 — 2M + 2S0>
(A) F=frH (B) Vgfafrm (CY) s (D) fes1
Sol.  As PbS on self reduction with PbO and PbSO4 gives metallic lead.
Fifd PbS, PbO @1 PbSO4 & A1 Wa: 09T WX ¢Tfcdd o€ <l 2 |

C-5.  Which of the following reactions represents the self-reduction process?

= A | BN afAfha wa: Siuege wshH B uefid del ©
A) {HgS+02—>HgO+SOZ B) {Cu28+02—>CUZO+SOZ

HgO +HgS —» Hg+ SO, Cu,S +Cu,0 —» Cu+ SO0,
PbS+0O PbO + SO
(C) | 0>+ > FBEE ST, (D) All of these (STRIad &)
PbO +PbS — Pb + SO,
Sol. Sulphide ore of Hg, Cu, Pb are heated in air, a part of these is changed in to oxides or sulphate that

then react with the remaining part of the sulphide ore to give its metal and SO2. This is called self
reduction, auto reduction or air reduction method.

® Reg. & Corp. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
/\ RESDI’IBI’]CE Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN: US0302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Metallurgy ﬂ—

Bal.

Hg, Cu, Pb & WohISs 310%@h & o 9] § T &d & a9 39d1 (S 9N Iifaargs a1 debe § gRakia
B O B Sl AOwISS ARh B UY W B A1 AMHAT BR gg I SO T | g W [UAIA,
JUTI AT I NIAIT UshH HEA 2 |

Section (D) : Electrochemical Principles of Metallurgy

Gus (D) : gIgdH &1 Jgd A Rigr

D-1.

Sol.

D-2.»a

Sol.

D-3.

Sol.

D-4.w

Magnesium is extracted from ore carnallite by :

(A) the self-reduction process

(B) the carbon-reduction process

(C*) the electrolytic process

(D) treating the ore with aqueous NaCN and then reducing the mixture

=1 % 9 f59 ushH gRT Bridize 3R I AR &1 ey e @

(A) T T Thd

(B) BId—31UeI= WehH

(C*) Jega—arugel Hhd

(D) STei@ NaCN & |1 3G ®l SUAIRT Hxd a2l bR fasor &1 saafya &= |

It is obtained by electrolytic reduction of molten anhydrous KCIl.MgCl. (other methods are not
economical/ feasible for the extraction of Mg metal).

I8 e FStell KCI.MgCl & Jeaeiuecsig U= §R1 U<l Bidl © | (37 ¥shd Mg &1 & fTshy01 &
fog Sugaa T8 € )

NaCl and CacCl. are added to fused MgCl: in the electrolysis of MgCl2 since :

(A*) melting point is decreased and conductivity is increased.

(B) melting point is increased and conductivity is decreased.

(C) melting point and conductivity both are decreased.

(D) melting point and conductivity both are increased.

MgCl. & fag]a sraeest 3 ferd MgClz § NaCl @ CaCl, &1 el an e & aifd -

(A*) TaTTd Tl § T aTddbal 9el & | (B) TTHId 9@l & AT ATeAdhdl TSl ® |

(C) eI eI dTeTebal QI & Tedl B | (D) T Id AT ATAGAT QI & gl 7 |

NaCl and CaCl. both being ionic compounds ionise to give ions which lowers the melting point and
increase the conductivity of the mixture.

NaCl T2 CaClz g1 mafe e & S AT BIdhx MIH <d 8 | SN Tiid bl TSl & aoal &0 o
HTeTdhdl Dl doTd o |

Which of the following metals cannot be extracted by the carbon reduction process ?

1 % @ P a1g B rUEdd umHH g1 e T8 fFar o @@ g 7

(A) Zn (B) Fe (C* Al (D) Sn

Aluminium is extracted by electrolytic reduction of mixture of molten Al2Os + NazAlFs + CaF: .

Due to very high energy of dissociation of AlzOs , the reduction at such high temperature will give

carbide in place of metallic Al according to the following reaction. 2Al20s + 6C —2— AlsCs + 3CO2 .

Tferd Alz0s + NasAlFs + CaF. & R80T & Jgd—oacd a=de & |RI UgAad &1 Fspuvr 8ian g Qar
sferd BT 3| F®IfE AlOs & fIdIeH @ Ioif 9gd S=a 8Ril B 39 TR & Sed a9 WR U |

gifcads Al &) T8 FTdigs 1 SIfAfhan & TR urea 8Iar 8 | 2A0s + 6C —2— AlsCs + 3COx.
In electrolysis of Al203 by Hall-Heroult process :

(A) cryolite Nas[AlFs] lowers the melting point of Al2Os and increases its electrical conductivity.
(B) Al is obtained at cathode and probably CO:2 at anode

(C*) both (A) and (B) are correct

(D) none of the above is correct

gfd—evTee Y & §RT AlLOs & fa=[a srueed ¥

(A) HRITATST Nas[AlFe], A0z ® TeHId B HH HIAT & TAT 3AD! fIgd ATADB BT q T 2 |
(B) Al PelTs TR YTl &Il & AT FHaqal CO2 VTS TR YT Bl ® |

(C*) (A) T (B) T4 & |8 B |
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(D) SWRITd § & PIg &7 |

Sol.  Nas[AlFs] — 3NaF + AlFs
NaF and AlFs both are ionic compounds and so ionise to give ions. This increases the electrical
conductivity and lowers the melting point of Al2Os.
At cathode : AR* (melt) + 3e-—— Al
Atanode : C(s) + O% (melt)—— CO (g) + 2e—; C(s) + 20?% (melt) — CO2 (g) + 4e".

Bel. Nas[AlFs] — 3NaF + AlFs
NaF, AlFs g1 smafys A@ifie § 91 omafa 81dx oF < & | safory fag]d araddr e 8 | @1 AlOs
D TATE BN B B B |
DHefrE : Al (IIferd) + 3e-—— Al

TAIS : C(s) + O2(3ferd) —— CO(g) + 2e~; C(s) + 202-(7Tferd) —— CO2(g) + 4e~.
D-5.= During the electrolytic reduction of aluminium, the carbon anodes are replaced from time to time
because:

(A) the carbon anodes get decayed

(B) the carbon prevents atmospheric oxygen from coming in contact with aluminium
(C*) oxygen liberated at the carbon anodes reacts with anodes to form CO and CO:
(D) carbon converts Al2O3 to Al

UG & dE@AUECd IR & QR , BEF TAls Bl F9I FHI W d&dll Odl & , Hifd
(A) BTIET—TATS BT &R BT 2 |
(B) B4, argHvSHI SRS ®I VIMANTH & G99 H 3+ 4§ bl 2
(C*) B, TS W & iAo TAre & A1l fhar X CO T2 CO, Il 2 |
(D) ®1eH, Al0s &1 Al H S&aIdl © |
Sol.  Cathode : Al3* (melt) + 3e-— Al

Anode : C + O (melt) — CO + 2e~ ; C + 20%(melt)— CO2 + 4e-
B DA : AP (FIferd) + 3e-—— Al
TS : C + 02 (F1feld) —— CO + 2e—; C + 202-(71fetd) —> CO2 + 4e-

Section (E) : Purification or Refining of Impure Metals
@us (E) : AYE 4G BT AfGDHRYT 1 IRHR0]

E-1.= Poling process :

(A) reduces SnO2 to Sn (B) oxidises impurities like iron and removes as scum
(C) uses green poles (D*) all of the above are correct
grfer fafdr +

(A) SnO2, Sn & ITafdd BIel 2 |
(B) ARRA & 3 AT BId WhH (PIas) & WU H YR Bl & |
(C) & @33l &I ygad fhar Sra 2 |
(D*) SIRIFT aft & B |
Sol.  This method is used for the purification of those impure metals which contain the impurities of their own
impurities for example CuO in Cu and SnO in Sn.
G UshH BT IUAN U G1g3l DI Y§ DR ¥ Bl 2 | RN S a1g & sifaarss gl & wU 4§ I
2| 919 Cu# CuO &t rgfg dom SnO # Sn &t g |

E-2. Aluminium metal is purified by :

(A*) Hoop's process (B) Hall-Heroult process
(C) Serpeck's process (D) Baeyer's process
TR o1g &1 glgaer fhas gRT g 2|
(A*) gId UsHH (B) Bdt 2o fafd (C) wis fafy (D) TR UhH
Sol. The Hoop's process is a process for the electrolytic refining of aluminium. Impure Al forms the anode

and pure Al forms the cathode of the Hoop's cell which contains three liquid layers. The bottom layer is
molten impure Al, the middle is a fused salt layer containing sodium fluoride, aluminum fluoride and
barium fluoride, and the top layer is pure Al. At the anode (bottom layer), Al passes with solution as
aluminium ion (Al**), and at the cathode (top layer), these ions are reduced to the pure metal. In
operation, molten metal is added to the bottom of the cell and pure aluminium is drawn off the top.
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E-3.nw

Sol.

E-5.

Sol.

E-6.

Sol.

E-7.x

At anode : Al—— APF* + 3e-
At cathode : AR + 3e—— Al
BUd Wshd, UM &1 dgaaiuacsiy NG Uhd & | U Ao Bl TS g Al BT a1 befls gg Al o1
I BIAT & Tl O SR WRA gad Bl B | el wa e oigE Al @1, 75 TRA AIfSIH TARTSS,
AT TeRTSE ol IRTH TeiRTgs gad wiferd v wRa den S R gE Al @1 Bl R | T W
(el wa) faeas & @ Al Jaifsd axd 8 d1 $Uie W (JU) IRd) I8 99 YE o91g H u=fdd |

S 2| mepE A, Iferd a1g 99 @ 9 | A € 91 gE Ygfiftem SR 9 e o €
TS W Al—> AB* + 3e~
HATS W : AR + 3e—— Al

High purity copper metal is obtained by :

(A) carbon reduction
(C*) electrolytic reduction

(B) hydrogen reduction
(D) thermite reduction

Iod YT arell drar g frad gR1 ure g 2 |

(A) BTET T
(C*) Iga—3Tuecy A=A

(B) TSSO UadT
(D) adra =g+

Cathode (reduction), Cu?* (aq) + 2e- —— Cu(s).
DTS (M), Cu?* (aq) + 2e-——> Cu(s).

In the electrolytic refining of lead, Sb, Cu, Ag and Au are found :

(A) on anode
(C*) in anode mud

(B) in electrolyte solution
(D) in cathode mud

oS & dgd—eudcHl URNET # Sb, Cu, Ag T2 Au TR 91T & |

(A) VIE R
(C*) TS WS W

(B) dgId—arueel fderae 3
(D) TS A8 WX

Anode mud obtained in electrolytic refining of lead contains, Sb, Cu, Ag and Au.
Therefore, (C) option is correct.

o & Jgd—euEeH gReNgd § YA 7€ W Sh, Cu, Ag TT Au UT<l BT 2 | $Hford (C) Swik 98 B |

The anode mud in the electrolytic refining of silver contains :

(A) Zn, Cu, Ag, Au (B) Zn, Ag, Au (C) Cu, Ag, Au (D*) Au only
Ricar & Jgd—euee uReNyT # THIs 7S @ B |

(A) Zn, Cu, Ag, Au (B) Zn, Ag, Au (C) Cu, Ag, Au (D*) ®ad Au
Anode mud contains the impurity of Au only.

TS 7S A Au &) 37y I © |

Silver can be separated from lead by :

(A) fractional crystallisation
(C) cupellation

(B) liguation
(D*) addition of zinc (Parke's method)

e A R & f$9s R 496 a4 © |

NERISIRER IR
(C) @uRuT

(B) ST (SdTa=oT)
(D*) RN fAam w® @ fafd Q)

Molten silver preferentially dissolves in molten zinc forming silver-zinc alloy - Which is lighter and has
higher melting point. Therefore, (D) option is correct.

e Riear wifera e & gofa: e @1ax Riear R sk a1 @ S gean Bkt B | den e
TS Sed Bl © | g9ferd (D) $UF Wl 2 |

The method of zone refining of metals is based on the principle of :

(A) greater mobility of the pure metal than that of impurity

(B) higher melting point of the impurity than that of the pure metal

(C) greater noble character of the solid metal than that of the impurity
(D*) greater solubility of the impurity in the molten state than in the solid

o1 & Aved gRsHer @ fafy v Rigra W emeRa 2|
(A) rgfEt & o § gg o1g B el sarer gkt 2
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(B) Y= oTq B Jorl H IR BT Terid S=a Bl & |
(C) rgfEat @ JoIm # B9 g & S YO ST B ¥ |
(D*) BI 3raRer @ ol ¥ Tferd srawen # Iyl & faorgar wrer gkt 2

Sol. 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.

A, WUsd URspRo Y 59 Rigr W g & 6 srge vfera o1g @1 8R—4R 3vsl a1 R Y °g b
fibeca M1 81 O & STafd argfedl wfora arg & 99 91 4 99 &R Sl 2 |

E-8.% Which does not represent correct method ?

(A) TiClz + 2Mg — Ti + 2MgCl2 : Kroll

(B) Ni(CO)s—— Ni + 4CO : Mond

(C*) Ag2COs —> 2Ag + COz + %02 : Van Arkel
(D) Zrla— Zr + 212 : Van Arkel
DI |1 A &1 galRid 98 &=ar & ?

(A) TiClz + 2Mg — Ti + 2MgCl> K|

(B) Ni(CO)a— Ni + 4CO : Jivs

(C*) Ag2COs—> 2Ag + COz + %Oz LA AR
(D) Zrla—> Zr + 2l2 ;g RSB

Sol. It is not called van Arkel method. Van Arkel method is used for the purification of Zr and Ti. Reaction
(C) is simple thermal decomposition of Ag2COs.

. U8 I MH A T8 dEarR | 99 Mdba (Y &1 SuEm zr 91 Ti & Yhgeww & o g 2
arfaforar (C) Ag2COs BT |ERYl ardig fee 7 |

PART - 1ll : MATCH THE COLUMN
AT - [l : DieM BT FAferd BT (MATCH THE COLUMN)
1. Match the reactions listed in column () with processes listed in column (l1). [16JC120360]
Column-I Column-lI
(reactions) (processes)
(A) 4 Au + 8 NaCN + 2 H20 + Oz (air) —> 4 NaJAu(CN)2] + 4 NaOH | (p) Leaching
(B) CuFeS:2 + 2 H2SO4 —— CuSO4 + FeS04 + 2H2S (q) Smelting
(C) | caO +Si0. —2 5 CaSiOs (r) Hydrometallurgy
(D) | MgClz.6H.0 m MgCl2 + 6H20 s) Calcination
-1 4 1 W aifafha &1 w1l 6 R ufan 9§ s aifsig |
- &
(TR (rfeham)
(A) 4 Au + 8 NaCN + 2 H20 + Oz (a1g) —> 4 Na[Au(CN)2] + 4 NaOH | (p) REIGE
(B) CuFeS: + 2 H2SO4 —— CuSO4 + FeS04 + 2 H2S ) PSR
(C) | caO +Si0. —2 CaSiOs (1 BIgRIETgPH
A
Ans. (A-p,n;B-p,r1);(C—>0q);[D->s)
Sol. (A) Extraction of gold is a hydrometallurgical process in which gold ore is leached with NaCN solution

and then precipitated by zinc scrap.

(B) Extraction of copper is a hydrometallurgical process in which copper ore is leached with H2SO4
solution and then precipitated by iron scrap.

(C) Slag formation process is smelting.

(D) Drying of hydrated MgClz in presence of dry HCI gas is a calcination process.
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Bal.

2.3

Ans.
Sol.

(A) TMee &1 FT=pEo T S a1gdd TshA & Rrad Ties 3% &1 NaCN e & @ e
(leached) Ter & e (SHei) §RT f@&ITUT B 2 |

(B) IR &1 Ul U STl aTgdHd UhH & RTaH BIWR 30 B HoSO4 fAees & |rer Merrer= den
IRRA B BIed §RT AT A & |

(C) argwat fafor Ishe WeTel WshH & |

(D) I HCI 1 1 SuRfY # STeaIford MgCle &1 s 8141 o oehd 2 |

Column-I and Column-Il contains four entries each. Entries of Column-I are to be matched with some

entries of Column-Il. One or more than one entries of Column-I may have the matching with the same
entries of Column-Il.

Column-—I| Column-lI
(Reaction) (Process)
(A) | FeO + Si0, —> FeSiOs (p) | Calcination
(B) | 3Mn304 + 8Al——> 4Al,03 + 9Mn (g) | Displacement method
(©) | cusS+2Cu,0 25 6Cu + SO () | Smelting
(D) | 2AI(OH)s —2 5 Al:Os + 3Hz0 (s) | Thermite process
(E) | 2NaJAg(CN)2] + Zn—— Naz[Zn(CN)4] + 2Ag | (1) Bessemerisation

-l 7 W1 U@ W aR gfaftedl 8| W -l @1 ufiftedl B Wl @ §e ufaftedl & | gAfed
fpar ST & | WE-1 B U AT U A 31T Ul \EE-1l 31 FHE Uftedl & |1 gHferd bl Il
=l

| |
(rfafspan) (ufemam)

(A) FeO + SiO2 —> FeSiO3 () IRESIEE!

(B) 3Mn304 + 8Al— 4Al,03 + 9Mn @) fazemos ufshan

© | cuzSs +2Cu20 —2 5 6Cu+SO» (" ERCR]

D) | 2AI(OH)s —2 > Al,Os + 3H;0 (s) | i fafg

(E) 2Na[Ag(CN)2] + Zn — Naz2[Zn(CN)4] + 2Ag | (1) ERLNERY

A->rt; (B->ags); (C>1);(D-p);(E—>Qq).

(A) FeO + SiO2 —— FeSiOs(slag); this reaction occurs in extraction of copper from copper pyrites in
smelting as well as in bessemerisation processes.

(B) Reduction of oxides of Mn, Cr with electropositive metal aluminium is called thermite process.

(C) Self reduction generally occurs in bessemer converter in extraction of copper from copper pyrites.
(D) Conversion of Al(OH)s into Al203 by heating in absence of air represents the calcination.

(E) Displacement of silver from its salt solution by more electropositive zinc.

(A) FeO + SiO2 —> FeSiOs(ei®); Jg AMHAT HIIR USRS & YT A BIOR B THY0r, A1 &

JHAIBROT yshH # ot Bl 7|

(B) fagaercTa g Al @ §RTMn Td Cr & JifaaTgs] @ AU H1 JAES Ushd dHad o |
(C) BIIR UTSNISE W BIWR & AHY H T YT AHRVG: SHAR YRacd H 8al 8 |
(D) &@1 &1 ITgURART H Al(OH)s ®I TH D Al0s H TRac T &1 Se0ial © |

(E) RieaR ofavr faerem & Ricar &1 favemus s g aTeid Zn & gRT 81 2 |

Match the purification processes given in Column-| with the metal(s) given in Column-II.

Column-| Column-ll
(A) Poling (p) Titanium
(B) Cupellation (Q) Copper
(© Liguation (n Silver
(D) Van Arkel method | (s) Tin

-1 9 & TR PigHRor A B -1 4 T T a1 | e i |

- -1

(A) | aifeim (p) | s
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Ans.
Sol.

4.5

Ans.
Sol.

(B) | wdxv (@) | PR
(C) | &draro (n | faer
(D) | I aRaa fafdy | (s) | feA
A—>qgs);(B—>1n;(C—>s);(D—>p)
(A) Poling : Impure molten metal is stirred with green wood poles. The reducing gases liberated reduce
the oxide of the metal to free metal. This method is used for the purification of those metals which
contain the impurities of their own oxides. For example CuO in Cu and SnO: in tin.

(B) Cupellation : It is used when impurities are of other metals and is mainly used for the removal of
lead from silver.

(C) Liquation : This process is used for the purification of the metal, which it self is readily fusible but
the impurity present in it are not i.e. impurities are non-fusible. This process is used for purification of
Sn and Zn.

(D) Van Arkel method : (vapour phase refining) Metals like titanium, zirconium, thorium and uranium
are purified by this method.

(A) gv fadirest (@fem) : spE wiferd g &1 &8 @S & B W faAifed (stired) fFam Sar 21 gad
oA T a1g @ offadiss $1 o o1 H Uafd $R <l © | 39 Ay &1 7 S argell & giegae
% forq Sran & o Wa & Sifqarss @ ofg T@d B |

(B) @dRel : 39 Y &1 T o_d & 99 SIYfEdl g gIgei @ B 9A I WU A 39 A B g
fear # IuRerd oie @ ogfg & g &= # fan <man 2

(C) SdIRYT : I8 Uh¥ U1 @ Yev & foN yygaa sar 2 Rrad I8 @I W 9 7a o 2 feg
S SUReT oY Tl el B 3fid ITYfEAl ST 8 | I8 WshH Sn AT Zn & YlEdol & forg ygad
BIAT 2 |

(D) T R&a fafdy : (ar grawen wWiee) g1 99 <IscEE, Jhitem, AREH don R 39 Ay &
ERT gg Bl B |

Match the ores given in column-1 with type(s) of processes given in column-II.

Column-I Column-ll

(A) Haematite (p) Slag formation during roasting/smelting and bessemerisation.
(B) Copper pyrites | (q) Reduction by carbon monoxide/carbon at different temperatures.
(© Carnallite (N Electrolytic reduction.
(D) Bauxite (s) Calcination.
R A R T o] B w-1lH R T Ul | gaferd i |

W -
(A) | BHeTge (p) | WS, TT AT JHAIBROT & IR LA BT FHIT |
(B) | IR UIRIZeH | (q) | A= TUAM R S AFRITAES (J&I:) a0 S & gRI TTIT
(C) | ®riwrEe () | 9 AUECIT FTFAT
(D) | dTdTse (s) | =

A—>p,q,8);B—>p);(C—>r5);(D->r,5)

(A) Haematite is Fe203. To remove the impurity of FeCOs, the ore is heated in absence of air
(calcination).

At 500 — 800 K (lower temperature range in the blast furnace)

3 Fe203 + CO—— 2 Fe304 + CO2; FesO4 + CO —— 3Fe + 4 COz; Fe203 + CO —— 2FeO + CO2

At 900 — 1500 K (higher temperature range in the blast furnance):

C+CO2—— 2CO; FeEO + CO—— Fe + CO2

(B) Copper pyrites is CuFeS2. During smelting /roasting (now a day) and bessemerisation the impurity
of iron sulphide is removed as fusible slag, FeSiOs.

2CuFeS; + 40, —Roasig_, cy,S + 2Fe0 + SO2
2FeS + 302 —— 2FeO + 2S0z; FeO + SiO2 —— FeSiOs (slag)

(C) Carnallite (KCl.MgCl2.MgCl2.6H20) % MgClz + 6H20
ry g

Mg extraction is done by electrolytic reduction of molten mixture of anhydrous MgCl. + NaCl + CaClz.
(D) Bauxite is Al2Os;
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Metallurgy ﬂ—

Bl Exercise-2 |

2Al(OH); —22 X, Al,03 + 3H,0; Extraction of Al from purified Al2Os is done by electrolytic reduction

Calcination
of molten alumina dissolved in cryolite or fluorspar.
(A) B9CTET Fe 038 | arg &) IuReIf # s &I T & (PRI Ushd §RT) 'R FeCOs31gfg ¥ &
Tt B B SifRfIGd BRIl B |
500 — 800 K TR (arem wedl # i argd T oRT)
3Fex03+CO—— 2Fes304 + CO2 ;Fes0s4+ CO——> 3Fe +4 CO2 ; Fe203 + CO —— 2FeO + CO2
900 — 1500 K TR (a1 el § S<d ATgH URTH)

C+C0O,——>2CO; FeO + CO— Fe + CO2
(B) IR URRISC CuFeS:; © | WA / 9ol T SHAIGRY & QR ARRA TS DI Ylg T

gTgAd FeSiOs & U § G &I WKl 2 |

2CUFeS; + 402 — ™, Cu,S + 2Fe0 + SOz

2FeS + 302—— 2FeO + 2S02 ; FeO + SiO2 —— FeSiOs (slag)

(C) FT¥eEe (KCI.MgCl2.MgClo.6H20) — 2@ o, + 6H20
b HCI (9)

fAsiei MgClz + NaCl + CaCle & Tifefd 8o & dea sfudcesia 319aa- §R1 Mg &1 fspyor fan ran
2 |

(D) dfaarge Al2Os 2 |

2AI(OH)s —22 K, AlOs + 3H20; Al &1 fspdor wiferd T & Jgga sacT e gRT gE AlOs

JF B 2| SHH HRTATSS T FARR Hield 2 |

= Marked questions are recommended for Revision.

w e yv M AF9 9H &

PART -1: ONLY ONE OPTION CORRECT TYPE

- | Bad TP W& fdBeT YBR (ONLY ONE OPTION CORRECT TYPE)

Section (A) : ORES & Method of concentration
GUS (A) : 3P AR TP A= @I AT

1.

Match Column-I with Column-Il and select the correct answer using the codes given below :

Column-| Column-II
(Metals) (Ores)
(A) | Tin (p) | Calamine
(B) | Zinc (q) | Cassiterite
(C) | Iron (n Cerrusite
(D) | Lead (s) | Siderite
®-1 BT WFEA-11 & A1 GATTT DI TA1 Y T Bls & AJAR Fel SR alford |
- -1
(&mg) (CRISD)
(A) |feF | (p) | e
(B) |f5® | (q) HIeRIET
(C) | amRA | () AHATZS
(D) oS (s) frsvrse

Codes (@1S):
(A) (B) € (D (A) (B) € (D)
(A) p q r s B q p s r

/\
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Metallurgy ﬂ—

Sol.

2.3

Sol.

Sol.

Sol.

5n

Sol.

(©) s r q p (D) q p r s
(A) Tin-cassiterite (SnO2) (B) Zinc - calamine (ZnCOs)

(C) Iron - siderite (FeCO3) (D) Lead - Cerrusite (PbCOs)
Therefore, (B) option is correct.

(A) feA—ddeIZe (Sn02) (B) Rid—damIg (ZNnCOs)

(C) 3MRA—RISRIgE (FeCO3) (D) de—Iw¥1ge (PbCO3)

9ol (B) We! fdded & |

Which is not correct statement ?

(A) Cassiterite, chromite and haematite may be concentrated by hydraulic washing (Tabling).

(B) Pure Al2O3 is obtained from the bauxite ore by leaching in the Bayer's process.

(C*) Sulphide ore is concentrated by calcination method.

(D) Roasting can convert sulphide into oxide or sulphate and part of sulphide may also act as a
reducing agent.

PITAT B AT B B |

(A) HHIRRIZT, PSS TAT BACIE BT AT egsiferd aiiT (Sgeii) gRT fhar 1 Adbar & |

(B) ITaRITSE 3% A Y& Al03 SIR UHA # Fefla= & g§RT U<l Bl & |

(C*) FRas fafY gRT AehIsS 3Re &1 A=Y fhar STl © |

(D) ¥oi § HohIss dI Aass A1 Aewe H gRafid fhar ST Gadr 8 T Aebiss & 49N MUard

ANFHE B TWE FaeR TaRfd R Fddhd & |

Sulphide ore is roasted in presence of excess of air or Oz below its melting point to convert into the
oxide and to remove the impurities of S, P, Sb etc., as their volatile oxides. In some cases roasting of
certain sulphide ores provide directly the metals.

HPISS AP Bl Aig I ATl B fehar § ARId R & A $Hd TP & -ird aags 4
e & U9 S, P, Sb Infe @ srggfgi areefial offedrse & wu # e 2| §® uRRefl § fAfvea
AAHISS IRAFH B 9oid M UR I WY & O § 98 Il 3 |

Bauxite is leached with :

dfearse fRenfora fan Sirar 21

(A) KCI (B) NaCN (C*) NaOH (D) NazSOa4

Al203 (bauxite) + 2NaOH (aq) + H20(l) —23d_, 2Na[AI(OH)4] (aq).

Al203 (STRTEE) + 2NaOH (aq) + H20(l) — =, 2Na[Al(OH)4] (ag).

Froth floatation process for the concentration of sulphide ores is an illustration of the practical
application of:

(A*) adsorption (B) absorption (C) sedimentation (D) coagulation
HEDHISS WD & ARGl $HI AN ad Ihd 71 3§ 4 fHas grRiifie sgudiT &1 Udh IER0 8 7
(A*) 31ferenyor (adsorption) (B) 3Ta3NYYT (absorption)

(C) sradred (sedimentation) (D) ¥h—< (coagulation)

The process is truly adsorption as gangue particles are wetted with water and sulphide ore particles are
wetted with pine oil.

U IRAAP SO UshH 8 SHH IMURIRBDHUN Bl O B A1 T ThISS IAD BUI Bl drs b ol
3 a1 e fohar mar 2 1

Which one of the following is not a method of concentration of ore ?

(A) electromagnetic separation (B*) smelting

(C) gravity separation (D) froth floatation process
DT B ATEU B g7 A b Ay 98 2

(A) 9T FHEDII JSHDHR (B*) Wt

(C) T Gehehr Tl (D) 91T e+ fafd

In smelting the concentrated oxide ores like haematite, tin stone even after concentration, is heated
with flux to remove the acidic or basic impurities forming the slag. All other processes are used for
removing the earthy/silicious impurities.

/\
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Metallurgy

/\g

T WS UHA H A JifaISS RGOl gHeIse, fONeM @1 U & U Il A1 &Ry Srfgai
P BCH B Y Mad & AT TH HA & Al GG a1 2 | 39 |/ IshA UeRicl(earthy) /faferat &
FHfd (silicious) Srfgdi @I ge™ & forg vygad &1 € |

6. The metal which mainly occurs as oxide ore in nature is :
(A) gold (B) lead (C*) aluminium (D) magnesium
1 3 & PIN ag dGfa # I w0 9 Sifadss P & wU A Rl Wil © |
(A) Mes (B) &I (C*) vgfafraH (D) H+iRRrm
Sol.  Ore bauxite, Al203.2H20 of aluminium occurs as oxide ore in nature.
gd. Vg &1 dfdarse, Alz0s.2H20 %6 i H Sfedss 3%e & w0 H Ul 9 & |
7. The reason, for floating of ore particles in concentration by froth floatation process is that :

(A) they are light
(C) they are charged

(B) they are insoluble
(D*) they are hydrophobic

T wiad fafd gRT =01 § 3RRD B & Wdd b BRI ©

(A) d Ted BIA B (B) 9 arfaerg ®
(C) d 3maf¥a & & (D*) 9 it faRielt (hydrophobic) BT € |
Sol. Potassium or sodium ethyl xanthate get attached with the particle of the sulphide ore and thus make
them water repellant i.e. hydrophobic.
T, ORI A1 Aifsyd tRd S Aebiss NP & HUI b WY IS Ok & a1 oid giaeiNd Il Sid
IEREICEINES
8.m Choose the correct option using the code regarding roasting process.
(D) It is the process of heating the ore in air in a reverberatory furnace to obtain the oxide.
(I1) It is an exothermic process.
(1) 1t is used for the concentration of sulphide ore.
(IV) It removes easily oxidisable volatile impurities present in the concentrated ore.
(A) 1, 1l and 1l (B% 1, Il and IV (C) 1, Il and IV (D) 1, 11, lll and IV
BIS B TN B Y Ao TshA A TR el f[ddbed & o949 Hifoy ?
(1) T8 TRIEc 9edl H 9 & IURAT H 3R BT T IR AaASS U B BT UhA ¢ |
(I) I8 TP HoTadt UshH 2 |
() T8 ASHIES MRFH & ARV & oIy WY sIam 2 |
(IV) F1fad 3Rs H IuRerd arweiiel selfgdl Jifaiiga sIhx X | Fod Sl 2 |
(A) 1, 1l @ 1l (B*) I, 1l T IV (C) I, Nl a2 vV (D) 1, 11, 1l @211 IV
Sol. Ore is heated below its melting point in a reverberatory furnace in the presence of air to convert it into
its oxides. It removes easily oxidisable volatile impurities like arsenic as As20s, antimony as Sb203 and
sulphur as SO2. Roasting is an exothermic process; once started it does not require additional heating.
Bl 9 TP H A Bl WRIAAAl Weel H g I SURAfd H 3HG Taie fdwg ¥ A T B S @

e g8 oifexrgs § gRafda 81 Sirar & | araeie gfedl S e As:03® ®U #, TIH SboOs
P WU Y, AT oW SO2 P ®U § FRAT A & 8 Il 2 | Wi UP SHOIEd fAHa1 8| U IR IR
B & UYalq 39 WhH H SfIRed ST &) MaeIHar 8l Bl © |

Section (B) : Thermodynamic Principles of metallurgy

@Us (B) : HIIPHH P IHMTaD! Rigra

9.%»

Select correct statement for decomposition of metal oxide into solid/liquid metal and oxygen?
(A) Entropy increases.

(B) It is an endothermic change.

(C) To make AG® negative, temperature should be high enough so that TAS® > AH°.

(D*) All are correct statements.

gTg SIS & SN/%d o1g oM Afaiie 3 fawved & forg |8l du= &1 gy ?

(A) T el & |

(B) I8 Udh HHTINY gRac B |

(C) AG® &1 FUTHG B & oIy, ATOHH qaiw S=d g1 afey [T TAS® > AHC.
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Metallurgy ﬂ—

(D*) SURIFd T B FE B |

Sol. (A) When the oxide undergoes a phase change, there will be an increase in the entropy of the oxide.
(B) It is true statements, HJO —2— Hg + 1/20
(C) For a reduction process the change in the free energy, AG® must be negative and to make AG®
negative temperature should be high enough so that TAS? > AHO,

B (A) 99 US SiqMrgs el R A Ol 8 d9 fedrgs & gmidl § gig s8Rl |
(B) I8 U® A&l HUF & | HJO —2— Hg + 1/202
(C) U& 3Uaa UshH & foIg Jaxi Srofl UiRacd AGP FUIHe BIFT a2y T2 AGC Pl FUMHS 4 & oy
AT qaia Sa g1 A1fey i TASO? > AHP.

10.= A sulphide ore like ZnS is first roasted into its oxide prior to reduction by carbon because:
(A) a sulphide ore cannot be reduced to metal at all
(B) no reducing agent is found suitable for reducing a sulphide ore.
(C*) the Gibb’s free energy of formation of most sulphides are less than that for CS..
(D) a metal oxide is generally less stable than the metal sulphide.
TSPTSS IRRD O ZNS BT HIE9 g§RT U= | TS Hoid UshH gRT 39 Aadrss # gRafid fear sman
2, Fife
(A) TEHTSS AT €I Pl JUARIT Tl PR Fhd & |
(B) THTSS IAFH & MU & oY HIs SYYH ATaIS ol Ul Sl © |
(C*) ifmeR Aewrsel & i & s Jaq Hoil CS, B o § HH el 2|
(D) &1 JifaTSS, T Aehlse &I gail § HH Il 81 2 |

Sol.  The Gibb’s free energy of most sulphides are less than that for CSz. In fact, CSz is an endothermic
compound. Therefore, the A/GP° of MxS is not compensated. So reduction of MxS is difficult. Hence it is
common practice to roast sulphide ores to corresponding oxides prior to reduction.

A, I dewrsel @ fisg gad Soif CSe @ o # wH Bkl 8| aR<d H, CS UHh ISR A 2 |
A MS B AG? T & Bl B | Sy MyS &1 IU=dd Hfed &Ia1 ® | 3rd: I8 9 ushd 8 &
JTTIT F TS AhISS MIATh Bl Yoid UshH gRT 3ifadrss § URafid fhar S 2 |

Section (C) : Metallurgy of some useful metals

E‘U@;’(C) B FEdyul HTgell b1 grgHH

Which of the following statements is correct regarding the slag obtained during the extraction of a metal
like copper or iron ?

(A*) The slag is lighter and has lower melting point than the metal

(B) The slag is heavier and has lower melting point than the metal

(C) The slag is lighter and has higher melting point than the metal

(D) The slag is heavier and has higher melting point than the metal

PR AT IRRA G & UV & SR U< 91gqd @ g 79 H A DI9A1 B 9 © ?
(A*) eTgHA BehT BIAT & AR oTg @I Joil 9 T &H Bidl 2 |

(B) g WRI BIAT 8 AR €1 &1 Joa § T $HH Bl & |

(C) ITgAS Beh1 BIAT B SR &g B A1 # TeoATid AF BNl 2 |

(D) aTgAS 9RY I B SR a1g B A H TeAAD ARG BN B |

Sol. Slag is fusible mass having lower melting point; not miscible with molten metal and lighter than molten
metal.

BA.  UIgAA Tog SdM & FTST Teie HH B 8 Sl e °1g & i ARsoig g de iferd grg 9
BT BIAT B |

12. The slag consists of molten impurities, generally, in the form of :
(A) metal carbonate (B*) metal silicate (C) metal oxide (D) metal nitrate
Tfera gfedl gaa argae arTa: f sraven # B © ¢
(A) 9T BT (B*) e1g fiferae (C) g1 AaTss (D) &1g "Is¢T

Sol. For examples SiO2 + CaO —— CaSiOz (metal silicate) or FeO + SiO2 —— FeSiOs .
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Bel.
13.

Sol.

14

Sol.

IR0 & o ¢ Si0, + CaO — CaSiOs (g fiferde) a1 FeO + Si0, —— FeSiOs.

In the metallurgy of iron, the upper layer obtained in the bottom of blast furnace mainly contains :

(A*) CaSiOs (B) spongy iron (C) Fe203 (D) FeSiOs
IRRA & GIghH H a1l 9l & dcl H YKl U IR H eI Uil Il ©
(A*) CaSiOs (B) ST 3TRA (C) Fe20s (D) FeSiOs

CaO + SiO2—— CaSiOs (slag) (Haematite ore contains silica as impurities).

Slag being lighter and insoluble in molten metal floats over and thus forms upper layer.
CaO + Si0.—— CaSiOs UTgHa) (¥erse s # fuforat agfg @& wu 7 & )
gTgHel Bl BT 8 Td TIferd 91g & A1 gl 3R Jid IRd & w9 H A=l I8l © |

Which one of the following reactions occurs during smelting in the reduction zone at lower temperature
(in the top zone in blast furnace in iron metallurgy) ?

(A) CaO + SiO2 — CaSiOs (slag) (B) Fe203 + 3C — 2Fe + CO

(C*) 3Fe203 + CO —> 2Fe304 + CO2 (D) COz2+C— 2CO

T & SR = ®& § 7/ aw ) /= § 9 il afafhan 8cft @ @maRa & aigad § aren

WS P S &7 H) ?
(A) CaO + Si02 —> CaSiOs (4TgH) (B) Fe203 + 3C — 2Fe + CO

(C*) 3Fe203 + CO —— 2Fes304 + CO2 (D) CO2+C—— 2CO

At lower temperature following reactions occur in blast furnace.

3Fe203 + CO —— 2Fez04 + CO2; Fes0s4 + CO —— 3Fe + 4C0O2; Fe203 + CO —— 2FeO + CO2
aren Wl H 91 (lower) 99 WR 9 ifAfshar == B 2 |

3Fe203 + CO —— 2Fe304 + CO2; Fes04 + CO —— 3Fe + 4C0O2; Fe203 + CO —— 2FeO + CO2

Section (D) : electrochemical principles of metallurgy

grs
15x

Sol.

16.

Sol.

(D) : ETIHH HI Jgd TEEA g

Magnesium is extracted by electrolysing fused magnesium chloride containing NaCl & CaClz using :
(A) a nickel cathode and a graphite anode.

(B) the iron container as anode and a nickel cathode.

(C* the iron container as cathode and a graphite rod as anode.

(D) the nickel container as cathode and iron anode.

Tfera Fsiela 3R F@R1SS (NaCl @1 CaCly) & Jegd—sudel 3Uadd & gRI AFIREd & fAspdor

H Ugad g & —

(A) FfFa &1 DS TAl ABIZS BT TATS (B) 3MR¥IRE &1 Urd UATe qen fAferd des

(C*) IMMRA H1 U el TAT ABIZS BS B TAIS (D) ffdrat &1 UTs DTS ToAT JMRA THATS
Fact based

The process of the isolation of a metal by dissolving the ore in a suitable chemical reagent followed by
precipitation of the metal by a more electropositive metal is called :

(A*) hydrometallurgy  (B) electrometallurgy  (C) zone refining (D) electro-refining
STYF IS JTHHD H D DI ATl qeIear s fAeaeicois g1 g1 €1 & 3faeo 3 o7g
BT YATIPRUT TehH HEATAT 2 |

(A¥) STl eTgH (G EEIREIED] (C) AvsdA(Si) uRened (D) dga uRened

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.

DT B, A=l ¥, fgdligs ugref 4 argell & fepdu & forg Sy arged mhd 9 MaRYd usi |
e a1 B 2| el fed d qoua arg &1 [Aamaed, Menfaa fae@s &1 gigesor den ar
faeraeuees g1 a1 §B fRgdurs arg &1 e fAdaa | g€ o1 31 g7 I B |
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Metallurgy ﬂ—
Section (E) : Purification or Refining of Impure Metals

oS (E): MYE U] BT Afgd<or A1 gReHRoT

17.»  Which method of purification is represented by the equations ?

Ti+ 2L, —22 K i, 255 K S 1i4 01,
(impure) (Pure)
(A) Cupellation (B) Poling (C* Van Arkel (D) Zone refining
A meRia FHIeRT gRT YREPHRo &1 B fafy gelRig o o 2 |
(=) =)
(A) TR (B) aifer (C*) a1 RSB (D) #vsd UREHRoT
Sol. Purification of Ti and Zr are performed by Van Arkel method as given in the question.

g O & Aara # I T ® P a9 R fafY g1 g Ti @ Zr &1 YiEdRor B 7 |

18.»  Select correct statement regarding silver extraction / purification process.
(A) When the lead-silver alloy is rich in silver, lead is removed by the cupellation process.
(B) Lead is removed from argentiferous lead by Parke’s process.
(C) Zinc forms an alloy with lead, from which lead is separated by distillation.
(D*) Zinc forms an alloy with silver, from which zinc is separated by distillation.
faeaR o1/ PlEHv Ushd & T<H § T8 HAF BT I DI |
(A) 99 ors Riear fistarg 3 RYeaR @ 31f¥e A1 Bkl 8 79 WURYl Ushd gRT ois 31glfq &l §x fbar S
2 |
(B) U TshH BRI ISfe®HRE oIS ¥ oIS P TSR Sl 2 |
(C) R <ie & 1 fAstarg a9mar & T 9 oie &1 JMaT §RT §&IH R o |
(D*) i faeer & |1 Mg 91 @ Rrd 9 i &1 omeas gR1 99 & & |
Sol. (A) Cupellation is used when lead is present in traces.
(B) In argentiferous lead the silver is removed by Parke’s process because silver has higher solubility in
molten zinc than lead.
(C) Silver has higher solubility in molten zinc than lead and thus forms zinc-silver alloy from which zinc
can be distilled off leaving behind the silver.
(D) Silver has higher solubility in molten zinc and thus forms zinc-silver alloy from which zinc can be
distilled off leaving behind the silver.

T (A) @RI B TAN G § o ofe e A1 H SuRd Bl B |
(B) 3TSifehRE ofs H | fear B Ub UhA §RI B & difd ek, oS @ g ¥ e s 4
At gorTefier e 2 |
(C) fieaR, o @ ga # fera e 3 a1 goreiia gran © | om: Rie—Rieax fsieng svmar & fora#
¥ RNiw 31 amafaq foan o1 waar 2| Ricar 99 8 S 2|
(D) RreeR, wfera S 4 ¥ gomeiiadl Bl 2| o Nie—Riear fserg a9mr 2 i 9 R @
rafad fbar S Fahdn & | e A9 I8 S © |

19. Formation of volatile Ni(CO)4 and then its subsequent decomposition into Ni and CO makes basis of
Mond'’s process :
Ni +4CO —" Ni(CO)s —2— Ni+4CO, Trand Tz are :
qrerefiad Ni(CO)4 &1 ffor qon 1€ # g8 Ais uhHd g1 Nig CO # fyafeq & <iman 2|

Ni+4CO —" 5 Ni(CO)s —2— Ni+4CO, T1 @ T2 & :
(A) 100°C, 50°C (B) 50°C, 100°C (C*) 50°C, 200°C (D) 200°C, 50°C
Sol.  Ni(s) + 4CO(g) —2C [Ni(CO)4](g) ; [Ni(CO)aJ(g) —2%C Ni(s) + 4CO(q).
20. Which one of the following processes involves the principle of fractional crystallisation for the refining of

impure metals ?
(A) Parke’s process (B) Mond’s process (C) Van Arkel process (D*) Zone refining

AYE uTg & Plgwwor & forg yvehl fredarn o Rga = i fra Ay d Sar g 2
SRIEREIE] (B) Ai~s fafer (C) a1 R fafdy (D*) Avgd GRWRRYT
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Metallurgy ﬂ—

Sol. 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.

BA.  HUSA URSPRY U 59 RAgT W e B b orgg fea a1 1 IR—4R Svel 3R\ W Yg U1 B
fopeea farfta erl Safed srgfedr wferd arg & A9 w1 § 8 S|

21.» InVan Arkel method, if Iz is introduced at 1800 K over impure zirconium metal, the product will be :

(A) iodide of the metal (B) pure metal
(C) impurities react with iodine (D*) none of these
a AR fafey # afe 1800 K W 31gg Sebifd arg W I e R Seare 8 e
(A) g BT ATATSTTS (B) g= o1q
(C) g JmarsH A fhar wxaf (D*) STH | D13 TRl
Sol.  Zr (impure) + 21, —=28%0K , 7r),: zrl, —>18%0K  7r (pure) + 21> and hence over 1800°C practically

no reaction can take place between Zr and 1.
Therefore, (D) option is correct.

A Zr (QTgE) + 202 —=BOK 5 Zrly ;. zrly —=180K L 7r (gg) + 21 T G YIS ©U F 1800°C |
SR Zrd [, d 7eF BIg AfAfhar T 8 Fobaht B |
g9fery, (D) fddwea |& = |

PART -1l : SINGLE AND DOUBLE VALUE INTEGER TYPE

AR - || : Uohdl Q4 fg—quris WM YR (SINGLE AND DOUBLE VALUE INTEGER TYPE)

1. How many of the following are oxides ores.
(i) Carnallite (i) Cuprite (iii) Cassiterite (iv) Chromite (v) Cinnabar
(vi) Calamine  (vii) Cerussite (viii) Chalcopyrite (ix) Chalcocite.
/1 4 9 fha s SifaTss 8 —
(i) BTHARE (ii) FguTST (iii) HfAfeRTge (iv) STATSE (v) RFeR

(Vi) DorATSH  (vil) SRS (viii) ATCHIUSRIST (ix) TP

Ans. 3 (ii, iii, iv)

Sol. Name of ore Composition of ore Name of ore Composition of ore
() Carnallite =~ ——  KCI.MgCl2.6H20 (i) Cuprite —> Cu0
(iii) Cassiterite ——  SnO2 (iv) Chromite ——  FeO.Cr203
(v) Cinnabar ——  HgS (vi) Calamine ——  ZnCOs
(vii) Cerussite ——  PbCOs (viii) Chalcopyrite —— CuFeS:2
(ix) Chalcocite ——  Cu2S
So, answer is (ii), (iii) & (iv)
Sol. IATH B AN IAH B IS I B AN IAH B IS
EIREIES ——>  KCI.MgCl2.6H20 (ii) FguTSe ——> Cu0
(i) dRIfeIge ——>  SnO:2 (iv) SIHTST ——> FeO.Cr:03
(v) RFeR — >  HgS (vi)y®emsd  ——>  ZnCOs
(Vi) 5aTSE . ——>  PbCOs (viii) ATedIUTSISE —> CuFeS:

(ix) TTepERe ——  Cu2S
gafery, SR (i), (i) T2 (iv) B |

2= Inan ore of iron, iron is present in two oxidation state. Fe" and Fe"+ 1+
Number of Fe(*+ 1+ is twice the number of Fen*.
If empirical formula of ore is FexO. Calculate value of [x x 100].
IR B AP H, IR QI RGO AT Fen goft Fet + D+ IuRerd g |
Fe(+ D+ @) Wl Fem &) &l 9 AT ©
e AP BT AU I FexO 81 a1 [x x 100] & AF &I UM ST |
Ans. 75

Sol. FeZ* and Fe3*
Number of Fe3* = 2 x Number of Fe2*
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Metallurgy ﬂ—
. EF = 2Fe®.Fe?*04% = Feo.7s0
el Fe?* oI Fes*
Fe3* dl &l = 2 x Fe2* &1 |l
EF = 2Fe®.Fe?*04? = Feo.7s0
3. In extraction of metal how many of the following ores involve calcination process.
(i) Dolomite (ii) Malachite  (iii) Calcite (iv) Copperpyrites (v) Sylvine

(vi) Cryolite (vii) Siderite (viii) Iron pyrite (ix) Argentite
1 7 A e el | a1 & fspyr 7 s fARade ysw # wfafora B 2

() SraMEe (i) AABge (i) dege  (iv) PIORUTIRISS (v) Rrcerarg=
(vi) pTATeTSe  (vil) RISRIgE (Vi) 8TRIRA URRTST (ix) 3rof=erse
Ans. 4 (i, ii, iii & vii)
Sol. (i) Dolomite CaC03.MgCOs (i) Malachite CuCOs.Cu(OH):2
(iii) Calcite ZnCO3 (iv) Copperpyrities CuFeS:2
(v) Sylvine KCI (vi) Cryolite NasAlFs
(vii) Siderite FeCOs (viii) Iron pyrite FeS:
(ix) Argentite Ag2S
So, answer is (i), (i), (iii) and (vii)
Sol. (i) SreHEE CaC03.MgCOs (ii) AArBTST CuCOs3.Cu(OH):
(iii) HeITgE ZnCOs (iv) PIORURRIZE CuFeS:
(v) Ryetargs KCl (vi) sraTeTSE NasAlFs
(vii) Rrevrse FeCOs (viii) TR URRTST FeS:
(ix) 3rofISe Ag2S

It AR (i), (i), (iii) qAT (vii) B |
4 xn How many of the following metallurgies involve leaching?
(i) Al20s —— Al ; (ii) AgeS — Ag ; (iii) Au—— Au ; (iv) CuFeS2—— Cu ; (v) PbS— Pb
(vi) MgClo —— Mg ; (vii) FeCO3s —— Fe ; (viii) Low grade copper ore — Cu ; (ix) HQS — Hg
1 arged 9 faa | Meres wspw wfafoa 22
(i) Al203 —— Al ; (ii) AgeS — Ag ; (iii) Au—— Au ; (iv) CuFeS2—— Cu ; (v) PbS— Pb
(vi) MgCl— Mg ; (vii) FeCO3z —> Fe ; (viii) /91 =R &1 ®IWR 3% —— Cu ; (ix) HgS — Hg
Ans. 4 (i, ii, iii, viii)
Sol. (i) AlO3 + 2NaOH + 2H.0 —2 5 2NaAlO2 + 3H20
(i) Agz2S + 2CN- —— [Ag(CN)2]- + S
(iii) Au + 2CN- + 2H20 + O2 —> [AU(CN)2]~ + 40H-
(iv) CuFeS2 —> No leaching ((efre= =81 2rem 2 1)
(v) PbS —> No leaching (fRefrer= =&t 2ram 2 1)
(vi) MgCl.—> No leaching (fRefrer™ =181 2ram 2 )
(vii) FeCO3s —> No leaching ((Hefrer =181 2rem 2 1)
(viii) 2Cu20(s) + 4H2S04(aq) + O2(g) —> 4CuSO04 (aq) + 4H20(¥)
(ix) HgS — No leaching (ferer= &1 8rar 2 )

5.  Among the following metals how many metals are extracted by self-reduction method from their
respective ores. Hg, Zn, Cu, Al, Mg, Pb, Fe, Sn.
%1 1gaii Hg, Zn, Cu, Al, Mg, Pb, Fe, Sn 3 ¥ & 9w 3RRGI H I W AU §RI Il €T3l
BT fspyor e € |

Ans. 3 (Hg, Cu, Pb)

Sol. 2HgS + 3 02— 2HgO + 2502 ; 2HgO + HgS — 3Hg + SO2
CuzS + 302 —— 3Cuz20 + 2 SOz ; 2Cu20 + Cu2S — 6Cu + SO2
2PbS + 302 —— 2Pb0O + 2 SO2 ; 2PbO + PbS —— 3Pb + SO2
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Metallurgy ﬂ—

6.

Ans.

Sol.

Ans.

Sol.

Ans.
Sol.

Number of metals among following which are obtained by electrometallurgy in molten state are.
1§ @ fbait argal BT dga aTgdd gIRI Tl TawRMl § YIad R Febdl & °
Li, Ba, Na, Al, Fe, Cu, Pb, Sn, Ag, Au, Zn, Ca, Mg
6 (Li, Ba, Na, Al, Ca, Mg)
The metals which are more electropositive than Al (Li — Al). They are extracted by electrolysis of their
molten metalchlorides.
IR &7qq Al (Li — Al) @1 370eT e dgd gcAd © 3Aiey I8 Tferd 91 FalRIse] & fagfd avee
gRT i 81 STl 2
Li, Ba, Na, Al, Ca, Mg

The number of reducing agents involved in the extraction of iron (as pig iron) using blast furnace from
ore haematite is(are).
AT 9SS BT TAN B G, THCISC 3P ¥ IARRA (Fed dlg & w0 H) & Tpuvr 9 a1 oaried
s Afafed g |
2
At 500-800 K (lower temperature range in the blast furnace)
3 Fe203 + CO—— 2 Fe30s + CO2
Fes04 + CO—— 3Fe + 4 CO2
Fe203 + CO—— 2FeO + CO2
At 900-1500 K (higher temperature range in the blast furnace):
C+C0O2—> 2CO; FeO + CO—— Fe + CO2
500-800 K R (a1 Hee! H =1 a9 uRT)
3 Fe203 + CO—— 2 Fe304 + CO2
Fe304 + CO—— 3Fe +4 CO2
Fe20O3 + CO—— 2FeO + CO2
900-1500 K TR (dT1 ¥edl § S2a a9 UxT™)

C+C02—> 2CO; FeO + CO—— Fe + CO2
How many of following are correctly matched for electrolytic reduction in molten state.
Ore Reagent / Process Remark
(a) Al203 AlFs and CaF2 added | Decrease M.P.
(b) MgClz KCI, CaCl Increase conductivity
(© NaCl AlCls Decrease M.P.
(d) AlF3 Haroult process Al form at anode
(e) MgBr2 Dow process Br. form at anode
® Al203 conc. NaOH Leaching process
(9) Carnallite | Dow process Directly applied to carnallite crystals.
T sraen | Jgd JUHCHI UHdd $ foig fhaw A |l 2
I IfHIS /ud feragofy
(@ | AlOs AlFs ToI CaF. e S €1 | Taia fag 9 &
(b) | MgClz KClI, CaCl faftre =merear 3§ gig
(c) | NaCl AlCl3 TeT® a5 # B
(d) | AlFs e A s ¥ Al
(e) | MgBr2 1% UshA TS ¥ Bre
() Al203 A= NaOH IREISERCEL
(9) | dricse | S UHA PlcTge e ®I Ude wU ¥ o] {6 S 2 |
4 (a, b, e, f)

In NaCl metallurgy CaClz and KF are added. Carnellite firstly converted into anhydrous MgClz then
undergo process.

NaCl &1g®H & CaCl. @ KF fiamd Wi 8 | darge 39 Ufhar & IR Teigsiss MgCl ¥ 98 oIl © |
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Metallurgy

9.%»

Ans.

Sol.

10.

AnNs.

Sol.

How many of the following reduction processes are correct :

1 U= UhA | W G UshH DI/ DI B |

(1) B20s + Al —2 5 B. (2) Cr203 + 2Al —2 Cr.

(3) TiCls + Mg —2— Ti. (4) PbS + PbO —2— Pbh.

(5) 3Fe203 + CO —— 2Fe304 + CO2 (6) FesO4 + CO —— 3FeO + CO2

(7) 2Cu20 + Cu2S —— 6Cu + SO2 (8) SnO2+ C—— SnO + CO
7 (except 8)

(1) B20s + 2Al —25 2B + Al,O3 (aluminothermic process-extraction of boron)
(2) Cr203 + Al —2 > 2Cr + Al,O3 (extraction of chromium)

(2) TiCla + 2Mg —2— Ti + 2MgCl2 (Kroll process-extraction of titanium)

(4) PbS + 2PbO —2 5 3Pb + SO (extraction of lead)

(5) 3Fe203 + CO —— 2Fe304 + CO2 (Indirect reduction)

(6) Fes04 + CO —— 3FeO + CO2 (Indirect reduction)
(7) 2Cu20 + Cu2S —> 6Cu + SO2 (Self reduction)

(1) B20s + 2Al —25 2B + AlLOs (T i fafd—aR= &1 faeor)
(2) Cr20s + 21 —2 2Cr + AlOs (HIffH &1 fAepyor)

(3) TiCla + 2Mg —2— Ti + 2MgCl> (spTct UhH—<TSIaH BT fsheor)
(4) PbS + 2PbO —2—5 3Pb + SO (o€ &1 fepyor)

(5) 3Fe203 + CO —— 2Fe304 + CO2 (STl IJU=I)

(6) FesOa + CO ——> 3Fe0 + CO» (el 3Ta3)
(7) 2Cu20 + CuzS — 6Cu + SO (Fd: ITT=I)

The minimum voltage required to electrolyse of Al2Os in the Hall-Heroult process is
Given : AG®f (Al203) = —1520 kJ mol* AGP% (CO2) = -394 kJ mol-*
If net reaction in Hall-Heroult process is : 3C + 2A1203 — 4Al + 3CO2
(Report your answer as voltage x 10)
Bfcl BTec UHH H ALOs & Jgd fuEe & fordl 7awad gAaqq fava (drecsl) &1 719 8 |
feam | 80 AGYr (Al20s) = —1520 k mol* AG®s (CO2) = -394 kJ mol-*
s Bfd—aRiee Ushd 9 §t AIMAfHaAl, 3C + 2A1,05 — 4Al + 3CO2 B |
(310 IR B! fava=R x 10 ® UQi § Fad HIfoTg |)
16
Net reaction in Hall-Heroult process is :
3C + 2Al203— 4Al + 3CO2
or 4AI13+ 12e- —— 4Al, number of electrons (n) = 12
AGP = 3AG% (CO2) — 2AG®s (Al203)
=3 x 394 — 2 (— 1520) = 1858 kJ
AGP = — NFE cel
_ AG° _ 1858 x1000
—Eocell - - T
nF 12 x 96500
Ans. 1.60x10=16
gi—exiee Ushd d fa AAfhaT
3C + 2Al203— 4Al + 3CO2
1 4A13* 12e-—— 4Al, SolaG @ |1 (n) = 12
AGP = 3AG% (CO2) — 2AG®s (Al203)
=3 x 394 — 2 (- 1520) = 1858 kJ
AG® = —nFE°,_
_ AG® _ 1858 x1000
%~ nF T 1296500
Ans. 1.60x10=16

=160V

(o]

=160V
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Metallurgy ﬂ—

11.=

Ans.
Sol.

12.

Ans.
Sol.

13.

Ans.
Sol.

14.»

Ans.
Sol.

Calculate mass of Zn (at. mass = 65) required to recover Ag from a 500 ml solution of 0.5 M sodium
argento cyanide (Give your answer by multiplying 8).

0.5 M SIfeT Iei<Age & 500 ml fAeme | Ag @1 G U< &R+ & oIy 3faedsd Zn (WRHTY]
THAM= 65) BT THAM A BIOIY | (3T SR 8 A IO B QIfoTg )

65

2NaJAg(CN)2] + Zn —— Naz[Zn(CN)4] + 2Ag

05500 _ (5 55 moles (Al
1000
moles of Zn (Zn & A = %
moles of Zn (Zn & A = 0'225 x 65 = 6;3—5 x 8 =65

What is the value of Al—(éo required in kJ/mole for prepration of Mg from Dow’s process using 2.02

voltage.
2.02 d1e Y XD SIS YHH §RI Mg B U B & folg aeaed %WWKJ/mOIeﬁW%:
39
AG® = + NFE el MgCl2—— Mg + Cl2
_ 2x96500 x2.02

= 390 kJ/mole
1000

Oxidation state of Zr in the compound formed by it in Van Arkel process ; ‘/’

Bond order of the gas involved in Mond’s process = ‘m’

Total number of ions present in one formula unit of Thomas slag obtained during Bassemerisation of
iron = ‘n’

Report your answer as (¢ x m x n)

I eRdel UshA | AT WS |7 Zr 3 Sifiidxor e v

Aive Uhd H AfAford T B 98HH = ‘m’

IMRRA & THARIBRY & QR U< AT GJAdA DI Y G SHIs § SURT AT bl Fod &1 =0’
U SR (L XxmMxnN) P BY H < |

60

Zrla (¢ = 4)

Gas involved in Mond’s process is CO (m = 3).

AU yhd H A 1 CO (m=3) &

Thomas slag is Cas(POa4)2 (n =3 + 2 = 5)

o &TgAe Cas(POs)2(N=3+2=5) & |

How many of the following process of refining is/are chemical methods.

() Liquation process (ii) Fractional distillation process (iif) Zone refining method
(iv) Chromato graphic method (v) Cupellation (vi) Poling process
(vii) Hoop’s process (viii) Kroll’s process (ix) Mond’s process
o # 9 fpa R ysha IRIfae UshH 8/

(i) SATBROT YshH (ii) TSN AT UhH (iii) Firsa uRsmHvor fafy

(iv) sprierms! fafd (v) U (vi) arfel T e

(vii) 89 TshH (viii) ST UshH (ix) AIvS UHH

5 (v, vi, vii, viii, ix)

Physical Method : i, ii, iii, iv

Chemical Method : v, vi, vii, viii, ix

Aifcre wepd -, i, i, iv

RIS UehH v, Vi, Vii, viii, ix

/\
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PART -1l : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

-1l ; TP T TP W AP A8 fABeT ABR(ONE OR MORE THAN ONE OPTION CORRECT TYPE)

1.

Sol.

2.3

Sol.

3n

Sol.

Sol.

Which of the following manufactured by the electrolysis of their fused salts.

(A) Copper (B*) Sodium (C*) Aluminium (D) Platinum
T | e W & wIferd o9 & Jgd syEeH | SR O 2 |
(A) BTR (B*) |rfeaH (C*) vgfAf e (D) wifes™

Sodium and Aluminium reacts with water so often extracted from their fuses salts.

Aifed den Vgfafem o1 & aifAfshan avd § or: srfrsier: oo iferd oavll & Awpffa f&d o 21

On the basis of ellingham diagram plotted for formation of metal oxide from metal and one mole of
oxygen, which of the following is/are correct.

(A) Entropy change for all metal oxides is roughly same.

(B*) Below the boiling point, 'TAS' factor is nearly same irrespective of metal.

(C*) Above AG = 0 line, oxide decomposes into metal & oxygen.

(D*) If randomness increases the slope increases

grd Jer SARAISE & Y Al A 97 Sifaarss & 0 & oy TlelfM o & SR wR fr=iferlRad # 9
DI FE 2/% |

(A) B g1q Sifevrgel & fog Teidt § gRads e w91+ 8ran 2 |

(B*) T@UHIH & A S O1g & oI, 'TAS' TR §9F B & |

(C*) AG = 0 31 & HWR ifaargs o1g an sifedio # fafed &1 o 2|

(D*) af srfafiaar sgdt & a1 <Td (slope) 9T 2 |

(A) % = —AS, % is slope in Ellingham diagram. Which is same below the boiling point.

(B) Below the boiling point slope is same as factor TAS is same.
(C) Above AG = 0 line free energy becomes positive so oxide decomposes.
(D) Random increases i.e. AS increases, so slope also increases.

(A) % = —AS, ? TTd (slope) ® ST {5 q@eAies & <9 A Bl & |

(B) F@¥HI®d & Ard &l (slope) A & Tifd TAS F9H 2 |

(C) AG =0 @51 & HW Y& SHoll gD 8 Il & 3N Afaarss &g oM Ao d faafed & o
gl

(D) 1frafidar ggell ® @ AS 9gal ® 1 erd (slope) i sgar 2 |

The smelting of iron in a blast furnace involves, which of the following process/(es) ?

(A*) Combustion (B*) Reduction (C*) Slag formation (D) Sublimation
JMRA & WA H a1 9eel | DI UhHA 81 5/8 °
(A*) T89 (B*) 3r9ga+ (C*) argAe &1 fAer (D) SHedurad

smelting of iron in a blast furnace does not involve sublimation.

IMRA & WA H TN Ml W SHeduras Ushd =8l 2l 8 |

Addition of high proportion of manganese makes steel useful in making rails of rail roads, because
manganese :

(A*) gives hardness to steel (B) helps the formation of oxides of iron

(C*) can remove oxygen and sulphur (D) can show highest oxidation state of +7

W o1 ¥ @ 9e) 999 A UGS a1 S © SHH S7d A3 H A AR S g i 98 ¢
(A*) T B HORAT U™ HRAT 2 | (B) 3R & 3faaIgs 91 H AGE HCl B |

(C*) ATRAST 3R FHR BT YIH H AHAT 2| (D) S IfFRABROT =N +7 YaRia &R qahal 2 |
(A) true (C) small amount of Mn is added to molten steel to remove sulphur and oxygen.

(A) T (C) IR d iAo & gem & forg ferd arg § g A1 § Mn e 7

/\
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Metallurgy ﬂ—
5.x Complexes formed in the cynide process are :
AIATSS WA H Fr=IfaRad ddel 94 & -
(A*) [AU(CN)2]- (B*) [AQ(CN)2]- (C) [CU(CN)4* (D*) [Zn(CN)4]*
Sol. Cynide process used for Au and Ag comlexes formed in this, are :
NaJAu(CN)2], Na[Ag(CN)z], Naz[Zn(CN)4].
.  ARAISS WHH Au A Ag @ g agE Bl ® sad eferiad dad ad ©
Na[Au(CN)2], Na[Ag(CN)z], Naz[Zn(CN)4].

6. In poling process of purification of Cu, O2 oxidises following group of elements :

DIR BT Yg Y1 Uil THA H O Tl & Fr=ifeiRad Tl ®l Afadigd &l © -

(A*) S, Sb, As (B*) Sh, As, Fe (C* S, Sh, As (D) As, Ag, Au
Sol. In poling process of purification of Cu, Oz oxidises S, Sb, As and Fe into their oxides.

TA. PR B YE B W THA H O2, S, Sb, As ToIT Fe P I Jifawrgs] § Sifadiqhd Bl 2 |

7=  Which of the following process(es) occur(s) during the extraction of copper from chalcopyrites ?

(A*) Froth floatation (B*) Roasting (C*) Bessemerisation (D) calcination

ATehIITZRTSE | HIIR & fpuo & SRIF 79 § F 991 A1 B9 Ushd I Ot 8 7

(A*) ST Wi fafg (B*) 9oi9 (C*) THHAHRT (D) foramo=
Sol. (A) Sulphides ores are generally concentrated by froth floatation.

(B) 2CuFeS; + 40, —'3d . Cy;,S + 2FeO + 3S02

CuzS + FeO + SiO2 —— FeSiOs (fusible slag) + Cu2S (matte)

(C) Bessemerisation
2FeS + 302 —— 2FeO + 2S02
FeO + SiO2 —— FeSiOs
2Cuz2S + 302 —— 2Cu20 + 2502
2Cu20 + Cu2S — 6Cu + SO2 (self reduction).

Bal. (A) TTHTSS 3D AMIG: SN ©ad UshH g1 Aifsd 81d 8 |

(B) 2CUFeS: + 40, — ™ 5 Cu,S + 2FeO + 350,
CuzS + FeO + SiO2 — FeSiOs (T 81gAe) + CuzS (3T)
(C) SHAFRIHRYT

2FeS + 302 —> 2Fe0 + 2SO

FeO + Si0O2 — FeSiOs

2CuzS + 302 — 2Cu20 + 2S02

2Cu20 + Cu2S —> 6Cu + SO, (a: YAT).

8.»  Calcium silicate (slag) formed in the slag formation zone in extraction of iron from haematite ore :
(A*) does not dissolve in molten iron.
(B*) being lighter floats on the molten iron
(C*) is used in cement industry and as building mater|al
(D*) prevents the re-oxidation of molten iron.

BACIZT 3D W ARRA & (AsHyvr # urgael 9999 a1l &5 § dfeeraw fiforde (Engad) a9 2
(A*) g TIferd JMRA # fdery wE1 2 2 |
(B*) TE Eedl B & HIRYN Tfeld IMRA P Adg IR d=al B |
(C*) 3THT TA WA I H dAT U Aiorer ugred & wu # fhar Sar 7|
(D*) T8 WIferd MIRA & Y: JifRNHROT Bl Al B |

Sol. (i) Slag is a fusible mass. (ii) It has low melting point.
(iii) It is lighter than and immiscible with the molten metal. It is due to these impurities that the slag floats
as a separate layer on the molten metal and can thus be easily separated from the metal. The layer of
the slag on the molten metal prevents the metal from being oxidised. It is used as one of the constituent
of cement and in building material.

g (i) 91g9A TP TG S B | (i) $HPT TeATD = B B |
(iii) TB8 TP BT B TAT I oG B AT AN B | $9 BRI &AM o1 W T gAH
WA B ®U H AR A § dAT O W WRAN A YAD PR ADhd @ | e 91 W UTgHA DI WA €T B
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9.n

Sol.

10.

Sol.

11.

Sol.

12.

Sol.

JffIgd B9 | GReTl Il & AT G1g BT BRI B 4§ AdhA 2 | SHBI ITAN HA< & g qef
femforer ueredl @& w9 # g B

Which of the following statement(s) is (are) incorrect ?

(A) In Serpeck’s process silica is removed by heating the bauxite to 1800°C with coke in a current of N2
(B) In extraction of lead from galena roasting and self reduction takes place in the same furnace but
under different conditions of temperature and supply of air

(C) The tin is obtained by the carbon reduction of black tin.

(D*) None

791 % § S/ PH HUHF Tord 8 7

(A) 9t Iy § dfedrge @1 1800°C YA TR Bid & W1 N2 B ORT H TH &3 ) faferdr g &1
STt B

(B) T ¥ e @ frhyu § Woid 9 w@a: IUHdd UsHH S 9SSl H A9 9 arg @ yaw @ fafi=
gRRfE # 8 € |

(C) =Ih fed & Brad—u=a= | fe51 Uy &Iam B |

(D*) SWRIGT | | DI &I

(A) White bauxite contains the impurity of silica which is removed by heating with coke in a stream of N2
Si0z + 2C —8%C 5 Sit + 2CO ; Al,Os + 3C + N2 —2%°C_, 2AIN + 3CO

(B) 2PbS + 30> lower tenjperature 2PbO + SO» : 2PbO + PbS higher temperature 3Pb + SO»

air

(C) SnO: (black tin contains 60-70% SnOz) + 2C —2— Sn + 2CO.
(A) awe diqarss d faferer @1 srlfedl oz Sl 2 O N2 @1 919 § 3 & A1 TH IRD g2 [Hal
ST B

1800°C

SiO2 + 2C —8%°C , gt + 2CO ; AlLOs + 3C + N —X89%°C | AN + 3CO

(B) 2PbS + 30, — T _, 2ph0 + SO, ; 2PbO + PbS —S= ™, 3pp + SO,
g

(C) SnO; (®TaTl &5 60-70% SnO2 @ §) + 2C —2— Sn + 2CO.

Parting of gold may be done with :

(A*) Sulphuric acid (B) Sodium hydroxide (C) Borax (D*) Chlorine (Cl2)
Mo &1 YARH (F=ifhd & A1 B Fhd & |
(A¥) GgRe 3+ (B) AIfea¥ TEsSiaass (C) Ra (D*) TR (Cla)

Gold is not attacked by sulphuric acid, nitric acid and Clz use to separate it from borax so, parting of
gold can be done with these.

Tes AR 3, Tgfed ol | gwifdd &l Bl & o FARI SHPl dRad H A B § Tgad
BIAT 2| 3M: TS B YARHRYT 98 A1 FR Fhd 2 |

Ligquation process may be applied for the purification of :

(A) copper (B*) tin (C) iron (D*) zinc
SAIHROT UHH B YlgdRol & fg TArT fovan S |bdn 2
(A) BIR (B*) fe=1 (C) 3Ma=A (D*) 5w

Liquation process is used for the purification of those metals which are less fusible than impurities
present.

B YHH BT STAN I G1geN & o o= & S AYEA o HH T BT T |

Of the following reduction processes, the correct process(es) is/are :

o U U § W 98 Uk P9l BY © |

(A*) Fe203 + CO—> Fe + CO2 (B*) ZnO + C—> Zn + CO
(C*) Cuz0 + CuzS—> Cu + SO (D*) PbO + C— Pb + CO
All processes are correct. (94 UHH el 2 |)

(A) Fe203 + 4CO —2 5 3Fe + 4CO> (B)ZnO+C —2 Zn+CO
(C) 2Cu20 + CuzS —2—> 6Cu + SO2 (D)PbO+C —2 5 Pb+CO

/\
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Metallurgy ﬂ—

13.» Roasting of copper pyrites is done :
(A*) to remove moisture.
(B*) to oxidise free sulphur and antimony.
(C) to convert pyrites completely into Cu20 and FeO.
(D*) to remove volatile organic impurities.
BIR USRS BT Wold BTl 8
(A¥) T B! gEM H
(B*) G HHR Tl Tl Bl ATaRATgd d 4
(C) uTS¥TSC &1 Yuid: Cuz0 T2 FeO # I #
(D*) I BEfdH AYE Pl & H

Sol. (C) is incorrect statement as 2CuFeS; + 402 —2—5 CuzS + 2FeO + 3S0..
Bl (C) TTed ®U 8, 2CuFeS; + 402 —2 > Cu2S + 2FeO + 3S0x.

14.=  Select the correct statement(s) with respect to the differences between roasting and calcination.
(A*) In roasting at higher temperature sulphide ores of the some metal like Cu, Pb, Hg etc. are reduced
directly to metal but not in calcination.
(B) Partial fusion occurs in calcination but not in roasting.
(C*) Calcination is done in limited supply of air or absence of air but in roasting supply of excess air is
required.
(D) Combustion reaction occurs in roasting but not in calcination.

ol dT ORI & 980 3R & SaY H 98! $UF/HAA B TI9 DIV |

(A*) Iz A9 W 9oid H HB °1g 99 Cu, Pb, Hg 3Mie & Aehigs R AIY & o1g d aiid 8 i
g foeg feamos 4 181 8 B |

(B) <ot & &7 7o B ® feg wola | VA w8 g 2

(C*) FraTos arg &1 AfAd Suafy a1 arg &1 Jguierfa d 8iar 2 g 9oia Ushd arg & a4

R Bl B |
(D) 9Si9 | T&1 SIfWfshar Bichl @ fobg s 3 7281 8kl © |
Sol. (A) Roasting. It is a process of heating the concentrated ore (generally sulphide ore) strongly in the

excess of air or O below its melting point.
Roasting at high temperature. The sulphide ores of some of the metals like Cu, Pb, Hg, Sb etc., when
heated strongly in the free supply of air or Oz are reduced directly to the metal rather than to the
metallic oxides.
(C) Calcination. It is a process of heating the concentrated ore strongly in a limited supply of air or in
the absence of air.

gl (A) ST : WSl UshA ¥ WIfFEd 3G (AT eSS 3RI%H) Bl 39 Taid § - 9 & Mf¥e 3

T a1 ST g | 9ol Sed 919 WR BT 8 | $9 81 ol Cu, Pb, Hg, Sb 31Tfd & HehIgs 31I%hI HI a1y
S AT AT O H Y9l ®Y A T B W WY & @i Sax o1g 91 2 |
(C) FreITa= : 59 UshH | |ifvsid 1% P1 Arg DI AIAG A AT A1 B JqURAfa H T b man 2 |

PART - IV : COMPREHENSION

T - IV . aﬁa (COMPREHENSION)

Read the following passage carefully and answer the questions.

1 g @) SAFyED ufed a1 UwEl & STk @feig|

Comprehension # 1
Amongst the various ores of a metal (M) (sulphide, carbonates, oxides, hydrated or hydroxides) two
ores [X] and [Y] show the following reactivity.
(i) [X] on calcination gives a black solid (S), water and a colourless gas which produces milkyness when
passed through lime water. But this colourless gas does not decolourise the acidified KMNOa.
(ii) [X] dissolved in dilute HCI on reaction with Kl gives a white precipitate (P) and iodine gas.
(iii) [Y] on roasting at high temperature gives metal (M) and a gas (Gi) which turns starch iodate
solution blue.
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Metallurgy ﬂ—

(iv) [Y] on reaction with dilute HCI gives a white precipitate (MS) and another gas (Gz) which turns lead
acetate solution black and also reacts with gas (Gi) to precipitate colloidal sulphur in presence of
moisture.

The M, S, [X] and [Y] gives greenish blue flame.

FTWE# 1

TE grg (M) & 950 3D H I (AehIgs, HErICH, Afass, STelio A1 Blggiadlss) a1 R-D [X] T
[Y] fFr=afeaRaa afshaar uelRia &=d 2 |

(i) [X] & 99 R I8 TH Blell 319 (S), STl T U TR 19 Sl 8 o TRH 449 g & i 9 |
TR & 1 I8 g Ol I BT IIEA IRl 8 | Afda T 19 areidd KMNO, &1 1 81 ISl & |
(i) T HCIH faera [X] KI & |1 fhar a1 IR U A%S 3fded (P) T1 e 3199 <l & |

(iii) [Y] &1 9= A TR o4 &R W IE o1 (M) T2 T (Gy) @1 2| S wrd Imase e &1 e
PR Tl B

(iv) [Y] @ g HCl & w12l IfAfhar ax™ WR & 9s 37@ey (MS) T Sasl 3 4 (G2) U<l & 8 &
oe WWice @ fIeawd @1 ®r faems # uRafta &=cll @ &k 7+ o suRafa & I (Gy) @ | i
IAFHAT PYD PIclTsS] AHY BT AT o) 2 |

M, S, [X] derm [Y] 8Ra el arelm <d £ |

1ln The metal ores [X] and [Y] are respectively :

(A*) Carbonate and sulphide ores (B) Sulphide and carbonate ores
(C) Carbonate and hydroxide ores (D) Carbonate and oxide ores
o1 TARD [X] T [Y] HHEn: B |

(A*) BTEIFC TAT AHISS D (B) AewISS TAT HIEITC D
(C) BEHT qUT TTSSIRISS D (D) FTEivE TAT AR RRD

Sol. [X] = CuCOs. Cu(OH)2 or 2CuC0O3.Cu(OH)2 ; [Y] = CuzS or CuFeS:

CuCO3.Cu(OH)2 —2— CuO (S) + CO2 + H20 ;
[Y] = CuzS or CuFeS:
2Cuz2S + 302 ——> 2Cu20 + 2S0:2 ; Cu2S + 2Cu20 — 6Cu (M) + SO2(g)
5S0: + 21035~ + 4H20 —— Iz + SO42~ + 8H*
I> + strach—— blue colour
Bal. [X] = CuCOs. Cu(OH)2 a1 2CuCOs.Cu(OH)2 ; [Y] = CuzS or CuFeS:

CuCO3.Cu(OH)2 —2— CuO (S) + CO2 + H20 ;

[Y] = CuzS I1 CuFeS:

2CUS + 302 —>2Cu20 + 2S0; ; CuzS + 2Cu20 —— 6Cu (M) + SO2(g)
5S0: + 21035~ + 4H20 —— Iz + SO42~ + 8H*

I + ™ el —— ¥

2= Which of the following statements is correct about [Y] ?
(A) [Y] is converted to metal (M) by self reduction.
(B) Carbonate extract of [Y] gives yellow precipitate with suspension of CdCOs.
(C) [Y] is copper glance or copper pyrite
(D*) All of these
Y] & IR ¥ fA=fifad & 9 S99 e 98 8 ?
(A) [Y] Ta: 9= g1 &1 (M) H gRafia s 2 |
(B) [Y] @1 ®rEiHe fspd (Carbonate extract) CdCOs & o= (Suspension) @ H1 Uil 3@ed <l ¢ |
(C) [Y] BTUR T AT HIUR UTSRIZE 2 |
(D*) 39 | 9
Sol. It is sulphide ore (Cu2S or CuFeS:2) & is called as copper glance or copper pyrite; S2- gives yellow ppt.
of CdS with CdCOs suspension.
T I8 AWISS 3TOFD (CuzS AT CuFeS;) B 3R 3H IR oI I1 HIMR UIgRISe ded & | S, CdCOs &

1 CdS 6T Giell @8y <l 2 |
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Metallurgy ﬂ—

3. The gas (G1) acts as

(A) oxidising agent (B) reducing agent

(C* oxidising and reducing agent (D) fluxing agent

N (Gy) 71 @ TRe B Fell & |

(A) MRABRE & HI | (B) MUATd® & wU H

(C*) JTRIBRS TAT AR ®Y H (D) eT® JMfAGHS B TRE & ®Y |
Sol. G1 = SOg; It can increase its oxidation state from +4 to +6 & decrease from +4 to 0 or -2.
TA:  Gi=SO0; I8 TAD! SRIBIUN AARAT +4 F +6 TH d¢1 Adhal g a2 +4H 0T —2 qd °TT FH! 2 |
4, The white precipitate (P) is of :

(A*) Cuzl2 (B) Culz (C) K2[Cul4] (D) none

qHS 398y (P) frda ®

(A%) Cuzlz (B) Cul (C) Kz[Cul4] (D) &g & |

Sol. CuCOs3 + 2HClI —— CuClz2 + CO2 + H20; CuClz + 2KI —> Culz+ 2KCI; 2Culz—— Cuzl2 + 12

5. Identify the correct statement about [X].
(A) It is malachite or azurite ore
(B) Its solution in dil. HCI gives white ppt of Cuzl2 with KI
(C) It on calcination gives black cupric oxide
(D*) All of these
X]® IR H H& HUF B YA :
(A) T8 HATHIST AT YORISC 3IH ©
(B) T HCI & 3@ fae™s KI & A1 Cuzl. HT FHS 37aery a2 |
(C) 39 RaTUe &7 W I8 Pl FUIS Ifarss <l © |
(D*) SWRITT A

Sol.  CuCOs.Cu(OHz2) —2 s CuO{ (black) (®Te) + CO2 + H20

CuCOs . Cu(OH)2 + 4HCl — 2CuClz + 3H20 + CO2 ;
2CuClz + 4KI —> CuzI2d (white) (%) + I, + 4KCl

Comprehension # 2
Read the following graph and answer the following questions.
0

100~
-200
-300
-400
-500
-600
-700}—
-800
-900
-1000
-1100
1200 f—

AG°/kJ mol™ of O, —

[ 1 1 1 1 1 1 1 | 1
0°C 400°C  800°C  1200°C  1600°C  2000°C

Temperature ————
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ITHT #2
71 I 31 AEETIYES dfed d1 T uRAl & IR Mg P
0

-100f—
-200
-300
T -400
~ -500
O 600
S 700}
5 -800
& -900
g -1000
¢n -1100
<1 -1200f—
[ 1 1 1 1 1 1 1 1 1
0°C 400°C 800°C 1200°C  1600°C 2000°C
qmoae —
6. At what approximate temperature, zinc and carbon have equal affinity for oxygen.
I8 IUY AIHE 1 B, o WR i d21 e raRieE & Ui GHE 9 W © |
(A*) 1000°C (B) 1500°C (C) 500°C (D) 1200°C
Sol. At about 1000°C, lines cross and thus at this temperature zinc and carbon have equal affinity for
oxygen.
T 1000°C TR YTV TH—gaX DI HICl © 3 39 AMIAH R S5 qAT B Mo & i T
JYAT IE@d E |
7. To make the following reduction process spontaneous, temperature should be :

=1 srmaae fafy &) W@ M @ forg AMEE R RT BT |
Zn0O +C— Zn + CO
(A) < 1000°C (B*) > 1000°C (C) <500°C (D) > 500°C (aif&) but < 1000°C
Sol. (B) In Ellingham diagram all three oxidation curves for the carbon system lie above that for oxidation of
zinc, until a temperature of approximately 1000°C is reached. At this point C is thermodynamically
capable of reducing ZnO to Zn. The overall equation for reduction is
ZnO(s) + C(s) — Zn(g) + CO(g)
B : (B) Ufolf™ R # &1é9 dF & forv A1 SifRfiaxo 9% [N & SifRfidror 9% o SHux Rerd 8 81 o9
P fdb QA T 1000°C T Ugd Siidl ® | 39 fivg R C SHFIfda! w9 4 ZnO $1 Zn d Iq=ldd
PR H gHd B | uayd & forg et siffar 2 |
ZnO(s) + C(s) — Zn(g) + CO(g)

8.w  Which of the following statement is true ?
(A) In the extractive metallurgy of iron, the reduction of calcined / roasted haematite ore in blast furnace
takes place in the lower temperature range as well as in the higher temperature range by carbon
monoxide and carbon respectively.
(B) The reduction of zinc oxide by carbon takes place at higher temperature than that in case of copper.
(C) It is quite easy to reduce oxide ores of copper directly to the metal by heating with coke after 500-
600K.
(D*) All of these
71 % 9§ I wuE w € ?

(A) I Wl # faifid a1 wkia 2WeEe s &1 ded e # Ugdd $H a1 IR 9T ST d1Y U
# ¥R CO TUT C §RT Bl |

(B) ®IUR HI et e faATSS BT HIeH §RT AU, S dYA R &Il 2 |

(C) IE 31fa® A B fh BIWR & AaIgS IAFH Pl WY 87 H 500-600K & 918 HId & A1 AR
Fx faar o 21
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Sol.

(D*) SuRTaRT T |

FeO(s) +C(s)—> Fe(s/)+CO (@) Q)
FeO(s) —> Fe(s) + %Oz(g) [AGgeo.r] e )
C(s) + %Oz(g) — ., co(g) [AGc.col s 3)
AGc,co) + AG Feo,Fe) =AG e (4)

In AG° vs T plot representing reaction (2), the plot goes upward and that representing the change C —
CO (C, CO) goes downward. At temperatures above 1073K (approx.), the C, CO line comes below the
Fe,FeO line

[AG(c. co) < AG(re, Fe0)]. SO in this range, coke will be reducing the FeO and will itself be oxidised to CO.
In a similar way the reduction of FesOs4 and Fe20s3 at relatively lower temperatures by CO can be
explained on the basis of lower lying points of intersection of their curves with the CO, COz2 curve in the
given figure.

2ZnS + 302 —> 2Zn0 + 2S02; ZnS + 202 —> ZnSO04; ZnS0s —20 K, 27n0 + 2502 + O
The reduction of zinc oxide is done using coke. The temperature in this case is higher than that in case
of copper because ZnO line crosses C — CO line at higher temperature than that of CuO.

ZnO+C ke 1OBK , 7n+CO

FeO(s) +C(s)—> Fe(s/) +CO (@) Q)
FeO(s) —> Fe(s) + %Oz @ [AGreors]l e @)
C(s) + %Oz @—CO(@@ [AGccol e 3)
AG cco) + AG (Feo,Fe) =AG (4)

AGe TAT T ARG AfAHAT (2), B UeRiT FHRaAT &, 9 HUR gl & T Sl C CO yRad+ &1 usRia wHan
g d1 iR g 9gar ® o 1073K @9 & HUR C, CO X&T Fe,FeO X®@1 ¥ 19 3N Wl 2 | [AG(c, co) <
AG Fe, Feo)]. 3ATTT 9 W H HId FeO Pl ARG SR T W@J CO # Afaiigd 8 SR | S UHR
I mfdrd f7<1 A9 TR CO §RT Fes04 d Fex03 & 39T &1 AR HR Idhd & o o I faa § Co,
CO. T & I 9@ Thl B IA<: WIS & [+ fdgall IR MR B |

2ZnS + 302 —> 2Zn0 + 2S02; ZnS + 202 —> ZnS04; ZnSO4 —2P K  27n0 + 250, + O

S offexargs & amgeds & g Bie @1 YA d=d 2| 39 Rafd § qoaE iR &1 Refa @1 o 4
Ied BIAT & | it Sed a9 TR ZnO XWT C — CO XM S CuO &I Tl H UR PR SRl & |

ZnO + C ke 16K . 7nh + CO

Comprehension # 3

Answer Q.9, Q.10 and Q.11 by appropriately matching the information given in the three
columns of the following table.

The scientific and technological process used for the extraction isolation of the metal from its are is called as
metallurgy. Following information is given in columns :

Column-1: Ore

Column-2 : Process desirable in metallurgy.

Column-3 : Process involved in column-Il.

Column-1 Column-2 Column-3
() Copper pyrite (i) Dow's process (P) | Electrolytic reduction in fused state
. - Mac-Arthur Molten MgClz + CaClz + NaCl
(11 Bauxite (i) Forrest process Q electrolysis
. . Molten impure aluminum + fluorides of
(iny | Silver argentite (i) | Hall-Heroult process | (R) Na*, Ba?* and Al** electrolysis
(IV) | MgClz from sea water | (iv) | Hoop's process (S) g;mgltz)l( formation and displacement

IqHT #3

Ao @ T Ced & A9 Diow A SUGE I B SUgE & ¥ gHd X Tl Q.9, Q.103dR Q.11 B
IR A |

/\
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g1 & NP ¥ 9T & [THuv faeme & fog ygaa faftre qon dafe ushd a1ged S © |
o o st # Y T g

T -1 : ITID

T -2 OTHH | aqifod Ushd

W -3 W -l H A usm

W/ -1 R/ -2 ®/H -3
(I EENCIENETS () | <@ uHA (P) | TIfeTa araRe H JdEdeIuECs a3
(I | dfeqrge (i) | AP-31R BRI UHA | (Q) | Wferd MgClz + CaClz + NaCl de[asraee
() | Rieax arferze (i) | Bfe-iRfee s &) :Egg?@ 3 ga% W_\rr;g Nar, Bas e
(IV) | 991 5t 9 MgClz | (iv) | g9 ushH (S) | dga i den arg R faRem=
9. For Ag, the only correct combination is :
Ag & oy dad |E FaIoH 82—
(A) (1) () (S) (B) (1) (iv) (P) (C*) (1) (i) (S) (D) (1) (iii) (R)
10. Metal which is obtained from carnallite can be extracted by following combination :
FridEe ¥ U< 9rg B 7 FAoH gR1 piia fhar S ddar 8—
(A) (1) (i) (R) (B) (1) (iv) (S) (C) (V) () (S) (D% (V) (i) (Q)
11. Select the only correct combination for Al :
Al % T Sae T8 G ggantii—
(A) (1) (iv) (P) (B) (1) (iii) (R) (C) (1 (iii) (S) (D) () (iv) R)

* Marked Questions may have more than one correct option.

* fyfead ue o I Ife 98 fAeey I U -

J

PART -1 : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS)

AT - | : JEE (ADVANCED) / IIT-JEE (Aot a8) & gz

1. In the process of extraction of gold,
Roasted gold ore + CN™ + H,0 —22 5 [X]+ OH™

[X] +Zn —— [Y] + Au
Identify the complexes [X] and [Y]. [JEE-2003(S), 3/84]
AW & rpyu & gmd W

ARfT A BT 3R + CN~ + H20 —22 5 [X]+ OH ™
[X] +Zn —— [Y] + Au

Hg [X] qA1[Y] B G | [JEE-2003(S), 3/84]
(A%) X =JAU(CN)2] ", Y = [Zn(CN)4]*- (B) X =[Au(CN)sJ*, Y =[Zn(CN)s]?-
(C) X=[Au(CN)2] , Y =[Zn(CN)s]*- (D) X =[Au(CN)4] ,Y = [Zn(CN)4J*

Sol. Au + 2CN- + H20 + %202 —> [AU(CN)2]~ (X) + 20H-; 2[AU(CN)2]- + Zn = [Zn(CN)4]?~ (Y) + 2Au.

2. Write down the reaction involved in the extraction of lead. What is the oxidation number of lead in
litharge ? [JEE-2003(M), 2/60]

s ® fspdu & fog smafae afafrard faRay | faerst # o a9 sifRfieRor e o1 g ?
[JEE-2003(M), 2/60]
Ans. O.N.is +2, litharge is PbO.
+2, PbO forerrst &1 3 PbO B |

Sol.  PbS +20- m PbSOa4 ; 2PbS + 302 —2 5 2PbO + 2S0x.

1 Roasting
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Metallurgy ﬂ—

PbS + 2PbO — > 3Pb + 2S0; ; PbS + PbSOs— > 2Pb + 2S0x.
SiO2 + CaO(flux) —> CaSiOs (slag) + PbO.

B PbS +202, — 2 5 PbSOs4; 2PbS + 302 — 2 5 2PbO + 2S0..
ol ol

PbS + 2PbO —> 3Pb + 2S02 ; PbS + PbSOs — 2Pb + 2S0,.
SiO2 + CaO(TTeld) —> CaSiOs (8TgHe) + PbO.

3. Pb and Sn are extracted from their chief ores by : [JEE-2004(S), 3/84]
(A) carbon reduction and self reduction. (B*) self reduction and carbon reduction.
(C) electrolytic reduction and self reduction. (D) self reduction and electrolysis.
Pb 3R Sn &1 fspdvl I9& &3 3RS 9 BT 2 [JEE-2004(S), 3/84]
(A) BTET T AR Wd: JIIT gRT (B*) W 3YTaH R HET YA §RI
(C) Iggd 3ruged AR W& AU=IT g (D) w@a: JUFI AR ITA UEeH §RT

Sol. 2PbS + 302 — 2PbO + 2S0:
PbS + 2PbO — 3Pb + SOz
SnO+C——> Sn+CO
SnO + CO—— Sn + CO2

4, Two ores Al and A2 of a metal M show the following reactivity :

W S (black solid) + CO, + H,0

A1

\ P (precipitate) + I,

(i) dil. HCI
(i) KI

Roasti
A2 Sk G (gas) + M (metal)

G Acidified K,Cr,0, solution

green solution

Write the chemical formulae of Al, A2, S, P and G. Explain using required chemical reactions.
[JEE-2004, 4/144]

grd M QT 3% Al 3R A2 1 foramefieran wefRia &=d & : [JEE-2004, 4/144]

WS(WW)+COZ+HZO

Al

W P (3fd8rY) + I,

(i) K1

A2 i G () + M (erg)

G I K,Cr,0, fder= =1 e
A1, A2, S, P 3R G &1 IMIAfe 33 ffay | gl Yyt IR Aifdfhansi & ausisy |

Ans. Al =CuCOs3.Cu(OH)2 or 2CuCOs.Cu(OH)z;
A2 =Cu2S; S=CuO; P=Cuzl2; G =S02

Sol. Formation of CO2 and H20 indicates that ore Al is hydrated carbonate ore.
Al when treated with HCI and then KI gives white precipitate and iodine gas indicates that it is the ore
of copper.

(A1) CuCOs.Cu(OH)> —2— CuO { (black) + CO2 + H20.
CuCO0O3.Cu(OH)2 + HCl —— CuCl2 + H20 + CO:a.
2Cu2* + 4I-—— Cualz 4 + I2.
The precipitation of metal (by self reduction) and evolution of a gas (on roasting) which turns acidified
Cr207%- green indicates that Az is sulphide ore of copper.
(A2) 2Cu2S + 302 — 2Cu20 + 2502 ; CuzS + 2Cu20 — 6Cu + SO2
3S0:2 + Cr207%~ + 2H* —— 2Cr?®* (green solution) + 3S02 + H20.
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Sol.

Ans.
Sol.

So, Al = CuCO3.Cu(OH)2 or 2CuCOs.Cu(OH)z;
A2 =Cu2S; S=CuO; P=Cul2; G=S02
CO2 3R H20 &1 971 I Uefdid oxal 2 | fb Al egsfes weite erves 2|
Al ®1 99 U8l HCI & |1 T1 915 § KI & 1 SYAIRT $Rd & a9 9%e (e g9d] & AR IS

T Apad) 31 I8 A yeflRfd oxar 8 & I8 #IR &1 3 2 |

(A1) CuCOs.Cu(OH), —2— CuO | (&TaT) + CO2 + H20.

CuCO0s3.Cu(OH)z2 + HCl —— CuClz + H20 + CO:..

2Cu?* +4F—— Cuzl2 L + 12,
gTd BT AUV (WS JUAIT §RT) AR I BT b (Woid UR) qAT 3ftidhad Cra072- &1 &1 I H
IRaae wefdid #Ral 8, b A2 PR BT Aohlss 3D 2 |
(A2) 2CuzS + 302 — 2Cu20 + 2SO0z ; CuzS + 2Cu20 — 6Cu + SO2

3502 + Cr2072 + 2H* —— 2Cr3* (&1 faerdd) + 3502 + H20.
31, Al = CuCO3.Cu(OH)2 d1 2CuCO3.Cu(OH)2;

A2 =Cu2S; S =CuO; P=Cuzlz2; G =S02

Which of the following ore contains both Fe and Cu ? [JEE - 2005, 3/144]
(A*) Chalcopyrite (B) Malachite (C) Cuprite (D) Azurite
/1 9 9 {59 sRR® H Fe 3R Cu 1 &1 SuRerd 8 8 ? [JEE - 2005, 3/144]
(A%) TfcpraTERISE (B) HWefrTge (OERUIEE ((IRSHES

Chalcopyrite is CuFeS:2 which contains both Fe and Cu.

ATehIITERTSE CuFeS2 ® S Fe @ Cu aIH1 ¥EdT ® |

Match the extraction processes listed in column-1 with metals listed in column-Il. [JEE - 2006, 6/184]

Column-| Column-Il
(A) Self reduction (p) Lead
(B) Carbon reduction (q) Silver
(©) Complex formation and displacement by metal | (r) Copper
(D) Decomposition of iodide (s) Boron
-1 9 & TS rspyer @l fafeRi a1 w-ll H d S eargell ¥ gafed sifvie | [JEE - 2006, 6/184]
w-| -l
(A EEaCEERE] P |
(B) CACEECEEDE] (a) e
(C) | S@a v JiR arg g1 uiceemms | (r) BIIR
(D) | sTAISISS &1 fadre (s) EING

(A -p, r), (B - p)i (C r q)i (D - S)'

(A) 2PbS + 302—— 2PbO + 2S0:a.
2PbO + PbS — 3Pb + SO2.
PbO + C—— Pb + CO.

(B) 2Cu2S + 302 —> 2Cu20 + 2SO02.
2Cu20 + Cu2S —— 6Cu + SO:a.

Self reduction (FIT:—39=I).

(C) Ag + 2CN- % [Ag(CN)2] ~.

2[Ag(CN)2]- + Zn —> [Zn(CN)4]>- + 2Ag .
(D) 2Bls —2— 2B + 3l2.

Extraction of zinc from zinc blende is achieved by : [JEE - 2007, 3/162]
(A) electrolytic reduction

(B*) roasting followed by reduction with carbon

(C) roasting followed by reduction with another metal

(D) roasting followed by self-reduction

fSi® i€ (Zinc blende) & & (Zinc) &1 fspyor & fan Siram g 2 [JEE - 2007, 3/162]

(A) 9=A AUECT T A (B¥) 9IS & UA HIEA & 1T U |

/\
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Sol.

Sol.

Ans.
Sol.

(C) 9o & U 3T 91q & Wi U=dd ¥ (D) 9oid & y¥Erd @a: T |

Zinc blende is roasted in excess of air to convert it into oxide. The oxide formed is then heated in
presence of coke to get metallic zinc (reduction).

27ZnS +30; —2 5 2Zn0 +2S0; T; Zn0O+C —2 Zn+COT.

e <is 1 g9 snadss d URafkiad =71 & fog ag & nfdew & wiia e s & 1 A smawarss
¥ gifcads 56 9T &1 & g 39 g9 e 3 SulRAfy & T fFar Srar 2

2ZnS + 302 —2 2Zn0 +2S0, T; Zn0+C —2 zZn+cCoO™T.

Native silver metal forms a water soluble complex with a dilute agueous solution of NaCN in the
presence of: [JEE - 2008, 3/163]
(A) nitrogen (B*) oxygen (C) carbon dioxide (D) argon

NaCN & @9 faeas & |y 1 &1 SuRefa 4 urgfies Riear 1g (native silver metal) Sial d e
Hgal (water soluble complex) <t 21 [JEE - 2008, 3/163]
(A) ATSEIH (CHEIESISE! (C) presEeifaass (D) A

Reaction is reversible so to get the maximum yield of the product, the reaction is carried out in
presence of oxygen. Also oxygen oxidises silver to silver (l) ion which then produces soluble complex
with CN- ions.

2Ag + 4 NaCN + %Oz + H20 = 2Na[Ag(CN)z] + 2NaOH.

T8 IfAfhar Sopaelig & o Sare @ ifman ol & forg sifafhan oifexfioa o SuRafa # &l 71
faear a1 @1 R (1) 3T 4§ fTeRiTGd Bl 8 S 916 3 CN- 3" & A1 el Age a4 2 |

2Ag + 4 NaCN + %Oz + H20 = 2Na[Ag(CN)z] + 2NaOH.

Match the conversions in Column-I with the type(s) of reaction(s) given in Column-II.
[JEE-2008, 6/163]

Column-| Column-ll

(A) PbS —» PbO (p) Roasting

(B) CaCO3z —» CaO | (9) Calcination

© ZnS —> Zn () Carbon reduction

(D) CuzS —» Cu (s) Self reduction

W-| & [ATARION H -1l R T Affhar geRi & |1 gad Il | [JEE-2008, 6/163]
w-| -1

(A) PbS — PbO (p) o9 (roasting)

(B) CaCOz —» CaO | (q) 9= (calcination)

(C) ZnS — Zn (r) PIe+ == (carbon reduction)

(D) CuzS — Cu (s) qq: UFd_ (self reduction)

(A-p);(B-a);(C-pn);({D-p,9)
(A) 2PbS + 30, —2 5 2PbO + 2S0;

Roasting
Sulphides are generally roasted for self reduction or for converting into their oxides which are
then reduced by carbon or carbon monoxide to get metal.

(B) CaCOs — 2% 5 CaO +CO:
In absence of air

Carbonates and hydrated ores are calcined to convert into their oxides.
(C) 2ZnS + 30, — 2 5 27n0 + 2S0;

Roasting

Zn0+C —2 , ZnCO
Roasting

(D) From copper glance i.e. CuzS, the copper is extracted by first heating the ore in reverberatory
furnace at moderate temperature i.e. roasted and then supply of air is cut off and then
temperature is increased so that roasted mass melts. At this point self reduction takes place
and blister copper is obtained.

/\
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Bal.

(A)

(B)

(©)

(D)

CuzS + 302 —2 6Cu + SOz ; CuzS + 2Cu20 —2— 6Cu + SO
2PbS + 302 — = — 2PbO +2S0:

Gl
IO Aohlgs & ¥ad: U & U woid fhar Sar © 1 9o sifedrss! § uRafdd &= &
fog St &% sr= a1 wEA AF sifaTss & gRT SMUARd Bl & A S99 o1 U< &l Il 2

CaCOs A 5 CaO + CO2
g B arguRefa #

BIETC TAT STAATT 3Ep, fARATT & gRT 39 3MdTgs d URafid 8 d & |

2ZnS +30; — ~— 2ZnO +2S0;
Gl

Zn0O+C —2 , 7ZnCoO
ol

PR A AT CuzS A Ul Al PO Bl ALFH AT W I HEl H 3D Bl TH I (spiia
frar s @ et wifa fsan Srar @ den swe uvErq aig &1 YA e A S 2 R
A BT ST AT B MG AR G TAR S 6 | 39 fag W W@a: ugd+ e 2 qen
BHIIER DI TS BT & |

CuzS + 302 —2 5 6Cu + SOz ; CuzS +2Cu20 —2— 6Cu + SO

Comprehension :

DT :
PIR YoF Ufdd FHAU G1gell § Fad ST © 3R Py ¥ § BIC &9 § UI B 8| HIWR B DI

10.

Sol.
11.

Sol.

Sol.

12.

Sol.

Sol.

13.*

Copper
countrie

is the most noble of the first row transition metals and occurs in small deposits in several
s, Ores of copper include chalcanthite (CuSO4.5H20), atacamite (Cu2CI(OH)zs), cuprite (Cuz20),

copper glance (Cuz2S) and malachite (Cuz(OH).COs). However, 80% of the world copper production
comes from the ore chalcopyrite (CuFeSz). The extraction of copper from chalcopyrite involves partial

roasting

, removal of iron and self-reduction.

(ores) W TFTEd=ATET (CuS04.5H20), TCHMSE (Cu2Cl(OH)s), FITSE (Cu20), BITR AT (CuzS) 3R
HATB1gC (Cu2(0OH)2COs) T B | fdg T & 80% SR H1 SIEH dATedIURISE (CuFeSy) 3RD A

ATAT B | AGHIURISE A BIR & THYo # 37iflres =1, MARA &1 Fshra iR WI—smaa wnfiel 8
g1

Partial roasting of Chalcopyrite produces : [JEE - 2010, 3/163]
(A*) CuzS and FeO (B) Cu20 and FeO (C) CuS and Fe20:2 (D) Cu20 and Fe20:2
ATehIURTSE (Chalcopyrite) & 2Mif¥d wiis & I~ &ar 2 - [JEE - 2010, 3/163]

(A*) CuzS 3iR FeO (B) Cu20 3R FeO (C) CuS 3iR Fez02 (D) Cuz0 3R Fe20>
2 CuFeS; + 402 —> CuzS + 2FeO + 3S0>

Iron is removed from chalcopyrite as : [JEE - 2010, 3/163]
ATeHIURTST (chalcopyrite) | MR 9 ®U W dTal Sre 2 - [JEE - 2010, 3/163]
(A) FeO (B) Fes (C) Fez20s3 (D*) FeSiOs

Iron is removed in the form of slag of FeSiOs
FeO + SiO2 — FeSiOs
JMRA DI FeSiO: gTgAT & wU H ST STl 2 |

FeO + SiO2 —— FeSiO3

In self-reduction, the reducing species is : [JEE - 2010, 3/163]
A TEEE § AuErge Wiy @ [JEE - 2010, 3/163]
(A) S (B) 0% (C*) s2- (D) SO2

S2- acts as reducing species in self reduction reaction

2Cu20 + Cu2S —— 6Cu + SO
Tad: = AfAfhar § S2- Jue @Y 4ifd BRI Bear 2 |
2Cu20 + Cu2S —— 6Cu + SO

Extraction of metal from the ore cassiterite involves [JEE - 2011, 4/180]
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Sol.

14.

Sol.

15.

Sol.

16.

Sol.

Sol.

(A*) carbon reduction of an oxide ore (B) self-reduction of a sulphide ore

(C) removal of copper impurity (D*) removal of iron impurity

HYRZT D ¥ ug Fepdor 7 |fafea 2 (&) [JEE - 2011, 4/180]
(A*) SITFATSS RGBT B gRT YA (B) IchIgs JUTh Bl Wd: AT

(C) dmE argfg &1 frspra= (D*) <ig 3rgfs &1 e

Important ore of tin is cassiterite (SnOz). SnOz2 is reduced to metal using carbon at 1200 — 1300°C in an
electric furnace. The product often contains traces of Fe, which is removed by blowing air through the
molten mixture to oxidise FeO which then floats to the surface.

SnO2 + 2C —> Sn + 2CO

Fe + O2 —> FeO

feT @1 ABaYYl 3@ HICRIZE (SnO2) & | 1200-1300°C TMU WR ITd Wl H SnO2 $T &1 H eI
FTE gRIT fbAT ST 2 | U<l S<aTe 3§ H© A3 4 Fe SuRerd &l & R ferd fsor 9 arg & yare gri
9o fHar S & Jon U8 FeO & w4 # Sffadiidpd @1 Wil © | Sl f fera fsor &) |ds w avan <&

=
SnO2 + 2C ——> Sn + 2CO
Fe + O2 — FeO

Oxidation states of the metal in the minerals haematite and magnetite, respectively, are :
[JEE - 2011, 3/180]

(A) I, Il in haematite and Il in magnetite (B) II, Il in haematite and Il in magnetite

(C) Il in haematite and I, Il in magnetite (D*) Il in haematite and Il, Il in magnetite

gAICISC TAT HiicISe XD H °1g 1 FAIHR] &N HA: & : [JEE - 2011, 3/180]
(A) BHETST # I, Il 921 H=rerge # I (B) IeTST # II, Il oI #erge # I

(C) g¥IeTse # Il 91 #=rerge # I, I (D*) gATETSE # Il 92 #rege H I, 1

In haematite(Fe203), Fe is present in (Ill) oxidation state and in magnetite (FesOa4) which is a mixed
oxide of FeO and Fe203, Fe is present in (Il) and (Ill) oxidation state.
TACIST (Fe203) H, Fe (Ill) SifaRIGRUT SfaRel # B 1 Aicige (FesO4) S FeO qAT Fex0s &1 fAf3a

Jfaarge 7, | Fe (1) 9 (1) SfeRITHROT ra=en 2 |

In the cyanide extraction process of silver from argentite ore, the oxidizing and reducing agents used
are

(A) Oz and CO respectively (B*) Oz and Zn dust respectively

(C) HNOs and Zn dust respectively. (D) HNOs and CO respectively [JEE-2012, 3/136]
JoiTIge 3G (argenite ore ) ¥ TGl & AIATSS AHYT UhA # YA f6Y oM 9101 AfRIGRS
JMUETId HHB (oxidizing and reducing agents) HHI: © | [JEE-2012, 3/136]

(A) O2 3R CO (B*) O2 3R IR (Zn dust )

(C) HNO3 31k I97exst (Zn dust ) (D) HNO3 3R CO

In extraction of silver, AgzS is leached with KCN in presence of air :

Ag2S + NaCN + Oz — Na [Ag(CN)z] + Na2S203

Thus, Oz is oxidant.

2Ag(CN)z~ + Zn — [Zn(CN)4]> + 2Agd

feaR & fspyor § AgeS &1 9 &) IuRAfd §# KCN & w121 fRere™ (leached) fam Simam 2 |
Ag2S + NaCN + O2 == Na [Ag(CN)z] + Na2S203

9 UHR O, MRAHRE 2 |

2Ag(CN)z~ + Zn —> [Zn(CN)4]> + 2Agd

Sulfide ores are common for the metals : [JEE(Advanced) 2013, 2/120]
(A*) Ag, Cu and Pb (B) Ag, Cu and Sn (C) Ag, Mg and Pb (D) Al, Cu and Pb
AT hIgS IADI & WU H Y S drel 97 © [JEE(Advanced) 2013, 2/120]
(A*) Ag, Cu 3R Pb (B) Ag, Cu 3R Sn (C) Ag, Mg 3R Pb (D) Al, Cu 3R Pb

Common ore of Ag — AgzS, Cu — CuFeS,

Pb — PbS, Sn — SnO2, Mg — KCI. MgClz. 6H20, Al — Al203 . xH20
So answer is (A)

Ag & T 3D — Ag2S, Cu &1 I 3RS — CuFeSy,

/\
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17.*

Sol.

Sol.

18.*

Sol.

19.*

Sol.

20.

/\g

Pb &1 |MHRI 3[T%¥h — PhS, Sn &1 AHIA 3D — SNO2, Mg DT FHE 34D — KCI. MgClz. 6H20
Al BT FHN 3A¥H — Al203 . xH20

I IR (A) B |

The carbon-based reduction method is NOT used for the extraction of: [JEE(Advanced) 2013, 3/120]

(A) tin from SnO2

(C*) aluminium from Al2O3

(B) iron from Fe20s3
(D*) magnesium from MgCOs, CaCOs3

gTgel & frshyor # wre+ SmenRa ruwgd Ay &1 g {59 srpl # AE B ' ?

(A) SnO. ¥ feA
(C*) A0z ¥ Qgﬁﬁw

[JEE(Advanced) 2013, 3/120]
(B) Fe203 ¥ 3MRA

(D*) MgCOs, CaCOs ¥ HIRH

SnO: and Fe203 are reduced by C reduction method.
Al203 and MgCOs. CaCOs are reduced by electrolytic reduction.
SnO; TAT Fe 03 HTEA AUIA §IRT AT B 2 |

Al203 T2IT MgCOs. CaCOs &1 3=+ fagld sraeel Iu=a= gRT &Il 2 |

Upon heating with Cu,S, the reagent(s) that give copper metal is/are:  [JEE(Advanced) 2014, 3/120]
I8 (d) AWPHHD (reagent) ST Cu,S & A1 TRA HI UR PIW 91g <l 8 (I 8) :

(A) CuFes, (B*) CuO (C* Cu,0 (D*) CusO,

Cuz + 2Cu20 — 6Cu + SO2

CuzS + 2CuO — 4Cu + SO2
CuzS + CuSO4 —— 3Cu + 2S02

Copper is purified by electrolytic refining of blister copper. The correct statement(s) about this process

is (are):

[JEE(Advanced) 2015, 4/168]

(A) Impure Cu strip is used as cathode

(B*) Acidified agqueous CuSOu is used as electrolyte
(C*) Pure Cu deposits at cathode

(D*) Impurities settle as anode-mud

BIR HT WHHT HIWR Iqdq (blister copper) & fagfd smaeel RGBT §RT fHA1 ST 2 | 39 IR0 &

e # 98 9d B (B)

[JEE(Advanced) 2015, 4/168]

(A) 3E BIIR YS! BT IYIRT HATE & ©I H &Il 2 |

(B*) 311 STeill CuSO4 H1 IUAI fIgd Jfvecy & w4 H Bl o |

(C*) Y€ Cu el R ST Bl 2 |

(D*) U UHArs—Ud (anode-mud) & w9 H T BId R |

Impure Cu is used as anode pure Cu deposited at cathode. Electrolyte is acidified solution of CuSO,.
impurities settle as anode mud.

IYE Cu H1 TAIS g9 &, Y& Cu DATS WR THIId BIdl &, A% CuSO, ®I fIg[d vecy & wu H
AN B B AT AMYfG VIS b b HY H UHOIT Bl B |

Match the anionic species given in Column | that are present in the ore(s) given in Column |II.

[JEE(Advanced) 2015, 8/168]

Column-| Column-II
(A) Carbonate | (P) | Siderite
(B) Sulphide (Q) | Malachite
(© Hydroxide (R) | Bauxite
(D) Oxide (S) | Calamine
(T) | Argentite
Y\ Resonance®
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Ans.
Sol.

21.*

Sol.

Bfem—l # A 7 FomgAl (anionic species) @ ded—|l # A T AL RG @RIDI) & A FAfd

PN | [JEE(Advanced) 2015, 8/168]
Pict-| Hic-1
(A) | ®EHe (Carbonate) (P) | fsvrsT (Siderite)
(B) | AewrsS (Sulphide) (Q) | #®TST (Malachite)
(C) | ersgradss (Hydroxide) | (R) | SfaAiss (Bauxite)
(D) | sifearss (Oxide) (S) | BT (Calamine)
(T) | eirse (Argentite)

(A-P,Q,S);(B-T);(C-QR);(D-R)

(P) Siderite (R1S318€) — FeCO, (Q) Malachite (Fei®Tge) — CuCO,.Cu(OH),
(R) Bauxite (sTeT$€) — AlO,(OH), ,, (S) Calamine (®e|189) — ZnCO,

(T) Argentite (37sfverse) — Ag,S

Extraction of copper from copper pyrite (CuFeS2) involves [JEE(Advanced) 2016, 4/124]
(A*) crushing followed by concentration of the ore by froth-flotation

(B*) removal of iron as slag

(C*) self-reduction step to produce ‘blistercopper’ following evolution of SO>

(D) refining of ‘blister copper’ by carbon reduction

BIR UIERISE (CuFeS,) ¥ BIWR (dfan) & fAwivr # oa1 dfed 8 @) 7 [JEE(Advanced) 2016, 4/124]
(A*) T T BH—"e1a (froth-flotation) §RT TIH &1 ATGUI

(B*) |ig &1 gTgA & w4 ¥ dra

(C*) SO, & & Tdard BWieiaR dfd (blistercopper) & ST & ol w@:—MU@a= &1 U

(D) BT 3UTTH §RT  ‘BHIGGR dld * & NeF

Extraction of Copper :

i Conc. B
CuFeSz =ruShingeiOre” = one- B, Concentrated Ore
(Ore) froth flotation
Roasting with O2
SQZ + Cu + FeSiOs O3 blast
Blister Slag < : CuzS + FeS
copper +SI02 Copper matte

Refining by poling
Add coal & stirred with green pole.

Pitch copper Further refining | pyre copper
By Electrolysis

/\
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Metallurgy ﬂ—

Sol.

22.

Ans.

Sol.

Sol.

23.

Ans.

PR BT i :
B BT Gl BT
CuFeS; > » IS A
ERT Aol
(Ore)
0,P 91U
SO + Cu + FeSiO3
. + Si02 PR He
TiforT g1 2Ne=
P D A & T2 &) B B A ‘e B
o ATEET gRT .
[EERCTEN S > Y& PIW
RREUCE]

Galena (an ore) is partially oxidized by passing air through it at high temperature. After some time, the
passage of air is stopped, but the heating is continued in a closed furnace such that the contents
undergo self-reduction. The weight (in kg) of Pb produced per kg of Oz consumed is .

(Atomic weights in g mol* : O = 16, S = 32, Pb = 207) [JEE(Advanced) 2018, 3/120]

Iod YA WR 841 @ AT A el (Galena) (T 3719%®h) Pl ARG JTGAIDHRY] B & | B F9I 918
241 P YaTE 98 HR Qg1 T, fhwg 98 9EI DI TRA HIAT A1e], T AT AMb Sqawgaii (contents) BT
TII—3199d (self-reduction) 81 1 O2 & Uf kg T80 WR IcATfad pb &1 (kg #) YR & |

(RAT] ¥R g mol-L ¥ : 0 = 16, S = 32, Pb = 207) [JEE(Advanced) 2018, 3/120]
6.47 kg
PbS + O2—— Pb + SO2
3
Mole &
32

oy
Moles of Pb formed = =73

Mass of Pb formed =

1 > x207=6468.75 gm = 6.46875 kg = 6.47 kg
PbS + O2—— Pb + SOz

3
qral &
32

3
Affa Pb @ Arer = 2O
32

3
ffia Pb &1 g = 13%&07: 6468.75 gm = 6.46875 kg = 6.47 kg

Calamine, malachite, magnetite and cryolite, respectively, are  [JEE(Advanced) 2019, 3/124]

DA (Calamine), #aT®Ige (malachite), FHEIST (magnetite) 3R wrATSE (cryolite), HHET: B |
[JEE(Advanced) 2019, 3/124]

(1) ZnSO4, Cu(OH)z2, Fes04, NasAlFs

(2) ZnCO3z, CuCOs, Fe203, NazAlFs

(3) ZnSO4, CuCOs, Fe20s3, AlFs

(4) ZnCO3, CuCO3.Cu(OH)2, Fe30a, NasAlFs

(4)

/\
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Metallurgy ﬂ—

Sol. (i) Calamine, ZnCOs3 (ii) Malachite, CuCO3.Cu(OH)2
(iii) Magnetite, FesOa4 (iv) Cryolite, NasAlFs

Sol. (i) &amATSH, ZnCOs (i) FeTdT1gE, CuCO3.Cu(OH)2
(iii) A71eTST, FesOs (iv) TTATST, NasAlFs

24. The cyanide process of gold extraction involes leaching out gold from its ore with CN- in the presence
of Q in water to form R. Subsequently, R is treated with T to obtain Au and Z. Choose the correct
option(s) [JEE(Advanced) 2019, 4/124]
(1) R is [AU(CN)a4]~ (2) Tis Zn (3) Qis O2 (4) Z is [Zn(CN)4]*

ARAES YA (cyanide process) ¥ M & fTsByU (extraction) § S¥® 3G W CN- §RT U1 H Q &I
IuRerfd # fAerme™ (leaching) TR R a1 21 39 U¥dld R &1 T 9 fddaw W Au iR Z ura & 2 | f

4 ¥ 98! e ([Aaedi) @1 g | [JEE(Advanced) 2019, 4/124]
(1) R 8 [AU(CN)4]- (2) T2 2Zn (3) QB 0O2 (4) Z 8 [Zn(CN)4]>-
Ans. (2,3&4)
NaCN+O, Zn(T)

Sol. Au [AU(CN),]® —2 5 [Zn(CN),1? + Au

(R) (2)

PART -1l : JEE (MAIN) ONLINE PROBLEMS (PREVIOUS YEARYS)

91 - 1l :JEE (MAIN) ONLINE (Reer asl) & o=

1. The form of iron obtained from blast furnace is : [JEE(Main) 2014 Online (09-04-14), 4/120]
(1) Steel (2) Cast Iron (3*) Pig Iron (4) Wrough Iron
ST 92 | U gU Al BT WY A 2 [JEE(Main) 2014 Online (09-04-14), 4/120]
(1) T (Steel) (2) Trdi @rer (Cast Iron)
(3*) Bz el (Pig Iron) (4) foeai et (Wrough Iron)

2. Which One of the following ores is known as Malachite : [JEE(Main) 2014 Online (19-04-14), 4/120]
/91 § A P19 AATPIZe SRNG M | Sl Sl & [JEE(Main) 2014 Online (19-04-14), 4/120]
(1) Cu20 (2) CuzS (3) CuFesS: (4*) Cu(OH)2.CuCOs

3. In the isolation of metals, reaction process usually results in :

[JEE(Main) 2015 Online (10-04-15), 4/120]

(1) Metal sulphide (2) metal carbonate
(3) metal hydroxide (4*) metal oxide

gTgell & faere (guamRon) #, At sifdfehar g =1 # 8kl 2
[JEE(Main) 2015 Online (10-04-15), 4/120]

(1) o7 HEHTES (2) g Prate (3) orq EERIAAES  (4%) ¥1q SifTES
Sol. Usually calcination results in metal oxides as metal carbonates, hydroxides, all decompose to oxides.
Sol.  umm: fAvdToe g1g FTeHe, ERSAEE & wU ¥ u7qg ifersel # Bl 7 | 9 sifawrgsl | famfed g 21
4, Calamine is an ore of : [JEE(Main) 2015 Online (11-04-15), 4/120]
(1*) Zinc (2) Aluminium (3) Iron (4) Copper
Do 7 BT e R [JEE(Main) 2015 Online (11-04-15), 4/120]
(1*) RSiw (2) Tt (3) AMRRA (4) DR

Sol.  ZnCOs = calamine (HeTSH).

5. The plot shows the variation of —In Kp versus temperature for the two reactions.
M(s) + %Oz(g) — »MO(s) and C(s)+ %Oz(g) — 5 CO(s)
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Metallurgy ﬂ—

M —> MO
HnKeR C—Co
0 1200 T (K)
Identify the correct statement: [JEE(Main) 2016 Online (09-04-16), 4/120]

(1) At T > 1200 K, carbon will reduce MO(s) to M(s).

(2) At T <1200 K, oxidation of carbon is unfavourable.

(3) Oxidation of carbon is favourable at all temperatures.

(4%) At T < 1200 K, the reaction MO(s) + C(s) — M(s) + CO(g) is spontaneous.
aﬁ@a‘raﬁ%msﬁzﬁﬁm—anpamaquﬁwaﬁaﬁﬁm%.

M(s) + > Oz(g) — MO(s) GRII C(s) + B Oz(g) —— CO(s)

M—> MO
HnKeR C-cCo
0 1200 T (K)
FE B TS | [JEE(Main) 2016 Online (09-04-16), 4/120]

(1) T> 1200 K &R, ST MO(S) B M(s) # Iqafid & |

(2) T <1200 K WX, HE- &1 Sifadidxor &1 sidl 2 |

(3) BTEH BT SATRITBRYT FH ATIAM TR BT 2 |

(4*) T < 1200 K W, 31f&fhar MO(s) + C(s) — M(s) + CO(g) ad: &Il 8 |
Sol.  According to Ellingham diagram, as given
4M— MO

AG° o

-nk, C—Co
I —

0 1200K (1)
At T < 1200, carbon will reduce MO¢s) to M) hence, chemical reaction
C(s) + MOs)——> Mgs) + CO(g) is spontaneous.

Sol.  UfeEd oR@ & JATAR, i1 &A1 T 3§

4M—> MO
AGO oc
nk, C-Co
1 —
0 1200K  (T)
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Metallurgy ﬂ—
T < 1200 WR, BT MO(s) BT M) H M9afdd N, g9foly IRafAd ifAfhar Cis) + MOs) ——> M) +

CO(y wd: Bt 2|

6. Extraction of copper by smelting uses silica as an additive to remove :
T & gRT PR & Thy0 § 79 @1 gem & g o It (additive) & w9 § Rafarer &1 Soam
B & [JEE(Main) 2016 Online (10-04-16), 4/120]
(1) FeS (2*) FeO (3) Cu=S (4) Cu0

Sol. FeO + sio, — FeSiO;
Basic impurity. e fiu slag

Sol. FeO 4+ sjo, — FeSiOg
HRA ST el Mo g

7. In the leaching method, bauxite ore is digested with a concentrated solution of NaOH that produces 'X'.
When CO:2 gas is passed through the aqueous solution of 'X', a hydrated compound 'Y' is precipitated.
'X'and 'Y' respectively are : [JEE(Main) 2018 Online (15-04-18), 4/120]
(1) NaAlO:z and Al2(C0O3)3.xH20 (2) Al(OH)3 and Al203.xH20
(3*) NaJAl(OH)4] and Al203.xH20 (4) NaJAl(OH)4] and Al2(C0O3)3.xH20

et fAfY # dfeaTge 3—R® &1 NaOH & < fdoras § urfad far Sirar & sy "X uTd 8iar & o9
CO2® 'X' B Weild faclaa & yaifed fear Sdar & 99 U STeraiforg Al 'Y s@efid giar = | 'X a2 'Y!

I B [JEE(Main) 2018 Online (15-04-18), 4/120]
(1) NaAlO2 Tt Al2(C0O3)3.xH20 (2) AI(OH)3 T Al203.xH20
(3*) Na[AI(OH)4] 71T Al203.xH20 (4) Na[Al(OH)4] T21m Al2(CO3)3.xH20

8. In the extraction of copper from its sulphide ore, metal is finally obtained by the oxidation of cuprous
sulphide with : [JEE(Main) 2018 Online (16-04-18), 4/120]
PR & IHD ADHISS AATD  THYI H, RUF Foblgs & 14 H A fHaH A ifedioxo a1 )
JF=Id: GTg U BT B ? [JEE(Main) 2018 Online (16-04-18), 4/120]
(1) SO2 (2) Fe20s (3*) Cu20 (4) CO

Sol. CuzS + 2Cu20 — 6Cu + SO2

9. The ore that contains both iron and copper is : [JEE(Main) 2019 Online (09-01-19), 4/120]
(1) azurite (2*) copper pyrites (3) malachite (4) dolomite
MR TAT IR A1 74 1w # IuRerd 8 98 © ¢ [JEE(Main) 2019 Online (09-01-19), 4/120]
(1) VRTST (2*) BIUR UTRIZE (3) HerdTse (4) SIS

Sol. CuCOs .Cu(OH)2 malachite
2CuCOs .Cu(OH)2 Azurite
CuFeS: copper pyrite
Dolomite CaCO3.MgCOs

Sol.  CuCOs .Cu(OH). AcidIge
2CuCOs .Cu(OH)2 USgRTSC
CuFeS; BIIR UEISfeS
Srege CaC03.MgCOs

10. The correct statement regarding the given Ellingham diagram is:  [JEE(Main)2019 Online (09-01-19), 4/120]
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Metallurgy

-300

AG°(KJ/mol)

~1050 — |

]

N —
600 2Zn+02 —»|2Zn0O

/

]

— [4/3A1+02—2/3A1,03

4Cu+02—2Cu20

oo

2C+02—>2C0O

800°C

500°C

Temp,(°C) 2000°C

(1*) At 1400°C, Al can be used for the extraction of Zn from ZnO
(2) Coke cannot be used for the extraction of Cu from Cu20

(3) At 800°C, Cu can be used for the extraction of Zn from ZnO
(4) At 500°C, coke can be used for the extraction of Zn from ZnO

U T IR Tfere® & HeY § I HUH

A

-300

—600

AG°(KJ/mol)

-1050

]

I

/

>

2Zn+02 —|2Zn0O

// 4/3A1+02—2/3Al,03

[JEE(Main) 2019 Online (09-01-19), 4/120]

4Cu+02—2Cu20

e

2C+02—>2C0O

800°C

500°C

Temp,(°C) 2000°C

(1*) ZnO ¥ Zn BT =HYUr 1400°C TR Al BT YA RSB fhdT ST FhaT ® |
(2) Cu20 | Cu BT YT BId BT TATT HRD ol [HaT Sl FHel 2 |
(3) ZNO | Zn &1 fsByor 800°C TR Cu BT YIRT B fhar ST FheT 2 |
(4) ZnO ¥ Zn &1 frspyo1 500°C TR B YA RSB AT ST FhdT © |

Educating for better tomorrow

Sol. gAI +2Zn0 — 2Zn + %Ales
AG for the above reaction is (—)ve.
ST AW & foIg AG (—)ve B |
11. Hall-Heroult’s process is given by : [JEE(Main) 2019 Online (10-01-19), 4/120]
(1*) 2Al203 + 3C — 4Al + 3CO2 (2) Cu*?2(aq) + H2(g) — Cu(s) + 2H*(aq)
(3) ZnO + C — 2. BB K _, 7h+ CO (4) Cr203 + 2Al — Al2O3 + 2Cr
BTe—exlee UshA = & [JEE(Main) 2019 Online (10-01-19), 4/120]
(1*) 2Al203 + 3C — 4Al + 3CO2 (2) Cu*?2(aq) + Hz2(g) — Cu(s) + 2H*(aq)
(3)ZNO +C —PPITBK L 74 co (4) Cr20s + 2Al - Al,Os + 2Cr
Sol. Al203 (molten) + C (anode) — Al + CO + CO:
Al03 (TTferd) + C (T1S) — Al + CO + CO»
12. Match the ores (column A) with the metals (column B) : [JEE(Main) 2019 Online (11-01-19), 4/120]
(Column A) (Column B)
Ores Metals
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Metallurgy ﬂ—

() Siderite €) Zinc

{0)) Kaolinite (b) Copper

(1 Malachite (c) Iron

(V) Calamine (d) Aluminium

D] (Pl A) BT &1l (P B) & A1 FHleld PTG [JEE(Main) 2019 Online (11-01-19), 4/120]
(Pl A) (PfeM B)
D CI6s |

() fevrge () SE2

(I  @enfeErse (b) @MW

() #erdbrse (©) RIRA

(Iv)  HamErET (d) Tt

Sol.

13.

Sol.
14.

Sol.

15.

Sol.

16.

Ans.

(1) (1) = (c); (1) — (d); (i) = (b); (V) = (&) (2) (1) = (b); (1) = (c); (1) — (d); (IV) — ()
(3) (1) = (c); (I) — (d); (1) — (a); (IV) > (b)  (4) (1) > (a); (1) > (b); () — (c); (IV) — (d)

Malachite Hel®Tse - CuCO3.Cu(OH):2

Calamine &S H - ZnCOs3

Kaolin &3fifer - AlzSi>05(0OH)a4

Siderite Rrs3ge - FeCOs

The reaction that does NOT define calcination is : [JEE(Main) 2019 Online (11-01-19), 4/120]
fafshar S AR @1 a9 T8 el ©, © [JEE(Main) 2019 Online (11-01-19), 4/120]
(1) CaCOs. MgCO3z —2— Ca0 + MgO + 2C0O> (2*) 2CuzS + 302 —2— 2Cu20 + 2S0>

(3) Fe203.XH20 —2— Fe203 + XH20 (4) ZnCOs—2— ZnO + CO>

CuzS + 02— Cu20 + 2S0: is roasting process Hoi UHH ¥ |

In the Hall-Heroult process, aluminium is formed at the cathode. The cathode is made out of :
[JEE(Main) 2019 Online (12-01-19), 4/120]
(1*) Carbon (2) Copper (3) Pure aluminium (4) Platinum
gld—afee UHA H TIfAfEm defle R 99a1 & | DTS fhaar a1 &rar 27
[JEE(Main) 2019 Online (12-01-19), 4/120]
(1*) Brd= (2) PR (3) T& veyfafm (4) wifeT
Cathode is made up of carbon.

PATS PHIET BT g1 Bl 8 |

The pair that does NOT require calcination is : [JEE(Main) 2019 Online (12-01-19), 4/120]
(2*) ZnO and MgO (2) ZnCOs and CaO

(3) Fe203 and CaC03.MgCO3 (4) ZnO and Fe203.xH20

I e folg A= @1 sawgdar 81 8kl &, 98 © :  [JEE(Main) 2019 Online (12-01-19), 4/120]
(1*) ZnO TAT MgO (2) ZnCO3 @1 CaO

(3) Fe203 @21 CaC03.MgCO3 (4) ZnO TAT Fe203.xH20

Calcination is required for hydroxide, carbonate and hydrated oxide ores.
fRATIH BISSIRITSS, BEIFe 9T ST AfRITSS 3RRG! & folv MasIsd 2 |

With respect to an ore, Ellingham diagram helps to predict the feasibility of its
[JEE(Main) 2019 Online (08-04-19)S1, 4/120]
(1) Thermal reduction (2) Zone refining
(3) Electrolysis (4) Vapour phase refining
STl NG Td 3R & 71 3§ 9 fhdd 89 @1 F97a &1 UNfad -1 H §ARI 98] $HRdl g,
[JEE(Main) 2019 Online (08-04-19)S1, 4/120]

(1) AT 3T (2) S gRspHRoT
(3) fagra sruacH (4) aTT YTIRRAT GRHROT
1)

/\
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Metallurgy ﬂ—

Sol.

17.

Ans.

Sol.

18.

Ans.

Sol.

19.

Ans

Sol.

20.

With the help of Ellingham diagram we can select proper reducing agent (Cs) or CO or A¢) for metal
compound

Tfe o @1 ergdl | &9 u1g e & oy |8 a1 Sugdd Aq=re (C) A1 CO AT AL) Bl AT B
HHd B |

The Mond process is used for the : [JEE(Main) 2019 Online (08-04-19)S2, 4/120]
(1) purification of Zr and Ti (2) extraction of Mo
(3) extraction of Zn (4) purification of Ni
A~ U Ugad BT B [JEE(Main) 2019 Online (08-04-19)S2, 4/120]
Q) Zraan Ti® Med & forg (2) Mo & fsmyor & forg
(3) Zn & sy & forw (4 Ni® es & forg
(4)
Ni(s) + 4CO(g) —=2°[Ni(CO)4]
Impure (3Y=)
[Ni(CO)4] —2X20°C_; Ni(s) + 4CO(g)
Pure (=)

The ore that contains the metal in the form of fluoride is :
[JEE(Main) 2019 Online (09-04-19)S1, 4/120]
(1) Magnetite (2) Sphalerite (3) Malachite (4) Cryolite
TP S oTg FeliRISS & ©U § ©, 98 © :
[JEE(Main) 2019 Online (09-04-19)S1, 4/120]
(1) #erse (2) TheiRTge (3) Heidrge (4) sredTeiTge
(4)
Sphalerite (¥heiR1gE) — ZnS
Magnetite (H79€TS<) — FesOa
Malachite (fi@dTsE) — CuCO3 Cu(OH)2

Cryolite (pTSaTATSE) — NagAlF .
The one that is not a carbonate ore is :

g8 U ofl BIEi-c ITEp -8l 8, 98 o

[JEE(Main) 2019 Online (09-04-19)S2, 4/120]

[JEE(Main) 2019 Online (09-04-19)S2, 4/120]

(1) bauxite SfeTSS (2) malachite #THTSS
(3) siderite Rrs¥TsT (4) calamine HTHIEA
1)

Bauxite dfaTSe: AlOx (OH)3-2¢ (0 < x < 1)
Malachite #el®1ge: CuCOs Cu (OH)2

Siderite RIe¥Tge: FeCO3
Calamine &dm™T$: ZnCO3

Assertion : For the extraction of iron, hematite ore is used.
Reason : Haematite is a carbonate ore of iron.

[JEE(Main) 2019 Online (09-04-19)S2, 4/120]
(1) Both the assertion and reason are correct and the reason is the correct explanation for the
assertion.
(2) Only the reason is correct.
(3) Both the assertion and reason are correct, but the reason is not the correctly explanation for the
assertion
(4) Only the assertion is correct.

PYF: IMRA & fTHY & oy 2HICET 3RS UYad eIl 2 |
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Metallurgy ﬂ—

Ans
Sol.

21.

Ans.

Sol.

22.

AnNs.

PRUT: THACIST MRRA BT HETC D &
[JEE(Main) 2019 Online (09-04-19)S2, 4/120]
(1) BUF R RO M1 T 2 AR HRO HAFT DB Fel ARAT AT 2 |
(2) 9 PR T B |
(3) BUF AR BRY Ml A 8 IR PRI HUF B Fel ARAT T&l BT © |
(4) 915 BAT T 2 |
(4)
Haematite HcIge: Fe20s3

Match the refining methods (Column-I) with metals (Column-II)
[JEE(Main) 2019 Online (10-04-19)S1, 4/120]

(Column-I) (Column-II)
(Refining methods) (Metals)
() Liguation (@) Zr
{l)) Zone Refining (b) Ni
(1 Mond Process (c) Sn
(V) Van Arkel Method (d) Ga
(1) (1) - (c); (1) - (d) ; (1) - (b) 5 (IV) - () (2) (1) - (b); (I1) - () ; (M) - (d) ; (IV) - ()
(3) (1) - (b); (1) - (d) ; (1) - (@) ; (IV) - (c) (4) (1) - (c); (1IN - (@) ; () - (b) ; (IV) - (d)

Heed faftl (Pfem-1) ST a1gell (Piew-11) F Fafera BT |
[JEE(Main) 2019 Online (10-04-19)S1, 4/120]

(Pie-1) (Cagudl)]

(GRICEREIER )] GlE)
0) IR (Liquation) (@ Zr
) AUSH URSHIY (Zone Refining) (b) Ni
(1 Hi<s UshH (Mond Process) (c) Sn
(IV) 9 Rba fafdy (Van Arkel Method) (d) Ga
(1) (1) - (c); (I - (d) ; (1) - (b) 5 (IV) - () (2) (1) - (b); (I1) - (c) ; () - (d) 5 (IV) - ()
gg (1) - (b); (1N - (d) ; (1) - (&) ; (IV) - (c) 4) (1) - (c); (1IN - (@) ; () - (b) 5 (IV) - (d)
(a) Mond process = Ni
(b) Van-Arkel = Zr
(c) Liquation = Sn
(d) Zone refining = Ga
(a) HivE UshH = Ni
OERESIEIS] = zr
() SdhRT = Sn
(d) Frosa aRened = Ga

The correct statement is :
[JEE(Main) 2019 Online (10-04-19)S2, 4/120]
(1) zincite is a carbonate are
(2) zone refining process is used for the refining of titanium
(3) aniline is a froth stabilizer
(4) sodium cyanide cannot be used in the metallurgy of silver
HE FHAF B -
[JEE(Main) 2019 Online (10-04-19)S2, 4/120]

(1) f<ar8e Toh BrEite 3D

(2) S IRHRYT Ushd egead & alRshroT

(3) T U BA—RIMNEHRG

(4) AfETH ARATES FT SUANT iR (@) & argdd # T8 &R dad 2 |
3)

/\
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Metallurgy ﬂ—
Sol. Cresols and anilines are froth stabilisers.

fopdtar denm Tiifed Ba—emiieR® ¢ |

23. The idea of froth floatation method came from a person X and this method is related to the process Y of
ores. X and Y , respectively , are :
[JEE(Main) 2019 Online (12-04-19)S1, 4/120]
(1) washer man and reduction (2) washer woman and concentration
(3) fisher woman and concentration (4) fisher man and reduction
M i Ay & faR v aafad X 9 amar o dor fafYy R & WehA Y | HRRId ® 1 X d€1 Y HHE &

[JEE(Main) 2019 Online (12-04-19)S1, 4/120]

(1) et Torr Iy (2) GifaT Qe A=
(3) AR Tl A= (4) IQIIRT TAT JTTIA
Ans. (2)
Sol. Washerwoman discovered froath flotation method which is used for the concentration of metal.

€NfIT gR1 31 wias fafY &) @rer 1 18 I8 A g1q s @1 Arvr H ggad Bl © |

24, The correct statement is :

[JEE(Main) 2019 Online (12-04-19)S2, 4/120]
(1) The blistered appearance of copper during the metallurgical process is due to the evolution of CO:
(2) The Hall-Heroult process is used for the production of aluminium and iron
(3) leaching of bauxite using concentrated NaOH solution gives sodium aluminate and sodium silicate.
(4) pig iron obtained from cast iron.
TE P B

[JEE(Main) 2019 Online (12-04-19)S2, 4/120]
(1) o1fa® UshH B 19 DR BT foies ©7 CO: P AT & BRI Bl B |

(2) TTHIT AT JRRA & SeIeA & oY BTdd-g_lec Ushd U aidl @ |
(3) W= NaOH e &1 W3 &) §Y, qiadiss &I Mefe AIfsad TgHe de |aIfsad fiefiae <ar

2
(4) PRC AR (SAdTlBI) I O MR+ (@@ dren) g foar ST 2l
Ans. (3)
Sol. Leaching of bauxite using concentrated NaOH solution gives sodium aluminate and sodium silicate.

A% NaOH faeas &1 garT axd g3, diadiss &1 el |Aifed ggHime qen |ifea Ricfide 3ar 2 |

25, The purest form of commercial iron is: [JEE(Main) 2020 Online (07-01-20)S1, 4/100] {(MTL(l)-E)}

(1) castiron (2) scrap iron and pig iron
(3) pig iron (4*) wrought iron
ATTATIS NRRA 1 [9gF w9 © : [JEE(Main) 2020 Online (07-01-20)S1, 4/100]
(1) Torat et (2) BhU AR AT Heal el
(3) Fedn ARl (4*) foedt e
Sol. Purest form is wrought iron.

Menfie g &1 fags w9 faear arer (Wrought iron) 2 |

26. The refining method used when the metal and the impurities have low and high melting temperatures,
respectively, is : [JEE(Main) 2020 Online (07-01-20)S2, 4/100] {(MTL(l)-E)}
(1) zone refining (2) vapour phase refining
(3*) liquation (4) distillation
9 eTg deMl ISl & e A HHe: e den 8= B B, a1 fefaRed § @ fhw aRewor Yy @
ST fhar e 82 [JEE(Main) 2020 Online (07-01-20)S2, 4/100]
(1) wsa gRw=RRo (2) aTST YTIRRAT GREHROT
(3*) TANS JATHRT (4) smHaH

Sol.  Theory based gif~<i®
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Metallurgy

27.

Sol.

28.

Sol.

/\g

Among the reactions (a) — (d), the reaction(s) that does/do not occur in the blast furnace during the

extraction of iron is/are

[JEE(Main) 2020 Online (08-01-20)S2, 4/100] {(MTL(1)-M)}

(@) — (d) H 9, Tqd S A FHEIad] USRid &R qdhd 2, © .

(a) CaO + SiO2 —» CaSiOs3

(c) FeO + SiO2 — FeSiOs

[JEE(Main) 2020 Online (08-01-20)S2, 4/100] {(MTL(1)-M)}
(b) 3Fe203 + CO — 2Fe304 + CO2

1
(d) FeO —» Fe + EOZ

(1) (d) ) (@ (3*) (c) and (d) (4) (a) and (d)
(1) (d) ) (@ (3*) (c) eI (d) (4) (a) T2 (d)
Theory based JgTf~<1®H

According to the following diagram, A reduces BO2 when the temperature is :

[JEE(Main) 2020 Online (09-01-20)S1, 4/100] (MTL(1)-M)}

—600¢
S _goo$
£ A+ 02 - AO2
X _ ®
> 1000 —
b3

-1200¢ B + 02— BO:

200 400 600 800 1000 1200 1400 1600

—> T(°C)

(1) < 1200°C
(3) < 1400°C

(2) > 1200°C but < 1400°C
(4*) > 1400°C

1 I & AR A, BO2 $1 UaIT HRAT & Oid a9 2 :

[JEE(Main) 2020 Online (09-01-20)S1, 4/100]

A+ 02— AO: /

~

—600¢
E —-800%
< -1000¢
O]
<

—-1200¢® B + 02— BO2

200 400 600 800 1000 1200 1400 1600

—> T(°C)

(1) < 1200°C

(3) < 1400°C
A+BO,—— B+ AO2
AG = —ve

Only above 1400°C
PIel 1400°C & HWR

(2) > 1200°C TR+ < 1400°C
(4%) > 1400°C

/\
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