Metallurgy ﬂ—

SOLUTIONS OF METALLURGY

EXERCISE # 1

PART — Il (¥ - 1I)

A-1. Calamine is ZnCO:s.
ZnCOs.HdM™RH ©

A-2.  (A) AlOx(OH)z-2x [Where 0 < x < 1] (B) Al2O3
(C) KaMg2(S0a4)3 (D) [Al2(OH)4Si20s]
Therefore, (C) option is correct.

B (A) AIOx(OH)s-2« [ST8T 0 < x < 1] (B) Al2O3
(C) KaMg2(S0a4)s3 (D) [Al2(OH)4Si20s]
gafery SR (C) T & |

A-3. Metal cannot be economically and conveniently extracted from salt cake (Na2S0Oa4).

AT BB (NazSO4) ¥ a1 3Nfd wu & Tl mar ¥ fspyor 781 fohan S ||

A-4. Zinc blende (ZnS) ; copper glance (Cuz2S) ; Galena (PbS).
Therefore, (B) option is correct.

R =is (ZnS), BIIR T (Cu2S), =T (PbS) s¥ferd fadwed (B) W& 2 |

A-5.  Carnallite is the important ore of aluminium and it has chemical composition KCI.MgCl2.6H20.
8. Pricisc YGMNIA $I HedyUl 3%h & T2 $9dI H® daed KCl.MgCla.6H20 & |

A-6. It is used to separate haematite ore as it is attracted by electromagnet.

gADT ITANT THCIZT 3D & YAFHIY § Bl 8 | T8 ITYd gd §RI MhNT Bl 2 |

A-7. (D) Feldspar is K20.Al203.6SiOz2. beryl is BesAl2SisOas .
(D) BRIR K20.A1203.6Si02 & | 9=T7eT BesAlSisO1s ¢ |

A-8. The purified ore, cassiterite containing 60-70% SnO: is called as black tin.

A 60-70% SnO. & g MATH HRICIIZE HIal e HueA ¢ |

A-9.  ZnS + 4NaCN — Naz[Zn(CN)4] + Na2S
PbS + NaCN — No such complex formation.
B, ZnS + 4NaCN — Naz[Zn(CN)4] + Naz=S

PbS + NaCN — ®Is Hgd Fel a7 |

A-10. (C) Carbonate ores are calcined in absence of air to obtain the metal oxides.

(C) HTEE IS Bl Y B AFURART # &g Afess U wd & ford FRarfia fan sirar 2 |

B-1.  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.
FA. TP UIIA WhH & [l Gad ol URadd AG FUMHAS BT Aley AT AG ®I FUMHSG 941 & oy

T Tl ST 3191 a1y S TAS > AH.

B-2.  The free energy change that occurs when 1 mol of common reactant (in this case O2) is used may be
plotted graphically against temperature for a number of reactions. This is called an Ellingham diagram.

FA. G SHoll GRGdA Bl § oid SIS fharera (02 o Rafd #) & e Ard &1 A= sifafhaneti & fag
Y & favg % 99M & oIy Ugad &7d € | I8 U™ 3TRE FHEard 2 |
B-3.  Reduction of oxides of Mn, Cr etc., by electropositive aluminium metal is called as alumino thermite

process.
S, Mn, Cranfs & ifqarss] &1 dgd gcAs VfAR—M a1g SR = Uil adia Ushd dedran 2 |

C-1.  Matte is obtained in blast furnace and that contains mostly Cu2S and FeS. It is transferred to bessemer
converter where self reduction takes place according to the following reactions.
2Cuz2S + 302 - 2Cu20 + 2S0: ; 2Cu20 + Cuz2S — 6Cu + SO2.
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Metallurgy ﬂ—
A W A el ¥ WK B © 91 &I CupS TUT FeS Jad BT & | 39 SR gRaded H IHT=IRG
P & TRl AMWh & JgER W fuEdd R Bl 2 |
2Cuz2S + 302 - 2Cu20 + 2502 ; 2Cu20 + CuzS — 6Cu + SOa.

C-2.  The solidified copper obtained after bessemerisation is impure and contains Fe, Ni, Zn, Ag, Au etc., as
|mpur|ty It has blistered like appearance due to the evolution of SOz and so it is called blister copper.
T JUNIORY & U¥ER] W §¢ (solidified) PR I7E BIAT © T°A Fe, Ni, Zn, Ag, Au STR SIfEdl gaa

BT 81 SO2 P s & BRI 39 TR BhIdl U SIId & 91 ST $U BhlearR del dad & |

C-3. (YY) PbSreduces PbO to Pb ; it is called self reduction.
(Y) PbS , PbO &1 Pb # 319afid &R <1 & | I§ Wd: AYFIT HEAl & |

C-4.  As PbS on self reduction with PbO and PbSO4 gives metallic lead.
Fifds PbS, PbO Tl PbSO4 & AT 3&d: 0T UR ¢fcad o <l 2 |

C-5.  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.

Bl Hg, Cu, Pb & Hehiss 3D Bl o9 a1 H T &R © a9 39P1 b 9F 3fa¥Iss I Aehe ¥ gRafid
B WA B Sl GohIgS D & YUY W & A1 AR HR arg 9 SO2 I & | I§ W AT, W
UTI AT I NIAIT UshH HEA 2 |

D-1. It is obtained by electrolytic reduction of molten anhydrous KCI.MgCl. (other methods are not
economical/ feasible for the extraction of Mg metal).

g, I8 Tford fAsielid KCIL.MgCl: & de[qeieciid iued+ g§R1 U<l &Il & | (7 WshA Mg &71g & o1 &
for Suga =18t € )

D-2.  NaCl and CaClz both being ionic compounds ionise to give ions which lowers the melting point and
increase the conductivity of the mixture.

I, NaCl T2 CaCl: {1 mafa Aiffie € il SMafa 8Id) oM <d & | Sl Taid &I "erd & a fAsmr o
ATADT BT T & |

D-3.  Aluminium is extracted by electrolytic reduction of mixture of molten Al2O3 + NasAlFe + CaF: .
Due to very high energy of dissociation of Al2O3 , the reduction at such high temperature will give
carbide in place of metallic Al according to the following reaction. 2AI203 + 6C —2— AlsCs + 3CO> .

8d.  WfeId AlOs + NasAlFs + CaFz @ 35701 & Jegd—aiuecy AU=dd & §R1 VGMAfTs &1 fepor grar & v
saferd 811 81 ®Ifd Al03 @1 faAISH &) Soil 980 Sod &l 8| 39 e & Sod Oy W o o

efeads Al B S8 waigs A7 sififsan & IR Ui 81T & | 2Al03 + 6C —2— AlCs + 3COs.

D-4.  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 : AIB* (melt) + 3e-—— Al
Atanode: C(s)+ 0% (melt)—— CO (g) + 2e-; C(s) + 20?% (melt) — CO2 (g) + 4e-.

Bel. Nas[AlFs] — 3NaF + AlF3
NaF, AlFs g1 smafys A@ifie § 91 omafa 81ax omad < & | gaford fag]d araddr i 81 @ AlOs
@ ITATID B! FH B 2|

DTS : AR*(Irferd) + 3e-—— Al

TS : C(s) + O (TTferd) — CO(g) + 2e-; C(s) + 202-(fefd) —— CO2(g) + 4e-.
D-5.  Cathode : AB* (melt) + 3e-—— Al

Anode : C + O> (melt) —— CO + 2e~ ; C + 20?2~ (melt)—— CO2 + 4e-
T dATS: AP (ferd) + 3e-—— Al

TS : C + 02 (vferd) —— CO + 2e-; C + 20%-(7fefd) — CO:2 + 4e-

E-1. 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.
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E-2.

E-7.

I\

QI UshA &1 TN T G1gel D1 g I ¥ Bl 3 | RH S a1 & Siferss g & wu H /A
2| 919 Cu# CuO &1 rgfg T2 SnO # Sn &1 g |

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 (AIR), 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.

At anode : Al—— AB* + 3e-

At cathode : ABR* + 3e—— Al

BUd Wshd, UMM &1 dgaaiacsig NG UhH & | U Ao Bl TS g Al BT a1 defls gg Al BT
T BT § Tl O SR WRA Jad Bl B | fEel WA e SiE Al @I, 75 WRd AIfSIH FARTSS,
AT TRTSE dol IRTH eiRTgs gad Wferd oavfia wRa d1 S0 wRd gg Al @1 Bl R | T W
(el wa) e & 9y Al Jaifzd a3d 8 91 DU R (U IRd) I8 99 YE o91g H u=fdd |
S 2| wd W, ferd o1g ¥ @ ad 3 e § 9en gg Vgt I 9 fera aa €

TS W Al—> AB* + 3e

DATS W ; AB* + 3e—— Al.

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

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

e & JTa—AuEeH! RN § TArS 7S WX Sh, Cu, Ag I Au U<l &Idl & | $9ferd (C) SR 8 2 |

Anode mud contains the impurity of Au only.

TS A€ HIF Au Bl MY T 2 |

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 i & gofa: o B1ax RicaR K6 s 911 8 S geat ekil 2| den e
Tefis STl BIdl & | gferd (D) B el € |

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.

Hquse URSHRY A 59 g R NeiRd & & arlg i &g &1 8R—R 3vs] &1 W g 91 D
fipeeat o1 81 O € Siafe srgfedl wferd a1 & 9 9 # 99 &R WKl § |

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.

T8 9 AMdhd A T HEARE | 9 Mdhe A w1 SWN zZr 91 Ti & Yegawe & o Bar B
faforar (C) Ag2COs BT AERY ardig faeed 2 |

PART - Il

(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.

(A) Tiics &1 FTHYT T STl giqdd WA © fored Tles 3RS &1 NaCN faera & i e

(leached) @or 5@ Biee (Swmel) gRT r@afdd & 2 |
(B) SR &1 il U STl a1gdmd ¥ & RTaH B 3086 B H.SO4 e & |rer Merrer den
IRRA B Bl §RT &I PR & |
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(C) arged =TT Wehe WRTe TshH B |
(D) I HCI 1 ) SuRAfY # STeford MgCle &1 b 8191 =amos ushH 2 |

2. (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)z into Al2O3 by heating in absence of air represents the calcination.
(E) Displacement of silver from its salt solution by more electropositive zinc.

B (A) FeO + SiO2 —> FeSiOs(Tei®); Jg STAfhaT HIUR URIISE & W A PR & THYvl, A &
THTIBROT yshH # oft Bl 7|
(B) farraemTeia o1 Al & §RTMn Td Cr & 3ifaTgs] & IM0ad &I oFfse Uhd Hed © |
(C) BIR UIEIIST H HIUR B (TShY0 H W aId AERUG: 97 GRadd H 8Idl ¢ |
(D) &1 @1 Ul H Al(OH)s &1 T IR Al,0s § TRacH feamos &1 gerar 2|

(E) faeeR oravr faerae & Ricar &1 favenus 1fdre faga aieis zn & gRT 8 2

3. (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 SnOzx 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 <vs fadlreq (Aifei) : og[E wifela o1g @1 &8 dds! @l B 9 fdaiftsd (stired) fdan Siran & | gad
oA IR o1g @ SfiaIss $I o g1g H Uad $R ol © | 39 A BT T>AN S9 a1gel B giedror
% forq Bran § Sl Wa & Sifeaiss @ RfEg vEd B |
(B) @WRel : 39 A &1 TN w_d & 99 SYfEAl AT LS Bl B 9A I WU 4 39 AW B g
faear # IuRerd oie @ orgfg & R &= 7 fan oman 21
(C) &SR : I8 UhH o1 & YhadR & oY Jgad el & orad I8 W@ Mo 9 T Sl & g
SO SUReA oY Tl el B 3fid STYfEAl ST © | I8 ¥sh¥ Sn A1 Zn & YlEdo & forg ygad

BIAT 2 |
(D) I IR&e fafdy : (ar wraRen WMe) o1y TN IS, Fahit, AREw don w59 fafy &
ERT g5 Bl & |

4, (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 Fe30s + CO2; FesOs + CO —— 3Fe + 4 CO2; Fe203 + CO —— 2FeO + CO2

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

C+C0O2——> 2CO; FEO+ CO—— Fe + CO2

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

2CuFeS; + 40, —Roasig_, 4,3 + 2Fe0 + SO2
2FeS + 302 —— 2FeO + 2S02; FeO + SiO2 —— FeSiOs (slag)

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

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

2AI(OH)3 — 125 K, ALOs + 3H20; Extraction of Al from purified Al2Osz is done by electrolytic reduction

Calcination

of molten alumina dissolved in cryolite or fluorspar.
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FA: (A THCIEC Fe:0:3® | 9 @l uRefa 3 s &1 1 &3 (FRATes ushA §RT) W) FeCOs3gfg )/ &
Tt B B SifRfIGd BRIl B |
500 — 800 K TR (aTeam Wedl # 1 dmae o)

3 Fe203+ CO— 2 Fe304 + CO2 ;Fes0s + CO— 3Fe +4 CO2 ; Fe203 + CO — 2FeO + CO2
900 — 1500 K TR (a1 weel # Iza dIyATd Uxd)

C+C0O,——> 2CO; FeO + CO— Fe + CO2
(B) IR URRISC CuFeS: © | U / Woid dAT SHHRIGRY & QR ARRA Foblss o Mg T

gTgAe FeSiOs & U § §¥ &I Wil 2 |
2CUFeS; + 40; — ™, Cu,S + 2Fe0 + SO,
2FeS + 302—» 2Fe0 + 2S0; ; FeO + Si0, —» FeSiOs (slag)

(C) FTETEE (KCI.MCl2.MgCla.6H20) —A@FITN Mo, + 6H20
I HCl (9)

fAsieia MgClz + NaCl + CaCle & Tifefd fAsior & dega sfuacia 319aae §R1 Mg &1 fspyor far ran
2|

(D) dfarse AlOs B |

2AI(OH)s F7—ﬁ;m2> Al20s + 3H20; Al &1 sl ferd TIRFT & I JTEe-a AT gRT YE AlOs

T B 2| SEH HRITATSS T FARIR Hield 2 |

EXERCISE # 2

PART = | (91T - )

1. (A) Tin-cassiterite (SnO2) (B) Zinc - calamine (ZnCO3)
(C) Iron - siderite (FeCO3) (D) Lead - Cerrusite (PbCO3)
Therefore, (B) option is correct.
g (A) feT—¥IevIEe (Sn02) (B) RSi—& a8 (ZnCO3)
(C) 3MRA—RIsR1ge (FeCO3) (D) de—aw¥1ge (PbCO3)
sAfer) (B) W&l fadey 2 |
2. 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.

HAPISS JAWP Bl aig I JATGdIoT DI WDl H AiId R & A SHD TAdd & -ird s H
ggerd € ¥d S, P, Sb enfe @ Sryfedi arwefiel sifavass @ w9 # ge 2| §u uRRuftai #§ fAfdgd
AAHISS IR BT 9oid M UR I WY &1 O § 95 Il 3 |

3. Al203 (bauxite) + 2NaOH (aq) + H20(l) —€3N9_, oNa[AI(OH)4] (aq).
Al;03 (ITRTEE) + 2NaOH (aq) + H20(l) — =, 2Na[Al(OH)4] (ag).

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

T,  UhA dR<Ad SIARIY UhA B SAH AUSRIBHUN DI Sl & A1Y T AhIgS MID SV Bl AIg & del

& A1 el fhar Srdr 2 |

5. 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.

Bl T WA W WIad JifadIss R Ol gHige, feved &1 AU & U9 fiid a1 &R g

P BCH B fU Mad & AT T FIA 8 Al gIgFA Ia1 2 | I T WshA ueRieli(earthy) /faferat |
g (silicious) Mgl ® geM & forg wgad 81 & |
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6. Ore bauxite, Al203.2H20 of aluminium occurs as oxide ore in nature.
g UM &1 dfese, Al0s.2H20 3RS Tafd | Siadrss 3D @ ©Y H il STl B |

7. Potassium or sodium ethyl xanthate get attached with the particle of the sulphide ore and thus make
them water repellant i.e. hydrophobic.

g UCREA @1 Aifsad e S 9ehiss SRS @ HUI @ WY OIS W & aUl 9d Ufaeivd e S
et e=mar £ |

8. 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 Sh.0s and
sulphur as SO.. Roasting is an exothermic process; once started it does not require additional heating.

FA. 39 UHH ¥ IO Bl WAl wedl H Iy @ SURAfI # 39e Temie fa|g ¥ ™ T fean o '
e g8 oifeargs & aRafda 8 Sirar &1 areiie argfedl o oI As:03® ®U #, G9! SbaOs
P WU U, AT W SO2 P ®U H ARAT A & 8 I 2 | 9oid U SHOIEd A 8| U IR IR
B9 B YA 39 WA H AR ST B azgdhdr T8l Bl 7

9. (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,

BA. (A T4 US AlaIsS Jael IR A I[ORdT 8 9 Aadrgs dl goidl § gig B8Rl |
(B) I8 U% W&l HUF & | HJO —2— Hg + 1/202
(C) U& 3UFa UshH & foIg ol Sl UiRacd AGP FUHe 8141 aley a2l AGC Bl FUMHS I & oy
AT g Sed Bl anfey o TASO > AHP.

10. The Gibb’s free energy of most sulphides are less than that for CSz. In fact, CSz is an endothermic
compound. Therefore, the AGP 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.

T IIOPRT Aewiss Bl Req Jad SHoil CSz Bl Joal | HH skl o | 9Rd H, CSz Udh SHRIY AS 3|
AT MyS B AG? Taf &1 Bl © | Sy MkS &1 U=d Hfos BIal 2| 37 I8 9T U & &

ITIIT F TSl IhISS AEh Bl Yoid UshH g 3ifdrss § uRafid fbar SIm 2 |

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

A UIgAA T SHM © BT Teih $H Bl © Sl Tiod °1g $ |re ffHsig 8 den e arg @
Bod] BT © |

12. For examples SiO2 + CaO —— CaSiOz (metal silicate) or FeO + SiO2 — FeSiOs .

Bd. SR & fold : SiO2 + CaO —— CaSiOs (&g fiferde) a1 FeO + Si02 ——» FeSiOs .

13. 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.
g4 CaO + SiO2—— CaSiOs (ITdHd) (BHcIse 3D H fferd! oglfg & w9 9 =l 8)

gTgAe Bl BT § U4 o 91g & A1 gl R s WRa & ®U H ARal I8l B |

14. At lower temperature following reactions occur in blast furnace.
3Fe203 + CO —— 2Fe304 + CO2; FesOs4 + CO — 3Fe + 4COz; Fe203 + CO —— 2FeO + CO2
B, 9t wEI # R (lower) 99 WR A ifAfhar R Bl 2

3Fe203 + CO —— 2Fe304 + CO2; Fes04 + CO —— 3Fe + 4CO2; Fe203 + CO —— 2FeO + CO2
15. Fact based

16. 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.
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Bal.

17.

18.

19.
20.

21.

I\

DT B, Aol ¥, fgdlias gl 4 argell & fapvn & forg Siefia arged WA 9 eRyE Usl 9
e a1 B 21 el Read § qeaae aig &1 famge, fMenfoa g &1 gigaso qen a1 @
feaeeaes gR1 a1 B Rgdus u1g &1 Ade: e 9 gE o1y 31 g9 9 B |

Purification of Ti and Zr are performed by Van Arkel method as given in the question.

S b |aret § faan T 2 fF 9 sRee fafY R g Ti Ao Zr &1 YEHR B © |

(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.

(A) IR HT YA I & o9 ofs eI A1 § SURd Bidl & |

(B) Sifchry o § 9§ Ricdy &I UId UshA §RI 8 & ifd Nedy, ofs @ ga # fod 5 d
AfF gerTeiia Bia 2 |

(C) R, oIS @1 g & Wfera i # @1fdd gereiial BIal & | o Nie—Riear fswerg a=mar 2 o
J Riw o1 emafdd fhar 1 waar 2 | Ricar 99 I Sfar 7|

(D) faeR, Wfera i # i gaeiia e 21 o Rie—fieax fgenrg a9 & w9 R a1
Jmafad fan S |ddr 8 | Rieer Ay I8 oI B |

Ni(s) + 4CO(g) —>2C 5 [Ni(CO)4J(g) ; [Ni(CO)al(g) —22%C 5 Ni(s) + 4CO(g).

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.

HUSe URSHRYT UshH $9 RAGI WX eiRd & & ge fera g &1 dR—4R 3vsT &)+ R Y§ 91g B
foreea fafa 8 Sefs sryfedt wfera e1g @ Ay Wi # 8 SR |
Zr (impure) + 2I2 _ <1800K . Zrl, 5 Zrls 280K 7¢ (pure) + 2I2 and hence over 1800°C practically

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

Zr (3gE) + 22 —<0K 711y Zrl, 180K, 7r (gg) + 21, TAT I FANIHSG ©I A 1800°C W

SR Zrd [, & 7eF DIy AMHAT 81 8 Fabell © | 3AfIg, (D) wew w8 2 |
PART — Il (|11 - 1)

Name of ore Composition of ore Name of ore Compaosition of ore
(i) Carnallite =~ ——  KCI.MgCl2.6H20 (if) Cuprite —> Cu0
(iii) Cassiterite ——  SnO2 (iv) Chromite ——  FeO.Cr20s3
(v) Cinnabar ——  HgS (vi) Calamine ——  ZnCOs
(vii) Cerussite ——  PbCOs (viii) Chalcopyrite —— CuFeS:z
(ix) Chalcocite ——  Cuz2S
So, answer is (i), (iii) & (iv)
AP B AW D B HISA AP B AN D B HISA
EIREIES —>  KCI.MgCl2.6H20 (OEREIES —> Cu0
(iiy dfafege —  Sn0O: (iv) ST ——>  Fe0.Cr20s
(v) REmeR —  HgS (Vi) degd ——  ZnCOs
(vi) 98¢ ——  PbCOs (viii) TTedTaTSISe —> CuFeS:

(ix) FredrEaEe —>  CuzS
sfery, SR (i), (iii) T2 (iv) B |
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Metallurgy ﬂ—

2. Fe?* and Fe3*
Number of Fe3* = 2 x Number of Fe2*
. EF = 2Fe3*.Fe2*042- = Feo.750
el Fe2+ g1 Fe3*
Fe3*dl AT = 2 x Fe2t &l Il
EF = 2Fe3*.Fe2*042- = Feo.750

3. (i) Dolomite CaC03.MgCOs (if) Malachite CuCO3.Cu(OH)2
(iii) Calcite ZnCOs3 (iv) Copperpyrities CuFeS:
(v) Sylvine KCI (vi) Cryolite NasAlFs
(vii) Siderite FeCOs (viii) Iron pyrite FeS:
(ix) Argentite Ag2S
So, answer is (i), (ii), (i) and (vii)
g (i) SIAMET CaC03.MgCOs (OREEIE CuCO3.Cu(OH):2
(iii) HerATge ZnCO3 (iv) PIIRURRIZS CuFeS:
(v) Ryetarg KCl (DEIRIIES NasAlFs
(vii) Rrevise FeCOs (viii) TIRT URIRTgC FeS2
(ix) Jrof<ge Ag:S

ara: SR (i), (i), (iii) T2 (vii) B |

4. (i) Al2Os + 2NaOH + 2H,0 —2— 2NaAlO; + 3H20
(ii) Ag2S + 2CN-— [Ag(CN)2z]- + S~
(iii) Au + 2CN- + 2H20 + O2 —> [Au(CN)2]- + 40H-
(iv) CuFeS2 —> No leaching (e =Ei e 2 1)
(v) PbS — No leaching ((Refre= =& 2ram 2 )
(vi) MgCla— No leaching ((Refrer =& 2idl 2 |)
(vii) FeCO3 —> No leaching (et =g 2Iar 2 1)

(viii) 2Cu20(s) + 4H2S04(aq) + Oz2(g) ——> 4CuSO04 (aqg) + 4H20(¥)
(ix) HgS — No leaching (e =TE1 81 & 1)

5. 2HgS + 3 02— 2HgO + 2S0: ; 2HgO + HgS —— 3Hg + SO
Cuz2S + 302 —— 3Cu20 + 2 SOz ; 2Cu20 + Cu2S —— 6Cu + SO2
2PbS + 302 —— 2PbO + 2 SO2 ; 2PbO + PbS —— 3Pb + SO>

6. The metals which are more electropositive than Al (Li — Al). They are extracted by electrolysis of their
molten metalchlorides.
SWRIFT gy Al (Li — Al) @I 37Uel 3ifdie degd g9 & saiay I8 Jfeld g1 FaRIss] & [dgd fuege
gR1 fsmifaa 81 oIl 2 |
Li, Ba, Na, Al, Ca, Mg

7. At 500-800 K (lower temperature range in the blast furnace)
3 Fe203 + CO—— 2 Fez0s + CO2
Fes04 + CO— 3Fe +4 CO2
Fe203 + CO —— 2FeO + CO2
At 900-1500 K (higher temperature range in the blast furnace):
C+C02—2CO; FeO + CO— Fe + CO2
§A:  500-800 K TR (a1 el # 741 ™ o_¥)
3 Fe203 + CO —— 2 Fez0a4 + CO2
Fes0O4 + CO— 3Fe +4 CO:2
Fe203 + CO —— 2FeO + CO2
900-1500 K TR (aTeam Wedl § 3= dY URId)
C+C02—>2CO; FeO + CO—— Fe + CO2

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

NaCl erg@H # CaCl. 9 KF e 9 2 | dTarge 39 Ufhal & SRM UFegsiss MgCL¥d aae oiram 2|
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Metallurgy ﬂ—

9. (1) B20s + 2Al —25 2B + Al,O3 (aluminothermic process-extraction of boron)
(2) Cr203 + Al —2—> 2Cr + Al,O3 (extraction of chromium)
(2) TiCls + 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 + SOz2 (Self reduction)

8 : (1) B20s + 2Al —2 5 2B + AlOs3 (Y1 a1drg fAf—aRA &1 fspon)
(2) Crz03 + 21 —25 2Cr + Al,O3 (1 &1 FspyT)
(3) TiCla + 2Mg —2— Ti + 2MgCl2 (pTct UhH—<TSeiaH &1 fsmeor)
(4) PbS + 2PbO —2— 3Pb + SO (S &1 fA=pyT)
(5) 3Fe203 + CO —— 2Fe304 + CO2 (U AYI)
(6) Fes04 + CO —— 3FeO + CO» (YTl JU<I)
(7) 2Cu20 + Cu2S — 6Cu + SO, (Wd: A=)

10. Net reaction in Hall-Heroult process is :
3C + 2Al03 — 4Al + 3CO2
or 4AI13* 12e- — 4Al, number of electrons (n) = 12

AGP® = 3AG% (CO2) — 2AG% (Al203)
=3 x 394 — 2 (— 1520) = 1858 kJ
AG® = — nFEoceII

nkF 12 x 96500
Ans. 1.60x10=16
A,  Bid—oRice UhA H @l Affshar
3C + 2Al,05 —> 4Al + 3CO>
B 4AI3+ 12e-—> 4Al, Solaed @ |1 (n) = 12
AG® = 3AG® (CO2) — 2AG® (Al203)
=3 x 394 — 2 (— 1520) = 1858 kJ
AG® = —nFE®,
_ AG° _ 1858 x1000
¥ nFE  12x96500
Ans. 1.60x10=16

(o]

=1.60V

11.  2NaJAg(CN)z] + Zn —> Naz[Zn(CN)a] + 2Ag

05500 _ g 55 moles (drer)
1000

moles of Zn (Zn & HId) = %
0.25

moles of Zn (Zn & A = ><65=€;3—5><8=65

2

12. AG® = + nFE el MgCl.—— Mg + Cl2
_ 2 x 96500 x 2.02 — 390 kJ/mole
1000

13. Zrls (¢ = 4)
Gas involved in Mond’s process is CO (m = 3).
Hvs UHd H wfAe I CO (M =3) &
Thomas slag is Cas3(POa4)2 (n =3 + 2 =5)
T &TgAd Caz(POs)2 (N =3 +2=5) B |
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Metallurgy ﬂ—

14. Physical Method : i, ii, iii, iv
Chemical Method : v, vi, vii, viii, ix
Wa® IhH i, i, iii, iv

TR YA : v, Vi, Vi, viii, ix
PART — Il (| - 1)

=

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

gA.  OIfST¥ J UgfAfm Sa 9 «fifar aRd & o if¥eiea: o e wavn | g Ry o 2

2. (A) AG - —AS, AG is slope in Ellingham diagram. Which is same below the boiling point.
T T

(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.

gdl. (A)%:—AS,%W(slope)%ﬁ%mﬁ%*ﬁ%m?ﬁ%l

(B) T & ~i1al &l (slope) FAE & Rifdh TAS T4 © |

(C) AG = 0 |lg1 & HUR Jad SHoll gAHS 8 IR © 37k ilaaigs &g a1 e 4 fafed 81 o
g1

(D) rfrafiqar st & & AS g1 8 31c: <rct (slope) T g&T B |

3. Smelting of iron in a blast furnace does not involve sublimation.

JMRA & WA H 1] Heel H HEdurad Uhd el oidl 3 |

4, (A) true (C) small amount of Mn is added to molten steel to remove sulphur and oxygen.

(A) T (C) TR g Ao Bl gl @ fory 7ferd o1 5 |8 931 4 Mn e 3|

5. Cynide process used for Au and Ag comlexes formed in this, are :
Na[Au(CN)2], Na[Ag(CN)2], Naz[Zn(CN)a].

A ARASS WHH Au G Ag @ oY IgE Bl ® s9H Ifeiad e 9 ©
Na[Au(CN)2], Na[Ag(CN)2], Naz[Zn(CN)a].

6. In poling process of purification of Cu, Oz oxidises S, Sb, As and Fe into their oxides.

A PR B YE PR Ul TpF H Op, S, Sb, As T Fe ®l I7ah Afaxargsi § AfeRilddd Bl © |

7. (A) Sulphides ores are generally concentrated by froth floatation.

(B) 2CuFeS; + 40, — 219 _, Cy,S + 2FeO + 3S0:

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

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

Bal. (A) AEHIS IRH AHRIC: SN W= YshA §IRT A1fsd 81 ¢ |

(B) 2CuFeS; + 40, — ™75 CupS + 2Fe0 + 350,
CuzS + FeO + SiO2 —— FeSiOs (T 8TgAe) + Cu2S (HT)
(C) IHHAHRT

2FeS + 30, — 2FeO + 250>

FeO + Si0O2 —— FeSiOs3

2CuzS + 302 —> 2Cu20 + 2SO0

2Cu20 + Cu2S —> 6Cu + SO, (a: YTI).
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Metallurgy ﬂ—

8.

10.

11.

12.

13.

14.

I\

(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.

(i) IS TS T ST B | (ii) SBT Terib o B B |

(iii) TB8 o1 BT B AT W G B AT IJAONY B & | $H BRI IJY(GIT Aferd &g R VP YIh
WA & HY H ARl IJA & AT GG W WRAN ¥ YA PR qHA © | ferd 97 W I1gFA B URA 91 B
SfeRiTgT 811 W GRET PRall © AAT &g BT ATRIPRO B A ADball © | SHBI ITAN AT B 3aId a2
TR ueret & w9 # B 2

(A) White bauxite contains the impurity of silica which is removed by heating with coke in a stream of N2
SiOz2 + 2C —8%C ;, §iT + 2CO ; Al20s + 3C + N2 —28%%°C , 2AIN + 3CO
(B) 2PbS + 30; lower terf]perature 2PbO + SO> ; 2PbO + PbS higher temperature 3Pb + SO»

air

(C) SnO: (black tin contains 60-70% SnOz) + 2C —2 5 Sn + 2CO.
(A) a%e digarss H faferdr @1 sRIfEdl oz Sl & O N2 @1 919 § ®idh & d1 T dD g2 (bl
ST B

SiO; + 2C —8%C | gt + 2CO ; AlbO3 + 3C + N —X89%°C | AN + 3CO

(B) 2PbS + 30, — 9, 2ph0 + SO; ; 2PbO + PbS —S= M, 3pp + SO,
g

(C) SnO: (wTaT fed 60-70% SnO: &« 8) + 2C —2 > Sn + 2CO.

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.

es AR 3%, gfod kel ¥ Jwifdd el Bidl & o1 FARI SHPl dRad H A B H Tgad
BT B | 3: Mo BT JAKHIY 78 T IR T © |

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

SAIHRN YshH B1 SUAN S &1l & fold HRd & Sl Rl ¥ P TA1d 8icll © |

All processes are correct. (I Ush# Hal & |)

(A) Fe203 + 4CO —2 3Fe + 4CO> (B)ZnO+C —2 Zn+CO

(C) 2Cu20 + CuzS —2 > 6Cu + SO2 (D) PbO+C —2 Pb+CO

(C) is incorrect statement as 2CuFeS; + 402 —2—5 CuzS + 2FeO + 3S0..
(C) Teld ®UH 8, 2CuFeS; + 40, —2—> Cu.S + 2FeO + 3S0x.

(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.

(A) 991 : oI UshA ¥ WIad 3RS (AT Aohiss II%H) Bl 59 Ta-id 4 -ird a1 & Mf¥ed 3

T a1 ST g | WoiA ST@ 919 WR Bl B | BB €1 S Cu, Pb, Hg, Sb 3t & Wewiss RIwH! & a1
@ R A1 O F U9l ¥U A TH B WR A & uafid gax o1 99 B |
(C) FARaTa= : 59 Ushd W WIfad 3R B a1y P WA A1 A1 I B srgulReIfa # W faban S 2
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Metallurgy ﬂ—
PART = IV (HTTT - V)

1. [X] = CuCO3. Cu(OH)2 or 2CuUCOs.Cu(OH)2; [Y] = Cu2S or CuFeS:

CuCOs.Cu(OH)2 —2— CuO (S) + CO2 + H20 ;
[Y] = CuzS or CuFeS:
2Cuz2S + 302 ——> 2Cu20 + 2502 ; Cu2S + 2Cu20 — 6Cu (M) + SO2(qg)
5S0: + 2103~ + 4H20 —— Iz + SO42~ + 8H*
I + strach—— blue colour
B1.  [X] = CuCOs Cu(OH)2 a1 2CuCO03.Cu(OH): ; [Y] = CuzS or CuFeS:

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

[Y] = CuzS 31 CuFeS:

2CU2S + 302 —>2CU20 + 2S0; ; CuzS + 2Cu20 —> 6Cu (M) + SO2(g)
5S0: + 2103~ + 4H20 —— Iz + SO42~ + 8H*

I + ™ el —> 3T

2. It is sulphide ore (Cuz2S or CuFeS2) & is called as copper glance or copper pyrite; S gives yellow ppt.
of CdS with CdCOgs suspension.
BA. U8 UWIgS AP (Cu2S IT CuFeSy) © 3R S/ HIUR 7= I1 HIUR UERISE ded & | S, CdCOz &

1 CdS BT Yol 38T <l ¢ |

G1 = SO; It can increase its oxidation state from +4 to +6 & decrease from +4 to 0 or —2.

BA: G1=SO0y I8 STDI ATRITHRUT AT +4 F +6 TP 93T Fbal & a7 +4 F 0T —2 T =l Ahd! ¢ |

CuCOs3 + 2HCI—— CuClz + CO2 + H20; CuClz + 2KI —— Cul2+ 2KCI; 2Culz—— Cuzl2 + 12

w

»

5. CuCO3.Cu(OHz) —2 5 CuOY (black) (®1em) + CO2 + H20

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

6. At about 1000°C, lines cross and thus at this temperature zinc and carbon have equal affinity for
oxygen.
T 1000°C TR NEIN TH—g3N DI HIcl & 3k 39 AI9AE TR 56 q1 Hra aiior & Ui 91

FYaT Y& § |
7. (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) Vo AIRW H e dF & forg Hl SifRAGRT a5 b & SifaAIHR0 a% ¥ HUX RId 8Id 8| 519
TP & TUHE FRET 1000°C T6 Ugd Wil & | 39 fIg R C FHFIIS! ®U § ZnO $1 Zn H q=lyd
TR H A B 7 | uadd & forg weyel rfwfsan 7
ZnO(s) + C(s) — Zn(g) + CO(g)

8. FeO(s) + C(s)—> Fe(s/) +CO (@ Q)
FeO(s) —> Fe(s) + %Oz(g) [AGreo.ro]l e ?)
C(s) + %Oz(g) — > CO(g) [AGe.col e 3)
AGc,co) + AG (Feo,Fe) =AG (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 Fe20s at relatively lower temperatures by CO can be
explained on the basis of lower lying points of intersection of their curves with the CO, CO: curve in the
given figure.
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Metallurgy ﬂ—

2ZnS + 302 —> 2Zn0 + 2S0z; ZnS + 202 — ZnS04; ZnSOs —22K 5 27n0 + 2502 + O2
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 678K 74 4 CO

BaA: FeO(s)+C(s)— Fe(sh)+CO(@ Q)
FeO(s) —> Fe(s) + %02 @ [AGeeo.ral e 2)
C(s) + %02 @—>CO(@@ [AGc.col e 3)
AG cco) + AG (Feo,Fe) =AG (4)
AGO TIT T IR I1fAfhAT (2), BT YR HRal 8, 9% HUX dgal & a0 Sl C CO gRadd &1 aiRia &Hrarl
2 T fhR 9 ged1 & o 1073K 19 @ HUR C, CO X&T Fe,FeO Y@ | A1 31 W 8 | [AG(c, coy <
AG(Fe, Fe0)]. AT 31 TR H B FeO B ARG BN TAT T CO H AfaiIghd 81 RN | 341 UBR
A Muférs 79 U TR CO §RT FesOs @ Fep03 & 3UTUF &I &Rl H) ddhd & ol & T g § CO,
CO:T% & A 78 Il & A< WIS & [ fdgall IR MR & |
27ZnS + 302 —> 2Zn0 + 2S0z; ZnS + 202 —> ZnS04; ZnS0s —2%0 K, 27n0 + 2S0; + 02
i sifadIss & UAAT & oIy Did B YA R © | 39 NI H qUAN SAR H Reafd @1 Joen
I=d Bl B | Rif 9= A9 W ZnO X&T C — CO Y@M B CuO &l JaIl # IR R SRl 2 |
Zno+C ke 1OBK , 7n4+CO
EXERCISE # 3
PART = | (97T - I)
1. Au + 2CN- + H20 + %02 —— [Au(CN)2]- (X) + 20H-; 2[Au(CN)2]- + Zn = [Zn(CN)4]* (Y) + 2Au.
2. PbS + 202 —2 5 PbSOs; 2PbS + 302 — 2 2PbO + 2S0..
Roasting Roasting
PbS + 2PbO — 3Pb + 2S0: ; PbS + PbSO4s—— 2Pb + 2S0..
SiO2 + CaO(flux) — CaSiOs (slag) + PbO.
&1 PbS+20, — 2 PbSO4; 2PbS + 302 — 2 2PbO + 2S0..
Wold ol
PbS + 2PbO — 3Pb + 2S0: ; PbS + PbSO4s—— 2Pb + 2S0a.
SiOz + CaO(TTei®d) ——> CaSiOs (8TgHe) + PbO.
3. 2PbS + 302 —— 2Pb0O + 2S02
PbS + 2PbO —— 3Pb + SO>
SnO+C—— Sn + CO
SnO + CO—— Sn + CO2
4, Formation of CO2z and H20 indicates that ore Al is hydrated carbonate ore.

I\

Al when treated with HCI and then KI gives white precipitate and iodine gas indicates that it is the ore
of copper.

(A1) CuCO3.Cu(OH)2 —2— CuO { (black) + CO2 + H20.

CuCO0s3.Cu(OH)2 + HCl —— CuClz + H20 + CO:..

2CUu?* + 4-—> 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) 2Cuz2S + 302 —— 2Cu20 + 2502 ; CuzS + 2Cu20 — 6Cu + SO2

3S0:2 + Cr207% + 2H* —— 2Cr3* (green solution) + 3S0:2 + H20.
So, Al = CuCOs.Cu(OH)2 or 2CuCOs.Cu(OH)z;

A2 =CuzS ; S=Cu0O; P =Cuzl2; G =S02
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Metallurgy ﬂ—
BA.  CO23R H0 &1 §9941 I8 Uaf¥fa &xar 2 | fh Al essies ®Eibe e B |
Al B ST 98 HCI & |1 7 915 § KI & |1 IYART B & a9 The (&Y a1 7 MR S
N el 21 I8 3 yslRia oxar & 5 I8 SR &1 3R/ 2 |

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

CuCO0s3.Cu(OH)2 + HCl —— CuClz + H20 + CO:..

2Cu?* + 4F—— Cuzlz L + 12,
gTd BT AFEYV (W JUAIT §RT) AR I BT hrad (Woid UR) qA1 3ftidha Cra072- &1 &1 I H
gRad+ yeRid HRar 7, 6 A2 BIR BT ThES D ¢ |
(A2) 2Cu2S + 302 — 2Cu20 + 2503 ; CuzS + 2Cu20 — 6Cu + SO>

3S02 + Cr2072 + 2H* —— 2Cr3* (891 faera™) + 3S02 + H20.
31, Al = CuCO3.Cu(OH)2 d1 2CuCO3.Cu(OH)2;

A2 = CuzS ; S=CuO; P =Cuzl2 ; G = SO

o

Chalcopyrite is CuFeS2 which contains both Fe and Cu.

Bd.  dlchIUENIse CuFeS:® S Fe @ Cu I I&dT & |

(A) 2PbS + 302—— 2PbO + 2S0a.
2PbO + PbS —— 3Pb + SOo.
PbO + C—— Pb + CO.

(B) 2Cu2S + 302 —— 2Cu20 + 2S0o.
2Cu20 + CuzS—— 6Cu + SOo.

Self reduction (Fd:—3qTI).

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

o

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

7. 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).

2ZnS + 302 —2 5 2Zn0 +2S0: T; Zn0+C —2 Zn+COT.
B i <ie P 30D AGAES H URANIT B & oIy I & M § Afoia fba1 Siran 8 | HiHd radss
Y grfeasd Rid 9Td w1 & I 39 g I @) SuRAfy # ¥ fhar e 2 |

2ZnS + 302 —2 5 2Zn0O +2S02 T; Zn0+C —2 ., zn+cCo?.

8. 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.

' I8 Affhar Schaviia § 3 Sde & Aiffiead et @ forg aifafan sffwiioe @t suRerfy # &1ch 21 97
faear a1g @1 AR (1) 39 § MR Bl 8 Sl 918 3 CN- 39 & A1 fJeld Age a4 2 |

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

9. (A) 2PbS + 30, — 2 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 +CO2
In absence of air

Carbonates and hydrated ores are calcined to convert into their oxides.
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Metallurgy ﬂ—
(C)  2ZnS+30: —2 5 2Zn0 + 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.

CuzS + 302 —2 5 6Cu + SO» : CuzS + 2Cu20 2 , 6Cu+SO2
g (A 2PbS + 302 # 2PbO + 2502
Gl
AT GSblss & Wd: 9ad- & fory 9oia fhar o & a1 g9 ffdargs! | uRafdd &+ &
foau St f5 Hda a1 e A4 Sifess @ gRT SUEld B § Jo1 $9d €1 U 6 Ol 2 |

(B) CaCOs A —> Ca0 + CO2
arg @ guReIfy 3

PrEfe TAT TAANTT 3RRD, AT & gIRT 39 sarss H uRafdd & 9 2|
(C) 27ZnS + 30 # 2Zn0 + 2S0;

Zn0+C —2 5 ZnCO
Toie

(D)  BIWR T AT CuS ¥ Ugal ol HIUR P HegH d19 UR Il Wel H G H1 T H fsawiia
far e & et wifa fsan Srar 8 den sHe uREnq 9y @ YdTe Ad fam ofar 2 R
AT B GSR-IT S & dlfh ARSI S| Tl Soff 9 | 39 fdwg R & 9=ad il © ao
HHIER BTN YT Bl 2 |

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

10. 2 CuFeSz + 402 — CuzS + 2FeO + 3S02

11. Iron is removed in the form of slag of FeSiO3
FeO + Si02— FeSiO3
A,  IMIRA B FeSiOzaTgAd & ®U ¥ FSRT Sl 2 |

FeO + Si0O2 —— FeSiOs

12. S2- acts as reducing species in self reduction reaction
2Cu20 + CuzS — 6Cu + SOz

T W gy AfAfhar § S2 emummad @1 Hify dRf dRar 2|
2Cu20 + CuzS — 6Cu + SOz

13.* Important ore of tin is cassiterite (SnOz). SnOz: 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 + O —— FeO

g o &1 AEaYel oRe H¥IRISE (Sn02) B | 1200-1300°C 19 TR A Wl § SnOz &1 oTg H =
BIE gRT AT ST 8 | UTal S<uTe § |8 A3 4 Fe SURY 8l @ o)1 Ifera {8101 3 9y & yars g
Yo fHar S 2 do U8 FeO & wU H Sffaiidpd 8 Wl 2 | S & wfera fsor &) |de W aRar &
g
SnO2 +2C—— Sn + 2CO
Fe + 02— FeO

14. In haematite(Fe203), Fe is present in (Ill) oxidation state and in magnetite (Fez04) which is a mixed
oxide of FeO and Fez20s, Fe is present in (Il) and (Ill) oxidation state.
B,  TECEE (Fe:0s3) #, Fe () 3ifRfiaRor arawen #§ g g #erse (FesOs) Sl FeO T Fex0s &1 fAf3r

ifeaTgs 8, § Fe (I1) T2 (I11) SffeRfipRor aawern # 7|
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Metallurgy ﬂ—

15. In extraction of silver, AgzS is leached with KCN in presence of air :
Ag2S + NaCN + O2 == Na [Ag(CN)z] + Na2S203
Thus, Oz is oxidant.
2Ag(CN)z~ + Zn —> [Zn(CN)4]> + 2Ag4
S faeR & frspyor § AgS &1 9y 1 SuRefd §# KCN & w121 e (leached) fam S 2 |
Ag2S + NaCN + Oz == Na [Ag(CN)z] + Na2S203
9 TR O MRABRS ® |
2Ag(CN)z~ + Zn —> [Zn(CN)4]> + 2Agd
16. Common ore of Ag — AgzS, Cu — CuFeS,
Pb — PbS, Sn — SnO2, Mg — KCI. MgCl.. 6H20, Al — Al203 . xH20
So answer is (A)
TA.  Ag D AMH AT — AgzS, Cu BT HMI D — CuFeSy,
Pb &1 M 30%h — PbS, Sn &1 AN 3A%h — SNO2, Mg &1 |AHTI J¥h — KCI. MgClz. 6H20
Al BT MY 3A%h — Al203 . xH20
T SR (A) B
17.* SnO:2 and Fe20s3 are reduced by C reduction method.

Al203 and MgCOs. CaCOz are reduced by electrolytic reduction.
FA.  SnO; AAT Fe;0s e+ U=dd §IRT AT 81 7 |

Al,03 T MgCO3. CaCOs &1 =d+ g 3fueel U= §RT 8l © |

18. Cuz + 2Cu20 — 6Cu + SO2
CuzS + 2CuO0 —— 4Cu + SO2
CuzS + CuSOs —— 3Cu + 2S02

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

IYE Cu Bl TAlS I 8, Y& Cu DATS W THIA 8 &, g CuSO, dl fagd smeey & wu 4
TANT R 2 a1 Sfg Ve Udh & ®U # YHfId Bl 2 |

20. (P) Siderite (RiS31g€) — FeCO, (Q) Malachite (Fei®Tge) — CuCO,.Cu(OH),
(R) Bauxite (sferge) — AlO, (OH), ,,, (S) Calamine (@eTs+) — ZnCO,
(T) Argentite (3Tsiverge) — Ag,S

21. Extraction of Copper :

; Conc. B
CuFes, —crushing of Ore Y, Concentrated Ore

>

(Ore) froth flotation

Roasting with Oz

SO; +Cu + FeSiOs Oz blast
Blister Slag < - CuzS + FeS
copper +3i0z 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—
Bl PR BT fAHior :
B BT Gl BT
CuFeS:; > p SIS 3D
ERT A0
(Ore)
02 A1
SO + Cu + FeSiOs3
N, o eilast CuzS + FeS
St + SiO2 PR AT
TiforT g1 2Ne=
Pl BT fFT B T &) B8 & A R g1
. TS gRT o
[EERCIEN i > Y& PIW
IR
22. PbS + O2—— Pb + SO
3
Mole &
32
3
Moles of Pb formed = &
32
108
Mass of Pb formed = > x207=6468.75 gm = 6.46875 kg = 6.47 kg
Bel. PbS + O2—— Pb + SO2
3
qra &
32
10°

10°

A Pb &1 g\ = 32 207 = 6468.75 gm = 6.46875 kg = 6.47 kg

23. (i) Calamine, ZnCO3
(iii) Magnetite, FesOa4

Bal. (i) deTHSH, ZnCOs
(iii) FTeIEE, FesOa

(i) Malachite, CuCOs.Cu(OH)2
(iv) Cryolite, NasAlFe

(ii) WetdIse, CuCO3.Cu(OH):2
(iv) praTTSS, NasAlFs

24.  Au —NENO2 raueN),1® —2T), [zn(CN), ]2 + Au
R) (2)
PART = II (|1 - 1)
3. Usually calcination results in metal oxides as metal carbonates, hydroxides, all decompose to oxides.

. U RAE grg $reie, SRsiadse @ wU A g ifedrss | gl | w offawrgst # faafeq B 2

E

ZnCOs = calamine (derTgA).

Educating for better tomorrow
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Metallurgy ﬂ—

5. According to Ellingham diagram, as given
4 M- MO
AGP°
-nk, C > CO
1 —
0 1200K (1)

At T < 1200, carbon will reduce MOgs) to Ms)
hence, chemical reaction Cs) + MOis) —— M(s) + CO(q) is spontaneous.
g UfTEH IIR® & IgER, o4 fear M R

4M— MO
AGO oc
nk, C-Co
1 —
0 1200K  (T)

T <1200 W, BT MOs) BT M) H ATaTIT BT,
safery arafee rfHfhan Ce) + MOE) —— M) + CO(g) Hd: B B |

6. FeO + sj0, — FeSiO;
BasicImpurity idic fiux slag

&, FeO = + sijo, — FeSiOg
€N RIS sy e EIREE

8. CuzS + 2Cu20 — 6Cu + SO2

9. CuCO0Os3.Cu(OH)2 malachite

2CuCOs3.Cu(OH)2 Azurite
CuFeS: copper pyrite
Dolomite CaC0O3.MgCOs

Bal. CuCOs.Cu(OH); HaldTge
2CuCOs3.Cu(OH)2 TsgrISe
CuFeS; BIUR UTERTS ST
TreAMTse CaC03.MgCOs

10. gAI +2Zn0 —— 2Zn + %AIzOs

AG for the above reaction is (—)ve.

SWRIT AfAfshar & I AG (—-)ve B 1

11. Al203 (molten) + C (anode) —» Al + CO + CO:
Al03 (T1ferd) + C (TA1S) — Al + CO + CO»

12. Malachite AeT®bTIge - CuCOs.Cu(OH):2
Calamine &TIgH - ZnCOs
Kaolin ®afifer - Al2Si205(0OH)4
Siderite Rrs3ge - FeCOs
13. CuzS + 02 — Cu20 + 2S0: is roasting process Hoid UhH ¥ |
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Metallurgy ﬂ—

14.
15.

16.

17.

18.
19.

20.

21.

22.
23.
24,
25.

26.
27.

28.

I\

Cathode is made up of carbon.

PATS PHIET BT g1 BT B |

Calcination is required for hydroxide, carbonate and hydrated oxide ores.
fRATIH BISSIRITSS, PEIFE AT ST ATFITSS RGB! & foTv Mas 2 |

With the help of Ellingham diagram we can select proper reducing agent (C) or CO or A/¢) for metal
compound
T JIR@ &1 WerIl ¥ 89 o7g Aife & oy FEl a1 IuYa AT=rId (Cs) I1 CO AT Al) BT a9 PR

Thd B |

Ni(s) + 4CO(g) —2° > [Ni(CO)4]

Impure (3Y=)

[Ni(CO)4] —2X=20C_, Ni(s) + 4CO(g)
Pure (Y=)

Sphalerite (FheiRTSE) — ZnS

Magnetite (H7-eTSE) — FesOa

Malachite (#el@Tse) — CuCOs Cu(OH)2
Cryolite (TgATATSE) —> NagAlF;.

Bauxite dfadrSe: AlOx (OH)3-2¢ (0 < x < 1)
Malachite #el®Ige: CuCOs Cu (OH)2
Siderite Rrs¥1ge: FeCOs

Calamine &dmrs: ZnCO3

Haematite g¥cTse; Fe203

(a) Mond process (HivS UshH) = Ni
(b) Van-Arkel (T -3 et) = zr
(c) Liquation (sS4 = Sn
(d) Zone refining (Avsa TReNgs) = Ga

Cresols and anilines are froth stabilisers.

fordtal a2 TAfR BI—RIReRS ¢ |

Washerwoman discovered froath flotation method which is used for the concentration of metal.

i gRT S a1 Ay &1 Sl &1 75 I8 A o1 o/ &l dr=91 H UJad el & |

Leaching of bauxite using concentrated NaOH solution gives sodium aluminate and sodium silicate.

A NaOH e &1 U &R gY, I1aIss &1 Meflas AIfead UgdMe aon aifsad fiefide aa1 |

Purest form is wrought iron.

3irenfies e &1 fags wu fiear «et (Wrought iron) 2|
Theory based dgIf<I®

Theory based Jg1f<1®

A+BO,—— B + AO2

AG = —-ve

Only above 1400°C
I 1400°C & SR
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