12087CHO6

I

T UHhdh oF LI oh UvET 3T9 —

TR IR STHHTT YehHi o AR
% e hl U Fohl;

T, TSt e 3T wsi i samen
Eh'{ﬂav"ﬁ;

ey faferi o g siferdiato @
= o fagidl i awe weh|
Al, Cu, Zn, a1 Fe & fTemvo #
fitss Sorl qen TR St SRt
T GROMST I AN H FR;
AT Y Gl o pw el o
Cu,0 1 AT=FH Fe,O, &I qorl 4
fereh ST § A g 22

e F Gehtt foh @ CO T8 Ffvea
Al W DT HATAE © @ik i
Fo o= feafqal o s e 22
AT T Gohll foh Tq=a w1l o
fau e faftre o= & wm o =i
fere S &2

“IHTTfaewT @aeEATdt & fon fondt enqeiiamrse @ a1q & s o o
g ergeae Ud gHan fafvre ama w7 sugdd 877

[T 1 SR GUA Il § H1geli o SN &1 HeHl 9 3T
YR © Geiferd €1 URReR /e weraet o fafe=t o ol s\ g
o Yy BN el Hgel @ A Y S S @1 erge @ frenter sy
TeTT 3 okl oy < Y O 9IS B el ufkedd gu 3
BRER, S, ey, adq sets fKu fad arepfas sftaq o6
Taref gam| |, e, =i, g, o, diet 9 U)o 6 g
g, 5 spofi-erelt weie arqd oft vet s 21 Ty, St i
% 9% M g faam +1 =Remdish! 9fg g2, Vg 98 &I A
Iy SR Tk ® R g foae & oreRl staumme w1 Wi
fNfirR Hifd & Tecl i G gghial § ¥ o gon a6t g st
afeeh og ¥ 9Rd | o1g-hH § Serdl i SeE WU W Rl
e GEE 3R wifged qRdid urg fome o sl & @
Y@ Wi €| R SUHEE § oiq i Sufterd w1 ge| YHOT
e o HeTTE | Wl Bl & W&l o dfsl o Hidt R 6000
BCE M M 7T €1 et o8 99en < € fF o8 Wigd dfn @
o e @ o el fean T @1 o | St B g wsE
g fau MU 9 & oEEw & Al 9o efEnn &« foded ™
TSTEM, ORI, HEAYRYT & 2713 Tedl | 91T T g0 & faffies
T B 2 T g T S g s g g
2 for 9 4 df8 B arq-H F1 R H1 I GRS SUHRTET H
Shohifcrell G oh GHT W o 3R WKW shoshitoredl dis i
T Hoad: <90 H & S off| a5 T % A e 1 Frshon
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WA o b2

SARAC TRISH i @M § U shoeh e 95w § foha Siar ol 9Rd o
Warea Tdemr 4 fugell v o v o sifieel iR Rl @
WAlfceeh SR Hehfold i YehISd w1 €1 Tolhid Ao am-vsii
(Copper plates) W @R 9T & T QA Afer@ § Al g1 S7ehTel o To
o & T TR &1 el B 36 W i o 9HT ¥ Ted & WRd o §gd A
sl § 9 Tk sl e 2

TSWN & I WM, Sidt R gt g urg seieed w1 o SuEm i 9|
< fiedt 3Rk g & el | W@ i gehR & e S o wesd, =t
e, et et are U €1 THY =el gewra & Tell S AiesiErel (3000
BCE) ¥ 9gd T0H 9 @R =il o e19uu 9 gy 21 ¥€ TS WIeeH,
- feeelt o wefi fore 7w €1 wra 1 fafiear € 6 el wics o weht o
H fovd 1 Tad Ted G K1 G TEH § S he HAER & SHER T
TEEf BCE &1 &

FIE] & YAl § ARAd H Seli] @l o ME9 (deposits) T T
Gohd THern &1 G0 el H oy 7 ol %1 meeyet Eid ot 77 Iuw @ R
My g | off foy 7§ Wi Tl 1 Sy 916 g B 98 gel ©
o AFERISR @I Ao e o o oft o) ol @ B uret 9w o fee
q&deh STV Ferta H STallg W0l fdl 12@ 01 U hid i Gfshal sl 90
fopan e 1 Ty A= W W o Yigeor & qHIn Ui g € aenfy 98 whifeed
o1 refere €, frent e el o =helt ¥l BCE # Hidehtal § &1 T off,
e @M 3 @Sl & T 92 S | dehleld Yt TEEiTeh Sar o
e aTihe § TS |, =i, dfen, e, fo oIk e o erwes wiHfe €
Wifeea 3 Wi qe 9 o foerm &1 avi fran @ S uefas w9 § uren
STl &1 HrefterE 3 f U8 forerml o1 Seo TR 21 e AwerRisE € R el
T faermAl 1 Tgard 9 9

Wiehd ol o W1 SEH Sufkerd SRl i Wehfd SR wnn W R w @
3N STeM-37eT B0 &1 81 Uohdl © o Uihd 9F & STer-3Tel U1 91 &
fgHt & fawm & fau We-3a ® @

T W1 ST o WeA W SR fored weifedl W § i T GREE § 9
i1 ® foh oel Gred: 9gd Teel 1800 BCE iR o1 Scared fehal STl @il
I YT ok QA fIIRT R BT € H R M G H, ARGl W HIH bl W,
3o, amet (TeR) SIR ergael ot TRd ure g8 &1 e e et ik &
ITER T8 1800 ¥ 1000 BCE o Tl 1 &1 TR o URom Hohd 2d € ok
wdt foaren & oig & WieH 3iR @it ¥ fired sFM 1 3ot S ot iR
o ST 90T o Hd 9N H TEeHT SYA HH W % O ¥eEsi BCE %
T & TR ST el iR o FTed o WehR SR " 9 Swd sl
el erar ® TR oiier SEn T off Yl WRe @1 T el <9 o o W 9
ff el 9gd vee ¥ ST fRT S % gl e € e fag g © fF W
aqd H @R o SN o gt T Wi e ol

2022-23



AR T WIeH I SN M0 9 o werdrem (Snfafess) e §
forewent Tenfya oM U gdid 21 @ & 9Ra § fueai a1 HisH Th S
CE # =Ry T o1l Weh faaior o S8R 9Rd # ©id &1 SARA hHided
ThH BRI Toha ST o1l 39 Yok W TIel, TRehIcT Al i 1 fHU U et
T d9 Toh TRA a1 Sa1 o 59 qek el fUeeieht e STaeifod sh oial ofl
IRA 31d fhe 1 ©id IAfed i arell JHE@ Jadsh ol IRdd ©id i
‘giey WRFer 3 T RS’ AT ‘Ud whi SIS o’ HEl Sl o1l Teh U
SfeEeh R, ey Hifdad + foran 8 ff qerfyren o 9@ 7 (326 BCE) fas=t
%l S 3TN XU & 379 9 T g6 fohell 8 €l o1l Jord: 98 €l | dre
% T 3nfesh ST H e (1.0-1.9%) el g 81 e 3R o7y T
9 H DA 1 37 Hel Sl S| IS T U 5 AN v @} wifefess
aAfireral & STTHR IR oS Wiel 1 R Wegd ¥ U, =4 iR eRd
<ot | frrafa feran Smar o 38 weAyd o S= hife 1 S T Sl 39 SR
Wil e Sl o1 Hghel B J iR § S ugel wied % uqe fiel #
U I H1 YIS fohan g Fher Tei et

S e i SIF STTEA | Fehiel THell oY e7uf=d foman Siar @ al 9y el
WIS Bl 21 39 Ui @ g off SN o SO0 IS g Tl g2 Y &l o
S Hehdll €1 WIS U W g ok TUel @iiel sed €1 GUad 9Ra | Scaied Tl
HIe 1 Teh Il favafaead e & 2| e fooet o adam feufq o o=
yraresl o errfad femen T oMl 39 W 3{fehd HEhd o © a1 <eldl € 6 g
T il H el W el SR Y o T o e & fuedl | | ol o srfafte
31 Sufted WEeeh! w1 3|d (IR %) € — 0.15% C, 0.05% Si, 0.05%
Mn, 0.25% P, 0.005% Ni, 0.03% Cu @& 0.02% N| &&T Tad
Heequl a1 7 § foh o€ @ 1,600 a9 § AER I el @17 W 56
et ok e 1 g faw el R

e i1 @ TeTedl | U e o M-l H SURed IReid o el
e fafer it @ var srerar @ fo o1 9 %) Wa 353 BCE @ 128 CE
o ot 1 € STR-Jd 9 | ferT TQ e1emal @ Geha et @ TR @ verfea
1 & Wle JTer AR SR 1 T YU & 7| g ek o gd | fah
T S 3R ST oh 3fe @l verfedi o uige # ofa off <@ W fierd
21 fafew vfa-dwfer =i s=huel @&t o dure &1 wwor fean o,
TrEft-verfedl & Sud W # 8 @ «ie o SEi w1 guiA fa ?)

TS § WeR &1 @EHl ¥ ®31 A1 di=9et BCE ¥ {9 ST gF o
TdTicesh AT €| 9RA 98 U8 391 o1 W@l 1 o SirEe W gerr wrw off|
fSTeh o1 FaAIH HH 8H oh HRI I8 TIEH o WeH o WY & adiehd &l
Wl 1 Y 5T ol STeEl SEee i Sieet dehieh g WKl foha S Fehell
o1 T s k1 freret 9 | Hefa fohen Sar e =@l dekieh 9r o6 fog o
IR 1 St off| gHeRT Fu wiggdl wdedl o WEhd Wifeced o fierdr 2

TR 1 IR o T § FH 9 o 98 39l A Simef $2va o fag
T 9| T AR YTk iieh! 1 fash fafew suferer & g & 1 g T
I=Eel el d TRl HHE Wel-Td @ USRI Sl @EHl 1 SR
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6.1 Enggit 26t

W o kb4

RN 81 YT o 3R GEH o T B | S 1947 | 9Rd e gel
@ faam &1 O Wifee HR-+R 39 # Yo T AT ol 36 YRR § THaadl
o YE[M 9Rd SRR 3 29 i w1 & faae SR adet o fafas
TEAM wnfud ik YR TR oW o o1eAmil W §H9 acdl i W i i
smyfTeh faferi o6 IR § S

qUde H o qed; - HIeH, Fowt, WA a1 Iopt 1Y Yo sfeee §
T W € Seifeh 1 dedl W sreeeq # fHerd €1 qudel | dell i sgedd
- f= gt ©1 ergetl § Ugfafem 1 agedd sifiean @1 9 quddt o
Faiferes g S STl ded qe @ (SN 8.3% WR ®) | 98 319 qe giteh!
Tfed s T WIS 1 JHE Hewh 21 9gd o T TR, AL O, F 3G §Y
& Sy el iR Hiem ® #HW: Cr 9 Co #1 Ly et {1 yuddt o
o efueh T ST o1ell T o1 wel () 21 e fafe= geR ok difre
ST & TS g0k Tl ST 38 U 9gd Heequl ac S 21 e Sifes oAl
H off srevas doll § 9 U {1 fordt urg fav @ W e o fow W T
TSl & aR W G S Uit ® Wrepfieh ®9 W q1Q ST o6l TEmEten gt
o T N W TR ST Eehd €1 wgd § @i o 9, S uig o Sl €,
el D Bl U1d WK H o Eid o ®9 H T eid S| TH @il i 3T
HeEd T

Ufufem TR, Siw qen e & g1 e anv 6.1 § e )
ARUT 6.1 FV WUl orgeli oF W& Tah

tqfafEm | S AlO (OH),, (SETO<x<1)
FAferEe (F4 o €9 H) [AL, (OH), Si,0,]
A BHEE Fe,O,
Hrerze Fe,O,
gtz FeCO,
T RS FeS,
HIWR HITW IS CuFeS,
HeATehTge CuCO,.Cu(OH),
EREIEC Cu,O
HIR TAH Cu,S
IGED e =ie a1 Thelige ZnS
SheATHTE ZnCO;,
fSTehtge ZnO

s TRy qoa fafay Fifienl o &9 § et Tehar 21 a1 35k AR 9
JIFhRIUT 1 UohH $H YR &1 B =1feT fh I8 TH™He €9 9 999 1 qen
ST ®9 ¥ THEEF B

Tttty o frepdo o o, afdEe w1 =@ fFa s 21 R & fag,
T S SRS 3k oy S ®, S foh ool 9 Suoisd @ qen wgfia
T 7 T B (S R ST Wietise g SO, wdt ) | iR qen i % ferw,
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6.2 ZRL BT

6.2.1 g emaq

6.2.2 TSehIT TIFHITT

ROt 6.1 H U STEhR! hl ITGTSIA T TER T HRHRI oF STUR W hlg
FT%H ST | T S Hehdn 2

IR W YT JFRIT W W e oTell |qul dsifen o it e
STeRt et ¢ foret T o T sTaen ¥ fehtor qen gegertor o TR
o e foagia ffed g &) R off ergeti o @it Freheor whdl o o 9w
fagia Tam €

qiveret o € ol eraeen o ohoel Tk € ereftee U gl €1 98 W
g1 o Sreifsd geiel g wefia g €, i stasreReR () el s @l
SR G T % YERIOT qel TR o foe g e 1 2
o ITITH H HWEW
o WIfsd T%h ¥ T I JYUTHRIU qoll
o g T YGIH

T Theh H BH Uscl YHIET 3TIER WgU o fou fafs=r urgewd ufshanei o6
fagral =1 forerem 3 37 fagidl | wifsd sk o o1g o yWel e |
ffeq oMot qen foga wem@f 9 fafea g

sTaifed gerel; S9— 34, a1 3T 1 STl § TTehTe &1 U STk
HIGUT, YETEM 727 ToSeh{UT Shgellel &1 Hisvl 1 fohal 3 T Teet STaeaht
%1 Sofiha feran STl @ SR Sfed SfehR § et Sian 81 399 e g |isferd
2§ S 3 S 1 = 3ufked u1g o A e susrEs () ok ifaew
ol H Siat R YAl B UG 1 YRR, SqcTed Graenst qen waieroiia shehi
1 ol A @ S ¥ Fw gecyel giwad e afvfa w1 e €

T fafy swrep qen W ol o eTufaes Sl o i W TR W ®1 em:
TE el JARRIUT 1 U TR 81 36 YR o Tk URH § Wi w
1 SR I AR Ted g el ki o9 UR Y dRn S © SEeh hRon gereh
o U] S o Y TeHT Tehel S © 9 Wil 3R o Ul W @ S

og faf¥ o1 o wehl o gaehd O 1 faerar W enenia 21 At et @
T A 9 wE ot TF gaHd & w1 AR Ahia B Gehal € d9 39 PR d
YrRRYUT feRall STl € SVl & foiu e oraeen ok i 3R SMehfid & €
37d: 399 9 gah Hi 3R

seRfsd 9 A aret 3fofa srres =
TR0 GRI 3T fehan <‘>
ST Heha &1 Sfold s1on
I Th A gL T W
Al S ® S e
R T oM Rl &1 Yh i
e 2 SR
Td ¢ 3R 79w frd ‘
¥ (fm 61)1 o1 6.1— Ga19 JYaFHIT (RETT)
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6.2.3 W waw fafy = fafa Sowse sPenl i i 9 g w0 % fon W e 81 s fafy o
wfofa ek 1 UMt o @il Ficed o forn sman @)1 e HurEt qen -

/7N 9 % g w1 e
/ 39 W 3R WY S
@S O &1 < §

farg 6.2— %7 w7 fafyr (3mEi)

HigArEe (NaCN)

TRt fiet <4 €1 WU (S ST 1 e, o 3T,
Si9IE SeIME) T Uil i STFIEHIEd (non-wettability )
&I Fg1 30 ¢ a1 P-TEeR (S e, Tfe) v
1 T Y& L 2

T o HU1 qd W, Selfeh 17 o 07 STl § i S
1 gt ool fsror o1 fareifea e @ wd sad oy varfea
FTt ¢ IRUTHEEY T a9d1 © T STISh o U1 T
21 WId &1 T goehl Bl € T wereRt fehter T S ©
TH 3T o HUN ] AT H o ToIq @ T S 2

FHefi-Fl da qo1 A ok STIU hl FATSIA HLh
31T STATHR] T STANT HIh S TTHISE 3TTThI hi JoIh
TN G BT © | SEElUesy, fhet o | sufterd e
GohlEe qo o€ HTHIES I JIh H ok fou difedd

o1 SYFNT T STl 8, S S1aHeE 1 1 w1 2| 98 Fatd

®9 ¥ ZnS & BT § F ¥ Yohal € TG PbS &1 & § 1 2 2

B8 £ AT ATFET 26T FATAR

I ORIk Sfeshior €1 e Yeroli o Wid WSl Bl i o SHehR X Hehdl €| Uh wuS €N el
Hfge &1 @i AR o1l I Th @ o wUe did g I8 U fR W a9 o UE & s,
¥H o 29 o W ¥ R W ® wg fovm W e ot fF siwgea Afte S el 9 wue § e
J, WA o S H SohehY U Tdg W T S 9 STk WEehi H Teh WA SHd ohll Uedd ol
FHUS oM Al A 7 STI YA AW TeREH i FaEl e TeEd | "En fh 98 foaer |
Afirehi 1 S qen ST el ¥ YR i § oAueh &R W WK fRA1 ST HeRdl €1 39 WK U

IR 1 WIgHId TTll IH THA Th ohadl el 3%k hiR oh =huu o fou Iwm fhu s o
S wrg st A sifyes 8K ot SART wiam fafir o6 sufoepr 7 f71 9oft o s/rehi 9 ff S e
1 TINEEER o A SRR (i) 1 fove W SaRd W@l SR e W& e

6.2.4 TagTe™ Ife roreh forelt Suge faet=es o faoia e @ 9 feres &1 3w & 2

frrefofad See 39 frarfafu 1 o= & B
(%) SieTEe | T o freme

U o qed 3T diemse | AfueieE: Sio,, STE SleEs qu

eT5 M SfeEe (TH0,) &1 SRIfEAT BIet ¥1 473-523 K9 a2 35-36 bar
@ T x0T o foe fofd oTorek i 95 Aifedd srgieEe foead & @Y TH
feran ST 21 39 YR AL O, Hifeaw Ui & &0 H frwfia & < & @
Si0,, &1 3RIfg «ff wifcom faciiche & &9 # Yo Wl & qen o1 Tfgat oy

® St 2l

AlLO,(s) + 2NaOH(aq) + 3H,0O(l) — 2Na[Al(OH) ,](aq) (6.1)

W o k56
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QAT 92

et o e SEsiiemEe W yalfed wX Ugfme i SeEH &Y foen s

€ T e ALO, STsfad B S €1 39 stewen § foerd ® qom o

ST ALO, ST T foeman St 21 39 SSRw ed €1 9 STea

R e 2l

2NalAl(OH),](aq) + 2CO,(g) — Al O,.xH,0(s) + 2NaHCO, (aq)

(6.2)

Hifeam faferche foe@a & 319 T ST € 99 Seritsa Ul i S,

a1 T’H FTh T: IS ALO, T T feran e 2

1470 K

AlL,O,.xH,0(s)—— ALO,(s) + xH,0(g) (6.3)

(@) 3 SETEIT
T qen W o ogeRH o g o ae arg wt (0, W faw) sufefa o
Hifea TreArEe s1een Neferm Freee o a7 faerd r faan s & fored
T uig % gfaeendd sifaferan g we ot S 2
4M(s) + 8CN (aq)+ 2H,0O(aq) + O,(g) - 4[M(CN),] (ag) + 40H (aq)

(M= Ag 1@l Au) (6.4)

2[M(CN), | (aq) + Zn(s) — [Zn(CcN), [ (aq) +2M(s) (6.5)

6.1 WX 6.1 | T T 317%eh] & @ i ¥ Gania Jeehior faf gry |ifsa oy S wehd 272
6.2 Uefufem o frepdo & fHered &1 3 qed 22

6.3 Al FRREBI A
grantere engst
ot forsapsion

g Frentor o o wifgd sl i T8yl | uRafda s stavaes i
2 S for eTo=e o foIT SUgE €1 WHIG: HewEs STkl i STaeEE ¥ UEd
siferarze o ufiafda i 71 sifeaEe o § srafed 8 § o1d; |ifsd Tah
T UIgell 1 gUER 1 g T& | B €l

(F) 3RS o iedd qen

(@) S &1 o1g H 3TI=eH
(=) stieTge o gfteds
(i) FramT— e o T/ T 1 SAEvghdl el © ey areiter wered
feepTid & S © o o SfedES 9 @ S 2

Fe,0,.xH,0(s)-*> Fe O, (s) + xH,0(g) (6.6)
ZnCO, (s)-*> ZnO(s) + CO,(g) (6.7)
CaCO,.MgCO,(s)-*> CaO(s) + MgO(s ) + 2CO,(g) (6.8)

(ii) 97— S § 3T (ore) 1 91 i afHa Yfd o w1er &g o TR
Y e o AIEE W TH T2 H TRA TR Sl €1 GohTee 3Tk o Wi @i
T3 AR 39 ThR & —

157, qcol o TRy o fogid we yshH
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27nS + 30, — 2Zn0 + 250, 6.9)
2PbS + 30, — 2PbO + 250, (6.10)
2Cu,S + 30, — 2Cu,0 + 2SO0, 6.11)

1T o TChISS IFAH ! Wl Wl (o 6.3) o WA * € 4
T W ARl B Al T i 9§ Uedl 3 fafesh fremd €1 sta sffedres
3MRA fafetehe ST o1 Ael™ o &9 |, T2 dial shiu] 0 o &9 § 9 gl
& R/ Cu,S q91 FeS 2l |

FeO + Si0, — FeSiO, (6.12)
HIgHA

I g SO, ™ H,S0, o It o o g 1 St 2|
(@) ATFATEE T oa1g | TU=E
¥Tq SRS o T=aH § W 38 el er=ees S C A CO el 37
¥Tq] o W1 TRH Tohall STl €1 ST (S8 whiei) oTq SATIES o Ao
o T G H

MXOy+ yC—->xM+yCo (6.13)
T g SNFEEE G U rafed B €1 STeifeh ST ol STaferd el hicd el
21 (1= w1 27ef W S g goreR Wit eran @) | feret off feufa o, 5=
TRA T 1 SAEATIHRAl Bl T SHAASH! H1 o Jo URUMT eH eIgehHig
el o g st THe o HeEd s 21 filed e wa stfuen wede 0]
21 AT SAEEA o SEvTe dTashH URed shi THIH, 9U1 TH WA[feR o forg,
f I o e R T U SHeEs (M0) & ST o for s Hie
o ®Y H SUFE e, Tt ol © T W1 1 AT ST i HHEAA
AR 7 ¢ foh fXT T 99 W s ol 1 ®E RO 2l

6.4 ﬂl@ﬁﬁfﬂﬁ'% WW%WWWTWWW‘#W,AG, Ga
m [AHETTEd HHIRIUT g ol SIdl =l

. AG = AH - TAS (6.14)
Rrax el fordll wshH o forw AH TSl § ufterds qen AS T=idt § ufterdq 21
9 GHIRT 6.14 § AG &1 HH FOMHE T, haadt ast sifafswan sweR grf
AG frefafaa afifeafe & seomeres e @ 2
1. A AS & & @ q9hH, T 9@ § TAS 1 9 39 THR § 9 ST
% AH < TAS @ Tttt fearfa o a9 s 9 AG FoTcs 81 S|

2. afz 3 eAfufwraneti & g & TRommEET T sfafEa § AG &1 °9F
SEUTCHe 81 ST a1 Sifad stfufswan dwa g St 81 stfersel o fore o fern

* y1g FHHT 4 ‘v’ (M) faerrd & St AT (msrEn) & a1 e aigaer’ Sdr 81 3Tkl @ A T el uigaer
fe AEH @ YU 81 Ghdl &1 $6 YRR W (3TYSTEH) H YUEHIO] A & Sl 2l

WA fagm kb8
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T YRR o A @l fies el
(AG®) a1 T & H&q ©id T4 aehl
Y s § gHen s g © (faw
6.4)1 IE Th I Holl UREHl
foTu Ei= S € S U Hiel SiterdisH
%1 @I B W B §1 s S
T ARG} feue T=L . 2. uferem
g fe T w' sAfeEEEl o
AYTeE H, AU & UId &
T, wael SR Y e €1 g
ufersm SR o T ¥ ST S 2
T @ gH fohdl 3T o oY
STTFIA i AT i IR HEA
o Herd wd
| N R R R S B R R SEUREEL I e
0°C 400°C 800°C 1200°C  1600°C  2000°C STFAREE Y= o aNH faefeq
273 K 673 K 1073 K 1473 K 1873 K 2273 K m % 3ﬁT YT T \‘3‘|T°K‘|q|\71"|
——> A ! W T el

fora 6.4— F8 sTiFarEel & o= 4 filss it AG® T T & A7 a%
(RGN Tfererq 37e1E)

Qfetetar ZmeEr
() 9H=a; Tfersm éﬂ«aaﬁﬁ%‘am%ﬁﬁﬁa?mAfGeﬁw T HeF 9 aidl &1 A
frafafaa eifufean o faw -

2x M(s) + O,(g) — 2M O(s)

70 sffufsman o tfermges o o TGl oh SUENT o SHRUT Aok Agesehdl A 8 W ?1 a:
AS 1 HA BUTHE Bl STl @ S GHIS 6.14 § TAS U8 o1 T8 6Fcash T 3l 81 38eh ol
T ¥ gfg BF % A o A G 39 WA F SR TG 81 womd: M O(s) & foRad # st
I sAfafsmaneti & ol %1 @ HFeHS el 2
(@) e qiEde (S| — &a 91 %9 — 1) &1 feufq o erfafte g feafa o o e
@ B B @ i UAeHeh fRen o gfg $@ g i ffia e @ e e oRed g ?
3 — Zn, ZnO % ¥ =S IR el i Feiid w5 2 (o 6.4) 1
(1) 9 T@H R Ik § TH TH {6 371 € 59 Tk AG =0 T@M 1 TR HIAT & Tk A SRS
% T 1 AG, FUTE BT € THiAT M O Tl 8 39 foig & SR M O 7 1 qort St gAIeieh
et 81 o sfeTEe M O e ferafed = <
(9) T THER F RE@ HeHES] 9U1 eaeel & fou ot s 9 ¢l 399 U8 W% 8 9§,
M_S &1 q= Hicd i g 2|

0
-100—

-200

-300

-400
-500
-600

-700
-800

—> O,%1 AG'/kJ mol™

-900

-1000

-1100
-1200—
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W s g b

1. Uk oheiel TE WS¥ia shedl € o i orfufsran wwe & a1 & ereifq ohet ordwme % Wiy
AT 1 TG YRR Bl 81 QT SHTY B ST T oheiel SOAMTh! S RO T SR
B I STTTFA YohH! H1 Seieh! oh IR § e e sdwdll T8 A= feha diear § gm? S
TYAl T SR TET < Hehdl| TEU 98 AN LAl § foh wa gt v St ereen ¥ et €«
aAfufsran Hg 3R el o U o4 W STEET ¥ 9 Bl €1 F81 ¥8 A 3 U © TR
fordt erfufean o faw AH (TSt | afteds) dan AS (T=idt # 9fedd) & @9 a9 |
e gH W o ot fEer wd € ord: THiehtl 6.14 § oheel T € UH@ R §H Sl @
qefy AS difitw ot fifiss srereen W sfuss ek s 21 <fe T fem & sreeen @
el W R Lt €, o7 g8 s o feer (39 — 59) =1 aifvad (59 — 19) 8[
W R i 39 W ga A1 9 ¥ 19 ween § qiadd W aAfverh Sredersdl agdl 8

2. AG &1 =@ K (AG® = - RT InK) W ¥ 21 37d: 7€ 91 7 @ foh sifaferaes 3in samg
e § 2

MO + A = x M + AO I€ §<d § &l gl sFifeh aiffenaeh/Scag 3 off & @b 2|
afenfitn erfufmenetl & eifufwas iR Scg ogd &9 THT & foq Qe § w©d

MO(s) = xM (s 1) + 4 0,(2) AG(M,0.M) (6.15)

STTEEE 1 AR A Ge 1 3a Sfueh o 7E S H €, e &
STfaferaneti AT SToaE 1 SRS SR o1 Sfeee 1 7= &, A G°
1 AN F UM 8l S|

g STdZe 1 AITIH Hre- g1 fohan ST af 279 1 (3 C)

ST off BT —

Cls) + %Oz(g) 5 CO(g) [AG o) (6.16)

I STa=e o few e forn S € @ 39 9 &1 €O, § Yot siferdieRor
off & Hehal § —

5CE)+ 50,0 5C0,0 5 AG ] (6.17)

ST GHHN (6.15 TE 6.16) i Sied W &7 I € —

M O(s) + C(s) — xM(s &1 1) + CO(g) (6.18)
TR 6.15 AR 6.17 % FTHA © B W Bl € —

M,O(s) + 5 Cs) — XM(s 3127 ) + & CO,(g) (6.19)

T YRR W AR FHTeA AHISTHRIEE 1 STI9EF h €9 § TN HW 2,
sitaferan 6.15 qen fr=fafaa Ifafsran 1.20 & TR &1 Aeawdehal gril

CO(g) + % 0,() - CO,(g) [AG (6.20)

(CO, C02)]

WA fagm k60
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SRE0I 6.1

SRE0[ 6.2

SRB0[ 6.3

goqui eAfafsran f=1 gepr 9 B

M O(s) + CO(g) — XM(s 15T 1) + CO,(g) (6.21)

HIAFRATT 6.18 T 6.21 o1 ATFAES, M O o aifeleh STT=I i Sl
€ fow &0 fromfed e =ed €1 WG 37 sfafmnet & A Ge oW, W
SFEEl % AGe W ¥ W HRTH €

S o 79 <@ ok &, 9 (1 @ T) A,GP o RIS | b ferg
TE Bl B, 31d: 36 Wb 1 AIae 1 STl & 51 W < wer Yt gondi
e A,G® o |l 1AM BOMHSE Bl A G T'oh Hed oshl | (Tfefsd 3@
for 6.4) =1 <l Rl o wfresan fag 5 wafkia @i € (At M O 5% aen
U e o SRRl R =k ) | 39 fog oF o1 WY YAl b A GO A
T 3Tk U &1 ST @ SR M, O i STI=a |d = S ¢ 39 fag ok
I I AGe A H R I8 Fuifa e € fF e @ & sieEs @
AT A R @ 5 Wi 9 g W § A T A ofw e 7 o
U SEHT 9 B

et feorfq gemey ford Trifeem Qi &1 o= % Hoh
70 Wy o fHfed stfufswansti o &1 gl € —

(%) £Al+0, - ZAL0, T (W) 2Mg +0,—> 2MgO

AlL,O, T MgO Tl & wfaese fig (fomt 6.4 4 'A' g fafeq) w ffafea
Afaferan o faw ArGe 9= @1 S 2

2 Al, 0, +2Mg — 2MgO +3 Al
39 g @ wed AifvrEm U w1 efea X Tk B

SN o STTOR 99 B4 gU o =aeeiie €9 9 Ugffem o uged o
YAy o1 1 S Ueffen o raeeE § el feRan sman s

ALO, T MgO a5l o Wfarssad foig o weet o ardi W Sr=iiferm tqfi i srafaa
FR Gohdl T T THH TATHT S|

IS STo=A oF a9 W FfHG o1g 59 staeen # 81 d uTg SaHIse 1 STo= M
4 B 2

IS U1 SIE TR 1 T T L U B A T2t Atk et 21 S ffa o
%9 STeR H Bt IR eTqmfad B dren org SffedEs S| ereee § el €
ST TohH o T qRedE (AS) 1 W S SR 81 S €1 8T A GO
&1 T Al FOMcH & Sl € 3R ST S| 8l il 2
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6.4.1 IUART

IEh T TR 3 wih

fresfiia 19 (CO,CO,)
500-800 K diT 9T

CaCO,— CaO + CQ

(3 9eeR)

3Fe , 0, + CO—>2Fe O, + CO,

GiEE D)

Fe,0,+ CO—3FeO + CO,

900-1500 K d1 oY

FeO + CO — Fe + CO,

C + CO,—» 2CO

Hih B A

CaO + SiQ —» CaSi%
(e

C + Q,—CO,

() 3T T 3Tk 3RS W Femtor

WSO & R STPRA oF SAEES  STIh|
(Fe,0,, Fe,0,) o g0 ¥ S &l w2,
A T STTHS T T THIES ol ST
FH & oAU s Frearga/asA e ST @
TO% foIu 5= IA1 UeeR qeN hish fHelhY aren
9 (v 9gl) § TR ¥ e | g TRl
ATFAES W W erdfed € STl @1 e wEt
(fo 6.5) ¥ 3TIA HaEEl 1 9= fafv=
A aiEd § e 21 w2t ® TR g freed 9]
¥ vefed 1 S 8 TH FEAA (F1F) F 5N
foerel W T 19 @ 2200 K @ 98 e
STl B1 39 YR I 1 <g 39 Tk ok
fere strevass sifrehaR <o 1 gfd X I
CO d S, Wl & Sqd 9 &1 AR &l 2|
gl & SUU 9N § 919 A el € qel S o
3 ael SR o SAige (Fe,O, @M Fe,O,)
faf= i & FeO # erdfed & S €1 3
rfferaned ot Ge & FTER foran ST ek 2

P 6.5— AT w7t 500 - 800K WX (&Tam Wt ® foer @ ufew ) -
Fe,O,Wed Fe,O, § 37dfed &1l € a2 @13 § FeO Hi
3 Fe,0, + CO — 2 Fe,0, + CO, (6.22)
Fe,O, + 4 CO — 3Fe + 4 CO, (6.23)
Fe,0, + CO — 2Fe0 + CO, (6.24)

= TR ff CaO | syqufed &1 S ?1 faferehe, se o swfsal
HTGHE o B § ohTel oidl 81 eqee Tierd ST § oig ¥ S7er € S )
900 - 1500K WX (& Wgi ® Soof a9 Uity W) —
C+CO,—>2CO (6.25)
FeO + CO — Fe + CO, (6.26)
SR &8 I8 THgH § T i ¢ T i, sifemes = i st
T ® A TH AT BT WA A FRA S BN TH WehH W Ueh WEequl =Rl
e © foment arfafsan frfafea gl 6.27 | < T 2
FeO(s) + C(s) — Fe(s/1) + CO (g) (6.27)
70 < W Stfulmae o I oF w9 W <@l S Hehdl €1 T W TH o
FeO =1 3799 &l @I € a2 TR § C, CO W aAferdiehd &l @I ¢ —

FeO(s) — Fe(s) + %Oz(g)

[AG® (6.28)

(FeO, Fe]]

[A Go (6.29)

(C, CO]]

Cs)+ 50, (8 - CO (g
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AG/kJ mol' —m8m8 >

SWe S AR o W A W TR0 6.27 W it & 3 Hehed
fitsst ot & e fefeiad g @ 8 2 —
AGP . oot AG® =AG® (6.30)

(C, CO)

e ® for afomedt sifafiman qoft o= gift st g 6.30 ® <@t
T& RO B o 6.6 § A Gode T o 7ed Sl &k Fe — FeO Ui
1 FTefad T 2, 98 S 1 31 S € 72 St C—CO (C, CO @) aRe
1 frefyd *3ar 8, 98 = *1 3R Il 81 T8 Th TR H1 A 1073 KR
e €| T 1073 K¥ e @ R C, CO ¥@l Fe, FeO @1 % i 31 St
TIAGE ¢ 00y < DG o] 32 30 IR H H1eh, FeO Tl s1afer & &
=g COH ATFdiFd BN 3ET 0 o7 6.6 F1 W™l 9 THSH &1 FIH Fld
g (A,G® & wfehe W KU 2) TR 1673 K (1400°C) R a1 2FeO
— Fe+0, % e A G° 1 M 341 kJ mol ! € @2 2C + O — 2 CO, IRdA
% T A Go®1 7 -447 KJ mol ' 81 aft &7 wwy sifafewan (6.27) % fag
A G 5 Fd L a1 T8 -53 kJ mol ! B &7d: A9fshan (6.27) HHel Bl
3l YR H Fe,O, T Fe,0, % CO BRI 3TU&ehd ¥ a4 T ST i CO
q CO, o i o faeaad fagall o 9 B o &R W WHe ST ekl 2

(FeO, Fe)

1400°C & TH-U

2FeO — 2Fe+0, AG® = +341kJ mol
2C+0, - 2CO AG’ = -4471kJ mol’
2FeO + 2C — 2Fe + 2CO AG’ =~ 106 kJ mol™
FeO + C — Fe + CO AG"=-53 kJ mol”

-200 =
-300 o
-341...m7 it

= e C+0,-CO,
-400 3 e &

I P 0 >

= )
-447..2] o

— OX

EP>
-500 _: O)(

— Ny

3 o
-600 —

TTTT [T [T [ I T T[T T [T T[T T[T T[T TTIT[TTITT]
N N
500°C 500°C 1500°C  2000°C  2500°C
773 K 773 K 1773K  2273K  2273K
800°C 1400°C
1073 K 1673 K
T >

fer7 6.6 — 3T TUT FIe4 & FFAES & fai=T & 9w (Tfersm nera) firss
oIl 9F T % (3RETT)

163, qcl o TRy o fogid we yehH

2022-23



WA o 64

o g W W AIe W AHT 4% shieH qel 3 Tgfgal, 9 S, P, Si
Mn, G&9 7E1 § Sufterd @l €1 98wl o (o drer) & A § S S
2 qen fafa=t stepfadl § e S Skl 81 godl oel, Fed w9 fae g
2 701 T4 = e, T e Ue hieh h! Ueh WY TH el o k| g feretsht
T ST §1 SHY ST HH hEA (ST 3%) Bl § a1 98 i Her 3R
TR il 21
3T STqeraT — fuesl @l A sraasd el e R % Yead B9 2
3R W BURES H WA wEl gE Wedd Wl H gorel e i Swgfga @l
ATl H¥eh S Sl 81 BHIEEE HIeA i shie AAISTFRIEe § Ao
T T —

Fe,0,+3C — 2 Fe + 3 CO (6.31)

T+ % R i Melsh o &9 ¥ e s @ fed gowt, fafess qon
THICh I SHeFdIehd BehY HTqHel | el W €| ¢ i fehtel T Sin @ 3iR
Yol T W AR T GqHe W Gt s T s 2l
(@) U AT (HIUT (I) TATES ) W die (hiaT ) o1 Freepdor
sATFaTESl oF o= o foq A Geden T & wed e | [ (6.4)] Cu,0
1 Y@ AT IR W 37 I o SRS TR i Fih o Y TWH
Yok WY g W STl T STt STEH el 21 fasivst 500-600 K o
1 (C, CO) T (C, CO,) Il & Y@ aiera o feerfa # wiga i< & qenfy sga
T IIEH TOHES B © 9U1 PO § el W B Hehdl 8| HohES AT
TS/TeA T W ATRIES 9w 8 2l

2Cu,S + 30, — 2Cu,0 + 2SO0, (6.32)
STeRATZE oh1 1k o g ST § wifcak iR § arafed fRan s gehan 8
CuZO +C—>2Cu+CO (6.33)

ardfash YohH |, 37k o faferst e o a1 wadH wet § Wy fhen
W Bl WS SR AfegE, SR fHferohe o ®Y U uIqHel Sl § ae
FIR, B §2 o 7§ W 2@ 81 T80 Cu,S T FeS T 2

FeO + Si0, — FeSiO, (6.34)
RIS

THeh 15 HI e 1 Tofeten Tid = afafds (qfiadesr)d ) fea s 2|
%o faferh +ft faemd 2 7o = g FeS, FeO e Cu,S/Cu, O i Hiftersh HIR
¥ uRafdd e & fog TE a9 % ek vered i B
frefafaa sfufsad o= e 8 —

2FeS + 30, — 2FeO + 2S0, (6.35)
FeO + Si0, — FeSiO, (6.36)
2Cu,S + 30, - 2Cu,0 + 250, (6.37)
2Cu,0 + Cu,S — 6Cu + SO, (6.38)

U 3 IR (), SO, F kel o FRU FHIORR @i < ¢,
TIfeTT I8 FHIeRR el (e &TR) Fead ¢l
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qgAtET 92

6.3 srfafwa

() TSer atfamrze A S 1 Freemdur
S affeEe F1 9=a Sid g1 fRal Sl ©1 399 shiow o1 feorfa & o7den
A9 31fereh @I Sl 21 19 o fIu Sifese &1 shish a1 931 o 1o S-S
£ I S B

Zn0 + C 188K 70 4+ CO (6.39)

¥Tq) i AT Y A diie Sider gl Tehsl Y ofd 2|

Cr,0,+2 Al > AlLO,+ 2 Cr (AG® = - 421 kJ)
o Tieat Sootl A © e € o eifaferen Soamiaent o STTER 9 €, T 98 el a1 T Ho=

i TEl Bl ?

6.4 T8 T ¢ for po fafire uftfeofal & &iferm, ALLO, 1 srafad 3 gk € @R Al
MgO 1? o qifefaai wF o €2

6.5 a'lw I = @ % fFg YR Ssmfaent & fagid STmurgsh it 5 W g 1 o

AFIRRARE
Riaia

A o forera o steren Tiferq steen § eo=E H WHE fagid g9t B 2
¥Tq o TTfeTd TTe01 oh1 3TT== SgaaTaee g1 197l hig STa=aieh ¥q Hetehy
fehan Sl 1 o1g o1 w1 Uil g5 steren # erowe foEq e gr famen
Sran 1 4 fafeai Sgatern fagd w erdiia €, iS5 Frefafaa e o
SN GHE ST Hehdl B—
AG® =-nE°F (6.40)
Tel n TOERAl HI GEN qu1 Ee frhE o S g %1 Sodie
fawe 21 atferen fopaneiier engeti o fou seieeie fawa &1 @M sife womes
B © O 39T AUEEA wfed Bl o1 AR T 6.40 H q E°
Al H M ¥AIHe E° oh, Td URUTHA: ROMHE AGS o §d ',
FH franfia og faoem & ae don oIfus fharfa g fooem o =l
ST Rl S —
Cu?* (aq) + Fe(s) — Cu(s) + Fe** (aq) (6.41)
HE SEAeTaEeT § M 3P RS Soaie (heig) W fodifsa g
& oI ol frafra &1 S 21 Seufeq ong 1 fpameiera #1 ea9 H @d g
e @ S ® ud S usiel o geleie w1 SyAm femen S 2
FHefi-sheft e ugrel i stfueh geres S o T e fgen feen s 2

et
T9% 9IqHY |, Y5 AL O, W Na AlF, a1 CaF, facmn s 2, foes fagor =
T HH Bl Sl ¢ SR THY el 31 St 81 e sfemst (Hfeem) @
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fera 6.7— Tqfafrm & sy -,
& [T dgasraeet el

SrgasTIee fehanl Sl €1 Shiae sl TRd I Wit &1 U hellS 1 hTd oLl
2 a1 YEEe F UAE YA H o
Gyl srfufsan i 58 YR foran S Gk & —
92A1,0, + 3C — 4Al + 3CO, (6.42)
JgaeTTEe 1 g8 faft sie-2ee WehH o I o gUiag €1 e g4
1 SEATIEST Ueh SgAeTaEe el W, Shia 3olale 1 YA ®ich fohal Sl
21 THie W Ieafsia stferdisi UHre & shreH 9 sAfufsan ik CO T CO,, =t

21 30 YehR U(HT1aH o Yedieh Tehed e o Scare oh foTq e UAIE ol elfTe
0.5 fereium wrEq Siel S 21

eI SATHTHAT 36 YR € —
HAT - AR (TTfed) + 3e- — Al(l) (6.43)
TS - C(s) + O (Tferd) — CO(g) + 2e- (6.44)
C(s) + 20* (Tfed) — CO, (g) + 4e (6.45)
UhTEE Tie
L-WT"T{ A + F‘(

Tferd ALO, + Na, AlF,

Wl%mﬂ—’q’ﬁqﬁm
Treeife (eTuege ) rERehl auT T ag ¥ Hiw

eI (STUht) STFwhl ¥ HIR o1 Fehio] grEgremdesnt g7+ &1
3T A1 Y] o SUANT 9 FHenferd e ® qe Cu?* ST e T i W
@ A H, ¥ fF wd € (W (6.40), (6.46)]1

Cu®*(aqg) + H,(g) — Cul(s) + 2H" (aq) (6.46)

SEEQ0T 6.4 T TIF R, F14 Fife oF HIW 3ThRI o6 T T q A 1 @ o1g +ff STt

W o k66

1 Fenfera i e o 1q=E o forg < & | - ©) o1 sifush srqehe
g qen i

FEtE Gt § feh oo ¥ S g @ (R aifess fopamiiar g €)1 =
@l S o1 3T fohan ST ar oT9=rae oSt § 80 Wy [ TR ¥ SART v
¥Tq ®, ST & ST 1 SYAN SUFH Td AIwshi B
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6.6 FiarAieB0T

6.7 QNE

3= oh Afafed, s st fagiem: stemget o fau, stiedfe
ST &1 SATaRfeRTor TR SeTiid Tk 3T ST SR d— SAdvu-Siel 9
FARM o1 Fentvl (FAE FHS1 Sa § W @@ o ®9 9 §gared §
YT 7) |

2Cl (aq) + 2H,0(1) — 20H (aq) + H,(g) + CL,(g) (6.47)

79 aAfufswar o faw AGe =T M, + 422kJ 81 54 34 AG® = — nE°F &1
I Y gCECH qRafdd id € qd e E°= 2.2 VIIW &id 2| Trwifesh
&9 9 39k faq 2.2 V 9 eifuen a1ed fagd aes 9 (emf) &1 TEwehdl
BT Sfeh dg@sToeed o 9 o= aue sfafwanstt | I & fau
sfafem fawa #1 sereswar s 8, (TH®-3, @S 3.51), 3@: Cl,
SEGSTTEE | YT Bl @ S H, 7o Sef NaOH Weseg g &1 Tiferd
NaCl®1 ot agaerased feran s 8, wq 3@ feorfa o Na g o et €
el NaOH =&l &l

S foh UB S1eTEH R geh €, WiH SR =il o fendor ¥ engen o
feie CN- o & fohan ST @1 718 e atierdfisheor atffshan © (Ag — Ag®
T Au — Au*)| U1d 1 % | faeema fafy grn g4: wre femen mar @1 g4
arfuferen ® f5 STT=Es H1 T SHTeR Hl e
4Au(s) + 8CN-(aq) + 2H,0O(aq) + O,(g) — 4[Au(CN),](aq) + 40H (aq)

(6.48)
2[Au(CN), I (aq) + Zn(s) — 2Au(s) + [Zn(CN) > (aq) (6.49)
foreht off fafer gro frepdor & gt urgedl ® g &9 9 9 et fielt wd

T =9 YAl F U W FE o A0 e fafeE s o o S €1 3
fafemi e W Sud Sufter eIl & ol § i W A s € e 9

R R

() YA (%) Hed giehRiu

(@) STerTer aiisehio (=) g grerEer YRl

(1) RS (®) auiaifEs (i) fafy
Tl g1 o HaT § R e )
(oh) A™HEaA

7 fafy #u FauAis arel urget S 5% qen R & forg 9gd syar
2| IS YT ! aTHhd Hioh G ©T i G oh &9 § g T feran
ST 21

(@) I YRRt

74 fafy & %1 o arel oy S T # frEene] g 9de W Sed
S €, e eiferen el Al Srfedl Ster B St €
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WA o k68

() SEdeTIEE Pives

7o fafyr o e1gTg o1g 1 Ui o €1 S o1 Y Y Ud-TET 1 heiE i
TE W i 81 3% U SUGeR agasTyee favaifs o wad € oo seit emg
1 AT Tl Tl 8| SAfereh &Nehi og foerq o el € a1 ¥ SR H1qu
Ure Heh ® el STl €1 39 Wehd i oA, agd fawe whi ewon, stffaee
aen s ol & SR (ST Ff &1 S 2, foent o Tt el ¥ <@
21 3 srffpae 39 R ® -

Q‘ﬁ?— M- M™+ne

FANS—- M +ne ->M (6.50

dte 1 wNeE SgaeTaEe fafy & g kA S R S HIW T ok
®Y § q1 g HIW T hE o &Y § oid &1 HIW e i Sitg e
ASTIES Bl € 91 SgAsTISe o arkdfaeh URUIHEEY, IG5 i UHe o
el 1 @ TMARG &l S 21
TS - Cu—Cu*+2e
FAE -~ Cu? +2e —»Cu (6.51)
TGN I 1 SIYRGAl Ul Uk o &9 § vl gl @ foem Tt
foefifem Segfam, =i, | daen wifeTm gea gt &1 39 a1 39wt
T 7o &1 @ &1 arfaafd @ gedt @1 e v off i geR @ e
S Fehell 2l
(9) Hee uitshtor
g fafyr 59 fagia W enuifa € fF ewifal =t facmmar urg &1 3| sfewen
w1 en o steRen § Stfueh Bl €1 SIS g H1 B o Tk IR W
T Tiasiiel e @ Edr @ (fa 6.8) S B i e A W W Tl 2
AUk S-S M 1 SR wgdl 2, Tad Hed ot e Sgdl Sl € SR TS
g e d o frefoa € S den el G e Heel ® el

St 2 q@§
:I:ijﬁﬂw .:IZ

- S
OO0,

WU FEcll aAIE S TH &
T #T R IR-9IR T

o1 6.8— TSeT URHIT T
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79 a1 1 w2 IR RIS dAl 99 ki T € fewn # aR-aR
T 2 SRIfGA B % Tk R W THA B Wl §1 58 el e
2 T St 21 7 fafy g w0 9 stfas=a Yoar ol Sifseshi 9 3
aAfagrs erqeti; S — switem, fafasH, S/, Mo 9o sfeaw #1 o
FH o fau agd Sy 2—

(=) IS YTeRAT UiRehun

7w fafu o, w1q ol arousiier Sifites o aftefda foran san @ qen anfad i

T FR od 2| THoh 915 39 faefed ek g ¥1g 9@ T o 21 3ok fau

T SATTIHAT It &

(i) SUT®d eAfqertier o @1el oTq aroaeiiel AfiTeh w81 qe

(ii) aroaeie 9ared o 9 fomfed 81 Tt &, S99 urg omamt | g4 9
T ST Feh |

frefafad ST 9 98 e T @ S o

FréheT ST T TS UshH — 39 YT U Fiohal o1 e AFSEEE o 9a18
¥ TH I W aroqeiiel kel SgrehTEiTel Hepel S STl € —

Ni+4CO 2293, INj(CO),] (6.52)

TH Hehel i 3R Afeeh q19 W T i §, T 7e fasfed g g o
2 3 @l

[Ni(CO),] —22247%K , Nj +4CO (6.53)

SRl T T T2 Tam It & foIq aiv-aiener fafer — o fafar Zr qen
Ti il o ugell o SRl 1 we Sufterd Tyl Silaeist qen gee i
%M ¥ 9gd ST 71 Uishd o1g 1 faifad o o STEEE % W T
g o SAAISTES A Weds e o Ul arvdigd € Sl 2

Zr + 21, — Zrl, (6.54)

g STAIEEE ! fagaem g 1800 K A4 W A fhT MU = 9 W
fersifeq feman STl 21 39 YR 9 g o1g dq W S & S 2

Zrl, > Zr + 21, (6.55)

(®) auieifEet (e ) Tafeat
39 el X1 (THF-12) § TRl o YU 1 ShIdedh! dohieh o foma o
ST ek

T ouf Wikl (e HIHSU®T) GeH |1 | 9T S o dell o
i 3R 5 fore ST orel de qen rgfsal o amEfTes o | erfuss
e 71 g1 & feafa o, gigeo & forg ererfus swant et 21
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6.8 .
e @R

ATRALN

Tttt o=t w1 W we gerel % fau serv-us (YW) % w9 § B 2
oTq 1 Yo Hfel 1 STAN Ferdl (U2) o yerell () | feman S €1 refern
fepamsiiet €M o RO UefHiTaa 1 STFNT Shifaas qen HHis o sfeEel 9,
e Trendor & foran s @1 Ueqfafem o ari w1 SuE faea wreiehl o &9
o feren w1 €1 Uil g faeg gost €9 oF SRoT Sgd SuAnt eidl 2|

dfe o1 AN fagd SEim H dR 99 qe1 Sid 3R 99 o faw wgy s=H
T Tl 21 THeRT SYAN S YR 1 Tasrergsti o «f foran S €, S uig 9 efues
FOR Bl B 59 daet (s & @), e (o7 & @) den g1 faseng
(frerer = |12) |

fSieh o1 ST STEIER &gl s | fRa S 81 =des 95 § SHehT ST
St o, e gy sl |, S — Wl (Cu, 60%:; Zn, 40%) T S+
fgeer (Cu, 25-30%; Zn, 25-30%; Ni, 40-50%) ¥ 2l &1 I91€ T
I TStk W, Goid 311 o Seured | STq=ge o w9 § fRa S 81 getal
irel, St o g o1 Fad Heequl bR 8, 39T ST @il Yot i w, T
igal e faes g ol ere W B €1 3HehT SuA fuedl eiie den S hi
M | o S 21 fyesl g 1 Sua <R, 9, siedl, =4 9 S SgEn
U o aH | Tl S 81 Wi (381 o 3R SYA & o6 3Hd g
w1 Torer st € o s geura Wit eran @1 fehe 3euTd 1S9 T o,
Terferd el e gas STl o 6, icieh, Hqeh Whidl, Serd o S ae
Heod HYAl o aF H 3 Red @id ®1 ST HiEfhdl, weErfad s,
Rl g U gt W fepen St 21

Tl IdHH UIhTiThT w1 Nl Hifd & o5 SREmew! gig g8 fh ot adum seuromet § 9
Tga-dt UE € ST SR Sieifient wifd & Ted-ved 9@ 1 WRd § 7000 = @ off i qwa
T IRk TqeRHIE hIvTel Tl 1 e drgfeasl 4 Hewyel aneH Ky & fen fova & s
3o T et =1fgw) e @R eifuss e o1el Wiel daR 3 | d JUa 9RA 1 Jeequl IreH
2 TS adH UTqedla Fafd ok felq SuR Gar feran S sHRor STqerd o1 Tea 3Ry ga3Tl 3iR
afrenfites shifa Mg wTqeti &1 tevderar fafa=1 YR & @l o fag eidt 2, 37d: ed 37 @t o
Y g7oh TRt o sevashal gl € T =g o St @ dqen fd gen Frhdu anforferes &9 @
eI Bidl 1 37 GiTsil o1 STaEhl & T8 ¥ Sl S 81 Uifcersh 31a%eh] § e YehR 1 g7l
I S &1 3 SIS 1 (TR U Wi ash WiguT =N (YRi) gR 9w e St @1 wifgd
T W o W hi o foIQ qEEtes e s Sl © 1w i s (S feEe,
Tehige) oig § rafed fohy S &1 shiad CO o1 %o o1qy ot ST=@eh i T8 Wgod i St 2
T ST 1 FiRaneT H SomTaeRt 9o JgauEEtTe seRne W Sfad faer fdar S 2
e Sfieee eo@e § el owd € e siiedse uig § st @ Sl § 9@ s
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Aferefieha B STl 1 q erfafmenett o fitsw ot o orfaes uftedq SEOMeHs Bl € S 19 S
W SR ek FoTeaes 8 Sa1 €1 39 W w9 A 5 ¥ 9 A slifqen stowen qfted= qon T sewensi
#I saafa, gyol o w1 fied Sl § wH o W GEEe Bl #1 TE SEURON TH YR i
SR ToT/3Ta=aA Afafshansti o faw fafe= amal W, AG® e T o 98 as (Tfetem m@) §h
TS T Tkt B 1 forega fawa ot StaeRon o1g (S9 A1, Ag, Au) o frereor § swmdt 21 Sl <t
Ieiad gl o soiaie fawdl &1 InT U B €1 gHiery filss St ufReds Fommeash 81 Sl 1
T faferal gro are engett § ereft oft ereq syt foemm gt €1 Ug o1 W S & faw oy
| 1 ST Bl 1 TeE 1 fehan g den STyfga & o ¥ of W Rk et §1 |
UfafEm w1 Rt afemge 3 1 NaOH o |1 fHerferd sieh fonan Sl €1 36 Yehr ol
Gifeam Ui gerep T foran ST @, S SRl e R H: Selld Siieree e 8 fogen
SHTATIEE i el (Flux) 1 @@ T H oiehd agasiaee fohan S 21 «ie o1 Feheor, geh
SATFAISS TR 1 oI HET H S7uferd shieh fohal Sl 21 diel o1 Fresheor qRrerd=t w2t § wied qen
T weh TR S €1 feh o1 fSen stfermge @ fondol ik o1 SUAT Sieh feman Sl €1 Srgat
o SlieA ok fore aes fafrt o1 Swim feman STl 1 WH=Ia: oY o9 &9 9§ S § oS S
& qon fafe=1 YR o Sent o faehr o g weequl AN §1 e wrgeti i sufterfd qen frepdn
o1 G fereror FreAfefaa aroft & fan = 2

FT el i Sufkafa qur Tewdor &1 wiera faawo

Tgfuftem | 1. siemse, ALO,. xH,0 Tfeld NagAlF fremvor o fou

2. HEEES, Na,AlF, ¥ foe ALO, &1 | fag[@ & o™= ©id &t
AYASTIEA AT Bl B
A 1. ¥HRIE, Fe,O, e 921 H CO qq 2170 K o 3T9IH
2. Y2182, Fe 0, U1 FI o Y BT =R
STHAEE HT 3q=A
I (dfe1) | 1. W qEEE, CuFeS, E A Eec i zg faere w1 o o9 uiafas
2. HIW T, Cu,S 1 AR st (ufterde) | w@d: STT=e B
3. Heh1Ee, CuCO,.Cu(OH), | qe = AT A 9 B 2
4. TIES, Cu,O =1 =ife & Rl o
BIEGIMIGHH § TewR]eh 3T
e w1 oft ST g B
e 1. e =g o1 ThelEe, ZnS | 9ol qvaiq ik | ©1q kT SieM gorsh
2. e, ZnCO, TR ST EeH g fean
3. fsf®1Ee, Zno S Fehdl 2
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6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

FR w1 Frepdo eEggsd g7 R S @, wq 5w w1 e smen wif

% o fafu o eteaes w9 fier 22

ST BN SFES STIhT h1 TN TeXee T dfd o1 fFrshor sifess e o 272

A IS — (1) Hed TR (2) W9 aufafEeh

673 K A9 W C 91 CO ¥ ¥ &F W 3131 Tu=dsh 77

TR o JEAeTTET e § UAre Uk | SUrkerd W qedl o 7 i) o o8l vl Sufted g 82
HPRA (AR) ok feapdor & <A aren w2t o fafi= & & e et stfafwane 1 fafa)

& =fe ¥ & & frhdu o g1 A qeafes sfufsae =t fafaw)

HIR o ugeRd o fafeent &1 i gwemEu

I Ied Gew T | Y g &l W ki hiA-G ek eIk STAnT gei?

Ffe frelt g ¥ Iufterd 1yfgal o M0 9@ ¥ faed-Sod 8 @ o9 ved & faw few fafy
& 3

Frera-viem =7 fafy wwemE)

Tafersr g afeaEe orres § 9 fafernt 1 Tefin 9 o Ter w3 87 A 1S Tt g qf Sifem)
TR Id g 95 9 &1 H i Farsy)

Tl el ke oie 9 fFe yehR faet g 72

T dLl WS H A T Hifsu)

HIR B i Tl w1 wa = gy IRexds & i @ S 2?2

Tfafem & UIged § HEEe S F i 82

=1 hife oF TR 7rehl o fau fHerem foman 1 8 feman s 272

CO 1 3TN W gL 9= g1 Sk ez & 9% 1 fensor =i 767 foran sman?

Cr,0, % faem % et A, G° %1 7 - 540 kJmol ' € 721 ALO, % oY -827 kJ mol ' € F7 Cr, 0,
HT ATIIT Al § T 72

Cd COH ¥ ZnO & fau ®H-H1 9= 31871 872
ot forgr feurfa & sTo=maes =1 =9 MG HRHT T HRE 81 379 39 Fo § F8l 9 Heud
27 99 Ha % HHLH ¥ 3 IS e

39 fafy =1 M fafae fed sl 9escE o &9 § 9w it 21 91 B 3 NaCl & Seig T
1 SEAeTTse fRa STT?

W o pb?2

2022-23



6.25 U= o Sgd-uqed o ThEe T8 &t F 9 872
6.26 fr=fafea fafuai g amget o viem o fagial &t T s
(i) "=a qREh
(ii) SgdeTaEET IRt
(iii) TS99 GrerEer qRehol
6.27 S uRfEfqEl &1 AE @Ry S AL MgO &1 STqe=ifad &Y Fehdl 2|
(Tohd - dreaffed 999 6.4 @)

wraAbET 996t & TR

6.1 S STIEhRI i TS0 Wb o2k Gaehia (A1 O TGl A1 SRtaeh 379%h) Bidl €, 39 WehR § Fifgd fema
ST Hehal 81 S ol g TR ([URe, Herse, THeUe qU SIE uEdEe)

6.2 THaTe %1 Wed aETEE STEF ¥ SiO,, Fe,0, 3 sWf5al o f=hrad ¥ wew@s® e o w1 2

6.3 SO ®9 ¥ GHT o stfutsmaneti o fag off ffysd wmn § afwgor ssit &t sravasha g 21 r:
AT SETIH B

6.4 %, 1350°C ¥ %7 A9 W Mg, ALO, i 3Tafaq s Fehdl ¢ T 1350°C ¥ 31ferh q9 W Al, MgO
1 ST T Hehal &1 98 STTAM AGS A1 T o WeA e o @l s bl © (Torst 6.4) 1
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