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8.3% WX H)| IE IH A Jhaw Hed HE I @Sl H TE
ok T 9gd § T TER, ALLO, F IS €9 ¢ T I g Cr (F
) ¥ Co (Ffrom #) o Tl T qudd H wew erfuw wE W Al
el urg el (SFRA) B T fafe= YR o A A € U geh
fafe= ST 58 U ogd Hewyul ac S 1 I8 Sk sl | off Sievas
del § ¥ Tk 21 Uit o, s qen S o ged o nof
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et o fentor o fory, stemrge w1 =@ T i 21 e o fog,
T 3T SfiEe 319 foe i €, <t fof Jear @ Sueted & qen wsfid
T o B (S TR SR TetiEe 5 SO, I 7) | IR qen e ok fau,
GROM 6.1 H § TR i ITASA AU T T FHGhI oh STMHR W FIE
I SUANT W T ST Wehdl 1 WigOl 1 a1 i © S SIGhi i Sufiha
fopan wan € @I Sfea emeR # dier s €
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YR fohal STl & (S Wi Sreahi oSSl §) | gfvld 31 i U TAd
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ITTEH o HU THA Bl S 2| T Boeh] Bidl & TS HereRt ket foran S 2
TH SR o HUN ] e B ok fo1g ga foan S 2

FHofi-FH I T ST o ST ! HASIA Heh T2 STATHRI h1 START
Hieh & FEHIZE IFIEH! il Yok HT H9A Bldl €| ISEWETEY, Th 37&h
4 ¥ 9% OcwEe adl o UohEs &l JoUh H o fou difeam aEAEe
(NaCN) =1 ¥arT fehen sran 21 =18 ==fad &9 ¥ ZnS i 6 § 1 9 Jehal
% Wq PbS &l % # T < B
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arelt Afge @1 off @iet Afidss ol 399 Th @ o hUe Hid gU I8 Ul TR @ qen o=
Tt €, O 29 o U H iR Ot @ wq faew 9 @ ot b wiwgsa dife St weE
T Fuel § TEad o, WEgT o A0 H Shegd] SO Tde W T WK &1 SUHh TEh B TH WEE
Aot R Tered off| Ue oF et Afgal 7 o0 AI9d Tt TokHd i Farn e TeREd
J g for 78 faeam wie Afewl w1 =g qon S gt @ geeh R H eus TR OW g
o S ehal 1 30 WK Teh STThR 1 WIgHia €Tl I8 THT T ohodl oEl 1%k W o
freeptor o fou ST fRe S o RS9 o1 &t A6 SIfes Bt offl S e fafér o shfawer
J = 9ot o srRl @ St R Frskyor 1 envREe o R (qfen) w1 fave § saea
g 3R g W 8 T

6.2.4 THeITe™

LSIRERERIGE

I sk Tt ST faomas o foeia &1 o 9 ferem &1 swan w &)
frfafed seew w0 frfafy 1 o= #W@ 2

(%) SieTge | TS st freme
M o qed sk dieEse H AfENE: Sio,, PR SedEe qu
g SHieRTEE (TiO,) w1 STYfgal &1l €1 473-523 K a4 a1 35-36 bar
T@ W Ffold 7w & |iE Hifeam gegiaee faeed ¥ wfed (digest) &
wifsa feFan ST €1 39 WeR Al O, Hifeam tgfie o &9 ¥ Td Sio,, Hifeam
facfiere & w9 o frenfaa &1 smar € den syl 9w ® St 2

AL O,(s) + 2NaOH(aq) + 3H,0(l) — 2Na[Al(OH) ,](aq) (6.1)
faemm | e SreEe 19 yarfed X Uefie & SIEH #) faan S
€ TE et ALO, STl B W €1 39 el W foered w aren o
T SeEitsd ALO, & T § Semifad feran ST 2, S fR etaedw i i@
F 2

2Na[Al(OH), J(aq) + CO,(g) — AL,O,.xH,0O(s) + 2NaHCO, (aq) (6.2)

Hifgan faferere foemm o 99 ® w1 @ d° SerEifsa Ui i S,
@ T /A HTh TT: Y& ALO, It T foran s 21

1470 K

ALO,.x H,O(s)—— AL0O,(s) + x H,0(g) (6.3)

(@) 3 3’uT

< qem WA ok oTgeRH H Hqet w1 e 9 1 (0, % faw) sufeufa §

Gifea TEEe s1uen WREm |EaEe & qd foaead gr faren st @ e

T Y a% | Fied gR 9 ) el S @)

4M(s) + 8CN ~(aq)+ 2H,0(aq) + O,(g) — 4[M(CN),]- (aq) + 40H(aq)
(M= Ag Y1 Au) (6.4)

2[M(CN), [ (aq) + Zn(s) = [Zn(CN), ] (aq) +2M(s) (6.5)
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6.2 UdfatEm & frepdu o fared o1 #n med 22

6-3 Niferv;Ldk
Vv lkfekr  ekinvi
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Hifgd STaeh] 1 09 9edl § IRedd i Tevas ¢ S o o= & foau
SYYE Bl WHMFIA: GehEEE STI%h] &l 0994 9 Ygal AfdrEe o ®9 H
TREfdd i §1 SfieEs e 9 erafed 89 € (HRO1 S o o e 2E) |
7 Wifsd 7%k U YISl 1 UEhiol < 8T 1§ el 2

(%) ToEe o uftedq qen

(@) S &1 o1g § 3TI=eH
() 3teTzE o Ufteds
(i) FRATTT— FETe o TH ST 1 STavashal et & T sroasiier aerel
feepTid & ST @ e oTq SfedEs 9 @ Sl 2

Fe,0,.x H,0(s)-> Fe,0, (s) + x H,0(g) (6.6)
ZnCo, (s)-*> ZnO(s) + CO,(g) (6.7)
CaCOS.MgCO3(s)A> CaO(s) + MgO(s ) + 2C0O,(9) (6.8)

(ii) 97— 9IS H 3Tk (ore) i A1y ! Fafta eqfd o |t g o T i

¥ 9 & UEF W TF 9§ A R SR GehiEe 3T o WS

T3 AT 36 THR & —

2Zns + 30, — 2Zn0O + 2S0, (6.9)
2PbS + 30, — 2PbO + 2S0, (6.10)
2Cu,S + 30, — 2Cu,0 + 2S0, (6.11)

ST o TEHIES TR i e 921 § T H7d 21 a7 3%k | el
Bl T A U ved 39y fafas fhem € e stfee st fafehe
TR oG T o TG H, T de1 HIW T o TG H I &0 @ o Cu,S
qq FeS Bl 2l

FeO + SiO, — FeSiO, (6.12)

HTgH
I SO, H,S0, 3 It o e 7 w1 it €|

(@) ATFETEE 1 oarg | TUeE

oTq AT o SUeEE ° 9E: T R T uwied o el e feRen W @
(Ca CO o1 37 ¥1g) S STT=E 1 T HLdl ¢ STTEEH (S8 Hle) ©1g
AT H1 ATRAISH o WY HAN HW 2|

* o7 s d ‘o’ (Merk) femd & S AT (srqsrE) @ qre ek aTgEe’ Sar €1 sTEenl | T %1 el ergaer
AR AT d YU & Ghdl &1 39 FER T (UIEAEE) HT YIRS 8 Sl 2l
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MO, ,+yC—->xM+yCO (6.13)
TS U] A ST U e7fed B €| Safen T i Srafed S Swicd e
21 (37T 1 1o oA I o SoreRiiehol B ©) | R off feerfa W, 5%
TRH A 1 AR Bl & A STT=E (IR ) § e aashH
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S € S S S W 99
() TH THER & I GeEEe] ad soEel o fau off s S ? SR g% T 8 S v,
M, S 1 3199 &fed #=i 81 981 M, S o AG® &1 afayfd ==& 2wl
Tferam 3R st Wi
1. T Sherel 7Te Ui weal @ foh i erfufran we € o1 el srufd STomsh o Wil STuwEe
wafa gl gl €1 UH Eiae € i 98 ohael SOANTIeh! i MR W ERA €1 T8 STo=e
Al I Serfas! o 9R § F9 T aqd (T8 fha doa @ gm? S8 e % Sw o 3
k) |
2. AG &1 =& K (AG® = — RT InK) W 3enfid €1 31d: 98 a1 7 ¢ foh stfufspass ok sag
g | B
MO + Ared = X M + AOoxa
e Wed A e Bl i ATAlHeh/ 3 3| 81 Wehd 21 FEfd g8 e S @ fh S«
goft el S| steeen H Bt € qo fafkan o8 SR el o fauet o W S 9 oY B 2
T T8 M 1 U=k ¢ o forelt arfaferan o foaw AH (Tt § afterdq) qenm AS (T=idt o ufted)
& AE a9 H ufed g W o e feer wd €1 ot TRt 6.14 H ohaedl T € WH@ =R S Sl
g qufu As ifier w1 difqer sfeen W afuen fek war €1 = Tl feE § stemewen
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e U] TS Sufed Bl € Al ST SO SAferse forfud i €
AYEEE: H IfHHT AGe H1 TA A FHumes AH A H 2, fed T
rfufspaetl (STT=Teh 1 SAeRiehiol IR U1 S 1 =) o AG® i
AT FUMHSE &l S

ST foF B0 S & ¢1g o1 SifTES STa=Ed o SN fasfed e 21
M.O(s) — x M (3 =1 591) + %Oz(g) (6.16)

ATETh T SAFHSH I W@ HL oAdl g GHEH 6.16 HI UG H
SRR 1 et Affshan o ®9 H @1 S Wbl € IR q@ A, G T A

HE YR 9 o S wehd © —
x M(s 3127 ) + 2 0, (g) — M, O(s) [AG® (6.17)

I TS 1 ATHF ST FHHIT 6.16 % FTHR Bl €l SAT=H
1 (IZEON C A CO) 3o «ff ghm —

C(s) + 3 O,(g) - CO(g) [AG

(M, My 0)]

(6.18)
CO(g) + 3 0,(g) > CO,(9) [AG co,co,) (6.19)
Ik eTa= o few e femn S 2 o 59 s CO, § ot SRR

ot e Tl ® —
3Ce)+ 50,(0) > 3CO,0) [ AG o) (6.20)

I d= FHRON (6.18, 6.19 TS 6.20) H T HHIHW 6.17 FH W
(zHer1 319 W® 7, T 39 Gl o muneHs A gfdeld @, S R gt
6.16 &, Sied W) B9 I B —

. CO)]

M_O(s) + C(s) — xM(s & 1) + CO(g) (6.21)
M, O(s) + CO(g) — xM(s 1T [) + CO,(9) (6.22)
M,0(s) + 3 C(S) — XM(s 312l 1) + & CO,(g) (6.23)

3 aAfafeRard w1g seEe, M O o aTEifash 7= i Suidr & 5 &
fremfeq e = €1 wmR: 39 sfafmmet A Ge W WM, T YR W
AG® 1 A T I T Fohd &

ST o BW 3@ gk €, OO (i S T) A,GO % FHUTeHS HH o fo
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% gfresed fag g0 weRfd @ & (MO® =% e sTo=ms WY &
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qfmferd €, A Ge 1 A 1ok Fumeass &1 ST €1 39 fig & 1% <Hi A Go
Tl & SR e Fuifa o @ o Sod Y@ o sieEe & = e
@ g yefeid 9 gR Had € A T Afg AR sifuss © A STa=E SE o
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2 4
§AI2 O, +2Mg — 2MgO +§AI

39 fag o Teel FfvEm Ui i sTafed Y Wbl B

SHMIART o ATAR G99 g0 gU i Aaeilie ®9 § Ueafad o o1ged o
TS e 1 SYANT UHAT o STo=rga § e fohan St a2

ALO, T MgO a5kt o Tftesad fog & Weat o qral W Hr=iiferem U =i stafaa
HT TR ¢ W THH STATHL

I STT=FA o6 A W A o1g 59 oTeen ¥ 8 1 o1g SARIES 1 STI=E ST
i g 87

I ¢1q SR T 1 IF 59 Taeq | 8 at Uit afush eidl €1 5 fafdq erg
T e W Bl § 3R SAUEiad B ol Ui Aiese S e H et €
AT TehH o T2l GRed (AS) o1 W 3Afereh ecHes &1 STl 81 37d: AG® ol
M s TS & Sl © SR STI=E ST & S ¢

() A kT 3k ATaTsE U Tremeor

3 oF SFTIES STIEHI i FTT/ s (St i 82 o o, swmEel o1
TTEET T o faIU q TohIEe i AfFdhd i o fu) o g | &
YA A WO Gl Hih o WY A W (U 92 H FW W o & 2
e SAFAES o § TUfad 81 Sl &1 SONiaen] g5 g8 THgH o Werdl Hidl
 for ik, SAforTES i 1 STaferd shidl © G 39 Wel sh1 =F i fehal Sl
21 39 W W T TEcYul wROT TIEIH € —
FeO(s) + C(s) — Fe(s/l) + CO (g) (6.24)
T < g srfufmenetl o g oF w9 W <@l S Hehdl €1 T o T o
FeO 1 3T9=M &l @1 8 a1 S | C, CO | 3fiadiishd &l &l & —
1

FeO(s) — Fe(s) + > 0,(9) [AG(FEQ Fe)] (6.25)

C(s)+ 30, (g) > CO (9) [AG ¢ o] (6.26)

AT sAfwfswaeti o @Y B8R W GHH 6.23 U B B, Tored Hehdt firest
T § ufeds frefafed ger 9 8 & —

AG ¢ oo AG oo 1y = AG (6.27)
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FHA B, HI FT AL S ® 991 S C—»CO (C, CO @) uiadq =1 fefua

3Fe, 0, + CO—2Fe O, + CO,

(dle 319%h)

Fe ,O0,+ CO—3FeO + CO,

CaCO,— CaO + CQ

(= qeR)

CaO + SiQ —» CaSi(%
(qHe

FeO + CO — Fe + CO,
C + CO,—» 2CO

(HT)

C+ 0O,— CO,

FeO + C > Fe + CO

FIA 7, g8 9 R SR S 1 ST 1073
K 9 fires a9 ™ C, CO W@ Fe, FeO @1 &
A= T A 8 [AG o) < AG, poo], 3: TH
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CO H {ffishd &I 36t YR © Fe O, Td
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A=, fo 6.4 § CO @& CO, o =ehi oh
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ST HehdT 2

a1 92 (T 6.5) ¥ ST Sfiesel
1 = faf= A oied o e 81 w2t o
Y gal frad 1R 9§ vaied @ 9§ uS
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1 T 39 UfehAr o fou smawass SAfeaX
S kT gt # <@ 1 CO T I, WE &
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Y FH T § q W 9 M el I ok
A (Fe,O, @ Fe,0,) fafw= wai o
FeO T s1afem 21 < $1 o TR SfafeRa
=1 a9 ol 9 3== a9l | w9 gt

g S AGe TN T %k WA TR & W
Tfdee foigei W R wecdt €1 37 srfufrenett 1 gem o femer faen s
kel B—
500 - 800K T (amem wgt # =1 a9 afiRer #) —
3 Fe,0, + CO— 2 Fe,0, + CO, (6.28)
Fe,O, + 4 CO — 3Fe + 4 CO, (6.29)
Fe,0, + CO — 2FeO + CO, (6.30)
900 - 1500K TR (T 9t H 3=d a9 IR o) —
C+CO,—2CO (6.31)
FeO + CO — Fe + CO, (6.32)

<1 TR ft CaO ¥ erusfed = S ?1 faferehe, saww 4 ergfgat i
A o &9 FeRTel ofdl €1 HIqHe Tfeld S7areen § @ie | 7ol =1 il 21

e g W U AR H NI 4% e a1 T AYFSA, S S, P, Si
Mn, g&H O H e @t §1 78 Fed die (T <fien) o A\ 9 S S
2 qen fafa= spfaal o eren ST "l 21 gorel diel, wed die ¥ 9= g
® 1 W e R i, T I8 el shish o W1 TH Bl o Hieh gl Tasrerent
T S €1 S &TST S HleA (ST 3%) Bl © A ¥E A AN 3R

TR 2T 2l




37T =T — Tuesll wlier =1 remaaed diel s R % Ygad &9 2
3R TH THERES 1 Wd W&l g Weddl g W el @ i Swfeal Wi
HATerEfiehd ehieh ST ST €| SHIEIEE hiae i hiae Al eSS § Aferiiha
HT R —

Fe,0,+3C—2Fe+3CO (6.33)

<7 % TR i Meish o &9 H e s ¢ f9es gewt, fafas qen
IR 3fferiehd IRt eqael =l STd €1 ©1d 1 fehtel foran S € 3fi
el W ¥ AR HT GG § Tokd L foran s 2

(@) Y ATFEE (HIUT (1) ATeATES ) ¥ afe (hIUT ) a1 Fremeor
sfrrargel o o o fog A Geden T o Hed aera | [fo3 (6.4)] Cu,0
1 @ AT R W o7d: HIW ok SFHES TTh] i ik oh WY TRH
ok Hie UTq W STqEfd S iy STEH Bl €1 (FeieRt 500-600 K R
T C, CO T C, CO, Il & @ ser | feerfq & wga = €) denfa sga
T Ik GohTEe eid € a1 F5 § dlel Wt B Hehdl 81 GohES STAEhT
TS/Te T W ATRIES I B 8

2Cu,S + 30, — 2Cu,0 + 2S0, (6.34)
SFAES T Tk & GN ST W o1feaeh SR § s1afad fhar s wehd
Cu,0 +C—2Cu+CO (6.35)

St UhH o, 3%k i fafcewt e & a8 wredt 9et § Wy fha
ST ®1 9 SR Afege, TR fafetohe & w9 W UqHet Sl € ae
HM, HIW T & &Y H W 2@ &1 390 Cu,S T FeS &4 2

FeO + SiO, — FeSiO, (6.36)
HTgHd

THoh SIS IR W o Fafersht 7 =g qiafds (ufedsr)d s faan st 2
o fafae «f foemd 2 qen 9= T FeS, FeO@ell Cu,S/Cu,0 Wi Hiftah i
H ufEfia & & fou T o o @ieh vafed s 2
frefafaa sfufswad o= 2 2 —

2FeS + 30, — 2FeO + 2S0, (6.37)
FeO + SiO, — FeSiO, (6.38)
2Cu,S + 30,— 2Cu,0 + 2S0, (6.39)
2Cu,0 + Cu,S— 6Cu + SO, (6.40)

I S HW (dE), SO, % e o RRU ®HIGRR @R ¥ ¥,
AT 78 FHIORR dial (feree Hiw) Head 2l

() TS sfaaEs W e o femdor
e STFAES 1 ST hish gNI a1 STl ©1 0T hTa o1 feerfa =t erden
aTg Siferer @1 S © 1 A ok feAu tferaISe Shi hish qe U1 o Tl BREI-BIE
EEACE IR I

ZnO + C T3 71 4 cO (6.41)
¥Tg 1 e F qe did INde R Tk HL o &l
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6.3 ATk
Cr,0,+2 Al > AlLO,+2Cr (AG® = - 421 kJ)
o firsst o1l A 9 o © foh stfafshan Soamifaent o STER 99d €, T 98 el q9 W Ha=
i e Breft?
6.4 9% 9 ¢ T o fafere wfifeufaal & friiferm, ALO, 1 sTafaq T @l € 3R Al
MgO =i1? o ufifeefaal siq &t €2
6-5 /Mrde dk T 2@ e TR SR & fagia SaEqsiHe! § e Bh €1 6
0|rjlk'u A o forerm o steren wferq steren § o= § wHE fagid g9 g 2
Y ’ o1 o TIfeTd 0T 1 STTEIA SEAeTIEe g feRen e €1 3 fafuat s
dr fagm W emia €, T8 frefefea wefehor & grh a@en S g 8-

WA foam @60

AG® = — nESF (6.42)
TEl n Sl w1 e d E° @ % S g #1 soidie
fawa 2| eiferen fepamefiar urgedl o fau soeRre favwa =1 am eifus o
B ® TEfAU ST STUeEE hfed gl @1 Ak T 6.42 | & E°
Tl H 3 ¥FicHe E° °h, Ud URUMHA: HOMHE AGS % 9 @, d
%A franiia o1g foeea 9 ae qu sifus frania «rg fooem 5 =l
S B SereRome —
Cu?* (aq) + Fe(s) — Cu(s) + Fe?* (aq) (6.43)
YT SgaeTTsed § M S BUcsh SR (helts) W fawfs g
& oI Tl fraifrd &1 S 21 Seufea ong 71 fpameiera * eam | w@d g
el W S ¥ e Suged uel o soleeie w1 STEr fRar S g
Hefi-sheft ifera ugrel i stfueh gereieh MM o forg et fyen fean s 2

St

TEeh gy H, I8 ALO, H Na,AlF, a1 CaF, facmn s €, foaw fagon =1
Tl HH Bl Sl & SN THH ekl 31 Sl 81 ierd emst (Hfeem) @
JeATae SR ST 1 hTeH k1 TR ot WA 1 U el T FE HLl
2 a1 YFIEe o UAE ITEN § o1 7

Tqol sifafean 1 39 TR fomn 1 Fear € -
2A1,0, + 3C — 4Al + 3CO, (6.44)

JgaeTTEe w1 e fafy gle-2lieT Wehd o 1 ¥ gufag 1 e 54
1 AT Ueh SEASTTseAl Hel §, Shis Seigeis ol WANT shich [ehal Sl
1 Tre W IefSia sttt TArS o e § stffeRan sieh CO T CO, st
21 39 YR UfAfam & Ycish fReiim o Scired o foft i TAle o o
0.5 fehelium shieF wiel ST 21




ferd 6.6— Uqfaf=@a & sy
& fo7T SgdsTaE el

FeAeTTE SAfRFAT 39 YR B —

FoEe - AR (TIfad) + 3e~ — Al(l) (6.45)
e - C(s) + 0% (7ferd) — CO(g) + 2e- (6.46)
C(s) + 20% (7ferd) — CO, (g) + 4e” (6.47)
TpTEe TS
l—aﬁ'q'{ A . }_é@(

—_

| FTEH T WA g @I
1 U (heTS)
Tfad ALO,+ Na, AIF,

Wﬁmﬂéﬁqﬁm
Treeife (1) raRehl a9T T aTg W HiwT

FRTeRIe (3TTF) 3Toh] ¥ I o1 (Rt SRSHHH gr i € 58 a7
71 Sfery] oF STA 9 frenferd sid € den Cu?t e g faeee 1 W R
T H, T o FW 2 [T (6.42), (6.48)]1

Cu?*(aq) + H,(g) — Cu(s) + 2H"(aq) (6.48)

mnkgj .k 6.4 T M W, f7 Hife o HIR TR o6 @1 fGeh T2 S &1 T o1g o S
&1 Frenferd TR 3%k o 3T9=aA o e S o ¥ -4 W o1g s st
& e w2
QY gt gt § e s 9 s g @ (R st fraria g 2)1 3k
@ T &1 TR fohan ST a1 3T9== ISt 9 8RN TR e 3TRRA § S31RT hiwdt
¥Tq ¥, SEAY ) SR 1 IUAN UG T S el

6-6 viDIhdj .k
vip:u

3TI=R o STfaRed, o freendvr faea: stengeti o for, stferdientor W eenia
| SferieRol W SMHIRE Toh STl WH= IIET0T §— au-Siel § FARA
fentor (Fiie 99 STl § WE ol & ®9 § Sgded § ST ®) |

2Cl (aq) + 2H,0(l) — 20H (aq) + H,(g) + Cl,(9) (6.49)

79 afufwar & @ AGe,+422kJ 1 9 38 E°H uidfdd @ &
(AG® = — NESF 1 3TN &d gU) d 8H E°= 2.2 VI %id & Tnvifash
w9 § 38 fAT 2.2 V 9 3ifusk ared fagd o 9 (emf) FT STewaehdl gM
Afer SgderTeed o 9 o wueh sfufmaet W e & fau erfafea
foug Y araeashar €t 7, 1@: CI, Jegdermsed ¥ e e © | H, den
Sl NaOH Fe3edrE B €1 Tiferd NaClehT it Srggaatasied fepan sman &, Wy
79 fearfa & Na®rg o gt @ 9o NaOH |
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6-7 "W/Au

WA foge k62

S foh Teel S1eEd R gk €, @M SR Wi o frepdor § ergeti o
fHerer CN- o @i feha ST €1 718 U stferdfisheor atfafsean € (Ag — Ag®
T AU — Au*)| o1 i S fager fafy gr g W feen St 21 59
sAfufren o S T #1 TE FIER Hd o
4Au(s) + 8CN-(aq) + 2H,0(aq) + O,(g9) — 4[Au(CN),](aq) + 40H-(aq)

(6.50)

2[AuU(CN),](aq) + Zn(s) — 2Au(s) + [Zn(CN),]* (aq) (6.51)

ot ot fafy g fepdor 9 o gt ® gm0 § &9 et fieft T
g1 =9 YSdl 1 YW WW H o foq e fafeEl wm o o S € 3
e e e e e R I
D A T B

(%) 3TEeA (9) Hed iR

(@) FrerTer qisho () | greeer gishR

(1) SrEEeTTEEA () avfafEs! (wieiE) fafy
Tel &1 9uiq g | feran m 2
() IHEA

7 fafy &0 el aeh el Si@ e aen 9Rg & foe 9ga syant 2
AYS UTd I AToHId Hleh TG ©1q i G o &9 H Yed L for@n S 2

(@) ST IRt

79 fafy o w0 Toris areh org 99 o fEert g gde W aed e
S §, e stfres o arell SYfeE Ster B S g

(1) SEasTUEE vited

74 fafy § a1yg org o UHe o €1 S UIg 1 S G1g-TgT i cheie &

TE W FW ¢ 5% T ST Jeheree favafrs 3 wad & fowd et org

1 AT Tl el 8| ST &R g oo o @l € a1 % SR Yqu

THIE Yo § well Sl €1 39 WohW hi AT, dEq fawd i uRon, stffase

den firsst Sl o6 g (SYAM) off &1 St €, Foren! oA e @l ¥ qw

21 3 R 39 YER § —

TS - M-oMvY+ne

FAMS - M +ne > M (6.52)
qAfe 1 TeF de@eraEe fafa & g fRa S 71 e1gg W e ok

®Y H qU1 IG5 HIW T helie o 9 A od &1 hIW Gohe 61 e e

AT BT § qe SEAeTIEeA o SIEdfesh URUIHeEY, Yg HIw U o

Thellg 1 T TFIARd g ST 2|

TE —Cu— Cu +2 e

Fee — Cu? + 2e- > Cu (6.53)



T 000

_} W\zﬁﬁw }
QOO p—

T FEcl qaw S UH &
fEen #1 AR IR-aN T B

a1 6.7— TSeT IRHIOT T

FHIGER SR ¥ RIfgdl TS 9 o &9 H S el © forEd e
foefifem Sogfam, =i, | aen wifem e gt &1 39 a1 39w
T e &1 @ 1 aifaufd @ gewdt @1 e w1 v off 3 weRR 9@ e
1 Fehal B

() HEe aRsRTor
7g fafu 5o fagia ® enuifa ? 6 rgfgal =1 facrar uig =1 S/ sewen
1 aden T reRen § otfueh Bl ¥ SIS g H B o Uk fHIN W
T JR el e @ e @ (Fot 6.7)1 dmes oid € e Y SR
Tedl €, Tfed ¥ g uig feefaa @ St @ den sgfgat goma e tew
o =l S 2
39 T o1 %2 IR EUA S @ 91 q9F I TH &) fown § an-an
Ted &1 S BT % Th TN W THEE B Sl 1 3H HEhl el
3 o st 21 Fe fafy g w0 9 sifaswa ygar o srdererhl daen o
Afaers Ogel; S — Sutew, fafest, 9/, ffeem qen sfeam 1 ww
FH & fou agd syl -
() AT YTERAT TR0
7 fafu ®, wrg =1 arusiicl Aifes o wfafia fran ST € qon g sire uwe
F o €| Tk 9% 39 fosfed ek Y§ o 9w Y o 21 39eh fo <
ETIHATT et &—
(i) SUcTsd Afqerder o T1el oTg arsqeitel AifiTes sAmdt &1 aen
(ii) aroeie gared o § fomfed 81 wehar &1, 99 urg o1er | 99 9
T ST Gkl
fr=fafed 33Ew 39 dFis &l T H—

ket e T HiS UehH — T4 WohT T Fohcl ! e HHISAES o T8
o TWH wE W aroaeiia et SehTEitel Wl o ST § —

Ni +4C0O 20350, INj(CO),] (6.54)

TH I i SR 31fesh a9 W WA W €, fSed ge fosfeq g gs
¥Tg T < 2

[Ni(CO),] 222270, Ni+4CO (6.55)
SRl W T ST e & foq diq-aTRener fafer — I fafar zr qen
Ti e 2 agetl § ergfgal * e Suftyd wqul o de ArseieH i
T o 9gd STArT 71 uftshd g ki faifad o § S o @ e S
g o1 TSR A HeEAST €N o SNl arSdihd g Sl &l

Zr + 21,— Zrl, (6.56)
UIq TSRS i foR@u 7 1800 K AM W TRA fhU MU IM=d dg W
fasfea foran STl 21 39 WK 9 Y5 o1q dq W A & S R

Zrl, — Zr + 21, (6.57)
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(B) auicii@ent (shrer ) fafat
75 fafu 3@ fagia W enuifa © T stfueives W fagor o fafe=r s
T AT STeRT-3Ter Bl ¢ e & g9 = T Wem § W@ S
g S fop etfusiives o o R B w9 H fafem wes - w0 W
arfuif & S 81 o1 § SIfmif w2 Sugsa faeasi (fFemees) g
Fanfera &2 foru S 21 wfaefiiar @eam 1 difaes stereen, stfusive aeef
F1 YHfd wd TRl WEAH o T oF YA W o R gM o6 &R ™
FuicifEet T K S ¥ W YR w1 Tk fafy § wi= w Tl § ALO,
1 Tk W S Sl § qen asiier mens fad sreal o foereH sufted
Bl T, 59 Wewe | Bl €| T8 WY-auicifEs] (®HictH HIHeiE]) H Th
I R

I GeH A H U WM 9Tl d o i R g fR 9 9t 9
qen AYfsal o RS ToN § Afeek famtar 7 g9 a1 feafa o, yigewo &
feru stcaferer SUANM Bidt 81 3T auicifaeh] aehdieh ¢, i T Yot sofeifiEsht,
Wy aulciiEeh!, T auicfast e wu avicfes! § 9ge qea =i o

(6.8) © Turfan T 2
Hh
C
0
L
U e
M
N
o1 6.8— FicH HIERIBT FT
FFEHE [T T

(%) sfeEife fafy (@) garmemen fafy

* 3 ®Y T, GEGIT dvicfas] T Tk Mavicr Y sk e R gy gidt @1 T 91 TgA-Ted T el g
o el @Al 21 il g HiE i, 59 7eer sfahiias aiel gl qehdl 81 R gy syfaviiar aen SAfagera gidt
81 S8 STiFd W avf T F A0, W/ i Jreeer w1 R grawer § @ gafEd fHar s 81 At grawer s
feeR e 1 997 9 YR R a1 & o T o sregal St fFeigar s graeenst d fr-fa gl fer grawen
Yty Serviical el e, 36 YEve | Yo d, 3§ aqd $i ieiFd fd qad ol €, o [er g q st
soreiicr el 8, g favicr graeen § st goreiial €1 59 YBR T4 & T Sfd-ord R g § @ 7HT #d
g Tk g T guF @ld 9 1 I Jraeensy aor g7 1 FARIT FH o @ik & SHR W Fuiciad &1 adArht &y
&1 9 e St @1 g% fafEr #en X %1 uggyedd o Uwe 12 (12.8.5) d fawar @ affa @t 7 2

W fagm kb4



6-8 ,yfefu;e]
dkij] fed]
rAk yig d
mi ; kx

Ty

U= o= 1 SYEN =fhee o oy SeRu-u (W) % &9 § Bl 2
¥Tq T G&T Hfel T STA Terdi (Y2) 7 Yena () H foman < 21 et
fopamefia 8 & SRoT UGl w1 STEm wifrag qon §e o sfierEet
Q, 3o feptur o fopen wan 21 Ufafem o qri w1 SuE o =t o
w9 § fopan s 21 Ugfafem gea fasng gosh! 8 o RO §gd ST et
H

s 1 SYAN fogd SE H qR S a1 Sid SR W9 o f urEd o e
H Erl 81 SEehT STAN g YR 1 Tasrergedt # off fohan S B, S eng @ eifuen
FOR Bt 21 59 Haer (e =& @), s (77 o =) den g1 faserg
(frchet = @) |

ek o1 SUANT STEIER @iel s | fohan STan 21 =3des /e § SHeRT S
w2 o, g fagerg sl o, S — diqel (Cu, 60%:; Zn, 40%) qel S
fqes (Cu, 25-30%; Zn, 25-30%; Ni, 40-50%) ¥ el €1 IE T
ST Tk WA, FeId S o Sedre W STk o w9 § feRal Sl €1 getell
T, S foF ©iR 1 Fod HEeul TR ¥, ST STANT whEl, o WA, TR
gl e faet o 1 greH | B €1 S8Rl SUA fugel die qe S Wi
oM | o ST @1 fyes e 1 Suan R, ari, sieel, =5 qun S SyEnt
SUHN o T § Foran S 81 L (351d) o 3Tk STAM &1 o 39d gE
o1 et st €t fsg seara e @i 81 fohel 3eura 1S9 T S,
Terferd el aul gag et o 6, wicieh, HIqeh Widl, el oh SSTRI qe
oo Tl o M § 3R R @i 1 SYAN HiEfhdl, T S,
Rl qen U genfs H fepan S 2l

TSN ot SRl o= YehR ok 1l oh foIq 21l €, 37: e S @isil § 9 gieh Fehtul shi atrewashal
Bt B TS =g o St @ e S gt ekt afoifsess 9 9 Sewiiieh el §1 3 @il whi 3Taeht
o AW Y W W1 2| ek STIh] W e WehR shi YA U St B1 3 eyl 1 FrehE s
1 qeh |IE0T =0T (WE)) R Wiw feRen S B Wifkd orEeh @ UIg a3 o forg q|Etes e
1 Sl 21 WHG: Hifcden A (ST SAFES, Gehss) oI | Tdted Y S &1 Sed CO T %D
Qo STI=TEE FT e WA w1 S &1 T ATEIA i GRS H AN AeRr qo SE[aRTEE
sraERonS W Sfea faem e s 21 wiferen e st 9 fhe ot 8 fSed sieaEs ug o
Jrafea B S € 9 STTEEes AT 8 Sl €1 | sttatheansti | ity St o areafoss uftedH
RO Bl @ S 419 sgM W AR Afueh Roedsh g Sl B1 39 © %o A1 e N ° ifaen st
ORerd den Tetg sreeenst w1 Scafa, Guul @5 w1 e S § Wl W A TeEe gl 81 98 SFaURn
9 YRR 1 SR Tor/Ta=de stfafsransti o fag fafa= amal ®, AG® qen T o "ea ok (Tfetem 3TRE)
BN 9IS <1 Tehell 21 Torga fawe w1 STareIRon org (S AL, Ag, Au) o Tresheo o Sweilt 81 sTef < teiad
Tl o geiaeie Tawel o1 AN YFTeHeh Bl ©1 gHieiy filest st URede SeulcHeh &1 Sl €1 | fafy
A g urw et | ereft oft sreu ergfgal TR Bl ¥ IS o Wi i o feIu give shi sTaveehdl
BI 81 SIeF T Wfehan erg qen il o O ¥ i R R it €1 W GefatEe o e
SfFATES 3%k 1 NaOH o W1 fefferd shieh feman STl €1 59 WehR 1 Hifgam Uefie goreh e foran
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ST €, S SEREAHTRT0T i W YH: STelid SA(eTge Sl © fSieeht shaieise i et (Flux) 1 @t Fam
H oo SgasTTere fehan Sr 81 g o1 Fsshun, sheh Sifse STawehi o aredl w2l o syafed shieh fehan
ST © | el o1 FTosheor et WgT § Wer qefl TR ek fehan Sl 21 Tieh o fien stferrze o ety
Hich 1 STAN ek Tehal ST 21 ergsti o wiied o forg eries fafual &1 syam fepan st 21 g
HTqT S &9 W IR § o Wit € qen fafe= wehR o SEi o faeh st Heequl aneE 2
9 uIgel 1 sufterfd qen ekt w1 Gk faeror Frefefea aroft & o @ 2

FT oigeft i Sufeerfq @em fswdur @t Wiy faawor

wgfafem | 1. sEERe, AlLO,. x H,0 Tferd NagAlFg frshor & form

2. S, NasAlF, o foer ALO, &1 | fagd o o= &id &
AgdsTIEe gl el 2|
A 1. BHRIES, Fe,O, e W2t § CO q9 2170 K o STEI™
2. HETEe, Fe,O, o Fieh o T BT =mfeu
RS & I=IA
I (dfar) | 1. I IETES, CuFesS, TCHES TIH ERCHERCE G E R TEI |
2. IR T, Cu,S 1 RTH T (ufterd®) | w@d: STT=e B
3. Heh1EE, CuCO,.CUu(OH), | de 3TT=r= I AT 9 B 2
4. UL, Cu,0 = =ife & ki &
TESIUGHH H GeRIh 3T
fHared &1 ot ST B B
S 1. 5 =fe o1 Theltge, ZnS | 9ol qEvE ki | ©Tq T IMeH S
2. e, ZNCO, BRI ST=EA 3TEEA g fRa
3. fsfeptee, Zno S Fehal 2

HIR w1 v eEgugEd g7 TR S €, Wq e @ @ smen st

e e faftl § STeHen i 1 iR €2

AT G SFAEE SFEH h1 UL WSS § di o1 fepdoy aifuess s i 22

AT HIFTT — (1) Hed TRhT (2) T auicifasht

673 K @9 W C 991 CO ® | *iF |1 3731 Aq=geh 27

FHIR & SgdeTTee wEE | U Uk | Sufterd T qol o 1 SfSw) o 981 Y sufted e 82
R (W1R) o FTardo o SR aren 92l o fafa= &5 § 89 el stfafwanst # fafaw)

S e 9 S o fewtor o gF areft Tamfe sifufwanet i fafau)

LSIREMERIGI o



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

6.25
6.26

6.27

HIW o UIgHd H fafas &1 i a9

‘auicifaet’ ag 1 aref 82

TucifEert & Feer qreeen o =@ § A1 WSS ST S 87

frret-sied =1 fafa gueme)

Tafersnt o afease ok § 9§ fafernt ol TefHT o ohdl 1ol i &7 AfE whig Tl g di S
T <A g S 9 Fadd H @ FaRy)

Torel el wed oie § fohd yenr f= ear 22

3R] qeN @S § 3T T i)

HIR B 1 fafasmt & wd 92 g Iads & Fi @ S 2?2

TfufEm o uged § swEeEe S gt 22

=1 ife o TR el o foau ferem fman 1 &g faran srar 22

CO &1 3TN & gL 3= 5N e stfese § e o1 frewdor =11 &1 T man?

Cr,0, % o= & faw A, GO &1 7 - 540 kJmol € 72 ALO, & T —827 kJ mol* & &1 Cr,0,
F1 ST Al Y G 772

Cd COH @ ZnO & oIy -9 sro=mas ares1 &7

et fasiy feufad o s1y=meres 1 997 ST HReA] W AHRA 21 379 36 FUF 9 Fal 9k Feqd
27 99 Hd % gHeH § 3 3T e

39 fafy =1 M fafae ey i gescE o &9 § 9red it 21 91 2 At NaCl & Seltg faeram
1 dEgaeTTEe fehar se?

Teiftfem o Sga-uiqeRt | e g w1 A qfteh 27

frreAfarfaa fafeml grr enget & wiem o fagrdl ot wwan i)

(i) "ed aisho

(i) SgdeTaEE gRsht

(iii) =g graeen gfsnyor

37 uRfeerfaal 1 A sy fSH Al MgO i STq=ifa & Hehdl 21

(Tohd - dreAMfed U9 6.4 @MW)

ikB; fufgr i uk d mUkj

6.1

6.2
6.3

6.4

39 ST &1 T U e AR (A @ S A AR SRR ) el 8, 36 YR 9§ wifga faman
S Fehdl 31 99 e g ST (AR, TS, faetEe o S UrEdEe)

feTer 1 Hew aTRE STk | Si0,, Fe,0, % sIfdi o fshrad H Weed g oh R 2
IR B W GHT ope stfafwanet o forg o ffvea amn & wfwao 3t 1 sravaena gt 21 ox:
AT AT 2

2, 1350°C ¥ ¥ AT W Mg, Al,O, ! 3T9f=d T Tehal & T 1350°C ¥ Sfersh a9 W Al, Mgo
1 ST T Tehal &1 T8 STAM AGE A1 T o WeA feid o o o @ehal € (Forst 6.4)1

164, T o fr=Rtul o fogid Td wRA



