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“IHTTfakt WHEATAT & fo ot nqaiiaarze @ arg & sy ¥ g
g ereTae Ud gAaw fafre arg w suged 877

QAT 1 3qe™ qUad il | A1gstl o YA i el o Tih
TR U Gafud €1 URRYeR Aea geaaiett o fafi g s sq g
H W B Sl engel @ A | S S @1 Grget & frsher
TeTdl A 3R Ty & T8 Oa e | SRl giedd gUl 39
BRER, ISR, enywon, ad 3t fRu fag wiesfas Stem
TaelA gem T, e, =i, e, f, Rt @R U 9 an e
€, T8 shefi-shefl wreie orqd oft shet S © 1 T, i it
% 9% ST g fou *1 =Rendiet 9t 8, g 9% 2aE A
Iy R U=k 7 R org fomm #1 eHeRl srauRoneti # wie
TNt ifd & U8el 1 QX Ugiaal ® 1 9 iR a9 9 «ft
affues gwa @ 9Ra | UIg-d ¥ SR 1 Sed WaU @2
WA TR IR Wife wRd uig famm o sfoem & 9
Y@ Fid &1 IRdE SUHEEd e 1 Sufeerd w1 gerd gHTOT
TSI & WET W U BT @ @l o el o Wil TS 6000
BCE T HM T | Jafd 78 99en Sl € f& 78 ohd dfan €
o 7ok o et el feman T 21 TS H Wl k1 U @ae
g fou MU Al F ek & Al qen wfEmn & fhaed
TSIEAM, TSR, HEAYRY & 3713 TIell § UIT T S0 & Wfdfferh
T B T O T # SR ga e fag g
2 for amd # dfd # arg-%d B fFA H1 TH IRAE STHRE |
okl Q= o G W o SR KA dhohifrell s i
TEIE Goad: <9 H € St off| aEqU oA & ferg erg o fsker
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WA fagm kb2

RS TS 1 T W U shoeh IEAIge 7%k § fohal ST ol 9Rd o
WA e A sl waedt § qw-ws o el iR a9
WAlfch SHeR Hehfad ot THeE a1 31 Asehid Afiei@ qm-wsii
(Copper plates) ® @I w1 & o A 1fer@ o Al gR1 STehTel & T
¥ & T e &1 Kbl B1 T W ST o 99 ¥ UEe o WRA o §gd hH
el § 9wk sl e 2

TSWN & AN G, SISt SR gt fas urg soieed w1 off STEm #d 9
<t fredt ot i & I o T faf= R o snyr S T eiesd, =fed,
e, Sfedr et g gu &1 fy wel g & el S weAsikEl (3000
BCE) ¥ ogd T @ 3R =idt o ST9u0l W g¢ 81 98 T Huged,
T feeett o waf¥ fory 7 € wra =1 fafvrsear € for =@l sics o et e
¥ fova &1 T8 Ted WA KT A T § S FIe HIAHHR & SER Th
TeEAf BCE &1 &

FIEE & YAl § 9RA H Seli] @l o &9 (deposits) HT ST
Tohd THerd B1 QU el | oy 7t Tt 1 vecgel w ot 97 I= 2 fE
i g o oft oy 7§ Selic w0l 5t Sueted 9 €8 81 98 gEl ©
foh AFERER 3R i &5 o o1 ot €t ol W 71 urelt s o foeh
&I S e | Seis ol fal s1eren ST U I i HishaAT ST o
fepan T 1 Tl A=l 6 W o Yigehior % JHIvl I Bid € Ay 98 whifeed
1 sreferre ©, forent T diedt o el @t BCE o Hideret § a6t T o,
St @M 3R @Sl o T a8 S1E § dchielie Jeteld THEeh SR o
Iehl iehe € TS @i, =id, dfan, wiwn, fo 3k «iie & erreh whwfer €
ifeed 4 e A9F FH ok foerem 1 g TR @ S wrkfae w9 § 9rn
S B | Rt 7 o T T s Seo TR €1 I8 SverEise @ Tk @
W foemHi i Teurd S ol

Wgd ol & W1 3O Suftd Swfgdl Y el SR uen W felk e ®
3R STNT-3Te BId €| B Hehel € foh Wiehd ©F & STem-3fer U1 |H &
yfgH & fawm o fau We-aa ©

T T e S HeA W SR fare weifedl W W 1 T ERE 9 9«
eIl ® foh ael Tred: 9gd Teal 1800 BCE H iR o1 Scaie fohal STl @il
I YT ok A FIIRT R & €1 H T T GIE H, AT W HIH bl W,
f3req, ot (ZeeR) SIR eTgael i TRd urw g8 &1 el e et e &
TER T8 1800 ¥ 1000 BCE o el 1 &1 TETE o URUMM Hehd 2d € b
ot fore § @R & Wer SR WiR © fied s T o=t S off #iR T
o TS 9T S HF I H THRT ST % ¥ HH G GeEs BCE %
g W € foRa S ol e o oY o WehR @Ik | qe Seu deheieh o
TSI 7 R el SEn TEd off Yot W g T el <9 o o o
o wiel agd Ted ¥ YA fohy S & gl fiverd @ qen fag g € for awd
Id § i oF ST ok foeRt 1 W@ & el
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AR 1 WeH 3R SYaN Sfequr WRa o Hermml (Amfafeer) e o
fargroert Tenfud o T welid e € foh 9Ra o fyeai oig 1 BisH Tk ges
CE ¥ =Ry T o1l Weh faaior o S8R 9Rd ° Wi & SARA hHiaad
TSRH SR TR ST ol 39 ek W WIRT, TRehI qfl i 1 A U e
T d9 Toh TRA TRa1 Sa1 off 59 qh el fUeeieht e STaeifod sh oial ol
AT 314 fohe o1 Wi IcRd i el GH@ Jade ol 9Rdd el i
‘gigy G o7 T IRFS At ‘ud T YA T HEl Sl Al Tk A
e, g Fifdag 7 foan € & qeferen o =g = (326 BCE) fasw=<t
%l S TR KT & 374 9 T g fohell I8 Vi o1l Jord: 98 € | g
% WY A A § e (1.0-1.9%) Toer eiar €1 heiesh SR 31y w8
1 9T § el i 39 kel Sl ¢ g2 36 W S SIS s 71 Wit
AfeiEl & SUR IRAE 929 €I 1 9RAE Helgd ¥ g, =1 iR owd
<t o ot fapan sman o 58 weagd o S=u HifE 1 A T ST 38 SHRa
WA FEl Sl o1 Agshed B J AR § S uigel fed % uqu fien w3
Y 99 H1 YIS foha g Ther &1 et

e IR i SIE ST H =Rkl el s Yated fehan S €l Wy«
WIS il 21 39 Ui W g i SUANT oeq I1 WIS g Tdl g2l Y €
S Hehdl €1 WIS U W olig o Tuel @iiel sed €1 GUad 9Rd | Scaied ud
AR 1 T Il favafaeaa die @ 21 9 fioet o adam fefa o diwe
Yt o wonfyd feren T ol 3 W Sifhd Whd o 9 qdl =ord © R 9
T hiel § el W HeEl AR W A T o) W & fuedl |ie | @i o erfafie
31 IUMEoT Hoeehi o1 3T (R %) © — 0.15% C, 0.05% Si, 0.05%
Mn, 0.25% P, 0.005% Ni, 0.03% Cu @1 0.02% NI SH&I qaH
Heayut o1 98 € foh 7€ THT 1,600 o6 9 SR shi gl @18 W 36
aeft qoF &R k1 HIE fog & 2

TETET™ ohi WTE TBTfedl § U< e oF ¥Tg-9d | SUfEed arenid oh feal
e fafer Fruftor @ war <erar € fo6 og 9 %) ®a 353 BCE 9@ 128 CE
o ot 1 € STR-d 9 | ferT Q1o @ Gena fierdn @ T @ verfea
1 &7 i WoH 1R ST w1 o8 XA &7 2| e 375k o 7d | fRu
T S 3R eI oh Tes @il Telfedl o aigs o of oft <@ i1 faerd
2| fafewr wpfa-—dmifies foel S=hael &l § Here™ &1 9901 fepan o,
TE-veTfedl & Sud 9 H B W@ diR o U 1 9uiA fwar ?)

TR o SR 1 @EHl 9 B3 a1 dreet BCE § T Scared &F o
TaTfceh FHIOT €1 WA o Teell 391 o el Tk oh SIEed W Serd e off|
ST 1 FTUI® HT TH o HRO Ig 3T oh W oh W & arsdishd &l
ST 81 3G TS ol ST 3TEer &1 Sifead dehHieh g Wi feman S Sehal
o1 forgd arsy &t f=aet = | gufa foran S om 7t aeete R o forg oft
WF kT Sl off| THRT I <idedl vl % Hepd fecd o e g

AR 1 R o ToIod o S W o 8 SHeRT ST AT Sevd o fay
T 9| @ IR UTqeRiiehl @ faemm fafew suf@e & 70 %8 g @
ST At T TR T FA-wd @ ISR Hi @EH 1 Afhd
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6.1 egait 26t

LSIREMERIGE

UREIRT B a1 o 3R W T T e | W 1947 § 9N e gel
@t o o1 JUUT e HR-+R 39 | JawT T G o1 39 TRR H e
o YTEM 9Rd SR F 9 T w1 & foee iR aehiel @ fafire
e wenfud ¥k YT TR o o oreArl W ¥ acdl Wi W i i
segfrr e 3 A & ST

qUiSt  F dqed; - e, GehL, GET q91 S T g eraeen o
T W © Seifeh o1 el W Sfereeql W fHerd €1 qudel | el whi agedd
f-fam et 21 engetl o tgfafem o) Sgeaa sfusan 1 98 qudd o
Gelifesh T S STl dI6 acd € (SRS 8.3% 9R W) | 98 219k qeil gidsh!
Hed 3Tk ST WS 1 T8 5ok 81 95 | T TR, ALO, & 3G &Y
& Serewnd wet #R Hiem § %wEw: Cr del Co &1 WG el ¢ qudal §
T fuh T S ATt gE oIg del () B e fafe= yeR ok difTe
T © TS 3ok fafe=1 ST 38 T 9gd Heequl dd S 21 7 Sifaeh st
o oft efevTes dodl W W Uk 21 TRE e a9 o W e o forg ew ™
@il o IR’ H G € S qadd | wrepfaes €9 @ 9 S At qaEte g
o @ g U U S gehd B agd @ @it | 9, 5 e o S €,
eherel 9 € T T i o Gl oh ®9 § Y B &1 TH Wil il 3Taeh
FEd T

Tfafem TR, Siw qen e & ger s anvit 6.1 o R )
WU 6.1 FW WeEyul gl ok A TR

m  Lemw AN
tqfAfEm | e AIO (OH),, (SE0<x<1)
| hAifeEe (R % w9 H) [AL, (OH), Si,0,]
ST BHEE Fe,O,
Hrerze Fe,O,
faetse FeCO,
| ST RS FeS,
FHR | IR s CuFesS,
B | CuCO,.Cu(OH),
AR Cu,O
HIIT TATH Cu,S
i i s 1 whoiEe Zns
HeATHTE ZnCOs
ISEIECA Zno

T TRy qea fafaw ifieRl o &9 § el Tehar 21 dcd 1 35k A 9
JUFRIUl 1 YohH TH TR h1 T =T foh I8 TR &9 F a7 ae
ST €9 ¥ T9EEF B

Uefufem o Rt o for, siege 1 =@A foman Sian 81 @i o ferg,
T PRA SRS 31 fau S ¥, S R wear 9@ Suotsd @ e wgfa
T T 9 & (S T ST wisdise R SO, et #) | i e 5k o far,
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6.2 ZRBL BT

6.2.1 g emaq

6.2.2 FoehT

Fkh T

ROt 6.1 H W STEhR! hl ITGTSA T TER TG HRHI oF STUR W hig
ok S § T S ek B

IR W g USRI | Yge B arell Jqul Sefeh o9 gt gismen
&TdeRt el ©1 FRdt ac & T ofeeen ¥ fsheur qen geshior | Wi
o %% fagia ffea g &) R off ergeti o gt Freheor whal o 2 9@
fagia 9o 2

vkt o €1 fohdt e | ol Tk € e1efee ugred g €1 I8 |
a1 o Sfeifed g=iel g Hafoa wan €, % atasrEweR () e S 2l
R U o GUFROl 9 TRl o T g fefeted 98 -
o 3TTH FH WU
o WIfsd 3TI%h ¥ T HT1 JYUTHIU qell
o HTq T J[SIH

T T H TH Ugcl UHET SR WSU o fou fafs=1 urged gfhanet ok
fagidl it foe=m &1 37 fagidl § Hifsd 379wk oF o1 § gAEl STaeed o
fafea SwamIfaerta qen fogga wam@fe wa ffga =i

eifsd agiell; SW— 3, o A 1 SFFEh U TR 1 YT ITaEh
[IGUT, WATEF 37991 AoSHeRTUT ShgeATdl €| Hx0 i fohal it o Tael STaahi
i Sfiepd feran STan @ 3R Sfed TR | digl San 81 38 &8 ug dfnfera
B € SR T WSl o1 e SUEd Ug o difeh e ervsres () o sifae
o H 3R W 7R a1 B1 g R R, SUCTs Glaensti qen qateRoiia sReht
1 off A9 @ S T F9 weeyul giwa S afvfq w1 T €

e fafu emen qon T Sl % SUfdes Sl o iR W R e 21 em:
g TG GIaehiUT 1 Tk R 1 S8 YR % U% TRT o I o
1 FW I AR T&A G ol HI dof U W RN S © Sk shRon geteh T
o THU Sl o Y TEHl bl S € a9l 9N 3R % %0 99 @ S

T Tafer o1eh o T2l § gahia O i fq=Ta1 W i €1 4 s a
T A G R W U gaHF & w1 AR SAHTA B Fehal € q9 39 THR W
TIRRYUT TR STl € S0 & folu e e1aeah g 1 3R Sqehfid B &
T T A o R
SICa I S I [
seifgal w1 geEwia
FHFRTT R 3eAT feman
ST Gkl 21 fofd e
1 TH A T T W
Tl S ® S g
TR R T 2T &1 Gk
e T SR S
& 2 SR Toeh T frd ‘
¥ (f= 6.0)1 o1 6.1— Ga19 JYaHIT (SRGTT)
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6.2.3 W waq fafy = fafa Sowse seel i i 9 g w0 % fow Wi e 81 s fafy o
wfofd sreear 1 9t & Wy fedaq o foran S @1 sHd WO qen -
TRt e 34 €1 WUt (Si9 w1 dot, 9| e,

% [% Siele ) 3T HUN ki ST (non-wettability )
o et 1 9g < ¢ q° -l (S TR, Tfen) %
T 1 T T&H w3

‘ ’ o 3 o U1 At W, Safeh 11 % o1 S 9 ofi S
~ £ gt ool frsror o1 fareifed i @ ©d sad oy varfed
L?maﬁ@mw W&ﬁ%mﬁﬂw%ﬁﬂﬁwasww
’Mwmm %’f@lﬁ%ﬁﬂ@%ﬁ%ﬁ@qwﬁmamw%l

A A % e R FHA-HA d qN el H AU Rl HANSHA HLoh

\_/ %iﬁ?mﬁ%@ S SSTHFI H1 STANT Hich I GohIES TTShT I JIF

A 6.2 G B (s HTA HT BN S| SERORAE, TR st § sufeer 5w

THES U TS TeHRE Hhil JAh &l o fou wifeam
HrEEe (NaCN) 1 ST foha1 S €, S e Heh ol 13 idl B J8 =ara
®9 9 ZnS & BT § AH ¥ Yehal € WG PbS i T § I <l B

2BuS et AT ATEET BT FATATR

I SR Sfteshior € qen el o Wid TSIl 8 dl i 9 =HERR Y Hehdl €1 Uh hUS €M ol
Hfge &1 Gl AR o1l I Th G o wUe id g A8 U fR W e o U & s,
U9 o 29 o U § R W § wg foum W Tw ot R Hiwgad A S weHl O wuel B wged
g, G o A B Thghl S Tde W 3T S 9| SHh WEehi H Uk WIS At ohd UeRdH off)
FHUE oM Al A 7 I 39 W UeREH il FaEl el TaEd | " i 98 faer |
Afrept bl S qen S TRl @ e i § oue WO W fRAl ST Gehdl €1 39 YRR Th
SMIRR 1 WgHi g3l SH THA Tk ohadl oel 3T IR o Fshu0 o fow Iwam fee s &
79 o1g ! O SfieR et offl AN Wiem fafer o sufashR 1 1 ooft o strahi | off iR fenor
1 EEER S & RIR (ler) w1 fovd H Sard ¥@ SR o9& e T

6.2.4 Tremem I 1ok et ST faemaes o faoia &1 o e fFHerem &1 swn w3 2
fafafed s 30 feafafy & o= w3 €

(%) afeETEe | TeHaT s feer
Ufafem o qed s diee H AfeiRE: Sio,, E SleEs qu
TR SIS (TI0,) 1 STIfEa Bt €1 473-523 KM a2 35-36 bar
T T gl ok T Sfvid sreren i |z difead EgedEs faead & Wy ™
foFen ST 21 39 WHR AL O, Wifeww Ugfie o w9 | frshfda 8 s @ e
Si0,, &1 ¥Ifg «ff Wifcan faciiche & &9 ¥ Yo Sl & qe 371 Tfsat oy
@ I 2

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

WA fagm kb6
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agAERT g9a

faem | w1 SEsiiEe 19 yarfed Y Uofie &l SIEH #R faan S
T Td Wit ALO, el B S €1 3w srewen | faer § A o
SN AL O, &1 T femn S 21 39 SiSRmo wed €1 9 STEa
Rd e 2

2Na[Al(OH),I(aq) + CO,(g) — ALO,.xH,O(s) + 2NaHCO, (aq)

6.2)

Giferm faferche foe@m & 919 T ST € 9 Serdifsd UofaAr i s,
T T TH Hh T IS AlO, T FX fean s 2

ALO,.x H,0(s)%5 ALO,(s) + x H,0(g) (6.3)
(@) 37 ST
<t qen W o ogeRd o gt 1 fae a1g %t (0, W faw) suferfa o
Gifeam Az ol WfEm WA % aF faerEd gR e s @ e
Y o W% § iaeae stfaferan g Wi Y o St 2
4M(s) + 8CN (aq)+ 2H,0O(aq) + O,(g) - 4[M(CN),] (aq) + 40OH (aq)

(M= Ag 3@ Au) 6.4)

2[M(CN), [ (aq) + Zn(s) = [Zn(cN), " (aq) +2M(s) (6.5)

6.1 TR 6.1 H ST TTQ 3reahl & @ i ¥ Gt guahiol fafer gR1 |ifga oy S wehd 272
6.2 UM o Frehtor o fHened &1 @ 7ed ©?

6.3 AlfexT FRREBI A
gttt gt
ot forsessior

o1q fehor o fou |ifsa emenl 1 T8 Wl | ufikafdd e STavas e
2SI T ST o fOTT SUgE €| HHIRIG: Wewises SR i ST U T
HAfraEs o uitefdd wid 81 SHiedEs e ¥ S7qfed 8 @ o1d: Hifsd 319%h
T ugell 1 gUEH § gF IS H B 2

(%) iiaaEe ¥ gRadd ae

(@) eAfdEe H1 O o AI=EH
(@) 3iemTse ¥ aReds
(i) FreargT— Fea= § TR T i SAERTeRdl el ¢ fored arier gere
fepifera &1 S ® e g Sffees 9 @ S €l

Fe,0,.x H,0(s)-*> Fe O, (s) + x H,0(g) (6.6)
ZnCO, (s)-> ZnO(s) + CO,(g) 6.7)
CaCO0,.MgCO,(s)-*> CaO(s) + MgO(s ) + 2CO,(g) (6.8)

(ii) SS7— TS | 3T (ore) i A1g 1 FHaftd 2gfd o6 Wl o1 o ek
Y 9 % A W TH 9§ A R S ? ) Gohiee ST o S
Fo AfafFad 76 TR T -
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2ZnS + 30, — 2Zn0O + 2S0, (6.9)
2PbS + 30, — 2PbO + 2S0,, (6.10)
2Cu,S + 30, — 2Cu,0 + 2S0, (6.11)

HTR o GohES IFIGh! il TWadt 91 (fo 6.3) & TH ww 21 AR
%k | el B O A U vee oW fafad faemd 71 e sifee
3R Taferehe SR o1g O™ o &9 H, 71 dis1 shiu) He & &9 § 9 erdl
& o Cu,S 9o FeS & 21

FeO + Si0, — FeSiO, (6.12)

HTgHed

3= g SO, T H,S0, & 3R o fae wge &1 St 2
(@) 3aTES T o1 W Tq=ET
YT 3RS o STuEEd § W 38 fREl stoees S C A1 CO stHdn 3
YT ok W1 TRH Thal Sl €1 STk (SI9 whie) oTq SifSe 1 Sfferdior
o WY HAT HW €

MO, +yC—xM+yCO (6.13)
T g TS SAEH § 31afad g €1 Sfeh SRl I 1afad FHTA1 Hicd
B (319w w1 27 g ST gRI TR Wit erar ®) | Tt off feufa o, 5=
TR I T AEYIHAl Bl 8| SHNTAeR! h1 F Yol URUMT g5 g
el o fagT o1 TueH o e sid €| s sl gad sifes wede ug
B Ardig eToErEA o SYevaeh drqshH URedA shi THFH, 9 9 YN[l ok forg,
f % & e R T U SAFES (M0) o ST o forg sT=rt Fe
o & H U e, fest Sl | Tuen S €1 A ST9EE i e
e e € T Ry e A w firsg el &1 4w €l

6.4 a]gaaﬁfaa'as et W o forg ferelt fafime @rosen W fiss oot o aftedd, AG, &
RSt frefafed e gR1 sIqm@n S 2
. AG = AH - TAS (6.14)
Rraa et ferelt ToRw % fer A et § afed aon AS T § afted 1
9 HIRT 6.14 § AG 1 A R OMHE BT, ohodt a+t sTfafhan s grf
AG Tr=fefad afifeafaat & seomeqe 81 Hedr 21
1. A AS & & @ q9HhH, T FgH ¥ TAS F1 9F 39 YHR § 9§ ST
& AH < TAS & Wt u& fearfa § a9 s 9 AG Foreds 81 S|
2. afz 3 eIfufwaneti & g & aRommEEy Ty sfafean § AG &1 A9F
FUMAS e S a1 3ffam sifufsman dud e St 21 etfergel o faw=m o fag

* o Hit § T’ (o) faerd & St i (379sraen) @ a1y ficisn] ‘digaet’ e T 81 STkl @ W i erden sgael
Ak ST @ g B Ghdl 81 ¥ FHER W (UTAEH) H GYFHII A B Sl Bl

W foam B8
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ferT 6.4— P& Tiwazel & foax=a d s St AGS a1 T & T a%
(STRET Tferem smeid)

Q=T FET

T YRR o A @ fies el
(AG®) TN T & HeA Wid T aehl
T T O T ST Gkt € (e
6.4)| IE TH I Holl YA &
T die = € S U diet tedse
1 @ud B W B F) st S
T ARGl feur w=. . . uferem
s fHar T uR SAeESl R
AU W, IUNEE & 9T
fAu, Jeel SR YSM HLal ©1 g
ufefsm SRE o | ¥ ST S 2
T 3@ g4 fordl 3Teh o S
STTFIA 1 AT i IR HEA
o "weEd % 2

S f w9 WA € ourg W
HAfraTEe S9=EA o SR fermfed
Bl B SR U= 39 S
! W T ol 2

(%) W= Tfesm e qel & sisel o fawem & fw A Go a9 T o A& &% Bl 21 A

frafafeaa sifufsen & fag -
2x M(s) + O,(g) — 2M O(s)

7 sffufsman § ifemrgs o § TGl oh SUNGNT o RO Aok Agresehdl A B Wl 8l ¥a:

AS %1 | BUMHS &1 Sl & S G0 6.14 H TAS U &1 fo@ FHeh &L 2dl 81 3Heh N0l
T ¥ gfg T % 3w W A G 359 7F FI SR TG ¢ IROmA: M O(s) o foawem w aferenia
IR SATafHaIst o aehl 1 BT HAHE Bl 2l

(@) Wrereen e (31 — 5 o1 56 — ) %1 fefa o rfafte g feofq o o w dieh
@l B 21 e i ueeas fen o gfg s9 am &t fefia et @ fe w o aieds g R
3N — Zn, ZnO % U ST UREd Torieh i ek s © (s 6.4)1

() Y IgH W Ik TH T g 1 § 59 TF AG =0 @I I IR FHA ¢ TR A AR
& T 1 AG, FOTEF Bl € THT M O Trft € 39 o3 o S M O a7 1 o Siell g1
eIt T1 37 sfEe M O W famfed =t smam

(1) THT YRR o 3IR@ FowhlEe] a¢l BelEel o fofy ot 9/ W €1 S8 98 T ¥ S §,
M_S &I ST Hicd Fi el 2
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T 3@ W Hun

1. Uk oheiel 7€ WSTYia shidl € foh ohig otfufsran wwa ® o1 &l ereifq oheel STdwReR o WY
AT=F 1 Yofa yei¥ia il 1 UH SHfee € sifeR Ue el SAMTIdeR] S RN W SAIHIE
21 I STTFTH YA F1 Telash! oh IR § F & Faqwdl T8 Tq=9aq fha doar @ grm? S
Y 1 IR S < Hehdl| T TE AR KAl € Toh Sta gl whefist St otereen # Bt € 99
sifaferan He R srrehl o fusel 91 W STEE § 9 B 71 I8 a8 oA o U=k © TR
fordlt arfafsran o fow AH (Tt o qftedq) dan AS (Tt o ufteds) o o= @ o
e BH W of o fEeR wd € ord: TRl 6.14 § oheel T € WH@ R S Wl §
ity AS ifires a1 odifqess srewen W et el o 21 dfe w2 fem o sregeen @
Il W R Tt €, 314 7' Ak o fuser (3 — ga) =1 aifvd (56 — 19) BH
W SR i 3 W gd A1 5 W W Weke ¥ qRadd W AU srerd agdl 8

. AG & =@ K (AG® = - RT InK) W 3R 81 37d: I8 91 740 § T stfaferaen 3t 3arg

gremEe ¥ 8

MO +A = x M + AO Ig Gd A &t &1 Fifeh ifferaer/3cg 3/ o & gehd T
frenfi erfufrenett o sifafwas iR Sog Sgd w9 AT & fou Qramewen § & )

WA fagm k60

MO(s) = xM (s 1 1) + 0, (@) AG(M,OM) (6.15)

ST BT ST A GO T a1 Stk B 7 o # B, o
stffemans A STI=EE 1 SRR SR U1 e H STI=A %, A GO
1 A SRUMHS Bl S|

IS SRS 1 AT HleA g1 fohan ST @ TT=maes &1 (3N C)
stfereteRToT off g —

C(s) + 5 0,(g) — CO(g [AG, oo (6.16)

I sTo=Ed o few e fern S 2 @ 39 9 w1 CO, § quf SR
off e T T —

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

ST THIHON (6.15 TS 6.16) i Sed T BH UM © —

M O(s) + C(s) — xM(s &1&ar 1) + CO(g) (6.18)
TR 6.15 AR 6.17 H FTHA © BH W Bl © —

M,O(s) + 5 Cls) — XM(s 3127 1) + & CO,(g) (6.19)

T YR 9 A e HAISTRIEE 1 AT=EF & €9 4 SYIN FW 7, a9
srfafswan 6.15 qen f=fafea sifufewan 1.20 & == *1 savgwar |

CO(g) + 5 0,(9) > CO,(g) [AG (6.20)

(CO., COz)]
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SRE0T 6.1

SRE0T 6.2

SRE0T 6.3

grqui sAfafsren f79 wehm @ B

M O(s) + CO(g) — xM(s 1% 1) + CO,(g) (6.21)

AMATHATT 6.18 TN 6.21 1Y HFAES, M O o aTifereh ST i T
g o w fromfeq e =med 21 W 39 sfafEast % A Ge WH, W
SRSl % A/GS WA ¥ W T

S o 59 2@ ok §, 910 (i @l T) A,GP o RIS T ok ferg
TEI Bl §, 31d: 39 WehR <kl AIqHH A1 ST € f5rd W < gt (ST gepdl
e A,G® o HEI 1AM BOMHE 81l A G T'sh Hed okl | (Tfetsd 3@
fot 6.4) = I ai & wfersea foig g wefia € @ (I M O 9% qen
U ey o SRR 1 ok ) | 39 g o o1 WY YAl b A GO H
HE Sfye KO & Sl € 31 M O 1 37992 Hedl &1 Wi 21 39 fag &
o I AGe A H SR I8 Fuifa war € R e w @ & sitees @
SToeE i w1 e W YERid a gR W € A el Al ofa stk
ST ST | 2

uHt feerfa gemey fore Siifvrem Qo o1 erq=eE ) Heh|
70 vy o ffed stfufwansti o & gt © —

(%) FAI+0,- ZAL0, FT (W) 2Mg +0,— 2MgO
A0, T MgO Tl o Hfdw=se fog (fest 6.4 § 'A' g0 fafed) w frfetaa

e & folw ArGe g e ST 28—

2 4
5 Al, O, +2Mg — 2MgO +3 Al

39 foig @ wed Fiferan UgfaaT &t eTafad ) gk B

SN o FTIER 999 8d gC f A@eiies €9 § G| o oiged |
TSI o1 o1 SYANT UeHAT o 3To=rgd o =& fohan S a2

ALO, o MgO wishi o Wfessad fog & et o ardl W Sriferr Tgfa i stufea
R Gohdl © T ThH TR 2|

I 9= o qd R HfHG o1 59 oTeen | 31 @ o1g sifedEe &1 ST9=ad S EH
i e 72

g +Tq S STEEAT T SS9 Kol STl ¥ gl al Tt atfereh giel €1 Stel ffa e
T e W Bt ® SR STUmiad € ool g SHiEe S Sfeee ® el € i
ST YW o T GRER (AS) T UM SAfesh eMIcHE & S €1 ST: A GO
1 A Afereh O 81 Sl 8 SR STT= STEH 81 Sl &1
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6.4.1 IFWANT

IFER A1 TR 3R ik

fresfifa 9 (CO,C0,)
500-800 K @19 W

CaCO,— CaO + CQ

(T 9eer)

3Fe, 0, + CO—2Fe 0, + CO,

(el 37rean)

Fe ,O,+ CO—3FeO + CO,

900-1500 K @9 9T

FeO + CO — Fe + CO,

C + CO,—» 2CO

Fish HT A

CaO + SiQ — CaSiQ
(Ergae

)

C + 0, CO,

(%R 3MEA T THR 2ATaAES U THeamtor
IS % A ARRA oF SAGHES  STIEh
(Fe,O,, Fe,0,) o fagm 4 S& %l gem,
A T STTHS THEH T GHTES i IR
H o fau e T as fomen s @
4% AU 3¢ =1 TR den sk fHea] o
T2 (e 9E) ¥ FW W e oW § F@l
sffraIge W W erafed e S @1 e gt
(fo 6.5) ¥ 3TA iaEe! 1 0= fafv=
A iRl ® e 21 wg ¥ e g free 0l
¥ warfed w1 S 8 TH B (FiF) FEW
foreret ST ST 19 @ 2200 K e 98 e
Sl €1 39 Wb Shigel w1 <@d 3§ Uikl &
fory e aifershay o 1 gfd Y I B
CO d o1, &I & SUd WA 1 1R aadl B
g1 & SUl WM § A9 FH g € 99 SR 9
M ol S b SAFES (Fe,0, 9 Fe,0, )
fafr of & FeO & omafud & S €1 &
rfferare <t Te & FRTER foran ST ek 2

500 - 800K WX (arem Wgt # 7 @ ufew o) -

Fe,O,Ted Fe,O, § 37dfad &1l € a2 @1k § FeO Hi

3Fe,0,+CO — 2FeO, +CO,
Fe,O, +4 CO — 3Fe +4 CO,
Fe, O, + CO — 2FeO + CO,,

(6.22)
(6.23)
(6.24)

M TR ot CaO H erumfed e wmar ?1 faferehe, smes 9 ewfgal =i
IgAST o ®9 § ehTel ofdl 81 eTgae Tferd Tee § oiie ¥ STer @ S 21
900 - 1500K W (dredm 9t ¥ Ioer arg ey o) —

C+CO,—2CO

FeO + CO —» Fe + CO,

(6.25)
(6.26)

SR BH 98 THEM H el Hhidl © T i, SiedEs 1 4 faf=d
FIAT ® AA T WG HT T F A S B 59 YhH B Tk HEegul =R/
s © foge) stfufwren frefafed g 6.27 § € T 2

FeO(s) + C(s) — Fe(s/1) + CO (g)

(6.27)

T gEr sfufwmaret o g o w9 ° <@ o ehdl €1 T ° T o
FeO 1 37994 8 @1 € 921 TR § C, CO W aiferdisnd &l @1 % —

[A Ge (6.28)

(FeO, Fe]]

FeO(s) — Fe(s) + % 0O,(g)

Cs)+ 50, (8 - CO (@ [A,G® (6.29)

(C. CO]]

LSRRG
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AG/kJ mol' —mm88 >

SR ST AT o 1Y G | WHIT 6,27 W €l € SR Fehel
firsst &l o ufiads frfafed ver 9 g @ —
AGE ¢ oot AG®, =AG® (6.30)

(C, CO)

wrifas € fo uftomdt sifafean asft SO Sft St Tt 6.30 H <@t
wey U BN T 6.6 § A Go @21 T o HeA il ofsh Fe — FeO dierA
! FTEfIa 3 8, 98 SR FT AR S € 72 S C—CO (C, CO @) ufedd
1 Frefud %31 2, 9 9 i S S 21 98 Th T 1 T 1073 KR
e €1 T 1073 K ¥ e a9 | C, CO ¥@ Fe, FeO W@ o = 31 Sl
TIAGE ¢ )< AG® e peoy] 32 30 TR W e, FeO il Tafer & 3
@I CO ¥ 3ifFdfipd B ET 38 fod 6.6 1 TE=dl W THSH &1 T
€ (A,G° % Hf=ehe W KU ¥) T 1673 K (1400°C) W 3141 2FeO
— Fe+0, % T A G° 1 HM 341 kJ mol' € @2 2C + O — 2 CO, IRaid
& T A GO A -447 KJ mol ' 21 aft &1 wmm sifufswan (6.27) & fom
A GO WH T X @1 T8 -53 kJ mol ! BRI &7d: AR (6.27) |9al BRTT
3Hl ¥R " Fe, O, T Fe,0, % CO g 3TU&ehd A 4 W SI=7 i CO
q CO, o ki o faeaed fagell o 9 € o ¥R W THeT ST ekl 2

FeO, Fe)

1400°C & T9-9H

2FeO — 2Fe+0, AG’ = +341kJ mol™
3 2C+0, — 2CO AG® = -4471kJ mol™
g 2Fe0 + 2C - 2Fe + 2CO AG’ = - 106 kJ mol”
= FeO + C — Fe + CO AG" =-53 kJ mol
-200 3
-300 o
-341...m ot
= e C+0,-CO,
400 o T &
I 0o
C
3 o
- e
4473 o
3 <
-500 = c,
— 2™
= o
-600 —
IIII|IIII|IIII| III|III |II I|IIII|IIII|IIII|IIII|IIII|
N N
500°C 500°C 1500°C  2000°C  2500°C
773 K 773 K 1773 K 2273K  2273K
800°C 1400°C
1073 K 1673 K
e —>

T 6.6 — 3TPRT TUT FIe4 & HFGES & fai=T & T (Tersm 3erg) firss
Foif F9F T % (3RETT)

163, dcl o TRy o fogid e YA
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WA faam k64

e g W W AR W T 49 i del = gfgal, S S, P, Si
Mn, G&H A1 H Sufeerd wdt &1 78 sed o (fa wlier) & 98 o S S
2 qon fafe= smepfaal o g s Fehar €1 Gl oiel, wed a9 e g
2 71 30 FHedl We, W e T ik hi b WY T geoll o Zieh] g TUerelhy
T S B1 S ST H e (ST 3%) Bl € A1 € 31fd Hmer 3R
TR Bl B
37T q=raT — Tuesll el = AEraaed el ST wie i J[oad &9 2
3R TW THRES H1 WA T g Weddl 9§ ol og i rgfgal i
S{fereiehd ek ST STl 1 BHISES hisA b1 ke AFITEe o Sifadiha
T —

Fe,0,+3C — 2 Fe +3 CO (6.31)

I % TR hI Mk o ®9 ° fHoman s 8 fad gewt, fafas qon
WIEHRE SATfehd Bt Iqael | el Sd &1 oTq o1 ehTel feran S 2 3R
Yol W H AR HL GIqAe W Gt s T s 2l

(@) YT ATFIEE (R (I) IS ) ¥ aid (hiuT ) 1 Femdor
HreraEel oh fate o feTq A, Geden T o e et | [f99 (6.4)] Cu,0
1 @ oI YRR W R 3YA: hIW o SATATEE 3F%h! ! hish o WY TRH
Feeh Y U W SToead I STt S gl 1 faeTeRt 500-600 K %
1 (C, CO) T (C, CO,) Al €1 W i o feerfa o wga i 2 enfq aga
ﬁmwﬁﬁ‘éﬂwwﬁ@mﬂﬂﬁﬂw 2| TTHIZS 3TTTh!
IS/ T W SATHES W B

2Cu,S + 30, — 2Cu,0 + 2S0, (6.32)
SIS 1 ik o g SAEHT § Hifcass i § arafed foman s gehdi 21
Cu,0 +C — 2 Cu + CO (6.33)

dfdeh YohH |, 3Tk i ffciehl T o &% 9adH wigl § Wy fhan
S B1 9 SR Afage, oMo faferohe o w9 H oAl S € ae
IR, FIW W & &I F WG 3 €1 399 Cu,S TN FeS T &

FeO + Si0O, — FeSiO, (6.34)
HTgHd

THeh 1% I e 1 Tferen wd =e aftafds (qfeadss)d ) o s 2|
o fafersht +ft faed 2 9o 9 5T FeS, FeO @ Cu,S/Cu, O i Hifeereh i
¥ uftafdd s o fou TH 91 % ek valied w2
frefafaa sfufsad o= et © —

2FeS + 30, — 2FeO + 280, (6.35)
FeO + SiO, — FeSiO, (6.36)
2Cu,S + 30, — 2Cu,0 + 2S0, (6.37)
2Cu,0 + Cu,S— 6Cu + SO, (6.38)

U 3 HW (), SO, o e o FRO HHeRR @k < g,
AT T8 FHICRR dien (foied wIR) Feam gl
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qgAteET 92

6.3 Afafewan

() T etfomarzes W o = Fremdor
e atferaIge 1 STT=FA shish NI el STar €1 389 iR w7 fearfa 61 erden
a9 Sifere Tl Sl 1 A oh fTu StfeRATSE SRl hish de TS o Wil BiE-BE
& o S )

Zno + C —TFBK 71 4+ CO (6.39)
¥fTq i ST Y e dfigl Sider gRI Tehsl Y ofd 2|

Cr,0,+2 Al —» Al O, + 2 Cr (AGe = — 421 kJ)
o Tiest Sootl | © owran @ o eifafshen SomTiaes! o STTER 9 €, T 98 el a1 T §o=

i el erdt?

6.4 N 7 T ¢ o o fafere wffeufi & Fiform, ALO, &1 safad X @ 8 3R Al
MgO 1?7 o uftfeafaar s =t 2

6.5 Sl'lgaafasr T <@ T fohd WohR wmfaeh! o fagia Samegsidet § yge 8 &1 o1g

ARAC
Rt

Sl o oo | sveren Wiferd staeen H e9=E | HE fHgid gt B 2
¥Tq o TIferd 0T 1 STIEIA SRS GRI e I ST ¢ fHeth
fopan S B1 eg w9 o firsreft g8 sreen o eyq=eM foRq erased g fRan
ST €1 3 fafeat Sgaaen faga w enafa €, 5= frefeafea g &
SN GHE S Hehdl 2—
AG® = - nE°F (6.40)
T n TARH HI GEn qu E° ™ % S I w SRs
fasa 21 sifue framiia a1gst o fau soirie favwa o o sifus Tomes
B © 3OfAU SR SUEEH Hfed el 21 afk TR 640 H & Ee
A " S ¥ATHe E° oh, Wd URUIHA: WOMHe AGS °oh WA B, @t
w0 forariia g faea @ aet o sifyes franfa o fooem & =t
STt 21 SareTome —
Cu?* (aq) + Fe(s) — Cu(s) + Fe?* (aq) (6.41)
Y SREeTTse § M 3T R Soieie (whefie) W fedfom et
& 3R =&l feifd &1 9 € Scafed ong #t feramsiicrar * =9 ¥ W@d g
GrawTEl W@ Sl § e SUge Uil o soieeie s SUA feRen S 2l
FHofi-sheft fera ugref i stfurss gerers I & forg et fgen fean s 2

et
T9% 9IqHH |, 5 AL O, W Na AlF, o1 CaF, facmn s 2, f5es fago =
Tl A B WAl © 3R gHW wretehal 37 Wt €1 e snesh (Hfge) @

165, qol o Ty o fogid e yeRH
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fa 6.7 Tqfaf@a & [TH9o
o fo7T SgasTae el

AgASTTeR feRan STl €1 e 1 WA o TSl I IS helle 1w il
& e Ihrge o TS ST | o €l
Tqul sifuferan 1 39 JehR foran ST TeRar € —
2A1,0, + 3C — 4Al + 3CO, (6.42)
JeaeTEe 1 g fafy gie-2Wce WehH o 91 § gufag 21 e 57
1 SEANTES Ueh ST A |, e RIS 1 WA Hich el ST
1 Tre R Scfsia sfieis THre o e ¥ 1ffdarn shich CO T CO, st
21 39 YR UHITaH o Yoo feneiiile o Seiie o fofq shie IS i e

0.5 fhalum e Sel S 2|
AYASTTEEAT ATAHAT T8 TR & —
FAS - Al (TTferd) + 3e- — Al()) (6.43)
e - C(s) + 0> (Tferd) — CO(g) + 2e- (6.44)
C(s) + 20% (Tferd) — CO, (g) + 4e (6.45)
E2Es @@l_m - ) 32“‘“(

Tfad ALO,+ Na, AlF,

Wi%ﬁﬂ?ljﬁqﬁw
freeife (eTuge ) oravehl aur T arg ¥ Hiw

frshife (3Tae) 1wl ¥ HIW 1 FTsheo grEgremdent 5 & 21 39
3 A1 Sem] o IuAn § fenferd e € 9o cu?t o g T i @
@ a1 H, ¥ foFa w & [ (6.40), (6.46) 11

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

SEEQ0T 6.4  Th TIA R, F7 Fife o HIW 3T%h! o T FFh T TR T1 W 41g off IuersT

W foam k66

g Frenferd wIm %k o 1o o fog A1 § @ wF- W o1g ifae o
& qe =2

JEEtTE St ¥ f5h A O W g © (o sifuss fpameiia org €)1 afg
@ T5feh o1 S9ANT fohall ST @ ST9= aoft © BT W 5o TR | SAmR1 St
¥Tq B, ST & ST 1 SYAN ST Td AIwshi B
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6.6 ZilarAieB0T

6.7 QNE=

TT=E ok ifaead, e fepsur fogroa: stamget o fau, stiedeor ®
e 21 SATaReRTor W A T 3T W= IS0l 8— eavl-Siel 9
FARA 1 TRt (FARA T S § 9 @9 o €9 § ggardd |
S )|

2CI (aq) + 2H,0(1) - 20H (aq) + H,(g) + C1,(g) (6.47)

39 3Affepan o faw AGe s WM, + 422kJ 1 W6 34 AG® = — nE°F &1
U *Yd gC ECH qfiafdd #%d € qd eH Eo= 2.2 VWK & 2| i
&Y ¥ Wk faW 2.2 V ¥ sifyes ared foga ae® 9a (emf) &1 STEwIehdl
B wfer Segaeused o oo o wiHeh srfufmanet W s & fag
sfafa favwa &1 smowaswar @id €, (THH-3, @ 3.51), 3: Cl,
SE@STTEE | T Bidt § S H, 7o Weid NaOH We3es 81 81 Tiferd
NaClsht ot dgdergsed feran Sar 8, wq 3@ feufd & Nawrg o<t el @
qa NaOH =&l sl

S|l foF Tee SeTEA Y e ®, WM SR widl o frepdu o ergeti
fere CN- o @i fehan ST @1 718 U stferdiisheor tfufshan © (Ag — Ag?
T Au —> Au*)| ¥1g H 9% H fagergq fafy gr qA: 9@ fmar s @1 e
Afufsran & TS T=F %1 e FoeR Hidl o—
4Au(s) + 8CN-(aq) + 2H,0O(aq) + O,(g) — 4[Au(CN),](aq) + 4OH(aq)

(6.48)
2[Au(CN),I(aq) + Zn(s) — 2Au(s) + [Zn(CN) >~ (aq) (6.49)
feredt oft farfy gro frendor @ Wi urgedl o @ w9 9 i efsar il wd

g1 S5 Gl 1 U WW o foq ek fafeEl v o o S €1
faferat e v sad sufter ergffgal & il § ofat w fAeRk st € o @

EEE IR R

() ™e (%) Hedl ufshim

(@) et YRRl () ST Yrere T iR

(1) SRIASTTERA (®) aofefigst (FHEdw) faf
8T g1 U Ha o fema R 2
(&) 3mEad

7g fafy &0 FaeAis areft aget S f9w qon R & forw sga sy
2| SY[S UT ! SToHIehd hich G H1d i S o &9 § I Y foran
ST 21

(@) ST Uit

7 fafy o &9 Toriw arel g S8 o S st ] gde W aed &
St €, e et Terie Al srgfgat stert = S €
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W foam 68

(1) eI vied

7 fafy o o1y org 1 UHe s €1 S o A S Ug-T2T I helle
TE T FW 1 3R T ST e favafus | vy § fore s o
1 AT Tl el &1 Afereh &Tehid org foee o el € qe1 %A &R ¢1qu
UHIE Yok H el Sl €1 39 UshH i S, JEd favd i «ron, s
den fies &1 o g (STEM) Wt &1 St ©, SR e vee @si § 2w
21 3 afufFa 59 g € —

ﬁ?ﬁ'&'{— M- M™+ne

FaE — M+ ne - M (6.50

Afe 1 T dEaeraEe fafa & g fRan S 21 eTg IR U o
T Y q1 Y5 BN T hlE o Y H od &1 HIW Hohe h et foera
AASTIERAT BId1 € T SRASTIES o arkifash TRUTHEEEY, TG %R tHe ¥
hellg 1 T TMIARd &1 Sl
TfE - Cu—oCu*+2e
HAE -~ Cu? +2e —Cu (6.51)
THIGER SR 1 SRS TAE T o &9 § 91 Bl & fored e
foefifem Segfam, =idl, | e wifeam ged gt 81 59 ael w1 g i
T TN FT ANE w1 afagld € geRdt €1 T 1 wnem off 36 yeR @ fwan
S ekl 2
(@) Hea gitshtor
7 fafu 33 fagia ® i@ @ 7 srgfsal ) facear uig 1 3| sraeen
F1 3den e sTeen § Sifeh B €1 SIS g F B ok Th fHRAR W
T Tiasiiel e @l @ (Fa 6.8) S ®g i e S ¥ W Tl B
AR SH-SIE ST 1 3R Fedl ®, e Wed i I sgar sl @ R TS
g erd W 9 frefaa & o @ dqen s1gfgal o e wed o el
Sinid

=% 000

:I:\rmﬁf@\ | :I:

OO0y =
WO Fgelt A S TF A

Z9M FT 3R IR-IR Tl 2l
o1 6.8— TSeT GRHIT THT
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79 a1 1w IR SR S dl 99 ki U € fRwn # ar-aR
T ¢ SNfgal B8 % U R W T B S §1 38 HEw ST
FR o S ®1 7 fafy g w0 9 sifassa ygar ol etk qun o
afasrs ugedl; S — SwifEw, fafast, S)E, fifaas 9o sfesm =1 urw
FH % fau agd Sy 2—

(o) AT Yraredr qishToT

7o fafu o, «rg =1 arousiier difie & aRafda fman srar @ qen aifeqa difites =

Ths FR d 2| THoh 915 39 foefed sieh g ¥1g 9@ e o 21 3ok fag

3 SAETIHRATT Bt &

(i) Sueted Afqertier o WY ©Iq aroqeiiel AfTer s 81 e

(ii) arqefier gered STErT ¥ formfed 2t wehan 81, S99 ¥1g o | 44 W
T ST Gkl

Frefafed 3T 9 9% deie T 8 S 2—

feheT TITerT T Aiee WehW — 39 UhW | 7ohad 1 e THEEEES o JdE
o TR HE G arqeicl okl SRl Hepel S Il € —

Ni +4CO 323930, Nj(CO),] (6.52)

T4 el i 3R 31fess 9 R T w1 €, T8 7w faufed g 3g U
2 3 2

[Ni(CO),] —220-47%K , Ni +4CO (6.53)

SRl a7 2TE2am 9irer o feIq aiq-aieher fafer — @re fafy zr qen
Ti & 9 ugel @ 1gfgal wt o Sufted Hqul siedisH qen e i
T2H | wgd ST ¢ uitehd urq 1 faifad us | ST o Wy TR i
| uTg SAEEEE A WeG S e oh shRUl arSiigd €l Sl B

Zr + 21, — Zrl, (6.54)
uIq TEieEe 1 g gR 1800 K @4 T TRA fhu 7T Smed dq W
fasfea fohan Sman 21 39 YR W g ¥1g dq W S 8 S 2

Zrl, — Zr + 21, (6.55)

(B) SuiciEent (iR ) fafat
3T Hell X1 (Teheh-12) W T<iell o SMeM 1 ShIHSTh! deheish o fawa o
ST ek

T ol df@et (hicH HIHSITRT) GeH W1 H U S et dl o
s iR ¥s foFu S 9 7t qen it o wEmEe N o st
frar 7 g @1 feafa o, yfgeo & fau srafus swantt e 2
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6.8 ,
e AR

ARALN

Tt o=t 1 s @ ueiel % fau steRu-T (YW) o w9 H B 2
oTq 1 e Hfet T ST yerdl (V) o yenad () H feman S 21 sreafern
fopamsiict €1 & SR UefafeEm &1 ST wifdan g HS o siereel 9,
3ok Freheor | foran Smar ©1 oAt o aRi w1 SuaEn foea ekl o &9
H feran smar 21 Uqfafrem ga fasrg gowt @9 o RO Sgd SUERt eidl 2

sl 1 STAN fagd SN § AR oMM qel Sl SR 9 o Ty qry s
T B 21 THeRT SYAN S YR 1 Tasrergsti o «f foran S €, S uig 9 et
F3R Bt B 58 Wt (R & @), s (7 & @) den gg1 faserg
(freret o5 @) |

e 1 SYANT STEISR @8l S | fohan STl 21 =3des W6l o SHeRT ST
i ®, %% fagurg w2l ®, S — Wdd (Cu, 60%:; Zn, 40%) Tl SH
ffesR (Cu, 25-30%; Zn, 25-30%; Ni, 40-50%) ¥ @il g1 =& T
I {oteh Wi, Feid 311 o Scared | STqwge o ®9 U fhdr S 81 ot
e, St foh w1 Tod Heequl TR 7, ST STANT W6, o1 T, TR
igal den faedy fE ol e o B €1 THehT A fuedl ol den ST whi
o | o ST @1 fyesl die 1S9 oRi, R, sieel, =4 aen Sy s
SUH & T § Foran ST 31 L (351d) o 3Tk ST &1 o 39w g
e foeé St € o frsrg seard 9 @i €1 ket 3eara &1 STET W oA,
Torferd el al geg St o 6, wicteh, Hqeh Whidl, herd o ST ae
e ANl o o W 3 RAed el 1 ST HiEihdl, wEtad S,
T e U geaite o femn S @

el M Tkl 1 it Hifd & = sRem 9fg g R oft odam sraumomet § 9
Tga-df et € fSeet enuR StREfiet *ifd & vec-vgd 9 21 9Rd H 7000 6 U ft stferw ww
U Rk HTqeRHTE vl Tl €| YUa drfesl 4 Hewqul e Ky € fen fova & sfiem
3o T firer =ifew) R 3R eifues e el Wiet R % H 1 JWaH TR w1 Hewqol g
2 g odue urgseta gafd o o emR $oaR foran g SR oigeRd 1 S1eFae IR ge iR
STENfTeR i g1 «Iqel 1 eavashar faf= yR & %@l & fau eid 2, om: a6 37 il §
Y goh FreRdor 1 savaehdr il € f 7 wE S € den e g e arforfus w9 9
SRl il B1 37 @il i 3Ta%ht & T8 9 ST Sl &1 ¢ifch 19wkl § %% IR *1 1qfga
o St €1 & syl 1 frshTeA U Wi qeh |iger =N (9E)) g u fRer S @1 |
IR U Y W H o o qEEttn fman w1 St @1 g it it (S eteEs,
Yowtge) g § rufed foht W B1 164 CO o1 o oqu ot 3q=ash &1 e Y9 i St 2
T =T H1 YiRanel H SmTaeRt 9o JgaUEEtTe senone | sfad faer fRmar S 2
wifcoreh AfrAEE SToemas O fal d © oo otfease uig o orafed & Sl © den sToers
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SAfFAFa B S 21 Sl stafEeet § fied S § andfos UREd RO eI @ S a1 9@m
W R Ak FUTHE & 1 €1 S W X A W A9 W wfifass storen i qen T sreawenst
# Sl Tgul oF HI fed o § wH AW H Wesd B §1 A8 SEURUI 3@ UHK
stferdteRoy/eTa=r stfafsransii o o fafv= aai @, AGS qen T & #ea ok (ufesm em@) gm
T S Fehell 21 T fawa 1 saumRon o1g (S A1, Ag, Au) o frerdor § Suant @1 sef <
TSt gl o Selaeres fawdl 1 an oA g1 71 afaT s ol gReds RuTds 81 S 2
T faferal grr are engeti | stedt off stew sTefgat foemme Bt 1 s o1g I w4 o fere v
| 1 SAETIhl Bl 1 WU w1 ik g aen SIYfsa o O § i W R et §1 W
tfafEm 1 Frepdor stegmEe o w1 NaOH & 91 fHenferd shteh fohan ST 21 39 JahR &
Tifeqn Teffie gerer Y foran S @, S STEIERon e W QA Sefld sifamge sHmr 8 frh
FECEE H Mok (Flux) F1 T T § oo Sgaereed fman S 21 @i o1 feheo, sgeh
SATFAIES TR 1 AT HET W STuferd ehich Tohal STl 81 diel o1 Fosheo) Qa1 et § WerH qo
TRA HXeh TRl ST B1 Tk 1 R ofimge @ frendor w1 1 ST Seeh fhan S 21 gt
o TieH o fau se fafudi s swanT foran S @1 9= S1qe s §9 9 STA § arg S
& qen faf= wehR o ST o foehm@ § e Hewqul IREH €1 F9 dget it Sufefq qen et
1 it foreror Frefafad wrof & fn w2

FT orgell i Sufkafa agr fewdur &1 wiyw faewor

TgffEm | 1. §EEEe, ALO,. xH,0 Tfeld NagAlF frswdor & o

2. HHAEES, Na,AlF, ¥ foe@ ALO, &1 | Toed o o= &a &
CERERRLE] ETH el 2
TR 1. ¥HRIE, Fe,0, e P21 ° COo AT 2170 K o AHIH
2. TETEL, Fe,O, o FIF H Y BT =fET
SATHIEE HT1 I=4H
HIR (dfar) | 1. HIR IETEE, CuFeS, TTHTES Th 7g fag™ w1 & 9 afafas
2. IR T, Cu,S 1 ARTH T (ufterde) ® w@d: STT=E B
3. HelhEe, CuCO,.Cu(OH), | N Tq==M AT AT @ B 2
4. UL, Cu,O f= =ife & Rl &
TEGIHIGHH § FeHfh 7t
e w1 ot ST g 7
S 1. e =g o1 TheltEe, ZnS | 9ol qUved ik | ©1g T SieM Forsht
2. AT, ZnCOs4 TR ST EeH g fea
3. fsf®1Ee, ZnO S Hehal 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

HR w1 Frepdo eEggEd 5O R S @, wq 5w # wE smen i

% e fafu o ereaes w5t @ fier @2

ST G STORIES 3R] 1 STU&T WeWise § qid 1 frspen sifee wisd #f €2
A I — (1) Ad TR (2) WA Juieias!

673 K @4 W C T CO | ¥ %M | 7o ATH=IF 87

HIR & SgaSTIEIA WA | U Uk § Sufterd W qoll o e e 9 9l e sufterd e #72
AR () o FTartor o SR o Wel % fafa= & § 2 arelt strafwanst &1 fafew)

& =ie ¥ & o fT=hvv o gH ar qeate sfafwaet w1 fafaw)

IR oF YRy | fafcaieht &1 fHen I9=msUl

IfE 9 geH A H U g B Al WA H HA-T dhAies s SuEn ge?

Ifs fret a0 o 3ufed Tyfeal o 0 o 9 fied-Sod 8 @ o9 e o fau fea fafy =
g <

freha-wiem &1 fafar guemey)

ot 2J ATAIZE T S PR e S S e A 7 A e e A A A
IR A g S o e | S s

Tl el ke iR ¥ fFg yhR fa= g 82

ST U1 WSl | AR T Hifsru|

HIR He w1 fafereh w1 wa =3 g IRedsh § &= @ s 82

UfHom o uTqeht o hEese i 1 i €2

7= Fife & FIR e1awhl o fore femer fFan =1 HQ fkan smar 22

CO 1 3TN & gL 999 g1 Sk sifammse & 9@ 1 fenuor =i T8 foran sman?

Cr,0, % faem % ot A, G° %1 7 - 540 kJmol ' € 721 ALO, % T -827 kJ mol ' § F7 Cr, O,
1 Sq=ET Al ¥ Hed 77

Cd COH ¥ ZnO & AU SH-91 9=r 3781 272

ferelt fergt feerfa & sroemren o1 =M SENITAeRT ShReRl W SMHING B 379 36 5o W Hel a% Tedd
22 oo Hd o wEelA W <1 See i)

34 fafy =1 9m fofay foed iy gesa & &9 e il 81 &0 g 9% NaCl & Siefta e
EQRCECERECERER I (1

LSIREMEEIGE
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6.25 UGMag o dgd-orgeRd o TR g HI F g 72
6.26 Trefafed fafvai g argstt o weE o fagial w1 S0 )
(i) "ed qREh
(ii) gasTIER gRhTor
(iii) ©ToT HrerEel qRehIol
6.27 3 YRIEAfE o1 o HH ey fH Al MgO i 3q=ifad Y Hehal T
(Tehd - dreaffed w99 6.4 @)

AR SEit & SR

6.1 S 3FGH! 1 TS0 Tk SIeeh Gkl (A1 SISl A1 Sl SEEh) Bl ¥, 39 YhR 9 Hifga R
S Gehel 81 S g g 31k ([HEE, Hee, FHSTEe qen S UEEe)

6.2 THaTe %1 Ted AIETEE STEF ¥ SiO,, Fe,0, 3% sWfEAl o f=hd ¥ Wems e o w1 2

6.3 SN €9 GHTA s tfufwaneti & forg «ff ffyea amn & afpaor St 1 srawaean e 21 om:
A AETF T

6.4 ¥, 1350°C ¥ F7 W4 T Mg, ALO, FI 3T9f=d X Fhal & T 1350°C ¥ 31t T W Al MgO
1 STEIA HY Tkl B A€ STAM AGS qU1 T oh HeA Aerd | o ST Hehal © (o1 6.4) 1
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