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DDTLTYBT

Ghb dscjrb[ ntvgthfnehf[ yfcsotyysq gfh ghtlcnfdkztn eybrfkm-

yst djpvj;yjcnb lkz bccktljdfybz ckj;ys[ vyjujfnjvys[ vjktrek b

bjyjd [1]& Jcj,sq bynthtc ghb ’njv djpybrftn r jnhbwfntkmysv rbc-

kjhjlcjlth;fobv bjyfv^ xnj j,eckjdktyj hfpysvb ghbxbyfvb&

"ythutnbxtcrbt [fhfrnthbcnbrb fybjyjd ghtlcnfdkz.n wtyysq

vfnthbfk lkz ntjhtnbxtcrjq [bvbb& "nj cdzpfyj c djpvj;yjcnm. ’rc-

gthbvtynfkmyjuj jghtltktybz ’ythubq utnthjkbnbxtcrjq lbccjwbfwbb b

rhbcnfkkbxtcrjq htitnrb& "nb dtkbxbys^ d cdj. jxthtlm^ vjuen ,snm

bcgjkmpjdfys lkz ghtlcrfpfybz djpvj;yjcnb cbyntpf ndthls[ bjyys[

cjtlbytybq [2] b jgnbvbpfwbb gfhfvtnhjd gjntywbfkmyjq aeyrwbb bjy-

yjq cdzpb&

Lheufz ghbxbyf - ghfrnbxtcrfz ytj,[jlbvjcnm& D gkfpvt VUL-

ecnfyjdjr^ bp-pf ghbcencndbz d njgkbdt ytcujhftvs[ ghbvtctq [3,4]^

ghjbc[jlbn ghjwtcc j,hfpjdfybz jnhbwfntkmys[ bjyjd^ xnj ghbdjlbn r

evtymityb. rjywtynhfwbb ’ktrnhjyjd^ f^ cktljdfntkmyj^ r cyb;tyb.

’ktrnhjghjdjlyjcnb& Lkz hfcxtnf cdjqcnd nfrjq gkfpvs nht,e.ncz

’ynfkmgbb j,hfpjdfybz jnhbwfntkmys[ bjyjd b dtkbxbys chjlcndf r

’ktrnhjye (TF) cjjndtncnde.ob[ ytqnhfkmys[ cjtlbytybq& Tot jlby

ghbvth& Ghb d[j;ltybb cgenybrjd d gkjnyst ckjb fnvjcaths j,hfpe-

.ofzcz djrheu gkfpvf ghbdjlbn r yfheityb. hflbjcdzpb& D ’njv cke-

xft nht,etncz gjyb;tybt gkfpvtyyjq xfcnjns ([fhfrnthbcnbrf^ rjnj-

hfz gjkyjcnm. jghtltkztncz rjywtynhfwbtq ’ktrnhjyjd)& Lkz ds,jhf

gjl[jlzob[ dtotcnd^ cgjcj,ys[ gjybpbnm rjywtynhfwb. ’ktrnhjyjd^

ytj,[jlbvs ’ythutnbxtcrbt [fhfrnthbcnbrb jnhbwfntkmys[ bjyjd&

Gj dtkbxbyt chjlcndf r ’ktrnhjye (TF) jrcbls yt vjuen cjgth-

ybxfnm c dscibvb anjhblfvb (4-7 ’D) [2]^ [jnz lkz jnltkmys[ cjtlb-

ytybq yfqltys chfdybntkmyj dscjrbt pyfxtybz (TF(HJ ) = 4&5 ’D^
3
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TF(HJ ) = 3&8 ’D [5]^ TF(DJ ) = 4&3 ’D [6]^ TF(WJ ) = 3&8 ’D^
2 2 3

TF(CrO )=3&5 ’D [7])& Jlyfrj^ jrcbls ,jktt ecnjqxbds^ xtv anjhbls^3

b c ghfrnbxtcrjq njxrb phtybz bvtyyj ghbcencndbt jrcbljd jrfpsdftn

,jktt cbkmyjt dkbzybt yf rjywtynhfwb. ’ktrnhjyjd&

Dtleofz hjkm d gjkextybb nthvjlbyfvbxtcrjq byajhvfwbb j, jn-

hbwfntkmys[ bjyf[ d yfcnjzott dhtvz ghbyflkt;bn ’rcgthbvtynfkmysv

vtnjlfv& Ghjdtltybt ntjhtnbxtcrb[ hfcxtnjd b ghtlcrfpfybt chfdyb-

ntkmysv vtnjljv chjlcndf r ’ktrnhjye vyjujfnjvys[ vjktrek rhfqyt

pfnhelytyj [8]& Nfr^ d cghfdjxybrt [9] ghbdjlbncz pyfxtybt TF(UO )3

= 500+50 rL;/vjkm^ gjkextyyjt gentv chfdybntkmyjuj fyfkbpf fyfkj-

ubxys[ dtkbxby lkz utrcfanjhbljd b nhbjrcbljd vjkb,ltyf b djkmahf-

vf& Jlyfrj^ ghb ’rcgthbvtynfkmyjq ghjdthrt yfv yt elfkjcm pfhtub-

-
cnhbhjdfnm bjy UO & Gj yfibv lfyysv dth[yzz uhfybwf chjlcndf r3

’ktrnhjye UO yt ghtdsiftn 217 rL;/vjkm&3

R yfcnjzotve vjvtyne yflt;yj ecnfyjdktys ’ythutnbxtcrbt [f-

hfrnthbcnbrb wtkjuj hzlf rbckjhjlcjlth;fob[ jnhbwfntkmys[ bjyjd$

- - - - -PO , PO , BO , XO (n=2-4), MXO (M-otkjxyjq vtnfkk^ { - S, Cr,2 3 2 n 4

Mo, W) [5,6,7,10]& Gj [fhfrnthe ds,hfyys[ j,‘trnjd - bjys nbgf

- -MO , MO ( ult V- gtht[jlysq vtnfkk) - lfyyfz hf,jnf zdkztncz ghj-2 3

ljk;tybtv ’nb[ bccktljdfybq&

- -
Bjys MO , MO nfr;t bynthtcys b c tot jlyjq njxrb phtybz&2 3

Dpfbvjltqcndbt rbckjhjlf c gtht[jlysvb vtnfkkfvb - rk.xtdjq vjvtyn

vyjujxbcktyys[ bccktljdfybq d hfpkbxys[ j,kfcnz[ [bvbb& "njn ghj-

wtcc vj;yj hfccvfnhbdfnm rfr ’ktvtynfhye. cnflb. flcjh,wbb rbckj-

hjlf vtnfkkbxtcrjq gjdth[yjcnm.^ j,hfpjdfybz jrcblf^ rjhhjpbb^

ujvjutyyjuj b utnthjutyyjuj rfnfkbpf& Rjvgktrcs b hfpkbxyst jhuf-

ybxtcrbt vjktreks^ bvt.obt ahfuvtyn MO (ult V - gtht[jlysq vt-2

nfkk) dsgjkyz.n df;ytqibt aeyrwbb d jhufybpvt - exfcnde.n d j,hf-

nbvjv cdzpsdfybb rbckjhjlf& Dszcytybt [fhfrnthf cdzpb @rbckjhjl -
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gtht[jlysq vtnfkk@ d nfrb[ cjtlbytybz[ zdkztncz jlyjq bp df;ytqib[

pflfx ghb bpextybb ghbhjlys[ gthtyjcxbrjd rbckjhjlf^ nfrb[ rfr

utvjukj,by b rj,jukj,by& Bccktljdfybz cnbvekbhe.ncz gjbcrjv bcrec-

cndtyys[ fyfkjujd& Elj,yjq vjltkm. lkz jgbcfybz ’nb[ ghjwtccjd

-
zdkz.ncz bylbdblefkmyst xfcnbws MO b MO [11-14].2 2

Yfkbxbt jnhbwfntkmys[ bjyjd d gfhf[ ytjhufybxtcrb[ dtotcnd

gjpdjkztn hfphf,jnfnm cgjcj, jghtltktybz frnbdyjcntq ytpfdbcbvs[

rjvgjytynjd b lfdktybq anjhf b rbckjhjlf [15, 16]& "nj yjdsq ghbr-

kflyjq fcgtrn vtnjlf bjyyj - vjktrekzhys[ hfdyjdtcbq (BVH)& D jc-

yjdt tuj kt;bn bpvthtybt jnyjitybq gfhwbfkmys[ lfdktybq bjyjd d

yfcsotyyjv gfht dscjrjntvgthfnehys[ cbcntv& Bjys ghb ’njv yf[jlzn-

cz d hfdyjdtcbb lheu c lheujv b c rjyltycbhjdfyyjq afpjq& Pyfz

nthvjlbyfvbxtcrbt lfyyst lkz bjyyj-vjktrekzhyjq htfrwbb b jghtlt-

kbd jnyjitybt lfdktybq bjyjd^ vj;yj yfqnb lfdktybz b frnbdyjcnb

ytqnhfkmys[ exfcnybrjd&

Gj chfdytyb. c nhflbwbjyysvb cgjcj,fvb jghtltktybz frnbdyjcnb

(vtnjlfvb "LC^ utnthjutyys[ hfdyjdtcbq b dscjrjntvgthfnehyjq vfcc-

cgtrnhjvtnhbb c bjybpfwbtq ’ktrnhjyysv elfhjv) vtnjl bjyyj-

vjktrekzhys[ hfdyjdtcbq j,kflftn hzljv ghtbveotcnd^ lftn djpvj;-

yjcnm jghtltkznm jlyjdhtvtyyj frnbdyjcnb lde[ b ,jktt ytpfdbcbvs[

rjvgjytynjd&

Hfytt vtnjl bjyyj-vjktrekzhys[ hfdyjdtcbq ghbvtyzkcz lkz jg-

htltktybz lfdktybz rbckjhjlf [16]^ frnbdyjcnb jrcbljd otkjxys[

vtnfkkjd d ldjqyjq cbkbrfnyjq cbcntvt Na O-SiO [17]& D pflfxe2 2

lfyyjq hf,jns drk.xbkb$ hfcghjcnhfybnm vtnjl yf bpextybt nht[rjv-

gjytynyjq cbcntvs Na O-K O-SiO ^ f nfr;t hfcibhbnm rheu dtotcnd^2 2 2

frnbdyjcnb rjnjhs[ vj;yj ,skj ,s bpvthznm& Lkz htitybz dnjhjq pf-

lfxb ytj,[jlbv gjbcr yjds[ ecnjqxbds[ bjyjd^ cjplfybt eckjdbq^ ghb

rjnjhs[ djpvj;yj bpvthtybt bjyyj-vjktrekzhys[ hfdyjdtcbq&
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Gjcktlybq vjvtyn jxtym df;ty d lfyyjq hf,jnt& Xedcndbntkm-

yjcnm j,sxys[ vfcc-cgtrnhjvtnhjd nfrjdf^ xnj vj;yj pfhtubcnhbhj-

-16
dfnm bjys^ gfhwbfkmyst lfdktybz rjnjhs[ ghtdsif.n 10 fnv& Lfd-

ktybz jnhbwfntkmys[ bjyjd d gfhf[ jrcbljd gtht[jlys[ vtnfkkjd^

bcgfhtybt rjnjhs[ ghjdjlbkjcm d lfyyjq hf,jnt^ ceotcndtyyj yb;t

’njq dtkbxbys& Lkz cjplfybz bpvthbvs[ rjywtynhfwbq jnhbwfntkmys[

bjyjd d ,jkmibycndt ckexftd ytj,[jlbvj gjdsofnm lfdktybt ’ktrnhj-

yjd d cbcntvt&

Wtkm hf,jns

-ds,jh eckjdbq ^ ghbdjlzob[ r gjzdktyb. d gfhf[ nhelyjktnexb[

jrcbljd jnhbwfntkmys[ bjyjd#

-jghtltktybt ’ynfkmgbq j,hfpjdfybz jnhbwfntkmys[ bjyjd

jrcbljd gtht[jlys[ vtnfkkjd gentv bpvthtybz rjycnfyn

bjyyj-vjktrekzhys[ hfdyjdtcbq#

-hfphf,jnrf vtnjlf bpvthtybz nthvjlbyfvbxtcrjq frnbdyjcnb

hzlf jrcbljd#

-jghtltktybt nthvjlbyfvbxtcrjq frnbdyjcnb jrcbljd otkjxys[

vtnfkkjd d nhjqyjq cbcntvt Na O-K O-SiO &2 2 2

Yfexyfz yjdbpyf

- gjrfpfyj^ xnj lj,fdrf cjkb otkjxyjuj vtnfkkf r jrcblfv gt-

ht[jlys[ vtnfkkjd ghbdjlbn r utythfwbb bpvthbvs[ rjywtynhfwbq jn-

hbwfntkmys[ bjyjd ghb ntvgthfnehf[ 1200 - 1500 R#

- dgthdst jghtltktys rjycnfyns hfdyjdtcbz 25 bjyyj-

vjktrekzhys[ b bjyyj-bjyys[ htfrwbq c exfcnbtv rbckjhjlcjlth;fob[

fybjyjd gtht[jlys[ vtnfkkjd#

- gjkextys ’ynfkmgbb j,hfpjdfybz lkz 12 jnhbwfntkmys[ bjyjd#

- yf ghbvtht cbcntvs NiO-Cr O hfphf,jnfyf vtnjlbrf jghtltkt-2 3
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ybz frnbdyjcntq jrcbljd NiO(s) b Cr O (s)^ ghtlkj;tys cgjcj,s jg-2 3

htltktybz frnbdyjcntq Fe O (s)^ Mn O (s)^ V O (s) d dscjrjntvgthf-3 4 3 4 2 3

nehys[ cbcntvf[#

- enjxytyf ’ythubz Ub,,cf j,hfpjdfybz [hjvbnf ybrtkz bp jrcb-

ljd#

- vtnjl bjyyj-vjktrekzhys[ hfdyjdtcbq ghbvtyty lkz jghtltkt-

ybz frnbdyjcntq jrcbljd otkjxys[ vtnfkkjd d nht[rjvgjytynyjq cbc-

ntvt Na O-K O-SiO &2 2 2

Ghfrnbxtcrfz pyfxbvjcnm

Hf,jnf dsgjkytyf d hfvrf[ rjvgktrcyjq ghj,ktvs @Ntgkjabpbrf b

ntgkj’ythutnbrf@^ ibah 1&9&1&1 geyrns 3 b 6^ yjvth ujc&htubcnhfwbb

}0187&0 025664& Hfphf,jnrf vtnjlbrb jghtltktybz frnbdyjcntq jrcb-

ljd otkjxys[ vtnfkkjd dsgjkytyf cjukfcyj ljujdjhe j yfexyj-

nt[ybxtcrjv cjnhelybxtcndt c Bycnbnenjv [bvbb cbkbrfnjd FY CCCH&

Gjkextyyst d lfyyjq hf,jnt nthvjlbyfvbxtcrbt dtkbxbys lkz

rbckjhjlcjlth;fob[ jnhbwfntkmys[ bjyjd gthtlfys d Bycnbnen dscjrb[

ntvgthfneh FY CCCH lkz drk.xtybz d ,fyr lfyys[ BDNFY-NTHVJ&

Cnhernehf hf,jns

Lbccthnfwbz bpkj;tyf yf cnhfwbwf[^ cjlth;bn 10 hbceyrjd b

54 nf,kbws& Cjlth;fybt hf,jns hfpltktyj yf 8 ukfd b ghbkj;tybt&

Gthdst nhb ukfds ghtlcnfdkz.n cj,jq j,pjh kbnthfnehs& Hfc-

cvjnhtys jcyjdyst vtnjls gjkextybz b bccktljdfybz nthvjlbyfvbxtc-

rb[ cdjqcnd jnhbwfntkmys[ bjyjd d ufpjdjq afpt# ceotcnde.obt cgj-

cj,s jghtltktybz frnbdyjcnb jrcbljd# dkbzybt ytcnt[bjvtnhbxyjcnb

yf frnbdyjcnm jrcbljd&

D xtndthnjq ukfdt jgbcfyf ’rcgthbvtynfkmyfz xfcnm hf,jns&

Ukfdf 5 cjlth;bn byajhvfwb. j ds,jht bc[jlys[ nthvjlbyfvbxtc-
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rb[ dtkbxby& Cktle.ofz ukfdf gjcdzotyf jghtltktyb. ’ynfkmgbq htfr-

wbq b ’ynfkmgbq j,hfpjdfybz jnhbwfntkmys[ bjyjd bp ’rcgthbvtynfkm-

ys[ lfyys[& Ghbdtltys ’ythubb hfphsdt cdzptq d rbckjhjlcjlth;fob[

jnhbwfntkmys[ bjyjd gtht[jlys[ vtnfkkjd b chjlcndj r ’ktrnhjye

jrcbljd& D ukfdt 7 b 8 hfccvjnhtyj jghtltktybt frnbdyjcnb jrcbljd

gtht[jlys[ vtnfkkjd b jrbljd yfnhbz b rfkbz vtnjljv bjyyj-

vjktrekzhys[ hfdyjdtcbq&

Cgbcjr kbnthfnehs cjlth;bn ccskjr&

D ghbkj;tybt dsytctys nf,kbws nthvjlbyfvbxtcrb[ aeyrwbq&

Yf pfobne dsyjcbncz

1& Jghtltktybt rjycnfyn hfdyjdtcbz b ’ynfkmgbq bjyyj-

vjktrekzhys[ b bjyyj-bjyys[ htfrwbq c exfcnbtv rbckjhjlcjlth;fob[

jnhbwfntkmys[ bjyjd ’ktvtynjd gthdjuj gtht[jlyjuj hzlf b gkfnbys &

2& Jghtltktybt ’ynfkmgbq j,hfpjdfybz lkz 12 rbckjhjlcjlth;f-

ob[ jnhbwfntkmys[ bjyjd&

3& Hfphf,jnrf vtnjlbrb jghtltktybz frnbdyjcnb jrcbljd hzlf

vtnfkkjd^ jcyjdfyyjq yf bpvthtybb rjycnfyn hfdyjdtcbz bjyyj-

vjktrekzhys[ htfrwbq&

4& Jghtltktybt ’ythubb Ub,,cf j,hfpjdfybz [hjvbnf ybrtkz bp

jrcbljd&

5& Bpvthtybt frnbdyjcntq jrcbljd otkjxys[ vtnfkkjd d

nht[rjvgjytynyjq cbkbrfnyjq cbcntvt Na O-K O-SiO &2 2 2



- 11 -

1& JNHBWFNTKMYST RBCKJHJLCJLTH:FOBT BJYS

1&1& Bjys d ybprjntvgthfnehyjq gkfpvt

Jcyjdyst [fhfrnthbcnbrb ybprjntvgthfnehyjq gkfpvs (1500-3500

R) - ’ktrnhjghjdjlyjcnm b gkfpvtyyfz xfcnjnf - jghtltkz.ncz

rjywtynhfwbtq ’ktrnhjyjd&

Ghjwtcc j,hfpjdfybz jnhbwfntkmys[ bjyjd bp ghbvtcys[ ufpjafp-

ys[ vjktrek ghbdjlbn r evtymityb. rjywtynhfwbb ’ktrnhjyjd b^ ckt-

ljdfntkmyj^ r cyb;tyb. ’ktrnhjghjdjlyjcnb& "nj j,eckjdktyj ldevz

ghbxbyfvb& Dj-gthds[^ ’ktrnhjys^ rfr xfcnbws vfkjq vfccs^ ,jktt

gjldb;ys& Dj-dnjhs[^ ghjbc[jlbn hfcctzybt ’ktrnhjyjd yf jnhbwf-

ntkmys[ bjyf[&

D ghfrnbxtcrjv jnyjitybb ’nf cbnefwbz bvttn pyfxtybt^ ght;lt

dctuj^ d cdzpb c vfuybnjublhjlbyfvbxtcrbv ghtj,hfpjdfybtv ’ythubb&

D yfcnjzott dhtvz dj vyjub[ ckexfz[ ytbpdtcnyj^ rfrbt bvtyyj

bjys j,hfpe.ncz d nt[ bkb bys[ ghjwtccf[& <jkmijt pyfxtybt bvt.n

cjcnfd njgkbdf^ yfkbxbt d ytv ghbvtctq^ rjycnherwbjyyst vfnthbfks^

nj^ rfrbt cjtlbytybz rfkbz bcgjkmpe.ncz d rfxtcndt ghbcfljr^ ghbp-

dfyys[ edtkbxbnm rjywtynhfwb. ’ktrnhjyjd&

D htpekmnfnt bccktljdfybz jnhbwfntkmys[ bjyjd d gkfvtyf[

Cgtycthjv cltkfy dsdjl^ xnj j,hfpjdfybt d gkfpvt nfrb[ xfcnbw^ rfr

- - - -AlO ^ BO ^ PO b SO vj;tn evtymibnm rjywtynhfwb. ’ktrnhjyjd yf2 2 2 2

1-20% [18]& Tckb ghtlgjkj;bnm^ xnj d gkfpvt VUL-ecnfyjdrb ceotcn-

detn hfdyjdtcbt^ nj^ pyfz dct ghbcencnde.obt xfcnbws b b[ nthvjlb-

yfvbxtcrbt [fhfrnthbcnbrb^ vj;yj hfccxbnfnm rjywtynhfwb. cdj,jlys[

’ktrnhjyjd& Fyfkbp nfrb[ hfcxtnjd^ ghjltkfyysq {fcnb [19] d 1975

ujle^ gjrfpsdftn b[ ytnjxyjcnm bp-pf jncencndbz yflt;ys[ nthvjlb-

yfvbxtcrb[ lfyys[ b pyfybq j cjcnfdt gkfpvs& Hfc[j;ltybz d rjywty-
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nhfwbb ljcnbuf.n gjhjq lj 70%&

Vfcc-cgtrnhjvtnhbxtcrbt bccktljdfybz gjrfpfkb^ xnj d gkfpvt

VUL-utythfnjhf ceotcnde.n rbckjhjljcjlth;fobt jnhbwfntkmyst bjys

- - - - -PO ^ PO ^ BO ^ CrO ^ AlO [4]&3 2 2 3 2

Fdnjhs [20-22] jnvtxf.n^ xnj ceotcndtyye. hjkm d gjyb;tybb

’ktrnhjghjdjlyjcnb buhf.n bjys jrcbljd ajcajhf& Vjltkmysq hfcxtn

cjcnfdf gkfpvs^ ghjdtltyysq d hf,jnt [21]^ gjrfpfk^ xnj ghb 2500 R

-
jlybv bp ghtj,kflf.ob[ jnhbwfntkmys[ bjyjd cnfyjdbncz FeO &2

Ceotcndetn lheufz ghj,ktvf^ lkz htitybz rjnjhjq nht,etncz

wtktyfghfdktyyjt bpextybt dtotcnd-@kjdeitr@ ’ktrnhjyjd& "nj ecnf-

yjdktybt yflt;yjq cdzpb c rjcvbxtcrbvb fggfhfnfvb ghb d[j;ltybb b[

d gkjnyst ckjb fnvjcaths& J,hfpjdfybt gkfpvs djrheu hfrtns ghtgzn-

cndetn ghjgecrfyb. dscjrjxfcnjnys[ ’ktrnhjvfuybnys[ cbuyfkjd

[19,23]&

J pflfxt rjynhjkz ehjdyz cdj,jlys[ ’ktrnhjyjd d

ybprjntvgthfnehyjq gkfpvt^ egjvbyf.n j,sxyj dctulf^ rjulf htxm

bltn j gjbcrt vjktrek c dscjrbv chjlcndjv r ’ktrnhjye

[1,24,25]& "nj cgjcj,cndetn cjplfyb. ghtlcnfdktybz j ghzvjq cdzpb

@chjlcndj r ’ktrnhjye@ - @rjywtynhfwbz ’ktrnhjyjd@&

J,hfnbvcz r nf,kbwt 1^ ult ghtlcnfdktys chjlcndj r ’ktrnhjye

b ’ythubz lbccjwbfwbb vjktrek^ j,hfpe.ob[ yfb,jktt ecnjqxbdst jn-

hbwfntkmyst bjys& Rfr dblyj^ ,jkmibvb pyfxtybzvb chjlcndf r ’ktrn-

hjye j,kflf.n dscibt anjhbls gtht[jlys[ vtnfkkjd^ ujhfplj crhjvytt

d ’njv jnyjitybb jrcbls& Dvtcnt c ntv^’ythubz lbccjwbfwbb anjhb-

ljd^ rfr ghfdbkj^ yt dtkbrf& Xnj ;t cbkmytt ,eltn dkbznm yf rjy-

wtynhfwb. ’ktrnhjyjd d ybprjntvgthfnehyjq gkfpvt - vjktreks c ds-

cjrbv EA^ yj d pyfxbntkmyjq cntgtyb lbccjwbbhe.obt^ bkb ecnjqxbdst

cjtlbytybz c evthtyysv chjlcndjv r ’ktrnhjye ?
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Nf,kbwf 1& Nthvjlbyfvbxtcrbt [fhfrnthbcnbrb vjktrek^ j,hfpeob[

yfb,jktt ecnjqxbdst jnhbwfntkmyst bjys (d rL;/vjkm)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
M EA(M) D(M) kbnthfnehf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

PtF 675+34 149+12 266

CoF 616+26 154+11 274

CrF 589+39 150+40 285

VF 343+20 259+48 294

CeF 367+39 399+25 24

UF 488+19 312 286

UF 361+21 380 285

MoF 368+18 385 286

MoF 334+17 375 25

FeF 349+13 339 303

RhF 523+29 202 24

MnF 533+22 215 24

IrF 627+37 270 26

PO 367+21 497+10 52

PO 433+51 479+10 53

BO 417+18 546 62

CrO 351+17 459+21 73

MoO 277+19 594+21 73

WO 380+19 594+21 73
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Lkz jndtnf yf ’njn djghjc hfccvjnhbv cktle.oe. vjltkmye. pf-

lfxe^ d rjnjhjq cbcntvf cjcnjbn bp bythnyjuj ufpf^ rfkbz b vjktrek

M& Lkz njuj^ xnj,s ’nf cbcntvf jnhf;fkf jcyjdyst [fhfrnthbcnbrb

ybprjntvgthfnehyjq gkfpvs^ ytj,[jlbvj ghbyznm dj dybvfybt ghjntrf-

ybt htfrwbq bjybpfwbb rfkbz^ pf[dfnf ’ktrnhjyf vjktrekjq M b lbc-

cjwbfwbb M yf ldf ahfuvtynf

+K = K + e (1&1)

-M + e = M (1&2)

M = A + B (1&3)

Yfc bynthtcetn hfdyjdtcyjt lfdktybt ’ktrnhjyjd d pfdbcbvjcnb

o 1
jn chjlcndf r ’ktrnhjye {EA(M) = -D H (2)} b ’ythubb lbccjwbfwbbr 0

o
vjktreks M {D(M) = D H (3)}& Bcgjkmpjdfys lfyyyst: gjcnjzyyjt j,-r 0

ott lfdktybt 1 fnv^ ntvgthfnehf cbcntvs 2500 R; yfxfkmyjt rjkb-

o
xtcndj vjktrek rfkbz 0.01 %^ vjktrek M 1 %; ln K (1) = -15.52 [9]^

o o o oln K (2) = {EA/T + D F (2)}/R, ln K (3) = {-D/T + D F (3)}/R#r r
o o

D F (2) = -43&8 L;/vjkmWR jwtytyj bp ghtlgjkj;tybz j ,kbpjcnb Fr
o

lkz ytqnhfkmyjq vjktreks b bjyf; D F (3) = 140 L;/vjkmWR jwtytyjr
o

bp fyfkbpf D F hzlf htfrwbq fyfkjubxyjuj nbgf gj lfyysv cghfdjx-r

ybrf [9]& Ghb lfyys[ eckjdbz[ vfrcbvfkmyj djpvj;yjt lfdktybt

-6
’ktrnhjyjd cjcnfdkztn 4W10 fnv&^ xnj cjjndtncndetn jncencndb.

vjktreks M d cbcntvt&

J,jpyfxbv yfxfkmyst rjkbxtcndf vjktq rfkbz- k ^dtotcndf M -

m^ bythnyjuj ufpf - (1-k-m)& Njulf hfdyjdtcyst rjkbxtcndf vjktq K^

+ -K ^ e^ M^ M ^ A^ B ,elen cjjndtncndtyyj: k-x^ x^ x-y^ m-y-z^ y^ z^

z& Pfgbcfd dshf;tybt lkz rjycnfyn hfdyjdtcbq htfrwbq (1)-(3)^

gjkexftv cbcntve ehfdytybq

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

1
Pltcm b lfktt ghb ccskrt yf htfrwbb d ghtltkf[ jlyjq ukfds gthdsq

byltrc yt egjvbyftncz
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x(x-y) o
[-----------------------------------------------------------------------------------------------------------] = K (1)

( (k-x) (1+x-y+z)
| y (1+x-y+z) o
{ [-----------------------------------------------------------------------------------------------------------] = K (2)(m-y-z) (x-y)
| 2
9 z o

[------------------------------------------------------------------------------------------------------] = K (3)(m-y-z) (1+x-y+z)

Xbcktyyjt htitybt cbcntvs ehfdytybt ghbdtltyj yf hbc& 1& Ghb-

dtltys pfdbcbvjcnb hfdyjdtcyjuj lfdktybz ’ktrnhjyjd d cbcntvt jn

chjlcndf r ’ktrnhjye ghb hfpkbxys[ ’ythubz[ lbccjwbfwbb (D(M)=

500, 400, 300, 200, 100 rL;/vjkm)& Dblyj^ xnj lkz pyfxbntkmyjuj

gjyb;tybz lfdktybz ’ktrnhjyjd ytj,[jlbvj yt njkmrj dscjrjt chjl-

cndj r ’ktrnhjye (>350 rL;/vjkm)^ yj b ,jkmifz ’ythubz lbccjwbfwbb

(> 400 rL;/vjkm)& Utrcfanjhbl gkfnbys c EA = 680 rL;/vjkm bp-pf

cdjtq ytcnf,bkmyjcnb lfcn nfrjq ;t ’aatrn^ rfr b WO (EA =3

380rL;/vjkm)& Jgfcytt^ xtv PtF ^ lkz ’ktrnhjyjd ,elen @kjdeirb@6

PO b BO &3 2

Nfrbv j,hfpjv^ lkz njuj^ xnj,s eghfdkznm rjywtynhfwbtq ’ktr-

nhjyjd d ybprjntvgthfnehyjq gkfpvt^ ytj,[jlbv gjbcr ecnjqxbds[

cjtlbytybq c ,jkmibv chjlcndjv r ’ktrnhjye& Ntjhtnbxtcrbq gjl[jl r

htityb. ’njq pflfxb ljdjkmyj nhelty b yt dctulf djpvj;ty& <jktt

htfkmysv dblbncz cbcntvfnbxtcrjt ’rcgthbvtynfkmyjt bccktljdfybt

cnf,bkmyjcnb jnhbwfntkmys[ bjyjd hfpkbxys[ rkfccjd cjtlbytybq&

1&2& Vtnjls gjkextybz jnhbwfntkmys[ bjyjd

Bccktljdfybz pfhz;tyys[ xfcnbw d ufpjdjq afpt ghtlcnfdkz.n

jcj,e. wtyyjcnm^ gjcrjkmre gjpdjkz.n gjkexbnm [fhfrnthbcnbrb bpj-

kbhjdfyys[ bjyjd - nfrb[^ rfrbt jyb tcnm cfvb gj ct,t^ kbityys[

dkbzybz jrhe;tybz& Yf gthdjv ’nfgt df;yj yfqnb eckjdbz^ rjnjhst

ghbdjlbkb ,s r j,hfpjdfyb. nt[ bkb bys[ bjyjd& Yt ghtntylez yf
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Hbc& 1& Rjywtynhfwbz ’ktrnhjyjd d ybprjntvgthfnehyjq gkfpvt d

pfdbcbvjcnb jn chjlcndf r ’ktrnhjye (EA) b ’ythubb lbccj-

wbfwbb (D) ghbvtcys[ vjktrek&

1 - D = 500 rL;/vjkm, 2 - D = 400 rL;/vjkm, 3 - D = 300

rL;/vjkm, 4 - D = 200 rL;/vjkm, 5 - D = 100 rL;/vjkm.
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bcxthgsdf.ott b gjlhj,yjt jgbcfybt vtnjljd bjybpfwbb (bvttncz hzl

j,pjhys[ hf,jn^ cv. yfghbvth [24, 25^ 31])^ vs [jntkb ,s hfccvjn-

htnm^ rfrbt bvtyyj jnhbwfntkmyst bjys ,skb gjkextys d hfpkbxys[

ckexfz[& D gthde. jxthtlm yfc bynthtcjdfkb hfpkbxyst ytjhufybxtc-

rbt rbckjhjljcjlth;fobt cjtlbytybz& Jnvtnbv^ xnj ceotcnde.n j,pjhs

gj bjyfv d ufpjdjq afpt [32,33]&

"ktrnhjyysq elfh [34-36]

J,hfpjdfybt jnhbwfntkmys[ bjyjd djpvj;yj d htpekmnfnt nht[

cktle.ob[ ghjwtcjd

- Htpjyfycysq pf[dfn ’ktrnhjyf ,tp lbccjwbfwbb (HP")& Lkz

cnf,bkbpfwbb bjyf ytj,[jlbvf gthtlfxf bp,snjxyjq ’ythubb nhtnmtq

xfcnbwt^ n.t. ’njn ckexfq [fhfrnthty lkz dscjrb[ lfdktybq& D j,pj-

ht [36] ghbdjlzncz ghbvths lkz hzlf jhufybxtcrb[ fybjyjd^ gjkexty-

ys[ d htpekmnfnt HP"& Fdnjhs [37] jnyjczn pf cxtn ’njuj ghjwtccf

j,hfpjdfybt pfhz;tyys[ rkfcnthjd

-(CO ) + e = (CO )2 x 2 x

- Lbccjwbfnbdysq htpjyfycysq pf[dfn ’ktrnhjyf (LP")&

-H O + e = OH + H2
- - -

Nfrbv j,hfpjv ,skb gjkextys O bp N O^ NH bp NH ^ F bp CF ,2 2 3 4
- -

b NF ^ hfpkbxyst jhufybxtcrbt bjys [35]; SF bp SF ^ HS bp H S^3 5 6 2
- - -Cl bp CF Cl ^ Br bp CH Br^ I bp CH I [38]&2 2 3 3

- Lbccjwbfwbz djp,e;ltyyjq ’ktrnhjyysv elfhjv vjktreks yf

bjyye. gfhe^ yfghbvth [35]

+ -e + O = O + O + e2

HP" b LP" bvt.n vtcnj^ rjulf yfktnf.obq b dfktynysq ’ktrnhjys

bvt.n ’ythubb jlyjuj gjhzlrf^ gj’njve lkz htfkbpfwbb ’nb[

ghjwtccjd bcgjkmpetncz j,kfcnm vfks[ ’ythubq 0-15 ’D& Gjhju

htfrwbb lbccjwbfwbb c j,hfpjdfybtv bjyyjq gfhs j,sxyj 10-20 ’D&
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Lkz gjkextybz jnhbwfntkmys[ bjyjd ytj,[jlbvj cjplfybt bynty-

cbdyjuj vjktrekzhyjuj gexrf& Gj’njve tcntcndtyyj^ xnj vtnjl ghb-

vtyztncz d jcyjdyjv lkz bjybpfwbb ktrujktnexb[ jhufybxtcrb[ cjtlb-

ytybq [35, 36]& D [39] vtnjljv ’ktrnhjyyjuj elfhf gjkextys bjys

-Cl ^ (n=1-4)& D gjcktlybt ujls ghbvtyztncz vjlbabrfwbz ’njuj cgj-n

cj,f bjybpfwbb& "ktrnhjyyjve elfhe gjldthuftncz cdth[pderjdjq ge-

xjr^ j,hfpjdfyysq d htpekmnfnt gthtgflf lfdktybq (~ 5 fnv) [37,

40]& Jnkbxbntkmyst cdjqcndf cdth[pderjdjuj gexrf - @j[kf;ltybt@

dhfofntkmys[^ rjkt,fntkmys[^ b gjcnegfntkmys[ cntgtytq cdj,jls^ f

- -
nfr;t rjyltycfwbz& <skb cbyntpbhjdfys bjys (CO ) O b (CO ) ^2 n 2 n

(2<n<17) [37, 40]&

Fdnjhs [41] gbien j cjplfybb jcj,tyyjuj bjyyjuj bcnjxybrf -

Smoke Ion Source& Dscjrjntvgthfnehysq gfh gjgflftn d rfvthe c [j-

kjlysv bythnysv ufpjv b rjyltycbhetncz& Gexjr ytqnhfkmys[ xfcnbw

gjrblftn rfvthe xthtp cjgkj^ hfcibhztncz d dfreev b e cfvjuj cdj-

tuj jcyjdfybz gjldthuftncz ’ktrnhjyyjve elfhe& Utythbhjdfys bjys

- -Pb (n = 1, ..., 400) b Li (n = 12, ..., 5700)&n n

Ltcjh,wbjyyst vtnjls

R ’njq uheggt vtnjljd jnyjczncz gjktdfz ltcjh,wbz [31]^ kf-

pthyfz ltcjh,wbz [42]^ dnjhbxyfz bjyyj-bjyyfz b bjyyj-fnjvyfz

’vbccbz [31^ 43-46]& Ndthlsq bkb ;blrbq j,hfptw gjldthuftncz cbkm-

7 8
yjve djpltqcndb. ’ktrnhbxtcrjuj gjkz (10 -10 D/cv )^ kfpthyjuj

10 2
bpkextybz (10 Dn/cv )^ bkb ,jv,fhlbhetncz dscjrj’ythutnbxtcrbvb

+ + + -10 -6 2
xfcnbwfvb ( Ar , Cs , Xe b lh.^ 1-28 r"d^ 10 -10 F/cv )& D

htpekmnfnt ghjbc[jlbn ds,bdfybt rfr vjktrek^ nfr b bjyjd& Tlbyjuj

ntjhtnbxtcrjuj gjl[jlf^ rjnjhsq ,s gjpdjkbk ghtlcrfpsdfnm dthjzn-

yjcnm bjybpfwbb dtotcndf d k.,jq vfnhbwt^ gjrf ytn&

D nf,kbwt 2 ghbdtltys ytrjnjhst bp jnhbwfntkmys[ rbckjhjl-
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cjlth;fob[ bjyjd gtht[jlys[ vtnfkkjd^ yf,k.lfdibtcz ghb dnjhbxyjq

bjyyj-bjyyjq ’vbccbb (DBB")^ f nfr;t fnjvyj-bjyyjq ’vbcbb (FB")& D

bpj,bkbb b[ vj;yj yfqnb d hf,jnt [47]&

<jkmijq ’rcgthbvtynfkmysq vfnthbfk gj jnhbwfntkmysv bjyfv

hfccvjnhty d j,pjht [46]& Gthtxbckbv ytrjnjhst yt djitlibt nelf

- - - -
jnhbwfntkmyst bjys SiO (n=1-4)^ Si O ^ Si O (n>2) [56]; NOn n 2n n 2n+1 3

- - - -[57, 58]; ClO (n=1-4)^ CsClO (n=1-5) [59]; H(NO ) ^ Na(NO ) ^n n 3 2 3 2
- -HCO ^ HSO [58]&3 4

Pltcm ;t cktletn egjvzyenm j vtnjlf[ gjkextybz bjyjd bp

hfcndjhjd (’ktrnhjublhjlbyfvbxtcrfz bjybpfwbz b gjktdjt bcgfhtybz

bp hfcndjhjd ghb fnvjcathyjv lfdktybb [31^ 60-62]& D ’nb[ vtnjlf[

ghjbpdjlbncz hfp,hspubdfybt hfcndjhf c j,hfpjdfybtv pfhz;tyys[

vbrhjrfgtkm^ bp rjnjhs[ d lfkmytqitv gjkexf.ncz bjys& Vt[fybpv

j,hfpjdfybz bjyjd jrjyxfntkmyj yt ecnfyjdkty^ yj cxbnf.n^ xnj d

ufpjde. afpe gtht[jlzn bjys^ ceotcndjdfdibt bpyfxfkmyj d hfcndjht&

D jcyjdyjv ’nbvb vtnjlfvb bccktle.n hfcndjhs jhufybxtcrb[

cjtlbytybq& Bp ytjhufybxtcrb[ jnhbwfntkmys[ bjyjd vj;yj jnvtnbnm

- - - -
cktle.obt$ NO (H O) ^ O (H O) , CO (H O) , OH (H O) ,2 2 n 2 2 n 3 2 n 2 n

- - - - -OH (CO )(H O) , Cl (H O)HNO , Cl (H O) NO , HSO (H O) , HSO (H O)2 2 n 2 2 2 n 2 4 2 n 3 2 n

(ult n vj;tn ghbybvfnm pyfxtybz jn 0 lj 9)&

D pfrk.xtybt jnvtnbv^ xnj ghb nfr yfpsdftvjq cgjynfyyjq lt-

cjh,wbb j,hfpjdfybt bjyjd^ gj endth;ltyb. fdnjhjd^ ghjntrftn d

eckjdbz[ ckf,juj ’ktrnhbxtcrjuj gjkz b ,tp yfuhtdf j,hfpwf [63]&

Vt[fybpv ’njuj zdktybz gjrf yt zcty& Pfhtubcnhbhjdfys hfpkbxyst

- -
jnhbwfntkmyst rkfcnthyst bjys yf jcyjdt pjkjnf (Au (n=1-5)^ Au On n 2

- - - -(n=1-5), Au C H (n=1,2) )^ f nfr;t (CsI)I , (CsI) I , SiO ,n 2 2 2 2
-[(SiO ) OH] (n=1-4).2 n
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Nf,kbwf 2& Jnhbwfntkmyst rbckjhjljcjlth;fobt bjys gtht[jlys[ vt-

nfkkjd pfhtubcnhbhjdfyyst ghb dnjhbxyjq bjyyj-bjyyjq

’vbccbb (DBB")^ fnjvyj-bjyyjq ’vbccb (FB") b bcrhjdjv

hfphzlt (BH)&

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
- - - -

Vtnfkk Vtnjl MeO MeO MeO MeO kbnthfnehf2 3 4
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Ti DBB" - + + - 48

DBB" + + + + 47

V DBB" + + + + 48

Cr DBB" + + + + 48

DBB" + + - - 47

Mn DBB" + + + - 48

Fe DBB" + + + - 47-49

DBB" - + - - 50

BH + - - - 51

Co DBB" + + + - 47

Ni DBB" + + - - 48

DBB" + + + - 49

DBB" + - - - 47

Pt BH - + - - 52

DBB" + + - - 41

DBB" + - - - 47

Cu DBB" + + - - 48

Sr DBB" + + - - 48

Nb DBB" - + + - 48

DBB" + + + - 47

Mo DBB" - + + + 48

DBB" + + + + 47

Ta DBB" - + + + 48

DBB" + + + - 47

W DBB" - + + + 48

DBB" + + + + 47
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Nf,kbwf 2& Ghjljk;tybt

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
- - - -

Vtnfkk Vtnjl MeO MeO MeO MeO kbnthfnehf2 3 4
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Re DBB" - - + + 53

DBB" + + + + 47

V + + + - 47

Sn FB" + + + - 54

Y DBB" + + - - 47

Td DBB" + + + - 47

Rh DBB" + + + - 47

Pd DBB" + + - - 47

Au DBB" + + - - 47

Zn DBB" + + + - 47

Cd DBB" + + - - 47

140Ce DBB" + + + + 47

U DBB" + + + + 47

Fe DBB" + - - - 55

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Bcrhjdjq hfphzl [15, 31]&

J,hfpjdfybt jnhbwfntkmys[ bjyjd ghjbc[jlbn d htpekmnfnt bcr-

hjdjuj hfphzlf^ djpybrf.ituj vt;le ’ktrnhjlfvb c hfpyjcnm. gjnty-

wbfkjd jn 3-5 lj 25 r’D& Jlybv bp ’ktrnhjljd cke;bn cfv j,hfptw&

Dthjznyjcnm j,hfpjdfybz bjyjd lkz hfpkbxys[ ’ktvtynjd ytjlbyfrjdf^

,jkmijt pyfxtybt bvt.n [fhfrnthbcnbrb bcrhjdjuj hfphzlf& D hf,jnt

[52] ujdjhbncz j yf,k.ltybb vyjujfnjvys[ jnhbwfntkmys[ bjyjd hfp-

kbxys[ ’ktvtynjd& (cv& nf,k& 2)&
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Bjyyj-vjktrekzhyst htfrwbb [31, 34]&

Ghtldfhbntkmyj gjkextyysq gexjr bjyjd gjcnegftn d bccktletvsq

ufp& J,hfpjdfybt pfhz;tyys[ xfcnbw ghjbc[jlbn pf cxtn ghjntrfybz

bjyyj-vjktrekzhys[ htfrwbq^ rjnjhst vj;yj jnytcnb r xtnshtv jcyjd-

ysv nbgfv: gthtyjc ghjnjyf^ gthtyjc ’ktrnhjyf^ yerktjabkmyjt ghb-

cjtlbytybt b yerktjabkmyjt pfvtotybt& D rfxtcndt ghbvthf htfrwbb

-
vj;yj ghbdtcnb gjkextybt HCO d hf,jnt [64]

- -H + H CO = H + HCO2 2
-

D htpekmnfnt ghjwtccf gthtyjcf ’ktrnhjyf gjkexty bjy ClO [38]2
- -SF + ClO = SF + ClO6 2 6 2

Jcj,tyyj xfcnj bcgjkmpetncz yerktjabkmyjt ghbcjtlbytybt& Nfr^ ,skb

- - -
utythbhjdfys bjys PO WHCl^ PO WHI [46]^ A WB (B = CO ^ SO ; A =3 3 n 2 2

Cl, I^ NO ^ CO ^ SO ^ SO ; n=1-4) [65]^ vyjujxbcktyyst ghjlerns2 3 2 3

htfrwbb hfpkbxys[ rfh,jybkjd c rbckjhjljv

O- 2 -M(CO) [------------------------------L M(CO) On x y

M = Fe, Co, Mo, Mn; n=4-5; x=0-4, y=1-5, [66-69]^ lheubt ckj;yst

cjtlbytybz yf jcyjdt rfh,jybkjd [68, 69]& Jnvtnbv^ xnj fdnjhs [67]

- - -
pfhtubcnhbhjdfkb nfr;t bjys :FeO (x=2-4)^ CrO (x=2-5)^ MoOx x x

- - - -(x=3-5)& D [70] htfrwbb (CF SO ) O c bjyfvb O ^ NO ^ NO ^ PO ^3 2 2 2 2 3 3
- -HSO bcgjkmpjdfkb lkz gjkextybz CF SO .4 3 3

Gkfvtyf&

D 1971 ujle dsitk j,pjh Vbkkthf [71]^ d rjnjhjv ,skb hfccvjn-

htys cthbb j[fhfrnthbpjdfyys[ gkfvty b vtnjlbrf bccktljdfybz d yb[

-
pfhz;tyys[ xfcnbw& R njve dhtvtyb ,skb bccktljdfys fybjys BO ^2

- - - - -MoO ^ CrO ^ WO ^ HMoO^, HWO & C nt[ gjh ’njn hzl yt cnfk yfvyjuj3 3 3 4 4

hfpyjj,hfpytt^ [jnz hfcibhbkcz pf cxtn hf,jn Uelbyucf^ rjnjhsv

- - - -
,skb gjkextys hfpkbxyst cthjcjlth;fobt bjys (S ^ SH ^ SO ^ SO ^2
- - - - - - -S ^ SO ^ HSO ^ SO ^ HSO ^ SF ^ CF SO b lh.) [72-75] b bjys ufkj-2 3 3 4 4 5 3 3
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- - - -
utyjd (F ^ Cl ^ Br ^ I ) [76]& Bccktljdfybz ghjdjlbkbcm c gkfvtyf-

vb ghb fnvjcathyjv lfdktybb^ ntvgthfnehf ~ 2400 R&

Nthvbxtcrfz bjybpfwbz [15, 31]&

J,hfpjdfybt bjyjd ghjbc[jlbn ghb yfuhtdt lj dscjrb[ ntvgthf-

neh gjdth[yjcnb^ yf rjnjhe. gjvtotyj bccktletvjt dtotcndj& Cjjn-

yjitybt ytqnhfkmys[ ghjlernjd bcgfhtybz r pfhz;tyysv cjcnfdkztn

5 810 -10 & Gjdth[yjcnm vj;tn ,snm cltkfyf d dblt ’aaepbjyyjq rfvths

Ryelctyf [25, 15]^ bp rjnjhjq bjys dsnzubdf.ncz ’ktrnhbxtcrbv gj-

ktv& Pfhz;tyyst xfcnbws ghb ’njv j,kflf.n ntgkjdjq ’ythubtq ~ 0.1

’D (1000 R)&

D yfcnjzott dhtvz ceotcndetn gjyznbt j cjcnjzybb @yfcsotyysq

gfh-gkfpvf@ [1]& Bvttncz d dble hfdyjdtcysq c rhbcnfkkjv gfh c

ljcnfnjxyj dscjrjq cntgtym. bjybpfwbb& "nf cbnefwbz vj;tn ,snm

htfkbpjdfyf lkz cjtlbytybq^ e rjnjhs[ ghjwtccs gfhjj,hfpjdfybz b

bjybpfwbb jncnjzn gj irfkt ’ythubq yt jxtym lfktrj lheu jn lheuf

(hfpybwf ~ 3-4 ’D)& Cjcnjzybt @yfcsotyysq gfh-gkfpvf@ zdkztncz

eybrfkmysv j,mtrnjv lkz bccktljdfybz^ gjcrjkmre pltcm cjplf.ncz

eckjdbz lkz gjkextybz bpvthbvs[ rjywtynhfwbq hfpyjj,hfpys[ vyjuj-

fnjvys[ bjyjd& D rfxtcndt ghbvthf vj;yj ghbdtcnb gjkextyyst gentv

nthvbxtcrjq bjybpfwbb cjktq otkjxys[ vtnfkkjd jnhbwfntkmyst rbc-

kjhjlcjlth;fobt bjys ajcajhf [5]^ cths [7, 10^ 77]^ [hjvf^ vjkb,-

ltyf^ djkmahfvf [7] (cv& nf,k. 4)& Rhjvt ’njuj^ pfhtubcnhbhjdfys

- - - - -
bjys Cr O ^ KMo O ^ KCr O ^ NaCr O ^ M X O (M-otkjxysq vtnfkk^2 6 2 7 2 7 2 7 3 2 8

-X=S^ Cr^ Mo^ W )^ cvtifyyst bjys - nfrbt rfr Na SWO [7]; hfpkbx-3 8

yst jnhbwfntkmyst bjys ublhjrcbljd itkjxys[ vtnfkkjd [78]&

Vt[fybpv j,hfpjdfybz bjyjd ghb dnjhbxyjq bjyyj-bjyyjq b

bjyyj-fnjvyjq ’vbccbb yt ecnfyjdkty& Rfr b d ckexft nthvbxtcrjq

bjybpfwbb bvt.ncz dscjrfz ntvgthfnehf b rjynfrn c rjyltycbhjdfyyjq
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afpjq& Vj;yj ghtlgjkj;bnm^ xnj pltcm nfr;t yt bcrk.xtyj gjzdktybt

cjcnjzybz @yfcsotyysq gfh-gkfpvf@& D gjkmpe ’njuj ghtlgjkj;tybz -

vyjujj,hfpbt b ljdjkmyj ytghjcnjq cjcnfd bjyjd&

D pfrk.xtybt jnvtnbv^ xnj hfdyjdtcbt c exfcnbtv bjyjd ecnf-

yfdkbdftncz kbim ghb lde[ cgjcj,f[ bjybpfwbb - d gkfvtyf[ b ghb

nthvbxtcrjq bjybpfwbb& D jnltkmys[ ckexfz[ djpvj;yj nfr;t ecnfyjd-

ktybt hfdyjdtcbz ghb [bvbxtcrjq bjybpfwbb (bjyyj-vjktrekzhyst ht-

frwbb)& D jcnfkmys[ cgjcj,f[ bjybpfwbb gjkexf.obtcz bjys yf[jlzncz

d ceotcndtyyj ythfdyjdtcys[ eckjdbz[&

1&3& Jghtltktybt nthvjlbyfvbxtcrb[ cdjqcnd jnhbwfntkmys[

bjyjd

D gthde. jxthtlm d ’njv hfpltkt ,elen hfccvjnhtys nfrbt ’yth-

utnbxtcrbt [fhfrnthbcnbrb^ rfr ’ynfkmgbz j,hfpjdfybz bjyf b chjl-

cndj r ’ktrnhjye cjjndtncnde.otq ytqnhfkmyjq vjktreks& J,pjh [32]

cjlth;bn ’rcgthbvtynfkmyst lfyyst gj nthvjlbyfvbrt jnhbwfntkmys[

bjyjd^ gjkextyyst lj 1975 ujlf^ ,jktt gjplybt htpekmnfns (1975-80

u.) j,ce;lf.ncz d hf,jnt [24]& D 1986 ujle dsitk j,pjh gjcdzotyysq

rkfcnthysv bjyfv [33]& Gj’njve^ d lfyyjv hfpltkt ,eltn hfccvfnhb-

dfnmcz kbim njn afrnbxtcrbq vfnthbfk^ rjnjhsq cdzpfy c bccktljdf-

ybzvb jnhbwfntkmys[ rbckjhjljcjlth;fob[ bjyjd gjckt 80-uj ujlf&

Gjhjujdst vtnjls [24^ 32]

Jghtltkztncz nf vbybvfkmyfz ’ythubz cnfkrbdf.ob[cz xfcnbw^

yfxbyfz c rjnjhjq ghjbc[jlbn j,hfpjdfybt bkb hfpheitybt bjyf& C.lf

jnyjczncz vtnjls ajnjjnhsdf^ ajnj’ktrnhjyyjq cgtrnhjcrjgbb^ vtnjl

’ktrnhjyyjuj elfhf^ cnjkryjdbntkmyjq bjybpfwbb^ bjyyj-vjktrekzhyst

htfrwbb&
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Cenm vtnjlf ajnj’ktrnhjyyjq cgtrnhjcrjgbb (A"C) pfrk.xftncz d

cktle.otv& Cjplfyysq ghtldfhbntkmyj gexjr jnhbwfntkmys[ bjyjd ec-

rjhztncz^ ghj[jlbn xthtp vfcc-ctgfhfnjh^ gthtctrftncz c ajnjyysv^

d htpekmnfnt xtuj ghjbc[jlbn jnhsd ’ktrnhjyf^ yfghbvth

- -SeO + hu = SeO + e2 2

Xfcnjnf bpkextybz abrcbhjdfyf& Ghjdjlbncz htubcnhfwbz cgtrnhf

rbytnbxtcrb[ ’ythubq ds,bns[ ’ktrnhjyjd& Bp ,fkfycf ’ythubb

ghjwtccf jnhsdf ’ktrnhjyf yf[jlbncz dtkbxbyf chjlcndf r ’ktrnhjye&

Htpekmnfns ghtlcnfdktys d nf,kbwt 3&

Jnvtnbv^ xnj Kbyt,thuthjv ,skf cltkfyf jwtyrf yb;ytq uhfybws

chjlcndf r ’ktrnhjye vjktreks FeO [79]; cjjndtncnde.obq fybjy2

zdkztncz jlybv bp j,mtrnjd yfituj bccktljdfybz& Djpvj;yjcnb bc-

gjkmpetvjuj kfpthf (’ythubz ajnjyjd 2.5 ’D ) yt gjpdjkbkb yfqnb

njxyjt pyfxtybt&

-
D 1989 ujle ,skb gthtcyzns ajnj’ktrnhjyyst cgtrnhs lkz O b2

-NO [80]& Yfqltyyst dtkbxbys chjlcndf r ’ktrnhjye ghtdsif.n ghb-

yznst hfytt yf 11 b 2 v’D cjjndtncndtyyj&

D hf,jnt [39] chjlcndj r ’ktrnhjye hflbrfkjd ClO b ClO jg-3 4
- -

htltktyj vtnjljv ’ktrnhjyyjuj elfhf ("E)& Bjys ClO b ClO ,skb3 4

gjkextys d htpekmnfnt ,jv,fhlbhjdrb ’ktrnhjyfvb ufpjj,hfpyjq [kjh-

yjq rbckjns bkb ;t [kjhyjuj fyublhblf& Bpvthtys gjntywbfks gjzdkt-

ybz ’nb[ fybjyjd& Pyfxtybt yb;ytq uhfybws chjlcndf r ’ktrnhjye

ClO gjkextyj bp ehfdytybz ’ythutnbxtcrjuj ,fkfycf lkz ghjwtccf4
- -HClO + e [------------L ClO + H4 4

o
c extnjv bpdtcnyjq dtkbxbys D H (ClO ) b bpvthtyyjuj gjntywbfkff 0 4

-
gjzdktybz ClO & Ghb hfcxtnt TF(ClO ) hfccvfnhbdfkfcm cktle.ofz4 3

htfrwbz

- -Cl O + e [------------L ClO + ClO + O2 7 3 3

Ceotcndetn nfr;t gjl[jl^ gjpdjkz.obq jghtltkbnm dth[y.. b
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yb;y.. uhfybws lkz pyfxtybz chjlcndf r ’ktrnhjye rfrjuj kb,j cjt-

lbytybz (bracketing method )& D hfvrf[ ’njuj vtnjlf bpvthz.ncz

rjycnfyns crjhjcnb htfrwbq bccktletvjuj dtotcndf c hzljv fybjyjd^

nthvjlbyfvbxtcrbt [fhfrnthbcnbrb rjnjhs[ [jhjij bpdtcnys& Ghjntrf-

ybt htfrwbb c j,hfpjdfybtv j;blftvjuj jnhbwfntkmyjuj bjyf cdblt-

ntkmcndetn j njv^ xnj bcrjvjt EA ,jkmit^ xtv e ytqnhfkmyjuj fyfkj-

uf dpznjuj fybjyf-htfutynf& Gjl,bhfz nfrbt bjyyj-vjktrekzhyst ht-

frwbb^ vj;yj jghtltkbnm bynthdfk ’ythubq^ rjnjhjve ghbyflkt;bn

chjlcndj r ’ktrnhjye bynthtce.otuj cjtlbytybz& Nfr^ yfghbvth^ d

hf,jnt [70] ,skj yfqltyj bp lfyys[ lkz htfrwbq
-- WFHSO 64 -(CF SO ) O [------L CF SO (CF SO ) O + [/ ------L3 2 2 3 3 3 2 2

,skj yfqltyj 4.9+0.3 ’D < EA(CF SO ) < 6.0+0.2 ’D&3 3

Fdnjhs [66] gjlj,ysv j,hfpjv jghtltkbkb chjlcndj r ’ktrnhjye

Cr(CO) O b Cr(CO) O bp chfdytybz c EA(Cr(CO) ) = 2.3 ’D& b3 3 2 5

EA(NO ) = 2.2 ’D&; f nfr;t yfikb EA(CrO )& "njn vtnjl bcgjkmpjdfk-2 3

cz b lkz jghtltktybz chjlcndf r ’ktrnhjye ClO & Lkz yf[j;ltybz2
-

yb;ytq uhfybws cke;bkb htfrwbb c exfcnbtv HS (EA(HS) = 2.32 +

-0.10 ’D) b SF (EA(SF ) = 2.35 + 0.10 ’D)4 4 -- SFHS 4- -ClO +[------------L ClO ClO +[------------LClO2 2 2 2
-

Dth[ybq ghtltk ecnfyjdkty d htpekmnfnt chfdytybz c NO2

(EA(NO ) = 2.38 + 0.006 ’D)&2
-ClO2 -NO [------------L NO2 2

Htpekmnfns jghtltktybz chjlcndf r ’ktrnhjye gjhjujdsvb vtnjlfvb

ghbdtltys d nf,kbwt 3&
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Nf,kbwf 3. Chjlcndj r ’ktrnhjye rbckjhjljcjlth;fob[ cjtlbyt-

ybq^ jghtltktyyjt gjhjujdsvb vtnjlfvb&

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cjtlbytybt Vtnjl Ujl EA ’D Kbnth&

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SeO A"C 1985 1.456 + 0.020 81

(SO ) A"C 1987 1&9 822 2

TeO A"C 1985 1.697 + 0.022 83

TeO A"C 1988 >2.2 842

SeO A"C 1988 1.823 + 0.050 842

NOWAr A"C 1989 0.095 85

NOWKr A"C 1989 0.136 85

NOWXe A"C 1989 0.204 85

O WN A"C 1988 0.69 862 2

NO A"C 1987 0.024 87

aNOW(N O) A"C 1987 0.258 + 0.009 872
aNOW(N O) A"C 1987 0.513 + 0.022 872 2

HCO A"C 1986 0.313 + 0.005 64

DCO A"C 1986 0.301 + 0.005 64

CF SO b.m. 1987 4.9+0.3:6.0+0.2 703 3

Cr(CO) O b.m. 1987 2.2 + 0.1 663

Cr(CO) O b.m. 1987 2.2 + 0.1 663 2

CrO b.m. 1987 2.5 + 0.2 663

NO A"C 1989 0.026 + 0.005 80

O A"C 1989 0.451 + 0.007 802

FeO A"C 1977 >2.5 792

ClO b.m. 1989 2.37+0.10 382

ClO "E 1989 >2.70+0.16 393

ClO "E 1989 >4.61+0.17 394
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
a - eckjdyjt chjlcndj r ’ktrnhjye, b.m. - bracketing method
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Hfdyjdtcyst vtnjls [24, 15]

Bpvthztncz ntvgthfnehyfz pfdbcbvjcnm bkb f,cjk.nyfz dtkbxbyf

rjycnfyns hfdyjdtcbz htfrwbq c exfcnbtv jnhbwfntkmys[ bjyjd& "yth-

utnbxtcrbt [fhffrnthbcnbrb fybjyf vjuen ,snm yfqltys^ tckb bpdtcn-

ys nthvjlbyfvbxtcrbt lfyyst lkz jcnfkmys[ exfcnybrjd htfrwbb& R

’njq uheggt vtnjljd jnyjczncz vfuytnhjyysq vtnjl^ gjdth[yjcnyfz

bjybpfwbz^ bccktljdfybt hfdyjdtcbq d ufpf[ b gkfvtyf[&

{jnz Uelbyucjv ,skb gjkextys d gkfvtyf[ hfpkbxyst rbckjhjlj-

cjlth;fobt bjys cths (cv& hfpltk 1.2)^ nthvjlbyfvbrf b[ yt jghtlt-

- - -
kzkfcm& Htpekmnfns ghtlitcnde.ob[ hf,jn Vbkkthf (BO ^ MoO ^ CrO ^2 3 3
- - -WO ^ HMoO ^ HWO ) j,ce;lf.ncz d tuj j,pjhyjq cnfnmt [71]^ dsitlitq3 4 4

d 1979 ujle&

Lkz nthvjlbyfvbxtcrb[ bccktljdfybq rbckjhjljcjlth;fob[ jnhb-

wfntkmys[ bjyjd d gjcktlybt ujls ecgtiyj ghbvtyzkcz vtnjl bjyyj-

vjktrekzhys[ hfdyjdtcbq [7^ 78]& C[tvf ecnfyjdrb ghbdtltyf yf hbc&

2& Bccktletvjt dtotcndj gjvtoftncz d rfvthe Ryelctyf b yfuhtdftncz

lj dscjrjq ntvgthfnehs (1200-1500 R)& D htpekmnfnt nthvbxtcrjq

bjybpfwbb j,hfpe.ncz bjys^ rjnjhst yf[jlzncz d hfdyjdtcbb lheu c

lheujv b c rjyltycbhjdfyyjq afpjq& Jnhbwfntkmyst bjys dsnzubdf.ncz

’ktrnhbxtcrbv gjktv^ ecrjhz.ncz^ ajrecbhe.ncz kbypfvb bjyyjq jgnb-

rb b gjcnegf.n d vfcc-fyfkbpfnjh^ ult hfpltkz.ncz gj jnyjityb.

vfccs r pfhzle& Bjyysq njr bpvthztncz ’ktrnhjvtnhjv bkb ’ktrnhjy-

ysv evyj;bntktv& Byntycbdyjcnm njrf ghjgjhwbjyfkmyf lfdktyb. bjyjd

d ’aaepbjyyjq rfvtht& "nj ltkftn djpvj;ysv jghtltktybt rjycnfyn

hfdyjdtcbz bjyyj-vjktrekzhys[ b bjyyj-bjyys[ hfdyjdtcbq htfrwbq&

D hf,jnt [7] bpvthtys rjycnfyns hfdyjdtcbz 20-nb htfrwbq d

gfhf[ [hjvfnjd^ djkmahfvfnjd b vjkb,lfnjd otkjxys[ vtnfkkjd& Gentv

htitybz gthtjghtltktyyjq cbcntvs ehfdytybq^ jghtltktys ’ynfkmgbb

j,hfpjdfybz hzlf rbckjhjljcjlth;fob[ jnhbwfntkmys[ bjyjd (cv& nf,-
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kbwe 4) b chjlcndj r ’ktrnhjye EA(CrO ) = 351+17^ EA(MoO ) =3 3

277+19^ EA(WO ) = 380+19 rL;/vjkm&3

Cbljhjdjq [88] bccktljdfyj bjyyj-vjktrekzhyjt hfdyjdtcbt

- -BO + CsBO (s) = Cs(BO )2 2 2 2
-

Rjycnfynf hfdyjdtcbz jghtltktyf bp jnyjitybz bjyys[ njrjd Cs(BO )2 2
-

b BO & Frnbdyjcnm CsBO hfdyzkfcm tlbybwt^ gjcrjkmre ’rcgthbvtyn2 2

ghjdjlbkcz c xbcnsv vtnf,jhfnjv wtpbz& Gj II-jve b III-tve pfrjyfv

o o
hfccxbnfys ’ynfkmgbb htfrwbb D H (II) = 136.7+20.8^ D H (III) =r 0 r 0

106.3+18.3 rL;/vjkm cjjndtncndtyyj& Gjcktlytt pyfxtybt bcgjkmpjdf-

-
yj lkz jghtltktybz ’ynfkmgbb j,hfpjdfybz bjyf Cs(BO ) ( cv&2 2

nf,k& 4)&

<envfyjv [78] ,skb bpvthtys rjycnfyns hfdyjdtcbz bjyyj-

vjktrekzhys[ b bjyyj-bjyys[ htfrwbq d gfhf[ ublhjrcbljd otkjxys[

vtnfkkjd

- -M(OH) = OH + MOH(s)2
- -M (OH) = OH + 2MOH(s)2 3
- -M (OH) = OH + 3MOH(s)3 4
- -M (OH) = M + MOH(s)2

- - - -MO + OH = MOH + O

(M = Na, K, Rb, Cs)& Bp hfcxtnjd jghtltktyys[ gj III-tve pfrjye

o
’ynfkmgbq htfrwbq yfqltys pyfxtybz D H jnhbwfntkmys[ bjyjd (cv&r 0

nf,k& 4)&

D cjdjregyjcnb c bpdtcnysvb ’ynfkmgbzvb j,hfpjdfybz jrcbljd b

jwtytyysvb lkz vjktrek M OH b M(OH) ’nb lfyyst gjpdjkbkb2 2

hfccxbnfnm dtkbxbys chjlcndf r ’ktrnhjye (cv& nf,k& 5)&
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Hbc& 2& C[tvf bjyyjuj bcnjxybrf lkz dscjrjntvgthfnehys[

bccktljdfybq bjyyj-vjktrekzhys[ hfdyjdtcbq&

1 - ’aaepbjyyfz rfvthf# 2 - gtxm cjghjnbdktybz# 3 - cgfq

nthvjgfhs# 4 - lth;fntkm rfvths# 5 - djlzyfz he,firf# 6 -

dsnzubdf.obq ’ktrnhjl# 7 - kbyps bjyyjq jgnbrb
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Nf,kbwf 4& "ynfkmgbb j,hfpjdfybz jnhbwfntkmys[ rbckjhjlcj-

lth;fob[ bjyjd^ jghtltktyyst hfdyjdtcysvb vtnjlfvb&
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

o o
Bjy D H rL;/vjkm Kbn& Bjy D H rL;/vjkm Kbn&r 0 r 0

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
- -SO -602 + 6 7 Cs(BO ) -1569 + 29 883 2 2
- -SO -743 + 9 7 Na OH -313 + 12 784 2

- -LiSO -1041 + 12 7 K OH -338 + 12 784 2
- -NaSO -976 + 13 7 Rb OH -334 + 12 784 2
- -KSO -992 + 12 7 Cs OH -339 + 12 784 2
- -RbSO -982 + 12 7 Na(OH) -520 + 10 784 2
- -CsSO -998 + 13 7 K(OH) -510 + 10 784 2
- -CrO -669 + 9 7 Rb(OH) -500 + 10 783 2
- -CrO -781 + 11 7 Cs(OH) -501 + 10 784 2

- -NaCrO -972 + 14 7 Na (OH) -904 + 20 784 2 3
- -KCrO -995 + 16 7 K (OH) -890 + 20 784 2 3

- -MoO -637 + 11 7 Rb (OH) -884 + 20 783 2 3
- -MoO -800 + 11 7 Cs (OH) -889 + 20 784 2 3

- - aNaMoO -1037 + 17 7 Na (OH) -1286 + 40 784 3 4
- -KMoO -1065 + 15 7 K (OH) -1262 + 30 784 3 4
- -CsMoO -1060 + 17 7 Rb (OH) -1257 + 30 784 3 4

- -WO -695 + 11 7 Cs (OH) -1281 + 30 783 2 4
- -WO -881 + 11 7 NaO -12 + 15 784

- -NaWO -1139 + 15 7 KO -3 + 15 784
- -KWO -1170 + 18 7 RbO -4 + 15 784
- -CsWO -1181 + 15 7 CsO -11 + 15 784

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
a - jwtyrf
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Nf,kbwf 5& Chjlcndj r ’ktrnhjye cjtlbytybq otkjxys[ vtnfkkjd [78]

[----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
D-dj EA ’D& D-dj EA ’D&

[----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Na OH 1.4 + 0.4 K OH 1.2 + 0.42 2

Rb OH 1.0 + 0.4 Cs OH 0.8 + 0.42 2

Na(OH) 2.6 + 0.4 K(OH) 2.3 + 0.42 2

Rb(OH) 2.1 + 0.4 Cs(OH) 2.0 + 0.42 2

NaO 1.0 + 0.3 KO 0.7 + 0.3

RbO 0.6 + 0.3 CsO 0.5 + 0.3

[----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Cgtwbabxyjcnm nthvbxtcrjq bjyfpfwbb^ bcgjkmpetvjq d vtnjlt

BVH^ ghtljcnfdkztn hzl ghtbveotcnd& Pltcm djpybrftn djpvj;yjcnm

bccktljdfybz ,jktt ckj;ys[ bjyys[ ajhv^ f b[ vyjujj,hfpbt pyfxb-

ntkmyj hfcibhztn rheu bpexftvs[ j,‘trnjd^ gjpdjkztn ljcnbxm kexitq

cjukfcjdfyyjcnb gjkexftvs[ nthvjlbyfvbxtcrb[ lfyys[^ gentv cjcnfd-

ktybz b htitybz gthtjghtltktyys[ cbcntv ehfdytybq [7]&

Lheufz [fhfrnthyfz xthnf vtnjlf BVH - jy lftn byajhvfwb.

ytgjchtlcndtyyj gj rjycnfynfv hfdyjdtcbz htfrwbq^ lkz hfcxtnf

rjnjhs[ j,sxyj b nht,e.ncz ’ynfkmgbb j,hfpjdfybz jnhbwfntkmys[

bjyjd&

Gj ’nbv ghbxbyfv^ vtnjl gjl[jlbn lkz bccktljdfybz

bjyyj-vjktrekzhys[ b bjyyj-bjyys[ hfdyjdtcbq c exfcnbtv ckj;ys[

bjyjd^ rjnjhst nhelyj gjkexbnm ghb bcgjkmpjdfybb ;tcnrb[ vtnjljd

bjybpfwbb&

D ckexft jghtltktybz chjlcndf r ’ktrnhjye chfdybntkmyj

ghjcns[ bjyjd yfb,jktt ghzvsv b njxysv zdkztncz ghbvtytybt vtnjlf

A"C (gjuhtiyjcnb 0&5 - 4 rL;/vjkm^ f d BVH - 10-25 rL;/vjkm)&



- 33 -

2& JGHTLTKTYBT FRNBDYJCNTQ JRCBLJD D DSCJRJNTVGTHFNEHYS{

CBCNTVF{

Frnefkmyjcnm bpvthtybz frnbdyjcntq rjvgjytynjd d jrcblys[

cbcntvf[ cdzpfyf c bynthtcjv r nfrbv j,‘trnfv bccktljdfybz^ rfr

ikfrb^ vfuvs^ hfcgkfds cbkbrfnys[ cntrjk^ rthfvbrf&

"nf pflfxf lbrnetncz nfr;t gjnht,yjcnzvb dscjrjntvgthfnehys[

nt[yjkjubq& Yfghbvth^ dj vyjub[ njgkbdyj-eujkmys[ ’ythutnbxtcrb[

cbcntvf[ j,hfpe.ncz cbkbrfnyst ikfrb^ drk.xf.obt jrcbls rfkbz b

yfnhbz& Ghbcencndbt ufpjj,hfpys[ cjtlbytybq otkjxys[ vtnfkkjd yt-

;tkfntkmyj^ n&r& ghbdjlbn r ujhzxtq rjhhjpbb rthfvbxtcrb[ b vtnfk-

kbxtcrb[ rjycnherwbq& Yfb,jktt fuhtccbdysvb rjvgjytynfvb zdkz.ncz

cjtlbytybz rfkbz b yfnhbz& Lkz cjplfybz cnhfntubb rjynhjkz nhfyc-

gjhnf gfhjd otkjxys[ vtnfkkjd ye;yf byajhvfwbz j nthvjlbyfvbxtcrb[

frnbdyjcnz[ dtotcnd d rjyltycbhjdfyyjq afpt&

D lfyyjv hfpltkt hfccvjnhtys ceotcnde.obt vtnjls jghtltktybz

frnbdyjcntq b ghjdtltyj b[ chfdytybt& Bp jhbubyfkmys[ hf,jn hfc-

cvjnhtys njkmrj nt^ rjnjhst cdzpfys c bpvthtybtv frnbdyjcnb jrcb-

ljd gtht[jlys[ vtnfkkjd b jrcbljd otkjxys[ vtnfkkjd d cbkbrfnys[

cbcntvf[&

2&1& Vtnjls "LC b utnthjutyys[ hfdyjdtcbq

Lkz jghtltktybz nthvjlbyfvbxtcrjq frnbdyjcnb jrcbljd j,sxyj

bcgjkmpetncz vtnjl "LC c ndthlsv ’ktrnhjkbnjv bkb vtnjl utnthjuty-

ys[ hfdyjdtcbq& B d njv b d lheujv ckexft lkz jghtltktybz frnbd-

yjcnb ytj,[jlbvj pyfnm hfdyjdtcyjt gfhwbfkmyjt lfdktybt rbckjhjlf

b frnbdyjcnm vtnfkkf

oα(MeO ) = K (1) p(O ) α(Me)2 2
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o
ult K (1) - rjycnfynf hfdyjdtcbz htfrwbb

Me(s) + O = MeO (s) (2&1)2 2

Jgbcfybt hfpkbxys[ dfhbfynjd vtnjlf utnthjutyys[ hfdyjdtcbq vj;yj

yfqnb d rybut [89]& D j,otv ckexft d hfvrf[ ’njuj gjl[jlf cvtcm

ufpjd (CO/CO , H /H O)^ j,tcgtxbdf.oe. jghtltktyyjt lfdktybt rbc-2 2 2

kjhjlf^ ghbdjlzn d rjynfrn c bccktletvjq cbcntvjq& Rjulf hfdyjdt-

cbt ljcnbuyenj^ htpekmnfns [bvbxtcrjuj fyfkbpf lf.n cjcnfd ndthljq

afps^ cjjndtncnde.obq lfyyjve lfdktyb. rbckjhjlf& Ytj,[jlbve. fr-

nbdyjcnm vtnfkkf gjkexf.n d htpekmnfnt ljgjkybntkmys[ ytpfdbcbvs[

bpvthtybq^ kb,j bp kbnthfnehys[ lfyys[&

Fdnjhs hf,jns [90] bccktljdfkb ghb 1273 R ndthlsq hfcndjh

CoO-NiO, yf[jlzobqcz d hfdyjdtcbb cj cgkfdjv Co-Ni. Frnbdyjcnm

vtnfkkf^ ytj,[jlbve. lkz jghtltktybz frnbdyjcnb NiO^ d lfyyjv cke-

xft jghtltkzkb cktleobv j,hfpjv& Fdnjhs pfgbcsdfkb ehfdytybz Ub,-

,cf-L.utvf lkz cbcntv Co-Ni-O b Co-Ni b d htpekmnfnt gjkexbkb ds-

hf;tybt llz frnbdyjcnb ybrtkz xthtp vjkmye. ljk. rjvgjytynjd b

lfdktybt rbckjhjlf&

Lheujq genm - cgkfybhjdfnm ’rcgthbvtyn nfrbv j,hfpjv^ xnj,s

bccktletvfz cbcntvf yf[jlbkfcm d hfdyjdtcbb c vtnfkkjv^ frnbdyjcnm

rjnjhjuj hfdyf tlbybwt& Jlyfrj^ ’nj ghbvtybvj kbim d nt[ ckexfz[^

rjulf cbcntvf utnthjutyyf^ bkb bccktletncz yfcsotyysq jrcbljv lfy-

yjuj vtnfkkf hfcgkfd (ndthlsq hfcndjh)&

Nfr^ d hf,jnt [91] bpextyf ghtltkmyfz hfcndjhbvjcnm jrcblf

ybrtkz d ,jhfnys[ cntrkf[ R O-B O (R=Li,Na,K) b jghtltktyf tuj2 2 3

frnbdyjcnm& J,hfptw gjvtofkb d ybrtktdsq nbutkm {α(Ni) = 1} b ghb

pflfyyjv pyfxtybb ntvgthfnehs (1123-1373 R) ehfdyjdtibdfkb ghb

hfpyjv lfdktybb rbckjhjlf^ xnj ljcnbufkjcm gentv cvtitybz gjl[jlz-

ob[ j,‘tvjd ufpjd CO^ CO ^ N b H & Xfcnm j,hfpe.otujcz jrcblf2 2 2

ybrtkz hfcndjhzkfcm d hfcgkfdt cntrkf& Frnbdyjcnm NiO d j,hfpwt d
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’nb[ ’rcgthbvtynf[ yfqltyf bp bpdtcnyjuj lfdktybz rbckjhjlf b

rjycnfyns hfdyjdtcbz htfrwbb

1Ni(s) + -O = NiO(s) (2&2)
2 2

Lheubv vtnjljv jghtltktybz frnbdyjcnb zdkztncz vtnjl ’&l&c&

Jlybv bp ’ktrnhjljd ufkmdfybxtcrjq zxtqrb zdkztncz utnthjutyyfz

cbcntvf c bpdtcnysv lfdktybtv rbckjhjlf^ lheubv - vtnfkk b bcckt-

letvsq ndthlsq hfcndjh& D jnkbxbt jn vtnjlf utnthjutyys[ hfdyjdt-

cbq^ lfdktybt rbckjhjlf yfl bccktletvjq cbcntvjq yt pflftncz^ f

bpvthztncz^ ghbxtv jghtltkztncz yt f,ck.nyjt pyfxtybt lfdktybz

rbckjhjlf^ f jnyjitybt vt;le nfrjdsv lkz bccktletvjq cbcntvs b

cbcntvs chfdytybz&

Nfr^ lkz jghtltktybz frnbdyjcnb jrcblf ybrtkz d ,byfhyjv

hfcndjht NiO-MgO b d cbkbrfnyjq cbcntvt NiO-MgO-SiO bcgjkmpjdfkb2

rjywtynhfwbjyyst gj rbckjhjle zxtqrb [92]

Pt 1 Ni-(Mg Ni )O 1 ZrO (CaO) 1 Ni-NiO 1 Pt1-x x 2

Pt 1 Ni-(Mg Ni ) SiO 1 ZrO (CaO) 1 Ni-NiO 1 Pt1-x x 2 4 2

Pt 1 Ni-(Mg Ni )SiO 1 ZrO (CaO) 1 Ni-NiO 1 Pt1-x x 3 2

"ktrnhjljv chfdytybz d lfyyjv ckexft cke;bkf utnthjutyyfz cbcntvf

Ni-NiO c lfdktybtv rbckjhjlf p’(O )& Frnbdyjcnm ybrtkz d bpexftvjq2

cbcntvt ,skf hfdyf tlbybwt& Pfgbcfd dshf;tybt lkz rjycnfyns

hfdyjdtcbz htfrwbb (2)

1/2 oα(NiO) = p(O ) K (2) α(Ni)2

lkz bccktletvjq cbcntvs b cbcntvs chfdytybz^ b dsxbnfz jlyj bp

lheujuj^ gjkexftv
1-p’’(O ) 2

& 2 *α = p ------------------------------------]NiO 7 8p’(O )2

"nj jpyfxftn^ xnj bpvthztvfz ’&l&c& ytgjchtlcndtyyj cdzpfyf c

frnbdyjcnm. jrcblf ybrtkz
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RT
E = -[------------ ln α(NiO)

2F

Frnbdyjcnb vtnfkkf b jrcblf d cbcntvt chfdytybz vjuen ,snm b

yt hfdys tlbybwt& D nfrjv ckexft jyb ljk;ys ,snm bpdtcnys bp kbnt-

hfnehs bkb jghtltktys ytpfdbcbvj& Yfghbvth^ d hf,jnt [93] lkz jg-

htltktybz frnbdyjcnb Na O (30 - 50 vjkm&%^ 1240 - 1460 R) d cbcnt-2

vf[ Na O-SiO ^ Na O-CaO-SiO , Na O-Fe O -SiO , Na O-CaO-Fe O -SiO2 2 2 2 2 2 3 2 2 2 3 2

bcgjkmpjdfys ufkmdfybxtcrbt zxtqrb nbgf

Pt 1 O , Na O(d hfcgkfdt) 1 NabAl O 1 NabAl O +aAl O , O 1 Pt2 2 2 3 2 3 2 3 2

Ytj,[jlbve. frnbdyjcnm Na O d ’ktrnhjlt chfdytybz ,hfkb bp2

kbnthfnehs& Jnvtnbv nfr;t^ xnj bcgjkmpetvst zxtqrb zdkzkbcm

rjywtynhfwbjyysvb yt gj rbckjhjle^ f gj Na O& Gjntywbfkj,hfpe.ofz2

htfrwbz bvttn dbl

+ 1Na O = 2 Na + - O + 2e2 2 2

b cdzpm bpvthztvjq ’&l&c& c frnbdyjcnm. bvttn cktle.obq dbl

RT α(Na O, d hfcgkfdt)2E = -[------------ ln [------------------------------------------------------------------------------------------------------------------]
2F α(Na O, α+b Al O )2 2 3

D hfvrf[ vtnjlf "LC ceotcndetn wtksq hzl nht,jdfybq&

Ytj,[jlbvj bcrk.xbnm [bvbxtcrbt dpfbvjltqcndbz vt;le ’ktrn-

hjlfvb b ’ktrnhjkbnfvb&

"ktrnhjkbn ljk;ty j,kflfnm ljcnfnjxyj dscjrjq ghjdjlbvjcnm.

bcrk.xbntkmyj bjyyjuj nbgf& D ckexft evthtyys[ lfdktybq rbckjhjlf

bcgjkmpe.n j,sxyj cnf,bkbpbhjdfyysq lj,fdrfvb jrcbl wbhrjybz^ f d

ckexft vfks[ - jrcbl njhbz&

Ljk;yj jncencndjdfnm dpfbvjltqcndbt ’ktrnhjkbnf b ’ktrnhjljd

c jrhe;fotq ufpjdjq afpjq b gthtyjc ktnexb[ rjvgjytynjd xthtp

ufpjde. afpe jn jlyjuj ’ktrnhjlf r lheujve&

Ytj,[jlbvj jncencndbt nthvbxtcrjq "LC&

Wtyjq nofntkmyjq b rhjgjnkbdjq hf,jns gj j,tcgtxtyb. dct[
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’nb[ eckjdbq ljcnbuftncz dscjrfz njxyjcnm - 1 vD d bpvthtybb "LC^

xnj cjjndtncndetn gjuhtiyjcnb 5% d jghtltktybb frnbdyjcnb&

Vtnjljv "LC jghtltktys frnbdyjcnb jrcbljd d ,byfhys[ hfcndj-

hf[^ igbytkz[^ cbkbrfnys[ cbcntvf[ (rfr ghfdbkj^ ldjqys[ bkb nhjq-

ys[)& Htpekmnfns hfccvjnhtys d j,pjht [94]& Hf,jns [95, 96] cdzpf-

ys c jghtltktybtv frnbdyjcntq jrcbljd gtht[jlys[ vtnfkkjd& Bcckt-

ljdfkbcm hfcndjhs NiO, CoO, FeO d Na O-K O-SiO [95] b NiO d hfcg-2 2 2

kfdt Na O-B O [96]&2 2 3

2&2& Dscjrjntvgthfnehyfz vfcc-cgtrnhjvtnhbz c bjybpfwbtq

’ktrnhjyysv elfhjv

Vtnjl dyenhtyytuj cnfylfhnf [15, 97]&

Ghb jghtltktybb nthvjlbyfvbxtcrjq frnbdyjcnb α bcgjkmpe.ni

jcyjdyjt ehfdytybt @vtnjlf lfdktybz gfhf@

oα = p /p (2&3)i i i
o

ult p - gfhwbfkmyst lfdktybt yfl bccktletvsv cjcnfdjv^ p - gfh-i i

wbfkmyjt lfdktybt yfl xbcnsv rjvgjytynjv& Jnyjitybt lfdktybq vj;yj

jghtltkbnm c gjvjom. vfcc-cgtrnhjvtnhf xthtp bpvthztvst bjyyst

o
njrb I b Ii i

o op /p = I /I (2.4)i i i i

Vtnjl dyenhtyytuj cnfylfhnf nht,etn ghbvtytybz cgtwbfkmys[

ryelctyjdcrb[ ,kjrjd^ cjcnjzob[ bp lde[ bkb ytcrjkmrb[ zxttr& D

jlye bp yb[ gjvtof.n xbcnsq rjvgjytyn A^ d lheue. - bccktletve.

cbcntve& Gecnm^ d yfcsotyyjv gfht ghbcencnde.n vjktreks A^ f d

+
vfcc-cgtrnht bvttncz bjy A bp A& C gjvjom. cgtwbfkmyjuj ecnhjqcn-

df ’aaepbjyysq ,kjr vj;yj gthtvtofnm jnyjcbntkmyj bjybpfwbjyyjq

rfvths& Ghb ’njv vjktrekzhyst gjnjrb bp hfpys[ zxttr gjgflf.n d

+ o +
ytt gj jnltkmyjcnb^ b bjyyst njrb I(A ) b I (A ) htubcnhbhe.ncz
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ytpfdbcbvj& Nfrbv j,hfpjv^ rf;ljt bpvthtybt lftn pyfxtybt frnbd-

o + o +
yjcnb α = p /p = I(A )/I (A ).A A A

D ckexft ,kjrf bp ytcrjkmrb[ zxttr d [jlt jlyjuj jgsnf vj;yj

bccktljdfnm ytcrjkmrj cjcnfdjd& Vtnjlbrf ghbvtytyf lkz bpextybz

vyjujrjvgjytynys[ cbcntv& Jib,rf djcghjbpdjlbvjcnb d bpvthtybb

jnyjitybz bjyys[ njrjd cjcnfdkztn 5%& Ceotcndetn^ jlyfrj^ cbcntvf-

nbxtcrfz jib,rf^ cdzpfyyfz c gthtvtotybtv ryelctyjdcrjuj ,kjrf d

[jlt jgsnf&

Vtnjljv dyenhtyytuj cnfylfhnf bccktljdfkb ,byfhyst cgkfds^

nht[rjvgjytynyst rbckjhjljcjlth;fobt cbcntvs [97]&

Vtnjl <tknjyf-Ahe’[fyf [97]&

Vtnjl jcyjdfy yf bcgjkmpjdfybb ehfdytybz Ub,,cf-L.utvf^

pfgbcfyyjuj xthtp jnyjitybz bjyys[ njrjd&

Gecnm d yfcsotyyjv gfht cbcntvs A-B ghbcencnde.n vjktreks A b

+ +B f d vfcc-cgtrnht htubcnhbhe.ncz bjys A bp vjktreks A b bjys B

bp vjktreks B& Dsxbnfybt bp j,tb[ xfcntq ehfdytybz Ub,,cf-L.utvf

x(A) dln α(A) + x(B) dln α(B) = 0

dtkbxbys x(B) dln α(A) ghbdjlbn r dshf;tyb.

dln α(A) = - x(B) dln {α(B)/α(A)}

Gjlcnfdkzz cjjnyjitybt (2.3)^ (2.4) b byntuhbhez, gjkexftv

x(A)

i + +ln α(A) = - x(B) dln {I(B )/I(A )}
j

x=1

Ajhvekf lkz rj’aabwbtynf frnbdyjcnb bvttn cktle.obq dbl

x(A)

i + +ln g(A) = - x(B) d {ln [I(B )/I(A )] - ln [x(B)/x(A)]}
j

x =1A
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Lkz jghtltktybz frnbdyjcnb rjvgjytynf A d cbcntvt cjcnfdf

+ +x(A)^ ytj,[jlbvj bpvthbnm jnyjitybt bjyys[ njrjd I(B )/I(A ) yfl

hzljv bpdtcnys[ cjcnfdjd d bynthdfkt x(A) < x < 1^ pfntv ghjdtcnb

+ +
byntuhbhjdfybt pfdbcbvjcnb x(B) = f{ln I(B )/I(A )}.

Gtht[jl jn f,cjk.nys[ byntycbdyjcntq bjyys[ njrjd r b[

jnyjityb. gjpdjkztn bcrk.xbnm akernefwbb xedcndbntkmyjcnb d [jlt

jgsnf b d hfpys[ ’rcgthbvtynf[&

Vtnjljv <tknjyf-Ahe’[fyf bpexf.n yt njkmrj ldjqyst^ yj b vyj-

ujrjvgjytynyst cbcntvs [98-104]& Jlyfrj^ d ’njv ckexft j,sxyj hfc-

cvfnhbdf.n b[ rfr rdfpb,byfhyst^ yfghbvth^ NaAlSi O - KAlSi O ^2 6 2 6

bkb NaAlSi O - KAlSi O [98, 99]& Htpekmnfns vfcc-cgtrnhfkmyjuj3 8 3 8
+

bccktljdfybz yfcsotyyjuj gfhf ’nb[ cbcntv gjrfpfkb^ xnj bjys Na b

+K bvt.n tlbycndtyys[ ghtlitcndtyybrjd - Na b K& Gj’njve jnyjitybt

+ +
bjyys[ njrjd I(Na )/I(K ) lkz hzlf cjcnfdjd gjpdjkbkj jghtltkbnm

frnbdyjcnb b rj’aabwbtyns frnbdyjcntq fk.vjcbkbrfnjd&

Bynthtce.oe. yfc cbkbrfnye. cbcntve Na O-K O-SiO nfr;t bpe-2 2 2

xfkb vtnjljv <tknjyf-Ahe’[fyf [101, 104]& Rfr b d ghtlsleotv cke-

& *
xft^ hfccvfnhbdfkb rdfpb,byfhyst hfphtps (1-x){Na OQ(SiO ) } + x

7 2 2 h8
& * + +
{K OQ(SiO ) }& Jnyjitybt I(K )/I(Na ) bpvthzkb lkz hzlf cjcnfdjd
7 2 2 h8

dljkm ’njuj ctxtybz c gjcnjzyyyjq vjkmyjq ljktq jrcblf rhtvybz

(bpvtytybt x jn 0 lj 1 ghb h=const )&

<tknjy b lh. bccktljdfkb vtnf- b lbcbkbrfns (h=1,2 cjjndtncn-

1
dtyyj ) b jghtltkbkb frnbdyjcnb ds,hfyys[ rjvgjytynjd (-M O)SiO

2 2 2

(M = Na, K) ghb ntvgthfneht 1373 R [101]& D hfccvjnhtyyjq rdfpb,b-

yfhyjq cbcntvt yf,k.lfkjcm gjkj;bntkmyjt jnrkjytybt jn bltfkmyjc-

nb&

Jlyfrj^ ,skj ,s jib,jxysv cxbnfnm^ xnj njkmrj ’nbv juhfybxb-

df.ncz djpvj;yjcnb vtnjlf <’knjyf-Ahe’[fyf ghbvtybntkmyj r nht[-

rjvgjytynysv cbcntvfv&
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Dfuyth [105] ghtlkj;bk vfntvfnbxtcrbt ghtj,hfpjdfybz^ c

gjvjom. rjnjhs[ d hfvrf[ lfyyjuj gjl[jlf cnfyjdbncz htfkmysv

jghtltktybt frnbdyjcntq dct[ nht[ rjvgjytynjd&

Hfccvjnhbv j,vtyye. htfrwb.

1 1-Na O(s) + K = -K O(s) + Na (2&5)
2 2 2 2

Dshf;tybt lkz rjycnfyns hfdyjdtcbz htfrwbb bvttn dbl

1α(-K O)p(Na)
2 2oK (5) = [------------------------------------------------------------------------]
1α(-Na O)p(K)
2 2

C edtkbxtybtv cjlth;fybz jrcblf rhtvybz d hfcndjht vj;yj j;blfnm^

xnj hfdyjdtcbt jrf;tncz cldbyensv& Cktljdfntkmyj^ vj;yj hfccxbnfnm

bpvtytybt frnbdyjcnb SiO d j,hfpwt^ rfr aeyrwb. jnyjitybz2

Na O/K O& Bp ’nb[ cjj,hf;tybq Dfuyth ddtk gthtvtyyst2 2
1x(-K O) x(SiO )
2 2 2

x = ------------------------------------------------------------------------------------------------------------------ h = ------------------------------------------------------------------------------------------------------------------ (2.6)
1 1 1 1x(-Na O) + x(-K O) x(-Na O) + x(-K O)
2 2 2 2 2 2 2 2

ult x - vjkmyst ljkb dtotcnd&

Ldjqyjt lbaathtywbhjdfybt cjjnyjitybz Ub,,cf-L.utvf gj

gthtvtyysv x b h gjpdjkbkj gthtqnb r ehfdytyb.

1 1
d lnα(SiO ) d lnα(-Na O) d lnα(-K O)2 2 2 2 2

[-----------------------------------------------------------------] = - [-----------------------------------------------------------------------------------------] + [-----------------------------------------------------------------------------------] (2.7)
d x d h d h

o
Gentv kjufhbavbhjdfybz b lbaathtywbhjdfybz K (5) vj;yj

gjkexbnm

1 1
d lnα(-K O) + d lnp(Na) - d lnα(-Na O) - d lnp(K) = 0

2 2 2 2

c extnjv ’njuj (2.7) ghtj,hfpetncz r dble

p(K)
& *

d lnα(SiO ) d ?[------------------------]?2 7 p(Na)8
-----------------------------------------------------------------] = --------------------------------------------------------- (2.8)

d x d h

"nj jpyfxftn^ xnj jghtltkbd bpvtytybt jnyjitybz gfhwbfkmys[

lfdktybq K b Na d pfdbcbvjcnb jn cjlth;fybz SiO (h)^ vj;yj hfccxb-2
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nfnm bpvtytybt frnbdyjcnb nhtnmtuj rjvgjytynf - jrcblf rhtvybz&

J,‘tv hf,jns b j,hf,jnrf ’rcgthbvtynfkmys[ lfyys[^ jlyfrj^ pyfxb-

ntkmyj edtkbxbdftncz& D xfcnyjcnb^ cnfyjdbncz ytj,[jlbvsv ghjdj-

lbnm bpvthtybz lkz ytcrjkmrb[ cthbq cjcnfdjd c hfpkbxyjq vjkmyjq

ljktq SiO & Tckb bvt.ncz lfyyst gj frnbdyjcnb d ,byfhyjq cbcntvt^2
1

yfghbvth (-Na O)-SiO ^ jghtltkztncz f,cjk.nyjt pyfxtybt α(SiO )&
2 2 2 2

<tknjy d cdjtq cktle.otq hf,jnt^ gjcdzotyyjq cbcntvt

Na O-K O-SiO [102]^ bccktljdfk tot jlyj ctxtybt (h=4)& D cjdjreg-2 2 2

yjcnb c e;t gjkextyysvb bv lfyysvb (h=1,2)^ ’nj gjpdjkbkj tve yfq-

nb jnyjitybz frnbdyjcnb SiO d bccktletvjq b ,byfhys[ cbcntvf[ lkz2

ctxtybz h=2 ghb 1373 R& Jnvtnbv^ xnj fyfkjubxysv j,hfpjv jghtltkz-

kb frnbdyjcnm jrcblf rhtvybz d cbcntvt Cu O-K O-SiO [103]&2 2 2

Gjcrjkmre ghb T=const^ p=const

1α(-Na O)Wα(SiO )
2 2 2

[------------------------------------------------------------------------------------------------------------------------] = const
1α{-Na OQSiO }
2 2 2

<tknjy hfccxbnfk jnyjitybt frnbdyjcntq jrcbljd otkjxys[ vtnfkkjd d

hfccvfnhbdftvjq cbcntvt b d ,byfhyjq

1 T Bα(-Na O) g(SiO )
2 2 2

&1 *ln[------------------------------------------------------------ = ln[-----------------------------------------] + ln α {-Na OQSiO }
72 2 28

1 B Tα(-Na O) g(SiO )
2 2 2

Pltcm byltrcjv T j,jpyfxtys dtkbxbys^ jnyjczobtcz r nhjqyjq

cbcntvt^ < - r ,byfhyjq&

Yf,k.lfkjcm jnhbwfntkmyjt jnrkjytybt jn bltfkmyjcnb lkz SiO2
1 1

b gjkj;bntkmyjt lkz rjvgjytynjd -Na O b -K O&
2 2 2 2

+ +
Chfdytybt jnyjitybq bjyys[ njrjd I(K )/I(Na )^ bpvthtyys[ ghb

bccktljdfybb cbcntvs Na O-K O-SiO hfpkbxysvb fdnjhfvb [101, 102,2 2 2

104]^ cdbltntkmcndetn j [jhjitq cjukfcjdfyyjcnb lfyys[& Ytpyfxb-

ntkmyjt hfc[j;ltybt yf,k.lftncz d ckexft vtnfcbkbrfnjd& Pyfxtybz

+ +I(K )/I(Na )^ yfqltyyst d hf,jnt [104] ytcrjkmrj vtymit^ xtv ht-
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pekmnfns <’knjyf [101, 102]&

Bc[jlz bp ntvgthfnehyjq pfdbcbvjcnb jnyjitybz bjyys[ njrjd

+ +I(K )/I(Na )^ fdnjhs [104] jghtltkbkb ’ynfkmgb. cvtitybz

cbkbrfnjd& Jnvtxftncz [jhjitt cjdgfltybt ’ynfkmgbq cvtitybz c

rfkjhbvtnhbxtcrbvb lfyysvb&

2&3& Vtnjl bjyyj-vjktrekzhys[ hfdyjdtcbq

Nfr;t^ rfr b d ckexft vtnjljd dyenhtyytuj cnfylfhnf b <tknj-

yf-Ahe’[fyf^ lfyysq gjl[jl jcyjdsdftncz yf ehfdytybb (2&2)& Bpvt-

hz.n yt f,cjk.nyst pytxtybz gfhwbfkmys[ lfdktybq^ f jnyjitybz bjy-

ys[ njrjd^ xnj gjpdjkztn bp,t;fnm jghtltktybz rjycnfyns xedcndb-

ntkmyjcnb ghb,jhf& D jnkbxbb jn egjvzyens[ vfcc-cgtrnhfkmys[ vtnj-

ljd bcgjkmpe.ncz bjys^ j,hfpe.obtcz ghb nthvbxtcrjq bjybpfwbb^ b

yf[jlzobtcz d ’aaepbjyyjq rfvtht d hfdyjdtcbb c lheubvb rjvgjyty-

nfvb ufpjdjq b rjyltycbhjdfyyjq afp&

Hfccvjnhbv ghbvth jghtltktybz frnbdyjcnb ScF ^ jgbcfyysq d3

j,pjht [97]& D yfcsotyyjv gfht cbcntvs NaF - ScF yfhzle c lheubvb3
- - + +

ghbcencnde.n bjys F , ScF , Na , NaScF & Vj;yj pfgbcfnm cktle.obt4 3

bjyyj-vjktrekzhyst hfdyjdtcbz

- -F + ScF (s) = ScF (2.9)3 4
+ +Na + ScF (s) = NaScF (2.10)3 3

- -
Bpvthtybt jnyjitybz bjyys[ njrjd ScF b F d ’rcgthbvtynt c cbcnt-4

vjq^ ult frnbdyjcnm ScF hfdyztncz tlbybwt^ b d bccktletvjq gjp-3

djkztn yfqnb
- - - -p(ScF )/p(F ) I(ScF )/I(F )4 4α(ScF ) = [------------------------------------------------------------------------------------] = [------------------------------------------------------------------------------------] (2.11)3 - - o - - o{p(ScF )/p(F )} {I(ScF )/I(F )}4 4

o
ult byltrc jnyjcbncz r cbcntvt c α(ScF )=1.3

Tckb rjycnfynf hfccvfnhbdftvjuj bjyyj-vjktrekzhyjuj hfdyjdt-
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cbz [jhjij bpdtcnyf^ ytn ytj,[jlbvjcnb ghjdjlbnm bpvthtybz yfl

xbcnsv dtotcndjv^ dshf;tybt (2&11) elj,ytt pfgbcfnm d dblt
-I(ScF ) 14α(ScF ) = [------------------------------------------] [------------------------------]3 - oI(F ) K (9)

j
ult R (9) - rjycnfynf hfdyjdtcbz htfrwbb (2&9)&

Fyfkjubxyj
+I(NaScF ) 13α(ScF ) = [------------------------------------------] [------------------------------]3 + oI(Na ) K (10)

j
ult R (10) rjycnfynf hfdyjdtcbz htfrwbb (10)&

Nfrbv j,hfpjv^ ghbcencndbt d yfcsotyyjv gfht bjyjd^ rjnjhst

gjpdjkz.n pfgbcfnm gjl[jlzott bjyyj-vjktrekzhyjt hfdyjdtcbt^

zdkztncz ytj,[jlbvsv eckjdbtv lkz jghtltktybz frnbdyjcnb bkb

gfhwbfkmyjuj lfdktybz ytqnhfkmyjuj rjvgjytynf jgbcsdftvsv vtnjljv&

"nj chfdybntkmyj yjdsq gjl[jl& Hfccvjnhtyysq ghbvth cxbnftncz

gthdsv jghtltktybtv frnbdyjcnb lfyysv cgjcj,jv b jnyjcbncz r 1976

ujle& Bynthtcyj^ xnj d njv ;t 1976 u fyfkjubxysq ghbtv bcgjkmpj-

dfkcz lheubvb fdnjhfvb [106] lkz bpvthtybz rjywtynhfwbq HCN^ NH b3

NO d gkfvtyf[& Ghb ’njv hfccvfnhbdfkb cktle.obt bjyyj-vjktrekzhyst

hfdyjdtcbz

+ +H CN + H O = H O + HCN (2&12)2 2 3
- -CN + HCl = HCN + Cl

+ +H O + NO = NO + H O + 1/2 H3 2 2
+ +NH + H O = NH + H O3 3 4 2

Yfghbvth^ rjywtynhfwb. HCN jghtltkzkb gj ajhvekt

+[H CN ]2 oln [HCN] = ln [------------------------------------------] + ln [H O] + ln K (12)+ 2[H O ]3
j

ult R (12) - rjycnfynf hfdyjdtcbz htfrwbb (12)& Jnyjitybz rjywtyn-

hfwbq bjyjd jghtltkzkb c gjvjom. vfcc-cgtrnhjvtnhf& Rjywtynhfwbb

H O (rfr b HCl) d j[fhfrnthbpjdfyys[ gkfvtyf[ pflf.ncz ddjlbvsvb2

rjkbxtcndfvb cjjndtncnde.ob[ cjtlbytybq&
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Xfcnj dcnhtxftncz cbnefwbz^ rjulf d yfcsotyyjv gfht ghbcencn-

de.n ytcrjkmrj @yf,jhjd@ bjyjd^ gjl[jlzob[ lkz jghtltktybz frnbd-

yjcnb^ b ’nf dtkbxbyf vj;tn ,snm jghtltktyf ytpfdbcbvsvb genzvb&

Rhjvt njuj^ vyjujj,hfpbt bjyyj-vjktrekzhys[ hfdyjdtcbq j,tcgtxbdf-

tn hfcibhtybt lbfgfpjyf bpvthztvs[ pyfxtybq& Yfghbvth^ cjdjregyj-

- - - - - - - - - -
cnb bjyjd PO ^ PO # SO ^ SO ^ SO # CrO ^ CrO # MoO ^ MoO # WO ^2 3 2 3 4 3 4 3 4 3

-WO vj;yj bcgjkmpjdfnm lkz jghtltktybz gfhwbfkmyjuj lfdktybz rbc4

kjhjlf& Rjycnfyns cjjndtncnde.ob[ hfdyjdtcbq ,elen hfpysvb^ cktlj-

dfntkmyj^ b ghtltks bpvthtybz lfdktybz rbckjhjlf ,elen jnkbxfnmcz&

Yb;yzz uhfybwf jwtytyf d hf,jnt [107]&

Ytj,[jlbvjt eckjdbt vtnjlf dsgjkyztncz yt dctulf^ d gfht bc-

cktletvjq cbcntvs ytj,zpfntkmyj ghbcencnde.n @gjktpyst@ bjys& Xnj-

,s b[ utythbhjdfnm^ ,skj ghtlkj;tyj [5, 16, 17] ltkfnm vfkst lj,fd-

rb kturjbjybpbhe.otujcz dtotcndf& Nfr^ ghb jghtltktybb lfdktybz O2

d gfht cbcntvs Ni-NiO bcgjkmpjdfkfcm lj,fdrf vtnfajcafnf yfnhbz

[16]. Ghbvtytybt [hjvfnf rfkbz gjpdjkbkj jghtltkbnm frnbdyjcnm

Na O d hfcgkfdf[ cbkbrfnjd Na O-SiO &2 2 2

D ’njv ckexft ceotcndtyysv zdkztncz djghjc j njv djpltqcndbb

yf cbcntve^ rjnjhjt jrfpsdftn ddjlbvjt dtotcndj& D hf,jnf[ [16,

17] c gjvjom. jlyjafrnjhyjuj lbcgthcbjyyjuj fyfkbpf gjrfpfyj^ xnj

d jgbcsdftvs[ rjyrhtnys[ ckexfz[ bpvtytybt rjkbxtcndf lj,fdrb d

ghtltkf[ 3 vjkm&% yt dkbztn yf htpekmnfns bpvthtybq& D wtkjv djg-

hjc j dkbzybb lj,fdyb bvttn vtnjlbxtcrjt pyfxtybt b nht,etn lfkm-

ytqib[ bccktljdfybq&

2&4& Chfdytybt vtnjljd jghtltktybz frnbdyjcntq

Bp hfccvjnhtyys[ cgjcj,jd jghtltktybz frnbdyjcnb vtnjls

’&l&c& b utnthjutyys[ hfdyjdtcbq zdkz.ncz yfb,jktt njxysvb^ lf.n
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ghtwbpbjyyst pyfxtybz& Jlyfrj^ tckb ghbvtyztncz vtnjl ’&l&c&^ nj

ytdsgjkytybt [jnz ,s jlyjuj bp vyjujxbcktyys[ eckjdbq ’njuj gjl[j-

lf vj;tn zdbnmcz crhsnsv bcnjxybrjv jib,rb& Nfr^ d dscjrjntvgthf-

nehys[ nthvjlbyfvbxtcrb[ bccktljdfybz[ ,jktt xtv 1% ’ktrnhjyyjq

ghjdjlbvjcnb cthmtpyj dkbztn yf htpekmnfns [108]& Gj’njve nht,etn-

cz jcj,fz nofntkmyjcnm b ghtlecvjnhbntkmyjcnm& D ckexft vtnjlf

utnthjutyys[ hfdyjdtcbq djpvj;yj dytctybt ljgjkybntkmyjq jib,rb d

cktlcndbt ytnjxyjcnb [bvbxtcrjuj fyfkbpf bkb bpvtytybz cjcnfdf

ndthljq afps ghb pfrfkrt&

Jnvtnbv ytrjnjhst juhfybxtybz^ j,obt lkz vtnjljd ’&l&c& b

utnthjutyys[ hfdyjdtcbq& Gthdjt bp yb[ cdzpfyj c ytj,[jlbvjcnm.

ds,jhf cbcntvs c bpdtcnyjq frnbdyjcnm. vtnfkkf& Xbckj djpvj;ys[

bpexftvs[ j,‘trnjd pfvtnyj cjrhfoftncz& Lheujt juhfybxtybt - ytkm-

pz bpvthznm jlyjdhtvtyyj frnbdyjcnb lde[ b ,jktt cjtlbytybq& "nj

jpyfxftn^ xnj ghb bccktljdfybb vyjujrjvgjytynys[ cbcntv ’nb vtnjls

yt lflen pfdthityyjq rfhnbys&

D nj ;t dhtvz^ lkz bpextybz ,byfhys[ hfcndjhjd ghbvtytybt

vtnjlf ’&l&c& b utnthjutyys[ hfdyjdtcbq dblbncz yfbkexibv dfhbfy-

njv bp-pf dscjrjq njxyjcnb vtnjljd&

Nhflbwbjyyst vfcc-cgtrnhfkmyst vtnjls (dyenhtyytuj cnfylfhnf

b <tknjyf-Ahe’[fyf) nfr;t zdkz.ncz ljcnfnjxyj njxysvb^ [jnz ytc-

rjkmrj ecnegf.n d ’njv jnyjitybb jgbcfyysv dsit& Gj ceotcnde.obv

jwtyrfv^ gjuhtiyjcnm d jghtltktybb frnbdyjcnb c bcgjkmpjdfybtv

dyenhtyytuj cnfylfhnf cjcnfdkztn 20%^ f gjuhtiyjcnm vtnjlf <tknj-

yf-Ahe’[fyf ghb jghtltktybb rj’aabwbtynf frnbdyjcnb - lj 15% [97]&

Drkfl jib,rb djcghjbpdjlbvjcnb d bpvthtybb jnyjitybz bjyys[ njrjd

dyjcbn d gjuhtiyjcnm dctuj 5%& Jlyfrj^ lkz vtnjlf dyenhtyytuj

cnfylfhnf [fhfrnthyf cbcntvfnbxtcrfz gjuhtiyjcnm^ cdzpfyyfz c gt-

htvtotybtv ’aaepbjyyjq zxtqrb d [jlt jgsnf& Drkfl d j,oe. jib,re
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vjuen dyjcbnm b ytnjxyjcnm jghtltktybz cjcnfdf j,hfpwf^ hfcibahjd-

rb vfcc-cgtrnhf& D ckexft vtnjlf <tknjyf-Ahe’[fyf ljgjkybntkmye.

gjuhtiyjcnm dyjcbn ghjdtltybt byntuhbhjdfybz pfdbcbvjcnb jnyjitybz

bjyys[ njrjd jn cjcnfdf&

E rf;ljuj bp ’nb[ cgjcj,jd jghtltktybz frnbdyjcnb cdjb ytljc-

nfnrb b ghtbveotcndf& Vtnjl <tknjyf-Ahe’[fyf^ d jnkbxbt jn vtnjlf

dyenhtyytuj cnfylfhnf yt nht,etn cgtwbfkmyjq rjycnherwbb ’aaepbjy-

yjq rfvths& Jlyfrj ghb bpextybb vyjujrjvgjytynys[ cbcntv jy dskb-

dftncz d rhfqyt uhjvjplre. hf,jne& Djpybrftn ytj,[jlbvjcnm bcckt-

ljdfnm ytcrjkmrj cthbq cjcnfdjd b ghjdjlbnm byntuhbhjdfybt gj

ehfdytyb. Ub,,cf-L.utvf&

Ytj,[jlbvsv eckjdbtv ghbvtybvjcnb j,jb[ vfcc-cgtrnhfkmys[

vtnjljd zdkztncz yfkbxbt d gfht bccktletvs[ cbcntv vjktrek d bp-

vthbvs[ rjywtynhfwbz[&

Ceotcndtyyj vtytt njxysv zdkztncz vtnjl BVH& Jib,rf d jghtlt-

ktybb frnbdyjcnb vj;tn ljcnbufnm rj’aabwbtynf ldf& Gj’njve lfyysq

gjl[jl wtktcjj,hfpyj ghbvtyznm lkz bpextybz cbcntv c cbkmysv jnr-

kjytybtv jn bltfkmyjcnb&

Jnvtnbv^ xnj d ckexft vtnjlf BVH jncencndetn ytj,[jlbvjcnm

hfcibahjdrb vfcc-cgtrnhf& D ’njv jnyjitybb lfyysq gjl[jl ,jktt

ghbdktrfntkty gj chfdytyb. c vtnjlfvb vfcc-cgtrnhjvtnhbb c bjybpf-

wbtq ’ktrnhjyysv elfhjv&

<jufncndj bjyys[ ajhv d yfcsotyyjv gfht hzlf cjtlbytybq nfr;t

j,tcgtxbdftn ytrjnjhst ghtbveotcndf vtnjlf& Jy vj;tn ,snm ghbvtyty

d nt[ ckexfz[^ rjulf vtnjl <tknjyf-Ahe’[fyf yt hf,jnftn& Yfghbvth^

d gfht cbcntvs MnF - MnF ghbcencndetn njkmrj jlby dbl vjktrek -2 3
- -MnF & Byfxt j,cnjbn ltkj c bjyfvb& Htubcnhbhe.ncz MnF ^ Mn F ^3 4 2 7

-Mn F & Frnbdyjcnm MnF vj;yj jghtltkbnm bp jnyjitybq bjyys[ njrjd3 10 3
- - - - - -[97] Mn F b MnF , Mn F b Mn F ^ Mn F b MnF & Bcgjkmpjdfybt2 7 4 3 10 2 7 3 10 4
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hfpkbxys[ cjxtnfybq bjyjd hfcibhztn lbfgfpjy bpvthztvs[ dtkbxby&

Tckb vtnjls vfcc-cgtrnhjvtnhbb c bjybpfwbtq ’ktrnhjyysv elf-

hjv nht,e.n yfkbxbz d ufpjdjq afpt bpvthbvs[ rjywtynhfwbq ytqn-

hfkmys[ vjktrek^ nj d ckexft BVH ytj,[jlbvj ghbcencndbt bjyjd&

Jlyfrj^ jncencndbt bjyjd d gfhf[ bpexftvjq cbcntvs yt zdkztncz

ytghtjljkbvsv ghtgzncndbtv& Ytj,[jlbvst bjys vj;yj utythbhjdfnm

gentv ddtltybz vfkjq lj,fdrb kturjbjybpbhe.otujcz dtotcndf& Gjc-

rjkmre d htpekmnfnt nfrjuj gjl[jlf cdjqcndf bc[jlyjq cbcntvs vjuen

bpvtybnmcz^ lfyysq fcgtrn nht,etn tot ljgjkybntkmyjuj bpextybz&

Ghjcnjnf vtnjlf^ bcgjkmpjdfybt j,sxyjq rjycnherwbb ’aaepbjy-

yjq rfvths^ djpvj;yjcnm jghtltkznm d jlyjv ’rcgthbvtynt frnbdyjcnm

chfpe ytcrjkmrb[ cjtlbytybq ltkf.n vtnjl bjyyj-vjktrekzhys[ hfdyj-

dtcbq yfb,jktt gthcgtrnbdysv lkz bccktljdfybz vyjujrjvgjytynys[

cbcntv&

3& NTHVJLBYFVBXTCRBT CDJQCNDF YTCNT{BJVTNHBXTCRB{ JRCBLJD

D bjyyj-vjktrekzhys[ hfdyjdtcbz[^ bccktljdfyys[ d lfyyjq hf-

,jnt^ rfr ghfdbkj^ exfcnde.n jrcbls gtht[jlys[ vtnfkkjd (Mn^ V^

Fe^ Co^ Ni)& Lkz jghtltktybz rjycnfyn hfdyjdtcbz ytj,[jlbvj pyfnm

nthvjlbyfvbxtcre. frnbdyjcnm ’nb[ cjtlbytybq& Bpdtcnyj^ xnj ytrj-

njhst bp bynthtce.ob[ yfc dtotcnd ’njuj rkfccf bvt.n j,kfcnb ujvj-

utyyjcnb (cv& nf,k&3&1)& D cdzpb c ’nbv djpybrftn djghjc$ @Rfr

bpvtyztncz frnbdyjcnm cnt[bjvtnhbxtcrjuj jrcblf d lfyyjq afpt^

yfcrjkmrj cbkmyj jnkbxftncz jn tlbybws?@

Dkbzybt jnrkjytybz jn cnt[bjvtnhbb yf dtkbxbye frnbdyjcnb

xbcnjuj jrcblf ltnfkmyj fyfkbpbhjdfkjcm d hf,jnf[ [109, 110]. Dct
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hfcce;ltybz gjcnhjtys lkz jrcbljd c bp,snrjv rbckjhjlf^ j,otq ajh-

veks M O& <skj ghtlkj;tyj nhb dfhbfynf ds,jhf rjvgjytynjd1-d

- ’ktvtyns^ cjcnfdkz.obt jrcbl#

- jrcbl abrcbhjdfyyjuj cjcnfdf (’nj cjcnjzybt ghbybvftncz pf

cnfylfhnyjt) b rbckjhjl#

- cnhernehyst tlbybws rhbcnfkkbxtcrjq htitnrb&

Ehfdytybt Ub,,cf-L.utvf d rf;ljv ckexft pfgbcsdftncz gj-hfpyjve^

[jnz ’nb nhb tuj ajhvs ’rdbdfktynys b ghbdjlzn r cjukfce.obvcz

htpekmnfnfv&

Yfb,jktt ,kbprbv r yfitq cbnefwbb dblbncz dnjhjq cgjcj,

ds,jhf rjvgjytynjd

1 - d d - x
[------------------------------] M O + [------------------------------] O = M O1-x 1-d1 - x 1 - x

Cjjndtncnde.ott ehfdytybt Ub,,cf-L.utvf bvttn dbl

(1 - d) dln α(M O) + (d - x) dln α(O) = 0 (3&1)1-x

Byntuhbhjdfybt (3&1) lftn

d

i d - x
ln a(M O) = - | [------------------------------] dln α(O) (3&2)1-x

j 1 - x
d=x

ult pf cnfylfhnyjt ghbyznj cjcnjzybt xbcnjuj jrcblf&

Xbcktyyst hfcxtns ghjdtltys lkz NiO (jrcbl c jxtym vfksv jn-

rkjytybtv jn cnt[bjvtnhbxyjcnb) b FeO ( ibhjrfz j,kfcnm ujvjuty-

yjcnb)& D rfxtcndt cnfylfhnyjuj cjcnjzybz ds,hfkb cjcnjzybt jrcb-

lf^ yf[jlzotujcz d hfdyjdtcbb c vtnfkkjv - ’MO’& Lkz NiO gjkextyf

ghzvjkbytqyfz pfdbcbvjcnm α(’NiO’) = f(x(’NiO’)^ jnvtxftncz ytpyf-

xbntkmyjt jnrkjytybt jn bltfkmyjcnb& Rfr b cktljdfkj j;blfnm^ jyj

ujhfplj ,jkmit d ckexft FeO& Pfdbcbvjcnm α(’FeO’) = f(x(’FeO’)

yjcbn ytkbytqysq [fhfrnth& Gjrfpfyj^ xnj jnrkjytybt jn bltfkmyjcnb

pfdbcbn jn ds,jhf cnfylfhnyjuj cjcnjzybz& Tckb htxm bltn j, frnbd-

yjcnb cnt[bjvtnhbxtcrjuj jrcblf FeO^ ’nj jnrkjytybt edtkbxbdftncz&
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Rfr dblyj bp ajhveks (3&2)^ lkz ghjdtltybz gjlj,ys[ hfcxtnjd

ytj,[jlbvj pyfnm^ rfr frnbdyjcnm rbckjhjlf α cdzpfyf c byltrcjv
O

ytcnt[bjvtnhbxyjcnb d& Rekjyjvtnhbxtcrjt nbnhjdfybt [94] gjpdjkztn

gjkexbnm dbl pfdbcbvjcnb cjcnfdf jrcblf jn α & Jlyfrj^ yt lkz
O

dct[ jrcbljd vj;yj yfqnb d kbnthfneht nfrbt lfyyst& Ujhfplj xfot

dcnhtxftncz byajhvfwbz gj lfdktyb. rbckjhjlf lkz uhfybxys[ cjcnf-

djd j,kfcnb ujvjutyyjcnb& Gj’njve^ d nt[ cbnefwbz[^ rjulf ye;yj

gjkexbnm kbim uhe,e. jwtyre frnbdyjcnb jrcblf^ vj;yj ghtlkj;bnm

cgjcj,^ bcgjkmpe.ibq njkmrj ’nb dtkbxbys&

Gecnm ghtltkfv j,kfcnb ujvjutyyjcnb cjtlbytybz M O cjjn-n m+x

dtncnde.n cjcnfds M O b M O c gfhwbfkmysvb lfdktybzvb rbckjhj-n m n m+d

lf p’(O ) b p’’(O ) b frnbdyjcnzvb vtnfkkf α’(M)b α’’(M) cjjndtn-2 2

cndtyyj& Pfgbcfd dshf;tybt lkz rjycnfyns hfdyjdtcbz htfrwbb

M O (s) = nM(s) + m/2 O (3&3)n m 2

lkz lde[ rhfqyb[ cjcnfdjd^ b ghbhfdyzd b[^ gjkexbv ajhveke lkz

dsxbcktybz frnbdyjcnb

n m/2α’’(M) p’’(O )2α’’(M O ) = [------------------------------------------------------------------------------------------------------------------------]n m n m/2α’(M) p’(O )2

Frnbdyjcnm vtnfkkf vj;tn ,snm yfqltyf gentv byntuhbhjdfybz

ehfdytybz Ub,,cf-L.utvf

m+d
[-----------------------------]
n+m+d

i 1 1/2ln α’’(M) - ln α’(M) = | [------------------------------] d ln p(O )2
j 1 - y
m

[------------------]
n+m

ult ψ -fnjvyfz ljkz rbckjhjlf&

Tckb ljgecnbnm^ d rfxtcndt gthdjuj ghb,kb;tybz^ xnj pfdbcb-

vjcnm gfhwbfkmyjuj lfdktybz rbckjhjlf jn cjcnfdf zdkztncz kbytqyjq

ln p(O ) = ky + c^ nj gjckt ytj,[jlbvs[ vfntvfnbxtcrb[ ghtj,hfpj-2
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dfybq ghbltv r cktle.otq ajhvekt lkz frnbdyjcnb jrcblf

1ln α’’(M O ) = - {ln p’’(O ) - ln p’(O )} (n+m)Wn m 2 2 2

( n + m + d m + n )
W {[------------------------------------------------] ln [-----------------------------------------------------------] + 1} (3&4)

9 d m + n + d 0

D njv ckexft^ rjulf j,kfcnm ujvjutyyjcnb yt dtkbrf {d/(n+m) vfkj}^

bcgjkmpez hfpkj;tybt kjufhbvf d hzl^ dshf;tybt (3&4) vj;yj pfgb-

cfnm d dblt

1ln α’’(M O ) ~ - - d ln {p’’(O )/p’(O )} (3&5)n m 2 2 2

C gjvjom. ajhvek (3&4)^ (3&5) vj;yj ,scnhj jwtybnm ghtltks

bpvtytybz dtkbxbys frnbdyjcnb jrcblf d ytcnt[bjvtnhbxtcrjq afpt&

Gjkextyyst nfrbv j,hfpjv pyfxtybz lkz jrcbljd Co O^ Fe O ^1-d 3-d 4

Mn O ^ V O ghbdtltys d nf,kbwt 7&1-d 1 2-d 3

NF<KBWF 6& Ytcnt[bjvtnhbxyjcnm jrcbljd ytrjnjhs[ gtht[jlys[

vtnfkkjd (N=1300 R)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Jrcbl Byltrc ytcnt[bj- Bynthdfk Kbnt- α
vtnhbxyjcnb ln p(O ) d hfnehf2

j,kfcnb ytcnt[bj-
vtnhbxyjcnb

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Co O 0 < d < 0&012 -25&8:0&9 111 1-0&851-d
-2Fe O -0&5W10 < d < 0.02 -28&1:-11&7 112 0.97-0&873-d 4

Mn O 0 < d < 0&014 -49&0:-14&3 113 1-0&781-d

V O 0 < d < 0&02 -33&1:-23&0 114 1-0&852-d 3 115

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
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4& "RCGTHBVTYNFKMYJT BCCKTLJDFYBT HFDYJDTCBQ C EXFCNBTV

JNHBWFNTKMYS{ RBCKJHJLCJLTH:FOB{ BJYJD GTHT{JLYS{ VTNFKKJD

4&1& Jgbcfybt ’rcgthbvtynfkmyjq ecnfyjdrb

Hf,jnf ghjdjlbkfcm yf vfcc-cgtrnhjvtnht MX-1303 [116]^ gtht-

j,jheljdfyyjv lkz bpextybz bjyyj-vjktrekzhys[ hfdyjdtcbq [117]&

C[tvf bjyyjuj bcnjxybrf ghbdtltyf yf hbc& 2&

Dsnzubdf.obq ’ktrnhjl ,sk bpujnjdkty bp vtlyjq gkfcnbys njk-

obyjq 1.5 vv lkz ghtljndhfotybz yfuhtdf bjyyjq jgnbrb b bvtk jn-

dthcnbt 3.0 vv^ ecnfyfdkbdf.ottcz cjjcyj c jndthcnbtv d nbukt&

Lheubt ’ktrnhjls bvtkb otkm ibhbyjq 1.0 vv& D ’rcgthbvtynf[ bc-

gjkmpjdfkbcm gkfnbyjdsq b vjkb,ltyjdsq nbukb wbkbylhbxtcrjq ajhvs

c dyenhtyybvb hfpvthfvb 10x12 vv& Njkobyf cntyrb nbukz hfdyf 1:1.5

vv& R nbuk. njxtxyjq cdfhrjq ghbdfhbdfkfcm rhsirf bp gkfnbyjdjq

ajkmub njkobyjq 0.1-0.2 vv& "aaepbjyyjt jndthcnbt cdthkbkjcm c

lbfvtnhjv 0.4-0.8 vv^ xnj cjjndtncndetn jnyjityb. gkjoflb bcgfht-

ybz r gkjoflb ’aaepbb hfdyjve 200:1000& Cybpe nbukz ghbdfhbdfkcz

cgfq nthvjgfhs& Lj ytj,[jlbvjq ntvgthfnehs nbutkm yfuhtdfkcz gtx-

rjq cjghjnbdktybz bp vjkb,ltyjdjq bkb djkmahfv-htybtdjq ghjdjkjrb&

Cyfhe;b gtxyjq ,kjr pfrhsn djlzyjq he,firjq j[kf;ltybz&

Ntvgthfnehe bpvthzkb gkfnbyf-gkfnbyjhjlbtdjq nthvjgfhjq ( 10%

Rh )& Lkz hfcxtnf ntvgthfnehs bp bpvthztvjq "LC gjkmpjdfkbcm nf,-

kbwfvb UJCNf [118, 119]& Nthvjgfhf jnrfkb,hjdfyf gj njxrt gkfdkt-

ybz fk.vbybz (934 R) b gj njxrt gkfdktybz vtlb (1356 R)& Gjghfdrf

cjcnfdbkf 15 R d njxrt gkfdktybz fk.vbybz& Ghb lheub[ ntvgthfnehf[

gjghfdrf hfccxbnsdfkfcm kbytqyjq ’rcnhfgjkzwbtq& Ntvgthfnehf^ hfc-

cxbnfyyfz gj bpvthtyyjq "LC d njxrt gkfdktybz vtlb [jhjij cjdgflf-

tn cj cghfdjxysv pyfxtybtv& Njxyjcnm bpvthtybz ntvgthfnehs jwtyb-



- 52 -

dftncz +4 R&

Lkz bpvthtybz "LC b gjllth;fybz pflfyyjq ntvgthfnehs cke;bk

dscjrjnjxysq htuekznjh ntvgthfnehs DHN-3& Njxyjcnm gjllth;fybz

ntvgthfnehs cjcnfdbkf +1 R& Pfvtnbv^ xnj yf nbutkm gjlfdfkjcm ec-

rjhz.ott yfghz;tybt^ b dcktlcndbt ’njuj dtcm ,kjr DHN-3 nfr;t yf-

[jlbkcz gjl dscjrbv yfghz;tybtv&

Vfccjdst xbckf bpvthzkb jgnbxtcrbv lfnxbrjv vfcc c ghb,jhf

MX-1302 [120]^ jcyjdfyyjv yf ltqcndbb gjylthjvjnjhys[ cbk vfuybn-

m
yjuj gjkz yf athhbnjdsq ifhbr& Njxyjcnm bpvthtybz / ~ 0.5 d hfq-e

m
jyt 150 /e

Lkz bpvthtybz bjyys[ njrjd bcgjkmpjdfkcz rfyfkmysq ’ktrnhjy-

ysq evyj;bntkm D"E-6& Cjghjnbdktybt ’ktrnhjvtnhbxtcrjuj ecbkbntkz

9 7
ghb ’njv hfdyzkjcm 4.7Q10 bkb 4.7Q10 Jv& Gbnfybt ’ktrnhjyyjuj

evyj;bntkz jceotcndkzkjcm yfghz;tybtv 1600:1700 D& Rj’aabwbtyn

evyj;tybz (g = I / I , I - njr^ bpvthtyysq yf evyj;bntkt^ I -m e m e

njr^ bpvthtyysq yf ’ktrnhjvtnht) ghb ’njv lkz jnhbwfntkmys[ bjyjd

4 5
cjcnfdkzk g = 10 -10 & D nf,kbwf[ ghbdtlty bjyysq njr^ bpvthtyysq

evyj;bntktv&

D hf,jnt [121] ,skj ecnfyjdktyj^ xnj^ yfxbyfz c bjyys[ njrjd

-8
yf ds[jlt gjhzlrf 5W10 F^ D"E-6 j,kflftn ytkbytqyjq [fhfrnthbc-

nbrjq evyj;tybz - rj’aabwbtyn evyj;tybz evtymiftncz ghb edtkbxtybb

bjyyjuj njrf& Gj’njve d yfcnjzotq hf,jnt d njv ckexft^ rjulf by-

-8
ntycbdyjcnm bpjnjgf c vfrcbvfkmysv cjlth;fybtv ghtdsifkf 5W10 F

7
(ghfrnbxtcrb 100 D ghb cjghjnbdktybb 4&7W10 Jv) bpvthtybz ghjdj-

lbkb lkz vtytt hfcghjcnhfytyys[ bpjnjgjd& D jcnfkmys[ ckexfz[^

tckb yt jujdjhtyj jcj,j^ pfgbcsdfkb bjyysq njr vfrcbvfkmyj hfcghj-

cnhfytyyjuj bpjnjgf&

Lkz gjkextybz jnyjitybz @bcnbyys[@ bjyys[ njrjd ytj,[jlbvj

bcgjkmpjdfnm jnyjitybt rj’aabwbtynjd evyj;tybz
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- - -I (A ) I (A ) g(B )e m
[------------------------------] = [------------------------------------ W [------------------------------ - -I (B ) I (B ) g(A )e m

D hf,jnt bcgjkmpjdfyf ubgjntpf

- -
g(B ) M(A ) 1/2

& *
[-----------------------] = [------------------------------ ,- 7 - 8
g(A ) M(B )

jcyjdfyyfz yf ghtlgjkj;tybb j njv^ xnj ’aatrnbdyjcnm evyj;tybz

pfdbcbn jn crjhjcnb elfhz.otujcz bjyf ( ’ythubb ghbktnf.ob[ bjyjd

jlbyfrjds)& "nj ghtlgjkj;tybt hfytt ,skj ghjdthtyj

’rcgthbvtynfkmyj b j,ce;ltyj d [121]&

Gtht[jl jn bjyys[ njrjd r lfdktybzv jceotcndkzkcz gj ajhvekt

[117, 122]

- - - - - - -p(A ) I (A ) M(A ) 1/2 i(B ) I (A ) M(A ) i(B )e & * m
[------------------------------ = [------------------------------------ ------------------------] [------------------------------ = [------------------------------[------------------------][------------------------------- - 7 - 8 - - - -p(B ) I (B ) M(B ) i(A ) I (B ) M(B ) i(A )e m

ult i-cjlth;fybt bpvthztvjuj bpjnjgf& D gjcktle.ob[ ajhvekf[

- -M(A ) i(B )
dvtcnj [------------------------][------------------------] gjlcnfdktys xbcktyyst rj’aabwbtyns&- -M(B ) i(A )

Bpvthztvst bjyyst njrb bltynbabwbhjdfkbcm gj jnyjityb. vfccs

r pfhzle^ f nfr;t gj bpjnjgyjve hfcghtltktyb.& Ghb,jh ’rcgkefnbhj-

dfkcz ghb hfphtitybb 150-200&

Bjys vjuen j,hfpjdsdfnmcz yt njkmrj d ’aaepbjyyjq rfvtht^ yj

b d lheub[ vtcnf[ bjyyjuj bcnjxybrf [122 - 124] (nfr yfpsdftvst

@gjcnjhjyybt@ bjys)& Lkz rjynhjkz pf ghjbc[j;ltybtv bjyjd ghbvtyz-

kjcm ldt vtnjlbrb$ yf,k.ltybt pf dbljv bjyjd d vfcc-cgtrnht b fyf-

kbp pfdbcbvjcnb bjyyjuj njrf jn hfpyjcnb gjntywbfkjd yf jnrkjyz.-

otv rjyltycfnjht^ hfcgjkj;tyyjv pf ds[jlyjq otkm. bjyyjuj bcnjxyb-

rf (gkfcnbys <’hb^ cv& hbc&2)& D gjcktlytv ckexft bcgjkmpjdfkcz

lde[rjjhlbyfnysq cfvjgbctw GLG-4&

-
Dct pfhtubcnhbhjdfyyst bjys (pf bcrk.xtybtv J ) bvtkb eprbq

cbvvtnhbxysq gbr d vfcc-cgtrnht b jlbyfrjdjt hfcghtltktybt bjyyjuj
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njrf jn hfpyjcnb gjntywbfkjd jnrkjyz.otuj rjyltycfnjhf^ d chtlytv

+6-8 D& "nj cdbltntkmcndetn j, b[ nthvbxtcrjv^ hfdyjdtcyjv ghjbc-

[j;ltybb dyenhb ’aaepbjyyjq rfvths&

4&2& Bcgjkmpjdfyyst dtotcndf

Bcgjkmpjdfkbcm ujnjdst ghtgfhfns vfhrb yt [e;t^ xtv {X& Jrcb-

ls Fe O ^ Mn O ,skb gjkextys gentv lkbntkmyjuj jn;buf Fe O b3 4 3 4 2 3

MnO cjjndtncndtyyj& V O ,sk gjkexty ghb djccnfyjdktybb djljhjljv2 2 3

V O . {hjvbn ybrtkz NiCr O cbyntpbhjdfy d Bycnbnent Vtnfkkehubb2 5 2 4

EhJ FY CCCH (u& Cdthlkjdcr) cgtrfybtv NiO b Cr O & Rfxtcndj ghtgf-2 3

hfnjd ghjdthzkjcm htynutyjafpjdsv fyfkbpjv&

Nht[rjvgjytynyst cbkbrfnyst cntrkf ghbujnjdktys gj cnfylfhn-

yjq vtnjlbrt d Ehfkmcrjv gjkbnt[ybxtcrjv bycnbnent bv& C&V& Rbhjdf

(u& Cdthlkjdcr)^ lde[rjvgjytynyst - d Bycnbnent {bvbb Cbkbrfnjd

bv& B&D& Uht,tyobrjdf FY CCCH (u& Ktybyuhfl)& Rfh,jyfns yfnhbz b

rfkbz^ f nfr;t jrcbl rhtvybz^ dpznst lkz cbyntpf ghtgfhfnjd ,skb

vfhrb XLF& Ghjwtcc dfhrb cntrjk ghjdjlbkb d gkfnbyjds[ nbukz[&

{bvbxtcrbq fyfkbp j,hfpwjd cbkbrfnys[ cbcntv dsgjkyty d B{C FY

CCCH&

Gthtl yfxfkjv hf,jns ghtgfhfns j,sxyj dslth;bdfkbcm d ntxtybt

j
2-2&5 xfcjd ghb ntvgthfneht 150-300 C ytgjchtlcndtyyj dyenhb

vfcc-cgtrnhjvtnhf d ’aaepbjyyjq rfvtht&
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4&3& Jghtltktybt rjycnfyn hfdyjdtcbq bjyyj-vjktrekzhys[ b

bjyyj-bjyys[ htfrwbq

D lfyyjv hfpltkt ghtlcnfdktys ’rcgthbvtynfkmyj bpvthtyyst

rjycnfyns hfdyjdtcbQ b jghtltktyyst bp yb[ gj II-jve b III-tve

pfrjyfv ’ynfkmgbb htfrwbq& Ds,jh dcgjvjufntkmys[ nthvjlbyfvbxtcrb[

dtkbxby^ ytj,[jlbvs[ lkz hfcxtnf ’ynfkmgbq htfrwbq gj III-tve pf-

rjye^ hfccvfnhbdftncz d j,ce;ltybb htpekmnfnjd&

Vfnthbfk ghtlcnfdkty d cktle.otq gjcktljdfntkmyjcnb$

1) jcyjdyjt dtotcndj bkb cbcntvf^ gjvtoftvfz d ’aaepbjyye.

rfvthe Ryelctyf#

2) bc[jlyst cjcnfds cbcntv (rfr ghfdbkj^ drk.xf.obt lj,fdrb

kturjbjybpbhe.ob[cz dtotcnd lkz cjplfybz bpvthbvs[ rjywty-

nhfwbq d ufpjdjq afpt) d vjkm&%#

3) vfcc-cgtrnhs jnhbwfntkmys[ bjyjd d jnyjcbntkmys[ byntycbd-

yjcnz[#

4) [bvbxtcrbt ehfdytybz bccktletvs[ htfrwbq#

5) jghtltktybt frnbdyjcntq rjyltycbhjdfyys[ dtotcnd^ exfcnde-

.ob[ d htfrwbb#

6) nf,kbws^ cjlth;fobt xbcktyysq vfnthbfk&

Gjcnhjtybt nf,kbw hfccvjnhbv yf ghbvtht bccktljdfybz rjycnfyn

-
hfdyjdtcbq c exfcnbtv bjyf FeO (cv& nf,k& 18)& Dyfxfkt ghbdtltys2

[bvbxtcrjt ehfdytybt htfrwbb b hfcxtnyfz ajhvekf lkz rjycnfyns

hfdyjdtcbz& Pfgbcfys dshf;tybz^ gj rjnjhsv yfqltys frnbdyjcnm

Cr O (jlyjuj bp exfcnybrjd htfrwbb) b lfdktybt rbckjhjlf& Ghjdt-2 3

ltyj ldf ’rcgthbvtynf& B[ lfyyst jnltktys lheu jn lheuf& Ghtlcnfd-

ktys cktle.obt dtkbxbys$

N - ntvgthfnehf#

ln K - chtlybq kjufhbav jnyjitybz bpvthtyys[ bjyys[ njrjd#I
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s - cnfylfhnyjt jnrkjytybt jnltkmyjuj bpvthtybz jn chtlytuj#i

n - xbckj vfcc-cgtrnhjd^ bpvthtyys[ ghb lfyyjq ntvgthfneht#i
oln K - kjufhbav rjycnfyns hfdyjdtcbz htfrwbb#

o
D H - ’ynfkmgbz htfrwbb^ hfcxbnfyyfz gj III-tve pfrjye nth-r

vjlbyfvbrb&

o
D hfccvfnhbdftvjv ghbvtht rjycnfynf hfdyjdtcbz R (16) hfccxb-

-
nsdftncz bp ’rcgthbvtynfkmyj bpvthtyys[ bjyys[ njrjd I(FeO ),2

- - -I(CrO ), I(CrO ), I(Cr O )& Cjjndtncnde.ott jnyjitybt bjyys[ njrjd3 4 2 6

,eltv j,jpyfxfnm cbvdjkjv K & D lfyyjv ckexftI
- -I(FeO ) I(Cr O )2 2 6K = [------------------------------------------------------------------------------------------------------]I 4 2

- -
3 - 3 -I (CrO ) I (CrO )3 4

Ghb ntvgthfneht 1498 R pfhtubcnhbhjdfyj 5 vfcc-cgtrnhjd (cnjk,tw

n )^ n&t& hfccxbnfyj 5 jnyjitybq bjyys[ njrjd& D cnjk,wt ln Ki I

ghbdtltyj chtlytt fhbavtnbxtcrjt b[ kjufhbavjd& s [fhfrnthbpetni

djcghjbpdjlbvjcnm bpvthtybz kjufhbavf jnyjitybz K ghb lfyyjq ntv-I
o

gthfneht& Kjufhbav rjycnfyns hfdyjdtcbz ln K (16) b ’ynfkmgbz ht-

o
frwbb D H (16) hfccxbnfys yf jcyjdt chtlytuj pyfxtybz ln K & Dr 0 I

lfkmytqitv^ ghb b[ bcgjkmpjdfybb^ bv ytj,[jlbvj ghbgbcsdfnm dtc^

hfdysq n & Ghjdtltyf cjdvtcnyfz j,hf,jnrf lfyys[ lde[ ’rcgthbvty-i

njd^ b d yb;ytv gjkt nf,kbws ghtlcnfdktys$

s - j,‘tlbytyyjt cnfylfhnyjt jnrkjytybt (cv& eh& 6&3&)#p
II IIIs b s - cnfylfhnyst jnrkjytybz fgghjrcbvbhe.ob[ ehfdyt-
f f

ybq gj II-jve b III-tve pfrjyfv (cv& eh& 6&7 b 6&8)#

o
D S (II) - ’ynhjgbz htfrwbb gj II-jve pfrjye#r T

-1 -1<T > - chtlyzz ntvgthfnehf#

-1 -1 2 -2B2 = S (T - <T >) n b B3 = S n T - dtkbxbys^i i i i i i

ytj,[jlbvst lkz hfcxtnf gjuhtiyjcnb ’ynfkmgbq htfrwbq&

D nf,kbwf[ ghbvtytyf cjrhfotyyfz pfgbcm gjhzlrf xbctk$ 1&3-4

-4
jpyfxftn 1&3W10 &
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Gjvbvj ’njuj d nf,kbwf[ ghbdjlbncz nfr;t byajhvfwbz j, frnbd-

yjcnz[ cjtlbytybq d cbcntvf[ b lfdktybb rbckjhjlf& "nb lfyyst jg-

htltktys vtnjljv BVH& D jnltkmys[ ckexfz[ frnbdyjcnb ytj,[jlbvs

lkz lfkmytqib[ hfcxtnjd nthvjlbyfvbxtcrb[ [fhfrnthbcnbr& Lfdktybt

rbckjhjlf gjpdjkztn celbnm j afpjdjv cjcnfdt cbcntvs& D wtkjv ;t^

’nf byajhvfwbz ghbpdfyf ghjltvjycnhbhjdfnm ytghjnbdjhtxbdjcnm hfp-

kbxys[ ’rcgthbvtynjd^ cke;bn cdjtuj hjlf ghjdthrjq yflt;yjcnb gj-

kextyys[ yfvb lfyys[&

4&3&1& "rcgthbvtynfkmyst rjycnfyns hfdyjdtcbz c exfcnbtv bjyf

-PtO2

D hf,jnt [107] ghb bccktljdfybb bcgfhtybz cbcntvs

Na WO -Na SO bp gkfnbyjdjuj nbukz gjvbvj jcnfkmys[ bjyjd ,sk j,-2 4 2 4
-

yfhe;ty jnhbwfntkmysq bjy PtO & Jlyfrj ybrfrb[ hfcxtnjd rjycnfyn2
-

hfdyjdtcbq c exfcnbtv PtO ghjdtltyj yt ,skj& D yfcnjzotq hf,jnt2
-

lkz jghtltktybz ’ynfkmgbb j,hfpjdfybz PtO bcgjkmpjdfys ’rcgthb-2

vtynfkmyst lfyyst bp [107] b ghjdtltys yjdst ’rcgthbvtyns& Bjy

-PtO yf,k.lfkb ghb bcgfhtybb cekmafnf rfkbz^ cbcntvs NiO-K SO2 2 4

(cv& hfpltk 4&3&3) b cbcntvs Mn O -Cr O -K CrO (cv& hfpltk3 4 2 3 2 4

4&3&6)&

K SO2 4

Ghb bcgfhtybb cekmafnf rfkbz bp gkfnbyjdjuj nbukz pfhtubcnhb-

- - -
hjdfys jnhbwfntkmyst bjys$ SO (480)^ SO (1000)^ SO (23)^2 3 4

- - -KSO (780)^ K S O (19)^ PtO (14) {T=1308 K}&4 3 2 8 2

Jghtltktys rjycnfyns bjyyj-vjktrekzhyjq htfrwbb (1) (cv&

nf,k& 7) b bjyyj-bjyyjq (2) (cv& nf,k&8)&

- - -K SO (s) + SO + PtO = Pt(s) + 2KSO (4&1)2 4 2 2 4
- - -SO + SO = 2SO (4&2)2 4 3
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Frnbdyjcnb xbcnjuj cekmafnf rfkbz b gkfnbys cxbnfkbcm hfdysvb

tlbybwt&

Na WO -Na SO2 4 2 4

Bc[jlyst cjcnfds cbcntvs$ 17&0 vjkm&% Na WO - 83&0 vjkm&% Na SO2 4 2 4

(I)^ 97&0 vjkm&% Na WO - 3&0 vjkm&% Na SO (II)&2 4 2 4
- -

Vfcc-cgtrnhs jnhbwfntkmys[ bjyjd $ SO (160)^ SO (1000)^2 3
- - - - -SO (120)^ NaSO (722)^ WO (0&22)^ WO (3&0)^ NaWO (140)^4 4 3 4 4

- - -Na S O (110)^ Na SWO (26)^ PtO (53) - lkz cjcnfdf I {T=1430 K}#3 2 8 3 8 2
- - - - - -SO (32)^ SO (290)^ SO (29)^ NaSO (47)^ WO (5&5)^ WO (42)^2 3 4 4 3 4
- - -NaWO (1000)^ Na SWO (7&1)^ PtO (19) - lkz cjcnfdf II {T=1387 K}&4 3 8 2

Hfccxbnfyf rjycnfynf hfdyjdtcbz htfrwbb (3)

- - -Na SO (s) + SO + PtO = Pt(s) + 2NaSO (4&3)2 4 2 2 4

Frnbdyjcnm gkfnbys cxbnfkfcm hfdyjq tlbybwt&

Frnbdyjcnm cekmafnf yfnhbz d ’rcgthbvtynt c cjcnfdjv I

-
jghtltktyf c bcgjkmpjdfybtv bjyf Na S O3 2 8

-I(Na S O )3 2 8 oln α(Na SO ) = ln [------------------------------------------------------------ - ln K (4) - 0.8403 4 -I(NaSO )4
o

ult K (4) - rjycnfynf hfdyjdtcbz htfrwbb

- -Na SO (s) + NaSO = Na S O (4&4)2 4 4 3 2 8
o

Gj lfyysv hf,jns [77] ln K (4) = 1285/T - 1.672 .

-
D ckexft cjcnfdf II bjy Na S O yt pfhtubcnhbhjdfy^ gj’njve3 2 8

frnbdyjcnm cekmafnf yfnhbz jghtltktyf gj ajhvekt

-I(Na SWO )3 8 oln α(Na SO ) = ln[------------------------------------------------------------ - ln K (5) - 1.262 ,2 4 -I(NaWO )4
o

ult K (5) - rjycnfynf hfdyjdtcbz htfrwbb

- -Na SO (s) + NaWO = Na SWO (4&5)2 4 4 3 8
o

Cjukfcyj hf,jnt [107] ln K (5) = 2990/T - 3.14 .

Lfyyst lkz htfrwbb (3) ghbdtltys d nf,k& 9&
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Nf,kbwf 9& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - -K SO (s) + SO + PtO = Pt(s) + 2KSO (4&1)2 4 2 2 4
- 2I(KSO )o 4ln K (1) = ln [---------------------------------------------------------------------------------- - 0.662 d ckexft c K SO b- - 2 4I(PtO ) I(SO )
2 2
-I(KSO )o 4 oln K (1) = ln [------------------------------------------------------------------------------------------------------------------------------------------------] + ln K (9) - 1.686- - -I(PtO ) I(SO ) I(K S O )2 2 3 2 8

d ckexft cbcntvs NiO-K SO &2 4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o

Cbcntvf T,K ln K s n ln K (1) D H α(K SO )I i i r 0 2 4
rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K SO 1237 4.87 0.10 2 4.20 -84.4 12 4

1282 5.00 0.18 3 4.34 -90.7 1

1291 4.47 0.08 3 3.80 -86.0 1

1308 4.58 0.12 2 3.92 -89.1 1

1326 4.99 0.22 5 4.33 -95.6 1

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NiO- 1210 9.14 0.01 2 4.82 -87.7 0.63

K SO 1255 8.85 0.37 3 4.60 -90.4 0.642 4

1300 8.56 0.06 2 4.38 -93.2 0.81

1328 8.45 0.19 2 4.32 -95.7 0.65

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II I IIs =0.20 s =0.46 s =0.62p f f

o o o
D H (II)=-48.03 D S (II)=-1.62 D H (III)=-90.6+1.4r T r T r 0
-1 -1<T > =1286 B2=0.111-3 B3=0.381-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 8& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - -SO + SO = 2SO (4.2)2 4 3
2 -I (SO )o 3ln K (2) = ln [------------------------------------------------------------------------------ + 0.041- -I(SO ) I(SO )2 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o

Cbcntvf T,K ln K s n ln K (2) D HI i i r 0
rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

K SO 1237 5.04 0.16 2 5.08 -58.42 4

1282 5.15 0.26 2 5.19 -61.8

1291 4.58 0.03 3 4.63 -56.2

1308 4.49 0.03 2 4.53 -56.0

1326 4.40 0.08 5 4.44 -55.8

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.12 s =0.35 s =0.37p f fo o o

D H (II)=-112.3 D S (II)=-47.6 D H (III)=-57.2+1.1r T r T r 0
-1 -1<T > =1296 B2=0.674-4 B3=0.289-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NiO- 1210 5.20 0.01 2 5.24 -58.6

K SO 1255 4.89 0.15 6 4.93 -57.72 4

(I) 1300 4.72 0.06 2 4.76 -58.0

1328 4.44 0.09 2 4.48 -56.3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.12 s =0.09 s =0.12p f fo o o

D H (II)=-79.5 D S (II)=-22.2 D H (III)=-57.7+0.4r T r T r 0
-1 -1<T > =1266 B2=0.808-4 B3=0.274-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NiO- 1255 5.06 0.00 1 5.10 -59.6

K SO 1387 4.10 0.33 2 4.14 -55.12 4

(II) 1430 3.80 0.14 3 3.84 -53.3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.22 s =0.03 s =0.36p f fo o o

D H (II)=-108.2 D S (II)=-43.6 D H (III)=-55.2+1.7r T r T r 0
-1 -1<T > =1384 B2=0.845-4 B3=0.177-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
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Nf,kbwf 9& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - -Na SO (s) + SO + PtO = Pt(s) + 2NaSO (4.3)2 4 2 2 4
- 3I(NaSO )o 4 oln K (3) = ln[------------------------------------------------------------------------------------------------------------------------------------------------ + ln K (4) - 1.896- - -I(PtO ) I(SO ) I(Na S O )2 2 3 2 8

lkz cjcnfdf I#

- 2 -I(NaSO ) I(NaWO )o 4 4 oln K (3) = ln[------------------------------------------------------------------------------------------------------------------------------------------------------ + ln K (5) - 1.474- - -I(PtO ) I(SO ) I(Na SWO )2 2 3 8

lkz cjcnfdf II&

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
Cbcntvf T,K ln K s n ln K (3) D H , α(Na SO )I i i r 0 2 4

rL; /vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Na WO - 1344 7.04 - 1 4.43 -109.6 0.662 4

Na SO 1387 6.54 0.17 3 3.90 -109.6 0.682 4

(I) 1430 5.87 0.19 2 3.20 -107.2 0.78

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Na WO - 1387 6.63 0.23 5 4.13 -112.2 0.0252 4

Na SO 1413 6.46 0.05 2 3.93 -113.5 0.0302 4

(II)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II I IIs =0.20 s =0.37 s =0.32p f f

o o o
D H (II)=-216.0 D S (II)=-122.3 D H (III)=-110.8+1.0r T r T r 0
-1 -1<T > =1394 B2=0.407-4 B3=0.259-2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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4&3&2& "rcgthbvtynfkmyst rjycnfyns hfdyjdtcbz c exfcnbtv

[hjvcjlth;fob[ jnhbwfntkmys[ bjyjd

- -
"ynfkmgbb j,hfpjdfybz bjyjd CrO b CrO jghtltktys hfytt&3 4

Gj’njve d yfcnjzotq hf,jnt ’nb bjys bcgjkmpjdfys rfr @cnfylfhns@&

B[ ’ynfkmgbb j,hfpjdfybz bcgjkmpjdfkbcm lkz hfcxtnf ’ynfkmgbq j,-

hfpjdfybz yjds[ bjyjd& Jlyfrj^ lkz bpvthtybz rjycnfyn hfdyjdtcbq

htfrwbq c b[ exfcnbtv ytj,[jlbvj ,skj jghtltkznm frnbdyjcnm Cr O &2 3

Lkz ’njuj d jnltkmyjv ’rcgthbvtynt c jrcbljv [hjvf bpvthtyf rjyc-

nfynf hfdyjdtcbz htfrwbb (6)& Nfr;t bcgjkmpjdfys lfyyst^ gjkexty-

yst ghb bccktljdfybb cbcntvs NiCr O -Cr O -K SO (cv& hfpltk2 4 2 3 2 4

4&3&3)^ d rjnjhjq frnbdyjcnm jrcblf [hjvf hfdyf tlbybwt&

Cr O2 3

Bc[jlysq cjcnfd - 93&0 vjkm&% Cr O -7&0 vjkm&% K CrO &2 3 2 4
- -

Vfcc-cgtrnh jnhbwfntkmys[ bjyjd$ CrO (100 000)^ CrO (1&1)^3 4
- - - -Cr O (0&95)^ KCrO ^ K Cr O , KCr O {T=1473 K}.2 6 4 3 2 8 2 7

Jghtltktyf rjycnfynf hfdyjdtcbz htfrwbb (6)

- - -Cr O (s) + 3CrO = 2Cr O + CrO (4&6)2 3 4 2 6 3

Frnbdyjcnm Cr O cxbnfkfcm hfdyjq tlbybwt& Htpekmnfns ghbdt-2 3

ltys d nf,k&10& D nf,kbwt nfr;t ghbdtltys rjycnfyns hfdyjdtcbz

htfrwbb (6)^ gjkextyyst ghb bccktljdfybb cbcntvs

NiCr O -Cr O -K SO & Ghjdtltyf cjdvtcnyfz j,hf,jnrf lfyys[ lde[2 4 2 3 2 4
o

’rcgthbvtynjd& Gjkextyyfz ntvgthfnehyfz pfdbcbvjcnm K (6) fgghjr-

cbvbhjdfyf ghzvjq kbybtq d rjjhlbyfnf[ ln K - 1/T

oln K (6) = 9734/T + 3.28 (T=1163-1515 K)

Cnfylfhnyjt jnrkjytybt vj;tn ,snm hfccxbnfyj gj ajhvekt$

-1 -1 21 (T -1356 ) 1/2o & *s(ln K (6)) = 0.68 [------] + [----------------------------------------------------------------]
7 -3 2 870 (0.484W10 )
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Nf,kbwf 10& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - -Cr O (s) + 3CrO = 2Cr O + CrO (4&6)2 3 4 2 6 3
- 2 -I(CrO ) I (Cr O )o 3 2 6ln K (6) = ln[----------------------------------------------------------------------------------------------] + 1.280

3 -I (CrO )4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o

Cbcntvf T,K ln K s n ln K (6)I i i
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cr O - 1163 10.54 0.35 3 11.822 3

K CrO 1209 9.92 0.42 6 11.202 4

1229 9.95 0.21 5 11.23

1264 9.74 0.09 3 11.02

1300 9.19 0.26 6 10.47

1344 9.22 0.12 3 10.50

1387 9.60 0.49 3 10.88

1473 8.72 0.21 2 10.00

1515 8.57 0.26 3 9.85

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NiCr O - 1326 9.02 0.50 3 10.302 4

Cr O - 1370 9.29 0.25 9 10.572 3

K SO 1413 9.37 0.45 7 10.652 4

1448 8.56 0.24 6 9.84

1473 8.06 0.09 6 9.34

1515 8.39 0.24 5 9.67

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
IIs =0.31 s =0.68p fo o

D H (II)=-80.9 D S (II)=27.3r T r T
-1 -1<T > =1356 B2=0.484-3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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4&3&3& "rcgthbvtynfkmyst rjycnfyns hfdyjdtcbz c exfcnbtv bjyf

-NiO2

Lkz cjplfybz d gfhf[ yfl jrcbljv ybrtkz bpvthbvs[ rjywtynhf-

wbq jnhbwfntkmys[ bjyjd bcgjkmpjdfys lj,fdrb cekmafnf bkb [hjvfnf

rfkbz& Cktletn jnvtnbnm^ xnj d ’rcgthbvtynf[ c lj,fdrjq cekmafnf

rfkbz d hzlt ckexftd yf,k.lfkcz ,jkmijq hfp,hjc d jnyjitybb bjyys[

njrjd^ ytj,[jlbvs[ lkz hfccxtnf rjycnfyns hfdyjdtcbz c exfcnbtv

-NiO &2

Rjycnfynf hfdyjdtcbz htfrwbb (12) ,skf yfqltyf c ntv^ xnj,s d

lfkmytqitv vj;yj ,skj bpvthznm frnbdyjcnm jrcblf ybrtkz vtnjljv

o o
BVH& C gjvjom. K (12) b K (6) jghtltktys frnbdyjcnb jrcbljd ybrtkz

b [hjvf d cbcntvf[ NiCr O -Cr O b NiO-NiCr O ^ f pfntv^ yf jcyjdt2 4 2 3 2 4

’nb[ lfyys[^ hfccxbnfyf ’ythubz Ub,,cf j,hfpjdfybz igbytkb NiCr O2 4

bp jrcbljd&

NiO

Bp ytcrjkmrb[ ’rcgthbvtynjd^ ghjdtltyys[ c lj,fdrjq K SO ^2 4

eljdktndjhbntkmyst htpekmnfns gjkextys njkmrj d lde[^ lkz cjcnf-

djd$ 96&0 vjkm&% NiO - 4.0 vjkm&% K SO (cjcnfd I)^ 65&0 vjkm&%2 4

NiO - 35&0 vjkm&% K SO (cjcnfd II)&2 4
- - -

Pfhtubcnhbhjdfys bjys$ SO (730)^ SO (1000)^ SO (12)^2 3 4
- - - -KSO (500)^ K S O (12)^ NiO (40)^ PtO (2&7) -lkz cjcnfdf I {T=13004 3 2 8 2 2

- - - - - - -K}# SO (259)^ SO (497)^ NiO (1000)^ PtO (81)^ SO ^ KSO ^ K S O ,2 3 2 2 4 4 3 2 8
- - - -CoO , IrO , PO , PO - lkz cjcnfdf II {T=1387 K}&2 2 2 3

Jghtltktys rjycnfyns hfdyjdtcbz htfrwbq (1)^ (2) (cv& nf,k&

7^ 8) b

- - -K SO (s) + NiO + SO = NiO(s) + 2KSO (4&7)2 4 2 3 4
- - - -NiO(s) + PtO + SO = Pt(s) + NiO + SO (4&8)2 2 2 3
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Frnbdyjcnm jrcblf ybrtkz cxbnfkfcm hfdyjq tlbybwt& Frnbdyjcnm

-
cekmafnf rfkbz jghtltktyf xthtp jnyjitybt bjyys[ njrjd I(K S O )3 2 8

-
b I(KSO )4

-I(K S O )3 2 8 oln α(K SO ) = ln [------------------------------------------------------ - ln K (9) + 1.022 4 -I(KSO )4
o

ult K (9) - rjycnfynf hfdyjdtcbz htfrwbb

- -K SO (s) + KSO = K S O (4&9)2 4 4 3 2 8
o

Xbcktyyst pyfxtybz K (9) dpzns bp hf,jns [10]

oln K (9) = -2598/T - 0.493

Yfqltyyst dtkbxbys frnbdyjcnb K SO lkz cjcnfdf I ghbdtltys d2 4

nf,k& 7&

Jghtltktyj lfdktybt rbckjhjlf

-I(SO )
& 3 o *ln p(O ) = 2 ln[------------------------------------] - ln K (10) + 0.2232 7 - 8I(SO )2

o
ult K (10) - bpdtcnyfz rjycnfynf hfdyjdtcbz htfrwbb

- 1 -SO + -O = SO (4&10)2 2 2 3
o

Lkz hfcxtnf K (10) bcgjkmpjdfys nthvjlbyfvbxtcrbt lfyyst lkz O b2
- -SO bp cghfdjxybrf [9]^ f lkz SO - bp hf,jns [7]&2 3

"rcgthbvtynfkmyst lfyyst gj rjycnfynfv hfdyjdtcbq htfrwbq (7)

b (8) b lfdktyb. rbckjhjlf ghtlcnfdktys d nf,k& 11 b 12&

C lj,fdrjq [hjvfnf rfkbz bccktljdfyf cbcntvf cjcnfdf 92&0

vjkm&% NiO-3&0 vjkm&% Cr O - 5&2 vjkm&% K CrO &2 3 2 4
-

Pfhtubcnhbhjdfy vfcc-cgtrnh jnhbwfntkmys[ bjyjd$ CrO (1003
- - - - - -

000)^ CrO (36)^ Cr O (52)^ NiO (1&3)^ KCrO ^ KCr O ^ K Cr O4 2 6 2 4 2 7 3 2 8

{T=1344 K}.

Jghtltktys rjycnfyns hfdyjdtcbz bjyyj-vjktrekzhys[ htfrwbq

3 - 1 - 1 -NiO(s) + -CrO = -Cr O (s) + NiO + -CrO (4&11)2 3 2 2 3 2 2 4
- - - -NiO(s) + CrO + CrO = NiO + Cr O (4&12)3 4 2 2 6

Gjkextyyst pyfxtybz ghbdtltys d nf,k& 13&



- 66 -

Nf,kbwf 11& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - -K SO (s) + NiO + SO = NiO(s) + 2KSO (4&7)2 4 2 3 4
3 -I (KSO )o 4 oln K (7) = ln[------------------------------------------------------------------------------------------------------------------------------------------------ + ln K (9) - 0.301- - -I(SO ) I(NiO ) I(K S O )3 2 3 2 8

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o 3

Cbcntvf T,K ln K s n ln K (7) D H p(O )W10I i i r 0 2
rL; /vjkm Gf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

NiO- 1210 6.78 0.06 2 3.84 -71.2 1.3

K SO 1255 6.03 0.24 6 3.17 -68.3 5.02 4

(I) 1300 5.53 0.07 2 2.74 -67.8 23

1328 5.35 0.04 2 2.60 -68.7 60

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.19 s =0.19 s =0.22p f fo o o

D H (II)=-138.4 D S (II)=-83.5 D H (III)=-68.8+0.7r T r T r 0
-1 -1<T > =1266 B2=0.808-4 B3=0.274-2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Nf,kbwf 12& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - - -NiO(s) + PtO + SO = Pt(s) + NiO + SO (4.8)2 2 2 3
- -I(NiO ) I(SO )o 2 3ln K (8) = ln[------------------------------------------------------------------------------------ - 1.405- -I(SO ) I(PtO )2 2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o 3
Cbcntvf T,K ln K s n ln K (7) D H p(O )W10I i i r 0 2

rL; /vjkm Gf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

NiO- 1255 2.42 - 1 1.02 -17.7 0.65

K SO 1387 3.17 0.22 5 1.77 -29.1 492 4

(II) 1430 3.58 0.31 4 2.17 -35.0 220

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.26 s =0.24 s =1.03p f fo o o

D H (II)=99.8 D S (II)=87.3 D H (III)=-29.9+3.8r T r T r 0
-1 -1<T > =1389 B2=0.873-4 B3=0.228-2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Frnbdyjcnm jrcblf ybrtkz cxbnfkfcm hfdyjq tlbybwt& Frnbdyjcnm

-
jrcblf [hjvf jghtltktyf ’rcgthbvtynfkmyj c gjvjom. bjyjd CrO ^3

- -CrO ^ Cr O4 2 6
- -I(CrO ) I(Cr O )3 2 6 oln α(Cr O ) = ln[------------------------------------------------------------------------------------------------ - ln K (6) + 1.2802 3 3 -I (CrO )4

o
ult K (6) - rjycnfynf hfdyjdtcbz htfrwbb (6) (cv& hfpltk 4&3&2&)&

Yfqltyyst dtkbxbys frnbdyjcntq ghtlcnfdktys d nf,k& 14&

Lfdktybt rbckjhjlf jghtltktyj xthtp jnyjitybt bjyys[ njrjd

- -I(CrO ) b I(CrO )4 3
-I(CrO )

& 4 o *ln p(O ) = 2 ln[------------------------------------] - ln K (13) + 0.1482 7 - 8I(CrO )3
o

ult K (13) - bpdtcnyfz [7] rjycnfynf hfdyjdtcbz htfrwbb

- 1 -CrO + -O = CrO (4&13)3 2 2 4

NiO - NiCr O2 4

Bccktljdfy cjcnfd 31&9vjkm&% NiO - 60&3vjkm&% NiCr O -2 4

7&8vjkm&% K SO &2 4
-

D gfht yfl cbcntvjq pfhtubcnhbhjdfys bjys$ CrO (100 000)^3
- - - - - - - - -CrO (22)^ Cr O (28)^ NiO (2&0)^ PtO , SO , SO , KSO , K S O , BO ,4 2 6 2 2 2 3 4 3 2 8 2

-MgCr O (?).2 7

Bpvthtys rjycnfyns bjyyj-vjktrekzhys[ hfdyjdtcbq (11) b (12)

(cv& nf,k& 13)& Lkz htfrwbb (12) ghjdtltyf cjdvtcnyfz j,hf,jnrf

htpekmnfnjd lde[ ’rcgthbvtynjd& Gjkextyyfz ntvgthfnehyfz pfdbcb-

o
vjcnm K (12) fgghjrcbvbhjdfyf ghzvjq kbybtq d rjjhlbyfnf[ ln K -

1/T

oln K (12) = -14330/T + 0.93 (T=1255-1515 K)

Gjuhtiyjcnm ’njuj ehfdytybz vj;tn ,snm dsxbcktyf gj ajhvekt

-1 -1 2(T - 1393 ) 1/2o & 1 *s(ln K (12)) = 0.52 [------] + [---------------------------------------------------------------------------]
7 43 -3 2 8(0.281W10 )
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Nf,kbwf 13& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBQ

3 - 1 - 1 -NiO(s) + -CrO = -Cr O (s) + NiO + -CrO (4.11)2 3 2 2 3 2 2 4
- -I(NiO ) I(Cr O )o 2 2 6 1 oln K (11) = ln[------------------------------------------------------------------------------------------------ - -ln K (6) + 0.809- - 2I(CrO ) I(CrO )4 3

- - - -NiO(s) + CrO + CrO = NiO + Cr O (4.12)3 4 2 2 6
- -I(NiO ) I(Cr O )o 2 2 6ln K (12) = ln[------------------------------------------------------------------------------------------------ + 0.809- -I(CrO ) I(CrO )4 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o o

Cbcntvf T,K ln K s n ln K (11) D H ln K (12) p(O )I i i r 0 2
2

rL;/vjkm x10 Gf
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NiO- 1344 -10.91 0.14 3 -15.37 163.6 -10.10 4.4

Cr O - 1430 -9.93 0.20 2 -14.17 159.7 -9.12 122 3

K CrO 1473 -9.94 0.41 4 -14.07 163.4 -9.13 162 4

1515 -9.46 0.32 4 -13.50 161.0 -8.65 45

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NiO- 1255 -11.01 - 1 -15.72 156.6 -10.20 0.26

NiCr O 1291 -10.83 0.18 6 -15.43 157.8 -10.02 0.762 4

-K SO 1300 -10.57 0.43 2 -15.15 155.9 -9.76 0.832 4

1326 -10.85 0.24 7 -15.62 161.2 -10.04 1.5

1413 -10.23 0.40 4 -14.51 161.8 -9.42 26

1448 -9.52 0.55 3 -13.71 156.2 -8.71 19

1473 -9.33 0.16 5 -13.46 155.9 -8.52 28

1515 -8.89 0.10 2 -12.93 153.8 -8.08 89

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.30 s =0.52 s =0.49p f fo o o

lkz htfrwbb D H (II)=159.6 D S (II)=-5.9 D H (III)=159.4+0.9r T r T r 0-1 -1
(11) <T > =1393 B2=0.281-3 B3=0.472-2

o o
lkz htfrwbb (12) D H (II)=119.2 D S (II)=7.73r 0 r T

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



- 69 -

o o
Ghb hfccxtnt K (11) b K (12) cxbnfkjcm^ xnj frnbdyjcnm NiO

- - -
hfdyztncz tlbybwt& C bcgjkmpjdfybtv bjyjd CrO ^ CrO ^ Cr O b3 4 2 6
oK (6) jghtltktyf frnbdyjcnm jrcblf [hjvf& "rcgthbvtynfkmyst lfyyst

ghtlcnfdktys d nf,k& 14&

NiCr O - Cr O2 4 2 3

Bccktljdfy cjcnfd 36&9 vjkm&% NiCr O - 50 vjkm&% Cr O -2 4 2 3

12&9 vjkm&% K SO .2 4
-

Pfhtubcnhbhjdfy vfcc-cgtrnh jnhbwfntkmys[ bjyjd$ NiO (0&25)^2
- - - - - - -CrO (10 000)^ CrO (2&1)^ Cr O (1&7)^ SO ^ SO ^ KSO ^ K S O3 4 2 6 2 3 4 3 2 8

{T=1473 K}.

Jghtltktyf rjycnfynf hfdyjdtcbz htfrwbb (6)& Frnbdyjcnm jrcb-

lf [hjvf ghb ’njv cxbnfkfcm hfdyjq tlbybwt& Lfyyst ’njuj ’rcgthb-

vtynf j,‘tlbytys c htpekmnfnfvb bccktljdfybz cbcntvs Cr O -K CrO .2 3 2 4

Ghjdtltyf cjdvtcnyfz j,hf,jnrf b gjkextyf ntvgthfnehyfz pfdbcb-

o
vjcnm K (6) (cv&nf,k& 10 b hfpltk 4&3&2&)&

- - - -
Bp jnyjitybq bjyys[ njrjd I(NiO ), I(CrO ), I(CrO ), I(Cr O )2 3 4 2 6

b rjycnfyns hfdyjdtcbz htfrwbb (12)^ jghtltktyyjq hfytt^ yfqltyf

frnbdyjcnm jrcblf ybrtkz& Htpekmnfns ghbdtltys d nf,k& 15&

4&3&4& "rcgthbvtynfkmyst rjycnfyns hfdyjdtcbz c exfcnbtv bjyf

-CoO2

D ckexft jrcblf rj,fkmnf bcgjkmpjdfybt d rfxtcndt lj,fdrb

-
cekmafnf rfkbz yt ghbdtkj r utythfwbb bjyf CoO & Lj,bnmcz gjzdkt-2

-
ybz bjyf CoO elfkjcm njkmrj ghb lj,fdrf[ jrcblf [hjvf b [hjvfnf2

-
rfkbz& Nfr;t bjy CoO yf,k.lfkb ghb bccktljdfybb cbcntvs CoO-V O2 2 3

(cv& hfpltk 4&3&7)&

Ghjdtltyj ldf ’rcgthbvtynf c hfpysvb ’aaepbjyysvb jndthcnbzvb

- 0&5 b 1&2 vv&
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Nf,kbwf 14& FRNBDYJCNM Cr O D CBCNTVF{ C JRCBLJV B {HJVBNJV2 3

YBRTKZ

- -I(CrO ) I(Cr O )3 2 6 oln α(Cr O ) = ln[------------------------------------------------------------------------------------------------ - ln K (6) + 1.2802 3 3 -I (CrO )4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0
Cbcntvf T,K ln K s n α(Cr O ) D G (7&3)I i i 2 3 r T

rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NiO- 1344 8.65 0.12 3 0.549 -6.7

Cr O - 1387 8.33 0.29 5 0.502 -8.02 3

K CrO 1430 8.19 0.12 2 0.538 -7.42 4

1473 8.03 0.25 4 0.560 -7.1

1515 7.78 0.10 4 0.527 -8.1

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NiO- 1209 9.52 0.32 6 0.589 -5.3

NiCr O - 1255 9.21 0.00 2 0.577 -5.72 4

K SO 1291 8.65 0.32 6 0.407 -9.72 4

1300 8.87 0.53 2 0.538 -6.7

1326 8.45 0.18 7 0.411 -9.8

1370 8.46 0.17 4 0.522 -7.4

1413 7.90 0.12 5 0.372 -11.6

1448 7.86 0.40 3 0.423 -10.4

1473 7.92 0.13 5 0.502 -8.5

1515 7.41 0.53 2 0.364 -12.7

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 15& FRNBDYJCNB NiO D CBCNTVT NiCr O -Cr O2 4 2 3
- -I(NiO ) I(Cr O )2 2 6 oln α(NiO) = ln[------------------------------------------------------------------------------------------------] - ln K (12) + 0.809- -I(CrO ) I(CrO )4 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------oT, ln K s n α(NiO) D G (7&3)I i i r T
K rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1326 -11.76 0.06 2 0.343 -11.8

1370 -11.10 0.17 9 0.468 -8.7

1413 -11.09 0.13 6 0.343 -12.6

1448 -10.76 0.14 5 0.375 -11.8

1473 -10.81 0.11 6 0.301 -14.7

1515 -10.40 0.07 5 0.346 -13.4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bc[jlyst cjcnfds$ 94&4 vjkm&% CoO - 3&1 vjkm&% Cr O - 2&52 3

vjkm&% K CrO (cjcnfd I ) b 94&4 vjkm&% CoO - 3&0 vjkm&% Cr O -2 4 2 3

2&6 vjkm% K CrO (cjcnfd II ).2 4

Pfhtubcnhbhjdfys vfcc-cgtrnhs jnhbwfntkmys[ bjyjd {T=1300 K}$

- - - - - -CrO (100 000)^ CrO (43)^ Cr O (17)^ CoO (6&9)^ KCrO ^ KCr O ,3 4 2 6 2 4 2 7
- - - -K Cr O (lkz cjcnfdf I)# CrO (100 000)^ CrO (58)^ Cr O (19)^3 2 8 3 4 2 6

- - -CoO (9&1)^ KCrO , PtO (lkz cjcnfdf II)&2 4 2

Jghtltktys rjycnfyns hfdyjdtcbz bjyyj-vjktrekzhys[ htfrwbq

3 - 1 - 1 -CoO(s) + -CrO = -Cr O (s) + CoO + -CrO (4&14)2 3 2 2 3 2 2 4
- - - -CoO(s) + CrO + CrO = CoO + Cr O (4&15)3 4 2 2 6

Frnbdyjcnm jrcblf rj,fkmnf ghbyznf hfdyjq tlbybwt& Frnbdyjcnm

- -
jrcblf [hjvf yfqltyf bp jnyjitybz bjyys[ njrjd I(CrO ), I(CrO ),3 4

-I(Cr O ) b rjycnfyns hfdyjdtcbz htfrwbb (6)^ jghtltktyyjq hfytt2 6

(cv^ ntrcn j cbcntvt Cr O -K CrO )&2 3 2 4

Lfyyst gj lfdktyb. rbckjhjlf gjkextys^ rfr jgbcfyj dsit^ c

- - o
gjvjom. bjyjd CrO ^ CrO b bpdtcnyjq K (13).4 3

o o
D nf,k&16 ghbdjlzncz pyfxtybz K (14), K (15), p(O ), d2

nf,k&17 - frnbdyjcnb Cr O &2 3
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Nf,kbwf 16& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBQ

3 - 1 - 1 -CoO(s) + -CrO = -Cr O (s) + CoO + -CrO (4&14)2 3 2 2 3 2 2 4
- -I(CoO ) I(Cr O )o 2 2 6 1 oln K (14) = ln[------------------------------------------------------------------------------------------------ - -ln K (6) + 0.434- - 2I(CrO ) I(CrO )4 3

- - - -CoO(s) + CrO + CrO = CoO + Cr O (4&15)3 4 2 2 6
- -I(CoO ) I(Cr O )o 2 2 6ln K (15) = ln[------------------------------------------------------------------------------------------------ + 0.434- -I(CrO ) I(CrO )4 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o o
Cbcntvf T,K ln K s n ln K (14) D H ln K (15) p(O )I i i r 0 2

2
rL;/vjkm x10 Gf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

CoO- 1300 -10.83 0.07 2 -15.78 138.7 -10.40 2.2

Cr O - 1344 -10.38 0.13 2 -15.20 136.6 -9.95 222 3

K CrO 1387 -10.24 0.30 5 -14.95 137.8 -9.81 262 4

(I)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CoO- 1209 -10.67 0.07 3 -15.90 130.9 -10.24 0.28

Cr O - 1255 -10.60 0.13 9 -15.69 133.3 -10.17 0.892 3

K CrO 1300 -10.43 0.07 7 -15.38 134.4 -10.00 5.42 4

(II) 1344 -10.56 0.20 2 -15.39 138.7 -10.13 15

1387 -10.11 0.53 2 -14.83 136.4 -9.68 34

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
II I IIs =0.19 s =0.26 s =0.48p f fo o o

lkz htfrwbb D H (II)=77.1 D S (II)=-69.0 D H (III)=134.9+0.9r T r T r 0
-1 -1

(14) <T > =1301 B2=0.189-3 B3=0.435-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
lkz htfrwbb (15) D H (II)=36.6 D S (II)=-55.4r T r T

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 17& FRNBDYJCNM Cr O D CBCNTVT CoO-Cr O -K CrO2 3 2 3 2 4
- 2 -I(CrO ) I (Cr O )3 2 6 oln α(Cr O ) = ln[---------------------------------------------------------------------------------------------------- - ln K (6) + 1.2802 3 3 -I (CrO )4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o
Cjcnfd T, ln K s n α(Cr O ) D G (7&4)I i i 2 3 r T

K rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

I 1300 5.41 0.19 2 0.017 -44.1

1344 5.47 0.30 2 0.023 -42.1

1387 5.31 0.40 5 0.024 -42.8

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II 1209 5.92 0.29 3 0.016 -41.5

1255 5.70 0.13 9 0.017 -42.4

1300 5.20 0.37 7 0.014 -46.4

1344 5.13 0.22 2 0.016 -46.0

1387 4.45 0.17 2 0.010 -52.7

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

4&3&5& "rcgthbvtynfkmyst rjycnfyns hfdyjdtcbz c exfcnbtv bjyf

-FeO2

Lkz jrcblf ;tktpf Fe O ^ rfr b lkz jrblf rj,fkmnf^ elfkjcm3 4
-

lj,bnmcz gjzdktybz bjyf FeO njkmrj ghb lj,fdrf[ jrcblf [hjvf b2

[hjvfnf rfkbz&

Bc[jlyst cjcnfds$ 88&5 vjkm&% Fe O - 5&0 vjkm&% Cr O - 6&53 4 2 3

vjkm&% K CrO (cjcnfd I)^ 89&6 vjkm&% Fe O - 5&4 vjkm&% Cr O -2 4 3 4 2 3

5&0 vjkm&% K CrO (cjcnfd II)&2 4

Lbfvtnh ’aaepbjyyjuj jndthcnbz ,sk 0&8 b 0&7 vv&

Pfhtubcnhbhjdfys vfcc-cgtrnhs jnhbwfntkmys[ bjyjd {T=1406 K}$

- - - - - -CrO (1000000)^ CrO (526)^ Cr O (193)^ FeO (6&7)^ KCrO ^ KCr O ,3 4 2 6 2 4 2 7
- - - - -K Cr O , O - lkz cjcnfdf I# CrO (1000000)^ CrO (656)^ Cr O (128)^3 2 8 3 4 2 6
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-FeO (21&1) - lkz cjcnfdf II&2

Jghtltktys rjycnfyns hfdyjdtcbz bjyyj-vjktrekzhys[ htfrwbq

1 11 - 1 - 5 -
-Fe O (s) + [------------CrO = -Cr O (s) + FeO + -CrO (4&16)3 3 4 6 3 2 2 3 2 6 4

1 4 - 2 - - -
-Fe O (s) + -CrO + -CrO = FeO + Cr O (4&17)
3 3 4 3 3 3 4 2 2 6

Cxbnfkjcm^ xnj frnbdyjcnm jrcblf ;tktpf hfdyztncz tlbybwt&

Frnbdyjcnm jrcblf [hjvf ,skf yfqltyf vp jnyjitybz bjyys[ njrjd

- - -I(CrO ), I(CrO ), I(Cr O ) b rjycnfyns hfdyjdtcbz htfrwbb (6)^3 4 2 6

rjnjhfz ,skf jghtltktyf hfytt (cv& cbcntve Cr O -K CrO ).2 3 2 4
- -

Lfdktybt rbckjhjlf jghtltktyj c gjvjom. bjyjd CrO ^ CrO b3 4

bpdtcnyjq rjycnfyns hfdyjdtcbz htfrwbb (13)&

"rcgthbvtynfkmyst lfyyst cjlth;fncz d nf,k& 18&

4&3&6& "rcgthbvtynfkmyst rjycnfyns hfdyjdtcbz c exfcnbtv

rbckjhjlcjlth;fob[ bjyjd vfhufywf

C jrcbljv vfhufywf Mn O ghjdtltyj nhb ’rcgthbvtynf& Jnvtnbv^3 4

xnj d gthdjv bp yb[ d ’aaepbjyye. zxtqre pfuhe;fkb jrcbl MnO b2

dslth;bdfkb tuj ghb ntvgthfneht ~ 1000 K d ntxtybb 1&5 xfcf gthtl

yfxfkjv bpvthtybq& N&t& cbyntp Mn O jceotcndkzkcz ytgjchtlcndtyyj3 4

d rfvtht Ryelctyf& D lde[ gjcktlyb[ ’rcgthbvtynf[ bcgjkmpjdfkcz

Mn O ^ gjkextyysq ghtldfhbntkmyj gentv jn;buf MnO yf djple[t d3 4 2

ntxtybt 3-[ xfcjd ghb ntvgthfneht 1273 K& Cjcnfd j,hfpwf rjynhjkb-

hjdfkcz gjchtlcndjv htynutyjafpjdjuj fyfkbpf& D [jlt ’rcgthbvtynf

ghjbc[jlbkj j,hfpjdfybt yjdjq afps MnO^ j xtv vj;yj celbnm gj bp-

vthtyyjq dtkbxbyt lfdktybz rbckjhjlf&

Bc[jlyst cjcnfds$ 95&0 vjkm&% MnO - 5&0 vjkm&% K CrO (cjc-2 2 4

nfd I)# 92&1 vjkm&% Mn O - 4&0 vjkm&% K CrO - 3&9 vjkm&% Cr O3 4 2 4 2 3

(cjcnfd II)# 95&5 vjkm&% Mn O - 3&4 vjkm&% K CrO - 1&1 vjkm&%3 4 2 4

Cr O (cjcnfd III) &2 3

Vfcc-cgtrnhs jnhbwfntkmys[ bjyjd ghbdtltys d nf,k& 20.
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Nf,kbwf 18& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBQ

1 11 - 1 - 5 -
-Fe O (s) + [------------CrO = -Cr O (s) + FeO + -CrO (4&16)3 3 4 6 3 2 2 3 2 6 4

- -I(FeO ) I(Cr O )o 2 2 6 1 oln K (16) = ln[------------------------------------------------------------------------------------------------------ - -ln K (6) + 0.505
4 2 2
- -
3 - 3 -I (CrO ) I (CrO )3 4

1 4 - 2 - - -
-Fe O (s) + -CrO + -CrO = FeO + Cr O (4&17)
3 3 4 3 3 3 4 2 2 6

- -I(FeO ) I(Cr O )o 2 2 6ln K (17) = ln[------------------------------------------------------------------------------------------------------ + 0.505
4 2
- -
3 - 3 -I (CrO ) I (CrO )3 4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o o
Cbcntvf T,K ln K s n lnK (16) D H lnK (17) p(O ) α(Cr O )I i i r 0 2 2 3

rL;/vjkm x10 Gf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

Fe O - 1406 -15.38 0.15 3 -19.98 217.7 -14.88 2.6 0.0333 4

Cr O - 1430 -15.44 0.14 4 -19.98 221.2 -14.93 3.0 0.0382 3

K CrO2 4

(I)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe O - 1344 -14.74 0.03 2 -19.50 203.4 -14.23 11 6.03-33 4

Cr O - 1368 -15.39 0.07 6 -20.08 213.5 -14.89 1.5 6.35-32 3

K CrO 1387 -14.34 0.00 1 -18.99 203.5 -13.84 35 3.62-32 4

(II) 1406 -14.84 0.16 5 -19.44 211.4 -14.34 3.3 7.75-3

1447 -14.56 0.18 5 -19.06 212.6 -14.06 8.8 8.48-3

1498 -14.06 0.08 5 -18.45 211.9 -13.56 8.8 0.0302

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
II I IIs =0.13 s =0.86 s =0.82p f fo o o

lkz htfrwbb D H (II)=162.3 D S (II)=-47.2 D H (III)=213.1+1.7r T r T r 0
-1 -1

(16) <T > =1417 B2=0.126-3 B3=0.393-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
lkz htfrwbb (17) D H (II)=121.9 D S (II)=-33.6r T r T

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
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Nf,kbwf 19& VFCC-CGTRNHS JNHBWFNTKMYS{ BJYJD ( D JNYJCBNTKMYS{

TLBYBWF{)^ PFHTUBCNHBHJDFYYST D "RCGTHBVTYNF{ C Mn O {T=1430 K}.3 4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bjyysq Cbcntvf

njr [------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

MnO -K CrO Mn O -Cr O - Mn O -Cr O -2 2 4 3 4 2 3 3 4 2 3
(I) K CrO (II) K CrO (III)2 4 2 4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-I(MnO ) 16 1.1 6.22
-I(MnO ) 11 000 720 2 5003
-I(MnO ) - 2.9 5.44
-I(CrO ) 100 000 100 000 100 0003
-I(CrO ) 150 100 774
-I(Cr O ) 3.1 21 9.52 6
-I(MnCrO ) 1.0 0.40 *5

-I(PtO ) - 3.8 *2
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

* - lfyysq bjy yt ghjgbcsdfkb

-
Gjvbvj gthtxbcktyys[ d nf,k& 19 ,skb j,yfhe;tys bjys$ KCrO ,4
- - - - - -KCr O , K Cr O , FeO , NiO (d ckexft cjcnfdf I) b PO , WO ,2 7 3 2 8 2 2 3 3
- - - - - -KCrO , K Cr O , NaCrO , IrO , BiO , BiO (d ckexft cjcnfdf II)&4 3 2 8 4 3 2

Jghtltktys rjycnfyns hfdyjdtcbz htfrwbq

5 - 1 - 1 -Mn O (s) + -CrO + -CrO = -Cr O (s) + MnO (4&18)3 4 6 3 6 4 2 2 3 3
5 - 1 - - -Mn O (s) + -CrO + -CrO = MnO + Cr O (4&19)3 4 3 4 3 3 3 2 6
- - - -MnO + CrO = MnO + CrO (4&20)2 4 3 3
- - - -MnO + CrO = MnO + CrO (4&21)3 4 4 3

1 - 1 - 1 --Cr O (s) + PtO = Pt(s) + -CrO + -CrO (4&22)2 2 3 2 2 4 2 3
- -MnO(s) + CrO = MnCrO (4&23)4 5
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Nf,kbwf 20& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBQ

5 - 1 - 1 -Mn O (s) + -CrO + -CrO = -Cr O (s) + MnO (4&18)3 4 6 3 6 4 2 2 3 3
- -I(MnO ) I(Cr O )o 3 2 6 1 oln K (18) = ln[------------------------------------------------------------------------------------------------------ - -ln K (6) + 0.6405 1 2- -3 - 3 -I (CrO ) I (CrO )4 3

5 - 1 - - -Mn O (s) + -CrO + -CrO = MnO + Cr O (4&19)3 4 3 4 3 3 3 2 6
- -I(MnO ) I(Cr O )o 3 2 6ln K (19) = ln[------------------------------------------------------------------------------------------------------ - + 0.6405 1- -3 - 3 -I (CrO ) I (CrO )4 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o 3

Cbcntvf T,K ln K s n ln K(18) D H , ln K (19) α(Cr O )W10I i i r 0 2 3
rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
MnO - 1344 -1.86 0.00 1 -6.66 45.1 -1.22 0.272

K CrO - 1430 -1.73 0.03 2 -6.32 43.7 -1.09 0.042 4

(I)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mn O - 1344 -1.15 0.10 4 -5.95 37.2 -0.51 5.43 4

Cr O - 1387 -1.60 0.31 3 -6.29 42.2 -0.96 5.32 3

K CrO 1430 -1.94 0.42 2 -6.53 46.2 -1.30 5.92 4

(II) 1473 -2.03 0.29 3 -6.52 47.4 -1.39 7.2

1515 -1.63 0.19 3 -6.03 42.4 -0.99 5.8

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mn O - 1300 -1.15 0.15 4 -6.08 37.4 -0.51 0.153 4

Cr O - 1344 -1.25 0.20 5 -6.05 38.3 -0.61 0.212 3

K CrO 1387 -1.49 0.15 5 -6.18 40.9 -0.85 0.342 4

(III) 1430 -1.00 0.14 2 -5.59 35.0 -0.36 3.0

1473 -1.20 0.00 1 -5.69 37.2 -0.56 11

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.21 s =0.46 s =0.54p f fo o o

lkz htfrwbb D H (II)=-8.2 D S (II)=-57.0 D H (III)=40.5+1.1r T r T r 0
-1 -1

(18) <T > =1390 B2=0.189-3 B3=0.426-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o

lkz htfrwbb (19) D H (II)=-48.6 D S (II)=-41.8r T r T
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 21& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - - -MnO + CrO = MnO + CrO (4&20)2 4 3 3
- -I(MnO ) I(CrO )o 3 3ln K (20) = ln[------------------------------------------------------------------------------------------ + 0.020- -I(MnO ) I(CrO )2 4

-I(CrO )
& 4 o *ln p(O ) = 2 ln [------------------------------------------] - ln K (13) + 0.1482 7 - 8I(CrO )3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
Cbcntvf T,K ln K s n ln K (20) D H , p(O )I i i r 0 2

rL;/vjkm Gf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

MnO - 1344 14.08 0.00 1 14.10 -161.9 0.602

K CrO - 1430 13.09 0.05 2 13.11 -160.2 2.32 4

(I)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mn O - 1387 13.41 0.42 3 13.43 -159.2 0.133 4

Cr O - 1430 13.39 0.05 2 13.41 -163.8 0.372 3

K CrO 1473 13.56 0.28 3 13.58 -170.7 1.22 4

(II) 1515 13.43 0.41 3 13.45 -173.8 1.6

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mn O - 1300 13.84 0.27 4 13.86 -154.2 0.113 4

Cr O - 1344 13.68 0.27 5 13.70 -157.5 0.272 3

K CrO 1387 13.04 0.17 5 13.06 -155.0 0.732 4

(III) 1430 13.17 0.04 2 13.19 -161.2 0.62

1473 12.37 0.00 1 12.39 -156.1 0.44

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.27 s =0.55 s =0.93p f fo o o

D H (II)=-44.8 D S (II)=79.6 D H (III)=-160.2+1.9r T r T r 0
-1 -1<T > =1396 B2=0.181-3 B3=0.399-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 22& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - - -MnO + CrO = MnO + CrO (4&21)3 4 4 3
- -I(CrO ) I(MnO )o 3 4ln K (21) = ln[------------------------------------------------------------------------------------------ - 0.004- -I(CrO ) I(MnO )4 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o

Cbcntvf T,K ln K s n ln K (21) D H ,I i i r 0
rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mn O - 1344 1.25 0.16 4 1.25 -19.33 4

Cr O - 1387 0.98 0.33 3 0.98 -16.72 3

K CrO 1430 1.34 0.00 1 1.34 -21.52 4

(II) 1473 0.93 0.14 3 0.93 -17.1

1515 1.50 0.36 3 1.50 -24.7

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mn O - 1300 1.37 0.09 4 1.37 -20.03 4

Cr O - 1344 1.24 0.07 5 1.24 -19.72 3

K CrO 1387 1.12 0.11 5 1.12 -18.32 4

(III) 1430 1.03 0.31 2 1.03 -17.8

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.19 s =0.35 s =0.34p f fo o o

D H (II)=-6.7 D S (II)=5.1 D H (III)=-19.2+0.7r T r T r 0
-1 -1<T > =1385 B2=0.179-3 B3=0.396-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Frnbdyjcnb Mn O ^ Pt, MnO cxbnfkbcm hfdysvb tlbybwt& Frnbd-3 4
-

yjcnm jrcblf [hjvf ,skf yfqltyf bp jnyjitybz bjyys[ njrjd I(CrO ),3
- -I(CrO ), I(Cr O ) b rjycnfyns hfdyjdtcbz htfrwbb (6)^ jghtltktyyjq4 2 6

hfytt (cv& hfpltk 4&3&2&)&

- -
Lfdktybt rbckjhjlf yfqltyj c gjvjom. bjyjd CrO ^ CrO b bp-3 4

dtcnyjq rjycnfyns hfdyjdtcbz htfrwbb (13)&

D nf,k& 20-24 ghtlcnfdktys ’rcgthbvtynfkmyst lfyyst gj rjyc-

nfynfv hfdyjdtcbz htfrwbq (18)-(23)&
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Nf,kbwf 23& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

1 - 1 - 1 --Cr O (s) + PtO = Pt(s) + -CrO + -CrO (4.22)2 2 3 2 2 4 2 3
2 -I (CrO )o 4 1 oln K (22) = ln[------------------------------------------------------------------------------------------------ + -ln K (6) - 2.37- - 2I(PtO ) I(Cr O )2 2 6

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o

Cbcntvf T,K ln K s n ln K (22) D H ,I i i r 0
rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mn O - 1344 4.43 0.00 1 7.32 -80.63 4

Cr O - 1387 5.00 0.00 1 7.78 -88.52 3

K CrO 1430 4.92 0.12 2 7.59 -89.02 4

(II) 1473 5.13 0.18 3 7.70 -93.0

1515 4.92 0.37 2 7.40 -91.9
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II I IIs =0.23 s =0.27 s =0.49p f fo o o
D H (II)=1.26 D S (II)=63.88 D H (III)=-89.7+2.0r T r T r 0

-1 -1<T > =1447 B2=0.788-4 B3=0.207-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Nf,kbwf 24& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- -MnO(s) + CrO = MnCrO (4.23)4 5
-I(MnCrO )o 5ln K (23) = ln[------------------------------------------------------ + 0.478-I(CrO )4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o

Cbcntvf T,K ln K s n ln K (23)I i i

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
MnO - 1430 -5.00 0.00 1 -4.522
K CrO (I)2 4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mn O - 1430 -5,56 0.00 1 -5.083 4

Cr O - 1473 -5,50 0.08 3 -5.022 3

K CrO (II) 1515 -5.42 0.26 3 -4.942 4
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IIs =0.19 s =0.31p fo o
D H (II)=-25.8 D S (II)=-58.5r T r T

-1 -1<T > =1477 B2=0.432-4
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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4&3&7& "rcgthbvtynfkmyst rjycnfyns hfdyjdtcbz c exfcnbtv

rbckjhjlcjlth;fob[ bjyjd dfyflbz

Gthdjyfxfkmyj^ lkz utythfwbb jnhbwfntkmys[ bjyjd d gfht yfl

jrcbljv dfyflbz^ rfr b d ghtlsleob[ ckexfz[^ ltkfkb yt,jkmibt lj-

- - -
,fdrb [hjvfnf rfkbz& Pfhtubcnhbhjdfys bjys$ VO ^ V O ^ V O ^3 2 5 3 8

-V O & Jlyfrj ghb ’njv yfv yt elfkjcm gjkexbnm bpvthbvs[ rjywty-4 10

nhfwbq [hjvcjlth;fob[ bjyjd^ xnj vj;yj j,‘zcybnm ,jkmibv chjlcndjv

r ’ktrnhjye V O &4 10

Htpekmnfns ’njq cthbb ’rcgthbvtynjd j,‘tlbytys gjl pfujkjdrjv

V O ^ ytcvjnhz yf nj^ xnj d ’aaepbjyye. zxtqre gjvtofkb ytcnt[bj-3 5

vtnhbxtcrbq jrcbl dfyflbz V O & "nj cdzpfyj c ntv^ xnj bc[jlysq2 3+y

ghtgfhfn cjlth;fk ytrjnjhjt rjkbxtcndj ytdjcnfyjdktyyjuj jrcblf

dfyflbz (V)^ b ghb yfuhtdfybb bc[jlyjuj ghtgfhfnf d ’aaepbjyyjq

rfvtht ghjbpjikf htfrwbz c j,hfpjdfybtv V O & "nj gjlndth;lftncz3 5

htynutyjafpjdsv fyfkbpjv^ cltkfyysv gjckt jrjyxfybz ’rcgthbvtynf^

b nfr;t cjgjcnfdktybtv bpvthtyyjuj lfdktybz rbckjhjlf c kbnthfneh-

ysvb lfyysvb&

Lkz jghtltktybz ’ynfkmgbb j,hfpjdfybz dfyflbqcjlth;fob[ jnhb-

wfntkmys[ bjyjd ,skb bccktljdfys cbcntvs^ d rjnjhs[ jcyjdysv rjv-

gjytynjv zdkzkcz jrcbl [hjvf bkb jrcbl rj,fkmnf^ f jrcbl dfyflbz

ghbcencndjdfk d ytpyfxbntkmys[ rjkbxtcndf[&

V O3 5

Bc[jlyst cjcnfds$ 96&1 vjkm&% V O - 3&9 vjkm&% K CrO (’rc-2 3 2 4

gthbvtyn I)# V O (’rcgthbvtyns II b III)& Lbfvtnhs ’aaepbjyyjuj2 3

jndthcnbz 0&4 vv^ 0&4 vv b 1&0 vv cjjndtncndtyyj&

Pfhtubcnhbhjdfyyst vfcc-cgtrnhs jnhbwfntkmys[ bjyjd ghtlcnfd-

ktys d nf,k& 25&
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Nf,kbwf 25& VFCC-CGTRNHS JNHBWFNTKMYS{ BJYJD D GFHT YFL V O3 5

( N=1387 R^ d jnyjcbntkmys[ tlbybwf[)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- - - -
Cjcnfd I(VO ) I(V O ) I(V O ) I(V O )3 2 5 3 8 4 10

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

I 6.0 7.4 261 1000

II 7.2 6.7 292 1000

III 53 44 366 1000

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Jghtltktys rjycnfyns hfdyjdtcbz bjyyj-vjktrekzhys[ htfrwbq

- - -V O (s) + 4V O = 3V O + V O (4&24)2 3 3 8 4 10 2 5
- - -V O (s) + 3VO + V O = 4V O (4&25)2 3 3 3 8 2 5

Frnbdyjcnm V O d ’nb[ ’rcgthbvtynf[ jghtltktyf gj ajhvekt2 3
1& o *ln α(V O ) = -- ln K (26) + ln p(O )2 3 67 2 8

o
ult K (26) - rjycnfynf hfdyjdtcbz htfrwbb

6V O (s) + O = 4V O (s) (4&26)2 3 2 3 5
o

Xbcktyyst pyfxtybz K (26)hfccxbnfys yf jcyjdfybb nthvjlbyfvbxtcrb[

o
lfyys[^ ghbdjlbvs[ Dfcbkmtdjq [125] (D H (26) = -428.4 rL;/vjkm,r T

o
D S (26) = -136.0 L;/vjkmWR lkz N=1192-1387 R). Frnbdyjcnm V Or T 3 5

ghb ’njv cxbnfkfcm hfdyjq tlbybwt&

Lfdktybt rbckjhjlf jghtltktyj ’rcgthbvtynfkmyj c gjvjom.

- - -
bjyjd V O ^ V O ^ V O b rjycnfyns hfdyjdtcbz htfrwbb (27)2 5 4 10 3 8

2 -I (V O )
& 3 8 o *ln p(O ) = 2 ln[------------------------------------------------------------------------------------------------ - ln K (27) + 0.1862 7 - - 8I(V O ) I(V O )2 5 4 10

o
Rjycnfynf R (27) ,skf bpvthtyf d ytpfdbcbvs[ ’rcgthbvtynf[ (cv&

Cr O -V O )&2 3 2 3

"rcgthbvtynfkmyst lfyyst gj rjycnfynfv hfdyjdtcbz htfrwbq

(24)^ (25)^ p(O ) b frnbdyjcnzv V O ghbdtltys d nf,k& 26 b 27&2 2 3
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Nf,kbwf 26& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - -V O (s) + 4V O = 3V O + V O (4&24)2 3 3 8 4 10 2 5
- 3 -I(V O ) I (V O )o 2 5 4 10ln K (24) = ln[---------------------------------------------------------------------------------------------------------- - ln α(V O ) + 0.332

4 - 2 3I (V O )3 8
2 -I (V O )

& 3 8 o *ln p(O ) = 2 ln[------------------------------------------------------------------------------------------------ - ln K (27) + 0.1862 7 - - 8I(V O ) I(V O )2 5 4 10

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
Cbcntvf T,K ln K s n ln K (24) D H , p(O )I i i r 0 2

3
rL;/vjkm x10 Gf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V O - 1209 -0.15 0.13 4 0.99 -30.5 0.0522 3
K CrO 1255 -0.15 0.49 6 0.93 -32.0 0.172 4
(I) 1300 0.05 0.34 7 1.06 -35.5 0.45

1344 -0.17 0.10 3 0.80 -34.8 1.3

1430 0.45 0.39 3 1.31 -44.8 2.3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V O 1255 -0.39 0.36 6 0.72 -29.8 0.212 3
(II) 1300 -0.32 0.28 8 0.74 -32.1 0.62

1344 -0.02 0.29 9 0.97 -36.7 1.5

1387 -0.08 0.38 10 0.89 -37.8 4.3

1430 0.07 0.36 9 0.97 -40.7 8.6

1473 -0.68 0.56 10 0.25 -34.0 30

1515 -0.35 0.81 6 0.53 -39.2 57

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V O - 1300 -0.15 0.02 2 0.68 -31.4 0.162 3
1344 0.39 0.44 6 1.02 -37.2 0.18

(III) 1387 0.91 0.51 4 1.40 -43.7 0.24

1430 0.14 0.39 3 0.80 -38.7 2.1

1473 0.47 0.29 4 1.00 -43.2 2.8

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.42 s =0.66 s =0.90p f fo o o

D H (II)=-16.0 D S (II)=-4.7 D H (III)=-36.0+1.0r T r T r 0
-1 -1<T > =1363 B2=0.448-3 B3=0.735-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 27& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - -V O (s) + 3VO + V O = 4V O (4.25)2 3 3 3 8 2 5
4 -I (V O )o 2 5ln K (30) = ln[---------------------------------------------------------------------------------------- - ln α(V O ) + 1.41
3 - - 2 3I (VO ) I(V O )3 3 8

1& o *ln α(V O ) = -- ln K (26) + ln p(O )2 3 67 2 8

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
Cbcntvf T,K ln K s n α(V O ) ln K (25) D HI i i 2 3 r 0

rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V O - 1209 -5.48 0.38 4 0.44 -3.26 182.02 3
K CrO 1255 -4.93 0.15 6 0.47 -2.77 183.02 4
(I) 1300 -4.58 0.21 7 0.51 -2.09 181.5

1344 -3.91 0.63 3 0.53 -1.87 184.4

1430 -3.01 0.27 3 0.60 -1.07 180.4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V O 1255 -5.07 0.80 6 0.46 -2.88 184.22 3
(II) 1300 -4.54 0.46 8 0.48 -2.40 184.8

1344 -4.09 0.96 9 0.52 -2.02 186.1

1387 -3.95 0.93 10 0.53 -1.90 189.9

1430 -2.93 0.87 9 0.57 -0.95 183.9

1473 -2.35 0.80 10 0.55 -0.34 181.1

1515 -2.61 0.71 6 0.58 -0.65 189.8

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V O - 1300 -3.97 0.16 2 0.61 -2.06 181.12 3
1344 -3.11 0.92 6 0.74 -1.40 179.1

(III) 1387 -2.66 0.67 4 0.85 -1.09 180.6

1430 -2.12 0.42 3 0.72 -0.38 177.1

1473 -2.05 0.55 4 0.82 -0.44 182.5

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.72 s =0.79 s =0.72p f fo o o

D H (II)=154.1 D S (II)=99.7 D H (III)=183.7+0.8r T r T r 0
-1 -1<T > =1361 B2=0.444-3 B3=0.736-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Cr O -V O2 3 2 3

Bc[jlyst cjcnfds$ 96&5 vjkm&% Cr O - 2&0 vjkm&% V O - 1&52 3 2 3

vjkm&% K CrO (cjcnfd I) b 97&9 vjkm&% Cr O - 0&8 vjkm&% V O -2 4 2 3 2 3

1&3 vjkm&% K CrO (cjcnfd II)&2 4

Pfhtubcnhbhjdfys vfcc-cgtrnhs jnhbwfntkmys[ bjyjd {T=1387 K}$

- - - - -VO (1.7), VO (17 299), V O (925), V O (6 193), V O (966),2 3 2 5 3 8 4 10
- - - -CrO (100 000), CrO (28), VCrO (lkz cjcnfdf I)# VO (2.3),3 4 6 2

- - - - -VO (5186), V O (117), V O (297), V O (17), CrO (100 000),3 2 5 3 8 4 10 3
- -CrO (28), VCrO (lkz cjcnfdf II).4 6

Jghtltktys rjycnfyns hfdyjdtcbz htfrwbq (27)-(31)

- - 1 -V O + V O + -O = 2V O (4&27)2 5 4 10 2 2 3 8
- - - - -V O + V O + CrO = 2V O + CrO (4&28)2 5 4 10 4 3 8 3

- - - -VO + CrO = VO + CrO (4&29)2 4 3 3
1 - 1 -
-Cr O (s) + VO = -V O (s) + CrO (4&30)
2 2 3 3 2 2 3 3

1 - 3 - 5 --Cr O (s) + V O + -CrO = 2V O (s) + -CrO (4&31)2 2 3 4 10 2 3 2 3 2 4

Lkz njuj^ xnj,s yfqnb rjycnfyne hfdyjdtcbz htfrwbb (27)^ yt-

j,[jlbvj pyfnm lfdktybt rbckjhjlf& Jyj jghtltktyj ’rcgthbvtynfkmyj

- -
bp jnyjitybz bjyys[ njrjd I(CrO ) b I(CrO ) b rjycnfyns hfdyjdtcbz4 3
o o o
R (13)& Lfyyst gj K (27) b K (28) ghtlcnfdktys d nf,k& 28 , gj

oK (29) - d nf,k& 29&

D htpekmnfnt cjdvtcnyjq j,hf,jnrb lfyys[ lde[ ’rcgthbvtynjd

o
gjkextyf ntvgthfnehyfz pfdbcbvjcnm K (27)

oln K (27) = 27010/T - 8.26 (T=1300-1455 K)
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Nf,kbwf 28& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBQ

- - 1 -V O + V O + -O = 2V O (4.27)2 5 4 10 2 2 3 8
2 - -I (V O ) I(CrO )o 3 8 3 oln K (27) = ln[------------------------------------------------------------------------------------------------------------------------------------------] + ln K (13) + 0.038- - -I(V O ) I(V O ) I(CrO )4 10 2 5 4

- - - - -V O + V O + CrO = 2V O + CrO (4.28)2 5 4 10 4 3 8 3
2 - -I (V O ) I(CrO )o 3 8 3ln K (28) = ln[------------------------------------------------------------------------------------------------------------------------------------------------] + 0.038- - -I(CrO ) I(V O ) I(V O )4 4 10 2 5

-I(CrO )
& 4 o *ln p(O ) = 2 ln [------------------------------------------] - ln K (13) + 0.1482 7 - 8I(CrO )3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o o
Cbcntvf T,K ln K s n ln K (27) D H ln K (28) p(O )I i i r 0 2

2
rL;/vjkm x10 Gf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cr O - 1300 12.60 0.25 5 12.54 -147.2 12.63 1.32 3

V O - 1344 12.09 0.11 5 11.70 -146.3 12.13 3.02 3

K CrO 1387 11.92 0.10 3 11.22 -148.8 11.96 4.82 4

(I) 1430 11.47 0.37 3 10.48 -147.8 11.51 7.2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cr O - 1300 12.55 0.30 3 12.50 -146.7 12.59 2.32 3

V O - 1344 12.47 0.03 3 12.08 -150.5 12.50 2.92 3

K CrO 1387 11.87 0.31 6 11.17 -148.2 11.90 4.72 4

(II) 1430 11.69 0.47 3 10.70 -150.5 11.72 7.6

1455 11.76 0.00 1 10.61 -153.8 11.79 8.7

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.27 s =0.26 s =0.30p f fo o o

Lkz htfrwbb D H (II)=-113.3 D S (II)=-17.7 D H (III)=-148.1+0.6r T r T r 0(28) -1 -1<T > =1363 B2=0.147-3 B3=0.415-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
o o

Lkz htfrwbb (27) D H (II)=-224.6 D S (II)=-68.7r T r T
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 29& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - - -VO + CrO = VO + CrO (4&29)2 4 3 3
- -I(CrO ) I(VO )o 3 3ln K (26) = ln[------------------------------------------------------------------------------------ + 0.028- -I(CrO ) I(VO )4 2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
Cbcntvf T,K ln K s n ln K (29) D HI i i r 0

rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cr O - 1344 16.03 0.00 1 16.05 -177.32 3

V O - 1387 17.37 0.17 3 17.40 -198.32 3

K CrO 1430 16.84 0.36 3 16.87 -198.12 4

(I)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cr O - 1387 15.87 0.34 6 15.90 -181.02 3

V O - 1430 16.47 0.53 3 16.50 -193.72 3

K CrO 1455 15.53 0.00 1 15.56 -185.62 4

(II)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.36 s =1.22 s =1.28p f f

o o o
D H (II)=30.6 D S (II)=158.4 D H (III)=-189.2+3.6r T r T r 0
-1 -1<T > =1403 B2=0.576-4 B3=0.294-2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Ghb jghtltktybb rjycnfyn hfdyjdtcbz htfrwbq (30)^ (31) cxbnf-

kjcm^ xnj frnbdyjcnm jrcblf [hjvf hfdyf tlbybwt&

Frnbdyjcnm V O ,skf jghtltktyf ldevz cgjcj,fvb&2 3
- - -

1) bp jnyjitybz bjyys[ njrjd I(V O ), I(V O ), I(V O ) b2 5 3 8 4 10

rjycnfyns hfdyjdtcbz htfrwbb (24)

- 3 -I(V O ) I (V O )2 5 4 10 oln α(V O ) = ln[---------------------------------------------------------------------------------------------------- - ln K (24) + 0.3322 3 4 -I (V O )3 8
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- - -
2) bp jnyjitybz bjyys[ njrjd I(VO ), I(V O ), I(V O ) b3 2 5 3 8

rjycnfyns hfdyjdtcbz htfrwbb (25)

4 -I (V O )2 5 oln α(V O ) = ln[---------------------------------------------------------------------------------------- - ln K (25) + 1.4102 3 - 3 -I(V O ) I (VO )3 8 3

Rjycnfyns hfdyjdtcbz htfrwbq (24)^ (25) bpvthtys d ytpfdbcb-

vs[ ’rcgthbvtynf[ (cv& ntrcn j V O )&
3 5

D nf,k& 30 cj,hfys yfqltyyst ldevz cgjcj,fvb pyfxtybz

α(V O )& Lkz hfcxtnf rjycnfyn hfdyjdtcbz htfrwbq (30)^ (31) bc-2 3

gjkmpjdfkb chtlybt dtkbxbys frnbdyjcntq jrcblf dfyflbz& Lfyyst

ghtlcnfdktys d nf,k& 31 b 32&

Nf,kbwf 30& FRNBDYJCNM V O D CBCNTVT Cr O -V O -K CrO2 3 2 3 2 3 2 4
- 3 -I(V O ) I (V O )2 5 4 10 oln α(V O ) = ln[---------------------------------------------------------------------------------------------------- - ln K (24) + 0.3322 3 4 -I (V O )3 8

4 -I (V O )2 5 oln α(V O ) = ln[---------------------------------------------------------------------------------------- - ln K (25) + 1.4102 3 - 3 -I(V O ) I (VO )3 8 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjcnfd T, K (24) s n α(V O ) K (25) s α(V O )I i i 2 3 I i 2 3K

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

I 1255 -7.27 0.16 4 3.67-4 -12.10 0.32 3.67-4

1300 -7.39 0.18 7 3.42-4 -11.74 0.23 3.13-4

1344 -7.38 0.14 5 3.63-4 -10.81 0.28 5.00-4

1387 -7.46 0.17 3 3.53-4 -10.68 0.09 3.71-4

1430 -6.05 0.67 3 1.49-3 -8.71 0.94 1.78-3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II 1300 -11.19 0.34 3 7.66-6 -15.61 0.90 6.59-6

1344 -10.94 0.08 3 1.03-5 -14.40 0.59 1.38-5

1387 -9.14 0.64 6 6.51-5 -12.11 0.61 8.96-5

1430 -8.82 0.91 3 9.33-5 -11.58 0.96 1.01-4

1455 -9.02 0.00 1 7.87-5 -11.48 0.00 8.96-5

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 31& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

1 - 1 -
-Cr O (s) + VO = -V O (s) + CrO (4&30)
2 2 3 3 2 2 3 3

-I(CrO )o 3 1ln K (30) = ln[------------------------------------------ + -ln α(V O ) + 0.186- 2 2 3I(VO )3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
Cbcntvf T, ln K s n α(V O ) ln K (30) D HI i i 2 3 r 0

K rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cr O - 1255 1.77 0.04 4 3.67-4 -2.00 42.32 3

V O - 1300 1.63 0.15 7 3.26-4 -2.20 46.22 3

K CrO 1344 1.69 0.06 5 4.26-4 -2.00 45.72 4

(I) 1387 1.75 0.09 3 3.63-4 -2.02 47.6

1430 1.30 0.45 3 1.80-3 -1.67 45.1

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cr O - 1300 3.15 0.11 3 7.07-6 -2.59 50.42 3

V O - 1344 3.20 0.07 3 1.19-5 -2.28 48.92 3

K CrO 1387 2.92 0.29 6 7.64-5 -1.63 43.12 4

(II) 1430 2.49 0.13 3 9.71-5 -1.94 48.3

1455 2.13 0.00 1 8.36-5 -2.38 54.6

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =0.52 s =0.50
f f

o o o
D H (II)=36.1 D S (II)=9.9 D H (III)=46.2+0.9r T r T r 0

-1 -1<T > =1347 B2=0.193-3 B3=0.458-2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



- 90 -

Nf,kbwf 32& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

1 - 3 - 5 --Cr O (s) + V O + -CrO = 2V O (s) + -CrO (4.31)2 2 3 4 10 2 3 2 3 2 4
5
-
2 -I (CrO )o 4ln K (31) = ln[---------------------------------------------------------------------------------------------------- + 2ln α(V O ) - 0.765
3 2 3
-
2 - -I (CrO ) I(V O )3 4 10

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
Cbcntvf T, ln K s n α(V O ) ln K (31) D HI i i 2 3 r 0

K rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cr O - 1300 -17.26 0.71 5 3.07-4 -34.20 393.82 3

V O - 1344 -16.33 0.33 5 4.26-4 -32.62 390.32 3

K CrO 1387 -15.79 0.17 3 3.60-4 -32.42 401.52 4

(I) 1430 -17.41 0.70 3 1.63-3 -31.01 398.3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cr O - 1300 -9.98 0.33 3 7.07-6 -34.47 396.62 3

V O - 1344 -10.41 0.24 3 1.19-5 -33.85 404.22 3

K CrO 1387 -12.04 0.54 6 7.64-5 -31.76 394.02 4

(II) 1430 -12.57 0.26 3 9.71-5 -31.81 407.8

1455 -12.92 0.00 1 8.36-5 -32.47 423.3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
II I IIs =1.07 s =1.20
f f

o o o
D H (II)=324.4 D S (II)=-34.3 D H (III)=397.6+2.4r T r T r 0
-1 -1<T > =1363 B2=0.147-3 B3=0.415-2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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CoO - V O2 3

Bc[jlysq cjcnfd$ 94&4 vjkm&% CoO - 3&2 vjkm&% Cr O - 2&42 3

vjkm^% K CrO &2 4
- -

Vfcc-cgtrnh jnhbwfntkmys[ bjyjd$ CoO (6.2), VO (100 000),2 3
- - - - -V O (67 747), V O , V O , PO , VCrO (T=1430 K).2 5 3 8 4 10 3 6

Jghtltktyf rjycnfynf hfdyjdtcbz bjyyj-vjktrekzhyjq htfrwbb

- - -CoO(s) + 2VO = CoO + V O (4&32)3 2 2 5

Frnbdyjcnm jrcblf rj,fkmnf ghbyznf hfdyjq tlbybwt&

"rcgthbvtynfkmyst lfyyst ghtlcnfdktys d nf,k& 33&

Nf,kbwf 33& "RCGTHBVTYNFKMYST RJYCNFYNS HFDYJDTCBZ HTFRWBB

- - -CoO(s) + 2VO = CoO + V O (4&32)3 2 2 5
- -I(V O ) I(CoO )o 2 5 2ln K (32) = ln[------------------------------[------------------------------------------------------ + 0.525

2 -I (VO )3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o
Cbcntvf T,K ln K s n ln K (32) D HI i i r 0

rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CoO- 1370 -10.96 0.10 2 -10.43 118.8

Cr O 1430 -10.61 0.15 9 -10.08 119.92 3

K CrO 1515 -10.63 0.37 12 -10.10 127.22 4
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

II I IIs =0.29 s =0.38 s =1.06p f f

o o o
D H (II)=18.51 D S (II)=-71.6 D H (III)=123.4+2.7r T r T r 0
-1 -1<T > =1467 B2=0.114-3 B3=0.327-2

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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4&3&8& "rcgthbvtynfkmyst rjycnfyns hfdyjdtcbz c exfcnbtv

rbckjhjlcjlth;fob[ bjyjd ehfyf

Bc[jlyst cjcnfds$ 85&9 vjkm&%U O - 4&7 vjkm&% K CrO - 9&43 8 2 4

vjkm&% Cr O cjcnfd (1)^ 98&9 vjkm&% U O - 0&5 vjkm&% K CrO -2 3 3 8 2 4

0&6 vjkm&% V O cjcnfd (II)&2 3
-

Bjy UO (v&x& 286) pfhtubcnhbhjdfy yt ,sk&3
-

Lkz njuj^ xnj,s jwtybnm ’ynfkmgb. j,hfpjdfybz bjyf UO ,skj3
-

ghbyznj^ xnj bjyysq njr^ cjjndtncnde.obq UO ^ vtymit bpvthztvjuj3

cbuyfkf c vfccjdsx xbckjv 286& D gthdjv ’rcgthbvtynt d hfqjyt vfc-

- -
cjdjuj xbckf 286 ghbcencndjdfk bjy KWO , f dj dnjhjv - V O &4 3 8

Pfhtubcnhbhjdfys vfcc-cgtrnhs jnhbwfntkmys[ bjyjd (T=1430)$

- - - -UO (<6.2), CrO (10 000), CrO (14&6) lkz cjcnfdf (I), UO (<12&8)^3 3 4 3
- - -VO (1&3)^ V O (500)^ V O (1 000) lkz cjcnfdf (II).3 3 8 4 10

D ckexft cjcnfdf I ,skb hfccxbnfys dth[yzz uhfybwf lkz
-I(UO )3ln[------------------------------------] b lfdktybt rbckjhjlf& Htpekmnfns ghbdtltys d nf,k& 34&-I(CrO )3

- -
Lfdktybt rbckjhjlf jghtltktyj c gjvjom. bjyjd CrO ^ CrO b bpdtcn-3 4

yjq rjycnfyns hfdyjdtcbz htfrwbb (13)&

Nf,kbwf 34& "RCGTHBVTYNFKMYST LFYYST LKZ CBCNTVS

U O -K CrO -Cr O (s)3 8 2 4 2 3
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- -I(UO ) I(CrO )3 4T >ln[------------------------------------] ln[------------------------------------------ p(O ),- - 2I(CrO ) I(CrO )3 3 Gf
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1344 -5.22 -6.77 0.42

1430 -7.39 -6.53 2.2

1473 -7.92 -6.57 3.6

1515 -7.16 -7.16 0.65

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Lkz cjcnfdf II jghtltkbkb dth[y.. uhfybwe dtkbxbys

- -ln{I(UO )/I(VO )}. Lfdktybt rbckjhjlf d lfyyjv ckexft ,skj yfqltyj3 3
- - - o

c gjvjom. bjyjd V O ^ VO ^ V O b rjycnfyns hfdyjdtcbz K (33)3 8 3 4 10
3 -I (V O )

& 3 8 o *ln p(O ) = ln[----------------------------------------------------------------------------------------] - ln K (33) + 0.546 *22 7 - 2 - 8I(VO ) I (V O )3 4 10
- - 1 -2V O + VO + -O = 3V O (4.33)4 10 3 2 2 3 8

o
Pyfxtybz rjycnfyns hfdyjdtcbz K (33) hfccxbnfys c bcgjkmpjdfybtv

jghtltktyys[ d htpekmnfnt bccktljdfybz cbcntv c V O rjycnfyn hfd-3 5
o 1 o

yjdtcbz htfrwbq (25)^ (22) b (24)$ lnK (33) = -lnK (25) -3
1 o o-lnK (24) + lnK (22). "nb ;t bjys cke;bkb lkz jghtltktybz frnbd-3

yjcnb V O2 3
- 4 -I(VO ) I (V O )3 4 10 oln α(V O ) = ln[---------------------------------------------------------------------------------------------- - ln K (34) - 0.0282 3 5 -I (V O )3 8

o
ult K (34) - rjycnfynf hfdyjdtcbz htfrwbb

- - -V O (s) + 5V O = 4V O + VO (4.34)2 3 3 8 4 10 3
o 4 o 1 o

ult ln K (34) = -ln K (24) - -ln K (25).3 3
- -

Yfqltyyst pyfxtybz ln{I(UO )/I(VO )}^ lfdktybz rbckjhjlf b3 3

frnbdyjcnb V O ghtlcnfdktys d nf,k& 35.2 3

Nf,kbwf 35& "RCGTHBVTYNFKMYST LFYYST LKZ CBCNTVS

U O -K CrO -V O3 8 2 4 2 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-I(UO )3T >ln[------------------------------------ ln K (33) p(O ), ln K (34) α(V O )- I 2 I 2 3I(VO ) Gf3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1344 3.87 5.50 0.16 -3.81 0.32

1430 2.28 4.59 0.54 -3.23 0.18

1473 1.09 3.65 0.33 -1.83 0.44

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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4&4& Jghtltktybt frnbdyjcntq jrcbljd otkjxys[ vtnfkkjd d

cbcntvt Na O-K O-SiO vtnjljv BVH2 2 2

Ytgjchtlcndtyyj d gfhf[ cbcntvs Na O-K O-SiO jnhbwfntkmys[2 2 2

bjyjd yt pfhtubcnhbhjdfyj& Gj’njve r ytq d yt,jkmib[ rjkbxtcndf[

lj,fdkzkb [hjvcjlth;fobt cjtlbytybz& D htpekmnfnt^ d yfcsotyyjv

gfht yfl hfcgkfdjv cbcntvs gjzdkzkbcm d bpvthbvs[ rjywtynhfwbz[

- - - -
bjys CrO ^ CrO ^ NaCrO b KCrO &3 4 4 4

D bynthdfkt ntvgthfneh 1300-1430 K bccktljdfyj gznm cjcnfdjd

cjcnfd I 0.242 Na O-0.102 K O-0.656 SiO2 2 2

cjcnfd II 0.172 Na O-0.161 K O-0.667 SiO2 2 2

cjcnfd III 0.116 Na O-0.223 K O-0.661 SiO2 2 2

cjcnfd IV 0.35 K O-0.65 SiO2 2

cjcnfd V 0.30 K O-0.70 SiO2 2

Ghjljk;bntkmyjcnm ghjdtltybz ’rcgthbvtynf ds,hfyf nfrbv j,hf-

pjv^ xnj,s bpvtytybt rjywtynhfwbb rf;ljuj bp jrcbljd otkjxys[ vt-

nfkkjd pf cxtn bcgfhtybz yt ghtdsifkj 0&0015 vjkm& ljkb&

Lkz bccktljdfybz dkbzybz ghbhjls lj,fdrb d bpvthtybz[ c jlybv

b ntv ;t cjcnfdjv cbcntvs bcgjkmpjdfkb [hjvfns hfpkbxys[ otkjxys[

vtnfkkjd b jrcbl [hjvf Cr O &2 3

D nf,k& 36 ghbdtltys jnyjcbntkmyst byntycbdyjcnb bjyys[ njrjd

b dtkbxbys lj,fdjr&

Bpvthtybz ghjdjlbkbcm gj ghtlkj;tyyjq d hf,jnt [17] c[tvt^

xnj gjpdjkbkj ghb chfdytybb lfyys[ jnltkmys[ ’rcgthbvtynjd ghb,tu-

yenm r gjvjob jlyjafrnjhyjuj lbcgthcbjyyjuj fyfkbpf [126]. Ghjwt-

lehf pfrk.xfkfcm d cktle.otv& Ghb jlyjq ntvgthfneht ghjgbcsdfkb

ytcrjkmrj vfcc-cgtrnhjd (jlye cthb.)& Pfntv vtyzkb ntvgthfnehe b

nfr;t ghjgbcsdfkb ytcrjkmrj vfcc-cgtrnhjd& Ytrjnjhjt dhtvz cgecnz

djpdhfofkbcm r gthdjq ntvgthfneht& Nfrbv j,hfpjv^
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Nf,kbwf 36& VFCC-CGTRNHS JNHBWFNTKMYS{ BJYJD D GFHT YFL

HFCGKFDFVB CBCNTVS Na O-K O-SiO GHB 1387 K2 2 2

(d jnyjcbntkmys[ tlbybwf[)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- - - -
"rcgt- Cjcnfd Lj,fdrf^ I(CrO ) I(CrO ) I(NaCrO ) I(KCrO )3 4 4 4
hbvtyn vjkm&ljk&

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1 I Cr O , 0.040 100 000 14.9 5.3 6.82 3

2 I Li CrO ,0.010 100 000 46.7 10.4 13.12 4

3 I Cs CrO ,0.015 100 000 38.6 15.4 19.22 4

4 II Cr O , 0.020 100 000 31.9 9.6 22.02 3

5 II Li CrO ,0.020 100 000 52.1 11.6 22.92 4

6 II Cs CrO ,0.032 100 000 14.8 7.1 16.52 4

7 III Cr O , 0.032 100 000 4.5 2.0 8.42 3

8 III Li CrO ,0.049 100 000 18.8 4.6 20.82 4

9 IV Cr O , 0.013 100 000 13.6 - 67.42 3

10 V Cr O , 0.013 100 000 22.0 - 24.62 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ghb jlyjq b njq ;t ntvgthfneht gjkexfkb ytcrjkmrj cthbq vfcc-

cgtrnhjd^ pfhtubcnhbhjdfyys[ d hfpyst vjvtyns ’rcgthbvtynf& Dhtvz

bpvthtybz jlyjq cthbb ~ 10 vby^ bynthdfk vt;le jlbyfrjdsvb ntvgt-

hfnehfvb ~ 40 vby&

Gthtl yfxfkjv htubcnhfwbb vfcc-cgtrnhjd d rf;ljv ’rcgthbvtynt

cbcntve dslth;bdfkb ghb dscjrjq ntvgthfneht ~ 40 vby&

-
D nf,k& 37 ghtlcnfdktys kjufhbavs jnyjitybz bjyys[ njrjd CrO4
- - - - -

b CrO ^ NaCrO b CrO ^ KCrO b CrO ^ gjkextyyst gentv echtlytybz3 4 4 4 4

gj dctv cthbzv bpvthtybq ghb lfyyjq ntvgthfneht& Yf jcyjdt gjke-

xtyys[ lfyys[ hfccxbnfys gfhwbfkmyst lfdktybz rbcjkjhjlf^ yfnhbz b

rfkbz^ ecnfyfdkbdf.obtcz d cbcntvt Na O-K O-SiO -lj,fdrf2 2 2
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-I(CrO )
& 4 *ln p(O ) = 2 ln[------------------------------------------] - ln K(13) + 0.1482 7 - 8I(CrO )3

-I(NaCrO )4ln p(Na) = ln[------------------------------------------------------] - ln K(35) + 0.181-I(CrO )4
-I(KCrO )4ln p(K) = ln[------------------------------------------------ - ln K(36) + 0.360-I(CrO )4

ult K(35), K(36) - rjycnfyns hfdyjdtcbz htfrwbq

- -CrO + Na = NaCrO (4.35)4 4
- -CrO + K = KCrO (4.36)4 4

Lkz hfcxtnf K(13), K(35),K(36) bcgjkmpjdfys nthvjlbyfvbxtcrbt

lfyyst lkz bjyjd [7], O , Na b K [9] (cv& nf,k& 43)& Yfqltyyst2

pyfxtybz gfhwbfkmys[ lfdktybq nfr;t ghbdtltys d nf,k& 37.

Frnbdyjcnb jrcbljd yfnhbz b rfkbz jghtltktys gj ajhvekfv

- 2I(NaCrO )4ln α(Na O) = ln[------------------------------------------------------------------------------------] - ln K(37) + 0.512 - -I(CrO ) I(CrO )3 4
- 2I(KCrO )4ln α(K O) = ln[------------------------------------------------------------------------------------] - ln K(38) + 0.872 - -I(CrO ) I(CrO )3 4

ult K(37) b K(38) - rjycnfyns hfdyjdtcbz htfrwbq$

- - -CrO + CrO + Na O(l) = 2NaCrO (4&37)3 4 2 4
- - -CrO + CrO + K O(l) = 2KCrO (4&38)3 4 2 4

Pyfxtybz K(37), K(38) hfccxbnfys bp nthvjlbyfvbxtcrb[ lfyys[ lkz

bjyjd [7], Na O(l) [129], K O(l) [128]& Dtkbxbys2 2
- 2 - 2I(NaCrO ) I(KCrO )4 4Y (Na O) = ln[------------------------------------------------------------------------------------], Y (K O) = ln[------------------------------------------------------------------------------------], s , ni 2 - - i 2 - - i iI(CrO ) I(CrO ) I(CrO ) I(CrO )3 4 3 4

ghbdtltys d nf,k& 38& D cktle.otq nf,kbwt ghtlcnfdktys chtlybt

pyfxtybz Y(Na O)b Y(K O)lkz lfyys[^ gjkextyys[ ghb T=1387 K d ’rc-2 2

gthbvtynf[ c hfpysvb lj,fdrfvb^ b frnbdyjcnb jrcbljd& "nf nf,kbwf
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Nf,kbwf 37& GFHWBFKMYST LFDKTYBZ RBCKJHJLF^ YFNHBZ B RFKBZ D

CBCNTVT Na O-K O-SiO GHB N=1387 R2 2 2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

P, Gf
Cjc- Lj,fdrf Y Y Y n [------------------------------------------------------------------------------------------------------------------------------------------]1 2 3 i
nfd O Na K2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

I Cr O -8.81 -1.04 -0.79 9 0.014 0.098 0.0632 3

I Cs CrO -7.86 -0.92 -0.70 6 0.090 0.11 0.0692 4

I Li CrO -7.67 -1.50 -1.27 6 0.130 0.062 0.0392 4

II Cr O -8.05 -1.20 -0.37 9 0.062 0.083 0.0972 3

II Li CrO -7.56 -1.50 -0.82 12 0.17 0.062 0.0622 4

II Cs CrO -8.82 -0.73 -0.11 3 0.013 0.13 0.162 4

III Cr O -10.00 -0.82 0.62 3 0.0013 0.120 0.2602 3

III Li CrO -8.58 -1.40 0.10 9 0.022 0.068 0.162 4

IV Cr O -8.90 - 1.60 9 0.0010 - 0.692 3

V Cr O -8.42 - 0.11 9 0.020 - 0.152 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- - -I(CrO ) I(NaCrO ) I(KCrO )4 4 4Y = ln[------------------------------------------ , Y = ln[------------------------------------------------], Y = ln[------------------------------------------].1 - 2 - 3 -I(CrO ) I(CrO ) I(CrO )3 4 4

ytj,[jlbvf lkz j,ce;ltybz dkbzybz ghbhjls lj,fdrb yf jghtltkztvst

dtkbxbys& D lfkmytqitv lkz hfcxtnf frnbdyjcntq bcgjkmpjdfkb kbim

byajhvfwb.^ yfqltyye. d ’rcgthbvtynf[ c lj,fdrfvb Cr O b Li CrO &2 3 2 4

"rcgthbvtyns c lj,fdrjq [hjvfnf wtpbz yt ghbybvfkbcm dj dybvfybt&

Gjkextyyst nfrbv gentv chtlybt pyfxtybz Y(Na O)^ Y(K O)^ f nfr;t2 2

htpekmnfns jlyjafrnjhyjuj lbcgthcbjyyjuj fyfkbpf - dyenhbcthbqyfz

lbcgthcbz s b vt;cthbqyfz lbcgthcbz s ghtlcnfdktys d nf,k& 39&
p h

Gj jghtltktyb.
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2 1/2 2 1/2
S S (Yij - <Yi>) S (<Yi> - <Y>) Ji

# i j $ # i $s = [------------------------------------------------------------------------------------------------ s = [---------------------------------------------------------------------------------------------]
p 3 4 h 3 4

S Ji - I I - 1
i

ult i- yjvth cthbb bpvthtybq (i=1^&&&^I)# byltrc j jpyfxftn yjvth

S Yij
j

vfcc-cgtrnhf d i-jq cthbb (j=1^&&&^J )# <Y >=[-----------------------] - chtlybqi i Ji

kjufhbav jnyjitybz bjyys[ njrjd lkz i-jq cthbb# S J - xbckj
i i

bpvthtybq^ I - xbckj cthbq&

Ytgjchtlcndtyyj pyfxtybz frnbdyjcntq Na O b K O d bccktljdfy-2 2

yjq cbcntvt vj;yj yfqnb d nf,k& 40.

Nf,kbwf 38& GTHDBXYST "RCGTHBVTYNFKMYST LFYYST LKZ JGHTLTKTYBZ

FRNBDYJCNTQ JRCBLJD YFNHBZ B RFKBZ D CBCNTVT Na O-K O-SiO2 2 2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjc- T^ Lj,fdrf Y (Na O) s Y (K O) s ni 2 i i 2 i i
nfd R

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

I 1300 Li CrO -10.41 0.22 -9.89 0.33 32 4

-10.46 0.04 -9.97 0.06 3

Cs CrO -10.08 0.14 -9.36 0.13 32 4

1344 Cr O -10.28 0.09 -9.49 0.16 32 3

-10.55 0.13 -9.81 0.13 3

-10.64 0.11 -9.86 0.20 3

Li CrO -10.19 0.11 -9.83 0.20 32 4

-10.49 0.14 -9.85 0.18 3

Cs CrO -9.91 0.06 -9.33 0.06 32 4



- 99 -

Nf,kbwf 38& (ghjljk;tybt)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjc- T^ Lj,fdrf Y (Na O) s Y (K O) s ni 2 i i 2 i i
nfd R

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1387 Cr O -10.75 0.41 -10.17 0.33 32 3

-10.79 0.18 -10.45 0.08 3

-11.14 0.19 -10.55 0.06 3

Li CrO -10.63 0.12 -10.10 0.04 32 4

-10.72 0.12 -10.30 0.12 3

Cs CrO -9.76 0.04 -9.34 0.37 32 4

-9.63 0.07 -9.18 0.16 3

1430 Cr O -10.41 0.16 -10.02 0.22 32 3

-10.69 0.17 -10.28 0.10 3

-10.33 0.45 -9.98 0.41 3

Li CrO -10.56 0.13 -10.22 0.04 32 4

Cs CrO -9.82 0.04 -9.75 0.05 32 4

-9.80 0.14 -9.48 0.41 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

II 1300 Cr O -10.01 0.39 -8.40 0.20 32 3

-10.50 0.41 -8.78 0.09 3

Li CrO -10.76 0.05 -8.94 0.02 32 4

-10.47 0.09 -8.66 0.17 3

-10.63 0.05 -8.87 0.04 3

-10.47 0.03 -8.84 0.05 3

Cs CrO -10.20 0.11 -8.24 0.19 32 4

-10.53 0.15 -8.25 0.04 3

-10.64 0.48 -8.48 0.19 3
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Nf,kbwf 38& (ghjljk;tybt)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjc- T^ Lj,fdrf Y (Na O) s Y (K O) s ni 2 i i 2 i i
nfd R

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1344 Cr O -10.48 0.06 -8.83 0.03 32 3

-10.40 0.13 -8.74 0.04 2

Li CrO -10.69 0.09 -9.03 0.02 32 4

-10.50 0.07 -8.90 0.04 3

-10.46 0.07 -8.89 0.06 3

-10.50 0.09 -8.92 0.07 3

Cs CrO -10.31 0.09 -8.44 0.43 32 4

-10.48 0.36 -8.38 0.09 3

-10.50 0.31 -8.41 0.15 3

-10.32 0.25 -8.30 0.04 3

-10.35 0.12 -8.45 0.10 3

1387 Cr O -10.50 0.11 -8.76 0.06 32 3

-10.37 0.19 -8.76 0.19 3

-10.51 0.07 -8.82 0.07 3

Li CrO -10.82 0.04 -9.39 0.06 32 4

-10.37 0.24 -8.99 0.04 3

-10.40 0.12 -9.10 0.07 3

-10.44 0.11 -9.12 0.12 3

Cs CrO -10.28 0.62 -8.60 0.10 32 4

1430 Li CrO -10.25 0.11 -9.03 0.15 32 4

-10.28 0.19 -9.03 0.06 3

Cs CrO -10.26 0.17 -8.27 0.47 22 4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 38& (ghjljk;tybt)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjc- T^ Lj,fdrf Y (Na O) s Y (K O) s ni 2 i i 2 i i
nfd R

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

III 1344 Cr O -11.42 0.05 -8.01 0.10 32 3

Li CrO -11.38 0.29 -8.01 0.36 32 4

-11.44 0.30 -8.28 0.18 3

-11.58 0.37 -8.16 0.12 3

1387 Cr O -11.64 0.39 -8.76 0.57 32 3

Li CrO -11.50 0.15 -8.55 0.09 32 4

-11.23 0.04 -8.31 0.14 3

-11.39 0.05 -8.30 0.06 3

1430 Cr O -11.59 0.46 -8.78 0.00 32 3

Li CrO -11.63 0.12 -8.91 0.04 32 4

-11.35 0.10 -8.39 0.04 2

-11.44 0.14 -8.40 0.37 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IV 1344 Cr O - - -5.65 0.10 32 3

- - -5.62 0.12 3

- - -5.52 0.24 3

- - -5.53 0.06 3

1387 Cr O - - -5.67 0.17 32 3

- - -5.53 0.30 3

- - -5.88 0.19 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 38& (ghjljk;tybt)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjc- T^ Lj,fdrf Y (Na O) s Y (K O) s ni 2 i i 2 i i
nfd R

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1430 Cr O - - -5.84 0.50 32 3

- - -6.01 0.05 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V 1344 Cr O - - -7.57 0.15 32 3

- - -7.84 0.18 3

- - -8.25 0.03 2

- - -8.22 0.17 3

1387 Cr O - - -7.96 0.43 32 3

- - -8.04 0.42 3

- - -8.59 0.08 3

1430 Cr O - - -8.66 0.11 32 3

- - -8.40 0.25 3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 39& FRNBDYJCNB JRCBLJD YFNHBZ B RFKBZ^ GJKEXTYYST D

"RCGTHBVTYNF{ C HFPKBXYSVB LJ<FDRFVB GHB 1387 R

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjc- Lj,fdrf Y(Na O) s ln α(Na O) Y(K O) s ln α(K O) n2 i 2 2 i 2 i
nfd

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

I Cr O -10.89 0.31 -18.57 -10.39 0.24 -24.16 92 3

I Li CrO -10.67 0.12 -18.35 -10.20 0.13 -23.97 62 4

I Cs CrO -9.69 0.09 -17.37 -9.26 0.27 -23.03 62 4

II Cr O -10.46 0.13 -18.14 -8.78 0.11 -22.55 92 3

II Li CrO -10.51 0.23 -18.19 -9.15 0.17 -22.92 122 4

II Cs CrO -10.28 0.62 -17.96 -8.60 0.10 -22.37 32 4

III Cr O -11.64 0.39 -19.32 -8.76 0.57 -22.53 32 3

III Li CrO -11.38 0.14 -19.06 -8.39 0.15 -22.16 92 4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Jlyjq bp pflfx bccktljdfybz ,skj dszcytybt htpekmnfnjd dpfb-

vjltqcndbz cbcntvs c vfnthbfkjv nbukz& Gj’njve cjcnfd II bpexfkb

nfr;t c bcgjkmpjdfybtv vjkb,ltyjdjuj nbukz& D ’njv ckexft lj,fdrf

[hjvfnf kbnbz yt j,tcgtxbkf bpvthbvs[ rjywtynhfwbq dct[ ytj,[jlb-

-
vs[ bjyjd& J,sxyj cfvsq byntycbdysq^ bjy CrO gjzdbkcz kbim ghb3

dscjrb[ ntvgthfnehf[ d ytpyfxbntkmys[ rjkbxtcndf[& Yf,k.lfkbcm

- - -MoO , KMoO , NaMoO , djpybribt d htpekmnfnt exfcnbz dj dpfbvjltq-3 4 4

cndbb vfnthbfkf nbukz& Gj’njve^ d cktle.otv ’rcgthbvtynt bcgjkmpj-

dfkb lj,fdrb 0&9 vjkm&% MoO b 1&1 bjkm&% LiPO .3 3
- -

D vfcc-cgtrnht pfhtubcnhbhjdfys bjys$ PO (13)^ PO (100)^2 3
- - -MoO (41)^ KMoO (5&5)^ NaMoO (3&5) {T=1344 K}& Bpvthtys bjyyst3 4 4

98
njrb bpjnjgjd Mo.

Lfdktybz Na, K b O jghtltktys gj cktle.obv ajhvekfv2
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Nf,kbwf 40& KJUFHBAVS JNYJITYBZ BJYYS{ NJRJD^ YTJ<{JLBVST LKZ

HFCXTNF FRNBDYJCNTQ JRCBLJD YFNHBZ B RFKBZ

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjc- T, Y(Na O) s s Y(K O) s s S J I2 h p 2 h p i i
nfd K

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

I 1300 -10.44 0.06 0.16 -9.93 0.09 0.24 6 2

I 1344 -10.43 0.33 0.12 -9.77 0.27 0.17 15 5

I 1387 -10.81 0.34 0.23 -10.32 0.33 0.16 15 5

I 1430 -10.44 0.32 0.23 -10.10 0.23 0.22 15 5

II 1300 -10.46 0.41 0.23 -8.72 0.38 0.11 19 7

II 1344 -10.51 0.16 0.08 -8.89 0.15 0.05 17 6

II 1387 -10.49 0.27 0.14 -8.97 0.40 0.10 21 7

II 1430 -10.26 0.03 0.15 -9.03 0.00 0.11 6 2

III 1344 -11.46 0.15 0.28 -8.11 0.23 0.21 12 4

III 1387 -11.44 0.30 0.21 -8.48 0.38 0.30 12 4

III 1430 -11.52 0.21 0.27 -8.64 0.44 0.20 11 4

IV 1344 - - - -5.58 0.11 0.14 12 4

IV 1387 - - - -5.69 0.31 0.23 9 3

IV 1430 - - - -5.92 0.20 0.36 6 2

V 1344 - - - -7.95 0.54 0.15 11 4

V 1387 - - - -8.20 0.59 0.35 9 3

V 1430 - - - -8.53 0.32 0.19 6 2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Nf,kbwf 41& FRNBDYJCNB JRCBLJD YFNHBZ B RFKBZ D CBCNTVT

Na O-K O-SiO2 2 2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjcnfd T, ln α(Na O) ln α(K O)2 2K ’rcgthb- vjltkm ’rcgthb- vjltkm
vtyn vtyn

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

I 1300 -19.04 -20.68 -25.16 -24.91

I 1344 -18.55 -20.12 -24.23 -24.15

I 1387 -18.49 -19.43 -24.09 -23.35

I 1430 -17.71 -18.88 -23.21 -22.61

II 1300 -19.06 -21.00 -23.95 -24.50

II 1344 -18.63 -20.47 -23.35 -23.72

II 1387 -18.17 -19.83 -22.74 -22.98

II 1430 -17.53 -19.30 -22.14 -22.27

III 1344 -19.58 -20.52 -22.57 -22.93

III 1387 -19.12 -19.99 -22.25 -22.22

III 1430 -18.79 -19.39 -21.75 -21.55

IV 1344 - - -20.07 -21.65

IV 1387 - - -19.49 -21.04

IV 1430 - - -19.06 -20.45

V 1344 - - -22.44 -23.21

V 1387 - - -22.00 -22.56

V 1430 - - -21.67 -21.90

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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- -I(NaMoO ) I(PO )4 2ln p(Na) = ln[------------------------------------------------------------------------------------------------ - ln K(39) + 0.0104- -I(PO ) I(MoO )3 3
- -I(KMoO ) I(PO )4 2ln p(K) = ln[------------------------------------------------------------------------------------------ - ln K(40) +0.115- -I(PO ) I(MoO )3 3

-I(PO )
& 3 *ln p(O ) = 2 ln[------------------------------------ - ln K(41) + 0.2272 7 - 8I(PO )2

ult K(39), K(40), K(41) - rjycnfyns hfdyjdtcbz htfrwbq 39-41$

- - - -MoO + PO + Na = NaMoO + PO (4&39)3 3 4 2
- - - -MoO + PO + K = KMoO + PO (4&40)3 3 4 2

- 1 -PO + -O = PO (4&41)2 2 2 3

Ghb hfcxtnt rjycnfyn hfdyjdtcbq 39-41 bcgjkmpjdfys nthvjlbyf-

vbxtcrbt lfyyst lkz bjyjd^ htrjvtyljdfyyst d hf,jnf[ [7, 5] (cv&

nf,k& 43).

Yfqltyyst pyfxtybz gfhwbfkmys[ lfdktybq b bpdtcnyst rjycnfyns

hfdyjdtcbq

1
2Na + -O = Na O(l) (4&42)2 2 2

12K + -O = K O(l) (4&43)2 2 2

gjpdjkbkb jghtltkbnm frnbdyjcnb jrcbljd yfnhbz b rfkbz

1ln α(Na O) = ln K(42) - -ln p(O ) - 2ln p(Na)2 2 2
1ln α(K O) = ln K(43) - -ln p(O ) - 2ln p(K)2 2 2

Htpekmnfns ghbdtltys d nf,k& 42&

Nf,kbwf 42& BCGFHTYBT CBCNTVS Na O-K O-SiO BP VJKB<LTYJDJUJ2 2 2

NBUKZ (CJCNFD II)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

P, Gf
T, [------------------------------------------------------------------------------------------------------------------------------------] ln α(Na O) ln α(K O)2 2K O Na K2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1344 1.8-7 0.060 0.039 -24.11 -30.14

1387 6.4-7 0.074 0.043 -24.65 -30.68

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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5& DS<JH BC{JLYS{ NTHVJLBYFVBXTCRB{ DTKBXBY

D nf,kbwt 43 ghtlcnfdktys ds,hfyyst pyfxtybz ’ynfkmgbq j,hf-

0
pjdfybz b ghbdtltyys[ ’ythubq Ub,,cf F & Rfr ghfdbkj^ ’nb dtkbxb-

T

ys dpzns bp cghfdjxybrjd [9^ 129]. D nt[ ckexfz[^ rjulf d kbnthf-

neht yt ,skj nthvjlbyfvbxtcrb[ [fhfrnthbcnbr lkz bynthtce.ob[ yfc

cjtlbytybq( d xfcnyjcnb^ lkz vyjub[ fybjyjd) vs cltkfkb ytj,[jlb-

vst jwtyrb&

5&1& Hfcxtn nthvjlbyfvbxtcrb[ aeyrwbq lkz ufpjd

Lkz cjtlbytybq d ufpjj,hfpyjv cjcnjzybb hfcxtn nthvjlbyfvb-

xtcrb[ aeyrwbq ghjdjlbkcz vtnjljv cnfnbcnbxtcrjq nthvjlbyfvbrb yf

jcyjdt vjktrekzhys[ gjcnjzyys[& Bcgjkmpjdfkjcm ghb,kb;tybt @;tcn-

rbq hjnfnjh - ufhvjybxtcrbq jcwbkkznjh@& Pf bcrk.xtybtv hfcxtnf

-
lkz bjyf VO ^ djp,e;ltyyst ’ktrnhjyyst cjcnjzybz yt exbnsdfkbcm&2

Jcyjdyjq ’ktrnhjyysq ehjdtym cxbnfkcz ytdshj;ltyysv lkz vjktrek c

xtnysv xbckjv ’ktrnhjyjd& D ghjnbdyjv ckexft dshj;ltyyjcnm jcyjd-

yjuj ’ktrnhjyyjuj ehjdyz ghbybvfkfcm hfdyjq ldev& Gjuhtiyjcnm ghb-

dtltyys[ gjntywbfkjd Ub,,cf hfccxbnsdfkb^ gj fyfkjubb cj cghfdjx-

ybrjv [9]. Ghbyznj^ xnj gjuhtiyjcnb I I I - cjcnfdkz.n 10-50%#
A B C

-1 -1 -1
jwtytyys[ xfcnjn - 20% (n>350 cv )^ 40% (100 cv <n<350 cv )^

-1 -1
50% (n<100 cv )# ’rcgthbvtynfkmys[ xfcnjn - 15 cv # ghb,kb;tybz

@;tcnrbq hjnfnjh - ufhvjybxtcrbq jcwbkkznjh@ - 5% jn rjkt,fntkmyjq

0
cjcnfdkz.otq FF &

T

Vjktrekzhyst gjcnjzyyst b hfccxbnfyyst nthvjlbyfvbxtcrbt

0
aeyrwbb ghbdtltys d Ghbkj;tybb^ gjuhtiyjcnb F ghb 1200 R - d

T

nf,k& 44&
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Nf,kbwf 43& Bc[jlyst nthvjlbyfvbxtcrbt dtkbxbys

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 0 0 0

Cjtlbytybt D H , F F F Kbnthf-
f 0 1000 1200 1400

rL;/vjkm nehf
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Pt(s) 0 49.6 54.2+0.5 58.3 130

K SO (s) -1427.2+0.5 231.6 260.8+1.6 287.9 92 4

Na SO (s) -1376.4+0.4 216.5 246.8+3.2 257.7 92 4

NiO(s) -237.3+0.6 58.1 66.4+1.7 73.8 129

Cr O (s) -1134.8+2.0 125.1 143.8+1.3 160.2 92 3

CoO(s) -237.8+1.3 70.8 79.6+1.7 87.3 129

Fe O (s) -1106.9+2.1 217.3 248.8+1.0 276.1 1293 4

Mn O (s) -1376.5+1.3 221.3 248.7+8.4 272.9 1293 4

MnO(s) -384.8+ 74.5 82.7+ 89.9 129

V O (s) -1211.7+5 138.0 157.7+3.2 174.9 92 3

Na 107.8+0.7 158.0 161.8+0.0 165.0 9

K 89.9+0.5 164.6 168.4+0.0 171.6 9

O 0 212.1 217.9+0.0 222.8 92
-SO -400.1+3.5 269.3 277.9+1.5 285.4 72
-SO -602+6 288.2 299.4+3.7 309.3 73
-SO -746.6+ 311.6 325.8+6.0 338.5 74
-KSO -992+12 360.2 378.1+7.8 394.0 74
-CrO -669+9 299.3 311.5+4.0 322.1 73
-CrO -781+11 318.9 366.6+5.8 346.5 74

-NaCrO -972+14 368.5 387.4+7.4 404.1 74
-KCrO -995+16 378.0 397.0+9.7 414.2 74

- aPO -645+18 262.1 270.6+1.5 277.9 92
-PO -943+16 277.9 289.1+2.8 298.9 673
- bMoO -637+11 306.4 318.6+4.5 329.2 93
-KMoO -1065+15 393.1 412.7+7.7 429.8 74
-NaMoO -1037+17 385.3 404.8+7.6 421.9 74
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Nf,kbwf 43& Ghjljk;tybt

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 0 0 0

Cjtlbytybt D H , F F F Kbnthf-
f 0 1000 1200 1400

rL;/vjkm nehf
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

U O (s) -4498.2+ 452.2 506.3+ 554.1 94 9

UO (s) -1081.2+ 103.6 116.0+ 126.8 92
-UO 340.4 353.5+ 364.8 93
-VO 289.7 301.5+5.2 311.8 131,1323
-MnO 307.4 322.4+6.9 335.6 131,1324

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

a b- bp hf,jns [5]# - bp hf,jns [ 7]

- - - -VO , V O , MnO , FeO2 4 10 2 2
0

Ghbdtltyyst ’ythubb Ub,,cf gjkextys bp lfyys[ gj F ytqnhfkm-
T

ys[ vjktrek^ dpzns[ bp cghfdjxybrjd [9] (VO , V O ) b [129]2 4 10

(MnO , FeO ), gentv dytctybz gjghfdrb yf dshj;ltyyjcnm jcyjdyjuj2 2

’ktrnhjyyjuj ehjdyz g & Tckb g vjktrek VO , V O , MnO ,skj hfd-
0 0 2 4 10 2

yj ldev^ nj gjckt gtht[jlf r cjjndtncnde.obv jnhbwfntkmysv bjyfv

cnfkj hfdyznmcz tlbybwt& D ckexft FeO cbnefwbz j,hfnyfz&2

-CoO2
0

Ds,hfyf cnhernehf cbvvtnhbb C , g =1, R(Co-O)=2.01 A,
2v 0

0 -R(O-O)=1.34 A (gj lfyysv gjke’vgbhbxtcrjuj hfcxtnf lkz bjyf CoO2
-[11]). Xfcnjns n b n ghbyzns hfdysvb nfrjdsv bjyf NiO ^ gjcrjkmre

1 2 2

cjtlbytybz rj,fkmnf b ybrtkz bvt.n ,kbprbt xfcnjns& n jwtytyf
3

gentv chfdybntkmyjuj fyfkbpf xfcnjn lkz lb- b vjyjjrcbljd otkjxys[

vtnfkkjd [133] b jrcblf CoO [134].

NiO2
0 0

Cnhernehf cbvvtnhbb C , g =2, R(Ni-O)=1.88 A, R(O-O)=1.40 A
2v 0
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(gj lfyysv rdfynjdj-[bvbxtcrjuj hfcxtnf [135])& Xfcnjns yjhvfkmys[

rjkt,fybq n b n ghbyzns hfdysvb cjjndtncnde.obv xfcnjnfv vjktre-
1 2

ks NiO . Ghb ’njv vs dpzkb chtlybt pyfxtybz vt;le ’rcgthbvtynfkm-2

ysvb lfyysvb lde[ hf,jn [136] b [137]. n jwtytyf gentv chfdyb-
3

ntkmyjuj fyfkbpf xfcnjn lkz lb- b vjyjjrcbljd otkjxys[ vtnfkkjd

[133] b jrcblf NiO [134].

-PtO , PtO2 2
-

Cnhernehf cbvvtnhbb C , g =1(lkz PtO ) b g =2(lkz PtO ),
2v 0 2 0 2

0 0R(Pt-O)=1.86 A, R(O-O)=1.40 A (rfr d NiO [135]). Xfcnjnf rjkt,f-2
-1

ybz cdzpb O-O n =927 cv jghtltktyf ’rcgthbvtynfkmyj^ f dtkbxbyf
1

-1
n =415 cv jwtytyf gj fyfkjubb c PdO b NiO [136]. Nhtnmz xfcnj-
2 2 2

nf n =700 jwtytyf d htpekmnfnt chfdybntkmyjuj fyfkbpf xfcnjn yjh-
3

vfkmys[ rjkt,fybq d vjktrekf[ MO [138].2

-MnO3
0 0

Cnhernehf cbvvtnhbb C , g =1, R(Mn-O)=1.65 A, <OMnO=107 (rfr
3v 0

-
d ClO [131]). Cnhernehf b xfcnjns yjhvfkmys[ rjkt,fybq jwtytys3

- -
gentb chfdybntkmyjuj fyfkbpf vjktrekzhys[ gjcnjzyys[ ClO , ClO b3 4

-
bjyf MnO [131, 132].4

-V O2 5
0 0

Cnhernehf cbvvtnhbb C ^g =2, <VO’V=130 , <O VO =136.3 ,
2v 0 1 2

0 0<O’VO =111.7 , <O’VO =112.0 ds,hfyf gj fyfkjubb c vjktrekjq P O ,1 2 2 5

lkz rjnjhjq dsgjkyty njxysq rdfynjdj-[bvbxtcrbq hfcxtn [139]. Lkb-

0
yf cdzpb R(V-O)=1.62 A - chtlytt pyfxtybt R(V-O) d vjktrekf[

-1V O , VO . Xfcnjns yjhvfkmys[ rjkt,fybq$ 1100cv (2),4 10 2
-1 -1 -1 -11000cv (2), 550cv (6), 300cv (3), 80cv (2) jwtytys gentv chfd-

ybntkmyjuj fyfkbpf nfrjds[ lkz jrcbljd dfyflbz b ajcajhf [9, 139,
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Nf,kbwf 44& Gjuhtiyjcnb hfccxbnfyys[ ghbdtltyys[ ’ythubq Ub,,cf

ghb 1200 K

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0 0

Cjtlbytybt DF , Cjtlbytybt DF ,
1 2 0 0 1 2 0 0

L;/vjkmWK L;/vjkmWK
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

-VO 2.5 PtO 4.52 2
- -MnO 5.0 MnO 5.22 3
- -FeO 7.0 V O 20.02 2 5
- -CoO 4.4 V O 25.02 3 8
- -NiO 3.5 V O 30.02 4 10
-PtO 4.92

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

140, 141]. Ghb b[ ds,jht vs cnhtvbkbcm nfr;t r njve ^ xnj,s bpvt-

- -
ytybt ’ynhjgbb d htfrwbz[ c exfcnbtv V O b V O ,skj ,kbprj r2 5 3 8

yfqltyyjve gj II-jve pfrjye nthvjlbyfvbrb& Jnvtnbv^ xnj fyfkjubx-

ysq gjl[jl bcgjkmpjdfy d cghfdjxybrt JANAF lkz W O b {bkmlty,hfy-3 8

ljv lkz cekmafnjd otkjxys[ vtnfkkjd [142].

-V O3 8

Ghbyznf cnhernehf cbvvtnhbb D (rfr lkz W O [127]), g =1,
2d 3 8 0

0R(V-O)=1.62 A (chtlytt R(V-O) d vjktrekf[ V O , VO ). Bjy4 10 2

ghtlcnfdkztn cj,jq nhb ntnhf’lhf^ cjtlbytyys[ ht,hfvb& D wtynhf[

ntnhf’lhjd yf[jlbncz dfyflbq& Xfcnjns yjhvfkmys[ rjkt,fybq $

-1 -1 -1 -1 -1
1000cv (4), 800cv (4), 500cv (3), 300cv (6), 200cv (6)

-
ds,hfys nfrbv ;t j,hfpjv^ rfr b d ckexft V O &2 5

5&2& "ynfkmgbz j,hfpjdfybz PtO2

D kbnthfneht [143-148] bvt.ncz lfyyst gj rjycnfynfv
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Nf,kbwf 45& "ynfkmgbz j,hfpjdfybz PtO2
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0 a 0 b
Fdnjhs Ntvgthfnehysq D H (II) D H (III)

f 0 f 0
bynthdfk^ K

rL;/vjkm
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Alcock and Hooper 1398-1843 174+5 196+7
[185]

1960 ujl

Schafer and Tebben 1405-1506 186+5 196+7
[186]

1960 ujl

Fryburg and Petrus 1473-1773 191 197+7
[188]

1961 ujl

Norman, Stley and 1933-2018 172+4 234+13
[189] Bell

1967 ujl
[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
a- d rfxtcndt gjuhtiyjcnb ghbdtltyj eldjtyyjt cnfylfhnyjt

b
jnrkjytybt# - ghbdtltyf gjkyfz gjuhtiyjcnm^ drk.xfz gjuhtiyjcnm

bcgjkmpjdfyys[ nthvjlbyfvbxtcrb[ aeyrwbq&

hfdyjdtcbz htfrwbb j,hfpjdfybz jrcblf gkfnbys

Pt(s) + O = PtO (5.1)2 2

Yf jcyjdt ’nb[ dtkbxby yfvb hfccxbnfyf ’ynfkmgbz htfrwbb (5&1) gj

II-jve b III-tve pfrjyfv nthvjlbyfvbrb c bcgjkmpjdfybtv yjds[

0
ghbdtltyys[ ’ythubq Ub,,cf (cv& Ghbkj;tybt)& Lkz Pt(s) pyfxtybz F

T

dpzns bp cghfdjxybrf [9]. Htpekmnfns ghbdtltys d nf,k& 45&

{jhjij cjukfce.ncz lheu c lheujv htpekmnfns hf,jn [143, 144,

146], gjkextyyst gj III-tve pfrjye nthvjlbyfvbrb& Hfcxtn gj II-jve

pfrjye nthvjlbyfvbrb ghbdtk r pyfxtybzv^ jnkbxf.obvcz yf dtkbxbye^

,jkmie.^ xtv gjkexf.obtcz gjuhtiyjcnb& "nb lfyyst dblzncz gj’njve

vtytt yflt;ysvb&

D rfxtcndt htrjvtyljdfyyjuj pyfxtybz dpznj chtlytt

0
D H (PtO )=196+7 rL;/vjkm& Jyj jnkbxftncz jn ghbdtltyys[ d cghf-
f 0 2

djxybrf[ [149] (171+6 rL;/vjkm) b [150] (169 rL;/vjkm), dthjznyj^

bp-pf bcgjkmpjdfybz lheub[ nthvjlbyfvbxtcrb[ aeyrwbq& Ds,jh ghtl-

kj;tyys[ dtkbxby d cghfdjxybrf[ [149, 150] yt j,‘zcyztncz&
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6& JGHTLTKTYBT "YNFKMGBQ J<HFPJDFYBZ JNHBWFNTKMYS{ BJYJD

D htpekmnfnt bccktljdfybz cbcntv yf jcyjdt jrcbljd gtht[jlys[

-
vtnfkkjd yfv elfkjcm pfhtubcnhbhjdfnm b[ ufpjafpyst bjys MO ( M -2

- - - - -Mn, V, Fe, Co, Ni, Pt), MO (M - Mn, V), MnO , MnCrO , V O , V O ,3 4 5 2 5 3 8
- -V O , VCrO . Ytrjnjhst bp yb[ yf,k.lfkb hfytt ghb dnjhbxyjq bjy-4 10 6

yjq ’vbccbb bkb bcrhjdjv hfphzlt (cv& hfpltk 1&2)& Nthvjlbyfvbxtc-

rbt [fhfrnthbcnbrb dct[ gthtxbcktyys[ xfcnbw ytbpdtcnys&

Yfcnjzofz ukfdf gjcdzotyf jghtltktyb. ’ynfkmgbq j,hfpjdfybz

’nb[ bjyjd^ ’ythubq cdzptq^ f nfr;t chjlcndf r ’ktrnhjye ytrjnjhs[

ytqnhfkmys[ vjktrek&

6&1& Lfdktybt rbckjhjlf b frnbdyjcnb jrcbljd d

ytcnt[bjvtnhbxtcrb[ afpf[

Lkz jghtltktybz rjycnfyn hfdyjdtcbz htfrwbq^ bccktljdfyys[ d

lfyyjq hf,jnt^ dj vyjub[ ckexfz[ ytj,[jlbvj pyfnm frnbdyjcnm

jrcblf gtht[jlyjuj vtnfkkf d rjyltycbhjdfyyjq afpt& Rfr ghfdbkj^

jy zdkzkcz jcyjdysv rjvgjytynjv cbcntvs (lj 98 vjkm&%)^ rjnjhfz

drk.xfkf tot lj,fdre kturjbjybpbhe.otujcz dtotcndf& Yfc yf ’njv

’nfgt bynthtcetn bpvtytybt frnbdyjcnb jrcblf^ dspdfyyjt njkmrj

ytcnt[bjvtnhbxyjcnm. (,tp extnf lj,fdrb)& Yfcrjkmrj jyj dtkbrj?

Vj;yj kb ghb hfcxtnt rjycnfyn hfdyjdtcbz ghtlgjkj;bnm^

xnj frnbdyjcnm hfdyf tlbybwt? R rfrbv gjuhtiyjcnzv ’nj ghbdtltn?

Yfkbxbt j,kfcntq ujvjutyyjcnb [fhfrnthyj lkz jrcbljd CoO^

Fe O ^ MnO^ V O ^ UO , U O (cv& nf,k& 6)& Rtkkth b Lbrvfy d hf,j-3 4 2 3 2 4 9

nt [113] egjvzyf.n ytcnt[bjvtnhbxtcre. afpe Mn O & Yj byltrc d d3-d 4

’njv ckexft jxtym vfk& Nfr^ dj dct[ cghfdjxybrf[ b lheub[ kbnthf-

nehys[ bcnjxybrf[ ’njn jrcbl cxbnftncz xbcnsv&
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Lkz njuj^ xnj,s yfqnb frnbdyjcnm xbcnjuj jrcblf M O dn m

M O , ytj,[jlbvj byntuhbhjdfnm pfdbcbvjcnm lfdktybz rbckjhjlf jnn m+d

cjcnfdf (cv& ukfde 3)& Pyfz ghtltks bpvtytybz cjcnfdf afps b

dtkbxbys lfdktybz rbckjhjlf^ vj;yj gj ajhvekt (3&5) uhe,j jwtybnm

uhfybws bpvtytybz frnbdyjcnb xbcnjuj cjtlbytybz d lfyyjq j,kfcnb

ujvjutyyjcnb& Htpekmnfns nfrjuj hfcxtnf ghbdtltys d nf,k& 6.

Lkz ,jktt frrehfnyjq jwtyrb j,hfnbvcz r hbceyrfv 3 - 7& Yf

4
’nb[ lbfuhfvvf[ ghtlcnfdktys pfdbcbvjcnb ln p(O ) = f(10 /T) lkz2

hfpkbxys[ afpjds[ hfdyjdtcbq bynthtce.ob[ yfc cjtlbytybq& Geyrnb-

hjv yfytctys kbybb^ jndtxf.obt jlbyfrjdsv jnrkjytybzv jn cnt[b-

jvtnhbb& Gjcrjkmre d [jlt ’rcgthbvtynjd vs jghtltkzkb lfdktybt

rbckjhjlf^ chfdytybt c kbnthfnehysvb lfyysvb gjpdjkztn uhe,j jwt-

ybnm^ yfcrjkmrj dtkbrj ’nj jnrkjytybt d yfitv ckexft& Lfktt^ jgb-

hfzcm yf ’ne byajhvfwb.^ vj;yj yfqnb gj ajhvekt (3&5) yt gjkyjt

bpvtytybt frnbdyjcnb jrcblf d j,kfcnb ujvjutyyjcnb^ f cjjndtncnde-

.ott bvt.otvecz cjcnfde&

Rfr dblyj bp uhfabrjd^ lkz Co O byltrc D yt ghtdsiftn
1-D

-4 -2
3W10 ^ lkz Fe O - d<1&5W10 & Frnbdyjcnb xbcns[ jrcbljd d ’nb[3-d 4

cjtlbytybz[ gj yfitq jwtyrt ,elen 0&998 b 0&982 cjjndtncndtyyj&

Fyfkjubxysv j,hfpjv^ c bcgjkmpjdfybtv ajhveks (3&4) jwtytyf

frnbdyjcnm Mn O - α(Mn O )=0&687& "nj ghbdjlbn r gjuhtiyjcnb3 4 3 4

’ynfkmgbb htfrwbb (4&18) d 1&5 rL;/vjkm&

Rfr ujdjhbkjcm d ukfdt 4^ d ’rcgthbvtynf[ c jrcbljv dfyflbz

d rfxtcndt bc[jlyjuj dpzn ytcnt[bjvtnhbxtcrbq V O & Lfyyst^2-x 3

ghtlcnfdktyyst yf hbc&6 cdbltntkmcnde.n j ghjbcitlitv bpvtytybb

afpjdjuj cjcnfdf& C extnjv gjuhtiyjcnb jghtltktybz lfdktybz rbckj-

hjlf (rj’aabwbtyn 2) yfib njxrb d gthds[ lde[ ’rcgthbvtynf[ cjjn-

dtncnde.n utnthjutyyjve hfdyjdtcb. V O -V O & "nj gjkyjcnm. ,skj4 7 3 5

gjlndth;ltyj htynutyjafpjdsv fyfkbpjv& Gj-dblbvjve^ d bc[jlyjv
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ghtgfhfnt ,sk ytdjccnfyjdbdibqcz jrcbl dfyflbz (V)^ rjnjhsq ghb

yfuhtdfybb ghjhtfubhjdfk c V O c j,hfpjdfybtv yjds[ afp& D nht-2 3

nmtv ckexft bcgjkmpjdfkcz jrcbl dfyflbz^ c rjnjhsv e;t ghjdjlbkcz

’rcgthbvtyn 2& Gj’njve^ dgjkyt tcntcndtyyj^ xnj pltcm vs bvtkb

ltkj c V O & Lkz ’njuj jrcblf yt cdjqcndtyyj jnrkjytybt jn cnt[bj-3 5

vtnhbb&

"rcgthbvtynfkmyst lfyyst gj lfdktyb. rbckjhjlf d cbcntvf[ c

jrcbljv ehfyf cjjndtncnde.n j,kfcnb UO , f ghb ybprb[ ntvgthfne-2+x

hf[ c extnjv gjuhtiyjcnb djcghjbpdjlbvjcnb - U O (cv& hbc& 7)&4 9-y

Yfc pltcm bynthtcetn kbim jwtyrf rjycnfyn hfdyjdtcbz^ gj’njve hfc-

xtn bpvtytybz frnbdyjcntq jrcbljd ehfyf vs yt ghjdjlbv&

Nfrbv j,hfpjv^ jnkbxbt frnbdyjcnb jrcblf jn tlbybws dcktlcn-

dbt ytcnt[bjvtnhbxyjcnb d hfccvjnhtyys[ ckexfz[ ytdtkbrj& J,eckjd-

ktyyfz ’nbv ljgjkybntkmyfz gjuhtiyjcnm rjycnfyn hfdyjdtcbz cjjn-

dtncndetn edtkbxtyb. ’ynfkmgbb htfrwbb ghbvthyj yf 0&5-1&5

rL;/vjkm&

6&2& Hfcxtn ’ynfkmgbq htfrwbq

D nf,kbwf[ xtndthnjq ukfds ghtlcnfdktys gjkextyyst rjycnfyns

hfdyjdtcbz hfpkbxys[ bjyyj-bjyys[ b bjyyj-vjktrekzhys[ htfrwbq&

Ghb hfcxtnt ’nb[ dtkbxby gjvbvj ’rcgthbvtynfkmyj bpvthtyys[ bjyys[

njrjd vs bcgjkmpjdfkb ytrjnjhst ghtlgjkj;tybz&

Dj-gthds[^ ’nj rfcftncz frnbdyjcnb jcyjdyjuj rjvgjytynf (88-

98 vjkm&%)& Rfr ghfdbkj^ tuj frnbdyjcnm ghbybvfkfcm hfdyjq tlbyb-

wt& "nj zdkztncz ghtlgjkj;tybtv d cbke lde[ ghbxby - ytcnt[bjvtn-

hbxyjcnb bccktletvjuj jrcblf b ddtltybz lj,fdrb&

Dkbzybt gthdjuj afrnjhf hfccvjnhtyj d ghtlsleotv hfpltkt&

Gjrfpfyj^ xnj j,eckjdktyyfz bv gjuhtiyjcnm vfkf&



- 116 -

Hbc& 3& Afpjdst hfdyjdtcbz c exfcnbtv jrcblf rj,fkmnf Co O
1-D

-4 -4
------ - D=const (1 - D=1W10 , 2 - D=2.5W10 ,

-4 -33 - D=3W10 , 4 - D=1W10 ,
-35 - D=5W10 , 6 - D=0.012) [111]#

x - htpekmnfns lfyyjq hf,jns (cjcnfd I)#

- htpekmnfns lfyyjq hf,jns (cjcnfd II)&
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Hbc& 4& Afpjdst hfdyjdtcbz c exfcnbtv vfuytnbnf Fe O3-d 4

-2
------ - d=const (1 - d=-0.25W10 , 2 - d=0,

-2 -23 - d=0.25W10 , 4 - d=0.5W10 ,
-2 -25 - d=1W10 , 6 - d=1.5W10 ,
-2 -27 - d=2W10 , 8 - d=2.5W10 ,
-2 -29 - d=3W10 , 10 - d=3.5W10 ,

-211 - d=4.5W10 ) [112]#

x - htpekmnfns lfyyjq hf,jns (cjcnfd I)#

- htpekmnfns lfyyjq hf,jns (cjcnfd II)&



- 118 -

Hbc& 5& Hfdyjdtcbt Mn O -Mn O3-d 4 1-D

------ - D=const (1 - D=0.010, 2 - D=0.018,
-43 - D=0.032, 4 - D=3.2W10 ) [113]#

x - htpekmnfns lfyyjq hf,jns (cjcnfd I)#

- htpekmnfns lfyyjq hf,jns (cjcnfd II)#

- htpekmnfns lfyyjq hf,jns (cjcnfd III)&
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Hbc& 6& Afpjdst hfdyjdtcbz d cbcntvt V-O

------ - x=const (1 - x=0.007, 2 - x=0.013,

3 - x=0.020, 4 - x=0.026) [114, 115]#

x - htpekmnfns lfyyjq hf,jns (cjcnfd I)#

- htpekmnfns lfyyjq hf,jns (cjcnfd II)#

- htpekmnfns lfyyjq hf,jns (cjcnfd III).
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Hbc& 7& Afpjdst hfdyjdtcbz d cbcntvt U-O [151]

x - htpekmnfns lfyyjq hf,jns (cjcnfd I)#

- htpekmnfns lfyyjq hf,jns (cjcnfd II)&



- 121 -

Lkz jwtyrb bpvtytybz frnbdyjcnb rjvgjytynf^dspdfyyjuj ddtlt-

ybtv lj,fdrb^ ytj,[jlbvs afpjdst lbfuhfvvs cjjndtncnde.ob[ vyjuj-

rjvgjytynys[ cbcntv& Jyb bvt.ncz lkz cbcntv Fe-Cr-O b Ni-Cr-O -

[152]. J,hfpe.obqcz [hjvbn ybrtkz NiCr O bvttn jxtym epre. -2 4

j,kfcnm ujvjutyyjcnb& Frnbdyjcnm jrcblf ybrtkz^ yf[jlzotujcz d

hfdyjdtcbb cj igbytkm. NiCr O ^ cjcnfdkztn 0&97 [152]. Cbcntve2 4

CoO-CoCr O ^ gj-dblbvjve^ nfr;t vj;yj cxbnfnm utnthjutyyjq^ n&r&^2 4

gj bvt.obvcz lfyysv [153]^ hfcndjhbvjcnm CrO d CoO ljcnbuftn kbim

1 fn&%& Lkz cbcntvs ;t Fe-Cr-O [fhfrnthyj j,hfpjdfybt ndthls[

hfcndjhjd [hjvbnf ;tktpf FeCr O b jrcbljd ;tktpf b [hjvf&2 4

D hf,jnt [154] ghbdtltys dtkbxbys frnbdyjcnb jrcblf Fe O d3 4

cbcntvt Fe O -FeCr O & Yf jcyjdfybb ’nb[ lfyys[ vj;yj crfpfnm^ xnj3 4 2 4

d yfitv ckexft α(Fe O )>0.8.3 4

D nt[ cbnefwbz[^ rjulf cbcntvf ytutnthjutyyf bkb ytn

ytj,[jlbvs[ kbnthfnehys[ lfyys[^ lkz jwtyrb frnbdyjcnb jcyjdyjuj

rjvgjytynf vj;yj ghb,tuyenm r pfrjye Hfekz& Tckb ghtlgjkj;bnm^ xnj

pfrjy Hfekz dsgjkyztncz^ nj frnbdyjcnm jrcbljd d yfib[ cbcntvf[

ljk;yf ,snm yt yb;t 0&88& C extnjv rj’aabwbtynjd d ehfdytybz[

htfrwbq ’nj lftn gjuhtiyjcnm d rjycnfynf[ hfdyjdtcbz < 5%&

Lj,fdrf kturjktnextuj dtotcndf (j,sxyj ’nj ,sk cekmafn bkb

[hjvfn rfkbz) d [jlt ’rcgthbvtynf bcgfhzkfcm gjxnb gjkyjcnm.

(byntycbdyjcnb bjyys[ njrjd evtymifkbcm dgkjnm lj ajyjds[)& Ghb

’njv jnyjitybt bpvthztvs[ bjyys[ njrjd d ghtltkf[ jib,rb

djcghjbpdjlbvjcnb jcnfdfkjcm gjcnjzyysv&

Jnvtnbv nfr;t^ xnj rjycnfyns hfdyjdtcbz^gjkextyyst d

’rcgthbvtynf[ c xbcnsv jrcbljv dfyflbz b c bcgjkmpjdfybtv lj,fdrb

cjdgflf.n d ghtltkf[ jib,rb djcghjbpdjlbvjcnb&

Dct ’nj cdbltntkmcndetn j njv^ xnj ddtltybt ’nb[ cjtlbytybq d

bccktletvst cbcntvs yt dspdfkj pyfxbntkmys[ bpvtytybq frnbdyjcnb
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jcyjdyjuj rjvgjytynf&

Bnfr^ gjuhtiyjcnm rjycnfyn hfdyjdtcbz^ j,eckjdktyyfz cltkfy-

ysvb ghtlgjkj;tybzvb j, frnbdyjcnz[^ yt ljk;yt ghtdsifnm 18%& "nj

cjjndtncndetn jib,rt d ’ynfkmgbz[ htfrwbq d +2rL;/vjkm&

Lheujt cltkfyyjt ghtlgjkj;tybt cjcnjbn d njv^ xnj bpexftvst

cbcntvs yf[jlbkbcm d cjcnjzybb hfdyjdtcbz& Lkz njuj^ xnj,s e,t-

lbnmcz d ljcnb;tybb cjcnjzybz hfdyjdtcbz^ ghtlghbybvfkb cktle.obt

vths&

1) jghtltkzkb rjycnfyne hfdyjdtcbz jlyjq b njq ;t htfrwbb d

’rcgthbvtynf[ c hfpkbxysvb cbcntvfvb#

2) bpvthtybz ghjdjlbkb yfl hfpkbxysvb cjcnfdfvb jlyjq b njq

;t cbcntvs (cjcnfd vtyzkcz d [jlt ’rcgthbvtynf dcktlcndbt dsujhf-

ybz kturjktnextq lj,fdrb^ b^ rhjvt njuj^ dj vyjub[ ckexfz[ ,hfkb

hfpkbxyst bc[jlyst cjjnyjitybz rjvgjytynjd)#

3) vtyzkb lbfvtnh ’aaepbjyyjuj jndthcnbz#

4) bpvthzkb rjycnfyns bjyyj-bjyys[ htfrwbq^ nthvjlbyfvbxtcrbt

[fhfrnthbcnbrb rjnjhs[ [jhjij bpdtcnys (yfghbvth^ lkz htfrwbb 2 -

0
D H (2) = -57.0 rL;/vjkm)& Rfr rjyrhtnyj ’nj htfkbpjdsdfkjcm dr 0

rf;ljv jnltkmyjv ckexft^ vj;yj celbnm^ j,hfnbdibcm r ukfdt 4&

Rjycnfyns hfdyjdtcbz^ bpvthtyyst d hfpys[ eckjdbz[ [jhjij

cjukfce.ncz vt;le cj,jq& Dct ’nj lftn gjdjl cxbnfnm^ xnj d yfib[

’rcgthbvtynf[ hfdyjdtcbt ecnfyfdkbdfkjcm&

Pf,tufz dgthtl^ jnvtnbv^ xnj ’ynfkmgbb j,hfpjdfybz jlyjuj b

njuj ;t bjyf^ gjkextyyst bp rjycnfyn hfdyjdtcbz hfpkbxys[ htfrwbq

[jhjij cjukfce.ncz vt;le cj,jq^ xnj nfr;t cdbltntkmcndetn j

ljcnb;tybz hfdyjdtcbz d yfib[ ’rcgthbvtynjd&

Cktletn crfpfnm^ xnj d hzlt ckexftd hfdyjdtcbt yt

ecnfyfdkbdfkjcm& Nfr ,skj d ’rcgthbvtynf[ c cbcntvfvb CoO-K SO b2 4

NiO-K SO . Htpekmnfnjv zdbkcz chfdybntkmyj ,jkmijq hfp,hjc d2 4
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jnyjitybz[ bjyys[ njrjd^ ytj,[jlbvs[ lkz hfcxtnf rjycnfyns

-
hfdyjdtcbz htfrwbb (4&7)& D ckexft cbcntvs CoO-K SO bjy CoO2 4 2

djj,ot yt ,sk pfhtubcnhbhjdfy& D lfyyjq hf,jnt ’nb ’rcgthbvtyns yt

hfccvfnhbdf.ncz&

Hfccvjnhbv jib,re djcghjbpdjlbvjcnb gjkextyys[ rjycnfyn

hfdyjdtcbz&

D [jlt ’rcgthbvtynf ghb rf;ljq i-jq ntvgthfneht (i=1,2,...,N)

pfgbcfyj n vfcc-cgtrnhjd^ yf jcyjdfybb rjnjhs[ hfccxbnfyj pfntv
i

n rjycnfyn hfdyjdtcbz ln K (j=1,2,...,n ). D nf,kbwf[ ukfds 4
i ij i

ghbdjlzncz echtlytyyst ghb rf;ljq ntvgthfneht pyfxtybz

S ln K
j ijln K =[-----------------------------------------------------]

i n
i

Pltcm b ghb lfkmytqib[ hfcxtnf[ bcgjkmpjdfys ubgjntps j yjhvfkmyjv

hfcghtltktybb kjufhbavf rjycnfyns hfdyjdtcbz b j hfdtycndt

utythfkmys[ lbcgthcbq kjufhbavjd rjycnfyn hfdyjdtcbz lkz dct[

ntvgthfneh b eckjdbq bpvthtybz(cxbnftncz^xnj djcghjbpdjlbvjcnm -

xbcnj ghb,jhyfz dtkbxbyf)&

{fhfrnthbpe.n djcghjbpdjlbvjcnm dtkbxbys s b s . Cnfylfhnyjt
i p

jnrkjytybt jnltkmyjuj bpvthtybz jn chtlytuj

2 1/2
S (ln K - ln K )

# j ij i $s = [--------------------------------------------------------------------------------------------------------- (6&2)
i 3 n - 1 4

i

jnhf;ftn ’rcgthbvtynfkmye. gjuhtiyjcnm rjycnfyn hfdyjdtcbz ghb

jlyjq ntvgthfneht& "nf dtkbxbyf vj;tn cke;bnm lkz jwtyrb jib,rb

djcghjbpdjlbvjcnb s(ghtltkmyjuj cnfylfhnyjuj jnrkjytybz)^ yj^

gjcrjkmre ghbyznj ghtlgjkj;tybt j hfdtycndt lbcgthcbq ghb

hfpys[ ntvgthfnehf[^ ,jktt gjkyjq jwtyrjq ,eltn j,‘tlbytyyjt

cnfylfhnyjt jnrkjytybt

2 1/2
S S (n - 1)

# i i i $s = [----------------------------------------------------------------- (63)
p 3 S (n - 1) 4

i i
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N

c S(n - 1) cntgtyzvb cdj,jls& "nf [fhfrnthbcnbrf njxytt jnhf;ftn
i i

hfp,hjc ’rcgthbvtynfkmys[ rjycnfyn hfdyjdtcbz htfrwbq jnyjcbntkmyj

chtlytuj ghb rf;ljq ntvgthfneht^ xtv jnltkmyst s & Dtkbxbys s b
i p

s ghbdtltys d nf,kbwf[ ’rcgthbvtynfkmys[ lfyys[ (ukfdf 4)&
i

Pyfxtybz s cjcnfdkz.n d jcyjdyjv ~ 0&25^ xnj cjjndtncndetn
p

gjuhtiyjcnb jghtltktybz rjycnfyn hfdyjdtcbz htfrwbq - 28%&

Yf jcyjdfybb chtlyb[ rjycnfyn hfdyjdtcbz htfrwbq ln K gj
i

dnjhjve b nhtnmtve pfrjyfv nthvjlbyfvbrb hfcxbnfys ’ynfkmgbb

1
htfrwbq& Ghbvtyzdibtcz ajhveks bpkj;tys d hf,jnt [155]&

Ghb hfcxtnt ’ynfkmgbq htfrwbq gj II-jve pfrjye nthvjlbyfvbrb

(bp ntvgthfnehyjq pfdbcbvjcnb rjycnfyn hfdyjdtcbz htfrwbq)

0
DHd ln Kp T

bcgjkmpjdfyf byntuhfkmyfz ajhvf ehfdytybz [----------------------------------------]=[---------------------]^dT 2RT
0

gjkextyyfz ghb eckjdbb gjcnjzycndf ’ynfkmgbq htfrwbq DH d
T

hfccvfnhbdftvjv bynthdfkt ntvgthfneh

0 0
DH DS

T Tln K = - [----------------------- + [---------------] (6&4)
p RT R

0
Pltcm DS - cnfylfhnyfz ’ynhjgbz htfrwbb& Gfhfvtnhs ehfdytybz

T

(6&2) jghtltktys c gjvjom. vtnjlf yfbvtymib[ rdflhfnjd&

Hfcxtn gj III-tve pfrjye ghjdtlty c bcgjkmpjdfybtv byajhvfwbb

j nthvjlbyfvbxtcrb[ aeyrwbz[ exfcnybrjd htfrwbb

0 0
DH = T ( -R ln K + DF ) (6&5)

0i i i T

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1
- Jnvtnbv^xnj lkz ytrjnjhs[ htfrwbq hfcxtn ’ynfkmgbq ghbdjlbkcz

njkmrj gj II-jve pfrjye nthvjlbyfvbrb& "nb bjyyj-vjktrekzhyst

hfdyjdtcbz ghbpdfys ,skb cke;bnm d lfkmytqitv (bkb vjuen ,snm

ghtlkj;tys) lkz jghtltktybz frnbdyjcntq jrcbljd b lfdktybz

rbckjhjlf d bynthtce.ob[ cbcntvf[& Gj’njve d hfvrf[ lfyyjq hf,jns

yt nht,jdfkjcm jghtltkznm ’ynfkmgbb ’nb[ htfrwbq gj III-tve pfrjye

nthvjlbyfvbrb&



- 125 -

0
ult DF - bpvtytybt ghbdtltyyjuj gjntywbfkf Ub,,cf htfrwbb

T

-2
(cv&nf,k& 43)& Gjkextyyst ’ynfkmgbb htfrwbq dpzns c dtcjv n T ,

i i
2 2 2R T s

0 i i
j,hfnyjghjgjhwbjyfkmysv lbcgthcbb D(H ) = [-------------------------------------, b echtlytys

0i n
i

0 -2
S H n T

0 i 0i i i
DH = [------------------------------------------------- (6&6)

0 -2
S n T
i i i

Hfp,hjc ’rcgthbvtynfkmys[ rjycnfyn jnyjcbntkmyj ghzvs[ [fhfrnthb-

petncz cnfylfhnysv jnrkjytybtv htuhtccbb

calc 2 1/2
S (ln K (II) - ln K ) ni

# i i $s (II) = [------------------------------------------------------------------------------------------------------------------------------------------------------- (6.7)
f 3 N - 2 4

calc 2 1/2
S (ln K (III) - ln K ) ni

# i i $s (III) = [-------------------------------------------------------------------------------------------------------------------------------------------------------] (6.8)
f 3 N-1 4

calc calc
ult K (II) b K (III) - rjycnfyns hfdyjdtcbz htfrwbq^

hfccxbnfyyst bp yfqltyys[ gj II-jve b III-tve pfrjyfv

’ynfkmgbq

0
DH (II)

calc T 0Rln K (II) = -[----------------------------------------------- + DS (II)T T

0
DH (III)

calc 0 0Rln K (III) = - [---------------------------------------------] + DFT T

0
Dtkbxbys gjkextyys[ ’ynfkmgbq htfrwbq DH (II),

T

0 0 0
DH (III)+s(DH (III)), ’ynhjgbb DS (II), f nfr;t cnfylfhnys[ jnrkj-

0 0 T

ytybq htuhtccbb s (II) b s (III) ghbdtltys d nf,kbwf[ ’rcgthbvty-
f f

nfkmys[ lfyys[ d ukfdt 4& Gjuhtiyjcnm ’ynfkmgbq htfrwbq s jnhf;ftn

njkmrj hfp,hjc ’rcgthbvtynfkmys[ lfyys[ b hfccxbnfyf gj ajhvekt

2 2 1/2R s
0 & i *s(DH (III)) = [--------------------------------------]
0 7 -2 8

S niT
i i

Pyfxtybt s (II) cjcnfdkztn ghbvthyj 0&4^ f s (III) - 0.6^ xnj
f f
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jndtxftn jnrkjytyb. rjycnfyn jn ghzvs[ yf 50% b 82%& Gjcrjkmre

njxyjcnm jghtltktybz rjycnfyn hfdyjdtcbz vtnjljv BVH - rj’aabwbtyn

1&8 - 2&0^ vj;yj cxbnfnm^ xnj yfib ’rcgthbvtynfkmyst lfyyst ljcnf-

njxyj [jhjij jgbcsdf.ncz ghzvsvb^ gjkextyysvb c bcgjkmpjdfybtv

II-juj b III- tuj pfrjyjd nthvjlbyfvbrb&

Dtkbxbys cnfylfhnys[ jnrkjytybq htuhtccbq s (II) b s (III)
f f

ytcrjkmrj ,jkmit^ xtv j,‘tlbytyyjt cnfylfhnyjt jnrkjytybt s & "nj
p

d lfyyjv ckexft^ gj-dblbvjve^ cdbltkmcndetn^ xnj gjuhtiyjcnm djc-

ghjbpdjlbvjcnb zdkztncz pfyb;tyyjq&

Chfdytybt s (II) b s (III) vt;le cj,jq gj rhbnthb. Abithf
f f

cdbltntkmcndetn j [jhjitq cjukfcjdfyyjcnb ’ynfkmgbq htfrwbq^ gjke-

xtyys[ gj II-jve b III-tve pfrjyfv nthvjlbyfvbrb& Bcrk.xtybt cjc-

nfdkz.n htfrwbb (4&14)^ (4&20)&

D rfxtcndt htrjvtyljdfyys[ vs ghtlkfuftv ’ynfkmgbb htfrwbq^

gjkextyyst gj III-tve pfrjye nthvjlbyfvbrb^ n&r& bvtyyj jyb d cj-

xtnfybb c bvt.obvbcz d kbnthfneht nthvjlbyfvbxtcrbvb aeyrwbzvb

ghtlcnfdkz.n cjukfcjdfyysq yf,jh lfyys[^ rjnjhsq djcghjbpdjlbn

’rcgthbvtynfkmyst rjycnfyns hfdyjdtcbz htfrwbq&
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6&3& Hfcxtn ’ynfkmgbq j,hfpjdfybz bjyjd

D lfyyjq hf,jnt gj III-tve pfrjye jghtltktys ’ynfkmgbb 18

htfrwbq& D ’nb[ bjyyj-vjktrekzhys[ htfrwbz[ exfcndetn^ d j,otq

ckj;yjcnb^ 27 cjtlbytybq& Lkz 15 bp yb[ ’ynfkmgbb j,hfpjdfybz

[jhjij bpdtcnys b zdkz.ncz d lfyyjv ckexft rk.xtdsvb dtkbxbyfvb&

Lkz 12 bjyjd ’ynfkmgbb j,hfpjdfybz nht,etncz yfqnb& Lfyyst gj

ghbdtltyysv pythubzv Ub,,cf bvt.ncz lkz dct[ cjtlbytybq

(cv&nf,k& 43^ Ghbkj;tybt)&

Lkz yf[j;ltybz ytbpdtcnys[ ’ynfkmgbq j,hfpjdfybz bcgjkmpjdfy

gjl[jl^ jgbcfyysq d hf,jnt [7].

Cjcnfdktyf gthtjghtltktyyfz cbcntvf ehfdytybq
[------L [------L [------L

X D H = D H - X D H (6&9)
B f B r A f A

[------L [------L
ult D H - dtrnjh ytbpdtcnys[ ’ynfkmgbq j,hfpjdfybz (1x12)# D H -

f B f A
[------L

dtrnjh rk.xtds[ ’ynfkmgbq j,hfpjdfybz (1x15)# D H - dtrnjh
r

0
’ynfkmgbq htfrwbq^ cjcnjzobq bp D H (1x18)# X - vfnhbwf

r i B

cnt[bjvtnhbxtcrb[ rj’aabwbtynjd lkz cjtlbytybq c bcrjvsvb

’ynfkmgbzvb j,hfpjdfybz (18x12)# X - vfnhbwf cnt[bjvtnhbxtcrb[
A

rj’aabwbtynjd lkz cjtlbytybq c rk.xtdsvb ’ynfkmgbzvb j,hfpjdfybz

(18x15)&

Lkz htitybz ’njq cbcntvs ghbvtyty dtcjdjq vtnjl yfbvtymib[

rdflhfnjd& Vbybvbpbhjdfkfcm cevvf rdflhfnjd jnrkjytybq
( )2

0 0,calc 0 0 0
S { ln K - ln K (D H # D H , F )} (6&10)
ij ij ij f B f A C
9 0

ult byltrc i - yjvth htfrwbb (i=1,2,...,18), byltrc j - yjvth

rjycnfyns hfdyjdtcbz i-jq htfrwbb (j=1,2,... N # N - xbckj
i i

0
rjycnfyn hfdyjdtcbz)# ln K - kjufhbav bpvthtyyjq rjycnfyns

ij

0,calc 0 0 0
hfdyjdtcbz htfrwbb# ln K (D H # D H , F ) - dsxbcktyyjt

ij f B f A C

pyfxtybt kjufhbavf rjycnfyns hfdyjdtcbz^ rjnjhjt pfdbcbn jn
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0 0
ytbpdtcnys[ ’ynfkmgbq j,hfpjdfybz D H ^ rk.xtds[ D H b

f B f A

0
nthvjlbyfvbxtcrb[ aeyrwbq F & Byltrc C gjrfpsdftn^ xnj lfyyfz

C

dtkbxbyf vj;tn jnyjcbnmcz r k.,jve bp hfccvfnhbdftvjq cjdjregyjcnb

cjtlbytybq&

Rfr e;t jnvtxfkjcm^ ghbyznj^ xnj kjufhbavs ’rcgthbvtynfkmys[

rjycnfyn hfdyjdtcbz zdkz.ncz ytpfdbcbvsvb ckexfqysvb dtkbxbyfvb c

0 2
jlbyfrjdsvb lbcgthcbzvb D(ln K )=d .

ij

D hf,jnt [7] gjrfpfyj^ xnj vbybvev (6&10) ljcnbuftncz jlyj-

dhtvtyyj c vbybvevjv cevvs rdflhfnjd jnrkjytybq
( )2

0 0,calc 0 0
S {D H - D H (D H #D H )} W (6&11)
i r i r i f B f A i
9 0

( )
0 0 0 -2

ult D H =S {(D F - Rln K )/T } / S T - ’ynfkmgbz^ gjkextyyfz
r i i r i ij ij j ij

9 0

bp rjycnfyns hfdyjdtcbz i-jq htfrwbb gj III-tve pfrjye nthvjlbyf-

-2
vbrb# W = S T - dtc^ ghbgbcfyysq i-jq htfrwbb# T - ntvgthfne-

i j ij ij

0,calc 0 0
hf# D H (D H #D H ) - hfccxbnfyyst ’ynfkmgbb htfrwbb^ rjnjhst

r i f B f A

0 0
pfdbczn jn ytbpdtcnys[ D H b rk.xtds[ D H & Dtkbxbys D H ghbdt-

f B f A r i

ltys d ukfdt 4&

Htitybt cbcntvs (6&9) d cjjndtncndbb c ntjhbtq VYR bvttn dbl
[------L [------L [------L

T -1 T
D H = (X W X ) X W (D H - X D H )
f B B B B r A f A

ult W - lbfujyfkmyfz vfnhbwf dtcjd$ W = διαγ{W ,W ,...,W }.
1 2 18

Hfccxbnfyyst ’ynfkmgbb j,hfpjdfybz bjyjd ghbdtltys d nf,k& 46&

Hfccvjnhbv^ rfr jghtltkzkb gjuhtiyjcnb yfqltyys[ dtkbxby&

"ynfkmgbb htfrwbq b ’ynfkmgbb j,hfpjdfybz ghtlcnfdkz.n cj,jq

kbytqyst ghtj,hfpjdfybz nthvjlbyfvbxtcrb[ aeyrwbq^ rk.xtds[

’ynfkmgbq j,hfpjdfybz b kjufhbavjd ’rcgthbvtynfkmys[ rjycnfyn

hfdyjdtcbz htfrwbq& "nb nhb dblf dtkbxby ljk;ys dyjcbnm drkfl d

0 0
gjuhtiyjcnm D H b D H . Xnj,s eghjcnbnm htitybt^ d hf,jnt [7]

r f B

0
bcgjkmpjdfyj ghtlgjkj;tybt^ xnj nthvjlbyfvbxtcrbt aeyrwbb F b b[

C

gjuhtiyjcnb yt pfdbczn jn ntvgthfnehs& Gjcrjkmre hfccxbnsdftncz yt
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Nf,kbwf 46& "ynfkmgbb j,hfpjdfybz jnhbwfntkmys[

rbckjhjlcjlth;fob[ bjyjd gtht[jlys[ vtnfkkjd&

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0 0
Bjy D H , D Bjy D H , D

f 0 f 0

rL;/vjkm rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- -NiO -124+9 18 VO -452+11 272 2
- -CoO -149+10 18 VO -754+11 132 3
- -FeO -164+13 25 V O -1434+29 292 2 5
- -MnO -266+12 25 V O -2449+37 462 3 8
- -MnO -539+11 12 V O -3203+44 573 4 10
- -MnO -670+14 20 PtO -67+10 114 2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

cfvj pyfxtybt^ f jib,rf tuj jghtltktybz^ nfrjt ghtlgjkj;tybt

dgjkyt ljgecnbvj& Rk.xtdst ’ynfkmgbb j,hfpjdfybz b

nthvjlbyfvbxtcrbt aeyrwbb hfccvfnhbdfkbcm rfr ytpfdbcbvst

ckexfqyst dtkbxtys&
[------L [------L [-----L
D H = Y + TX F (6&12)
r

[------L [------L [-----L [------L
D H = A ( Y + TX F - X D H ) (6&13)
f B A f A

[------L
ult Y - dtrnjh^ ’ktvtyns rjnjhjuj hfccxbnsdf.ncz bp

-1 0R S T ln K
j ij ij

’rcgthbvtynfkmys[ lfyys[$ Y = - [---------------------------------------------------------------------------- . D nfrjv dfhbfynt
i -2

S T
j ij

hfcxtn gjuhtiyjcntq ghbdjlbn r cktle.obv ajhvekfv [7]

[------L [-----L
2 2 -1 T

D(D H ) = R d W + TXD( F )X T (6&14)
r

[------L ( [------L [------L )
T T

D(D H ) = A{D(D H ) + X D(D H )X } A (6&15)f B r A f A A
9 0

ult D - lbcgthcbjyyfz vfnhbwf^

T T -1 T
A - nhfycgjybhjdfyyfz vfnhbwf A = (X WX ) X W .

B B B
[-----L [------L

Vfnhbws D( F ) b D(D H ) zdkz.ncz lbfujyfkmysvb^ b[
f A
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rjvgjytynfvb cke;fn rdflhfns gjuhtiyjcntq nthvjlbyfvbxtcrb[

aeyrwbq b rk.xtds[ ’ynfkmgbq j,hfpjdfybz cjjndtncndtyyj& Dtkbxbyf

2
d - lbcgthcbz kjufhbavf ’rcgthbvtynfkmyjq rjycnfyns hfdyjdtcbz^

gjkexftvfz ghb vbybvbpfwbb cevvs rdflhfnjd jnrkjytybq (6&10)&

Nthvjlbyfvbxtcrbt dtkbxbys^ dpznst bp hf,jns [7]^ ,skb gjke-

xtys ytpfdbcbvsvb genzvb& B[ gjuhtiyjcnb ybrfr yt cdzpfys lheu c
[------L

lheujv& Gj’njve ytlbfujyfkmyst ’ktvtyns vfnhbws D(D H ) hfdys -
f A

yek.^ f d ajhvekt (6&15) jncencndetn rjdfhbfwbjyyfz vfnhbwf
[------L [-----L

0 0cov(D H , F ). "ktvtyns gjcktlytq cov(D H ,F ) ljk;ys jnhf;fnm
f A f Ak l

dpfbvjcdzpm vt;le rk.xtdsvb ’ynfkmgbzvb j,hfpjdfybz b

nthvjlbyfvbxtcrbvb aeyrwbzvb&

Vs bvttv ltkj c ytcrjkmrj byjq cbnefwbtq& Dc. yfie cjdjreg-

yjcnm cjtlbytybq c rk.xtdsvb ’ynfkmgbzvb j,hfpjdfybz vj;yj hfp,bnm

yf ldf gjlvyj;tcndf& Lkz ’ktvtynjd jlyjuj bp yb[ dtotcndf bp -

lheujuj gjlvyj;tcndf cke;bkb d cdjt dhtvz cnfylfhnfvb ghb jghtlt-

ktybb ’ynfkmgbq j,hfpjdfybz& Nfr^ yfghbvth^ ’ynfkmgbb j,hfpjdfybz

- - 0 -NaSO b KSO ^ zdkz.obtcz rk.xtdsvb ghb jghtltktybb D H (PtO ) (cv&4 4 f 0 2

htfrwbb 4&1^ 4&3)^ ,skb gjkextys d htpekmnfnt htitybz

gthtjghtltktyyjq cbcntvs ehfdytybq [7]^ b d b[ gjuhtiyjcnb e;t

djikb rfr gjuhtiyjcnb b[ ghbdtltyys[ ’ythubq Ub,,cf^nfr b

0 0 -
gjuhtiyjcnb D H b F cjtlbytybq SO ^ Na SO , K SO . Gj’njve^ lkz

f 0 2 2 4 2 4

,jktt rjhhtrnyjuj hfcxtnf jib,jr ytj,[jlbvj ghbyznm dj dybvfybt

rjhhtkzwbb vt;le ’ynfkmgbzvb j,hfpjdfybz rk.xtds[ dtkbxby b vt;le

’ynfkmgbzvb j,hfpjdfybz b nthvjlbyfvbxtcrbvb aeyrwbzvb&

Ghbvtytybt ghfdbk ghtj,hfpjdfybz ckexfqys[ dtkbxby gjpdjkztn

gjkexbnm d ’njv ckexft bp ajhveks (6&13) cktle.ott dshf;tybt lkz

lbcgthcbjyyjq vfnhbws gjkexftvs[ ’ynfkmgbq j,hfpjdfybz
[------L ( [-----L [------L [------L [-----L

0 0 T 0 T 0 0 T
D(D H ) = A{D( Y) + TXD( F )X T + X D(D H )X - X cov(D H , F )X T

f B A f A A A f A
9

[-----L [------L )
0 0 T T- TXcov( F , D H )X } A (6&16)

f A A
0
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[------L [-----L
0 0

ult cov(D H , F ) - rjdfhbfwbjyyfz vfnhbwf rk.xtds[ ’ynfkmgbq
f A

j,hfpjdfybz b nthvjlbyfvbxtcrb[ aeyrwbq& Lbcgthcbjyyfz vfnhbwf

[------L
0

D(D H ) pltcm e;t yt zdkztncz lbfujyfkmyjq^ d ytt d[jlzn
f A

rjdfhbfwbb rk.xtds[ ’ynfkmgbq j,hfpjdfybz& Jnvtnbv^ xnj ajhvekf

(6&15) zdkztncz xfcnysv ckexftv (6&16) b vj;tn ,snm gjkextyf bp
[------L [-----L

0 0
gjcktlytq ghb eckjdbb cov(D H , F )=0, cov(D H , D H )=0.

f A f Ak f Al

Dtkbxbys rjdfhbfwbq^ ytj,[jlbvst lkz hfcxtnf gjuhtiyjcntq

’ynfkmgbq j,hfpjdfybz ,skb gjkextys hfytt d [jlt htitybz

gthtjghtltktyyjq cbcntvs ehfdytybq [7]& Bcgjkmpjdfyyst yfvb

pyfxtybz ghtlcnfdktys d nf,k& 47&

Yfqltyyst gjuhtiyjcnb ghbdtltys d nf,k& 46& Pltcm ;t^ d uhfat

D^ cjlth;fncz dtkbxbys gjuhtiyjcntq^ gjkextyyst d gthdjv dfhbfynt

hfcxtnf^ n&t& ,tp extnf rjhhtkzwbq& Rfr dblyj^ dj vyjub[ ckexfz[

jyb jrfpsdf.ncz cbkmyj pfdsityysvb^ byjulf d 2 hfpf ,jkmit

hfccxbnfyys[ gj ajhvekt (6&16)& D rfxtcndt htrjvtyljdfyys[ ghbyzns

gjuhtiyjcnb^ yfqltyyst c bcgjkmpjdfybtv rjdfhbfwbq^ gjcrjkmre

nfrjq genm hfcxtnf ,jktt rjhhtrnty& Pyfxbntkmyfz dtkbxbyf

- - -
gjuhtiyjcntq ’ynfkmgbq j,hfpjdfybz bjyjd V O ^ V O ^ V O2 5 3 8 4 10

j,eckjdktyf ,jkmibv drkfljv ytjghtltktyyjcnb b[ nthvjlbyfvbxtcrb[

aeyrwbq (cv& nf,k& 44)&

6&4& "ythubb cdzptq d jnhbwfntkmys[ rbckjhjlcjlth;fob[ bjyf[

b chjlcndj r ’ktrnhjye jrcbljd gtht[jlys[ vtnfkkjd

Bc[jlz bp gjkextyys[ yfvb ’ynfkmgbq j,hfpjdfybz jnhbwfntkmys[

rbckjhjlcjlth;fob[ bjyjd (cv& nf,k& 46) b bvt.ob[cz d kbnthfneht

nthvjlbyfvbxtcrb[ lfyys[ (cv&nf,k& 3^ 43^ 48)^ vs hfccxbnfkb

ytrjnjhst ’ythutnbxtcrbt [fhfrnthbcnbrb ’nb[ cjtlbytybq& Yfqltys
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Nf,kbwf 47& Pyfxtybz rjdfhbfwbq

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cjtlbytybz Rjdfhbfwbb Cjtlbytybz Rjdfhbfwbb
0 0 0

vt;le D H ^ vt;le D H b F ^
f A f A

2 2
(rL;/vjkm) rL;WL;/vjkm WK

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

- - - -SO , KSO 16 SO , SO 183 4 3 3
- - - -SO , SO 12 SO , SO -33 2 3 2
- - - -CrO , CrO 59 CrO , CrO 213 4 3 3
- - - -NaSO , SO 12 CrO , CrO 444 2 4 4
- - - -KSO , NaSO 60 NaSO , NaSO 704 4 4 4
- - - -KSO , SO 12 NaSO , SO -34 2 4 2

-NaSO , Na SO (s) -14 2 4
- -NaSO , KSO -54 4

- -KSO , KSO 754 4
- -KSO , SO -34 2
-NaSO , K SO (s) 24 2 4

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

dtkbxbys chjlcndf r rbckjhjl-fybjye vjyj- b lbjrcbljd gtht[jlys[

- -
vtnfkkjd^ ’ythubz jnhsdf lbrbckjhjl-fybjyf lkz xfcnbw MO b MO ,2 3

- -
fnjvfhyjuj rbckjhjlf - lkz MO b lbrbckjhjlf - lkz MO .3 2

Dblbncz nhb djpvj;ys[ genb chfdytybz gjkextyys[ pyfxtybq -

hfccvjnhtnm b[ bpvtytybt lkz cjtlbytybq ’ktvtynjd

1) I-juj gtht[jlyjuj hzlf b gkfnbys#

2) V-jq uheggs (N,P,V)#

3) VII-jq uheggs (Cl,Mn)&

D cjjndtncndbb c ’nbv xbcktyysq vfnthbfk bpkj;ty d nht[ nf,kbwf[&

J,hfnbvcz r gthdjq bp yb[&
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Nf,kbwf 48& Nthvjlbyfvbxtcrbt lfyyst^ ytj,[jlbvst lkz hfcxtnf

’ythubq cdzptq d jnhbwfntkmys[ bjyf[ b chjlcndf

r ’ktrnhjye jrcbljd gtht[jlys[ vtnfkkjd

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0
Cjtlbytybt D H , Kbnthfnehf EA, Kbnthfnehf

f 0

rL;/vjkm rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

O 246.8+0.1 9

-O 105.6+0.6 9

-O -42.5+0.8 92

Cr 395+2 9

V 514.0+2.0 129 50.7+1.2 158

Mn 282.4+2.1 129

Fe 412.8+1.3 129 15.7+3.4 158

Co 424.0+4.2 129 63.8+1.0 158

Ni 426+2.1 129 111.5+1.0 158

Pt 564+2 205.3+0.2 158

N 470.8+0.4 9 -6.8+1.9 158

P 315.6+0.7 9 72.0+0.0 158

Cl 119.6+0.0 9 348.7+0.3 9

VO 149+10 9

CrO 184.8+7.2 9

MnO 162.2+12.6 129

FeO 269.6+12.6 129

CoO 285.8+21.3 129

NiO 302.8+20.9 129

PtO 424+42 134

NO 90.8+0.4 9

PO -27.7+3 9

ClO 101.0+0.1 9
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Nf,kbwf 48& (Ghjljk;tybt)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0
Cjtlbytybt D H , Kbnthfnehf EA, Kbnthfnehf

f 0

rL;/vjkm rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

VO -230+15 92

CrO -106+15 92

MnO 26+20 1292

FeO 102+20 1292

CoO <142+29 1592

NO 37.0+0.5 92

ClO 108+6 92
-NO -298+5 93
-PO -943+16 53

V O -2800+40 94 10

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fdnjhs hf,jns [156] gjkexbkb pyfxtybt EA(CrO ) bc[jlz bp2
0 -

D H (CrO ) b ’ynfkmgbb htfrwbb
f 0 3

- -CrO + H = CrO + OH3 2
0

D H (15)=152+40 rL;/vjkm^ yfqltyyjq Vbkkthjv d htpekmnfnt
r 0

bccktljdfybz hfdyjdtcbq d gkfvtyf[ [157]. Gjplytt dtkbxbyf

-
’ynfkmgbb j,hfpjdfybz CrO ,skf enjxytyf [7]. D nf,k& 49 vs3

-
ghbdjlbv chjlcndj r ’ktrnhjye CrO b ’ythubb cdzptq d CrO ,2 2

0 -
gjkextyyst bp lfyys[ Vbkkthf c extnjv yjdjq D H (CrO )&

f 0 3



- 135 -

Nf,kbwf 49& "ythubb cdzptq d fybjyf[ b chjlcndj r ’ktrnhjye

jrcbljd 3d-’ktvtynjd b gkfnbys (rL;/vjkm)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

V Cr Mn Fe Co Ni Pt

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EA(MO ) 222+19 245+ 292+32 266+24 <291+31 - 263+122
-D(MO-O ) 706+15 641+ 534+17 539+18 540+24 532+23 596+43

-D(M-O ) 924+11 704+ 506+12 534+13 531+11 508+9 589+102
- αD(MO -O ) 629+19 670+20 671+322

-D(MO-O ) 861+15 812+12 659+182
-D(M -O ) 915+11 682+ - 561+14 509+11 439+9 426+102
-D(MO -O) 549+16 565+ 520+162

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

α- dtkbxbyf bp hf,jns [107]

Rfr dblyj^ ’ythubb cdzptq d cjtlbytybz[ dfyflbz pyfxbntkmyj

,jkmit^ xtv d bjyf[ lheub[ 3d-’ktvtynjd b gkfnbys& "nf hfpybwf

cukf;bdftncz d nt[ ckexfz[^ rjulf htxm bltn j chjlcndt r rbckjhjle

-
bkb rbckjhjl-fybjye xfcnbw MO b MO cjjndtncndtyyj&2 2

Lheufz bynthtcyfz jcj,tyyjcnm - d hzle 3d-’ktvtynjd^ yfxbyfz

- -
c Mn, ’ythubb cdzptq D(MO-O ) b D(M-O ) jxtym vfkj vtyz.ncz ghb2

-
gtht[jlt jn jlyjuj vtnfkkf r lheujve& Bynthtcyj^ xnj b lkz CrO b3

- -MnO yf,k.lftncz cjdgfltybt ’ythubq cdzpb D(MO -O ). Gjlj,yfz3 2

pfrjyjvthyjcnm jnvtxfkfcm hfytt& Nfr^ d hf,jnt [160] jghtltktys

dtkbxbys chjlcndf lbanjhbljd 3d-’ktvtynjd (Cr-Zn) r anjhbl-fybjye&

Dct pyfxtybz gjgflf.n d eprbq ljdthbntkmysq bynthdfk - 350+15

rL;/vjkm&

Hfccvjnhbv^ rfr vtyz.ncz ’ythubb cdzptq d V-jq uheggt ghb

gtht[jlt jn fpjnf r dfyflb.& Lfyyst ghbdtltys d nf,k& 50&
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Nf,kbwf 50& "ythubb cdzptq d fybjyf[ b chjlcndj r ’ktrnhjye

jrcbljd ’ktvtynjd V-jq uheggs (rL;/vjkm)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

N P V

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EA(MO ) 228+10 367+21 229+192
-D(MO-O ) 387+10 723+18 706+15

-D(MO -O ) 441+5 771+19 629+192
-D(MO-O ) 346+5 873+16 861+152
-D(M-O ) 619+10 918+18 924+112

-D(M -O ) 689+10 889+18 915+112
-D(MO -O) 354+11 545+24 549+162

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dtkbxbys ’ythubq cdzptq kb,j vfrcbvfkmys lkz cjtlbytybq

- - -
ajcajhf ( D(MO-O ), D(MO -O ), D(MO-O ))^ kb,j djphfcnf.n2 2

vjyjnjyyj& D gjcktlytv ckexft^ jlyfrj^ ’ythubb cdzptq d bjyf[

ajcajhf b dfyflbz ,kbprb^ b[ ljdthbntkmyst bynthdfks

gthtrhsdf.ncz&

Chfdytybt ’ythutnbxtcrb[ [fhfrnthbcnbr lkz cjtlbytybq Mn b Cl

-
gjrfpsdftn (cv&nf,k& 51)^ xnj bjy MnO ujhfplj ecnjqxtdtt^ xtv2

-ClO .2
- -

Lkz bjyf V O hfccxbnfyf ’ythubz cdzpb D(VO -VO ) = 450+342 5 2 3

rL;/vjkm&

Gjkextyyst ’ynfkmgbb j,hfpjdfybz jnhbwfntkmys[ bjyjd d cjdj-

regyjcnb c kbnthfnehysvb lfyysvb gjpdjkbkb hfccxbnfnm chjlcndj r

’ktrnhjye lbjrcbljd gtht[jlys[ vtnfkkjd (cv&nf,k& 49 -51) b jrcblf

-V O (EA(V O ) = 403+59 rL;/vjkm). Lkz CoO yfqltyf njkmrj dth[-4 10 4 10 2

yzz uhfybwgf ’njq dtkbxbys^ gjcrjkmre bvttncz kbim jwtyrf
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Nf,kbwf 51& "ythubb cdzptq d fybjyf[ b chjlcndj r ’ktrnhjye

jrcbljd vfhufywf b [kjhf (rl;/vjkm)

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Mn Cl

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

EA(MO ) 292+32 229+102
-D(MO-O ) 534+17 328+11

-D(M-O ) 506+12 198+112
-D(MO -O ) 671+322
-D(MO-O ) 659+182

-D(MO -O) 520+162
-D(MO -O) 378+183

-D(MO -O ) 653+232 2
-D(MO -O ) 404+182 2

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0
D H (CoO )<142+29 rL;/vjkm [159]^ jghtltktyyfz d htpekmnfnt vfcc-
f 0 2

cgtrnhjvtnhbxtcrjuj bccktljdfybz htfrwbb

+ +Co + O = Co + CoO2 2 2

Yfit pyfxtybt chjlcndf r ’ktrnhjye FeO cjukfcetncz c yb;ytq2

uhfybwtq ’njq dtkbxbys EA(FeO )>241 rL;/vjkm [79], gjkextyyjq2

Kbyt,thuthjv vtnjljv ajnj’ktrnhjyyjq cgtrnhjcrjgbb& Jghtltkbnm

njxyjt pyfxtybt yt gjpdjkbkb nt[ybxtcrbt djpvj;yjcnb ecnfyjdrb -

’ythubz ghbvtyzditujcz kfpthf ,skf 2&5 ’D&

Yfb,jkmitt chjlcndj r ’ktrnhjye d hzle hfccvjnhtyys[ lbjrcb-

ljd gtht[jlys[ vtnfkkjd e MnO & Jyj ghtdsiftn EA jrcblf lheujuj2
& *

ghtlcnfdbntkz VII-jq uheggs - ClO EA(ClO )=229+10 rL;/vjkm2 7 2 8

[38]. D gznjq uheggt (N-P-V) dtkbxbyf chjlcndf r ’ktrnhjye bpvtyz-

tncz yt vjyjnjyyj^ vfrcbvev jnyjcbncz r PO & Pyfxbntkmyj ,jkmitt^2

xtv e lbjrcbljd gtht[jlys[ vtnfkkjd^ chjlcndj r ’ktrnhjye e V O &4 10
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6&5& Jwtyrf chjlcndf r ’ktrnhjye UO3

D cghfdjxybrt [9] ghbdjlbncz pyfxtybt chjlcndf r ’ktrnhjye

UO 500+50 rL;/vjkm^ jwtytyyjt gj pyfxtyb. EA(UF ) d ghtlgjkj;t-3 6

ybb^ xnj hfpyjcnm EA(UF )-EA(UO ) ghb,kb;tyyj hfdyf hfpyjcnb cjjn-6 3

dtncnde.ob[ dtkbxby lkz utrcfanjhbljd b nhbjrcbljd vjkb,ltyf b

djkmahfvf& Nthvjlbyfvbxtcrbq hfcxtn^ jcyjdfyysq yf ’njq dtkbxbyt^

gjrfpfk^ xnj d gfht yfl cbcntvfvb U O -Cr O -K CrO b3 8 2 3 2 4
-U O -V O -K CrO rjywtynhfwbz bjyjd UO ,skf ,s kturj bpvthbvjq&3 8 2 3 2 4 3

-
Ntv yt vtytt^ d ’rcgthbvtynf[ bjy UO yfvb yt j,yfhe;ty&3

Bpvthtybt lfdktybz rbckjhjlf d cbcntvf[ cdbltntkmcndetn j

njv^ xnj ghb yfuhtdfybb U O ghjbpjikj bpvtytybt bc[jlys[3 8

cjcnfdjd, b vs bvtkb ltkj c afpjq UO bkb utnthjutyysv2+x

hfdyjdtcbtv U O -UO (cv& hbc& 7)&4 9-y 2+x

D cjjndtncndbb c ’nbv vs jwtybkb dth[ybt pyfxtybz rjycnfyn

hfdyjdtcbz htfrwbq

- - 1 1UO (s) + CrO = UO + -Cr O (s) + -O (6.17)2 3 3 2 2 3 2 2
1 - - 1 3-U O (s) + CrO = UO + -Cr O (s) + -O (6.18)4 4 9 3 3 2 2 3 8 2

- 1 - 1UO (s) + VO = -V O (s) + UO + -O (6.19)2 3 2 2 3 3 4 2
1 - 1 - 3-U O (s) + VO = -V O (s) + UO + -O (6.20)4 4 9 3 2 2 3 3 8 2

Hfcxtnyst ajhveks
-I(’UO ’)o 3 1ln K (17) < ln[------------------------------------------------] + -ln p(O ) + 0.87- 4 2I(CrO )3-I(’UO ’)o 3 3ln K (18) < ln[------------------------------------------------] + -ln p(O ) + 0.87- 8 2I(CrO )3-I(’UO ’)o 3 1 1ln K (19) < ln[------------------------------------------------] + -ln α(V O ) + -ln p(O ) + 1.05- 2 2 3 4 2I(VO )3-I(’UO ’)o 3 1 3ln K (20) < ln[------------------------------------------------] + -ln α(V O ) + -ln p(O ) + 1.05- 2 2 3 8 2I(VO )3

Cxbnfkjcm^ xnj frnbdyjcnm cjjndtncnde.otuj jrcblf ehfyf
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-
Nf,kbwf 52& Jwtyrf ’ynfkmgbb j,hfpjdfybz UO3

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

o o -
} htfrwbb T > ln Kp < D H < D H (UO )r 0 f 0 3

K rL;/vjkm rL;/vjkm

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

17 1344 -7.45 153

1430 -9.20 183

1473 -9.62 194

1515 -9.28 195
[------------------------------]

171 -1012

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

18 1344 -8.99 192

1430 -10.54 222

1473 -10.90 233

1515 -10.77 238
[------------------------------------]

210 -1016

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

19 1344 1.00 82

1430 -0.56 106

1473 -1.43 120
[------------------------------------

101 -1128

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

20 1344 -0.67 123

1430 -2.08 147

1473 -3.01 162
[------------------------------------]

143 -1130

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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hfdyztncz tlbybwt^ frnbdyjcnm jrcblf [hjvf vtymit tlbybws&

Yfqltyyst jwtyrb rjycnfyn b ’ynfkmgbq htfrwbq^ gjkextyys[ gj

III-tve pfrjye ghbdtltys d nf,k& 50.

Jcyjdsdfzcm yf gjkextyys[ yb;yb[ uhfybwf[ ’ynfkmgbq htfrwbq

(17)-(20)^ bcgjkmpez nthvjlbyfvbxtcrbt lfyyst lkz exfcnde.ob[ d

hfdyjdtcbb cjtlbytybq (nf,k& 43^ 46)^ vs cltkfkb jwtyre lkz ’y-

-
nfkmgbb j,hfpjdfybz bjyf UO & "nb pyfxtybz jrfpfkbcm ,kbprb lheu r3

lheue dyt pfdbcbvjcnb jn ds,jhf jrcblf ehfyf (UO bkb U O ) d pf-2 4 9

gbcb ehfdytybz htfrwbb^ xnj cdbltntkmcndetn j ,kbpjcnb frnbdyjcntq

UO b U O r tlbybwt d bccktljdfyys[ cbcntvf[& Htpekmnfns ghbdtlt-2 4 9

ys d nf,k& 52& Vfrcbvfkmyjt bp gjkextyys[ pyfxtybq -1012 rL;/vjkm

o
d cjdjregyjcnb c D H (UO )= -795 rL;/vjkm [9] lftn dth[y.. uhfyb-f 0 3

we chjlcndf r ’ktrnhjye EA(UO ) < 217 rL;/vjkm&3

Nfrbv j,hfpjv^ dtkbxbyf EA(UO )^ ghbdtltyyfz d cghfdjxybrt3

[9]^ zdkztncz ceotcndtyyj pfdsityyjq& "nj ujdjhbn j nhelyjcnb

jwtyrb chjlcndf r ’ktrnhjye gentv chfdybntkmyjuj fyfkbpf^ lf;t d

nt[ ckexfz[^ rjulf bvttncz ljcnfnjxyj nthvjlbyfvbxtcrb[ lfyys[ lkz

tuj ghjdtltybz&
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7& BPVTHTYBT FRNBDYJCNTQ NiO B Cr O VTNJLJV BVH&2 3

NTHVJLBYFVBXTCRBT CDJQCNDF {HJVBNF YBRTKZ NiCr O &2 4

Bccktljdfyyst bjyyj-vjktrekzhyst hfdyjdtcbz vjuen ,snm bc-

gjkmpjdfys lkz jghtltktybz frnbdyjcntq jrcbljd gtht[jlys[ vtnfkkjd

d dscjrjntvgthfnehys[ cbcntvf[& D lfyyjq hf,jnt ’nj ghjbkk.cnhbhj-

dfyj yf ghbvtht jrcbljd Cr O b NiO& J,‘trnjv bccktljdfybz cnfkf2 3

igbytkm NiCr O & Ds,jh ’njuj dtotcndf j,eckjdkty rfr tuj ghfrnb-2 4

xtcrjq pyfxbvjcnm. (cjgencndetn ,jrcbnysv helfv^ bcgjkmpetncz d

ghjbpdjlcndt ’ktrnhjrjheyljd^ d cbcntvf[ ufpbabrfwbb eukz^ cke;bn

fynbrjhhjpbjyysv gjrhsnbtv)^ nfr b ghjnbdjhtxbdjcnm. bvt.ob[cz d

kbnthfneht lfyys[ gj tuj nthvjlbyfvbxtcrbv cdjqcndfv&

7&1& Cgjcj, jghtltktybz frnbdyjcntq NiO b Cr O2 3

Ddtltybt yt,jkmijuj rjkbxtcndf cekmafnf rfkbz d cbcntvs^ cj-

lth;fobt Cr O ^ ghbdjlbn r gjzdktyb. d gfht ghb T=1200 - 1500 K2 3
- - -

bpvthbvs[ rjywtynhfwbq bjyjd$ CrO , CrO , Cr O (cv& ukfde 4)& "nj3 4 2 6

gjpdjkztn ghtlkj;bnm cgjcj, jghtltktybz frnbdyjcnb jrcblf [hjvf
- 2 -I(CrO ) I (Cr O )3 2 6 oln α(Cr O ) = ln[------------------------------------------------------------------------------------------------] - ln K (4.6) + 1.280 (7.1)2 3 3 -I (CrO )4

o
ult K (4.6) - rjycnfynf bjyyj-vjktrekzhyjq htfrwbb

- - -Cr O (s) + 3CrO = 2Cr O + CrO2 3 4 2 6 3

D ckexft cbcntv^ drk.xf.ob[ NiO^ lj,fdrf [hjvfnf rfkbz

- - -
cgjcj,cndetn utythbhjdfyb. d ufpjdjq afpt bjyjd NiO ^ CrO ^ CrO b2 3 4

-Cr O & Frnbdyjcnm NiO vj;yj jghtltkbnm gj ajhvekt2 6 - -I(NiO ) I(Cr O )2 2 6ln α(NiO) = ln[------------------------------------------------------------------------------------------[ - ln K(4.12) + 0.809 (7.2)- -I(CrO ) I(CrO )4 3
o

ult K (4.12) - rjycnfynf hfdyjdtcbz htfrwbb

- - - -NiO(s) +CrO + CrO = NiO + Cr O3 4 2 2 6
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o
Pyfxtybz K (4.6) ,skb jghtltktys yfvb d ’rcgthbvtynf[ c cbc-

o
ntvfvb Cr O - K CrO b NiCr O -Cr O -K SO ^ f K (4.12) - ghb bc-2 3 2 4 2 4 2 3 2 4

cktljdfybb NiCr O -NiO-K SO b NiO-Cr O -K CrO & Gjkextyyst lfyyst2 4 2 4 2 3 2 4

ghtlcnfdktys d nf,kbwf[ ukfds 4& Ghbcencndbt kturjbjybpbhe.otujcz

dtotcndf ([hjvfnf bkb cekmafnf rfkbz) zdbkjcm ytj,[jlbvsv eckjdbtv

o o
bpvthtybz rjycnfyn K (4.6), K (4.12), gjcrjkmre d gfhf[ xbcns[

jrcbljd jnhbwfntkmys[ bjyjd ytn&

Cxbnfkjcm^ xnj frnbdyjcnb NiO b Cr O d ds,hfyys[ cbcntvf[2 3

hfdyz.ncz tlbybwt^ b rjycnfyns hfdyjdtcbq (4&6)^ (4&12) vjuen ,snm

gjkextys ytgjchtlcndtyyj bp jnyjitybq bjyys[ njrjd& Ghb ’njv bc[j-

lbkb bp bvt.otqcz d kbnthfneht byajhvfwbb& Nfr^ ghtlgjkfufkjcm^

xnj gj fyfkjubb c cekmafnjv yfnhbz [161] hfcndjhbvjcnm K SO d NiO2 4

b Cr O zdkztncz ghtyt,ht;bntkmyj vfkjq& Afpjdst hfdyjdtcbz d cbc-2 3

ntvt Ni-Cr-O bpexfkbcm d hf,jnt [152]. Fdnjhs [162] ghjdtkb hfcxtn

afpjdjq lbfuhfvvs yf jcyjdt ljcnegys[ nthvjlbyfvbxtcrb[ lfyys[&

Jnvtxftncz eprfz j,kfcnm ujvjutyyjcnb igbytkb NiCr O ^ ytpyfxb-2 4

ntkmyfz hfcndjhbvjcnm NiO d Cr O b vfkfz (~ 4 vjkm&%) hfcndjhb-2 3

vjcnm CrO d NiO& Frnbdyjcnm NiO^ yf[jlzotujcz d hfdyjdtcbb c

NiCr O ^ cjukfcyj [152] hfdyztncz 0&97& Pfvtnbv^ xnj frnbdyjcnm2 4

NiO d gjlj,ys[ cbcntvf[ NiO-NiAl O b NiO-NiGa O nfr;t vfkj jnkb-2 4 2 4

xf.ncz jn tlbybws dgkjnm lj T=1550 K [163].

D [jlt ’rcgthbvtynf ghjbc[jlbkj pyfxbntkmyjt bcgfhtybt K SO2 4

b K CrO . F,cjk.nyst byntycbdyjcnb bjyys[ njrjd vtyzkbcm d ldfl-2 4

wfnm - cnj hfp^ jlyfrj pyfxtybz rjycnfyn hfdyjdtcbz d ghtltkf[

jib,rb djcghjbpdjlbvjcnb jcnfdfkbcm gjcnjzyysvb& Dct ’nj gjlndth;-

lftn ,kbpjcnm r tlbybwt frnbdyjcntq NiO b Cr O d hfccvfnhbdftvs[2 3

cbcntvf[&

o
Jghtltktys ntvgthfnehyst pfdbcbvjcnb rjycnfyns K (4.6) d

o
bynthdfkt ntvgthfneh 1163 -1515 K^ K (4.12) - d bynthdfkt
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1255-1515 K& Htpekmnfns ghbdtltys d ukfdt 4& Yfqltyyst pyfxtybz

o oK (4.6) b K (4.12) gjpdjkz.n jghtltkznm frnbdyjcnb Cr O b NiO d2 3

hfpkbxys[ cbcntvf[& Tckb d yfcsotyyjv gfht bccktletvjq cbcntvs

- - - -
jncencnde.n ytj,[jlbvst bjys CrO , CrO , Cr O , NiO , b[ vj;yj3 4 2 6 2

utythbhjdfnm^ rfr e;t ujdjhbkjcm^ gentv ddtltybz lj,fdrb cekmafnf

bkb [hjvfnf otkjxyjuj vtnfkkf& Cjukfcyj yfibv jwtyrfv^ bynthdfk

bpvthztvs[ vtnjljv BVH pyfxtybq frnbdyjcntq cjcnfdkztn yt vtymit^

-5
xtv 1-10 lkz Cr O b 1-0&05 - lkz NiO&2 3

Fyfkjubxyj^ lkz jghtltktybz frnbdyjcntq jrcbljd rj,fkmnf^

;tktpf^ vfhufywf b dfyflbz ghb ntvgthfnehf[ 1200 - 1500 R vj;yj

ghtlkj;bnm bjyyj-vjktrekzhyst hfdyjdtcbz (4&14)^ (4&17)^ (4&19)^

(4&23)^ (4&24)^ (4&25)&

7&2& "ythubz Ub,,cf j,hfpjdfybz [hjvbnf ybrtkz NiCr O bp2 4

jrcbljd

Rfr e;t ujdjhbkjcm^ j,kfcnm ujvjutyyjcnb [hjvbnf ybrtkz jxtym

eprfz [152]. Gj’njve ’ythubz Ub,,cf j,hfpjdfybz igbytkb NiCr O bp2 4

jrcbljd

NiO(s) + Cr O (s) = NiCr O (s) (7.3)2 3 2 4

vj;tn ,snm yfqltyf gj ajhvekt

o
D G (3) = RT ln α(NiO) α(Cr O )r m 2 3

Bccktljdfyyst cjcnfds ds,bhfkbcm nfybv j,hfpjv^ xnj,s frnbd-

yjcnm jlyjuj bp jrcbljd ,skf hfdyf tlbybwt^ b^ bpvthbd frnbdyjcnm

o
lheujuj^ vj;yj ,skj ,s yfqnb D G (3)& Nfr^ d cbcntvt NiCr O -Cr Or 2 4 2 3

α(Cr O )=1, ’rcgthbvtynfkmyj jghtltkzkb α(NiO). B yfj,jhjn^ d cke-2 3

xft NiO-NiCr O α(NiO)=1, bpvthzkb frnbdyjcnm Cr O & Jnvtnbv^xnj2 4 2 3

tckb d jlyjv bp ’rcgthbvtynjd igbytkm pfuhe;fkb d ’aaepbjyye.

zxtqre yfhzle c NiO b K SO , nj d lheujv bc[jlysvb dtotcndfvb ,skb2 4
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NiO^ Cr O ^ K CrO , j,hfpjdfybt ;t [hjvbnf ybrtkz ikj d [jlt jgs-2 3 2 4

nf& "rcgthbvtynfkmyst lfyyst gj frnbdyjcnzv Cr O b NiO b ’ythubb2 3

Ub,,cf j,hfpjdfybz NiCr O ghbdtltys d nf,k& 14^ 15& Pyfxtybz2 4
o

D G (3) (cv& nfr;t hbc& 8) [jhjij cjukfce.ncz lheu c lheujv&r

Ytcvjnhz yf ,jkmijt xbckj bccktljdfybq^ bvt.obtcz nthvjlbyfv-

bxtcrbt lfyyst lkz NiCr O ytjlyjpyfxys& D 60-70-s[ ujlf[ ghjdtlty2 4
o

hzl hf,jn gj jghtltktyb. D G (3) vtnjljv "LC c ndthlsv ’ktrnhjkb-r

njv [152, 164-168]. Bcgjkmpjdfkbcm rjywtynhfwbjyyst gj rbckjhjle

zxtqrb& D pfdbcbvjcnb nbgf ’ktrnhjljd chfdytybz hfccxbnfys ’ythubb

Ub,,cf htfrwbq

NiO(s) + Cr O (s) = NiCr O (s)2 3 2 4

NiO(s) + 1/2 O + Cr O (s) = NiCr O (s)2 2 3 2 4

NiO(s) + Fe O(s) + Cr O (s) = NiCr O (s) + xFe(s)x 2 3 2 4

Htpekmnfns ghtlcnfdktys yf hbc& 8^ ult gjrfpfyf pfdbcbvjcnm

o
D G (3) jn ntvgthfnehs& Pyfxtybz ’ythubb Ub,,cf j,hfpjdfybz igbyt-r

kb bp jrcbljd^ gjkextyyst vtnjljv "LC^ ghb 1273 K gjgflf.n d by-

nthdfk jn -25 lj -32 rL;/vjkm& Cbkmytt jnkbxftncz hf,jnf [165]$

o o
D G (3)=-80 rL;/vjkm b D S (3) bvttn lheujq pyfr& D ,jktt gjplytqr r

o
cnfnmt ’nb[ ;t fdnjhjd [166] ghbdjlbncz byfz pfdbcbvjcnm D G (3)r

jn ntvgthfnehs^ eljdktydjhbntkmyj cjukfce.ofzcz c lheubvb bccktlj-

dfybzvb&

Nthvjlbyfvbre htfrwbb (3) bpexfkb nfr;t vtnjljv utnthjutyys[

o
hfdyjdtcbq [169, 170]. Pyfxtybt D G (3) ,skj gjkextyj bp ’rcgthb-r

vtynfkmys[ lfyys[ gj rjycnfynfv hfdyjdtcbz htfrwbb

NiCr O (s) + CO = Ni(s) + Cr O (s) + CO2 4 2 3 2

Htpekmnfns lde[ hf,jn yt cjukfce.ncz lheu c lheujv& Fdnjhs [170]

jnvtxf.n^ xnj bv elfkjcm ljcnbxm hfdyjdtcbz njkmrj c jlyjq cnjhj-

ys&
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Hbc& 8& "ythubz Ub,,cf j,hfpjdfybz NiCr O bp jrcbljd&2 4

Htpekmnfns lfyyjq hf,jns$ x - cbcntvf NiCr O -NiO-K SO ,2 4 2 4

w - cbcntvf NiO-Cr O -K CrO , ) - NiCr O -Cr O -K SO .2 3 2 4 2 4 2 3 2 4

Kbnthfnehyst lfyyst$ 1 - Schmalzried [164], 2 - Nhtnmzrjd

[167]^ 3 - Ktdbwrbq [166]^ 4 - Davies [152], 5 - Kunnmann

[169], 6 - Ktytd [170]^ 7 - Kubaschewski [150].
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V.kkth b Rktggf [171] jghtltkbkb ’ynfkmgb. htfrwbb (3) vtnj-

ljv rfkjhbvtnhbb hfcndjhtybz& Ghb 1173 K ’nf dtkbxbyf cjcnfdbkf

-5&2 rL;/vjkm^ xnj yf[jlbncz d zdyjv ghjnbdjhtxbb c lfyysvb vtnj-

ljd "LC b utnthjutyys[ hfdyjdtcbq&

Nthvjlbyfvbxtcrbt lfyyst lkz NiCr O ^ ghbdjlbvst d cghfdjxyb-2 4
o

rt [150] jcyjdsdf.ncz bvtyyj yf ’njq dtkbxbyt D H (3) (bp hf,jnsr

[171]) b jwtytyyjq fdnjhfvb ntgkjtvrjcnb& "ynfkmgbz j,hfpjdfybz

NiCr O ^ htrjvtyletvfz cghfdjxybrjv @Nthvbxtcrbt rjycnfyns2 4
o

dtotcnd@ [149]^ nfr;t cjjndtncnde.n D H (3) fdnjhjd [171]&r

Yf hbc& 8 ghtlcnfdktys nfr;t b htpekmnfns^ gjkextyyst d yfitq

hf,jnt& Rfr dblyj^ jyb cjukfce.ncz c rfkjhbvtnhbxtcrbvb b ,kbprb r

cghfdjxysv [150]& Dct ’nb lfyyst yt vjuen ,snm cjukfcjdfys c ’yth-

o o
ubtq Ub,,cf D G (3) b ’ynfkmgbzvb D H (3), gjkextyysvb d hf,jnf[r r

[152, 164-167, 169, 170].

7.3. "ythubz Ub,,cf j,hfpjdfybz CoCr O bp jrcbljd2 4

D [jlt ’rcgthbvtynfkmyjq hf,jns gj jghtltktyb. ’ynfkmgbb j,-

-
hfpjdfybz bjyf CoO jrfpfkjcm djpvj;ysv nfr;t yfqnb ’ythub. Ub,-2

,cf htfrwbb

CoO(s) + Cr O (s) = CoCr O (s) (7&4)2 3 2 4

Bccktljdfyf cbcntvf CoO-Cr O -K CrO . D jnkbxbb jn ghtlsleotuj2 3 2 4

ckexfz igbytkm d ’aaepbjyye. rfvthe yt gjvtofkb^ yjdfz afpf

CoCr O gjzdkzkfcm d ghjwtcct jgsnf& Frnbdyjcnb CoO b CoCr O d2 4 2 4

nfrjq cbcntvt hfdys tlbybwt^ gj’njve bpvthtybt α(Cr O ) gjpdjkztn2 3

hfccxbnfnm ’ythub. Ub,,cf htfrwbb (4)

o
D G (4) = RTln α(Cr O )r 2 3

o
Htpekmnfns jghtltktybz α(Cr O ) b D G (4) ghbdtltys d nf,k& 17& D2 3 r

nf,k& 53 gjkextyyfz ’ythubz Ub,,cf j,hfpjdfybz [hjvbnf rj,fkmnf bp
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Nf,kbwf 53& "ythubz Ub,,cf j,hfpjdfybz [hjvbnf rj,fkmnf bp

jrcbljd

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
oT D G (4) rL;/vjkmr

K Lfyyfz [150] [170] [167]
hf,jnf

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1209 -41.5 -49.3 -51.8

1255 -42.4 -48.9 -50.7

1300 -44.1 -48.6 -47.3 -49.6

-46.4

1344 -42.1 -48.2 -46.8 -48.6

-46.0

1387 -42.8 -47.8 -46.4 -47.2

-52.7

[------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

jrcbljd cjgjcnfdktyf c bvt.obvbcz d kbnthfneht [150, 170, 167]

pyfxtybzvb& Lfyyst cjukfce.ncz eljdktndjhbntkmyj&

"ythubz Ub,,cf j,hfpjdfybz [hjvbnf ;tktpf yt vj;tn ,snm jg-

htltktyf fyfkjubxysv cgjcj,jv^ gjcrjkmre lkz cbcntvs Fe-Cr-O [f-

hfynthyj j,hfpjdfybt ndthls[ hfcndjhjd Fe O -FeCr O [162].3 4 2 4

7&4& Nthvjlbyfvbxtcrbt aeyrwbb NiCr O2 4

"ythubz Ub,,cf htfrwbb pfdbcbn jn ntvgthfnehs cktle.obv

j,hfpjv

o o o
D G = D H (298.15 K) - T D S (298.15 K) +r m r m r m
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(7.5)
T T
i o i o+ D C dT - T (D C /T)dT
j r p,m j r p,m

298.15 298.15

D ckexft htfrwbb (3) ’ynhjgbz b ntvgthfnehyfz pfdbcbvjcnm

ntgkjtvrjcnb NiCr O ytbpdtcnys& Vs htibkb bcgjkmpjdfnm jwtyre2 4

gjcktlytq^ ghbdjlbve. d cghbdjxybrt [150]

o . -1. -1 . -3 . -5 2C /(J K mol ) = 165.3 + 17.87 10 (T/K) - 21.05 10 (T/K) ,p,m

xnj,s jghtltkbnm ’ynhjgb.&

Lheubt ytj,[jlbvst lfyyst - ’ynfkmgbz j,hfpjdfybz^ ’ynhjgbz b

o
ntvgthfnehyfz pfdbcbvjcnm ntgkjtvrjcnb lkz NiO {D H (298.15 K)==-f m

o239.7+0.5 rL;/vjkm, S (298.15 K) = 37.8+0.4 L;/vjkmWK} dpzns bpm

,fyrf lfyys[ BDNFY NTHVJ [129] (dthcbz 1986 u)^ f lkz Cr O2 3
o o{D H (298.15 K) = -1140.6+1.7 rL;/vjkm , S (298.15 K) = 81.1+5.Of m m

L;/vjkmWK} - bp cghfdjxybrf [9].

Gthtcxtn ’ynfkmgbb j,hfpjdfybz NiCr O bp jrcbljd^ ghbdjlbvjq2 4
o

d hf,jnt [171], lftn D H (298.15 K) = -2.7+1.5 rL;/vjkm br m
o

D H (NiCr O (s), 298.15 K) = -1383.O+2.3 rL;/vjkm.f m 2 4

Lkz yf[j;ltybz D S(298.15 K) vbybvbpbhjdfkb cevve rdflhfnjd
r

jnrkjytybq

s o o,calc 2{D G - D G } W
ti r m,i r m,i i

0
ult D G - ’rcgthbvtynfkmyfz ’ythubz Ub,,cf (cv& nf,k& 14^ 15)#

r i

o,calc
D G - ’ythubz Ub,,cf^ dsxbcktyyfz gj ehfdytyb. (7&5) b cj-r m,i

2
lth;fofz ytbpdtcnye. D S(298.15 K)# W =ni/T - dtc^ ghbgbcfyysq

r i i

’rcgthbvtynfkmyjq ’ythubb Ub,,cf& D htpekmnfnt ’nb[ hfcxtnjd gjke-

o
xtyj D S (298.15 K) = 8.3+2.5 rL;/vjkm^ xnj cjjndtncndetn ’ynhjgbbr

o
igbytkb S (NiCr O (s), 298.15 K) = 127.2+5.8 L;/vjkmWK. Bc[jlz bp2 4

yfqltyyjuj pyfxtybz hfccxbnfys nthvjlbyfvbxtcrbt aeyrwbb NiCr O d2 4

bynthdfkt ntvgthfneh 298&15-2000 K (cv& nf,k& 54)&
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Nf,kbwf 54& Nthvjlbyfvbxtcrbt aeyrwbb NiCr O2 4
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]o o o oT C S H (T)-H (298.15)p,m m m m

.K L;/vjkmWR rL;/vjkm
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]

298.15 148.8 127.9 0.0

300 149.1 128.8 0.3

400 161.1 173.6 15.9

500 167.7 210.3 32.3

600 172.0 241.3 49.3

700 175.4 268.0 66.7

800 178.2 291.7 84.0

900 180.6 312.8 102.3

1000 182.9 331.9 120.5

1100 185.1 349.5 138.9

1200 187.1 365.7 157.5

1300 189.1 380.7 176.3

1400 191.1 394.8 195.3

1500 193.0 408.1 214.5

1600 194.9 420.6 233.9

1700 196.8 432.4 253.5

1800 198.7 443.7 273.3

1900 200.5 454.5 393.3

2000 202.4 464.9 313.4
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------]
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8& JGHTLTKTYBT FRNBDYJCNTQ JRCBLJD OTKJXYS{ VTNFKKJD D

NHT{RJVGJYTYNYJQ CBCNTVT Na O-K O-SiO VTNJLJV2 2 2

BJYYJ-VJKTREKZHYS{ HFDYJDTCBQ&

Rfr e;t jnvtxfkjcm (cv& ukfde 2 )^ vtnjl BVH vj;yj bcgjkmpj-

dfnm lkz jghtltktybz frnbdyjcntq cjtlbytybq d vyjujrjvgjytynys[

cbcntvf[& Ntv yt vtytt^ hfytt jy c ’njq wtkm. yt ghbvtyzkcz& Vs

gjghj,jdfkb bcgjkmpjdfnm ’njn vtnjl lkz jghtltktybz frnbdyjcntq

jrcbljd otkjxys[ vtnfkkjd d hfcgkfdf[ cbkbrfnjd Na O-K O-SiO &2 2 2

Lkz njuj^ xnj,s utythbhjdfnm d gfht yfl bccktletvjq cbcntvjq

gjl[jlzobt jnhbwfntkmyst bjys (byfxt jgbcsdftvsq gjl[jl yt hf,jnf-

tn) ltkfkb lj,fdrb [hjvfnjd otkjxys[ vtnfkkjd bkb jrcblf [hjvf&

Tckb d ckexft cj igbytkm. bccktljdfkb utnthjutyye. cbcntve^

nj d lfyyjq cbnefwbb vs bvtkb ltkj c hfcgkfdjv^ b ddtltybt ljgjk-

ybntkmyjuj dtotcndf ljk;yj ,skj d rfrjq-nj cntgtyb bpvtybnm bynt-

htce.obt yfc frnbdyjcnb& Lkz hfphf,jnrb yflt;yjq vtnjlbrb ytj,[j-

lbvj gjlj,hfnm nfre. lj,fdre^ xnj,s jnkbxbt [fhfrnthbcnbr bc[jlyjq

b gjkextyyjq cbcntv ,skj vbybvfkmysv&

8&1& Dkbzybt ghbhjls lj,fdrb yf gfhwbfkmyst lfdktybz

rbckjhjlf^ yfnhbz^ rfkbz b frnbdyjcnb jrcbljd otkjxys[

vtnfkkjd d cbcntvt Na O-K O-SiO2 2 2

Bpvthtyyst lfdktybz rbckjhjlf^ yfnhbz b rfkbz ghbdtltys d

nf,k& 37 hfpltkf 4&4& Rfr dblyj^ b[ dtkbxbys^ cjjndtncnde.obt

’rcgthbvtynfv c hfpysvb lj,fdrfvb^ ghbybvf.n cbkmyj jnkbxf.obtcz

pyfxtybz (jnkbxbt dgkjnm lj 10 hfp)& Gjlj,ysq afrn jnvtxfkcz b

hfytt^ ghb dytctybb lj,fdrb d cbcntve Na O-SiO [17]. Ntv yt2 2
1/2 2

vtytt^ rfr ,eltn gjrfpfyj yb;t^ ghjbpdtltybt p(O ) p(Na) b2
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1/2 2p(O ) p(K) jcnf.ncz gjcnjzyysvb d ghtltkf[ gjuhtiyjcnb2

’rcgthbvtynf& J,‘zcyztncz ’nj ntv^ xnj lj,fdrf @bcrf;ftn@ lfdktybt

rbckjhjlf^ b bpvthztvst dtkbxbys p(O ), [fhfrnthyst lkz gjkextyyjq2

cbcntvs^ ytkmpz jnytcnb r bc[jlyjq nht[rjvgjytynyjq& Yj ghb ’njv

gfhwbfkmyst lfdktybz yfnhbz b rfkbz vtyz.ncz nfrbv j,hfpjv^ xnj

1/2 2 1/2 2
dtkbxbys p(O ) p(Na) b p(O ) p(K) cj[hfyz.ncz&2 2

Nfrbv j,hfpjv^ d lfyyjq cbnefwbb yfqltyyst lfdktybz

rbckjhjlf^yfnhbz b rfkbz ytkmpz jnytcnb r bc[jlyjq cbcntvt&

Gjkextyyst frnbdyjcnb jrcbljd otkjxys[ vtnfkkjd nfr;t^ cnhjuj

ujdjhz^ cjjndtncnde.n xtnsht[rjvgjytynyjq cbcntvt Na O-K O-SiO -2 2 2

lj,fdrf& Jlyfrj^ gjcrjkmre dtkbxbyf lj,fdrb yt dtkbrf^ tcnm jcyj-

dfybz cxbnfnm^ xnj jyf yt vj;tn ceotcndtyyj bpvtybnm frnbdyjcnb

jcyjdys[ rjvgjytynjd& D hf,jnt [17] ,skj ’rcgthbvtynfkmyj bccktlj-

dfyj dkbzybt dtkbxbys lj,fdrb [hjvfnf rfkbz r cbcntvt Na O-SiO yf2 2

frnbdyjcnm jrcblf yfnhbz& Gjrfpfyj^ xnj gjkextyyfz frnbdyjcnm Na O2

d ghtltkf[ gjuhtiyjcnb ’rcgthbvtynf yt vtyztncz ghb bpvtytybb

vjkmyjq ljkb K CrO jn 0&003 lj 0&04 b eljdktndjhbntkmyj cjukfce-2 4

tncz c kbnthfnehysvb lfyysvb&

D yfcnjzotq hf,jnt bccktljdfyj dkbzybt ghbhjls lj,fdrb ghb tt

cjlth;fybb 0&03 vjkm& ljkb yf bpvthztvst dtkbxbys lfdktybq O ,2

Na, K b frnbdyjcnb Na O b K O& D rfxtcndt lj,fdjr^ utythbhe.ob[2 2

ytj,[jlbvst jnhbwfntkmyst bjys bcgjkmpjdfys jrcbl [hjvf^ [hjvfn

kbnbz^ f lkz cjcnfdjd I b II - nfr;t b [hjvfn wtpbz& {hjvfns

yfnhbz b rfkbz yt bcgjkmpjdfys^ xnj,s bp,t;fnm ghzvjuj edtkbxtybz

vjkmys[ ljktq Na O K O& Htpekmnfns bpvthtybq ghb 1373 K ghtlcnfd-2 2

ktys d nf,k& 39 b yf hbc& 9&

Gjkextyyst frnbdyjcnb jrcbljd otkjxys[ vtnfkkjd d ’rcgthbvty-

nf[ c lj,fdrfvb jrcblf [hjvf b [hjvfnf kbnbz eljdktndjhbntkmyj
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Hbc&9& Frnbdyjcnb Na O b K O d cbcntvt 0.333 [Na O + K O] : 0.6672 2 2 2

SiO ghb T=1387 K.2

x - ’rcgthbvtynfkmyst pyfxtybz ln α(Na O),2

Q - ’rcgthbvtynfkmyst pyfxtybz ln α(K O),2

(Cr - dtkbxbys^ gjkextyyst d ’rcgthbvtynf[ c lj,fdrjq

Cr O ^ Li - c Li CrO , Cs - c Cs CrO )#2 3 2 4 2 4

- pyfxtybt ln α(Na O) gj lfyysv [17]#2

[------------ ------------ ------------ - ln α(Na O), vjltkmysq hfcxtn#2

--------- - ln α(K O), vjltkmysq hfcxtn.2
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cjukfce.ncz lheu c lheujv& Htpekmnfns ’rcgthbvtynf c [hjvfnjv wtp-

bz lkz cjcnfdf II d wtkjv nfr;t cjukfce.ncz c dtkbxbyfvb^ gjkexty-

ysvb c lj,fdrfvb Cr O b Li CrO & D ckexft ;t cjcnfdf I^ d ,jktt2 3 2 4

,jufnjq jrcbljv yfnhbz j,kfcnb^ ddtltybt [hjvfnf wtpbz ghbdtkj r

edtkbxtyb. frnbdyjcnb jrcbljd otkjxys[ vtnfkkjd d ldf c gjkjdbyjq

hfpf&

Vj;yj ghtlkj;bnm cktle.oe. bynthghtnfwb. gjkextyys[ htpekmnf-

njd& {bvbxtcrjt chjlcndj jrcblf [hjvf b jrcblf kbnbz r jrcble

rhtvybz vtymit^ xtv [bvbxtcrjt chjlcndj jrcblf wtpbz& Gj’njve ’r-

cgthbvtyns c lj,fdrfvb Li CrO b Cr O lf.n frnbdyjcnb jrcbljd2 4 2 3

otkjxys[ vtnfkkjd ,jktt ,kbprbt r bc[jlyjq nht[rjvgjytynyjq cbcnt-

vt& Rjyrhtnysq vt[fybpv dkbzybz lj,fdrb [hjvfnf wtpbz yf frnbdyjc-

nb jrcbljd otkjxys[ vtnfkkjd gjrf yt zcty& Yf lfyyjv ’nfgt vj;yj

cltkfnm ljdjkmyj jxtdblysq dsdjl& D rfxtcndt lj,fdrb ghb bcgjkmpj-

dfybb vtnjlf bjyyj-vjkrekzhys[ hfdyjdtcbq ytj,[jlbvj ghbvtyznm

cjtlbytybz [bvbxtcrb bythnyst d lfyyjq chtlt&

8&2& Frnbdyjcnb jrcbljd yfnhbz b rfkbz

D nf,k& 40 ghbdtltys chtlybt kjufhbavs bjyys[ njrjd^

ytj,[jlbvst lkz jghtltktybz frnbdyjcntq jrcbljd yfnhbz b rfkbz&

Echtlytybt ghjdtltyj njkmrj gj ’rcgthbvtynfv c lj,fdrfvb jrcblf

[hjvf b [hjvfnf kbnbz& "rcgthbvtyns c lj,fdrjq [hjvfnf wtpbz yt

ghbybvfkbcm dj dybvfybt&

Nfr;t d nf,kbwt gjrfpfys htpekmnfns jlyjafrnjhyjuj lbcgthcb-

jyyjuj fyfkbpf - dyenhbcthbqyfz lbcgthcbz s b vt;cthbqyfz lbcgth-p

cbz s (cv& ukfde 4). Dtkbxbyf s [fhfrnthbpetn chtlybq hfp,hjch p

kjufhbvf jnyjitybz bjyys[ njrjd d cthbb b j,eckjdktyj ytcnf,bkm-

yjcnzvb d hf,jnt ghb,jhf& Vt;cthbqyjt cnfylfhnyjt jnrkjytybt sh
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gjrfpsdftn hfp,hjc chtlyb[ d cthbb jnyjcbntkmyj j,otuj chtlytuj&

D wtkjv^ cjukfcyj rhbnthb. Abithf^ dyenhb- b vt;cthbqyjt

cnfylfhnyst jnrkjytybz ytpyfxbvj jnkbxf.ncz lheu jn lheuf& "nj

zdkztncz gjlndth;ltybtv njuj^ xnj d ghtltkf[ ’rcgthbvtynfkmys[

gjuhtiyjcntq htpekmnfns jgsnjd c lj,fdrfvb jrcblf [hjvf b [hjvfnf

kbnbz cjdgflf.n vt;le cj,jq&

Bp echtlytyys[ jnyjitybq bjyys[ njrjd ,skb gjkextys htrjvty-

ljdfyyst pyfxtybz frnbdyjcntq Na O b K O& Htpekmnfns ghbdtltys d2 2

nf,k& 41& Dtkbxbye ln α(K O)=- 20.31 lkz cjcnfdf 0.333K O -2 2

0.667SiO yfikb gentv kbytqyjq ’rcnhfgjkzwbb kjufhbavjd frnbdyjc-2

ntq^ gjkextyys[ d ’rcgthbvtynf[ c cjcnfdfvb IV b V. Pyfxtybt ln

α(Na O)=-18.81, cjjndtncnde.ott cjcnfde 0.333Na O - 0.667SiO ,2 2 2

hfccxbnfkb fyfkjubxysv j,hfpjv bp lfyys[ hf,jns [17].

Yfqltyyst yfvb dtkbxbys frnbdyjcntq jrcbljd otkjxys[ vtnfkkjd

vj;yj cjgjcnfdbnm c htpekmnfnfvb vjltkmyjuj hfcxtnf b c bvt.obvbcz

d kbnthfneht ’rcgthbvtynfkmysvb lfyysvb [101, 102, 104].

Lkz ghtlcrfpfybz frnbdyjcntq rjvgjytynjd d cbkbrfnys[

cbcntvf[ vj;tn ,snm bcgjkmpjdfyf vjltkm bltfkmyjuj cvtitybz

rjvgktrcys[ afp^ ghtlkj;tyyfz {fcnb b <jyytkkjv [128]. D hfvrf[

’njuj gjl[jlf hfcndjh hfccvfnhbdftncz rfr bltfkmyfz cvtcm

rjvgjytynjd b bpdtcnys[ bkb ubgjntnbxtcrb[ ;blrjcntq^ rjnjhst

vjuen j,hfpjdfnmcz d htpekmnfnt dpfbvjltqcndbq& D ghjdtltyyjv yfvb

hfcxtnt lkz cbcntvs Na O-K O-SiO d rfxtcndt cjcnfdkz.ob[ ds,hfys2 2 2

cjtlbytybz^ bpdtcnyst gj lbfuhfvvt cjcnjzybz [172, 173]. "nj

Na O^ K O^ SiO , Na OWSiO , Na OW2SiO , K OWSiO , K OW2SiO b2 2 2 2 2 2 2 2 2 2 2

K OW4SiO . Nthvjlbyfvbxtcrbt lfyyst lkz rjycnfyn j,hfpjdfybz ’nb[2 2

rjvgktrcjd dpzns bp hf,jns [128]. Htpekmnfns hfcxtnf ghtlcnfdktys

d nf,k& 41 b yf hbc& 9&

Rfr e;t jnvtxfkbcm d ukfdt 2^ hfytt cbcntve Na O-K O-SiO2 2 2
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bccktljdfkb vtnjljv <tknjyf-Ahe’[fyf& "nj hf,jns [104] b

[101, 102]. Ghzvjt cjgjcnfdktybt yfib[ lfyys[ c htpekmnfnfvb ’nb[

hf,jn jrfpsdftncz ytdjpvj;ysv bp-pf hfpkbxyjuj ds,jhf rjvgjytynjd&

Nfr^ fdnjhs [104] jghtltkbkb frnbdyjcnb lbcbkbrfnjd^ <tknjy - jn-

1
yjitybt frnbdyjcntq -M O (M=Na,K) d nhjqyjq cbcntvt r nfrjdsv d

2 2

,byfhys[& Gj’njve ytj,[jlbv ytrjnjhsq gthtcxtn lkz chfdytybz tuj

1
lfyys[ c yfibvb& Ghb gtht[jlt jn rjvgjytynjd -M O r M O b[ frnbd-

2 2 2

yjcnb ,elen cdzpfys ajhvekjq

2 1α(M O) = α (-M O)2 2 2

N&t&^ lkz ghjdtltybz chfdytybz htpekmnfns <tknjyf nht,etncz djp-

dtcnb d rdflhfn& Ghtj,hfpjdfyyst nfrbv j,hfpjv lfyyst ghbdtltys yf

hbc& 10.

Xfcntk jnvtxftn [104], xnj tuj gthdbxyst ’rcgthbvtynfkmyst

I +
K

lfyyst [--------------] [jhjij cjukfce.ncz c gjkextyysvb <tknjyjv& Gj’njve^
I +
Na

cjgjcnfdkzz yfib pyfxtybz c htpekmnfnfvb gjcktlytuj^ vs rjcdtyysv

j,hfpjv chfdybdftv b[ b c hf,jnjq [104].

Bp hbc& 10 dblyj^ xnj^ rfr b d hf,jnf[ [101, 101, 104], yfib

lfyyst gj frnbdyjcnzv α(Na O), α(K O) d cbcntvt Na O-K O-SiO cdb-2 2 2 2 2

ltntkmcnde.n j gjkj;bntkmyjv jnrkjytybb jn bltfkmyjcnb& Chfdytybt

’rcgthbvtynfkmys[ b hfccxbnfyys[ pyfxtybq α(M O) (cv& hbc& 9 b 10)2

gjpdjkztn pfrk.xbnm^ xnj vjltkmysq hfcxtn jnhf;ftn rfxtcndtyysq

[jl bpvtytybz frnbdyjcntq b lftn dtkbxbys ljdjkmyj ,kbprbt r jgsn-

ysv&
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Hbc& 10& Bpvtytybt frnbdyjcntq jrcbljd otkjxys[ vtnfkkjd d cbcntvt

0.333 [Na O + K O] : 0.667 SiO gj chfdytyb. c lbcbkbrf-2 2 2

nfvb ghb T=1387 K

T Bx - ’rcgthbvtynfkmyst pyfxtybz ln α /α lkz Na O,2
T B

Q - ’rcgthbvtynfkmyst pyfxtybz ln α /α lkz K O,2

hfccxbnfyj bp lfyys[ hf,jns [102] {T=1373 K},

htpekmnfns vjltkmyjuj hfcxtnf&
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8&3& Dkbzybt vfnthbfkf nbukz yf bcgfhtybt cbkbrfnys[ cbcntv

D vfcc-cgtrnhfkmys[ bccktljdfybz[ yfhzle c gkfnbyjdsvb xfcnj

bcgjkmpe.n ’aaepbjyyst zxtqrb bp lheub[ vtnfkkjd (Mo, Ta, Ni)

[101, 174]. D nj ;t dhtvz vj;yj ghtlgjkj;bnm^ xnj vfnthbfk nbukz

,eltn dcnegfnm d [bvbxtcrjt dpfbvjltqcndbt b ntv cfvsv gjyb;fnm

lfdktybt rbckjhjlf&

Lkz ghjdthrb c cjcnfdjv II ghjdtltys ’rcgthbvtyns c

bcgjkmpjdfybtv vjkb,ltyjdjuj nbukz& Gfhwbfkmyst lfdktybz O , Na, K2

b frnbdyjcnb Na O^ K O^ gjkextyyst d ’rcgthbvtynf[ c vjkb,ltyjdsv2 2

nbuktv ghbdtltys d nf,k& 42& "nb dtkbxbys gjlndth;lf.n

ghtlgjkj;tybt j dpfbvjltqcndbb vfnthbfkf ’aaepbjyyjq zxtqrb c

cbcntvjq& D htpekmnfnt lfdktybt rbckjhjlf (ch& nf,k& 37 b

nf,k& 42) htprj gjyb;ftncz (yf 5 gjhzlrjd)& Ghb ’njv gfhwbfkmyjt

lfdktybt otkjxys[ vtnfkkjd yt vtyztncz^ b pyfxtybz frnbdyjcntq

Na O b K O jrfpsdf.ncz pyfxbntkmyj vtymit^ xtv d ’rcgthbvtynf[ c2 2

Pt-nbuktv&
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JCYJDYST HTPEKMNFNS HF<JNS

1& Ecnfyjdktyj^ xnj jnhbwfntkmyst bjys d gfhf[ jrcbljd gtht-

[jlys[ vtnfkkjd vjuen ,snm gjkextys d bpvthbvs[ rjywtynhfwbz[ (>

-16
10 fnv) ghb ntvgthfnehf[ 1200 - 1500 R gentv ddtltybz lj,fdrb

-
cjkb otkjxyjuj vtnfkkf& Pfhtubcnhbhjdfys bjys MO (M = V, Mn, Fe,2

- - - - -Co, Ni, Pt), MO (M = V, Mn), V O , V O , V O , MnO .3 2 5 3 8 4 10 4

2. Dgthdst bpvthtys rjycnfyns hfdyjdtcbz b jghtltktys ’ynfkm-

gbb 25 bjyyj-vjktrekzhys[ b bjyyj-bjyys[ htfrwbq c exfcnbtv rbckj-

hjlcjlth;fob[ fybjyjd gtht[jlys[ vtnfkkjd&

3& Dgthdst gjkextys ’ynfkmgbb j,hfpjdfybz 12 jnhbwfntkmys[

bjyjd&

4& Dgthdst jghtltktys dtkbxbys chjlcndf r ’ktrnhjye vjktrek

VO , MnO , FeO , PtO , V O ; gjkextys dth[yzz uhfybwf chjlcndf r2 2 2 2 4 10

’ktrnhjye CoO b UO .2 3

5& Hfphf,jnfyf vtnjlbrf jghtltktybz frnbdyjcntq jrcbljd NiO b

Cr O ^ ghtlkj;tys cgjcj,s jghtltktybz frnbdyjcntq Fe O (s)^2 3 3 4

Mn O (s)^ V O (s) d dscjrjntvgthfnehys[ cbcntvf[#3 4 2 3

6& Enjxytyf ’ythubz Ub,,cf j,hfpjdfybz [hjvbnf ybrtkz bp

jrcbljd&

7& Vtnjljv bjyyj-vjktrekzhys[ hfdyjdtcbq jghtltktys frnbdyjc-

nb jrcbljd otkjxys[ vtnfkkjd d nht[rjvgjytynyjq cbcntvt

Na O-K O-SiO &2 2 2
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