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lted tcOBBIs] OCCERRzdWIststtO® dO 1 dzj SIstetsH On
d dzj s8'6jolsd [ B teldsfdytjp tOL 2 " j fetsyj mMr ddasjt
dqsdzse -k lsdwm jdzwels fsdzjL dzgk tOBtSlskz 0OFCCEdAGgEdzv st
-1 sts, o fitcokls syJjted H! , omMmisOdetso dzj ded j 1+ dz
sCdMmdzj ded j + dbf € detiyfsdids jsd®' dds3; sded dBsckzls dzj Misd
sisted yolsj dz' dzlze W hkdzeS ydd.

t OmMmdissisted &3 4 tod dzy ddf ts drdgt=2cfrids o QW E bdrdgfiAsirfv2ls s tc © . )
oL BB Isdf dqydeze wyj2@€Ek, o Ctlttipgts20 wdad A
CteOW dlsL.O@Wadj , S Bliste’r 2 Mnj BOIsdydes dL sBteOY j dz
C dimbsyddSlkz fdlsoddwy. 1 toddsy j ddoOvw tcOidqsdds 2 f
d {dzj Clstetsdzdzr 2. GCdzj Clstetsdzdz 2 IstsC tsBbkfMmdztse dzj dz +
odzj hdzj 2Istzyyj Jf Igls ydtejLr dMmlssydeds § dlsOdedw. R 15 dz
sBkMdztsodzj dz Ho Y J dzd) BB s OB sHz@Is§W O@dsiHEZ. 1 toc
LIssets ISsSCO wWodzw jlsimw dzOtelzh jdadj + dzj Slstetsn d o3 y
ACOBHEHAY CIstectsddedHIZIC Is 5 ts dzd Is 0 LO Mmuydl Y 6HSCd yj
fdlsOdedw (COltsH ftoedtsBtejlsOjls HY sSdzdzdIlsj dz' dz" 2
1L dzj Stetsdzd Is O, O flkjdydodz OdsHO tlsdtshdlsj d
zOtclzh jdzdj Qo detseo j Mdvw detcddedsladis &O lsdsdglzy Is ylstsh |
MtczCskztcz COBSHO (fttsyjmMMm HjJddsj s OodYydd)
r smisdedzzo OdztsH O, d ts dz' dzdlsdw eodzj HtGW ¥ Isfqpw o |
EmMdzse dvw MtsateOdzj dzadw 1 dzj € Is tets dgjls? Is teais datsdgjs s ta ip
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pdzjNdzj2 vyifd d doddy 2 btsS yjtejL + dzjSlktetsddls
Ldzj Clstetsdy , S jdafdeks hdj LOY"H ket df dg
seBdlsOd&". Oltdkss &jlsOddss, MsMisOe@v s hda fi¢C

MCcTOYHMK TOKa 1

AHop,

®parmeHT maTepuana katoaa LiFePO4 3nekTponut Ha ocHoBe LiPF6 YrnepoaHblii MaTepuan aHoga
tdfp. ®0 ) B0 ©OB®GIST [RG.

[ ddzls j e Odzw ydw dzdlsdw dL MmMbtelYtel £ @& E
OdztsH Iz, dqdzsj S Odzw ydW d e3j dagdztic iz § Is iz tiskf -~ O dgtisj & W o
ftesyj MM LOLwHO wyj?2¢d. ltetsyj MM L OWwHO sy
s5C dmdzdis sdgmde® dzse dIsj dz' dz" = toj OCyd2, | totsIQICHs h
L dzj Clstectsdzd-lsdzj flsE®dztfls 0 fpfstslse j IsMmise j dzdzsts

LiFePQ Y LiFePQ + xLi +xU ; FE'Y Fe'+ U (1.1a)
6a +xLi*+ x U,C¢ Li Li*t+ 0O Y Li (1. 18)

ltesyy MM ©WOLWKGWHO WwWodw jlsw BtOIlsdzr &3 5 5
OCCEZRBEZzABlIststcts o

Li,CsY 6+ xLi*+x U; LY [+ U; (1.19 )
Li.,FePQ+ xLi + x4 Y LiFeP® U ¥ Fe (1.1¢)

{ Ofmisssted i3 shmdtse dzr | OBtY]] RO0LOCI | tedmisd
[Hdzs?2 dL zOde®dZjj o0ydr 7 ROLOSkjtdhisdS |

ydfd (At A)OdedzO¥ o j dzd uddzO Bsy jls B Is![8l:a " 6Oy § dz

[ Y — (1.2)
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GHa £¢ndBJUIMEd] YBIj dydoOod Jodse ddlsdw o
Mtsslse jsiglsdj dz@eY H HBEdz09 6485 isSde deksid dzls Ox dhyO t O H
BlstcO O8Ils L OsdMmdBsmls! ~  &39 Ege) § dzb tc Ofytsfls(j dzof) f Gt
L dzj ClstesHdy & (O]t O®OR. wdjHbkjls sldjlkdls!

SfejHjdYjlmy jvy ©OLEjesd dqdod SsdikekzSyd,:
BO jtedOdztse . t OB sWjsjzHyjs dzO@P i jsdzd jslso dagSads it
Mtsf teslsd o dzj Befrlr wuj2¢d

© 6o Y. (1.3)

l dzzlstej dzdzj § Mftslsdodzj dzdy wyj2¢d mMEdzOHT o (
d dL IstHrgzdets? . Risdzdzr 2 9o C d&zOH o Mtfteslsdeo dzj dad .
L dzj CSlstetsdzdls, O OCY | Mdzs?2 dz0 dzg & B tzsplifghlscto®te H | dz
interface SEl) . 1 dzv ko3 dz " jdzdw ftsftetslsdoe dzj dzdw 1 dzj €
CsdeW d e ta@Quydkd o Ctlster an dBddddBdL Jelkzj Ismw tcOMMm
tcOBtsyYydn 0 dtsdets o ) L dzj Clstetsdzd Is § ) d ke j dzdyd
1 dzj ®sdgjtsCHIs to ts dzd Is O . Cdzj € Istetsdzdz 2 9 C d&zOH o s o
dzj S IstetsH dz" § BOIs j e[ jO dzis ts (s sfste st H W | dzv EZd3j dz '
ftoesotsHdIsMY flsddidL Oydw W spgdddfidg € tedda®@® ifftcts &
COtsHdz » BOSgEdOdztsd zde § OO s ¢ HtsB Oo dzj ded ¥
ftosotsHWh j2 MOyJ.

vdzj Hize h J 2 dzOd B Sdzjtgd rpls@EdsR? WRo @by Q Csldngy i 1 jlofts s fi
BOSC Md d30dz! daets o 5L BBy dzOW 9 j dzd yd dzO + dzj S Isted yd m¢<
ots odzginNdzt ¥ yJtf[f]. fhedce@Ofpdgi j OCCERBEzEY sstcdz R
o dej MdMlsj dsdzr § J H@dpff@M J (038 Asp)ls d ey O dgceefp@Aczy) J -t J H
Yyom ttOo jdz 3600 € zdztsag@dy, tc@otgHia & . Gd kdzdBdio) tc u |
ot odzj "dzj 2 yJjfudaePoe g uzdzetsdslr j kzsC 2 o 4 dzj € Istets dz
Elso jtoy HOIs! Yysts J BEsmls wyj2¢d BftjH]jdv]lsf
sBOIsdits fjtj digih Ols: fmyw BjyHE 1dzj ClstcsH Od3d .
otsLtcOMIsOls! ftostf stoyd tsdz@etzhl zsROBERHOBSa .dzj ¢ Bcist
dimmdzj His9 Ols j dzj 2 yoh j ofmd cts dqdzlsj tej Mzj s G tc
BOIs § e @iz s OL d3j 6 PSS '€ ¢ ) i o WaltEs e d UJ M OWQNVJ d3C
(tcOL di3j tefiAsylsdz) . [ BS tsfls! 1 dzj € IstetsH dzty G slzOd3 G s jicterfzG
LOC O { dzj ClstetsdzdL O A OWOH J W

o 1 B 1]

~—
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0="G& A&/ 0 , (1.4)

CHET CdzMlsOdZs Omf BE@OHMO d BsdY ez &OMMO 1 d
fsslse jIshisoQuairdas, (o 1 dzj SbtesdzOR), kyOmisekzs h d2
EOMUjsO &0 ©GHdkk Wstdkd dts jHdddykz 1§ djSls
jBCEMis! o' OO jlshw Wstdzds2 (1. 4):

A=0/6 =G0 . (1.5)

[ HO MmdjHkjls, vyt Hd&Y f(odzyjddY o Mt
GOl j e Odzr , Clster j ddjéls §¢OC sy des dsj dg' " k2
By ils SBEOdd®s odig HigWl! MW ¢ O¢ sy dets B sd
Meslse jlsMiso s h dds S sipd.yj Mlsosds L dzj Clststsdz

[tekets?2 ROwLOCkjtedMisdSt?2 wyj26d (fsdLoBHC
Ldzgjeedd dqdzd kHj d dzOw 1 dzj to GHS | d3CAsiESs to ts Hulzs 5 R
sftejHj dvgllsmw ¢ OF

O=ux A, (1.6)

GHYc dgi Mtsslse jIsMise j dzdets 1 dzj ClstetsHdz” 2 f sIsj dayd O«
[ OdkzdzO" S OwOSljtedMmisdCO ddkjjls t©OL &gjtedesfmls: 1 Is
W tstc d3lz dzj (1.6) CEtstsy dayef®dz BOISzjjted OZO Mdzj Hizj Is
GOL 8RS dzzlsts?2 yjfd wuj2Cd, O Hamjjdde o jjoggStsiiss
Yud2ed.

wdzj HizE M j2 90Oy des?2 R OteOS Isj te dP)inlsddissfi2das® dzw jylg fi
[0 tsftejHjdvjlksy LktcOo dzj dad j d3:

0="&/, (1.7)

CGHIjl ssC, ®lsHOo Oj 3" 2 W yj 2Wisl20fdcty ¥ g dzgf hj dztdzsj 3y Jztf
[shdsimls: wyj2¢d, €0C d BN ydzOw ) d3txf dasA@sOS Is jc
MS stesfis: , f Cobktsts?2 WwWyUj200 &syjls GlsHOs Ols!
tcOLtWHO/ LOWYHO. ClsO ojddyddd ftjHjdvjlhmw
ftetsyj MM dqdzs j S Odv ydd/ Hj qdzlsj S Odzv ydd dHdztse

Mestetsfmis: ¥  da Hodyjddw o {dzjSltesdzdlsj. udzjr
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OCCd@Bzdzw Iststedz" = W yd d ¢ gL o3 tew & Isfpyw sO¢ Xd, ¢
JHddzdyor. 1 dzv Btsdz " jets EZHtsBMISoa O HOdzdz j I[stsC
Clsts L dOyyOfjtsd M stetsmisd yqdedzdtetso Odzdw n C { tsdzo
fteslsj COJIs LO oatejd3y 1/ n yomse. 1 0O0fted d3j te, i to
d BEBMIs: OCCEBzdzvIsstc® HtsMIsdeOjIsmw o Isj yd dzed J
yomtse, @i fadd @ 1 6 dizddzlzls. r dzv  f sdzlz yJ ded v B tsd
ftcd e tsHdz' A H dzw B' Mistetsg ts L OteW H O, dzd B ts H dzw
dz sBatsHd®B OS] {+dzj SlstesHde | BOLjtedOdzr, C &I
gqdzlsj teC Odzv ydd/ Hjddzlsj S Pezv g d ffdzdalso o dzd tieff ¢ Is o ts d

sdzj Hzs h OW 9 Oy dzj 2 h Qw1 IsAEO tepdk Sisdr detef Hnjlsd{ £ fifls - ( dc
wyd2¢d. ClsO rOOSIjtedMmMlsdC O ftojHMIsOodzw jIs M
wyui?26¢d b fodadtets yYydmdzO ydsdzsses L OtcYOn@/Mis@L t
ScteOdzdudo Of sfpw  dzj ¢ Olsdode dsd dL d3j dzgj ded ™ 3 o
dL d3j dzj ded™ dej dLBJdz', §oMisd (k2 fwosyjmmr o
94 M BO MmMdztsy dz" &3 . sO0Cddzs tsBtOL s5d3, - dzdzdziz?d j dza L
dzj sBRtSHqudsssB " f tetsyj s qdzls j oS Odzv ydd/ Hj ddalsj te
M tctso sy H Odzd My d3d dzd B3O dz! dzf i3 Mlswekz¢ Iskztedz di3d
mMdzj Hizjls tSlsdBiIsdls!, yYlsts otcj @B ydLded dzE BtsSGE O
EmMmzse d2 Jjed[7].C Myftddz®)s Oyq ¢ dzd clz j d3smis d , LOyoOMmlist
~OOCIsjtedmMisdEEz C0OC MOWEOL ©9 1 Md OGS OL ©Y 1© fr
tc tEjsiOnr tsls otcj g dzgd r~tcOdzj dzdWw. v OBSLOL W H BB
tcOdzj dzdw d dzOyOdz' dzr 2 bkttseo jdz2 L OGGWHO.

1 sfdzj H dzj 2 nOtcOC Isq tedpdgtis Y ¢ ty2y ] B, d2 Ctslsstolzs
odzv j IsMw-tc QLOSWHAEY R OttOCIsjtedMmMisds O. 0o dJdiz®, ff toj H
OQodMmd di3sMmisd dzOf oWy jdzedWw dBgYHE 1 dzj SlIstesHOB]
Yd2¢d ddzd Bls o tej Bi7lded 1 tc@ tdfwirs@s dgistB L to MsHIEX)O L C
MmMydlsOjilsmw f tsMistsw dadets?2 . 1 OyoOMmlskze L OtewHdz | d &
SISH J dz' dz" - CtcOWdSE On 9 9odHJ My &34 2 Mlse O Cted ¢
LOteWHO/ tOLtWHO ddzd Isj B jtcOlszter Mgy HY. HiIB UGS E
LOodMmdi3sMmisd, dzOfteddjit, LOsdhddashmls! ji3¢shilsd
AtcOBBYJ EBO qsdzO o ®BOLjtedOdz SCOISSHO ddzd OdztsH

11 =

=

—

=
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1.2 [tlstsWsmMW @®dgJ Is @Gapdr sy s MistczC IszgMs 2
= Fe, Mn, Co,Ni)

] wBd&OMd [ RO ftsosHWIMw ddisj dmdedz j
MsMlsOolz d MbtekzSlkzte] { dzj ClstesHdzr 7 BOIjtod Odzts o
Edzz yh dlst j S tsMmisdy §j o dBsh detsfisder j] "R OOCIsj ted
ots ofjds disfjicjo dadfsdOddzd ] MCtdzyj dzlstedtotse Odets dkO d L
Bj sOdzzses Mt Mistelz$ Isiz(ds=2Fe, MdzdCo,iilzO o L iSNOPYQ fls o j
ROl jtedOdzso . [ dzd ©BOlsdd odsdtsfjsmvs ¢ dadsgg@aizd O c
otsMimisOdatso d Is j &MUz B dztf bl j dt dts 1 ®ts'ts to 2R,/ OdA@  1o.7 5
{slsj dzyd Oz0 fstslse jlsMmlsokzs hda ©CMdHte  eOfPzj H i
sBEMdss dzj dzdzse s o' MisC 52 -0OS o Oty cazlsARBANEESHASES ISFN@L Wy L
sBdMfJudeOjls MmlsOB ddzd L Oyafjsy Witslddstatiziy Este r o T sidgd] oz
LOtewW ) j dzdzgsets C ObtsHMsEs ROl O GzO0 lo Mmdww g
Sl s Ol digzdlOdgrezsal BBdzjj BJL ST OMd o 1t
OzOdztsecduyde &3 BSMJHOB], d {Istsls Y OCIktste o ]t
o Mo toatsdz! stsor a [ RO .

] 1997dhd. fP antTlptistskeeOtiHS so Odzd f jtoo z¥ OB s
f 5C OL OdzO Y tsfnts pydgtipisisth i Ol s 2L iSFe POsB tcOls d o3
ddzls j 6C Odz¥ yd d/ H J dedzlsdzdels Pz oy d f dzgf Sztsts~ d d&sd Ud MC d -
HyfMwlisddzj Isofipls Oldt FeeHPI@{ 3 L MOB 7 Attetshts dLEZyjc
JRUL2. 17 dzd ke ddl sEd@ls igs hd&d r dgOasis d f§ Ols
2O dLEyjddj mM{thes St dipfialslgtn s Lb dBve PJCs o d3j dzj dad
Eff jhdzs o dzj Hated IS ts R j Ryl MC 5 HtetsdL o sHMlsoss. |
OChdodzs dMfsdy LEsk o COoypmke j OC ObRdsk ts
L dzj Clstotsd dzfls to iz diy tet@sdshpt wftols @zj S Is to ts

J f sfdzj Hded § GBH' o dzd &3O dzd § Eyjd n Met
MstekzS skzteds 7 O dzO dztozetiitdtcs LU dEfipyP@IMAPO, [13-15], dzef Is 2
C ts B OIS figW BMOPO, [16-18]d  dzcfdscf{R ¥ d&'f & ONERD, [19-21] s fMistez S Is b
sdzd o d dz0. [ SodshifpdsiOjdets oogtds j BI/MEf", [CoCEtef FINIT of d3j & Is
Bsdz h d2 ¢ &fipdgds Odiasdes Is j dz' dzr 2 §slsjdzydOdz fs
FE'IFE: 3.5, 4.1, 4.8, 5.%4div tHsedzs fiMnls j d8 odzts] NI te
[22]. ) s OB dzd y j 1.1 ftcdojHJ dgr shozso @dzgs o Mmd s
fMtcOo dzj ded¥ ) Htekzecdd®d $ OltHA & REOYBjcd OO i,
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v OB dzd y®o &2 MiBEePQ,LIMNPO,, LICOPO, JLiINIPO,fs fMlstekCkbtes? ©
MeOodaj dedj M Hkeddd RBISHI &g KOs

SOIstsHd 1 Of tew y|uj Bt Isd| vHj dz () dztsisdzt w Istsd d3ts

BOljteqd ttOLGWH jBChE « djtee o/ MmdgClis/ y !
L/ki®, 1 ddy/el Ik y $US
LiMnPO, 4.1 171 701.1 3.4 150
LiFePQ, 3.4 170 578 3.6 158
LiCoPO, 4.8 167 801.6 3.7 142
LiNiPO4 5.1 167 851.7 3.9 123
LiCoO, 3.6 137 4932 5.1 198
LiMn 0, 3.9 117 456.3 4.2 168
LiNi .gMny 504 4.7 146 803.7 4.4 141

s OlstsHdz' j BMMBPOlG IJACOELD),, LINIPOs- OtcOC IsjtodL 25 Isfyw  fyte
Bjde " j2? By dsyds?2 MmMissddtsMmis! 8 1 dzjtcedd o MtcO
ksets, OCChdBzdvlstst' &O dn shdssj ©BEZOHOsIlS o
hJiesCts) ftoddjdej dedj {Isdr RO ted Odfsm? o todRdis
L dzj Clstetsdadets? ftosotsHdBsMIs: 8 ftod ¢ dRdOlsdets? s
WOoCktstetsds W o dzw ljiGeR d LiNIPB e OB plst® s Is f tod dzOf oW ) j C
qdzd L O ftojHj ZOB] ! dzjShtesidBduj MS et ©RIKO Mk
HlsOdzH Otelsdzr | BecOddJyujMSdy { dzjShtesddlsr  dzj
dzj o sL ditsy dz" oy ftotso j HJ dad L dzj Slstetsn ddisd yd MS dn
dmf sdz' j sMNiFDgzd | Ists LiCoP&tejdsfgwj Is teOBtsYj j dzOf tew:
EHjdz dzlzey 1 dzjivg/cdf,r BOR o S sdzlsstcd® ttOLO o' h j,
LiFePQ. s 0O¢ MmdzjHMmlseadj, daj Mdsslstew dzO B tsdziCORPy + €
fteddzj ocdets dzO@O 67 % HBpshHssdmssli Feslz@ Y0, dists 2
fMdzd y 04 Ismw . 1l ZOGEtsHOtY of MsC sz tcOB sy jdafgltc c |
LICOPO, ifd3tsy j Is dzO@22Isd Btsdz' M ts]-d tf dedp’dsd dzP&&E§ Jz dzlo dzwdedfsis
f ¢ ts d@4ded W
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13s o d Mis Odzczd Yj MS OV Mistcic6POL O d Mo 2 Mlse

] jaeOW tOBEIO ft dffdfctP&sE Od S Ofise dAsls st 'dz0 Is
ftoso jW AtE@ff MsOolsstOdRd © 2000 6. u fsdsh s
B dzs f 5C OL OdztPO,  Sudsftd Is Oldkdfzfo. &z j Is igw ) tots 3B o U,
ftesMistcOdzMmis o j dedets? G telzRnhas2 MW HREY SEJ d d ( D ifzdzikts 2zt
Ff OCts0Cd dtdse ¢ dfdaetd GlLiOazd BBk s tc t§ I dztf &5 dztizlz
Jsdz’"-P/ 8 IsjlstcOl Hietse. wlstokzClsktcl sy dets f taj H Ml
oHBdZ ¢, Sffdclsster | MowL Ode &) 3 il Mm@ kI8 jsis tdsAg jr
CO(lEf [CkOl Jto'sB®B®OO N dj] LJELOEBBBEOL d" | .,
ojth ddOdsd, O dzj CtOdew &3, yYlsts 1 @lsfte 2 Hsdsdy Igs SHisdd
M dzt dzs dMSC Oy jdzr, yYlsts HtedotsHdB,HIC { t5[dBdls|G grdte T
SBtOL ¥ Is dzddaj 2dz" § Wy f mGWd zwdivsdzd s dztiyel  dzd Is d v
SHdE®R] cd' 6§ (1D) S O0@ER@d O dzjsdapli SHE&HHO0 )i)ssd !
fjtejMStBCO dsdatse dzdlsdy BjyHE SOROEZOBI HEsflsOls

{ dfulsBlkCUldpRODN | Prma
I fMlswkgdskOsf; )} PrmaOlsd’ SdhMbsesHO L Oded &GOS

CedmMsOdzzscteOW dui MEdy fssrdydd (Oksdgr Ola O2
Olstsdzr Co, TP, Oldey - OBIE®Rf sQJdYdiiz= & OB dzdykz 1.
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U OB dzd yOted MBOzdzsc e OW d Wd TYddffd 1 o8 1€ fiCHED) ) B tsta d
MstekSsktes?2 sdds ddo.

dlstsd 1 5L dyfq StststeH d dzOIs T
1l 02¢C =W
Li 4a (0,0,0) (1/2,0,1/2) (0,1/2,0) (1/2,1/2,1/2)
Co, P, 01, 02 4c (x,1/4,2) €x+1/2,3/4,z+1/2)4,3/4;z) (x+1/2,1/4,z+1/2)
03 8d (X,y,2) (x+1/2;7y,2+1/2) (-xX,y+1/2;2) (x+1/2,-y+1/2;z+1/2)
(-X,-Y,-2) (x+1/2,y;2+1/2) (X;y+1/2,z) €x+1/2,y+1/2,z+1/2)

J 20009 G. of jtoor j BN dzts Ijitstejlsdyi mM¢d
f sdzd BsteW dz" ~ 3iGalPEy,d ¢ @ ysfr2e dzw 8 b 7 W ) toj L zdz' |
fjtejrtsHO ftod o tsL HiCOPQIS(offts] HlC® Mg sliztevts 2Pnns)dzd ¥ d dz
LICOPO, ( fyts Miste iz € Is Iz to S 2COPO4( diiplisj digfls to PMCHOR tc 8 ZneoN) 426].
[HBOSE 1§ MY j tedldSorgsiPEz st WOs ztets?2 h §  dzj dzd 4§ sz

1 sSLHAz] B dzts s dMmoOdets 1§ tsdzlz yljiG#dQj, dgjdisi FfiflsjC
e dyd ME k¥ Mdd®Rdd®* §tdd 1fiedshd cdHEBIS] 6O
dmf sdz' L 59 Othd SddsBdGs [27 &3 uj dzd dzts fs5C OL Odats,
Is J i3 Jiotet@slolz sBtcOB IS¢ j  d3jUCORMPS @md) dz' dzoe ¢ & Of ©) o to C
LICOPO, (Pnmg . 1 sdzdesy ftoj otcOh jdedjy fJtesdmatsHdls { teo
ftcd AodzOYHjddd Bt OICERY EPnm  tc HiCoRG QPr2@)L  dzj
dzO B dz¥ H[D7]. Is ipw

dtcOo dzd Is j dz' dzts § dimMmdzj Hise Odzd | tc OL dzdLi@dPOr  ff
ftcj @itzj dzs o Marth®@antsils | Mts O o §28]ic Odfdndzse r 9 OW ! dzO
dimimdzj Hso OdzdW =, QOolsstcOBRd B dzd LiGoROAR A dedlas & s J «
B IssHBdRR Mddelsj L O. 17 dzts  tslsd3d yd dzts, LICORG: = o3f & bzd
tcOL dzd ydzkz s BsteW sdzsecds d tlsdzdyos sy s yojbk

tdMmf et ssscwOtdd ¢ {tdhditpPafdeD . dayydd dte

( OfPnmg {PZa ( Gmcm
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] sdzd disteW dzr j 2 BISCoECE S @ yPdiga ( tod .  Ceha)( to d fr) . 4
ddzd s yoOmlsdyr o odHj JOdsyd<¢, o It oRpakw ¢
(tedfmio 4e9dH | § dzOMisd dzts¢C .

10 todf. 5 ftojHMIsOo dzj dz' Mistckz ¢ Is i@PO, fjts dzd
tc OL dzd ydzr d3d 1 14 9 H thdz! | dzOlf ®©Odediny Mzd W1 . 3 dad jod o
CtodMmMlsOzdzsc tcOW dyji MSdr § OtcOd3j Istetse, f sdzkz yj dede
BissHO ([d% e jdz HO

®)

A "
A &
A2\ 7
g 4 (9)
) et £
A

t MBSkt § tsdzd d3ts te WLROPD, Md3E H PO Y @Arm  { o)
Pn2;ao H sdz! dzOtbte ©Oo dzj dzd v

OB & yOEDo @) dzadj StedMlsOkdscEcO¥ dujMSde § OOds.

LiCoPQ, [29].
1 OtcOd3j Is Pnma Cmcm Pn2;a
11 fsedud ] tosRBdUif & dudfm
a, i 10.199(4) 5.423 10.039(7)
b, i 5.918(7) 8.161(1) 6.712(3)
c, i 4.699(6) 6.222(0) 4.963(7)
V, % 283.71 275.40 334.50

] sdzd di3ste W dzO W BECOHC, dRNBa)y d wd o34 J Is dzOd d3d dz' h Iz
f zslsdetsmis!: o MtcOo dzj dad § [ICoRGs(Rrend diddorRIs(Srdcw) d. ¢ Gyt
sBlMdzise dzj dzts Isj d3, oylsisj Isftts@z" HaddisigXdykdit Mtsj H d dz]
M ts2 o J toh d dzOdsde.ts dat , H tff iscldy W sfiply dTEPOMBMe W ffSdE) § ds
mModlze or MisC 2yl {ff dets IS sz s gz Jd oz s ts ) lCdefv] dEJAsdFC
dqsdedets?2 HdWWEL, vyt tBEMdZzZOs dzde Oj Is IdZPPG Iz
(Cmcn) [29].
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) OLO®R) ster | dzj B3j ZHLCPREEs ChHbEECELZEs?2 ©dd
JLdBjdvls' Mw o LOoadMmddsmisd ls mMishmss O fddzs]
jh jKCHOe L Oodmddshisd ls kEhmdss d2 | @6 fddalsjL

s OB d&zd YOO®BOd) Iste’ 1 dzj d3j dels Otedzts2 Wy 2 € d ,LiCAP@ H fls
s MlsekSlskies? sddse ddo.

[ dIstsH Mg vidzse dw Mdd 1 OO Ister  t§ M’ dz
dtojJH uUujJ BYf JjtOlst a, il b, i C i
rqHSC Y OL (] 5L HE 450 10203 |5.921 |4.699 |[31]
500 10.193 |5.913 | 4.687 |[32]
10.205 |5.921 |4.700 |[31]
600 10.206 |5.923 |4.701 |[31]
o JtoHWOI)] SL HE 750 10.202 |5.922 |4.699 |[16]

10.206 | 5.926 | 4.706 |[33]
10.188 | 5.904 | 4.701 | [34]

850 1024 |597 |4.72 |[35]
] Cdtj dz IBHE! 400 10.187 | 5.918 | 4.696 |[36]
600 10.201 |5.923 | 4.700 | [37]

10.195 |5.918 | 4.692 | [38]
10.194 |5.925 | 4.698 | [39]

700 10.195 |5.914 | 4.699 | [39]

800 102|591 |4.73 |[40]

10.180 |5.901 | 4.703 | [39]

850 10.286 |5.927 | 4.726 | [41]

GojHBY OfAr 600 10.196 |5.919 | 4.697 |[18]
650 10.209 |5.923 | 4.716 | [42]

N, 750 10.192 |5.917 | 4.695 | [43]

800 10.195 |5.920 | 4.698 | [44]

] Bdtj dz Ar 700 10.202 |5.921 | 4.700 | [45]
300 1021 |595 |47 |[46]

10.206 |5.922 | 4.700 | [47]

400 10.203 |5.921 | 4.701 | [47]

500 10.202 | 5.924 | 4.700 | [47]

N2/5%H, 700 10.199 |5.921 | 4.700 | [48]
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1 4 Mdstsils tow zO0 BBdz h 5] tcOL detssB tOL | z iy dzts ¢
ftedtecsHE dMeasHd = ojhhjMmlse, ftotsHtsdy dIsj dz datsfiyls
slsyde0O), dydets " Hjdzdls! Hoej IsjdegHjdzaydd dL d3j ¢
Zojdzd yd dzedd IlSshdsffci@@Olskzter s

lf jtcor n, Mt jLiCdPOsB H@udzstsa qictso Odzdzr = o Ols i3ts
f OtcOd3J Ister N ilsCd 1 dzj 3] dzlsOtcdats?2 wyj26¢d Edc
sy deO (tdfm. 6). 1tatyii { tsbujim Qe EEOmadH C
dL sfistczCLEEPOdzs G dzls j L Jtotso Odzdztse s G dHtetsls j tod3Odz!
Qo lstster f sdzOc 05 Is, ysts kOSCtsy dLd3jdzajdedy § OtcC
Ef stcWHBsYyjdedJ &3 Otz hdgidstOidzdzts [ BN j f tod dzv Is t5,

L dzj d3j dzls Ot dztkiPePQy W g @C f{lsfv Ctsfyo jdeder 8 § 5C OL Olsj ¢
tcOL 2 stew H sy  dad W ( zO0f tod d34 to, 9 OC Odzm d4o, 5]dzd
ltej HYf sdZOG O Isyw Yls ts Lsd mMtsB Mise § dzdzr | HJ
| ®Rjstetsn d &3 Wj M S s RiFeRDS ¢ d abtpsfls 6 F 7 O U O zedalr s AsdetOr
COOizso HOWPBRL I dzdlsdw

290

¢ W-C Argon
288 S-S Argon

A S-PN2/H2
286

284 R e —"

282

Inert atmosphere

280
0 200 400 600 800 1000

Annealing Temperature / C

tdmy 06 dMmd &ssMmis: B j B3O LICABOG] bplf Qzts gzis T to s o P A28z G
qdzj tsdzscts ¢OL O, s IsjdifjtwOlskier d d

~

] ®lstster SLICOROMZY Mddzls j L Jictse Odzdzs 6 5 dz@ej @ tsdz/H 2@
Isj dzi j dzydw Eko jdzdyj dzedw tsBi j BO 1 dzj d3j dzls Otedzats2 W -
(tedfm. 7). vOCt] wOMhdwjddj Yyuj2ed, Stobttis)
By jls BT IsH fMowL Odzts f1 ©BtOL o Odzd j 5 GO ¥ S Is
f jBpHBRE o MEdiswdsd jor MsC 52 lsj B j Ozt j oz

sj ks ddZzOBdUj MSd o ¢ sHd ds.
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290

*+W-C mS-S

on

288
R-M @S-G

286

Cell volume / A3
)

284 T | =
o

Air atmosphere

0 200 400 600 800 1000

Annealing Temperature / C

tdfmy) O dMmd BsMmis: Bl j 3O LICOBOMR] lpld Qels gats F to s o O dzlizth ¢
sls Isj s jwOlskter d d5jlssHO fddalsjL

[ &LCOPO, $OC¢ d Hd&Y Hikcdrn dmkg oMb Ols S0t
dz0 dzd yd J o dzlz Is to j dzdzd n Ols s d3dz" - HiWjClto: 9 0
1 tod d3d dzd Is jLiZoP@tsz o dzj dzdwWv Bt OL 59 OdzgdWw HJW JCIstse
qdsj ¢ Is fMmazjHizs "nd2 odH (M HiEY sgashdcgpd@PEd j & dztsdij d

rj%wjtigs Atej deSQedzs : 0% (1.8)
i WjiCl's Atej dg€j dzsca 6 & (1.9)
rj%joss Atej deC j da® 0§ (1.10)
rd Wi clgitsisst d:

DQ 6¢ 0O 10 O 0 ® T0F 0NEE0D (1.11)

LOCY ] oL Bty dts BBOL 59 Odzd j Li/C® dzlsydshids tdfiztd disolzd
5B B3] dalz  Bj ) ls O(Bs dfats dats otc AH iz ) CHF'.( H4s dady 2 d tediE dptiz &)
Mtstslse jIsMisadd f EZtcOo dzj ded j d3:

DQ 66 00Q &€& (1.12)

| dgzlstej dgdzdj HiWjSlr, MmeowL Odgdg j f dgj HisMlsO
CsBOd 8O, &sckls Brls! fjHMsOodj d' o fdjHis b

A -0 9°cwr & 00 (1.13)
60 O P®OE o 00 (1.14)
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l kOBddyjy 1.5 fHtede jH ds 1 dzgjeedd BKOL O
MstczCIskztey WOBMRGISOMRE. | © OBl

v OB dzd. B Odzj e dd tBteOLtso OdzdwW Hj%jSClstse o f

sdf HJWjSCO| - EttOo d Cdzj e dw (14
r 4 Wijctifts atoj dg€ j dzo 1.8 2.32
4 Wi Cfrs Atej dg€ j dzv 1.9 6.29
r 4 WJjOks aAtcj dgb j dzo 1.10 6.71
riwdselkr s zlls¢d 1.11 29.96
O dzsd MistezC Is 2z telddCqi H 1.12 1.18
1 JHBMISOIstsS Jtsdztso 1.13 5.27
RLBMIss¢ dodzse (5B 1.14 3.38
Il sz OdOdzdL O HOdedets?2 IsOBdzd yr , d3tstfy jdadso T figH,

sBtcOLBOoOdzdj] HjWjCltse CBOd O d CdMAzstesH O
dzj B ZOesftcdwWilsdets. Clts L dzZOYyOLiBoPO, g O&Ozigd HzE BB ¢
CdmMizstesmwP - HH filsdnr Otsdgsn dzs | B peztsy J dedd  tots
dzj L dz2Oydlsj dz’ dgf 7 Ctsdeyj delstcOydqdw a .

l®Itster A, Odzlsd Mis tc z il o atzaizy ¥ I j €28 B s dzj |
9" GsHdzr 3 o dzkzlstcj dzdzd CRHO,. H JUVQSCHSIO d3dd Hidy e jLH j dzd J
d HLEEPOQ,[52]. Clts tsL d2ZOyoOjls, ylsts HOYJ Hted dedL €
ddztse Li BlHjls ©OMiGEZOOOILEaso § s dydwygvwEi;
Ctsdzyd dzlstcOydw HjWJjClstse BkzHj s LOadMmi Is tsls
ylkze mlse d lkndztsae@ w3 Mddzlsj L ©O.

l-stejIs! dm, HIWJCIr dbdetseo dzdlsdw (6 Atej dz& J o
CGsotstedls BB Istsd3, yYbsts dzjL dzOydlsy dz' detsy ¢ tsdzd yd mls:
o' MsCdr Isji B j OO . Cdzgjtecdd Btsdzy 4 842 (Ml
SBiOL So®@dfdQoty d o sl Odztse dzj dzd ¢F d( M1 digjeSdsta ipts
sl s Ols @8 @ dzdiseo diMts MistckzS skztes?2 dzd o d dzO
sjds, ylbsts {tIsd BOIjtcdOdzr B dZOH O Is dgfRb]E 52 MtsB fr
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1.4 [jltsH' MmMAdesjL O Li CoP

sfsmMse f§odzkzy ddw $ OlstsHddz A BOI jted Odztso 1S
Mtk szt d +dzjShtesodBdujmMSdj Met2fmlseO. sts
Emdztse d 2 fsLotsdzvsls L dzOdrjdQsly tebs daztslz & f tsop ' fif dslsizdzlz &
BOIs j ted O dzO, Z dzlz yh Ow jaot 1 dzj Slstetsm d d3d Y4 ¢
o' M SftesosHWh jets 5o jton desisdzse s k6 dzj tetsH dats
LdzOydlsj dz dets ko j dzdydls!  dzj Clstetsdadzze ff tos)is f g B
Hts dzOdzslztctso dgw o jdzdydeOjls o jten desfyls: ¢ s dz
HdWW kL dsdede” § twWOMmMMmisswdzadw HdzvW dsdese dzdlsdw, Isy§
Mddzkz Bd N2 EHjd ds?2 (e jtrndshisd d&Odsyomn
f dztsls des@®, Ylss MlsOBddzdL qtelzjls dzOdesteOL Bj tedz J
yqdSs dzdtetse Odad v .

1.4.1 vojtHsSWOLd j @& stsHr MmMddzlsjL © Li CoP

o jtHBYOLd | d&UCoRdy b j fddd j tOMmf tcsMmistc Odzj dzr
Bdzse d i3  EZyj de” i3d. [ ded L OCdzs yoOjdplmial n fdisdal
dimatsHdzr = tjOGjdzlstse d bkjttdsdy MEits?2 BOBBISE
tsls dzd ydw BiYHE tOLddyds &i3d Iso jteH W OL dzr d3d d3j
Mz h do OdedY (OMIsdteOdedj o MlskyfCj ddzd d3j 2 Oded
(otRIeH ddzd ddzj telsdzOwW Olsdismw § 6O, sj BB j Ozt
sn dzOY H j ded W) .

1 Of ted a3 to, o fJjtcots? tOBIEIBHIN. SAMicmdeW BL ipts
dMmf sdz' L 58£0:0zdCao0.L id (A NHPO,. ltoj Ctemster B ' dzd
My ndd tedud MEdn Coddu mMise On, dL d&gd dz yj de" e
ftetsC Odzj dz¥ 2@ otLHEZA] MdOYOO fted 350@mddep
slsydec0O, ftwd 750Aw o Isjuyjdedj 30 y. lijHo Ot
f sdzlz uj ded LiCaP@iiis tizg stsH j te O j e t5 @bl 2, OC(

rteedy dzOkydzr J ctekztffr dmf sdz! L s Odzd,0,t6OL ¢
LisPQ) , C 5B Odz' Is O, CaiN®3)-i6H.Q4 BH,JoPQIH,O, Co [ & [ #¥H0) d
W smW s © Co(if oo, NHHPOy) [16, 18, 34, 35, 42,44, 59], fted 1 Istsd3 dzO
sBtcOL 859 Odzd j LiSoP@s W Ou dz®E s § tod d GCHPEHzLO. fgP@clzd d T
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CoOyj mlse j dfma SHdzZ A toj OG j dzlstse -8f00fA C Is Is yifdtastg d ) ¥
sBteOL 59 Odzd §  to g0ay] Msiatsj2tc W @dzd J [@d] dz' M J 5 %)

H f sdgsh 8 IsjtcdiscctcOo ddi3j Isted (v1), Hd
COzsted d3j Isted d, M Odzdtelze M j 2 1 dzj € Is tc ts dgdzts 2 a3d ¢
HAW KOS ydd Oo[B0kdeh i dejasusls®dzd ff tetsyd M 4 tsde d3af teftyte ©
Isj B j OO H dzw sts@6 5, Yylsser tcOL tcOB SIsOIs !
St Hjddls! Gflddod d j dJhkipdseod Y Ils oy @sfinildsctO lsizf
L OC dz6 yJ dzd 4 , Yls sy Az fplls™ 28" Isii CotfPOizz yj dz o toj L Iz
slsydcecO (BJL MOHdd lsydeO ftod f§tosdi y klstydss?
imMdzd fteseotsHdls! lsydec M3 Md frcjl€tedfmfcdtsd <o O.(

mtslsw f CtodmMlsOdzztetOW dyj MEts?2 IstsySd L toj ded W
odzdwdedj dzO f OtcOd3j Ister 1 dzj d&3j dels Otodats?2 wyj29¢d (f
ftcd dmfsdz L seOdzdd ddzj elsdzsects ¢ OL O CdedsW fitsdstis 6 aetOU
4C ] BBtOLyYtse, MmMddalsj L dtotso Qddrr O IsBiisgni OiL ks Isf  fif) ths
(tedfm. 8O0OrMHOREEBRAGBY o tsL HizR ] fted 750Auw (todf.

t dMutc®o dzj dzd j] dBstel sdzscl d Mg ezs QL 1 i o Oidz@EsEY (| &
OLtslsO ffd, S@MAw sL HizR j[33tcd 750Awu

sOC d MizjHsoOdks GydHOI!', ftod ko jHBY OL
fd dz dats OcdzsBjtedtotso Odzdz’ 7 d dzj sHdzStetsHd 7§
dzj sSH dzstets H dzts iy ls ¢ B' dzO ftsHilso j te) H ] dzO dzjfif Is tdf tiscgist

BISCtesMSsfdd (1 Tdh)y dtc@OREEPEE @ ZzOvY 0Oc¢ &zt di3j to

dzj f Qo d dz czs? Wisted3r L OtzHdY jls tSyjdSk dn Mtj

fdrOdduimitsy dLd&dd uiddy o odBtOydsdad

Btsdz' hdn OctejcObtses d fwlsjted §todfmlsOdzdzd ydeatsf

f Otc Odzdzj ddg YigtsdzChis j dz! dzr 5 Bt OL 59 OdRPj [83]. § tg ftsoigj Chrpoidis) 2
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dzj Btsdz hsets Ctsdzd yd Mlso © MO d ¢ BtOL Yk § jtcjH
sBtcOL o Odzdj] HElkzedr WOL HOY] o Isj Jy3Bdadly HdAzdIlsj
R sdz' L s9 Odzd j ) L 20y d iz deo j 5B iz 6 Y G &
Edzj dz* "Ojls otejddY d IsjBYfJjtcOlskztcz §tsmdzjHES M jGE
ftesdmrtsHdls dLd3j dzt uddzedd d IstsdStsy M Jdedd
o Ml Bte] OC Yydesdzdzse s ftoj CtemMtstcO. 10 fjtcods?
yomlsdy, ftedetsuwhjj ¢ Ekojdzdyjdd® f dzshOHd ¢t
HiWjClseo o EZfttkzetsH jWistodsdtotso Odedetsdz € tod fls O dzdzj
eOMmyftejHydjdd k2 Ldjtedd [l afgjdd {§daomadsll
HiWstedsOydd Hy Wy Clsr BsE kzls Bdctcdtcso Ols RS
it BihdoOdedy Obtdtse, MEtd yJjddd HdMHEsSOYJ:
ftetsyj i BOMMEsY § te]lsikzts M) W ts thdf EBndsts dpdate dz 2 74t
Bsdzj S zdzv tcdztsdz kZtetso dzj sBdzj G YOt ls HIWWEL Jtsdzdz
ofMmistej yoes Ismw d Odzdzdcddzdtelzs Is. Clss Mtsftcso ) HC
HiWJdClsOrn dLBM Istsydets? 1 dzgjtecadd d dzs YO dz'drfprSds tedstsi
tietsodzj 2, O BOCHJ] otLddSCdetso jdzdj o3 t6eOL dzd ydz' » E
dzj tOo dztse § Mdz" = MBMistswdzd?2. RLBM IssyYydzOW 1 dzj tec dv
zOf tew y j dzd 2, BiYWOLd » o jton desfylsj 2, d3d L Jt
B sOMlsOBddz! dgr = MbtckzSIskzte, ftseor hOshdn tj OC ydr
Rdzls j toj Mdalz® Odz' sj tdzOIsd o Iz Istc OH d y(d ts dzdzts d3lz
i tcj HdzHapt) dzmts Oo 6 tc Odigld dzOG tcj 9 js29 GJdfduSdtc tHrpisty d2dgtdsods
Mz Md Hj Ccmstese M tcj MMtse Odzdzts?2 o IsOBdzj Is
SHdSW OL df 2 WOQodRiActsdy yoOmlsdy d&j dzi 4 100 dzds.

1.4.2 rduSCtsWOLd jiCOPOstsHT MmddzsjL O L

[ ibtsn MBBMOYH]ddY Weodvjlshmw M. g § ds s o
[BtcOL 59 Odzd J ftesHEZSCISO fHftwsdMatsHdls GHdse toj d3j
tcOMmMseo stc®. 1 COyjMmbej HtojSkztomMstctses MY sdz L z¥ |
zdisdw d €SB Od IsQPO,( de@f ERHANGHPOL ICH{NG). 6H:0,
eas( HC2BYD) . 1 tdZzyoj &30v i &z¢ sHdMmyf j emdzOw MMy
slsydelkz ftod or MsCts?2 Isj B j teOls ztdf7, 32] { DOF)dls stz
ftoj CeomMstetse WMWY sttO® Codzlstetsdzdtelzj Isfmfw m  sdish
9 BHdOW ~dd3dw IstctsHitas@w G yle pag’y S@)Y ( HIS) sdz! dzs

fsCOLOd Swderj SMOyHjddY d HJOEBORE Mt
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tdmstwdoa" j ©BMOYHjddY (0) d HJOCBLOBE MMl

[ MOy Hjdd Lftcs@MHPOHdIs © ddzlsjtco Odzj te] tOMilsse
ftoso jHjddd MddzsjL O o WOMsatts®jOdi jtg1 4 K .tc50 2 i
W OL 3POL]i RO, I sfdzj e P d2 BIsyde fted v > 50
ydmlssess Li CoPO

s ZOMMd Ui MSd2 YdHS Y OL df 21 taffjHldifdsHO o Tz dids]joL Ots
bolsster dmf sdz' L s9 Odzgd Mz dzd 3Oy d ts dzdzlz ¢ mMzh ¢k
1 CodBsdzy todats ¢ s,PAsP MBS o GHBAHOAD) H Ofilso tstc 3¢ dzts 9 j dadat
NJHSdd OLslstsds d of Mkzh doOdzd 920A@C Iz Adtgm dzff to
f sz yj dedpCztcfistce lsydeOdzd © HoO 1 OO (ftd
Isj uddedg 10 ) ZO otwLHEZA]. 1 ts5 dzlz Yufrpzdas 8 o3 t=dg@) Isdgo
eOMftejHjdjddfjd WOMsd-10§ sdBO( B BOAL Gf sdzs 65

"

18kU. X35, 008 0.Sham

el

{ dfm. [ OEEY sists ¢ 6laCbROL MG 6l j L Jiotso Odd@ascts o t6C
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rezedd3 Y dHC W OL d" 3 d3d Is tp'HasdrY Jf lasfigfz azyj teadfg' dzls § o
ftotsosHdlsmw ftod tldesmdlsj dz' des dzj o' MsC d A Is j
MW sdsedyj MS Y GHhdstesHoksMls! (osHEZSO, {§6L
cOL BjtcO®  Wtwd YyoOfmkdy.

[dsed] dmimdzj HtseOlsjd MSdj ctolzt ferj dzt O diriogds
LiCoPQ, [36-40, 45, 54, 6371 1 Of tod d3j tc, Deni §B]df tcfig o tHsdO
tOMmlse stej dedd Mlsj R ddj s CaNORSEA ¢ SEAPELY M 5 H Hats b
tcOfiso tStej dzd d3ts dzdzts 2 Cdmdztsls ' . J tejLizdz sOIsj,
ftesdMmnatsHddzO f tsdzd BPuafj Owdivdzyd Sy ts@®utgs Misedd
BfSteso sdzdso ks §jyu JCHR@sSOddzddgd ¥ tdziz§ dGede
cOL iBj 6 YyOfmlsdy tStsdzs 200 dads.

Bhuvaneswar. fin0] fte®o Istetd @izdd mMMdzj H s Oded W
fsdzdidtedL Oydd cd dzv M seEipptsd: L bl@ilsddgdes 2 f o jdifpdzts
N-N N j Is d-Biz- @€ tc f &ZOdBBd H O. Clsd HtsBOOSCd ftodotsH d dz
ftotsL tOyYdetsets 6 jdzv, Clstster 2 G daj o iAglisQ rolzf Mztstd a
ftsd 300 d 800Auw dzO o tsL H.IzR) tsdrie\ggodsdp XD Geiipw ) ts fry |
ZOdztste OL a3 tedz' 7 ftodL BBOdyYj MSdm yoOmlsdy ( ¢ tsdzts

tdm.[ didtes¥ sis 56 lAChEO, 1ffgdzlz yJ dzdz@@l.s o OB TS

1l im B30 wWOMmMftesmMistcOdzj dedz” dsd Y dH S tsW OL dz" o3 ¢
Msi Hddzj dadfIww ghfdpmdstslz’ o SIs j ed3Odz! dz" 2 RBissHT . & d
Ctsdgj ydz' 2 ftesHbkSl ftod dedL Sdrm s B j tcOBHOAL) |
ftcd 1 Istsdz yYyombsts lsf OHOjIs dzj sBrtsHBsMIs! §tetse
sSBOBBISSZ. v MfdsseodzyigdsdzlS isLdls tctsdzd tetso Ols!  dzOf 6 O
Wstedge d t©OL d3d t5) , SHdstotsH dats iy Is R Is Q offlztsth das |
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BZj HEMsOS OB {Isdf Mismssse Wodvs digh azOMHOH
Ctokzf dzsBOMh sOB dzgsj HesdL o BHMse 5.

[ fodbyjddd ydfls' 5 ©HCEROY OL df EBcEE 8 QL Qe
fMsd olsj tOd dscts &) ssHse MdEE) L O jfips©sh Agos
f sz RIPO Gl Hesls j tBOdz dzr 5 d3j IsSH S5 Xi Hudzg L ©
fMtsOo s JIRP i3d[ dzd 1§ GICHPQO dzdf M sz L v o COYJ Mise j
LIOHA,0, Co(NO3).AH,0 d HPO, ( Mtstsls datsh jored j 2 L il : O dzO wifipeg) h d o
CONO3)BH,O d HPO, L Olsj ds HiOHAS.&" dzdf H e 5ls j tc 5O dz! dalz ¥
fesosHddd ftd 22MHEOMbokkd] QEksEtskdictss Odd 1
tOMlso SO OBBIOSO. | LOHEOYsshisd Gisls wthd dsd das
©OL &zdydr j fsHbkSlsr. [fdd pH B' &z ©Os jdz 8.5,
SCtedmlsOdzdzdL 5o Odzdz' | Giols st BEk® i dij 1 dkzS s tayord dyyl
flo 5% tsyj BH=H'5 . A Sdtc d i ls DidgPOBIE) D defgiiy . Col 2 8 ) .

tdfm.f Qs skscwO¥ dd 4Cf cdHEEls jAerEdd)dzs] fd
Co3(OH)2(POsOH)2 (- 8[72].

M. Kotobuki [74] d M dzj HdRYOdl] jo f toj S EtecMtste® Co d&O Tt
BsteW sdztse d & yofmlsdy MmMdgzstedijiclz jld§e.ts Il iddo PO C
dMmyf sdz L 5 NOHREACHLOO,JCo(OH),0 ¢ Oyj Mise j dMmistsydzed ¢ O
sBtcOL 5o Odad W SHdetsW OL dgr = tsB €D ({SO@,. B LHObdie®C, t=,)
f sz yoj Ismw udmils] dH tdts IsGjotdPdgd dz' dzO W sBtcOB KK O
Isduddedd 3 u fted fitejdBiNdoOdedd. 1 tmaa Hizs U &
1 y o fm#EAMd] 30 dMmMdditsmisd s focipHe®missBtcO0 o
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tdfm.f Bl slsscOW d dLiGORY, tipdadda juthtctse Odzdz" 7
ftoj Ctemstetse SCADBOQ dz! (OOCE [74]O, B )

Y. Zhaofy MO0 FHE @t s dzy 2. HeaBETBls 2 R ff Sz L 2w
ttOBtslsj ©® € Oy Mlso j LiGHMaOSEOERHE00eAHEDEHHeR,ELs:Co:P =
2:1:1), 6dd fsC0OLOdd, vyt fttd ftwsesjHjddd ¢
8.5) Ctdfleqedycrsdshnt dd § kgL Gedho 140) . o
dimy sd' L dlepHR2Me (COoujMisej diissyddco P (fted O
SBOBGICj) CtdmsOddedL OydYy fotsdmMaisHdls 840 o dH
B (tedf. 148B) .

tdfm.f Ut sktctoOW dd woPQ, ipdags jythpte de @dzdz & i
oL dzd yde' = f toj $HeROM ts §(lH,).HP O, [78].0)

ltod o9 jHjdzdd o dMnshWR BeozPphedvtodHbe 0y fd.
d oL djt yomisdy dL B3j dzve Ismw PYP(NHQHRCH d dptChfflstafd iy
ftod Mtk @EBNHRHEO, = 1: 1 CStodmlsOdddL zs sfjw o
HdJOM3] IsteTs@30 33 d HAEzddzts?2 Ctdzts 5 dUteRizd(ucRitfs o OL
CtodflsOdzdzr ko jdkdudo O lsimw o tOL BjteOR d MlsOdts
Hdzd dglz  (ted . 158B) . 1 tod RVBMWHs)EHPQdzd d5 : il s tdasd f
CtodMmMlsOdzdzdL Oydw dzj cQo detsdzj tedz" » 5 Wistedsd d OL
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tdfm.f ISl sssceO¥dd Sf, §sCOL™ 905 h gPYPda@lzd v d
"tk d ©OL GP@[7Iomisdy L i

1 dzd W dzd § HSBOo ¢ d PVP d&z0 at sy dd  WOig g
OHMStBRVP MO 8o j ton dzsyisd, Yylsts SCtdstetsdzdelzj Is
tcOL dzd ydzr » G tc QPP [Ble d M Is O dzdzO

JSuff MO FHE @Y j dzd MtcOo dzdIsj dz' desy dMmMmdzj H &
H B OaPBR glufose PEG20000) dz0 BIEHEOBS dzde 8 OyJ Mise j |
toj Oc¢j dzstse B ' dzdCo(@HRGOE)gH 0 sl ,GHIP O, [ sdz detsj TMtstsisd
LiCo P: PVP=10:1: 1. 5:417s.0dds@M)ls o Fftaictddsjlsdf’ tc B30 dz! dzlz vt
ftod Isjd&3f jteOlskzteyj 180UC o Isjuyjdedj HobkR daOdzjtdd.f
15. 1 ftdWEikigEdsPdeddgd L & sy Oc dzsd3] teOIlsT o W istsc
PEG20000 ddzd Gdz¢ StsL'" dzOBdz¥ HOJ Ismw Mmd dzt dzOY 0OG ¢

{t df.f sl sk e ©lAWbRa], difddls j L (oo ERVPSE: (@0, =
t&dB s HEe ®EGRD,0 0006 )d fif H[76].f) ¢zt C L 52

[ tces?2 fteddid e odzdwdzdwWw steec Odzd yd M diCoPeEutsB O¢
ftoj HMNlsOo dzj (27].0 RIS jL ZY o ¢ Oyj MisgdjB j WD fff ldzds 8 1o
My dwels (1: 1), Oo Istste fs5COLOdkzd,0BlsE d 9 ( ZSH Y C
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Ctod MisOdzdzd L s lisfpr dzt % 2 j Sted MlsOdzdzr (tedfy. 170, B)
sBteOBSISC,d 2( 700 K ted MisOdzdzr dgj bkjtewsls Matsj?2 Wi

t di. [ d7te W sis 5 ¢ lACEQ], uifdidzls | L d tots o (d3dzts 616, ) did O B
CdHtcls j 3O dz dets DY tsfgdejOBlsjstEdfd U ()52 BLOB S

bolstster tBOh OB Is oded BBOdedy, yYlsts fted dmy tsdz
LIsddzj dz edzd S sdz' , dL s 8OO dzgte @)dzd dz] IstOE H G M A g HedDlEs
Jdzad ftojHY SdzOGLA Isff dzOflStR dnd3j " do O d3tsMmisd o SH T
Wstedidtokzi simMw Ho kAW OL dzOW MmdMmisy BO, ylsts d dqcetO]
CtedMmlsOdzdzseo fted BSdz " drn UIsCoEgy Md@dslg o @ ts g O degd@’o A
GdHtesIsj ted3Odz! dgr &3 3 ssHBA d ftosh juHh d2 f tsf)dz
SBdEZOHOJIs LOd yoOlsj dz' dz" a3d + dzj SIstetsn d o3d yd Mm< d d3d
136 BowW.c2 (I5. W/ 10), O fYsbijty jBEosipsd §shdy

l sazz yfi@eP@o odHj f &zOMisddest ( ted[ip]. IREMY tstedf d
fddasd L ftod M&j wititsdlsd gl MC doo s o S OYjMmbsoe
f tsdzlz yOdzd i dzOfls d dzCad. ol tod dzefiisCtaifyls @@ J dzr  dzO d3d dz
OHMtsteBdtckzjIsmw dO e jterndesmisd (010) § sltsdikz,
Hdz" BteOL 5o Odzdw oNsHi 5ict®OH dzg'sAOC Mo L jzz! IsOls, tc t
BdksCdtekzjlsmw, d ftesdmMratsHdls BteOL o Odzadj dzOdets§

t df.f dBtes W Sils 56 ClAORQY, difdfdzls j L Jtetse (idjdztsc s o

sOCdds SBLOL 5d, i Cotado O dedjL LA, dlg O ddigoe d Is
BisHO ©BCOLTo0jls fMkh jMmisejddets) odedWdedj  dzO
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Ldzj Slstetsnddsd yd MS d 4 Mos2Mlso ® COIsHdSE - dqBOIs |
Mtsdz! atslsj todzOdz! dz 7 3§ ssH s f)d dzlDjdL CRDEssHcdE d3j Rz
LICOPO, fl Btsdz' hdds dsteW sdsedyi MSddz tcOL detstsBteOL (.
mMzsy jdz 8 MY sdzdej dedd, d dejls oL sy detsmisd jets
sOCYJ MmowL Odg Ld2Oydlsjdzt dgr § 1 CsdzseduimMedy
fsfhdzmddsjiL O. l fsmdzjHdedi otej 3" Hddzvw MmddalsjL
hJtesSts fddjdvsls MeEAts?2, BjLslAotHd 2 d L
dmMf sdz' L soaOdzdj BB 3y ~» Odzed yd MEs2 OCIsdeaOydd. [ dats
ftejHo OtcdIlsj dz dzOj P& j def)EdsHflASCo sdzv jIs L dzOydlsj dz
d MsCtcOlsdls! otej B fmdziHkze M jets lsydaeO, Yls
Chdgj ydese s ftesHkZSC IO d ftsdzkzyj dds [7Pcsuv o j BH MO
BissH Mddzlsj L O L oBdeOgetstc @y 3§ Bdzf s zBOOEtcd @dz" .

I dOmkssvwh jPtedcOf stz uj dz2dd S OlstSH dz RLICOR@S j te
f tod d3j dg¥ &@ dzd iyl &l dzd etso Odzdzr 2 lso jeH YW OL dzr 2 fd o
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1.5 Czj ChtesRo Byl MOJlii CoPO

l 5L d3tsy dets s ¢ sBtcOIsd®is? ddzlsj € Odzv yd doP@® j d dz
B ZO off jtcor | i s A@ineOizO MO o IgIBEc®IdR dzts tsB dzOtclz )
HgWtcOC Ists@ tc O ZAZO BOIs j e OdzO i ts felt) L to WiHAZdztsdsHSj d
HgWtcOS stsetcOdi3d3j oPGNr Sladsctsj L @' IsOls § tsCoPQ, Gegz,
ftesdmMatsHdls dzj csBteOlsd g3 Ad§ dzdgjetzd @z v o F Hddals] to
dL CePQftcdosHdls ¢ ©BteOL tso Odedt ff tsddigdyls ‘1 stc dH j dzfs
dfMmntSH dzZOO®, L CBRPOL ¥ h Owvfiw WOLr wodPnmgmw dL B

Wolfenstinen MtsOo B tB)dgAlzi H 59 Odzd ~ d &i3d YJoRQ.t5j 1 dB'S ¢
~dBduyd ME sets BROJuN dafffiff ddz'CL s Odzd tcOfilse stc Isj Lk
Oyjlssdedlsted dzj , Iso iy IsOUas didl§ faz'datz@  YNOIS(j5dzyld O L)
LdzOydlsj dz' dets o1 h j i tdislsi Qe Jd@=izO dz0 Bl A€ iHCH Rlgtifisies] H
yqdeazdtetseo Odedd o dzdisdj o ex stwtmjj &I OF dzts W GoLstdgj 'H] dA0z
fsmdzy 7 Hdzgi?2 {EMfjtedd3 degs©O 0L Odz, ybsts (1)
dzOB dz¢ HOj Isqw ftedmikzlsMiseadw HEY sdzdzdlIlsj dz@ dgr = toj W
tejWdzj CMso ) sB dzOMls 3§ dz h dn Zcdztgg , d tsddgj dz;
ddels § dzfpd o dz" 3d 5 MtcOo dzf dzd® ) 1 6 glzi g CbpO &G to g f
slsdzd yojksmw s ke, C(tiktster 2 B' dFeP® EAEIMpPQIz 1 toC
Yylsts MadHjlsjdzt Mseakjls tB tlsdzdydd o~ 8L dgOdzH
o - stolstsW s O sa-d3j kQizdse d- OtOCIsj tej dz Ho lzr
dqdzls j S Odzv ydd/ HjddalsjteC Odzv ydd dodetse dzd lo8f® . [
dzOB dz¢ HOJj IsfMw B KOL B9 Odzd ¢ CoP@)ts A3 Wldztds seyBER e VIO L
Holkzrn HokAWOL detizb | 58 @@lsdd/ H) Jdels j S Odzv ydd (s
LOGWHO/ cOLIGWHO 1 Issets COtsHdcEes d&BOIj ted OdzO.

MOOSCIsj c-tcOOBYHdES: Stodoer s d diBjrOddL @3 ddz
dodztse dzd OF® d fffgdzjLH t€9 Odzd dRdetse § dzOkz ydz [16, G3tc iz {f t
80,8109 Istster i dMmr e O Is dOdzdydy BGHAdSE § zOIst da
Li/Li™) d BHdsets f dzOkts dBEOG Isa@s figwisjjdz: CAf)e,df OcH Is Blic
nOtcOCIsjtedzr HdzW BHAdsMISOHd2dsets 1 dzj Slstetsna d d&i5q Y4

) dMmmdzj H 59 Odzg ©Bzdz" KayhrkbandzdifttO o BE BB HEzO Ctcdor
YydS dzdtctso Odegdwv dzOB dzs HOjIsMW HoOo O  dzOIsts dzgO@ L OtcW +
Hjddzlsj tcC Odzv ydw dtsdzts o daP@ difvtc sd - tfrHlsfddz € B BBt H o
B34 ~ Odzd L iz . lted HYf sdztsy j dad 4§ , Yylsts ols@tsjf s B
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el O yd feslsj SO hdn ftod twOBBI] wyj2¢d (OL
L dzj Clstetsdzd Is © d COItsH de s B@BOIsj e OdzO) B I dzt
Hyddalsj € Odzv ydd dzd Isd w Brdz ftHlse jtoyHjdz My
tcj dzlsc j dzso MC 52 XAYJ SltesME s dd (
rdbs@uzi d Mmdmlsy KOsdudmMcdy dhmdzjHise Oded ™
ddzls j 6C Odzw ydd/ v jddalsj S Odzv yd PBramjrikilps §) ts Gref [485 440 &34 o
84]. { dzd dmf sdz' L s9 Odzd Cd3f dzj € M 1 dzj Clstetsn d
otsdz! SO jtetsd3j stede , G Odz 9 OdztSIinis G - P s g § & ¢
d tAd. 17 dzd ftedoedzj yj dzr dimlssyded ¢ d IstcOHdydtsd
dL iy dzdvw (ar)MsMEOn soyOMmisd ydzs ddzd f tsdzdetsfls:
sBtOL ytse dMmMMmdzj Hsex Gitizff A ¢, T BSO! f esyj MMOABJ,
yqdCdzdteses Odzdd dzdisdj o 52 W mgit@uCddW, tc fdajdidd dadr . § s d
polsster dMmMdzj Hise Odzd o dzd W dzd 5 ~ dzdRdfiztpp if @ d jfn  figzls
B~ Odzed L i3 ddalsf 6 OdzY yqd/ HJ d dzsPOGAA,BAEY g d dzts] Sfias® C
Yylsts 1 dzj CtesnddBdyui MSdy ~OwOCIsjtedmMisdéd BBIOL
mMddzlsj L ©, wodzwse Isw dzj &£ OB Bdsjdds & tstedsls jta® Lddgjdg© FuO
tOL 3j 6O yOfMmbsdy L O Mmudls dB3JzBYda 0j d&ftsc ts j ditf jed@!
ftecdotsHdIls € L dzOydlsj dz desdzge EZdzzyh jaR@E + dzj Clstetsn
g4 folish ! s HJWtOSydd &R 90PGiBHGgE yiff € dzdd &c s
fMh jMisotseo Odzd j IsteijLiCoPDOL 1 (ot figg BikzligeECHRRSR ¢ sdzj Y dzt
CoRO;)) fp hdqesSCdds HdOY OL §IBIsd3 Msmizh j Mise so Oded W
ltesyd M woPGEdEY] b i €rls! ftojHMisOodzj dz Mdzj HEIZE

LICOPO, Y bAOPQ+03Li"+03¢ (1.15)
Lig7.CoPQY Co/07Li"+0.7¢ (1.16)

10 fijttotsds 1 Ofj (1.15) fsdmMisHdl Ed&jc
LICoOPO, d ff Otc Odzdzj dz' dats j sBtcOL 59 Odzd j WoBEPQUES H
flstezClsktets?2 tsdzd o d dzO. I ststes?2 {1 Of (1.16)
Hjddlsdtetse OZdRRIs AL’ Mts Mzl skt Xaszdd dztzO.
fs¢0OLO0dts, ybts §td HdkzsyjLs L@ (Ou<dl ) d Sfdusod - |
s5CdMmdzj ded j d ts Gal'oH ot BBL.dz' bk ®dzdets s 8 H j dzdOsRPs 50 O
sYj dz' B dzzmiz® fted CtsdasOCIsj f oL HER 7] d&zd o dzC
4 YoBRsh & fotsh (sos? dzgj 2tesdzdzs? HAW OGS

flo 52 HiGaPA d WOL, fovod ¥y qafuedBoRdHgs § 0L C
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LICOPO,W 9 dzv j sTyw QOdalsd W j tetets i3OG dzd Isdz” d3 d3OIs j to d O dzis O
9 H s dz sfnfd (010) ( B3O ¢ dzd Is dz@Prma {f to SRz 6 Jzdad
MstezClskzte® R OOCIsjtedz® d wAUPO ( &) 3y AIO) dzts 2 H!
SftjHjd dedj dB3OC dzGdP@etsPls O fipts to OCSS Iidgsy dzf 3 B dzOG S H
Odz0Odzd L z dzdL S slsj B j teOlsztedets? dzj 2 WP dzte tdaDdgalrj .
¢ R sdets?2 ff os s toc O @i lEanEdgdztsBO codmiAtoy jj d3ts dgj dzls
dZzOf e Oo dzj dzdw (100) (tdf. 198) .

( d

t dm.f AOded Is dzOW  MilsLCEFOIE /0P Q,0 ) [ GofPQ.

[Mdztsea ™ 9 OV !  dz0 OdzOdzd L LoP@O ¢ Gz ESHEzs ) ¢ dyls g if Cizt
ddL S ddzse 5] MehicBr | s  CdssBdc®F B dzs tOdz
Okadafl Mt Oo [85htc QdAMS Sdz' ¢ 5 ¢W sodpijlsistaey, JjCrodPddinls o j dzdz
WsMW Olstse Bp O @sS s ddzseo s Msmisswdadd M ¢
Clsts tBI Wdaw j Is dzj Jalbfs sy dHolzfjls ' QoedrfO f tS[86]. 1 | dzdzts

ltedudde §fswedz dzedv 3dIsOMis OB d dg/CAReR  tsYs s dydey
Windg . )l tsdzsy jded j dkiGaPO, W HE MdtcE@wSIsg®j 0, 0) ,
Li-O ks jls BT Is! orf ydmdzj dets tsyj(tzOMmigls ¥ idiedi g J o dAfp 5
cOMmMis(V R j © LQaBoydlsj dz' dets Btsdzr P j (2. 16 8(Li-j ),
O o (dMLCi®PAEE. 1367 ). [BtOL 59 OdzligCoRQsftptsij ¥ |
fMted Hdzj &3 tc OdM® s="2dzdly5d® 7 | B MyfJydeoOjls MmMisOBd
LICOPO,9 ~rtsH] ydSd@dtetseo Oded W

1 2Oydilsj dzt detsj o dzd W dzdliCoP@® S Qd € ez s dftisig lésiy dz’
ftotslsj COshdj ftod yYydSdzdteses Odzdd S ObBHIGSEE &G
LICOPO, dzOntsHdlsmw L O HtjHjdzOd + dzj Slstetsa d dzd ug f
Mzh jMlsokzs h jets 1 dzj Slstesdzdls O. Cdzj Clstetsm d d3d yj Mt
L dzj Clstetsdzd s @ dzO tshmdzse ] BteeOdzd yj MSdn ¢ Otes 5dzO|
444 .5 | slsdetsiyd WYlLiz! das’ "fjOtcr ssets ftojHj dZO (ot
L dzj Sstetsdzdls® o jets oL OdditsHj2Mlsad f € OltH

37



h f d dz)idigsMn;s0s, S tSlststcOW tOBBISOjid4. Btod dz® s Jsdadt
22O (o jterndesisd yomsdy ftosdmMrsHdls BGBteOL o O
tcOL dzsy jdzd i L dzj Sltesdzdls©O dzO f jtecotsdz L OtewHi (
fetslsj € Oded ¢ 28 tfutatef ~y el [T taysfo O dzd

lkljd3 MteOodgj dzgdWw MtsH jtoy OdedwWw dzdIsd v, in gty j dzj
tAnd d fodzdesets 1 dzj Slstesaddddud MS sE8 §f 56 G @azd , E
ftesdmMatsHdls fteslsj COdedy ¢ BtSYdze = 6L QYUY 2dzd st of
LiCoPQ,. ltesHECIsT fsBsyds » toj OCyd?2, ftetslsj € Os N
sSBKOL o Odgd® s jtondesMmisdes?2 dzjdz€d dzg@ yOMmilsdn
CsdeCtej Isdz" §j] dmMmdzj Hise Odzd v, Msmte] HislssYJ dadz" | &
5 ¢ ddfilsdg d» teidismIs Odztso d Isj dz dzr - toj OC yd?2 d dHjdlsdW
dzdlsj tOlskztej tlsmbkzisMmise zt Is.

s tetsd3j 6 ts, H dzw 1 dzj Clstotsn tfidpdPQy jde@eddzs H O dztf
fswodzjdzgdj MY sdzls OfEBEscls WMOREEwROD I H OO GEIRPAL toW +
MsftetsosyHOj s Misky j dyOls” &3 dL d3j dzj ded j &5 dt A ¢
stcdo OV MOBStCOLGYHO 1t A dd&3jils HoaO f dzOlsts o ts ¢
CcOLY"HO ftod cOdz 9 OdesisOdyd MEsdd yYydsé dzdtetseo Odz
ftcdotsHdls ¢ BtOL o Odedd dMrtsHdesets Mtsy Hd dzj daed v
du ® dzj yg dz" { dzj Clstetsn dd3d ud M d d18]fiztisjj HiYf texipts dacpb & k Is
fsojHjded] By il Brils! tfdmoOdets Mdzj Hkzs h j2 toj OC

CoPQ + Li*+ 1 dzj Cltesdzdls ( o ffl OCER®, drj dzdsdlyezaiists t
(56 dMdzj dzdzOw ¥ stc3O) (1.17).

vsO0Cdds tsBKOL 5d3, MY sdzls OdzdzOY dJdzlsj teC Odzwv ydw d
LO fMyjl S¢dmdzj dedv 1 dzj Sstetsdzd Is O.

stesd3y] MOBSECOL W HO, dzOB dz¢ HOJ Isw Md dz' dztsj
LICOPO, ® B Yls B j B O dR 1 dzj StetsdzdlsOn. 1 tzfhbisigy
HjGwOHOYd,j?2 6hdoddtses? MbstkSlkzttr fttd yd¢ dd
dlsdw dL CtdmlsOddzdyj M2 jhjlSd. 1 jttswlsdts
L OteW )y j dzdzts e 5 BOIs j to o O @O tc "CLOdBASSjOdzj 5, HFEzj dL B j ¥ dats
fMzj HsB W YLMlso OF o 1 dzj Clstesdzdlsj ¢z0 HEfM desetgO L dzg
Ldzj Stetsdzdlsj © tjLbizd IsOlj cdHtesddL O Oded tsdatso

PR +H,0Y F +POR + 2HF (1.18)
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POR+H,0 Y B @HF+H (1.19)
POF, +H,0 Y sF@HF+H (1.20)

Sharabi f) [6Btf BELIOEWOEad yYlsts JMiftsd Ltso Oded j
fsLotdY jls LdOydlsjd ds fser Mdls! MsnteOdzi dzdd 4
MtezClskzter fted LiQaPOdidste siptO@addij dzd ¢ ) tsB " ydz' Bd
Bl Widzgj dedj BT dzts f tsHIseo jtey H ] dets Ists2 X[B9, AWIftf fipdrj H t
fs®Rshd YHjtdtses ROcdilbdsets tjL sdOdho, t OB0
MydSbeshesfdd. 1 0Hjdd] JiGPaflsd dftd tctpdef Qe s
LiPFs " L' 0 0jlsfw dzk S dzj sW d oz teth® Ol BEE?2 P O dadj i
sdzdo ddeso 52 W OL T, M fmdzj HEM "o Y QL &Itz dd O
sBtcOL 5o Odzd J R, ORISEIsdEA ' RO m stesh 5 tOMlse sted dgi o
oLOdMBsHj2Mise dzjj ClsdrjsWedtstsuBtsy jIs B Is! f dMOdes M

PO +HF+HY P&+ H,0 (1.21)
POF*+HF+HY PR +H0 (1.22)
POF, + HF+H'Y P @#H0 (1.23)

rezedy dmmdz Hise Olsj &kMHOdzgf HEBHEB'™ SOSH o Odz
yd¢S dzd tetso Odadfd tflid jCGiasAs® tc O j dzd W o L O diztE HsjtcXshighisfolsd v |
Eftekhari [81] f 5C OL Odzts f sdzsy dlIsj dz/ dzsAlOz, 0 dzebs tdzj s P
dzj  stej HMiso j dzgdzs 20 § sa ¢ chdze@ldzd Y OBBY 32 Ltz H
CdzelsOCIs L Otew ) jdedesets OCIsdodesets o jh jso O fip Gt
dimf sdz! L tso Oded § tcOL dzd ydzr = HtsB Qo ¢ ¢ +odzj ¢
CjCMOWbstodL Y tetsqf figf @BCdSO I8 d WHEE s, W71 5L o sdzv j Is [z dzl
L dzj Cstesnddddyj MSdjy RrOOCIjtedMmisdSd L O Mnduj
mMdzdy jddw jJji §OHjddw ftod yYydSdzdtetse Odzedd ¢ OlstsHd

[tcked i dzj H SHRODIE ®O KIS OlsisH dzs ¢ &5 BOIS j tod O dzC
L dzj SlstetsdzdzOW  f totso s H d d3ts ) lsoft (5 czgiaOLl Qhidrta fHvdzj dddalts ¢ tsdy
tcOB BBIsr dzZOf tc Qo dzj dz@ dzO bkfMilstcOdzj dzdJ {1 Isdnm dzj HiML
Eedzj esHdzse s fs5Cter Isdw vdaDdzwfjdsfmjwie m Uaizsils o " ui® M@ Q
fsLotddd kdakzyh dsbiFePQdid,d2]tc by @fsdRs ' §f sH R 5H B jh
d H tz€oPQ, £ Ctls®tejsdzds] L daizj € Is tcts dzdzts 2 ftotso tSHJ ¢
Isi B J tOlskztej MtcOo dzdLiBEPOf f tetso sH d Bsfls &

39



[ By des or Hjdzdls: yjlsr tej shdsods &Is iy dsthfsts ©e t
Zcdzj totsH dzts ¢ s tf s Gdzdsd W ¢ 3 sL d y d 5 dzdzthi€adPOML.OIs s H dzats

1 jtocor Msigfsumd dzls j L ftoeseosHWh jets kZcedzj totsH dase
yomilsduy ) ftesyd Md 9" MC 5 KiCHRBD & O Isdzdpjdsissdsts 2
osMiisOdetso dls j dz/[3B=B, 4805 EEMA j ke j ! s Mdzzyod ftoj ¢
(MO d, BtttcOddudmMtdy MtjHddjddw) MnHtEEdPd.o OF Isf
sy Mg o' MisC 5lsj &3 § te Ols Iz to distisdetsld taddsoyAfdpd@  ftteits
Zedzj esHdzsegts fs8Cte’ Isdv dz0O Q@D dyOrs Mddzalsj L detso

l Isstets? Mifi sigtSastcdzdtctso Odzdy HsoaBHWN jes8 kG
stec Odzd yd M dn ftoj CEtcmteso dzO f toj HlaCOROY Idnj] dz’
fsmdzj HEe hddz o MsCsIsj B3 j cOlskztedzr d@3 Slsy Jetsdz o
OsismMiBY &l] [dz fsLeotsdvjls §tsdzzydls:2, { cstdomnlsjdzda
f tso j ten dzts MIBCPPOY OMIs d y

stelIsd?2 fpfdeifst®) dedjy ftoj Sktemtetse (BT Yydets 9
LICOPO, 9 ftojHO Otcdlsj dz' dzes MW stcdzdtctso Odzdzz® 3 D kG &
slsydesds ftcd or MsCts?2 Isj i3t j tcl@USADIcqEO Hiddy o jtdriCdgtsHr)|
o dzzIsted ¢ dzj tctfiBddts BE6IRBOSIcfYystsdz Mz yoOj o S OyJ Mmls
ftcjHOOtcdlsj dz dzes Mddelsj L Jteso Odgdz" | kcdzj tetsH dz" J
ZOdslstczB Cd. 1 tsfdlsr a OV { ster tofoudndsdedsdsq sdadg” X df Gl
Hdzw fMd2ePOLdo ftcsoasHW of MsCslsj B j eOlskztodz 2 slis
B3 ¢ tetso sSdzdzts o 5 j62])d, L dztisty y dets | § ts dzlz y OLUsCOP Oy @zs dg® @3 Js f o
cOMftcjHj dgEzde Mj &3  stcdMistsdy Ecdzj esH degsdz BOIs | tod

yilse jtwlsr 2 - B dzintsp Mo M j dad J Zcdzj totsH dz' ~ C
ftso jtorn detsfyls detsfls & l L OtOdzj | MW stcdid tets o Odadz’ o
YOomis qhi@eyyf zlsj s &3 - Oded uj MEBEe s dL &3d dz' dzj dBBy
41,43,46,47,92,93] 1 sBOo dzjdzdj EcdzjtesHO ftcoj HEBEPTBON O
d BBOLBoOdd) ftoddi Me2Or W@, SO y§ PE sBo
h Qtetso ' ~ d34 @3].dzdf yOatedz" 2 34 IstsH h et s dmf tsc
dmMmdzj H 59 @ls jod APz . | ZO9 dzf d3 tsB L OL 53, 9 Ot
Zcdzj tctsH dz" ~ Odts yOMmlsdy d 1 S jted d3sj dals Ocdz' dz §
(UOMmistsis @] ot di3W)
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1.6 1sfdqtesP@dzdy Li Co

]l ts Bdzs G d tcOB slsOR fs¢ OL Odzts fsdzsy dlsj dz
Ldzj Slstetsa d dsd ud MS d §iFePOR@BADC s tedpdpdf 6 fdz/ldz” 2+ W W j
Zdzz yh j ded j @3 o dzlz st j dzdzj 2 L dzgl € lSAetsjdeddtsRj dzd jo 3o SCHIAL
HdgWWEZLdd ddtse dzdlsdw L O fMujls COdddese s L Od
Il fsfmdzjHdzd] GeBH' ddesets tOBsls dzOf ttOo dzj dats
O MmMtekzClskztclz d 1 dzj ¢ siEFDJMEdy J dnff ifded HN® asQ dgdse O
Ho O BEdz hdfjrdzdi2Off tcOo
1. rsfdtesoOdzdy dsdzOd3d B sOdzdztse . 1 H Odzdzts O
Co"dLi*s din f§oLdydwns dzjetsd hdd Ctsdzdyj mls
dzO § tc JCj Re’!, Fe**, Cr* d V°' [38, 43, 58, 62, 94, 95]

2. ABted3sd tetso Odzd 4 S j teH ' n cOMmlso stetso . m C
dzj ftoj tor odetse s tWHO Iso jteH' 7 tcOMmMlso tstetso o |
L O M j ded € dftsdtOasd d L 59 Odzj dels d 7 FethMp™D) dzdzts
Ni?*[19, 32, 46]

RMf sdz L 2w d3J stsH ¢ 9 Odzls s oFistied fg3d it Xodlsfbic & Bdf
dMmMmdzj H 59 Odzd o dzd W dzd js H datste O@azlsdlsalz" - ( B8 s fwisd
L dzj Clstetsad dgsd yd MS d 4 - Otc O CUMP®@,d(M IssF& dCo, tslim INB W. s MM O
Yyofmlsdztsmis d , B' dzts f ts€ OL Odzts, Yls s iCqPa,d( dapdf toal @3
d 5 dzOBde NastL d ydli d ditf dziddey § 51 d U dtflefi0od M= sH dls B te
HJWJjGCIltse, slso j yose hdna L O Ctd&3f j dhMoOyds: L OteW H C
Hetf JietsoiOaRydsdlf dBj -~ OdzedL ;RO CtsdiBf j dzZlMOydd L OteW H |
1CMY jtod d3j delsOdz! dz" =« HOdede" = d oCdz¢ yojils @ MfMjw
ftod di3j Bgzr'va ¢ Oy Mise,j fHies Didashs oa 5§ 6 to f of Pofiedsis by J Is
BrIs! ftiHMmMlsOodzj dz Mdzj HEzE N &3 EkteOo dzgj dzed v &3] :

[ s dtetse Oded jLie fsLdydd
1jL StRfjidmou®ow -00 (1.24)
[BtcOL tso Odzd j " ®IDS QXEPIRPE L oo ¢D O (1.25)
[BtcOL tso Odzd j *"ad®S OI®) o8 ¢ Cod ¥ -V -0 "0 -6 ¢ {1.26)

rsfdteseo Odedj %6 fsLdydd Co
[BOL 5o Odzd [ji":dIDS QM PXE © OF ¢V 04 660 (1.2)
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[BwOL 59 Odzd j *"ad®S Oqleg P2 #E oM ¢6 € 1
[BtOL 5o Odzd j O dzjbStlsw ds itzts 9Q

6¢ 06 -0 .

)| 11Iss?2 yJj t0OBIlsy
B - OdedL cIs0 C B J dZMOYdd. 10 todf.
dodzdzse s tcOHdEMO Hs§ Odzls O.
8 AI T T T T
A'\’T“-ﬁ‘gé“’“a ----- Li site
6 L G s v f Cosite | |

Solution energy (eV)
N £
|
P
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(4]
¢ /3
|
|
)
b
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=
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A\
\
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|

Mg Sr
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lonic radius (A)

tdfm.y @OdMmd &3ssmis! + dzj eedd
Il dHdzts, Bydsigj jdzQ@ddzj tcc J Isduyd ME d

(z0f tod ) tof, s U > 4 i § 5LQPYdd @

HsY dtetsdiCaRj+ dzj cc j Isd ud M< d

dzj MlsOBddz dz¥ o CtedMmilsOdzdzd yj ¢ ts2

20

HEY d teso Qudd v

9" GBBHdz"
HtckzGe ts2

(1.28)
(1.29)

BT dz fHtesodjtedsjodd dztf © f) wijck

fjHlsO:

sls d

w g9 dzw

s tstctsda
dzi-o ¢ tfHdetsl.0 O dzji dzls dz'j
MistekzC Eltcj ¢sd
Ctsdeyd destcOydw n

( <

d3d ISitsCH] ~ & ot Usjolads-od d3df usjL o 1S

o dzdwdzdw Ht

fsLdydwr dzdh:' o dgj B tsdz' h[2pF

v 0Cdds sBtcOL 53,
ddeW stedsOyds s Cdzg yjor &3 oatsfftesmOd
sdf dBjROdedL BO CEdBf j dzlMOydd L OkwHO,

9" GBSHAz .

] tcso J HW
Hstf Jtetseo Odedd o
HickzG ts2
1 dzj d3j dzls Ote dats 2
fMlsOB d dz' detsfyls

fsLdydd Li Bsc zls

stk S ICPOo
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Miststctizs o Odzd JC oo fHtadfLodswpddds ¢

W dzw j IS

C sy ¢ Islinsfdz’ §)ts @O E Ggd § tsdztsy d dzd ,
Bzt qtotso Ols

zd3d dz' M J dad ®

wyj2¢d fted ddasjteS Ok ydd/ Hj ddals
HA téstH ¢ to t3)e] @ dgatiticdsts Oldzd v .



s dteso Oded ] JdoodzOR] d3j sOdzdztse f sL odsdztzgbsd
d sdzdziz® W d WCOPDLYdEIs jlds dL o) dzj dzd v L tSdedets? HEpW i R Glsle
(9 0COdzMd?2, BlojlsMisojdede 7 L O SCdi3fjdMOyds L Ot

[fdztse ™ 9 OW M)!  dzO Isj Ssain[62] o j FE[2PE RiNessoiy jOo TS t6 O
[96]f totso j &z C A3 dzj S Mdetsj] dMdzj Hise Odzd j CabdMalZd v d
20 MbtekzClsktok, Bt tsdaseds diCoP@j S sttt 6 agd Q4izifg
Cd'zo j dzd ud o O ls IzH |[iCa kPO, (JOBOSME: 5 fMteOo dzj dzd s
LICOPQ. Clsts BI Widaw jlsmw 1 dzjSbtesnddidyj MSs2 O
MesHMlso s Oy Oz tsdght Ols polstster ftoj HICERZOG C
MO ddzdL qtelzs Is OBsteW dzlze 4dzj EMiss2 ydokzs W OLE Co

1 tod Hs dicse OMaf dizOdEaz@®@] sfqw Mo j toh j dzdets H
dzj Bsdz' htsds MsHjtey Oz d Gs®@BS) ROwdzdmrtHdls §ts
jBEsMisd, bBEHO C0OS § tc§OBB) J Lt dz@ tedidsyjj dialsdet®©jy d "
dsdMg™ + dzj Sstesnddsduj MSd daj OCIsdoader , dn or'-fsCt
Oz sdzOdz EtOjls o0y dks wdr o ftsor h jliGwPd ¢ dzj
l sdztsy dlsj dzr degsj o dzdW dzedj BOMYS s B § B Uzl dels i@y s to
Bsdzj j lsjteddsHddZOBdUj MSd MlsOBddz dets?2 Hj dzdlsdtetse

[dsedy bkujd j dJL ke dsdadddsisdidesse s H 0
SBtOL 5o Oded | 3o s & [EWHFeRO, &8BMlsMj &3 HJOJ OL sdzj € s5d
fsCOLOdets, yYybsts HsfdeseoOdzed] dqtsdzOdd Fe oMjcecHO
nOKBOCIsj @Sls P, 62] L O mugj s z dzlz yh j dad v ¢ d dz
Jdzls j eC Odzv ydd/ Hj ddzls j eSS Odzw ydd dsdetse dzdlsdw.
dsdzOdBHY FHeQo dzv jIs B tOL 59 Odzd j O diBaP®yls o & B s k5 to dzty R
sBlfdsedjd fttjdBzhjnoej ddasd {§usO d e ddsifs O G
o jdzduj dedj IstcOdsi tstiskOR s Ss@ de@dztiseds, L iz dzlz yh Ow  H

Wolfenstine[19] d Shanmukarag fnts O o Is BB dgds o sH Jdzd Mddzlsj L d
Mo ts2Mmise Iso j tcHCoNIBQ.MIse &dgisho) dzd j ddztse LECBROO dz' Is
d sdzOsd  ded ¢ 4 dzw sCOL" 90jIs dzj cOIsdo dzts g o dzd W da
L dzj Cototsf totso sH detsls! Edgjdet h Ojlsfw ) ke j dzd uj dzd |
j BS sfls ! lso j t6H LiCoL, NG e 8 ®az0  MC dzs ydlsj dzt dzts
oMM Odso ffOFEFBRE? u Hokes?2 Motsd , MMST dt
ftedotsHdls ¢ dzj L dzOydlsj dz' dz' dsLiGoek[46]. j dzd W d53 Yy d $ dzd te

] dzddfijlz ¢ jlsjtotso Odzj delsdzsets HEsf diese Odzd W  dg® 4
B dzs dMmMmdzj Hiso Odets dz@ ftod Bj o] Jdzso o OdzOH d W .

shdese Odzgs 20 Istsds, yYlst tsigas HApjes CO® d f B @ b jqlsiz] ¢
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dzf MEsdz €5 Misd § #ad &O ek e BripgSHSd B3 ©LOMyd Ok
sdzOBd o0dOHdY 1 dzjtecildyuimSd dzjor ¢tHds.
CtedMmlsOdzdzd yj NS 82 MstekSkki] sdAe dikzOs dy SBsd Y
dzj Btsdz " dr Ydwddyj (dz2B]0 Qo diimislgd ey L Od3in j ded W
sj B jeOkter d dfjfislesOid dzi g dzlsdi s tPB tc @LGizQistedy \Aa
LisVo(PO)s 1 dsts dats § dzd dzdets 2 Wafigs[4Sk Rijatatessri [97] d Wu [98] i
MsOo bksEOHBIL OdGC 1§ to prddesEdfs] d s oOEF® d§ P dz0O HIZO"
Ldzj Slstetsh o e B2 MESP,. [ HROSE ftojHiNlsOo dzj dzdz §  ©
9 jM BO Geofasdn sej ydeo' . [MsOs sy St Isr
fsLdydd o flstyk OstekOs Isi QR o OdzOHdY d € OF
LisVo( b0 dzdW jIs dz® 1 dzj CtesnddBduj MBS dj ROLOCIs] todf
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L0 0O 2. CCMfjteddk dsOd dOw yOfls:

2.1 [J@®Jokydd d Emdssdy MmMddidsdL O

Fdv fmdddsjL O € OlskiCaRG ] Gaks j 6¢ Odzd C(LOAE & dzO
(9. Y. S. 99.95%) o SCOyjflaj dMNHERHEGE Q. 2dBdw 9
9 COyjfmlse)] dhssyddtO HKIHGEOS . A5 ME s S SO
CoGORH,O( 98. 7%) , ¢ dH @OMH(HI 55% B Ofiz' tsfmidfIH) CoBB O dz!
(98.8%) o COyjfmbej dhmssyddStes StSBOd O.
ZteOo dzj dzd W d3q :

Li,COs + 2C00+ 2(NH4),HPO, ¥  12COPO, + CO, + 3H,0 + 4NHs, (2.1)
Li,COs + 2CO0GORH,0 + 2(NH),HPO,Y 2 L i G402B@+ 3CQ+ 5H,0 + 4NH;, (2.2)
Li,COs + 2 CO(OH) + 2(NHi),HPO: Y 2 L i G400 5H,0 + 4NH;, (2.3)

3Li,COs + 2(Ca0s + C) + 6(NH)HPO, Y 6 L i G420+ 3CQ+ 9H,0 + 12NH, (2.4)

[ dzv o s ls Cogdpch dff Bz Oded W ke dzj tsH dzsets f 5Cter ks
odH] MAFdecdL RdMisdlsklsO 1 tesBdjd } jiojteOBBISS
t smfdw) .

¢ Mbjrndtdijstedyuy M2 MdjMmMd tj Ocjdistse
B3y dz' dpfydfm otsHWde BB Sa dzOyYHjded jd3, f B OtcOB OdzO d3d
Ar v [ o dfMisd LsoOdd hOwB whek dyDhnisEB@) e’ g
BOkOs®UBHA0 tsal/hdhl. OF & @ s Od)t Ho OO Lasidzj dididz.
Mz M* MdzOYO O BlsydeOdzd fted 300U o Isjyj dzdj
Colif sdgj dzlstse toj OCydd), L Olsjd 00U uH doO f-BOy s iafzds jis §
OtcG 5dz0O.

CCMmY jted d3d dels Odz! dzs B " dztyf Is iz (3B @dafz'n dpgftiaz, f dgjsfipd
dmMHE - tj Ocj dastso @,z ddn ¢ dziisy | @3] EapP@aiR j MC 52 B
sjyddedj 5 oBdde ftcd yYyofmlsslsj otcOh jdgdw BOtOBO
HGOd) stets k] B didr®ldidicg C btoltssOdz SO d Isj & j 60OIs
MlstelzC Is b toizo @ |Didf@adfy Mls @0 dzjia@o j 3 .

[ dzv fsdzzyj ded v s oLiCmyFeRO/ 8 O fidads tedso C Oy j Milso j
6] OCGj delsso  dLiRGQOs HAMPOOCED,JFe0s ( 99 . 2%) . wddasjL &
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)]  f sdgsh e BjnOdduiMSd TMisdBkzddiess Oddzs ¢ s
9 ts ) ls O dzBmQixj Feads"

3Li,COs + (2-2y)(C0304 + C) + 3/(F&O5+C) + 6(NH);HPO,+ 3 C Y 1.,BgPOJ/E & 2CO
+ (3+y)CQ + 9H,0 + 12NH;. (2.5)

o ddals gL ¢ 5 i3 s LAsOUSd] tedfdd dABICOPOY/YLIV,(PO)s  ( Oy@1)
smih j Mise dzv dzd Bts My 3§ = Oded g MS d Ml dzgl® bizd & tizt
COtBtslsj e mff B O detOmzj flzd®. | COyjMmlsej dMmr sHde
d MY sdz! Lio0Mk])HPO, Cos04d 205 (99%):

(15+3))Li,CO; + (1-y)(C0os04+C) + 3y(V,05+2C) + 2(1.5+8)(NH,).HPO, Y 3-(1
y)LICoPQOyyLi3V2(PQOy)s + 3(1.5+3)H,0 + 4(1.5+%) NH3 + (1+5/)CO +(1.5+3y)CO, (2.6)

ltjHo Otd b pdzidelg = dsdB3j sted ud M¢ d LiICApPRICY  H dzv
Y)LICOPOMLIsVo(POs)s f totso s  tzgf uj dzdj S5 Rddz fted yYOMmstsisy
s/ B3ddz M dMisd LtseaOddj 3 " PErde HEDE] sEisHEp O
sfeh jmisedvdd o §jud o ISTEK0jH ClEEOSER difuiss dis jiod

[ dzw fMsL H Oded W ¢ dzj td®oP@S ¢ =fiCdf..BPBY) 15 d Wo fnd3g
dimMrtsHdz » tcj OGj dzgstse HEtBOo dzvwdzd MOy E o € sdzd Y
Ctdzj udzs a3 HlWsH @G dREU" ) + dzf SstesadBdUi MCd) Mot
mMddzlsj L Jteso Odedz" § dL tOMyj Q) O tch ok dz'c s lis B dg dzts
BICtesOdzOdzdL © Ctsdzd yj Mlsots k26 dzj et G OPoilifh dzp 5 Bols ¥ ¢

5o jtoH™ & ®iOdFaPOILasy1).

2.2 [jlshr dfmdjHse Oded W

2. 2.1 tjdzsgj desWOL s 2 0OdzOdzd L

AOL B 2 mMtsMmilsOa d MmMbtekzSCbkztokz § dzkzyj dedzr A
tcj dzlsg j desW OL sotsegts OdzOdzdL O (it A¢)i.dzOd@sERDP Y yhvOy:
hdJiesC s ttOMftesMmistcOdzj dzdzr 2 d3j stsH dMmMmdzj Hise Odzd W
Lstsls d3j stsH i d dfHdedgsls[fd C@ydd €tedmlsOdzdzd g M€ d
Ctod Mis Odzdzd yj MIA]2 s tf B Gziadizd j dztso MC e s L dzlz yJ dac
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Ylsts j et Hda-dzO0 .o0sIdiigiis § sHB O d 3O ) tOMMmistsw ded j o3
tcOMmf Sdztsy j dzde” d3d Olstsdk3OdcRd o tjh jls¢j SCtdimlsOd
HdWteOS ydsdzdzs?2 tjh jlsCs2. | tsididsoQdz@drdials ¢ H diziste @
COwlsddz , dkzyoj i3s?2 (o ey jddd tj disc ] dz
MstekzC skt StodMlsOddss .

VeEtsdz f OHjdedW ddzd BlstcOy jdedW toj dzglse j detseo MC dn
dfp Hdzd dzts? o tsdzela] af) dafpwd dag ¥ d3j X § dzts idaidfplsvdets cotO j
ZtcOo dzj dzd j 1 th fz éze % ©:

¢Q WVEF ¢ _ (2.7)

GHNT yYyJ dztsy yd madzts, dzOL " 9 O id3tsJ .11 ts tc WRHABHIS 0§ s ks, i @ydgc
i sftejH]jdddde ©Oosd ydmdazz yom@h, #, dzjdald) dildsAstdsd
wyud26¢d StedMmlsOdzdzO Mmj tocdhklz. Oltfgdizd ¢ | s EMBFE B
sls MtsmMijHdzdr Olstsdidz" = f§ dzsmMCsMmilsy 2 dzkyd d Bl
tcOLldas N SH O, 0o dets? yj dzts BAB A BCHgdakz u degd Hz" ABStzdz,
BC = dnulsind, f sz yO4 d3 Iz td Goddz] alzd ) ts dgd2j. did)d. L IOE JsaaEOs o)
SlstcOy j dedzr | dzzuyd t©OMftetsMistcOdzv s Isfqw o tsSH dzts?

BOC Md d3kz d3z o dt=zihisls ddzm dizO HdW OS¢ ydsdzadets 25 te 3R W2® J d4j 2
sftcj Hjdvjldflsg Edadktster n Byl ftesdMmatsHdls! ts |
f dizsMC B j 2 G0 sftfiedgszyjddid HdWicOs yd sd@e -
HJWtcOS IstsgteOdzdsd Hdzvw B J MSC sdzj ydztse 9]¢ ted M ls © dzdzO,

t dflr @YW OCydw COS Oy jddj s fdmlsj d

) sMCd Sk odH fssh (o2 HIWLOSkEE O BE

sls OOk steso 1 dzj B dzls Otedzts? wyj26¢d (4§ sdsyd
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wud 264 (ddalsg dzmd e dats s d i tgjj W dizipjS dadsje ) » O tis@S IsGj @H W
HAW cOC ksctcOBREs2. | stesh Csa0O% HIW©BOSYdw, o
BjssHBdR Bjdzjj JdJdWstedzOlsdods d3. [HAOCt dz ff 5L
sftcjHjdzjdedj §OttOdj Istetso + dzj d3j Yzis RdsdzisM Is 8 jude®' S ,
OdzOdzd L, dJLEkyjddj odzzlstcj dzdzdrn dzOff tew y jded2, Isj
HtG.

[ OCid B3O dz' dzlz 8 MstclzC Iskzto dzlz ® ddeV stcdzOyd gL
Bsy des  dL o dzj y' , ftoddsj dzvw di3jIstsH OdzOdzdL O,6. 6O
[ ilstsH dseO0dz @O OMyYlsi Ijttejlsdy M2 HJW
d fBHEtdS ] ©WOMMudlsOdedz = Gtsdzsy jdzd?2 d ddzlsj c
1 CMmY jtod digd dels Odz! dgr @3 H Odzdz’ 3. ltod d3j daj ded J 3§ IStsH

Euj fls: d/ iz @6tz dhlsets % OCktetss, o dzgwe
Vistsydz j & j §OwO®jlster  Hj dvIshy  dz0 fhPldces) st
L dzj ) dels Otedzs?2 wyj2€¢d, bkjfdserj %WoCkst', (&6

ftesWwdd d' § ("dteddO §d¢0 G0 Clistdipdcd@s B Wis @)
stedj dzsOydwy Ctodinls)oddaflass oy sMfEBlse Jf OOd3j Iste”

LG dzso OW L Ooa dMmd ditsfyls ¢ d dzls § dzfnd o dzts s d ) s
9" 60Oy J ded § d3:

0-~g— 6¢— Brpn FO sHOBY D ¢— ¢—  (28)

sO¢ odHdets dqL W tstcd3kzdz (2.2), d dzls § dzmd o dats
Bj Cshhttes? Wdse s2 dddik | diip § dzB b dets B 22, s dzts
(sBtL dZOYOj 3" = d dzh, kS)n OtgH dztf A dzdzgztb © dzj MC tsdz! € d ~
COYHBEB Ctdftojlsdesets tojWdzj $SMO MmeawlL OO fyp Cted
jBz WoLr (ujtjL ojdduydd’ SoOHBOED, kDL k-
fsolbstY juscMBIddMdls s Mdddistedd M H d dagaded V)
sfdmr o@s EffstewHisyjdzedy CtedMmMlsOdzdzdIlstse HOdzdets?2 W
1 e jtecddzgj dzls© BT Yydos EZydlsr e OjIsmw o MmMd3j h Odadatsc
Geometry), WdE&MmMdtseo Odzdzsds Hd&z¥ HOdzdzsSets Isdf O
i § B3¢ d. [BB @ egddipdrlfy ©j dafp MECBds & dosdzshi@lLls jhpdgk2y d
Hdzw EyjIlsO odzdwdedw ddzlsj demdo desmisd J tco dydzetsae
2Odzd ydd o MK MmMd dej MEtsd g~ WOL dL o] dzdud
BOMMtse "W Gusded Md3j Md:
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(2.9)

CHZ O udmdzs W tstkdkzd d' B jHddiyy sls ks jdHdoy ¥

BOMMO ¥ stedzd dzs? i ViHdddeg yjr d3 H dej d¥jQizls O te dzts ROOW y j 2
[ dddBdL Oydw tlsC a€dgfdeded dg lszstetc ffstso tsH d Is W
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Col-02-Li1 123.4 Co01-02-P1 122.0
Col-03-Lil 114.74 Co0l-03P1 125.9
Col-03-Li1 95.7

v OB dzd yPdzB@ y & dzd w

H dzq dz  lECORQ). 2

o MistelzSIst

[ dzd dzO [ dzd dzO [ dzd dzO
Col O1 2.190 Lil 01 2.134 P1 O1 1.501
Col_02 2.102 Lil1_02 2.029 P1 02 1.616
Col O3 2.216 Lil_ O3 x2 2.102 P1 O3 x2 1.558
Col O3 2.066
3.3 tjLikzd sOIr MCOdzdtolze h j 2 1 dzj C Istets dzdzat
[ oW tsdzsedt tBteOL ytse dy licgq@dzdizr @3 l9(®intsdf y& ¢ [ «
COL Bjte BCdzs 200 ded3 MY j & dsteidfirS 528 dzdf dedz® SEI j H
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fiJtej nt€adNiFtosdmMrtsHdls dzj Bsdzr "ts?2 MHoeade o tBtC
Yyomlssis’ Coszpo@dayl ot Hd L d&3j dzj ded § i3 MBE-Gzr Y JSds ¢
Bsdz N j yYOMbsPBO Chsiagge Ot2 ¢ 5o @ dzlOdzs fifjsizj H e W€
dzdyj SCtoOdzj dzM@E Pl dziBGEB G dzr 2 L WY jCIsMO, 8 ds
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O @1 . 1 de@ofjtalEffittyd s dz0 da dgizisW iy s datfts ¢ & $ Odz0 &
oY tc Ookdzj dzq W

I kOBddYyj 4.1 ftdejHjd' §oLdydd Ofsdss
PO, tosdzzyjdedzr § dL Eltsydzg ddw 5 @BilssHE { dls:s

508z yPsUddydd Obtdss o MistkzbdogRefOh PEIY & &
fsdzyj ddr j dL Eltydyg ddY Hd¥tOSIssd tsOdd:

1 sLdy
P Issd 1 B2¢ s X y z 1 Odzv Istsfyls !

LiCOPO, a=10.17428) §h=5.9140Q) G=4.6915Q) V=28229(3) °j
Rw= 3. 361304 o

Li 4a 0.5 0.5 1.0 1.0
Co 4c 0.7195(3) 0.25 0.521(1) 1.0
P 4c 0.5979(7) 0.75 0.575(2) 1.0
0 (1) 4c 0.458(2) 0.75 0.724(2) 1.0
0 (2) 4c 0.595(1) 0.75 0.258(3) 1.0
0 (3) 8d 0.660(1) 0.543(1) 0.728(2) 1.0
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l esHtsSdzY § dzd 4.1. sOB dz y”

cmgl | BV ] Odzv Is ts fi
X A

PEEE  oocs Y fsLdyd]

LiCOoof & o Or 8=10.17888) h=5.9126Q) G=4.69100) V=,282. F2( 2)

Rw= 3. 5°61686
Li 4c 0.5 0.5 1.0 1.0
Co 4c 0.7216(2) 0.25 0.5193(8) 0.95
Fe 4c 0.7216(2) 0.25 0.5193(8) 0.05
P 4c 0.5958(6) 0.75 0.578(1) 1.0
0 (1) 4c 0.452(1) 0.75 0.721(2) 1.0
0 (2) 4c 0.591(1) 0.75 0.255(2) 1.0
0 (3) 8d 0.6633(9) 0.541(1) 0.721(1) 1.0
LiCoooF& POy a=10.19018) Kh=5.9207@) G=4.6905Q) V=,282. 99 ( 2)
Rw= 3. 8°81.886 o
Li 4c 0.5 0.5 1.0 1.0
Co 4c 0.7212(3) 0.25 0.5202(8) 0.9
Fe 4c 0.7212(3) 0.25 0.5202(8) 0.1
P 4c 0.5952(6) 0.75 0.579(1) 1.0
0 (1) 4c 0.452(1) 0.75 0.721(2) 1.0
0 (2) 4c 0.595(1) 0.75 0.258(2) 1.0
0 (3) 8d 0.6621(9) 0.540(1) 0.723(1) 1.0
LiCoosF&.POs: 8=10.20718) h=5.93280) ¢=4.68992) V=,283. F7( 2)
Rup= 4.44%, °=@.165
Li 4c 0.5 0.5 1.0 1.0
Co 4c 0.7204(2) 0.25 0.5225(8) 0.75
Fe 4c 0.7204(2) 0.25 0.5225(8) 0.25
P 4c 0.5949(6) 0.75 0.581(1) 1.0
0 (1) 4c 0.452(1) 0.75 0.722(2) 1.0
0 (2) 4c 0.593(1) 0.75 0.256(2) 1.0
0 (3) 8d 0.6628(9) 0.542(1) 0.720(1) 1.0
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¢lssd31qu } y ] 1 Odzv Is s fi
] 02¢s fsLdyd]
LiCoosFeysPOy: a=10.2381R)  h=5.9556() G=4.6878() V=,285. 83 ( 2)
Rpw= 5. 815369 o
Li 4c 0.5 0.5 1.0 1.0
Co 4c 0.7204(2) 0.25 0.5233(7) 0.5
Fe 4c 0.7204(2) 0.25 0.5233(7) 0.5
P 4c 0.5948(4) 0.75 0.579(1) 1.0
0 (1) 4c 0.451(1) 0.75 0.721(2) 1.0
0 (2 4c 0.5919(9) 0.75 0.253(2) 1.0
0 (3) 8d 0.6633(7) 0.544(1) 0.719(1) 1.0
LiCop e POs: 8=10.27212) §h=5.97500) ¢=4.68531) V=,287. 56 ( 2)
Rw= 7. 3°31.843 o
Li 4c 0.5 0.5 1.0 1.0
Co 4c 0.7189(2) 0.25 0.5236(6) 0.25
Fe 4c 0.7189(2) 0.25 0.5236(6) 0.75
P 4c 0.5945(4) 0.75 0.580(1) 1.0
0 (1) 4c 0.452(1) 0.75 0.719(1) 1.0
0(2) 4c 0.5939(9) 0.75 0.251(2) 1.0
O (3) 8d 0.6629(7) 0.544(1) 0.718(1) 1.0
LiCop FeoP Qs 8=10.29152) h=5.98650) ¢=4.6836() V=,288. 55( 2)
Rpw= 8. 4°61.983 o
Li 4c 0.5 0.5 1.0 1.0
Co 4c 0.7182(2) 0.25 0.5240(5) 0.10
Fe 4c 0.7182(2) 0.25 0.5240(5) 0.90
P 4c 0.5952(4) 0.75 0.5781(9) 1.0
O (1) 4c 0.451(1) 0.75 0.722(1) 1.0
0(2) 4c 0.5917(9) 0.75 0.251(2) 1.0
0 (3) 8d 0.6619(6) 0.545(1) 0.719(1) 1.0
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Rwpw= 12. 5=23.88, ¢

Li 4c 0.5 0.5 1.0 1.0
Co 4c 0.7189(3) 0.25 0.5233(9) 0.05
Fe 4c 0.7189(3) 0.25 0.5233(9) 0.95
P 4c 0.5950(7) 0.75 0.583(2) 1.0
0 (1) 4c 0.453(2) 0.75 0.735(2) 1.0
0 (2 4c 0.591(2) 0.75 0.267(3) 1.0
0 (3) 8d 0.661(1) 0.544(2) 0.721(2) 1.0
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