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Tl errnal Stability ot" Cordierite Catalyst Supports 
Contaminated by Fe_,O 3, ZnO and V=O.  
P~l()l~) Sc~lrdi. N~lt:~lc S~lrt()n~ 
Dil~; i r l l lnC111(~ (Ii l l11,c l :ncl i ,1 (It ' l  I~ l ; l lC r l ; l h  l_Ir l l~( ' l ' , , I I ; l  d l  [ r c r l l {~  

&ngcl~ Cilm.'hcll~), Pier I:)aol() Dc'lll;.ICStl'l 
I ~ ' l l l l ~  R ~ u l < h c  Fh l [  1{)(),4{ ( ) r l m , , , , , i I n ~ l T ( ) )  It~l~ 
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L)ipdlllnVliClil{~ On llll2.('!,,lit'ri;l tJqu rv'l;~lt.ln,~ll (' dt'llll Pri~dln/i{ulc l l lu~ci , , i la dl Ndi[~{~ll l 'n,i / /; i l t '  Tc{.~.l i , ,  
~() l ( )()  ,N;ip~41 II~ll ' , 

R~'t'(' l ',~'(I I 2 h'l;t~ I~) '1 ~ It'~ I',,,t'~l ~,t'r,,,l~Ul I t ' t  t'l~('~J ?"~ , % ' p l c n l l w r  I 'm  ~ ~I<~ r l f l~ 'd  ~ (_)t I ,dX ' l  I {m ~,) 

T'//,' , ' lh'~' l  ,~/ I~rd/Htt~o/  ~ /  r / t , '~ r ' / l~Ur l l i ' / / /uh '  / / /h ' /~  ,~I 
I//~'// '  I /h ' l  I / /d /  ~///~/ ~ / /~ ' / / I I I 'H / ,W~/ Iu / / I  I //,/,~ I~,','H ~ l l ld / , 'd  
(_ '~ I I / / / I I ' I ' I 'H I /  I ~)I I /h ' /  / ~ '  5/?/I/~t/l I~ I~ ~'/~' ~ ' ~ o l l m l l l / I N h ' r / ,  

~'l~(//~lh'/1 I~I I:~'.~)~. / I / ( )  Ul ld I ,#). , .  U/H/  II/,'11 
, ' l ,d/ l lH~I/  d/l~' /  I l h ' l t l h / /  l l~ '~ l l l lh ' l l l  Ill I /h'  I'~lll,tl~',~'()(l ( ' 
t~, 120H (_ ~,u~ l~dl, a , , ' d  l, I , V R D a m / S L , , I I  

The' lU , '~ 'm ' ,  ' ~I  F~' , ( )~ b u d  h i l l , '  ~'fl,'~'l, n'h,'~,'a,~ 
I' ( 1 ,  tr'~l~ h',/ ~'~llll~l('h'll I ' I I ' I I  Ill lh~' ItlH'~','~l ~,I/t~11~'~1 
l l ' l l lpi ' l  alln'~', Illl III I l ~1 I '~IH//IIH' ,~,l/It'tl iIIItl i lh t l t l l l l l l t l l l  

t l lh /  ttl~ltI/l~'Wltlll I iI thldt l l ( '~,  fill' /Ol ' l l l t l l l l l l l  ~1/ tl - I I l l '  

~I/Ii'UI~', rl -I th'  ~l/ l l l l l l lhllr'  IIII]1 ~,1~1t11'/ ~ltl l(  ltll't' l l l l t /  

~llh/ Iltl l l l lr'  ~ /  I/h' I~'tH'lltOI /OOt/ltr I ~, ll~'t~' ~'~pltlll l~'r/ 

I~l/~ll l,t l  I I I h ~ l h  , ~Ult l l  I / / l ' /~ '~l l  I I l ~ ' / l l t l , k ~ p O l l U ~ /  I ' , ( ) , , ~ l l l d  

I1~ tit h / h ' l  / I t l l l l l  I1'1 l - h l , l l l l ~ ' l t ~ l l ' l t l ' l l l t U / t ' h l l l l l l ~ , ~  i l l , i f ,  

I)~'/ L lh ' /~ l  d~'/ I '~'/'~ h/m/ l : / / / / . l l  / o u  l)h '5~' / l~m'I / /~ ' l  
I/II~'/'// a l l /  t in ~' I / / , ' / /m~' I /~ '  u m l  ~'I/, ' / / / /~,, ' / / , '  .~_'h/l)/hh/l 
II HI'Il l '  t l l /h ' l .St l , ' / l l  l~'~nl/ll~'l '-l~'//~' h'~o'dl~'rl l lr( l ,t l~u 

IHt l I I I / I~ ' t  l, III1~/ I ] l l r '  ~ l l l l l h ' / ~ / l l l l t ~  Iltl~'/I r'lll~'l II ~11tt1~' 
h~'I/~utd///n.I~ /II/ B~'~,'/~I/ :H~' ,~ ' I / , ' / /  N(I(I lnh/  12(I0 (." 

u/ / lh ' l~  .~'RD tn/d .'~'£ I I  /n/l~'~ ~m'I/l. 
F~' ,~) ~ :,'~.~I/,' / / /u  , 'm, '~/  ,~l,'/'///,tl,'// F'lh'~ I ~ d h n ' / / d  

I ,~) ,  ,/H~'h/,, ' t  d~'///m'd/'/.~Ish'// tmh'/'.~//~ hh' / /  r i 'm l , , ' r  
77'~ 

t l l l l l  ~'ll I t~/ / ' , lHI l l / I , !  I I r 'd,~lh' l  I~', I1~)/1~'1 '~lt /I /~ l l ~ l t l / / l l l l  '~, 

,~ l / I /~ t l l ,  I I i i n l l n l l l l l l l t n d  I l a . q m ' ~ n m n m ~ r l u m m '  lu /  

,d,~'~hall, t~m /(101t (_' 7111,~ ~l/ t /~l l  ~'111 7111~d/l l l t l l l lN[ 

Imh'/ .~' /m'dl t~' l l~ 'H Rr'u/~lt~m~'H / u ~ ' H  ~/~/I uH/ d~'n 
uz~'d/qr,'n ,%', ' /mh'/- lUOl~ I I ~o/ I '  ,( ) ,  m id  ~'m~'~/ vm/~'r,'H 
( ' / tm,d ,h ' /~  :mH~'~/Mt~, 'H I)t , '  I , ' / m t ~ / ~ ' r m q . l , w  m~ 

( t J t l l ~ ' l l l ~ l l l l  ~/c'~ /I/11~'.~ ~/~' / I t l l l l ( ' l l /~ '~  { ' l t l l~,l '~ / h i /  /r' 

dl r ' ,~ ' / ,  ~1 / ' I / '  / ' I m h / '  / ' ~ ' /h ' l  ~/~' /u  p r d / i m ~ m  ,sin / , 'm  

Shl/~l/Ih" I /h ' t l l lh / l l~ '  ~'1 ¢' / l l l l lhl l lr '  /)~'~ ~ltl~l~tJIlS ~/~' 
( '~ l ld l l ' l l l~ '  ~'t l l l l l t l~' l(  Itl/~ ~lll/' {'It" t ' t t t l l t l l l l l t l / '~  .~"/l~ll ' i  ; 

I m ' l l l , l ~ m  F i ' , ( )  ~, / l l ( ) ~ ' l  I ' ,¢_) ,  , ' l  /r'ln {u~/HI IOn~l lU ' { '~  
l l l l l l t ' l l l t ' l l l  I / l t ' t t l l l t / l t l '  ~1 ( t ' t t l l ) l ' l ' l l l l l l r '  , ' t l l t l /UI .~ ' I '  , ' l l l l ' l '  
SHI I  ( " , ' l  I. 'HO ( " a ,"h" ~ m l / , '  /~,u /, ' .~t 'RD u l  .'~'l:.~1. 

L,,I /ul",~,'nl'l '  r/,' F~ ' , ( )~  ~1 p, ' l l  d ' , ' / / , ' / ,  p in  ,'~Ulll~' 
I . ( )  I 'C(I.!I/I r ' t~ l l lp/ l 'h ' l l l r ' l l l  tl /~Hrl l r  ~/~'~ /~/N.~ t~1~.~'~ 
h ' l l l p~ ' l ' d l l l l ' ~ "~  { ' l l ldh"~'~, ,  d l O I t h l l l l  t/~' /H ~ l / l l ' t l  I I I ~ ' l~ l / / l l f l '  

~'1 ~/,'~, I ~ l l l t h h l l ,  '~, d t '  I I I I I ,L~II , 'Wlt t t l  I ' [  t l / l l t l l l l l l l l t t l ,  /~I 

/ tO't t l~l / l , l t l  d l l  ~l/ll '~ll~' d4' - I I h ' .  01, ' / ' t l / l l l l l l l lH l~ '  t/,' . ' l i l t  ~i 

.~ll'llt III1'~' .~/1111~'//~' ~'1 III1~' /~/1~1~' I II1~'11~,~ ' II {'1{' ~ /~ '11~"~ '  

t l t l l l l l ' l '  r/l'~ p l O l / l l l l  ~, I/~' /tl I / 'U I ' I I f } t l  r l t l l  t"/l" ~'~p/Iqll~"~'% 
/ l l , ' t l ( l l l l  I 'tl I t l l l l /~l l '  /f' /~t l l l l l  f/~' /11~'1¢~tl t/~' J 2( ) , ,  t ' l  .~)tl 
I ' t l l l l t ' l l " l l '  ~ll IdH/ l l~ '  L~'~ ~' /HI I I f l l ' t l l l ' l l l% t t l l ( ' l t l~ l l ' l t t ' l l l l { l /~  

IU~.-I Fl,,~:~,cr Sci<ru.'c L imi ted .  i-i1!_.,I~li,d .hmIH,d o / I / . '  L, . / . I ,~ ' . / /  ( , ' / , ran, '  ,~,'.r . ' t~  (lq'~'~ 221' )U,- I  .W7 ()() i 
(_ir¢; l l  B l l l a l n  

PF l l i l~. 'd l l i  
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I Inlroduclion 

(.'~HdlL'I l ie malerlal'~ are wIde ly  ~llldl~'d I'~u ;I I~Ulnl_~er 
~,1 l¢chnoh~L.ucal al~pllcall~m!, ;Is dlf lerCnl as bulflel 
];l%el', III t l l l c l~ ' lec l l~u l lcs  I : ; l l ld diesel [x l t lw~l la l¢ 
hl lc ls ~ Alka l i  I'l~m] I]le ]~.~ ¢l¢cl l tcal  u'~u)ducl ivi lv. 
Ihe m~,,I Ir|l~u¢,,llll!:, pl~fl_~Cllle,,, r(.'Ljaldlrl~:, Lilt 
;I [.~rdl~..,.i i i( )i-i I l l  Ih¢ ;e II1~)111~ )11% C' tnd I I ,d r~,  I1¢ i l l  Ihe h ~w 
Ihrl l t l ; . l l  cxpLIIINI(H1 ~.'()C[~IL'ICIll, Ill~,.h l l lernla[  ,,h~wk 
le'~l'qarlt'e LII ld IJi)i_)~,J I]lerln;.l[ ~,labll ltv l ip I~ 1,4fl() (.', 
h,L.,¢lher ~AII]I 111¢ h~v, ~.'~)~.I (~I r ; iw lllal~'rltiI,, ;Jlld CLI.%V 
n, f ld ln ! ,  F~r lll~',e i~'~,,~Ul,, c~,rdl¢llN' h]t~r,~ wi l l l  
lhu lcyc( ,mb ,~hLll~t'd Mlll~.'llllC!., I'()i L~[I).2111C ~'xhtILI;,l 
[ i l l tal l~Ul ;.itc llOW;.idLiv ~, C(fi'lII~(Hl¢lII~, lhal tlt¢ ~I 
I r l lL ' lC~,l  [(~I mi l lM] , ,  ~I' car~.,, and ~'l l~l l IL",,  I I I  !2ClICr 

l-)ut Ill!# ,,el ~ lu'e. lhc ,.,labllIl~ ,fl 'a o u d l e t i l e  f i l ler i,, 
IhlcalClIcd I'~ I]lk'llll;JI /#.l;.Idl~:ll[~, and IClll[Derall.lle,~ 
Il l; l l C;.lll be hwal lv a,, hip, h a!, I l l ) I) ' ( . '  ~.JLI~' [~ 
I~')]t'll~l~lll~)ll Lllld I~ Ihe ICll lpelLll l lrt '  ~,l Ih¢ e.xhau,,I 
~jLI~ ~ ..i PlcVl(Hi,.. Wl)l k b~. Ih¢ ~llllllol,~ ' sh~,wed I]l; l l l lw 
p~dlulanl,,  ¢ l I I l l lcd [r()ll l Ihe CIl!Jllle. ;.ll [t lv IC~Jellt'l- 
iJll~)ll ICllll_~CraltliC, CLlll a[l 'cd ~¢V~lel~ Ihc nllCi() 
,,I ruc l t i t t '  and ]_~r~)l_~el lie,, ~l c~u dIci II~. In parIK' t l ]a l .  
i[ ~,LI,~ '~ll(~Wii [Ih'.ll lh~' Ilr¢',CllL'L ' (~l calclun~ ~x ldc  and 
~,,~dlun, ~xide led h, Ih¢ dcO, HII[D~)_MII~HI ~l[' LI !~tlrl;.Ik'C 
laver ~fl' o~rd lc t l le ,  ~ i l h  Ih¢ I '~r l) lul l tm ~1' sev~'tal 
c~Hlll~)tllld'~. ~IIIcIIICs w i lh  sllllll;JI ,dll.IClult',~ WCIC 
{>bselved I~ I~rm 2(.'a( ) 2A I :O~ -4S IO ,  and 
2Na,()-2AI, {_)~-4SI(_) :  For Na,(_) and (.'a(.) 
C~,Ill;ImlllLllcd Saltiple,,. rcspeCllvelv. M~ue~w¢l.  a 
thtck [.,.la ~ mad~ ~fl'a [.,I,',%. pha',e and ,,pit,el I~,rmrd 
III lhe pie!,ence ~,I' M)dltl l l l  ;al 1 2()() (.' 'The lot rtlUll~m 
~I lhe,,e plla,,es had a ina lked Influence ,~i~ the 
rt lechanical pi~l~erlie,~ ~>I' lhe ,, i ipp~rls, main ly  
be~.'iJ i i,~' ( ~[' I Ii~' l h c l  IIlLI I C.~ I');111%11111 III  I'~IIILI [L' h I~cl W~Cl l  

lhe [r;II~,,l~ult~ed ',url'acr lavel and lhe b,ilk ~' ' 
]l) Ihe presenl papr l .  Ihe eft'eel ~1' l_~{>lltlll,;ll t~y li lt '  

~XIdC',; {fl' lh lee melals pre.senl in Ih¢ ¢ll[JIllC t'Xll;.ILl~l 
!.,a,, ~m c{udie l  ~le ',;~ipp~rl.~ wa, ,  c ~ . l s l d r t r d  Zll I'r~tt~ 
lh~ ~ll F~ I'r,m~ lhe  ~l~..,,ll~e ahrasl~m rind l l~m~ lh~ 
I'u~'] (c~utlbtl ,dlon addl l lVet  and V, pr¢!,¢nl in Ih~ 
calal,/ l l¢ ¢~m~p,~ulnds and In inanv lwlr~flcum I'ulel,s 
R¢¢~nllv papers h a w  b~l~ pulblmhed ~''~ c~mcernln~ 
hol c(,rl(,Sl(m ,,I' ;JILImlIILI arid ,qabll lzed ZIIL'OlllLI 
V(ILIIIII[2,~, hV Va( . ) , ,  II1 lhe lcml'~erZlltlr¢ range 
'7()() 9()()'(." Sampl¢,~ c o n l a m l m i l c d  ~.~tlh Fe:(_)~ 
Z.Iff_) and V..(.),, ~.er¢ lhc rma l l v  Iteal~'d. and lh¢ 
~, ( ~] u I i( ~ii ~ d' [ llc nl icr( ~,I r ucl  u re wa,~ '~I l.ld l~'d bv ~ E M 
and X R D  

2 Experimenlal  

Salllp]t':, (~l' p~ff~)ll~, u'~)rdlelllt" wcrc cul I'r()ltl diesel 
part icuh.l le fiJlel,~((~,rnint~ F.X tiff l()(),,"2s) As,~h~wn 
b~,, the chemical  ¢~m]p~,~lll~m (Table IL a,~ received 

I~ble I. L IIvIIIIV;II l ~il|II'~lV,lll~)II q,l ~il I!:'IIIHI ,dlpr~)ll,, (,,iullddfd 
dP~IHII~HI If| ]iHruIiIiiv,,(',,,) 

~ ~l r / , '  II ,'l,~lhl ln l l ,  elu, ly,I  

\ i!: ,(  I I 1,4: I{) 21 

SI( ) ,  i4{~ ,-12 (() 2; 
(.() {) II (1)(L'I 
T I l l ,  (),-I. ~ ( I ) ( ) ) l  

N;I ,() I),41 (q)l)21 
K ,( ) (I I', ((l()4l 
F'e,( )~ lie, 7 (()()J) 

. ,upp~.t,, ¢,.;I'11;.1111~'d LI c ,m , . , i de rab le  l l ; . . ' l l , m  {d' 
Inlpurll l¢.~ I{~gelh¢l w l lh  M!..,(), AI,(_)~ and Si(.): 

T'h,cc ',~.'1', ,~1 NLII11f)IL'% WL'ILf C~)lllallllllLIlCd wi th  
I1()11. ~.Lllladlulll ;IHd LIne ~xide,~ The L'()lll;lllllrlLIIlOlI 
Wa~ le; i l ized by d ipp ing~amp le~  inh>;, , f l~ i l l ,m~,, l ' lhe 
;i pp~ ~l~r m le ¢, ) I ICCI ) I  r i l [ l (  )11 (_)l' ,M ) I l l  h I c  ~,'(,nl pou lids ~1 
each racial ;im.t cal¢lnin/.., Ihc dehvdr;Jl l~m pr¢clpl 
tale,, The ;Jll l l)tl l l ls , f l  l~,l lLIlal l l  w¢I¢ ,.;lll-2.[J,C,,lt'd bV 
Ihe ch¢Inical  uml lvsls ~1' a ca lu lv l lc  l l ; Ip  tlscd I'~u 
I ( ) ( ) ( ) ( ) ( ) k l n  (~11 [I diesel r l l~: ' l l lC II, 

T'h¢ u'()llC¢llll~.lll~ll ,,l' ~ac]l n~)ltlll(~ll wa,~ such I~, 
~>l_~uiiii Ihe d~'Ml~'d p¢lCCilla~g~' ~[' p~fl l t l lanl. 'To have 
1;()wl°o Fc Iii lhe I~,rm ~l Fe:(_),. ;.lIIcr dli'~[blil!] Ill 
F~'(.'I~ ~)ltl l l~Ul. Stlltll~lc'~ v,c'rt' ',h,~.lv dehvd la l~d  
(,-Ix h at ~() (.'~and IhCn calcltled I'o~ ~ h ;ll '-I.()() (.' TIIC 
%;.1111~' I_~r~cCdl l lC V~;IS I~flh~wed [()1 7,11(-) O,)II[~IITIII1 

a l l , u l  ( t ( ) ~ 1 " ,  ZI1 Ill Il le lo t to  ~1 z, I IO ) ,  ll,,lll[J, ;J 
Z , I ) (N(_)~) ,  n~f lu l~m ~lrld calctl l tn!] al ,-I'~()(.' 

'Tile i_~r~ccdtll~' ~s;ln nl(ir¢ c~UTIpIcx I'~u ~,LIIILIdluIll 
(~I(Jt' C()lllLIIIIIIILIII()ll bt'L'LII.I'~t' ~,~I lh¢ h~w '~dlibIIII~ ~I 
VLIIILIdIIlln rClll{)Xld¢ Ill Wal~'l (()()'7()b.' IIlel) SLllnpl¢~, 
were d ipped I',u '~ h I11 LI l()()tnl s~fl~ltion L'(HII;.IIIIII1]J 
~,,..:. V,() .  ,. Ill¢ pH ~u~ ILIl'~ed I()'-~ h~. LlddllH)li ~1' 
i . l l i l l l l ( ) l l l l l l l l  l l~,dt~)~lde I~  ~)hla ln I])c dcp(), , , l [ l () l l  ()[' 
amm~UllUm melavan; id ; ) lc  (NH~V(. )~}  ~)n lhe slip- 
p~ul All¢i Ihal .  ,,an)pI~',~ were dehvdlaled (4X h ;.lI 
"~() (-'I Lllld C;.llclncd (~ h ;Jl t'~() ( ' )  In ,,rdel I~, h a w  
W[°,, ()i 'M III Ihc I~rm ~1 V :(_),,. lhc plocedLir¢ v,;.m 

repealed '~cvelal lin]¢,,. B~dh lhe ~.E.,inal and lh¢ 
k ' ( ) l l l t l l l l l l l L l l C d  samples w¢1¢ I IeiJ l~. 'd r o l  ~ h LII ~()() (] ', 

I()()() (.' and 121)()'C In air. The leny.lh ~l' lhetmal  
IrcaI l l lCI l l  WaS e,,labli.~hed ao.'~rdlll[i,, h~ 111¢ i iun lbel  
and lenyth ~,1' IC1JCIIL'ILIII~)I1 ~.'~,'~.'l~'~ M.ISl;Jlllt'd dl.lrin[J. 
l i l t '  VxL~rvI',,L~, lu h,~ever .  I1 llltlS[ ['~C c~H1Mdercd [hal 
li lt ' IL~I2~'I1L'IH[I()I1 ~.'~,'VI~ IN dl~,L'()l'l[lllll()ll ',, ( Ic l l [ . , lh-  
I lll l l l). '~.'~ ]lcrca!~ ll lc i'q ¢'~Vll[ [it%l[inC'lll'~ wc ic  
I'~fl[lerlllLl[ al ld C(HIIIIlU(~tI~, 

XRC) cxprr l l t le l l lS  ~.elC c()nducled I]lr(~tlL.*]l LI 
RIL.,aku in~, l lumenl,  u~,lnl~ ( . 'uK, radlall~Ul pl~d~iced 
al 4( )kV alld t ( )mA.  ()()2 slep Lllld '~ ~; C~)llllllll[J l ime 
I l l  [ l IC ILIII~J,C I ,~ - { ) ( ) '  ' The  p ~ e : < n ¢ ~  ~ , l ' a  I m U l O c ] i r ~ )  

ill;.Ih~r Ill lh¢ dl~'rucled beam ~rct l l Iv ci l ] l : l l lccd Ihc' 
~l[i,.nal h) ill)lb~' r/.l[l(), L21Vlll[2 un alm~ml z~r~. [1LI[ 
hacker , ) l ind.  In Ihesc u'()lldl[l~)ll', IIint ' delal[S ~)l' lh~ 
pu l le tn  o m l d  bc re.~flved, acllleVllU/, an e.~ll;itl:dlvc 
In le lp re la l lOn and phane iden l lhca l l ,m.  
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~l l i~' l  IW,ll,, ', '~1~,, ~ l l l ~ l . ( l l i i  

• ,\1,,,%I , (  ) 1  i ,  • F , '  , (  )< 

. \  I _ ' i l l l l t ~ l l d ! . ' i :  N I l ' lC ' l l ' , t . '~ i l l  J i l l ) ' ~ C ' a l l l l l l l L . '  ~ ' lc 'c ' l l~Ui  

I I I l l . ' l~ l !~c' l l l l l . '  v~i.l'.., LI!.,¢d l l u  ~ [ - ' M  P ' . [ ) ~  i l lh ' l [~ '~l! . ,  

resul l ,~ 

..\'., ' , l l ~ r l  I~ X R L )  I~ll~I".,¢ ll.h..~llllhi..'¢ill~ul (FIQ I(~I)). 
l i l t '  ~HI!_.'III~II ' . , t l l~l~l l l l  ",',ill.., Il l i. ldC ~ I~l' l i l t  ' . ,~l l l I IL' l lc '  
' l l l t ] l t .~l ]lt~ ~ll /~' Wtlll.JlL'I IIC (~."I!L ,AI.ll_~l ,( )1~{ 
I~Ilil~lilil~llll~l~.' ll'~v,.'~dl.u I-),i']I~li..'ll~Ul ] - I h : ( P F ) F ' ) # l l  
.'l(JII I I )V~ t i l l  ii ", lTmll I f~l~ I I~ l l  ~d I I l I l l ] I IC  ( . ' \J, ,~l  ,( )1 

I 'L)F # I'~ 77~,) .~'1!, ,..\ll,_%l,.()l~ I h:I'.>~.ll',~:l hi..'~l!,i.ul~II 
I',~d',.ll l~uldl I I Id l l l l l l i , '  ~1 # c.~u~ll~,l l lC.(I-I '[)m - # I '4 2~..)l,t.. 
Wll~','.,,,.' I'l~.'iI I,.'., ~llC' '.Hll'~t.'l I l l l l '~ ~'.,~,-'~1 I~l Ill~ ~,,c' ~1 L'~H die'FIlL' 
I -~ r  lilt'.., lt.'~l,.,~lll ~ R I )  I,., II~ll :lbl.c' t~  c'~,c' l t lde Ih~' 
II~IU'M.'IlC'L' ~J I I l~ l l l l l l l t . '  

I ' I ' i~..~. ,~ I - \ ' I  i l l l~'rii!.~lal~h ~I  lh<' ',lli'i~li~' i~l iIrl!;ililal ' , l lppi lr l  

[ h c  X R [ ' ) l l l l l h . ' l l l  ,,,, ~1' Ihc I l l l l . ' l l l ' l fL l l l " l l l la lC'd !.,lll~ 
I' l lUll., i . l l lCr '~1~ IIL'I.ILIIICIII", d l  X()( ) (_ ' ,  I ( ) ( i I )C ;lll~J 
121ill (_' v,~'l~ i i i ichunl#~'d A]',,~ rli+,., ,.,llllJ.lC.~, ITI~II'~ 
II~,l,~l...",,' (FI!]  ~ ) d i d  II~il '.,lli, l,W v is ib le i.]ltlt'r¢llCC ~,,, Tll,. ~ 
,u l lv  II'llJ.lll!,~' (,c,..'ilrr~d Irl Ihi~ d¢ l i ' .d l~  ;I [ '~H(r. , I r l l~ ' l l l t . '  
i l l l i l ]~  ,,,l'.., ,,, l l~Wiyd iI !.,IIllCFIII~:.', cdl¢cI r l l~ l  c c',, i i t . t ' l l l  iJl'I~'l 
I I lc I~( l()(_ '  I IC i . l l l I I t ' l l l  IL, I l l  CIHIL'III"d~HI Ili~' Il l lt. '~HI 
IIIITIIllIll¢~,I '..,Ul~p~ll'., I..'HII t i t '  ~'~Hl'.,Id.~'lC'~t , , l l ib le V, l lh 
I~."..,lii..'c'l I,~t I hc  '.,llll.Jlc'd I l l cu l l l l I ]  I Ic ' ; l I l l l¢ l l l ' . ,  

I-I!..' l l l~' I tb l  ,.,li~v,.,, Ilic' X R [ ) I ' l l I I l l . ' l l l  ~ll l.I ~',,I.l['l 
I ~ l l l  c ' lU l l i l l l i l l l ~ l l c~ l  I",', I ~',~l~ i l l l c ' l  t h  ~ll I_'Jli()(_' 
Plc',.,l~.lc,.., ~ '~ ld lU ' l l l t '  i l l l d  n l l l l l l l , . '  l.,vll l l l ,,. ' l lC h~ ' l l l i l l l lC  

(PL)I-  ~ ~ ~'~{,,4) ~ , , ,  iuc',,,cull ]]tc' ',dlllil¢ It~',,ll]l 'A'ii',, 
] ~ l l l l d  It~l IIl,.. + III~ZliI~ ,.,+lnll~l~' Ill'.,I , i l l~ ' l  I..'iIh..'llli.lll~HI ( 1; II 
i l l  ,iIt)() [_') .Jkl ] l l l / l lc l  Ic'll l l_~,c'rl.ll l l lCl ,, Ill,..' l ' l i l lt.t. 'Il l '., x',l..'l~' 
, . , l l l l l l¢l l .  w i I l l  ii iIl(~!]F~'~,,,,+lXt~ , , , l l ; l l [ '~c 'nl l l~ ,  ~1 l l c l i l ; i l t l . t '  
I'~C'iIl,.'.., d l l ~  I~ t . '~ l l , . , t~ l l l l l ! ]  A l l  Ill l~'ll!.,ll~, ~Jr ' t ' le~ l , . ,~ l  I l l¢  
u '~u~l lc l l l ( . '  '.,l!gnal v,;i,.., ~b,.,c~tv.c'd a l h : l  l i l t '  12(i(I (.' 
I i t . ' ; l l l l l~ ' l l l  .";k%.'l i l l lc'r~l!:.,laplh,., ( l - i !J 1,) ,.,,li~v, I ] l~ 
i l l~G, rc'l..,,,l'~C' !.i, l l l v ,  l l l  ~,l I lk ' i l l , t i l ls,  ~ cr~,,.,l~.zl,,, v, h l c l i  
I~H i l l t ' d  i..'lll,.dC'l,., dl!,,['iCl,..,L~d t i l l  Ihc '.,llll';Ik.'i..' ,~l l i l t '  
'.,i l l l l l 'de'., A I  I JI)() (.' C'l ',,'",l~ll", ;l['~[l~'~ll I~  llll ', '~' I'~;lllJ~, 
I t'i.li..'li..~d ',',. I Ih  IIl~¢ ".,I l l , l ieu I. ;. l l ld ;I I l l~ l~ l l l l~ . l  I,I ~.~,~l ,..,l:~rll ,,, 
I~  b~' ]~IL".,L~III 

Alter IIi~ IIh'rlllal IrvMIIii~'Ill!, lilt pIL'",~'IIL'k' ,~I 

F't ~ c , u d l c u l l l '  ( (M! . ' . l - t . ' ) , , ' ~ l l .~S l , ( ) l l l  P D I  #'~,-1'72) 
c~ l ih t  Ix' u'~,pc'clcd Thl, ,  I~ha'..,c ~ h l a l l w d  bVa  p;Iz l l l l l  
" , l lb ' , l l l l l l l~H1 ~1 M!.' ~ l l l l  I-l.', I", I,.,~ull~ll-rlll~ul,., I ~ / I  
u ' l ) r i~ l¢ l l lu '  ~ l l l l  I I le  M.IIllL' ~ l l l l~r t l~_~l l l t~ lu '  I ; l l l l c c  DIIIJ 
,..,l',acc' !i,.l~ulrl (( ~ . , #  (f l())) i '~l",lt I l l  Ihl,., L';IM.' X R D  
l..u.lrllliH ~tl,..dlll~i,l.ll,.,h ~;i:.,ll',,' bl..'lv~l..'t~ll Lhl..' I ~ '~  I_'lha'.,cl,,. 
all l l lulL... 'h IIIc' d l l l e r¢ l lC ' l :  ~,,,.~>,lll,.I tw  ~'~l iJ( ' l l l  iI' l.i 
h i ! i l l  Fli.~lL'u~lll,.l!.i,c, ~ l  l-.~ ic..'il..'lt..d V, l l h  t. '~Hdl~'FIIt '  I., 
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20 (DEG) 
F'I~. 4. XRI-)  p,Jlh'rn'., qp[ Zrl( ) p~dlunl~d ~,tlUpL,rl,., ; l l lcr (;al ~.';l]<lrlUlllm h~r t]'l ul ,-Ihq) (. J n d  IHrl]l~.'l Irl~;lllncnl I~,r !, h ~H (h) ~q)(I (_' (~.) 

I()(H) (_' ;Jnd (d) [.~()(I ( '  O .  Z n ( )  A .  ZnAI : ( ) . ; ,  n z l | , S l ( ) . ;  
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l"I~ ~, ' ; [  \ I  lilI~ r~,,.,I.il+ll',~l III~' '.HIIII<~' ++I /I+< )~ t , IH, l l lHlhlh 'd  ',;II+l+~+II'.~ +lh In rd  l~,r l,i) +ll ,il 4'+I+ < ,Iiid In '+t l rd  l~r +t l u i l h r l  1, h ,~111+I 
t"~()() ( h I I()(I() ( , i l l l l  I d )  I }I)i~ ( 

l ~ l~ r~XU~l ,  ;i',, '.,Ii~','~iI i i l  FI~J I, lh+ l) i . i lh+l l l  ~I l -P , { )+  
+,'~H11;J111111;ll~'d !.,;iI11rlu'.,  I'., I11~' '..,;I111~. ; . t l+;ill  l '~,li+ 
II~.'lll+.llll~ ~1'., I I I ; l l  ~+1 Ih~' ~Hl~glll;ll P.,ll~+l+~ul 

T'h~ X R D  P+l_~UCtlll ~J ] ' I 1 ( )  l+~>lllll~.'d ",~lltll_',l¢l'., 
llL'+.tl+,.'d "+ 11 ;II ,-I",() ( . '  ~1)() {_' l I ) t ) ( )  ( . '  ; . l l ld  J _'J()() (. '  ;II~'  

l~,+p<ulc'd In I-'llJ '-Jill) (~I), tu,,,l',~.',..'Iivel,, Tile ~.'~,rl+ 

,,p~mdii~Ig ,.,u~l~c,..' ir~l',h~_d~',I?~,,+,, ui~.' ,..,l~v,~ lw tl'i~' 
5E X,I i~+i<rt~!]nil',h,, ~I F~!] "+ Al't~.'r <ul<iiiuli<m {I-i!gs 
.4( +.l ) ; l ll(J ~(a)) /_ l l l+. . ' l lU(7nl_)--F ' r ) l - .  ~ t6  1,4",1 ) l ( u l l l C d  
T J i u  N()(} (_" ll+,+~lllll+.tlll c+.iLl,..,~'d ~111~,' ~I L'(HII'.,~.'IIIII!] ~,I 
ZIIIk'l ltf U't V".,I;ll',. il", ,.,u!:.,i,u,,lu'd b~, Ih+ d+..fL'l¢';i,.,,¢' ~1' II1~ + 
I+l~UdU+ll l l l? ~l ZI~< ) l~l~lil~.'~, TM IF~" .4It',)) 

A I  It)t){) (.' Z.ll<_)IL',.IL'IL'd X~llh I l l¢  !.,Lll>pt~ll I',r~dtl~.' 
ii1! ] I x ' ~  IIL'+A pl+lu',~'l ,,, II-'t~" ,iI4~.'}) ..'....';Ihllltu' IZll/~l.,{_).. I 
PF) I -  # s(I bh~j), v,~th ,,PIrlcl I Iku '.;ll l l~.'ll lr~' +lnd ~ l l  
I .¢ l l l l l~+( / l l  ,Nl()..i P I ) I '  # +,7 1.4~",t T'h~.' I'~.'ill,,'.,~d Ih+ 
'.,I I l~.',l l+..' nl1,,w~.+d I~'IIILIII,,~.IbIL' dill~:icr1~'.+.',., , , I  lCJal lx .¢ .  + 

llllUli, . . , iI , ,  ir,.,l+~,+cl I ~  th,, + F ' F ) F  , . . , l+. tr ldald j+;.lll~.+'lll T I l e  

Inll..'l~,..,.+r+.lt'dl. I lL ,  ",(+,'j. ' ,h,w,, ,  Ill+It the ',,I.II I+.lU'.~ + ~,1 Ih,.' 

cl ~ ', la I!,, 
. '~l l¢l Ih¢ I...+<+t+ ( '  II(.'LIIFllUlll Ih¢ t,l+l~ I~'x'+' ~'r~ 

' ..,l~llln¢ pha,.,.¢ %~iI,., !i,;.ihallll~' iFI!.I, i i l id)} in ;i lall.i,~.u 
¢IIlI+.HIIII T i l e  pl~-,,~llL'e: ~+d ;.i +,'l'l '.,/I+t~,ad II;ll(>. <¢fll~'f~'~l 
;l l .... .?", ( l l ( ) l  x i , , ibh'  trl I-i!: ,ill. ~ u ! ] ~ ] u , , l  ,,, Ih~' i',r~".,~.'llC~.' 
,~l ii i..,l+ll;ill II;IL'II~HI ~)l !#hl:,',v p h a , , c  .,~., ' . , l l ~ . l l  Ill I-I!:.' 
",I~ll I I lu ,.,,ill I;.IL'¢ ~+~;1',,, ~,'l)'+l.'l~.'~J I",Y iI U~HIIIIIII(HI'.,, h tvu l  
IIIL'~HI)IH;IIIII!. '  U'l~.~,lal ,,, I-}lIC I,~ Ihu I~1¢'.,,~'11~'~.' l~l Ill,.' 
I~a~'l~.'d hl ',Ul I l iu II11~'11,.,11~ ,,l d l l~ la~. ' l l~ l l  IlllU!,, ~,l Ih~ 
' . , l i b ' , l l ; l lC  ~.'~ulll~,Ul¢lll'.,. Il i~ll I', +.'~ H,.Jlut IlU ; l l ld  I l l l l l l l l ¢ ,  
v~ii,., pl~,! i , l~, . , , . , Ix~lv I~',.Jltcu,.I i l l l u l  Ill+..' I h ~ t l l i a l  I le~ll 
IIIL'III'., The ¢IiL'~.'t ,,,. u,., III~H¢ ¢~ Id¢lll ill I ~l)l~ l_'. ~ hc~.' 
i~iillil~ ~ p~'~ik,., v,¢ic m,.i<Ii i~'d~i~.'~'~l 

'TI~: XRD l~illu~ll ,, ~I' \,' ,<_), ~.'~,lillti'iiii~l~'d ',ilnl 

I,1~',, Ih¢ l l l l i I I l '<  iI!/,'+,J ul Xl)i l (_' It)()~) (_' ; l l Id I_+()(i ( '  
V+ClC,.II l l l<)"d id .~ l l l l t . ' ; i I  I , ,  u+.l~.'h ~ , l l l c r  /~,.,,..,h~,x',. ii i i i  Fl!g 

(, l~,i lh~  ',,:Irl)l~h' l l t . 'd l+. 'd  +,h +II I()(~() <_', \,' ,(_), r~ 'uc tcd  
~.'~Ulll'~luh'l~ x~l l l l  I I1~' ' + t l l ) l ~ l l .  I ',n~dll~.'l l l l # I l l l~ 'e new 
+,'r+,'.,I,.lltlllU I',hu'.,~'~, M g V  ,l_),, tP I )F  # +4 (l{~l ~,l. 
AIV ,I_).+ ( P D F  ~ ~'~ ( ) 1 ) ~ )  ; l l l d  . ' ~ I ( ) ,  ~ ' r l ' . , l<+h ; I I l l u  

<PL>F # ~-~ 1.4~",) Tli,,.' nllll;l~.'(.' ( ' I  ,.Ill '.,~Inil+l~".,(FI~/ '7L 

IIial ,.',~'r,, ~ l'uuluI~.'IllIull', l~It~d ',,,~ll'iii~ ,.,iitl;.ic~ 

i'~ ~I < ~,.,i I 
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20 ( D E G )  

f l ' I~, ~1 X R [)pallL, rn ,,I V ,(I,, ~'Olll,IFl~lll,ll~d ,.,llpl~llll lie:liked I~u ~h ~11 I(Iq)()(. • MI'V ,(_),, • AIV ,(_).~ CI. SI(), L'fli,hlhilhh , 

Fil~. 7, .SE \,1 rlllU'r,,I.,raph ~1' Ihl '  %ull; l l  i ~ ,,I V ,(_),, c~n la lT I l i lah 'd  
'..upp~ul I le;.Ih'd I~u '~11 al III()l) (_' 

J [)iseussion 

XRF)  ;.Inaly',,tn .',Ill,wed thai ir~m oxide did n,~t reacI 
wt lh the '.,ubnlrale ill the nludied tellr lpeiature ranL.,,e 
H~weever, il r.; kll~Wll lhal ii~)ll ~ l d e  lend,,, I~l reduce 
the IIqu~dtls Iernperal l l re ~fl' c~rd~erlle, I '  IJ1tr,,, lhe 
inlellnilV declea,,e ~bnerved ~n the pal lern ~1 lhe 
~,arnple treated ~lt 12{)~)C and the relative ntlrlace 
IH~.phoh~gv (Fig. ~) c~uld Indlcale that a hurl'ace 
in~dlhcatl~)n pioee,.,n ~,Ial led ,'~1 Ihr,, high lt' lrq)eraltlre 

N~ dec~mll')~n~ll~m w,a',, ~d_~set red in Zn(.) p~flltJled 
',,alni_fle'., l leated at X()li' C, the nh,'trpening o l  Zlm.'lte 
peak',; htil.,.L.~,e!d!, only c~ar,~erllll[., ol crynlal.s At  
I()()() C, ZI1 nplllel (Z.nAI,(_)..~) anti Zn (~rth(~nlllcate 
(Z.n,SI(.) 4) h~rnled, whi le ~l Z.lll~,.'l[¢ re,,,idual Ib ',;till 

pte'.,elll While the Zn ',,l:~inel pallern Ill'.., very well 

peak p~MllOllS and relali~,e IIllellMlie~; ~1' Ihe 
PDF # ~) ~'~q ',,lalldard, ~,ll lell lf le n]ll)V¢s remark 
able diLl'erencen III Ihe interl!,itlen respect tll Ille 
PDF # ~'7 14X'~ '.,I;.illdard 'The re;.in~m I,, Ihe part ial  
nuib~tlltlll~!.il 1)1' 7.n wi th MI?.. In I'acI, even Ill~.JL..,ll 

Zn:SI(.) 4 (phenaclte [i,l~)tlp)i ~, IH)I I~lt l () lpl l~)t ln h> 
MI2  ,SI(_)I. I (II)I ,,lel l i e ,  ~>ltvli|e L.,I l ) lJ [)) ,  It I ~', k II~)V, 11 lhal 
~,~,illelniie can aceointm>dIIle l ip to '7",, Mg  Ira Zn 
',,;fIe'.,,. I~ An Ilie 7.11-M~? ntib~ll l l l l l~m chaill, en Ihe 
~,c;.lllerln~, iiu.'h)r. Peak Il l lel lnll les cllan~]e where~l,, 
tile p,)nill~HIS are le'.;s inl-ltietlced 

The phase ev(duili~m diit inl:,, the 12()() C' I teatmenl  
sll~,~s a ch>~,e anah~[..,y ~,~, ith that ~hnerved I'~)r N a : O  
c~)nlaltl lr laled ,,,Ul-~r_~)rln ' In Ihal cane MI? spinel 
(M!..,AI ,(.),~) and a L.,,lannv phase I'~l Ined', s imi lar ly,  the 
I~re',,ence I~1 Zn(.) led I~ the I o lmarl~m ~1 Zn '.,plnel 
pil ls L..'lannv pllase The anahtL..,,v in dLie I~t tile ease ~d 
Zn-M.u  subnll l t l l l~m and I~1 Ihe l act lhat b~uh N~l 
and Zn ht~,er lhe I iqtudun lempeta lure  ~1 SI(_), 
hased !?lanne'< 'Therel'~u~:' II can be .supposed Ihal a 
l iquId pha~e I~ulned at I?lalll bot lndat len ;ll 12~I~) (.', 
wh IC h re,~tll led Ill LI II a llIOl ph~ ~tln pha.e a I"Ier c~ ~oll n [., 
T'he ;llll~rpll~>tl~ phase ~;h~tlld be a g l l ] ) ~  based gla'~n 
The Io~,erlng, ~l" tile Il l lellnllY ,,'d' o~rdiet l le  X R D  
r e ~ e c l l l H l n  k ' lH l~ [ l l l ~ ,  Ihl'~ hvp~Uhentn. Mu l l l l e  stlllLlld 
take parl  h~ the reacll~ul, bY I',.~rIllllll.J tIle ,d'~nerved Zn 
M~lnel. 

Ti le ieacli~m ~1 Ihe o~ld ler l le  supp~r l  wi th V ,1_),, 
pi~)diJced the name c~)rnp~tind~; al N()li'(.', I()l)ll'(.' 
and 12( )( ) '(. '. T'hls ~,~lde, which has a hl~' melt ing 
| ' ) lH l l l  IX()() ' (_ ' ) ,  reacted c~)mplelely Ill thr., lernpera- 
[t i le range, l.'~r~duc~ng maL.,.lle~lum vanadale, a lum- 
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l a b h ,  2. \ l l~uLllhl ' ,  ,,I l l l l l l l l f l '  I \ l ( I R i  I l l i l l l  I~Ull ll~llrll l l~' l i lhll , ,  h',,I , , l l , , l l l , l l  , i l i l l  l l l l l , l l l l l l i~l l<' l t  
,,i il~l I, ill II i~l 
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i l l l l /  I+'111/1( l , I / t l l t '  I I (  J R ( I I  [ '~ i  

/ ' I I (  ~ I + i l l l i l l ~ l l l h l l I ' I /  J i( ) i l l l i l # l l l # I i l l l ' i /  
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