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wt'm.t~t'r d lu , ' h  Ri / t  nnd  Blu~t'nl~Hdlln~.~ ~tm , '  ,.~ly~lu~ 
: l l l I ,Llt ' l l  f~'Yt / IUt/I t~l,  tl/~ I I t l / l l 'M' / l l¢  / l l ' t ' l t '  ( ) / I t ' l ' / /U t ' / I t ' l l  
/ ) I t '  ( ) ~ ld~ll lOll~t'~'U/~ l lOI I  I1,'11 d / l i t / I  Ik'l l ,~ lU/ / l~ l l l lOI l ,~  
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I ' t ' l ' / I t l / I t ' l l~  dt ' l  I t l lh ' l ' ,WI t ' / l l t ' l l  .~_' l / I - I l l l l l l l l l l  Id t l l i . l l t ' l  Id/ l~ ' t l  
l i l t /  t ' l t l t ' l '  ~ ~ ' l~ l t ldt ' t l l l l , t  I 11111 f f l l ,~Ul t l t l l t ' l l ,~t ' l : l l l l , l  I I I I Id  
~lt~t 'll st ' / l l l / h  '11 t / t ' r  t 'n ls l t ' / I t 'nd~' l l  L) ~ td, st 'h l t 'hh'u,  
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LJI I ' l " ( I t ' l lo l l  d 'o  ~ I ' l t l l l l o l l  ('A[ IIILI,YIIII~"(' I I ( l l  ' III1~' dt"COItl 
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FI I,~'[d/ l lsIII l IHI L,¢'S I't"Sll/I<IIS ~' ~ p~"l I t l l ( ' l l l ( l l l  X / l l~t l l l l i t ' l l [  
<li lt '  I ' H l t l t " / l O l < l l l t ~ l /  t l l ls t ' l ' l ' l " t '  t i t '  I<l I~",W,~IHllt '~'  (} 
/ '0 ~ I 'd(IHt) l l  ~lt'~' I IHl[(" l ' l { l l l  ~ t" l l ldl("s p l 'Ol 'H' l l l  d ' l t l l  
¢'h~llI,L~t'lll('ll/ dt l l lS /<1 I'IIIII[~OSIII~Itl t ' l  it'S pl'¢~lU'l~"ll",~ <lt',~ 
I'~tllt 'lit 'S tt't~ ~ I'tl~' t / I l l  ~'t' /O I ' t l IU I I I ,  d'l l l l~' t l lOJI / l l ' ( l l lO l l  <l~',~' 
/,'o~'~'.~ll.~ d~' IIIIIII,W~,I--~'I d ' .  x I 'Ht / l lOl l - - t ' l  ~ltt /<Ill qm'  
hi Fl'lAhl//IStlll¢~ll tt~' Al/It '~IIFA dtltlS /~1 t'Oil~'h~' J 'o ~ I'll¢' ¢'sI 
/ l i t  t)l'l,~("(' 

I In l roducl ion 

Tile del|sJl:lCatl~m ~)1 n~)m)x~de eelamlcs wIth pie 
doln lnanl lv  ¢ ~ , a l e n l  N)ndln{: chara¢ler reqil~res lhe 
p~esence ~)l'a l iquid phase dur ing s~nlerinp AII.e~ 
slnl.erlng iI eXlSlS as a glassy ~)r parl lal lv ¢rvsl,'~lllzed 
'grain b~)undarv phase' T'hl.~ phase plavs, ' lc~ueml 
~ le  In Ihe~xldail~)n pn)cesses T'hereare dlfferenl 
melh~)ds For lhe imp~)vemenl ~)1" lhe ~xldall~m 
leSlslaHee ~l' SlIIL'()H l l l l l lde ceramlt'S' 

--(_'ryslall,zali~)i'~ ol glaln b~)Linda~y phases, 
- m~dlheallOn ~1' lhe c~)mp~sill~)n ~1' the grain 

N~undarv phase I'~r lhe purpose ~)1' pr~)m~)l~n~a 
Ihe ¢~Vshllllzall~m o1' lhe phases, which are In 
lhe Iherm~dvnamlc equ~liNit lm wl lh S~(): and 
S I  ~N,~: 

--stlrl 'aee m~dltieall~m ~1" Ihe ceramic wllh lhe 
ptlrpt~se ~1 
--ehlnl l la l l r lg surlaee Ilaws, 

crealnrlg pr~)leetlUlL., laver~ 

'The illailiil'acll.ll Iilg ~)1 such layers ~)n the M.II face ~)1' 
nlol]oxide ceramics in kn~)wn bv ¢hemleal vapour 
depoSlllOll (l'ur iiIMa11¢~', (:'VD Si ~N,4 anti SI(.' layers 
~)n lhe nurl'aees~)l'D~r~us RBSN ¢eramic I) Malor  
d isad Va H lages ¢)1' I h IS pr~ wess a ~ e I tie h I~ h de D )Sill( )H 
lemperatu~es and rt'.sldual slresses, leading h) lhe 
cracking and spalllng ()I ¢();.ItliII?S Methods LISIri[.' I,~HI 
beams l~)r surface m~)dificali~m, like i,.)n irnphlnL 
aLH)ll, l~)ll.beam SpLII|eFIHg alld H.)II bea[n ml&lllg, 
have re¢enlly been deveh)ped.: h)n iilnplanlaLl~)n 
pr~)¢esses re,'wh only a depth ol s~une nm, ~,hlle the 
I{) l l ibeLIm .sputlerin~ methods alh~w dep,)Sltl¢)n ILI|eS 
up 1() I()()nm/'s~ T'hese lechlllqLleS have many 
advantages, viz. sllghl ten~peraltlre exD)MllOn of the 

spe¢lmen, high density, g¢)~)d adhesion, purllV and 
slabl l l ly ~)1' lhe ¢~)tlllng, alld Ihey alhwv de,sltable 
C~HTlpOMII~)IlS wIIh !~radlenls ~)1 ¢oncenlral~m and 
p~)pclt~es h )be  pr~)du¢ed 

The purp~se ~)1' the presenl work ~as either h~ 
build a dlfl'USl~)n barrle~ ¢)r' I~) in~)dll'v I.he ceramic 
M.ir f;lee i11 such ;I WaY. Ihal 1h¢ gr~WlllLJ, surlace ~)xlde 
laver 1Jels ;ill Ill lpl~wed pasMV:lllll g ¢haraeter aiid 
Ihe~el~)re leads h~ ;i hm!F~ IIl'elun¢ and..'~)r a higher 
~A.~)rklll!~ lemperalure ~fl' Ihe eelalll l¢ T'he llxidall()l l 
t'~etlaVl~Lii ~)1' derl~e. Mlllered slll¢~)ll l l l lr lde (SSN) 
wlll'l tnaL.,.nel,on Splll leled PI c,~allng.~ ~)1 a Ih~ckne.~s 
up Io I Slim was InVeSlll..,aled 

2 Experimenlal 

Dense SSN bar,, wl lh ;l l l l l l l l l la alld yl l r la l~l 
Ile~dylnl;i additives wele prepared hv gas pressure 
sinlerlrl{J. (I,~q)' C, ', MPa N ,. I '~ I1)4 T'heir o )mpo  
~,lllOn and properll¢~ are prcsenled in 'T'ahle I In 
Inalerlal A (51 ~N. 4 W.llh Y,,(_)~ and AI:O~ as Mnlerllll., 
aldst, apurl i'r~ml /tSI~N.~, Ir'aees ¢~1 inelll l lc 
( '~',Sl~(_)~N4")wetel~)tlnd(Fig, I) A I i l l leam~rph 
()LIS huh, ib t'aLised IW lhe L.'la.s.sv parl ~1' tile glall l  
b~)llllduty ph;Ise. N~) sec~mdary ervslull lne pha.,,es 
were delc¢ted Ii1 in;llCllal B I,.gl~N 4 Vvllh ne~dynnla 
and ;llllrTIIlla as Sll|lerlll~, aids), 

The spe¢linells ~,~ere IIIteas~)nl¢ajly cleaned In 
trl¢hh)I~wlhV]ene and a]¢oh~)l and dl led (9()C, 
"~()Itll[1) bel'~le spl i l ler ing PI was illa[i',llelr~)ll 
:,ptllleled ~)rl lhe stlrl'aees (w~rkllU:,, pressure ()~ Pa 
Ai ,  enert2v. I()()W (material A)..'2S()W (material B): 
larL.,el. PI) b~,, lhe ]nstl lt l te ~1' E.le¢lnm PhvMes at Ihe 
Hl lmbold l  I.lnlVelSllV, Be~l~n Malerlal  A was¢~aled 
wllh PI laver,, of  ,4()', rim, 8 I ( )nm alld I "~()(I nm and 
male~lal B wllh 6.n() sin and I()()()nm Ihlek PI layers 
'The hulk male~lal and su~l'ace layers vve~e inves 
IlI J.alcd bv sllrl'ace ~ Otl~]hHess measurements, 
elt '¢lton beam nllcr~)analy.Ms and X ray dll]'rat'll~m 
(X R D) 'The a- and lexlure analyses were carried ~ill 
~)l] u horlz~mlal dlffraCh)lneler wl lh ~/~,~/~ gonu)meler 

IIIhql',lly (I i'l',l 

i i i l l PI I~ 

I 4 kllPIj WIIh 
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! . , r ; . i / l l l  I, i i iC' ld¢' l l t ' t  ~ all!=.,l¢' IIl'fl.'~.dll]~.lll~fll'.~ iI h~t~, ,~mln l  
~ltllra~.'l~m~c'lc~l ~ l l h  (_'tl/~', radt~t l l~m ~a~, II~¢(J 

I - I Ic  ~,pCCllllk'll'.,, V..'¢'I ,,' ( )X ld l / .~d hv  ~.'wl~ua I al~n~.'a IInl., 
I l l  , . Irv a l l  V~llh a I]~nv l'al~' ~ l  ~ ( ) l l l l ¢~ ,  h a l  I I()() (.' 

I I()(i (.' ~l l ld I,..l"~(I (_' I ~ t  ~.l I~H;II III11~' ~l up  I~i I'~()h 
'TII,.' h.',,I I~lt '., v,c't~' lqau'c'd ~ t l  f i l l  A I  , ( )~ l 'f lah.' i l l  l l l l  

i l l l l l l l l n l l  I i . lh¢ PI v~ iit',.~ ',~,c'l~' LiWd I~ l'~r~'~ C'lll u'i)lll'd~.'l'., 

bclv . ,¢¢ l t  l i l t  i l l l l r t l l r l~ l  pl~ll~' ; l l l d  ,,,p~'ClrllCll,, d l l l l l l 12  

~ x i d ; . l l l i ) l l  Ti le '  l iar ! ,  ~,~,(.'t(.' ikqTl(n, vd  I I ~ n l  Ih t '  I l lrr l;IC'~' 

~lllc't ~;Jl l (~l l  ~,, l l l n ~  III l~'r~,al ~,, i l l l d  v,~'t!:.,hc'd v,'tLh a 

~ x l d l z ~ ' d  ,.,pO.'lm~'tl,, ~.'~'t~' c ' l l l I tm. ' t~ ' t lz~ 'd it,, b~l~c  
(~x ld~ l l l ~ l l  I--~H i l l lC ' r ( ) ! d l l lC ' l l l r l l l  c 'V;. l l tHII l~f l l  ~1 the' 
, url '~c'c h lv¢ l  p~fll,.,h~'d C'l~,,,~ "~'cll~fll"~ w e r e  ¢'.~HIl l l l lCd 

I-'~t Ihe  l..,CpillLlll~m u l  l h¢  i i i I l l lc 'r lC'¢ ~l  lhc' 
~)XldlLlll~: ~ ; l l l l l l ) ' . . , I .~huIc I t ~ l t l  I l i¢  II1~111CIIO~ ~1 h~,h 
I c n t p c t l t l L t l ¢  ~11 lh~' I'1 ,,utl'~,.'¢ laver .  Ih~' ,,pO.'llllCtL'., 
~','¢r~' a n t w a l c d  I~u ~lp I~ ,41)h ;.11 I I11(1 (_' tn II~v, ttG..' 

~1 , a m p l e ,  v ,~,  ; inalv~,c'd 
k ~ i  I d c i l l i t i c ' a L l ~ I I  ~1 lll~' ~,:iri~Hi!, i~'ac'l i~ul'., ; l I Id  

I(.';.Ic'll~HI Ik ' l l l l )Cr ; l l l l lC 'h  Ih~rlTl~)~.,I;. l~.l l l lCll Ik' ; l l l d  d l l  

I~ ' rc 'n lml Ih~'tn~i~l i I I ] ; l lv,, t , ,  t D T A  T(_i) I~l:,~'lh~.'l v, t lh  
~ l l l l c r ~ [ l l l a l  ,. ,GIrlr l l I l ! . '  c l I h U l l t l c l i ~ .  ([-),~(.'1 Il iV~'",lI!" 

~ll l,)II '., ' ~ ' l C  GI r l l ¢ (~  ~ l l l  I l l  I l l l l ~ c ' n  ; l l l ( I  f i l l  l i p  I~ 

I n()(I (_' ~ l l l l  l i c 'a l ln  V ~ll ld u'~di l~! ,  I~.IIL'", ~l I ( ) K  I l l l l i  

t A I  , ( )~ c ' r l l c l h l e , ,  ".,l'~¢c'lIllCI1 Il l ;Ih", lJ l ' ) l f l l l  ~()111!~) F ~ I  

~h{' ,,;.irll~' p i l l  I~ ' ,~  h~t-'h h ' n~ lw ta l~ l r c  X R D II1VCNIi!~ 
;III~)IIN wCr(.' k' i l l  l i e d  ( l l l l  in i )~ l lJ l t ln)~,  Ll l l l l~i ' , ,pl l~' l  C ~,'~ I Ih  

~t ll,.:altrH..' ralc' ~1 I ( ) K  mtn  ~i'~ I~ 121)() C F~ l  Ihe.,e 
l{',,,l~, r.~l;.ll~,,, l I . 4 . ( ) h l ] l l l l  ~I Wt'IL' pr~'patc 'd I 'hHII 
~;Ir,, ~1 r r la lc r l ; l l  B ; Ir ld , . ,pul lc 'rcd on  I",,~lh ',l,.'l~-., Wilt1 
I ()(III l l l l l  PI 

fh'sulls rnd Dis~.'ussion 

_LI ( - 'huracler izul i ,n  of the Collling~ 
'_)l'~LIC;.ll and  c lo . ' l r~m n i l c lUpp ,~h¢  ;.lllal~,w,,, ~1 lt't~' 
o~, t lc 'd  ,.,l~Ct.'ll'l'lCII ,,, ,.h~w,'c'd ir l  all ca~ ' , ;  derl',;~' i . l l ld 
o d l ~ ' ~ n l ,  l u l l v  ~.'l~',~'~.J PI laver, ,  The' te~ul l , ,  ~1' lh~' 

~m{~hrles'., mea', ,urenler l l ' . ,  be l '~ t¢  a n d  al ' t~r the PI 
' ,P l . t l lCr ln j ,  ar~' ',,h~n~,ll I l l  T a b k '  2 T h e  ,,urlac'~' 
"~t.l l~ll l l~",, ' . ,  ~1 I h ¢  L~r~tJrl, ,J s p e L ' l l l ' l ~ r l n  w; . Is  sl l~hl l '~  
mprov:'d. In I he  lanL.,,~ ~1 rn~'asUlrlrG:', : lo. ' tJtaCV Ihc  

"~,ll:,hn~',,,, ~1 Ihe l~ll~,ll~'~:l S~.lrl;.l~.'~",, vva~ m d  chanL,¢d 

I~, O)~ l l l r l ?  a r id  ~,~.;i,.., I I l d C p ~ l l d ¢ l l t  I r4ml  I l l (  ~ PI h lYt ' r  

I l i l l .  I,, t i~h,~ 

T i le  t ' l l¢l!g ~, L)I PI It)ll~, ;.If the' I l l ( ) l n t f l l I  ()1 the' 

r,,l l l,, i,,n ',~1111 II1~' '.., l lb'., l l~ll¢ ,.,I.Il lac'c I I l ldc ' l  l h~  
, .~pl l l lc ' l l l l ! ]  c' l) l l~Jll l l f l l ' .~ IhLII ~,k'rc' ii~.,~'(t ~,'~i1~, ~ll ')()l l l  

I I ( ) cV  l-hl,,llln!:, ~ll ld UXCl l l~ l l  I~l~'{',.,~,u '', I l l Ihc  
, . , l lb~dl i l lC ,,l l l l;.IC'¢ cHII Ic i ld  I ( ) I I I c  I '~HnlLI I l (q l  ()l rl~'V~ 

I)lllI,.,c I,,, d~ l t l l l { :  , , I ) l l l lUr l l l !  ? M : lC~ , , o%p~ca l l v .  Ihl'.., 
C'llCq ) ] ', ~ lCldl l t ( ) l l  IC-.,tlll'.~ III II1C'1 c';.Ihlll!] I¢ITII ')Cl;.III.II¢ l i p  

I(~ I( l l )  (_'. InGl,,Ull~'d al Ih¢ ,,ul~,.. l lal¢ h~ldc~ X R L ) ,  
'dry'.,',, ; l l l ;.t l~,', l ' , ; I t ld  I l i l l l  h ] l t l  ; . l l l ; l lYhI!,  '~'~l.'11.' IIl.,,C(t l,~ 

.d~' l~' l t l i l l l t . '  I ] I~ I~ ) r l i l~ t l l ( f l l  ~ l  li~'~ ',, k'(HTIF~,,HIIId'., i l l  l i lt. ' 

i ' , l ; t l l l l i t t l i  , d l t c~ l l  l i f l t l d ~  i i i ICl I ; . tcc '  , t l l d  I~ hl i td~, ~ltiV 

ch;.iri.L.,t' ttl l i l t '  I 'dal tr it.tr i l  h.tlllC'~ ~ c'~Hh, f;.ttiI ~l'., ~l I IttlC'LI~Hi 

~,1 Ih~' dl~,,lllllC'C ' I I~HII  I lK '  S I~N~ ',,lUlI;lc'c TII~.' X R E )  

i');~I1~.'1 i~,, ~1 II1~.' IIIIO~;ll~'d ;.llld PI o~;.llO, J ',l)C'.k'llllCIl,, ~1 
I I I ; I IL'I  I;11 .'~ 111c';l',,tItC(I III Hr;. I)~!. . ,-BI¢III ; I I I~, ! ,C~Hl l t ' l rv .  

~tt~.' , , l ' l tn,, l l  I l l  I t~..,. J The' p ; l l f c ' r t l  ~)1 f l i t '  F"I o) ; . l l~ 'd 

",lit I i lc 'r  ,,ll~n',,,, ~ll~;ll I I1~,1II Ihc J lX';Ik ', ~,I 1l SI ~N.. I ; I r ld  

l i l t '  I~ ' ; Ik ' ,  ~d c t l h l c  I'1 ; Idd l l l~m,. l l  I'~.';~k'; ~',ll~cll h~.'l,.,~l." 
I~ ; I~1 ~.gl AIIc~t ch;~l'G-'li'~l:' Iht '  li~r;~,,~lrll~).., ! . ,omwlr~,  
I I ~ l ~  B~nL..')" Br~'l~ldl~ trll~ !:.,t;IZln!.., X r;I,, II~c~dcm'~ 
all!:.,Ic., al Irlc'idt.'llC'C arl!:, le, ~1 ~,~ '._ I l l  ii~'v,, i_x'ak,., 
;It.~F)L';.II ;11 r/ = () ~()'-~() IlITI ( ) 2 ( ~ I  I l l l l .  (J ~ l ( ) f l l l l l l  ; . l l ld 

I) 17",-ll~nl Th~ I'~.'ak al i / - - ( ) 2 f l g l t l n l  l ,~h;~bl' ,  
M~m!.,,, I() P I ( ) ,  ]-'lit.' ( uhe r  a d d t l t ~ m l l l  pellk~, r a n m U  

Ix '  i,,.'l;ll~,~d I~ ;i I,.ll~'m, i l  I'd];~<,~: The.' al~r~';ll;.~m.'c' ~,1 
PI u_NI ',ll~n~", l h ; l l  " ,p I I I l¢ l l [ l !~ .  pr~,~.'~.%~'<, III;1~, lead I~  

II~c' I~Hi]~al l~m ~1 i~v ,  i~h;.~'.,{,, i i i  Ih~' ,,~ll_~,.,Ir;~l¢ lav~'t 
I l l l¢l l lP,. '~f .Nilc'h I~ ,H l l l ; l l l ~n  ~)1 I')l l l~lr~ ;.Irld ICr l l ; . l lY  

I l l¢l,. l l  ',~ll~.l&% ~l~, l~ r~duc l  ',, ~1 r~';.ic'lt~m,, hclv,,¢~tl  
._g~ ~ N .~ a l id  i t , l l  a I,, hn~, I-,.,c,i] r~'l~ ~t I~'d The' I~t  i na l l~m 
~1 PI ,,~llc'ld~',, ['~t ~.'~'~d~, i l l  Ih~' h~x~ l~ 'n l lW l ; l l l l lC  r~lll!]~' 
2(1() f l l l l ) (_ '  I~ ,~l il t l lK' i~,! ,o,~plc'  h,c 'a l lzc 'd k",~.'l l i l t ! ,  

I c r r l p ~ t a l t l t C  G I l l  h~' tc';.tcllc'd . d t l l l l | ~  ',l'~LIllc~rlliL.' 

I~r~)k'L'~.,~,{ ',, I¢~],.lldJc'~ ~)J lilt' I()wc'r IIIilk'r~'~k'~1l_llL' 
I c 'n l l '~ - ra l t l r r  ~1 Ih~' , ,a lnpk '  I , d d ~ r  E 'xpc t lnmnl . , ,  V, l l h  
PI c~; l lc 'd  !..,la,,,,¢~, c ~ m h r l n c d  Iha l  I he ,  t' pl~C'c',~l,m, 
d q X ' l l d  ~l~ the' l , l~ l l l lCr ln ! /  oHId l I I~HI ' ,  (w~rkll]!_., 

TaBle 2 _Nurlm r rLml:'hr.",', hul,~lu arid alh'r ' , lml lcr lr l !  , 

R l l l l f l h l  i'%~ 

R, lllml 
R [,P, I ,um) 
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l~wer, 'w~rklng,  pre4stll'el. 'The l'~rmati()n (fl' PI 
s~llcides in SI ~N,.+ ceramlt.',,; was al.~ deperldenl (~ii 
p~)wer and pressure. T'he r ~.',,e ~fl' lhe ~orkln~, enerl:;,v 
i 'nun I()() 1(~ I()()()W leads l~ tile increase ~1 lhe 
s:llcldes e(mlenl 

The X rav  IIIVeSll/2,alltt, llS Ill' residual stresses were 
c a r r i e d  +,H.II IJslII~ LII IC(laled ; l l l d  cut.tIed saml:fles ~I' 
ll lalel lal A (ff't layer,,; ~I d()~ nln, ~ l(i nm and I ~()()nlTl 
lhlckness) F'~r the detet lni i ]al i~m (~I' texlure and 
residual '~tlesse,~ inlerl'erencen ,)l' several Ia l l lL 'e  

planes were irlveslil?aled " 'Tile elastic ~.'~rlslanln, 
necessary I,~r Ihe cal~.'ulall(m ()I" slte~nen, wele 
eStllnaled Ir~ll l  lhe Y~un!.,'s Im~dulun and the 
F)(Hs.',,~HI ~,.'~mStalll Residual c(m]presslve slre,~.'.,e'~ (fl 
ab~ml S()MPa were delecled {~ll b{flh ulnu{~aled 
L..'r~ulld and p(fl~shed Sl ~N.~ surlaces. T'he PI la~,ers 
were als,~ under c~Hllpre.'.,slve slresses alld .showed 
;= , I I I ,  hhle le~,tur'e 'This te,~lu~e was sharp ;.ll 
h~.er layer Ihlekness and weak I'or Ihlck la~.er,, 
;llld arlet annealing In rlllr(~L.,.en fl.'aLised h~ rect vsl;.ll 
I izalnm) F~u PI layers (~1' 4()'~ I~ ~ l ( In ln  thick 
ness tile c(mlples,;l~e residual slresses ~.~ere hI!.'.h 
i "-. 4'~()MPa) 'The~,. c(~lld he ~riL:lnaled I~,r IllSlallL'e 
by ~.ralrl l..,r~wlh lrle~.'halllslTIs Or I~H1 b~utlt)Ltrdrnenl 
and IllletsltLta] n~lt.tll~)rl ~)1' Ar aloltr,+ durlr~L.,, lhe 
sl~ullertnL.., process F~)t tllk~,h laver Ihlckrlens up tu 
I n()()nln, i'~n~duced by hmt?,el sl'+ultlelillg, tllTle, Ihe 
~lresses decreased h~ ~ 22()MPa. Ar ie l  annealing ,fl' 
Ihe specimen wi th ~ l ( )nm PI layer in nllr~L.~,en 
(2()ltltes..'h. 2 h at I I()(r '( . ' ) the re.~ldual r'~,.l,~'.~.~'.'v 
:dres.s chan~.ed Io .~ 2()() M Pa h',,s'H~' slress (appatenl 
yield i.'~lnl rh~ : ~1 PI al 2()'C In ff~ t MPa TM) Thin In 
caused by the difference ~fl' thermal exl_~anM~m 
e~ell iclenln~fl 'PI and SIgN 4(,~s,~,,~ = ~ ' I ( ) - "  K i 
~Pi = ~ '  I()- ~' K - I )  In PI lavel.s, de[_',~,~lled by 
electnm bealn ev;.ll')()rall~)tl, lenslle slrensen were als~ 
~d~served F'(~r Ihe investlL:.all~ns wi th  L:,razlnL,. 
~nelderwe anL:le rrl.'ller~a) A w~th a I~,()()nm thick Pt 
lave~ and Ihe dll~ractlun plane'~l I I I ) . ( 3 t l ) a n d  (422) 
were selected By ch;.int~ln+?, the X-ray I?,ra/lll)? 
incidence anL.,,le +,~ tile penelrati~m depth ~1' X-rays 
Val leS i I I Id  II IS p(~sslhle t~ ~.et I l l l ' l+r l l la t l~) l l  a_hol.iI 

depth dependenl changes ~1' ctV~,talllne Pha~es. 
lattice parameters and resld~ml stresses T'he in+es 
tl~.;.lll~m:, were carried ~)tlt wilt1 + u = ( ) ~ - I h .  'The 
lalllCe l+arnnleters a were <ak'ulated by using, the 
l~(~.'.,itl()llS ()I' Ihe centre ~I' i?raVllV ~fl' Ihe peaks in 
ak'k'()rd;.lllCe w l l h  the e q u a l l ( m  

,~ = , l lh: + A~' + / : ) l . ,  

~/IS tile lattlt..'e sl"+u(.'lnl,,.. 
'The results ,sh(~wed n{) ',;l~,nlhCallt cha nL2,es (fl'r+ and 

lattl~.'e parameter,',, wi th penetratl(m depths F'lgLire 2 
show,s tile dependence (~1" tile relative h.lttl<.'e c(mst;inl 
cilalill.es (~rl the an~,ie ~/~ belween rel]eetlng plane and 
specimen surface Peak',; slnmL.,,Iv influenced b.v 
lexture are marked h.v ' r  F'nnn the 'rnelh~d ~fl' 
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t'l~. 2. Chatu.~e,,,~fl PI lall lreOul,,lunl~,,. ~,llh ,,irl 'fl/~)h~r ~ arl~H.l,,, 
.~ la~,' II|t.'ld~:'ll~.¢ an!.,le!, m I-,. I (.~. 2 ,',. 4 . +. q Ih ~. 
Pe.,k'., inttuer,.cd by lexlt.lre ,+, () ~q~, ntn. PI I,_llll~.e ~.'~m!q;Jnl 

Inun Rel I~ 

n l ra l l l - I ' r ee  l r leUsLI I I l l~ d l r e c l H m  " l l  I'~r all IllVe.~ 

11~,;.I led peak.'., a resldtla] sirens I'ree PI lal lice ~.'onnlarlt 
*~1' , = () "~*-~27 Jr ()()(l()l nm was ~blalned, which in 
!?~eater th;.in Ihe data published I~u PI 
ial, ,  = () tt~2 ~1 sin I : )  The re,~ldilal ntreteh~nL?. ~fl' tile 
PI lattice should be caused by chemical ell'ect'~ 
(inc(~rp~rall~m ~fl 'Ar ot Si in l~ lhe PI laltlce) In the 
cubic I'ace cent red PI la tl lee the la rL-'e A r a l,)ms C~,lld 
~euupv the [ i  i .I] place.,.,, while the SI ~.',~uld oectipy 
the lelral ledral nllen wi th Itle c~u'd~nales [.~.~.i] 
Al'let anneallllL2 , al I I()l)'(_' ~n nllt~)~,erl tile ',;Ires',; 
Free Pt.,'lalllue c~m,,tant decrea,~ed h~ =z = () tg2"~ _+ 
()()()()1 nm The same v;lltle wan ~bl;~lned I(~r a PI 
hirer ~1' Ill()()nm Ihlel~ness t'uodu<ed by eleclt(m 
be;lln evap~)tall,m. The Sl_~LiIlerlnL.,. (Wctlrred in this 
ca,~e in vaCLlUln (v~dlaL.,e 6 k V ,  vacuum I ( ) -~Pa)  
'ThIs stIpp~u Is the h~,.P~dhesls ltlaI Ihe ch;Jn!~e.s ~1' PI 
lalllce L'orl'.;lallt sh~u.lld be ~.'Llused by ill~.'~rp,)rall(~ll 
,~1 A~ 

3 . 2 0 x i d u t i o n  
T'he sLirl';t~.'e qtlal l lV (tl' tile PI ¢,taled speL'llrlell after 
hu.-'.h temperalLIre exp,~sLire was belier I l l ; in thai (fl' 
the usa, rated nl_+eclmen. 'The Pt <~mtlnL, nerves  not an 
a rq~)teCtlVe lave l  I l l  a d l r e ¢ l  vvav, beu'aLnse the 

'+peellrlen suurl'aces alter hlL:.h lernPeratLIte ¢xposl l lon 
;.Ire m~l c()vered by a <h~',,ed PI c(~allll./2, ( independent 
I'r(~rrl the alrnosphere) hLII b.V s, fl ldlfied Inejled 
slrll+..'lLnlen (Inealldr'~)LIn rlels, droops), as sh(~wn In F'll? 
t. T'he (~.xlde lavels ,m c~mted sPeCIltlt"lls bll(~W h~w'er 
density and size (~1' rnler~cr:lcks and btlbl'fle~¢ and a 
hU,..hel <rVstall lzati(m dell, roe (l'()r Y ~)r Nd slllcal¢.~l 
l h a l l  arises wi th kl ll(.'( )a led specimens 'Tile mlcr~ 
cracks In the ~xlde .scale :Ire I'ormed due 1~ Ihe/_l- 14~ 

lral l .sl~rmalion Ill <rt.~h~balile, wherea.s macn~ 
erack.s and spall lng 4fl' the oxide laver are a resull ~1 
lhe volt l lne e,~Pall",il()n durln~:z the ox ldatnm or Y ,~r 
rare earth c, xv l l i l l lde  crystal l ine pha.~es, like mehhle 
or w¢flla.slonlle. I ~'The chan~,e of the crack slrLIclLIre 
*)L'CLIIred I l l  L 'Ol l l leL' l l ()n w l t t l  a hIBher L'~Hllerl[ o f  
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i i i l l  l l i l l i ' d  I1~1 i l h l h ' i l  ~ t i l l l  i41)"~ III11 PI 

d t M c l i i l l l l l t ' l l l  ~1 III IC't) i l l~d a l ld  c ' ( la l t 'd ~pt ' t ' l l l l t ' l l~  ~tl 
i i l~ l l t ' l lUI  ,,~ t~el~i~' ;IllLt ; l I l¢ l  ~%ld~l l l~l l l  

I - i ~ i i l  l i l t '  i i | l t ' l~ ' , , , t '~plt '  i i l~t-,,,l l!2;ll l~ll,,, iI GI l l  Ix '  
',,,Ct'll I l i ; l l  Iht '  PI l~lrl lt ' l iJr¢,~ Iha l  I~ l l l l l  ~l l l l l l l ! ] ,  hll=,h 
I C l l l [ ~ ¢ l ; l l l l l t '  ~ % l d ; l l l l ~ l l  ~.ll'¢ iI~.~'.,~C'l~.ll~d w l l h  '~' ~l l  ~ c t  

~l l l t 'a I¢ t'r~,~l~ll ,, ( ~ l ! J  .-I) I - l l ~ l l l  l i l t '  c'l~,,~., , . ~ t ' l l ( ~ l h  ~l 
Ih¢ t iX l d l z cd  ,.,pt'c'l l l l~ll l l l l f  t 'arl ,~c'~ I l i i l l  illlV.d ()l the PI 
dlill~"., lit ' i i i  II1¢ ~l i l l t ' l  '~l l l lac'¢ i l l  l i l t '  l l .x ldt '  ]LIVtl ~illd 
~11¢ ! , l l l l i l l l l l d l ' l . t  bv ,i.,re~ c'l v , , ta i l l l l¢  ,.,lllc'~/le., (Pilg. k) 
PI ~t';l~, ,.,t'ld~ml I ~ i l l i d  I~l.~l~ti.'el~ Ih¢ t ' i~,., lal,,, i l l  Ihe 
i la l l~ Qld"," ,~ l lha'.,t ' ._%llt'll P'l d l l l l l ' . ,  ' .di l l  IIIr~tllQI1 lhe 
igla,.,,..,~ plili,.,e ll~ Iht '  I l l , e l  ,., l lh,., l iait '  i l i l t ' i l 'a t 'e  

M¢11111!7 ~1' PI ;1I h i w  I~i l l l~¢l~i l i l i t ' ,~ I,~ c 'at lkcd hv 
i l l h ~ l l i Q  ~t l l l i  .%1 I i~ i l l i  l i l t  t ' e l l l l l i l t '  , , l lh~, l l i l l~  dllrlii..l:, 

.M ,,k_'i,() t M -  N d  ' f )  ~illd {I l l ~ ' r  c'rn~>l~d~alil¢ 
<'~tl l lel l l  II1 Ihc  ~l~ide [ i ive i  ~1 <~lu lcd ,q~¢t' l ln¢ll,,. T h e  
l a l l i l  i l l  i i iIc'!.~la] l i l l~ll ' .., l lV i l l '  Ihe ( l l l l )  ~ C't l~, l~lbal l le 
I l l  I l ic  ( ( ) ( ) ~ ) A  N d , ~ l , ( ) .  X R [ )  p¢llk'., 3ll iJ ,>ll l i l t '  
I i l l l i i  (l l l i l t '  ; l l l l t t l l l l l  i l l  t ' l l , , l o l~a l l l ¢  I ~  N d  , ; l l l t 'a le 
det ' lel l , . , t 'd a l l ¢ l  l l t l d a l l l t l l  (I It11) C I ( i ( ) l i ) I ' i l l r r l  I) _~k 
( i i l lC ' l la led n l ; l l e r l ; l l  B) ll~ ( )1~  (6~ ( ) l i l i i  Pl ,q~l. l t lcred 
I i l ; l l c ' i i ; i l  El) T i l l ' ,  l e m t , ,  I ~  I l i e , . , l i l ~ l~ l , , l l l lm  I l ia [  Ihc  
I l l t ' l t ' l l ~>¢  ( l l  ( t x I d ~ l l l i i n  I t " . ~ l k l i l l l t ' t '  I!., t'l.ll.l,~12d hV  lh¢  
t'li;lil.t..,t' i l l  c ' l % l ; i l l l l a l l l i l l  l l l t 'c 'hai l l !>ln ; l l ld  t ' l~i l lpt~ 
,~l l l i l l l  i l l  ih t '  l lt, ldt '  h i , e l  T a b l e  t ,, l i~t~!, I l ie l~h;i,~e 

i l l  iahi I,Iy,q wiIJ l  I,u~,l' 

h i ,hi  ~ ' ~1 , (  )3 I r~,JAb, 

and P] dH~p', 

F'II~. 4 BgP IIIl~lt_k' ~1 Ihc liqlh,.,hcd i lip, l' l,l'l I l l i i l ,~1 llhlh-'ll;Jl ,.~ 
l ll,lh'd ~1111 ,~lllrll l l PI ,ll l l ' l ~l~,ldilll~irl ,11 14'q) I I .~ ~li 

I -ah l t '  t. R l " , l l l l ' ,  ~ll I lk '  \ R D  l l r i , ih ' ,e ' ,  i l l  i J i l l ' , t l i l cd  ,lll,.t ~ t l l l i  141i l l l l i l  ['1 i l l , l i e d  ',r,,', in lcr i ' ,  i l l  
I IHIIL'r lHI '*% I,elL~ll '  ~l[Id ,J lh ' l  l i k l d , l l l , ) l l  

l i t ' f l u  I '  I~ ~ Idr l l lO l l  , I I I i ' I  ~, ~ h/ i l l l rJ l l  

I pt, . d m ' d  ( O I I h ' d  4I I ¢111t ( '  I t l l l h  II 1,7 ~tl ( I O t l h  

I Ih Orlh d ( thlh'd ( . , t lcd 

PI IG Pl 
"f ,"h ~( ) iN 4 t PI ..%I r,lt (_ ri,,lld'mliue ~ If (_ ri',,li,l-lahh' ~,fl (_'ri',,ILdi,)Iil~' 
I~ ISI ~( ) , ,X  ~) ['1(_), ~' ,~i  ,q ) " [I ~' ,~l ,q ) .' "l' ,,"4i ,( ) " 

~n ,~l ,(_) ~ 'f ,~l , ( ) ,  [I ~ ,Si ,(_) 

" () l ( I ,  Tea, furl' 
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F'i~. 6. ( )~ l d . i l . l r l  I ; ih '  ~ll iJn'l l l . ' i lcd . l i id [-'1 c~U.llltd p()h,,l ied 
I l l i l l l ' r l i . i I  I:l ~.l'rNiiq h ' l l l l i i ' l i l l l l r t  = ,'llllJ I ln l l '  

Ihe sput ler lng prucess Ill ;.icc'(irdance wl lh Ihe 
I e a c ' l l l l l l  

'i,~F'l + I ' S i ~ N  4 ~ 2i'N, + IPI ,Si ,  

l.lp h) I 4 i.II " ,, SI Call he diss(flved In PI 'This leads il l  
a redl.icliun (fl' nie]llnQ leinperuture l'r(ml l'7~q 'C l~i 
14"tll (.", t'(itresp(indirl[.,, i l l life ei.lteClic Ill tile phase 
dial.-'iau) P[-Si bel~.een Pt and PI~Si ~'~ An in.~i lu 
inspecl i i in ()l" lilt' pi(it'esses (it( 4().'~ tim PI elialed 
sl l i laces (male l ia l  A) ~,~,lth a hll-',h tenlper,' lture 
nl..'l(~W(q_~e sh(.,~,'ed lhat melt ing alld c(mlractlnL., . (d' 
Ihe PI ((ll PI sII i t ' ides)l l t ' t ' i . l rred behlw Ill(i l l C 
Meltlnl7 (if' file still'ides leact~ hi ;i Io~,er vist'(Isiiy (fl' 
lhe (i.xlde lavel and ,so t(i a charlg, e (it tile Iransp(ir l  
and crvstall lzall~m pr(wes~es In lhe layer 

The (~x~dal~(ul k~nellcs. Le Ihe varml, .ul  of  lhe 
sllrl';.i~.'e speelhc mass gain wl lh l ime and lempera 
lure, were. Ill principle, the same fur N~lh malenals. 
'Tile (i.%ldali(tll klnellC curves I'(~r lhe unc(lated and 
cll;.lled speelinen,~ ()1' Ihe inatenal B (ibtalned al 
I I()() C, I t(i() C and 14'~() C ate sh(w,,n in F'E-', 6. The 
um.'(~aled material ',,how.,, parab(dlc ( ix ldal lon klne 
lit'n, ~,~tllt'll I~lves evldeilc'e (il' a dll-]'Li.Sllln c(irl lr(l l led 
lixldall(.)ll l l lechanlsln F'lir lhe coaled Sl.~et'lrFlell~ al 
all tesl lelTIperaltlre~, a SlmlJ,'lr hehavl( i t l r  wa~, 
(ibserved al lhe IIIII lal stag, e llll sll.,.nrl-]canl (at I(~. 
telnperalures) (~r u l i l i le pl ls i i ive ( a l  hi.~.h lenlper;i 
lilieS) liias.s Q, ali i w'a.~ deleeled and later a /..,.r(~win[.,. 
mass h_iNs (wt 'ur led 

F'il/.Ltre '7 stl(lws the diRererlce funct ion that re.~ulls 
I'r(un lhe dll]'erence I I 'p, l&'T')-  l i ' ( / ,T)  belween Ihe 
i1la,4k Q, aln ( l l 'coaled II't,~( & F)and ilnl.'(laled ~ainple~ 
I I ' IKT) 'T'hi~ I'Lllit'll(Iri is nearly linear wl lh a chanT, e 
in .~.radlenl after the I]r~l 2(ih II t '( inlalns lhe 
t ' ( i n l r l l 3 U I l ( i n ~  i l l '  a l l  ( I t ' t ' i l r r l l l . l~ ,  p l ( l l . ' e~ses ,  e l l t ' e p l  I ' l l r  
It ie ( I x l d a l l o n  i l l  unL ' ( i . ' l l ed  ,Sl i l t ' ( in  n l l r l d e ,  i e. i i  als(t 
let]et'l.~ anv t ' (u i l r lbul l ( in I'r(inl a t'hanQ, e in Ihe 
~i.%ldall(~ii klrlelic',~ (ll' ~lliC'(ill nl l r ide ilnell' T'he rria.~,  

(i'll ,X l~,n r' ,,. 

r ' ....... - ' ' 1 / 4 - 2  I ,q '',' 

-: ,,,i . T " -J / "t--i- -i ,,,,- 
I i I /t -4J. / & 

'~ ,),,J , -" i ] 4/' , I I T ''~ '6, 
I " r ! If i ,,,, '. !/I-i ;' 

',~ t L / 1 ' It / ,. 

t , @ ~ , , . . . , , , , n  i~I,~, ," 

F'il~. 7. I)llJt.'rem e Ii.lrlCllL~ll I r~m cq~alt'd ~llld ilrlC'~i.lled r l lLI l l ' r ldl 
B %l'l'.dl,~ lL'~ldi.ll l l lrl Ii~lrlpelLIiiir.k , , l l ld Ihc~lrellC,JI dlfl.l ln-lrll l,~lllLl n 

i lJri(. ' l l l ln ~ll p la l l l l l J in  ql~ldl' ( 'dtw~llt l l) ') 

h>~n durlnl-..,, ~x idat ion  al I I()()-It()() 'C' could be 
C'aLi~ed bv the det'ompl~.sili~m i f l 'a platlnLinl ~ i d e  
'T'he leat'll~ill between Pt and O:  slarts alc)()() (.- wi l l l  
lhe I'~rin:ilil~il i f l ' lh+ '~t~lld Pt(.):. This oxide sh~uld be 
',,lahle unti l  abuul  12()()' C and sh~uld then del.'l~it] 
l'lO".,e al hq.:,her tempe(at(ire,< 'The nlass h~,~s ~n lhl,~ 
case w~uld be (I ()()()1 (()()1)nlg,"cnl ;.:h in ,-IN lilr¢,,, h 
tt,~wiil!~ air al I()()()( I,-l()(I)' (.' I , T'he'~e (ales (>1' Inas~ 
hi~s are g=ven =n Fl~: 7 as 'decomp' T'he =eal rale~ in 
lhe pre.~eni ease have I(i he '~ln.'lllel wi th  Inclea.,dng 
llnle because Ihe real' l ive suil'ace is reducect bv Ihe 
de.scribed nlel l lng and c(mlrac'lln[,. (fl' Ihe PI laver hi 
i'(irm isolated slr i lc lures By use (fl' a den:, i lv 
/ ,p,  = 21 -I i~..=ll.. ~.'IT1 II ()ne [.',el.', I'(_)r nl;l lerlal B wi th ~-i~() nm 
Pt a nlas,~ ~fl' the PI laver ol ab(lul 6 mr., Aec'(~rd~n!~ t(i 

Rel' 1'4 there ~,(mhJ he no PI Lit Ihe surl'ace,, after 
an o,~ldal .m i l ine ( f l 'ab( lul  7'~()llh at I I ( ) ( )C and 
7~h al I,.1()()C. Nevertheless, allel u'.Iidi.llllul al 
14q) 'C,. 12 ~, h some re,~ldual pari,~ ~fl' Pt dr~ll.'~ were 
round al the (i,~ide laver,~i F'lg 4) 'This mean.s thai the 
dllTeiences ,~1' i~xldation ,~iablllty and ( Ix ldatnm 
klnelws between une(laled and ~.'(lated samples 
cal l l l ( l I  he explatned ~mly by the mel l tn~ (Ir 
det'(unp~'~ltlcul (ll' the Pi laver 

Irl order hl ir lveslil.ate Ihe trlttuence ul'(ixyg, erl i~n 
Ihedencrlbcd pr(we'~ses c(~aled speclnlens (d'rnalerlal 
B were annealed ;.it I I()(I"(Y In Illlr(~.gen (dried, 
2(llltre%'h, ~. ,4()hi. N(i delectable mass h~ss was 
(~bserved, hul lll(dlerl <,tructures were butl l  up rrom 
PI at lhe surl'aces In l.'(mlra,~l Ill tile nnveslt~alnlms 
wt lh (ixtd~ztn,g attn(tsphere Ihese ,structures .~tl(l~,' 
~ l i ~ l l g ,  e r  v,,~fl:lled rn~lrph(flot,,v l ike drop',; N~m 
t.~(Hhernlal D'TA.,"T'(.~--and DS(."--tnve~tlgalt(m,, tip 
l(i lq)()"(.-" ol I()()()nnl PI spullered specimens (il' 
malerlal B vn rlllr~lLaerl and ii1 atr dtd roll lead l(i 
measurable thermal elTect,~ or roans chanL.,,es 'Thu~ 
can be caused by Ihe [act thai lhese pr(ices.~e,~ relate 
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l il~ , 14 FI,",,t IIli,il.,i 'l, ,~1 ,l iC~llli~'l i  , , i lr l ln~'. ,  ~1 I, l /ri i  I ' l  ~thllq'(J 
I lh lh ' lh l l  I~ ,t l l( ' l  IlCHll',,Hh~'ltlhll , l t t t lc, lhlH: IIl~ I,~ I ,()(F ( (,t) Il l 

I t t l t t l lq ' l l  ( i l l  lit Ch', ,tit 

a l l~ ' l  ~ " , i d l I I l ( ~ i l  .%_'lltllttt~_..' I I (H l l  I I I '~HI I  " ,()()(_'  Ih,,' F'I 
l '~' i ik ' , ,  c l l n i l ! J u d  I~  , , l . t t r ,  ; I l l d  hl!_.,hcr L'qHII~HII", TI l l ' , ,  

~.'~iI,,l I-~' c;i~i,,~.'d h,, ll~.~ Ii.~;iILn!i, ~l  uh.'Iccl,, I~,, '.,tt~.',,~,, 
I . ~ l L l ~ ; i l l ~ i l  i l l l d  ~ l  b', ..,...,t~wll'~ ~1 I i l e  PI Cl~, ' , , lal , . ,  

I I ! ] I I IL '  I(~ ' , ,1~ ' ,  I J l~  I~111() ~I' ~.~IFI(HI",  PI t~> ,_~1 ~N. .  1 

1~,()1) I r l l~ ' ! ] ra l  l",~'ill,, I I I l~ul! , l l l~ ' , . ,  ;I .... ;I I I I I I c l l ~ u l  ~ l  

(~ ' ln r~cq~l l l l lU  T h u  ILLII~ IIICI~'II'.,L".~ V,. l l l l  I¢ ' I I IFI~FHII. I IC 

~I'~ I~  i i b ( H l l  ~( ) ( ) (_ ' ,  I l l u I I  dL'u't~;i ' . ,e ', ;tm, I lu ' l l lL I I l i " ,  

d l l r l l l ~J  c ~ l l l l l  J i l l Itl~' h~v, Cl Ic',~.'l TII~' h l ' , l  T~IIIL 
~llt l lr l-. . :  hunl l l l [ . i , ,  c n n  Jx' u '~ l 'd ; . t l l led b', I Iw  ~lb~m.' 
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) " , ld ; . i l i (H t  q)l IIIll~)[..'~.'l| ~ t i l t l ~H l l n ! ,  (FI !J  N) 

HIL-'h lu'nltl'~Ul~UtLUUU X R F )  IUZ ~lun Zll'~ I,~ I D()() (_' ~,~l,, 
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I ' l~ 9. Hl!..'h h'l l l l ,Cr~ll l lr~' XRF) i h t l l ( ' i n , ,  ,fl I()(Hlnrl l  PI ~ ,J lUd 
II l l th'Fl l l l  I~ ~l'fl l l l l l~'d ,ll tIH) ( dtlf l f l fJ hu,tl ln!, arid ~d l n ! . ,  irl , i l l 
hHit l  hra l l lU:  v~a,, ill~ hi I .q)tl ( ' l  I'N~I I|lnrl,.~'d i~',~l,', I , 'h  lU, I~ 

/ ~ S IgN 4 

4 (.'onclusion,s 

Tll,.' i'q~',.,UllC,v ~1 I"r ()l l I Iw ,,tlrl~lc.V,,, ~1 d~'n,,,~. ~ !ldll~.'~H1 

I l l l t l ( I . ~  I T l l l n l ~  ~'.., II'.~ ht!...,h I ~ l l l p ~ ' r ; l l l l l ¢  i l l l d  ]~ l l !J  I(.'l I l l  

,,I~LI~IIII'~ Ir l ~ I C l l L I I I ! ]  alITt~'.,i'~llct~' 'T im I I l~%'h~l l l l ! .dl l  I~ 

;.l'.,,'..,~Cl;.ll~'(I ;.ll h i m  V, l lJt  ~l ~.,~I'~;ll~ll l l~ll ,,l I I tu  t..'(:'lHillIC,.., 

, . , l l r l ncc  I I~ , tn  lit,.. ~ ( ) ~ l d l / l I l ! J  I l l C l t l l l f l l  Jr~,,I h l l~ ' t  w l l l l  ;.t 

c l l ; . l l l !JC I l l  I Iw c(fl l l l ' t~'.,, l I l(Hll lira' i'd-u~se d u v e h q ~ n l c t l l  

;.tll~l I I l u  C lV, . . , la l l l /a l l~H1 h~ ' l l n~ , l ~ l l l  ,,I I Iw  !JI~)%%'lIl!~ 

~,~,ld~.' h l v u l .  ~, l l l c [ i  illcll.l~.h,"., ~l I~)w~'i IC i ldL ' l lCV I ( ) [ ' , , t  l i t  

cr i'..,l~d~;.tllh' ; . l l ld ~l l l l  p l i g l  Cl ~, ' , . , l l l l l lz~lLl~l l  u ~ l u r i l  ,,l N d  
~l  ~' MII~'~IIC'.~ 1 I l l  ~,, I ) I~HI I~I¢ ' . ,  lhL'  I ~ l l l l l l I l ~ ) l l  ,,l ~ll l 

,~',,IdU [II~L'I v, t lh  lew.el ,.tlld '.,l 'nilllct ~'t~l~,'k,, i l l l d  

Bc'.,Id~ ~',, Ih l I I  I I le PI '..,lllClde,, V,,lll ill'.,,, ( ) \ l d lZC 
IllCun',,~'l~".., v, h lc l l  can  tw ~,l¢,,,ctlhed ,i., I Iku I Iw 
~ ) x I d i l l l ~ l l  ~ l '  " . , I I I I l lLI I  r l~ ' l~l  MII~'I(.J(.".,. In I'~V I tw  

d~ 'C~ l l l [~ ' . , l l l ~ ,H I  ~1 Ih~' PI . ' .dl lcldc' I l l l l ~  ~ l (  ) ; l l l d  IJ ' l~ l ,  _~ 

~,l ._%1(_) ; l l l d  I J ' l ( ) ,  i l~ . '~ . '~ l~t lnl )  I ~  

I~'1.%1, f ( l ' , l ( _ ) ,  ~ I S I ( )  I Pl,N_'t, , 

F'I,_%I, -F I I  q- ~, j ) ( ) ,  ~ ~._~1(_) ~- e l ( ) ,  

I I I  III1'.,, cill.,,k' PI v ~ H I I d  '.,~'F V~' ~11.., ~.1 I I~l l l ' . ,p~H [ Fl lc 'd lLI I I I  I~)r 
i_~l ()l SI(  ) (HI IWLIFd ' , ,  a n d  I ] l e  l ) ' , . IdC h.lS.er ~ . l ] l  hec~Wl'W 
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C(~lnp(),qli~m and ,~1 crvhlulmlzatmun h~'havi~mr ,~1 the 
(~xide layers 

'The ink, e,,lig, aled m)nimal PI Navel lhickneH,~ ~1' 
4()'~1111| seem4 Io be ¢mu.igh I',~r changing the 
~ l d u l l ~ m  behuv lou r  In Ihe deHcr]hed wav F'(irlhe~ 
III~.C.~II)..'LIIIOII~, have 1(~ be d(me h~ p lok lde  u t l lorv 
c, mip le le  ( InderHlundlng (fl Ihe mechunl~n~ or  Ihe 
()x idul l ( ) l l  changes. 'The p~,~p~xed m¢ lhod  (,';ill he 
uppl led Io i l n p r ~ . e m ~ n l  ,fl' the ox ida l l~m leSlHlance 
~1' den,~e smlic~m nilr~d~' ceramic,,, (1I! applk'ulm(ms 
wmlll()tII abras ive wear) at lCn]peralt]res ab, we 
I()()() ( '  
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