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c~mllnerciallV I'~1 pack;.IL.,.lll~g,, hybrId sl.lhMrales alld 
rnulllch~l~ In~ldtlles." I a,, heat sInks I~lr IhvrJshu 
n~dules alld sllblTl~HJlll ',;llbsllales l i lr lasel and 
II!:,hl eml l l ln L, die,des '~ The hil.,h Iherlnal condLicl~. 
iI~. i', ~ne ~1" the key p~q~erllen (ll'a]LllllllllLII11 I I I I I Ide 
ve~amlc,, which a~e characle~lzed by h~w densllV 
It 2hi/ cml).  I~lL.,h hardness t/-/, . 1~l)()(SPa) illld 
~.,,~i~i~J nlecl~anlcal sllenl.,lh ('~()()-,-I(){)MPa) ~ Under 
III;.IXlal hladlnl., Colld~ll~>n,., A I N  v,,'a~, rel '~rled h~ 
undetlu~ a brl t l le hi di.icllle IlaIl',;lllOI1 al . $4() MPa 
~hich I?lve,, ~lse t~l c~ms~de~ahle phJstlClly driving:. 
~lvnalnlV c~mlpaCll~m " (_)1 her p~operlles ~1' p~denllul 
Inlere!,l ~nclude chemlval ine~ Ine% t~wa~d,~ metall ic 
mel l s. II I]le r Illal eX I'~a IlslI m k'~ telt]u'lelll ~.' lose h l lha I ~ll 
slllc~ln (.'/ . . , - I , - I ,  I ( ) - "  K floral RT' I~l .-IIII)'C). 
semlv~mduvtlVllV ~1 d~ped alLimini i inl  nl l r lde wl lh a 
la~!.e hand ~..,~.lp enerl..v ( I I ' , , -  6 2eV at R'T'). op[ ivaI 
I lanslucencv i.llld I~lgh Oplleal [lall,%lllillH11L'e 111 Ihe 
I l l l ' laled re/]l~rl ( / - .  {~/1111). I, l~ dleleclrK' h)s~ 
(lall/'~ , 1; . 1(1-4 al I M H z l  and i~iez~)e]ectrlClly. : 

..%lnlered pl~ldtlcl.,~ ~ll exl le lnely hm i~ilik' in lp i l l l lV 
Cl)l l lel l l  (, ()'. '~Wl", ol oxvL:.en and , ( ) ( )~w l " .  ~1 
melalllc inlpurl t les(Si.  Fe. M!:,)) and Jill average .~raln 
size ranL.,Inl? irwin1 I()1~, I ~yIn are lequlred h~avhleve 
a Ihernlal L'(HldLIL'IIVII~' value above 2()()W inK ~ll 
i~)~m leill]_~elLiIllie II1 polvc'rv,qall lne alu l l l l l l lU l l l  
nll~lde (Ihe~,retlcal valtle in single crystal 
~()V~" raN) ~' i i  Wi Ih  illclea,~lll[.~ nLIb~tllLIInm ~*1 

{)X~,I]~ell ilI~.IIIIS ()ll Ih(.' nltro~g, ell nlles II1 Ihe wt lr lz l le 
sll IIClllle alt lrnl l l t l lm VHL'LIIIL'Ie% ]HIVe [O be I'ol'ltled I~) 
Itlalrltillll cllarl..,e halanve II, 

A I N  + ~ t A I , O ~  -~ AI I _ i ~, l~l  ~((-)nl)i(V.~.l)l i~ 

ilrlCI Ihe I~ q_~fl~/:_i,v ~fl' ~he l)r l l l lary derecl- lype chan~es 
I'~rt~ is~flilled clLI.Mels I~l Iw'~ dII11eIIM~Hlal exlended 
iil~,.el Sl(Hl dOITl~Ili'l _b~,)lllldarleN ~ : - i., The laILi,.e 
h~call,,ed ma.ss dlITerences iillll'~dLiL'ed bV Ihe ~lillill 
IlllLII11 deh~.'lerlL'V lead hi c~mslderat~le aflharln~Ull~I'lIV 
wIlhln Ihe lall lce wh~vh leads h~ Illelea',;ed pll~Hlon 

sk'aIIeriil[2. LIild L'LItlses a dIiIIllalI£ redII~.'IIOll ill lhe 

thermal c~mdelclivil,,' II is evldenl lhal a IHt..,h 
Ihel lnal ~,'¢HldlI~,.'IIVIIV Call ~mlv he achieved if' lhe 
IITIpll l l lV i,.'~mlelll In tIle A IN  crystal lattice 4..;.111 be 
kepl h~w Ill Ihe starllll~, p ~ , d e l  or can be red,Iced by 
app loprmle  p~l~.'e'.;slnl~ steps 

T'he ehemlval v~mll~l,,,it~m and grain b~LIndarv 
mlvr~l',,ll uctil~e ~ll' p~flw.'rvslalllne alLllnlniLirn ni lr lde 
malerlals can he lalh~red In a wide rang, e by 
c~ml~fll~n!~ Ihe hlL-,h temperalure reacll~mS which 
I:~ke place dur ln~ nlnle~lng and anneal~n F, in 
reduelrl.t:, alm~',;phere Alkal l l le iear lh  metal a.s well 
;.Is Yll rItllT1 a lid r i l reiearlh ine|al e~mp(~unds are used 
I(~r Slrllerln[;, ~fl'alurlllrllurn nl lr lde al I ~()11-2,()()() C II1 
IIIll'(UJ.ell LIllllosphele " It, These d~)pants reacl with 

an aln~rph~>tu,~ ~t,,~lde h im (in the A I N  p.',rlivle~., 
ha ~.ln!, a typical deplh ~d'ar~Lind ()4-1 2/un ~ to I'~rm 
a l iquid pham which pr~ml~le!., dennlhcallon by 

l)urllc]e reLIIlall~:,elnerll alld s~lllll~HI-rff¢£1pllall~H1 
llp~m SlIll~III1)/I il',, well ;Js L-'~aln jJr~mlh durlrlL; 
hE-'h lelnper;JtLirq ilrllleaJlll/, " The ~,xv~,en u'()ll!.¢lll i11 
IJle stl|lered A IN  van be sl!/rlll]caHlly redLiced by 
valb~ullelnlul  ledllctl,Ul ¢~1 the sintered nialellal  
dLIIItl~ allileHlln~2 Iii a u'art~)ll k'~flll~lllli'lL~ allll(Y,. 
phel¢ ;It IN(lit 2()1111' (_' II I" [)LIL' I¢~ Ihe redllclnUl ~1' 
Ihe ~lxvm.'n Oullel l l  beh~w ()1 ~1",, Ihellnal v4mdLle 
IlVllv ~ll' an ~l' ,(_)~ d¢q'~ed A IN  ceu.lhJ be drasllvallv 
enclea4ed,e L.-' LIp h_) 2fill W IllK allef 2,..I h unnealln.~ al 

Ali.llnlnlLim nllr lde p~lwders ~ll' hU.,.h slnlerlnL., 
Ll~.'ti~llV are leqLlIrL'O Ill ~llder Io r~dLl~.'~ Ihe ~lfl"l(IUlll 
~fl' , ,ecemdalv phases  and lhe d~lrat]~m eft high 
lenll~eralLIre I1'¢i11111¢111 P~wdels wIth Palllcle sIZes 
le,~n lhan I Ira1 whIch are Itlall~lv prodtleed by d~m.'l 
llllrld;.lll~HI ~1' al~llnlnlulln P ~ d e r  heh~w '71~() ( '  ~lr 
carb~dhern]a] ni t l idal l~m ~fl' hne alUInlna p~wder In 
IIIIl~lJell alln~spllere ah~we I11(1() ( '1 are leadllv avail 
able Wh~]e lhe p¢lwdels I iom nll~ldallem ~1' nlelalllv 
al~lmlnl~m~ ~lS~HIl~ h;l~.e l~l t',e n~llled t~l allal l l  ~l hi~..h 
SllllerllllJ. :IL'IIVlIV. Ihe p~l~,~,Clel'b pr~d~ced IW carb,~ 
I] iel I11LI I i ed LIL'I I~ Ill ~ll I¢11 ~.'( H1 [~11 I1 il Sl .~llll'lL'LI n[ LIIllOlllll 
~l exces:,ive carb~ul wll lch Ilas I~l be lelll~wed Ill a 
4el_~alale pr~wessln!, step A valiel~. ~)1' alternallVe 
hynlhesls lechnlques such ~l,~ direct nlt l ldatl~m ~1' 
lllLIITlli'i~l bv alTllll~.)lllaC iJa.,,,, ll'i lherlnal dec~>nlp~> 
Slli~m ~fl' hah~l?enldes, amides ~l alkyl  c~mll.~>~ind'.; ,fl' 
Ll[tll l l l l l l l lm II1 111ll~ll2ell OI allllFl~Hlia al lelnl ler i l l l . l leS 
¢ll' '~()() I 1()() ('1 " have beell deveh~ped ~)11 a lab~ua 
hu~,. scale I.lllrafine p ~ w d e r s w ~ l h  par l lv les lze , ; l e ss  
Ihan "~()IIItl ~'ele l~l~ldulced by leacl lng AI w~lh NH~ 
Ill all elecll ~k' l i l t  plasma hlrnace '¢~ Pewvders ~)l' hl.gh 
chernlcal p l i r l lv  c~luhJ als~ be ~)hl,'lllled VIa lhermal 
c~ l l ve rs l~ )n  ~)1 e l e c l r o l y t l c a l ] ~  I 'or lned 
l~flVll'nlm~alane at NSII ( '21 ~1 nllrldatl~ul ~1 LI 
d~lped illlli'rllnll.llT1 melt al I()()() C , , : . : l  

In this paper the svnthesls ~I' a l i lmtnl t lm nl l l lde 
powder i.iSllllJ , L1 hlLi, h leniperaluFe ~,iis phase reaclH, H1 
pr~lves.s was examlnecl. The p ~ , d e r  was d~qwd wi th 
L'illcluilrl dll lm~rlde ~l,~ mm ~)xIdl~.' MIl[eFInl2 aid II1 
ah,'~fll~fllV Stlspensl~m 'T'hernlal C~HldLIcII~,'I[V t)l Ihe 
slnle~ed and annealed malerlal wan rnea!~ured and 
o~rrelated hi Ihe mlcroMrt.lClUle devehq)menl dur 
ling high lempe la l i l l e  l lea lmen l  Characle l i ,q lC 
lmq~erly dlfl'erences ~fl' llle gas phase svnlheslzed 
A I N  p~wde~ c~>mpa~ed to p~wder~ pr~dLiced b~, 
~flher techniques wil l  be ~tlll~ned and Ihe l?jeal 
p~llenllal ~1' Ihls p~wvde~ i'or the I'abrlvatl~m ~fl" A IN  
veramlcs wl th hlw imp t i r l t y  c~mlent and hlph 
Ihernlal condt lc l lv l ly  wil l  be demtmMraled 
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AIN was prepared by L-',as phase reactl~m ol AI('I~ 
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I-h,x~ +hall ,,I the U+l., llll;i,,~, ii,,ll lltl ,,s,,h'lll 

i l l  II~t~ilil.-' N ,  ~l lr l l t l ' , l l l ic ' lC' llu'U'ilidllll.-' l t i  

AI(_'I  ~ + ",,IH ~ ----* AIN + IH(,.'I l l i  

I-I..,..,LI¢¢ I ,.,llllW,, the '  I I~v,  c 'h;JI I ~)1 Lh~' I..,raF~lllh.~ ic ' ;Ic ' l~u 
~,,',',,l~'lll A I C I  ~ v ,u , ,  I,~l r i l ed  m ~m~ b~, i ,:;ic ' li(~il ~)1' h I F h  

pUl l l '~ '  ~ l l l lm l l l l l l l l l  I '~ll  ( l 'Ul l l l ' ,  q q q ~ ' , , .  , 'Vl~'lc'k, 
Di l r l l l ' > l i l d l ,  ( I~l  l l l ; In~  ) w t l  h H ( . ' I  1.-';J" III ;I clll~l r lz  I iiI-ll.' 
r~.~lc'llil i i l id  '..,llpl~llc'd I~i Illl.' ,,~ilN r¢i.ic' l lu ~ l l l i  a l l  
;It 'c' i l l i lC'V i l l  -I- .~ ~(ll "~ A , , , l l l l t 'h l ln l l t ; ' l l l t '  i i l lH l  ~li 

AI(_'I~ I~ NFI~ ~i, . ,  ~ldl l . l !qed Ill Ih¢ IIIIl~tL.,,cul Qa,.~ 
' . , l l t ' i l l l l  [~,l~l~.'~iI I I ' ; I t ' l l l l l l  t '~tl l i . t l l l l i t l% {lit.' Iinh~d il l 
T;Ihlc' I 

T h e  le;ll. ' l l~>li I}i~l(/LIc'l"~ i.'.Q A I N  AICI~ ~NH~ 
;iddl.lc'l!., l l l ld  NH.4(  "i. ~ e l t '  c'illlected bV a hl lcu kV,qt ' l i l  
III I IIc' l l  ,t:U.l,., ; l l l i l ~ t~phcre  AI(_'I~ ~l',dFl~ alld NH.~(.'I 
t~l.'le ru~riiit~t'i.t I I~ul l  Ihe IC'll l. ' l l iUl pl~ldl. lc' l  I}~ ,.,iiblilli 
i l l l~t l l  i.il I-J~(t (_' III N ,  i.l lrl l l i,.q~h~'lt ' I'~dh~ed bv ~i 
c';iiC'll l~lllt~ll I r~ ' l i ln lcu i l  ;ll I(~(iii (.' irl ~ ,  I~tl }h  
,,~l,l..'h unt~l ; l lc  ',, t.~¢r¢ C'il.l,~ht'd b~ r l l l l l l l l  1, Ihe i~l iwdc'l '> 
ill ;i I~'1 in i l l  i l l  ~,1, ; i l i t i~i!.., i}hele T i l t '  Sl~ec'thc ' si ir l ; ic 'c'  
l l l t ' iJ l i t  I l le  p~>wdc'r w~i,, dclcu m l i i e d  ;ic'c'ordltll..,, h~ Ihc' 
B E T  l i i t ' l hc ld  (( ,)u, ' in la,~i i r  _b, M lc r {u r ie r l l l t ' ! . , ,  ~l lrc ' l l l ,~*,,  
USA) a l ld  l i l t '  Qri.ll l l ,>17.¢ d l . s l l l b l l l l ( m  ~.;J,, illl.';J~,LIl¢(t 
III dl l l . l l~ 'd l~l~vcdu~l !~tl!~l~'llSlltrl,*> il l i .~ t ip r i ipan( i l  usiil,i.., 
hincr I . . , , la l iu l lunel lV (M: i ,qer*> lz t ' r .  M : i l v c r n  Ir is lr l . i  
l i l¢l ] l ,s L i d ,  W luc ' cs l t ' r , s l i l l ¢ .  I_IK) Ch¢ in l c ' a l  c',~ri lr i l l  
,.,111Oll i~l I tw  p t iw 'd t ' r k  ~.~..i.1~ : l l i ; . l lvscd ;.l l. ' t '~lldll l l ] l i t  

'Table I Tvpll ,Jl i'l.';Ic'll~,ll l.ll l ldiltl)rl ', I~l hil_.'h I('ll lrll 'r.ilUl(' !: ,i'' 
lltiu,,i ' ,.,~.lilli¢,,l', id ,'~llN pilv, d~.'r 

I I _  

Rl'dl.'lliln h'nlpi'rJIiirl. ' If~lll) INII(I (_ 
All I~ h'c'd llJl(' .~-fl mid h 
N i l ,  F I~  r;Ik' t I~lnl l l  h 
N, I I , ,~ rlllc' 7li(i II)lll)lllrl: 'l, li 
T~ll i l  {,li,, I l i~  rlJll' ( ' ~ ,  Jr N i l  ~1 NI) l l - I~l l l l l l l r l  ',, h 

I I 

',~.III~LI", I 'ql~.'cdIIl~"~ N (_) LIIId (_' L'~HIIL'III'~ Wt'IL' 
d ~ l ~ l I i l l l l I ' d  ~l;I IhL' Ihc'r lTldl  c x t r a c l l , m  i l lL~l l l l ld 
( ( )~ ]  Hilt] (_',_% rv1;iI illl;ll~,zk'l~., SI tLd l lc ' l i l .  K; . iarnl  
(. iC f l l i ; l l tV i  ._%1 ~'¢,r]lenl ~ l ' ,  a l l ; i l v ' ,ed  hv ph~l~.n~'lr~ 
(PIl,~li i l lp,=lel / ] .  PL' lk l l l  EIITWI. I_'lberlll l!~ell. (IL'III1LIIIY) 
;IIIWI ( '1 C~HII¢'III WII", I l lL' ; l ' , l l l~'d I~ p l i l¢ ' l l l l  
~llllCIIl~.' l i l l ; l l l *H I  (F~*~l~'lill~)!~l,Jph. M{ ' l r ,~ l l l ] l .  F'n,,t'll. 
(_;~=tlimrl,,) M~ ' l ; i l l l c  iiTirqlrlll(:,,.~ v~'L'r(.' d ¢ l c r m l n ~ ' d  by 

;i l l  I( 'P L~IIlI",",I(HI !',l~¢u'll;ll a l ia lv ' . ,¢ l  ( In ' , , l l l l r t l¢ l l l ' , ,  S A .  
P;I I I~,. I- I illlL'C) 

P(~v,d~:'l I'~r~c'c',,nllIB win, caill~'d (ull III ,~, hl]ed 
~_,h,~e h,,,~¢,,, i , ,  ITIIIIIITllLL' ()X~v'.~'ll Jllk'k I.Ip LtlI~ I~l 
llvdl~d~,~,,l'., v.,IIL'II ¢~,Ptv.,k'd l l ) ; I l l  C a F ,  (M~'rc'k. 
l ) a t  It],.,I; idl. ( h.u l l l ; i i l v j  wli!,, II,.,c'd ;I,,, I l le !,1i11¢1 lil!..,, a id  
l t l  luc'l'~iilu' ,.,l~e~,'litWIl!., u'~Hl{;JIIIIIl!~ 2 ~V~' l"~ (. ' ; . IF, 
T h e  ( ' ; l l ' ,  l'~,~v, de l  ~u~, I t l¢c'h; l i l lC' ; l l lv bh.u ldcd Wl l I i  
A I N  I-~, IIIL.,II ,.,heal i l l i l l l i lQ III CillCd ul t i ; In,~l .  TILL' 
p~)%~d~'r IlllV, l t l lC '~'~;1~, d l l t ' d  III ;I lillLIl~,. L'VI.II'~IH;II()F 
tllldk=l i¢dl lc'L.d I~=es'~tlr~ ' ;JIId hn; l l l~  !.,l~'~,~.=d 

T' l le l ~ ) ~ d e r  Illl%ltlr¢'!., were  i , , (~, la l lc ' ; i l lv  ptc,,!,c(J 
Jil l() pellel,, ~)1' I ( I m l t l  Ill l lcIQ.hl iJl|d dmm~' i~ ' i  al 
(}()()~'ll-I~.l I~re',.>,~iltk ' P; lu 'kl l lQ dL'IINII% ~l Ihc  !.'f¢~'ll 
,,pCCllt iCli ' ,  ; l l l ; l l l l ~d  "~h"l, i l l '  I l ie I hco rC l l c ; i l  den.sif~, 
T I le  ~?rc'c'rl c '(ut i l~,cl ' , ,  ~.~¢t¢ ,.,lillL'r~.=d irl cl,~,,~:'d B N  
c'iltu'tbh.',, al IN(If) (.' Il l N ,  ; l l tn(~l. ,phert '  I~t  ~h il l ~t 
L_,t;tlihllc ' l It 'areal ILIbc lultlac'~.' (Th~.'rm;ll T~'c ' l lmd~. 
lil~.' S; t r l la  B ; l i b a i ; t . ( . ' A , L I S A )  A l t n e ; J t  II~'allrl l...,taW 
~1' I", C l i l l l l  ',~,a',,, ;ippIt~'d ; l i ld  l i l le;it" diI l l¢l l", , i~HI; l l  
~.'h;tl]!..'~' w;t'., lU'C~.d~'d b~, ~.l d l l l~u~ ' l l l la l  dlh.tf~un~'f~u 
,.,~,,,,fc'rn i lr i~,ctitC'L.trt 'ulr~ Vakt lUt i i tc~c ' t i r i tk .  Harnbur2g.  
(J~;'flli~.ili%) , , \ l tc 'r  ~,,,IlllC'FIiI!], the ilr'ial ~]¢II',~IL~, ~,LI',,, 

in¢;I,.,Llleil h~. the liqliid dl~, l ) lact ' l l l~ ' i i l  l i l~ ' lh i ld  iri 
l i t l uo l .  T h e  ,..,irlleled ;,anll~le,,, t~c're a i l n e a l c d  al 
IN~l i  (.' I'lu i.tl lTc'r¢lil p~'lllld~., i.ll~ I l l  I f l h  ii1 n l l l l l ~ e l l  
; i l r i i~l , , iql t=lC D u e  I l l  l l w  vu~r~ ,' h l ~  ~x~l . ,¢ l i  p a r l m l  
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pressume in the carb~m-heated furnace the oxygen 
c(mtTrlt ~fl'lhe slnlerTd spT,,.'in~ens,,.'u n he sig.nihcanllv 
meduced b~, carbolher lnal  reduction and evaporatl~m 
(>1' gLLSe(>LIS ~euctlon prt+ducts dul  IIIg annealing. 

AIN substrates were prep:~red bY tape casting, 
lalnii~atmng arid smntermrlg AIN ',Ill'..; t'~mlamnmrlg 
3()v,d " .  ,~l' AIN p,~wder Ill LL IllI,~ILIIT t)I' nieth~lethvl 
kel(>nT amid etll;in(~l X~q.l"., mixed w i lh  Ihe u p p r o p l l -  
;l le aITI~U.IIItS t~l d ispersanl  (l+h,~splltmms at'ld Tsler), 
binder (l',flvvinvlbulvmal)and plast~tier id~butvlph 
lllalate timid p~)lvjethvlene g, mvc~)l)), h~mn.~genmzed l'~u 
le, h. &gassed and suhsequenl lv  cast unt~ !..,.lass 
subs t ra teSUSlng lwodtwt~ ,  blades L, alnlnutesx~,ith 
u lhlckness tfl' Imnl  wTre l'~uii~ed by stacking 2() 
lUVTm;, {~1" the tape ;llld pre:,Slllg at I I(1 'C al 50 MPa 
preSSLiIT After dew;.ixmng at .4t)l)' C I()1 12 h iil aim lilt 
lamtl~nates were pressl.mreless smntT~ed at IH.h()'C I'~r 
2h 

'Tllelln~)dvllallllC calcl.Iiali~+llS tlSlilg the I l l lCro 
c~unpulet i 'u~gram F'qiJithern] (VCH Vel lagsL.,.esells 
thai't, Wemnheim. (-ie~Inanv) x.~.ere carried oul in 
~rdem l~ estlillate the trlagnmtude ~l 'pult ial  presstlles 
rTsultlng I'r~m the teuclum ~fl' the Dm;der c~mslllu 
elltS during slntertng and subsequenl  al~neullrlL., in 
reducing alm~splle~e T'hern~)dvnamlc data  ~1' 
lelevar+l c tmdensed alld g,a',; phase specITS were 
taken l'rtm~ Rel' 24 Based ~,11 the principle (~1 
illiliilrltllll ( ] i ibbs I'lee energy,,, Ihe pl(~gr~.lrtl camculales 
I',llase equ i l i b r i a  coinl'._~smti~ns (condel lsed amid 
)];Isel)u'., phases)I',~1 a P, ivel l  set (fl var iables (~l'slate, 
l e svslelrI C~mlpoSlll~m, [el l lpTral l . l le al ld plessure 
The results ale prewrlled as purlial pressure 
dl;.i).2ralllS velSLIS lel l lpeFalLi le ~r t'LIIbOll aL'IIVIIV I11 
Ihe aililealmng atm~sphe~e, i'espectivel~/ 

C'rv~lallmne phase c~ir+p~mtm~i] ~1" the D>wdcr and 
smnlered pr~dimcls was examined by X R [ ) ( P W  1'72L). 
Philip,,, Emmldh<,veil, Netheilamlds)LISIII)] Ill,~mlt~ 

emil,Whaled (.'iNk', rtidlall()rl 'TIIT nilcr,~slltlClUle (fl' 

l'racililed suFihccs ,fl' IhT smm)teled and annealed 
SpTClIIleIlS was analysed Itl a 2()()kV T'E'M (2()1)() FX, 
.I E'.(_)L. Lid. 'T,~k v(~, J apan )and  I'FaCtuFe surlaces were 
examined by' SEM Thin I'(,Is I',)r 'T'F'IM were 
plepared by dllnpllng and i,~ll milling acc(~rdlng I,~ 
the standard pl<_K'edules 

'Thermal diftusivmtv / wa',; measured al r(nm~ 
lettipel;illire aL'L'~)ldiil)2 It) tile ttash method "" A 
high p~w,/er pt l~t~ ~lasli svstenl was used t~ gerlerale 
lhe heal pulse (m Ihe specllnen sLirl'at'e. DISCS wllh u 
dl t lmTler  ~1' I I ) l r ln l  and a Ihlckrle',,,, ~1' 4 rrurl were 
c~mled ~l l  Ihe I r~)lll side w l l h  a Ihir l  layer ~l',,'a t t',on I~ 
elr,;ure Ulllr(~rm abs~rpl l~m (~1' the ttast'l erlerg,'¢ al tt'le 
'+ample sLIIl'ace Tempera tu re  varlall~m wl lh  t ime 
was nlea'~urTd us]rib' a (.7'lI-NI the rnnw(n ip le  whtch 
yea4 spl.ltlered ~ll thT rear aide ~)1 the sanlples F'r~ml 
the thellnal dil]'uslvlty ; thTrmal  c(mdut'tlVltV t, was 
calculated I~ = ~'r,p/) by taktng +'o = ().7b I'~r thT heal 
etlpacl lV arld the density P (~I' IhT sarnples 

'Table 2. Tvpu'a I t ~,n)p, ,d I I, ,n ,d I Iw {;.+J,, pha,+t' %'nl hc,,i &'d A IN 
D,~+dcr (m x~l",,) 

Am t,,4 '~ NI flO17 
\ (2 ~', F~' If(ill7 
( I (l H", NI ()i)()ll 2 
( ' (filTH (_ r + ( 'a + Mg, ()(IIIH 
CI t) 2 
.~_'~ ( rn '  g) 7 '~ d., .  (Itnl) 41..I 

3 Resulls 

3.1 Powder synthesis and processing 

'The gas phase SVlltheslzed AIN p<~wdel is character 
ized t',vu low ilnpiit itv c(mtenl aud a spe,,:ilic siit lace 
area ,fl' '7.~ rn". g An oxygen c~mleill ~)1'() ,R~ w l " .  and 
a LqHllellt 4+I carl ' ,m and chh)llne ~)I' Jess than 
() I wl",, and 1)21wt", , ,  respeclivelv, was (~htamned, 
,tee Tahle 2 X ray' UllulVs)s reveals AIN an the ~mlv 
crystalline phase F'lgure 2 stn+wsa SF'M mlcr,~graph 
o1' Ihe p~kde t  m~uph,d~gv The p,~wder pUlllcles 
exhib i t  is~ulielr ic I~ piisnlutl,,' shape, ab Ctlfl t',e 
expected I'r<~lll l i le I lexagtmal  crvs ia l  slIIIL'ILIFe ~)1 
WIIIIZIIe IVpT A I N  An average )] lalI I  size l~i i taly 
() .4tnn was de te lm lned  by lust'r g lamluhunetrv al ter 
lel I t l ) l l lng F igure ~, shows the grain size d]stm IbUll~m. 
wmlh H()",, ~1' the pamllcle~ hav ing  a d iameter  w i th in  
1).2 I(~ I 21ml T'he unlR~rln pm+del Im~rph(d~gv and 
the ilurr,~x~ size dls l r ih i . i t i (m ale IVplcal I'(~r the ti",; 
).;,l()Wn I+r()dLit'l i l l t'~,)lllla.'.,,i l() crushed powders+ 
Wtl]ci+ UStlalJv sil~+X~, tathel  irr¢.b,,tlJar nl(~rpm-i(',hLt.,v 
arid a bl¢)ad '..,,age d iMFi l l l l t l l ) f l  4 

W lwn  exD~sed h) all LIqlIC()U% el lVI I tHln l¢ l l [  very 
hne AIN p(~++dt'ls L.,enerallv lend 1~ be r;ipldlv 
II+dr,~l,,'scd, due I~+ a buse ca la lysed reactum.  
restllllnL.,, it+ u ,+lg, lllhcanl (,XVL..,,en pick up.:" F'or films 
r~J.lS()li a Vallel~. (if' Hurl'uu'E chelTIic;ll I l i()dll]Call()l lS 
hus been deveh~ped I,~ IIvdr(+ph(>blze the A I N  
p<~wdel ~ulf;.it'e F(~I example, meuctlVltV wi th  water 
c(.,lld be slgnitk'untlv leduced by sue face udsurpt lon 
~1 a nl(m~ml~det..'umar laver (~1' a higher catb~xvlic 

) 

L : , ~  + +~  ~ , .  + + .  . , 
i ¢ , ' i ~ g + +  7 i+"-+++~ '+' ~ ' ,..+.++ ,, , z" 2 ++ 
. . . .  ~ K r 

, + . . . .  • + , ,  

,++, S , + j +  
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++P+ + ~ , m . ~  ,: , ¢ , , , ,  , , , )  U • k , 

• } , ,  A 

Fil4. 2. SE"M mu'l,,!..,r,',ph ~1 tile I;.a', phu,,e ,.,vrlfhe,,ized AIN 
run,'.'dcr aller hu,.h enerpv ICl mdhnL., 
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I"il4 ~, (_ll;llll ',11~' dl'drlI)llll~lll ,,I IIw k i n  lUt~',drr rll(',l'i, IIIl.'d h% 
I,r,rl ,,i ,i (llll~ HII~'I r ', 

;i~I'Id ' The ~rg; i i lh . '  I l l~ lev i . I le  I,,, b ~ t i l l d  I{t Ihe l ' vwede l  

,.,ll l l 'ac'e I % ' a  ~. '~ , i l le l l l  l i n k a g e  LI~III!] [ he  hvdr~,~vl  
2.1(~Upk p le ' .~ l l l  ~)11 Ihe  I 'v~wdet  ' . , t lr l 'ace '~ ,_£1abtl l lv ~l '  
'~IN p~'wder versLr., hvdr,flw,,is tun be le,.dc'd I~, 
L'~'()F(]III~] Ihe  ~,, l l I ; . l l l () l l  ~)1 p H  l)I' ui1 ;]qtlL'~)lJ!.,, 

,.t lkper,~l~ul ~,~,llll l i m e  bck'[ll.l'~e the pH I", cl,~'.,dv 
eluled t~ llw i11111)l.lrll i~1 N H ,  !..,.cnerutd dtlr111)J IIn.' 

'lvdr{)lv,,l'.> ~)1 A IN  

,,kin + t H , ( ) ~ A I I { ) H I ~ +  NH~ (2) 

N H,  + H ,(_) ,,--~, [ N H.~] + + [(_)H] (~) 

F U,.LIre ,4 , .d~.s  Itu.' s.all,tU~l~ ~1 pH ,,I dl,.,lllled ~.;.ll~.'l 
i l ' let  d l~ ,perS l i lg  ( )h  ~ l  ",~ ~1 LI',, ,%'nlllesl/ed A I N  

D ~ d e r  a n d  il l  l c r  k'~)lll l l l)g w l l h  ;.J I~lll:~ chl . l l l l  ~.'~.1 r I~ '~  ~' 

IIC acuJ ._Nilrl'ace im~dlfiCall~m was ncl~lcved by 
111~111!2 II~e ,"kin l'n>%~,del ~a. i th  u '.,~dLitt~tl ~>1 ~ c l u d e  
JLIII(HL' LIk'ld ((. ' i~. iH~ ( . ' (_ ) (_)H) I I1  Li leLIL' i l {) l i  I]a'~k 
i i I l de r  Ull'(,r~)LI'; ! 'd l l l l l l )~ W l l t l e  Ihe u', ,,V11llle'.,tzed 
p ~ , d e l  i cad l l s ,  le,Jcl'.., w l l h  w a l e l ,  Ihe  ,,tit I 'acc [ i e a l e d  

luweder IeI1HJIII% t inaffectcd LIIld IlO pH k ' l id l lge  c,~uld 
I'w ~d~elved ~LIIII~ Ihe le .ch lng peru_uJ Th~p,., 
,url'uce r r .~, t ihcal .m by ad,,orpla~m ~1 ,,~llable hmg 
,'hairs (H)2LIIII(.' in~deuLule"~ like ,.,tultable canb~x~,llc 
4wnd,, tony .,,l!...nuhcantlv redm.'e hvdr~qfl~blCUt~, ~fl' II,.' 
I~,m,'der whl~.l~ is ~fl' ImIIIc~uh~r ,.,l~,l~ll-lCan~.'e i ~  
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l'Ig, ~, ~'~lllh'llll!: l,clI,l~nUll ,,I ~IN d,,p,,L ~IIIl 4~I",, (',ll , 
,JIIIIII!' IIc,IIIIl,2 %%1111 ,J ~llI-l',I;llII hc;IIInl, i,lh' (I', (' I-llIlll LIlld 

I,,~HIIcIIIlal I'I, ddlII!: irl ~i ;iIIIl,mphclc 

lacllll~.ll~'d har~dllrl b, ;ll ld ,,luna!_.,e ~1 !._';Is pha,,e 
'.,~nlh~.J,,uzed A IN D~wder w~lh hut-'h surli,. 'e area 

32  Sinler ing 
F U..'LJre h nh~w, ,., lhe ,,,hi inkal, e ULil~ U ~1' Ille ,,peuimen 
d~q'~ed ~,llh ,4v,,l". (. 'aF, duiln!,, ',lnlerant., walh a 
~'~)11!.,I;.1111 healtri !, ralt ' ~1 I', C thin I{~ IXl)() (.' 
I'~dh~.~'d bv fin I,,~1hetnlal pel l~d A i 'raulumal 
den'.,ItY ~1 U~". ( ~ (1~-) !.-' t i l l  ~) WII', ;.IclIle% ed iJl I~(111 C 
; l l l d  ;I hll;ll dellMl~ ,,I .U ' ) " .  ( ~ , 2 { ? c n i  ~) w;is 
;.lllUiiled al lvr ~, Ii ,~1 u,~,lhernull I~{>ldl,~!, The !.,llllered 
p i~u l t i c l , ,  H ie  ~ l l i l e  Ill ( . '~l~tII i r l d tG I l i I l ! ]  t i le  hl!.,h 
pLi l l l% ~i  II1¢ A I N  COl l l I ) i i c i  X R L )  Ill(Iic'al~."~ Ihe  
p re , ,euce  ~i  ~,,l~u~li Lll'i'i{)Lili[", {>1 (_ ' ; iAI  .( ).l i l i l d  

(.';i+AI.,(_)+, in Ihe A IN  In ; l l l l .~  (FII)j f l ( l l ) l  The Ix',,'~ 
t~.'~l~+l~, (.'+~ al l , t i t i l late I',h~,+.,e'., whwh Imve mell l iq, 
leriipel;i l l i le'., ~1' It,ll2 ( '  ;lild I~'+ C n.',,peUllvelv :" 
Ilav.t.' p lk 'Cl l ) l l ; . l l~ 'd t'I~HII I h r  I I q l i l d  ptl;1',;¢ t l l~>l l  
(.'~)()[111!.' t l l l l t l  I]1c' MIIIcl l l I ! : . '  l e f t i p e l l i l u i l e  1-1w IIq,l~d 
pl|a,.,e r., I~rmed I>s rL';Jk'll~)ll ~1 (_';.IF', ~',llh AI,(_)~ 
pl¢:,enl ~ui Ihe ..\IN D~wdcr ,.,i.Jil~iue u~ ;il leinpei; i  
II.lle'., ,'.lh()%'L' I ~()() (_' A I  Ih ik  I ¢ l l l p e l a l t l r ¢  ;I CLIICCtlC 
I11ell ~)1 ; Ippl~) ' , , l l l l ; . t le U() l l lp~),. , l l l t t l l  'J (_ ;1( ) ,,kl ,( ) ~ i'., 

IIIIII : 

',IHI I 

,IIHI 

IIHI 

'IKI t 

IIKI ~ 
I1 

III ql II) 

i' ' 

,111 Idl (ill ~ll '{11 Illl 
,' ~ I I'l 

F'i~. *'~, X R I )  ',p{'~ II;I ,d . \ IN d,g,rd ',',llh 4 w l " .  ( al- . ( , I  alh'r 
annu,lhrl? ,11 I X'~O (_ h~r I(,l l In Icdilcln!: ,Jlnl~,.,idlrrc and (b) 

nlhu ',mh'rirl,,... ,iI IXli(I ( '  h,r t l l  l o  (_a.~l.() 4 (au ' \ l . ( ) , , )  
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r n  

~ , ~  ...... ' i r  ~ 

?~0 

?oo 

4 .  

150 

RI 

100 

50 

' ~  ~ annealed 16 h 

I~! annealed 6 h 

I I 1 I 

Z 4 6 8 

(af z ,,~lvtenl Iwt %1 

f"il~. I'1, Rluuil h'lnr,rralll l( ' I I I L ' i l l l , ' l l  { ' ,U ld l I L ' I I ~ , I I  ~, ~1 AIN a,., n 
l l l r i~ ' l l { in (ll ( ' d l - ,  l ' l l l ik~l i l  a l id  I l i l ' l l i l a l  IrCdlrriL'nl 

~l)CCIlllells ;.IN U rLIIIClI~HI ()1 l l le l lT la l  lrC{IIIT1CIII ~.llld 
( . 'aF,  COrlt~'nl As IS l(, he eXl.}euled, Ih~ r cduc l l (m  (,1' 
nec~md.rv pha_~e C(t l l len l  bv . ' l l l l lea l l l lg  in r'edu(.'ln~, 
LI l ln~tspIler¢ resu l led ii] ;.i i.}r{tn~mllc~'d In(.'re;.l~,e ~tl' 
l l le r r t la l  c~)ndLl~.'llVlly FOl t i le ~,p¢Cllrl¢ll w l l h  al l  
I n l lm l  c (m len l  ~)1',-I w l " ,  ~1C:~ F"; l he rma l  u ( m d l l c l l v  
I Iy ~ izlcre;.l~,ed I'r,tltl 12( )W. ' InK ,,1' lhe ~,tll lered 
sp¢c l lnen h_, 14()W..IvIK ar le r  h h  and h) 2 2 ( ) W " I n K  
alter I(,h unneullnr, ,JI I~'~()h i~l ~ll~ ~pel~ BN 
c iuu ib l¢ '  W l l h  Illcl~';.l_~illg C'uF, ~.',HllelII I1,~ Sl@,lllh 
cant change ~,1' lherlnal condtlcll~.ilv C,~llld be 
()h,~el vcd. 

(u) 

(h) 
Fig. 7. rv|l{riv,lil.l~.lurc ,,I ~I ,.,inh'rrd ~lnd alln,..'aled AIN 
,,D'~.m,'n dlg~ed wHh ..Iv~l', (_'al-, (al TFM Ivu~hl field 
imur~!J.rul~h {,I !:ram b{mudar~ i¢l.~l~m (h)SF~,'I .m.'r~L, rnpl~ ~1 

IlaClllrr(I ,,urlar~ ~ 

Io l l t l ed  wh Ich  I_}r(HTI()LC.% dCIIMI]L';Jli~HI via ;.I liquid 
4 i~ll;iSe SIlllVrIIlg pI(K'vMi 

The Slnleved sPeclnl¢lls were sulbseqklCnllY an 
neulcd ;.11 I~'~() C in Ihe same rLiiilUCe I() leduce  lt le 
LImOLIII[ ()I' ()~ldl(.' t21;1111 bt)LIIld;, rv phase  by L';.Irb(t 
Ihermal reducll(m and uv:np{,rallon ~1' v(flallle 
veaull(_,n pr~ducls. Whlk'  altt'r q)h Iruces ,fl' the 
a Itllnll|U le phanen ale sllll delecla hie, X R D sll, ,~.~.n n(~ 
crv~l;~ll~ne secolldarv pha~e alter Ihh ~,1 Ihermal 
l l e ; l l n~en l  (F ig .  6(a)) 'Tht  ~ led t l c l l~ )n  {,1' i:,r;1111 
b , ) u n d a r v  phase u~ul len l  u., c(ml i rn~ed by ' T E M  
aI1LIIVSlS F' gl. l l t  ~ 'Tla) presenl.s the 'T'EM bl~b,.hl f ield 
I111cr<,~,ru ph ,fl' the .%.'1 nl pie w l l h  4 w I" ,, (,1' (_';J I- ; a I'1 ¢r 
I h h annea l i ng ,  illdw.'a l ln~ lhLil Ihe g ra in  b i~t lndal  le",; 
are Lllltl(~sl I'vee (,1' : lnv  .,,eu,,11darv phuse and pl : lne 
t',~,l.lndarl,:S ~,1" well I'aceled .p.r;Jinn have t',e~'n devel 
~,l',ed up, ,n gra in  ~r~,wlh F'll~tll~' '7(h)sh(,v,.~ the SE'.M 
n l l c r ( ~ l u p h  ~1' a IVplcul  n11cr~mlrl lCtl lre ,m lhe 
I lau lu l re  ,~url'ace 'The w~' l l - raceled L.,raln morl_~h(fl~,gv 
I'~ ~I'~%()L'ILIIcd w l l h  ;,I r~leciorl i lnLInl IIIICI'~J.I;.IIILIILIr 
I'raulllre mode Mean gruin sIze us determIned I'v~m 
dlre~.'l ~bservall,m u, ;~l_~PrOXlm:ll¢lv I()pm 

3 . 3  'T'herm~l conductivil.v 
F igu re  ~ .sll~,ws Ihe I he rmu l  u,,ndu,.'tlVilles (,1' the 

4 Discussion 

AIN pm~,der uun be slnleled with val i,~us additives. 
wl l l l  Y ,(_)~, Ca( ) aud ta le  e u l l h  ox ides  us the muln ]Y 
tl.~,cd d~pa r l l s  I,, In C() l l l ras l  h) the D~wde ls  I 'ornled 
bv d l l e C l  n l l r l d a [ l ~ t n  o r  c a r b o l h c r m a l  
led i ic l l (m-1111r ldu l l~) l l ,  Ihe J.Jas l_~lla~,e . svn lhe .s l ted  
A I N  l~owdel e x h l b l l s  .siL.,.nlliuanl]y hnvel  lcvcN ~)I' 
lhe fn l ; l ]  c (u lduc I1v l l y  w i Ih  ~L~Idic slnl~'II11g ald!,, 
whe1¢an l he r l nu l  condu lc l lV l l y  ~ alk1¢.s above 
2 ( ) ( ) W . m K  c( , . IH euMly bc ~ch leved wI th  11(~11 ()x lde 
nl l l lerln!.,  aldn .such ;Is ( "aF' :  and YF'~ T'helul 'or~' 

AIOf" 

'~" 1 

N .I 

• h / I /  I / I  I 
I)O0 I,J()O 1/400 1600 1800 ZOO0 

femperoPure I'£1 

I;'lg. q. (.';JIL.'lJhJIrd uqiJiIiITrlum !;;J,, pr¢~,,.,ure,, ,)~'¢r a rnl~lllrl.' (,I 
(_'a[ , AI ,( )~ III N, alnl~,,,phere (,,InlL'rlru: ~) 



( ~1 I-', ~,~';.1!~ I I ' , t i ]  ;.I ~, ii '~1 l l l t r  III1:.. ~ ;.I Id %~ hlc 'h dt~t't i l l l lJ( i,>t',, 

dLI I I l IQ htLIllrll.., h i  I~lrr i l  ;.I h t w  n l t l l l l l { . ,  l i q u i d  phi l ,~t  Ill 

Ih t '  , ,~, , Icni  (.',i-,.~tl (_ ) -N  ( . ' n l c ' i i l u l l (m  ,l l  Ih t '  !:uJ,, 

i~l t , ,~, l l i t '~ l l l l i l  l i f e  i l l  C q i l l l l h l l l l n l  wt lh  t i l l  t 'ClLI I l i i t l l l i l  

II11%1111c' i l l  (.';.11-, i l l l d  AI  ,(_)~ ii~ N :  ; l l r l l l l ~p l l t l t  i I-'il-' 
i-Jl ~ll~l~,~ A I ( _ i P ,  A I F ~  i l l ld  (.';11-, I~l I~t' l h t  Il l~lllt l 
l.';J',('tll.l', I t l lC' i l~) l l  l~lillJtl~.'l! ',, l~ l l  r t , , I du ; l l  ( ' i i i -  , t ' ,uJht  
t , t  I~ i i I i i d  I~\' X R [ ) i I  i l t l  T F' M ,,11!7!7u%1 III 7 l i l t '  t'~,t't',~> i l l  

( = I NI w t " , ,  , ,~ l , I )~ ) f i l l  tq l . l l l l l~) l ; . l l  (_',1[- , t ' l l l l l t ' l l l  ~1 
I t N ~ I " , ,  I,, c~i lc l l l l i lc ' (Jt  I~l t ie cv ; Ip ,  l l i i l c d  l i~u i l  l i l t '  

i ,~i~t (JCl t't Ul l l l i lc ' l  d i l l  IIIU,. h t!-'h. I t~l l l l ) t ' r [ l l  l i l t  ' ,..,lllltl Ii1,,.... 
1 h i i , ,  I h t  i , ~e l , i l l  I t ' ; i t ' l l l l r l  l , t , . l i l t ' r l~ ' t  i t ! ,p~l l l ,>lhh. '  I , , r  

I l q l l i d  i~I i i l , , t  , , i r l l t i l l i ! . . ,  I l l  ~t~t l l l  iJ i l l l l i !7  h~ill l l i!.., i l l i l , ,  
lie l'%lllt!.,,.,t'lJ, I l l  ii I l l ' , l  ; l l~ l~r l l%l l l l i l l l l ) l l  I~k 

I . ~ ( ~ l l ' , ( ' , )  4- I - ~ A l , ( _ i d ' , ) +  N , I ] : ' I  ........ . 

[ I  _~(.'~(_).(~AI ,(_)~ 2AI lX, ] t l )  + f~,,~,l( IF It- ') + ,4AIF dl.-') 

1,41 

w l l h  ( ' ; i , , \ l  ,( )~ l i nd  (_ii ~.'~l ,( )t, PI t't ' l lJll;-1lll l}7 I I~t l i i  l i l t  
~ ' l l l t t ' l l t '  l l l t l l  i lp~Ul t ' l i l t l l l l l~  ~1 

I 12(.';i1_) t,AI.,(_)~ 2 A I N J I I )  ......... , 

l ( . ' ; i A i  ,()~(,,) + t(. 'a ~A ,(_),,(~,) + 2t \ INI ! , )  IS) 

. \ l ln t l i [ l l l l . . ,  l i l t '  k l i i l t l C l t  l~pt t ' l l i i t r l !~ i l l  :l t ' ; i r  Bcui I l t l i l t ' d  

[111 iii.lt't' i i i I l l l l i~l~,t ' l l  i l l l l l , l , . , p l l t l t '  i l l  L t l l l p t r i l l l l l t ! . ,  
( 'qt. i i i l  I(~ ~ir ~ . i h ~ t  Ihc  ' , in i~ i  iril._' I t l l l l_~t l ; . l l l . t r t  'ql.' I h 
t ' l l l l l l~  i l l l p l ~ t , ,  I [ l t l l l l a [  c ' t~ l ld i l t ' l l v I IV  i - i ~ l l l  i1-1~t~l 

, . l l l t l l i t l l l ~>  i l l  l i l t  i~h( l l i i l n  in t ' i l l i  I l tC  p a l h  I I t i  l l i i l r i l  

i l l  R T .  ~ t l i l c i l  i~, l l i~i ,, iniJl l  I~l c ' l l l i l l ~ i l t  w I I h  l i l t  A I , ~  

,,111111 ,>lie i l l  I - 4 ( i l m i l  ii l i t , ,  B t t i l  C i U l t ' l u d t d  Ih : l l  l i l t  
~i~,!7¢11 ( ] i , , , , l l l v t i l  it1 I h t  A I N  I i l l l l c ' t  d t l t r n l l l l t , ,  I h t  
I I i t i l n ~ i l  t ' ~u ld t l t ' l l ~ t l~  a r id  t]~il l i l t '  QIIJIII t~li.iiltJ~ir~,' 

i~ll;i,, t, i ,  T i l t '  d l '~, , l l l~t tJ ~tX~!.tt'll t ' l m l t ' l l l  h~t%%l.'vt'r 
'~;.i, , , l i t~wn I l l  Bt' ' , l r lul! . . , Iv r t l a l c ' d  Io  Ihc  ,~.~vl/t' i i 

~ '~ l l l l t l l l  i l l  Iht '  l , r ; l l l l  t t l l l l l l da i l t , ~  ~1 S l l l l t l t ' d  A I N  
i~tt;.il l,,c' Ih t '  c 'ht ' l l l l t '~l l  rt ' ;. i t ' l l l l l l ,~ {~t i l l lp l l l~ ,L '  A I ~  

'hc i l t l ; . l l  t ' l ) l l dL I t . ' l l t l l k  I'lv dt ' , ' r t lJ.MII.p l i l t '  ll,'~V!...,ell 
~ '~ l l l l t i l l  ( I t ' t ' l l l  ~.il l i l t  ! ] l l l l l i  t~l l l l l l ( ' l i . iFle' , ,  I I  I-'rl l lTI l i l t  

, J i i i t i t l l t ' i ,  ~ (it' ,~'l l i i l l  t'~(llJil(li.ll %' i'~lm,,,t C'lifil i"li l",,i[l l)l 't l l l i  
he' !.>i.ll I~it't a l ld In tiNt Bl i lk  u !.>elc't'Livt t ' a l i l ~ l h t r l i l a l  
t l , ] l i c ' l l l l l l  liilCI l i iLl i i , . i i . i l l l l i l  It ' i . i t ' l i l ,) l l  l i t  I he  q l i i~ ' t r tn l  

, ' ( i l l%li l i . l t l i l ' , , ,  (lI l i l t '  ,!~lll l i l i ' l t lLir id;l l%' lit.it.lid %%~1!, 
, '~u l t ' l l i i J t i t  i i  ~ I - i l l  %' ,( )~ d(1ped A I N ,  I (u txurnple, 

ti~' Il l l t i  ii~'l I~ il l W ll h ;I r t 'd I.IC' I rl!.., i l l  II1~ i~,pI It ' l t' I e!q.i II !, i l l  
l it ' l i l l l n ~ i l l l i n  ~ll ,/~1,~ i l l  I hc  B i i l k .  W i l t l t a , ,  ~l',~ ~;_i,, 

l i l t l l l d  I~l I~t' t ' ~ l l l t ' t l l l r i l l t d  III I h t  ~u r ru tc  I t ! . ' lOi l  ;.l l ld 
,~ Cl} . 'h l  h,,,,, ,  ~:~, ,  ; t l i  r l l~i . iLt ' l t  tT la in l~ ,  l~t Illt t % ' ~ i p l l t ; . l l i ~ l l  

>t (."()  

I- '~r Iht '  i,.'~l~,,t' i)i ' ,,,~i N t '~l l l lLi l l l l i ' l~, (.';i LiiLii l l i l lLiit ' l ,, ~ill 
i i l t l~ i l !~ , l l i t i l l  ~J I )~ l i l Z ; i l i l l i l  ~li l i l t  i l qL i id  l~lla,,t w,'i~, 
i~ t ' , i t i i i i f t I ,  J L(> llL'L'tlr, t.I (.'~.ilt'Lii;.illl_Ul ~_li l'~arll;.ll pie!,, 

,iJrt~, ~ll !~Li!'~tl)Ll!'~ rL'LIt ' l l(t l l  ['lll_Idllt'L~; In L=t.lllllihFILiiTi 
~i111 ii I ILlUld ~_il ~1 L'l_llT1pt).~llltlll L ' l_ i r l t '~pt l l ld l l l !~ I~l 
(_'~i,,'~l,()4 ~11 IN~( i  (.' ,~li~t~,,, ( '(_) a n d  (_a w i t h  l i l t '  

N~ 

,,,,,,,,, 

/ 
,, I . / "  I I I 

', .i, -1 7 I 

F'I~. IlL I ,ih l l lah'l l ~'i.lllllll-lrlltrll ~.,,i', lll~",,,ll[~ ',, llt~.r ( ',1 ~1 .( i~ Irl 
~.. , l l l l l~l, lt l l l ' l l '  ,11 I N . I I (  ,1', ,I I I I I i t l l lu i  ill ~,l l l i l l l l  ,1111%11% 

I,Iii ih',lhlu, iii i~'tJlll Iii,.' ,llllh~,l~lll'lVl 

III!..'llt°sl C~ll_)~lr; l l tLiI I  p r t ' i ' , l l l e ' ,  L~'c'I ;i ~ i~ i t '  i i l l l~ , t  l i t '  

c'~lt I'l~ri i i t ' l l~ i l i¢ l ,  i l l I h t  ; i l l i l t~ t l l r iQ ~ i l i i l ,>~, lq l t ie  ( Fi.l., 
I l l l  [hi i , . ,  l i l t  re ,J l l l ' l l~ l l i  Lll I.,111111 I~ll l l l l(.tal~. p l l u , , t  

t ' l l l l l t ' l l l  i,., ,.,llQQt,.,l~'d I l l  I~t;' i J i t l l l l l l i l l t ( J  I~ t, I he  
~ l i l ; l l l l l / i l l l i u l  ~1 (_'(_) Lill~l (_'ii I ' l l ln l  I h t  , , i l r l~l~'t  
; i t ' t ' l t l  l j IIIQ I l l  

(_I IAI  ,I )~ll) -I- N ,I!/I + ,-II.'t{') ---' 

2A IN ( ' , i  4-'4(.'(_)I,'.-'i + (-'~it7) left 

(_';I t,'\l ,(_)+,tlt x rN ,(7) + (l(_'(Q) --, 

2,,'~IN(<,) + (~(_'(_)(..,.'t + t(.'~1(,..,) ('7) 

i t ' , , l l l l lr l ! .., i l l  ii ' , l l l ' l ' , l ; l l l l l ; l l  t l l t ' l l ' i l ' , e  ~1 I l ic~r ln; l l  
t ' l l l l d l l t ' l l ~  I1~ 

1-1it IliC'lc'ii,~t i l l  I h e r l l i a l  L'cUldl.lL'll~ I1~, ~t II h ; i i l l l t a l  

Ill!.' l l l i l t '  1,1..'1~ t l l  Il l hi i1~, l t t i  i~cd  l i~ l l l l  I hc  d ; i l l i  pNl l l cd  
Il l I-'1..,._, N I ~dh l~ ,  ;i , . , l l l lp l t  I i i l t a l  r ( ' h l l l lU l  

~, := ~,11 + All tN) 

~iLl l  I,~> .," I l l i I W  I l iK  l i l ld l i l t  I I I l l t '  c llll,>l;.llll 
h ",. '7 71 h T h t i r i i i i l  c'lUldl.lcllvIl~, i~l l i l t  M l i l t ' r t d  
, ,p t t ' i r l ic ' i i  ~,~ i,, l i i n i l i l ~  c '~r i l i (~ l l t ,J  Bt  l i l t '  ~l~'!. . , t i l  

t '~u l l t ' l l l  lJl'~,,~ll~l.'lj i l l  l i l t '  A I , ~  I ; l l l lc ' t '  l i nd  h~ l i l t '  
i l l l t ' l l l , .~ l l l l ( ' l l l l t  ~, i t '  i.)lllil%ll~, Ii'Ili)11111% c ' l ) r l l t ' l l l  t i t. '  
[ l i t '  I l l l l t  t'~)ll!,l~.lrll ti, ' i t h l l t ' , ,  I Iw  I h t r l n ; t l  ( . ' (mdLIc' l lVII  V 

I r l c ' r t l l l t l l l  ~ t t l l i  l i l t  r t ' t t l l c l l ( ) l l  ()l t l.~,!.~tl l L~mlc ' I I I  dLIt ' 

I t l  ~X i l p l l l i . l l l l l l l  ~ll ~ i u l l i t  I~Ii.III1 h~iLIl l t t ; l l% l',l~tC'lt~, 

.t.'l~('ll III t'Ctrl~, t 6 ) i l l i t ]  17i T h t  I~tl; i l  ;J l l l i l l l t l l  (l l 
tV;J l~ , ) ra lc 'd  QII.III1 I~( l l l l ld; . l lV I l l i l l t ' l lL I I  i l l  i,, Ql%t'll t~%' 
I h t  d~i l i l~l t '  l i i lt.t..,i;tl ~ t  c'r I i i n t  I i l r ld  ( 'V; l l~( l l i l l l i_ ir l  ~llt';.i 

I 

I'~ ii I.I l l l l ttFI1l k'V;IFl lULILIlul r u l v  

_-I " ,  I' ' r, J /,, 

~ h t r~  I 

(~-)) 

(1()) 



216 [ '  (_,'lvll, ]1  A'Hh,tl, D H o l : d .  H L,m.tt, ' , R Tl~,r'/thH,~ 

t ' lg. I I  ._Ninh'rcd A IN  ,.,ul",,.,Ir;ll¢ el", , 27 , n lm ~1 ,,h,,wm!, 
I r;t ri~.,hl( vri{. '~, 

wtLh p,~ being llle lenll'~eralure del'~endelll equtltb 
rlt..Itll pressttres and ..1/, lhe rmflecular weq..,,h[,, tfl' 
evap~ralttlt..' Sl'WCtes t Ice_) and Ca. r'especlt~,.elvt 
F l u ) i l l  e q n s  It-)) arid (1()) a l i n e a r  I r l c l e a s e  ~1" weU~t l l  

h)'.,,, w~l h Lltlie Is predwled, vvtl,.'h tla'., been cunhrrrl~'d 
by experllnenlaJ ob'.,ervult(m I '  The ,_,.lope ~ i  Lhe 
lirlearllV dep~'llds ~ll the parl lal presstlie and file 
c%ap~Ha l l~ ) t l  a rea .  F~r Ihe par'llal pres.stire te~,inles 
I...'lVetl Irl Fip, I(1 evar~(~rallOrl ra les  F', Ill ltle r;.llllJe ()r 

I() " I()-:p, Cln;S and II)-~-III 4L.,..'cm;.s are es 
llmal.ed I'(~r C(_)and (.'a. te~pecIivelv (.'ombilled wiI]l 
Ihe l,i!..,,ll specltk' sull'acc area ~1' Ihe /..',us phase 
',,Vllllleslzed p~wder which iV~wl(Jes ;I tlll, tl eva l~r  
a I l l  ~il ;.i rea as well ;.I,, I'Ll Sl I ra  liSp~ ~rl ( f l  IJr a l i l  b o l l  n d a  r ~,' 

species h> Ille surlace a rapid 'clearltilg' ~1' Ille 
I l l ; leer  la l  L';III be ~ h l ; . l i l l e d  v~ t i l l  re l ; . l l l ve  Case Thus, l l l e  

!/;.Is phase svnllleslzed A IN  l',n, vder d~g.~ed v,.llh 
CuP,  ,,eems h~ be l'~Uillcllh.lrly qual lhed I'~u labi le 
a l l ~ u l  eft' h~t.,,h pL t t l l V  .'_.,llllered pr~ducl.s wl lwh l l l aV  

a c h i e v e  e ,u . ' c l l en l  I t l e i l r l a l  C 'LmdLIc l IV l IV  F'I[:.,,LIIe I I  

sll(w,.s a subMralc ( },', . 27 , I Inln ~) prepa ied  l lun l  
Ille !...'us phase slnleted A IN  p~wder which exhlhll.S 
l l a r l . s l t l ce l lCV  d u e  h~ iI.s [,~)w I l r l pL . I l l l y  C~HIICI l l  

5 Conclusions 

HIl:'tl lempela lure !.,yllthesl.S ~1' A IN  by re;icli(m ~1 
AICI~ ~,~,llh NH~ I l l  a I?as phase t eac l (~ r  al IN( ) l ) '  C 

resulted in a p{wvder with h~w i inpur l lv  e(mtenl and 
h q...,,h .,.pec~hc su~ f;,.'e area De.spile Lhe II~l?,tl rem.'trvilv. 
L'();.IIIIII] (11 I he  powder v,,'ilh (wladecall(m.' acid 
sH.,nlllcarlllv reduced ',,en.,4tlVtlv h~ tl~,,(]r~l~,.'sls wtl,. 'h 
I'm.'~lllates harldl~nt., and pl~cessillt.' (fl Ille p~wder 
e v e r  If l  ;ILIC~)LI,S e l l V i r ( ) l l l n e l l l  PresslJreless S l l l l e r i l l ~  

I(~ I'ull densllV c~)uld ea'.ulv be actlleved t l l l l lzl l i~ 
C~HTII'nOll s ln le r l l l [2 ,  additIves (.'~mlpated h', o ~ l d l c  

~tddtltves. tl~weever, rl(m ~tdt~.' Mnlerlrlg a~d!., such as 
Ca F, seem Io be nluch m(ue eft'eel tee ill y~eldtng tlt~tl 
thermal c(mduu..'ltvtlv ab~we 2()()W,,,'lllK at R T 

Reducln(m {~1 (~xygen ll(.'h t;rann t'~)unldary phase 
C(HI [CI I I  b v  al l l le;. l l l l lb.~ II1 C-~.',~HII.ailIlI1LJ n l l r (~ [2en 

al ln(~nptlete  is acceh : ' i a led  b~,, rapid d t~u iS t l ) l l  a h m g  
t i l e  h i g h  !:.,rain b ~ m n d a r v  i n t e t l ' a c e  u rea  a n d  h i g h  

v(dul l l i lv {~1' l:.,,aseou.s redl.tcll(m pr~ducl,_, ill lh¢ 
svsleltl C ' a - A I - N - ( ) - C  Slll lered pr~ducls or hn, v 
I I I IpL l l  ILV ~.'~,HllClll a l l d  e x c e l k ' l l l  lherlrlal c ~ m d u c l l v i l y  

v, 'e le prc,  d u c e d ,  den l ( ' , n , , , l r ; . i l l ng  l h e  p ~ f l e r l l l a l  (~1 f i l e  

I, Ll'._, p h a s e  ! ,vn lhe. ' . , Izcd A I N  l ',~wder I'(~,r a r ~ p l l c a l i ( m s  

I l l  l t l e  heh ]  ~fl' IIK..',h p e i l ' ~ ) i n l a l W e  cerar r lw.S 
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