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d d t l l  I ' l l  IIII,t lIIII ' t1I(111I /(I d l l t  t"t' i / ' l l l l l l l l r ) l l  I /  ,~1' / l l l  l l l l '  
I I I l t '  q l l l l l l f l f l "  I I t l lS 'S{ l l l f l '  I / ' ] l i d l t l ~  I d l '  d ' l l h l l l l l l l l l l l l l ,  
.41~ l ) H  I , 1.1' r ' l . l t t ' l . I  I I ' .~ / ,  ( ) H  .. , i / t t l l~ I l l  Slmllt ' l l  
~11tll I ' f  d l l t l s  /11 / l l ("t ' t '  I ' l ' l f l '  I I I t ' I? l l t ' t " l '  p i l l  I't/llltl,t~!.' 
I ' l ' l l f l ' l / l t , l !1 '  I I I l , ! l l t l t ' l l l l '  I l l l ( " t l l l l ' l l l t ' t l l  I1~'1'1' I l l  r / l l l ' t" l '  
d ' l l f f l ' l l l t O I  .~]rll.% t t l l '  , I I ( ( ) H , ~  II I I l I I I t l ' l l l ' l '  /lll,s I I I  
d t ' l lS l l l '  r r ' l ' f l '  i(),~'",, l l ) , ,  I~' l a V l . i  I I I r l l ' t ' t l  I/1'.S I l l~ l l '~  
I11' I¢l I I I I ; t ' l '  ~t'111' t h l l l l l l l l l '  d ' l ' l l l l t t l t l  41)", , ,  i'1' 11111 
I l l ' I t . '  h' I . '1 . ' l ' ,~ l lS  111' l ~ l f t . j h '  l ' t ' l l d l . l t  A' / ~ l t t ny t '  
I I I  ¢ t ' l t ls%tl l l l ' l '  rll.'s I l t l l t ' .s  I ' t l , !~l ' l l lht ' t '% I I I I I  /rl f l '{ l l l.s 
/ l l l ' l l l l . l l l l l l l  , [ I , (  }, ---~ ,~ / :  (_ )11 )  ~ I ' l l / r ' l l f l f  /1' I I I t t t ' l".s,sl ls 
1It' I I l ' t l . s l I71r l f l l l l l  t ' f  t ' l l l t l l l ) l l '  11111' d l l t l l l l l l l l l l t l  r/r' I l l  
t l l ' l l s l l l  ~ / r l f f / ' t '  

t'~tl inl  /l',S,SlVlt,tlt' ti / ' l l~' ldt '  dt '  I,t p l . l d l ' l ' .  ~. l  Ph l l lm t '  
, l l t l )H,~ Iolll.; I t l l 'S It1' / ' l l l { l l f l t l l l  IItltll t l / ) l l ' l l t l ,  
I I l .  t',s II'lffll,~It' (i I,-II/I/"(.', iIt',s Pl ' / l l l l t f t l l l . l ,S ih'll,Se,S 
N' , ' [ / , (  )~ d t ; l l l l ~ t l l t l l l l f  III11' I I I I l ' l t l s f l ' l l l ' f l l l t '  ,~ l t l ) l l l l l ' l t l l l l l l l t l '  
fl,;S /lltl'  

I I N ' T R O D L ' ( ] ' I O N  

T'he l '~r~dt i l . ' l i~HI ¢~1 hlL.,.h dcI l~. , l lv  ~.'Cl~ltl lU'!, ~equlre:, 
Ihe une ~1 l i rw. aL.,.L.,,hmlerul~.' I'luu p(wcd~.'r,, 'There 
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fore, D~wders r,nu.,d be prelreated before shaping 
by .~n~e /e~.'hniqut' such ;.is ball (~r a l t r l luH|  rtr i l lmg 
l(~ el i rnmale agLa, lortwr.',iles ~ A l lh~ t lgh  it is well 
krl~)Wll Ihal Ihe pl~y.Sl~.'od]emlcal ~'llVlr~,,rlnlenl ha.', 
;I large II,ii1Llenk'e ~)n [he k'(!.,illlT,illlLILlOn pr~)c~'ss.' t, 
and thal gr ind ing ald.s L'al,i inrpr lw¢ the gr ind ing 
eflk'lenCV. '~'~ in i l l ing is usual ly c( , rs ldered to be a 
sl,nlple ~.'orrlmli1UliOr,i pr(~.'e'~s resl.llllllgi Ill cl laltges 
{fl' lhc agg.hmlerale ar,id pai l ic le  SlZC d i~ t r lbu l ion  
Howeve l ,  in s~mle canes iL i',,; p(~.,,,qble t(~ tndu~.'~' ~)r 
enlrar,ice e~lher s~lld %{i1{~' reacli~ms, such a.,, phlas¢ 
lrt,in,',,l'(~,rrllalt~m,',, alld amorpt l lZa l lon.  I° I~ ~)r I~';.1l.' 
II()r,i".; belween lhe p(~wder ar,id Lilt' liquid I.r.,,ed II,i 
the wel rnllling ~,perallons. Iml~ Alpha alu,i,illna 
I'~r example IS k,i,i~w,n l~ rea~.'l bolh wi l l l  (ffg, alll(.' 
l iquids I~ and wa{~' l  I, renpeCllwl 7 II,i an aqueous 
ll,iecIluln, {h~' I'()rlT,ia{l()li ill ;.111 LIIIIr,iIIl,iium I11UI,I() 
hvdla le  layeu (m ~.,,AI,(_)~ parllcle,~ has heel| 
~b,,,erved. I T'his hVdtull(HI pr(w¢.sn, which call be 
nrecharincally ;IClival~'d, IS due lo Ihe lherrn,, 
dynamica l  Inslabl l i tv ~1 ~,,-AI,(_)~ In v,,'ater. I' BY 
al l l t l t~m durt,IIg lhe wel mllltr,Ig Process, file 
a lu ln ln l l ln l  rn~ulohydralc laver In utmllllll~tl.,.,Iv 
rem~wcd I'nmr lhc st.ltl'ac¢ al,Id alunllt,Iturl,I ion,., 
are relea.~ed I'r~m] Ihe partIcles Irlh~ Ihe w;.,iler. I 

D~-'pc'r,idll|g ~,ll,i lhe pH ol l l le ._%U.%pI;'I,IMIH,I tll,id 
Ihe alUllll,illlJlll ~i'(.)r,i~.'el,ilrLl[l{Hl, VallOlJS Nwcien ()I 
alumlnlUi,i~ hvdroxlden eXlSl In Ille .~)lulum (F'I~: I) 

'The' unhvdr(dvz.ed AI ~ ~,~ stabh: hch,w pH I 

Wllh  ll,i~.'reaMng pH. the AI ~ l~l,i hydn~dyzes ;Jlid 
ceuld(.'r,I',,¢'.,. I'(fflnlrlg a V i l t ldy  t~t po',,ill~,elY cllarg, ud 
Ill(HI~.~ alld Df lvnuclear complex¢,., ~*' Mal lV ()l' Ih~'s~' 
large p~dyl,iLiclear /,iydn~.~tdes ar,id (~xo hvdn,xldes 
vail be ',,labh." II,Idehr~ilely. but are tn I'aul nle/LIstahle 
wl lh  re.'.,pe~.'l Io lhe pre~,.'lprlali~l,i ~1' AI((.)H)~. u' 
Ab(we p H L ) ,  lhe [AI((_)Hh] IS the pned(m~inanl 
spe~.'leS Belween pH '~ ai,id ~. alm~sl no aluln~n 
lull1 I~ dlss~dv~'d, sim.'e IIl~' unly exl',,llllg sp~'~.'les, 
Ih~' un~.'harged AI((_)H)~, Is nearly Insoluble In 
addl l l (m I(~ IrallSlCnl am~rph,~us pl¢~.'lPItales, y 
AI( ( )H)~ and t,. AII(.)H)~ ~.'an ~wct.lr whlwh Ilercal'ler 
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Id-I 
F'i~. I. Dl'.drll'~LiIl~ll ~1' 1"lgdr~)ly,,I;, pr~dllcl,., (~, r) in 
IAI,H,IH),I ~' ') ' ,,I a n  i ( i n l k '  : . , I r e n g l h  / = I d l l d  , l l  . ~ " ( . '  III 

,.,{dlJll~n,., ~.,LllurLIled wllh ir AIH ,ift)~ II, 

wil l  be sumnrarnzed by Lhe lerrn 'AI((.)H)~' 
'Thle lral,i.~l'(~r,inaLion ~)1' AI((.)H)~ to ~, AI,(_)~ dur  

ing dtvtng and ,~lnlenng ha'.; been lhe nublccl (d" an 
u'xlensiv¢ ItlcralLtre t', ~,' :,~ ( ]eneral lv .  Ih¢ Iran.q'(~r 
inalp, m ,,;o..]uenc~' I'~,~r alunltUltUr11 hydn~xlde ttp~)n 
hlett l i n~, is 

alltl)rph~us/rr/y AI((.)H)~ ---', yhl, A I O ( O H )  -', 
y/h/e AI ,(.)~ --', ,,' AI ,O~ 

The sequence (If the lran~lti~)l,i I'~)rtns m contr,) l ied 
I'w tire ~,IILI~.'ILIle q~l Ihe .,,[arling rnalerlal. '~ The 
rale and lempera lure ~1' Ihe Inan,,l'~,rmallon h~ ~,, 
AI:(_)~ Ctl,ii be Inlluel,iL.'ed by seeding 1t1¢ alUlnlniurn 
hvdu~xlde.,, a'~ well us lhl~' tiaUlSlll~m aluminas 
(trereaflen .~lunplv, iI' s(mlewhal inaccuraMy,  referned 
Io as ' y  AI,O~') wi th add~llVe,~ such as ~, AI:(.)~ ''~ : '  
~r ~,, Fe,(_)~ I'~ :~' ''~ par l ldeS The Iral, isl '~rrnallon is 
u'~mnet'led wi th a dramall~' im.'rease of  the den.~lly, 
I'Iorn 2,42 g,g.'m ~ (gibb.slle) to 1.gg6 g,,'cn'l ~ (c~u tIll 
dum)  In addl l l (m,  lhe ~.'rvstal ',,Ysleln chlallg, es 
I'r~rtl momwl ln l c  (gibb.',,lle. b a y e r l l ¢ ) t o  hlexaL.,,~mal 
( c (uundum)  '~ 'T'herel~r¢. II AI ( ( )H)~ Is pre!,,;'nl 
II,I a g.~een c(unpm.'l pnlor t~ ninler lng, II wIl l  
have a delr lm~'nlal  erred ~,~11 t i le  Slnlerabll~ly. the 
densllV and lhe rnl~'r~).slrucltlre ~1 Ihc nlnlert 'd 
~.,~ ~rr]l,~a~,ls ~, 

Prevl~u.l.'., sludlen II}w'sl lgated the Inrluer,Ic¢ ~1' 
;.tllrllt~m rnllllr,ig ~n II1¢ par l l ck '  ~tz¢  reducl lOn 
rales an w~'ll ;.IS ~n the parllch.' .~lZ~' dl.'.,l~lbUllOlt "~ 
~ However .  I~llle aller,IILor,I was PaId h~ lhe I'acl 
lhlal lilt ' D~wder pur lk  les can uxperlem.'e enham.'~'d 
hlvdndvsis du l l ng  mi l l ing 

T'hlert'l'or~', this invesllgall~,H,i was designed l(~ 
e/ucld; l le lhe ~l'lecl (fl' ;.lllrlll(),ii mllllrU? o1' a lumina 
~;LlSpenslOIIS wl lh  negard h) II1¢ I'OIm:lll(HI ()l' alu 
llllniLlln hydn~xlde In addl/ l~m, tile inlluerl~.'e ~1" 
lhls alurt,irniLirn hlydn~)xlde ~r,i the green N~dv 
pruperlle.~ wan ch,'tra~.'lerlzed a.s well ;.is Ihe sl,nler 
abll lLy :,ind lilt' micr(~slrm.'ture Cenlr l fug, al cast ing 
was used us a green N~d.y I'(umlng technique 'T'(~ 
be able I() .'.,epara/¢ the ml]uen(.'~' ,~1' (a) A I ( ( . ) H ) ,  
aud (b) changt's of tile par/k ' le size' on tile rnlcr(.,- 
s t ructure ~1 green and slnlered c~unpm.'l.s, a fine 
alurnina D,,vder ~vas ~.'hlosen, which wil l  tll,idcrg(~ 
aJlrll)S[ rl~ I'urlhlel parl lcle reducll~m dtlrln/,, Inllhrlg 
A rnethl~d is shown ~ul h(~w h~ prepare hvdn,x lde  
Free. L.,o(~d Slnterabl¢ green c~mipacts even II' atl,ii 
l ion rnnlhng I'~ u~,t'd I'~r lhe deaggh~rncrallor~ and 
,~uspel~Sl(m prepara l lon slep 

2 E X P E R I M E N T A L  P R O C E D U R E S  

2.1 Suspens ion  preparat ion 
Al l  expenrnents were' carr ied ~czt ,i,~lng a dry 
rnilled high pur i ty  ( , ~ ' , , ) ~ r A l , ( ) ~  powder  
( R C H P  D B M .  Revnold~ Alkllt, i lnum (..-'~,) , Bauxite, 
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Arkansa!., 72()1 I, L I S A ) w l l h  il ,.,peuthc ,,tlrl;It.'¢ ;.ll(-'a 
~)l ~ ~t.) i11'.'[2, and ;i lllt.';tll pa t l i c le  size ¢~1 1) "~ p i l l .  
~ll",,p~'rl~l~Hl',, wi th  ~()~llllll l.~t)lld iIIId pH .iI { wc le  
prepared u',~nL-', hll2,h I'~LIIII~, walu l  (Sl'~O.'lliv ch:utrl~.'al 
IUM~,ILIIIC¢ t~I 2() M(.~Clll);Jlld k'~)llL'~'l lt l;.t lcd I l t l l lC  
~cld (p ~l, M~.'lck. ell()() r ta tms lac l l  (JL ' l l l lL l l l \ ' )  t,l 

It. pH ',tdlIIMItlUnl 
MIII~nu# wa,, lW~It~rmu'd ~'~ilJl all aIIliIitm mill 

(Mt f l lnex  PE' ~)7"~. Netz,,ch Felnnlahl leu 'hnlk ( i l n b l t  
,u,(172 ._%rib. ( ; c l r l i ~ i l l V )  (;i111dILi~.., IIIcdl;I (,,Phele!, 
l l l i l l l  dH l l l l e l~ ' l )  if", s~t:ll ~l,,, the cv l l l ld r lua l  !'rlnd~IU.' 

~h;i I11bcl ( ( ) ( )X Il l liq d l ; i l IWIL ' t  • ( ) I  Ill III [Clil, l l l )  
~%L'FL ~ ()t (J~'llhL' 11' AI,(_)~ (t.)u)% . .  _pLlrL') M~'tJlLI 
((i 7()(I k~ , ) ;1 l id  ".,tl"q'Wll".,It)ll (()..-IM) I,!.) ht:ldlLU:',, 
'.V~'lC k¢111 C t l l lMa l l l  I tu  ;11J L'xr)~'llllICII!."., 'The' It~lt~l 
",';t', tg.'wralud ;il i'~(i(I ir)lll [_)tllin!, lliiillil!J pH 
',,~a',,, CtHllr~Jk'd i l l id, li IIL'k'L'!,,%,.il~,,, ICadlLl',,tud i~ 
.~dd~iltul ttl nflil,.' ;l~.'~d MlliLnL-.,. thine wi~;, Ihe ¢~n~i~, 
~arulbk '  Ti le we;~n tli i iw  mnllnu!, nwd~a ',',';l!,, beh~,, 
' )  2~,~'lllll (()( i  rain nllllln[..,) 

.%~lnlfle~, I~r pa l l l c le  ;,ize ;~nalv,,i.s wu'r~' d r a w n  
,JLirln!~ in~ll lnl, ',llle~ ql. h I~ ~i() i l l ld h ( )n l l l l  The  
I~a~ll~.'le ',lZe dl',,lllJ-tLiIitllP,, ~.~,.cr~.' tllL'il!.,l.llcd u.~.,lll!.2 
lig.lil '_,~.'allL'liII,.t' lllcllltld', (Ml*,.'rt~lllt~.' I_lP.,\ F'RA,  
,,cItes u)21)() I eet[',, & N t u l h l t l p ,  N t . l h  W;Ih.':,,. [',& 
I t),4 '~,4. I.' K ) 

Rheohq., Ical  u'hala~.'lcrl!,llc,, o1' lhe ,,,u,,pelr_,lt~lt,, 
~.~'~.'IL' de le l  rTill1¢d ti,i~Ii1!2 ~i it11;.IIIli)2 \ I",L'tI%1ITIL'IL~I 
(Rhe~mla l  I I '~A Melt leu T'tded~l A ( ; .  ,";fl()(~ 
( j lCl lc l l ' : ,L 'e,  ,_~wIl/ClJ;.Irld). Tt, p lepare  LlJt l l l t l l l l t l t l t  
I 1 v d l t ~ l d C  Ii~.'e ~.tlnl[.~;l~.'t!,~, lhc .,,,i.l~,l~elldcd ;JltIItlln;I 

i'~t~v,'der wa'., ~.a,,hed Ihree time,,., hr,,,I w l l h  ( ) ~ M  
HCI  lhen~ Iwwe  w l lh  wa ler  P~Lttl b~ Ihe cenlr~l~n 
y, al ~.'Ll',,llll).:.' tl l t lw ,,alnph:,,. Ihe pH ~A;i'., re;IdlLi!.,led 
It) '4 J 

2.3 Nintering proeev,, 
'The c tunpa l r ,  tm tit lilt.' '~lnl~'n.lbtlllV ~1l IIlu dtlTerutlt 
IICUl~'d pt~wder', %%'ii% perl '~trnwd by dl lahmu.' l~lC 
'.,Iudic'., (Bahr  ~( I2S.  Biillr (J~.'l;ll(.'b;lu ( i m b H .  
4t)71 HLIIIh~m.,I (_~urmanv) T'he healittl~ I; t lc 
%%;I% '~ k I t l l l l  t i le  u~,~lln!..' r~.II~.' - n ( )  K . I l l l I I  T h e  
I1HtXIl i i t i ITI "~llllCi l i l ! ]  I~' i l i l '~ 'RiILi lL '  (1", '7(r '(_') ~; i , ,  
lu.'ld It~l rule In,~l 

I ' . , f l i tc i  n l ; t l  '..,iillel lillg %%;I!., I_~e'l I'tu IllL"d ',','till !]I~'L'I1 
t't)lllJ'V,l~.'l'., Jl¢;t lud Ill ;Jtl ;tl ;I ~. ' t l l lMi l l l l  I;JIL' tl[ 
¢tll k It It1 1.4()()'(.' f l l ld huld lit Iltr., I~'lllI"~L'l;lllJrC Ittl 
2 I~ (ct)tdlll!]. lalU .4()() k II) 

Tli~, i l l lL'itl ',,,Irticlli lal ,,,Jc~,~:'h_q)ttlClll t,l !:.'ICL'Ii bridles 
ml lde tIP I'rtml w',r, hed and ~lllwa,,hed Pt~wd~l 
,ql,,r,.,Ir.,ItH1,.., v~;I,.., ,.dlldlcd b5 jl¢;lllN!J Ihc ctmll~acl!~ 
v,~lh ,I u'tur..,I;llll heallnl._, ~al¢ (n K In111) Itl I,-I()() (_ 
~,Vlleli Ihc nl;i,',LllilLIllt l e tnper ; i tu ic  v,;ts iu ; ic lwd.  I lw 
~'ttlltl'~it~.'t,,, ~:'t~.' a~t q u u ' n u h d  Ti.. '  ('.flmh~.'d and 
Iheutnall~ u tchud  '.,tlll';lu'C', (1 "~'~(i (.' I tu li() I11111) 
V~L'rL' CX; l l l l l l l~ 'd J)%' ".,L'LIIIIIIB!J c l~ 'c I I t l l l  IlllL'Itl'.~L'ttJ.')~ 
(,h.'~fl I S M  (~,4(l()A h.'tfl LhJ T't lk~tl ,I;~pi~n) 

2.4 ,N'imulati.n ~,1' the aluminium hydroxide 
influence 
Tlic i i t i luencu t~l ;.IIt l l l l l l l t l I l i | h~tJltlxtde t'~ll Ihu 
".,llllL'l 111!2 heir, lv i t~ l i r  V~;I'., ' . ,Ir l l t i l , . l lcd I1,, ;Iddllll? 
'7 ")~IIPII .'~,l(.'l. hH ,(_) (*.'IY"4ilIIIIlU'. M c l c k .  ~11()11 
I_) i l l l l l ,~l ; Idl  ( i~ l l l lL I I1V)  I();111 '. l l l l l l l l l l , . I  ',,ll'.,pL'll'~lttll 
V, l lh  e)%~lqI,, '.,tdld Thr,, ,"\ l(_' l..~.'t>ltUeltl l ; . l l l tUl ctH 
re!,,l,md,, It1 I Dv, l",, A i ( ( )H )~  i i l tel hvdrtdv,, i , ,  
t l l  ,.ill A I ( I I I )  CtHiL 'Cl i l I ; I I I t l i l  II1 lhc  ' " , tdUlt tm i l l  
() ~i n , f l ' l l l r u  T Iw pH v,;.i,,, ;.tdlu,,lud It1 4 2 b,,' the 
; i tJdi i l tH1 ttl N H ~ ( ) H  AII~ ' I  ,-I m i l l  I l l lr; i ' ,,tHll~.';.t l itHi 
(Vlbla (.all Vi. ' fd l ( ) .  ,~tllil~."~ ;.tllCJ N'llth.'utltl..~ I nc .  
[ ) ; . l l l~ t l l~  I ~ A ) .  I l ic  ,,amlfl~.',, wc~e t i c ; t i e d  ;t,, 
du,,~.'llbe¢l Ill NL'L'IItIII,., ] _~ Lil ld ] t j  

2.2 (.'asling and ~reen body characterization 
(_~let'll hi)dIet, were prel~aled bY L'~'IIIIIJLI~J, LI[I~H1 (ll 
() ()X() k~, a lL imlna ,.,usr)~,llSl~)ll al ,-1()()() ~. t~)1 g(I I11111 
(uei~tr11'ug, e H e l m l e  Z K  '~lq). B He rm lc  (_;InbH, 
7_"(I ~) (_ht.,.,heiin, (_h.'rnlalIYl Al ' ler  all al'q.~¢fl'uuilc 
dIl¢IIiOi~ wLlh 1) I N HL' I  the al= i in ln lUm L'tHIL'L'tlII;J 
II~HI III lhL' .%iJr)~[l l ; l l ; l l l [  WLI~, d~'J~'in1111~'d JIv ;iHtl111~.' 
ab'~,upl i~m ,q_wctn~'~.'opv ( A A S )  ( A A  ,Specl i~ 
III~'|L'I. II|!.;[ILIIIIL=IIILIII(HI L.iJ~,H;lh_)rv I t lk ' ,  WIJlIIII|IJ, I~Hi. 
M A  ()IXX7. 1_I..%,,%) iJltcu lhe clear ,.;l. lpelnalanl 
'.;~dull~n had bee~ celllrll l.lb, ed I()r ;.ll|OlllCl q i ) I n l n  
;.ll '~(I()() ~' (-;r~'Vll den~Hv was de le l t n l lwd  by Ihe 
A~chinlCde. ~, melh,~d The ~mmer,u,u~ nleCIIullll V~.;.I'., 
nlel 'Cl l ly Al l  !],reell b~dI¢', l '*~l H!.., J_It)H~Mlll¢llV 
(P~u~,.;l l l l¢lcr ~()()() (.'i l lh~ E'Fb;.I ,_~IILIIII~'i'IILII.I~Hl~' 
M i l a n ,  It;.ll~,) were d i led  at 12()"( '  Ior X h [ )TA. '  
T(.] me;.l '.,urunwlll,, were peul '~rmed Ill al l  (healtn~,. 
rate I() K, ,mit l ) , )11 ;I Me l l l e r  Theum~)analvzer 
'TAI  (Mel t ler  'Ttdedo A(_;. Xt~()/-1 (_ilellen!,ee. 
SWltZel la nd ) 

3 R F',NI.II .'TN 

3.1 At t r i t i on  mi l l in~ o1" the aluminu ,~uspensi.nt 
]"~) IlI~,L'~.41L';.II¢ tilL' I'(HIII;JII~HI t)l dILIIIIIIIILIIII h v d t , t x l d e  
dul ~n!, wet millnn.p,, ,N()v¢I",, ;..llLlltllna ,,ll:,l'~¢ll'~l~tll~, nl 
pH 4 2 %t-'lL' i l t l l i l l ,U l  mi l led I]>1 dll ' l 'ulClll IiIll~'!., 
'ThL:.., lelulLvel,, h igh p~wd~.'u h_md111~ wa,, uh~,,en I~ 
inlrllnll/~:' Ihu v,'eill ~tl' Ihe F, rllldlll!:., inedl~ "' .i T'h~.' 
pa l l l c le  ,.,11~' dl,.,lllhull~ult., I'~u lhe ml lh:d !~ample~, 
;LI~.' ,,hov, ll Ili J-Ill 2 A', cxp¢~.'led l'Ltl IqJClL ,I hlW 
l 'P~,dL' l ,  lJl~ fi lL'ti l l pLIrlIL'IC '.,IZ~' IS ll~fl lllll~.'h LIIJ~'clc'd 
l'w ll le mIllInL.', prince,,,, H~weveu.  aL.,ghm|erale,~ 
lai!..,~n lhai~ I F m  are vcuv el l iu'wnll~ de:,trCwed 

TIIL~ ; l J t l l l i l l l l l l l l l  C~HI~.'~'I|II;IIHtll III [hL~ dlSJ'~L'r%I~HI 
nledii.iltl ;It, ;I ll.Ill~.'lI()I1 ~,I lhL' L.,lllldlrl]J, Ill'tiC I',, 

pl )It~'d III FI)J I~ A'.~ ;.I k'Oll lp;JFl'+(l l l ,  l he  ~, idt l l 'u l l lV al 
pH ,4 ? ,,t an~otl ' f ln.l ' . , AI((_tH)~, the n... , I  ~,~fltubh.' 
I 'orm ol ;ill LlIUITIII11LIn1 hvdn ,x l de  '.,[)¢L'IL'.%, ~' I!., ah,(t 
,dh,wn SIIH'~cndlnL .~, Ih¢ altl111111a p~,wder in wa ler  
lead,,  I~t i.ln ;IILIIIllIIILII11 Ct)r lk'~' l l l lLl[ l~t l l  ~J ()(),4'~ I|l(~J, 



21.4 P HMt,¢~. F B,m,l~'r. Fh (hmd~', L..I  Cim,'~l,'r 

i i . . . .  n n 

2 I ~, 

(J m i l l  
I I~ =, mm 

i )  I )  - " -  II~ I t l l l l  
I h  l, ,~() ITIIn 

I.[I i,_p \ ('p(J ITIIfl 

': 'I,' '{I 

a2~ 

I 

I I I I I I I I I 

() I f ,J t 

I:',Jr llI.I~. ' , IZ I  "I ~rrl 

Fig 2. Elf'~'rl ~1 iJl lr l l l lHl Urlllllrll.', l ime i,rl the parlI¢l¢ ,dz~.' 
d i m  r l b l l l l ~ H 1  

!1 2 t l  

(~ IH 
i i i  
ITI 

I-L 

:1 I h  

2' 
u ~1 Id 

I11,_ ~ 

J l l l )  

r i 

f ~  

• ipl i II • g/" 
I I I I I I l 

11 ) ' ~ I' ,_~() l ip d l l  I l l )  h l l  

MilluH:I flaTly- / r r l l r l  

Fig. 4. Vn,,~..~!,llV (,,h~ar rak.' qq.'l,,) Ill Ih¢ ,JJLinllrla ',Hl,,penl'.,non', 
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IiIre DLirlrlg nilllllrlg. Ih¢ alLImil l ium ~.'~ulcenlru 
l i ,m im.'rease.~ alm~sl Iin~'urly h~ a Iinal value ~1' 
()63 m~fl/Inlr~', whlvfi i.,, rar aNwe  the [he(.eli~'al 
',olLiblli ly (~1" AI (OH)~ al tfiis pH 

Ii~ Fig d, the VlS~.'~ml[V (,d~ear lUl~' ~,.'s)o1' lhe 
,~u.,,penM,ms is ph~lled ver,,Ll.~ llle milling.; l ime 
Slart ing Irom ()11 Pa.,,, I[ increa,~es wtlfi ~lU,Wlrl.g 
a lL im ln lL i l i l  L' l) l lk 'el | [ral l~H1 ii1 lhe  M.lspl.'n.',;iUil',, I() 

() 2 Pan a f te r  61 ) i r l l n  l l l l l l l n g  l i m e  

3.2 Green compucl chur~eleriz':,lion 
Al'Icr al lr i l I~m 11'lllIll'Ig, ~.'(un[.'~a~.'l'.; were.' prepared l'w 
c~'nlrnl'cigal ca,qin~ r~l lhe .~Laspen,~i~m,, 'T'fie Due  
~.17¢ dl.slrlbilli,m.s or the drIed green ~.'~mlpacl.~ w~'re 
ineasLi red b.V Hg inlrui.,.,ir)i1 po lo . , . ; ime l ry .  (3 rcen 

dc i l .s l l les  and  n lean  p~ rc  ~adl i  {~1 II1¢ ~.'{mll:'~i.lct.s 

ver,~els mi l l Ing I~me are ph~lted In FIg s 'T'fie maxl 
Ini.lm green d¢lLsily (h.g 'P .IIIl l) Is achIeved al'len 
t() raIn gr indIng lIme Pr{flonged mIl l Ing re.,,ullls in 
a sllghl de~.'re;.ise ~)I' lh¢ deri.,~il.y 

T'he mean p()lu' radius decrea,~e,~ f rom ,42rim h~ 
2u-~nm al'lcr 3()m~n F urlher al l r l l iOl l  mll l lnglead,~ 
l~, an In~'r{'a,~e ~1' Ih~ pore radlu~ -[tie mlnllntl l l~ ol 
Ifi¢ mean D~re r ad Ius  u'~,lncldes wl lh Ihe n laxlmunl  
~1 the green de r l n l l y  

In Fig ~. lh¢ AI((:)H)~ ~.'~mlenl ii'i lhe gr¢~:'n 
~.'rmIpm.'ls I.~ c(~r~.'laled walh lhe w¢m~.fil hm,~ dur ing 
'~lnt~:'rlng. v;..irylllg I'r~)ln l) .~wl ' , ,  Ill rain mi lk 'd)  h~ 
I I w l " .  (hlhnm milled), which crlrre.,~Dmds l(, 2 
and ~i 2 wl",, AI((:)H)~. ~e.sp¢~'livelv. A~.'~.'(~rding l(~ 
T'(_; n|eaMireni~.ml.,.,, q'~",, eft' Ifie W¢Ig l l l  l(~ss ~c~.'ur,,, 
belw~'en 12()"(..-" and he)el"(-', whlu'h Is III ~:.',1111d agree 
menl wl l f i  Ih~ lemperalure range (~1' lh~ dc{'~n~ 
po,~lll~m ~1 AI IOH)~ h~ y AI,O~ '~ 'Thl,~ wenghl 
hi,M,, I."; lh~:uel'(.m: a l l r l b l l l e d  mainly hJ the o x l d ¢  

l o l ' m a [ i r m  

3.3 Sintering kinetics o1" green compact,,, with 
AI ( ( )H ) ,  
'The .qlrnnkaL.,.e uate curv¢.~ I'or the ~'cntrnlugal (.'a.,q 
c{mipacl.,, ;.ire plolh:d in F'ng7 (_k'i~e~allv. lfi¢ 
hm.~'r lh~' D~wder i.', mnlled, the m~r~: the du'n.',nfi 
vall~)n pr,)cess Is dls lu ibed. Add~l,~nal ly,  pu~- 
h inged  m i l l i n g  or lhe alt lnl l l la powder restllls i l i a  
h lm~dal  sfir lnkage rate dl~Ir lbul l() l l  w ' l l l l  in~.'rea~ 
iii~2, grlndln~, l i m e  ar id  IfitlS WIlfi iilct~:anmg AI(OH)~ 
~..'{Ul[~:'lll in the green ~.'~mIpa~.'t. lhe first max imum 
~iI the shr , ikage rate v~'r.,.,us lemperalure curve 
.,,fill'[.~ From I I~I)"(.' h~ 131)I)"C' C,unpa~.'l.,, wulfi 
hngher y-AI,(:)~ c(mlelil.'., sfiowed h~wered shrlnkage 
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p a r a l k ' l  ot't ' lJrlll l,!2, pi,~t'~',,,,e~., F'r~ml, dtul,.~,llY dal i . l  
~'r'~l. l ' ,, l l l l , l ,c', it i'.~ ~d 'W l l ) l l k  Ih , ; l l  u ' (H l l l ) ak ' l k  o l  lhu' 
l~ t~c l t ' i  ,, in,111ed l~ r  a hmL.'.t'r l i i t l ,t '  c l~n, , i lv  ~mlv 
i l l  t '~.~!, idurabl,~ lii!.,.lwr l~Uil lX'ralui~', . ,  T'hv.> al!.,~i 
bet'~mlc',, t v l d c l l l  I~ l  Ihe ~'~l) nllll'l i lCnlu 'd  p~wd~ ' l .  
W h l d l  k l l~ , . , . ,  II I j l { l l l '~ lu l lk . ' l ; "d  "~Ct'~HId I ' I I I IX I I I IU I I I  d l  

l '.,( l( r ' ( .  'Th, l,, ,.,ct'~u~d '.,h, rln, kaL.,.¢ r',.ll¢ In, axl ln,  l l n l  I~., 
l l u i d l s  vu.,Ihh.' ; l l ' lC I  (} ~.IIWI n I|1111 i l l '  i l l l l l l l i l r l ,  b i l l  

I'~l..'t'¢llll¢~ I I Io1~'  LIn, d I|1~,)1~' p l ( ) l }~ ,H l r lk 'Cd s~.lth II|L'rl.q.l'., 

.n~, mlll l l lL.', I l lnu'  In, add l l l ~w i .  Ih~' h~i~l]cr Ihc  a l l l  
' I l I l lLI I_~wdc'r  Is I ] l I I Icd .  Ih, c IlI~h,~'I IS II'lc' l¢ ' . , Id l la l  
, l i i lnka~.c '  Ii. lt¢ dur l lU. '  II1¢ m,~ lh t r l ] i l I I  , , l l l l¢ l l l l [ J  
~ ' l l ~ d  ~ll Is '7() ' (  ' 

rh~. Ml l I¢ I I I I [J  b~'ha', ' l~Ull *,1 [11,~' ,,;.In, l i l le! ,  n, l l l k ' d  
!~l ii h~n, ij. I inl,c u., lu~lml~, inllLluUl,C~'d by [ l i¢ plt '!wn, t'¢ 
.~1' A I ( ( . )H )~  In FII" ,~ I Iw  '.,llrll~k~G,c rah.' u'LIrW".~ *~1 
Ih, u II a n d  M) nl,lll n i l l l c d  s'iJmI~l~'!., ; l i~  ph~l lc 'd in 
,.'itFIIpLIiI.~(,II v, I I I l  ; i l l  u n n i i l l c d  ! ,ampk ' ,  I~, wh, wh  
A I ( ( . )H)~  w'm, ~Idclcd Il l  l l w  l ,~rm ~tl '7~,~ I " , ,  
, i l u n i l n l U m  t 'h ,h . ld~ '  Tlir_, u , . r~ - ,pon ,  d,, I~  I 2~.~I",, 
A I ( ( . )H )~  al l~ ' r  hvdn f l v , , r . ,  ~r  an ulun, I i i i lUn l  ~'~m 
cc ' r l t ra t i l u l  ~lt 1) 31 M Thl.i!, Ih in  I~Itlt 'r t'~iinll~at'l l ia', 
Iht '  *~iin, ic' p l . i l t l t ' l¢  '.,llC' d lS l l l bL i I l ~ l l l  1.1,., Ihc  I.ilin, i l l l cd  
l. ' lunliJil l. ' l, hi.If an  t \ l ( ( _ )H ) l  t ' l lnl lcn, I l . ' l tn ipa l i lb lu '  I~l i.I 
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[ l I~I ~ .~hll l l l~d)! l '  I , Ih",  li~I ~ l ' [ l l l I l l I ! ] l l l  ~';r,I I~ul i rh l~l , ,  (,11 IJII 
ml lh .d  ( b ) I l l , n l l h ' d  ~ IIh a d d l l l l m  ~,1 ,&l(. I, , Ind (~) rrHIh'd h,r 

edl ln l l l  ( r l lH I l l , l l l l ~d  I)11 ,I u~)rr lpml I~ri!_.,lll i,l II ( l l n i l  

~;iml~l~ m i l l e d  i~ r  LI hm!i,, t lnn¢ AI., ~Xl)~'t'l~'(J I'~l a 

u~¢ ru le  L'LIT~C ll,a'., l ~  IIILIXItTILI T'hu l i l ' , l  nlLl~i-  
II,lLIlll ; l l I ~,(r ' ( .  ' i,., c ,mlr i . i i r i lb iC, l i ,  Ihc. ,me, ,,I III,~ ~ 
() ~ll ld h I l l l l l  I n l l l cd  '.,anlpk',, ;In, d Ihlt' '.wt'~uld a[ 
I , -Hlr ' ( . '  r., ~l~l,,' l l l l l u  hwctu I h a n  Ihc  ~ , ic  I~, ln, d 
~ l l h  l~l ld~l l ! i ,  cd ml l l l r l ! i ,  T'hv~ I~'sul l  d c ; i r l v  nh~,w,, 

t 'aUb,~d I'W I h e  AII(_)H)~ III Ih,~' l '~ i~ , .dc l  t ' lUl l l '~LIt ' l~, 

T'hc l i l l ; i l  d~'ll....llWk (14( ) ( ) ' ( . ' . '2h) i j r l ; '  i i i  lh~' lilll,.~.c 
~,I t.l',} 2", ,  I~ll, I ~ l  I I  ; l l l d  ~ II,l, l l l I n l l l l l l ,  b' l l l l l C  ; l l l ,d  

dccrci.l~,t' I~) (),-I I~1111 I~1111 l,,v , ,ample, ,  ;lllllll(ill nl l , l l l td 
I~,  t~()n l in ,  ( T a b k '  I1 II I!.' v, ' l~rlh In l l l l l .~  II1~.11 II I ~, 
I l l l l  I h ~  ~ r c c I I  b ~ d \  V, I I h  II1¢ hl l ! 'h¢' , , I  d¢ l l ' , l l ~ ,  ; l l l d  

Ih¢ ,>rtlallu',.,I lllLqll'l p~rc' ' , l I e '  b L I I  l i J l l l t r  Ih¢ (~ll¢ 
V~lltl lilt.' h~',vc'nl )]l~'CII d¢ l l k l IV  ; Ind IhL' hl lb, L'~,l i n can  
p~,r~ ~ ,.,izc' I [m l  ac 'hw~¢d I Iw  hl!i,.hc,.,I l i na l  dcI l~ . , l l ' ;  

3.4 ,%inlerin~ kinHic,~ of ~reen comp~el~ w i l h o u l  
A I I O H ) ~  
In ~ud¢ l  I~ bcn, e l i l  I ' lLi ln i J I I I I I l l l l l  In l l l in ,  y. u!, il 
I n t ' l h ~ l d  II~ I '~lC;Ik Lip il!g.~]l~lll~.U';ll~"., l i n d  L~ I~'('ILIL'L ~ 

lh, c parlIulc ,..llC, lh¢ AI((_)H), l~.m~.'d b~,' lh,~ 

III111111!] [II~}L'C.M,,. hLl"., I~ b~' ll..'lll~,~'d All t'i-Ilt'IC'II,| 

l ¢ c h n l q u c  I~ '.,Cl_~al;llC , A l i ( ) H ) ,  I'l~,ltl, ~,, .AI,()~ I", 
Llt ' IdlC' ~ ; Ikh l l l l_ . '  ~,I l l lC' p ~ l w d u u  

A I ( ( ) H ) ~  l lcc'  c',,~ip;i¢'l!., I r l i i l l  l l w  ~ ( ) n i i n  nni l l~d 
; l l t l l l l l l l L l  ',,tl,'.,p,211,,l~il ,,~,crt' I .~ l t 'pL I Icd  t 'w rc 'pcLl l l l l , [J  

I able I I-~,dl.ililul ,fl lhv  l-in;il d¢li,,nl~ ~,, i lh  nln[hii!2 Innilr 

~IU/. , l>u.~lll ,mmd~/ . 'd '  I h ' .w l l  ' u .~ / . ,d ,  
f i l l i p '  

' I I I i t l  I , I I I I I 1 ' '  ' " "~(llh ' t I I  d ' l l l  ' " . l l l h  ' 

I( I  ~ 9(11 9 7  I~ 

h( I  t 7XI I  9 4  
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F'()r, ~ F'I,.II'JlIJ,, / rim 
(a) 

h~ centrifugal casltng. A compar~sorl ~fl' the prop 
ertnes ~)1" ceunpacls made From washed arrd Unl 
wastwd powders us gnven nn Table 2 The fivdr~xnde 
free green body fias a 2()",, larger mean D)re 
radius and a I",, h~wer [:reen denstty lfian the 
I lvdmxide omt.'tmtng sample 'T'l))e sfir~nkage and 
sfirmkage tale curves I'(~r Nflf i  materials sh~)w a 
peak at 12q()"C (Ftg q) T'he h.~drox~de free corn 
pacts stlow neilher a se~.'~nd siriterin~.~ max~murn 
II~,)r a s]gnificanl sfirinkage r a l e  d u l  IIrL2, the  Is(~tfien 

rnal final stage ,~1' .slnlerlng, Whlvh mear]s ll))al tile 
h¢~dv has n.'aehed ~ts final dens~ty ( I  ~ 2  g.4:m ~ or 
qq ()",'t%) at the beginning ~I' ti))e m(~then'mal final 
stage ~1 sir,iterlrlg 

'T'fi¢ developrner,iI ~1' tIle pore size dintr ibutnm 
durIng ti,ie c(m',ilar,iI heatin~ rate ',;in.ilerir,ig phase 
will)) im.'reanlnL.,, temperature Ior N~lh the Illl 
waslled al,id washed ~.'ornpacts In ph~tled ir)) F'it~s 
I()(a) and (b) At I()()"C', Life i|1¢arl D)re radfLIS ol 
ti))e Ul,iwashed sample IS ablaut IS",, smaller than 
lfie ~rre ()I' it,re washed body (30 nm versus ~ nm). 
Aparl I'r~it)) a slugfil Due gr~wtl.i, tt,ie pore sIze 
dislrtbuttor,I an well an the D~re w~lulne ~1 the 
wasfied vompad remains unafl'ected up t~ I()(I()"C 
At fi~gfier teunperatures, tl,ie sinternng pro~.'ess leads 
Io a very I'ast shrnnkage ol the p~)re sizes Ab~w~.' 
I t()()"C, r.i,)open p~r~snly rer'lrairrs. In COl))trasl 1(I 
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Fig. q. Shrinkage rale,~ I~r uriwa,,hed and v,,ushed eornp,JdS 
lnormahzed ~rl a c~mpuvl len[:lh ol ()Ol m) 
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(1"0 

F'il, l, I0, P~re ,,,tze dl!dnbLill~m of (a)iJnv,,,;ished ,rod (1~) v,'a,,,It~'d 
,,arlipl~!, al dlilL~r¢lll I~lril. 'r'ralur¢', 

tfie behavu.~ur of tire washed c,m)pacl, the 
unwashed sumple exfilbtls u considerable D)re 
LJ, r(~wth IJp 1o I()()()"(:" 'T'fie mean pore radius in 
tm.'reased by 2()",., i'r~)rrl t ( )nm hJ t6 nm Never 
thelesn, ]l in still slnallet than lir tfie case ~fl' the 
washed ~.'~m,ipm.'t. Wllfi prevedlng Slnterlng, the 
pores bec~mw smaller, an expected. However. in 
vornparm~m will1 lfie hydroxide I'ree sample, tire 
decrease ~)1" the pore size is mucl,i slower which m 
tn ,g~,~d agreement wrlfi tire ~bserved ,~maller 
sfirtnkage rate ~1' tire unwashed c~,rnpa~.'t (Fig q) 
A considerable art.iotinl ~fl' open p(~roslty van be 
detected even at 1,4~,r'C. 

'T'fie ~.'~m,iparr~m of lhe rrucroslruvtures ~)1" washed 
arrd tlrlW~.lSfied 4,'ompa¢ls (nldling Ltrtle t() man) 
healed up to I,-I.()()"C (F'~g I I )  in a ,go()d ~llustra 
Lion liar the ~)bserved pore s~ze and volume 
deveh)pmenl (F'E~ I()(a) arrd (b)) 'T'he washed 
e~)mpa~.'t has un alr~'adv very dense, tr~m~gene~us 
mtcrostruclure (Fig. l l(a)). In c~mtrast t~ lhts 
fine grained mwr~)slruclure, the unwashed c~)m- 
pa~.'Is st~ll exhibit qu~te a fitgh p~)r()stlv :it thin 
temperature (F'~g. l l(h)) Between already dense 
d~mains (up to It) #m), there are mar,iv pores 
((1 2- I p.m) and numerous separat~orrs between the 
grams 
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(a) 

t ,  , 

I J "  " I 

[ : ~ i t~  J , I ' ~ .,~ , ]112 n l  m 

(h) 

I ig. l I. Mt~ rl),..,Irlll llsiT ~I ~ AI,I_I~ r,,i,~r~.,.i,., hcah'd up I~ 
I-Iii(I"( ' ( , I ) , fo ld ~,a',hed D~wder,  aud lh)urw, 'a ' , l 'wd p~v, der,  

4 DISCLI,%'NION 

4.1 Influence of alCrilion mill ing on Ihe suspension 
properlies 
A l l r t l I on  mtlllnL., is km~wn I~ reduce the artl~Unl 
~I' a~glomcrale~ a,, w~'ll as lhe par l lc le ~,tze vcr,~ 
cl-hciently "~ ~i As expecl~d for such a line D~wder. 
lhe par l ic le M,,.c di .~Ir lbulum relnam:, alm~,,l tln 
affected hy lhe m~lling T'h~' maln ~nlluence ~I' Lhe 
tndl lng pr~o.",.~ IN lh~' dc.~lruclum ~I a/E:,,gh_m]¢ral~'!, 
IF Ig 2) How~'ver, a.s ~h~wi~ m F'~g I and Fig 6, the 
mi l l ing is combined wl th a con,~iderable l'~rnmt~on 
~1 .,,~flubl¢ aluut]in~LIn~ specIes A~.'~.'~td~t'~,t...,, t~ Nt~',.,z 
& Bcrlnel l  I , lilt ' atll~LIIIl ~)1' AIII-)H)~ I'lwnled dLirirlg 
in l l l lng ~.~ ~nc~eascd by the pre.sence ~l Ir;.tnstL1t~n 
,iII.irlllniJN 

'T'h¢ :IIUIllIIIIUIl'I k'~)nk'¢nlrLi[lOrl ill lhc 'q.lp~t lILIlLIIII 

,.fl ().O~ m~)IIIiIre aI'ler a iniIIing lime ~d' O() mill is 

nt'v~md the ~dubfl~tv rt'p~rted for gtbbsit¢, ba~,er~t¢ 
,)r cv~'rl ar'rlt,rpht*u~, AI I ( )H)~ at pH 4.2 II, I. ~ H~w 
:vcr, the present ca.se ts I'ar I'r~n~ thermodvi)an)lcal 
equilibrium P~dyl~tlclear alunllr~lun) hvd l~x lde 
or o x ~  h v d r ~ x l d e  c ~ m p l c x c , . , ,  which art' Iormed 
e,~pcciallv tn the case i~l' SOItltlt~ll',; with high alu 

min lum c~mt'et)tralior)s, ~.'at] be ',,Labl¢ Iridehntt~'ly. 
alLh~ugh they arc r'neta.slabl¢ wiLh r¢.'.,pect I~ Lhc 
l:tr'¢clpilaLl~m ~fl' A I (OH)~ I, 'T'herel'~re. ltl¢ values 
m Fig t r'epresenL n~l arl equ i l ib r ium .'.,ILII¢ bLIL Iht' 
aclual hUal t'~mcenlralt~m of  rqLlk'llV¢. L i l u m i I l l U r l l  

(rnon~vnerlc. Df lvmer ic  and co lhudal  ,~pec~es)in 
lh~.' SLipCrlU.iLanI. which can he m.'~d diL.,¢.,,lcd 

A l th~ugh  bcv~tid lhe equlhbr lunz ,~olubiIilv. lhe 
i l l U l l l l l l l l . l l l l  ~.'~Hl~.'qlll lL|[IOll it~t'rca.s¢.~ l l l~¢arb, '  w tLh  l h ¢  

mtl l lng l ime, which Indl~.'ate. ~, lhal  lhc nlechal~lcallv 
LlU'llVLIL~'d ~,~';.llt'r i l11.l lnlnLl ICLI~.'[IItl l t~, l l ld~,Dendt. .q l l  

~m the IJILIITIIIIILIITI !.,~fluNlzty l lnl l l  In waLt'r 'There' 
lore. II W~)Llld al~,~ ~o.'ur II' mi l l lng was car i ied ~LII 
in tli~' pH Icb',I~m ~I' h~w a lumln lUm ¢qut l ihrzum 
h~fltlb~lilv, c L-'. belv,'¢en pH '~ and ,"; (F'~L-'. I) 

The' IIWrCa,~c ~I' lhc ~,i,,u'~sIl~ dUlling mdlin!] li~m~ 
II() iliF'a,., I~ 2()()InF'a ~, (EIL., ,-I)ha'., llile~' l_~v,,.,ibh.' 
catl,,e,.~ I'ltsll~,. ,,i)lalk't parl lcles Imn)(~blll,,e rcla 
Lively r|lur't' l're~." wafer, tl)u.,_, ICadlnY I() arl IIIL'FL'LIN¢ 
~I VI'.,~.'~MIs, ~1 Su'u'~mdI.Y Lhe rcpul',l~.c I'~tl~'~ tx.'lw~.'ell 
lw~ '.,,~rrlllatl~, t'hatL.'cd parllcl¢;, al a I-ixCd zcla 
D~l~'nllal become,, :,muller w~lh dcclea;,Inb, par l lck '  
!,,l/~', ~111t,,'l,,' Ih~'rc I!_'1 altn~)._sl I1~,) u'han~.,c' III the 
patl l t ' l¢ ;,tz~.' dv.dribul iorl  al ler "~ Illll] mll l i I l~ Ih~';~,c 
IW~ rn~'t'hi.lilI'.,ill,, puohably ~>ril'~ ~.'~'qlltlbl.llL ~ l~ II'i~' 
vt.',,ct~'.,tl~, int'it':l'.,~: ill the I'~¢gitltlttlg ,,~1 tlIc nltlltrl!='. 
pr~,.'e,,,, T'hzrdlv, lhe tnctea,,~' ~tl' lh¢ i I l l l I l l l l l l t lnl  
t 'U l i t ' c ' i l l r a l i ~H l  d I l i l l g  Ihe I'l-Illlll)!.', l'~r~wcs~., I~'dllu'¢;,, 

th,.' fl~lckl'ie'.,!., ~t fhc electrical d~',ublc h.i','er arid 
thereby lhc rCPtIl!,l~.¢ dot ib le lav¢i I~m.',:,, '~ As a 
u'*ulst'qu~'llu'c, the ",lability, ~1 the ~,ti,,l)eiV,,torl I,~. 
tedtit 'ed, wh~cl~ nllJ'.,I IL',.,LIII ill an IIl~.'l'qLI,.,¢ i~l Ihe 
VINCIIMI ~, 

4.2 Inlluence of a l l r i l ion milling on green and 
sinlered compacl,~ 
(.'entl II'u.gal c',J,,tin!Z a,n a '.,hal~tn ~, It~cth~d wa'., uh~sen 
I~ t 'xcludc Illl]u¢llc~'~ ~1' the d iv ing  alld pr'e.s.slnV 
pr~we!,,~ ~1 Ihc w¢l mIlled I~wCd~'r,, on Itl~. • '.,IrllCrlrlg 
I:whavloLIr 'Therel~re. all cxpet l luenla l  hndmg'~ 
u'j, HI t ' c l ' l l l l l~ ]  t l lk  " pr~Perl les ~1' .gr¢~'n LIl|t j  ' , , l l l lcr~ 'd 

c~mll~m.'ls ha~,.e I~ be dl.sCu,,ncd In l¢lmn ~1 Ihe 
parl lc le :.,Izc and Ihe aln~LInt ~1 AI((_)I-I)~ In lhe 
~11.'¢11 C~mr~Llcl,.,. MIlL's' I(1¢n¢ paramelcl , ,  ate lh¢ 
4ml,,, Vatluhl¢,., in thl!_,, invesll!..,,ati~m 

A I11~)d¢l nllk'r()MruclLir¢ of  lhu, g r ¢ ¢ i l  ~.'~lnpLlu'l 

c~mlalnlng Al((_)H)~lS!,,h~w,'n in Pig 12 T 'hel rarne 
work  ~tl the .t..'reen b~td~ (F't!F, 12(a)) is hull l  uP ~tl' 
InlCrc~tllnt't'lCd ~l, AI,(_)~ Dtw.der PartIcle.s. which 
are (;.it IcanL Parl tal lv) t'~wCted wiLh AI((_)H)~ The 
cavllt¢'., bcLw~:cIi Lh¢ ParLIclc'., are lil led wl l t l  
AI((_)H)~. which was CtLhcr r),~l dl!¢,,fl~,t'd dLItln12 
lh¢ n~illIr~L-,, princess ~r 19reclpIlatcd dur ing  the 
dtyirIL., ~tl' l lw t'~m~pacl,.~ The m~r¢ AI((_)H)~ i'~ 
lormed dur ing  Lhe wet mi l l ing proc¢:,,,, lh¢ m~r¢ 
the D~re', between Ihe ~,' AI,(_)~ particle'., ate lil led 
~,.ilh hvdr,,xldes, leadlnLi, Io a h~ght'l green density 
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(;J) 

F'i~. 12. M~del rrm.'r~,,frucllue ~1 the green h~,d~, 
(hi ~.'~unpa~.l aller lhe Irarll,,h~rm;Jlum ifl A I ( I IH I ,  irlh~ . ' AI 

(h) 

Ca) green C~mlpm.'f aller ~.'~.t,,,lillg ~Jtld drvtn!.,, (al r~.~m letrif~uraltlre) :lnd 
,(_)~ (ai -12()()"() D,.trl,; ,d'iadln E AI((_)H)~, hL.,hf ,dladlng, ~l, AI,(.), 

and h~wer mean pore radius (F~t-', '~) 'T'he large 
im.'re:me (~1" tile green dens~lV al'le~ ~ ln~n m~llm,t.., ~s 
pr~)hablv n,H a o,nsequerlce ,,f tile described D,re 
filling mechanllsrn, since lhe AI(OH)~ cunlent III 
Lhe green ct) r r lpacLs i l l c reases  I~nearlv wrttl the 
Inlllinb ~, Lime, but ralller is due to IIle break up of 
the agglomerates (_irlnd~ng lllnes h.mger th,'lrl ~() 
nl~n decrease the packlnb,, denstly and ~ncrease the 
pore size. al lhuugh rn~)r'e AI(OH)~ is avallahle h~ 
fill Ihe space between the particles. Th~s sh(mld 
lead h, even tllgher green densll~es and smaller 
pure sizes H~wvever, parallel h, lhe AI((_)H)~ 
I'~nnalion. tile suspensi~m's slabili lv is rn()re and 
more ru'duced (Seclum ,4 I) T'filS partial o~agula 
lion of Ihe Stlsperl',;~m mlpalred the parlu.'le 
packing and leads h, m(,re D,ruus c,,mpa~.'ls with 
~ncreased D~re s~zes. 

Durtng heal~ng t~ tile s~ntering tenlpetalure, 
AI(OH)~ transl(ums trlh~ ,r AI.O~ hy a mulltslep 
pnu.'ess. These tr.' lnsformatums are I~rlked t~ a 
wflume shnnkage of more than t()",,. (.'~rlse 
quentlv, the deomlpos~tu.m ~1" tile AI(OH)~ leaves 
large pores Ill tile mu.'r~struclure (F~g 12(b)) At 
the same time, tile very fine trans~tton alumina 
parttcles heg, trl t~ stnter and c(~arsen at :i lenlpera 
lure well below thai at whtch the ~-AI,()~ matrix 
begins I~shr lnk  'This slnler~ng shrinkage and the 
wflunle changes ass(wHaled wtth tile phase changes 
sh(mld lead to dmruptton (fl' the parL~cle conlacls 
and a considerable p(~re growth ~ In fact, up I() 
I()()()"C, tile c~unpm.'t wtlh AI((.)H)~ undergoes u 
considerable pore growth Ab(we I()()(l"(-', tills 
process is cuurltered by the heg~nrling ~fl' smlertrlg. 
Further D~re gr(~wlh due t(~ the descrtbed mechan 
ism ~s suppressed However, since tile nlu.'rostruclure 
is stnmgly dlsturbed----especmlly the particle-part,tie 
omtacts,  the dens~ficalum process ts retarded, which 

can be inferred I'r~)m the appearam.'e u f a  second 
SlnLertrlg maxlnlum In tile graph ~t' shrinkage 
rule versus lelnperalure (Fig 7). As expected, the 
pc)re size distr ibution {)1" Ihe AI((_)H)~ free sample 
is almost unaffected LIp lu III()()"C. Alth~mgtl 
tile medium p~re size iN still largel than thai (fl" 
tile unwashed sample, Ihe washed sample can 
sinler much faster, since the parl lcle-partlc]e 
c~mlLIclS are II~l dlslurhed by tile presence ~1" 
AI((_)H)~ Theref~e.  il carl be fully dens~hed al 
1,4()()"C/'2h 

5 ( 'ON( 'LLJSIONS 

( I )  Wel al lr t t l (m mdllng ~)1" alumina not ,rely 
deslruvs agghunerates arid reduces the 
me:in particle diameter bul als() leads to 
AI(OH)~ i'~)rnlatu.m, whtch Is pr()p~u'tu)nal 
Io Ifie m~lling lithe Therel'ure. milling,..,, t,nes 
should be kept as sll~rl as p(~sslhle. Most 
(~1' tile AI((_)H)~ formed m h~cated ill lhe 
Due'~ ~1" Ihe r.t AI.(.)t rnalrtx 

(2) UDm healing, tile AI((_)H)~ is transformed 
by several steps h~ r~-AI,O~, leaving large 
D~res and dlsruplum of particle-particle c~m 
lacts Ill the mlcrostructure 'T'tlis damage (~1' 
tile mlct',,stvuclure results in u reduced 
shrinkage rate, a blmodal shrinkage rate 
dtstrlbulum and a luwerlng ~,1" tile final 
density 'The sanle effect ts achieved wHh~,tit 
mllltng by adddum 4~1" all AI(III) salt to all 
alumina suspensu.m 

(I) Removal or the AI((_)H)~ after milling by 
all actd washing results tn tile cumrnun 
rmm~unudal shrinkage rate dlstnbullon and 
an enhanced derlsihcalum. 
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