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h/l('~'l/o// mouhh'd l('sl ha/',~ mad(' u.~'///g all 
a lumula-p . l l ' p rop  rh'm' ,~usp('iis/oH ~'ere p l ' I ' t~/l ? , ' ( 'd / I /  
t i l l '  I l l  ~) C ] I -  I '~'ll't~ II'p(',S O/ I(',S'l I)LIr._5", w i t h  51) t l l l d  
~71'o1.", dhlt / l l l /~ l ,  H'('r( '  I l l l ' t 's ' I Igal( 'd.  I ] le l¢ ' l l r l '  polo.S'l 
m('ll ' l ' ha.s heel/ u.s'~'d Io tllOllllOl the d('t'eloptt/el/l t~/' 
s/tr/il~'(' dl/d IIih'r¢'olnlecl('d poro.s'ill' ill Ill(' I('.~'I t~at's 
~h/rmg the m/ lm/  '¢lag('s tq prrol~'.s'i.s whet/ , tppr,~t  
tt ldf~'/ l '  ,tl) H'I"~, t~/'O/'glll l l( '  l '( ']lH'/t' I1'11,~ I ( ' I /H~/ ' ( 'd ['t~r(',s" 
d('l( '~'l~'tt ]l(/l'~' Iw('n gro//i led I t / lO Ihrd~' ,sic(' I'all,tW,~'. 
(. ']ltlll,f.~('.~' Ill Ill(' IIOl (' sic( '  dl.~lrlt~/tllol/, i r lm'h  are  .~'ho11'll 
to al-/i'~'l t he / ran ' /min t  h('ml ,~ll ('l/,~ Ih o/Ih( '  p i'r~l/l',~'('N 
h'.sl t~tll'S, II<ll't' t~('('ll ( ' l ph l l l l t ' d  Ill I¢'tllIS o/  ['ill lOllS 
l~ll~'llOll/('t/u Ill,It HI]~(' pill('(' ~hll'll/,~ the' retool'a/ o/ 
Ol',t~tltll~' I'('lli~'l(' R('sults r('/~'al tint/ tin' I'o/itlll(' o/ 
lml ~t,wt I' th't('~'t('d Is m//('h I('s,s /hall the ~' ~p('~'h'd tt~ttl/ 

I ~']ll~'/~' NI/rIII,L~ p I'roll',~i,~ dr(' ih(' IllalOr r('~l,~oll,~ /~l' tln,~. 
T']/('r~'/m e, dill ii/,~., the I//itlul ,s'tage,~' o / p  I'1 oll'sl,~" lack o/ 
5'll//l'~'l('llt ,~'ttr/~l~'(' dlld iiil('r('ollll('~'led l~Ol o,wt I' ~'o/thl 
Illtlih'l' Ill(' dill/Is/Oil o /  (h'L~,t'athlllOll pr.~h.'t,s' ol l/l*' 
m',ttdlllC t ch/('h' uIId this/s  llrohat~ll ' a m a l o r  r('~lSOll /m '  
Ilu' ~'r~'utlm/ o/ ~h'h'ct,~ m arh'/ncl,~ co//tamm,t~ t/m'~ 
~'t'( 'llOll,~ 

,.~prllc,~_~llfll(',~'l,~ldb¢, I/er,~eslelll a/ts euler ,~htmi///ttm 
o~ rd-Poh'propvh'mS//spe//stol l ,  wurdell m Lu/'l be/ 
'~ ( ' I t -  I pl 'ro/l ' , .~' l( 'r l  Z~l '( ' / '  Tl 'pe l /  l o l l  'Te,~lslgl/~Ol 
nnt .~(; told '~7 I ' o / " , ,  ,~lummul/i io ~ vd win'dell 
iiI/l£'i,~'i.'hl D/(' EmwI('~lul/g der Oh('rfl,~cheii-ul/d 
l'~h//ii('//poro,slhll d('r T('.~'I.~'I(Ih(' wahr(' i id des ,~ii- 
lim.k_,.~.s'ladUlll/S d('r Pl'roll'se, w('ml (' lwa .~O(.;('w " ,  
tie.',' m'ga/lis('h('ll T/i/gets ( 'nl l i ' rnl  wurelt, wt/r~h' /ml 
Hill(' (h'/" Qu(,('k,~'llber-Por.,~ime/ri(' b(',~'ltll/ml. D/(' 
.~'/ill/(h'll( 'll  Pore// .'ur~h'tl m dret Grh/lellkhtsse/I 
umert('/It ,'~'//~h,rllllg('n /// (h'r Pm'('/Igrol)~ellt'('rlelhmg, 
the d/(' I ' ierptmktblege/ 'est lgkelt  (h'r pt'rolrslertell 
,Thlhe he('il/fluss('l/, kin/i/let/ d//r('h die t,('rs('hi('~h'lle// 
Pro:esse erklart  w('rth'll, die wahreml  (h's Etll/ern('l/s 
th',~ m',~am,~c]lell Trdg('r,~' statthlldell Die Ergehn/,~'se 
:t'lg~'ll, ~hl/t thl,~ ,_~(,llle,~',s'('ll(' Porellt~ohlll/('ll w('se/ll/l('h 

,~,urHi/,wr /,~'l, ¢l/,~ d ie  be l ' l / i t / le le  (. ;e,Ydmlporo,~' l lc l l  
De.~'I/alt, A(m// wallre/ul des ,~ll/al/.~.~'ladlum.~' der 
['rrolv,~(' ('u/ I lhmgel all Oherflar'he// mid I'olume// 
pOIO,S'II~II tlI~' DIHII,S'I~II d~'r Re~l/~ i IOl l ,sprodl lk l~ '  d~'s 
orgam.~'l/e/I 'l~ra~('rs t~ehu,h'rl/, was wahr.~chemhch 
d('r Huupft :r l /mt lit/ da.~ Elll.~'h'h('ll t ' t~l l  D('/~']~I('II I l l  

Pl'Od/ll~ I( ' l l  I t l l l  ,~,'l'O/t~'tll Q I t ( ' r s ( ' l / l l l l l  ISl 

(.hi u ("lud/,"/a l,'l'rO/l'Se .,,'tm.~' a i r  ,,} '~"(.'h- i ,,It' hurres 
IIIttld("t'.~' pgll" Il lJ('~'flOII £} pd l  l l l '  d ' l l l lC ,~'lt,~'p('ll,~'ltlll 
d'alumule ~'l d(' pl op ~'E'l/e (.)/i a e ~ attain, d(,u ~ 1 i'p('s de 
t~tl'l'~',L I ' l t l l~' [ 'OI/ l£ ' l ld l l l  ,~ f f )~ ' t l l ' ,  d 'd l l l l l l l l lC ,  I 'L l l l l td  
) 7 1 o / " , .  L.'("l olul imt de hi .~'urlac(' cl de lu pm't~stl(" 
OllUt' l ' l( '  d(lll,~ t't',~' hd l ' r£ ' s  (l (;I~" Sll lOlt ' p d r  p t t roMi t l ( " l r l ( '  
l i l t  i t l ( ' l ( ' l t t ' l ' ,  ¢'t'~'l dtll'£111[ ]L'S pr('ltllL'r,~' ,~'ltld('s d(' /d 
pvro/r.~,', h,'squ,' ('m,n'm/ 301 ,ond ' ,  ,lu m/heu de 
.~ll.~'~('ll~'lOll Ol~_~(ltllqll£' ~ll'(lll £"lt" ¢"hlllll/(" ('~ll ~1 p i t  
.~.~rmtl~,'r h's pm'es d("h'cl("s ('l l Ir~l,~' ~'~ll(",L_~Ol'/(',~' d(' failles 
L,'( ' l '~l l l l iOll  d(' la (h.~'ll Ib l l l lOl l  d(' I ( l l l l [ '  d~'.~' pt/l'~',~', dOl l l  
Oll IIl¢)llll '~' q l l ' ( ' l l ( '  ]OllU ,~'ttl /(I r~",~'l,~'l(lllt'(' £'ll qLl(Ifr~' 
pm/lls des I~arl'ex pv/olvsbcs, d("peml de diff,;reins 
phoIo/l/;'/tc.~' qut .~'e prodtu._~'('Ht h. s de I'("/Imt//atlm/ die 
I / / i / I t ' l l  orkt~l l l /ql/( '  d~' ,~'ll,ypt'll.~'/ol/ L('._~' r (" ,wlhdls I I IO l l l r -  
( ' i l l  ql/~' Ill pOl'~,~lh" d~"ld('l("(' ( 'sl II't;,~ Ill/("rlL'lll '(' () Id 
portLY'If(" htf£1h' pt't"L'l/~;' (.'(q..'/ ~,,~[ t l l l l ' l / l l l ( "  ( 'sS£'ll l l£' l lt '- 
I / / ( ' I l l  d/I  r~"ll'e"¢'l,~,~('tl/('lll ('1 ~1 Id I 'e 'dl .~' l r lhl l l l t t l l  (hl  I l l lh ( ' l l  
Ol ,I.~dlllq/l(' /li, l'.'¢ d l ' / t l  rn I'l 't I/I'.,,'('. ,~ IIISI, IIIIC.~'IIF/d('(' ('[ Iltl~' 
Imro.~'/l( ' m/tel l ( '  l rop /mhh's .~'emhlem empe('h('r ht 
di/lu.~ml/ des p r ,dmts  de la dbgladal/o/i  dlt m/heu 
or.~a//iqm' dur(ml I('s prellm'r.~" ,~'ldd(',~" d(' I(I pl'roll 'se; 
~'~/ e~pliqm' tr l l l ,~, '( ' l l lbl t lhle' l l l ( ' l l {  /£1 l o t l l l l l l l O l l  t&' 
d(;/dl l l ,~ dllll,~ ¢'~'rl(ll lIS t"¢' l l<l l l l l /hl l iS ("IidIS, 

I Inlroduclion 

Jmn'Hal ol Ihe Eur~p,,all (.'eramm Sm'u'tl' ()qs'~ 221~/q4/$7 I)4) I ,  19~4 F'Nevter Sctem.'e L/m/led, F'.nl.:,land 
Gre;Jl Brilarn 

Many rowel plastic I'ormmg rnelh~ds, such as 
tnjeelt~m moulding, ~ vacuum formmg" and blow 
rn~)uldtng ~ are currently being develuped for It)e 
I'abrwatton of engineering ceramic arlet'aets. How 
ever, all these suffer from [he fact thai the ~rgunic 
vehwle used h~enable sh,'lptng ol Iheceramtc powder 
has to be subsequently removed, mainly by slow 
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pyrolysns, before stnternng the ceramic. Removal of 
urganw vehncle frequently disrupts tile arrangemenl 
~1" cerarnnc powder particles, especially nn thick 
( , I1)nnm) s e t . ' t l ( ) n s ,  ' 4 ' '  and tile resuitnng defects are a 
major pr~blem in plasttc formtng operaln~ns. ~' 7 

Pracltcal ~rganic veh,.'les contann several Ct~lnpo- 
nents ~ and thenr relnoval durnng pyrolysns nnv~dves 
degradalt~m and evaporation.  ~''' Chain scissn~m 
uccurs I11 high m~decular W'elght polymers such as 
polypropvlene and the resultnng degradatnon pr~ 
ducts d~ffus¢ to tile surface of ttl¢ inouldnng and 
evaporate Tile presence ~1' ~xvgen causes t~xidatnve 
degradatn,m ill tile surface regnons, nn addntnon t~ 
thermal deg rada l ,m  nn the cane ~1" tile m~mldings 
T'herefore, under Ihese condttions, preferentml loss 
~1' urgannc vehncle could occur nn the surface 
regnons n. In1 addntn~m h~ these reactions, h~w 
m~lecular wenght constntuents, such as waxes, added 
as I-l~w rm~dnfiers and pr~..'essnng ands, d~ttus¢ l~ the 
surface and evap~rate 

'Two the~retncal mechannsms by whnch the ue 
moval ~t' the organ,.' vehncle takes place, creatnng 
porc~sity, have been ndentnfied ~'~: 'The first occurs 
when the ~rL.,,annc vehncle I'ront recedes nnt~ the 
ceramnc body whnlst uemannnng a c~mtinuous phase. 
T'herefore, por~stty I'~rms I'r~.n Ih¢ surface inwards 
as a conl lnt l ( )U,~ ( ) t i ler  layer. T'he secured m e c h a n i s m  

tnwdves lhe l'~rmatt~m of por~sily throughout tile 
b,~dy as h~w m~lecular weight C~,HlSIILLlenIs and 
degradat~m pr~ducls of the ~rg.annc vellicle diffuse 
1~ the surface. Thus causes redis l r ibut ,m ~1" the 
t, rgarl,.' vehncle ill praclnce, a c,,nlbnnaln,m ,d" b,,th 
mechanisms can be expected to ~,ccur. However, tn 
an ~,xndnsnng atmosphere,  where preferentnal rem,,val 
,d" tile orgamc vehtcle could occur tn the surface 
regnons ,,1" the m,,uld~ng, tile first mechannsm c, mld 
be expected t,, dominate  during the early stages ~,1" 
pyr~dvsns A c o m b i n a t n , m , , l ' m e c h a n i s m s , , n e  and 
lw~, c,,uld als,, resull nn tile presence uf nnler 
c, mnected p~,res between the surface and tnter,~r 
regi,ms ~1' tile ceramnc body. 

Gaseous dnffusiun of degradatnon products  across 
a p~r¢ is several orders ~1' magnnlude faster 
compared t~dnfl'usn~m nn the bulk polymer ~ In fact, 
Matar e t a /~ :  havesh~wn Ihe~retncally, wnth a snngle 
,~rganic vehicle which degrades t,~ monomer  ,,nly, 
that nf lhe first and seo,nd mechantsms uperate 
separately, the crntncal heatnng rate of pyr~,lysns us 
~ncleased by a lacl,,r ,,f 2 and 2'7, respectively, 
compared  wtlh Ihe stluatnon where no porostly 
prevails. The presence of rnlerconnected p,.,rosnty 
thr , ,ughuul  the mouldnng wtll further enhance 
diffus, ,n and alh,w the use of faster heatnng, rates 
durnng pyrolysns wnthout crealnng defects such as 
bubbles nn the ceramnc body due t~ the excessnve 
vapour pressure of degradat ion prodtncts. ~" 

Por~snlv development ns most helpful for mass 

transfer during the nnnlnal stages o f  heatnng when the 
vnscosnty of tile organnc vehncle is high and the 
dnI-Tus,m coefficients ~1" organic vehncle d e g r a d a t , m  
products are low In a previous communicatnon ~' nt 
has been shown, using potassium permanganate  
nntiltrat,.m of pyr~lysed Lest bars, that surface and 
interconnected p~rosJty forms d u n n g  the early 
stages ed" removal of the organtc vehncle H¢~wever, a 
quantllallve assessment of this porosity was not 
repurted The purpose of the present nnveslngatnon ns 
to quantntatnvely assess pur~s~ty deveh~pment 
durnng the nnntnal stages uf pyrolysis when approxi- 
mately ~()wt"'. of Ihe ~rgantc vehicle us removed. 

2 Experimenlal  Delai ls  

2.1 Preparalion of  ceramic suspensions 
'T'w~ f~rmulatiuns A and B containing ~() and 
57 w)1% of AI6.S(] alumina (AIc~a Manufactur ing 
(GB) Lid, W~rcester,  [.JK), respectnvely, were 
prepared usnng :In nsotactnc polypropylene based 
~rgannc vetucle. Mncrocrystalline wax and stearic 
acnd were Ihe other cunstnluents of the organic 
vducle. T'he partncl¢ snz¢ dns tnbu t ,m and a scanning 
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Fig. I. (a) Particle size dlslribulmc,n and (h) shape ol Ihe ceramic 
pq,wder u'~ed 
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Fable I. E)elad,.; ~1 e;,ch c,)n!,,lllueull in lhe binder M,",lem 'Table 3. InleCliim ITlouldnnl.., clmdlllOn,.i  

( "OILS/lIlle '111 ,~'l)l l l IIU DI' I I ,~II  r 
ll,,~:m- ~1 

I',,~fl,'lt'lll' I( II Lid (")(I I~1 
p()lvpr()pvlene Wclwyn (_iarden (_'IlY, I_IK 
i?rade (_i Y '~,-i ~vl 

M i c r ~ w r v s l a l h n e  wa~ ,,~,,l~r (.IwlvUc:lh,, LhJ, q l l )  
I, rade INh'~(I We,,,I Dr ;JV l lu l  i_ K 

Slearn{ ac id  BI-)H (_'helill¢;ll,,, LhJ t~,41 
E)a L.,evlha ni I l K  

'Table Z. ( ' ~m lp l~u r ld ln  1, t.~mdllu~m,., 

,'qcre~ dlaun¢lef  fnuvl) 40 
,'q* r t '~  h ' r ig lh  d lu r iwh ' r  GJIII~ I 7 
,_'St rev~ ,.,pt'ed I rprn)  t~(I 
B;Irrul I~'llipt'l;llUl~',, ( ( ' t  22q) 22'~-2t'~-22', 
~'t.'t.'CI I~I I'XII 

elet'lr¢)ll mlcr¢lgrar~h (~i' the balch (fl'cerartlnC powder 
used ane given Ln F'tg I (a )and  (b) Detai Is¢f l 'each 
Oulstatuent ~1' the organic vehicle are given tll 'Table 
I The p(dvpr(qyvlene, mWl~ClyKlall i l le wax and 
nlearac acid w.ele mixed tn the weight la t lo  6 '2 '1 
Preblends ~fl' each f,~rmti lat i ,m (2 kg.i were prepared 
b~, tulribltn/.., til a ctmtaanel I'~u ~ man. T'he l~reblends 
were C(mlpotarlded in a lwttr screw exlr t ider (M~del  
TS.4(). Behfl Machtnerv,  L.uhm, UK) acc~udlrl.g h~ 
thec~mduti(ms given nil T'able 2 T'he extrudalen were 
dried and grantulated and I'~ur ,,ample.,, (fl' each 
I 'orltl l i lall~m wele healed h~ hi)() (..' (ashlng)It1 vet nl'v 
llle ~.~flunle ~fl'celarnnc pt~wder pueserlt. 

2.2 Injeclion moulding 
(.Jranules (>1' each I~rmLilall~u~ ~,ere u',;ed as feed 
stock I'~r inlectitm In~ulldlng T'enslle test bars t inrrl 
Ihick (Fig. 2)were prt~duced rrorn b(~tl'l I'(~rlntlhJtntms 
tnKnllb', a h ( _ J V " ~ ( )  Sallduelt~l iecipr~callul b, screw 
inlecli(m InoLnldnn.~ lrlachlne acc(~rdlnL.,, h~ tile t'~n 
dill~UlK given In 'Table .t T'he tent buts were X ray 
radi(~guaphed hell,re pvn~flVSlS I(~ check l't~r the 
presence ~1' V~ldn and crackK 

2.3 Pyrolysis  
Test bats were heated Irl a rnu~e fLirrlace ~n static air 
acc(~ldvll.~ t~ a preideler i tuned lell lperalure vamp 
lhal d(~es lltH plodtnce voids or cracks III the 
mouldings. 'The ini t ia l  heating rate was 51) C h - I up 
Io 1,4N C (a lew degrees beh~w tile dllahmwlrlC 
..,ol'telllllg Df in l  ,~1' the I'orulitl lallOns)I'~dhwved by 
'.,~;.Iklll[., I'~v 2,4 h ;JI this tempera ture  Subsequent ly ,  

IIratIlul e tlOl~l 

i 

h'm 

F'i~. 2, E)luvlen.~;ion,,, ~i a'., ur l~ l I lded leM ha l ,  i n d l c a l l n  b, ' , ,ample', 
i.l,,ed h~r Io,.,,, ~ln I!~fllll(HI e.M~erlnlenl,,  a n d  p~r~,. , irnelr~ 

Inlecl,,ri pre!.,:;ure (MPa) 127 
Barrel lemperalure,, (C) I'-~'~ 211)-22'~-2~'~ 
Feed Io m~zzle 
M~uJhJ lemperdllm' (C) '~() 

healan b, was C~ultanued at S C h I TeKI bar'`, were 
hcaled h~ I'~'~. 17(L INO. Iq'~, 21(L "~' ...", arid 24() (." 
bel'~re cool,n!.., =n file furnace L(~ r()(ml Lelnperalur¢ 
Thnee lesl bais were pvuolvsed t~ each telr lperalt i le 
and were used I(~carry(ui I  t l leexperimentKdesctabed 
in SeL'li~m 2.-I in IttpIw.'lte T'esL hLIt.S were X ray 
t adto!...,t imphed al'ler pvt olv,qs I,~ c(mhrin Ihe ;Jbser,.'e 
~1' ~(>nds and ct;acks Each le'q bar was wet~.hed 
before and al'lel ['Wt(flyKNK 

2.4 'T'esling 
? 4 I ,_~'n~'..t~/ll 
Text harK pvrolvsed Io each final temperature (see 
Seclton 2 ~) were sulblecled l~ I'~,i.lr D)tnl  bend 
leMInL2 tlSln~ dIll ]nsll~)n rnaclitrle wi th  a h~ad cell ~)1' 
I k N 'TeslinL.., was carried (~LII at room lemperatLare 
(2 ~i -t- 2 (.') A cr(~sshead speed 4~1 I1)r im lnlr'l - I and a 
h~ad span ol eC~mm were LIKed Sample.'., A arid P 
Iroln each fraclured test bur (Fig. 2) weu'¢ used Irl 
aslllllL; arid p~)r~snnleltv experlmell lS described in 
tile I~dh_m,'nnL., set.'ll~)ns 

2 ,I .~ L,o,~s o .  I L~/ / l l l~Ol 

Sample A t,l' e.'ich leKt bar WaK heated t,~ 6(.)() C h~ 

delermutle the weight ~fl 'organtc vehtcle tel'rowed al 
each ternperature nnve.slag,'lted 'Thin w(~uld ver i ly the 
hv.,s ~l'~rL..,anic vellicle detected I'n'~m the weighing of 
text bars 

2.4 ? f 'mo.s ' im~ ' t r l '  
P(~r(~sll~,. wan mea'.;ured in Iw~ Klages Ill bolh 
nnslaulces sample P was the max imum stz.e that could 
be lesled tll Ihe p~)r~)sirnetern uKed. First ly,  Ihe 
v~flLalne I'ractl(~n and size dlStr lbut l(m or pores wi th a 
uaduus , '7q)() nln were measured unsung a Macuopore 
I_Jnll 12()((.'auh~ Erha. Mi lan.  Italy). T'he sample was 
placed Ill a v~al wh,. 'h was c~mnected I(~ a caDI la rv  
'The ~lal WaK evacuated I'~l ab,~Lil I()rnnn and 
nlelcurv was d l lpped Kh~wlv intu It thr(~tlgh the 
caplllanv tip Io an indicated level Subsequenll~,,, air 
was L.,.raduallv alhw~ed Illt~ the vial and InerctlrV, 
llq~w tinder i'~reKnilre, was I'(~lced irltt~ tile p(lres in tile 
sample E'.~.entuallv. atlnuKphelnc pressure was 
ueached and Ihe change III heilghl ~1' the lVieuculrV II') 
Ihe capi l lary was i'ec~rded. 

H~L.,her preKSLlleS are needed h) mea._sure the 
~dtlme I'racllon and size dlstrlbutl~ln ~)1' D)res with a 

uadnus '7~()()llrrl and for thuK purp(~se tile vial 
c()nlallllll~ lhe sample arid inercurv was translerred 
I~ the ;JLIl(~t'l;.IVe (fl' a c(m~pulter c~mlr(flled Fh~rosl 
meter 2()()()(Carh~ F".rba, Milan, Italy) 'T'he Oral 
pullerlsed ',VKtem applied pressure I() the mercury up 
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to 2(X) M Pa (upper timer ol'thts unit), intruding it into 
the pores ~1" Ihe sample Subsequently, pressure wan 
released, causing mercury to extrude and thereby 
measunng  hysteresis effects The tntruded wflume of 
mercury was used by the c~mptiter h) calculate Ihe 
volume I'r:wtion ~I' pores and the pore-s~ze distr.- 
but=on using a cylindrtcal model. 

Both St:lges of porosity rne,'murement were also 
repealed without a sample to correct for tile mercury 
being sublected to conlpress ,m d u n n g  the testtng. 

3 Results and Discussion 

3.1 Formulalions 
Ash~ng results showed that I 'ormulattons A and B 
contained NI.24(___()1)5)and NS.17(+_()'14)wt% of 
ceramtc powder, respeclwelv. Assunung that the 
consltluenls of  the (~rganlc vehicle were in the same 
p~op~rtion as blended, flus ~s equ~w~lent to 49 7 and 
5fl.7wd % of ceramic tn I'(~rmulatlons A and B, 
respectively 

3.2 Weigh! loss 
Figure ,~ shows the welgtit loss ~1' organic vehicle Ill 
fornlulatltmS A and B an pyr(~lysis proceeds. 
Wel~,h~ng ~1" test bar,,, and loss on ig, nit,Jn results 
pr()duce ahm~st identical wetghl h~ss curves In 
I'orlnulat~on A, which contains a h~gtiel ~nitml 
am~unt ol'urgan~c vetucle, there in a marked increase 
in wetght loss at appr(~x~mately 21()'C. In c~n~- 
parm~m, fo rmula t ,m  B loses weight more gradually 
~wer the pyr~flysis temperature range investigated 
'Tw(~ reasons can be attributed to thts behaw(~ur. 

Firstly, II1 the ~xldatlVe pyrolysm :~trn~spher¢ 
used, tile surface regmns of the test bars could be 
expected to h~se a larger amount  of~rganic  vehicle, 
tn comparis(m w~lh the core re~i(>n, as distressed 
earl=er However, ~t has recently been shown ~" by 
m,decular  we=ghl de te rmina t ions  and loss on 
tgnt t ,m results ~1" surface and c(~re samples of 

¢ '2,0 
p, 

0 

~., 

0 
14(1 Ih() 1811 2f)(I 221) 241) 2till 

'T'r'mper alu~¢ ("C) 

Fig. 3. Wenght loss from lesl bar,~ ~1 fi~rmulalnon,~ A (+ ,  
weighing', .'~, ush,ng) and B 11,  weq.,,hmg, A,  ashmg) dunng 

pyrolysed tesl bars that there is appreciable redistri- 
button of orgamc vehicle d u n n g  the initial stages of 
heating In particular, migration of microcrystall~ne 
wax from the core to lhe surface regions occurs 
during tile early stages of pyrolysis and Ibis us more 
predomnnant in formulat ion A. TM Capillary migr- 
at ,Jn ~1' h~w molecular weight consti tuents of the 
orgar=ic vehicle in tape castings and tn lec t .m 
mould=ngs has also been confirmed by ,~ptical 
m~crosc~py.~ ,~,,,,,~7 Secondly, since fi~rmulat,m B 
contains a h=gher volume I'laction of ceram=c, th=s 
can catalyse the degradat, . '~ of the organw vehicle TM 

g~wng rise t(~ a higher rate uf weight h~ss at lower 
temperatures. 

3.3 Porosily developmenl 
Several methods are available for the char:lcterts- 
all()rl ,,1" l)or(~sity tn p(,wder c~,mpacts and these 
have been revtewed recently by German.  ''~ Mercury 
porostmetry in ~me (~1' these methods and has been 
used frequently in assessing the p()re sizes and 
p~re-stze dtstnbuti~ms In b~th an farmed and 
partmlly sintered ceramtc bodies (e.g. Rel's 20-23) It 
is a very useful techmque for obtaining a compara-  
live quanlll:tltve analysis, ~'~ as ~n this invesligat~on, 
but a cylindrical pore shape in assumed Ihruughoul.  

Por(mtty delermlrmllon u'~ing the Macrop~re Unit 
sh~wed thai pores hav inga  radius . 7 5 0 0 n m w e r e  
m~t plesenl tn any (~1' Ihe pyrolysed lent bars. 

Investlgatl~mS using tile Porosimeter 2()()() resul 
led in penetration w)lume versus applied pressure 
graphs (as shown m F'tg. 4) Lip to p,~tnt A pores 
tiavlng radii q)l' d(~wn [o I(.X)nm are filled. As more 
pressure is applied, a further small increase In 
penetraI ,Jn w.>lume results (reg, m AB in Fig. 4) 
when p()res down t~) I()11()nm are tilled with mercury. 
'The smallest pores (rad.  d~wn to 3 nm) are filled 
when the pressure is increased further from about I() 
to 2()t)MPa (reDon BC) 'Tile intrumon-exlruston 
cycle d()es not close ~m release ()1" pressure and some 
melcurv is always entrapped in the sample. 

It ~s possible thai pores with ,'~ radius , ~ nm are 
presenl but s~m~l,ar previous work on rem(wal of 
organic vehicle I'rom tape castings has showr~ thai 
the characteristic pore stze in In the range 
7 0 - 9 t )  n m .  t t  It IS also LlSeful tO compare the limit of 
3 nm wzth lhe smallest hole =n the pore architecture 
of the parttcle assembly tn the ceramic body. For 
ch~se-packed uniform s~ze ceramic spheres of radius 
r thts value (p) ts (.)'155r. :'~ In the present s i tua t .m,  
the exact pore s~ze cannot  be detern't=ned, mmnly 
because the ceram=c powder used =s neither mono-  
d~sperse nor spher..'al (F'~g. I(a) and (b)). Also, the 
cond=t..m of ~deal close pack=ng does not apply to 
commercml powders, such as the AI6 alumina used 
=n th~s ~nveshgatton, ~n most fabr=cation processes. 
However, even in the ideal s i luatmn described, 
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F'i~. ,4. E~,mlph ' , ,  ~I p( ' l | l . ' l l , l l l { , r l  ~{~llJlrl(.' ',,., a p p l i e d  pr(.',,,.,iJll ~ 
cm~e,., ~1 p~r~l '~,,ed l l " , l  bar,, ~1 (al  F ~ , r m u h J l . m  A,  (b) 
I - ~ H I i ' ) u l i l l H m  B T ILL '  I V r l l p E r ; l l U r ~ '  h~  v ~ h l L h  IL' , , I  bal'~ ~c rq  hea led 

; I I ( '  I r i d i ~ . , l l c d  I l l  l l w  h l ? I J l l " ,  

c(mslde~ing, lhe w~riatiun (~I' particle size [ruin I() t(~ 
()2pm (F'~g lia)), Ihe range l'~,r p IS I'rom 775 t() 
16 r]nl, mtlch larger than :lnln 

Macr~-del'ecl free as-m(~tilded test bars are n~l 
expected to sh~)w any p~r(~silv and this is conslslenl 
with II'ie pr~,.'esslng, as inlecll~m ~)1' m~llerl suspen- 
',,1(~I1 II)1(~ a CaVlly under hlg l l  p r e s s u r e  IS expected h) 
be p(~re-I'ree a'' and, indeed, prevtotlS w~rk I'' on the 
inhltrall~m ()1' p(~taSSlUm perrnanganate inlu rm)uld- 
intasconhrmed Ihis AIs~L heating t~ lhe s~d'lenlng 
pl)ll)l ()r the suspellSton in largely h~ relieve residual 
stresses caused by inleclum mo~ldlng '~' and ts 
carried ~)u[ Lirldel I'ast heating 1ales, '? usually with a 
neght,ible weight loss In the present invesligallun, 
healing to a Few degrees bel(~w the s~d'tenlng p~)lnt ~1' 
148 C resulted In wei~,.h[ l(~s:,es (~1' (mlv 1)~ and 
() 52 W[".. irl I'~)rlnuhll~(ms A and B, respectively, and 
Ihts In neg.l~glble curnpared h) the I(~ss {)1" ~,~rgar)ic 
vehtcle al Ihe lelnperatures trlVesltgaLed (F'tg, ~) 
T't)elel'~re, heating to the s~d'lenirlg point ~1' the lent 
bars is n~>l expecled lu sh~)w any deteclable por(~s~tv 
and in fh~s invesligall~m only m~mldlntJ.s heated t() 
ab~we the ,,~d'lentng p~inl were tined I'~r p~m~simetrv 

It l)as been stated thai the w~lulne I'racti~m ~)1' 
pot(~sil'~,', I'.., at ally stage during pyr(~lVslS is glvel) 
bv.I ,' 

I', = ( I  - I ' ,1( I  - I , ' 1  

I ',, In the tnlliul v~durne I'racti~m o1' ceramic and 1/is 
the weight I'racl~m o1' the remainder organic vehicle 
Thus, the expected h)tal puroMty as (~rganlc vehicle 
~,, remuved in I'ormulat,.ms A and B are sh~)wn in 
Fig, 5(a) and (b), respectively. The experimentally 
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~ehlc le rer r . )~( 'd  in ( a ) r l ) r m l . l l ; l l l { m  A (b) I o r n l u l a l l ~ m  El - -  

Expec ted  hHal  por~ , , t l v ,  . , mea.,,ured p~r~ , , t l v  

()hserved pq~r(~slty I'r~m mercury p(~rommetry resulls 
arc alsL) sh()wll in lhese hgures. 'These resulls clearly 
show thai tile experlmenlally (~bserved p~m~sllles ;ire 
much less lhan the values expected during the initial 
stages ,~1' pyrolysis invesllgaled Clearly, [he experi- 
mental (~bservall,)ns Include ,)l)lV surrace and 
interconnected poros~ly H,~wever, as discussed 
earlter, it in [his type o1' poromty thai IS rm>sl efl'ecltve 
tn accelerallmg. [he difftlSt(m or Ihe degradalt,m 
prodtlctS ~1' lhe i)rganw vehicle. 

'There are two mal,~r r'eas(ms I'(~r this type ul' 
p~)r~mly tu be :lhr)~st I./} oI' the expected (utal 
p~rosltV. Firstly, shrinkage (~Cctlrs during pyrolyms 
and ceramic particles I11 the suspens,m move 
towards each other, Increasing I '  .,,s 'l'hls means lhal 
removal ol'orgamc vehicle does m)t dlreclly resul[ in 
.'in equal w~lume o1' p(~r(~sJtv Sec(mdly, the nugra 
liun (~1" mlcrocryslalllne wax I'ri~m the c~)re (fl' the 
m()uldlngs h.) the hurl'ace regi(ms, as discussed 
earlier, would result in the reduction ,~1' inter- 
c~mnected por¢_~SllV At ;, h)we~ innllal v(~lLnme 
I'racllun ~l'ceramlc (l'ormulatl~m A) the shrinkage is 
grealer, "~s and the redistribution or organic vehicle 
occurs ~ver a wider temperature range, ~" and 
therel'ore the dlfl'erence in expected and observed 
porosities will be larger, c~mp.'lred w~lh rurrnulallem 
B, as shown in Figs ~(a) and (hi. In l'(~rmulatlon B, 
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after abt)Lll 18 wt'!,'u t)l" orgarllC vehicle ts relnoved, 
D)rostty d()e.'., increase, to lower the difl~-'rence 
between expected and observed values (F'tg ~,(b)). 
Previous w~)rk"" Iias ~ht)wn that shrtrlkage due h) 
rermwal of ()rgantc vehicle can decrease and reach a 
limHtrlg value during the early stages o1' pyl~flysis 
and tilts wt)uld hul:~perl earlier ~n It)lr'nulat~(m B Dn 
whM1 the higher w.flume rraetitm (fl 'ceramw restilts 
tn m~)re el~ctenl partMe packinL., 'This, and the fact 
I l la l  ln lg ra t i (m ~)l" mtcr~wrystalllne wax was lens 
prorloLinced in I 'olmulall(m B, I~-' explains the more 
rapid increase in p~)losity al'ler ab()llt IXwt'!'., of 
~)rganic velm.'le ~s lemoved. A stnll[ar increase tn 
~)b.served por~)silv tn l'(,rinulatu_m A could be 
expected late~ ~Ul dunng pyrolvsm when shl~nkage ~s 
expected h) decrease, but an lhi,; suspension ct)ntaln,s 
;.i h)wel ceranllc ctmlelll (~.()vol"u). al the rate ()I' 
lleat~ng used, thls evetlt probably (wt.'ur,, after tile 
nl;.ixinlum h)ss of ()rganlc vehicle ~nvestl/:..,ated 
(apploxlnlately ~()wt".,,)ill tile present w~)rk 

'T'he pore size distrlbutl~mS plesent In the ,~,'lrnples 
tested were analysed by classifVlrlg the pores I'~)rmed 
inlo llliee size larlges' 

75()()-I()()()nm: Large D)res 
l l ) ( ) ( ) - I ( ) ( )nnl:  Interlnedmte pores 
I~)() tnm:  Small pores 

These size ranges were identified because they ,~eeln 
t() demarca te  the lhree regl()lIS t~l" mercury Intrusion 
(Fig. ,-I) discussed ill Secll(m t . t  Prevlt)US classific- 
atnon,~ in ~)lher types of  nnvestng:nti(ms are m)t 
sutlahle ror tile present work. For example,  tile 
ch.lsslhcal l tm ()1' D)res accordin.~ t~) tllenr eqLuivalent 
radii was prt)posed by Dubtnln. '(' H()wever, macro. 
D)r'es wele considered It) have an equivalent ladlus 

.l()()-2()()nln and therefore this classificati~ul m 
unsutlahle I'()r thi,, work. Zheng & Reed'" wolk lng 
(m sinter~nt., ()1" D)wder ctmnpaets cl:lss~fied p()rt)sity 
pre,~enl an a/unct ion (fl' average particle dmnleler (d) 
~)1' the ceramic p()wder used 'The size tfl' hne 
I l l lcrop() leS ;.llld 111;icr~)pt)re,,; wele COlisldeled h) be 

d..,'2 and . I()d, respectively 'Taking alas ().N/.ml Ii)r 
the D)wder ,~sed ~l ttl~s investtgat..m (F'il~.. I(a))t i le 
s~ze of fine nl~etoD~res and maclopores w~)uld be 
, 4()()nln and .X()i)()nnl, respectively 'T'heref()re, 

~mee aga~rl thin c lass ihcalum in unsuitable I't)r the 
p~esent w()rk. 

As shown in Fig. 6, ~rl I't)rnlulat~()n A, at 155' (,', 
,91)% ()I' tile por(.)sity ts )n the , Ill()n)'n size range 

'T'herel'()re, the t)nset (.)l't)xtdalive degladatlt)n al the 
sulrrace and tile resulting weight loss i'r()m a 
negligible atnc)unl at tile s()l'tenlrlg p()lnt to - 10% at 
I~,~ C results in thecreat i t )n ill'small pores. A higher 
fraction ()f large and mternledlate  s)ze pt)res are 
created as we)ght loss increases. This has also 
resulted )n a decrease in the bend strength of  the test 
bar.,, Between 17() and IN()"C there in ()nlv a small 

increase irl lhe percentage or large pores and this is 
because there is no slgnilicani change in llle weight 
(.)I organic vehMe removed tn thin formulat ion 
(F~g I) 

At I~':, C there in a bigger increase in the 
percerltage ~)I' large pores present at the expense (fl'a 
C~mlpensalmg decrease art tlltermedtate pores. The 
atttht)rs' prevK)tiS work ~" has sht)wn that rmgratlon 
~)I' micnwrvslal l lne wax tn the organic vehMe to the 
surface leg, lons oI' tile nlouldings m most significant 
at this lelnperature l't)r this formulat ion 'The well 
known Y()ung & Laplace eqt,ialton ~ irldtcales that 
tile SLICIH)ll pressuire of a D)re in inversely proD)r- 
ti~mal to its radius Thus 'f luid' (In this case 
rnlcn)elyst:illtne wax)t.'()uld be sucked from the large 
D)res int() the mterrnedmle size D)res. Acc()rding h) 
tile w()rk t)l' Sllaw, '~' wluch de,~cnbes tile dmtrlbutton 
of hqtuds tn [.',)ious bodies, mlnilnisati()n or free 
energy requires fltitd It) eventually fill lhe smallest 
D)les in tile bt)dv wlthout distr ibut ing h()rn~)- 
gerle~usl.v However, Sllaw's w()rk ~' is valld l'~)r the 
distr lbutiun ()I" llqulds tn D)rous bodles under 
equlhhl ium condttit)ns and, therefore, under a 
dvnarntc bllLlatlon such as tn tile present trlvesttg 
:ilion, this may not be pos,;ible, a.s capillary flow has 
Lo overcome tile viscous fi)rees In t i le nltflten 
su',,pen,,;l~m .'llld tile increase nn ceranlic purtnele 
packing due I,) shrinkage. DLIIIl lg tile early slages t)l" 
pvr~)lysl,,,, h)wer telnpelaltire,~ restllt irl ;i tltgh melt 
,,'~st'o',llv ~,lll~.'ll Is krl~)Wn ~ I~) retard capil laly 
ITIl[21 a [l~)ll 

Overall, betw'een I~() and 21(r'C there in no 
stgntticarll change in Ihe pore size dtslr ibul ion and 
lherel't)re the bend strength remains vir tual ly 
unchanged. Figure h(a) also indicates a subslarlltal 
decrease ill the percerlLuge tfl' large pores in the 
temperature range 21()-24() C'. In Lhis temperature 
range tile percentage ol'small pores tncre,'mes. F'tgure 
I sh~)ws that at appr~,xiinalelv 21()' C loss ()l'org,'inac 
vehicle sht)ws ;i raDd increase. Molecular weight 
deterrnin:~tt()n..,; c:irrled out t)['~ the suspension 
indicate ~*' that at aht)ul 225' C' exlens~ve degrad 
attire of the polypr(,pylene, wlm.'h in the major 
C~)l'lMItUelll Ill tile ~)rganlc vehMe, occurs ~n the 
~url'ace tep,~(m.~ t)l' Ihe m~)uld~ngs. 'T'h~s c()tild be 
expected to pr~)duce a flurry tfl 'small pores and the 
degradation products, which are transD)rled by 
dlfl'uskm in tile hquld ph,'lse, I'~ ct)uld alst) fill the 
large pores 'This substantial declease in the percen- 
lage ()1" large pores causes the bend strength Io 
increase slightly (F'~g O(a)) 

'The changes Ill pore s~ze distrlbull~m ill Ihe 
pvrolvsed lesl bars of fc~rmulation B ( F'lg. 6(b)) show 
a sun~lar Irend to thai of fc~rmulalton A (Fig. O(a)). 
However, a I'ew differences are noticeable and these 
are now discussed. At 155'C', a higher fraction o1" 
inlermedlale size D)res are present, although .,., 8()% 
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Fig. O. Fh)~' ,,Ize dl,arlbulum (I-1 hlrL-'c, ~J, mlClmedl,lC, I-I 
,.,mall) and I_')er)d slrCl)ltlh I.,',)()1 p~,r()l'¢,,cd h',,I bdr', ()1 (;Jr 
I))t nlul.')lt()n A, Ib) h)rtnuhJI)())l B The a~eraL:,(' I()l~', fin ~1",,)t,, 

L.)i'~('rl m p;JrC=lllht",)¢. ',, I')('[()v, (.'avh I(:lrlp('r;JIIJr¢' 

ate hne p~)res This In (|enplle Ihe lacl lhal ill InS C 
Ihln h)rmula l l ( )n sh()ws a h)wel weight loss H()w 
ever, f ( ) rmula l lon B ha.~ a higher v(flume Ilacl~(m ()1' 
ceramic and the expected shr inkage due t(_) ren,l()val 
()1 o lgan]c  vehicle is therel()re stn:llle~ c(m,lpared I() 
Ihal ( f l ' l i ) rmtl lal l~m A '~ Thererore. any leductlOn (fl 
p()r()sltv due h) shlrlnkaL_,e In leSS SlL.~.nlfic'aFll irl 
I ' ( )rmulal lon B and tin a c()nsequence larger pores can 
be expecled 

C'(.unpared w)lh I'()rmtllatl()n A. a higher percen 
hlge ()I' large p()res ale prenenl ]r,l l'()rn,itllatl()l,l B at 
17()C MIgral lon(d'mlcr()cry~lalhnewax I'r()m Ihe 

L'() re [()  [h ie S l . l l l aL 'e  r e g l ( ) n N  c)(..'c'urs a [  a h)wer 
lernpera lu le ( -17() '  C) In (hts I'(~rmulati()n )" and, 
Ihelel'()re, I'()r rcas()ns similar I() lh()se descrtbed r()r 
I'()lrtlulall(.))l A, lhls help.', lhle r~)rmall(.)n ()1' lar.ge 
p()ren Ill tiddlli()i,l h) th()se crealed due I() the Increase 
Ill weighl  h)ss. H()wever ,  s u b s e q u e n t  h)ss ()I ()Igal,llL' 
vehicle, the rate () l 'whlch is greater in I'~)rmtllatl()n B 
c( m,l p;.I red wl lh  I 'o lmulal l ( )n A, causes al,l ii,lcrease Ill 
Ihe percenlage (fl' f irsl lv In lermedta le '~ize and 
subsequel,il l~ fine p()res In Fact. lhl.~ could well be 
due h) Ihe evap(.)tall(m (_fl' lhe mlcr(,. 'r,¢stall ln¢ wax 

which mlgraled rr()m large pores t()inlermedlale size 
p()res by capillary acll()n at 17(rC In Ihe lernpera 
lure ra,l,lge 210-241) 'C, Ihe (.)nsel ()r extensive 
degrad: l l l ( )n ()1' p()lvpr'()pylene presenl in the surr,'lce 
regl(mS ()1' lhe m()uldlngs catlse,~ an increase in the 
l~ercentag.e ()I' small pores  pre,~enl, a,~ in l'(.)rmtilatu()r,l 
A 

The Ir)al()r chan~cs Ill p()re SIze d ls l r lbu l l ( )n  
(JtlrilU2 pyr()lvslS ()I' lhese two I'()rrntllatl()nn ,'ire 
similar and catl'~es al,l alm()sl idenltcal varlali()n ii,l 
bend slter,Iglh (F)g friar ,'lnd (b)) ThIn lVpe ~)1' 
cetamic-p() lv l r ler  I'~)rmulati()n ha,~ u typical flexure 
s l renglh tn Ihe tegl(),n (_11'12-1b MPa ~ and c()mpact 
.~ltenL.,Ihs ()r up h) 1.4MPa are p()ssible durinL: 
rel,ll()val ~)1 ()rg;.ll|iC vehicle ~'' T'hle IiIItlal dr()p Ill 
bend sltenL.,th Ir()m ;.ibolll 2() MPa t() ab()ul I() MPa 
l;.Ik(.~s place belween I ~)'~ alld 1'7() C due t()~I marked 
increase in la~.~.e p()re'~ 'T'herealle~, an appreciable 
pcucenlaLi, e ()1' large pores  (2() I()",)) are plesenl Ill 
b()lh I'()rlrliJhlll(mS lip 1()aboLll 2Il l '  (.' ai,id lhe bel|d 
sltenLi, lh in VlrlU;.llly Ul,ichal|l.,ed (ah()ll l -. Il l MPa) 
']I'hlc '.;ubsequelll slu.i,.hll iricleane iI,i hel,ld sLrellglh 
I l l e a ' , ; l l l e d  ; l l  22% ( i  a i l d  24( )  ( "  is pr()babl~ due t() lhe 
,.,ilb',,lallllal decrease in lhe I 'raclkm ()l' large p()res in 
I_~(dh I'()l illulall(u±l'., an I lurr les ()l' slnall p()res ill, pear 
dtle 1o I]le (HlSel ()l' e~lellSlVe deL.,,radallon ()l' Ihe 
p()l~pr(q~,lcne ~n lhe surl'a~.'~.' le~,l(HIS ()l' lhe m()tl]d 
IIl!gS LI',, e~,l~Iallle(J e a r l i e r  

4 ( 'one luqons 

T'he volume (d' surr,'sce and Interc(mnecled p()rosl lv 
(Jeveh)lwd durnng tile inttml ,qages ()r lwr(f lysts ()1 
iniccl l (m rn()l l lded lest barn is s igni f icant ly lens 
Ihan Ihe It)hal vohime (fl' Du()st lv expected. Ir,l the 
pre,~enl tnvesllpalton, w'here a polypr(q~vlene-mtcr() 
crvslal l ine wax-s lear lc  actd ()tgantc vehucle was Lined 
II,1 a r ( H l l l U I a l l o n  k ' (H l t a l l , l l l l ~ l  .~()v(_)l " o  ()[" a I u l l l l l l a ,  

p(~r(_)Slmetr~, has sh()wn Ihal the firsl .t(_)". or  welghl 
I()sn lesul ted In (rely ~,v(d'),, ()1 surl 'ace and 
irllerc(mnecte(J D)r()slty, whM1 IX only about  I. 't ()1' 
Ihe I()lal D)r()slly expecled fr()m lhe() le lwal  cak 'ul  
~.lll(Hl"; Shr inkage, which cause.~ rur lher  pack ing ()1' 
ceramic pal l lc les, and redls l i ibt l lJon (fl lhe ()rganlc 
~.ehlcle, In par l lcu lar  rnlgral l()n o f  the low melt ing 
D) lnt  mlcr()crvslal l lne wax I(_) Ihe surrace reL:,i(ms (fl" 
Ihe nl(mldlng,~, du r ing  the tni l lal  slashes o1' pyr(flySln 
are Iw,()Inal()r  reas(.)nn ror lhls elfecl 'T'he lack ol 
I I I le lconl lecled D)r()stly du))ng 111¢ il,lltlal s lages  ()1' 
healJn~ whlel,l difl'USl(m c()etficienls are  low would  
hinder the ii'lOVeillC'nl (_)l'degladaln(.)n pr()duc'ln or  lhe 
()r~al,iIC vehwle  and exp la ins  why this s tage il,l the 
li,lal,lul'a~'tl.lre ()1" lhick ',;e~'llOll ce ramic  c o n i p ( m e n t s  
tI'~lll~' plasllC I(_)rmlng ()perati()nn I'req,uenlly suffers 
l'r()ir) Ihe crcall()l'l ()I' .nlrenglhl hml l lng  delectn 

II in als() :,hl(_)wn Ihal lhe v()lume ()f p()r(_).sttv 
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detected and changes in the pore size distribution 
during Ihe inlttal stages of pyrolysis were not 
significantly dependent on the initml w.~lume frac- 
ti~m of cerarmc ~n the suspens)on. In general, the 
~mset of oxidative degradation when heated above 
the softening point of the suspensions causes the 
furmal]on of small pores. Larger p~res appear with 
subsequent we)ght loss and this is also helped by the 
capillary migrati~m of micr~crystalline wax. The 
degradation of the major conslltuent tn the t~rganlc 
vehicle, polypr~pylene, ~n the surface regions of the 
tesl bars in the temperature range 21()--24()"C creates 
a flurry of small pores and results ~n a marked 
decrease in the percentage of large pores. The major 
changes of the p~re size distribution are acc~,n- 
panled by variations in the bend strength ~l'the test 
bars 
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