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: d ~
2.6.3 'IIUflUU'IIIH01::mum"IUm9lU1IUafl

•• •2.6.3.1. m1191111lJrl'laU1 (slurry preparation)

tllalJitl,::flUUi'\',w FW'II11iifl a'11liilJllfi~ fi"n;,a::al11 lIa::a'11

tli'utll~a'lJmil'liU~U'II11I1a::natilJ a'11liilJllfi~tl1::fluui'\'1!lnl1'1i1I1m101::llll1fi'1 (dispersant)

a'11'1i1I1m1gfllm:: (binder) a'111~lJfl11lJgfll1qu (plasticizer) a'11aflvlu~ (defoamer)

a'11liilJllfi~l~ui111lthtity1Um1191iIIlJa'laU;'II0~01::mu fl11~Om9l0{ltJafl (Mistler, 1990)

~ '" w..l .1"'.1 . • "'. 0

fl U~UUflllUU fll1'1'1f1aU~I'I'l U111U 9I11"111Ulla::1I1lJlll1 '1'1ll1lJl::a'lJ1::111H a'11191 lJllfl~U9I a::

I at ~ at "!II ... .." " A..... ~
tl1::III'11 a'1U9l1nla::a1mUU 91111U~1111JUfl111911IIlJa'ia U1 IU1::Umh111Ua'11a::a ll1UU'111II

gu'1 11l1a:i1611f1'11U~a'11liilJufi~ua'f1~1ui1,j'U~ 2.6.4 IdOl9l;lIlJiflQ;iuufia::tl1::11l'l'lM~

fi9111ri1uua::tlilJ11l11l1lJl::a'lJUa'1 ~U91OUfi01tltiOfl11tJfI~~IIli'll~U rmUfli~Umr01:: Ill11

w '" '" I. w911 (dispersant milling) ua::fl11tJfll'I'lONa'lJl1JUIUUlflII1flU (mixing)

1. m1tJflL~um101::llll1fi'1 (dispersant milling)

•
tiHimiulUm1liilJ a'111;;lJufi~ufia::'IIuflJJtl11lJriltitylJlfl Mistler (I995)

• •
ua:: Moreno (1992) m;11"h1\l'iiUU1r.tl11tJflN~a'11fi'~;;u fi'1nla::al11 lIa:: a'11'1i111

... jI ... I .. ilI_t'... iii"""'''' ......
fl11fl 1:: Illl1fl"lfl111flU fl OUI'I'lU 1110'!mfllJ fl1101:: 1l1119l1'1'1f1 '111l 'I fl11Ifl1:: fl"l flU 'IIU~O'! tnfl Ua::

'" ~_... w ~ 1/.1 dol ~ t '" w
1'I'lU 111a'11'11111m101:: I)111fl"l If1111~lUI9I lJ'I'I IU'IIUflUUnnu'II'I'lUfl11fl1::111119111l::a:: a ll1a'11

•
'li111fl1101::llll1"11ufi'1nla::almIOu 11a~lllfl\l'uliilJN~I'II"iiflua:: 1~l1al1Ufl11tJflud1u'li1~

4·24 ,t111J~

2. fl11UflNa'lJ (mixing)

'" ~1/ • .1. w .I. ~ W.I l
IlJU Ifla'la01'1'1lJ fl1101::llll1fl1'1'1f1'11U~O'!tnflIUfl"lllla::al11 'Wuii"l

• •
'IIU~U'!tnfljja'11'1i111fl1101:: Illl1fi'101::lllI1UdudHll1lJl::a'lJIllfl,j'U9IUU;; 1 fiu1tlll::liilJa'11

'li111rn1gfllme ua:: a'11l~lJfl11lJVfll1qu ri1UlJ1flll:: IiilJrn1I~lJ tl11lJVfll1qutiUUI'I'l11:: a'11

'li111mrgfllfl1::,j'flll::a::a1IIIUa'11I~lJfl11lJVfll1rjU~ fl'h1Ufi'1n 1a:: a111 n11liilJflllJ'Ii1fTU~U

.: 0 1 ~ o. 1 1~.l :.f...... ..
9IUUUIl::'11111 11a'11'111I1m111f11fl1::a:: alII U1::UU f1f1'11U 1U'IIUfl uuua'laU1ll::lJtl11lJl1UfI

l '" 1 v '.1 W '" l - w 0 t 1 0.. 1-"lJ1n'llu ua::L1JUm1UflNa'lJ I1U~fl1l'::nuu'I]n9l1Na'lJl1JUIUULflII1nu,muu lJlJfl1'Ufi 11

d 1"" 1 .I ow... ...,
U'!tnfllafla~ f1Ufl l1al Ufl11tJflNa'lJ 1l::'IIUUl/flU'IIU fl'll O~a'1'19l1JUfl~
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~llJ"lfH Shancficld lla:: Mistlcr t'lli! 1974 tflVlC'i11uaihm;a

(PVB) 1~'IIt'I'l,'li1fJOUVfllm::lla::tflVlaltll;a'll10llfltla(PEG) li'l'llt'l'm~lJfl11lJVflMrJlJ t'll

.I ,~ wo ... , ~J/ ~:: .I .: '~l ~
m'~'IIll.111N'III'II'::\J\J9l1V11a::a1fJtl'll'l1'fJ lla:: 1'IIl1a1\Jfll'II~'II9ltl'll'l1t'1'tl~'II24 'D1 lJ~ IlJ

•.I , w ~ ..., ~ • U!~.. .. .w w '"
~W::'I1m''I1flatl~~INShancficld 1'11'110'111'1111 1990 1'II,::\J\JlJ1 l'lII'l'latl::tnla'l1 tllJa'll'll IU'll

t'l'1,'li1fJm'Vfllm:: lla:: Oal'lftl;'IIli'l'llt'l'l'l~lJfl11lJVflMrJ'II toNl1aTiJfl 2 ~11lJ~ n1'11fm

'I1flatJ~~tl~ Ryu lla::flW:: t'lli! 1993 tfl'l'latl::fl;an lltl~fl lla:: 1'l'laltlna'll10afltla l~lJ

t'l'1,'li1vm'Vfllm::lla::t'I'l'l~lJfl11lJVflMrJ'II9l1lJl;,fi\J toNl1a1t'llm,\JfI 12 ~11lJ~ Mli~~ln
~:: ... ~_~ w .. ~ 1 ..' ~ .1. w •

\Jfll'll~'II9ltl'llI'l'ltlll1tl\jll1fl",::~lfJ9l1IVlfJ~ I '111 lJ~ ~::IMlJ11I1a11'11nU\Jfl~'IItlgO\J'IIlJ"

~tl~t'I'mfilJll~~ M10li'l'llt'l'l'1VlallJtlfllJlaflat'l'lfJfJl1~~::IIINmma1t 'IIm,\JfllJ10011t'1'l'

1 ..• 1 1 ' ...... ~ .I w • ,.I~ ~
a::a1fJ 'I'Iamaft '11' a'l1 l'l'ln::t'I'llltl'lJfl11lJMllfll'l'llJ~'IIlJ10Ma~~lm"lJa~ u I'II,::\J\J ¥1tl~

~ '" .I.. w. ,.I·.I.f 1~
\Jfl ~ 'II"'::'11 ~ t'l'1'a::a1fJlU'lil'IItllflfJ10'lltlfJ1~t'l'lJ\I'W'I1lfflI'l11'11~:: ,.1 l'l

• •
t'lli! 1978 Mistler lla::flW::lt'l''IItl11l1a1 t 'IIm1\Jfl'li~t'I'tl~,j'll"tl'lllltl~~

fl11lJ'I'Itl~ tl'll ~llJ10M;6\1'tlfJln'll , l.I~1'11n1tlflnflN alafJ~tlt'l'lJllii~tl~I~'IIMli~IN1 l'li'lln1M
fl11lJM'II111li'llafla~ ii~~lnfl~lJ ~1toNl1a1t 'IIm1\JfllJ1mfi'll1l.Iti~ 1111i'IlJ~ {Illii'fl 1l~M10

,rtlfJln'll'l.I~::n1tlft'l'l'l~tll.l'llI';'11 Si lla:: Ca ~tl~t'lltl~ijlJ111a::~l.IlJlntl'lllJ1~ln~n\Jfl lla::

" III lIJ ,... ~_l'.l... """ I ; t
MlJtlUfl",::~lfJ9l1IlJfI n1111'11'11~111lJl'1'1l11lJ1mLa::lJfl11lJMlJ1111111"1 1'l'l'1::'1'1~ Si lla::

Ca li'l1l9hJi1fJtlflnflm'~1l1'11tl;~ lla::'I'I\J11011IfilJ'liatilJl~tll~lJumi~tlf Si ~::'lIill~llJ~
.. , .. , ... • 1 ... ~ , w,p,. ,
lJfl11lJMlJ1Ullllfl011IlJm"lJN~~tl~ sio, flfJ9lH Illtl~~10 IlJt'I'llJ1'tl",::~lfJ9l1 "fllm Si

~lo'liafilJ Mistler lla::flw::ti'11~llt'l'fl~",lvlfl11lJtllJWll;'::M1Hfl11lJM'II111,Jll~tl~llN'IIMli~

LN1tl\J11a1t'llm1\Jt1 Ut'I'fl~tlll1.1~ 2.8

••

•72.24

o
o 2"+41

0,.41

>-- 3.8~

t-

~
~ 3.00 t---:r:--r:--,--.,--

. 0244872

TOTAL MILLING TIME, h

, . .
11.1il 2.8 fl11lJtllJWll;'::Wh~fl11lJMll111li'll~tl~l~llMli~LN1tl\Jl1a1 tll01' Ufl'li~t'l'tl~,jll"tllJ

~lJl : "tape casting of ceramico" Miotler, Shanefield 1111: Runk (1978)
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tllllV;~'i\'II::I{V~1flrt)Jmi011''I111,j'1~e'hl fl'l1jjomlflall~'I1'lfI'l1)J

nlJ"'lJlh::'I1'jHrt)Jmi~H.,n1JfilpH 11I'lJfl'l1)J'I1i2fl~ pH ~H" fil zeta potential ~ pH

. '" ~ 1.1 A A A'.f ~_t".1 A" .1.1
fl1~" IlJ'lJfl'IJ flVlJOflm1Ifl)Jrtl1lfl)Jllfl~lI::lI1111fl1 pH 'II1'I1)J1::rt)J'IIll~VQ)J'lJlrtIIlV1llJIlV'IJ

, &1 I" 1..1 .I '" 0 A •
lJ Kerkar (1994) 0111111 fl1 pH 'II1'I1)J1::rt)JII::'II'IJVl!r1\J'If fl'llll~N~I'lI11)JO 1l11::rt11'1f1V

011 01::II1V,j'1 t 'IJ\J1~011iirt1)Jmllfl;V)Jrtlll ll;1flV, lit4rt11111v01101::II1V,j'1, i\' lW ll'lj tnfl

A ~.. W '1'!!.I.1 " , • A' W
'IIV~ VQ)J'lJ11'IJrtIIlV1\I::01::1I1Vfl1 !'Ifl'll pH lJ1::)J1W 3 l)Jll )Jlfl)Jrtl1'1f1V011 01::1I1Vfl'lIIlV

':':11 ..... ".. .1 W JI.IA WA l' .. .I~
IIfl 'II~ 'IJflV~ fl1'IJ~M rt tn1'llfl1 ll~)JVllll:: fl11)JlJ 11llflllV'IIIHr,jlJa\JfI ~1'IJ!'I1V11'111::rtlll ll1 'IIlJrtm Tl

1n'IJ 01fl'11;'ll.i1~vdHIl1~VlIIovlM'liiflfl'l 1)J1nv'I11V~!llfl~II~ jj llllll::t('11Il1Tl'IIll~~1.1fillii~1'IJM

lI::lill'IJrttn1'l~qJqjl01ft' llll:: I{ll~1::1~1::~\Jfl'l1)Jfi'IJ hilM'~~lii'IJ11.1

ITl11::11l\1\1::~qjlnvrtlllll;1.1;)J1W)J10 , 1.1n\JTlll~11101ft' 011'11~flTlll~tl101ft'II:: 141111111dl'lJ1I1~

.. .. ~ 1 .I •W A .." ~ 11 .. .1. 1 •.1
8 'lJl'11 tH 1 'lf1)J~ 'II'IJ1l1!0\J'If'IJI'lIlIl::rtIl1Tl'll!l~rtla!l1 l)J!lI"rtlll!l1'11lJ11ft'1I10n!l~ll101ft'

IlIl::Nl'IJ01101tJ~~,j1::)J1W 250 mesh ~1I::Tlftl)Jlh'1.1t'J1t'IJ011~'lJ11.111N'IJ

2.6.3.2 fmli11LN'IJ (tape fabrication)

.1 l' : ~ w.. .1.1 '
lJ1::011\J!'I1V 3 'II'IJflll'IJnlflqj flll011'11'IJ1lJIlN'IJ (tape casting) 011

ll\JllM'~ (drying) 011LN1'11~flrt11ii'IJ'II;69i1~" (burnout of the organic components) 1111::011
• •

~'lJl'II!l;·1 (sintering) 11.1;1 2.9 IIrtfl~'Ii'IJ flll'IJ011li111N'IJi\'1V01::U'l'IJ m1~1lOlfl!lfl\J llfl



33

~i·«,gl

~
1~lu""n. _ ...1 Flu.

Ban mIlling :;::c::;
.---=Oo<;;J"C'":::"'=.·_...,.0 Cumpresur C.sting

~.hegaSSint; tun.k I

/

OOClor blade sque:.t:
, Cold trip

~
' V..cuum pur""

0~~'; 11L..i.n ~ Film.IOp

~ !~C"""':";...-J
Auto feed"1 Sensor T.ke up foil

Slr,ain~f ~ \ SenSC!,' \
-;--T-.... b 0.,;"" """(7 T :

, .

llll:;nml,j

fm~U1tlll~ U~:;I'\'1tl'lllll; 'U,j!NL'I'ltl'lll tJ; ~ tJ~ lH;~ll~Umu fjlJfl11lJ

..u: iP P .I, ~ Q .. 'JI ' A ",!.IJI d ..
l1U1'\'1\il~fI11lJl1 U1 l'l1lJl'l tJ~mr IlJtJllN U1 tJ~1Ul'lllltl'\il n'\'1tJ~l'llU lll~lflll tJU'\'1 ui'l111f111lJl11'\'1

til11'1ltl ~ ~:;l'lltl'llltJ; ~lU'ujj\ili I{ll~U~jjfl11lJl1Ul\illlJ;;tJ~m1 m1 tJUllll'~fl11li1'Ufl11:;

.. i Jl :: Q .l ........ i P " Q" ~ ,

'I1fl1UfjlJ i'I'\'1~llWl1lJlJllll:;fl11lJ'll'U tl11,:;'I1\il'l1lf\ilfltJ I'lllNUntJULN1N11111U IlJll\ilmlU llll:;

tl'llJl1(llltJntJtJn~lnllNU1tJ~i'Ul'llll tl';in, I{!J!h~tl'lJ\l1W 'Um1'iul'\'1tJ;~;;tJ~' ll'fl11lJti'ltillI'U
nmNH' ~\il tl'111;jlJllft~ NII~lnn1111fl1mi''I1Hfl11lJftJU~:;lilMfllW111J iitl'llll1~1~ tJ~l'l11

.. '" ~ " .1.1 P ,JI:: ~ .1 Q

l\illJll\il~'I'11 Ll1tl'llJl1(ltJtJnllUulullU11 m1INl'\'1\lnl'ltJ~ i'I'\'1~tJ\ill1m1~U llW11IJIJ

llW11IJii 'Ill'll'tl'llJl1(l1111l11:;~ll1lJl:;tl'lJ~lf\ili I{

, ~

2.6.4.1 tl'11'll'111m1m:;~111m (dispersant)

nil in~vi1'll'tJ~ tl1fl ~tJ~N~l'lSl1jj nm:;~ll1~1!J!jHtl'~lltl'lJ tJ'U~1l'i1
" ." A II

ll:; llll1l'i'~1 :;UU\1'~'Ill1r1U~1l'il11:;11ll11111:;tJU'1 Ir1u 'lI{l'i'~nmii\il electrostatic stabilization..
steric stabilization 111tJ electrosteric stabilization
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nmoft electrical double layer tlj\J1vl\"l!J'nqllQ DLVO,(B.Derjaguin- ... ~ , ~L.Landau E.Verwey lla:: a.Overbeck) (Moreno, 1992) lla::~::lJlJ'1\J1'1tllflty 1.n::lJlJ'1
• • A

Hf131lJlnn111::lJlJn'oN9i'1nla::alVtlW] Derjaguin, Landau, Verwey lla:: Overbeck '.1'
!! ..... ..l, , _A _
nO.1l1Na'lltl~II1~Nanlla::II1~ft~tlft'U II~ ll'\.j111fl'11::V::'1Hf11~ '1 '\.l1::lJlJa'la II1'HlJII'\.j I11fl

ll'U1'\.lC\6Vllgi'\.la'11a::alV 111~n1::nl1::111Hll'\.jl11fl;~I~'\.lii~dlti'ty~~Il~~~11Wl 111~~
... ~ .. ~, A", • ~_,l .: 1.1 1
tllfltyfltl llH1alftll111a 'lt~I1J'\.lIlH !lll'\.l'] '1lOft'U'\.l1::111H~'\.l'U M ,::" lllJ'11l'\.jl11fl ftV

• •
t1ntitl1::'ll1jj!l'\.lti'\.l~::l;v~9i'1ti'\.lI~'\.l~'\.llJWllla::ii~'\.l'Ull~t11::'f11~ti'\.l~llJlJ11m::llg1ftV111lJ

• • •
{1ft't1~::I~ '\.lWlJW] 'Ull~ 1.11::, ~iJftII1n~lllJ1eullgiinfli'~ ~'\.l '\.l tl0.~:: iif111lJ11'\.l111'Ii '\.l 'Ull~

t11::,,rtlVM't11~IlV'1 ~'\.ltlnqftl;Vn11~m111Yl;01::~lV 1\'1Vl1anm1ci'nl'1'fa'llJl1U.. ~ ~. ,.t'- ~,.n ,~~ ~ .1.1 ~.. ~ ~ ~
lallna'1"1l11lJl::a'lJ'1~1V 11lnftm101::~lVf11 "lftV 'JIl1aflm1'111 1::''1ll1lJll'\.ln'\.l~::Nann'\.l

llfitl1::,~fil~tl'\.l~::tlftti'\.l It1~ 2.10 lla'ft~ electrostatic stabilization lla:: steric stabilization

. .
: .0""':'- '.' 0····:: .
• -. 0. _::.:":":' >.
.: ..: : -;: : .

. '. .
Ilecll'tls!atk
stgbilization

..hri(
stabilization

1t.l~ 2.10 Ua'ft~ electrostatic stabilization lla:: steric stabilization

~IJ' : "'h. function of polymers in the tape casting of alumina" Bohnl.in·M.u~llll::rtlll:: (1992)

rb'\.lna'" electrosteric stabilization 1~'\.lfl11nl~1'\.l;1lJti'\.l'Ull~,f~a'Il~

na'n~l~~'\.l ~::lOftldllioNa'11a::alV1YlaOlan1m'an'~~l~'\.l1YlallJ!l{a'lVV11~iitl1::'1\'1v

1ftV1WiillJll!1lJ1ClfjCla'lVV11l<G'1i l.lnll.lfimvltilJ~'\.lN1'Ull~tl'ljl11fl th'\.l~"1i1'fIOftll'~Nanfill

rl1'\.l~l~'\.la'lVVl1~"V1UllllnlJli'\.lrl1'\.l'Utl~ll1a1 1ftVi'\.l,::v::m~i'\.l'1 steric stabilization ~::

-lltl~ti'\.l nmm::ti'\.l"!l~1l'\.jl11fl i'\.l"w::~ electrostatic stabilization ~::'1i1v i1'fIOftllHNa'ni '\.l

'::V::inallllnitl lla'ft~i'\.lll.l~2.11
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•31.1n 2.11 na~n clectrostcric stabilization

~1J1 : "the role of slip additives in tape casting: part r-so1vent and dispersant'" Moreno (1992)

Cl'11a::a1VlYla61Mlm~a-n 11iU Cl'11a::a1Vlnatl~IN organic tannic acid

humic acid lla:: polycarbonic acid

o ..
2.6.4.2 Cl'11'111Vm1VtUm:: (binder)

I ... ." ...:. ..:. d ".1 I .. ,,_t'
Cl'11 '111V n11Vtllnl::'l1lMUI'll IYllJfI11lJl I~ ~ll1~1M'IIU~1Un tlUlN1lYltl 111

.1 ,~~ 0 0 1.1 .1 ' ol.s 0 too ~
fHl1Jtlg II'IIlUm11l::N1Unl1IN1 IU nl1~Ul1JllNU1Yltl1I111NU1tl~1~\l1UU llNU ntlUIN1¥ltl~

I .:.. v t"t.l' ~
N1UMal1J~UtltlUfitl nl1tltJllM~ nl19itllM Itl~Ultl"llJ¥ltl~nl1 nl111l1::1 nl1tltlnlltJtJ1~1l1

6'11~U ~lljjfl11lJll~~1l1 ~Yltl~ll::ll"m1runVM1V 1tlVll"mYlv~lgmrtlVCI'1lJ11 tlVi1lM'lntlNa

.I... ~ 0 .,.. 0 w ~ JI '1 0 .11 Yo '" 1" ,.I..
",::'l1tJ'l1f11f1tjJ"tlCl'lJtJ"~tl~llNUMMIN1 I" Cl'1UIMtyCl'11n 1'lJIl::llJUCI'11 YlallJtl1nlJlJ1a

1.1.11af) aq ~ nl1latlnl.1fCl'111i1vn11Vtllm::;{tl~W1111til 1Cl'lJWiMalV1.11::ms

1.1 CI'1lJ11tl~i'tltltlfl~~~lV

1.2 lM'fl11lJll~~llHntlUIN1q~

1.3 Cl'1lJ11tla:: alVloG'1tiu ~~ tiu Cl'11ljjlJIIfi~ 'lliitl ~U '1

1.4 '1f11\l"
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a'1JU;t'hfi'ty~lfflfitl~tl~~o~ifltltlO'll'l(lflV~lV~~lII'11lJjj~l '1 'lJ
.. l' ,... ~ w :: -- '" <'t w 1" ,.I,Y.

l'I1atla'l"lOtl1~ lllJ'lIlJ~llJ'I1M~lJ"tllJ011'lflll'l1tl1~llJtlll'lllJ1Jflm '1110 l'lallJtl1'l1 'IIa'11J110

Vfl101:alUtlljl11fl '~1l::';1'lfa'11J110l~t'l1nfu '1 'l(1lJ l.l11J1111\l'tlV~~Il::'1bVllfll11l1 'lJ~lJ" lllJ

'" w ,.. '.1 w' ,Y..! ~ l' w... -.1 .I"j '"
011IN11l'ltl~Ilfla'11'l11V011Vfl101::lIa::'lI1V1J1::'I1Vflfll 'II\11V I" lllJllllJa'IJU"1J1::01n1n IIJ II

, ...._I....l ~ I at d.. cI I

lJn:UUIJ1J11J11111lJIIa'11'l1~ 'lIlJ~llJ0 tlu IN11111:: '11a ~ IN10 II::1Jfl111J1l~~111~ 1111::fl111J'I1lJ111lJlJ

'l1~9l11J, l.ll(1v t'hlJfl111J a'11J11O~tl~011a::1l1V, u1::UUII::~lJ ll~ r1U'lIiifI~II~,j'1lh11::1l1V

2.1 tJljlilJ1i'~tl~I'IIIl~laa' (cellulose derivatives)

1'II1l~laa'l~lJ'lf lfl1fllfUtllJll111J'lI1;l jj'l1",,t11l.ll~lJ

.. 1 '".. 1 ... ' I(CJlIOO')n 1J1J1a IJlllfjallg lJ'lI1~ 50000 O~ 500000 1'II1l~ 1la'llllJ'I1lJ1VYllJ!llJ~tl~

tlljlilJ1i''I11l1V'I1iifl l'lilJ lIJVial'lla~ lila' (methyl cellulose. MC) 'lffl1tlO;ltJVial'lla~lila'

, .... 1
(hydroxyethyl cellulose. HEC) fll1tJtlO'llIIJ'l1al'llll~ aa' (carboxymethyl cellulose. CMC)

• •
a'11'1i1V011Vfl101::'lIiiflua::alV'lJ111 1Il'l::l.l1::YlfJ;j,j'11~lJa'111YlaVIM1'l11'l'l'l'i' II?J~ (starch)

Vl~tl11IJ'lIl;\ (natural gum) lIa::a'11l.l,::011Ulll0fl'l'1111VUWllii" (alginate) ~111J1l~'lJa'11

'li1V011V"101::'lIiifld' 1m~a'fl~~ll~l'lla~laa'IIa'f1~'lJll.l~ 2.12

CH.OH ~: OH l
I I I

\ /~ \ rOl/6H-~\ /
C C C C

j\OcIH ~/'H ~\~ /\
---c c--o o-

J I I
H OH CH.OH

n

3l.l~ 2.12 lflHa'!l~~Il~I'IIIl~laa'

~lJl : "the role of slip additives in tape-casting teehnology:panlI • binders and plasticizers" Moreno (1992)
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, .. ..I. iY. W .: W '" 1" ,a'1"nvm1VfUmZ'1UfJlJ 'IInmZ1J1JullJflllJU VHlllJ01a'lV

vnl';u lna'1UaUOMO!JOa (polyvinyl alcohol, PYA) lrJUlViallJof1lJlaflaa'lVV11ij~fl1,t1
•

'illrJU [.CH2.cH(OH).). ijlJ1t1llJlt1fla!l~iu';1~ 13000-100000 a'llJm't1Zalviu111i~u~'li

azt11viua'11aZalV6U'1;6lfalV'I1Ufl ijnmh PYA 'ili,*iU011~Ulil~1VmZ1J1U011
d , ,
fl!lnlfl!l111Jt1f1 (Thompson, 1963) uaz (Pauley uaz Lockwood, 1967) Moreno (1992) nan

• , .. ..I• iY...1 i .. .. '" i-"" d' ..11a'n'l11VnnvfllmZ'1 U VlJ '11'1 t(fI U 0111'11 VlJa'It1!l1,IVI 0 'IIIUmZ1J1U m1f1 Onlfl!l1l1Jaflfl!l

1 "" . . . .ol iy.w ..Iw.. ""'.: ..I' •. Via 1Ua1J1'1na (PVB) 'H~Z 'IIn1J'Z1J1J'1m"laZalV lJllJUul fll11~'1 2.7 Ua'fI~'I1UfI

, .. .1 1'" •
'Il!l~a'11'111Vm1VfllmZlJ1Zln'1 Via 1Ut1

..I • '...1 1 .., •
fll1n'1 2.7 'I1UfI'Il!l~a'11'111Vm1VflI01ZlJ1ZIn'1 Via 1ua

901111 1I~"'l~liiv~

(side group)

a:lnOll1

poly(vinyl acetate) .COO.CH,
,

poly(vinyl alcOhol) ·OH

poly(acrylamide) .CONH2

poly(vinylpyrrolidone) .NC,H,p

carboxilic polymer -cooa

a:lnV'Il~V~LlIa1

~'lJil~1

poly(vinyl butyral) ·O·C-O-

HC,",

poly(methyl methacrylate) .CH,

.COOCH,

poly(vinyl formol) .0.CH2·O.

~lJl : "the role of slip additives in tape-casting technology:partII • binders and plasticizers" Moreno (1992)

i~Ua'fI~'I1UfI'Il!l~a'11';1vm1ilflLmZ'Il!l~1Z1J1J~i,*JllrJU';1
• ..Iiy.w • '" ... ,.I

maZalV (aqueous system) Ut1Z'Z1J1J'1 'IImmaZalVllJUa'11!lUmVOU'1 (non-aqueous

system) iUfl11n~ 2.8 uaz 2.9 flllJl;'A1J



•..
\ll111UI 2.8

I'" , .,..:.. I

a'11'l11tl011tlfl101:: a'11'l11tl011 m::1l1tl9l1 a'11IVllJfl11~WflM~'ll lla::

fi'1'lla::altl"fH1::1J1J~i~Jlli'J'll,j1';la::altl(aqueous system)

9i1,l1a:II1V rll'Y1V01,611I01:

water Acrylic polymer

Acrylic polymeremulsion

Ethylene oxide polymer

Hydroxyethyl cellulose

Methyl cellulose

Poly(vinyl alcohol)

Tris(isocyaminate)

Wax emulsions

Acrylic copolymer latex

Polyurethane

Poly(vinyl acetatejdispersion

• •• rll'Y1Vnl,n':Vlv9i1rl11Il'llJfl11lW1l1Iqll

Benzyl butyl phthalate Complex glassy phosphate

Dibutylphthalate Condensed arylsulfonic acid

Ethyltoluene sulfoamides (neutral sodium sail)

Glycerine Polyelectrolite of the ammonium salt type

Poly(alkylene)glycol Nonionic octyl phenoxyethanol

Triethylene glycol Sodium salt of poly(carboxylic acid)

Tri-n-butyl phosphate Polyoxyethylene nonylphenol other

Poly(propylene glycol)
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~1J1 : "tape oasting: the basic process for meeting the needs of the electronics industry" Mistler (1990)

•



,

• •... I" , .. "'" .. I

f111HtI 2.9 rtl1'1l'lVm1Vtllm= rt11'11'lVm1n1=~1Vfl'l rt11LVUJfl'l1IJV~l1Q'IIua=

.~ ~,.. ~ ~ -.~
91 'lll1a=a1V'lJ 0~1=1J1J \1 'D91'l1l1a= a1mu 'IIrt110'II\11V0'II'1 (non-aqueous system)
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Acetone

Ethyl alcohol

Benzene

Butanol

Diacetone

Isopropyl alcohol

Methyl isobutyl ketone

Toluene

Trichloroethylene

Xylene

Tetrachloroethylene

Methanol

Cyelohexanone

Methyl ethyl ketone

Benzylbutyl phthalate

Butyl stearate

Dibutylphthalate

Dimethyl phthalate

Methyl abietate

Mixed phthalate esters

Poly(ethylene glycol)

Poly(alkylene glycol)

(triethylene glycol hexoate)

Dioctyl phthalate

Dipropylglycol dibenzoate

. ..
ft'11'If'lV011Vt1101~

Cellulose acetate butyrate

Nitrocellulose

Petroleum reains

Poly(ethylene)

Polyacrylate eaters

Poly(methyl methaacrylate)

Poly(vinyl alelhol)

Poly(vinyl butaryl)

Poly(vinyl chloride)

Vinyl chlorideacetate

Ethyl cellulose

Polyuetrefluoroethylene)

Poly(ct-methylstyrene)

Fatty acids(glyceryl trioleate)

Fish oil

Synthetic surfactants (benzenesulfonic acid)

Alkylaryl polyetheralcohols

Ethyl ether of poly(ethylene glycol)

Ethyl phenyl glycol

Polyoxyethylene acetate

Polyoxyethylene ester

Alkyl ether of poly (ethylene glycol)

Oleic acid ethyleneoxide adduct

Sorbitan trio Ieate

Phosphate ester

~lJl : "tape casting: the basic process for meeting the needs of the electronics industry" Mistler (1990)
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2.6.4.3 tr1'lft1Jfl111JOtl~r.jU (plasticizer)

~ .: ..' d '" i .... 11 , . .1" '11 ..
O1'lfl1Jtr1'1'l'l1Jfl11lJVtl~IJUmVHl~ ltlllNU'l1J'lU tl lJfl11lJ'lU'l1U

• •
'~llflm1milv~1v,::wh~m::1J'lu01' I,jU 'li'uflllu01'fl1nll,f~ m"itll~Ullfiu O1'I~1Jiu~1U

ftllUlN1 l'lmftlJfl111JV tl~r.j Ul~ufi'l,j'l1Ji ,ffi'l\hz1'11U,jmu,~~U l'l'ln::tr1lJlHl,j'lIJCltl

fh Tg (glass transition temperature) 'II11~ri1,,j'lIJ01'OtlI01::Cl~lJ1~'lWl1lJjj,fIl~~;1l~1n1~'~

Shanefield (1995) 1lI'ltl~Nan1'1tlth Tg 'II11~l'l'lallJllf~'lIJ1i TMA(thermomechanical analysis)

'~NClti'~lt.1~ 2.13

GUISS

,,,,,,
: Tg

Temperature

RUBBER

3t.1~ 2.18 t1'l1lJd'1Jliuli',z~11~01'11t1"zl1'~'lIJ1iTMA limh Tg

~lJ1 : "organic additives and ceramic processing" Shanefield (1995)

~'lW~lJjj~1n11 Tg l'l'lallJll{tl,z'l'lljflfi''lll1J1J "ll~'l (glasSY)"litll~
.. .. a I ,..t ... I 1'" --a I ......" It

1I1n1Jt1'l1lJll'll~lla::I1J'1:: llfl'l'lW~IJ1J~~m1 Tg 'I'IClllJll'1J'Z'l'lqfl~I'lll\J1J IJH (rubbery)

1 11" .., • i-.... 11': .I.. .. , .. 11 1 ~, 11
1'1'1'1:: t1Htr'H1Jfl111JlJfl~IJU llClZII::'l1 'II1tl'llU~1U'l1Jt1'l1lJlJfl~IJUfltl'llJ fllJm tlm1'l

tr1,,j'lIJ01'OtlI01zllzJJti1 Tg ~~n11'lW~lJjj,fIl~1J1n vhi,f~'lW~lJjj"'ll~rf1,,j'lIJ01,i1tlL01::
~ .. 1 11 d .1 • • i-'" .1.1 .1'11" .. ':
lJ~lJl'lm'l'l t1Hl'ln~1l'll~lla::I1J'1::11~ I'll 'II11NU~1U'l'llUl1J tllJfl11lJlJtlI1IJU"1 (flexibility)

ii~ll~lI::iitilfl11lJll~~ llH (tensile strength) ~~ 01'l;jlJ1'11'I~lJfl11lJiitl~ r.juM'tlIlZ,j'lIJClfl

'':.1 Q-".! i .... 11.: .:.. .. , .. .I
Tg "~lJl11~'l1J'::lJ1W'lW~lJlJ'II1l~ 111 ~ ltl'llU~1U'llJfl11lJlJfI~IJUfI'IIU
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.. ..:... , • ..:. til A..t
11 Cl n O1nllH tl'1, lOW lJf\11lJlJ~11q II fl fllOW lJfl11lJtl'llJ 11UIIIO111flallll '11

~ ,.. .l ... oJA i_I i-lw •
'lJll~ tl'11J IIJ'lJll~ tl'11'1f1IJ01,lJ~101Z lOW'lZtl'l' lOW lJf\111J1J~l1qll 'I1lfllJa~ 1I~Z 11~1Jtl'1''If1IJ01'

... ....t~ ... 1 'I' _ .. " ... . " d.. I

1J~I01:;m11Q1'I111Jll'~l 'IflllJ 1J~'lJll~ tl'11J IIJm~'1 '111 IIIII HlJfl101ZIla::fl11lJll'IJ~1lHOWllllZ'Z111H

~ , • ~ ~.d oJi"".t ,~ .l .I •
tl'11J IlJfll~'1afla~ 'I111111flallll'l1 'l~'lJllIOW'lZ'ZIJZ'I11~'Z111Htl'11J IIJIOWlJ'lJll llazaflfll Tg a~

lJ1a1lJla'la'IJll~tl'1'l~lJfl11lJljfll1Qll~UlJlJ'-Nrill1fllJi1i1.llld'll'lb~300 ii~ 400 llaZf\1,JJ,fl

19i1lfltJ~n11 200 ll~flll'llal~lJtl'lrJllll!iHlrlllJ NClO1'aflfh Tg ldlll~lJtl'm~lJf\11lJljfll1QlllrJll

i1.lfi~l1.1~ 2.14

50.-------------..,

"40

30

2:,.."
20

0- 0

10

o 20 40 60 eo
Poly(elhylene glycol) (wI%)

100

..; .. ~ ,... ..:. '" t ... I ..... I ...

31.1f1 2.14 fl11lJ lflJOWllll ,zwm1.l'lJ1Q1tl'1' IVllJfl11lJlJfll1qll n1Jfll Tg llJlllJ tl'1''If11J01'IJfl101Z

lrlll PYA

~lJl : "the role of slip additives in tape-casting technology:partII - binders and plasticizers" Moreno (1992)

Hyatt (1986) n~1111tl'1'I~lJf\11lJljfll1Qll~UlJlJ,-nll'Z1J1J~'-NJllrJll

?i'1'1ilaZallJ1'lill1owalllViallinafllla (PEG) llazi~llllflViavhfll1a'l1 (dioctylphthalate) lVnlZ
•

ll'11J11 OaZallJ1llUl'fI';i IIazlnlJ11 OILm m,rli 1.11u'l fI' ~tl'fH'lJll~ll'1,'li1IJfl11Vfllfl1Zi~
llaZll'llJ11U1,g'tfl';iri1J PYA
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3 15

!11.. ~
5'

0.

f~ 2 10
0;
go
!

:!!;;
•
~
~ 5

1.0 1.4 1.6
Dibuty1 phlhalala (wt%l

1tlil 2.15 tl'111Jd'1J~llli'1Z11':h~tl'111J1l~~Il'~'UO~IlNUrilJ\J;1J1Wtlm~1Jtl111JVflM~ll

~lJl : "the role of slip additives in tape-casting tcchnology:partII .. binders and plasticizers" Moreno (1992)

1~lltlfl~'lfilfl'UO~tll'I~1Jtl'111JVflMqll'Uoma.J'lJ~'oNJll~ufi1'l;'a~alV
.l,~~ . !II ... ,01 ,

(aqueous system) 1l1l~'~'lJ'lJ'VI '!Jf1'l'VIla~alVI1Jllt11'Oll'VI'VOU'1 (non-aqueous system) II.
flln~ii 2.8 llll:: 2.9 flllJal~'lJ

2.6.4.4 t11,aflvlo~ (defoamer)

• •
t1:ao;;j'oN1l11~ll~1"la~alV\l~lnflvlo~OlO1fl1Jlnfl"hlla~'U'flOOflVlfl

fl11'U'~'lJ'lJ~'oNti1"la~alm~Ut11,vu,,;ti'6u'1 M~flflm;'~lu'U 0 ~ t1mbVaflvlo~tio' llafl

.. • _.1 1 01 .I~_I •.1. ~ ~. ~ • ~ d
IlHfl~N1'UO~1l0~OlO1fl fW\l~ltlaOU" I1JOg"N1f11JNtI'~M11~'UO~IMa1fl'lJ0101fl OV1~ un

flllJMaflfll'''l~lU'UtNtll'';1vaflvlo~6~'l.iI~U~rll\j.gfl 01'laOfl';¥,jfll~llO1,aO~NflaO~
. ~, ... .........1 ..l.

\Jfl (trial and error) (Shanefield, 1995) 11t11'fl1 fl\l~IM1Jl~nm~'lJ'lJ"Ifl1V1JOg"~fl t11'"
,oNriu1flV,r1'lltiO

- tll,1l'~flO'lJ'UO~1l0MOlJOa'1J1a11JlafJa'l.i~~1Jlfl l'JiU octanol

- ~ii1tlu1J1a11JlafJa~1

fluorocarbon
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2.6.4.5 ,r'nha::cnu (solvent)

il~~U\1l~lJMfl'lllJthtiOJti1ln1,'oNJlli1u,r'nha::alUlJln~U nm::
~ ..... il 11.1- - .; - ~ ... v!w • .; ...
f16~f11U~O~ OJMllJall1'):ata::q'UI11Vi'I!H':l1JlJ1IflH\.I'l1IOI'I'UUlu6~~lnn1' l'Ilfl1'l11a::alV'l111JU

a'1'~U'l1;6fiWl u6n~lnd'v~ihlf1111Vi~ Jlli1U,r1~'oNtiUlJli~llfil~lJll,nlla::'f1Mi lla::
11 .."

a'llJl1oaf!ilOJM 11MtililM ,r1l'hC'::alV1J1~,r1'U'::111Jn'~hh.hlll'lf! ~'U fIm~n 2.9
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a'lJ1i~'6~

llFhI1M1~"

u;Jl1 Electro Anderson,

Ceramics Thailand Marralla:

Anderson, Anderson,

Marralla:

Mistler(l997) Mistler(1997) Mistler(1997)

AI,O, (%)

•sintering temperature ( C)

water absorption (%)
. ,

bending strength (kg/em)

hardness (Mohs'scale)

fired bulk density (g/cm')

fraction of theoretical density (%)

fired shrinkage (%)

castdirection

cross cast direction

thickness

porosity (%)

average surface grain size (u m)

surface finish, (R.,~m)

thermal conductivity

• •(caVcm sec Cat 20 C)

electrical resistivity (O·cm)

20 ·C

100 ·C

200 ·C

300 ·C

volume resistivity(xIO"Q.cm'/cm)

dielectric constant (I MHz and 25·C)

dissipation factor (I MHz and 25·C)
. .

loss index (I MHz and 25 C)

coefficient of thermal expansion ( / •C)

•25·150 C

•150-400 C

•400·800 C

96

1500·1700

o
3300

9

0.04

">10

">10
14

>10

>10"

06
3,4 x 10

.,
8,4 x 10

06
9.1 x 10

94

1550

3.69

95

17.9

17.9

16.0

3.0

2.2

0.28

8.712

8.8

0.002

0.018

99.5(0.51110)

1550

3.93

98

15.6

16.1

14.7

1.4

1.36

0.15

8.512

9.3

0.002

0.019

99,5(0.21110)

1500

3.93

98

16.2

16.7

19,4

1,4

0.98

0.13

11.595

10.1

0.001

0.010
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