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binders for ceram c products. Mre particularly, the present invention -
relates to binders for ceram c products which increase the tensile strength
of -ceram c products. These binders are particularly useful in tape-casting
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For a copolymer, w1 and w> refer to the weight.fraction of the two comonomers, and
Tg(1) and Tg(2) refer to the glass transition temperatures of the two corresponding

homopolymers. For polymers containing three or more monomers, additional terms
are added (wn/Tg(n)). The Tg of a polymer can also be measured by various

techniques including, for example, differential scanning calorimetry ("DSC").

As used herein, acrylate and methacrylate are referred to as “(meth)acrylate,"
‘acrylic acid and methacrylic acid are referred to as "(meth)acrylic acid.”

Ceramic materials are often used to prepare lightweight, strong, thermally
and chemically resistant products useful as chromatographic media, grinding aids,
abrasives, catalysts, adsorbents, electronic components, construction components
and machine components. In the manufacture of ceramic products, ceramic

" materials in the form of a powder are formed into green bodies by preparing a slurry
of the ceramic powder and drying the slurry in a predetermined shape, or by
subjecting the ceramic powder to elevated pressures. Using these methods, ceramic
green bodies can be prepared in various shapes and sizes. The size and shape of the
green bodies can also be altered by machining, cutting or stamping the green body.
One of the more important commercial processes in the manufacture of thin sheets of
ceramic materials is tape-casting. Tape-casting is particularly useful for preparing
thin sheets of ceramic materials used for multilayer capacitors, electronic packages
and substrates.



materials in the formof a powder are fornmed into green bodies by preparing
a slurry of the ceramc powder and drying the slurry in a predeterm ned
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The present invention seeks to overcome the problems associated with the
previously known methods of crosslinking binders in a ceramic green body. The
present invention seeks to provide a process for preparing ceramic green bodies
using a binder system which imparts good strength and which is capable of
crosslinking without requiring a separate heating step.

According to a first aspect of the present invention, there is provided an
aqueous ceramic slurry comprising: '

(a) from 10 to 90 percent by weight of the slurry of ceramic particles;

(b) from 0.5 to 50 percent by weight based on the weight of ceramic particles

of at least one polymer, wherein said polymer comprises, as polymerized

units, monoethylenically unsaturated acetoacetyl-group containing

(meth)acrylate monomer; '

(¢) a sufficient amount of at least one polyfunctional amine to provide a level

of from 0.01 to 100 moles of amine functionality per mole of acetoacetyl-group

containing (meth)acrylate monomer; and

(d) water such that the t(_)tal equals 100 percent.



previ ously known nethods of crosslinking binders in a ceram c green body.
Tbe present invention seeks to provide a process for prepari ng ceramc
green bodi es using a binder systemwhich inparts good strength and which is
capabl e of crosslinking wthout requi ri3ng a separate heating step.
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invention, there is provided a netfiod for "preparing a ceramc green body
conpri sing
(D forming anaqueous ceramic slurry comprising

(a) from 10 to 90 percent by weight of the slurry of ceramic particles;

(b) from 0.5 to 50 percent by weight based on the weight of ceramic particles
of at least one polymer, wherein said polymer comprises, as polymerized
units, monoethylenically unsaturated acetoacetyl-group containing
(meth)acrylate monomer; :

(c) a sufficient amount of at least one polyfunctional amine to provide a level
of from 0.01 to 100 moles of amine functionality per mole of acetoacetyl-group
containing (meth)acrylate monomer; and

(d) water, such that the total equals 100 percent;

() drying the aqueous ceramic slurry to form a green body.

Ceramic particles suitable for the present invention include oxide, nitride and
carbide ceramics. Examples of suitable ceramic particles include alumina, aluminum
nitride, silica, silicon, silicon carbide, silicon nitride, sialon, zirconia, zirconium '
nitride, zirconium carbide, zirconium boride, titanium nitride, titanium carbide,
barium titanate, titanium boride, boron nitride, boron carbide, tungsten carbide,
tungsten boride, and oxides of tin, lead, ruthenium, tungsten, yttrium, nickel,
magnesium, calcium, and mixtures thereof. Preferred ceramic particles include
alumina, barium titanate, silicon carbide, silicon nitride and zirconia. The
morphelogy of the ceramic particles is not critical but is preferably approximately

- spherical. The ceramic particles are present in the aqueous ceramic slurry ata level
of from 10 to 90, preferably from 30 to 80, most preferably from 50 to 75 percent by
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percent by weight of monoethylenically unsaturated acetoacetyl-group containing
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The polymers comprising, as polymerized units, monoethylenically
unsaturated acetoacetyl-group containing (meth)acrylate monomer preferably have a
Tg below 50°C, more preferably in the range of from -40°C to 30°C. The Tg has a
pronounced effect on the mechanical properties of the green body. For example,
lower Tg polymer will result in a more flexible green body, whereas a higher Tg will
result in a stiffer green body.

Methods for preparing polymers comprising, as polymerized units,
monoethylenically unsaturated acetoacetyl-group containing (methjacrylate
monomer, are well known to those skilled in the art of polymerization. Synthesis
parameters, such as the selection and levels of emulsifier, initiators, processing
conditions (temperature, pressure, feed rates, stirring), pH, and the like, are within
the ordinary skill of persons skilled in the art of emulsion polymerization and do not
form a part of the present invention. Methods for preparing polymers comprising,
as polymerized units, monoethylenically unsaturated acetoacetyl-group containing
(meth)acrylate monomer, are taught, for example, in United States Patent Number
4,421,889 and United States Patent Number 3,607,834.
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90 to about 10, more preferably from about 70 to about 20 percent by weight of the
aqueous ceramic slurry.

In addition, one or more conventional ceramic processing aids or other
conventional additives may be added to the aqueous ceramic slurry. Conventional
processing aids and additives include, for example, other binders, plasticizers,
dispersants, lubricants, biocides, sintering aids and foam suppressants. If used, the
one or more conventional processing aids or other conventional additives may be
present at a level of up to 20 or more, preferably from 0.1 to 15 percent by weight
based on the weight of the one or more ceramic particles.

The aqueous ceramic slurry is dried to form a green body. The aqueous
ceramic slurry can be formed, cast or molded by any conventional process prior to,
or as a means for drying the aqueous ceramic slurry to form a green body. Suitable
methods for drying the aqueous ceramic slurry to form a green body include, for
example, air drying, tumble drying, pan drying, oven drying, microwave drying and
spray drying to produce a dried ceramic mixture. Preferably, the aqueous ceramic
slurry is cast, such as by slipcasting techniques or tape casting techniques prior to
drying. After the aqueous ceramic slurry has been cast, it is dried at, or above room
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EXPERIMENTAL PROCEDURE

Slurry Preparation

To a 0-ball mill jar was added approximately 2200 grams of alumina grinding
media (approximately 1/2 inch x 1/2 inch cylinders), 1200 grams of Alcoa A-165G
alumina having a mean particle size of 0.5 microns, approximately 252 grams of
deionized water and 10.32 grams of a 35 percent by weight aqueous solution of an
ammonium salt of poly(acrylic acid) as a dispersaht. The solids level of the slurry
was 82 percent by weight. The ball mill jar was sealed, and the contents were milled
for 3 hours at 80 to 100 revolutions per minute. The ball mill jar was opened, and the
aqueous ceramic slurry was decanted to separate it from the grinding media.
Aliquots (approximately 120 grams each) of the aqueous ceramic slurry were placed
in glass jars.



met hods for drying the aqueous ceranmic slurry to forma green body include,
for exanple, air drying, tunble drying, pan drying, oven drying, mcrowave
drying and spray drying to produce a dried ceramc mxture. Preferably, the
aqueous ceram c slurry is cast, such as by slipcasting techniques or tape
casting techniques prior to drying. Aftef the aqueous ceramc slurry has
been cast, it i SOfé bfehdte of Hie ﬁﬂl@!\ﬁn?(bmﬂer components were added to the aliquots
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body

Polyfunctional Amine-1: Jeffamine® D-400, a liquid polyoxyalkylenediamine
with molecular weight of 400.

Polyfunctional Amine-2: Jeffamine® T-403, a liquid polyoxyalkylenetriamine
with molecular weight of 403. '

The binder components described above were added to the aliquots of the
aqueous ceramic slurry to provide 12 percent by weight of total polymer solids based
on the level of alumina. When used, the polyfunctional amine was added to a level
of 2.2 percent by weight based on Polymer A solids. After the binder components
were added, the aliquots were stirred with an overhead mixer for 30 minutes then
filtered through a 100 mesh (149 microns) sieve.

The filtered aliquots were then cast with a doctor blade at a speed of
approximately 12 centimeters per minute onto Mylar tapes pre-coated with a thin
layer of ammonium stearate. The wet thickness was 254 um (10 mil). The wet tapes
were dried at 150°C in a forced air oven for 20 minutes. The dry thickness was 127-
152 um (5-6 mil) depending on formulations.
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ceranic slu ?T%Pe Aﬁ{-ag@autt,xahteré B&iPs widh sonstant pressure were used to ehmmate tear

7 Onat thie gripsectiort.ha ci-éﬂsh@iml Bpedd 625 ERMe ﬁﬂﬁ'ﬁﬁe Wais 1588 4@ thik Qt-}dye
el ght aquediis HSERIsEE LB, *ﬁ% ﬁ’y‘p%f ¥ A“*°ma¥é$§4ﬂf?r¢ﬂﬁ Aeskk Fisiemy”

wei ght aqueoqus di sper
nononer conpddi program. ilﬁlepfbl*%mOftﬂd Dgfnts anaveragesof at least 1) exeagutenhents.
wei ght butylacrylate ("BA"), 33.5 percent by wei ght

“nmet hyl net hacrylate ("MWA"), 1.5 percent_lb ght nethacrylic acid; Tg (as
measured by differential scanning cal on—é&# 10[err] C. PoI ynmer B:
a 55 percent by weight aqueous dispersion of emulsion polyner havi ng
the foll ow ng-nononmer conposition - 98 percent by wergfdildA 2  Strain at
percent by weight nethacrypOLYMER T9 (as nmeasur ed ggyer@tf\ferentlg

scanni ng Exa eorimepry) -go[errC

parts by wei ght

a conventi onal

having a Tg of. 114[err]013nd 0.5 parts by

pol yrer
of a cénventional

|nder

Amine Polyrmf ay ablend(bk 9.5

acrylic enul sion

2 4.8 7.2 - A/22 2.3410.11 147£1.6
3 3.6 84 - A/22 1.81+£0.12 15317
4 3.6 84 - B/14 = 1.63%0.15 132+13
5 24 9.6 - A/22 1.87£0.10 159+17
6 1.2 10.8 - A/22 - 154%£0.15 16.3+1.0
Comp. 1 4.8 7.2 - - 1.1910.05 124+ 0.6
Comp. 2 12 - - 1.09 £0.06 11715
Comp. 3 12 - 0.73+£0.15 75116

*The green tape prepared in Example 1 was too brittle to form
integrated green tapes, thus Instron tensile properties could not be measured.

The green body prepared in Example 1 appeared to be highly crosslinked.
The green tapes broke apart upon drying. It is believed that the inability to form a
flexible tape was a result of the increased stiffness of the tape attributable to
extensive crosslinking which significantly increased the effective Tg of the binder
system. '

Example 2 was designed to overcome the stiffness of the green tape prepared
~ in Example 1. The green tape in Example 2 contained less of the acetoacetyl-group
containing polymer, the same relative amount of polyfunctional amine, and
contained a softer (lower Tg), conventional non-crosslinking binder. The tape
prepared in Example 2 was sufficiently flexible to allow the measurement of tensile
. properties. Examples 3, 5 and 6 were similar to Example 2, showing the effects on



acrylic emul sion polyner binder having a -15[err]C . Pol yf uncti onal

Am ne-1:. Jeffam ne D-400, a liquid pol yoxyal kyl enedi am ne wth
mol ecul ar wei ght of 400. Pol yfunctional Am ne-2: Jeffam ne T-403, a
l'i quid pol yoxyal kyl enetri am ne wi th nol ecul ar wei ght of 403.

The bi nder conponents descri bed above 9ere added to the aliquots of the
aqueous certansite pﬂdpremesthy parying theli2lgrivecamouty ofierasslinkingtbindér spste}mer

sol i ds bas f..~al [

vas added (5o ubondl Aing nd afitcheey KRRy GiflairhiiE PR plor) 360 QRGens
After the bnomerosslinkiogbim rwéi«érr&deédva&%nlar to Bxamplec? @xeeptithata wi t h an
over head mﬁ&gﬁ{ﬁmﬁglm%%gs,vgmdfl | tered through a 100 mesh (149

m crons) si‘ev he filtered aliquots were then cast with a doctor
bl ade at a speed of approximately 12 centinmeters per mnute onto Myl ar
tapes pre-coat edTvd ¢cdmparakive dateyirr comfipanative Exemgple 2show. thahthevabsende afknesss

was 254 [e a forced
air oven f éélgﬁ#o%i Qmu;H:c‘fid‘éi%t r{aﬁ'ﬂ?ﬁ‘n%@rslﬁ %‘géleﬂtgx)ﬁie g{lér% %‘l}e’; 6 rp r)\
dependi ng cemparative datmin comparatxve Examples 2 and 3 show the tensile properties fro
The-tensil g wma&bhspn&{-cidsﬁxﬂeamﬁap%?mwm@n@auweldm tensilessiength

(dog: bone SRS Breaksomarrento Anebisdss s dralTEr PsR i eRRER 101 crm

gauge length (narrOM/tenS|Ie section). The specinmens were cut fromthe
green tapes using a razor tenplate. Air-accentuated grips wth constant
pressure were used to elimnate tear at the grip section. A crosshead speed
of 0.25 cmper mnute was used in this study. Data were acquired using an
Instron Series | X Automated Materials Testing System 1. 01 program The data
reported below is an average of at |east 10 neasurenents.




TABLE | Tensil e

Strain at ' "POLYMER | _ ' ) Strength
Break Exanpl e A * B ':Tms SHEET HAS BEELH ( MPa)

(9. 1 12 -- - H AREPLACED *

2. 4.8 7.2 - A 2 Z.34 O0.I1  14.7 16"'
3.6 8. 4 We claim: A 2.2 1.81 0.12 15. 3  ThisBheet Has Ben Repla

3.6 8.4 - B/ 1.4 1.63 0.15 13.2 1

2.4 9.6 A2.2 1.87.0.10 15.9 1. "&mm m

1.2 10.8 1. Anaqueous ggramic slurry comprisipgas = 16.3 1.

1.22 - 1 19 0. 05 12.4 0.6 Conp. 2

12 ) (a) frq;n-},g to §0 fgrcent gy vgelgllt %ijlhe slurry pfrﬁecgfmc gg’rtfcé psé or epar ed

in Exanpl e 1 wagb) doorbr0.5 td %) percémtrby weighy basestion rtl@eewetgiﬁ@é cenamis prRtgleson
tensile propertig t Egnﬁp :”&ﬁ-é 13% ol¥mer-E is@?rhst}ﬂﬂym@he@@r ed in

Exanpl e 1 appeare cross nta br oke apart
upon drying. It #@t%&qr@@g&’ 94‘1‘5? XHEsthéﬁfF PF?}O?‘E?%YIOWM“Q ‘%“i@?f‘ﬁ} tage was
a result of the mﬁ)a@ gtehbhémes;s of the tape attributable to extensive

crosslinki ng whi |f|cant | r
System F_@; EhepEaRbus oI IERE e bR Eht T KhinPrcbrdvifle d1ERE
green tape pr epaofefobmrﬂ @m:’#ﬂoengles vhamineBmctigpalityrperraphe of aEG@éFﬂtXl'SWP
I](cass IOffthet acetf,a h}ﬂ @{‘&decg EE@dntBQxePOhMHEV the sanme relative anount
of pol yfunctional, am n tal ed a,sgfter (lower Tg), conventional
non- crossl i nkin db,ma@psu&hg\ r}é?ﬁﬁ\absdﬁ{ le 2 \?v?as sufficiently
flexible to allow the maasurerrent of tensile properties. Exanples 3, 5 and

6 were si m'iaA c%?argféagqgéﬁbgdyig&Wrﬂ%é he effects on

(a) ceramic particles and

(b) a crosslinked binder system formed by the reaction of
(i) atleast one polymer, wherein said polymer compnses, as
polymerized units, monoethylenically unsaturated acetoacetyl-group
containing (meth)acrylate monomer;
with
(ii) at least one polyfunctional amine.

3. A method for preparing a ceramic green body comprising
(I) forming an aqueous ceramic slurry comprising

(a) from 10 to 90 percent by weight of the slurry of ceramic particles;

(b) from 0.5 to 50 percent by weight based on the weight of ceramic particles
of at least one polymer, wherein said polymer comprises, as polymerized
units, monoethylenically unsaturated acetoacetyl-group containing
(meth)acrylate monomer;

(c) a sufficient amount of at least one polyfunctional amine to provide a level
“of from 0.01 to 100 moles of amine functionality per mole of acetoacetyl-group
containing (meth)acrylate monomer; and

(d) water, such that the total equals 100 percent;

(I) drying the aqueous ceramic slurry to form a green body. ' l ||||“| mI“ “I" “III " l“| _
Co* [ L M s *



9 tensile properties by varying the relative anounts. of crosslinking binder
system (pol yfunctional am ne and acet oacetyl - group contai ni ng pol ymer) and
conventional non-crosslinking binder. Exanple 4 was simlar to Exanple 3,
except that a polyfunctional triamne was used. The conparative data
i*n conparative Exanple 1 show that the absence of polyfunctional am ne did
not result in conparable tensile properties. The conparative data in
conparati ve Exanples 2 and 3 show t he tggﬁﬁ&ﬁ;groperties froma
conventional non-crosslinked binder syst h show | ower tensile
strength and strain at break conpﬂﬂﬂﬁ&kf@hSEMMﬂkQNEUﬁﬂkn1of the present

i nventi on. Binders for ceramnc products are provided which are crostfinkabl¥éné! t

per cent by rgRed BafkSuEnd Y sl iefbadies; Tnebh %%ﬁf%é{eeﬁaf*%ufaﬂ;mgﬁ

fromthe grur»a dn tapeseastiggiroggsses foa theymamufasture efrthirecerami¢ sheetswhichmre
car bi de, S|dsb§ggsﬁbgﬁ-aﬁgforsg@dmucﬁhﬂ&%mg, zirconiumnitride, zirconium

car bi de, zirconiumboride, titaniumnitride, titanium carbide,
bariumtitanate, titanium bori de, boron nitride, boron
car bi de, tungsten carbi de, tungsten boride, and oxi des of tin
| ead, ruthenium tungsten, yttrium nickel, nmagnesium and

cal cium and m xtures thereof; (b) fromO0.5 to 50 percent by

wei ght based on the wei ght of ceramic particles of at | east

one polyner, wherein said polyner conprises, as polynerized units,
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—rmhoet hyl eni cal | y unsaturated acetoacetyl - grﬂ'uﬁ%‘eﬁﬂ%ﬂnmnsﬁ ggptih) acryl ate

nmonomner; (c) a sufficient anount of yfijunct i onal
rReage Olﬁ %&@ﬁo of anine

am ne to provi de a |evel -of fr

functionality per nole of acetoacetyl-group I ni ng
(meth)acryl ate mononer; and ( @hbstivatersheseh- tihdbcddirrinde  equal s
100 percent. 2. A ceram c green_ pody comnprising. (a) ceramc

particles selected fromthe group coHdt st i ng of alum na, alum num

nitride, silica, silicon carbide, silicon nitride, ___S__I alon,—zi+

zi rconi um . nitride, zirconium carbide;—Zirconi um bori
\j@tanl um

titani unMNgglainte, titanium car bi de, bap “mm
boride, boron nitride, boron carbide, a\(“mu
tungsten boride, and oxides of tin, |ead, ruthenium *

tungsteny, yttArM&ue&\i scefdmic @‘%ﬂﬁ&’“ﬁfﬂs‘%’d cal cium -and m xtures thereof;
In

and (b) a crosslinke stem forned by the reaction of

(i) at | eas(a)onefon J0eo 50\pervent by seight pfthersinrry fveramie pasticlgosejeved zed
uni ts, nonoet hyl eni.cal Iﬂ\{ unsaturated a tet oac;etyl Loup coniainjng
(meth) acryl ate monSioE ;1&EPHP consisting o nitride, silica, silicon

- 11 - ide difidon ni tﬁhe'si‘a‘féﬁdg.g i Uit bRt hiGRR, 2f0odifm

o A
met hod for prepari ng a Cerani c green y conprising: ) cm@g?,m ng

an aqueous ceram c zitomiuny boridep titaniungnitride, titanium carbide( dariumftitanate, Githugiu0

ercent by weight of .the slurry of ceranic particles
P y g gonctie boron nm}l(de boron carbide IOtungsten carbide, tungsten boride, and
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oxides of tin, lead, ruthenium, tungsten, yttrium, nickel, magnesium, and
calcium, and mixtures thereof;

(b)  from 0.5 to 50 percent by weight based on the weight of ceramic particles of
at least one polymer, wherein said polymer comprises, as polymerized units,
monoethylenically unsaturated acetoacetyl-group containing (meth)acrylate
monomer; '

(©) a sufficient amount of at least one polyfunctional amine to provide a level of

. from 0.01 to 100 moles of amine functionality per mole of acetoacetyl-group
containing (meth)acrylate monomer; and

(d)  water such that the total equals 100 percent.

2. A ceramic green body comprising:

() ceramic particles selected from the group consisting of alumina, aluminum
nitride, silica, silicon carbide, silicon nitride, sialon, zirconia, zirconium
nitride, zirconium carbide, zirconium boride, titanium nitride, titanium
carbide, barium titanate, titanium boride, boron nitride, boron carbide,
tungsten carbide, tungsten boride, and oxides of tin, lead, ruthenium,
tungsten, yttrium, nickel, magnesium, and calcium, and mixtures thereof; and

(b)  acrosslinked binder system formed by the reaction of
@ at least one polymer, wherein said polymer comprises, as polymerized

units, monoethylenicaily unsaturated acetoacetyl-group containing

(meth)acrylate monomer; with



~setect ed fr.omthe group consisting of alum na EFMWMTWEEE
sitica, silicon carbide, silicon nitride, sia g ﬁcbﬁcaﬁb r
nitride, zirconium carbide, zirconium boride, Tunr-ni-t-rdde, (Fitani um
carbide, bariumtitanate, titaniumboride, boron nitride, D car bi de,
tungsten carbi de, tungsten boride, andSckstidetefsheen,— Lebatembert 1897 um
tungsten, yttrium nickel, magnesi urrg and calcrum and m xtures

t her eof ; (b) from0=5"To 50 percent by weight based on the
wei ght of ceramc particles of at I'ea ol st—ene_pol yner,
wherein said pol yner conpri ses, ' ri.zed units,
monoet hyl eni cal |y @isat M(!’HQ@QW@MDM -agnipe:p "’ﬁﬂ jﬁey’la

‘cont ai ni ng (neth)acryl at e nononer; ”’am)unt
of at |east one polyfunctional am ne to provi de a

| evel of 3f r omAOmBtholl For HepARAES c&hmi 138 Wédlﬁﬁﬁémé y per nole of

acet oacetyl -group containing (neth)acryl ate nononer ;  and (d)
wat er, such t it tfmnunganaexmas geramic siurry @omprising: (11) drying the

aqueous ceram c sl ree od The aqueoys ceramc
slurry of claim 1 ere& ﬁé Q%Pg?ﬁf@%gy %@Mfaﬁhﬁ EFS?F“‘H‘Q)R@H@SQroup
consi sting of alumna, Raetd fidhaRat [ng C *’Hﬁ“*} qkde
and zirconi a. 5. The ceraf}rrﬁs Catg?goupﬁb g %I m erern hethce’r am ¢
particles are sel ected filioap silleomroa:mm;omhcm nitgidef s:alonmm;mharznmmnum
titanate, silicon carbidg, silicon nitrjde and zjrconia. The net hod

of claim3 wherein the GiHdayzrconiym carbide, ar@nmlmdsdummd@rmum
consi sting of "al Ui na,  BghigHbaeholPfibie, i 8ri68 0Bkl Gfth b e
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tungsten carbide, tungsten boride, and oxides of tin, lead, ruthenium,
tungsten, yttrium, nickel, magnesium, and calcium, and mixtures

ni um

thereof;

(®)  from 0-5 to 50 percent by weight based on the weight of ceramic
particles of at least one polymer, wherein said polymer comprises, as

~ polymerized units, monoethyienically unsaturated acetoacetyl-group

containing (meth)acrylate monomer;

©) a sufficient ambunt of at least one polyfunctional amine to provide a
level of from 0.01 to 100 moles of amine functionality per mole of
acetoacetyl-gfoup containing (meth)acrylate monomer; and

(d) water, such that the total equals 100 percent;

(I)  drying the aqueous ceramic slurry to form a green body.

4, The aqueous ceramic slturry of claim 1 wherein the ceramic particles are selected from
the group consisting of alumina, barium titanate, silicon carbide, silicon nitride and zirconia.

5. The ceramic green body of claim 2 wherein the ceramic particles are selected from the

group consisting of alumina, barium titanate, silicon carbide, silicon nitride and zirconia.

6. The method of claim 3 wherein the ceramic particles are selected from the group

consisting of alumina, barium titanate, silicon carbide, 'Silicon nitride and zirconia.



