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Backgr o%gﬁﬁe | nvention 5 1. Field O The | nveRE R 802165

This invention relates to a process apd nol di ng conposition for shaprng
netallic and ceramc parts frompowder, and nore particularly to a
mol di ng process and cQEPRSTRENGTRENHANCINGAPBITY quality, conplex -
parts which exhibit excellent green strength and which can be 10. readily’
fired w thout EQRANGAROGIBBASED INJECTHON MOLDING GOMPQSEAONS<age pr obl ens
commonl y associated with sintered products. 2. Descriptienof
the Prior Art Several formi ng nmethods for ceram c bodies; ar.e;
commonly practiced. |n one Bagkgraund Of The Jaxention ni ng net hod, nanely, slip
castipg, a liquid suspension of ceram c powder is "de- watered i n a

porouS nol d, producing a powder cake in the shape dictated by the nold. Dry
pressi ng1j Fidd @FThe PAveagibh on of a powder in a die. The powder usual 'y’ =
contains a . brocessing aid which serves as plasticizer and/or- bi nder
for the greenTigifAyention relates to a process an@molding compositian for shaping metallic andt hod i s
to produ gﬁptf t . S i I s oducible to
cl ose di Eng'ﬂlgﬂ{c nal to @%%ﬁ%g (r?%irﬁygégg% s.gﬁﬁf‘?sﬁg't%?%‘egﬁ’g&gﬂ“_

formi ng forhimg highequiality, camplexqerts ovhichcexhibio excelient greeh strengtif edtwhictodandei se due
to shpinka ..associated with the rt.icle cansolidation processes. It
o gdRer Sy fred ayPPar it e sthekans, dubigtiotend SiRAgE PioGlem G BRORY ar o

m t i gat edssoyiated a6t Gintgedyreduttspodi es of high green strength whi ch’
reduces the tendency of the part to slunp, distort or crack before it is
fired. 25 Anot her obj ective of shape-formng nmethods is to produce
arti cl es s s ibtithil of or elimnating or mininizing the need for
downstre s machining, to obtain final part

ra ,
di mensi ons. DS¢vepal frminggmethads forrcerami¢ bodjes aresupmmunlyypractiged. r lnona gopularonal

downst.r ea . S| I . the.form of, machi.ni ng and di anond .gri ndi ng
to a? ai ﬁ@pﬁtf??%naqo é'%éﬁg‘p@glyhgﬂ)-p&m& JH&MW% 08%"5%? POREF ¥ offrat s and
cl ose t olvatered dn a pdfdus mold, produding £péwden calielinltheghdpe dicteDby thechokts Prypr eni'er
net - shape farm.ng. net hod for ceram c .and_netal powders. A critical

att ri but PTEFFnG IYOlves ccompaguion Rf.y ROWder jno2; i, Ths &P usually contains a

processing aid which serves as plasticizer and/or binder for the green compact. _
One objective of any forming method is to produce green parts which can be sintered

20 to a shape repro&ucible to close dimensional tolerances, free from defects. During gfeen- '
forming and sintéﬁng, cracks, distortions and other defects can arise due to shrinkage )
associated with the particle consolidation processes. It is generally recognized that these
defect-producing' processes are mitigated by producing green bodies of high green stfengfh
which reduces the tendency of the part to slump, distort or crack before it is fired.

25 Another objective of shape-forming methods is to produce articles having net shape,
eliminating or minimizing the need for downstream operations, such as machining, to obtain
final part dimensions. Dry pressing, in particular, frequently requires additional downstream
processing in the form of machining and diamond grinding to attain intricate shapes, non-
symmetrical geometrical formats and close tolerances.

30 Injection molding is recognized as a premier net-shape forming method for ceramic
and metal powders. A critical attribute of a binder to be used in injection m_olding



2 conpositions is the ability to provide sufficient green strength to
prevent warpi ng and distortions after the shaped part is renoved from
t he supporting structure (nold).. The use of pol ysaccharides as binders *
for injeWOO36H ding is disclosed in U S. 4,734, 237. PCT/B8asmesssf ul
fabrication of parts fromceram c and/or netal powders may depend - _
critically on 5 the strength of thg as-nolded part in the wet state as it ~°
is renoved fromthe die. H gh as- - nol ded strength can be especially

| mport I QL he : 0, f | t,.thhi ck and
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di mensi distadtionafter the shEped partds cemaved Srom thasyprostingestiuctiné ¢mold). eThewmee t he

strength. of, the . terial. over ..the strengt i de y
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co e céd i6a£i10f O (] or owders nigic n
polrrshydrox lic e co t)ounds_ ol yol s), such as ? ap‘él‘ ot r-yr?aturalf;-_
gunm® asthpusirengthsofthe W%F' Pé!"éé)ﬁ!ﬂ %eti %Qte asit “’(/\Emm’g‘ﬁgﬁﬁ ‘FR“E: 4ge Achat
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demnst b @lhgohal Forfrol. CFAP e csts it Mdbe FifilleStoNlarice the Yiibhddl kP e - ChEM
Educ. , %‘ﬁ‘,e“%q"{ Egé?}i of ¢ PrCacld Spacies RAvE REes (¥ed in

i nj ect i Matetiall Ve the edngaSirbvidmibychepatysacohgride binder thobyghmsse of additives. - sol ubl e

bi nders. Use_of small _amounts pof, . bor id.in agyeous jnjegtion.,

mol ¥ ng conplhs SamAiRxation & %?Esﬁ’g‘l‘?%/?% é@ﬁlﬂ@%@ﬂ:ﬂ%%ﬂ‘ﬁéﬁﬁ°ﬂﬁ ng parts
from metahpounds (poRBisy &hén @t a5d hendtdtrallguins 24 welldas B (vifyitalRHal is1ot
clearly described,” the function of the 20 boric acid ﬁresumabl ~“Ss to

i ncr easwell kaown| (ReE.r SashachatgiL.Z.nRaymondp (‘4dy Ghem. Ser.” 23, 11 (1960)). Eer of

sodi um el LA ' : hide: i 4 LWpl agar is
peci 11 SGuble feeR@HSN ilealet BB RN AP ROl pASLE LF il

i ncr eas embimts bf sodium borate (borex)cingt pomdar tlshorateryndembmstrationi (B.ZsCasasse, aut hor
states that .in.the nce, of, 3 % sQdj borate the strength of
a gig pf aﬁgﬂu‘Fm#‘%faﬁnéyﬁﬁa;‘%W&ﬁcet g?l{]%?sﬂ eated water is 25

i ncreased byBarid acil Odpesiés Rivelbeen Used anlidjextion widldicg compbsitionshadntairiyy | cat i on
of heat and kneadi ng to the agar/sodi ugggor,ate sol utions. pr.oduces

vi scosi pplymers oyajerrsoluble; binders. JVie9 raQupts o€ Doric acid i, pqueghs, Wiectigh 5|
Plegi E : g gmtl) Eém?osit'ons bgsed on methlyf BANMSe bitBer Rz TaHcRIRE barktd frof Mgl | Nki ng
y borate has been the Subject
powders is disclosed by U.S. 4,113,480. Although not clearly described, the function of the
. 20  boric acid presumably is to increase the gel strength of the as-molded parts. "

Use of sodium borate in agueous injection molding compositions containing agar is
specified in U.S. 5,258,155. The purpose of the sodium borate is to increase the binding
strength of the as-molded articles. The author states that in the presence of 0.3 wt % sodium
borate the strength of a gel prepared from 2 wt % agar in magnetically treated water is

25  increased by a factor of eight. The author further states that application of heat and kneading
to the agar/sodium borate solutions produces viscosities equivalent to or greater than those
of conventional plastic binders. '

Although the mechanism of the crosslinking reaction by borate has been the subject
of much debate, the overwhelming evidence suggests that the crosslinking mechanism

30 consists of an ionic monodiol-borate complex which interacts strongly with sodium counter

ions that are coordinated to the polyhydroxylic chain. The mechanism has been described



of much debate, the overwhel m ng evi dence suggests that the crosslinking
mechani sm 30 consists of an ionic nonodiol -borate conpl ex which

i nteracts |y with sodi um counter ions that are coordinated to
t he pol yhﬁ:‘}%ﬁ“c chain. The mechani sm has been descri beBCT/US98/02165 .

3 and the nature of the conplexation drawn schematically by M -

Shi bayama, M Saito, Y. Kinura, B. Fujiwara and S. Nonura, "Polymer",
29, 336 (1988). In agreenent with the proposed nmechanism it is

cl early andothematmegiof thet caiptexation deamasschemdtically by M.t Siibayirsa, M0 8hifd, cant | y

weaker en boric..acid i sed as,the ¢ exJ 5 speci es.. Thi's## & .
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reacti on. | ngeghredniic B0 thd @ebponda ek i i ekt olPideliCthat the
bor at e/ pol yhydr oxyl i ¢ conpqund conpl exation/ crosslinking phetenema has
deal t wi ¢rRSshRking: régetion imsignificantly yyaakerswhen boric acid is used amtheceamplexing -
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i nt er'est ir ceramc ar For exanple, In stru K81 ani cs
t he gr ai readtionn dxdegd, e largsibadofiiterabirerelatiog tathe borate/polyhydroryliercotmpeurst r engt h

and defornmation hehavi.ar at high {e ratures..The, gradin bouhdary
phase i sSHRREGREOR'S ssﬁ:ldap%g °'8%fa|){a§,d°ad'i‘¥&fﬁ%“ﬂd&ﬁflftﬂ§°d’ salﬁ_mr.ph,o,l ogy and
conposition Ofn épQin"BiplicRiAY sediuinhfiag deodetimentdl kia! the ulfistt prbpdfes s/ICh as
sodi um and potassi um are known to |ower the softening point and-the

vi scosi t iptesest inhe Sired cerargje agicle. Hnfssamplednstructyal paramishthe gsin bowndamy can

t her g4 or r’nﬂi&ﬁ %gple t . ‘gEjial’s
t hr og(gh F"e%ﬂ%o%%n@gelngt c%an [ Hg ggg‘ | ﬁndc?éfgghédgﬁeb%‘?%g{gggﬁ d .
t enper at temperatures. The grain boumdagnphdseris &equeptly a glassy eotity] distinat dirogt thel s an

| mport ant rfor ce criteri f. rapm c.ingul.ataors,.such .as those
used | n EpaTRloRy IR Somideiof o M Rfin bagy pE{RE RfFafic, kPl et ot eslfy | 1 can
limt apgddivhiiahd ptabsisim,2aré Khowh to IEwerIthé koftehinis Poirt ane Alid VisdosiBis of thesd) as
sodi um 20 have_ a de] eterious gffect on the insul ator propertiesof a
cerani c BRIYCPRPOSHANS, JHe PrgRRars psodium canshergfee lawes the upRet uss tempgatre
Summasy 6F sthitfurAlMi&edl9 through reduction in stféhgthPdrASiREtkask Y Bfdkp Pdle B @l\é&di'@cﬁ an -
aqueous nol di ng conposition and process usef ul S
temperatures. :

As another example, dielectric strength is an -important performance criterion -<'>f-
ceramic insulators, such as those used in spark plug applications. Insufficient dielectric
strength can limit applications for a ceramic material. Alkaline earth ions, such as sodit.m'l,_'

20 have a deleterious effect on the insulator properties of a ceramic material through lowering
of the dielectric strength.

Summary Of The Invention

The present invention provides an aqueous molding composition and process _uée_.ful

25  informing ceramic and/or metal articles. More specifically, in accordance with the inventic;n,'
there is provided a process for shaping parts from ceramic and metal powders which
comprises the steps of forming a mixture comprising ceramic and/or metal powder(s), a gel-
forming material chosen from the class of polysaccharides known as agaroids, a gel-forming
material soivent, and a gel strength enhancing agent having the form of a borate compound

30 selected from the group consisting of calcium borate, magnesium borate, zinc borate

ammonium borate, tetramethylammonium borate and boric acid, the mixture being formed in



25 in formng ceramc and/or netal articles. Mire specifically, in
accordance with the invention, there is provided a process for

shaping parts fromceram c and netal powders which conprises the
steps of WQIM6l4 a ni xture conprising ceram c and/ or netEiTAEYSRIEEES), a

gel - formng material chosen fromthe class of polysacchari des—known
as agaroids, a gel-formng matgrial solvent, and a gel strength
enhanci ng agent having the formof a borate conmpound 30 selected fromthe
group copsi sti .cal & : | ; : | . -
ammoni J Jc‘)d?"'gttd(g:!',q x?é‘f“?%ﬁ%%ﬁ?%l um Egﬁ?gﬁ%@tg?ﬁ% hgé:t% t(p?%%t -fr?ﬁext- ure -
bei ng ftemperdturenof the mixture to about 70°C to 100°C, and preferably about 80°C to 95°C; ., 4

a bl ender that: proyi des shearin ' . he D er_peing - -
Pent od wepyina b RS TS o STF i Socifid R DREEE bR Bonditline R HASRAR 10
100[ er r 3rfd prexaiste bd prodiace seifatisportingGhmctute. C to 95[err] 'C. supplying-the
m xture to,a_mold, and ol di ng the, mixture under conditjons, of -ténpefature. :
and %r essur eThednysntioniscalsg @@Y‘?t%ﬂb’ﬂm‘?%'gdg{“glﬁf?wse@@“mg the steps gho. .
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steps o xture conprising ceramc and/or netal powder (s),
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rol d3pl J%H‘&)Va'f‘ﬂg to praguse %‘F&éﬁ’p?wg firuchze ﬂqgrgéapﬁiﬁg?lﬁegﬁm%et Hﬁ%‘% %ni sm:it
IS surpmgidnNg that we have been able to find certain alternate borate
conpounds that, provide sufficient gel strength enhancenent .at | ow
concentr at i of®n tha basis of the gritical g PIQUH byc Frﬁgiﬂ‘hdggﬂfm%éﬂ ??%?ff’ sium
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effecti veness anong the various cationic species, as w || becone evident
when that provide sufficient gel strength enhancement at low concentration, particularly borat_e

20 compounds of calcium, magnesium, zinc and ammonium. It is important to realize the
difference in effectiveness among the various cationic species, as will become evident when
attention is drawn to gel strength data summarized in Table 1. As will be seen, ammonium is
less effective than the divalent metal cations and no enhancement is observed when the

counterion is solely tetramethylammonium.

25
Brief Description Of The Drawing
The invention will be more fully understood and further advantages will become
apparent when reference is made to the following detailed description and the accompanying
drawing, in which:
30 FIG. 1 is a schematic representation of the basic steps of one embodiment of the

process of the invention.



attention is drawn to gel strength data summarized in Table 1. As wll be

seen, ammoniumi s | ess effective than the divalent netal cations and
no enhan i s observed when the counterion is sol el

t et ramtmﬁi um 25 PCW*’I’%’PZ%SCH ption
O The Draw ng The invention will be nore fully understood
and further advantages will beconme 3 apparent when reference i s nade
to the follow ng detail ed description and the acconpanyi ng _ dr awi ng,
in which: 30 FIG 1 is a schematic representation of the basic
steps of one enbodi nent . e f the invention.

Det gi | ed Description Of ailkd Descrintion O Fiic Thvertio Ceramic, netal and

met al / cer aniQeramic;pmsiat end) metal/ceramict compudite pans drenfprined tabéatding to’ thisvent i on

f wder.ed .nat er i al I d, f tal .powd : wder-s and 5
i xt ur oRvepTigh S5 potydered Jtatelscieipetel RO Bl BYVUTert SoRABHS POMEFS AR powdler <

of BUT Gtk thereof. As 13k Méfein, tHitemiRieal pdvidessintlade Powdas &f Pirelridtas t her eof .
The termceram c powders as used, herein is intended to include,
wi t houtalloysyiintermetallic gompounds, and mixturesthereof. aThe tesmperamic; powders apyseddes,

nitrides, .si.lkGj , ar hi . et o I M Xt UEes -t her eof
and ehe'r?w A ﬁ'ﬁ%@ggfm %@%&m@grgﬁa@mﬁ" %%e'g &%goﬁ%}?ﬁ%ﬂ% QI’II)“_Eg’pr ocess
of thi shorides ndifrides, dilivideseard cabidés of mestals)i onmetalic or intixtures thiesebf,iandl y ni xed
with a g,el-forfm' g material and a solvent for thhe gel-formng material. -
This  MIXUEESQLFPEN MaeRYB or ti oned with a carrier to be fluid enough to

enajge it tOAQBrdigAt khe Fﬂé@é&kidfCIhis%yenﬁonﬁhéIIr&tQYanW cefanilc \paWd&t ¥ of
techni ques, and especially by-injection nolding. CGenerally, 'the = anount
of powdinitiallyymixed withca geldoimingmatgral-and ssolvensos teeboyming maseriake This t he

m'xturei!-_JﬂE,E- I t il Y Bt fiuid QbR - 40% and
about 538% y's\IIgI;@nrgé%Ii VIIII'P? ciftiel m xtulII"?e, n?msf%&%g%ggf%@gﬁéi tutes
bet weena diechyt ang ©¥avadety o¥tdshmiques and especially by injection malding. Gemergllyether red and
nost preferred anpunts ar.e es iallw sui [Q ti of . net and
near nelmoynL ng?\{t?eé i %N"’%’I‘dgﬁéﬁ'ﬁﬂ é:louI.’l 3 g.,/e; QmI 86% Ray vC(IIiIx%\e of the mixture. )
15  Preferably, the powder constitutes between about 40% and about 58% by volume of the
niixture, and most preferably constitutes between about 45% and 55% by volume of the -

mixture. The preferred and most -preferred amounts are especially suited for production of
net and near net shape injection molded parts. :
The gel-forming material employed in the mixture comprise's an agaroid. An agaroid
20  has been defined as a gum resembling agar but not meeting all of the characteristics thereof
(See HH. Selby et al., “Agar”, Industrial Gums, Academic Press, New York, NY, 2nd ed,,
1973, Chapter 3, p. 29). As used herein, however, agaroid not only refers to any gums |
resembling agar, but also to agar and derivatives thereof such as agarose. An agaroid is
employed because it exhibits rapid gelation within a narrow temperature rarIge, a factor
25  which can dramatically increase the rate of production of articles. The preferred gel-forming
materials are those which are water soluble and comprise agar, agarose, or carrageenan, and
the most preferred gel-forming materials consist of agar, agarose, and mixtures thereof.
In the instant invention, the gel-forming material is mixed with a gel strength
enhancing additive chosen from the class of borate compounds comprising but not limited to

30 calcium, magnesium, zinc and ammonium.



The gel -formng material enployed in the m xture conprises an agaroid. An
agaroid 20 has been defined as a gumresenbling agar but not rreeti ng all
of the characteristics thereof . (See H.H Sel by et aI Agar

| ndust r i wio 98834 Acadenic Press, New York, NY, 2nd ed. 'U’SW"ES% ‘Chapt er
3, p. 29). As used herein, however, agar0|d not only refers to any guns
resenbl ing agar, but also to agar and &erivatives thereof such as agarose. .
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The use of such formng nmaterials in conbination Wth a gel strength
enhanci ngwith gel saerwth pnhaneing,additives ghasgn fremp acspecificelass b baratepfompionrtisicaneeded .

to form agaeddhndH RNk 1M prdfidckiGh Of net shape and near net shape objects. Moreover, the

20  production of complex articles from agaroid-containing mixtures with gel strength enhancing
borate compounds is dramatically improved as a result of the higher strength and
deformation resistance of the molded object.

The advantages of the instant invention will be understood when reference is made to
Table 1, in which the strengths of 2 wt % aqueous agar gels are compared in the presence of

25  certain borate compounds.



Thus, articles produced by using gel-formng materials conprising agaroids
I n conbi nati on with gel strength enhancing additives chosen froma
speci fic glignsgfy borate conpounds can significantly enhance the
production of net shape and near net shape objects. Nor eRSUSSEREEDO
production of conplex articles from aaarm d-contai ning m xtures wth gel

strengt h enhanci ng borate conpounds is dramatically inproved as a
result of the higher strength and def ormati on resi stance of the nol ded-
obj ect . Table ThEfeat vfiBotatp-Compountson SteengttofiAgacGelson wi || be

under stood when reference is nmade to Table 1, in which the strengths
of 2 wt % aqueous agar gels are conpared in the presence of 25.- .eertain
bor at e conpounds. Borate Gel Strength, %Icm 7 -
Table 1. Effect of Bor Cﬁrrpounds on Strength of A :
Bor at e one {contro © Gel St rengt h, g@ﬂ %err]

None (control)  Calcum(@3wt%)™ - - -~ - 817@112+51

Calcium (0.3 wt % 141251~ -

Cal ci um (0. 45 wt Qajcium (0.45 wt %) 13522351

Magnesi um (0. 3 %0 . o .

Magnesi um (0. 45“%&“8@53_‘“'-“ 0.3 wt %) ' 1%3%

Zinc (0.3 wt)  Magnesium (0.45 wt %) 1090126541 .

Ammoni um (0.3 w9 94854

Ammoni um (0.5 wt 9ginc (0.3 wt%) - 4090302

Tet t hyl . 4634.
B ot oS aRgnitar0!d o) st The

foll owi ng descri Asgndniuem (@SoweMr es used in preparing gasgé6oeasuring the gel
5 strengt hs,l_eol]‘amtet g lomum(B%awtl"}Bg in Table 1. 846534
Boric Acid (0.3 wt %) 832160

_ The following descnbes the procedures used in preparing and measuring the gel
5  strengths of the gels appeanng in Table 1.

The gels listed in Table 1. were heated in a microwave oven to 95°C to dissolve the
agar and then placed in a 25°C water bath for 1 h before determining the gel stréhgth.
Deionized water was used for preparing the gels. The pH of the water was maintained
between 6.5 and 8.0 using tetramethylammonium hydroxide as necessary. The stfetfgth '

10  measurements were made using an ATS (Applied Test Systems, Inc.) mechanical testing
machine. One end of an aluminum rod was threaded and attached to the load cell and the
other end was ground flat and machined to a diameter corresponding to an area of 1 cm?®. At
the start of the test the beaker containing the gel was placed on the crosshead and the surface
of the gel contacted against the flat end of the aluminum rod. Movement of the crosshead

15 was initiated at a constant speed of 0.1"/min and the compressive load recorded. The
maximum load recorded before puncture (signaled by a rapid fall-off in load) was taken as
the gel strength of the material. Three punctures were made on each gel and the strength

values were averaged.



The gels listed in Table 1 were heated in a mcrowave oven to 95[err]Cto
di ssol ve the agar and then placed in a 25[err]C water bath for 1 h
before determ ning the gel strength. Dei oni zed water was used for
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split ggc@ﬁ‘g&ted tension on the nolded test ring until the ring
fracture mass of water was then neasured and the as-nol ded gel
st rengt h (mas §'hg)gel-fnrmmg anagerial soprovided incan empuntchetween about 0.5 wt %erprd
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forming material may be employed in the mixture. Higher amounts are not beheved to have
any adverse impact on the process, although such amounts may begm to reduce some of the
advantages produced by our novel composmons, especially with respect to the product:on of
net shape and near net shape bodies. Most preferably, the gel-forming material comprises
20 between about 1% and about 3% by weight of solids in the mixture. .
The borate compound is provided in an amount between about 0.1 wt % and 1 wt %, :
preferably between 0.2 and 0.7 wt % and most preferably between 0.2 wt % and 0.5 wt %
based on the amount of water in the mixture. ,
The mixture further comprises a gel-forming solvent; the solvent is added in an
25  amount sufficient to dissolve the gel-forming material. While any of a variety of solvents
may be employed depending upon the composition of the gel-forming material, particularly
useful solvents for agaroid-containing gel-forming materials are polyhedric liquids,
particularly polar solvents such as water or alcohols. It is, however, most preferable to
employ a solvent which can also perform the dual function of being a carrier of the mixture,
30  thus enabling the mixture to be easily supplied to a mold. We have discovered that water is

particularly suited for serving the dual purpose noted above.
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20  uniform compositions of high solids loading is desirable in the production of injection molded

parts. Use of compositions with high solids concentration resuits in lower shrinkages when
the molded parts are dried and fired, facilitating dimensional control and mitigating th_e
tendency for cracks to form during the densification process. The benefits afforded by this
process include higher yields of acceptable product and lower scrap rates. This can have a
25  significant effect on the cost of the overall process and may determine whether injection
molding fs lower in cost relative to other fabrication processes for a particular component.

As practiced in the current invention, the blended composition containing the
components of the ceramic and/or metal powder(s), water, dispersant, other additives, if
used, and the agaroid was removed from the blender after cooling to a temperature below

30 the gel point of the agaroid, and further shredded to form a material having a particulate

consistency. This was especially useful in producing material in 2 form convenient for
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The mold temperature must, of course, be at or below the gel point of the gel-

10

20 forming material in order to produce a self-supporting body. The appropriate mold
temperature can be achieved before, during or after the mixture is supplied to the mold.
Ordinarily, the mold temperature is maintained at less than about 40°C, and preferably is
between about 15°C and about 25°C. Thus, for example, it is expected that optimum
production rates would be achieved with an injection molding process wherein the preferred

25  gel-forming materials (which exhibit gel points between about 30°C and about 45°C) are
employed to form a mixture, and wherein the mixture is injected at less than 100°C into a
mold maintained at about 25°C or less.

After the part is molded and cooled to a temperature below the gel point of the gel-
forming material, the green body is removed from the mold. The green body is then dried

30 and placed directly into the furnace for firing.
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Alumina sition :

Example 1 - Batch 30

20 Molding Compound Preparation: The following ceramic powders were milled in a
ball mill for 24 h at 65 wt % solids containing 0.22 wt % Dispex A-40 dispersant: 1800.2 g
aluminum oxide, 28.2 g dolomite, 124.8 g kaolin and 46.8 g talc. After milling, the slurry
was added to a sigma blender and mixed for 30-40 min at 85°C while 56 g agar was
introduced into the mix.

25 After the batch was allowed to cool, it was removed from the blender, shredded,
adjusted to 77.8 wt % solids by evaporation of water and molded in a 15-ton Boy injection
molding machine. Strengths were determined on five as-molded annular rings 4.84 cm O.D.
x 3.70 cm LD. x 0.99 cm thickness. The average strength was 54020 g/cm’.

Plates measuring 0.635 cm x 4.826 cm x 6.35 cm were molded, dried and fired at

30  1515°C/2h. The average density of seven plates was 3.692+0.018 glom’, '



mai ntai ned during firing. The present invention elimnates that need for
such materials. The fired products produced by the present

i nvention result in very dense, net or near 10 net shape products.

The foIIodWﬂamgﬁghples are presented in order to provide PCIVOSIRALERP! et e
under standi ng of the invention. The specific techniques, conditions,

materials and reported data set fl?rth toillustrate the invention are
exenpl ary and shoul d not be construed as limting t he scope of the

i nventio 1 . EXAMPLES

Al um na glggt iBteh 12 Exarrpl e 1l- Batch 3020 - - Mol ding
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mtroducep&tesrﬂreﬂzithél@?ﬁforZBwaﬂ 672+.003 glem®r - t e batch was al | owed-to, cools,
it was renoved fromthe bl ender, shredded, adjusted to 77.8 w % )
solids by evaporation of water and ol ded in a 15-ton Boy inj €cti-0n*

mol di ng %b@; Bhdewt hs were determined on five as-nol ded annul ar rings
4.84 ¢ X 3.70 cm1.D.. x 0.99 cmthickness. The average strength
was 54020 g/ ¢ fihe procedures of Example 1 weze followed except; that. D g Galsiugrhorats (BRsz cm x
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fol |l oned excoe(f g zinc borate (Alfa Aesar , CAS #12536- 65- 1)
was added31® ﬁ‘?ézbl"éﬁéé% OYcWHat ch was nol ded at 75 wt' % soljds. The

as- nol ded strength of 16 annul ar rings was 94863 g/cnferr].. The density of
f our .

Silicon Nitride Compositions e
15 = The following examples illustrate the enhancement in gel strength obtained in slhcon

nitride formulations.

Example 4 - Batch T3
A silicon nitride slip was prepared in a ball mill containing 1870 g silicon nitride
20 powder, 70 g magnesium aluminate, 70 g yttrium oxide, 857 g deionized water and 3.64 g -
Darvan ® 821A. The pH of the slip was adjusted to 9.5 using TMA and the slip was milled
for 5 h. Before being added to the jar mill, the magnesium aluminate was calcined at
1282°C. The milled slip was added to a heated sigma blender with 42.85 g agar and the
mixture blended for 30 min. After cooling, the batch was removed from the blender and
25 shredded. The final solids content desired was adjusted by evaporation of water from the
shredded batch. The batch was molded at 74.5 wt % solids. The as-molded strength of two
annular rings was 520+106g/cm’.

Example 5 - Batch Tl
30 A jar mill was prepared using 1870 g silicon nitride powder, 70 g magnesium
aluminate, 70 g yttrium oxide, 857 g deionized water and 3.64 g Darvan® 821A. The pH of



5 plates fired at 1510[err]C for 2 h was 3.672[err] 003 g/cnferr].

Exanple 3 - Batch 28 The procedures of Exanple 1 were foll owed
except tha% %%Cal ciumborate (Pfaltz & Bauer CAS #12007-56-6) was
used. The b3 s nolded at 75.8 wt %solids. The as- 1BCT/USssudess
strength of nine annular rings was 87956 g/cnierr]. The density of six
plates fired at 1510[err] C for 28 h was 3.696.010 g/cnferr].

Silicon Nitride Conpositions 15 The follow ng exanples illustrate’
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520[ err] 106g/cnferr]. Exanple 5 - Batch T1 30 Ajar mill
was prepared Mgngplmﬁmtgmm&dcnﬂmmplmaqdd:\der 70 g magnesi um

al umlBate 70 g yttrium oxide, 857 g deionized water and 3.64 g Darvan
821A." "The pH of

Example 6 - Batch T2
Silicon nitride powder, 1870 g, 70 g magnesium aluminate, 70 g yttrium oxide, 857 g
deionized water and 1.82 g Darvan® 821A were added to a jar mill. The pH of the slip was
adjusted to 10.2 using TMA and the slip was milled for 14 h. Before being added to the jar
15  mill, the magnesium aluminate was calcined at 1282°C and the yttrium oxide calcined at
1350°C. The milled slip was added to a heated sigma biender with 42.85 g agar, 342 g
magnesium borate (Pfaltz & Bauer, CAS #13703-82-7) and the mixture blended for 30 min.
After cooling, the batch was removed from the blender and shredded. The ﬁnal solids
content desired was adjusted by evaporation of water from the shredded batch. The batch
20 was molded at 74.5 wt % solids. The as-molded strength of six annular rings was
1053197g/cm?.

Example 7 - Batch T7
A jar mill was prepared using 1870 g silicon nitride powder, 70 g magnesium
25 aluminate, 70 g yttrium oxide, 857 g deionized water and 3.64 g Darvan® 821A. The pH of
the slip was adjusted to 10.2 using TMA and the slip was milled for 14 h. Before being
added to the jar mill, the magnesium aluminate was calcined at 1282°C. The milled slip was
added to a heated sigma blender with 68.56 g agar, 3.42 g magnesium borate and the mixture
blended for 30 min. After cooling, the batch was removed from the blender and shredded.
30 The final solids content desired was adjusted by evaporation of water from the shredded



13 the slip was adjusted to 10.2 using TMA and the slip was mlled
for 5 h. Before being added to the jar mll, the magnesium al um nate
was cal cined at 1282[err]C and the yttrium oxi de cal ci ned at

1350[ err]®wo98hm14ri | | ed slip was added to a heated signa pCemsesnygst h 68. 56
g agar and the m xture blended for 30 mn. After cooling, the batch
was renoved fromthe blender 5 and sfy edded. The final solids content
desired was adjusted by evapOrati on of water from the'shredded bat ch.

:sr|h>e< gﬁ%%ﬂ%?&%ﬁ@ﬁ%%ﬂ err]smgﬁ ﬂ;g%s%mmlsqg%ﬁhem um or at’e was

used inn@@ml'lefss;@gwn’?" 10 : Exanpl e 6++ Bateh T2 Silicon
nitride powder, 0] na eS| u 70. t m OXi de 857 ¢
dei oni zed vvagé‘f‘“%ﬁ!ﬁ‘s fg’!ﬁz@d %r‘@ “@?ﬁﬁ"‘ﬂg t@l’éﬁw‘g"% “‘{,ﬁ"g‘? dr#' -The" pH
of the $hkddsERshges and nisdifeaicid mag sﬂ&e&tﬂﬁhﬁ@efﬁ%xﬁmﬁm&mhm&mm I led for
14 h. Be or.e. be| ng added.to the j.ar, mll, the: rragneS| um’ aI UM hate was

cal cBneavithin the@eention peslefined by th eﬂ“J?‘F@rﬁ‘%de cal cified af - -1350[er r|-C.
The milled slip-was:added:to a heated signa. bl ender with 42 85 .g agar, 3.42

g magnesi um bor at e (Pfaltz & Bauer, CAS #13703-82-7) and thé mixture
bl ended for 30 mn. , After cooling, the batch was renmpved fromthe
bl ender and shredded. The final solids content desired was adjusted

by evaporation of water fromthe shredded batch. The batch 20 was nol ded
at 74.5 w %solids. The as-nolded strength of. six annular rings was
105397g/cnferr]. Exanple 7 - Batch T7 Ajar mll was
prepared using 1870 g silicon nitride powder, 70 g nagnesi um 25 :
alum nate, 70 g yttrium oxide, 857 g deionized water and 3.64 g Darvan
821A. The pH of the slip was adjusted to 10.2 using TMA and-the slip
was milled for 14 h. Before being - added to the jar mll, -the
magnesi um al um nate was cal cined at 1282[err]C. The m |l ed S|Ip was

added to a heated signma blender with 68.56 g agar, 3.42 g nmagnesium borate
and the m xture bl ended for- 30 m n. After .cooling, the batch was
renoved fromthe bl ender and shredded. 30 The final solids content
desired was adj usted by evaporation of water-fromthe shredded



14 bat ch. The batch vva % solids. The as-nol ded
strength of six annul ar ““ ‘Mg/ cnferr]. : Havi ng
' the

t hus described the inventi o ul I* detail, it will be understood

t hat W23 changes and m)dlflcatlons may suggest tRERWESLSS: o one
skilled in the art, all falling 5 wthin the invention as defined by the
subj oi ned cl ai ns. : 15

15 What is clained is: 1. A process for shapl ng parts
from cemq,aﬁqwaq;.al povvders whi ch conprises the st eps

of : 52 ormg_g mxturecta npri.sin er am.,c /or

netal powder ks pracqjéfors ping parts from ceramic and metal powders wi c@ppgrres sen from
the class of pgleysgechari des known as agaroids, a

gel -formng nmaterial solvent, and a gel strength enhanci ng
agent having t he {abiferméng B MHGER eommmumeweé/pédnq@cmw%s)g@osﬂs

consisting of calci ol "REHRES | fsa@éhéﬁ&
bor % t et raet hyl amoni-um ge“r ate, teﬂ"térmalr%g ﬁhﬁeao um bor ate and 10
boric acid, the mi xfagarexdb,ea ggl-bmmgdnatemhsdwcm.dmd aml stpength esdhgncikgar i ng

action thereto and the e.nd%r1 ei % dto ra el da erature of the
mxture to about 70RSFHR|NEVING ‘bg]'@r&]t Grate compound Select B Bp! vi ng
the mxture to a nmoldysidng of calcium borate, magnesium bésGie, ﬁb@bﬂ&, tahﬂwmu)ﬁ ure
under conditions of tenperature and pressure to 15
produce a sel f - suppdorata gtetrasthydammenium borate, tetramethylammonium borate and
10 - boric acid, the mixture being formed in a blender that provides shearing
action thereto and the blender being heated to raise the temperature of the
mixture to about 70°C to 100°C;
(b) supplying the mixture to a mold; and
(c) molding the mixture under conditions of temperature and pressure to

iS : produce a self-supporting structure.

2 A process as recited by claim 1, wherein said blender is heated to raise the
temperature of the mixture to about 80°C to 95°C.

20 3. An injection molding process comprising the steps of;

(c) forming a mixture comprising ceramic and/or metal powder(s), a gel-
forming material chosen from the class of polysaccharides known as
agaroids, a gel-forming material solvent and a gel strength enhancing
additive having the form of a borate compound selected from the group

25 ) consisting of calcium borate, magnesium borate, zinc borate, ammonium
borate, tetraethylammonium borate, tetramethylammonium borate and
boric acid, the mixture being formed in a blender that provides shearing
action thereto and the blender being heated to raise the temperature of the
mixture to about 70°C to 100°C;

30 (d) injecting the mixture at a temperature above the gel point of the gel-

forming material into a mold;



2 A process as recited by claim1, wherein Said blender is heated to raise

t he terrper atur, IIIJ Iﬂ“lﬂlﬂﬂl" , t o about 80[err]Cto
95[err] C. 20 . An i m process conprising the
st eps of ; WO 98/33614 (c)” férmng"a i Xture conp® CTURPRSani ¢
and/ or metal powder(s), a gel- form ng mat erial

chosen fromthe class of polysacchariiées known as _
agaroids, a gel-form ng material solvent and a gel strength enhancing

addi tive having ths ey thé miieridiis: AEMNRS WSmperames Bedow tiegdl peingopup 25
consi sting of cal crum borate, magnesi um bor at Zi nc bor at €, ni um
borate, tetraethyl amlm%@ﬂf‘&mﬁ%@ﬁ?‘? m%@“gm

boric acid, the rﬁsﬁt P Sird ire e the fhold. €nder that provi des sheari ng
action thereto and”t ender bei ng heat ed to ral se the terrperature of the
m xture to about : 70[err]Cto 100 err] C, - - 30 Lo (d) |nject|ng
the mxture at a tenperature above the gel p0| nt of the gel - _
form ng material into a mold; - 16 (e)
cooling the -mxture in the: mold to a. t enper at ure -bel ow t he gel point of
the gel-formng material to produce a self supportlng structure and (f)
renovi ng the structurefromthe mol'd. .



