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material. The present invention also relates to a process for producing a
metal or ceram c object, using such a poI ymeri ¢ noul dabl e conposition.
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bi nder asthreu thet kpaging eyels- i Heg @EE‘FI icspglymer becomes quite soft during the
initial heating cycle which is initiated to remove wax based binder components through
melting, and increases in softness as the temperature increases. As a result of this

increasing softness the polymer reaches a stage where it cannot support the metal or
powder effectively to retain the shape of the part, thus causing distortion, deformation
defects in the parts. This also limits the shapes of the parts that can be processed using
processes of the prior art. Furthermore this also limits the type, size or shapes of metal
powders that can be used in the processes of the prior art. In order to reduce the effect
of softening of a thermoplastic polymer binder, the use of fine powders, typically less
than 10pm in size, and irregular shape have been suggested. It may also be necessary to
prolong the heating cycle, often to uneconomical lengths. Both these have a serious
impact on the quality, economy, usage of material and the size of the processable parts.
Furthermore the decomposition of the binder as it moves through an increasingly soft
phase can leave residual products that contaminate the metal or ceramic particulate
material. Processes of the prior art also require the shape of the powder particles to be
partially irregular or irregular when larger particle size (up to 10 pm) powders are used,
but spherical or near spherical when smaller sized powders are used. This is in order to
take advantage of some packing of the particles due to interlocking of irregular shapes,



. phase can | eave residual products that contaninate the net al or ceramc
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providing a binder systemthat offers the green part excellent nmouldability
during nmoul di ng and provi des eSushmnary of ltheiverttion i on duri ng t he bi nder
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shape unt E&mﬁﬁﬁc&e leﬁ (R %asfeocgtrrfaggerApsaragl% hsizlets, for example up to 40 um, the neck
formation takes place at higher temperatures. The rigid polymer retains the shape of the
article until the neck formation has progréssed sufficiently for the article to retain its
shape without the aid of the polymeric binder. In the prior art the thermoplastic polymer
progressively softens and fails to retain the shape until the necks are formed. As such it
is not possible to increase the particle size beyond typically 10 pm in prior art processes.

The present invention further provides a binder system that during the binder -
removal process, when subjected to heat, progressively hardens through cross-linking,
thus imparting excellent shape retention. The hardening progresses until the polymef
begins to degrade at a higher temperature by gradually and progressively breaking down
into gaseous products. The polymer therefore does not undergo a state softening. The
degradation is completed after the metal powder particles have formed stable necks or
links among them.

Thus, according to a first embodiment of the invention, there is provided a
mouldable composition for use in manufacturing a sintered metal or ceramic object, said
composition comprising a metal or ceramic powder, a cross-linkable thermoplastic
polymer and an amount of a cross-linking agent effective to cross link said thermoplastic
polymer at an elevated temperature.
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.is not possible to increase the particle size beyond typically 10 umin
‘prior art processes. The present invention further provides a binder
system that during the binder renoval process, when subjected to heat,
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between particles of said netal or ceram c powder; and
; (e heating said moulded green part at a temperature sufficient to degrade said

thermoset polymer and sinter said metal or ceramic powder, thereby forming said
sintered metal or ceramic object.

Suitably, in the process of the second embodiment, step (¢) comprises the steps of
() heating the moulded green part at a fourth temperature sufficient to at least partly
degrade the thermoset polymer and (ii) raising the temperature of the moulded green part
to a fifth temperature sufficient to sinter the metal or ceramic powder, thereby forming
the sintered metal or ceramic object.

Brief Description of the Drawing
Flgure 1 is a typical temperature-time heating profile used in a process of the
present invention.

‘Detailed Description of the Invention
The mouldable composition of the first embodiment of the present invention, and
the mouldable composition used in the process of the second embodiment, comprises a
thermoplastic polymer in order for the composition to be readily injection mouldable.
Typically, the thermoplastic polymer softens above about 120°C and is therefore of

relatively low molecular weight. The injection moulding temperature is typically about
140°C to 160°C.



~(e)* heating said noulded green part at a tenperature sufficient to

s degrade said thernoset polyner and sinter said netal or ceram c powder,
thereby formng said sintered netal or ceranic object. Suitably, in
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polymers and suitable cross-linking agents for those polymers will be readily apparent to
persons of ordinary skill in the relevant art. It will be appreciated that the cross-linkable
thermoplastic polymer may include more than one kind of reactive group.

In a preferred embodiment of the invention, the cross-linkable thermoplastic

polymer is a poly(vinyl acetal). More preferably, the cross-linkable thermoplastic

~ polymer is poly(vinyl butyral) or poly(vinyl formal). Typically, the butyral or formal

content is in the range 75% to 85% expressed as a percentage of reactive hydroxy

groups. Even more preferably, the cross-linkable thermoplastic polymer is a poly(vinyl
butyral).

The primary function of the cross-lmklng agent is to cross-link the molecules of
the thermoplastic polymer to form a three dimensional thermoset polymer network with
high rigidity. When the cross-linkable thermoplastic polymer is a poly(vinyl acetal) the
cros's'-linking agent may preferably be a melamine, diisocyanate, dialdehyde, phenolic,
epoxy or urea. It is more preferred to use melamines or diisocyanates as cross-linking
agents for producing the above characteristics. A particularly preferred cross-linking
agent is hexamethoxymethyl melamine when the cross-linkable thermoplastic polymer is
a poly(vinyl butyral). Using these cross-linking agents, cross-linking is markedly
accelerated in the presence of nitrogen gas and heat.

Premature cross-linking of the cross-linkable thermoplastic polymer at the
injection moulding temperature, and- at the temperature at which the mouldable



~cross-linking agent having reactive hydroxyl or amino groups; or the

‘t her nopl astic pol ynmer may bear reactive am no groups for cross-1inking
usi.ng a cross-1inking agent having reactive carboxyl, ester, anhydride,

al dehyde, isocyanate or epoxy groups; or_the thernoplastic polymer may bear
reactive epoxy groups for cross-linking Using a cross- |inking agent having
reactive hydrggﬁgnor am_no groups; or the thernoplastic polynmer may bear

reactive GPEP &G Sop Sirst smbodyment|is armpguadstngs Rreventektwough egmpgiedingl so

havi ng lreanﬂi ‘iflﬁjefti(ﬁﬂc irﬂblﬂdgfgoupf- qo@ldaare %?{ﬁiﬁénoﬁngfgs%ﬂigﬂ i ge g}ertrrer ]
| itabl e.cross-linking a . .

Py T S R R A s S e U R g

It will beéheagsrawplasticl poheert bemmenees: | Mypizblly, tivss-linking sifi thepiepnsplastiy

[ d ' . och N . e

enbod nenPoaP ottty I8 PlenhRihicl Bt ff Rl sbout L40°C el BBIRCA feart,

pol y(vi nyBbeel 41°C, avsnanprectypically yat least abpwis200°Cak Al oratenof prgs-dinking is

pol ymer i gofeblidd'by Yhe Gudntilol the cRﬁ&-YiﬁKinQYa%eﬁPﬁﬁﬁg)mmﬁmlE 2binpositibfi, the

per tent agEBICTRIR 1 i0enoREKl GF s PIAEHSOPE ket GAakVGS aie njection

cross- | i nksnildinghendiop! &t applivationesf & Sniecopet Wbs’phlerebuhﬁl h QLthFhremovlal cﬁgs
i ' - | ki . -lin e

b et hABki B0 Ryploalfy. ihE SR MEtheB e indifocn e ESimoogilon Bt Bpither

net wor k wiof iirom ghouti 308 toy 10:¥enmone typicadly- fromiabolie6 %hm][ wab?? itl):g geigjntrer

' ' z ef er ab|

Imil Zmpﬁleybg%e??n I;I}gﬁ:%e?éeﬂt og:ig'ﬁ %ﬁ%ﬁgﬁ%&ﬁ%ﬂ%&?@ﬁ&fg 0 _%1{' urea. It is nore

preferred to ugf enanonidable; eqmpasition: \ofn shes ofitst embodimentn landq theyemouldable

produci ngcémpositiew aseh i @ prdcess 66 the”sdbond ieibodinent RhAf BIchRE 6685 thoreki Ng
s-1i nKabl e_t hernopl astic

agent i s hexanet hoxymet hyl | am ne en the cro

ol yrer 1 DFEane A e s R Rers, ik SRR | kil brpreciated
cross- | i niiangvliese e krusb-finkatie | thermopihstio polyendrr ‘ssc&osselilﬂialbw b};\ Qgﬁ'ee-iﬂﬁﬁ?ﬂnd
heat . | t 1 0S6:s |4 Q] o] L CL 035l LN t her )| asti.c
pol yrer RN, MaBa6h 1 chiftl orptRietn® Righer iRk of cFREptital
whi ch t hePolyoicgisafiqn initiator, and apsiepallyl an aetivafort seledte¢d tot intidse thenenoss-lisking

conmpoundesbactién PitCYSVe the Presefiio a0 iRANEIMIRT 2Rtk %ﬂaﬁd}s ”Hidiug}:“aia&@ﬁ

noul dabl e_co sitiqn under,a nitrogen-free jnert atnosphere and/or at” a

t enper at upeetoggﬁwsgc ﬁpg’r'ﬁt’wg %@%@ew‘i relkylo dxdropetexidgs ofsuch as t-butyl
hydroperoxide. Suitable amounts of free-radical polymerisation initiator depend on the
chemical nature of the free-radical polymerisation and the desired polymerisation (cross- -
linking) temperature, and may be readily determined by persons of ordinary skill in the
art with no more than routine trial and error.

The plasticiser, lubricant and/or surfactant, when used, typically melt at a
temperature below a temperature at which the thermoplastic polymer cross links, or are
soluble in water or an appropriate non-aqueous solvent, so that they can be melted or
dissolved in water or solvent and removed after the mouldable composition has been
injection moulded. Suitable plasticisers, lubricants and/or surfactants include waxes
such as partially saponified montan ester wax, montanic acid wax or polyethylene wax,
polytetraftuoroethylene (PTFE) and PTFE compounded with micronised wax and
optionally Amide, modified polyfluo-carbons, stearic acid, oleic acid, glycols such as di-
and tri-ethylene glycol, dipropylene glycol and alkoxylated glycols or related derivatives
having surface-active properties, such as octyl- or nonyl-phenol ethoxylates or octyl- or
nonyl-phenoxy ethanol. A surfactant, when lised, activates or conditions the surface of
the metal or ceramic particles to facilitate the coating of the particles with the
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A composition of the present invention is typically compounded by being
granulated before being injection moulded to the required shape. The compounding is
preferably carried out under a nitrogen free inert atmosphere. During the injection
moﬁlding, the material is protected from nitrogen inside the barrel of the injection
moulding machine. Thus, cross-linking of the thermoplastic polymer is avoided during
the compounding and injection moulding stages. The temperature of compounding and
injection moulding is preferably controlled in the region of 140 to 170°C. The material
produced below 170°C can be recycled for injection moulding without any loss of its
properties. The composition of the invention typically shows excellent injection
mouldability between 140 and 160°C. The temperature above which cross-linking of the
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A more typical mouldable composition in accordance with the first embodiment
of the invention comprises 40-60% by volume of a metal or ceramic powder and 60-40% -
- by volume of binder consisting of poly(vinyl butyral), from 0.06 to 0.09 parts by weight
of hexamethoxymethyl melamine, based on the weight of poly(vinyl butyral), from 0.5
to 1.4 parts by weight of partially saponified montanic ester, based on the weight of
poly(vinyl butyral), and from 0.08 to 0.12 parts by weight of stearic acid, based on the
weight of poly(vinyl butyral).

In a typical process in accordance with the second embodiment of the invention,
mouldable composition according to the invention comprising 35-80% by volume of a
metal or ceramic powder and 65-20% by volume of binder consisting of 70-40 parts by
volume of cross-linkable thermoplastic polymer, 2-10 parts by volume of cross-linking
agent, 2045 parts by volume of plasticiser and 3-5 parts by volume of a
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preventing any collapsing of the metal or ceramic powder or deformation of the part.
The absolute shape retention provided through the backbone polymer that is now a
thermoset is of importanée to provide extreme end product accuracy in dimensions and
contours.

After removal of any plasticiser(s) and/or surfactant(s), at a third temperature in
the range of about 380 to 480°C, neck formation between the powder particles begins
and the shape retention is now progressively provided more by a network of inter
particle necks that are formed, rather than by the strength of the rigidified polymer. At
this stage the function of the rigidified polymer is complete.

" Also in the temperature range of from 380°C to 480°C, the polymer gradually
begins to degrade, without softening or melting, into lower molecular weight gaseous
products which are purged away from the moulded part. Elevating the temperature of
the part further, to the range of 480°C to 600°C, completes degradation of the polymer
into gases which are purged away from the binder-free body. At this point, all of the
polymer is removed from the part without leaving residual products. The temperature is
further elevated to the sintering temperature of the metal or ceramic material, typically
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micron (typically 0.3um) sizes to 40pm.
Further, the present invention provides a binder composition which may be used
~ with both metal and ceramic particles. '

In addition, the present invention pfovides a more flexible process for forming

-

-

moulded green parts for production of sintered metal or ceramic objects, by providing a
greater choice of metal or ceramic particle loadings and processing temperatures, and for
-'providing for the removal of relatively low molecular weight processing aids such as
plasticisers, lubricants and surfactants, independently of removal of the polymeric binder
material. For example, in prior art processes the volume ratio of metal or ceramic
powder to total volume of the composition is typically in the range of by 50-65% by
vohiine, whereas in the present process may be in the range of 35 to 80% by volume.

Examples
The following examples are provided to illustrate the invention, but are not to be
construed as in any way limiting the invention.
Example 1
5000g of 316L Stainless Steel powder of average particle size 30um was
compounded with 262g of poly(vinyl butyral), 17g of hexamethoxymethyl melamine
(cross-linker), 362g of polyethylene glycol, and 25g of stearic acid to a homogeneous
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progressive increase in temperature under a nitrogen atmosphere to melt away the
plasticiser while activating the cross-linking of the thermoplastic poly(vinyl butyral)
polymer into a rigid thermoset plastic polymer in the temperature range of 120°C to 280
°C. The temperature was progressively increased above 380°C. At these temperatures
the degradation of the rigid polymer was ‘completed and the neck formation between the
powder particles began. The temperature was further increased to 480°C at which
temperature the polymer was completely degraded into gaseous products which were
entrained and removed with the nitrogen carrier gas. The parts were subsequently
sintered at 1490°C to form solid alumina ceramic bodies.
)  Example 3

5000g of 316L stainless steel powder of average particle size 30pm was
compounded in a planetary mixer with 230g of poly(vinyl butyral), 18g of
hexamethoxymethyl melamine (cross-linker), 207g of partially saponified montanic ester
(plasticiser) and 24g of stearic acid into a homogeneous feed stock. The feedstock was
injection moulded to form the green bodies uéing' an injection moulding machine. The
temperature of the green bodies was increased progressively from 120°C to 180°C under
nitrogen gas to melt away the plasticiser and to initiate the cross-linking of the polymer.
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Example 5§
Figure 1 illustrates in graphical format a typical time-temperature heating profile
used in a process of the present invention. Referring to Figure 1, the temperature of a
moulded green part of the invention is raised at (1) at a rate of 100°C per hour to a
temperature of 120°C, where it is held at (2) for two hours. During this time, plasticiser

.-1

and any other low-melting additive separates from the moulded green part and is
removed from it. At (3) the temperature of the moulded green part is raised at 35-40°C
per hour to 180°C and held there for one hour at (4). During this time, removal of
plasticiser and other low-melting additive(s) is completed. At (5) the temperature is
raised at 45-50°C per hour to 280°C, at which it is beld for 30 minutes at (6). During
heating step (5) and holding step (6) cross-linking of the cross-linkable thermoplastic
polymer occurs to form a thermoset polymer which confers rigidity on the moulded
green part. At the end of the hold time at 280°C, the moulded green part is heated at (7)
at a rate of 65-70°C per hour to 380°C, and is held at that temperature for 30 minutes at
(8). During the heating step (7) and the holding step (8) neck formation between
particles of metal or ceramic in the mouldable composition commences. Subsequently,
the temperature is further raised at (9) at a rate of 80-90°C per hour to 480°C, during
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pl asti ci sdlouwﬂ Jetoag finah tempgratize (nob showinini llhg ratiget ¢fe130(1’le15ﬁ0ﬁCa9t31mer the
pol y(Vi nylm&ut o @r aY*ﬁ@lE;ifgs&thHrthQingufdQﬁBﬂ?%ﬁ& b lhfe éﬁ'ﬁﬁf) lof i€

t enper at ur range of 120[errfCto er at rogresswely
i ncr eased ous BEMUE per at ures t he degradatl on of the

part ol o5 pegan %“%”é@g O e R AR I Eifor pHfYRles o

t enper at ur“%?‘ﬁ’r?em % 6%%&? @Eﬁ‘ﬁ{gﬁmsﬂﬂﬁ éﬂé’ﬂmtpﬂ{‘?’%bﬁ]é@%gn% n?ﬁhl ch
wer e ent r ainddtie dnﬁbctsensmaiedvlmth ttheprmrtarbga‘he defectseandggeblerisenibe psioyarte
subsequent i 490 i ] e odi es.
Exanpl e 3 wﬁiﬁa&t%@’gﬂfe st 16 (Eﬂatﬁ?ll ess e@‘{){)%%\l?\gﬁéérjﬂ%l%g% @g‘e‘ﬁ%‘ S®e
si ze 30umteiiperatse for hindgr mn@vq&u&ﬁbmma;edm@gmhc hise 36 ghe trossilipker which
butyral), td@@fopins B WERiOPIXAE PBWmeFEhAT PRid ﬂieﬁﬁését g&ké@ﬁér ?&ﬂ%g 8! binder
partially sa alfled nont ani ¢ ester (plasticiser) 49 o earic acid
into a hoﬁﬁ'&gﬁ ous feed stock. The feedstock was Il’lj ection nmoul ded to form
the green bodi es using an injection nmoul di ng machi ne. The tenperature of
the green bodi es was increased progressively from 120C to 180C under
nitrogen gas to nelt away the plasticiser and to initiate the cross-Iinking
of the polynmner. The tenperature was further increased to 2800C to
conpl ete the cross-linking. The tenperature was further increased to

380[err]C and then to 480[err]C. At this tenperature the rigid polyner was
conpl etely degraded i nto gaseous products and necks were forned




bet ween the powder particles. The parts were sintered at 1360[err]Cto a
*density of 99% of the theoretical.

Exanple 4 6000g (769cc) of 316L stainless steel powder of average
particle size 32 mm was conpounded with 709 (1154 cc) of binder,
anounting to a volune | oading of 40% netal powder, under argon into a
honogeneous feedstock. The binder consisted of 762g of poly (vinyl
butyral), 381g of partially saponifiedndﬁﬂﬂﬁnic ester (plasticiser), 63g of
octyl phenoxyet hlanol Asmz)ﬁmablarﬁdm@%ﬁlcﬁﬂﬂ:rqisehaxmmammgtahsﬁhtem @iBtz{leor

o plasti ¢ CREBEPAR A RO Fon it = BT SEimi Bp¥RE S PobininlSs

were incr eth&mbgmug pedneraing fiy amouk Of @rordss-linkingSdgent efféctiva de crossdimkgail gas
during vvh| p\%?s%' Iﬂow&gn IS ehé?z'a{e'd%xﬁl er%fb‘ii then to 280[err]C to conplete
en 'S

Cross- I|nk|ng erature been reached the plasticiser and
the surfactant $have Aemulqab e FRIBROSHIRR acqqfémgemelaanul,efqrﬁler ueQIpRIising a
I ncreased glsstidfkef.err ] C and t hen to 480[ err] C and subsequently to t he

sintering terrp atur C...The sinter ed hovve el | ent |
shape retentlo -and h%g% OSIHOR £ 350 agﬂys]ts Bnt e Urthe%r ed
st age. The:ompnismgedsw&mmy of the body was 98. 7% of the theoretlcal

Exampl e 5 o Aifouabtit WSIBYAG loféilR 1 48Y ohe 'of Rlaifls /8 £ Wherein

tlrreterrperature heatin use A

i nventi on. saxdef:ress-lml@blanf%mgwlestm quﬁeeltlérﬁmlﬁ(ﬂuw acgtaly noul ded green part
?f t he Itnvent I 05112656 Aamggdaﬁ& doﬁipoaﬁloﬁ arce&ﬁugf %)rlat@%a%]dvgh}e?&s h é}aﬁlgofy@%ﬁg
enperat ure o

tinme, pladce@d ggpo]gﬁﬂn%%@beqrp VHﬂ’ﬁllf‘i’réﬂj’i)addl tive separates from t he
rmu: geg green @irt amdnomdﬂgmmggﬁlgomac&ordﬁg t()?dlalhhlgodéedmﬁ{d ﬁ't rkgleregﬁ shi’d?
moul ded g Lt ai sed, at our to and held there for
one hour acﬁgs[au%?geﬁglﬁwng%or F%&é’ﬁ"‘% pl asti ci ser and_ ot he_r

| ow- nel ting addi.ti vefsinouklablenpompesitiomtac¢@ylingh e tchmneﬁat\uherems saidi emds-at
45-50C pen; a | H;;P;r ~ I ng
heati ng ste 5% ﬁ@rré&ﬂ%u& homsﬂteghs ﬁ%lﬂ’ fr%gs lel ng (E)%l&] gs'%clﬁ)kgg)afge@d%

t her nopl a ?‘%m pyymethylmelaming form a thernoset pol yner which confers
rigidity on thes, rmuldeﬂomdﬂﬂ@cmpbsmé\i aédoedifg do é;h@oheiaﬂxﬁ 118 Blwherein

280 C,_ th Idd hated at rate. of 65-70[err]C
or - hout BTRAL OL IS FOTAF S AiRarte g6 FaEs P i’y Oy

During the heat9.ng sAemmﬂdéd green tpart donipitising & tmepldaBle cvapositionraftang rodeesfveen
particles g ugtg@l or ceramc in the noul dable corrp05|t|on commences.

SubsequentTy, the tenperature is further raised at (9) at a rate of 80-90C
per hour to 4808, dui prgceess for manufacturing a sintered metal or ceramic object, the

process comprising:

(@ compounding a mouldable composition comprising a metal or ceramic
powder, a cross-linkable thermoplastic polymer and an amount of a cross-linking agent
effective to cross-link said thermoplastic polymer at an elevated temperature, said
compounding occurring at a temperature less than said elevated temperature;

) introducing said mouldable composition at a first temperature less than
said elevated temperature into a mould to form a moulded green part;

©) raising the temperature of said moulded green part to a second
temperature ‘above said elevated temperature to cross-link said thermoplastic polymer
thereby forming a thermoset polymer;

(d) raising the temperature of said moulded green part to a third temperature
sufficient to cause neck formation between particles of said metal or ceramic powder;

-
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12 which the thernmpset pol yner begins to degrade with the formation of
"gaseous degradation products. The tenperature of the noul ded part is held
at (10) for 30 minutes at 480[err]C. At the end of this tine, the
tenperature is raised at 100-120[err]C pgr hour (11) to a final tenperature
(not shown) in the range of 1300 1500[err]C to sinter the rretal or ceramc

particles present i therm C | ete de i on _of t.he
t her moset pol yﬁ@r © mbgolgag "ﬂ?‘%ﬁ&’%ﬂn bart at %@rﬁ%rreesd’g{ t)?asrﬂtf:égalg
clearly deetalsen rmrmmmpowd&rearpt derentpose sad tthenmasetopolgimsr ﬂlencb)qu'nnmg Isaiddt o
manuf act u conponents elinnating the problenms an

t he def ec%@%ggg}:%?gﬁfmﬁ%i}e{ prior art. The defects_and problenms in the
prior art whi cllare AIpeocess aerordisg te elaig KX, w@emrs@qn@mampn&e%@ewms@f
pol yners i) tHeatine rtl‘ibaﬁﬁmldbdtgt@@rlﬁi‘tuitea ff&frﬂbtdﬁ%&atﬁ&”ﬁifﬁhehtstoehﬂ l'éa @
throught eueof t he crmlln‘?r V\/mch ansformstgﬁlt er |
pol ymer i e fhefhermoset RRJYmET AR Jepprratyre, ghthe green part
13 to a fifth temperature sufﬁ01ent to sinter the metahlobBeramic powller, thertbyr lfuirdmb Bl e
conposi ti .”8935 e N9 a sintered nmetal or ceram c object,
said com%{lﬁ%ﬁéﬁiﬁﬁ%p?m ng a Ir’@%% or ceram c powder, a cross-Ilinkable
-thernopl asti c paél ymék paecesshiaceardingt tmﬁlaandtﬂogsdalmklhgwhgem saifl f mouldeblet o

Cross- IInEOﬁgbgu&ﬂlﬁ{rmlcaﬁ%hg%ﬂ) Eﬁ’(ﬁs t an elevated tenperature. 2.
A noul dabl e ctonpositjon accor a|m1 further conprising

pl asti ci ser. . Ag procesp, ReQr Ifé BBFSi P fcﬁﬁalﬁ’écbﬁ’ dond24 dVlqugmrrﬁalS! or
claim 2, fnuuldable amspvsitﬁinrmrtheﬁwxﬁ ratsurfactant . A noul dabl e

Compo 101 S50 ) gk 00 B i 510, Bt oy

A noul dabliakaiﬂmﬂmsmbphsticamdmr iscp palyGlimylmcétal)wher ei n sai d pol y(vi nyl

acetal) is poly§viny LML 8loboffind WY EMIdY14 TWhdiBh) said poly(vmyl acetal) is
poly(vinyl butyral) or poly(vinyl formal).

16. A process according to claim 14 or claim 15, wherein said cross-linking
agent is a melamine or a diisocyanate.

17. A process according to claim 16, wherein said cross-linkable
thermoplastic polymer is poly(vinyl butyral) and said cross-linking agent is
hexamethoxymethyl melamine.

18. A process according to any one of claims 10 to 17, wherein said metal or
ceramic powder has a particle size range of from 0.4pum to 40pm.

19. A process according to ahy one of claims 10 to 18, wherein said step of
introducing said mouldable composition into a mould is carried out in a substantially
nitrogen-free atmosphere.

20. A process according to any one of claims 10 to 19, wherein said step of
cross-linking said thermoplastic polymer is carried out in an atmosphere comprising
nitrogen. ' .

21. A process according to claim 12, further comprising the step of
substantially removing said plasticiser from said moulded green part by melting said
plasticiser.

22. A sintered metal or ceramic object, when prepared by the process of any
one of claims 10 to 21.

* [ L M S *



6. A moul dabl e conmposition accordiing to claim4 or claim5, wherein said
cross-linking agent is a nelam ne .or a diisocyanate. 7. A

noul dabl e conposition according to claim®6, wherein said cross- |inkable

t hernopl astic polyner is poly(vinyl butyral) and said cross-1inking agent

i s hexanmet hoxynet hyl nmel am ne. 8. 1 " A noul dabl e conposition
according to any one of dVleuldabledComphsitiom and Pnoetesls or cerani ¢ powder
has a particle size range of fromO0.3 umto 40um 9. A moul ded
green part conprising a nmoul dabl e conpggifh of any one of clains 1-8.
- 10. A process for manufacturing a sintered nmetal or ceramnmc object, the
process conpri shhege is provided g)mouldablsotnyenosision feb wseldn manufaehuing Aovintered
conpri si Ngndaléit @raric ;ﬁéamﬁe SitiorPcohiptistng 4 fetd|op cehMiEPBYASE, £cross-

o, Sl e R e G S sk o o™ ¢

occurri nglimk thet thepmoplastice pblysert dtamm shivated| températiré.enPheratisralso provided (@)

cai ool ovareRat Jeb MR IPaaieho el  cofdle DRRCHM o BoRobleBbie

(c) r ai spmgositient enper ature of said noul ded green part to a second
tenper at ulgg apove sai d el evated tenperature to cross-link said

t her nopl astTc pol ynmer, thereby form ng a thernoset polyner; “(d)
raising the tenperature of said noul ded green part to a third tenperature
sufficient to cause neck formati on between particles of said netal or
ceram ¢ powder; and 14
‘(e) heating said noul ded green part at a tenperature sufficient to sinter
said netal or ceram c powder and deconpose sai d thernoset polyner thereby
formng said sintered netal orceram c object. 11. A process
according to claim 10, wherein step (e) conprises the steps of (i) heating
t he nmoul ded green part at a fourth tenperature sufficient to at |east
partly degrade the thernoset polymer and (ii) raising the tenperature of
the noul ded green part to a fifth tenperature sufficient to sinter the
metal or ceramc powder, thereby forming the sintered netal or ceranic

obj ect .




T12. A process according to claim 10 or claim 11, wherein said noul dabl e
‘conposition further conprises a plasticiser. 13. A process
“according to any one of clains 10 to 12, wherein said noul dabl e conposition
further conprises a surfactant. 14. A process according to any one
of claims 10 to 13, wherein said cross- |inkable thernoplastic polyner is a
pol y(vi nyl acetal). - 15. A procdg® according to claim 14 wherein
said poly(vinyl acetal) is poly(vinyl butyral) or poly(vinyl formal).

16. A process according to claim14 or claim 15, wherein said

cross- | i nki ng agent—Ls—a—relamne—or—a—dij-seeyanate: - A
process accordjng claim 16, whereijn said | cross-I{nkable
thernopl astic pplymergig poly(vipyl butyrlal) and said crosgs-1inking agent

i s hexamet hoxyngt hyl Srellam ne. 18. A process accordi #¢g tg any one
of claims 10 to @@erg?ﬁ“said nmetal or| ceranic| powder has 8 parlticle
size range of ffom hto 40\ 19. A |process &cchdlng to any
one of clainms 10 to 13y mhergyh $ai d steq of intrpducing %aldﬂnouldable
conposi ti on i nt p—a—reutaNsAared—out—ir—a—stubstantatH-y-—nt&rogen N ree

at nosphere. - 20. L procéss accordi ng to any one. of cralns 10 to 19,
wherein said step of criRls </ 1'nkgng sai d tther mopl astic polynergis garried
out in-an atnosphere cdﬁprl ng2pi t Legen. 2. A groqﬂss gccordi ng
to claim 12, further cgnpri st e stepg of substantially rewoving said

pl asticiser, fromsaid ul ded ben part bydﬂeltlng sai d )Iaﬁgiciseru

L+l¢‘f\ﬂ

22. A siBteret metal gr cer ani \¥ﬂnlé*/ when prlepared by the prdcess of
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