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hol d t oget F@iding, intricate detailed features can be molded into the oversized green preform,
including threads, holes, radii, contoured surfaces, logos and text. The molding process
produces the same shape every time, providing uniformity from part to part.
Furthermore, the process produces virtually no waste.

3. Debinding: Seventy-five percent to ninety percent of the binder material is
removed from the green part. Several different binder removal methods are used
depending on the chemical and physiéal properties of the binder formulation used. These
include thermal debinding, where a thermoplastic binder is baked out in an oven using
elevated temperatures; solvent debinding, where the binder is dissolved using a chemical
or water; and catalytic debinding, where the binder is reacted out by the introduction of a
catalyst. After the binder is removed, the resulting object is called a “brown part” or
“brown preform”. It consists of a porous matrix of metal powder and a small amount of
binder, just sufficient to allow the part to retain its shape and hold together.

4.  Sintering: In the final step, the brown preform is sintered in a furnace or oven
through a complex profile of temperatures, pressures and/or atmospheres depending on
the material being processed and the physical properties desired. A microprocessor
controls these variables, ultimately bringing the part to within 96% of its melting point.
At the lower temperatures of the sintering cycle, the residual binder is removed. As the
temperatures increase, neck growth between powder particles begins, bringing the



4, Sintering: In the final step, the brown preformis sintered in a
furnace or oven through a conplex profile of tenperatures, pressures and/or
at nospheres depending on the material being processed and t he physi cal
properties desired. A mcroprocessor controls these variables, ultimtely
bringing the part to within 96% of its neltdng point. At the |ower

tenperatures Qartid t5ieep ahd Gedtitk Pordsihe: TIRSiighen kenipertieies biSthe QiR prHfiet he

b TPer 2Lt pe I RfRR s il aSHIRE RS PRSP BRI Rsrcaion,

together and r6dEimehrinbpasaftlf % 1t fi dpmendingennyibe solids daadine qfifke @F‘ﬂﬁt@q*q ang
profile conti nbhealldy. This'shrifkagtlid prraicable e Bempansael tolnéy oetmizidgahe green part
approxi mat el y 'ﬁ‘ﬁg{%a‘ﬁsﬁ?ﬁt‘é g%&ké)ﬁn Hgul ts in shrinkage of 14%to 25 %

0

depending on t the feedstock and the alloy. This
shrinkage is predi @WQ‘EH njegtgn c‘B‘h‘B@n%‘%é“‘? SFtigips %fﬁe?%nﬂ’i%g’r‘?%e‘brt@:eﬂmwﬂt
nol d cavity byihémsiqns da ithae doausteps. The pr&asn:lsram inpexative wapmib deddyea cbmprrd

articles are nggRldio OHESEdAcS bl ShSACA ISARONE diflerieah dONb-IEERS

The process i s an.innovative t”.co artic
consPst ency ar Efﬁl ’eiaﬁss ?ie‘?}%\?‘l}‘/de?‘ﬁero‘f‘atﬁ‘éﬁ%?h?'awn& E%ﬂ%%%*%ptf)cfeﬁ%réather ways. -

i ncl udi ng st al'lfﬂeezsscess @edvideanidsigh Hiexibitiy end dkliversh toleraneys bf -6t f.002utd 0t0H3
formin other jaus Seff ﬂﬁhpﬁsg&‘E%ﬂférﬁa\‘dsda‘%é sﬂl@*e%é@&sédtﬁm o)) I«mvd@x{my’de!hbv n§

tol erances of +/: 0. 003 e arts a
si nt er ed Zsser&r?‘ﬁllc%% e'PF‘Eﬂefs laagﬁ{gfqu,mes g’ﬁﬁhﬁtﬁ‘flgmfggﬁs Sﬁé‘SﬁYIBE%hsts

have properti esatesidlch are virtually the same as those as wrought mat eri al s.

One aspect of theogpss &h% 9&%&5 BR gbseyIpaﬁlceraptﬂr&fr&n@@qa‘qﬁ.%ﬁagsxs'ﬁlet he
debi ndi ng step ovi de a brown part

Suffi
Chat L bl Repinting! ? © SRR Sagdlgise B rfiBhel B itatie, R HRa ferh ok Shjotable
bet ween t he debd rsulﬁfngn@m stragigrio dr ihangdlet andgrantperted heswiserothe dpbiediog and biateroig not

cont ai nt ﬁ' t hers{ eds,| BiRQheObrolRh 6m‘?5ho%ﬁl ﬁ’d”i‘éb‘ﬁt&m@fthé}'an@ﬁfe &memykrdambmedf Or
[ rrpal r e Si e S curre

and pol ymer sysl%({gmﬂ%ﬁ 8&@ i Frn%r W&F”Fﬁ tepa%v(g%lrgr nEtSrI[%S‘fréei“@P’ &gg&oy ed

| i nkabl e bi nddrclgdeas [was| andf podimer heyptamt WInrﬂw &eﬁmlfye@bmdogywatpheoluWnMWt he
trademar k " Thainkgtle Bindst hvagablavfiioah ThérmaaPietiviof azentidtbgl NnoatiSder tﬁé aﬁéexharlaked

A oS el <ARB0ND el Hef 08 AORY BAREH, B VRS GHLAReE pld Ry ©

Si gnal ; and an "ace em av from
debound in a @ab@@dsaa@teaae%maalbmeﬁ@u&pmﬂw gompdled Sigpadr andaneacgiadibaredt he
duration of thestelebivagdlatg fedn@MBASF oA IG. okhitihds lebound in a gaseous acid-containing

atmosphere. The temperature and/or the duration of the debinding step in all of these
systems is quite critical.

The BASE acetal-based system, which is described in U.S. Patent 5,362,791 issued
November 8, 1994 to Ebenhoech ef al. and other publications, has found particular

application in the powder injection molding of stainless steel. In this system the polymer
binder for the powder is polyoxymethylene and the acid employed for debinding the
polymer is anhydrous nitric acid, which is an extremely hazardous substance creating
serious environmental concerns.

Summary of the Invention

The primary object of the present invention is to provide improved binder systems
for use in practice of the powder injection molding process, and in particular binder
systems that are economical, safe and environmentally friendly and that are not time or
temperature sensitive for debinding of green parts.

A further object of the invention is to provide binder systems wherein the debinding
step is performed simply by immersing the green part or preform of the article in water
(or otherwise exposing the green preform to sufficient water for ‘sufficient time) to
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pol yvinyl Al £Rf300f immersion in water is necessary to effect dissolution of the polyvinyl alcohol,

the transformation from green state to brown state is not otherwise time or temperature
sensitive. There is no critical cut-off time and dissolution occurs at room temperature.

Polypropylene and polyethylene likewise are completely safe and harmless
polymers. When vaporized in the initial stages of the sintering step, they are fully
degraded, environmentally harmless, and nonhazardous. Also, they are injection moldable
polymers that impart the necessary characteristics to the feedstock to facilitate injection
molding of the green preform. By virtue of the well known binding characteristics of
polypropylene and polyethylene, and the ability of the powder molding art to ascertain in
advance the amount of binder needed in the brown part, the amount of polypropylene or
polyethylene required in a binding system for a given article of manufacture can be
accurately predetermined. Also, because the vaporization characteristics of the polymers
is known, the sintering temperature profile for a given article can be predetermined to
provide for the proper rate of vaporization of the polymer to insure substantially complete
vaporization of the polymer and substantially complete densification of the metal or
ceramic article to its finished end product shape and dimensions.

The foregoing and other objects and advantages of the invention will become
apparent to those of reasonable skill in the art from the following detailed description.

This Sheet Has Been Replaced
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soluble species of the alcohol, preferably one that is about 87% hydrolyzed and cold
water soluble, such as the partially hydrolyzed polyvinyl alcohol available from DuPont
under the brand name “Elvanol” and the grade designation 5 1-05. The ratio of PVOH to
PP or PE will be in the range of from about 1 to about 9 parts PVOH to about 1 part PP
or PE. .

The feedstock may also include processing aids, notably one or more of a
plasticizer, a release agent and, optionally, a debinding agent. Preferred plasticizers
include water and glycerin; a preferred release agent is “Mold Wiz” INT-33PA available
from Axel Plastics Research Laboratories, Inc; and a preferred debinding agent or aid is
stearic acid.

In accordance with the invention, the binder system in its preferred embodiments is
comprised of from about 38 to about 67 parts by weight of PYOH, from about 8 to about
32 parts by weight of PP or PE, and from about 25 to about 35 parts by weight of
processing aids. The processing aids preferably comprise from about 3 to about 19 parts
by weight of water, from about 9 to about 19 parts by weight of glycerin or other suitable
plasticizer, from about 3 to about 6 parts by weight of a release agent and, optionally,
from about 3 to about 5 parts by weight of a debinding aid.
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Stainless Powder 91.16 Wt. %
Polyvinyl Alcohol 5.874
Glycerin 1.63
Water 0.41
INT-33PA Release 0.229
Polypropylene 0.687
Formula I
Stainiess Powder 91.622 Wt.%
Polyvinyl Alcohol 4.867
Glycerin 1.352
Water 0.3395
INT-33PA Release 0.1899
Polypropylene 1.31

Stearic Acid 0.32
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or ceramic powder and an amount of PP or PE sufficient to hold the preform together and
to permit handling and transport of the same to the sintering furnace or oven.

The sintering step of the process is carried out according to standards conventional
in the art, which usually involve a fairly complex profile of témperatures, pressures
and/or atmospheres. At the lower temperatures in the sintering cycle, the PP or PE in the
brown preform is vaporized harmlessly into an inert or hydrogen atmosphere within the
furnace, whereafter sintering and densification of the preform continues until the object is
fully densified and reduced to its final shape, size and dimensions.

The present invention therefore impacts only on the formulation of the binding
system and the debinding of the green preform or part. Compounding, pelletizing,
molding and sintering are carried out in essentially conventional manners. It is in the
debinding step that the invention exhibits its primary advantages and where the invention
improves dramatically on the prior art. In particular, debinding no longer requires time,
temperature and/or atmosphere sensitive procedures. The invention completely eliminates
the use of hazardous and environmentally harmful acids and like chemicals; it eliminates
the need for specially 'designed and constructed process vessels capable of withstanding
attack from gaseous acid-containing debinding agents; and jt significantly reduces the
expense and criticality of the debinding process. Instead, the present invention employs
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5 In an injection nolding conposition or feedstock fornulated in
accordance with the invention and conprising at |east about 70% by wei ght
of a netal or ceram c powder and 30% or |ess by weight of binder, the

bi nder constituents in the nol ding conposjtion conprise fromabout 2 to

about 25 %b ight _of PVYOH _ from about 0.25 to about 10 rcent by weight
of PP or PEO%PﬁEB‘?# BB D harmpigss, Bdingsogeny talh gt by éﬂgﬁnggfq 884 @roddenaas
gl ycerin, tesimimgoptocEsslttao iglsimple] Gibehyinsnpegie ahd wohBizardovemaabiotht Gyl t o
about 2% Db ' . rel e _agent, and optionally, fromabout 0.1 to
about 296b§ﬂ§g%ggﬁw§&m%mggﬁﬁﬁ%?ﬁb aid. In a nore preferred injection
nol di ng conposiliteopbjents fasd dadventagest hE thownkentéan havethesefore baen shewnpra des

80% or nor gyt2iAdd ;P 85 MedithY, 20M0italTBBLHAY alPhagid ndhndrh€ conposi tion, and
t he bi nder con%héiuents in the,conp%§|t|ongﬁreferably conprise from about 4

to about 6% by WRiISRTEGFedRRRPdimERI, o b, Inventipn: Jave (sER horgi flesseibght itgs tpp
0[) PE, SE/r gm: ab_pwﬁiaied; tha baridtiondp &mngzeé, gé%rrarngergémc end lir(;)odﬁﬂi@nibmmmtyb& ﬁxa_ti@h
about 0 wel ght I r om, about to _about O, rcent i ght
of a rel eatte aaRmdl AFhS e HRRTHE Bobs P sl BTN o asllE BT ks B
of a debi ndiaims.ai d. Mol di ng conpositions fornulated in accordance with
the foregoing have high nelt indices and therefore afford the advant age of
facilitating injection nolding of highly conplex and intricate articles of
manuf acture and end products. Because stainless steel is currently the

| eadi ng material being injection nolded, the follow ng are given as _
exanpl es of preferred formulati ons of stainless steel nolding conpositions:

Formul a | St ai nl ess Powder 91.16 W. %
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St ai nl ess Powder 91.622 W . % Pol yvi nyl
Al cohol 4. 867 d ycerin

1.352 Wat er 0. 3395
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Stearic Acid 0. 32
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St ai nl ess Payd8fcet Has Been Replaced 91.35 W. % Pol yvi nyl

Al cohol dycerin

e s

| NT- 33PA Rel e 0. 553(EL IMS THIS SHf-ﬁ§ﬁA§e%§Nty

Pol yet hyl ene 1.023 The cons ‘%uent s of [t he MAP4AREL co itions

or feedstocks described are preferably m xed and <,o ounded within and
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to hold the refo 0 and t ermt handling and transport

same to tH&d FW{‘@E‘P‘H %LP&)HHEQP&IS BQ(iEaEeagen The sintering step of the
process is car.i edt\ (btﬁdeafsys_lérdlasg;et forfit mndRimY whdreanthe amnature furthee iacludes
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and/ or at nospheres eratures in the sintering cycle, the
PP or PE in tle brzbmwgtremmcnpn snoldipp compebitiay ¢Aresing fromabant 7T4féerar mere

hydrogen ajympsphebe aWdwlehed BRtal or ceramic and from about 30% or less by weight of a
binder system, said binder system comprising polypropylene or polyethylene in an amount
sufficient to bind the powder together for sintering and partially hydrolyzed water soluble
polyvinyl alcohol in an amount sufficient to facilitate injection molding of the
composition.

7. A molding composition as set forth in Claim 6 comprising at least about 80%
by weight of a powdered metal or ceramic and no more than about 20% by weight of the
binder system. '

8. A molding composition as set forth in Claim 6 comprising at least about 70%
by weight of a powdered metal or ceramic, from about 2 to about 25% by weight of
polyvinyl alcohol, from about 0.25 to about 10% by weight of polypropylene or
polyethylene, from about 0.5 to about 5% by weight of plasticizer, from about 0.1 to
about 10% by weight of water, and from about 0.1 to about 2% by weight of a release
agent.

9. A molding composition as set forth in Claim 8 further comprising from about
0.1 to about 2% by weight of a debinding aid.

10. A molding composition as set forth in Claim 6 comprising at least about 80%
by weight of a powdered metal or ceramic, from about 4 to about 6% by weight of
polyvinyl alcohol, from about 0.5 to about 7% by weight of polypropylene or
polyethylene, from about 1 to about 2% by weight of plasticizer, from about 0.3 to about
5% by weight of water, and from about 0.2 to about 0.6% by weight of a release agent.
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appended cl ai ns. molding the feedstock into a green preform of the article,
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exposing the green preform to water to dissolve the polyvinyl alcohol and
transform the green preform into a brown preform comprised primarily of the metal or
ceramic powder and the polypropylene or polyethylene, and

sintering the brown preform to vaporize the polypropylene or polyethylene
and produce the article.

16. A process as set forth in Claim 15 wherein the feedstock is comprised of 80%
or more by weight of the powdered metal or ceramic, from about 4 to about 6% by
weight of partially hydrolyzed polyvinyl alcohol and from about 0.5 to about 7% by
weight of polypropylene or polyethylene.

17. A process as set forth in Claim 16 wherein the feedstock contains 90% or
more by weight of the powdered metal or ceramic. '

18. A process as set forth in Claim 16 wherein the feedstock contains one or more
processing aids selected from plasticizers, release agents and debinding agents.

19. A process as set forth in Claim 15 wherein the feedstock is prepared by
mixing the constituents together in a twin screw extruder operating at elevated
temperatures.

20. A process as set forth in Claim-15 wherein the feedstock has a melt index of
from about 2 to about 12.

21. A binder system for use in powder injection molding of metals or ceramics
comprising a mixture of from about 38 to about 67 parts by weight partially hydrolyzed,
cold water soluble polyvinyl alcohol from about 8 to 32 parts by weight polypropylene or
polyethylene, from about 3 to about 19 parts by weight water,-and from about 9 to 19
parts by weight plasticizer. )

22. A binder system as set forth in Claim 21 wherein the plasticizer comprises
glycerin. - '
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conposition a%ﬁ@f forth in al m'7 conprising at |east about 80% by wei ght
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0,
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by welght of a powdered metal or ceramic, from about 4 to about 6% by weight of

polyvinyl alcohol, from about 0.5 to about 7% by weight of polypropylene or
polyethylene, from about 1 to about 2% by weight of plasticizer, from about 0.3 to about

5% by weight of water, and from about 0.2 to about 0.6% by weight of a release agent.

30. A molding composition as set forth in Claim 29 further comprising from about
0.3 to about 0.5% by weight of a debinding aid.

31. A molding composition as set forth in Claim 29 comprising about 90% or
more by weight of a powdered metal or ceramic.

32. A molding composition as set forth in Claim 27 wherein the plasticizer is
glycerin.

33. A molding composition as set forth in Claim 27 having a melt index of from
about 2 to about 12.

34. A process of making powder injection molded articles comprising the steps of
preparing a feedstock by mixing together 70% or more by weight of a powdered metal or
ceramic and 30% or less by weight of a binder comprised of from about 8 to about 32 -
parts by weight polypropylene or polyethylene, from about 38 to about 67 parts by weight
partially hydrolyzed cold water soltible polyvinyl alcohol, from about 3 to about 19 parts
by weight water, and from about 9 to about 19 parts by weight plasticizer,
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9 10. A nol ding conposition as set forth in Claim9 further conprising
fromabout 0.3 to about 0.5% by wei ght of a debi ndi ng aid. 11. A
nol di ng conposition as set forth in Claim9 conprising about 90% or nore by
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