02 MAR 2005 1 NET SHAPED ARTI CLES HAVI NG COVPLEX | NTERNAL UNDERCUT FEATURES
FI ELD OF THE | NVENTI ON The invention relates to the general field of powder
‘injection nolding (PIM wth particular reference to ways td F?” 3mﬁyre
structures having conpl ex shapes. BACKGROUND OF THE | NVENTI ON

traditional nmethods of nolding parts,, for exanple plastic or conposite
parts, by vacuum nol di ng, sheet conpound nol di ng, reaction injection
nol di ng, injection nolding and/or rotational nolding require expensive,
conpl ex and specific tooling in order to form a particular nol ded part
shape. |f a designer chooses to include features such as wundercuts in the
nol ded part, expensive, conplicated collapsible tooling is required to

remove fle SHﬂPEfU ARTIOEE SHASN @ TOMPREXNR TEReAIL UNDERBUACFEATT LRSS h

expensive, conplicated tooling generally mnmust include a conplex system of
slides and ways to renove the tooling fromthe fornmed part. Even if the
undercut is permtted at nolding, the shape and conplexity are very much
limted. Sone undercpf glod fHeANPRNTIDRAt Ures can al so be nol ded by

i ntroducing gas under pressure, as in blowinjection nolding. Wile this
does not require conplex tooling, again 02 MAR 2005 2 the shape and
conplexity of undercut or internal feature is [imted to sinple geonetries

The The invention relates to the general field of powder injection moiding (PIM) with

particular reference to ways to manufacture structures having complex shapes.

BACKGROUND OF THE INVENTION

The traditional methods of molding parts, for example plastic or composite parts, by
vacuum molding, sheet compound molding, reaction injection moiding, injection molding
and/or rotational molding require éxpensive, complex and épeciﬁc tooiing in order to form
a particular molded part shape. If a designer chooses to include features such as
undercuts in the molded part, expensive, complicated collapsible tooling is required to
remove the tool from the molded part in the area of the undercui. Such expensive,
complicated tooling generally must include a complex system of slides and ways to remove
the tooling from the formed part. Even if the undercut is permitted at molding, the shape

and complexity are very much limited.

Some undercut or internal features can also be molded by introducing gas under

pressure, as in blow injection molding. While this does not require complex tooling, again



new t echnol ogy of powder injection nolding, can |ikew se require expensive
tooling, depending on the conplexity of the part and the nunber of
cavities. To include undercut features in the nolded part requires
conplicated tooling with slides and ways. Even if such net hdd2 MAR&Z{] be
enpl oyed, the conplexity of the undercut is very Ilimted. Mnufacturers
have to purchase or construct very céhplex tooling in order to form sinple
undercuts in their nolded parts. O herwi se they sinply have to forego such
undercuts and process the nolded parts into the sintered parts. This neans
t hat expensive secondary operations nust be added to the process to

I ntroduce the undercut features into the sintered parts. Again, there is a

limt f0cf, %%%rﬁ@%%& é%nﬁ?f%u%ﬂﬁ%ﬁr‘(ﬁl ?ea"i‘ur]%’i? %ﬁéd ﬁJ éri@]g)ﬁ gﬁd*ﬁ&ri@? eﬂ,g% i ons

are tinme-cons have "I'ow pro i on ou € search t he
prior art s perforned., The follow references of interest, re_found.
A1 alEW SERIEIOIRGY 6 PAWHER HUBRIo MANG.oF 21 KB YSeLERIF S RRNS] G0 1RSIBEK:

Zhang et al. US 5,332,543, "Method for produci n% articles fromparticul ate

mat er idependingi orgthe drinmplexitydefrthe eartfanshihermnunakes) df LauitieeAT ¢ inchede umthencgt et al .
US . 5,415,830, "Binder for producing articles fromparticulate materials";

Pei ri fedtlired] in thSnpld pad lequireks@emglicaedediiapivieh BRded afﬁ@@d?é.OCk and net hod
of form ng nmetal injection-nolded article"; and Zhang et al. US 5,401, 462 "

Renoval of binder for producing articles fromparticulate materials by use
of a specific TGA curve". 02 MAR 2005 3 SUMVARY OF THE | NVENTI ON

Even if such methods are to be employed, the complexity of the undercut is very
limited. Manufacturers have to purchase or construct very complex tooling in order to form
simple undercuts in their molded parts. Otherwise they simply have to forego such
undercuts and process the molded parts into the sintered parts. This means that expensive
secondary operations must be added to the process to introduce the undercut features into
the sintered parts. Again, there is a limit to the complexity of the undercuts and, most often,

such operations are time-consuming and have low production output.

A routine search of the prior art was performed. The following references of interest
were found. All are concerned with methods to form or remove binders and feedstock:

Zhang et al. US 5,332,543, "Method for producing articles from particulate materials
Qsing a binder derived from an idealized TGA curve”; Zhang et al. LjS . 5,415,830, "Binder
for producing articles from particulate' materials”; Peiris et al. US 5,397,531 "Injec-
tion-moldable metal feedstock and method of forming metal injection-moelded article”; and
Zhang et al. US 5,401,462 " Removal of binder for producing articles from particulate

materials by use of a specific TGA curve’.




It has been an object of the present invention to provide a process for
‘manufacturing a nmetal/ceramc article, including undercut or holl ow
features, which does not require the use of expensive and conplicated
tooling Another obj ect of the present invention has been t q) Prmy q@ﬂ?
process for manufacturing conplex igternal undercut features mnth t he
use of costly secondary operations on the sintered parts. A further object
has been that said process be well suited to mass production and be
econom cal to use. These objects have been achieved by the disclosure of a
process in which the shape of the undercutthollow feature is initially

nol ded using a di sposable material such as a degradable polyner. The PIM
feedstock is then nol ded pnMARY ©f PHEQNVENTBONQUI red shape geonetry, in
ef fect encapsulating the polyneric feature by the Pl M feedstock. The
resulting two-material part is then sent for processing which renoves the
pol ymer through solvent or thermal process. The binder inside the PIM
feedstock is then al so renoved through either solvent or thernmal processes:
After the Iboas/hesn am]ebfeﬁfeofﬁhe]a@senbwerﬁ@@ﬁo PR @ @roqess fgrananvieatwingpr i ses
a powder skeleton that contains the internal undercut feature within

i t seld mefditcaramiondrticienmctuding asdercui sr olioet ebtees awhich et neit tédgding tyenal
undercut 4 02 MAR 2005 feature. The technical advantage of the present

i nvemsleq-ﬁe@ehb,@b drtd G&@@lcﬁféd toelitg I e corrpl ex-toolings or costly secondary
operations while retaining the flexibility to design any

Another object of the present invention has been to provide a process for
manufacturing complex internal undercut features without the use of costly secondary

operations on the sinteredl parts.

A further object has been that said process be well suited o mass production and

be economical {o use.

These objects have been achieved by the disclosure of a process in which the shape
of the undercut/hollow feature is initially molded using a disposable material such as a
degradable polymer. The PIM feedstock is then molded ento this to form the required
sﬁape geometry, in effect encapsulating the polymeric feature by the PIM feedstock. The
resulting two-material part is then sent for brocessing which removes the polymer through
solvent or thermal process. The binder inside the PIM feedstock is then also removed
through either solvent or thermal processes. Affer the polymer and the binder have been
removed, the part now comprises a powder skeleton that contains the internal undercut

feature within itself. After sintering the result is a metal/ceramic part with internal undercut



i nternal undercut features of conplex geonetry. An additional enbodi ment of

the invention is also disclosed in which a solid structure is encapsul ated
‘inside a hollow shell said structure being free to nove around inside the
shell. 02 MAR 2005 5 BRI EF DESCRI PTI ON OF THE DRAW NGS FIG.dﬂ illustrates

how the shape of the undercut/hollow,feature is first ol ded dsMAB 2085

di sposabl e material such as a degrad%ble polymer. FIG 2 shows the nol ded

article of FIG | encapsulated within the feedstock. FIG 3 illustrates the
end product - a fully sintered cernet structure having an undercut/hol | ow
shape. FIGs. 4-6 illustrate-steps in the formation of a hollow cernet shell

within which lies a structure that is free to nove. FIG 7 shows a plan view

of a febreeé- | Tthe tethnicdl ladyamtdgdedf the peesent éienteblie thal i ides fiGeqlires a
cross-section' through one of the spokes of FIG 7. FIG 9 shows the result

of  Molehlex fRNingd of 13 i 18 Ir$P0si ng
of the Iﬂat ter .I [ % &%g§i g&?dg’}gggérgg%ﬁ ?)vﬁﬁ% ?ﬁ%‘&‘gﬁ t@rl??eé‘zb"?%g‘) gggggg‘in(synow
hol | Oxmetrﬁ’aq%%er%t #:ela%res7 of gon%plw Segr(r)ngry.GAn additional embodiment of the invention

is also disclosed in which a solid structure is encapsulated inside a hollow shell said

structure being free to move around inside the shell.




DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Al t hough the present invention is
of a general nature, being applicable to any noldable materials, we wll
describe it in terns of the material of primary interest which is a
metal | ceram ¢ powder m xed with a plasticizer (also known d&ZaMﬂRnHﬁ5) to
forma feedstock which can be injec%ion nol ded usi ng conventional 1 njection
nol di ng machi nes. Organic polyneric~binders are typically included in the
nol ded articles for the purpose of holding themtogether, being unbinded
prior to sintering. Essentially any organic material which will function as
a binder and which will deconpose under el evated tenperatures (w thout

| eaving an undesirable residue that will be detrinental to the properties of
the netal articl es) BREF DESCRPTION OF THERTRAWIRGEti on. Preferred
materials are various organic polyners such as stearic acids, mcropulvar
wax, paraffin wax and pol yethylene. To produce an internal undercut feature
in the finished articles, a disposable nmaterial, typically but not

necessarily, polymer such as pol yethyl ene, polystrylene and poal yproyl ene
i s inject e%'qg 'FWP/@FGEW"Y &tﬁﬁ%& of Wag ungergubiaslioyhfeatire iaifinetmacignd Using he

pol ynmeri c undercut shape are determ ned by the size of the tooling used,

whi cha idispogableirsatedal suohi ated degradaslegpetymer.ons of the desired fini shed
articles, taking into account the shrinkage of the articles during the
sintering process. This nolded polyner part is placed in the cavity of the
tooling that fornms the actual article. The PIMfeedstock is injection nolded

onto the dFiEgseHve tharrholtiBataris BEFidier eMesuiated Wil #0Redstock.

FIG. 3 illustrates the end product — a fully sintered cermet structure having an

undercut/hollow shape.

FIGs. 4-6 illustrate steps in the formation of a hollow cermet shell within which lies

a structure that is free to move.

FIG. 7 shows a plan view of a wheel-like structure molded using a degradable

polymer.

FIG. 8 is a cross-section through one of the spokes of FIG.-T.

FIG. 9 shows the result of molding cermet feedstock over the structure of FIG. 7 and

then disposing of the latter.

FIG. 10 is a cross-section through one of the spokes (now hollow tubes) of FIG. 7.




shape of the article. For exanple, the netal feedstock can be injection

nol ded using conventional single barrel injection nolding machines to form
green articles. It can also be injected. using a tvvo-barrqznéwgectlon

nol di ng machi ne where one barrel consists of PIM feedstoc 2005 while
anot her consi sts of polymer materi al Lﬁzo that the conplete green articles
with the polyneric internal feature n be nolded in a single two-barrel

i njection nachine to increase productivity. . The tooling for powder
injection nmolding is simlar to that of traditional plastic injection
plastic or polymer injection nolding. A major difference is that PIMtooling
Is designed to be oversized to allow for sintering shrinkage. The shape of

the internal undpESORIPTEONIGF AHE PREFERRED EMBOCAMENTEt abl e di sposabl e
material, typically a plastic/polyner, which may be either thernoplastic or
thernosetting. Preferred thernoplastic conpounds that nmay be wused for PIM
bi nders incl ude polyethylene polypropylene polystyrene etc. Even nore

preferably, ortion ar to be mxed with the
D st o TAURCUG B, Reeshst YRDLORL 5191 SEaEA AU iR APRUSats doi ar
suff|C|ent r|g|d|ty while still being easy to renove through solvent or
t her nilolgatie sxtenals, e wilodeasribertindeses pbthe magliptioBRiimayasieses vdtichimt s,
chosen as appropriate for the renoval of the selected disposable materi aI,
whi | eatinetdl@btamici pusvdestemireldt withy, 2 piasticizeat{alon, kreomah as ha firederc toriorst izon.
After the feedstock has been injection nolded into the desired shape, that
may hfeegistackowhiph @sn gronjeictiyn nidieedusidgrcoandntibrep ogedilon moldergmbchieesure are
renmoved by any one of a nunber of well known debinding techniques avail able
t 0 t h©r§avie PolyimbrRChih@ersHe HpleaIfindbed #he molded articles for the purpose of

holding them together, being unbinded prior to sintering. Essentially any organic material

which will function as a binder and which will decompose under elevated temperatures

(without leaving an undesirable residue that will be detrimental to the properties of the metal

articles) can be used in the present invention. Preferred materials are various organic

polymers such as stearic acids, micropulvar wax, paraffin wax and polyethylene.

- To produce an internal Lmdercut feaiure in the finished articles, a disposable
material, typically but ndt necessarily, a polymer such as polyethylene, polystrylene and
polyproylene is injected to form the required shape and design. The dimensions of the
pblymeric undercut shape are determined by the size of the toolirfg used, which in turn is
determined by the dimensions of the desired finished articles, taking into account the

shrinkage of the articles during the sintering process.

This molded polymer part is placed in the cavity of the tooling that forms the actual

article. The PIM feedstock is injection molded onto the disposable part that forms the overall




8 industry such as, but not limted to, solvent extraction, thermal,
catalytic or wicking. Then, the nolded or forned article fromwhich the
bi nder and the plastic have been renoved, is densified |nm;1zsrggﬁezﬂ!]§|g step

in any one of a nunber of furnace types such as, but not bat ch
vacuum continuous at nosphere or batgh atnosphere. Mst preferably, the
sintering process is carried out in batch vacuumfurnace as this is
efficient, flexible, and econom cal. The sel ection of supporting plates
used for sintering process is inportant. It is desirable that alum na or

ot her materials which do not deconpose or react under sintering conditions
be used as a supporting plate for the articles in the furnace. Contam nation

of  tditapd bf ‘?ﬂm@%d%@sleoﬁ@iﬁﬁbié' thes nmélaqieeaéﬂoeuscaﬁase C@EF‘Fod incidkd alirg Pl ates

are not used. For exanple, pure graphite Is not suit as It react’'s with

LF[LS@A’%@*@@A?@ cartrel e 6 e P g iies ot P B R RBRE: ons

%ﬁ%ﬂi within the same batch is mnimal. Closetolerances of

i menr@J SRR YPrDaES INRETRBIT RS AN DRI IEIGREBRTES! GRPSie &1 Pl
secondary machi ni ng processes which can-.be costly and difficult. After the
si nt depdgtoclmatesal wislef anvitsereehnsiats of pelymeawiaigrialtes thatithecedmplets greem made
possi bl e by the present invention nmay be renoved fromthe sintering furnace

and usrtidleaswits thefbolgmetit intetrial fédhene carape beolsedjres tsirdylé owalakrek impadtion
conventional secondary operations such as a glass beading process to clean

Lhe shatienedo Herésreepraddctivitybl | ng to snmooth of f sharp edges and renove
urrs.

. The tooling for powder injection molding is similar to that of traditional plastic injection
plastic or polymer injection molding. A major difference is that PIM tooling is designed to be
oversized to allow for sintering shrinkage. The shape of the internal undercut feature can
be molded from any suitable disposable material, typically a plastic/polymer, which may be
either thermoplastic or thermosetting. Preferred thermoplastic compounds that may be
used for PIM binders include polyethylene, polypropylene, polystyrene etc. Even more
preferably, some portion of wax, gel, agar, or glycol to be mixed with the plastic. The
compound for the internal undercut feature must provide sufficient rigidity while still being
easy to remove through solvent or thermal processes. The former includés both ligquid and
gaseous etchants, chosen as appropriate for.the removal of the selected disposable

material, while the latter include melting, vaporization, and ash-free combustion.

After the feedstock has been injection molded into the desired shape, that may have
a complex geometry, the binder and disposable internal feature are removed by any one

of a number of well known debinding techniques available to the powder injection molding



0 2 MAR 2005 9 First enbodi nent The process of the present invention begins
with the provision of a mxture of nmetal and ceram c pomders | ubri cants,

and binders, to forma feedstock. Referring nowto FIG pqéimﬁﬂ/there

in a schematic representation, nolded part 11 nade of a nate iB0h can
be readily disposed of at a later stgge, typically a polymer mxed w th wax,
gel, agar, or glycol, as discussed ove. Note that the shape of 11 is such
that it includes two concavities 12. Next, through powder injection nolding
of the feedstock, a second nolded part 21 is fornmed around 11 whose outer
surface it contacts. This is shown in FIG 2. Then, the first nolded part
11 is disposed of, using any of the several nethods discussed earlier. Note

t hat , in‘dms emt:rn 8¢, bltineMimneé fo, Wolleht Brastre thdraial aea&alwudoewrdkﬁge%‘éw ucture
such as Addi ng these is a matter of routine for those skilled in the

?Hriﬁéﬁéﬁ’e?%’%%%gﬁﬁ'@ R ﬂ“?ébéﬁ@%dctbﬁﬁo'gﬁ bt F%;f@ : Har
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make up the feedstock to fuse together through sinterin 02 MAR 2005 10
SecontP. @16l ¥asHEmM, continuous atmosphere or batch atmosphere. Most preferably, the

sintering process is carried out in batch vacuum furnace as this is efficient, flexible, and

economical.

The selection of supporting plates used for sintering process ts important. 1t is
desirable that alumina or other materials which do not decompose or react under sintering
conditions be used as a suppoﬂihg plate for the articles in the furnace. Contamination of
the articles whose material is metal alloys can occur if suitable plates are not used. For

example, pure graphite is not suitable as it reacts with ferrous material.

‘The physical dimensions and weight of sintered metal alloys are consistent from
batch to batch. The variability of dimensions and weights within the same batch is minimal.
Close tolerances of dimensions and weight can be achieved and thus eliminate the need
for secondary machining processes which can.be costly and difficult. After the sintering
process is finished, articles having the undercut features made possible by the present
invention may be removed from the sintering furnace and used as is. Alternatively, they
may be subjected to well-known conventional secondary operations such as a glass
beading process to clean the sintered surface and tumbling to smooth off sharp edges and

remove burrs.




As in the first enbodinent, the process of the second enbodi nent begins with
the provision of a mxture of netal and ceram c powders, |ubricants, and

bi nders, to forma feedstock. Additionally, a solid struct re such as
piston 41, as illustrated in FIG 4, is provided. W use t tﬂmﬁshape
only as an exanple, the structure's ghape, per se, having no bearing on the
i nvention. Then, using a disposable terial of the type discussed earlier,
first nolded part 51 is forned. It contacts and fully-surrounds structure
41 as seen in FIG 5. This is followed by the formation of second nol ded
part 61, through powder injection nolding of the feedstock, part 61 being
in contact with first nolded part 51 which is then disposed of using any of
t he met hods di scussed abdirst embedimentg in the structure illustrated in FIG
6. As with the first enbodi nent, the process concludes with a suitable heat
treatment to enable the particles that nmake up the feedstock to fuse
together through sintering. In this way hollow casing 61 is forned, |eaving

could Eéiﬁi%é@%%ﬁﬁtﬁ%ﬁ%ﬁﬁ@ﬂﬂ?%%&% PR oy Qgh@véﬁ@ﬁtﬁésltﬁ&%e 41
005 11 A

fg?;?ﬂﬁj c St 9’% PU?‘%Z‘?%@M&WQ@ ﬁotfﬂﬁﬂﬁrﬁggﬁpc ny eriagrr{p:%ﬁtoolg sed in

a variety of different industrial applications, especially parts with

i nt erhave shew there,dne ssheratie serreseniainn, mplded pae 1damadewey adeateral whichr art .

Such articles are readily produced
can be readily disposed of at a later stage, typically a polymer mixed with wax, gel, agar,

or glycol, as discussed above. Note that the shape of 11 is such that it includes two

concavities 12.

Next, through powder injecticn molding of the feedstock, a second molded part 21
is formed around 11 whose outer surface it contacts. This is shown in FIG. 2. Then, the
first molded part 11 is dispdsed of, using any of the several methods discussed earlier.
Note that, in practice, blow holes would be needed for a fully enclosed structure such as
this. Adding these is a matter of routine for those skilled in the art so they have not been
explicitly shown. The net result is the structure illustrated in FIG. 3 which can be seen to

consist of an outer shell 21 enclosing a hollow area 30.

The process concludes with a suitable heat treatment (details of which are given

below) to enable the particles that make up the feedstock to fuse together through sintering.




in quantity, economcally and with short turnover time. They do not require
costly post secondary operations to produce the internal undercut features.
The sintered netal and cermet parts featured in the present invention are
of high density and can be easily and rapidly produced in large quantities
as articles of intricate shape and profile. Variability i I and
physi cal di mensi on between successfullparts is very snalln]%ﬁ@Aﬁgﬁmﬁance of

t he undercut dinmensions can achieve 0.5% of the linear dinension which
means that post sintering machining and ot her nmechani cal working can be
totally elimnated. Examlines A 20kg batch of feedstock was prepared. It
cont ai ned 58% by volune of 17-4PH stainless steel powder (of average
particle size 10 - 15 nicror83coadenididender. The latter was (by weight)
5% stearic acid, 25% m cropulvar wax, 20% semni -refined paraffin wax, and

50% pol yet hyl ene al athon. Referring, nowto FIG 7, an injection-nolding
machine was fitted wwth a nold for an internal undercut feature. This was a

round feat i ee cdneluding,. sppkes 72.. 1t was
i ect ca ) A B fhbab M breRBRR 81 it P bh R RR Heind ke
section 8-8 of 71 is shown inJZIG 8. The Ipol yet hyl ene feature 71 was then
t r andiBYFIOR ¢ OPANIGRODBGER! BNCRIBANS PRYPEM S EaNHe and. tipfemset&rstR was
injected onto the polyneric feature to form round disc 99 as shown in FIG
9. THeedstaekrAdditiorallyhadsalic: ghrugturg sweh ep Ristondt 10 amillastdated iheflght4,7is5 mm
Based on the expected |inear sintering shrinkage of 13% the nold was
provided. We use the piston shape only as an example, the structure’s shape, per se,

having no bearing on the invention.

Then, using a disposable material of the type discussed earlier, first molded part 51
is formed. It contacts and fuily-sufrounds structure 41 as séen in FIG. 5. This is followed
by the formation of second molded part 61, through powder injection molding of the
feedstock, part 61 being in contact witﬁ first molded paft 51 which is then disposed of using

any of the methods discussed above, resulting in the structure illustrated in FIG. 8.

As with the first embodiment, the process concludes with a suitable heat treatment
to enable the particles that make up the feedstock to fuse together through sintering. In this
wéy hollow casing 61 is formed, leaving structure 41 free to move inside it. We also note
here that structure 41 could be forrﬁed from a magnetic material so that its movement couid

be controlled by external means.




13% | arger than the disc in all dinensions, so the polyneric feature was
also 13% larger. The injection-nolding conposition was nelted at a
conposition tenperature of 190 DC and injected into the nol mhlch was at
100 C. After a cooling tinme of about 20 seconds, the green tMA&HM&Staken
fromthe nold. The green parts contajping the netal powder were freed of al
organi c binder by heating in the c roll ed furnace over a period of 25
hours at 600 Cin a nitrogen atnosphere. This heat treatnent al so served to
remove polynmeric disc 71 fromthe green part, |eaving behind a cart whee
shaped hol |l ow feature inside the green part. The green round disc
containing the binder-free netal powder was then laid on an al um na oxi de
suppdigplinatignsat e and was heated to 1,350 C attained at a rate of 350 C hr
under a vacuum of less than 0.01 torr in a high tenperature sintering

furnace. TAWicRIsNRH 'irﬂgrrﬁa'! ORJ&YRSt @%tur@b'ﬁr‘% e?ﬂtlnltrégb(?&erﬁ% LR eh the

sintering furnace was allowed to cool IS resu round disc with

i monEEiLe el e Wﬁ#&ffﬁé‘f&?gﬁv' “gmiaa B ETS Fitreow -

whi ch is cIoPe to the retical densi |l e the invention has been
par t iFAFF29PS 'Y KORANS USRS WaY anit ﬁ pt”@f @Fteﬁh‘@" egiclascargrrepeily pepdbepddi ment s
thereof, it will be understood by those skilled in the art that various 0 2

MAR moguqr’gltbmng@smcaﬂyf Fthwith sheat wmayerdiynes el hegddo not resutiredegslyt posg fr om
the spirit and scope of the invention.
secondary operations to produce the internal undercut features. The sintered metal and

cermet parts featured in the present invention are of high density and can be easily and
rapidly produced in large quantities as articles of intricate shépe and profile. Variability in
weight and physical dimension between successful parts is very small. The tolerance of the
undercut dimensions can achieve 0.5% of the linear dimension which means that post

sintering machining and other mechanical working can be totally eliminated.

Examples

A 20kg batch of feedstock was prepared. It contained 58% by volume of 17-4PH
stainless steel powder (of average particle size 10 - 15 microns) and 42% binder. The latter
was (by weight) 5% stearic acid, 25% micropulvar wax, 20% semi-refined paraffin wax, and

50% polyethylene alathon.

Referring, now to FIG. 7, an injection-molding machine was fitted with 2 mold for an
internal undercut feature. This was a round feature having a cart wheel shape 71, including
spokes 72. 1t was injected molded with polyethylene containing 20% paraffin wax. Cross-

section 8-8 of 71 is shown in FIG. 8. The polyethylene feature 71 was then transferred to




0 2 MAR 2005 14 What is clainmed is: 1. A process for formng a holl ow
article, conprising; providing a m xture of netal and ceram c powders,

| ubricants, and binders, that forma feedstock; formng a first nolded part
t hat has an outer surface; through powder injection noldind] QfMﬁReZﬂﬁﬁj
feedstock, form ng a second nol ded art that is in contact wt rd outer
surface; disposing of the first nol part through ash-free conbustion; and
heati ng the second nol ded part whereby sintering occurs and said hol |l ow
article is fornmed. 2. The process of claim1l wherein said disposable
material is selected from the group consisting of thernoplastic polyners,

t hernosetting polyners, thernoplastic polyners mxed wth wax,

t her rargthér moid peeyertest 7 R degdstdekwies injésedopicaiiel golyrpetiy fetgreMofeemwi t h
gel, thernosetting polyners mxed with gel, thernoplastic polyners m xed

i xR A SR MRS S e P ol g1 o Py BRGYC™"
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13% larger than the disc in all dimensions, so the polymeric feature was also 13% larger.
The injection-molding composition'was melted at a composition temperature of 190 °C and
injected into the mold which was at 100 °C. After a cooling time of about 20 seconds, the

green paris were taken from the mold.

The green parts containing the metal powder were freed of all organic binder by
heating in the controlled furnace over a period of 25 hours at 600 °C in a nitrogen
atmosphere. This heat treatment also served to remove polymeric disc 71 from the green
part, leaving behind a cart wheel shaped hollow feature inside the green part. The green
round disc containing the binder-free metal powder was then laid on an alumina oxide
supporting plate and was heated to 1,350 °C attainéd at a rate of 350 °C/hr under a vacuum
of less than 0.01 torr in a high temperature sintering furnace. The sintering time was 60
minutes at 1,350°C, following which the sintering furnace was allowed to cool. This resulted

ih a round disc with an internal hollow cart wheel feature, havihg exactly the correct

dimensions. The density of the sintered part was measured at 7.62g/cm®which is ciose to

theoretical density.

While the invention has been particularly shown and described with reference to the

preferred embodiments thereof, it will be understood by those skilled in the art that various




4. The process of claim1l wherein said disposable material is disposed of

t hrough attack by a non-aqueous solvent. 5. The process of claim1l wherein
the step of sintering is performed in a vacuumfurnace or in an atnospheric
furnace. 6. A process for formng a hollow article, conpri BWGMARPQHM ding a
m xture of netal and ceram c powders, _lubricants, and binders, that  forma
f eedst ock; providing tooling that islébl e toinjection nold froma first
barrel into a first nold and froma second barrel into a second nold; using
a material injected fromthe first barrel into the first nold, formng a
first 0 2 MAR 2005 15 nol ded part that has an outer surface; through powder
injection nolding of the feedstock fromthe second barrel into the second
ol d, changeshig famseeadulaiirhde e paade withatt departing homabe spirit dnd stsbedut Bie
surface; disposing of the first nolded part through ash-free conbustion; and
heat i pgehfien. second nol ded part whereby sintering occurs and said hol |l ow
article 1s fornmed. 7. The process of claim6 wherein said di sposable
material is selected from the group consisting of thernoplastic polyners,

t hernosetting polynmers, thernoplastic




gol yrers mi xed with wax, thernosetting polymers mxed with wax,

t hernopl astic polynmers mxed with gel, thernosetting polynmers mxed with
gel, thernoplastic polynmers mxed with agar, thernosetting polynmers m xed
with agar, thernoplastic polymers nmixed with glycol, and {eMiRs23{§i ng
polyners mxed with glycol. 8. The progess of claim 6 wherein said

di sposable material is disposed of through vaporization or ash-free
conmbustion. 9. The process of claim®6 wherein said disposable material is

di sposed of through attack by a non-aqueous solvent. 10. The process of
claim6 wherein the step of sintering is perforned in a vacuum furnace or in
an at nospRedtes élgwieads. 11. A process for formng a hollow article,
conprising; providing a mxture of nmetal and ceram c powders, |ubricants,
and binders, that forma feedstock; providing first and second tooling, one
bei ng abl e to inj ecty Qﬂcé@fdrfohﬂﬁb’ch fdlloGiartidd dotrprisingo a first nmold and one
being able to injection nold froma second barrel into.a

the first tool PRYIdING Msresfipetaband.ceramicnonders, jub 5'9%’3%?’1% %S'FIF

barrel ingm & kddbiockt mold, formng a first nolded part that has an- out er

surface; transferring the first nolded part to the second tooling; 0 2 MAR
2005 16 forming a first molded part that has an outer surface;

through powder injection molding of the feedstock, forming a second molded
part that is in contact with said outer surface,
disposing of the first molded part through ash-free combustion; and

. heating the second molded part whereby sintering occurs and said hollow article
is formed. '
2. The process of claim 1 wherein said disposable material is selected from

the group consisting of thermoplastic polymers, thermosetting polymers, thermoplastic
polymers mixed with wax, thermosetting polymers mixed with wax, thermoplastic
polymers mixed with gel, thermosetting polymers mixed with gel, thermoplastic
polymers mixed with agar, tharmosetting polymers mixed with agar, thermoplastic
polymers mixed with glycol, and thermosetting polymers mixed with glycol.

3. The process of claim 1 wherein said disposable material is disposed of
through vaporization or ash-free combustion.

4, The process of claim 1 wherein said disposable material is disposed of
through attack by a non-aqueous solvent.

5. The process of claim 1 wherein the step of sintering is performed in a
vacuum furnace or in an atmospheric furnace.

6. A process for forming a hollow article, comprising;

providing a mixture of metal and ceramic powders, lubricants, and binders, that
form a feedstock;

providing tooling that is able to injection mold from a first barrel into a first mold
and from a second barrel into a second mold;

using a material injected from the first barrel into the first mold, forming a first




I‘'n the second tooling, through powder injection nolding of the feedstock
fromthe second barrel into the second nold, formng a second nol ded part
that is in contact with said outer surface; disposing of the first nol ded
part through ash-free conbustion; and heating the second fpPddARpAi§ wher eby
sintering occurs and said hollow artiglze is forned. 12. The process of
claim 1l wherein said disposable material is selected fromthe group

consi sting of thernoplastic polyners, thernosetting polyners, thernoplastic
polymers m xed with wax, thernosetting polynmers mxed with wax,

t hernopl astic polynmers mxed with gel, thernosetting polynmers mxed with

gel, thep{oRRldgsE tﬁamgsygfp@gemgpg@ew th agar, thernosetting polynmers m xed
Wit h agar, thernoplastic yners m xed Wlth%qqc col, and th setting

pol ymers ni xedthK)P*t!GH1 P@W@RE(‘J’FJEC“PB motéing of hedeed rom FH%?%%E’@V%‘ i g
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conbusti on. . The process of claim 11l wherein said disposable material is
di sposed Qﬂffaqehrough attack by a non- aqueous solvent. 15. The process of

claimll wher elioblfy amaméltéﬁaugé@?mmwhfﬁmbu@uﬁ% \giguum f ur nace or

in an atnospheri nace ocess formn 'l ow casing with an
i nt ernal novi nhegting the seconst meidag part whereby sintering occurs and said hollow article

is formed.
7. The process of claim 6 wherein said disposable material is selected from
. the group consisting of thermoplastic polymers, thermosetting polymers, thermoplastic

polymers mixed with wax, thermosetting polymers mixed with wax, thermoplastic
polymers mixed with gel, thermosetting polymers mixed with gel, thermoplastic
polymers mixed with agar, thermosetting polymers mixed with agar, thermoplastic
polymers mixed with glyco!, and thermosetting polymers mixed with glycol.

8. The process of claim 6 wherein said disposable material is disposed of
through vaporization or ash-free combustion.

9. The process of claim 6 wherein said disposable material is disposed of
through attack by a non-aqueous solvent.

. 10.  The process of claim 6 wherein the step of sintering is performed in a
vacuum furnace or in an atmospheric furnace.

11. A process for forming a hollow article, comprising;

providing a mixture of metal and ceramic powders, lubricants, and binders, that
form a feedstock;

providing first and second tooling, one being able to injection mold from a first
barrel into a first mold and one being able to injection mold from a second barrel into a
second mold;

in the first tooling, using a disposable material injected from the first barrel into
the first mold, forming a first molded part that has an-outer surface,

transferring the first molded part to the second tooling;




Providing a structure, said structure having a first outer surface;
providing a m xture of netal and ceram c powders, Iubricanﬂ gﬂ&? @Fnders,
that forma feedstock; using a disposable nmaterial, form 3, 2 nol ded
part that contacts, and fully surrounds, said first outer surface, said
first nolded part having a second outgg surface; through powder injection
nol ding of the feedstock, form ng a second nol ded part that contacts said
second outer surface; 0 2 MAR 2005 17 disposing of the first nolded part;
and heating the second nol ded part whereby cernet formation'through
sintering occurs, said hollow casing is forned, and the structure is free
to nove insi deirsthe@eceribtodkng, Wougﬁ”mwuemmnonﬁmhdhag of thé fetdstcm‘krirmtm

di sposabl e nat s sel ect om t he t I ast iC
Pl yrror s, SEORENRACRL Do SEPYREIEI, Feia prtedd Mol DAt et i oA P
thFrrmrs]et gg.ag,umlsumé m xed with wax, thernoplastic poI yrrers m xed w t h
gel, thernosetting p ners mxed with er nopl ast ol ynmers m xed
with agar, t heF"ﬁBQ@FQ P @eﬁﬁtM?%d H?”(@Eg%htq?ha{h "Ptf‘ﬁg as%/i c polyners
m xed with glygghtin g’:tﬂé sbEsHd Aok bad wmkeu‘yr%rrﬂermgmum dritl said ielRw arfifle The

process of claim 16 wherein said disposable material is disposed of
is formed.

12.  The process of claim 11 wherein said disposable material is selected
from the group consisting of thermoplastic polymers, thermosetting polymers,

. thermoplastic polymers mixed with wax, thermosetting polymers mixed with wax,
thermoplastic polymers mixed with gel, thermosetting polymers mixed with gel,
thermoplastic polymers mixed with agar, thermosetting polymers mixed with agar,
thermoplastic polymers mixed with glycol, and thermosetting polymers mixed with

glycol.

13. The process of claim 11 wherein said disposable material is disposed of

through vaporization or ash-free combustion.

14, The process of claim 11 wherein said disposable material is disposed of

through attack by a non-aqueous solvent.

. 15. The process of claim 11 wherein the step of sintering is performed in a
vacuum furnace or in an atmospheric furnace.

16. A process for forming a hollow casing with an internal moving part,

comprising;

providing a structure, said structure having a first outer surface;

providing a mixture of metal and ceramic powders, lubricants, and binders, that
form a feedstock;

using a disposable material, forming a first molded part that contacts, and fully
surrounds, said first outer surface, said first molded part having a second outer surface;

through powder injection molding of the feedstock, forming a second molded

part that contacts said second outer surface;




t‘hr_c')u“gh mel ting or vaporization or ash-free conbustion.
claim 16 wherein said disposable material is disposed of through attack by
a solvent; 20. The process of claim 16 wherein the step of cernet fornation

t hr ough

sintering is performed in a vacuum furnace or in a® AtMARD065i c
furnace. 4D 21. The process of claim 1§ wherein the structure is magnetic.

disposing of the first molded part; and

heating the second molded part whereby cermet formation through sintering
occurs, said hollow casing is formed, and the structure is free to move inside said
casing.

17.  The process of claim 16 wherein said disposable material is selected
from the group consisting of thermoplastic polymers, thermosetting polymers,
thermoplastic polymers mixed with wax, thermosetting polymers mixed with wax,
thermoplastic polymers mixed with gel, thermosetting polymers mixed with gel,
thermoplastic polymers mixed with agar, thermosetting polymers mixed with agar,
thermoplastic polymers mixed with glycol, and thermosetting polymers mixed with
glycol.

18. The process of claim 16 wherein said disposable material is disposed of
through melting or vaporization or ash-free combustion.

19.  The process of claim 16 wherein said disposable material is disposed of
through attack by a solvent,

20.  The process of claim 16 wherein the step of cermet formation through
sintering is performed in a vacuum furnace or in an atmospheric furnace.

21. The process of claim 16 wherein the structure is magnetic.

19. The process of




