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'n the BACKGROUND OF THE INVENTION

Machinery parts and mechanical component parts such as seﬁl and piston

rings can be made using powder molding techniques such as compression
molding. Moldable powders can be prepared from materials such as metals,
ceramics, or polymers.

Polymers with very high mélting or softening points do not flow readily,
and therefore are not generally considered to be injection moldable. Often,
powder molding techniques are the preferable method of manufacturing shaped
parts from such polymers. However, because a non-melting powder typically
does not flow and distribute itself in the mold as readily as a meltable, or
thermoplastic polymer, features such as fine separations or wider gaps can be
difficult to mold into the part. An example of a part requiring a separation would
be a seal ring, where the separation allows the ring to be opened and placed on a
shaft, or to allow for thermal expansion. Hereinafter, the terms “separation”,
“gap”, and “joint” may be used interchangeably.

High temperature resins are increasingly replacing metals in the
fabrication of machinery parts and mechanical components. As a result,

significant reductions in production and replacement costs for the machinery parts
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t echni ques have been used to process such intractable_. .
many cases. For example, nylons of hexamethylene diamine and terephthalic acid
exhibit excellent temperature resistance but cannot be melt-spun or molded
because they decompose before their crystalline melting temperatures are reached.
‘Similarly, many other substantially aromatic polymers such as polyimides of
pyromellitic anhydride and aromatic diamines cannot be melt processed. Powder
processing and sintering techniques have been used to process such intractable
polymers into useable articles. Thus, in the context of the present application,
“non-melt processible” refers to resin particulates that either have a melting
transition temperature (“Tm”) of at least 260°C, in the case of resin particulates
that have a discernable melting point, or have no discernable melting point but are

stable in temperatures up to at least 260°C.
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include butt joints, scarf joints, and step joints. Some applications for these

sealing rings are compressors, pumps, automatic transmissions, and power
steering devices. The known methods for preparing separations in these rings are
direct forming, machining or fracturing. Machining of such rings has been both
tedious and labor intensive, resulting in higher part manufacturing costs.
Furthermore, when a ring has been machined, material is actually removed from
the ring such that when the machined edges are brought back into contact with
each other, the ring is‘then "out of round" that is, no longer circular.

A semi-rigid ring, such as a Vespel® ring cannot be stretched over a shaft

so as to be placed in a ring groove on said shaft. The ring, having the purpose of
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produced by machining which again is tedious and labor intensive and results in

higher part manufacturing costs.
It can be desirable to have a method for forming separations and voids in
powder molded parts during a molding process. It can further be desirable to have

an efficient method for forming separations in powder molded seal rings.

SUMMARY OF THE INVENTION
The present invention provides a process for compression molding a
powdered metal or powdered resin to produce a metal or non-metal pressed part
with a partial or complete separation partition or a void, pre-determined in the
compaction process as the part is formed. This is accomplished by inserting a

separator or void-forming material into a die cavity before, during, or after filling
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Parts with voids such as cavities, channels, chanbers,
etc. are typically produced by nmachini ng which again
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one or more places at a location of a desired void in the pressed part; (c)
compressing the powdered molding material in a mold to form the pressed part;
(d) removing the pressed part from the mold; and (e) removing the void-forming

material from the pressed part.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the following detailed

description, taken in connection with the accompanying drawings, in which:
Figure 1 shows a pressed ring prior to sintering with the edges of an
angled separator material exposed.
Figure 2 shows the ring of Figure lafter sintering with the separator

material removed and the ring slightly opened to more clearly show the separation
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In anot her aspect, the present invention provides a
process for producing a pressed part with one or nore
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(¢) “sintering” shall mean a process by which discrete particles are heated to form
_ a coherent mass without melting;

(d) “carbonization” shall mean decomi)osition by heat of a material to ash;

(e) “end gap” shall mean a spatial separation between two opposing ends of a part;

() “joint” shall mean an area where parts of one or more articles are joined;

(g) “butt joint” shall mean a joint of two ends with no overlap of the ends;

(g) “step joint” shall mean an overlapping joint with a step geometry;

(h) “scarf joint” shall mean an in-line joint in the part comprising lapped ends

having complementary engaging portions formed by angling, beveling, halving, or

notching; ' |

(i) “separator’” shall mean a partition introduced to a powdered molding material

in a mold;
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| $alidsBéfoOthe HlBng ReottiRetedV iRayper or similar materials provide the
additional advantage of being reduce to carbon at the elevated sintering
temperatures leaving a separation area of easily removed ash. Other separator
materials such as n;etal can be removed after compression. The separator material
may or may not be positioned so as to expose an upper and lower end of the
separator material.

The powdered molding material is then compressed in a mold to form a
pressed part using conventional compression molding techniques, and then -
removed from the mold. Sintering can be used to remove the separator material.

When not positioned to expose both the upper and lower end of the
separator material, a pressed and sintered part must be processed through a final
step, e.g., machining or fracturing, to complete the separation. Following the
sintering process, the separation is exposed by simply applying enough force to

displace one part of the pressed part, or in the case of a ring, the ring end from the
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rm din ‘P Schn gues %cg\nd t hen renmoved framth lcr{DI d. al i
T Yjd d Reif Pressedipars GPDMRIGS e fhe papar i gpolding material in a

rraﬁaalta fornYa phdked@at; tremaeﬂgtsaxdq*e@a@ phtfort Bfld wRiey and

and | ower end of_ the sepg%étor naterl al, a pressed and

s iTRIEYEg spish Yoirhferming material Jearm suidmaRrserd B nal st ep,

e. 9., NPkdWdiiRen 8k fcﬁrfrfh‘éltdv'ﬁh 08id-foPmEfRRARES], kﬁ@ls not limited to
separ ation. Follow ng the sintering process,

sapinedilnpar sheebsaparier Iaytegalﬁﬁr yoi Iragméwéla h Ftoes p¥ample,
L Quel ¢ ? lﬁlﬁ?op@lﬁepﬂ%be@%eérﬁ %‘3 IB@&L 1n%d1'1& Bd1&s, ie.,

case o theot at the
s efoéddsain the pool \mthouTiﬂann@dépr @ 908Im¢nhm;n@ dtem/n dhetvhisls can be in

o ﬁé‘i‘o% bt & R an%eﬁo&{%ﬁneo efs ére&ﬁﬁr%hﬁg“ﬁ&r QI a?f 5‘§shapes,

rre"cross-settion of he T Aventi on
pr@iwindels can pe m:seﬂsﬁ)rfeaamprectd lmahsig caolimgefsidd t(phﬂf pasged through

N T MU
prfonaske Wioﬁs NThe fzoildl-ﬂ‘oﬂgmg ifiheriabig ipkgfetablyosedecded from those
ORE RTINS ki e TR
f ideldctign aftha:l m&mmlﬁg iRl it dpeizeorOthe Blé@AnpsafigtScan be
atpe%nllt(t)e%aitnltﬁg V(?lfd dimensions. The stricter the tolerances, the greater the need
for a void-forming material that is highly compressed and not distorted by the
pressure of the molding. Compressed paper or rigid cardboard are two candidate
void-forfning material for such applications.
Also, the present invention provides for a process for producing a pressed
part with at least one separation and at least one void.
The processes of the present invention will allow some parts to be direct
, formed by pressing and eliminates density gradients in the part and the need for
secondary machining.
In one embodiment for forming a separation, a film material is

strategically introduced into a resin powder of a filled, or partially ﬂﬂed, cavity

prior'to pressing the part. This is important since all voids can be easily and
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desired void in said pressed part; conpressing the

powdered nolding material in a nold to formsaid
wee@3dedspart; renoving said pressed part fronPGHUS2007/013964

nol d; and renoving said void-formng material from

said pressed part. The void can be fornmed with

void-formng material, and is not limted to using

filmor sheet separator materials or void-form ng

materi als. For exanple, tube, colum or other shaped

geonetries may be used to introduce holes, i.e., voids

in the part W t hout _the need f a_post_ nachlm

s ugiformpydilled; ard thefilgenged nop ke Verryrﬁt'éf toc gyt tqhg);lgh e resin to
C B@ SRSt SicalE) 915*8@& i @k (EEIP&I lof:éﬁdﬁsariﬁ ﬁcﬁltﬁ)nv Wlhe%tﬂﬁe Qésm is

shapes. Channe can be used for exanple to enab
C somprﬂgscfd Qi de’Httbe past fedtlan“ flawsuyith thearepiay @llowms very

t h 0se Us e%ﬁﬁ%d‘f'%?% tf’% éﬁ?t g%%?‘gt? 10 %1915%%88 %H§1°?g"?§ﬁ W the film
rmhcmld atlhrs tp tle:’rresiabth; fdel will la35‘3|ff=ﬁ“03'ﬁ’dlblsfabeorlrlmb:Eltm)xainsthe:

b
AP upre: ThreTes: BeciR SRaRAbygion fy the resin
n@b&'ﬂbﬂbucm as@lodep) eeutivonwT théidie tod Ipaneinsse dut Balexilda abd will

permtted, t he vaqi d di nensi The str.i t he
P Shilosnouch herbSig i sOmRBNo P ForaoNsGh fher it ienes a very
Mahaani gilp sEﬁﬂrhtléeréthh Ye T 65Hhe art Witht el 19de@for18fachining
by the pressure of the nolding. Conpressed paper or
r i f@ctEingh de Feparator Mt diayAOBRFE dogtals Relyger, paper,
MRLRIbo@td, g RHE Br 8RR C Al RO Sase I Fm hARrRESARER undergo
i nventi on provides for a process for producing a

prieermad decampagition, the filanwouldmot de psraaneyh andds aasily sggpved
0 [ t e I

Qﬁ%“mﬁé%n%@%ﬂé&?ﬁﬁi SP{PinggpGoRy TR Hip I Botid ntp the
e |ﬂ11edmt~'é$ eulearsmmylagvam by mo@twrassiaéfrpmrthe amn topeofaeanlity or

I

a S g p %p? 4 atd ncﬁ? I?* rlhétqura lélrtlﬂg ?ﬂ%ﬁg??%{féﬁﬁ&a% ?lrlt 1fs ?(IC@(CGQI‘I the
i reixteoibu deajcavuyovaﬂl thesugh welvieh ére Hfm & fed Ileltemlly umto the filled

artJaI filled, cavit ressi ng the
s sems pfenods Handh e AGfnlgeRir Bia L Ry material a
aruhe or nr8iplacks bl €catiditlof didesired m:lme@bm OWhbe theedeparator

stiff .tq "c thr h.the resin to strat eqgjcal |
oIE A e breiedi P oY BoRElb e R S0 10 By PTGy Arp oged as
I @hbAHAS ISR 6 5B Hdmf BialcbatiRgdds fe&Pin préparafidrORe the next

with the resin, allow ng very
cycle.

In the present invention, the separator material is not anchored to the mold.
The nature of a non-anchored, thin-film separator material is such that the film
can yield and move with the resin powder during compression, allowing
powdered resin to flow and tightly pack around the separator material. Asa
result, finer separations of better quality may be achieved than with an anchored
separator. An anchored separator is one which is an integral part of the mold, for
example a metal tab built into the mold. A disadvantage of an anchored separator
_is the difficulty achieving tight packing up to the separator surfaces. Poor quality
separations can result. During the molding process, the separator material used for
the r present invention is subjected to stresses from contact with the flowing and

compressing resin. Depending on the type of separator material, these stresses

9



uniformdensities within the part and in particular in
the partition area. If the filmshould adhere to the

wo e®inge3she filmw Il be renoved by deconposi t PONUBI907/013964
the sintering process. Therefore, the filmacts as a
physical partition in the resin powder such as does a
section of the die or punch set but is flexible and
will conformwi th the resin when conpressed. Wen
renmoved, the filmleaves a very snmall gap separation
bet ween segnents of the part w thout the need for
machi ning or fracturing. The separator material ma
c sapresylt ingshight iskling er irpreylar wavymgieudy that is sbeya ﬁl\/oeg the
or, : :
(s EE SEMeiepdiok IPTEASEL Bl MOVRRPEIEL o P Sfiretop material
pén tiengreen” part beforasinteying s/ ieregularitiag)in the sppaghtor material

te tur [ nt.eri C . j o :

| AERFRY el il B BEEE Bipldf oplrioRoRY eBfh o5 shopin

r Gigire Q. ahe twod ehdoof thh @anhane faeng) tomplimentayy patterns that
strategi callly | ocajed perforati Ip the die wall.

P Bl SBPgisely WPty endArS PR et er | or di e

_ca;/i t %/hl\ﬁ&?é Talwé_fcﬂ' WGBaliv [ﬂhé figgléd haing siirésbelradudtsah lag:ircuitous
intqQ e filled cavity. |n _sone instances,, it e
adiiihiesigting the fgowﬁer ,smﬁw orgseridedysing ekgge. A
N1 FERS isHchieve@ Gatt DO-sBhped, Stof bh@ Bttee Peapdtiods. It is
When the separator, material s fed through, the cavit

waossiblere forp ap angled o6 Xeshapyhiaparatiap £y Jadiniae.JH 4 sglaces
de¥inA8 Delsthobt. WHE sfibétiBd 61O PrpRPEMAHE YschhRRR & fBughened

preparation for the next cycle. 'In the present

| rvasiineshsurfane cowldbepeneratas; byt wid susfage tvoad perkec prgcise
t NGt meaIQ,easﬂlﬁgl;x’JﬁeQJm?%%tﬂﬂa&”ChOf ed, thin-film

separ dator nater S suc at the filmcan yield and
nmove wi Vhriouseshapes of sepawdtor narierial gan benpsedstsi form a circuitous path

al.l owi ng.po red resin.to flow i ghtl. .
2B HEL ST Pt el torhY 5@ b St Pfiffrarions and
setnﬁ &mlthrgsepﬁragehs. eFigqteal sHowsmprelsedaiiy pedr tolsintering with
Wi n chor separator, An anchored separat i S .
o shestd St Sheed SEREE Satertal GPRALORSSEB il fes side 4
a cstﬁﬂixag h t BigubaI? khowdiifig 1 hhﬂ‘ Hg@#rfé 1 aﬁled ki&wﬂiﬁ@rﬂ/ﬁ@ Ghe@‘epﬁﬁtor
anchored separator, .is the difficulty achievin ight .
padRicrig! gpoved epe ridgdLlighty opgacioguore S Ghar '%*9 Scparation
separlutONshdda pREW rind ¥ btibHtd diftefiRE Hithkhp e@EQSPef V-shaped

t he separator material used for . . .
separator material exposed on the top 8 and the outer side 9 of ring 6. Figure 4

2

shows ring 6 of Figure 3 after sintering with the separator material removed and
ring 6 slightly opened to more clearly show the separation 10. Figure 5 shows a
pressed ring 11 prior to sintering with the edge 13 of a horizontal sheet of
separator material 12 exposed on the outer side 13 of ring 11. The plane of the
sheet separator material 12 is parallel to fhe surface of the top 14 of ring 11. The
top and bottom surfaces of ring 11 are scored or notched at location 15 on the top
14 of the ring and location 16 on the bottom of the ring. Location 15 is directly
above the one end of sheet separator material 12 and location 16 is directly below
the opposite end of sheet separator material 12. Figure 6 shows ring 11 of Figure
5 after sintering with the separator material removed and after ring 11 was

snapped at the score marks or notches to break the ring at those locations and
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the r present invention is subjected to stresses from

contact with the flow ng and conpressing resin.
whependizsy on the type of separator material, PCEES2007/013964

stressescan result in a slight buckling or irregular

wavy pattern that is shown along the edge of the

separator in Figure 1 which shows the edge of the

separator material in the "green" part before

sintering. The irregularities in the separator

material inpress a corresponding pattern in the

adj acent conpressed resin as shown i-n Figure 2. The

t povistedbe oomplete separationid. Riong Ad is shovyt slightly spgned to more
p {eamlmt.e" cpreci sely when the ends are
b@%%%’ﬁ%"%ggﬁ?ggg{‘?’hl?he case of a seal ring, the

angl edSepdaration frmbtioe usiag @l fractiringtechniqug prodyucesa hating

resi.stin he f|l ow of pre [ i QLU .
G508 B o B | BB g
vpsthdpefhuiddtaaga fthnei inating esparf jdino riNeither mahipiss néd feacturing

to farm an | ed or v-shaped. separation by_.machini.n .
£ BINE 28 AP ELeH Ve IBRP T ERBIE NOBHIEC T PRI FUCES A° gticved in
t iR ReRBenventidh. N0 dcheking Gaebeusedup pendde almgled fetts, but the
surface could be generated, but said s%rface woul.d not
beurfacss are RAS irregylatpsdn thepresent dnventippe Frachuing; produces precise
i Qé/rgﬁﬁﬁﬁ:%ar)v Ratify SuRR At HacARRR Rh ] prodiclaljdint $ath diled,
used to forma cfrcuitous path in a seal ring. The .
Foyerlapping geematen clheapresent puication pregidasiaggled joints having

c ] _ . .
CRRCAY SOl i £ AR bk
egreisely afmpligtmdrysteshe ather sidet Ehe ireglgyes eouginsurfrge

top 3,and .the outer side 4 ' i . :
: PRy idEDR e Frdh Fhutelf, oo Wil cdon JuFHEiRe Dot
mebdmipliflentaeyiiy anl advishtagensf the elnrgh idwentipe bechuse itpwoddes

clearly show the separation,5. Figur. h
B Y T
Vnshanas coapasaiclymes &forgdnicss prsalsl cerantibg fitppuBmaterials such
the outer s)pde 9 ring 6. Fi.gure 4 shows ring 6 of

of
Fia8 ragen cardbeprds phelath: OF copPeSiEfie separator materi al

r enovedvigiigng indtkrialsSuible fr RAAKE presdlit MiventibA dndlyde
show the separation 10. Figure 5 shows a pressed ring

1 popidetnd maerplisuch dgpalyiRrs, metalygad seragrics, Msta! pemEas
grﬁggﬁnl g& g’g@?&%é}h%véﬁ%ﬁ rrld B2 1P R8&DinQbvidRee PRl

Ing 11. The plane of the sheet separator
nacadmpolegy kngwn traeng skilled in thearts Spelgmetal powdersimpy inglude but

Ofaré L&Qirﬁ&ed EI(-)hi‘f'on, steel, aluminum, copper, brass, bronze, or nickel.

A wide variety of polymers are suitable for use in the present invention,

and may include but are not limited to: polyphenylenes, polyether sulfones,
polyphenylene sulfones, polyphenylene sulfides, oxidized polyphenylene sulfides,
polyimidothioethers, polyoxamides, polyimines, polysulfonamides, polyimides,
polysulfonimides, polyimidines, polypyrazoles, polyisoxazoles,
polybenzoxazoles, polybenzimidazoles, polythiazoles, polybenzothiazoles,
polyoxadiazoles, polytriazoles, polytriazolines, polytetrazoles, polyquinolines,
polyanthrazolines, polypyrazines, polyquinoxalines, polyquinoxalones,
polyquinazolones, polytriazines, polytetrazines, polythiazones, polypyrrones,

polyphenanthrolines, polycarbosilanes, and polysiloxanes, polyamides, polyesters,

11



top and bottom surfaces of ring 11 are scored or
notched at |l ocation 15 on the top 14 of the ring and
WO owatiiassl 16 on the bottom of the ring. LocatiPeI/liS200%013964
directly above the one end of sheet separator nmateri al
12 and location 16 is directly bel ow the opposite end
of sheet separator material 12. Figure 6 shows ring 11
of Figure 5 after sintering with the separator
material renoved and after ring 11 was snapped at the
score marks or notches to break the ring at those
| ocati ons andprovi de the conpleh%ﬂgs aration 17. Ring
rolyetheskeipiess pokpetheyetberkpiones, o Ftanselonefow t he

'e{%&déz oRRPRErfhidey) e&aeiﬁﬁbllyﬁrérywwalamhaapwmem

t'ec ni que pro uces a mating surface, but racturln%
prisdabie polynieys, Siuap| p@lmwrs, qlrsal hased polaoes; saraieg Rolyesters ,

3}%&%% T‘@ﬁ%g dlﬁkga%hﬂlafgtés?@lgn?g?srtgg AP e BriiBed, BftonSfolrhers,

nin acturing can’ give an
a]ikgilé droroatiar pa pariidgs,| ll:qumcl angirtakicpobysistoes, palyipnepydencs apadgvinyl

d
0B RS, PR 8 el SISy B Yo B
next %drﬂﬁ@@ulkakwaﬁhqtﬂd chgtad ptelyamrs (LOR))urethanesy act uri ng
roauces se C nt ar I, Ng.,Sur ces
P gEaE. SATRT B UV PRSI AGE Bonfetens,

OMasHiARERd pglygﬁ@[@fes,moﬂaaetampembdnme amymmegemmmeethylene
angl ed joints havj irregul ar surfaces a

o et REDPYRIETe SR T S RE J°8P?}efmsa
PbRAASAleYecfOMP! | Mentary to the other side. The
|rre ular or rough surface provided in the present
Yingde isoneireteriltely@d®h si de being precisely
robntdiss @B cﬁﬂ’é@t@h@t@—@b -NReCOULFdiptas a linear or

|nveht|on ecause I't provides additional protection
abeteresyclicutihglong tee weirhainsef thaprlymebagkongs The polyimide

S e{}ngl? S5QhinBL ! %Jfl})%oﬁgrrn' the &%Mﬁgf fonb IS GS an organic

goramcs Fous mmterials such as paper ,
(o edhdbaIabdylmacde @tthe comresponqhuglanh}sdrldmrdﬂstcg deanivativieghereof,

sui.table. for use in.th resent invention include
p&WééWEﬁmﬁﬁﬁ%Pfﬂﬁ¥Pﬁgﬁ adﬁ? ®vol yners, metals, and

cer am gspolyhitle fpesuisiras usef tol prépare hl]:@l)pnnéeerstan organic

i nvention uld be those red met al . .

\ BeRT: o Dk, e sograt g iy RRYE A B Eyimide precursor
Mg idatddontidiefifAl trantddida dattmnambmmehus wif thedthug-obtained

steel,  alum nu copper., brass,
polylmlde about 6r(r)1 to 108 IC1)rnole percent, pre er glzy abou{ 7(51 molie pércent or

more, more preferably about 80 mole percent or more, of the repeating units of the
polymer chain thereof has a polyimide structure as represented, for example, by

the following formula:
1
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A W de variety of polyners are suitable for use in the

present invention, and may include but are not limted
wo e007pad3gphenyl enes, pol yet her sul fones, pol ypPenysmne013964

sul f ones, pol yphenyl ene sul fides, oxidized

pol yphenyl ene sul fides, polyim dothioethers,

pol yoxam des, polyi m nes, polysulfonam des,

pol yi m des, pol ysul foni m des, polyim dines,

polypyrazoles, pol yi soxazol es, plybenzoxazol es,

p' ol ybenzi m dazol es, pol ythi azol es,

pol ybenzot hi azol es, polyoxadlazoles pol ytri azal es,

pmhyrtem Rzifg Wéx@valpm rometiasaslied b aweg ;}cfeu Rfnzarajd-unsaturated

Fg@&f@&ﬁ%pﬁ Iy o%P}féx%Ehyfleg%ouﬂ% HROR bdhRSd to

qui noxar ones, * pol yqui nazol ohes, polytriazines,
pdifﬁareummmOmpm y bhizero nieg of st Bpyadicshard each pair of

po%“)Yl)s r@gg%g%;g% 1’941%% E«?/%drﬁﬁgé égiﬁ'ég&%gb%ﬂ%‘?omg Bflthe benzene ring of the

P& yﬁdﬁt&lr andoR} jsat diealent anmatic m;ii«;z.é hreimgt Ihterklesnaenssi -

Bg: ¥a§ur.« j; :&em@t%%g gk g_é)g)g)eé@drgg %%{g}ros ambno ﬁlrg}l%s bena% directly bonded to
p ﬂif!éfeﬂiﬁcarhﬂiea'teins n fie beree, rifigio@the Rolrydiesls, ur ea
mer.s, . ynsat ur at ed pol%gst

b d I o
ai?;l aﬁ’ggﬁiﬂ&fi Qp}}g}qm TRGYSQTS 8re PO 1c,ezg}d€q,r§v1)él¥ when imidized,

MBbBIIRS in MHicH a BEl AR Tifg of | hﬁ] utdﬂnaafccumtpcﬁmﬂ q8 umm@emnded
l1quid aromati c pol yesters, propylenes PO

c k9 Bicitgude gxauRy IA%?FPE%‘PQ}?BF‘%@“ PO INiGF SFRSIHI08 %c\f
aioﬁ@hﬂ& ali Qlfakrﬁx%raeﬁebé!altﬁ&etﬁutorrepfé@éﬂtédj FHP kAL Sy the followmg

liquid crystal polymers ( . _urethanes,
egﬁmrg}@ymngg svhetstivy the pq}mlg@pyj elther a homopolymer or
F &?ﬁﬁ¥5PR£@8P Lé%@ﬁm ﬁ nes chl ori nat ed
é enes yaceta %car onat e,
ethylene tetrafluo oethylene copolyners rafted

bl ends t hereof.
The polyi m de co
group as a i near

FRs—t-e chagpetay+siR
otheteP&cyéilc thit alopg the nain
r backb The pol yi m fle can be

obt ai ned, for exa If_loé m t Medepct i on
such as an organi cMetracarboxyl1c acid,

cQ r}he%g' ﬁngs aQe %Ye%? %&a&%:trs&tc%ﬁg%]ﬁ#ey @(}A5 égx?:{/egﬁfdgwgl{saturated

p rengyd o§ 6rcaﬂmnmmds tthe foeparteongl poluys beide dirsctynbaondgdrio c
different carbon atoms in a benzene ring of the Rj radical and each pair of
carbonyl groups being bonded to adjacent carbon atoms in the benzene ring of the
R radical; and Ry is a divalent aromatic radical having 1 to 5 benzenoid-
unsaturated rings of carbon atoms, the two amino groups being directly bonded to
different carbon atoms in the benzene ring of the R4 radical.

Typical examples of a polyamic acid having a repeating unit represented
by the general formula above are those obtained from pyromellitic dianhydride
(“PMDA”) and diaminodiphenyl ether (“ODA”) and 3,3',4,4'-
biphenyltetracarboxylic dianhydride (“BPDA”) and ODA. When subjected to

ring closure, the former becomes poly(4,4'-oxydiphenylenepyromellitimide) and
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pol ymer that beconmes the correspondi ng polyi m de when
the polyimde precursor is heated or chemcally
WO e@atedsl | n certain enbodi nents of the thus- oPCHUS®A7/013964
pol yi m de, about 60 to 100 nol e percent, preferably
about 70 nol e percent or nore, nore preferably about
80 nol e percent or nore, of the repeating units of the
pol ymer chain thereof has a polyimde structure as
represented, for exanple, by the foll ow ng
formul a:wherein R is a tetravalent aromatic radica
having 1 to 5 benzenoi d-unsaturated rings of 6 carbon
athsnigiten brsomes pobyéf opyydipheayisae el At Giphsay Ityirassrrasy
tﬂgﬂh ferent carbon atons in a benzene ring of the Ri
radi cal and each pair of carbonyl groups being bonded
to adj dctypicat axhcpleatf@rwlylmldmprebméé’d@ wlwtgorbﬁnlﬂr?étlm

di cal ;. .and R | { | .
) BRSER i 0 e Bolnf coR IRl i 68 e A i

two am no groups being directly bonded to dlfferenw

Preferred
provi de, en into ' N Renze¢ne

ectly bonded Nthhe

precursor | ncludes ] [ j eat ilng
unit reprepented 'or exanpl e, by the fol | owi ny
general fofnul a,ghherein the polyamc acid can %
either a h pol ymer or copolynmer of two or nore of

t RendrEiRaa) ik %ﬂec H‘Q'tﬁél c0VRELRIuR 8Brﬂoﬁe peregitpaYallRRYlene diamine

aromatic ra having 1 to benzenoi d- unsat ur at ed
r i(HBRDO metsmﬂw@ﬁuht%t%les& than f*% ol aesewypetgplawéene diamine
b hﬂﬁqpsr tl'y bonded to different carbon atoms in a
benzene ring of the Rradical and each pair of
c ar bonyThetetrapasbosliscachdsmteferably amplayed in thermyaeticgiad ivbe
e ;

%]'ﬁlo?) gif %ﬁg frc ; agfl( 2 g&ﬁﬁg\ﬁ;/eg %g%f" n tg@ %gac%e b¥ tHfls invention
bejanejeaneknmecataw ﬂtoeelhavmﬁlecgeneml fmmud:ons, the two
anmino groups being dlrectly bond to different car bon
atons in the benzene ring the radi cal . Typica
exanpl es of a polé?ntc aci haV| a repeating unit
represented by thesgent Lar¢or myla—apbveA¥e t hose
obtai ned from pyronellitic di ydri de

Rg—-o—c/ \C—--O—Re

[
0O

wherein A is a tetravalent organic group and R¢ to Ry, inclusive, comprise

hydrogen or a lower alkyl, and preferably methyl, ethyl, or propyl. The

tetravalent organic grdup A preferably has one of the following structures:

or

14



("PNMDA") and di am nodi phenyl ether ("ODA") and
3,3"A4' - Dbiphenyltetracarboxylic dianhydride ("BPDA")
W@ w7381 When subj ected to ring closure, the POF/D82007/013964
beconmes pol y(4, 4' - oxydi phenyl enepyronel litim de)
andthe | atter becones poly(4,4'-oxydi phenyl ene-3, 3’
54. 4' - bi phenyl tetracarboxy imde). A typical exanple
of a polyimde prepared by a solution imdization
process is a rigid, aromatic polyim de conposition
having the recurring unit: wherein Rs is greater than
60 to about 85 nole percent oaraphenylene di am ne
("PPD") units™a . . 4
percent met aphen
tetracarboxylic 4gi din the
practice of the J ' ‘

derivatives us€tul practi cexe i Nwention
can be prepared, are those havi ng the general fornula:
wherein Ais a tet e and Rto R9,

i ncl usive, conprise N | oner| al kyl, and
preferably nethyl, > tetraval ent
organi c group A prefe 1 f1e_foll ow ng
structures: wherei NPT i =ast.one of -C -0,
-S,. -S@@2-, -CH2-, - As the arqyatic tetracarboxylic
aci d conponent, there can be tioned aronmatic
tetracarbo li.c ac aci d agﬁg

dri de
dieagin XapRpnpdiss AL q#ﬁﬁﬁ&ﬂf Exanples’gt gﬁ qgﬁbn3$$
tetracarboxyllc @fids include 3,3 ,4,4" -

blphenyltetracarhoxyllc aci d,

2,3,3,4" -bi phen LLeLracarboxyIic acid, pyronellitic
acid, 3,3';4 4' - penzophenonet et racar boxyl i ¢ aci d,
2,2-bis(3.4- dic oxyphenyl ) pr opane,
bK§&KH&rdwnhrbox Renyl ) met hane, bis(3, 4-

dlcarbo

s(3, 4- % cé%ff‘ aﬁrﬁo&gl%%aézld c%mg?rynzr there can be mentioned
d ia@@hb@d(wﬂaeﬂb&ﬁwﬁ aeid anhydrides thereof, salts thereof and esters

2 G o BB BRI BB 0RES 5.

d PRtk S afbiskylic Saeﬁi. 43,31 |4caiphep£yttﬂa@eadbbsyttd &I, pyromellitic

Th t tet box I d
Si9%Eh 9356 A eCEAPDP R AR Feih 7S TS ot |

t &hiE REEERMEN ) Srofhdt) B, 4 AfcarBie phenyl)methane, bis(3,4-
dicarboxyphenyl)ether, bis(3,4-dicarboxyphenylthioether, bis(3,4-
dicarboxyphenyl)phosphine, 2,2-bis(3',4'-dicarboxyphenyl)hexafluoropropane,
2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride and bis(3,4-
dicarboxyphenyl)sulfone.

These aromatic tetracarboxylic acids can be employed singly or in
combination. Preferred is an aromatic tetracarboxylic dianhydride, and
particularly preferred are 3,3',4,4"-biphenyltetracarboxylic dianhydride,
pyromellitic dianhydride, 3,3',4,4'-benzophéhonetetracarboxylic dianhydride, and
mixtures thereof.

As an organic aromatic diamine, use is preferably made of one or more
aromatic and/or heterocyclic diamines, which are themselves known to the art.

Such aromatic diamines can be represented by the structure: HyN-Rjo-NHp,
15



particularly preferred are 3,3
4, 4" - bi phenyl tetracarboxylic dianhydride, pyronellitic
waelc@nhydsi de, 3, 3r 54, 4' - benzophenonet et r acar bRy US2007/013964
di anhydride, and m xtures thereof. As an organic
aromatic diamne, use is preferably made of one or
nore aromati c and/ or heterocyclic diam nes, which are
t hensel ves known to the art. Such aromatic di am nes
can be represented by the structure: H N-R O NHwherein
R1G s an aromatic group containing up to 16 carbon
atons_and, optionally, contajning up.to one hetero
aWBeReimR toHS aR japmaticgIOHR CRRtAINAG W O hhFatbpm glomg and, o

V\#‘ptlo%ally AlctRaihi ? Lgfjrg%n@ ?ﬂ'éf‘eh‘;‘ afhEird e %g% HetePd Bfom

erein"Ro IS henyl ene group or
dcq:hmngéNha@e gr-SupAlsRspdsd@d]hqmwe @iosg Ko stfiupEvisESIn

°a- ph eﬁ’%ﬁ%&}gé]l%%\‘él?éjdﬁlgfdl g? :lp eny ne di aérﬁ?%sgfltatlve of such

pipiminest dry DefRdiadiinopyiridine, 35 Satiiverynidine mesrpheryiene diamine,
0 ,tol uene . exa |

2 e AT O S S e S AR 2R A S RBE! fna 2.0

|ﬂﬁhﬂd@&h&aﬁene dlanlnes such as 1, 4 dlanlnobenzene

él Sh eg;gfﬁg% ’%56'12’? and L2 dg I aﬁe%@%%%ﬁgn s, which are merely

1lﬁlstrﬂtﬁéﬁﬁlélddi@h&%ﬁ@ﬂfdﬁﬁnes?suéh aglil ,ﬂ%lﬁ@lﬁmﬁéﬁmﬂe?l Ber,
3,3 dlanlnodlphggglether and

2 dieminpbanzarsiend drd tiaminetionaene; dinkeBplbinpberdigmingssuch as

S uqhd?a?mﬁo&phe@l@tﬂhﬁ ahpazRRRSfipAghyAMer, 3,3'-diaminodiphenylether,
di am nobenzophenone di phenyl phosphl ne di am nes

an®4ésdmno@phm>ﬂ@me¢mnwrﬁﬁw a diagpiges;suph as 3,3
d'd?agﬁlﬁ Sﬂéﬂgﬂggﬁ@ 2'4!"9 Pﬁnhg{}%gﬂédﬁ%%shamﬁnd&s&ne

suc am nodi p
4 diﬁm1deamd1mdl3pﬁdwhmedimneylpﬂqsphme and 4,4'-

di,am
Id}fxml&n}gg g?ﬁuﬁs %nsgoh%%alkalenﬁ 1neT ?ucg as 3? i nes
s ldutnmasdi@h&lylme&mnapﬁ#'pdlmwcslmlfenﬂhn@thme 3,3

4.4 - di arni nadi phenyl § 't ane i ani
T
didédminesl h\ﬂﬂiﬁ!&)ﬁ S’kdlimhradlpﬂﬁdylbldﬁzle dhd dgt-gisphinadiphenylsulfide;

b%?p e(Iley s&fggg dlsz;ms;nés such as 9 )él Qi%?nzmoélpﬁenylsulfone and 4,4'-

diaminodiphenylsulfone; and benzidines such as benzidine and 3,3'-
dimethylbenzidine. | '

Other useful diamines have at least one non-heteroatom containing
aromatic rings or at least two aromatic rings bridged by a functional group.

These aromatic diamines can be employed singly or in combination.
Preferably employed as the aromatic diamine component are 1,4-diaminobenzene,
1,3-diaminobenzene, 4,4'-diaminodiphenylether, and mixtures thereof.

Various fillers and additives may be used in combination with the polymer
powder of the present invention. These may include, but are not limited to: glass
fibers, ceramic fibers, boron fibers, glass beads, whiskers, diamond powders,
alumina, or silica, natural mica, synthetic mica, alumina, carbon black, a silver
powder, a copper powder,.an aluminum powder, a nickel powder, aramide fibers,

metal fibers, ceramic fibers, whiskers, silicon carbide, silicon oxide, alumina, a
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O her useful diam nes have at | east one non-heteroat om
containing aromatic rings or at |least two aronmatic

WO p0wga4d3si dged by a functional group. These arPOEUSM07/013964
di am nes can be enployed singly or in conbination.
Preferably enpl oyed as the aromatic di am ne conponent
are 1, 4-di am nobenzene, 1, 3-di am nobenzene,
4, 4" -di am nodi phenyl et her, and m xtures thereof.
Various fillers and additives may be used in
conmbi nation with the pol yner powder of the present
i nvention. These may include, but are no

{ to:
gTIAgReSTYp ppwder; @tikpinmimopedes, chsap%cw%??efsgm&gg carbon
bEBAS, orifthisk %6nn@caﬁ@ﬂﬂlg0ﬁn@§6§de@|§h%mma@és Eédlhﬁfé;

natural mca, synthetic mca, alumna, carbon bla
smue@vm@amwalca finoperolymperenatybdenum disslfiden Z@l@ﬁxﬁ@iﬂe tangsten
n I

UL, SRR, s8R TR SLhel ol SRR A B
abomssinan mamge] datium fienae ra,nda;oiytetaaﬂumwibyldm (PIgHHpped

carbpon f.ibers Il ed carbon fibers, graphite,

f?%_&inﬁéo’?oth??oﬂ] ing fine powders, sheet silicates,

kaol i nPbadefsusgahy picgentiitantibalcan bé meddaiaidemearjous conditions
bdenum di sul fi de, zinc ox I de tun en r.bi de

P R e el ite a8 ROt Ardabiats fglded

Nbirt bfithe RERM thveROSE SHitdtIAL i t!e Hteres bﬁfrbmuom S0GRFero about

and &olytetrafluoroethylene FE).,, and conbi nati ons

t AR carpesuarednlene qrig cpmbination ithPeP e 3 {hgenge of from
MabSlRd SWHBRH aBaht 120000 PIALHS 9&35q9§ret1ﬁémef Bdrtifa@e diiace. The

pressure. Typically to nold owde nd obtajn a

mbpldetimp.that lathe e had sherrowdey é‘h‘t“?lé ﬁt the, ARpEpridly molding
t %QP&fléﬁ§§ﬁ§m%EraM %@?‘b Ridkure 000K V\aﬁ&f - 2RPhdiRE O thd pﬂ)@E‘ss

used alone“or iIn cofbi nation pressures in
r songitions én osheratasiables 5; Hom aboutb @mnutzzg aboy SpQﬂ)’ﬁds per
square
o he Qe ons? BB eGP bel e 17l (s dla} into
mpbds ngﬁeqmeheht mwventixin. tMameal ahd/oe aatochatedssrogedsiresozam be used,
‘ggendl ng on the process conditions or other
v egb? OPHm about 1 minute to about 5 days.

Conventional nol di ng equi BXXVMPIHES be used to press

Nenual SEEFbFInE bR BOBEb AR G0l AeBE Oadhkpgr ot 015

aARREHRP Wadnfolded from a polyimide resin powder using an 80 ton PowderMate®
hydraulic press and a tool set. A die was filled with the polyimide resin and, using
tweezers or needle nose pliers, a pre-cut paper partition was inserted into the resin
filled cavity. Printer paper Q.OO3 inch (0.07 mm) thick and stiffer, index card
paper of 0.011 inch (0.27 mm thick were used. The partitions were pre-cut to the
width of the ring wall thickness (OD minus ID) and of sufficient length so as to be
able to contact the bottom punch with one end and allow the other, opposite end to
just reach the top of the filled cavity, taking into account bends used to form the
joint geometry. The simplest technique and first rings made used a straight
partition (no bends) of 0.003 inch (0.07 mm) thick printer paper inserted at a
constant angle into the resin filled cavity. This would form a corrugated diagonal
partition in compression similar to that shown in Figure 2. The corrugation effect

was from the compression of the paper due to its less rigid property.
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EXAMPLES Several rings having an outer dianeter of 4
i nches and a thickness of 0.15 inches was nol ded from
W@ 2@olyi3gi de resin powder using an 80 ton PowdeCIVESB(T/)13964
hydraulic press and a tool set. Adie was filled with
the polyimde resin and, using tweezers or needl e nose
pliers, a pre-cut paper partition was inserted into
the resin filled cavity. Printer paper 0.003 inch
(0.07 mm thick and stiffer, index card paper of 0.01
1 inch (0.27 mmthick were used. The partitions were
pre-cut to the width of the ring wall thickness (0D
mi nus |Asiditional sings werq prodvged) using Yariagions in the ggompiry of the
c
ofRCREA pleRGoR ) UORLANARL Kooy GRCmRTna ol Wt were
f mdredomalicated thaakhediagonad pavitivnrdestréhedsaboye.d The héayien, more

t he.4d,.0int netry. . the sinpl est [ i :
- PR O ik M D B oo AU EBGhihE b the
01828 of tuttugaliof ¢otitd)bet dontrslled bykieffngsapER” and EVPednfigurations
\(l:\g{hstg‘ant angle into the rel.zj n,fil %gl(rj\&gvit , Thiﬂs1

€ BeRATRLAr BBISTE] MR RIF LIS AILsish ¢ WRFR jpsering these
C QBN F &1 OH, §(]!:r]§b hﬁihuhlodi?;ilaéen‘iéiﬂh whthetesin g ke o%:cvityl;hms needed to
corrugation, effect. was framthe c ressiqn of .the .
et the parigo aad thecrepurs fhe 1698 L AraRd e gREtgR e resin
QB tREPEBIRRdsdéaiviich ¥ahd-Ad tOmpadtibnt f3feed @9 fathl the@ing!tb 8tandard
inserted partition to denonstrate the capability to

f 6PMPRStRR dangitiesiapd somphit with dimersienal spRsficatioBst t han

the di : bt ' RS ' had
nor e s??? (l)ntgqﬁ%hlt(l%ggo?ﬁ@n?ﬁ@ﬁ? Ei&gk [ nde>s< @%d@%?éggfo\?gsa

albson pressed: wergepsibnsaperatgd with astight pult andbpyigfig metion. The

ggﬁ::gldenkag X RBILS #;Jnr%g{lﬁxéntéé’p&ztﬂiﬁoﬁis a}xél}ec%gges;%t enested precisely

gurati ons 0 arator mater
S ol fack athey. ThestherhneWenl domsmlex sheges Farsed could not be achieved

conf i at,i ons, s manual di spl acenment of the resin
iﬁ‘S{'}é"%ﬁ%ﬁ}P’ng&ﬁg%ded to insert the partition and

t hen r eAdditiohdl@ings Svape fabrichied aamaaitdriiatiee ppproath orforming step
The resin was then ¢ ressed with. standard conpactj.on

f GPRABESPY e RRRZGTIGePE AT A 1 BN frif Separation

d ?ﬁ)’éitidneﬁ nd@dag aidlering will dithehs pafision spaeridliexpbseds. the
After sinteri and upon cogl i ng, e.ring ends where
t ARngTSuFiace e}fgglﬁ&&t%é&fgﬁ%‘gg%& hﬂe@agl?gvai;@ﬁa’iﬂ&ifé’aate“a‘
WdoRfigufakibl i sHH indigude, Sting motion. The ring ends
exhi bited complinmentary extrusions and recess&s t hat

nest ed %qo@gq:tgm cg,f these rings were carried out by lowering the bottom punch

to the half fill position; bringing the feed shoe forward to fill the half-position

cavity; returning the feed shoe to the store (rear) position; lowering the lower
punch to the full fill position; placing separator material consisting of a precut
0.003 inch (0.07 mm) thick paper horizontally on the resin; bringing the feed shoe
forward again to complete the filling process; returning the feed shoe to the store
position; lowering the upper punch to compression mold the ring, and ejecting the
part. .

The rings were all sintered under standard conditions where the cellulose
paper product partitions were carbonized from the high heat in the oxygen

depleted sintering cycle.
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into each other. The sharpness and conpl ex shapes
formed coul d not be achi eved using other known

woreiohodsst Addi ti onal rings were fabricated as BEI/US2007/013964
alternative approach to formng step gap rings, by
usi ng horizontal separator material to forma center
separation positioned mdway in the ring wall with the
partition material exposed on the inner surface and
the outer surface of the ring The horizontal separator
material configuration is shown in Figure 5.
Production of these rings were carried out by Iomeriqgh
t Abe biogs withghe bprizentalseparator nfat¢rial ysse s¢ased op theyfgrospt the
t Be o LS wh ﬁ?ng@fé’\?r ‘i”h% Qedik k-rLarﬁ%sﬂ?cldfthQ Btlaks Qfduld occur at the
cav?ty; returning the eed shoe 1o the store (rear)
pdssitedends hudheides §) sirgan aviek bendinghfores thi sings werd srapped at the

position.,  placi s bsh )
PRt r R AR SRR T Rl Bte GPARSH tMinfoef and
otfratfueingasdhnpldgyi The kapgtthef the seps haed Tomaabdub@diimcht §.7 cm)
conpl et he filling process; returning the feed shoe

t 6ggwt§t§o%h?§oébt° n; lowering the upper punch to

conpr egYiesForeD pabdr Méssfthaigl mamchiek ead lesgtiah®. paini thidihe

rings re all siptered under standard conditions
wReddicedh goed FINRr8OBSpaper product partitions were

cafomnhBefvbsPrching fyk@hhsheald Berkiésl%e@ %M@ Ebritapldgh®dhe press
sintering cycle. The rlngs wi th the horizontal

s epdmare Appribebahranehdbe dis el rPuteeate dasetioné the
r :ﬁagktﬂﬁi xﬁgﬁégﬁl infb fRE LR ﬁﬁe%wﬁt S P EprdBEH Svdifld Hoeshty he
breaks wou e ed ends and si des.

occur at t esl

Usiutrgnae thedechndbegydbutgvawd providrecarisisteat mesferrethegapenirien
t %%v&%grgdi@aﬁiéstofeg’an%regaf%)ﬁme? tecb'iqﬁq?log?a? chh B8 uE&f"@o automate the
conbl fnes ogy an

separation techno racturing
t grbeess.oThe patticioh ermgerial ebuldrdsosheprtinviaed ot titimessvassus

0.3. inch . f.cm to. f 3. Dl es | : ;
TiBiekD ah plp e S1AA Hin. Fop tibicH b, B scofing of e rine
myuttaceslovould e aecbrmpliched dyarraised tise oAthcoupyter and idimypunch
fﬁgding systens coul d be designed and fabricated into

t H&°Sress and nore specifically through the die wal

to automate the insertion of the
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partition material into the resin filled cavity. This
process would not only autonmate the technol ogy but

wowwrd4g3sovi de consi stent preferred geonetri esPeEUBI997/013964
predi ctabl e tol erances. O her technol ogi es can be used
to automate the process. The partition material could
al so be optim zed for stiffness versus thickness and
m nimze residual ash. For the step gap ring, the
scoring of the ring surfaces woul d be acconpli shed by
a raised Iine on the upper and | ower punch faces. WHAT
IS CLAIMED IS; 1. A process for producing a pressed
part with one or nore separations in said pressed

PWHATH CIMRISIEONDr i sing: (a) filling a die
cavity rn one or nore steps wth a powdered nol di ng
material; (b) inserting into the die cavity before,

dyring « ngro%gé ﬁ;dg.gf a|,sﬂe&ea E@&&r ongsferéegbraabns in

one or s ocat! on deS|r separation
ofaid pirebsexd p&:t,esdlqompmss(compmmgr E‘SSI ng the powdered

| di : L
() “r omok AL & fs SuBB% guP ot Pk SEaf wRATTRRAR fugjeine
renmovi ng sandmﬁﬁaarator material from said pressed

t. 2. A
g::)ar at or (P G g‘%ﬁgg “}aé éle ﬁg\’lfiy lp%){ﬁ Tgn?g Pﬁ?%?r sgldt fiffing a

sheet. 3. A s{éb&@.ﬁﬁ&nzﬁéﬁﬂrad bAg of Mofd plateslat albedtivnrofidesired
separator nateri al § g t he formof a tube or a
col unm. 4. .SCRarsgtigRetsald PEesSe PA%t 0 claim 1, wherein

said pomgé)e&nqmieggl@the%mb@d 1HEARId Saferial B @olddo form said
sel ected fromthe group consisting of a powdered

netal, a pomﬂ@ﬁ@épﬁﬁiyner and a powdered ceramic. 5

A |Olrocesmgl oid}Osah fé'sﬁdfﬁaﬁfr&’ﬁ%aﬂxﬁoﬁiahﬁd powder ed
ol di ng terlal rrprlsesap wder ed

cont ai ni n ge)f nemoemrgg said sepdeite matgrial from salc%/ pressed part.

2. A process according to claim 1, wherein the separator material is in the

form of a film or a sheet.

3. A process according to claim 1, wherein the separator material is in the a

form of a tube or a column.

4. . A process according to claim 1, wherein said powdered molding material
comprises a material selected from the group consisting of a powdered -
metal, a powdered polymer, and a powdered ceramic.

5. A process according to claim 4, wherein said powdered molding material
comprises a powdered polymer containing fillers and additives.

6. A process according to claim 4, wherein said powdered molding material
comprises a powdered polymer comprised of a powdered polyimide.

7. A process according to claim 2 or 3, wherein the separator material
comprises polymer, inorganic, metallic, ceramic, or fibrous material.

8. A process according to claim 4, wherein the separator material comprises

fibrous material comprised of paper, cardboard or cloth.

9. A process according to claim 1, wherein sintering step is used to remove

the separator material from the pressed part.
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6. A process according to claim4, wherein said
powdered nol ding material conprises a powdered pol yner
weowpniesed of a powdered polyimde. 7. A proceBGI/US2007/013964

according to claim2 or 3, wherein the separator

mat eri al conprises polyner, inorganic, netallic,
ceramc, or fibrous material. 8. A process according
to claim4, wherein the separator material conprises
fibrous material conprised of paper, cardboard or
cloth. 9. A process according to claim1l, wherein
sintering step is used to renove the separator
material fromthe pressed part.10. A process according

t.cl aAgﬂrgcesWﬁ@éo‘?Hi%gttQ ‘élaﬁﬁ@a(@fe%in Rt s%bin%&or'rﬁat@hﬁtls flat,
V- shape curved shaped, or pleated shaped. 11.

pY sbapssl, aewed shapgpd; or pleatedsbapegher ei n t he separ at or
"B eri Alpdbass acmagw% th 2 SHeRER 1R scBaldRr thifertalthald
1 n clalm

A process accor e| n the
st:hp&m:tsdessrthhnpteduahasl@mmwness Iess than or equal
fr?eoprés%rgaess gccf‘or o ¢ alracd: %Jh%k‘é’ilg tﬁe se Ll%kc{pr&ateﬁ%q{a@ a’

conpr SS on no
1ﬂalckAewlessahsnaee@.taﬂltmg 1tromc | a| m | Swherein the

o 03| ends at the separ n.the art a
e P TR S e R
t&m@@b@@nnfdmhgby providing a mating surface. 15 A
seal ring produced, using.the process of claim./. ‘}_‘
|at ng

sl r PIRfOSESS GLERTAIPE 18 claimy Iy vihereip e PRpostig s

| SepafiRhiis A Pirt RAlYd fHuBR, IRRENIAR surfaké with BEOGRE SoimPlimentary
produci ng a pressed par W|t one or nore voids in

st e Qﬂ@Sastb@IremeFOWéghg@ padgessiaeenpri si ng: (a)
fy4ling ?eap*xgg %?dldutr%d hgingr&?e %-Bcé@ bEchi@AS With a

powder ed no mat eri a Inserting into the die
c a6 t y Absehbring agmrdwg to plaamtle M@ml@lﬂﬁ geg] Figg i comprised of

terial at one or nore places at a
| Bl BonlP

17. A process for producing a pressed part with one or more voids in said

pressed part, said process comprising:

(a) filling a die cavity in one or more steps with a powdered molding
material;

(b) inserting into the die cavity before, during or after said filling a
void-forming material at one or more places at a location of a
desired void in said pressed part;

(c) compressing the powdered molding material in a mold to form said
pressed part;

(d) removing said pressed part from said mold; and

(e) removing said void-forming material from said pressed part.

18. The process of claim 17, wherein said inserting of said void-forming
material occurs before or during said filling.

19. The process of claim 17, wherein said void-forming material is removed °
from the pressed part by carbonizing the separator material to ash.

20. The proc ess of claim 17, wherein said powdered molding material is

comprised of a powdered polyimide.
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desired void in said pressed part; (c) conpressing the
powdered nolding material in a nold to formsaid
wpe@3sedspart; (d) renoving said pressed part PCDDSHAT/3964
nol d; and (e) renoving said void-formng material from
said pressed part. 18. The process of claim17,
wherein said inserting of said void-formng nateria
occurs before or during said filling. 19. The process
of claim 17, wherein said void-form ng material is
‘renoved fromthe pressed part by carboni zing the
separator material to ash. The prog ess of claim
2. whdrrsessed Ay Vﬂﬁ\/\ﬂ&@d“%l"m‘ﬁé’f ?C@ﬁiﬂé}ngi e process of
conpri ggfn9h. @ powdered polyimde.1l. A pressed part
with one or nore voids produced using the process of
claim 17. '
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