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Polymers with very high meltmg 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 ﬂ_ow 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 aresult,
significant reductions in pro&ucﬁon and replacement costs for the machinery parts



and mechani cal conponents have been realized. To
replace netals in nmachinery parts and nmechani ca
Wo%ﬂ)&gﬁnts the high tenperature resins shouhdr a7 013964

|gh resi stance to nechani cal wear, surface stress,

and extrenme tenperature conditions. Additionally, the

performance characteristics of the high tenperature

resins should equal or exceed that of the netals

bei ng repl aced. Pol yi mi des are particularly

preferable high tenperature resins because of their

nmechani cal strength, dinensional stability, thernal

sldabkdHanical %mmﬁaﬂs Idvalbekh tealizéd.aTe réplicentetatitn naaetinery

dlelectrlc properties. | yi.nd des, such as t
RATEndsRerhapice] aomponepts ghﬂ&mégs tepyeraine TeURy éﬂmﬁ@ bave high
FESMRRES tPedRthidal War, 58fF8ce #R8s,RAAKREME ferfl ?&Yaﬂﬁe conditions.

variety of comer ci al’ appllcatlons The perfornmance

pdditignally.iths perforgance charagieristie of thimigh tapparatre FRging;
JH cﬁﬁpsmzeeé@&m@amm stRRIP pRbyd. as bushings,

| ectrical insulators, thermal insulators
o rrp ¢ Belvamidea arsspagtienlaxly srqf@mble high tespnerates Tpme bacause of

fimr: g&gggmhg{h? aﬂn%&gk 68 stafiHED ’th‘.q{r?ﬁ afa},n@ NGRmidd

group mer s
scahxlnab flignfecetandmmcey :ﬂldtdldseiﬂclImOPﬂIBtSil li‘plmemdﬁatsheh as those

SRR s B3R NeC 7050t Bt ERPELPAR By A0 565, can

b@ﬁmrmhuﬁﬁs vatictyasfeonesacial sfdicationd. t Thegperformance

|t|on rvi cositi s |n l hase are
'?‘%‘?Fé? IS H?I?g}’fs @ngcﬂng}géﬂ,tgmgpgaumes have made
SReRSh AN bushiRs, isBAlE, Qﬂé&bbfﬁ insolt@brs| thermglinsEihtors,

processi bl e. Thus, franing these polyners I nt

QATPIEFES VRBSSHDgagel) @Sapls%@g fnd pistof) Apgs, gFars; tﬁfﬁﬁa ﬁgﬂd%%
SRRE DralfeQinifd 2 ARd Sluidlyhaeds of hexanethylene diatnitte
and terephthallc acid exhibit excellent tenperature

r esi stedesirablgtzreumebpolymerieyuitable far wie 578 thess that aefaise

&é&%&hﬁ%ﬁ SdRAREl PR)&) tapﬁigix E.‘J rlﬁ’olﬁ?ﬂe}d Ghis group,
errper atures are eacC ed Simtarl , ot her

bowsiteaneften molt at vernthigh isoipertaess o éncmpqsslwhm wltmg In

BB chih L R o 6 BV b BL O GRS 1 ERREE,

ghrers:mes:ohaﬂmﬁ ¢ebe irdeitable, pheﬁeasmusudhprmmldeaﬁ'hes

R4 BSLREAR) B 5 Ty YOS B

maﬁy c8sek 0 Foeskaimpla) hylond @ﬁleﬁ:ahi&ﬂiylmetdimuﬂ&aarﬂl terephthalic acid
in ansition temerat at | eas

Sbi: e Rt Reperyte Trasnts ke the rodhsitn nEdRlde

Bcaa il Qe %cbﬂég)eﬁ&le their Bfyshflite: meltap 3eapaatirss are reached.

neltlng poi nt are_stabl e |n t nperg%gﬁgﬁﬁﬁgnﬁ at

Pinaidarly; geany other sub YRForaHE SONRES

el 1§ arftydRBL 8hi 3t cmatEAmBRITERAKL lferxﬂéﬁ @és‘éd Powder

such as cast iron, and various pol yners.

MocRSsERNiRring fRsdigugs Bays bsesPe &0 pmswsrwlam%%ble
g&g&%& h&abﬁ%éﬁgu?ﬁgs il doRf® Bﬁﬂﬁeprgé%%eaﬁﬁﬁzﬁuon,

articul ar useful in sealing ring

%\tp;pi—mtttprmmb {rrefery Wereiﬂnr]vgrti%ﬂéﬁ&:%‘é@tiel@wr hays g melting
&Q@J fio ?elgtgpcg'?cﬁli rdgﬁ‘ﬁl egét 265"@%{1%& Al Fbdik aﬁlculates
separa on I'm‘the ring to facl P
ﬂ:qaphaw diseerndbla mmbltmg pumalorﬂmamlo Id@cgmb]@mldﬂns ﬂ?aﬁlt but are

aration als rmal expansi on and
E%hﬁlf FPBHANF t'ﬁ) 3 asg\??]dJ&eSeal ing rings are used
in nechanlcal devices for creating a seal between a
shaft or rod and a bore, as for exanple in
conpressors, automatic transi@i ssions, and power
steering devices. A seal ring is generally of an open
annul ar shape and can be nounted on a circunferentia
groove of a shaft or rod that is situated within a
cylindrical housing. The function of the seal ring is




scarf joint ring. In U S Pat. No. 3,720,418
to Berg, a nethod for fracturing a ring is described

wo WSk @ "notch” is first etched or scored ﬂ'é‘f/ﬂsiob"ﬁels%i
outer surface of a ring, and then the notched area Is

struck wwth a heavy object to create the fracture.
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Seal rings have been made with joints that allow the rings to expand or contract

with expansion or contraction of the shaft or rod on which the seal ring is
mounted, as occurs for example during thermal expansion or confraction of the
shaft. The joints of such expandable seal rings have been made with various
geometrical configurations and are generally a compromise between the
functional requirements and the affordability of the ring. In most all designs it is
preferable for the open separation between ends of the ring to be minimized when
operating in the housing. Commonly known joint arrangements for seal rings
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
3



In one enbodi nent the separator material is in the
formof a filmor sheet. The separator or

voi d-form ng material may be shaped prior to
insertion to give gaps or voids with various
geonetries After pressing the part, certain separator
or void-formng materials such as paper nay be
renoved by carboni zation to ash, in a curing or
sintering process; other separator or void-formng
materi al s such as netal may be physically renoved.
According to one aspect of the invention, there is
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1t 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

Embodiments of the present invention provide 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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Figure 3 shows a pressed ring prior to sintering with
the edges of a V-shaped separator material exposed
.Figure 4 shows the ring of Figure 3 after sintering
with the separator material renoved and the ring
slightly opened to nore clearly show the separation.
Figure 5 shows a pressed ring prior to sintering with
the edge of a horizontal sheet separator nmateri al
exposed and scorings on the top and bottom surfaces.
Figure 6 shows the ring of Figure 5 after sintering
~wWith the separator material renpbved and after the
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According to ‘another aspect of the invention, there is provided a process for

producing a pressed part with one or .more voids in the part, the process comprising: (a)
ﬁlling a die cavity in one or more steps with a powdefed molding material; (b) inserting
into the die cavity before, during or after said ﬁlﬁng a void-forming material at one or
more places at a location of a desired void in the pressed part; (¢) compressing the
powdered molding material in a mold to form the pfessed 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 sﬁows a pressed ring prior to sintering with the edges of an
angled separator material exposed.
'Figure 2 shows the ring of Figure lafier sintering with the separator
material removed and the ring slightly opened to more clearly show the separation
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a section of the die or punch set but is erX|bIe and
will conformw th the resin when conpressed. \Wen
removed, the filmleaves a vé&ry snall gap separation
bet ween segnents of the part w thout the need for
machi ning or fracturing. The separator material may
conprise netal, polyner, paper, cardboard, inorganic
or ceramc. In the case of filmmterials which




In the present invention, the separator material is
not anchored to the nold. The nature of a

- ored, thin-filmseparator materi al
WOE@ZQ&?%Z filmcan yield and nove with the reéqﬁﬂgﬁwms%“

powder during conpression, allow ng powlered resin to
flow and tightly pack around the separator material.
As a 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 nold, for exanple a netal tab built into the
SERAN
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separator material exposed on the top 3 and the outer

Kyr gevaid-derming gn«'a!erwi. thafis hghémmmswgi apdgrot fisprted by the
B B P S e Rl e AETPY Remdidate
E@Q@ammétenﬁl@msedsamom pressed ri ng 6 prior

to si t

rmat or P S0peert e BB GvifoChor ¥ ROARE r BRI pressed
pamhwyith. at leagtione ﬂepasdnmndlangea& afe widure 3 after

sintering with t separ agt.or nat er.i aI rem)ved

i g AbEBrdils s BB ionBh i a6 ve direct
t]:tyl pessidy ard githinatessiensisy g'aﬁfeﬂﬂﬁﬁdhe: pzﬁgaﬂdl.thp miced for

to si erl vvlth the edge 13 of a horizontal sheet

¥ ﬁﬁt erial 12 exposed on the outer side 13

of ri ngoﬂelemisb@mﬁ&zm& fobmirpen ﬁp@ﬁuoﬁw dilr ngfieri@tier | al
12 i s raIIeI to. the surfac

t 14 'l ng
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and Iocatlon 16 on the boftomof the ring. Location
15 is directly above the one8nd of sheet separator
material 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




provi de the conpl ete separation 17. Ring 11 is shown
slightly opened to nore clearly show the separation
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echnique produces a mating surface, but fracturing
produces only sinple butt joints, providing a nuch
shorter path for fluid | eakage than a mating, scarf |
oi nt. Neither machining nor fracturing can give an
angl ed, overlapping joint with precise mating
surfaces as achieved in the present invention.
Machi ni ng can be used to provide angled joints, but
Loy ifAlRASat! fhetflin Adelitk b veRSstiff ol RArTthAfRAlthe resin to
i nvention. Fracturing produces precise. conplimentary.
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A pol yi m de precursor as used to prepare a polyimde
is an organic polyner that becomes the corresponding

WOQ 7Mhé§h e when the polyimde precursor is he

emcally treated. In certain enbodi nents o?&fﬁ@ﬁkm@mmu
thus obt ai ned pol yi m de, about 60 to 100 nvol e
percent, preferably about 70 nole percent or nore,
nore preferably about 80 nole percent or nore, of the
repeating units of the polynmer chain thereof has a
polyi m de structure as represented, for exanple, by
the follow ng fornul a: wherein RL is a tetraval ent

bR FRbLitSn b 8RB uckANS BY 1ri'eg§119ax %vah@%&@ﬁi tﬂaMQ $AbWhH 3R the

rings of 6 carbon_atons fouf “carbon gr oups
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iR 2 e RS BE e Vi, fomPlipmary pafterps et
étmam'fb ;gecﬂsepﬁ“bennmé:)ds@eébybdghﬂﬁ@dthf tef) d|ffere3t I
car bo ons | en 0 i,ca
o eg?gﬁ‘ﬁﬁfﬂ ol ﬂp el Hpnesis et taﬂaam:mus
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il efget gt 1§ Aghig vedaitBaswsehapeqy st ﬁ!? é‘%de?ﬁhs’asmoﬁ&. deis

PO&EBIE SO Forin vl é&gﬁ&l 8r Reh¥RA sepaatish B?Yﬁdéﬁzﬁné Re e faces
unit_ represente for exanple, by the foll owng

by Smepthu WAth sehection e Hhrpioprs eities *&'@h@q@aﬁ r@veghened
Fhed 3 AR BE e R SR HER oo W pfTER e

mating surface, as in the present invention.

Various shapes of separator material can be used to form a circuitous path
in a seal nng The Figures illustrate some separator material configurations and
the resulting separations. Figure 1 shows a pressed ring 1 prior to sintering with
the edges 2 of angled separator material exposed on the top 3 and the outer side 4
of ring 1. Figure 2 shows ring 1 of Figure 1 after sintering with the separator
material removed and ring 1 $lightly opened to more clearly show the separation
5. Figure 3 shows a pressed ring 6 prior to sintering with the edges 7 of V-shaped
separator material exposed on the top 8 and the outer side 9 of ring 6. Figure 4
showé 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 the surface of the top 14 of ring 11. The
top and botiom 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 direcily
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 afier sintering with the separator maierial 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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rs.3 COOH wherein R3 is a tetravalent aromatic
radi cal having 1 to 5 benzenoi d-unsaturated rings of

atons, the four carbonyl groups bei
|0?@§:(1g$€ bonded to different carbon atons inp /US2007/013964

benzene ring of the R3 radical and each pair of
carbonyl groups bei ng bonded to adj acent carbon atons
in the benzene ring of the R3 radical; and R4 is a

di val ent aromatic radical having 1 to 5

benzenoi dunsaturated rings of carbon atons, the two
am no groups being directly bonded to different

3R bBIR 177 Mnk 1% Blool Kiehly opébdfomore -

depheshomgthescparatipn $%ent ed by the general fornula
abovecare thaose obtajned f4ompyr L]if] .
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atter becones . . . . i

- the pirsaatanveting: phEchininecan s used jo proidmgnaled Joiris, it the
rfallA8Y not irreguld® ak YR ifecApre @R HVeRtiOh. PraBRirdikBrlfuces precise

prepared by a solution i'mrlization process is a

qongplimentanyrmaating ofagesi e fechpogican’s produee agoirhwith angled,
S Rikibbigeliblelry, TATEM: ERehdo:PhERILE sholtdidiisiine
imeguler surflaceb end ov&lappinggeorn¢tgnwith each sidp of therjpint being
.aphenyvl ene di am pe v1RD" nits.
{FEHSAD SRRt 0T e SRLC SRS, ) T Bpter or rough Wirfuce
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deri.vatives.useful jn t ractice of. this invention
SRS i A apeRe L B i G eRbon Bicipad N SRViER

ddditiatad protection against leakage. Materials suitable for use as separator

—)

materials comprise polymers, inorganics, metals, ceramics, fibrous materials such
as paper, cardboard, or cloth, or composites.

Molding materials suitable for use in the present invention include
powdered materials such as polymers, metals, and ceramic::s. Metal powders
useful for the present invention would be those used in powdered metal
‘technology, known to one skilled in the art. Such metal powders may inciude but
are not limnited to iron, steel, aluminam, 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 suifones,
| polyphenylene sulfones, polyphenylene sulfides, oxidized polyphenylene sulfides,
pelyimidothicethers, 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



OO0OIIll RB\/C-0-RT A/ \""._ RO -0-Cu-Cha-R6 1(1
wherein Ais a tetravalent organic group and R6 to

WO 71J;J§§ usi ve, conprise hydrogen or a | ower
and prle erably nethyl, ethyl, or propyl. Thel(;“l:i(/ﬁgz‘m""'013964

tetraval ent organic group A preferably has one of the
follow ng structures: O

polyetherketones, polyetheretherketones, polyetherketoneketones,
polyamideimides, polyetherimides, epoxy polymers, bismaleimide polymers,
phenolic polymers, furan polymers, urea based polymers, unsaturated polyesters ,
epoxy acrylates, diallyl phthalates, vinyl esters, melamines, nylon polymers,
liquid aromatic polyamides, liquid aromatic polyesters, polypropylenes, polyvinyl
chlorides, vinyl on polymers, and fluoropolymers such as polytetrafluorethylenes
or perflucroalkoxies, liquid crystal polymers (LCP), urethanes,
ethylenevinylalcohols, polyacrylates, polymethylmethacrylates, polyethylenes,
chlorinated polyethylenes, polyacetal, polycarbonate, ethylene-tetrafluoroethylene
copolymers, grafted polyphenylene ether resins, or mixtures, copolymers or
blends thereof.
A polyimide is one preferred polymer .
“The polyimide contains the characteristic ~CO-NR-CO- group as a linear or
heterocyclic unit along the main chain of the polymer backbone. The polyimide
can be obtained, for example, from the reaction of monomers such as an organic

" {etracarboxylic acid, or the corresponding anhydride or ester derivative thereof,
with an aliphatic or aromatic diamine.

A polyimide precursor as used to prepare a polyimide is an organic
polymer that becomes the corresponding polyimide when the polyimide precursor
is heated or chemically treated. In certain embodiments of the thus-obtained
polyimide, about 60 to 100 mole percent, preferably about 70 mole percent 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:

- 12



O Il wherein X conprises at |east one of -C, -0-,
-5-, -502-, -Cl12-, _ F3 CH2CH2-, andCF3 As
tic tetracarboxylic acid conmponent,

WO %@‘zﬂﬁs&%nti oned aromatic tetracarboxylic acll'éo:{s},ﬁgzgg?m 3964
anhydri des thereof, salts thereof and esters thereof.
Exanpl es of the aromatic tetracarboxylic acids
i nclude 3,3',4,4" - biphenyltetracarboxylic acid,

2,3,3 ,4" -bi phenyltetracarboxylic acid, pyronellitic
acid, 3,3 ,4,4" -benzophenonetetracarboxylic acid,
2,2-bis(3,4- dicarboxyphenyl) propane, ’

hétéﬁxbﬂ{ di Mﬁ?ﬁibﬁﬁ%&%hﬁm Bavilk 3(t3.5%enzenoid-unsaturated
I car boxyphenyl ) et her,

gy o, Gicaibomatomsy oyt Jarhomd igreyps bising dirertly bonded to

SE5 e G BLPBRDPARcng of ey odical st sach peir of

@rﬁe@lﬁr@;{s&e&agﬂbm&imyﬁh_eﬂm xsjboh @borid Fx@p deazene ring of the
. i S(3, 4- di. -

B Bnte s il P PR MRS b bl

sihsagiryted rinigh of e@bbn atdnes) theRvel aminerospslreing diredtiydonded to

eLracarboxylic di anhydride, a rticularly
é‘%ﬁg}%l’: oﬁra@"%?gl,%&%n?%e&%%g%é%@%bxyl ic

di anhpghféded pslyhaide! prédursors etypsiaticleand provide, when imidized,
3,3, 4, 4L.benzophenonet etraf;ar boxyl.i e di anhydri.de nd
PRiyimides in Which 5 benzene ring\ef a, angmitif;compoyp i directly bonded

. & BEiARe gfé?i ﬁn@s?é&élﬁbﬁﬁé_fm%&fdnﬁﬂé pRICuFERF fhcludes a
aromati ¢ and/ or heterocyclic diiamnes, which are

polermis) arid hayisgs repeating uaitreprssemicd fomeample byithp &llowing
£ FofaRRb SR AR R P olAeniE hEtd et b8 eitieMN: RdMopdigmer or

copolymer of two or more of the rcpcaﬁﬁg writs:

1
N—C.  C—N—R
H \R / H !
3
HOOC/ \COOH

wherein R; is a tetravalent aromatic radical ilaving 1 to 5 benzenoid-unsaturated
trings of 6 carbon atoms, the four carbonyl groups being directly bonded to
different carbon atoms in a benzene ring of the R; radical and each pair of
carbonyl groups being bonded to adjacent carbon atoms in the benzene ring of the
R radical; and R, 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 Ry 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

13



wherein RH, is an aromatic group containing up to 16
carbon atons and, optionally, containing up to one
tomin the ring, the hetero atomco

WO%@E@@?, or -S-. Al'so included herein are ?ﬁ%@@b&g’({msm

groups wherein Ru, is a diphenylene group or a

di phenyl net hane group. Representative of such

di am nes are 2, 6-di am nopyri di ne,

3, 5-di am nopyri di ne, neta-phenyl ene di am ne,

par a- phenyl ene di am ne, p, p-nethyl ene dianiline,

2, 6-di am no toluene, and 2,4- diam no tol uene.

%h %Hﬂllegé??( 4 W6 i Srleﬁe-@' ?Wﬂ%:ﬂ%?ﬁé@éﬂaﬁm
are ner |1Iustr t1ve, include benzene

thi).nes such as 1, 4- dlan1nobenzene 1, 3-

g: Shmem?ﬁ%tmfz]a?g’?mpﬁﬁdo (3511;?9 nﬁnes @&?E&%ﬁ%‘s}e& solution imidization

Protessis amigiddirpivatiy pelyimide @mpositioartiaving thh eenprdeh unit:
3, 3' - di ami_nodi phenyl et her, and
4,4' -dia 'nodlnbenylthloether
such as ‘

benzophenone diaynines

4, 4" -di anji . henyl phBsphi ne & am pes
such as ' 0 o[ine ang 4, 4

di anmi ne¢h [ al kyl epe di arh¥
such as ane, ﬂTs-

4,4' -di anf

"henylpropane di phenyl sul fi de —

di am nes such as 3, 3' -di at ni.nodi phenyl sul fi de and

A Mep W‘%‘ﬂ FHouEES Folmenyns pRraphentiFantiene
g‘l am ﬂ%a'é‘s n nyFqu %ﬂﬂ 19&:%& %g %{Zo?ﬂlﬁ%rgcg}ﬁ Srﬁ%cﬁplge;:;ylene diamine

ﬁ@ﬁ?iﬁ?n@ﬂand 3, 3' - .di net hyl benzi di ne. Q her
usef ulpdi am MGchls r@f@?&t’og?&ﬁgﬁgai REIRRAURTOF the
contalnlng arona i'C rings or ast romatic

inventiohy ordhext ﬁaqmmlﬁmh derivativies gsefulpin the practl?rth eEthis invention
aropmatic dlan1 n.be.e ly or in
8§ﬁEHR§Fm§W mE %? %W?ggﬁg% dﬁggl e aromatic

di am ne conponent are 1, 4{m|an1mmbenzene,

1, 3-di am nobenzene, 4, 4'- aninq i phenyl et her, and

m xtures thereofg, — i ous @ill@rs—pgd additives
may be used in coﬁblnatlon'vakfthe pol ymer powder of
the present invention. Thesefmay include, but are not
limted to: glas§afib ;L_dﬁgwi' _11@QL§ bor on
fibers, glass beads [ ggrs ‘annnd powder s,

alum na, or silica, natur m c synthetic m ca,

al um na, carbon bl ack, a | ver powder, a copper
ﬂﬂﬁﬂﬁﬁu&iéﬂle&h&ﬁﬂﬂ%ﬂﬁgaﬂwwﬁﬁupéhd&hgbﬂh;ihﬂmmﬁm,c@m@ﬁkde
fibers, netal fibers, cera C fHS L g@lske

byfsogen o aﬂ%wrealkgh PP@ s yhy ik or propdy fhei um
RAVHSIent 8r quag BRE Bf HRFENSwinghRhBtures:
m |l ed carbon |bers grap ite, fluorine-containing
fine powders, sheet Si 20T inite, nuscovite
mca, talc, fluoropolymn bdenum di sul fi de, zinc
oxi de, tungsten car bide, car bon bl ack,
particul ate polyimde, .k |de, aram d,

pot assiumtitanate, , and

pol yt etraf | uor oet hyl ene (PTFE), and conbi nati ons

t her eof . Powders of the present invention can
be nol ded under various conditions of tenperature and
pressure. Typically to nold a powder and obtain a

nol ded part of the present invention, sintering
tenperatures of from about 5Q8F to about 3200 F can
be used al one or in conbination with pressures in the
range of from about 15,000 to about 120,000 pounds
per square inch of part face surface. The .hold tine,
that is the time that the powder is held at the




EXAMPLES Several rings having an outer
di anmeter of 4 inches and a thickness of 0.15 inches

wo B gBEcr vet oc. hyraul i ¢ press and a tool sECTASHE0IS

was filled with the polyimde resin and, using
tweezers or needle nose pliers, a pre-cut paper
partition was inserted into the resin filled cavity.
Printer paper 0.003 inch (0.07 nm thick and stiffer,
i ndex card paper of 0.011 inch (0.27 mmthick were
used. The partitions were pre-cut to the width of the
ring wall t OD m yus 1D uf ficient

l ength so as 1 2 :

just reach the tipp of the filld y, taking into
account bends _usSt Nl ptry. The
si npl est techini que hd first rlngs made used ¥

strai ght partitiQn (no -ends) of ineh (0.07 mMm)
thick printer papée S '

di agonal partition {in conp essijbn sinilar to that
shown in Figure S £
t he conpressi on of the paper due to its less rigid
property. 17 Addi ti on rings were produced
using variations in the geonet*y of the inserted
o ) b@ébrﬁ;ts’néie HPRAL GHe@ft He—dapabt | id.y -$-0-$@£~m(IBHJQ-
end. joints that_were nore conpllcated than the
di agonal partit v6m described above. The heavier, nore
stiff 0.011 (0.R7 mm thick index card paper was al so
used to determt@e—F the IeveI of corrugation coul d
be controlled by stillness. "Z" and "V'

%#?uratlons L the separator material were
g%@ 2@ y test&d. " Wien inserting these
confi Ih QLY the laﬁﬂﬁahcﬁﬁﬂﬁcdfﬂmgaid ; ¢ a&idscxhﬁp:mn,h tthext cah e nesitioned
in the cavit s needed.to i rt,. the
BRI TRS R et 1id pabydrides e, E%&F% B gl Ssters
THa8edre Txampdss SiftRe aﬁ@x‘iﬁifc&&ﬁ%r&ﬂy‘ﬁc%bﬁﬁ didldde 3 3'.4,4'-
conpaction'forces to formthe ring to gtanda

bmlilsazltq satonglic peid. %‘ﬁé A ophsoxiictacarperelis andypyromellitic
e 2103 hi & QLB&% henonetch‘é\fﬁrﬁéixﬁiﬁc@il A8 bslaLpon

i’ng, n ds where€ the partitions had been

gmmaphmﬁ)mmkybe%ﬂmmhwﬁ)@% b3+ and

conp ﬁﬁgmgg&& exiru %Hgggﬁgg?hﬁgggesgﬁﬁagnﬂggTed

Flroaﬂmebbrenyi}phoaduhe,&hbrs(3'ﬂh@mhwlmmW@nane

A B ORder SRRt DFBLGREES cliph i i

ﬂkhﬂxmaphmgﬂhmﬁbnach to forn1ng step gap rings,

usi ng orlzont arato r|a 0 Ge Ver
separ é‘?“l 6?131[6’8& g i’eremr?g X%ﬁm %
th@biatibht P@éfelﬂ‘&l waﬂmﬁmﬂe mfhoﬁrbokhﬁc diznhydsd, faad e

BRSEHE L PR A S BRPERY I ee DR SRRl o

ellitic Bf; dQ3,PH, 4'Jb@§ﬁ> eN@sctdelcarboxilit dthnBydride, and
§§Km%mér|ng tﬁ&ﬁbotton1punchpﬁe the half fil

|ng|ng the feed shoe forward to fill the

hal f - Q%Séﬂ &anéaa‘fbﬁﬁuc ARbMhE iR id ﬁﬁféxﬁﬁ?‘ aRfofldelod rore

store (rear) position, oweri ng e |l ower punch to
arpmgtie andforn hetq;gqu11qmmme&cwh’gh§ei)ﬁ1ea%sswﬁﬁﬂew ig the art.
<08r hl%#l Iamﬁi\e? ek Bk rg&%téd@ﬁtt{e%%nﬁ@) IﬁﬁLI@%—NHg,
paper horizontally on the resin;” bringing the f

shoe forward again to conplets the filling process
returning the feed shoe to the store position;

| owering the upper punch to conpression nold the

ring, and ejecting the part. The rings were al
sintered under standard conditions where the




The rings with the horizontal separator material were
scored on the faces of the ring as shown in Figure 5.

re marks ensured the breaks woul d occuy_at the
WO%@??%@ ends and sides. Using an axi al bendi'i"éwp%%”%‘m%“
the rings were snapped at the score marks to create a
step gap ring that conbi nes separation technol ogy and
fracturing technol ogy. The length of the steps varied
fromabout 0.3 inch (0.7 cn) to about 3.5 inches (10

cm. Therefore, paper less than 1 nmthick and
less than 0 1 mmthick produced good separations.

i ; . . d
ang ?a%ﬂp ﬁ%é’ltl g%%ﬁkﬁ{c?%g%r ess a dﬁpng} %Igg%gﬁﬁs%% y
apitionaiyh cohtining updb lont betarn aowt in thh singnthe heteom aigin t he
artitio erial, i o.the,resin fill.ed vVity. This.
B st N T s S 5, 50 el Bt e RO lotips Ptin
R li&da_ii dmhguykéﬂe 'gﬁcnqj c&taaﬁphemgkhet’mnﬁ gg?mnﬁtapmnﬂaﬁvé: ofjsuch
re_lcta .0l er ances. r techn ogl e n e . .
R R e R e e by
FPeubBernlcme dignend, ipip-aedhylefe Sianflinees $-diamidstoluene, and 2,4-

b
hi ckness and m nim ze residual ash. For the step gap
0 i?@n%cori ng of the ring surfaces woul d be

acconpiies BRanplesdf bRl ABMhatit ARndie CBRPUARES, vilch hRWRérely
unch faces. "WHAT IS CLAIMED IS, 1. R process for

iBpgmsiveninclidsrhensense Jaminegsech ahb4utaminobenzper hdi ons
(%i&iuﬁ‘@bgnfgn%?éﬁcfjl E%ihirﬁ»%ﬂze%?ﬁ%ﬁénﬁ Bl WamlrR) such as

I 1Ting a die catty in one or re steps wth a
$ptvllamebdiphenytagharn3 4l-liateingdiphdnyduher, 4§ -Aisminediphepiydether,
and4 1-@&:%3%:1?%11%&;&1%%%{- henghd g{ahlihé&}%cﬁ‘ as 3,3"-
separator materl at orie or re places at a

diamatobenzapherens a4 dediamitotenzofhepand diptengitopgptring
SR oL oLt SRR Rhepeine Wa T er 1 @ 10 @

diaminodiphenylphosphine; diphenylalkylene diamines such as 3,3'-

-

diaminodiphenylmethane, 4,4'-diaminodiphenylmethane, 3,3'-
diaminodiphenylpropane, and 4,4'-diaminodiphenylpropane; diphenylsulfide
diamines such as 3,3'-diaminodiphenylsulfide and 4,4'-diaminodiphenylsulfide;
diphenylsulfone diamines such as 3,3'.diaminodiphenylsutfone and 4,4’
diaminodiphenylsulfone; and benzidines such as benzidine and 3,3~
dimethylbenzidine. ‘ '

Other useful diamines have at least one non-hetercatom 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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(d) renoving said pressed part fromsaid nold; and
(e) renoving said separator material fromsaid

part. 2. A process according to clai
WO%@?%? the separator material is |gn t he fo?[lc"'rqgsmWO13964
filmor a sheet. 3. A process according to claim1,
wherein the separator material is in the a formof a
tube or a colum. 4. A process according to claim1,
wherei n said powdered nolding nmaterial conprises a
material selected fromthe group consisting of a
powdered netal, a powdered polyner, and a powdered

rﬁ&é V\ﬁéw&b E‘Eﬁeﬁﬁ&n%%ﬁéﬁ'cﬂg b GiredFilers \¥afledicarbon
powder ed” ol di ng, mat eri al conpri ses. a powder ed

fﬂ@lr&mpm@nﬂaﬂmﬂhgoﬂtﬂmf@@W@ﬁ!&l*ﬁ@ﬁé@‘ms kaolmite,
muscovite mica, tale, fluoropolymer, molybdenum disulfide, zinc oxide, tungsten

carbide, silicone, carbon black, particulate polyimide, boron nitride, aramid,
potassium titanate, barium titanate, and polytetrafluoroethylene (PTFE), and
combinations thereof.

Powders of the present invention can be molded under various conditions
of temperature and pressure. Typically to mold a powder and obtain a molded
part of the present invention, sintering temperatures of from about 500°F to about
3200 °F can be used alone or in combination with pressures in the range of from
about 15,000 to about 120,000 pounds per square inch of part face surface. The
hold time, that is the time that the powder is held at the appropriate molding
conditions of temperature and pressure, can vary - depeﬁding on the process
conditions or other variables -- from about 1 minute to about 5 days.

Conventional molding equipment can be used to press the powders into
paxts of the present invention. Manual and/or automated procedures can be used,
where appropriate.

EXAMPLES

Several rings having an outer diameter of 4 inches and a thickness of 0.15
inches was molded 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 0.003 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 1o 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 mum) 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 corriigation effect

was from the compression of the paper due to its less rigid property.
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6. A process according to claim4, wherein said
powdered nol ding material conprises a powdered

WO P& MEERE1 conpr i _sed of a p_ovvdered pol yi m d_e. TplyIUS2007/013964
process according to claim2 or 3, wherein the

separator material conprises polyner, inorganic,
nmetallic, ceramic, or fibrous material. 8. A process
according to claim4, wherein the separator nateri al
conprises fibrous material conprised of paper,
cardboard or cloth. 9. A .process according to claiml1,
wherein sintering step is used to renove the

separ aidditicial fihpaivefd protthded RigSERThtipAs in the\Weometry of the
gn%thécil 3%%%%5 gélé{%ggs%eo ' g%ggabiiity to form rihg end joints that were
more complicated than the diagonal partition described above. The heavier, more
stiff 0.011 (0.27 mm) thick index card paper was also used to determine if the
level of corrugation could be controlled by stiffness. “Z” and “V*> configurations
for the separator material were specifically tested. When inserting these
configurations, some manual displacement of the resin in the cavity was needed to
insert the partition and then return the resin to fill around the partition. The resin
was then compressed with standard compaction forces to form the ring to standard
compaction densities and comply with dimensional specifications.

After sintering and upon cooling, the ring ends where the partitions had
been pressed were easily separated with a slight pull and twisting motion. The
ring ends exhibited complimentary extrusions and recesses that nested precisely
into each other. The sharpness and complex shapes formed could not be achieved
using other known methods.

Additional rings were fabricated as an alternative approach to forming step -
gap rings, by using horizontal separator material to form a center separation
positioned midway 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 lowering the bottom punch
to the half fill position; bringing the feed shoe forward to fill the ha.lf-—position
cavity; returning the feed shoe 1o 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 io 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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10. A process according to claim@8, wherein the
separator material is flat, V-shaped, curved shaped,

wo o7Rh@df ed shaped. 11. A process according &@Ilfigﬁﬂ%l.’i%cl
2, wherein the separator material has a thickness

| ess than or equal to 1.0 mm 12A process accordi ng
to claim9, wherein the separator material has a

t hi ckness I ess than or equal to 0.1 mm 13. A process
according to claim1, wherein the pressed part is
formed using conpression nolding. 14. A process
according to claim1, wherein the opposing ends at

trhe rif £P Hifdith® Rodizbrithlsepattor RANSiA w@s Sdbored bh G@adés of the
surface with_one end conplinentary to the othe

fine peERo YR BTigrty-a Tha searg manks epsgred the bse@é%\mh%ccur at the
BESRHCRMS AR Bled NBikY 86888 Rindflgiioielthe Mg weRPdnapbéifat the

according to claim1, wherein the seal ring is
seswp piasksfogreate a step gap ring that combines separation technology and
fracturing technology. The length of the steps varied from about 0.3 inch (0.7 cm)
to about 3.5 inches (10 cm).

Therefore, paper less than 1 mm thick and less than 0.1 mm thick
produced good separations.
Automatic ribbon feeding systems could be designed and fabricated into the press
and more specifically through the die wall to automate the insertion of the
paﬂ:itiun material into the resin filled cavity. This process would not only
automate the technology but would provide consistent preferred geomefries
having predictable tolerances. Other technologies can be used o automate the
process. The partition material could also be optimized for stiffness versus
thickness and minimize residual ash. For the step gap ring, the scoring of the ring
surfaces would be accomplished by a raised line on the upper and lower punch

faces.
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pol yi m de polyner. 17. A process for producing a
pressed part with one or nore voids in said pressed
part, said process conprising: (a) filling a die
WOCHWVIIH§38Ln one or nore steps with a powder ed PEI/HFWG7/013964
material; (b) inserting into the die cavity before,
during or after said filling a void-formng materia
at one or nore places at a location of a desired void
in said pressed part; (c) conpressing the powder ed
nol.ding material in a nold to formsaid pressed part;
(d) renoving said pressed part fromsaid nold; and
(e) renoving said void-formng material fromsaid
pressed part. 18.The process of claim 17, wherein

S% T@mmlg.ald voi d-form ng material occurs
grore or auring sald filling.

. A process for producing a pressed part with one or more separations in

said préssed 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
separator material at one or more places at a location of desired
separation of said pressed patt; '

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

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

(e) removiﬂg said separator material from said 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 pbwdered 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.

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

the separator material from the pressed part.
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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. 20. The
WOpRMGa4e8t of claim 17, wherein said powdered PET/UBHE7/013964

material is conprised of a powdered polyimde. WO

2007/ 146381PCT/ US2007/ 013964 21. A pressed part with

2ge or nore voi ds produced using the process of claim

10. A process according to claim 8, wherein the separator material is flat,
V-shaped, curved shaped, or pleated shaped.
11. A process according to claim 2, wherein the separator material has a

thickness less than or equal to 1.0 mm.
12 A process according to claim 9, wherein the separator material has a

thickness less than or equal to 0.1 mm.
"13. A process according to claim 1, wherein the pressed part is formed using

compression molding.

14. A process according to claim 1, wherein the opposing ends at the
separation in the part have a rough, irregular surface with one end complimentary
to the other, thereby providing a mating surface.

15. A seal ring produced using the process of claim 1.

16. A seal ring according to claim 1, wherein the seal ring is comprised of
polyimide polymer.

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
pres‘éed part; '

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

(&) removing said void-forming material from said ‘pre.ssed 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
- fromthe 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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21. A pressed part with one or more voids produced using the process of

claim 17,
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