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WD 2006/ 128127 PCT/ US2006/ 020814 TI TLE RESIN
COVPCSI TIONS W TH A LOW COEFFI Cl ENT OF THERMVAL
WaXBNS$IOIN AND ARTI CLES THEREFROM 5 Thi s appl i eariusm06/020814
clainms the benefit of U S. Application No. 60/685, 370,
filed May 27, 2005. FIELD OF THE | NVENTI ON 10 This
i nvention generally relates to resin conpositions
having a reduced coefficigpjgof thermal expansion.
Specifically, this inventton relates to resin
conpositions wherein the |ower coefficient of thernal

I easﬁ%ﬁ?%ﬁg%?lerl aaﬂﬁy F@Fﬂgll%??r%o& tllﬁgﬁ‘ in

qguesti on. EBXBANSKGNANMARIICHES THHEREEROM articl es
made from such resin conpositions having a reduced
coefficient of thermal expansion. This 15 invention
al s applicdtion clatmsthebédeatloff 0.6, Apiicagorse. [H0485,520,es.
g@g«;@d D OF THE | NVENTION A seal ring is used for
filed i ubricant oil fluid in automatic transm ssion
assenbly 20 (AT)rphp'GF THEINVENPEONS i n the
equi pnent are involved, for exanple, in a car engine.
Soft alum num alloys are used for the rotary shaft
anﬂl1§ RGerftOH gLty 18ERDW LBk b(ﬁgpc;sﬁﬁ)nf‘ﬂawﬁg DREVRH 9 thicient of
he seal ring is made froma polyneric resin material,
themwét:magsw@t pecifigallye fhimipyantion gadates t resin doaopiiens Whegin ¢he’
r
s R D e LR
filler maariat wttheiresip compostiida if questiomt | Thit ingension @sﬂmnrefdteuitd yrticles
made#gc%né FU.Cli’l rﬁsgL% ?ong?]o%}utohsr k?aﬁzmsl%g ?rﬁducgcg goee? envc\%?{hﬁl%la;l e%ppagsmn This
1nver1tibn|aBS rélatbato e odfogineking hﬁ:haftitc&s] [ ght wei ght al um num
all oy used for AT. This problemis further aggravated
when the AT is running with a reduced | evel of ATF.
Further, casBAOIKGROYND OF THE MMVENHTON Thi s can be
problematic during 1nstallation of the seal ring. 30
Mor eover, the efficiency of the seal is conprom sed
Whe Bedll HRg ATEediol sRBSRYfiant §il HOWin altdhatfAednkintssibh Bdembly
install %lon or attachnment of the seal ring to the AT,
(AT)gvhsesatiotating garfssin the gapipmenipre invelved; forexpmplg, ingeagppgine. Soft
alumianon%/\%e rrﬂl?r%a %@ggﬁ %eﬁf %d‘%ﬁ eﬁ@glg Threl ngrﬁ%ikﬁ‘s?gggfﬁ S
lightgeightor cut. However, because of the gap joint, it is

PO RGNk dd e %%%8%7[1%gegg%ﬁﬁﬁiaﬁ,ﬁnétﬂ&%&siF%‘i Smpld cast

iron has been widely used for making the seal ring because cast iron shows very good sliding

characteristic when AT is fully lubricated by the ATF (automatic transmission fluid).
However, the cast iron seal ring can wear out the rotary shaft and the housing assembly much
faster as it has a hardness higher than the lightweight aluminum alloy used for AT. This
problem is further aggravated when the AT is running with a reduced level of ATF. Further,
cast iron is a stiff material. This can be problematic during installation of the seal ring.
Moreover, the efficiency of the seal is compromised when the ATF oil pressure is low.

For facilitating installation or attachment of the seal ring to the AT, a seal ring is
subjected to a cut called the gap joint. When the temperature of the AT and the ATF rise,
thermal expansion of the seal ring closes this gap or cut. However, because of the gap joint,

it is possible that the seal performance is inconsistent.
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Pol yt et rafl uoroet hyl ene (PTFE) is al so used as a seal
ring material. Because PTFE is soft, it can cause a
wdnem/dgizrng i nstal l ati on and subsequently, a PCaESA06/020814
in the ring. Also, because PTFE resin has especially
a relatively |large thermal expansion coefficient, the

change i n anount of ATF | eakage is also |arge.

FY i i&faflud®ethind RS ﬁ %%sé?lfastarégaléﬂig%@erél.pﬂ_é%ause PTFE is

i ncrease t he % expan ds causi ng conpr essi on

soft, it egndavserylrag) dmrm ipsted momand subsegedndsi, 2 fragturh gl ringeAlso,
i.rcunt .

becalgsg ?Ll‘lé% Ir%?jl S e‘s:pg(r:rl% u%% PP?&% %fargfthleﬁ%g E%?agselgn pyefﬁcwnt, the

changead lafrmmatof aﬁ}“ ledkegeix isp teage. Fuptherpds thhenmemtuw ofige AT and

ecomne an.the inne sjze of..the
ATF REERRT R s St aR it ot S b RAE L o SebPmiicbfien
Althdugﬂ tHe. sedVping @ireumfeiienmbyiee lh@’thhmeé by otortdspormtidgemcaint foffset

olid forei an 0 enb dde 0. t he
the g fnofiigocele RUEFLNAE & Rl LA GSSTSITER DBONS Piftde

diamét€SdiRe &% Ru§ig Q&:‘iﬂﬁe BaRg ofithe@ing @dds rlok FeghaliFedi I al. Its
physi cal nechanj cal properti.es are especi al |

s LM@ra@Yeé wheniths hardnges of b apral is o slid forepgn SP'é‘%t?élC%f
embeﬁ;iré:d 1h§>aché‘93§1 rif @GR Wkl LG MekerRXPpansi on, al t hough

the problem may not be as serious as PTFE. Thus sea

pefolsimideresin bastalsorbsen Ged pha seel ting wathidal. th phygiss] mechanical
pop BRSPS IGO0 RALRL 9)hfo oSl BERCORLTE R
chanm r\mthrthmxmabeprmmv elthougiethe @t@lendmay nef l:gatp sqrmus as PTFE. Thus,
s L E RS b 0 et gl B et o e
the cﬁhfﬁélaitnﬁﬂﬁﬁnal'léhpanpm& Sweliith halpsem sealnpeaiden@ass. eHotvinees,alefects

probl e The i nventors resent i on

curiny 3o R B RO FFCEIBS Bt PR SOLHF ban
undefrhing tH¥BEL peifbrniHed that the flexural strain does not

drop below the critical limt required for adequate

seal performance and sinultaneously, the coefficient

of THeNREER in NN SRR sdsThedk HdbIcAME TREinS biitbrs b phdient

seal " performance is inproved over conventional sea
invertjondaveariisnovered pbepiinrurperpesiivn of B geal ripg meferiabuph thay the
flexudl @Eﬁﬂ H?ésrh\é?ﬂlfog BB G tﬁ&érﬂﬁgﬁl@f]mﬁgﬁécﬁ fo¥ @deﬂﬁaﬁ@gb'af ferformance

materi a specific surface area range, a
and wpelmnmuslypﬂletcpcﬂﬁelesﬂ of ¢hegmnal expansige icdsn lowred/éu@ﬁhat ithe seal
performgrf %SS?T%H rr(l)vré rogﬁ]rt q %e% Sl(e)lléa%il 8o H%@ owgﬁdasbrgamﬁxggxﬁirrllge?%n i3 %z‘er
alia, ﬂidl‘gﬂma‘lt 1ﬁ%nﬁbiEd1h¢‘lb§§Nﬂ é'.dtlmv@(grébhlts matﬁ:me]rmﬂom speellﬂatsmiact: area

Sltl n co sing: .(a). 0 .sel ect. from
rang PTG SPLTR G STy e S Rl M aes
the degiteyl 86d] Qérformah@Srdnittdecal pinbyandedsy thiginthesrial.

pol yet her ket one, pol yet her et her ket one,

pol yet her ket oneket one, pol yami de, liquid crystalline
pol yester, pol yspmmeARY GRETHE DVEREIGNM dazol e,

fl uoropol ynmer, copolyners of polyl mde, copolyners of
pol yester imde, 2 WO 2006/128127 PCT/ US2006/ 020814

This invention relates to a composition comprising:

(a) a polymer selected from the group consisting of polyimide, polyester imide, polyester
amide imide, polyamide imide, polyetherketone, polyetheretherketone,
polyetherketoneketone, polyamide, liquid crystalline polyester, polyoxymethylene,

polybenzimidazole, fluoropolymer, copolymers of polyimide, copolymers of polyester imide,
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copol ynmers of polyester am de imde, copolyners of
pol yam de i m de, copolyners of polyetherketone,
woapwligser s of pol yet heret her ket one, copol ynmer 8BCofUS2006/020814
pol yet her ket oneket one, copol yners of pol yam de,
copolynmers of liquid crystalline polyester, copolyners
of pol yoxynet hyl ene, copol yners of pol ybenzi m dazol e
! f aﬁﬁaeqaﬁaebk relse
copofy % K BBl el a0 0 b PR TR L e
polyalwrlcbtcgneamplymea’adﬂ rpblyv‘@emﬁrbﬂqetoae, chpelyraers pEpelystherkseieroketene,
e ange, of fr 10
copofyEE o RalspBide CRfy P VA S 2pBEeS LpeRBL o6 0
poly@xgkihgleae, Sbpdyhes sf pdighenalbddizole@0patymere nEfluobesighner and
ticles of said graphite additive material have a
°°mq%g@ﬁégeag%ﬁqﬁr§%fs and wherein the percent weight of said
(b) a GFapRid 4dditikQ natalial, MiherelfBdalY gra;bhme &ddn'ivd ﬂn&teﬂﬂ hgea qfecﬁilc conface
about 35%to abou

area {ORGGRET FidFom tie}nqépfq s 1O v P matprghhes

an aveRe PErAMR sGO [b§é. b AbuP { 0BHRFINE, \ffﬂ@?&ﬁ‘ﬁ parBt1aSSE safdl dosphite
carbon fibe and m xtures ther eof , wherein the

additiyemegigiial h@egﬁﬁw@pd shape apd pibereinsthe pereqnb Weight sBid eranbits
additRR %Htergt?/?s iR ﬂ%@&ﬂ%(a ot 8% abaut BBYSto laBME THIeT tfetblal REight said
relates to articles conprising a matrix resin
compesitieniaad, said matrix resin material having a
R ' ¢
©) oﬁtﬂo'ﬁglgf, atﬂbggsoegeggg oﬁlgtﬂg gro%g%grﬁ}%ﬂgégf‘% i)%/lgisbt%g ?@a% Qz'rbarbon
ﬁberpamldymsmms theaevif degheirein the, peppohtyvesigiul ef $and Glesr is in the range of from
b @J et.he E /t,one pol yet her et her ket one,
2 0“8 (é%?kf?él foneket one, polyanide, |iquid crystalline
por meﬁltzaiuonrfmitneo ie)]{mtth yitiefes cordfisie abatriz resirdiaatotial, said
fluoropol, Xq%r mer s of I yi mde, copolyners of
matr%F%%’[“%’F‘ ’ V‘&gac %%VWFEP“ Epol yester amide imde,
(a) a PO RIeY §8BctedGonP @k Bt d6ndidting 6f pdljiiﬁﬁldley Pl &ste@fimide, polyester
pol yet her ket one, copol yners of %t her et her ket one,

amldééiﬁ@ﬁaﬂ?@faém%? m}ééﬁ ?%WPF@?%@P% @R]@f‘tbﬁét erkgl8pol yer s of
poly aeérxaaﬂeﬂ@ton& ?Q&hﬁf&% Iiqud crkét&lﬁhéjpcﬁie\éﬁlf %blybﬁﬁn&ﬁizlyli%ﬁt er,

copol ymers of ~pol yoxynet hyl ene, ‘copol ymers of
polymmw@lenﬂmmlﬁn@ompw@r@f @pfy\tmllsi@rcep@mﬁa@ (of gplgjestas imide,

copo%@@éf zﬁ& s vﬁ} SRds ihilg é:gg %119 bf ﬂol%ﬁ@@hﬁlﬁe %996191&1&% o

ereln sal tive rraterla
polyethgheoic p@ogumefrmfewl)aﬂv@@thqkeﬁm, gopplyaetsfof ppldmhatﬂidaneketone

b 0 el
covefgtest g i Sporitr S5t fuia PGB BB Eof
polyd:%eﬂiydﬁn@ﬂ&po@ﬁéfs@f polphﬂsﬁzumkl-lecn‘opslamdrsg)f fpbrop@ymer and
qug |¥1§ ﬂ%t ial having a rounded shape, and wherein
compaiiglefigady i ght of said graphite 30 additive
(b) a {té additive maeﬁdn,auﬁemg &id graﬁmwadaimw na®BYb1ae a 3pmific surface
0% of the total wej

area eﬂothﬁ srge pfrom apoup &0 %e/sefetaéwtflﬁag? osﬁ@}e'@ﬁ?lgﬁ&? egﬁlé‘(%?*ﬁfﬁﬁal

has ffavaagdpaidle B8E lesGh@Ssboud 1008kicrofdMBRRIn pdrik@Es ofaid graphite
m xtures thereof, wherein the percent weight of sai

addifiyegagtesial hpying ﬁ@upgmlgs@am ad- whgrein the percent weight of said graphite
additive material is in the range of from about 35% to about 70% of the total weight said

composition; and

(c) optionally, a fiber selected from the group consisting of aramid fiber, glass, fiber, carbon
fiber, and mixtures thereof, wherein the percent weight of said fiber is in the range of from
about 0% to about 10%.
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about 0% to about 10% 3 WO 2006/128127
PCT/ US2006/ 020814 Finally, this invention relates to
wea weneers for making an article, said articl ePCT/US2006/020814
conprising a matrix resin material, said matrix resin
material having a conposition conprising: (a) a
pol yner selected fromt he group consi sting of
p%e/almtgfs,in%gafma%{s tb s%ornﬂila@%%aénsgs atf¥iede,
pol yam de 1 m yet etone
comppising @tnhﬁém:etehmrmaétr@h@ald np@hw@ﬁlh@%%@bh?é’lm iPanposition
1 amde, liquid crystalline polyester,
COMpPrisin: ..
pol' yoxynet hyl ene, pol ybenzi m dazol e, fl uoropol ymner,

C C(Iﬂ’)OEi paipner Sefecqﬂd) Epinrthadgpur apsitjrgefpolimite) podssier imide,

B i R e T
eﬂﬁﬁ{eﬁonelﬁetml petydeie tigaidicetsttime polypsiby palyexyafettilene,

p0| %f/‘ﬂ% a%‘?Q:Ie ‘%Eﬂ%gg’gfe;gigﬁclﬂ rg%r of %yx&g@% ggpo?ymers of polyester
cq&@deyeai s SQJoyR¥¥FEAIY NS08 copstpabry BEpSyMhide 1m1de

pol ybenzi m dazole copol ynmers of fl uoropol ymer

c cwpalymsrsef pplypherketngs. serolynpesy olpobretnsrticakeions; ?qpelé(mefs of
%Fe'tlékketd?{@ﬁét&{encocpalﬂ\egsr%Bly%ﬁuﬁ@%pblyﬁ%rﬂlﬁﬁid@rysm&e
a specific surface area in the range of from about
1. ®lyegiey copelabers of ndyorgmgthyleph @pmlﬁngra phpolvbendamidazole
SSs t han about
83%&“8%%%1“%8&2&%%% ceft'i\]ﬁ&t}bgi ﬁg sglgelré ar aphi t e
ac{(d) 4 pwphiteetdditive inakeaial, Mgelalnrsaulrgl@dhlts hddieve materialihey fe$m01ﬁ0

the percen r ) Iy

| Syt BChE R R G B SR SR BTy IR 4R

t cdddltiveiagitial Bﬁlaﬂ acettamqmrticia:mze less dhaha—l))mup()() ari@bsy | whaem
et S S O SR B e T
t hereaf weidhesrehin gfdibﬁltepﬁfdﬁﬁr@ tmawﬁagis tin Ok raak df frofaboit$5% to
in_the rapge of from about 0% to about 10% wherein

s abquiaf’p ef Be fotal yyetpbt paid cpmpositigRiand el ect ed from t he

gr@%&ﬁﬁlw atibBkeRbteR @Mﬂﬁhe gﬁﬁﬁ@&r@ﬁﬁh@& arSRAIIbeS glaé)sn fiber,
di'ng, extrusion nol W%er ection npl di ng

r eegehangiber, japgd @é’tﬁlr@ﬁthﬁ’{’ﬁpﬂ e BrFgEWeRBCH Sﬁiﬂfm igin the
A wll be nore fully
HE"@?? O%%Pr?{rt}gg@? &% det ai |l ed descri ptl on,

whenemlsend articleiomwde by emmmshelpﬁ@? fiom dhepsoyn q@gm@ltmm @gwderu n

comBieblhy soltprinih Py AR SRR TRE AT A AR et

injecfieminoldidg. c transm ssion fluid) |eak and the
tenperature of the seal ring.

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:

FIG. 1 depicts the evaluation equipment for measuring the relationship between the
amount of oil (automatic transmission fluid) leak and the temperature of the seal ring.

FIG. 2 depicts the relationship between coefficient of thermal expansion and the

percent weight of graphite additive to polyimide.
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FIG 2 depicts the relationship between coefficient of
t hermal expansion and the percent weight of graphite
waddistizge7t o pol yi m de. 4 WO 2006/ 128127 PCT/US2006/020814

PCT/ US2006/ 020814 FIG 3 depicts the relationship

between the flexural strain of polyimde and percent

wei ght of graphite additive to the polyimde. FIG 4

q c _ , C

i P R R e R e e
wm@mméwmmmﬁ&M@h@h@ﬁwprhmﬂe described in connection wth

eferr I

£ 307 FE S s PP BT iR A b AR of

tempeatnedi ment. On the contrary, it is intended to cover

al | ternatives n vaI as

ey R et PRy e L Bl G 2R
embddii@id tHeewof, aswitletei vndetstoyd thaeit isappiatedés to |11m1hﬁe inkéntion to that

DETAI LED DESCRI PT] ON HE | NV ON.This i ntion
bR a PP {he QRS tsdntF%‘?Eﬁo ‘&%ﬁb%’s\g{ef”&ﬂ%esh‘é?\?ihﬁﬁﬁ%?ns and
equnfaﬁﬂ‘eé(h@ ¢ha$ 06 {dclukle@ RithRfthe $p@r=0B kcop¥ PAMRS frBBntion as defined by the

Specifically, this invention relates to resin

appe Bgnﬁlons wherein the 15 | ower coefficient of

thernal expansi on is achieved by addition and m xi ng

of at least one filler material to the resin

conposi t i BETAALEDRESGRIPTION, OFTHEANVENTION r e| at es

to a process for making such resin conpositions. This

invention further relates to articles made from such

r éBlininyentioo gencralysely tangsia copestivas boddd 4 tsideget cogificient of

thern}ag g}&prra%%gl}[p 1?102%] tk&é) mBgn%oH r?i\ﬁgsﬁtg%stiﬂ (90r11né)t 1%8£sa\kr+éfem tﬂ{ée

nprises
lowenedegfidicut 81 thsnm}ﬂl e;q:mnﬁmgm raelaeveld@y;addhymeaxgl mRﬂig)det J'least one
il mat er | al useful the esen i nvent i on i,ncl Ede
e g et eiogy This I FRiRnaso R e i ipocess
for niamln‘é%uchlﬂ@ilﬂ e&hﬁfsnﬁﬂ}; dléhlﬁ Iﬂvdﬁhhon ﬂ%ﬂiey adnteketo iafticth® made from such
et her ket.one, pol yetheret herket one,
resmﬁe}l’?@ﬁﬂ%’rﬁ loaYiB® & RSP eRTOCISGIeY L thramabapising; ¢
crystal line pol yester, polyoxynethylene
pol ybenzi m dazol e and fluoropolyner. Preferred resin

Resip Gampesiinons are pol yi mi des prepared by condensation
oo ST L3 L bl 00 oy s o apui

suchbs pﬂ@mytmg quyxagrar Bolywykiie matstials useul Houthe prsent mvention include
oG SHLERERE SABHARAAL 5oy AL RV e
polyﬁﬂilde imid3, po@ethéﬂ@tmm,qmﬁyeﬁhm&wlrke&ﬁleﬂtdlwrtherlgr-torph@m}d, p(pigamide,
i 6P T Ay RE: B S el BB Pl o oG A8 Br ot

f r Paaterred resin compositions are polyimides prepared by condensatmn polymerlzation
reaction of diamine and acid. Examples of acid anhydride include pyromellitic dianhydride,
biphenyl tetracarboxylic acid dianhydride, benzophenone tetracarboxylic acid dianhydride,
etc. Examples of diamine include 4, 4’- diamino diphenyl ether, 3, 4’-diamino diphenyl
ether, p- phenylene diamine, m- phenylene diamine, etc.

Another preferred resin composition is Kapton™, a polyimide (PI) made from

pyromellitic acid dianhydride (PMDA) and 4,4'-oxydianiline (ODA). Further preferred resin
composition is a polyimide copolymer derived from 2,3,3',4'-biphenyl tetracarboxylic

dianhydride with p-phenylene diamine and/or m-phenylene diamine.



10

15

20

25

30

pyronmellitic acid di anhydri de (PMDA) and

4, 4" -oxydianiline (ODA). Further preferred resin

woaopassieron i s a pol yi m de copol yner derived PCODMS2006/020814

2,3,3 ,4" -bi phenyl tetracarboxylic dianhydride with

p- phenyl ene di am ne and/or m phenyl ene diam ne. 5 WO

2006/ 128127 PCT/ US2006/ 020814 A further preferred

re . o »

PO K it G R lohaRe A Ao OR B piied
substagipdly itbecgotdancg with, thmednd dScrited, i5 818 S. Rewent B,218,588, which is
incoﬁggrg{%aB?trré’:}%rggce%reri f erence herein. . The resin

onposttions used 'in the present invention generally
hdkle residt sinapuditiogs Gedrecthapicsmt inyegipergtiea]y havp pastentling

t her.mal and .chem cal resistance,and, stabiljty.
meckyg St ranerge g EiTey iopid ead pRgtca B bt L FUF Bood
slididgi dhbiesteri@miceri al is mixed with the resin conposition

during resin formation and/or 10 during processing of

the resin conposition to prepare the article of use.
FilleBuekgsired filler material for this invention is

graphite. It is preferred for the present |{nventjon

t of hedBlegpatskipkia mbed syidy therpsigreomppsiignBiring sgsm foppglig gnd/or
durin% SdeGipSor Hd1RSA c&ﬁﬁ&slt%ln%?' pripite tﬂ%l%rtlﬁﬁ‘eg(;f wWescribed as

ving a FOt ato-1ike shape or a globular shape. U. S.
Peltreferred\Gller pperil GusigoByentionGugrpphitcedt igprefogied &rdhepyesent

invex’f@ﬁ F(?%l%:‘g?%ﬂtg Eorg[sﬁf?ééé d%%—sgﬁé?ﬂﬁﬂ, ¥o%ngcﬁr1{aigféée§$ rT]g&re pHiRle thay

Ion batteries, such gra
be bededaseritied ds bavirtgropaato-like kietbe bne glhbider shaget HednRatertdYo.

B

lithivepivhdbatiaridsheaich graphitedictlgulesatibed as ‘Dewmtriilee imshgpa Mithematical

particl e .shape, such graphite . bei ed.in aode
meut§iftior SrBRE bR o5ms P o raR St Adn Nogp ST 0L
SuzugS& gp. fcoﬁ@ih@ﬂieeailm “offfbaati th @edcribla 'glrdpﬁge %ﬁﬁﬁléiﬁﬁp&, sﬁeigraiphite
. iding Material." A description, use or, e graphite
vine 3y i O R RS s B 3PS
grapBiDA L FHS M ARGt RELYSIBEMaRAE "0A debatipteinised £ the graphite
distribution. Areference in the open |literature (MC.

partiglyier elose e pevient srreSatibmesoatsuripes, VoY Ba; andgit unjfgrm size
distrfb@tior? A kekSreme iR @1fe gﬂ)y Titbhfhre ?\Z%ﬁ Eb@@rﬁ RudHedfidediletry

roundness scal e partlc | aracpeplzatlon. LBlng
Petrdlégyt velc2d, @9. 2, KE95G) pp i T-81Palescribeesquatitativg roundnesmickle dor

.are of . inter ' ' [ f
partBg Sl TS LT Ghbite AR Be bl GO0 Lt
interthsdibtersphenicigl. ahd A the edfnge o & Gubvengyiter” of “rgmapdii The mid-radgs is
article 'den the range of from about 35%to about
wnn?%@?ﬁ?”?ﬂﬁ'total wei ght of the article. A preferred
S PR GirdferedSiif1RQE gRpEiR iAfhel digcl@isapthietrange®f &omaboutsS 5% to
about ép ngég_or Igfs.,A further preferred specific
aboug 0% o the Aptalveightiof he grtiglni t e material is in the range
of Afre-aQedific surface area of the graphite material is about 10 m?/g or less. A

further preferred specific surface area of the graphite material is in the range of from about

1m?%/g to about 10 m*/g. An even further preferred specific surface area of the graphite
material is in the range of from about 2 m?/g to about 7 m*/g. A further preferred specific

surface area of the graphite material is about 5 m*/g.
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30 1nR/g to about 10 nR/g. An even further preferred

specific surface area of the graphite material is in
woOheooriasige of from about 2 nR/g to about 7 nR/ gCTAS2006/020814

further preferred specific surface area of the

graphite material is about 5 n2/g. 6 WO 2006/ 128127

PCT/ US2006/ 020814 A preferred particle size of the

Fid nhx%fen@& luels 'b?&'é'tfll@r e b8 a%lﬁ rl@@ﬁu&linslcﬁ?fe%s

re pr erre particle size of the filler materi al
moregxcigmdtr@m@ sl of gheclil ek materialgyenbite & selegted from aboul Bagicrons

I It I
or e TR Be Bl R BB DT S i Py material

i sIt rsatse fqrrﬁ&r pneﬁlrred ticht Spid gxupid‘edillenmshap,les naihgphgricabimad e
erl a . u

roundeddn fgpk Threrraite) Fp BB b ot Qe TR ARG g rpe butk
density XRaid/gedpBite fsidoRas absut 02 gpmt3rl X I n addition to the

filler material described above, an article prepared

fromsaid resin 10 conposition material may conprise
Fibers i@k Matdik i tS matrix for reinforcenent or other

purposes. Fibers used for this appli.cation are

s dnaedien torth il mteria loseribed ajpvgsan qriigle pespared figgyaid resin
comﬂo‘sf‘ﬁ@ﬁ SaftRdl miy Mrﬁ§ £fib&18 S Rf matrth for PEA R AR meMEIr @Mer Mlrposes.

sald fibers i'n such an article is in the range of from
Fibers ysadtfoxthistapplidstion arg celeesed frore araprichfibenpigkss filrs, cpdon fibers and

il 515, 8RRk Ay 4 G 68

aboub§stidnabomet 196 df hE totalhwedglit of/éntitiole. General |y, the
graphite filler material as described above is m xed
with a resin conposition during a conventi onal

Method @€ BBRingfArtieies ng such articles known to one skilled

in_the rtinent..art, for er conpr essi q

B RGeS AP D PR B s Bitod of
this HdnebM 9GerdeRAE] 1he Braphitetilldr @ihtdiial &b d&g;nbed gbovEidaaixed sith  resin

as, aram.d, gl ass, and/ or c%&aﬁ g dded duri nﬁ )
compsiion uTiReR CHVETHIONAl Yeceh a@@}qﬁ%ﬂ* &3 FRopg gy Hffled in
the peRitBiitaBfr edddBle % e cdiBrBR{oh OdbnipRcsioh erobdi e%usiﬁ"ihélﬂmg,

the article can be one and the same. Articles of Use
injectign melding, eesctigintipjetisgy r%@émg,.eéq dhiberpsuch pearamid, glappangdios garbon
may %@Qd gdmﬁrg&sgﬂﬁoﬁﬁg&‘ﬁ%ﬂeﬁ 1ngarQ§iIn FRihash. @o%ﬁhﬁl%@ he

I's invention. Two exenpla { enbodl nent s of

resmpfpermmx and tho etap pbmakipg the artigtet ag be enedndfhesangy e

descri bed below. O her articles, wherein a | ow

coefficient of thernal expansion is desired, can be
Articksadé Ugsi ng t he conposition and nethod of this

! ”X%cie's quth 10\9 cose%f;lcmnt of thefhal %%panswn can be made by the composition

and method disclosed in this invention. Two exemplary embodiments of the present
invention, i.e., articles of use, are described below. Other articles, wherein a low coefficient
of thermal expansion is desired, can be made using the composition and method of this

invention.

Seal Ring or Gasket

In one embodiment, an article of use is a seal ring or a gasket. Such a seal ring can be
used in equipment in static environment where generally there are no moving parts. Such a

ring can also be used in equipment where moving parts or movement is involved, for
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In one enbodi ment, an article of use is a seal ring or
a gasket. Such a seal ring can be wused in equipnent
wOonomi1agize envi ronnent where generally there aPeTmS2006/020814
noving parts. Such a ring can also be used in
equi pnent where noving parts or novenent is involved,
for 7 WD 2006/ 128127 PCT/ US2006/ 020814 exanpl e,
exampRCle Fa%aﬁﬁgr}ﬁo%\éﬁ{@%ta\gfmm}@w SHeN SREY Yan alSy %Q ugadrfas
can a be used ['ications wherein a fluid
appligptienswheseing f@sdepm@ureoﬁe@morasqcb AN PPESHER exerrEvhep
(m%ﬂg | v HHEhRY FicRER £88e
liqui agel]dl dqug% afro uchﬁ}é}hnmg}s%an laggo be %err%?‘gye
emplmdrvdleee assall is raslun@uulamd oﬂdeaéwmdstr meissur@eal@b ag A thensmission
ssur s a transmssion 5 fluid leak in an
ﬂmdge lnanta(?"ton%ll{%Or%pp rrﬁ)alCI I?on Further, such rings can
alBohae sehpingyed also bsmhmhiyed)mssmttmmewhaie daid irimg i§ ®@mpressed

sed fromtheo Qrce
from At IHe ot FRratel i s s o e )2 f gl el
towatda@Edihtdr B Ethe el Blhg @k irt fiMat@n whetertie fobde acts oﬁltlﬁd.ﬂaﬁer@ﬁlﬁace of
where the force acts on the_ inner, surface of

the ripg.{gF expEIPlee WATRANSIURAICR! AMBEUT BRsh ?uceﬂ%ﬂrb"é'rc“‘?"% (‘}fﬁ%févre

pressakg.t OBlo@ly, VahUHE: LAt te\epld e P SGblihl whehMios | Y,
such rings can al'so _be enployed in situations where

- compsessien Jorce oinibe 8iST Bifap e S&ﬁlanfer% Qb ghe g pyrdase aisd a

&muﬁéfl%%ﬁs%%tfd%r Qlﬁel‘tﬂ?té o ? abﬂfé@r A%Hﬁéaﬁ@ﬁs &Fisfich s%hl'ﬂﬂg% Qﬁ:%f%& h

or rnterm y appl i ed. Applications of such
U.S. BataNoy§, W49d@sb¢mme@rcomratcﬂ@/reﬁmnceNo 5,988, 649, are

2;% géag §’lh% g@;ﬂg%%%tg %g um{ 'El%f §c§§kco? réAbrﬁ %@Jenﬁdr{lﬂldqgerr}g?t@%als of

Focess o ent I nvent1 on
the prea¢re invahtionofA sehBrntg@nme eselnfor lexma:m, iirpsealing off alitompatig
n_sealin

s o8 LG s PR Ee P on seE Raral S erBrE ke gien
pressURN esuplddywiti a diaghe toeiip aloatmere bewderhihg Fotatpmebsfuaed the housing

| ed vvlth relativ a novenent bet we t he .
over P Peer L g e RRBAY i U SR BRROR e & sel ring
mateﬂ@lrm%lﬁitaﬂdhﬂﬁfhhdﬂiﬁ Rh&hAkriticd, erthdliafd begnical tesistance and

advant ageous to have a seal ,ring paterjal

Wit
mechagical iBigEm o Whﬂmgh%h%%wwgw ekopepatigp: n%?mgtﬂaﬂ% the seal
1ing %ﬁﬁ' S}ﬁ@\leJ ﬁ§dl§t¥d’ﬂ@ﬁ&1 ARdRRD TR ERBR #)Feﬁslly étBBp%@ rdrtiy/ndgRgible or is

harsh environnent o oper at'1 on.
at lefstumiriimall and o,onstarn avhile #hie opetatipg @mmaanwfdw gEomafio fragpigsion

asserﬁbﬁgl?lutztl&gt{e frglldlkg{,v Oe}ﬂ?hl S con‘pl etely stopped, or is

| east minimal, and constant while
t hia rwa’r maxsngletlabaibes havtgpmemtﬁsed hyeatmmaﬁwﬁnannmssmn for example,

tran ass t 0
g RUR 2l SRR AL SRR Sl
alloyk bﬁngdm'bfaﬂy oa ph}fsmml;emm Ieus th&&ford aalnmmgenuﬂ thaiyhe feol nrgk®t
the automatic transm asserrbl tWGI
damqlgeé]pﬁ qﬁér@q{pg n}jﬁtqrgl} zﬁ:lhg@ ?larilqu\s Iéelybﬁv; tacI rith a
high&Qbt®icient &f th&mﬁlr&b@fsﬁihﬁarﬁﬂmﬁgea@%ﬁiib&ahﬂ@wll éi@aﬁnﬁt&b seal ring
ring not danage the, soft mati ng na %alsto whi ch,

suchilh g damaa@thp dightveightalioy uie iribauomajeFpngpission

assetlﬁblgh ®is &06%;Ed: 6F @O Fre@ént LRVRAHER to PYRARS s04 ring it e SREE
In"tenperature w expand the seal ring

coefficient of thermal expansion such that the damage to the automatic transmission assembly

is minimized. Generally, a seal ring has an indentation or a cut on its circumference so that it

attaches snugly to the rotation shaft. This indentation or cut is also known as a joint gap.

Various forms of joints can be used, for example, bat joint, scarf joint, step joint, etc., known
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such that it may damage the |ightweight all oy
materials used in the automatic transm ssion 30
weazemnbénez It is an object of the present i nveRCTMS2006/020814

provide a seal ring with a reduced coefficient of

thernal expansion such that the danage to the

automatic transm ssi on assenbl y is mnimzed.

CROE ahddin 1R RE#ent N ITHAESinfPag HAGO AT Ji
toapl tgﬁcllarculn rp%ncgnso tt%{éktaj 1|nt EaIJattac hes ué}fj to the
preventingoil lsaksyauipmaticrignsmissige Aiiskpakp) avd a&sgtfon facilifating #ttachwment

rious forns of joints can be used,

Ofthe?%?laré%gg[?rgfeg,gégm%sﬁ\%l nt, scarf joint, step joint, etc.

k invne SnW@iAE0Ghd P81t ?57ch HyS2R06ine ﬂ&&tﬂ rinfgo Faacpmaf B0 n

heprtn Ths ol nt t he

accorfiished fy pryitihe B itah Sitek Wty &R oy esieim g 8810 B etoss
transifionl tepdfRtange T]. anlﬁmssﬁmm td ﬂhH slebck @ksion m&ﬁo@hs&ﬁ fér@ivmon

facil tat| tqatﬁhnent ‘Eﬂtﬁgl eal rlnlgﬁ
procels%ﬂl%? Btige fqa e Eﬂpgecéll%a coglﬁzétst I?J'itOI? gnd crank of an
autorfd BB eBEIN YG Aty Ufrddifle IshBati®aily khBYa nﬁfeﬁﬁ! deSndthave a plastic

acconpl i shed by provi di n](gng;\ physi cal shock (force) to
modifcaiign yeeien @cnbley icliss sibian femperye dn case §h3 Pelymaric material
such Ese;%‘ﬂ?ﬁfrﬁﬁez Ettechér SactdRipfocksting! Bhdifbnst ‘i”ofy%rssthﬁ’c(‘e&hl@it\é'pﬁsf?@

for division processi ng of arge term nal
deforpfatiothet roem m:tera@ne eahe fdetusdd l@tﬁmm@,wtlmldmlts@ggn oppifier

I
cero e R RIPRL GO0k 8 RIGAU bR &
form againt in @atdl cing isgivarin U.S.&af. 519@8,64\9 ghadsis tncanpsratdddwy reference
herelterrper ature, in case of a polynmeric material | o such
As polyi m de) at the fracture processing conditions.

PCWheEfE(hS fdrbeadxeedorbihe riag ptoasdsithe maldmamiihit ofthatensiteaitfess of

le ur,e, can be fractur exposur.e
the ri PRGEa A Resiire bt e BHG PR atoh htmdhipiifly surface
ofthé ﬁ»ﬂlg t@\%@eﬁod@é{def ma&wfehe i dYEDdpeRtiAOtipoR R tekin @oﬁlﬁ@‘iﬂdﬁr& the

forma joint in a seal ring,1s givenin US.

ring rsatgrs% agdthe t%hl?ﬁéwqeét Vhich Flﬁa}ngﬂ%@e Wsﬁué‘f i§°%tce Onrﬂ&rénaa the
ring vl habe Bretdéfenﬁ%ﬁlg tpﬁfs@d’al 8B RRERE of HBLrA%ES84Sd E8hicient of

maximum limt of the tensile stress of the ring
thennﬁéwman%w_, , abrittle fra_cture occurs with the crack

pr i_nsi

PH3RA0R ob 8 Hepubifon Afip AT h8finOho FHIficbliIB bitGeen the
amounegf qil @olopetd trismisiontlvil) leak agd ﬁxatt@npeaawra ndthelseal ring. The
shaft 1 n}%?ée dfrc%’m% temurnla e h { hei‘m{rrlrl |an I f%r 1&1h %ﬁﬂirng)s Sﬂ{e%ohﬁng 2 is also
madqcmﬁn dietrdaunt rqagl admmhymlaﬁaj foe B&F@@tﬁ@ | Shd seal rifg 3 is ebavrreds part

train G e t of 20 t
ot thgbind. TSl AT HRSP tarRoss Bt REATE B B S Pibe 4 has an oil
pressﬁi%ag,&ugd S OTHehs! udlpad suppisdiiof] theLYE@e sippsy pipd1® B0 (B oibiahk 7.
(automati.c transm ssion fl ui

The egpereapiipdeT Srmiapcsba pmpym @9 thyd TeaiprenE v

f remRahy H&éffﬁélh(t%f therrd] URaRNER Bf e natePitl chitge &m&{ﬂgmﬁfers
The housin is also nade from al um num (e.

greatly) frqmp ﬁ@hﬁ)ﬁg‘r sijomgic EAnamissien pssebly fiekatien ghafigngd gl@qwng),
ﬂuct@atﬁgm i &%}%@qulttl&g agagﬁeggdlffglgﬁty&ghs%ﬁ%h YofttaBortof

connects to t ousi ng supp i pe 4 has an
the sgail fing and the automatic transmission assembly. Consequently, automatic transmission

fluid has a higher likelihood of leakage from the gap joint of the seal ring that also expands
and contracts, A leakage will affect the performance of the automatic transmission. In order

to maintain a minimum, and a relatively constant leakage of automatic transmission fluid, the
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pressure gauge 5. The oil punp 6 supplies oil through

the supply pipe 4 fromthe oil tank 7. The neasuring
woybicndein78 nmeasures the anmount of the oil | eakCcThisenegh20814

a valve 9. Wen the coefficient of thermal expansion

of the material of the seal ring differs greatly from

that of the automatic transm ssion assenbly (rotation

1nver§(ﬂ'§f)f th@?l@sénhﬁngﬁié%'hagg foufld tht fsliMpériat ioQﬂalhth the coefficient
ure w result 1nto a relati vel ferent

of thasg smwnameemepﬁépmbo@ﬂstnwemg@@r/nr.% i e
micréiﬁlf'e:té)rﬂgt’é Soral ARSI ﬁ'ﬁﬁsﬁﬁss é@gibﬁ' ﬁ%ﬁﬁg 'elﬁ:ﬂh*@fﬁ alloys.

omati c transm ssi on I gher | hood
odee&‘wkmgef therorl c?tp@niqapeﬁ martt:rwcbf:art bedowerst! by pddng fillars such

as gr?%l}t? Oclaﬁ;gﬂ ?ger ?tct 0&18 nt ra%ﬁ t]f)n ofkdcff ﬁh@lqgatylélé ‘ﬁo%éu%g {het he

V&N ransm s
coefficentrad thér&lahe}@amum, Er]smedam tl& fleaduat maaad «yf th@msﬁeaait A reduct1on

o R e AT SR B e AR o

ring. Present i nventl on have found that it is inportant to
mai ntain the coefficjent of t pansi on i.n th
" ige 8PS HeTEUISLS ReEFB FATLA PO aE] U g the
perce'i‘ft %i%ﬁiectf%&(pmt&dd@c{ve% F&?ﬁhﬂ& alsbA HEFnBirial) [BSSEIHIWY the same
onpri sing al um num a Coeffrcient of thernal

relatlenq@amh@rt osai PO Tpteial Ve e notsed B Bipnd §bsrg With an
increbdel th We%htc'}geg%n‘?o of} ﬂx?t@ Qﬁ'c\l @5&9@13515 R ¥ermBlekpansion is

suc ler materials to reduce
lowetdde W@oeﬁef drghidrfibeofvas Ehi@lpdmﬂle eorfiigient ofthermabexppusticas further

loweﬁla 2 %%yen?l)veféﬁ{ &Jtﬂeaéggg{'\g%agﬁftg M g a’%le%ﬁl@}éqg n in

exur rarn I's not esira
c hlagmeBelemsﬂs ithe relativship teeppen dwtfieamral $tragn of palystealle, a seal ring

r.ing. ur e i
e i S Kb SO5E B SRRR RO i e o
both\all%bﬂﬁhu(lﬁfal igapmilalauemﬁd ghd thy grapmtqmamwlabﬂtgms lmﬁmm Theng
mat er] a tasosows ane r at 1 opsnl
graphifferdd v OISy RYARHED FHAFRH %ﬂe b%‘% Pé?fﬁ‘?eoﬁe%ﬁ Fp%“%?ﬁ}%w
flexdrhlREhin dMVrtRePRith ABERAREN tHR oHphEs &dd@tﬁfecb@ﬂﬁentﬁﬁ u@rp@@hmtde
additive, the coefficient of thermal ansi on

materiglaelasev eyt SALA ST D YU ST 4oL R My fevith conventional
grapﬁl‘t)eee{dlfd &k ?sncttlw%fs l&bﬁr‘c |thﬁ)fmu‘ﬂ[ﬂe%ﬁ1 SrapHitB @dditiveyiehied

per cent 8 he "addi ti ve dgraphite. This
inveintinaatell giercalsiveeight o gmphlq-aan thegglvem@edepi cts t he
' eﬂ/l% QO Pard ﬁtﬁﬁ\f?ﬁﬂ‘ 3fgﬁtoglaﬁ&(ﬂ5ﬁhus§foﬁéﬂu 1951% R0 phdHotlof
a seal ring eria ercent weight of graphite
temp@cbmrt:us»shomlrtl}‘lgurpél yi m de. Rel ationship is shown for

D0k e By 50% haR ot AN e ARSF e, AR £ b7 0raNdf

ordet fd)l carrly BWHultﬂcﬂe erctﬁkeWclehﬁrg thfmmg the gointtfer the ﬁ'actﬁned seal

ur hat t fle train cCreases
ring {1 dhcesil AR 1G5 49 AP e (PR TTER AT brecpefife he
gap j@rﬁlt}’th@%e‘aﬁ‘m?%qs Bﬂﬁl%ﬁd) ﬁie exidamBmenaterial 1slcﬁlp§éc’5ﬁf staBdsitehatiere
he fl exur strain for the polyjimde w

fractgesrie denirpd nigiaddigpmhs Feetua ey ﬂlefetalfespl%ﬂev%% %F%wé focafiggon the
seathQt for polyimde with graphite additive of this

I nvention, at all percent \NEIdght of graphite in the
The pgfpgtpmoﬂﬁle present invention have solved the problem of maintaining the flexural

strain to at least about 1.8% while reducing the coefficient of thermal expansion by addition
of graphite additive with specific physical properties.

Graphite demonstrates excellent lubricating and sliding property characteristics.

10
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Moreover, the rate in m/mn of automatic transm ssion
fluid leak as a function of tenperature is shown in
woizgueriesd7 25 The inventors al so found that a PCEXNSR@E/020814
strain of at |east about 1.8%is required in order to
carry out a suitable fracture processing when form ng
the joint for the fractured seal ring. If the
t 0
PSR Rcd BlgBl fhrbche LRI TBF U8 U el ST il il e
in thesrergde af; |ﬁm>91 dboubiS’b tol aboutd Of/h @etheme tarpaﬁfemmltseﬁqlﬁd; sur@ce area
of the” Iariﬁ‘[ft%%dé) Ml%ls in rhgg Slr te n%m G l{[ l i r%c}glf{; gbow?‘ lfx%ts @ Aok
prefededs |ratrgel id aboatt 5 ari/goto dbbyet 10362/gexa‘kom abrgli 2 ﬁﬁ/@ forabenttTon¥e. A
f ﬁ ent |nvent|§ tgawf sol ved the probl em of
mOStﬁ?ﬁq ?ﬂe iSRG SHBCG RIS PETU S M (Bai n to at | east about

1. £Pdewdritee pfe@fd)uﬁyﬁgt}k @&céﬁi@ﬁeﬁgm begrhplafe id feduaed ko maintain the

expansi.on aphite additive with
flexuggh steaip r@%ﬁ;ﬁ o e COEﬁ%n&B@F o t@ema’é@m%m‘dm@m s
micrNE&Vh LO kesiMBE it REirdkesds] DniBe FhANRAA, Yf the grapthe additive
characteristics. 10 WD 2006/ 128127 PCT/USZO 6/ 814
is addedgin Hreamoget sweh Gipt thpenedlisient of thermab prnagsies ispHin Be desired
rangé’%*fﬂm aflut 19 BicE&Aerth AE td SHouf 3 ARrEAAGLCObut i tﬁ@b&@i@i@t

% to about 70% Furthernore, a preferred speci fi

surfaseirbmeishasaherapfiteHditiye phire than dout | gr7jgsthpmthe rﬂ@xwalnsgém
of thep se:a]fK L %R??eg%d t’é leigg ﬂ%%’ gcirft g 8% %Ech]ig\élgﬂ%s&agﬂe 0r ng?d’uﬁe Purposes
f r’ﬁmﬁbmuhe fhvmﬁblg hte (hm)ud:redi a r@gg of Sﬁeﬁﬁmfa%areiﬁ efthed

graprﬁféé@flr&\j tﬂ{: ?a%g%gf tg e}zvglgh perc Elt (%" tﬂ%érgpghrlfg‘%ﬁﬂ Eﬁec flilétba%gresses

both,ltBEo&REng @f thatdeifdient bfﬂ(herrrfdl expahﬁbn Kich #ianit & wathin Begange of

the c eff|C|ent of ther ion i ase
from gBout 1S CHERBIIRE G BotAL T e PAr Graa b SEr s Bapabove
1.8%On the other hand, if the graphlte addltlve i s added

i n_the anmount such t hat the c f|C|ent .of t.hermal

exiyaieT. dris pistegied Hahthe gep %%r%e r 1 pregegidngation f}?ﬁeéﬁ’am
sphericil gl‘lcplroﬁﬁ@etd%ﬁﬁﬂ? & ﬁr@feﬁf@@%egét}mf G410 WRIBHY Sartidehtis leks thhe1.

speci f surface area of the said graphite additijve

i slt ml@ nrﬁalﬁecbﬂb@tahe %@raﬁep@mﬁlﬁ she pﬁ@e Braéklat‘r gditiyeigless than
ﬂmu&&ﬂhﬂﬁn%@al ring is lowered to |l ess than about 1.8%

I'ch 1's undesirable for fracture purposes.

Therefore, the inventors have di scovered a range of

specific surface area of the graphite additive and the

range of the weight percent of the graphite additive

t hat addresses 15 botEXPEREMENIAd ng of the

coefficient of thermal expansion such that it falls

within the range of from about 15-25 micronmeter/ mC

as well as the mai nt enamcav®iEtthe fl exural strain

above 1.8% Further, it is preferred that the

graphite used for the present invention have a non-

S pPRI 28D rdhrermréeaald&r@mdnd% A8 af4e5xyaebnﬂﬁle)a15d1ﬁhﬁae r@fin

sai d graphi articles is less than
particles containing about 7% by weight of a spherical graphlte ‘additive material with an

average diameter of 20 microns (manufactured by Nippon Graphite Industries, as LB-CG
graphite) were prepared and molded into test pieces using a procedure substantially according

the procedure described in U.S. Pat. 4,360,626, which is incorporated by reference herein.

11
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20 It is also preferred that the average particle size

of the graphite additive is |less than about 100
woi2eo60n8127 EXPERI MENTAL 25 EXAMPLE 1 PNMDA- ODA PCT/US2006/020814

(pyronellitic acid dianhydride and 4, 4" -oxydi aniline)

pol yimde resin particles containing about 57% by

wei ght of a spherical graphite additive material wth

an 30 average @IBARATEIE ERANIERIE9(manuf actured by

Ni ppon G aphite Tndustries, as LB-CG graphite) were

prepared and nolded into test pieces using a procedure

SRRSO PSR e e

by the eefrmmethed imatesiribed Il EXxARpROD Gﬂmz zhffm:am tseootyrahis additive

mate? gW re g T]Ea?f\(l\){ﬁ O‘gﬁél %ﬁ Ir%nlﬁ t pl eCGISO\fggﬁé%gg&/e

mateﬂMs hdied sadbie rasin doatpositionbe Shie igtaphiitd a"dd&'wa mekesiall.of Hewemparative

cxanilee G5 Fantl G0 TG PRE A A7 SR G Taae it ¢! B

compabatigs apmdle @d dj7t Cyendab &\Feks’i;hﬁmﬁﬂﬁﬁéﬁ byaAusy casom;
conp05|t|ons raphlte ad tive mate % hﬁ
cTlsaraals 98 shexmm el Koo Sdeciebexapleser Gapid svpbically i
Flglll%@@ WHEST MoSDvEY tBIrRP RN mBa A0 Bf duforh AR YShinhi€Son i@ fak @ a
he conparative exanpl es &4, Cr, C8, and C9 were
ﬁmwﬁﬁnﬂﬂﬁm%wnﬂ&$lbﬁﬁﬂgﬁﬂ ugt-bons. The results are shown
in Table 1 and sel ected exanpl es are depicted
graphically in |o Figures 2 and 3. Mreover, the rate
in mM/mn, of automatic transmssion fluid |eak as a
function of tenperature is shown in Figure 4. 12 WO
2006/ 128127 PCT/ US2006/ 020814 Yry N~Dco Z OOr NO
ncucqgq COOpdi mmma7 Nvr od UZ 17 mu a
20cpppanP~Nj di NOS7 N r

12
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5 The coefficient of thermal expansion was neasured
using The Thermal Analyst 2000 thermal analysis
wequicanent (DuPont | nstrunents). The coeffi ci eRCTAS2006/020814
t hermal expansion was neasured in the circunferentia
direction for a seal ring. The test sanples had a
width of 3mm a height of 3)m and a |l ength of 5mm and
the 10 neasurenent tenperature range was from 23C
t hrough 150C. The linear coefficient of thermnal
expansi on between t hdEs MEEHIQBSat ures was neasur ed.
Fl exural Strength 15 A three-point bending test was
carried out on sanples with a width of 3mm a hei ght
of 3mm and a | eGgfficiaft oiUhermallBigap®ei conditi ons were
as follows: the distance between supports was 20nm
the radius of a support stand was 3.2mm (1/8 inch),

t MEhercaelifigeniodf tikermplre&pSisionaads inteasureiging B TheimnAnalys 2000

inch), and, the festing rate 2 m n.. Aut ogr aph. 20
them@a%mé@qg@meah@lf’ow& mwn%%&%ﬂmfé@%ﬂg%agwg was
meast#AGh 1 irbBASktiNWirk&RN bl Leebllg. strain. The Fl exural

Strength (nodul us of rupture), at the tine of f?l5| ur e

wakhe tes ssinlesched pavidthred 3ainy: a Ssight of Jppm.@pd ¢ dengthicpt Smm and the

measﬁeﬁf&ﬁf @npabfudd GndB¥AsTHEM DB & ik GHoh 356°81 Mhdlindéd Godffiétent @F
racture was conputed fromthe Sstress-strain curve.

thernd exyrapsion bestvesuethe saidsmpetabirgasds nRiagigedind t he Mati ng

Material) A friction wear testing equi pnent was used

wherein the thrust | oad and the sliding speed can be

adj usted, was used. The test sanple of the seal ring

had with an inner di a%?etxerISt%% 2006/ 128127

PCT/ US2006/ 020814 of Tp%rrm-?—% dth of 2mm a

t hi ckness of 4mm the joint of 2mm). The mating

mat eri al .was the al um num.al] oy for di.e-c [ .

oo poitienling B ESLRE Gt St tlesa il SRRl AlGpm. g height
of 3 San¥l 1endiRb M Oair e Thetest lcOmiiti b8 MR @tfoll@vs: Austdiumamice Between

transm ssion fluid was used cLor | ubri ?gt.i ?S .
SUDDEI T ROA IR 1l 6F § BPPOTAan L Bh P URdROE thefsries ghy

presdufl 2RIV Rhs BRMm (@43 1hd1S, dﬂi&&ﬂeﬂ&tﬁfg&ﬁé vad 2 alm/mid ea@bgtaph
of the test was conputed fromthe difference between

AG- 19K G eapémmant il o Stomad andVpsdacturing e @s99dpomeasyieg the
flexeftdl 5Bhint ffe F 1%§L£Ljralbs;/ﬁéﬁ%€1m‘d Budbe ¢) biQhe € 0SB Bhre WaBY

was cal cul at'ed b asuring the average radi al
compuédclkore dhe sgbsstdtrainrduryg. usi ng a mi croneter screw gauge.

Flexural Strain

Maximum flexural strain at the time of fracture was computed from the stress-strain

curve.

Amount of wear (For the Seal Ring and the Mating Material)

A friction wear testing equipment was used wherein the thrust load and the sliding

speed can be adjusted, was used. The test sample of the seal ring had with an inner diameter

14
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10 Friction Coefficient A friction wear testing

equi pnment was used wherein the thrust |oad and the
wehomiingi27speed can be adjusted, was used. ThePCEAIS2006/020814

sanple of the seal ring had with an inner dianeter 15

of 930mm (a width of 2mm a thickness of 4mm the

joint of 2nm. The mating material was the al um num

of (p?%k}bgéé g{f]lgtﬁl oque ég%lfcl&gss ALEhE theHoRUbE BER). pflfe%ﬁzﬂfng erial

m's weré mai ntai ned

was theatpeiram alloy findioeasting ADGIRs i gsfashpessurepi Y Pamdd spfmd of
ubr The test was conducted for 7
6nﬂ%%ﬁ?§&§%%&%¥£H¥h{£?¥§%&%oeff|C|ent of-the flat surface
vva@torﬁﬂwrmsmrssdn fluidowas uketffor lsbtidagiow nldumﬁmbirte t est.

gﬁhe tfist Wa%c gc(%%cg%ﬁ_zgg%rg%tmp qr{a 21m§u.r; g%ar o% ﬁ{llatglﬁgsager%l% at

the erd Sithe tej;t@ifafslfcoﬁif)ut@d Fofiithe differencediptvadeh dmivechs ketians of the test

ut gmat i on asse Wit h shaft
samy3g ReFR A T Rl B fieaﬁrm%lyt et g et dlirfg e gl %teiﬁ&
meashfi@g R0 BedrAl radiBIGhioRESs iR Wi WhiAg R ctoRhddTisErd i galigeOy
for die-casting, ADCl2), automatic transm ssion fluid
was used as oil under a pressure of 1 MPa, and the
rate of |eakage (mM/mn) at the oil tenperature of 23C
to 150C was neasured. 15 WO 2006/ 128127
PCT/ US2006/ 020814 \WATtosCRIiffgigD |1S: 1. A
conposition conprising: 5 (a) a polyner selected from
the group consisting of polyimde, polyester imde,
p@i&fm]ba meaam;tiﬂ)g efwibchent zoe mm}ceeein thedlerust load and the sliding

speecggl ﬁ’é‘ :vga%zlﬁ gllr%xé %es er e & e e?lr}?nl% héld with afqaﬁuier diameter
of ¢p30&iny eﬁshdt‘h. of 2ainy, mhmhiebyd)felmen thep}oiry béhﬂmm ’ﬁl&‘zmhtmg materlal

| uor opol opol . i mde, copqlyners of
was g BERER i i SbE el KRt peSar SRR odse of
6W§Q&@|nyaﬁlﬁ£1ﬁe@itr&ﬁhtéﬂiﬁeﬂtﬁuém de, copol yners of 10
pol yet her ket one, copoly of olyetheretherketone
co@e}pvﬁ%q%anémls&@pﬁ@t%‘@%k@% éw&? 1eAHion eniEBIeYer s of

The R&WRhERicted PR NOTRY 5d He At Beficint & thd 12 shPckesker ,
copol ynmers of pol yoxymnet hyl ene, copol yners of

mea%ﬁtﬂd)ltl@ﬁtbﬁrﬁémﬂé g 8sdtymer s of fluoropol yner and
conpati ble blends thereof; (b) a graphite additive
mat eri al , mhereln sald graphlte addltlve mat eri al has
a speC|f| ate)of Tagnks ol sissdom Bleidf r om about
1.0 n2/g to about 10 nQ/g , mhereln said additive
material has an average particle size | ess than about
108eahiings@f 60mine(p @iidth pfi2.8mal, e shidinessaif @.3gmajbiint &f 0.5 mm) were

attac ﬁgtolgg P]&tgﬁ?tl%é?l%ﬂ]ﬂsglg)¥ gs%{nﬁlygxylg'g ﬁ}agsr’rrl]a%g From aqgmf’l\ldqu%r(glumlnum

alloy for die-casting, ADC12) and the housing also made from aluminum (aluminum alloy

for die-casting, ADC12), automatic transmission fluid was used as oil under a pressure of 1

MPa, and the rate of leakage (ml/min) at the oil temperature of 23°C to 150°C was measured.
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additive material is in the range of from about 35%to

about 70% of the total weight said conposition; and
wa@Qodqoripsiapt i onal Iy, a fiber selected fromthe gCoOWS2006/020814

consisting of aram d fiber, glass fiber, carbon

fiber, and m xtures thereof, wherein the percent

wei ght of said fiber is in the range of from about 0%

to about 10% 2. The conposition as recited in Caim

1, wherein said polynmer is a polyimde, 25 wherein

I I's prepared by a condensation
pol yneri zation reaction of an aronmatic
tetracarboxylic dianhydride or derivative thereof, and
1. Aaoﬂpamtiiare:omprisidgri vat i ve thereof, wherein said

r ac r box by

0o BRGFR S RCPE B P AR b3y 3 B el
aIde irpide rbbﬂyatrﬁdeﬁﬁﬁdﬂ; b@lxgtherketam, plolﬁﬁhﬂgthnhztdnde, dg |

enzo none tetr o) acl I an Il an
pols R AET O PO RSP BB I A R OIS AN B P
poly&ﬁlzlﬁﬁ&aﬁglef ﬂ@%ﬁol},@n@ rd@ié@l feRDI Sg)bllyﬁﬁd@fcoﬂolyrﬂers oflpalyesten imide,

di phenfy et her,, 3, d| am no g en 3 \ﬁ)
copobﬁ'@ﬁsy(p an Cﬁﬁl‘é\aﬁlﬁ@mlﬂi c réﬂ p(@}’ﬁgﬂﬁq—llgﬂl eaﬁapol mers of

{ i Qfvetht R0 Hop&iShers of polyetherketoneket
pdy%%%%u%%&@%&?%? Ry ter elen saloﬁ ?JO| ylomp%gelgr er:rr?l][(lzleee(me

copotymesi gfypobiamide; @qpelya@r%pfdiqaﬂwwiq line ooy cenedymersiel

| poly&é/po %ﬂk'ﬁﬁolg@woﬁp@) éxgmi’i@ﬁ()ﬁ:' BpSidhds B@hﬂérﬂbﬁﬁnéﬁan@

ynmer: o rived from 3, 3 4' - bi phenyl
compaab}ednd;@ﬂbdwgcbf c di anhydride with p- phenyl ene di am ne
t .
(b)a Iggaﬁpﬁ?e %AHI %xa)@r{aap th%%leﬁ\ma%%ra%ﬁte%%ﬁ&@%@%@%ﬂtﬂagQ Fﬁe%lﬁc 5urface
area gﬂﬁ@fungeomkdn tbone1. Omnﬁ’@ |to aoui ) mt/g| wh&’cmabtdmddﬂn@ @aterial

cn8. 10, n.as re¢ited
has SRS v B o PPt S s ol i
addns@ 1flatéhizA BANiHE aaéleided ?mpmaawnaielm the setepe tveight afgaid ighaphite
roup ¢onsisting o e
addiy Hea fan ez Qﬁ“‘s‘%"\*ﬁ%g/bﬁ@O‘F@rggs}n‘?fﬁ]é%“’%gwelggt said
com Sgﬁgnéﬁ,less than 75 micron, less than 70 m crons,
ess than 65 microns, |ess than 60 mcrons, les than
(c) oBEonlsricits Sesiss frofhe FPUBGORRTERG REETeLEber #ktfs Bher, carbon
ﬁbe%rrﬁ&ﬁnes R3Sof! Rt Qhe‘BeFJeWelglllt%? $aidl RB& S 1 ﬁxﬁ@é’@ from
mcrons, less than 25 mcrons, |ess than
abmmo%ﬂnab@nég%less than 15 microns, and | ess than 10

2. The composition as recited in Claim 1, wherein said polymer is a polyimide,

wherein said polyimide is prepared by a condensation polymerization reaction of an

aromatic tetracarboxylic dianhydride or derivative thereof, and a diamine or

derivative thereof,
wherein said aromatic tetracarboxylic dianhydride is selected from the group
consisting of pyromellitic dianhydride, biphenyl tetracarboxylic acid
dianhydride, benzophenone tetracarboxylic acid dianhydride, and
combinations thereof; and
wherein said diamine is selected from the group consisting of 4, 4°~ diamino
diphenyl ether, 3, 4’-diamino diphenyl ether, p- phenylene diamine, m-

phenylene diamine, and combinations thereof;
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m crons. 5. The conposition as recited in Caiml,
wherein said fiber is aramd fiber. 20 6. The
woaopassiion as recited in Caimb5 wherein sai #CaUan06/020814
fiber is polyp-phenylene terephthalamde). 7. An
article conprising a matrix resin material, said
matrix resin material having a 25 conposition
copprising: (a) a polyner selected fromthe group
consi sting of polyimde, polyester imde, polyester '
arwhseein sidipolyjifs/is made fiom pyeomabliticasidEpbydadre(PMDA) and 4,4
pal, etone, pol yet her ket oneket one,
({ég%ﬁgﬁg(?ﬁéﬁld crystal line pol yester,
pdﬂ&oxynethylene polyben2|n1dazole f 1 uor opol yner,
co f cOo £f 41
r??lbeéé{ L3 Bgl 1&? 8?%@ O (ﬁyrB%rl 390 %S%&ﬂiﬁ dg rdn&l‘gveeﬁ ?110}41 ég 4 4'biphenyl
C Q&ﬁﬂcﬂﬂﬁkﬁm@lﬁanh@drmmﬂ@-phmﬁlene diapie pnd/ msmep‘henylene diamine.
pol yet her ket one, copol yners of pol yet heret her ket one,
copol yners of pol yet her ket oneket one, copolyners of
3. TMO&‘[ﬁ}ﬁh@i@m a§1@6&tﬂd)iﬂ€[a$m af whéreiuitlk willy ddnaity bfaidupiphits hdditive
ymers of g}yoxynethylene copol yrmers of
mﬂmﬂ@ﬂ?ﬁéﬁ%?ﬂ*ﬁb@% c@dpol yners of fl uoropol yner and
conpati bl e bl ends thereof; 17 WO 2006/ 128127

PCT/ US2006/ 020814 ﬁi') a graphite addltlve materjal ,
4. Thehesmiopitien poregitesin Clasm ddv/g@rpméh%{l&frq fgpidigyerage &aﬁgi? fifeof
said g%%ﬁl%%?gm?é fr@te'rlglv\ﬁ Bfecidintetin B fERPOREAE of 18 ﬂﬁ% 95 f@rons,

erein sald additive materi al has an
less thoef Guyérpey lBSSdh@ 83 misrdnedesstthrarBOamietens, 160 then 7f sHeron, less

than ;2@ %rlcerlorrfsa RA L gks ﬁmﬁgnssl%ésqh%f é\}ﬂgirci&s lt@%%atn' MEnilRLEdsR lthan

rounded ercent weil ght
50 nﬁdromalesb @mﬁﬂnmﬁwomﬂeadhhﬂ%mwms dess dani3§ nmmonh dess thag 80

mlcrg%ﬁ, SS @Mﬁﬁq&%ﬁ%sﬁh@%ﬁ&é&?’lg{ﬁ t ! 9 5%9151?}&1% \éﬁ& Hzlsqg than 10

micr8@®. ected fromthe group consisting of aram d flber
gl ass fiber, carbon fiber, and m xtures thereof,
wherein the percent weight of said fiber is in the

5. TB@&Qﬁpd%fth @Rt WailR%, tvherdiosdld fideBhs atddni8 fibdihe _
arficle as recited in C'aim6, wherein said polyner is

a polyimde, wherein said polyimde is prepared by a

6. Tﬁg ?&gﬁ@ﬁ%b a8 &Récy 14i%% WRdeih 84E hta@fid ﬁfneréii‘}i)ol?@%ﬁ@ﬁ}}léhe

oxy I anhydri de or derivative thereof, and
terepdittatanmde)or derlvatlve t hereof, 15 wherein said

aromatic tetracarboxylic dianhydride is selected from
the group
7. An article comprising a matrix resin material, said matrix resin material having a

composition comprising:

(a) a polymer selected from the group consisting of polyimide, polyester imide, polyester
amide imide, polyamide imide, polyetherketone, polyetheretherketone,
polyetherketoneketone, polyamide, liquid crystalline polyester, polyoxymethylene,
polybenzimidazole, fluoropolymer, copolymers of polyimide, copolymers of polyester imide,
copolymers of polyester amide imide, copolymers of polyamide imide, copolymers of
polyetherketone, copolymers of polyetheretherketone, copolymers of polyetherketoneketone,
copolymers of polyamide, copolymers of liquid crystalline polyester, copolymers of
polyoxymethylene, copolymers of polybenzimidazole copolymers of fluoropolymer and

compatible blends thereof;
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consi sting of pyronellitic dianhydride, biphenyl

tetracarboxylic acid dianhydride, benzophenone
woebtsacsnzboxyl i ¢ aci d di anhydride, and conbi nRCT/@IS3006/020814

thereof; and wherein said diamne is selected fromthe

group consisting of 4, 4'- diamno 20 diphenyl ether,

3, 4'-diamno diphenyl ether, p- phenylene diamne, m

(b)a gﬁgﬂi’el bR vE| hﬁf@n@le whetefh sﬁﬁ@éﬁﬂﬁ& hhvd HAEEH fhas dRecific surface

rein said polyimde is made from pyronellitic acid

area mutmquf@@n(wm 0 ag @, alpout 1@@ s arfiereingaid @idiyiye materr
has arcxvi\'gnr?errz? lo %lecgl%Q%fg k@x%ﬁo%%Oﬁm‘fc@ %H&Emg)tartﬁ.oxyr %'Qé&jgraphlte

r om ‘tetracar
additile attakbjﬂf havengwd roimded e yind Néxexj:maﬂm percenmaveight of said graphite

o A E5F L B oSS BA oRS SR it

compeitibh;iane 30 material is at |east about 0.20 g/cnB. 10.
The rt| S I Clt d in Jdaim7,.wherein the tange

© ogoraly, a e et Bar e e eziistpe QLA gpa e oo Carbon

fiber @ 'nhktVu‘%s %E&T'ﬂeréﬁﬂfé%b@@ﬁt%@ﬂt 6fRaldEbef st fthe range of from
consi sting of |ess than 95 microns, less than 90

aboup%inghout J0%s t han 85 microns, |ess than 80 nicrons,
| ess than 75 micron, |ess than 70 18 WD 2006/ 128127
PCT/ US2006/ 020814 nicrons, | ess than 65 mcrons, |ess
8. Thehaticlé as wevitaddm €laith s wherpiarsaig polyiner israspolyimids, t han 50
o EhAIR il GO pfbaftu B ABFnachn O hefifhih KaBibh of an
Z&rmﬁrwelmcaﬂbesﬁlctdmhy@ﬁ}iemr derongiye theef, ahddiamfe or derivative
mcrons, and less than 10 mcrons. 5 11. The
S%ttion as recited in Claim?7, wherein said fiber
I S ar anit@rdin ked arothatic tEhmadmmdﬁsdiﬁﬂlvdri%is seedtedeicom the group

daim1l wh henyl
Ler ephCRETAE LT roTB S ARy it epPRlC AR e

d ai M Giankh@ @] Fens@ibend@ielisttk@bbylia asid dianhydrige, ahd The
article a% recited in aim 13, wherein said seal ring
is plaéﬁﬂlpﬁh@ﬁé‘§ﬁ§d@-betmeen a radial groove of a

cyl i ndrjyedin M%I@GQSE@CCMMC fgﬁfuﬁ‘cﬁ&léﬂlng of £ 4" Ndiamino
whi ch said cylindrical 15 menmb IS nmpvab

posi t i olighgnylsties %éaﬂlamifﬁghﬂ‘ﬁwlﬁﬁwb PSE]EEW&P? gigminen@- ¢ o
form opROSHOR & AGES an@BARGhAMnt MefeBfM @ seal .

OR

wherein said polyimide is made from pyromellitic acid dianhydride (PMDA) and 4,4'-
oxydianiline (ODA); |

OR

wherein said polyimide is a copolymer of polyimide derived from 3,3’ ,4,4'-biphenyl

tetracarboxylic dianhydride with p-phenylene diamine and/or m-phenylene diamine.

9. The article as recited in Claim 7, wherein the bulk density of said graphite additive

material is at least about 0.20 g/cm3.

10. The article as recited in Claim 7, wherein the range of said average particle size of said
graphite additive material is selected from the group consisting of less than 95 microns, less

than 90 microns, less than 85 microns, less than 80 microns, less than 75 micron, less than 70
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15. The article as recited in Caim13, wherein said
seal ring having an outer surface free of scoring has
waempasiari on |ine, said separation |ine conprPETNG2@6/020814
fracture through said ring's 20 thickness to form
opposi ng faces which are rough and nmesh together such
that when said faces are forced into contact, said
micrfgRIES foss/EBhL IGK Bl 68 Suicr LI thaf b norisClebd Bsh 507
crarm 15, erern salrd separation |ine conprises a
micrdns Aegsuhan 45anintops, 1éya than j40 mderons; {espthipn phmigensgleay thay H nt
. inthe seal ring., 25 1 A raki
micrdgf b oAy § AT " 3 A PP RSt B pBEN s than 10
micrai@i erial, said matrix resin material having a
conposition conprising: (a) a polyner selected from
the group consisting of polyimde, polyester imde,
11. RRlyepbatiordtireteted t CRim POoMeadin edd fibérdegramid fiber.
pol yet her ket one, pol yet her et herketone, 30
pol yet her ket oneket one, polyam de, liquid crystalline
12. BRIKEDbElion AL RA Wl | € ABereRGhMRONTU HbEIEE Pbl§(p-phenylene
fluoropolymer, copolynmers of polyinde, copolyners of
tereppbhlpmidedr i mi de, copol ymers of pol yester anide imde,
copol yners of polyam de i mde, copolyners of
pol yet her ket one, copol yners of pol yetheretherketone,
13. Aopoiclere resited in Qaiiny/ 5 tiherditesaishastide rfesealdBBol yners of
pol yam de, copolymers of liquid crystalline 19 WO
2006/ 128127 PCT/ US2006/ 020814 pol yester, copol yners
14. Die qotidly asapciekiy Ciaire 13 coltiy sad seabfingsipjdsedin tEft ghagobetween a
. copol rs..of . f] uorpopol [ a bl Lo
rodief iaput L el HERRR B TRbn PRI bR Wil eytindica
membai 16l n@k & pbsitichddlishid\seal mg @aving a beparatiors fecto fform opposing faces
surface areq in the range of fromabout 1.0 n2/g to
engaglg e ©°o1m 4y , wherein said 5 additive material has
an average particle size |ess than about 100 m crons,
wherein particles of said g&ﬁphite dditive natgri?l ¢
15. Hegarfigle as vesitidde Flamage Wheirig SHA &7 RS ARENE Peuld frriace tree o
. | b8t doMriBg & Fadthrel tBrough $altbring’s
SCOTY %%2;%?&??%%§§g%ﬁ? _%égto ab%ﬁt 7%@6of t he t%%al ?
thiclmeisgh formaipposegsessiwhigrare engh ped meshtpesther pych thatbgp aid
facesS e%?&%%ﬂ {orc%ﬁ@a th&cgfagéé%n?ﬁ FloStehNg O.f aramd fiber,
g?ﬁss N er, O carbon fiber, and m xtures thereof,
wherein the percent weight of said fiber is in the

n of fr abput Q% : 9 i .Sal ‘o
. S50 RRr SERLATR 12, R 0RY sl WORLBIRE S s i
butt GRS éts jobiy opdcaigointan thecsoaipingssi on, conpressi on
nol di ng, extrusion nolding, injection nolding and
reaction 15 injection nolding. 18. The process as

17. ME&bdessiok halngaiurtile, Witbdratle corprikingod Ak résin aterial, said

matrri))? lexs/ilnrlrll"la?;ial having a composition comprising:
(a) a polymer selected from the group consisting of polyimide, polyester imide,
polyester amide imide, polyamide imide, polyetherketone, polyetheretherketone,
polyetherketoneketone, polyamide, liquid crystalline polyester, polyoxymethylene,
polybenzimidazole, fluoropolymer, copolymers of polyimide, copolymers of polyester
imide, copolymers of polyester amide imide, copolymers of polyamide imide,
copolymers of polyetherketone, copolymers of polyetheretherketone, copolymers of

polyetherketoneketone, copolymers of polyamide, copolymers of liquid crystalline
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wherein said polyimde is prepared by a condensati on
pol yneri zation reaction of an aromatic

woetreacsizboxyl i ¢ di anhydride or derivative thepreofus2@ed20814
a diamne or 20 derivative thereof, wherein said acid
anhydride is selected fromgroup consisting of
yronellltlc dianhydride biphenyl‘tetracarboxylic

bl S e BRRSBERIRES crb b SLRT e uiht

S aio@ol@'mafﬁl dm’lubﬁpslgzhxen:ztrﬂohoﬁapamlé Isiencgrthmcnf;: onsi sting of

d| ﬁ?}]é " Vgh%mwg_}twe Hlate'slﬁg @Féweg%{ﬂh%eﬁﬁhhtg adqﬁlveprﬁgtpmq glﬁ%a specific

di @Waé@are@lﬁi%é)@g@ dtatonPaout e BRRS fo dBRut 10hEYE] Whesdh aald
po mde is fron1pyronelllt|c acid di anhydri
maémve aneieriel ps.an gygragedticlsazelepsalan abput RO RHePRS: W crein

S aﬂ)a‘iltlcgég itk %ﬁaphﬁepé’ddﬁ% HaYdIRI ha¥ingPPlohd¥t d8apd ed.'n'd\()@féaem the

henyl tetracarboxylic di anhydri
Wi pencept Whlghtwf@mé geriphitd aditiye anadariahis ph e yanes of Bp@ebew 35% to

1 g%boIFzO"/Q bP&E Rotal Qf?el%h? Glid gignﬁogltl%adn@ 17, wherein said

IS a seal
(c) optionally, a fiber selected from the group consisting of aramid fiber, glass fiber,

carbon fiber, and mixtures thereof, wherein the percent weight of said fiber is in the

range of from about 0% to about 10%;

wherein said article is made by a process selected from the group consisting of powder
compression, compression molding, extrusion molding, injection molding and reaction

injection molding.

18. The process as recited in Claim 17, wherein said polymer is a polyimide,

wherein said polyimide is prepared by a condensation polymerization reaction of an

aromatic tetracarboxylic dianhydride or derivative thereof, and a diamine or

derivative thereof,
wherein said acid anhydride is selected from group consisting of pyromellitic
dianhydride, bipheny! tetracarboxylic acid dianhydride, benzophenone
tetracarboxylic acid dianhydride, and combinations thereof; and
wherein said diamine is selected from the group consisting of 4, 4’- diamino
diphenyl ether, 3, 4’-diamino diphenyl ether, p- phenylene diamine, m-
phenylene diamine, and combinations thereof;

OR

wherein said polyimide is made from pyromellitic acid dianhydride (PMDA) and 4,4'-

oxydianiline (ODA);

OR

wherein said polyimide is a copolymer of polyimide derived from 2,3,3',4'-biphenyl

tetracarboxylic dianhydride with p-phenylene diamine and/or m-phenylene diamine.

19. The process as recited in Claim 17, wherein said article is a seal ring.
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