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WO 2006/128127 PCT/US2006/020814 TITLE RESIN COMPOSITIONS
WITH A LOW COEFFICIENT OF THERMAL EXPANSION AND
ARTICLES THEREFROM 5 This application claims the benefit of U.S.
WRAPHELHON No. 601685,370, filed May 27, 2005. FIELD OF FHES2006/020814
INVENTION 10 This invention generally relates to resin compositions
having a reduced coefficient of thermal expansion. Specifically, this
invention relates to resin COMpOg e wherein the lower coefficient of
thermal expansion is achieved |t|on and mixing of at least one filler
material to the resin composition in question. This invention further relates
torﬁ%ttfteeeﬁm@s‘mmmg % GOV CUTRBI T2 NY GF?HEEMAL
coefficient of t} ! |sq relates to a
method for mcaqng su%ﬁa\?%ﬁ% Aﬁw NGO THE INVENTION A
seal ring is used for sealing lubricant oil fluid in automatic transmission
assnbiyicRiéATwReKS 1alating DRI pUHbRIsaNPHEBL REednvolved, for
ample, in a car engine. Soft aluminum alloys are used for the rotary
ﬁlediﬂﬁ‘ft n%oéj?e housing thereby maltrng the AT lightweight. The seal ring is
made from a polymeriEHsihFareHaINHEMISIGNC. For example, cast iron
has been widely used for makrng the seal rlng because cast-iron shows
good sliding 25 characteristic when AT is fully lubricated by the ATE
tﬁ%ﬁeﬁetr% SR B TR RSB THECRA SFiDS SEXrAvee APt
thenﬁaﬁett;ﬂﬂﬁtﬁty@ha?[ﬁ@m@, the housiog @Esamblysinachpiasiersaghirkiasha

Towd] ?g’%ﬁ? rﬁ it Pgﬂ%’er 8 é:%%v%ft%l‘% @Naﬂ'ﬂ@&ﬁtﬁ&ﬁﬂﬁy HESHTE 10 o Easl BB

en the AT is running with a reduced level

ﬁﬂ%rﬂﬁtwal FUfp S ICSRETRRSHISE & SiPHiRhte riBrs TRYEHgH Bréﬂpfrors aidparticles
madddRgriRatRRa iepbiiRasaliing StuMomwenrthefticencymhiie sarad
when the. ATF. oll Rressur is low. For facilitating
mvmil(iaﬁaﬁgehl%r agt)tgéﬁngle%‘t% akm%alf ﬁnﬁﬂtﬁ) the AT, asealring is
subjected to a cut called the gap joint. When the temperature of the AT
and the ATF rise, ghemmskexpansigrrefithr sealreagncloses this gap or
cut. However, because of the gap joint, itis possrble that the seal
performance is inconsistent. 1
A seal ring is used for sealing lubricant oil fluid in automatic transmission assembiy

(AT) where rotating parts in the equipment are involved, for example, in a car engine. Soft
aluminum alioys are used for the rotary shaft and the housing thereby making the AT
lightweight.

The seal ring is made from a polymeric resin material, metals, etc. For example, cast
iron has been widely used for meking 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 alioy used for AT. This
probiem is further aggravated when the AT is nmning with a reduced level of ATF. Further,
cast iron is a stiff rrtaterial. 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 instaliation 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 cat. However, because of the gap joint,

it is possible that the seal performance is inconsistent.
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WO 2006/128127 PCT/US2006/020814 Polytetrafluoroethylene (PTFE) is
also used as a seal ring material. Because PTFE is soft it can cause a
worelg/theezg installation and subsequently, a fracture in the R{ERGUZIKE{020814
because PTFE resin has especially a relatively large thermal expansion
coefficient, the change in amount of ATF leakage is also large. Further,
as the temperature of the AT and 5 ATF increase the seal expands
cB%@@Bﬁﬁ%ﬁ@%@@ﬁﬁiiﬁ@lﬁ%@%@@%ﬁ%ﬂﬂﬁmﬂ- RFEF%‘&‘QW{ 15
soft, i59alH0¢ ciEsilerensaunayhadengihenad hy: &eatiespording. amaunt to
b of the. creep mo%’%igatiqnt,t ei%(teﬁ%l_ﬁs' e of the Sc?%%é@&? comes
SCAURS T tRAH the MRer- diametar Size f the Rouang and the Titting of the
changr irgatioast Wb ABMedkatg it aitorssy Sruniie A it Fardrress Ot HE MMatedal is
ATF 19468 9lid forejanss uhsiancembR amkedded iniadhersgaliingieanvear
out the mating material. Polyi |d? resin has also been US%d as a stea]lfgsin:g
Althopg R AT SRR TrEREATCE ‘EHORD a6 SRy B horm
the crihe gafifointt] dwexerntheizatd of ATRilediageesiangebavitie thermal
GiemSEPFRIP R ASRQHE BN G PERRIS T MAY QDA% REHiQusAs PTFE. Thus,

seal performance suffers. Graphite or other inorganic compounds have

bedrraitet e Baderias e ROBHIEHEhE AT th&rfRal SXSHHsTBR Rffich helps
embeliadSed) Rearmanee: Heweves: dafacts=thtiing gap jot formation and a

opsrnget el suainasaesulat e Addiiyes a0 arsuIg e

sedl }f)er ormance. The present invention-addresses these problems. The
vropdrirentoesrotitlly prisklatolrimianasn tiav e insEsveibetal ebfitilifpikase
chanSQMROSHION. 0L hes8al Jingunaler ipbBrENhakie. e xatahsapTHDeTHIO!

drqp below the cri 'caI,Iirpit r%%uir,ed for ade uatedsigl perforn&grhct% 2 uq_ .
sl BT ARG (e BB ST B S PA R A e e SOy
the cthéfidles sétkmpeiforpaancs shiciprdpetiovel pofvartionalisesiingsivver a
d ,ﬁrag%%&@m&%ﬁﬂ (R dangReAtes: aliathaRresentdaventian discloses.an
additive graphite material with a specific surface area 25 range, a specific
undesRipR HReSRAR REFTREPTcent by weight in the seal ring material that
provides the desired seal performance from the seal rings made by this

maierial, SUMMARY QF THEINVENTION 30,1008 Sibadipent, here

~Is provided a composition comprising: (a)ca polymer selected from the
Invegkonpace AR OFH SRR SHEN SR g HIRpE et HER RfbiEe
flexi@l vamide dmigiairpsbathetikaionel polveiheretTetkatanese seal performance
and giOI wtgeeortlfsi}iy glggf}%}?é QHQQE%%? é}y%l??og%sat%glpo%@z%yﬁé bhat the seal
Eﬁyoxyme ene, polybenzimidazole, tfluoropolymer, copolymers of
perfpoipinT deirgopoigeerscotsolipastspahiggs over a broad temperature range. Inter

alia, the present invention discloses an additive graphite material with a specific surface area

range, & specific particle size and its percent by weight in the seal ring material that provides

the desired seal performance from the seal rings made by this material.

SUMMARY OF THE INVENTION

in one embodiment, there is provided a composition comprising:
{a} a polymer selected from the group consisting of pelyimide, polyester imide, pelyester
amide imide, polyamide imide, polyetherketone, poivetheretherketone,
polyetherkstoneketone, 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,
copoly r‘s?'&'@ﬁffﬁ% gl %ﬁé?ﬂ@%l%@@%ﬁolﬁﬁﬂﬂ@mﬁ& poiymers of
polyox thylene, copolymers ‘of polyberizimidazole copolymers of
polyetherbespsh PRt avas ebpapathsrs bt ety s Sipasrskeanmerone,
copolfiRt8dahoNaeReiN Baitalap bitapdritveialieipllas eoppBeite strface
wodrea th 1thg range of frol;n out .1.Odar221/echoo bogrtS %%ﬁﬂgfj &Whereig said
PoLy o tve ThatSnar ias An’ %?;e?%uemparﬁcle 78 76Ss than about 108"
computitdrdnedytieredfi particles of said graphite additive material have a

(o) 2 FRRAEChARRP S ARG IWRRIEIA {he parsenbiveisEhoksaidaranpianadaitive
.material is in the range of from about @5% ‘o about 70.°éo %f the tog%l vgﬂgpt
sres 18 48 BT oD A (5 GPUBALIY & A SERSEB DA NE SR

rom the group
an aveapsistitigjofzy Emithdibery g Hsmidrens canbein fivericand swikimeesithereof,

SIS Recapteloii okapieh el dn LI ARgs LM aapau! 0%
to about 10%. In a first aspect, there is provided a composition _
addivig ABIEAGS TR FeT SR RRIBS Hor BReriiip ErsISH g BF Ho¥ifhide,
compRgiyastetdmide polyester amide imioc, polvamide imide, poiyetherketone,
pivetheretherketo olyetnencetonQKetQn ERI[o[PY
@) o s Do SR A Htia g DT el Her.caron
fiber fardroDoivhEereBpBhprser o PEeRITRIE O UG HERS b it Esws offiie,
abouCORAlYBEES @b poiyester amide imide, copolymers Of ooivamihe imide
coooiymers of poivetnerketone, copolymers of Doivetneretnerketone,

OODQhveis:RE-0Qivetnsrsateneketonaiicopahynang: of oolvamiae.
coDDIlvm

rs,.of nouiderystall | -copoiymers of .o
o o B S o BRI ey e
POtYERER rATIeITRIRS RPYSMISEIHOE IS NEFEBIPTS) ByrEPmetaatER:.

poly=aiRRHaMsR eI sRshaRPhEa additvaimatasipdias asuscifeesiviaee

. area inthe,!a{; e of frorgwa’tzout ,":.I%m‘ig to. abou; 10 rr| V\Lhrgr%nglaja%tw
POl DRI A A RRY RV EYRG DR B fE TRETERR (HAP RS TH B =S
imidanwmmmmiypamcmwé gamigsg rap!bﬂlte%‘a_elﬁi@?@mm Im_i'uiﬁg a
conolpBdes shape AR iwhersin g Rese SRl MeIsHAL Raid aphis aditive

material is in the range of from about 350/'0 to about 70% of the total
POl R R B SRR SR P LT Y RIS H ity S PSR 81 S I G B Bfoup
polveSiasiskipgiohatanisblibemeginsidds catbhamfioe oiandyisexitirasidbereof,
conoi ARG RS SRV SN GBI OSE Rl Hife o2
(b & graphiiz additive maenal, wherem said graphite additive matetial nas 2 specific
surface arsa in the range of from abowt 1.0 g 1 abow 10 Mg . wherein said
additive maienal nas an average oariicie size less than apout 100 microns, wheram
particies of sald grapnite additive matenal naving a rounded snape, and wharen the
percant waight of sait grapnite addiive matenal s 0 ine range of from abou! 35% 1
about 70% of the woal weight said compositon, anc
(=) optionaily. a fiper ssiected from the group consisting of aramid fips!, giass fibar,
carpon fine:, ant mixiures therec!, wnerain the percent weight of said fiber s nins
range of from apoui 0% 1o about 10%. wneren said poivnar 15 a2 DOIVImIGs, wnarein
said polvimics Is Dregarsd by @ conasnsation nolvmerzaiion reaciion of an aromatic
tefracarpoxvils gignnvands or gerivative ineresd. and a diamine o genvaiive insrec

whersan salc aromalic eracarpoxviic diannvanos s seieoad Tom the grous

L ¥



range of from about 00i% to about 10%. wherein said ooivmer is a
Doivimide, wnerein said poivimtoe is prepared by a condensation
DolvmeriZation reaction of an aromatic tetracarooxvno diannvdride or
derivative tnereo . and a diamine or derivative tnereot. wherein said
aromatjo tsracamoxvlic o,annvonoe is selected from the orouo 3
SO nG: Stirry B G U R AR nSIAERY TS FRETRIP RAAE RS OXRIRN AYRICE
bervginreEnvarderdrenzouhe Bonediatracaioexalic asmothanove tider=andanc
wne RTINS B0 B0 draNh el AL AIAING 1 sCi2 B IR Hithany
~group consisting of 4. 4 -diamino diohenv' ether.”3.4'-diamino dipneny! -
etheptfi &r -HaFHEN FIBARNYI &iifFre FrRTSTNIRE fERTMRRI N CAE VSRS RamOasanC
comthezaohs @RBragherein said ooivimide is made from ovromeliitic acid
= diannvdrcie (?MDA and 4. - oxvdianiiine (ODA; OR wherein said
ooivimide is a coooivmer or" polvamide cienved from 3.3.Z. L -otonenv
WISlEa Garb orVtidiaisTvant dramperphefiie asid danimartothét Vi ahenvie e
oxv@EHRe (tiopne embodiment, there is provided articles comprising a matrix
. resin material, said matrix resin material having a composition
OR comprising: (a) a polymer selected from the group consisting of polyimide,
whngpety aste minvitesp al yestenigmd efi nudemolyasmnaeiriiste, polyetheikatone,
e YERAIEUIEHAARE W AR EIREHIRIOD KGNS SROMAMIARIGME: diamine
crystalline polyester, polyoxymethylene, polybenzimidazole;

fluaropelwnesierpOMmens pfRalyinide-copahrnars.ohRelyester el said
matr 0 e%}}’rrgﬁéﬁa g‘ Vorl%%ster amit_de imide, copolymers of polyamide imide,
. copolvmers o plo efferketone; €o rﬂ')ﬁlﬁl iers of polvetheretherketone,
() ﬁ@@o@m@i&@ﬁm@w@mmmg@f sopntytaars ekpolyaatidevester
ami GORARMBIS.Qf dokichcrysialline o %‘?@%&%Pe%\ém%@m?f
y polyoxymethylene1 copolymers of polvbénzimidazole copolymers of
POl S TP 2 B HIR altifitis! T Al bR SREETS T Pa R BT RE HeRfitive
polyhratiriakahefieincsaithgraphitsyadaitiraoatatal d3ps Aapesine eEtacenide,
eainthea .Jg%&pogt 0 {;rJnZI ta about 10.m2/g , wherein. said
COpcg%ditiv.g r‘na%%%grle&%s an avgrfgjévﬁaﬁ’ig? %l%agFegs han %%8?1‘\%11%&
polyEheRbRensy A FaRoNeYy Bt kaionieonoidvs pfatovitherviogpieione,
copdBrReas shiapeidnuhwhereindheprreastweighplaaid graphitg additive
m,aterg;}I is in the range %f frprp abou& 351% to about 70% of the total weight
polygglyanc vi&ne, copolymers of potyvbenzimidazole copolymers of fluoropoivmer and
compatibie biends thereof;

{b) a graphite additive material, wherein said graphite additive material has a specific surface
area in the range of from about 1.0 m%g to about 10 m%/ g , wherein said additive material
has an average particle size less than about 100 microns, wherein particies of said graphite
additive material having a rounded shape, and wherein the percent weight of said graphite
additive material is in the range of from about 35% 10 about 70% of the toial weight said
composifion; and

{¢) 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 (% to about 10%.
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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

Wfb%f 3380 2006/128127 PCT/US2006/020514 Finally, thiS TAU&HH8R20814
relates to a process for making an article, said article comprising a matrix
resin material, said matrix resin material having a composition

Rﬁﬂ% ggv&ﬁeﬁym%ﬂ%' r@&ggeﬁrqm e groun.sansisting.atgolyimide,

sterlml 5 polyester amide imide, polyamide imide,

¢0mB@Wé'tﬁé‘FR‘étbFFém§B%tHeF@#@%¥dﬁ%n ‘ﬁ%}ﬁfé‘i‘r}&‘f@%@@%%o‘l
comp@@mide, liquid crystalline polyester, polyoxymethylene,

pol enzi mldaz e,f Iymer co m fpolyimi opolymers of

égst%ryflrﬁrdsee eggeALﬁromers%P%% élg'[%)ré &%éi |F‘n|(§:)é ]éo(i{goslgrrilﬁ)ers},ﬂ of
pong@lmﬁﬂ@ pmide: oBHeEYdeoM ety R SCBpIOH etone,

inédsp oRfHaBYd flpdﬁ Hetedsia B?JGS RS

polystharathenaiane, g@@@ﬂﬁfm‘f{ﬁ;ﬁﬁlﬁiﬁﬂuﬁémﬂf@tﬁﬂ 95@1@4{3@1@*&@4@@
copolymers Q ide olymers of li rystalline polyest
o R BB R R BT Bl T b SRR S oester
copwlimerpaffiencjolynitsr m@mnmlbmagfmb@mﬁdw@dgmphne
addithy malesial. Yhsrainsae %@ﬁh&% @ﬁbﬂﬂpé%%%m@sc@p%@ﬁﬁmof
surface area in the range of from t 1 .Q m2/g to abo%,t ég]%%
S S B RO R T S i R AT LS i
aqulyk@ermtqmm,ewhépeimzpwmﬂﬁsnei sgiol graphifeddditiveiveadrial
havne sdRdedabane. AnENEBIING  aessplueioht of said graphite

additive’material is in the range of from about 35% to about 70% of the

totdPhieiHtEa RAGEHT B LRI %{’&f%ﬁﬁfﬁ?&l’l&‘i addiibieT watuiblea sRegie
grosipfeensistingtek-argnoithbbenglass; fiber, 2®eanion fibewharth said

R LelRel SO De el WA B SLIDEY UL Tange

of ffom about bout 1 erein sal article Is m by a process
seleetbelofraitesyrbip %ﬁ&fs‘fgﬁwge@ﬁlphmaéra ts@ﬁsiﬁﬂe%@:eﬁa apdpsTERstBh
Molding:exibis onsMOIdNg;dniastionRaRIiNg andJeagton Hejestian 35% to

molging. 25 SRIEF, BRSGRIETION OF THE QRAWINGS

(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 moiding.

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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The invention will be more fully understood from the following detailed
description, taken in connection with the accompanying drawings, in
which: 30 FIG. 1 depicts the evaluation equipment for measuring the
ViR H6r&Hip between the amount of oil (automatic transmisSioR HEREHea2e14
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. 4 WQ, 2 : 1)S20064020814
G S e B e b R A Mo ORRAL
weighe réerrpiweighiidfegrabhreldadiive to the polyimide. FIG. 4 depicts the
ratestn, mispiasehattematictigns Rigshandtigslenkasmitretiafahinctior. of
temperature. 5 While the present invention will be described in connection
epreferred embodiment thereof, it will be understood that it is not
intéibotie tinsitnthievintientivl te teatribsvhboeiimeriioOTithe wormady, it is
embifiERdeth i sousralbalisinatiesn madificatianmand HegUNAIONIS s KA

be included within the spirit and scope of the invention as defined by the
embﬁﬁ‘&éﬁi‘ﬂae@%%%ﬁ@%dﬁ%ﬂf@ﬁ%%@ﬁ?ﬁﬂ@ﬁ?@’ﬁ%%%r’)é
equithisminwentiphejacedal witiatds tpire sinl compobitions draivines daisohddedhe
app&%%gi&.gﬁtspf ‘t‘hermal exp.ansion. Specifically,'this invention relates to'
resin compositions wherein the 15 lower coefficient of thermal expansion
is achieved by addition and mixing of at least one filler material to the
resin cCompogitign i EpasieC RIS QN e o) $ VE NIERO a process for
making such resin compositions. This invention further relates to articles
made from such resin compositions having a reduced coefficient of
the i BsgpEpR RSS20 RSP CURTELAMI Cioae PaNa R EcAussd cocfficient of
therBQMIRSIHRR. COPBRFIsAS, Nigh e mperatiienehuiedenipairidalsyaeeh as

engingerin lymers. Polymeric materials useful foy the present invention
Nt bres ekl et s
fillqpoiytesid tatimidesinmigapoptiyain igiedheideTpe iysthbrkalontslates to a process
for RRNMEINGEhEekeIRRs-i RO e hatkeloneleianry ROYAT AR AR igkidrom such
crystalline polyester, polyox mtgﬁgylenz%%%glienmmldazole and
resif S OPE S AtE P e A lt?%g?ﬁ G HHE A raRs8 R hides prepared by

condensation polymerization

Tem:

Resin Compeosition

Generally, the 'resin composition comprises high-temperature polymeric materials
such as engineering polymers. Polymeric materials useful for the present invention include
homopolymers and copolymers of polyimide, polyester imide, polyester amide imide,
polyamide imide, polyetherketone, potyetheretherketone, polyetherketoneketone, polyamide,
liquid erystalline polyester, polyoxymethylene, polybenzimidazole and fluoropoiymer.

Preferred resin compositions are polyimides prepared by condensation polymerization
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.
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reaction of diamine and acid. Examples of acid anhydride include
pyromellitic dianhydride, biphenyl tetracarboxylic acid dianhydride,

e ne tetracarboxylic acid dianhydride, etc. Exam f diami
wRHERRTS Py Rl

e - diamino diphenyl ether, 3, 4'-diamino dipheny
phenylene diamine, in- phenylene diamine, etc. Another preferred resin
composition is KaptonTM, a polyimide (Pl) made from pyromellitic acid
diapRygide-LRMRANAND A bseydian %@@P@yﬁ%@%ﬁy&m@&éﬁm
comﬁosltlon is.a polyimide copolymer derived from 2,3439' 3‘?“%&
SubstHata B SRS BANHIIREE AT ESHERGIENE: dranfifil AndiaP > ¥oich is
incotpepieiyeniretasiimeirs WO 2006/128127 PCT/US2006/020814 A
furfigr AFTEHGAIRSIN camposlinenanaamAlloAohimIde GRmRRSON
prepared substantially in accordance with the method described in U. S.
meckagigHPpAGSEERIRhISTTREBHA Shateidehir pistanshi! HBRUY Fierresgpod
slidigephpesitiansysed in the present invention generally have outstanding 5
mechanical properties, improved thermal and chemical resistance and
stability and even good sliding characteristics, Filler Material The filler
Fillegdefgierzalis mixed with the resin composition during resin formation and/or

1o T g PrReassiRGRidheiresin campasiieniia areparsihearticle efdise.
d Preferred fillefr aterial for thjﬂs intverggioageiglgrag\ﬁgg%ﬁl}sis preferred for the
un%‘%é@%‘:ﬁfs%ﬂ%n 16 10 use” cr’%pﬁ?teogoﬁ}sstmg 0 non-sp?ierical, rounded

pafticfewed fidsonpastiel o thisyntrativass desbitbedt Brwitmeg arpbranssire
invealBP R A2 ALSHARE - BMRNENRuRRAHRRN305 0 Gugtikekal:

discloses techniques for preparing graphlt(%ﬁart cles @%uf?e% in 5
be b AFRTIBrIBAARYBE 20 OQIF%?) fEBEifig QELEbEE as “pOfA0-ike" in
200k6p20 Matemiitical. drelivdsinidescibmgppargcestiagertraleouse in
mﬂﬁ&%%%bo%@!eﬁésss@ﬁ%%é%}ﬁwbénﬂg%séﬁﬁetpas&ga%ﬁk@ta&%ﬁ;’en&mﬁlﬁ%{m

“globular” to qfescrl e a graphite particle shape, such graphite being used

et G BB RSSO S0 05 350 SEH{E- Pl B st KiSeUtSE of

SuzsphedCabgrmpiterdmal phieak-R esistaribResiapbiidingiMatesizl sukh graphite
fssedplensed Johilizdienpiia 20 darliciesde. 6lapaimRRIes! GRRIE.

b ; ) AUSE
“ith-a sSmooth su ce, very hard, and of uniform size distribution.

grapaife iancElRiResien ResradlfinaWYecibw SrdesssinHon r sBa hrerhtaRe

partRel A ogsy @l R A0pRerél 958)apincbiVsiiA)k fese ibes adoddiittne size
._roundness scale far particle characterization. Using that

e DA RE oMb ot OBl Sy

Petrology, vol. 23, no. 2, (1953) pp. 117-119) describes a qualitative roundness scale for

particle characterization. Using that scale, the graphite particles of this invention are of
intermediate sphericity, end in the range of “sub-angular” to “rounded” The mid-range is
termed “sub-rounded.”

A preferred weight of graphite in the avticle is in the range of from about 35% to
about 70% of the total weight of the article,

A preferred specific surface ares 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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intermediate sphericity, and in the range of "sub-angular” to "rounded" The
mid-range is 25 termed "sub-rounded." A preferred weight of graphite in
the article is in the range of from about 35% to about 70% of the total
W\ﬁé@ﬁ’tlwe article. A preferred specific surface area of theé 8?5%36/ 020814
material is about 10 m2/g or less. A further preferred specific surface area
of the graphite material is in the range of from about 30 Im'/g to about 10

AR EY BT RESHRTER SRREHE WIS AR R AR U Fess.

rial | range of from about 2 m'/g to about 7 m2/g. A further
monptseFe PPl B F B 67 h 8 R A RS tEH APR BEBLLSHE: 6
or 1eW G200/ 8 1256, RETHIUSRAEMNIA814 A preferred particle size of the
filler.materal.graphite is about 100 mic r.less. A mare preferred
b e e s
roundutiosaper [BusgBphith dlimereieliatbanm opbuigiidiesoirasgagid. alds bulk
dendibyriieninratemed;ihataaidaraphieifter material is non-spherical and 5
rounded in'shape. The graphite filler material has a sphericity of less than
about 1. The bulk density of said graphite is at least about 0.20 g/cm3.
FibeFilretie abec Matrix In addition to the filler material described above, an
article RIS om: SRIL HeRiRsHBLMRRAS N THR G HA RS SOMBHES,

fibers in its matrix for rei,nfo§cem,ent or other purposes. Fibers used for

COmgG O T B e SRR H I BT A PRI FilSa P U PSS C LSS RS Srs

Fibeanahetnixt thie aibbeanfn Tagpered Abweighidfibaid fiber§hersuatvantihetiched

._Is.in the ran f fr 0 t.109 tal el
i e

abowh Biiarestp dALGH BafPHS BrishareiueriRE method of this invention.

Generally, the graphite filler material as described above is mixed with a
Mot in aslele ition during a conventional process of making such articles
. in_the pertinent art, for example powder
cordpielesinith toraprecticrhmsdrigabspaaitm s Byt dippetaod of
this QNG reasion iniRciommaldingeitafibesssushaasvaiamide O¥aass resin

andjor carbon, may be added during. procesaing.of the.aicle ot duiog,
ComPH O ATAtoh B FRERMER CHT TS TErmation and the step of making
the thegtiagticle. dancbengherendshesarreion tioly ohigseclding, extrusion molding,
injection molding, reaction injection molding, etc. Fibers such as aramid, glass andfor carbon
may be added during processing of the article or during resin formation. Sometimes, the

resin formation and the step of making the article can be one and the same.

Articles of Use

Articles with low coefficient of thermal expansion ¢an 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 1ing can be
used in equipment in static environment where generally there are ne moving parts. Such a

ring can also be used in equipment where moving parts or movement is involved, for
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25 Avrticles with low coefficient of thermal expansion can be made by the
composition and method disclosed in this invention. Two exemplary
embadiments of the present invention, i.e., articles of use, are descri
VAW 1 Bther articles, wherein a low coeff|C|ent of thermal expa{[r%gs%g%ﬁps 9814
desired, can be made using the composition and method of this invention.
30 Seal Ring or Gasket In one embodiment, an article of use is a seal ring
exanfl KRR G AeaRA! HNYEANRCHERD SR AAUBMEN kI P&lied for
envwoanent where generally there are np movin 1garts Such a rln%can

appligpligns %@Elﬁ%%?ﬁ%ﬁ? BTG B of THEVRSREA TRED
liquifosr 3 WO-R006/A 2827 REFAIS 20060 2081 Hngx Snpleinsciprebating

- m&%msﬂata%gp&afev meYemeni: SYElERASC3N A8, REHIS {9k smission

plications Whereln a fluid pressure is exerted on such a ring. Pressure
ﬂmdéi@?fé&’%/\ﬂ*?@ﬁ“éﬁ?dﬁ@&‘&@%@%olves during a process can employ such
rings:tSuchdings com alsoaenginpioyedmdiene alseabisindoylisedmprewsoid

fronPil S 2kKs Under pr %%%f&msgg%m adia a%?amtilﬂw%'gmm Bifection

automatlc r ih pump action er, such rings can also be employed in
towasiRtieiend dre @aﬁdl%@qsnﬁﬁwfﬁéé‘éﬁf@f%ﬁ%‘t% Ry éb%i %ﬁe’fﬁ@ﬁ%ﬁf’c@
the @@%@Mﬁ@@y t%?&a shdgaerinhaing) i malchaéﬁiamtmumwmghme
rf%)ter fIhelse m?% orin ﬁltugtlonsk} g{rel é@ga%kcew cts or%hthe inner
Presyira R SO Y ARG FE R SRS SWRen B Squipnient chamber is under

' comgrastion Brozasuberrtiregurfiee MW%@TQW Sy FEHa4AEE can also

simPERTRIOYeE ipisithatipna yhsieb AB R AamPressiana e o heinatar
surface ang %Jctlogforce onthei Ener sturface are simultaneously
U3 rtrobinepihit BB ARPHATE S EPRERN seal rings, described in
U.S\ Raltridpeds, eemmyamdgethemmn@@npfmdt by eefererrddbpmsertiaingl
the &%EEB%%%HWA%%% ?F{’:Qf BEGSL AbPERIEPIIN @5&19% aird e materials
0

of 15 the present invention. A seal ring can be used r example, i

Tang@isiig gﬁ‘dasu (SRR HIATEEIGH 9&9}6@ e 5t Bl RS S %{%
pregﬁ@mahblaﬁt\ﬁlgh tenperatire mockhighbgressi the reatplediafitmdiire lativeg

ovel B : @@ﬁgf %‘%ﬁe{ge ntheratation shaft and, the NOUSING., QYRS ARl ring

exten ro time T erefore, for this use, it Is advantageous to

mﬂtﬁ%ﬂl@ﬁ%@&ﬁﬁﬁ@“&f&%PW%ﬁﬁf&ﬁéﬁﬁ% I‘?&ﬁwi}‘%‘ﬁ%&éﬁ?ﬁ&% 2iermal
medBsichemisal resistanes and20uraechanioal dotegrifioto Wittistdnly, the seal

1'inghs%EJSLHdepr1]<\)/\le ep 1rrrfse éu%%%ﬁei{ ??lmd%gg%! ac5|1¥1‘p Q’t%l%%%pped or is negligible or is
at least mirimal, and constant while the operaiing temperature of the automatic transmission
assembly fluctuates from low to high.

In recent vears, metal alloys have been used in automatic transmission, for example,
aluminum alloy, to make the automatic transmission assembly lightweight. The lightweight
alloys can generally be physically softer. It is therefore advantageous that the seal ring not
damage the soft mating materials to which the seal ring is likely to come in contact. With a
higher coefficient of thermal expansion, an increase in temperature will expand the seal ring
such that it may damage the lightweight alloy materials used in the automatic {ransmission
assembly. It is an object of the present invention to pmvidé a seal ring with a reduced
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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ring should provide insulation such that fluid leak is completely stopped, or
is negligible or is at least minimal, and constant while the operating
temgerature of the automatic transmission assembly fluctuates from low
VRS Y ecent years, metal alloys have been used in aut 2006/020814
transmission, for example, 25 aluminum alloy, to make the automatic
transmission assembly lightweight. The lightweight alloys can generally

to« REISIEAY sQfterlids therelars advaniageous hat e sealring not
g islike

damage the soft mating materials to which the seal ring is'likely to come in
PreveRSinget. oih (et FesemitseRIBidikh ara b istoncikitnineratsament
of thiesnperptu ewwidraxpadeihe seal ring such that it may damage the
ghtwelahalloy maierialsused indhe aulomatic ansmission A, i
assen%ly. tis an dbje ?otf the present invention to prov%de a seal ring
accomnbshefdtiieednaiibiciebsipdr fareip amsivrmeicmariettveler iagjasto
transiiSrAkiQRalic YN IRISRI oM ASse AN hJe: MmNz et ({8 Besaty: @vgal ring
has anrfjpder};tation or %cut on i%s circumference s9 t,E at it tattac es nL%gJﬁ/
Process i Yo Bl aHAM CTHIE SRARSRESHAR oF AliH S AR Rk HE AR 28 4 o‘i‘ﬁaf%éjp.
autoMabium forn Safgoiitsiomntsausebls forexamm endiaigoioes scahjsinpistip
modif Fi&t&gisﬂqmér} BolPorQ0RAh a2 e febii= 2000208 141y IR-ANRERRI

skilled in the pertinent art. This_joint gap on the seal ring IS im F(;%ant in
sueh SRR e R R PG AT SAETHIE o) S AR X b A ol
defotagititatin gpatiachpeesitrof dn beSembvind o the rotatediysidafirdpeane other

oryoAROAITERE HEOIILIS, GERIG BY HAEHNG Mg Sea O FIpaG o
accomplished by providing a physical shook (force) to a polymeric
formygpamtap Bé?éwl’&%1@I%%nffhﬁgt%ﬁ-t%%ééﬁétﬂ@%smgﬂ?@mﬁlgﬁf TRferrace
hereghock division method used for division processing of large terminal of
theycereetian rad. whisheonneds e pisianand srank af. an.aiomenlle
engine. eneral?y, tftracture is Usable on y when a material does not have a
the yg seesbdiffeativ FradEid A YHlI6W ghasteaneition Tom per dwife siplace
of tASE &f _ﬁl@&lﬁ%@_ E&ﬁb@;@ﬂﬁb kﬁgﬁuﬁ%%ﬁx%!ﬁkmﬂﬁ' | } aésige&@@w i8n of the
.__processing conditions. Polymers that exhibit a plastic deformatjon.at room
ine e B RRe o ) B AR NG TS 1655 O e 22
ringorlbyeiitredawitisnabiaphptiatehyfoliowed by fravtdreraimethoddtioent of
therRRPIRGsfFACtUre to form a joint in a seal ring is given in U.S. Pat.
5,988,649, which is incorporated by reference herein. 15 When the force
exdrFITRETIMY SXBEHE AR ARSI IART B8 E%%‘Fiﬂé‘ﬁé‘*ﬁ%%%”&‘f“ﬁﬁ%

- amongefiglt Griadmaibittheniiscturduddden’s anitkh thengpackeprop Agatignifpmiliiee

shaijﬂsigﬁmé&ér fﬂﬁﬁ aluminum (e.g. aluminum alloy for die-casting). The housing 2 is also
made from aluminum {e.g. aluminum alloy for die-casting). The seal ring 3 is shown as part
of the housing. The oil supply pipe 4 connects to the housing 2. The supply pipe 4 has an oil
pressure gauge 5. The oil pump © supplies oil throngh the supply pipe 4 from the cil tank 7.
The measuring cylinder 8§ measures the amount of the oil leak through a valve 9.

When the coefficient of thermal expansion of the material of the seal ring differs
greatly from that of the automatic transmission assembly (votation shaft and the housing), a
fluctuation in temperature will result into a relatively different expansion and contraction of
the seal ring and the automatic transmission assembly. Consequently, awtomatic 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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of the ring to the outside surface of the ring. Depending upon the resin
composition of the ring material and the temperature at which the ring is
the pressure is exerted on the ring, the ring will have pre-determinable

_ Wﬂ'ﬁ%ﬁf%ﬂs&%racteristics of flexural strain and coefficient of 28 THEHHLY20814
expansion. Figure 1 depicts the evaluation equipment for measuring the
relationship between the amount of oil (automatic transmission fluid) leak

m?@g Bql?hﬁ%g%%%%%t%fntg%g?ﬁﬁ ' ggmg iﬁ?@@ﬂaﬂ%"ﬁﬁgﬁa{ﬁ% aldminum

e.g. aluminum alloy for die-casting). The housing 2 is also made from
of theymlipmarerg e ATnaTATATSY Mopwds custRTaT e e SdarhAg 2is shown
micr8H AT ehthedeusiagnshiesdih suppblpipmdisopnsetsdmihiorausing 2.

The supply pipe 4 has an oil pressure. ol e
oil °F§§“§ﬁ4%ﬁ§t§%‘%‘p ye’fnafa)%sf?r%% Iﬁ%cgl tg%%g}o%%&fr#epgggﬁ %%%geﬁ 8
as gyapbiisurebahSbamutnterrTerondddraf suriHR TR vl m sl R the

coctieRficiont olthepnal exprpsiance! themmateriatol tiensealteing. diffeiction
‘ ﬂgreﬁig fromthat of the automatic fansmission assemol li%?}c?“?@ shatty
I Bl A O L H 2 30 MR GBS R T B paratire will TEsuTt into 2™
ringrelatively different expansion and contraction of the seal ring and the

au is JLANAMISSION: oS pMb-CoRReRaRtl U RMalelERRSHISEION

fluid has a higher likelihood of leakage from the gap joint of the sea| rin
percgph siel BBARYE UHHOMARKT AT ERgTP AR, 3%59%%?? FANCE of
relatioasattomaticctssid soligsioR. intandewatoemdintednvatininimd fhean® gh an

| mcré%ggg@ggég%a; }@%&%@éﬂ%@%@%@ﬁaeﬁks&%&%zpﬁswso

| I 06/020814 inventors of the present invention
lowergde YR arratmisTRspaRardetna e IRE O SRTEh PaETE TS urther
lowexpansioRithedanos ok fiadtiabgrbif nlibisinetdyint@ tesabout 25
micromete m_? [2 %‘)m He frapsmi §|ﬁ£k§1$é§ @%9%@ Jlm.ﬁiggl sea] rin
alpcréﬁﬁ%#é{?%f/ss.{%gee |8Pe%?tp 0 e%q?%% expans_lgo_n of alg;r)naterial"can be e
matksigle red Isycariaviag e srspldte sddiiiyeap e cdurpigh bditistehipbishorp, for
ot difiemmabsuch.filer matadalstasedysadheiicoetiuieniotiiermate
xpansian, alsa reduces the flexural strain.of the material, .r%guﬂ;%@tﬂg
e T R A TSRO R el A e e b U
flexapplivatiotecicessavstainimygeaigurdoetobittedfid ve hanisns Highp sadeie
mat%%%{ﬁﬁ%&%k?@g%@ &%R@Ellﬁi@!a ﬁéﬂnm%tfﬂ@ﬁjf%@%ﬂ?iﬂlm%@@fﬂ@tiomi
additive to polyimide, a seal ri ate ia._étas shows the.same . .
PR T DA PR T TP TR o Pk I B
invéilnem \With pacdanorerde df srpight ipebeentyohglaphite additive, the
Coe%{@megftﬂ*é‘ %{pﬂ'! SXRARPISmatic transmission fluid leak as 2 function of
iemperature is shown in Figure 4.

The inventors also found that a flexural strain of at least about 1.8% 1s required in
order to carry out a suitable fracture processing when forming the joint for the fractured seal
ring. If the flexural strain is less than about 1.8%, during fracture process for preparing the
gap joint, the seal ring is brittle to the extent that material is chipped off at the site where
fracture is desired. In addition, the fracture may not take place at the desired location on the
seal ring.

The inventors of the present invention have solved the problem of maintaining the fexural
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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lowered. When the aramid fiber was added, the coefficient of thermal
expansion was further lowered at all percent weight of the additive
graphite. This is a desirable result. 15 Figure 3 depicts the relationshi
WPANERFAE flexural strain of polyimide, a seal ring materia]f,cgﬁ%%og?fg”@ﬂ?“
weight of graphite additive to the polyimide. Relationship is shown for
both a conventional graphite additive and the graphite additive of this
invention. The .araphite additive.of this i 10N, | | ow. It can
be{g@%@ﬁ%ﬁv&%ﬁ%@eﬁ% the ?H%x%ﬂﬁesp?\r%?&gl gfggglggév%it glgr? increase
in thirranee gpmrabadidfvetesrrantOit Hiapsymarec Pr i racifio Weves aefs
of th@lé‘apgﬁ% @cgicijﬁ%hgzﬂ %Mﬂg%%@%ﬁ%@ﬂ%@;ﬂ@?ﬂ[ﬁ gl ?J\Mbﬁémm}ﬂé V‘giQ{lﬁ_iore
raphite additive is always Jower than that for polyimi vith graphi
Pt R s o A FoTe PN oAb T DA A
mosi\iorieove spthiiratetmanttminabbaiioniatic transmission fluid leak as a

functign. Qfude MPRMRIWEishe ROWELIRVEIGHTS dradBill Rerdavesitey malgaifatind
that a flexural strain of at Jeast about 1.%%;5 reqlllJlred in_order tq carry out
flexugal S 205 %’6‘1’888 RGBT e O Farthe Tractired seal

micitingtef ahe flextitakttaimitsdestlehearaoutie. ey denihi thacariipaddtse
is adﬁ?a%ﬁﬁ%ﬂé‘%%ﬁ%u&ﬂﬂ%‘u&@ﬁiéﬁﬂ{ 5&*%9%@1@1@&91&%%%% #hadesired

material is chipped off at the site where fracture is desired. In addifjon,
rengge! fFARARE ity HOPTIRET e S FIRE A BEP R o B e S fing.

surfdpeuiavetersiafdhenpresdntiauentientavbeolien thetprotiefivofal stain

ot i Afanng e Iexural ipInda Adeast ARy it DG RAHGDRBE s
Coetricient o?%ermal expansion by addition of grgghlte additive with
spddifeiors Sednpreps s, dseapritd Henvsiratedeseas it asfitsing

grapid SlCIRG RIOPRIIehar At ortsiie etV ONRODEMBBAAT ve that addresses
PCT/US2006/020814. A preferred weight percent.of [ t

oot R L T h D TR BPHOT: SE S 10 U Gk o

fronFeirthie ihé fenarpresieriad G peeifit Ssubrave Bireanest thb GRepHRES HYRI IR s

1.g9f the range of from about 1.0 m2 /g to about 10 m2 /g. A more preferred

range is about 5 m2/g to about 10 m2/qg, or from about 2 m2lg.to about 7
DR TGRSR 1 S S S B AR B R RO
sphelistrbécprdsdcbaly, if thefperd ephaneih sfigraiphilits rprédercsdess than 1.
maigtaindhe. fAexdral siain above.4i8¥ithe Gaeficiant eddheemalss than

expansion increases beyond 25 micrometer/m-C resulting into
abogh f&%eaks. On the other hand, if the graphite additive

EXPERIMENTAL

EXAMPLE 1

PMDA-ODA (pyromellitic acid dianhydride and 4,4'-oxydianiline) polyimide resin
particies containing about 57% by weight of a spherical graphite additive material with an
average diameter of 20 microns (manufactured by Nippon Graphite Industries, as LB-CG
graphite) were prepared and molded into test pleces using a procedure substantially according

the procedure described in U.S. Pat. 4,360,626, which is incorporated by reference herein.
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is added in the amount such that the coefficient of thermal expansion is
within the desired to range of from about 15 micrometer!m-C to about 25
micrometer/C, but if the specific surface area of the said graphite additive
Wi HEYaHHAR about 10 ni2/g then the flexural strain of the s& I'rﬁltg]sgzqgﬁmzosm
lowered to less than about 1.8%, which is undesirable for fracture
purposes. Therefore, the inventors have discovered a range of specific
surface area of the giaphile; adeifiveangitheskpnge of the weight percent
of the graphite additive that addresses 15 both, the lowering of the
coefficient of thermal expansion such that it falls within the range of from
abut th cdmpaieromsieniRsCraih welmsitivesmainteian testofithe flexunade
by tl%g%gx]ee}g&ﬁgd %.‘s %%cn%léﬁtﬁxeéxla&ﬁil ﬁefﬁgggvg}%@&f}g{ g%@mramwe
present invention have a non- erical and rounded Shape. A preferred
matesisiioneindtedaidagiap RRens dha diEem dgetRan oDl Ol iy
matdhatk tigAverag e-padisiesizenf the graphiedatithtwextsdssstharoatpatitive
100 microns. EXPERIMENTAL 25 EXAMPLE-1 P SODA.( jtic
el B g8 G T P BT ART ) o L ackey A/ LD

comperatainrgratieu 4 106 B weddHt s SpnerReryt Aphiteuar dRrvematerial
Withan. 30eueage ciamaten ah2 - e0ns HPRE wastuaddMNRRaR in

. Graphite_Industries, as LB-CG graphite) were prepared an lded into
Fio e s LI & BT T A AL ST 1 LRt fo
fundiescribeciperiiul:. iPak¥y360]6@8 4which is incorporated by reference

herein. 11 WO 2006/128127 PCT/US2006/020814 COMPARATIVE
EXAMPLES 1-9 For the comparative examples, resin compositions and
various test pieces were made by the same method as described in
Example 1. However, different types of graphite additive 5 materials were
added. Table 1 shows the different types and amounts of graphite additive
materials added to the resin compositions. The graphite additive materials
of the comparative examples C I-3, C5, and C6 were manufactured by
Nippon Graphite Industries, those of the comparative examples C4, C7,
C8, and C9 were manufactured by Asbury Carbons. The results are
shown in Table 1 and selected examples are depicted graphically in 10
Figures 2 and 3. Moreover, the rate in mllmin, of automatic transmission
fluid leak as a

12
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function of temperature is shown in Figure 4. 12 WO 2006/128127
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RAdumE nmlv gggdmF'~Pa;~m~"6¢cXsKk8a x $Cycmnyv
35m,~~. ~~a Sae |l ~g~ e g '8 WO 2006/128127 PCTIUS2006/020514
é}%ﬁS{gﬂI\AETHODS Coefficient of Thermal Expansion 5 The (?1;%%%?&50%814
&YAf expansion was measured using The Thermal Analys
thermal analysis equipment (DuPont Instruments). The coefficient of
thermal expansion was measured in the circumferential direction for a
seal ring. The test samples had a width of 3mm, a height of 3mm, and a
length of 5mm and the 10 measurement temperature range was from
23C through 150C. The linest AAESESE thermal expansion between
the said temperatures was measured. Flexural Strength 15 A three-point
bending test was carr({%gfga&gg mﬁiﬂ%’%g gyidth of 3mm, a height of
3mm, and a length of Z0mm. The test conditions were as follows: the
distance between supports was 20mm, the radius of a support stand was
3. 2rm ddidinghos dheadiveole wie sausizatiosiweigThvas:8 Lmiys( 2080
h), and thetestr as 2 mrn/ Autogr A
e B R L P SRR S U on o
mcaﬂe%uraﬂmmtﬁmﬂﬁt@ﬁl@h@)?%ﬂt@t‘r@i@w?%hi%uIus of rupture) at the time of

failre M@Mﬂ%ﬂﬁ@dﬁ@ﬂmo@'@rﬂrﬁ%ﬁﬁt&iﬂ /G0 1Etgmabamaam the

Maximum flexural strain at the ti rac u S uted from t S
MR IR R &R KR otit 6 wear hﬁﬁtﬁ%&% Egnar acﬁafgﬁelt/latmg
therivi tepalsidnfieiernieasaie stimepeguis werinwssresed wherein the thrust

load and the sliding

Flexural Strength

A three-point bending test was carricd out on samples with a width of 3mm, a height
of 3mm, and a length of 40mm. The test conditions were as follows: the distance between
supports was 20mm, the radius of a support stand was 3.2mm (1/8 inch), the radius of a
pressurization wedge was 3.2mm (1/8 inch), and the testing rate was 2 mm/min. Autograph
AG-100KG equipment made by Shimadzu Manufaciuring was used for measuring the
flexural strain. The Flexural Strength (modulus of rupture) at the time of failure was

computed from the stress-strain curve.
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
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speed can be adjusted, was used. The test sample of the seal ring had
with an inner diameter 14 WO 2006/128127 PCT/US2006/020814 of
cp30mm aW|dth of 2mm, a thickness of 4mm, the joint of 2mm }J.The
W 5%%1 erial was the aluminum alloy for die-casting, ADETS R fRAEH
pressure of 2MPa and a speed of 6 m/s were maintained at room
temperature. Automatic transmission fluid was used for lubrication

of oS QOQGAQBED?QEQ& IES AR ARG 105 ows AneL NG AMQEALT

wear of the mating material at the end of the test was co ute om the
was wﬁélﬂéwa%@i\%@ﬁ Yirecartns S&in S TR taEEs SRR 1] @égwf@ arepetieh
6 mihRdestaiihdametholweatdet the seal ring was calculated by
meﬁsturlng tge average raglal t@é%ﬁ'%&%%% éq%}[‘l ng. rgea} micrometer
“FOEriction

Screw gauge oeFﬂuent riction wear testlng equment was

usdlaigrerencdupiadsorontpan anh RS ARt S sar oA hp aailja srelgriol gk
the dhgQpHrERQLQRE %@M@@ﬁﬂ%@@@@fﬁ%d&&ﬁ%&&h%lﬁﬂw diamater ke

0 aw dth of 2m athlckne S of joint of The
Smﬂgﬁ%f %rn‘?% enar v&%geﬁ% ﬁlﬂnr%oal 1165 f%’rr eésccgsjfln Wﬂ)rénlf aﬁ,&dg&face
meagresstheauér2dd @ahahﬁhaksp@@d tbé 1B pIE Y ere NI eI RSt SR
temperature. Automatic transmission fluid was used for lubrication
environment. The test was conducted for 7 hours and the friction
coefficient of the flat surface was 20 measured 1 hour before the end of
the test. Rate of Leakage oFtheichiosfiadient ransmission Fluid Seal rings
of p60mm (a width of 2.3mm, a thickness of 2.3mm, joint of 0.5 mm) were
25 attached to an automatic transmission assembly with a shaft made
frorh BIEHATYRAT (GHRG RGPS RS LeRe V&%ﬁﬂ’gth%%@,’ﬁ?é?%‘iﬁ%e sbtighg

spesl Sanmagiiubieq ik MR MhEdesnintie allay dad diee cagtivigy ARG ameter

of %Hto @t{%éié ISg! @hﬂ"l';ﬁ a%eHSEd nglﬁt“o %m?; ;édﬁn@anMFaP

ge i ratu

rate o Saka n e 0| tempe 3C t6 150C was
Wasﬁ#@aéwéﬁm fHag Ewlﬂrrscaftuxge@%& HoNTEesn PISTG: feg?lﬁ%o%?eweed of
6 maehRelehfamdhe erauraeRaisking of polyimide, polyester imide,

POlyCster A e, RO AN PSR RO SRS

The test was conducted for 7 hours and the friction coefficient of the fiat surface was

measured I hour before the end of the test.

Rate of Leakaps of the Aviomatic Transmission Fluid

Seal rings of p60mm (a width of 2.3mm, a thickness of 2.3mm, joint of 0.5 mm) were
attached to an automatic fransmission assembly with a shaft made from aluminum (aluminum
alloy for die-casting, ADC12) and the housing also made from aluminam (aluminum alloy
for die-casting, ADC12}, autornatic 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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poiyetherketoneketone, poiyamide, liquid crystalline polyester,
polyoxymethylene, polybenzimidazoie, fiuoropolymer, copolymers of
CLA polyimide, copolymers of polyester imide, copolymers of polyester amide

ide, copolymers of polyamide imide, copolymers of polyetherketone,
1. A conpolitioersonip@ipgtheretherketone, copolymers of

(a) a B %&F@Q@é&%’ﬁ%@@ﬁ% SRR s RIPVRNIAseS paheBREsAdiguid
crystalline polyester, copolymers of poiyoxymethyiene, copolymers of
polyesighaBIiEEE, MRYEBIsH MK SPNEREPSIRREr B BRp LA & Blhds
posyema?%vaaﬁbséapb@@raw?mmatgsiﬁummemjemid mrapkitmettgiave,
materi S @ specific_sur i r o)
L e e
imidesapliyserael apbEBE0G MR dMayRERSIMMFHHSIEOYPTIRE JTiBRite
ccpoi?ﬁlﬁi!%\{ﬁ dﬂéh@#iﬂg %dg?mﬂ&dtahg?@em?mk@m?ecwmm cg/
weight of sajd graphite additive material is in the range %
polyelGeRoRaH Bt SRETHA el LA B e g el 18 ptanirs
poly=Bie seietteedroipthrgymgtotendstogafasinid iovpagEisygamais
copa&%@%ﬁﬁ@ér%mw%@% hiwvbrrein therpercent weight of said fiber

IS in the rang from about 0% to about 10%, wherein said polymer is.a
(0) ARSI BIPREa WA G o prEp T R By DR RLARR oo
surtape reglizatonrgectitrorofavar o atitg tetemrarhtyiit aliaviraitdesis
aaaifie NAIRIASLRl Aadadiamioe oedebofun, Beseohoo kel Sakbrein

aromatic tetracarboxyii¢ dianhydride is selected from the group consisting
pariigies preRid aTROBE-ARRIHR MEISRBhTR YRR SPBREFcSAREdRIh Y BRERID the
percBRWORREFR gisppREDRINIHOSaisteliankyidride rangbosfimmatians 35% to
w0l T RN SHr AT b phenyl ether pephenyiene .
(c) odivoniny, afipticsrirmeddamitie AFRIPRANEREIHASAHERHTOORHRR ARF
carb3RISRR M RIARR PR e iERSTetiicoRRie clianfiyelristes GRIMIDAYiaindthe
D T i e
saidpphiengtenetizanindnritonaspsny ppsTaRIRRieN ERdiorhe orApURTAitn
te‘traaérrt?ﬂgﬁg ﬁhﬁ@@ﬁé& whesgindhe taplk densiis of sald ORIt ative thereof,
wherein said aromafic tetracarboxylic dianhydride is selected from the group
consisting of pyromeliitic dianhydride, bipheny! tetracarboxyiic acid dianhydnde,
benzophenone tetracarpoxyiic acid dianhydride, and combinations thereof; and
wherain said diamine is selecied from the group consisting of 4, 4'-diamino diphenyi
ether, 3 4'-diamino dipheny! ether, p-phenylene diaming, m-phenyiene diaming, and
combinations thereof,
OR
wherein said polyimide is made from pyromeliitic acid dianhydride (PMDA) and 4.4 -
oxydianiiine {ODA];
OR

wherein said polvimide is a copolymer of polyimide derived from 3,3 4,4™-binheny!

{etracarboxyiic dianhydride with p-phenyiens diamine and/or m-phenyiene diamine.
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additive material is at least about 0.20 9lom. 3, The composition as recited
in claim 1, 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 microns, less than 65 microns,
> Tiesscthasshion nsoeaiisd| essiainan, 5Gheamsndhs, tefisdbosiipOfmRit@rsphiss
addiﬁg%awlﬂa@@ig?p %G?@.zg%mgons, less than 35 microns, Tess than
microns, less than 25 microns, less than 20 microns, less than 15
microns, and less than 10 microns. 4. The composition as recited in claim
2. The wheresisaiddiketie aratai fibene®i the cengeasitait aseegitcuamicle
sze & Uk Sr¥RRLSBGRIC ALALRE) Kidsnobvn, BlepdapedatRRiaiauide).
~ 6, An drticle comprising a matrix resit material, said matrix resin material
than B3 FHgaRscERmbER SR THsiY: B LSS IRiHerS R & T Pdup
iess tensistingrof pelsntise 7poljester iesiltap6i§estaramidsesithaesd
micrdlQYR0NdS inide, naletaetkaions, palvaiberalberkatenyicrons less than

polyetherketoneketone, poiyamide, liquid crystalline polyester,
VR e R S S EE G R S e R S
than @olvinickes, ¢agolyaners mfgpoiyester isamiden dépmlgmess of polyester-amide
imide, copolymers of polyamide imide, copolymers of polyetherketone,
_ _copolymers of polyetheretherketone, copoiymers of _
4. ThelFemerR SRR EEIRE BRI meteTrhLRATRE" BopBRIAREG liquid
crystalline polyester, copolymers of polyoxymethylene, copolymers of
5. FROGHARIRRTAECARe I LRimOf WRIRRPAMCL AR sRmnaphigplencs
"~ thereof 17 (b) a graphite additive material, wherein said graphite additive
Phenyians IRrREReFC - surface area in the range of from about 1.0 m21g
to about 10 m2/g , wherein said additive material has an average particle
s A¥ %%Scmaﬂ@%%tg HAicpnsawhereinPrdinles.oh saidaranaiite =
additive material having a rounded shape, and wherein the percent
compRSKRD SPEREEHIGphite additive material is in the range of from about 35%
{2) d@osbetsétsaf tloen thiabveeigbtrsastingon paditioitiza pdiyeeptioally, a
coiyblRf SRIRERHOBL NG HOURGO NN ARR A dbeh Hans fBRhe,
carbon fiber, and mixtures thereof, wherein the percent weight of said fiber

POV RN HRPIRIES FROFATESGUIYR S RBIEEIRRRES =", Povaxymeinyiene;

polybenzimicazoie, fluoropolymer, copolymers of polvimide, copoiymers of polysster
imide, -copolymers of polyester amide imide, copolymers of polyamide imide,
copolymers of polystherketone, copoiymers of polvetheretherkstone, copolymers of
polyetherketoneketons, copolymers of polyamide, copolymers of iiquid crystailine
polyester, copoiymers of polyoxymeihyienz, copolymers of polybenzimisazole
copoiymers of fluoropolymer and compatibie biends thersof,
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7. The article as recited in claim 5, 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 diamine or derivative thereof, wherein said aromatic tetracarboxylic

(bﬁé@éﬁﬂﬁ@@d&tﬁ@Qﬁ@ﬂ:&[%&k&r@ﬁdm@aﬁi&tmﬁww@mﬁlitias a specrﬁc
drlde b| C d dianhydrid
SU%I raca Og]()t/ % a |an gﬁgd% %at%?@ {ﬁaige ereln
adgifivednateria ‘i‘@%éfé%‘t’é@@?tﬂﬁ% @%B%ﬁ@gtﬁ@@f@wﬁ%ﬁ]wmm
\ paﬁii@ké%@@tﬂ@?aﬁh&e@mwmmwh@a rPuplden Wems: dinmiearain the
amin n i o

P R S W R SAaE RREs £ B R R a8 e o
a%@a@ﬁlﬁ*ﬁﬁ"?@ﬁ)ﬁ’wt %ﬁ‘fb?@fﬁpé’&fﬂ%%iﬁlde is a copolymer of

<cp@bama1g @eﬁb&dér@m&&rﬂ Hshiphenybniosacasb avarit disanhyidue Gtwith

remte%{jBg in céﬂﬁgﬂ ereln the bul %)g’k%%% sa%b&p%%gigad |fta|!v§e§1 the

rapRRSFiERT AbMEEYABARHII8%/cm3. 9. The article as recited in claim 7,

wherein the range of said average particle size of said graphite additive
m%erial selectedérom the group consisting of less than 95

mlcrons § [ﬁ%it’]e Qi

' REBHs, less than 85 microns, less than 80

Whﬁ@‘ﬁr??‘%%%’%ﬁ???ﬁ%?&fﬂﬁ? WESTRR 520 RAANGS R PTRRHAY 85
cmu&mﬂ;dﬁsstph&mﬁ&mlm@d%am@nrﬁ&zmtemmsﬁnmnmme or

GOMARISHESIANAR 4R i %Pae%m%&mm@n less thanata

microns, less than 30 microns, less than 25 microns, less than 20 mictons,
taasabaryYips iBNRYGRdE Shartec BT B BRSOTBSHIR L SMBEEHIER as
dietitedds, diatmery whecerbsald fibérdmanpmnidefibenzdrhefibrsderasasitioyic

8% HRGiSRiaLIam 0L Mhareio ﬁ@@ﬁ%%%&%%ﬁa%ﬁ%&wﬂ@@ﬂ%@ted

tereghthalamlde ). 12.. An article as recited in claim 6, wherein said article

TR, 18R ATOHRONS SRR Alrd s er BRh RV SRPT 2 SRR dReBY TG
pisipiageds nitmins pacghbavivee diamadichop conebofaiayitidrizet member
cand a housing forming a bore

wherein said polyimide is made from pyromeliitic acid dianhydride (PMDA) and 4,4'-
oxydianiiineg (ODAY;

OR

wnarein said polyimide is a copolymer of polyimide derived from 3,2',4,4"-biphenyl
tetracarboxylic dianhydride with p-phenylene diamine and/or m-phenyiene diamina.

8. The article as recited in claim 6, wherein the bulk density of said graphite
additive material is at ieast about .20 giom®.

8. The article as reciied 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 microng, less than 280 microns, less than BS microns, less than 80 microns,

lass thar 75 micron, less than 70
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in which said cylindrical member is movably positioned, said seal ring
having a separation line to form opposing faces engaging to form a seal.
14. The article as recited in claim 12, wherein said seal ring having an
outer surface free of scoring has a separation line, said separation line
comprising a fracture through said ring's thickness to form opposing faces

which are rough and me h toget sedd-facesaigsfgrepd
miGRBSHTRERS %ng s eﬂﬁé%?%%@%%ﬁﬁgle as remtedfél‘?lgclalm

50 HicRgreiesshicth stépamm Iaae temgtisosranfdeas thisi 5 BREreMt, step

%omt or, carf 0|nt |n tlgﬁﬁ% %g@ ;ésgﬁggﬁs_@fmﬁagmgsamﬁﬁlcle said
rﬁ}ﬁ %ompr|5| S%?a matrix resin material, said matrix resin material

1 SHRIGTRG S AGHERTh CIRPRST Mg: (a) a polymer selected from the group
consisting of polyimide, polyester imide, polyester amide imide,

10.polyaryderipiskticpoisahereiontipoly eihereiesie e is aramid fiber,

poiyetherketoneketone, polyamide, liquid crystalline polyester,
poiyoxymethylene, potybenzimidazole, fluoropolymer, copolymers of
11 poly&sReEEREsHISIy ersciep dlydater | fnkherebpeitrrsaid flotyésnsivipide
phiRii ORI IEESHfepolyamide imide, copolymers of poiyetherketone,
copolymers of polyetheretherketone, copolymers of
polyetherketoneketone, copolymers of polyamide, copolymers of liquid

12rydralanisie @pEiges dr SRPURy wWBRESHT BBy GXijeircihglesr) ringpolymers of

polybenzimidazole copolymers of quoroponmer and compatible blends

rAheseel () araghis fedile majgrel, wcreln said graphe addive

aterla as a Speciiic surrace area |n e range o m2/g

Spmmo #ieral erneyeinf s imk@mnanﬁamnmmmaw@@
in SR esE bARGRALNhIABLNISIBSa N sERIloRaticlas efsaidoranhie

Seaarc%‘litlvehma er!%nhavm ar undgg sha e,.a dwherelp the percent
Klorsard gra&?ﬁg &dl?‘\:/eesma?gﬁa% inthe 7 range of from about 35%

to about 70% of the total weight said composition; and (c) optionally, a

14ibeTselatisel ds0uries grouprconsititngintaiaeud tiparnalagsdibaner
su%%sl% nf| r and |xtures thr% eof wherenthe lp% nt weight,of said fiber

Isint e range O om a?ggu %2) to g’bou 1%5%5 ereﬁ‘ﬁes%cf ar?a% IS

raFiuEtBpURh ARG HSC s dTitpep i GrBRRNiRsies Mdieh sowaeeh and
MEEEFEBRION; PORPRESSICRIE Rl B GareLTartSORNaiag: inipctinrdnpiding
im@ﬁg&%@ption injection molding.

18, The articie as recited in claim 14, whersin said separation line comprises a
fracturs joint, butt joint, step joint or scarf joint in the seal ring. ‘

18. A process for making an arlicie, said arficle comprising a mafrix resin material,
said matrix resin material having a composition comprising:

{a) a polymer selecied from the group consisting of polyimide, polvester imide,
polyester amide imide, polyamive imide, polyetherkatone, poiyetheretherketone,
poiyetharketoneketone, polyamide, liquid crystalline polyester, polyoxymethyiens,
polybenzimidazole, flucropoiymer, copolymers of polyimide, copolymers of poivester
irnide, copolymers of polyester amide imide, copolymers of polyamide imide,
copolymers of polyetherketone, copolymers of polystheretherkeione, copolymers of
polystherketonsketone, copolymers of polyamide, copotymers of liguid crvstaliine
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17.. The process as recited in claim 16, wherein said polymer is a
polyimide, wherein said polyimide is prepared by a condensation
polymerization reaction of an aromatic tetracarboxyiic dianhydride or
derivative thereof, and a diamine or derivative thereof, wherein said acid
anhydride is selected from group consisting of pyromellitic dianhydride,
biphenyl tetracarboxyiic acid dianhydride, benzophenone tetracarboxylic
acid dianhydride, and combinations thereof; and wherein said diamine is

oSFAEE LABTILS S GRRRAIAGE! deboflmi e dahsaiieincans

nyl ether, p- p eny ene diamine, ?'1 phenylene diamine,.

CWW&E%@?H@E&%WW Re e BRRRide is made from -
{b)oy auembiiii et inzinydki b <RV DAY ambhie agifivmmbinszUBAR DRCilic
suwgﬁ%é%e%ﬂgg%m sonalymerpd &pgsmuﬂeod@wged«ﬂé:—mn said
dé 3'.4'-b I tetracarbo%% dianhydride Wlt%é) tp{b%% ene |am|pen
a H%f? Wﬁﬁe ﬁe FYPRTRE © 18 procees 885 ecited h ora vﬂ)e
pafiseeli saiidctbits sdditemawyigibaving a rounded shape, and wnarem the
- percant weight of said graphite additive material is in the range of from about 35% to
about 70% of the total weight said compoesition: and
(c) optionally, a fiber selected from the group consisting of aramid fiber, glass fiber,
carban fiber, and mixtures therecf, wherein the percent weight of said fiber is in the
range of from about 0% o about 10%; wherain said article is made by a process
salected from the group consisting of powder comprassion, compression molding,

extrusion molding, injection maiding and reaction injection molding,

17.. The process as recited in claim 16, wherein said polymer s .a polyimide,
wherein said poilyimide is prepared by & condensation polymerizaiion reaction of an
aromatic {etracarboxyiic dianhydride or derivative thereof, and a diamine or derivative
thereof, wherein said acid anhydride is seisctaed from group consisiing of pyromellitic
dianhydrige, biphenyl {etracarboxylic acid dianhydride, benzophenone tetracarboxylic
acid dianhydride, and combinations thereof, and whergin said diamine is seiected
from the group consisting of 4,4'-diamino dipheny! ether, 3,4 -diaminc dipheny etﬁer,
p-phenylene diamine, m-phenylene diamine, and combinations thereot,

OR

wherain said polyimide is made from pyromedliitic acid dianhydride (PMDA) and 4,4
oxydianiline (ODAY);

OR

wherein said polyimide is a copolymer of polyimide derived fram 2,3,3' 4-biphenyl
tetracarboxyiic dianhydride with p-phenviene diamine and/or m-phenylene diamine.

18. The process as recited in claim 16, wheresin said arficle is a seal ring.
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