TI TLE OF THE | NVENTI ON CO- POLYMER BASED POLYlI M DE ARTI CLES AND THEI R USES
I N H GH TEMPERATURE APPLI CATI ONS FI ELD OF THE | NVENTION Pl astic materials
have br oawlOizntutrmiral applications, including sone hi ghPCemseranur4s’
applications. Polyimdes can be used for sone higher tenperature
applications, but may al so need to possess certain other physical
properties. Disclosed herein are copol yner-based polyimde articles that
are suitable for use in high tenperature applications, and which al so have
i ncreased perneability, durability, oxidative stability, desirable wear
life and resistance to defect TUPhE QASTHEBEINCENIIONe. BACKGROUND OF THE
| NVENTI ON Hi gh tenper at, rati. ndi.t i nd...i Istri al
manuf acturing require %%mgﬁgéﬁ?%%hﬁﬁmgr%iwém of the
condi tions. Pr eseAULYTHEMR USHAM RASH THRIERAFORITAPPLACARIONS, asbestos
and other materials have been used hi gh tenperature applications.
Pl asti cs have been useful in repl acing some of these materials for high
tenperatyure applications. Howgy ( “pNs also require materials
t hat have additional propertié : ¢ &l e, wear-resi stance,
chemical resi st aneigstid Mtédzézélhﬁﬂe bﬁ@éfﬂ ﬁ@ﬁz@ﬁzé@@@&mzﬁi&ﬁsohﬁwﬁi@ epeEt i es that
afford conpatibility for its application. Some applications require
sui t abl e mabh&E Bharphte eanlicdioesatolyigRPRs el pesiseslirr adBedidtl degrees C.
For exarrpl e about 1400C
o 1600 grﬁé&%s%r’sé?@;@z%g{a}%%%t% ALb YRR PosBLLL AN bR

physical properties. Disclosed herein are copolymer-based polyimide

10 articles that are suitable for use in high temperature applications, and which
alsa have increased parmeability, durability, oxidative stability, desirable wear

life and resistance to defect upon thermal exposure,

BACKGROUND OF THE INVENTION

15 Migh femperature operating conditions and industnal manufacturing

require the use of materials that are tolerant of the conditions. Presently, as
in the past, melal, ceramic, graphite, asbestos and other materials have been
used for high femperature applications. Plastics have been useful in
replacing some of these materialg for high temperature applications.

28 However, some applications also require matenals that have additional
properties, such as, for example, wear-resistance, chemical resistance, low-
friction, decreased wear, and other properties that afford compatibility for its
application.

Some applications require suitable materials that can tolerate

[e%
7%

temperatures well above 400 degrees C. For example, glass manufacturing
operations are carried out at sbout 1400°C to 1600° C. Other systems, such
as internal combustion engines require the use of materials that can sustain

high temperatures, and which do not fail or weaar quickly due 1o these high

temperatures.



as internal conbustion engines require the use of materials that can
sustain high tenperatures, and which do not fail or wear quickly due to

t hese hi ghotzermperamvures. Materials that are used to makePamrtusecéiesH287
mechani cal parts that are suitable for high tenperatures can be made.
However, as the cross-section of the mechanical part increases, the surface
area of the part is |less accessible to the trapped heated noi sture and gas,
constraining their release. In such cases, the nechanical part is

vul nerabl e to defects, such as blistering, due to thernmal exposure of rapid
t hermal cycli ng. hsalprisigresisireaiseeldoctidionartinies wametisamesihsniscihkt prooperti es
can al so occur with repeated cycles of noisture exposure and thernal
exposure, _evPiRAEdn’ BENIOTRAIRL a5 ahoR el ddoYPUSs 6AREITIEF X ERper at ur o
(tg) of plagtifSmesRBRELITBS nﬁ#@&s{e@,@tﬁ@s%é@g%amtK@%mngs;é- G aphite has

been used in high tenperature applications, but is brittle and therefore
| acks dur abiektessibledntiot trappedihaatdtembisddreapp] gasl donstemngihsii reltdsens, and

| acks th Life desired by f : licatigns. Oh terial d
from pl ast i doone bRsaint St ooledh AR KARRAES AP BeIU%h afever - many of
these nat er babierinhedi®to SrkabbdRire B dipit SMRIALYEMEAPR peatéans | ack

strength, durability and the desired mechani cal properties, leading to
faster degr &RUGien 10 raRars apThesiCabpMP bRy Fan alsoraticer valhsehag®dal so been

used in but L m ' t er | N.t.he

par ti cul ar - S3rp SLHRIRUR PR M e R RS B P el Ralh
having a si gniridaeardd giasbgheitionnespeeiicong) of ghius, torhmauetaesl area of
the part to rel ease_heated noisture and gases upon thernmal exposure,
renderi hg i o @Rsrt 4B IKBOPEOWR gher tenperature

Graphite has been used in high temperature applications, but is brittle
and therefore lacks durability, cannot sustain the load applied in some
applications, and lacks the wear life desired by for many applications,

Other materials made from plastics have been used, such as

153 thermoset materials. However, many of these materials are not suitable for
high temperature applications, lack strength, durability and the desired
mechanical properties, leading fo faster degradation over graphite.

Some polyimide matenals have also been used in but may have
imitations due to the temperature ranges in the particular application, or due

2% to the inability of the polyimide part having a significant or higher cross-
saction relative {0 the surface area of the part to release heated moisture and
gases upon thermal exposure, rendering i unsuitable for higher temperature
applications.

The object of the present invention is to provide a method for making
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an arlicle prepared from a polyimide composition wherein the articla is
suitable for high temperature applications, having rigidity, oxidative stability,
parmeability o heated moisture and gases 1o avoid defects caused by rapid

thermal cycling, or thermal exposure.

]



applications. The object of the present invention is to provide a nethod
for making an article prepared froma polyimde conposition wherein the
article iwooiw@mbioe for high tenperature applications, Raviusgowiogisdity,
oxidative stability, perneability to heated noi sture and gases to avoid
defects caused by rapid thermal cycling, or thermal exposure. Furthernore,
the polyimde parts nade by the nethod of the present invention are not
susceptible to the build up of degraded oil residue, as is the case with
graphite-based materials used in the sane or simlar applications. BRI EF
DESCRI PTI ON OF THE:BRAW:NGCEh4-polylmids margy mpte dgl the epetbod ff dité preseht t he
tensile strength vs. conppaction, pressure for article canprisin

copol yrrer - bUSEBBIAVF fPHEUSRAR DI JRR EC LR HasEere Bl se7idnne SANg. 2 i
a graphi cal Q) : I QBAVS # A H R : r an
article congréigg?"ﬁ%eég%%w%%grg{g%glééggg%%It%?%yﬁéhﬁg%aﬁc%?gﬁﬁﬁgggﬁﬁsent

di scl osure. SUMVARY OF THE | NVENTI ON Di scl osed
an article suitable for Jsed Q.- gh-Leqpesa SV ShElBwe Sai d systens

consi sting of instrunmentat .' LR AN ; .‘a‘*ﬁ"“q* conprising a

co- pol ymer basedpph yd Bigigptieanephddedfatiobhsi Bk lesaiets i EHI9SEL | On conpri ses
a) an aromatic tetracarboxylic dianhydride conponent; and b) a di am ne
conponent f Getrpectied ppRIssird ipr q0 jrigiceenreprisinasopolysirdapd PABeide 85 nole %

pphenyl ene ﬂlléadg Q&'}or&’% the present disclosure.
Fig. 2 s a graphical representation of elongation vs. compaction

herein is a nethod of making

10 pressure for an article comprising copolymer-based polyimide made
according the present disclosure,

SUMMARY OF THE INVENTION
Disclosed herein is @ method of making an article suitable for usein

13 high temperature systems, said systems consisting of instrumentation and
equipment, said adicle comprising a co-polymer based polyimids
compaosition, wherein said composition comprises

a} an aromatic telracarboxylic dianhydride component; and
b} a diamine component further comprising;
20 {iy greater than 60 mole % to about 85 mole % p-

phenyiene diamine, and
(i} 15 mole % to less than 40 mole % m-phenvlene
diamine;

wherein a) and b) are present in a ratio of 1:1; and

[e%
7%

said method comprising:

forming a part of pre-defermined shape using comprassion;
whereain the amount of prassure used in compression is from about 20,000
psi {o about 50,000 psi to achieve a porous article having permeability {o

moisture, and rasistance {o defect caused by thermal exposure.

fad



(ii) 15 nole %to |l ess than 40 nole % m phenyl ene di am ne; wherein a) and
b) are present in aratio of 1. 1 ; and said nethod conprising: formng a
part of pwe-dmy®rm™ined shape using conpression; wherei nPChAISanmo0148Df
pressure used in conpression is from about 20,000 psi to about 50,000 psi
to achieve a porous article having perneability to noisture, and resistance
to defect caused by thermal exposure. Al so disclosed hereinis an article
suitable for use in high tenperature systens, said systens consisting of

i nstrumentation and equi pnent, said article conprising a co-pol yner based
pol yi m de conposidiswdischuied dicneisas dncofige sitthble fooups irskighagmasrstumat i c

Conpr o1 . Syt SR e aTanedof 5 e St Y B SRREAne
di am ne, a”@rtidi’% )cégypﬁgh b Poh RS HARR ﬂ@}/iﬁ?&i@ E%ﬁi@o@h%ﬂ}%ﬁ@?eiﬁ!s%m ne;

wherein a) and b) are present i'n aratio o , and said article being
porous and bkavipogitioeroteadridesty to noi sture, and resistance to defect caused

by thernpl exposure. ,DETAILED. DESCRI PTI O HE .| NVENTI ON_Pol vi m de
mterial s readily aBlorhAAHRLHIREACEARVLE SN B HATRG BRE e
environment, the equld dbhie Q@hpbﬂg@mumagg@@hﬂgl«}ghan 1% by weight. As a

polyim de material is heated, this noisture w evol ve. However, if the
i} greater than 60 mole % to about 85 mole % p-

phenyiene diamine, and
it} 15 mole % {o less than 40 male % m-phanylene
10 digmine;
wherein a) and b) are presentin a rato of 1:1; and
said article being porous and having permeability o moisture, and resistance

fo defect caused by thermal exposure.

15 DETAILED DESCRIPTION OF THE INVENTION

Polyimide matecials readily absorb atmospheric moisture. Depending

on the emnvironment, the equilibrium point may be greater than 1% by weight.

As a polyimide material is heated, this moisture will evolve. However, if the

material is heated at a faster rate than this moisture can escape, blistering
20 may coour.

The present invention provides a method for making an article suitable
for use in high temperature systems, said systems consisting of
instrumantation and equipment. The aricle made according the method of
the present invention is an article wherein such arlicle is durable, wear
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resistant over time in high temperature applications, ngid, oxidatively stable,
and resistant to defect caused by rapid thermal cycling.

in the present method, the arlicle comprises a co-polymer based
polyimide composition, wherein said composition comprises

a} an aromatic tetracarboxylic dianhydride component; and



material is heated at a faster rate than this npisture can escape,
blistering may occur. The present invention provides a nethod for making an
article sworat®7f90r use in high tenperature systens, Sa&CuH/UsgGiHONERIS7
consisting of instrumentation and equi pnment. The article nmade according the
met hod of the present invention is an article wherein such article is
durabl e, wear resistant over tinme in high tenperature applications, rigid,
oxi datively stable, and resistant to defect caused by rapid thernal

cycling. In the present nmethod, the article conprises a co-polynmer based
pol yi m de conposi ti &, a Weeniekrcosgsaheso fptsstdoomicamgpr i ses a) an aromatic
tetracarboxylic dianhydride co ne‘qt; ﬁndb‘) Og di %m gnent further
conprising; i) greater t hat @f Ngph B8 pEuP tgRbey “‘%“ggl"/éﬂll ene

diamne, and ii) 15 nole %t 5&@5‘1{;—,@? n‘g{(e % m phenyl ene di am ne,
wherein a) and b) are present |n arati ; and sai d net hod

conprising: formng a part nmf‘%ﬁ”@&i&j% é’rﬁmaéfdarsﬁamm a%mqp@enpﬁeeSSl on;
wherein the amount of pressu\r/(g used in conpression is from about 20,000 psi
to about~ 50, 000 psi to achie rous article having perneability to

noi sture, and resi stareeint é}@‘;@p@req@p@gg@ iB\a tdberaral-1-exppsure. In one
enbodi nent of the present invention the conpression pressure nmay be

pre- det er m gat Motipgkeaprisipdi cl e having a certain desired densi ty
forming a part of pre-determined shape using compressio

whereain the amount of prassure used in compression is from about 20,000

10 psito about 50,000 psi to achieve a porous article having permeability to

moisture, and resistance to defect caused by thermal exposure.

in one embodiment of the present invention the comprassion
pressure may be pre-determined to make an article having a certain desired
density.

13 in one embodiment of the method in the present invention, the article
may have a higher cross-section relative {0 the surface arga of the adicle,
and said article and is capable of releasing moisture and gas present in the
cross-section of the articls through the surface area of the article.

in yet another embodiment of the method disclosed herein, the

20 polyimide composition may comprise at least one filler. The fillers used in the
present invenlion are carbonaceous filler selected from the group consisting
of natural graphite, synthetic graphite and carbon fiber; flucropolymer,
including but not limited to polyistrafiuoroethylene, and inorganic fillers
selected from the group consisting of kaolinite, sepiolite and mixtures thereof.
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The present invention s useful in various high temperature systems,
said systems consisting of instrumentation and equipment. The articles made
as disclosed hersin can be used {0 replace conventional materials used in
high temperatures. For exampile, the aricles made as disclosed herein can



I n one enbodi nent of the nmethod in the present invention, the article may
have a hi gher cross-section relative to the surface area of the article,
and sai d wotool/w7mnd i s capabl e of rel easing noisture amdTg®301002B8Nt i N
the cross-section of the article through the surface area of the article.
In yet anot her enbodi ment of the nethod disclosed herein, the polyimde
conposition may conprise at |east one filler. The fillers used in the
present invention are carbonaceous filler selected fromthe group
consisting of natural graphite, synthetic graphite and carbon fiber;

f1 uor opol ymee, usexidbudplags buecrrotod! isferhectst papothdtetre afdingraetpodeens, and
inorganic fillers sel ected fromt roup consisting of kaolinite,
sepiolite aﬁ&e%@t Mmese! CREFRIGT OF ?%@Sg?%sent invention is useful in various

hi gh tenperat ur €| &xsifMRe afRids @Mﬁbﬁﬂfgs&ﬁnﬁ«;ﬁza@%y@fag fstd gnent ation and
equi pment. The articles made as di sclosed herein can be used to replace

convent i onakomet@icnadwnysegntific mSg”Ium@‘lm:‘atsucbﬁs tﬁwaiebeafmﬂémtmghe articles

made as dl scl.os d her ei nbe u | ace mechani cal ts, parts
That ar e ek s bR sisiets: PebifideE alamatiop Byt BRlL > 255 ot
the articl egyeingd B@w@b@ﬁ@s@bngm\é%ﬁ@%uéh@gaéa dé Syadhed @étiW@@t t«@ﬁr oven,
scientific instrumentation, such as to isolate defracting chambers, in

aut onot i ve $RItaswRsl ideridpeldi Agdiienanuses &fdhe pagy sissiosret fﬂef@%fhﬂ@r nal

<1 do bl ock oRift Pahie RUT05PARTTR! Aol PRten” REPUT GredBEla ™™

fromthe gr@umm@rtarmidhragg@f dthrestyrelersey shemalica sotaiscdyssyst @m a punp; a
turbocharger; a thrust reverser, nacelle, a flaps system an injection
nol di ngi%acmfﬁ@‘ﬂ%@ﬁ{ﬂé%mm&ﬁ@ t GOTUSYOF: raé}%tenfﬁ"e 'B€sent invention provides

a method for makimg §0LIRdnPMlch §09%es a method for making formed parts from
a polyimide composition, wherein the part has improved oxidative stability
and excellent tensile properties. Such formed parts are useful in high
femperature applications, or applications operating at or above about 400°C.

15 QOther uses of the articles made by the method of the present invention
include scientific instrumentation, convection ovens, healed conveyors,
automotive applications and aerospace engines. Parts and other articles
prepared using the method of the prasent invention are also useful in
automotive engines, other vehicular subsystems such as exhaust gas

20 recycle systems and cluich systems; pumps; non-aircraft jet engines;
turbochargers; materials procassing equipment such as injection molding
machines; material handling eqguipment such as conveyors, belt presses and
tenter frames; and films, seals, washers, bearings, bushings, gaskets, wear
pads, seal rings, slide blocks and push pins and other applications where low
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wear is desirable. in some applications, a part or other article preparsd
according to the mathod disclosed herein is in contact with metal at least part
of the ime when the apparatus in which i resides is assembied and in normal

uge.



a polyimde conposition, wherein the part has inproved oxidative stability
and excellent tensile properties. Such fornmed parts are useful in high

t emrper at Wwe 2applor™at i ons, or applications operating at ecraiseme/oalsut 400C.
O her uses of the articles made by the nethod of the present invention

i nclude scientific instrunentation, convection ovens, heated conveyors,
autonotive applications and aerospace engines. Parts and other articles
prepared using the nmethod of the present invention are also useful in

aut onoti ve engi nes; other vehicul ar subsystens such as exhaust gas recycle
systens and cl ut &y thgsemntigippapsmidedns ataaet & thef tHerenge medlextile bochar ger s;
mat eri al s pr.ocessi.ng, equi pnent such as injection nolding machi nes; materi al
handl i ng eq&pﬁﬁﬁ‘ngﬁﬁ%aﬁm%W§§ors, belt presses and tenter frames; and
filnms, seals, vashalfonR@aheh8SarbBRAR D98y AR I SpoYBRs RBM%e nif@ rings,
slide bl ocks and push pins and other applications where | ow wear 1Is
desirabl e. Hre sopsyapepbolinideny tha ppagant rvestihenncluds oempelpar ed accordi ng

to the nethod. di scl,0 rei.n.i.s ..n.contact with.neta t .| art of
the 1 et wndirrHanHE SEMEDSs i e SR E bt el BBAT R hor
use. By the GaHmEny dtBEerigelatbmde didrhyalant At tdalistdieuewnes BRDAlEXI bl e
| i nkages in the polyimde unit. The aromatic tetracarboxylic di anhydride

conponent s ¥§ed asdheli@nivrede spsiprent pbpya mrefener erneogipesést thenvent i on

i ncl ude pyr | J;t 1 ' : A4 .- Dbi >Ny 1 e rboxylic
di anhydr | degg%ﬂ%‘?‘%&%ﬁa yd%:{i%g}r‘ ‘%@é@‘? é?%qafé% *%9%%@5%%%%@4 %E@E"Pr esul ts
occur when BRRAziiS ps@chids coimgogitionhydiigd®eqenpomgninit For a preferred
enbodi ment of the present invention, the solution imdization process is

used to!Provide a rigid,

i O i ]
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where K is greater than 60 to 85 mole % PPD units and 15 1o less than
15 40 mole % MPD units. Polyimide compositions having 70% PPD and 30%
MPD are prefarred.
in the preparation of the present polvimide compositions, the solution
imidization process is utilized according to the following. The diamines (PPD
and MPD) are generally first dissolved in a solvent to form the diamine
20 component. In general, after dissolving the diamine component in the
required concentration of the solvent, the dianhydride is added 1o the reaction
solution in substantially equimolar quantities to form a polyamide acid (PAA)
polymer solution. A slight molar excess of either the dianhydride or diamine

component is possible. A molar excess of 0.5 o 1.0% of the diamine

25
R ¢

component has been found to provide best resulls. As a general rule, helter
tensile properties result from closer fo equimolar stoichiometry but this must

e
4



aromati c polyimde conposition having the recurring unit where Ris greater
than 60 to 85 nmole % PPD units and 15 to | ess than 40 nole % MPD units.

Pol yi m dewoanpowitarons havi ng 70% PPD and 30% MPD ar e pirefrarse@d/021487 t he
preparation of the present polyimde conpositions, the solution imdization
process is utilized according to the follow ng. The diam nes (PPD and MPD)
are generally first dissolved in a solvent to formthe di am ne conponent.
In general, after dissolving the diam ne conponent in the required
concentration of the solvent, the dianhydride is added to the reaction

sol uti on i nbeuksterdd ajdiysiehaimgharvisposny ttatexcuss dothe aqgolyamaet iaci d
(PAA) polynmer solution. A slight nolar excess of either the dianhydride or
di am ne conBBREMCTPE d504RvlH ke krp\q%bgpng%gé‘igémgfy @i.(‘é”} $8138% of the di ani ne
conponent has beepalauiing AKX BulyARRBRIdEE WdrSterAfy SysIoNBEAA bilipe Detter

tensile properties result™from 01 oser to equinolar stoichionetry but this
nmust be bal ateeadicdpd asittichef HigbeveWl shusiraysietrat Ryt polyme sohdicegsi nol ar

poi nt is_approached,a | d be known by o f ordi.nary skill ~i.n the art.
et esal 1 MG RRRGH DBlaCRo e D Bl Mle U8R f BLblG RAR o e <o
a heated solswnimmggmb@ﬁg wemd. The transferred PAA polyner solution is
continuously heated and agitated to conplete the reaction of soluble PAAto

a slurry of insolltBlesyéngipehdmideTsery és wesheg Wbl salverd @énsl diedat Ktashed
breferably 1300 cd Ebn0aM "RHE KT Bk PR o 5tRc B STREE®ECSi n 1
the form of palyheldesiulravd Bgoyiighra frate farreaf alievantiawng benger at ure of
180C results in greater process efficiency and hetter physical properties.
Dependi hY ofUETRES BER].i ENe opligwm temperature’of 180°C resulls in greater process
efficiancy and better physical properties. Depending on the particle size
resulting from the precipitation of polyamide acid from the reachion solution,
the particles of polyimide can be further modified for example, by suitable
grinding techniques, to provide a desirable particle size for handling and
13 subseguent melding.
The solvents useful in the solution polymerization process for
gynthasizing the PAA polymer solution are the organic solvents whose
functional groups will not react with either of the reactants (the BFDA or the
diamines) to any appreciable extent. The solvent exhibits a pH of about 8 to
28 10, which can be measured by mixing the solvent with a small amount of
water and then measuring with pH paper or probe. Such solvents include, for
example, pyridine and R-picoline. (f the solvents disclosed in Gall and U.S.
Patent No. 3,178,614 1o Edwards, pyridine (KB = 1.4 x 10-8) is a preferred
solvent for these reactants in the polymerization reaction as well as
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functioning as the catalyst. For a dianhydnde and a diamine {o react to form
a PAA polymer solution, a basic catalyst is needed. Since pyridine is 8 basic
compound, i functions herain as both a catalyst and a solvent.

The gquantity of solvent is important in obtaining a product having &

high surface area. In particular, the solvent should be present in a quantity



resulting fromthe precipitation of polyamde acid fromthe reaction
solution, the particles of polyimde can be further nodified for exanple,
by suit abWe 2gro/rediong t echni ques, to provide a desirabl epparuseebm2agze for
handl i ng and subsequent nol ding. The sol vents useful in the solution

pol ymeri zati on process for synthesizing the PAA polynmer solution are the
organi ¢ sol vents whose functional groups will not react with either of the
reactants (the BPDA or the diamnes) to any appreci able extent. The sol vent
exhibits a pH of about 8 to 10, which can be neasured by m xing the sol vent
with a smal kuamthattthe toneddratemdoitthe P Are psiyriargohiticn ipdbpapérto db%hebe.

Such sol vents . include, for le, i, di.ne and b-picoline. O the
sol vents di w*@géﬁ’ﬂaﬁ Rﬁ?‘?mg&%&mﬁbcg\éééﬁ’it’aﬁb.gy3*{%@*8,%%@51o Edwards,
pyridine (KB = 1y Hond)arks f@vapfjﬁifyg{gafdg@e%! 680kink ok ﬁ@@ﬁmﬁvm%ants in

the pol ynerization reaction as well "¢ unctioning as the catalyst. For a
di anhydr i de camgoaitiginanfithie inventeacthaudl beriieasPAR ooy kis prefarebleriiat basi c

catal yst _i s needed. Since idj .S basi c conmpound, it functions herein
e hoth & cHEFy e it BY kel 76 sido o Afiels PRGBS rpor tant 1 1
obt ai ni ng appinaied ahavbngast @ﬁ;gacégggmgg area. In particular, the solvent
shoul d be present in a quantitysuch that the concentration of the PAA

pol yner sol uti onli §eapigperataroditBectfAvikisgrsesbpl thal therep@cslsi yvaiglm about

2, L0 120 e Ot EOP SESLRF VPN n el R Aoty o
2/ g. It isoWefgrmbteablydl Sthe. (savd athe anBoldoaheheasity 4bd nBicgidtipgachi eve

accept abl e physical properties and for ease of processability. In the
pr epar at¥ on 1S ERREBEA BSIPWi 5 essential that the nol ecul ar wei ght

The polyimide composition often comprises at Isast one filler or one
type of filler. The fller in the polyimide composition of the present invention
filler may include clays, such as kaolinite or sepiolite; fluoropalymer or
copolymer, such as polytetrafluoroethylene; molybdenum disulfide; andior

13 carbonaceous fillers such as graphite, carbon fiber. The fillers can be used to
improve wear and frictional characteristics while retaining the excellent tensile
and oxidative stability of the polyimide composition and parts made
tharefrom.

Graphite as suitable for use herein can be either naturally occurring

24 graphite or synthetic graphite. Natural graphite generally has a wide range of
impurity concentrations, while synthetically produced graphite is commercially
available having low concentrations of reactive impurities. Graphite
containing an unacceptably high concentration of impurities can be puiified by

any of a variety of known treatments including, for example, chemical
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reatment with a mineral acid.  Treatment of impure graphite with sulfunc,
nitric or hydrochloric acid, for example, at elevated or reflux temperatures can
be used {o reduce impurities t1© a desired level.

A sepiclile filler, a kaolin filler, or a mixture thereof is also suitable for

use herain. A sepiolte filler suitable for use herein includes sepiolite itsalf



be such that the inherent viscosity (1V) of the PAA polyner solution is at
least 0.2 dl/g, preferably 0.5 to 2.0 dl/g. The nethod for neasuring and
cal cul at iwQ 2bM/i0%79descri bed bel ow. The pol yi m de conposiPCrars2abners?
conprises at |east one filler or one type of filler. The filler in the

pol yi m de conposition of the present invention filler may include clays,
such as kaolinite or sepiolite; fluoropolynmer or copolyner, such as

pol yt etraf | uor oet hyl ene; nol ybdenum di sul fi de; and/or carbonaceous fillers
such as graphite, carbon fiber. The fillers can be used to inprove wear and
frictional ¢MgrFeDa(Obhi-868H MM vehichtimamydgitt ensgresidresticheniiidréhaind

oxi dative st ag.i Lity .0;1 the Ol'éiigli de .conpositjon and L{F}?rts made t herefrom
Graphi te as®SUiPE5 HOR GEPESE BHBIBEFOdEHRUS PYHERM 2 UNEHE PTG FI ng
graphite or sBIRCLLGoRkARRbhHoSNBIINIGHg BRARRS LR/SUANBLH LhidithesiiAle range

of inpurity concentrations, i1e synthetically “‘produced graphite is
commer ci al | ghawairkalplesatlied the dowof et af homsatefial secheseshopateti es.

G aphi te_cont ai.nj ng an._unaccept ab Lgh concentratiqn of Jinpurities can be
our 11 ed® by CRRySHAPRGHRET S Bl et aTRE R sy e Pt o,
chem cal trgahfRRMbbR: andtRefcdh 8 Présent’:RaMBMhot doipetidaegr aphite with
sul furic, nitric or hydrochloric acid, for exanple, at 'elevated or reflux

tenperatures can Besais@ds fider sdintée fampisei e also ndetas dipnugia (algo
T oLt b PR ER: iy P e BBy =
sepi ol i te i teebhibMapiSidett HaDEHABGIGHE hakla shitighsmsion Upytdiedit ed magnesi um
silicate filler that exhibits a high aspect ratio due to its fibrous
struct uf@. Uni qué seRiptietiier spfatiaieruseshnrel) pee Indudhpisysdam@reong
lath-lTike ciyskalhbiis heMULh iheh Sabh®8Ver is made up of two sheets of
tetrahedral silica units bonded o a central sheet of octahedral units
containing magnesium ions [see, e.g., Figures 1 and 2 in L. Bokobza et al,
Folymer International, 53, 1060-1065 {2004)]. The fibers stick together to
13 form fiber bundles, which in turn can form agglomerates. These
agglomerates can be broken apart by industrial processes such as
micronization or chemical modification {see, e.g., European Patent 170,288 to
Tolsa S.ALL
in one embodiment, a sepiclite filler suitable for use hersin includes a
24 rheological grade sapiolite clay, such as that which is described in EP-A-
454 222 andior EP-A-170,299 and marksted under the Pangel® trademark by
Tolsa 5.A., Madrid, Spain. The term “rheological grade” in this context refers
{0 a sepiolite clay typically having an average swriace area greater than 120
m¥g {as measured in Ny by the Brunauer/Emmett/Teller method (as

[e%
7%

descnbed in Brunauer et &/, "Adsorption of Gases in Multimolecular Layers”,
Journal of the American Chemical Society, 60. 308-19, 1938)], and typically
having average fiber dimensions of about 200 to 2000 nm long, 10-30 nm
wide, and 5-10 nm thick. Rheclogical grade sepiolite is obtained from natursl

sepiolite by means of micronization processes that substantially prevent

10



chains run parallel to the axis of the fiber. The material has been shown
to consist of two fornms, an a and a b form The a formis known to be | ong
bundl es oVOf20t¥er0379and the formis present as anor phous RGFSQADAIT48A
sepiolite filler suitable for use herein also includes attapulgite (also
known as pal ygorskite), which is alnbst structurally and chemcally

I dentical to sepiolite except that attapulgite has a slightly smaller unit
cell. A sepiolite filler suitable for use herein also includes clays that
are layered fibrous materials in which each layer is nmade up of two sheets
of tetrahedbatatsighl ddhesepniitofited, schathaetha sdpisitealisppfrsectatibdnal units

cont ai ni ng magnesi um,ions [see, e.qg., Figures 1 and 2 in, L. Bokpbza et al,

ol ynrer | ot Bt eshalne’ ggier T68tis: 204 ae omy it Ru Tpr et AEBKREGR: her o

formfi ber awWhi 6y S GBI ‘ #ggl oner at es

can be brokgﬁﬂgﬁ%ﬁmgﬁ;@ﬂg&fé&ﬁ%ﬁk progféggéégs:{éggilcgﬁn?s@me r%ﬁgzﬁ%n or

cheni cal nodihiibacl ertivesesiters. fgr adeEwpbpedhabPatoanie 1 20:6298ighovdelrsa S A ).

In one epbodinent, a sepiolite filler !sui tfa.bl.e for,, use.herein includes a

Theol ogi tal 'GPt SERFY YRPCPEDY cGheRe Yy PHADOWRRASRLVAEEEPi bed in EP-A-

454, 222 andhg#r riklgbl. BPRnshivRr depti@d. UTHE mitRELRAROS G of thademar k by
defer/bridg ;

Tolsa S. A, drid, Spain. The term'theol ogical grade" in this context

refers to arkRyperatwageaprigiin carticesaakey Sapiolivet apdesainfiithiohr ea greater
descri bed 1 ROBFNALER O shar 8ol {on o Gases 1n Ml t1ml ecular
Layers", Journal Aglsittdheiprmebraicalaenia sdpiSaeireisya veéq: lodQtibBic 1938)], and
typi cally having average fiber dinmensions of about 200 to 2000 nm | ong,
10-30 n exchange capacity (10-20 meq/100 g} and the interaction with electrolytes is
very waak, which i tum causes rheological grade sepiolite {o not be
practically affectad by the presence of salls in the medium i which #is found,
and therefore, it remains stable in a broad pH range. The above-mentioned
gualities of rheological grade sepiolite can also be found in rhedlogical grade
13 attapulgite, which typically has a particle size smaller than 40 microns, such
as the range of ATTAGEL® clays (for example ATTAGEL 40 and ATTAGEL
50) manufactured and marketed by Engethard Corporation, United States;
and the MIN-U-GEL range of products from Floridin Company.
A kaolin filler suitable for use herein includes kaolinite itself, whichis a
24 sheei-type silicate whose molecules are arranged in two sheets or plates, one
of silica and one of alumina.  Kaolinite is a clay mineral with the chemical
composition Al85L0s(CH)y. It is a layered silicate mineral, with one
tetrahedral sheet linked through oxygen atoms to ong octahedral sheet of
alumina octahedra. Rocks that are rich in kaolinite are known as china clay

[e%
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aor kaolin.  In contrast, smectites such as montmoriilonite clay minerals are
afranged in two gilica sheets and one alumina sheel. The molecules of the
smactites are less firmly linked togsther than those of the kaolinite group and
are thus further apart.  Maintaining the phase stability of crystal struchure of

the sheet silicates is desirable, as is maintaining the thermal stability of the

i1



wi de, and 5-10 nmthick. Rheol ogical grade sepiolite is obtained from
natural sepiolite by neans of mcronization processes that substantially

pr event breakanyeoof7t he sepiolite fibers, such that the ®epiuskibmEdBTper ses
easily in water and other polar |iquids, and has an external surface with a
hi gh degree of irregularity, a high specific surface, greater than 300 n2/g
and a high density of active centers for adsorption, that provide it a very
hi gh wat er retaining capacity upon being capable of formng, with relative
ease, hydrogen bridges with the active centers. The m crofibrous nature of
t he Theol ogstratiugaiadees epihal sHeet plictisal higtdedsrrpepitored auahmstigrical with

hi gh porosity and. |laow apparent density. Additionally, Theol ogical, grade
cepiof 1t o n2botl b T TR oo SRReE RS S a SRR e RSB0V Red T S00Tg)  and
the i nt eracy ;08 onshtic@lRGldiel Y%y b{%c\é%&i)‘lgs‘@%?aiwm cofhgodftfbri@Hp es

Theol ogi cal grade sepiolite to not be pracCtically affecte y the presence

of sal ts i nrahat inddiromioi polwhiidd integiity, #odpdssiblydchangedhe reystattstrustarens
stable ip a ?{ Oa%é 'EI rian%[e). .The gpqve; nenti Qned gual itie og Ihefl o&i cal
grade sepi off ¥ AEEHEVEE AL T HE TR R RN GPIROUAE aplP P “whi ch
typi cally hagegt §fddtbs bitat Hrd @08 BRIl EndlAN A8 MEERRBIn B CBnaDsithims ange of
ATTAGEL(r) clays (for exanple ATTAGEL 40 and ATTAGEL 50) nmanufactured and

mar ket ed by JBRgErethpereghafforRntioariianie; sarmsealitesand parativitg NHBWBEL range

of products =Lard di V. . i il I for~use herein
i ncl udes kagﬁ'%i@t“gtag[es%kp?g\?ﬁ?%ﬁ glr%'éééﬁ?%é%@fq%éﬁé |@ﬁ%ﬁ2{®’;’%§é’ k | ecul es
are arrangecighcewy ($De®L 200L2p| ates, one of silica and one of al um na.
Kaolinite is a clay mineral with the chem cal conposition Al2Si2q (OH4. It

is alayered sil rERAeTRBAND KGAlin YRS et pehadiahle &dEe DYIRIKE St hr ough
oxygen at Ongidc0s 008 dHANS MidtayS MeRNie8 Clay Science 17(2000) 207-221.

Use of graphile, sepiolite and/or kaolin as filler, in the embodiments of
the present invention are typically incorporated into the heated solvent prior to
fransfer of the PAA polymer solution {or other solution for other types of

15 monomers), so that the resulling polyimide (s precipitated in the presence of
the components (b) and (¢}, which thereby become incorporated into the
composition.

Additives suitable for optional use in a compasition hereot may include,
without limitation, one or mora of the following: pigments; antioxidants;

20 materials to impart a lowered coefficient of thermal expansion, e.g. carbon
fibers; materials to impart high strength properties e.g. glass fibers, ceramic
fibers, boron fibers, glass beads, whiskers, graphite whiskers or diamond
powders; matsrials {o impart heat dissipation or heat resistance properties,

e.g. aramid fibers, metal fibers, ceramic fibers, whiskers, silica, silicon

[e%
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carbide, silicon axide, alumina, magnesium powdsr or fifanium powder;

materials to impart corona resistance, e.g. natural mica, synthetic mica or
aluming; materials to impart slactiic conductivity, e.g. carbon black, silver
powder, copper powder, aluminum powder or nickel powder, materials to

further reduce wear or coefficiant of friction, e.g. boron nitride or

12



al um na octahedra. Rocks that are rich in kaolinite are known as china clay
or kaolin. In contrast, snectites such as nontnorillonite clay mnerals are
arranged w0 201001037971 ca sheets and one al um na sheet. ThecwaiSeewloessodf t he
snectites are less firmy linked together than those of the kaolinite group
and are thus further apart. Mintaining the phase stability of crystal
structure of the sheet silicates is desirable, as is maintaining the
thermal stability of thestructural water of the sheet silicates at higher
tenperatures, such as up to about 450C [as shown, for exanple, by

t her nogr avi mety(ﬁe@aﬁuammm;sey(;ém:mmi@mr ahdstopobtugral RMdiear mdubieng

processi ng o pol yi mi de, co sifion can re harm to pol yi m de
regrity. SHESHESL R Eiesn Bh et FoS ArioE bertt RbTGRUPhe Sheot s1 1 cate,
giving a harder, r@fﬁw@@aﬁhmaﬁ&%@%&ﬁvﬁééﬁﬂﬂoe%n&fse%me@épﬁééén@ﬁ% es that
are not stable enough to be included in the conpositions described herein
are nont nor qblaom&@an@mgﬁmmlﬁ t éo 88ndl. Py r Ophyditictder fikerod fllers Beienmdsw tabl e

f h df t.h

17(2000) 207 24 & B UTTREsHePHorY! Bhadkas: Tapdr pafie Bt RURER vl e
for use her gidfiaaiecihSRisHe Gl il aesvidentV thade siddd irele@ray Science
17(2000) 207-221 . Use of graphlte sepiolite and/or kaolin as filler, in

t he enbodi nents oThQS’rﬁeaf%%‘é@@f‘ﬁW%ﬁf@ f 55‘6@”& @Wfﬁ?céaﬂ wovs weorpraieddatd nt o

t he heated or ot her
sol ution foﬁ%’l i{%‘gtr%d e;ntgn?ohé@g%e%rg BF E" that *ﬁg‘g')r/g@g 5‘%5%@%% de is
preci pi tat e@clyﬁntd@s@fr@@@@@t@dmﬁ tﬁmgrmﬁﬁ@mmﬁsﬁ i )wiaod i Bereiwhi ch ther eby
becone i ncorporated into the conposition. Additives suitable for opti onal

use in &Y coMFEEReRIAL nEY EBPE REET. ﬂéﬁdﬁ%ﬁsmftmﬁm Bhiof &S 9Bhe or nore of
the foll oW REnRATBMR pADEHAX I Bate. The form of the fillers will depend on

the function of the fller in the final products. For example, the fillers canbe in
particulate or fibrous form.
As stated previously, the polvimide compositions of the present

13 invention are oxidatively stable. To test oxidative stability, tensile bars are
formed as describad below and then subjected to exireme temperatures for a
fixed, lengthy period of ime.  The tensile bars are weighed both before and
after testing and percent weight loss is calculated. The rigid, aromatic
polyimide compositions of the present invention are considered to be

20 oxidatively stable if the percent weight loss is less than 5%, preferably less
than 3%, because such a weight loss would not compromise the integrity of
the tensile bar, or more specifically, parts made by the method of the present
invention as disclosed herein.

The polyimide articles of the present invention are characterized not

[e%
7%

only by the excellent thermal oxidative stability along, or any ons property
alone, but by the exceptional tensile properties, together with other properties
that are not insignificant in high temperature applications, such as durability,
wear resistance and wear life, rigidity, permeability to heated moisture and

gas, and raesistance o defect upon thermal exposure . Both tensile strength

i3



materials to inpart a | owered coefficient of thermal expansion, e.g. carbon
fibers; materials to inpart high strength properties e.g. glass fibers,
ceram c fwbepwy/iobmdron fi bers, gl ass beads, whiskers, gra&pmiuseomio2BREr s or
di anond powders; materials to inpart heat dissipation or heat resistance
properties, e.g. aramd fibers, netal fibers, ceramc fibers, whiskers,
silica, silicon carbide, silicon oxide, alum na, nmagnesi um powder or
titanium powder; nmaterials to inpart corona resistance, e.g. natural mca,
synthetic mca or alumna; materials to inpart electric conductivity, e.g.
carbon bl ac Iandﬁidxn@‘tic}mmegiaﬁmo@a}wm;mmvwmpmmmma fiomagoicd Bonoas ni ckel
powder; materials to further red uc&g/pear or coeffgﬁfgent o friction, e.g.

boron nitri GESEINRS SRPER r AF FUSFUFERY KEARS 1A SIRsGoPlyafEinasn <l S 18 #idr s.
Fi |l ers may pheqaddRdyviag idh e duiehSehg gg dritlynd &Z?F'eid@'ié BfackMgpart's

fabrlcatlon Any one of conbination of additives or fillers~can be
present in cﬂ:angma@‘smngmgnmg}adrbﬂﬁrmglanmzcaﬁum % The particular filler or

fillers sel ected..as. wel uantities LS e of cour depend
on the effect dedPPapriehEompRsioBahmas bR arein G BEHRed ot hose
skilled in {hgepblvatbiesesagidistih wgidervdridh) ef @orﬁfg@sréﬁtmscaidrma t not

al ways incorporated into the heated solvent prior to transfer of the PAA

pol yer sol @ppwtw& et palpenige cpmpogdionds mraidep at areseures eirbgpr &ehce of

the filler e filler(s) or
additive(s), d:d%l) t%éﬁ‘@é{?g%vsﬂﬁgéﬁ%g%ﬁgha{ ﬁ@%%ﬂ:ﬁ tﬁgﬁég%%a?‘t I cul ate. The
formof the fill&@he medhodddpeaidngithd baictamiet hih enddretule kbelicatarkhe final
products. For exanple, the fillers can be in particulate or fibrous form

As stat &8 psBOS e Perespdlilyidhheetachmpsdie SHa0BFe% R PrestdAtminuent | on
are oxidati yelo gAY & calfed 831 bPIARUINE HedRyihlide cbRRBEHBHRAES are

mald, sintering the polyimide compaosition af elevated temperatures of from
about 300°C to about 450°C while compressing the part using from about
20,000 psi to about 50,000 psi, preferably from about 35,000 psi 1o about

15 45,000 psi, and most preferably about 40,000 psi of prassure to form a the
atticle or part.

The arlicles or parts made by compressing the polyimide composition
at from about 20,000 psi to about 50,000 pst are useful in high temperature
applications. More particularly, the articles of parts made by the method of

240 the present invention are useful in glass manufacturing, and more particilarly
glass container manufacturing. Such adicles or parts include, but are not
limited to glass handling assemblies, and components thereof. These include
take-out jaw assemblies and components thersof, including take-out jaw
inserts, dead plates, sweep out devices, stacker bars, stacker bar pads,

[e%
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stacker bar bearings, and components of any of these.

Polyimide materials readily absorb atmospheric moisture. Depending
on the snvironment, the equiibrium point may be greatsr than 1% by weight.
As a polvimide material is heated, this moisture will evolve. Howevsy, if the

material is heated at a faster rate than this moisture can escape, blistering

14



formed as described bel ow and then subjected to extrene tenperatures for a
fixed, lengthy period of tinme. The tensile bars are wei ghed both before and
after teswoOngloangrdper cent wei ght | oss is cal cul ated. ThecCTiuseao/oarmat i C
pol yi m de conpositions of the present invention are considered to be
oxidatively stable if the percent weight loss is less than 5% preferably
| ess than 3% because such a weight | oss would not conpronmise the integrity
of the tensile bar, or nore specifically, parts made by the nmethod of the
present invention as disclosed herein. The polyimde articles of the
present i nvemdy omwer § h@a&nam;*emmdandjmitdhtawsmoftthe pe)gmeldaamtari%irml
oxi dative stabili tF}é/' Lone one one,

)

by th
except i onal MANSAAICHHGe b T Yo U B AP BRI, Y pare e ieaiedar o not
ST 0N 11 CaOlayiito MATHatETREB I RPR URAbHOS o THER 8D WAyl | 1y, wear

resi stance and wear life, rigidity, perneability to heated noisture and
gas, and redemmﬁeiaibtmeﬁewaumOt nammsse@o%MEeaosytm:ﬁehmaémaim

strengt hand el on{gatl on are arilcu arly | %% ,\%ﬁertl ) fiorb "

appl i cati ond BSRYeB&ENdBouLIT ALTHTE F%fé *’F@“ Wil SRR htes g nary
skill in theed&tancet® BHeEEnHAVAY thewRlaxR8ad 0 Br HERL Te@p@@sr@rtbtﬁ.iﬂ;z@ whi ch

| eads to cracking duri ng{ﬁ’machl ning or in [oad bearing applications. The

pol yi mi de c&mpoEl cvdiamde Raves! §@Id@§m$ﬁéi@ thag Hiis pan sl due whbeyt el evat ed

ol yi m de copuledfyEReLrid riLneapen Pl dh as Jrih TR naRPLG S Sokerp '
100, 000 psi (tw@wtetm;ﬁ&@td»@a&eaatpeamamnteta&tmﬁnabauryes The met hod of neking
the articles for _high tenperature anllcatlons i ncl udi ng the perrreablllty

of heat ¥ noistur @ﬁd?‘?d?@%'@é bpged pghiaEe verhinige festhed(s) #hd ndhRarri ed out
by i ntroducipgthe PRy Eedf SOIRGH hiRhd Qrfuin advantages in high

temperature applications such as hot glass handling applications, aircraft

engines and parts, or analytical scientific instruments, over the use of

fraditional and commonty used polyimide materials, and carbon graphite
13 materials {for example, free of polyimide).

The methods and uses disclosed herein provide fow thermal
conductivity, demonstrating approximately 50 to 100 times lower heat transfer
coefficient versus articles prepared using fraditional carbon graphite. Lower
thermal conductivity of the articles of the present invention, and related use of

24 the articles of the present invention, impart minimization or elimination of
blisters, and micro-cracks, thereby lowering guality reiects and imgroving
productivity.

it is also found that the method articles of the pressent invention
provider high impact resistance at 70 to 100% higher than carbon graphite

[e%
7%

parts that are {raditionally used in hot glass manufacturing applications.
Reduced breakage of the articles during fabrication, handling and use
extands the life of the articles, which then increasss process reliability and
reduces operating costs.



nold, sintering the polyimde conposition at el evated tenperatures of from
about 300C to about 450C while conpressing the part using from about 20,000
psi to abwotoBo@e®0 psi, preferably from about 35,000 peCcTiusS2@boet48745, 000
psi, and nost preferably about 40,000 psi of pressure to forma the article
or part. The articles or parts nmade by conpressing the polyimde
conposition at from about 20,000 psi to about 50,000 psi are useful in high
tenperature applications. Mre particularly, the articles of parts nade by
the met hod of the present invention are useful in glass manufacturing, and
nore parti cul arl Pighizsspivenisadise pbranvetiac the madho@Busind artivied eSther parts

include, but are not limted to glass handling assemhl.ies, and c nents
Uher oot TheES S BT aIOTalBEAAMTarT B8 SHR ade TreaRipednnShsnar 801
i ncl udi ng t gkRwOuks b@%éd“é%b%gr%ﬁﬁ% phad %zex%vﬁgé’%%m iS¢V Re88cedbRcker

bars, stacker bar pads, stacker” bar bearings, an onents of any of
these. Pol yiehindeatad pérababepticeaalfdrgs dis advariage s hehicedmyieskingen tBependi ng

on the epvironnent  .the equilibrium point may be areater than 1% by weight.
% & poryi meaB s nadaIeREy e b P T B ol R OS] 41 Ol er -

t he mat eri agnHSehgade8n@ktiaalicagieer rate than this noisture can escape,
blisteringmay occur. Tpr,ﬂ S p%enomenon can limt the use of the polyimde

material in manyAdgpraicatvastage ¢ihgraethod @revaitielene! the srasent trwensel we

have i nvestigat t OyL0CL e.f he [ i) ol yi.m de
mat eri al . V\ésgﬁéavxgeﬁ@r%gsﬁ%%}gag@gsa#%%ﬁﬁ%gﬁﬁ% %EPE&E%‘}&@S%’%? H1t he
pol yi m de nmat@stind ata@d0d dygeepFePsdrdas;reasn () @subdillaibnacemfigomor ous structure
with significantly better resistance to blistering during therml exposure,

or durihg eSpBEIEKaR0 2pi Y WHES IRN0SE IR PYRY Ulbes RAVEING SEbaR BEARTIAt ed t hat
this can be,dong WhtBQUL Such an advantage transtates into significantly longer life of
consumables {0 increase production efficiency.

EXAMPLES
Compaction | Tensile
Pressure | Strength % Specific Blistering
{psi) {psi) Elongation | Gravity TOS Temperature
20000 5323 0.8 1.551 3.46% | Pass at 400°C
40000 8096 1.5 1.632 3.08% | Pass at 400°C
60000 8858 1.8 1.665 2.18% { Fail at 325°C - 400°C
80000 3892 1.5 1.674 1.75% { Fail at 325°C - 400°C
160000 9204 1.6 1.683 1.868% | Fail at 325°C - 400°C

For the test data describad in the above table, the palyimide composition as
disclosed herein samples were fabricated into tensile barg according to ASTM
£8 ~ “Standard Tension Test Specimen for Powdeared Metal Products — Flat
Un-machined Tensile Test Bar” at room temperature and at pressures

20 ranging from 20,000 to 100,000 psi. The tensile bars weres sintered at 405C
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significantly affecting the nmechanical properties of the material which is
key to its high tenperature wear perfornmance and durability. The co-pol yner
based polworhoeor®ed in the nethod(s) and in the articl @C3)uSedtobaspr esent
invention inparts certain advantages in high tenperature applications such
as hot glass handling applications, aircraft engines and parts, or

anal ytical scientific instrunents, over the use of traditional and commonly
used polyimde materials, and carbon graphite materials (for exanple, free
of polyimde). The nmethods and uses discl osed herein provide | ow thernal
conduct i vi t withdentmsgfenailirgg fapp hoxisraletgie Srengtilafd blomgstibowerreheat
transfer coefficient versu repared using traditional carbon
graphite. LOWASUHERRERS Mﬁ@@%@% the articles of the present

| vention, and T &Rkl Gkl ifeaiict! Wind hdriPeBbe skl bR | TPar !
m nimzation or elimnation of blisters, and mcro-cr ereby |owering
qual ity rej detesmamet byprepsuiggmredioen wietght in water @&mmmmgt;hﬁmmtﬁe

70, (o 10bo RPGRER nd R Eurnan ‘st pv LRIy o LI ohEThS hoed i m

hot gl ass nmaputiaeteadigg applications. Reduced breakage of the articles
during fabrication, handling and use extends the life of the articles,

whi ch then incr eabRaynsy @@%%W@e‘ﬁﬁaéﬂw {1QShwas tesiad &y TpYrute®y T ost s. O |

"ovention R d RS AP Rt R AR DS 0er S LB SR EEET e
| ess oil thanas&ebmrgm@wd@hpgm& dr@cests afd walpedpidmenRegveed or

elimnated oil absorption affords the advantage of reduced checking in the
10 1o atemperature of 7O00F for 100 hrs at a presSure of 70 psia in air. The final

weight measurement is then taken and a percent weight loss of the tensile
bars was calculated according to the following formula:

% Weight loss = {(Initial wi. — Final wt. / Initial wi) x 100

Resistance o blistering during thermal exposure or rapid thermal
cycling is tested by first immersing a tensile bar or part of a tensile bar in
96°C water for 12 days. Nexi, the spsamen is placed in a preheated oven at
the specified temperature. A passing result is obtained when no visible

2% cracking or blistering are present in the specimen after this thermal exposure.
Samples compacted at 20,000 and 40,000 psi showed no visua!l defects after
exposuras up to and including 400°C. Samples compacted at 60,000 ~
100,000 psi showed defects after exposure {o temperatures of 325°C and
above.

[e%
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it is noteworthy that the spacimeans compacted at 40,000 psi retained
88% of the Tensile Strength and 94% of the Elongation of specimens
compacted at 100,000 psi while exhibiting positive blistering resistance
performance at 400°C vs. only 325°C for the specimens compacted at higher

pressurgs.



contai ners handl ed by the articles,
and reduced operating costs.
and arti cweowfiortye present
three tines | ess wear versus carbon graphite at 600 degrees F (315 degrees
denonstrating 2 to 11 times | onger
Such an advant age

life of consunmables to increase

cont ai ners,

C) in oscillatory conditions,
gl ass handling carbon graphite take-out
translates into significantly | onger
production efficiency. EXAMPLES For the test data described in the above
t he pol yi tidwutbbposidd et athdirsethode dahdreedmpkgepte Shvan dow-
fabricated into . tensile bars accor

2 Pasr S
AREALHHE Lt or REARE Wi ORdial

The tensile bars were sintered at 4

t abl e,

R

Speci nen f oFePBRGEr B e

at roomte

thus an increased yield of the

invention is reduced wear.

i Ptk s ich ko

inserts.

Anot her advant age of the nethod
PeTIUSR@90R 1487 Show

" St andard,. _Tensi on Test

JiERn PEHRI B est Bar "
pgirg @I 260 AR 6 128nALaPS!

th a nitrogen purge

or 3

Tensi | e st r entassongdstef omgattingrinwenawegaslipedsas gatilivays o ST OESS.

Speci fi c.Gay
det er ni néd 6y

PR LS B LRGP 0Bl

.vol,unme

its dry wei @liérs gt Srovek4iRE stdhd Aemdlirshdiesh i ddeedhy aWRirglitint 0

determ ne the specific gravity

tested by f Ek*gfﬁbfﬁrm@?@ﬂ@lﬁféﬁgﬂg‘i
for 15 mnutes and drying at 300F for
wei ghed and then exposed to a tenperature of 700F for
of 70 psia in ai EXANMBLEIDIompagiive eadesment is then taken and a percent

wei ght | oss of the tensile
1

TRADITIONAL POLYIMIDE AND GRAPHITE VS

Ther nal

1 hr.

| Oxidative Stabrlity
dophicd tempsagiuse eppieiiont e bars in al cohol

t he specinens are
100 hrs at a pressure

Upon cool i ng,

PROPERTY COMPARISONS

CO-POLYMER BASED POLYIMIDE

(TOS) was

Property Units Traditional Traditional Co-polymer
polyimide Carbon based
graphite Polyimide of
the present
in invention
{zod impact
{(Notched heat | Jim 28 17 33
aged at 315°C
Using ASTM
D-256 | - L
Qi Absorption | % 0.12 574 0.19
wt change
Wear
{oscillatingat | % 1.53 3.1 0.98
315°CI25 hr) wt loss
Thermal
Conductivity WimK 1 80 2

in "Example 2. Comparative Analyses”, the resulis in the column

labeled “Traditional Polyimide™ were obtained using a sample of 60 weight

percent conventional polyimide and 40 weaight percent graphite. “Traditional

Carbon-graphite” results were obtained using graphite; free of polyimide.

i8

|ife over

ours.

i%’ﬁ‘jﬁit from




bars was cal cul ated according to the follow ng formula: % Weight |oss =
(Initial wt. - Final wt. / Initial wt) x 100 Resistance to blistering
during t hwormalo/®xpPosure or rapid thermal cycling is tes®Peu/usgomiorss?
imrersing a tensile bar or part of a tensile bar in 95C water for 12 days.
Next, the specinmen is placed in a preheated oven at the specified
tenperature. A passing result is obtained when no visible cracking or
blistering are present in the specinen after this thermal exposure. Sanpl es
conpacted at 20,000 and 40,000 psi showed no visual defects after exposures
up to and i ACbysiyrgedBeed Balyphids of dng aodsaht atvebfo00@suits 08:r6 @R tgpsed showed
defects after exposure t enperat ures of .325C and ahove. )t is poteworthy
Chat t e spoei o EBIRAE R b RS 600 FOLITHIR e Heas BevmsrnsieSerbns | o
Strength an ( ‘ iR Hnigpeci mens conpacted at 100, 000 psi
whi | e exhi bﬁsﬁﬁ%{%%gsﬁwsghgpggéﬁp%&}%s| stance performance at 400C vs.
only 325C for the specinens conpacted at higher pressures.|t should be
noted that other nmethods can be enployed to obtain |owdensity or increased
pore density parts, such as the addition of scarificial fillers that
degrade or ablate or crush upon a thermal, chem cal or mechani cal
processing step, resulting in a network of pores or pathways for noisture
to egress. However, the nethod described herein is econom c as additional
fillers and processing steps are not required, while achieving a part with
sui tabl e mechanical integrity for high tenperature application. EXAVPLE 2:
Conpar ati ve Anal yses PROPERTY COVPARI SONS

i



TRADI TI ONAL POLYI M DE AND GRAPHI TE VS CO POLYMER BASED POLYIM DE I n
"Exanpl e 2: Conparative Anal yses", the results in the colum | abel ed

Tradi ti oD 2Polpir97de” wer e obtai ned using a sanpl e of @0TWS2@h02TI8T cent
conventional polyimde and 40 wei ght percent graphite. "Traditional

Car bon-graphite” results were obtained using graphite, free of

pol yi m de. " Co- pol yner based Pol yi m de of the present invention" results
wer e obtained using a sanple of 50 wei ght percent polyimde conposition as
di scl osed herein and 50 wei ght percent graphite. CLAIMS What is clained is:
1. A net hodCdfAiMEKi ng an article suitable for use in high tenperature

syst ens, Sﬁw ge/:stiams gon}si sting of instrunentation and equi pnent, said
article comyfP&TRGEEE D0l ymer based pol yi ni de conposition, wherein said
conposition conprises a) an aromatic tetracarboxylic dianhydri de conponent;
and b) a diam ne conponent further conprising; (i) greater than 60 nole %
to about 85 nol e 1% pphempirenkoidhakingen amdie(suilpbisfarsise ivdigh | ess t han 40

mol e % mxphenyl ene di amine, wherein a) and . b) are present. in ratio of 1:
1 Cand S5 HREROY SO i S oTSPATP I e e B B AReb e s hape
using conpre Qi?hﬂ, énty\@@ﬁ@rﬁbié%n?f% a @b-gH@BsHhgsats 8flyirideonpression is
from about 20, 000 psi to about 50, 8‘%,6 ‘psimj'g}g%,achi eveﬁayporous article

havi ng per meapippRistiypnt wherein said composition comprises

al an aromatic tetracarboxylic dianhydride component; and
b) a diamine componant further comprising;
10 {iy  greater than 60 mole % to about 85 mole % p-

phenyiens diamine, and
(i) 15 mole % to less than 40 mwole % m-phenylenea
diamine;
wherein a) and ) are present in a ratio of 1.1, and
15 said method comprising:
forming a part of pre-determinad shape using compression;
wherein the amount of pressure used in compression is from sbout 20,000
psi to about 50,000 psi to achieve a porous article having permesbility fo
moisture, and resistance o defect caused by thermal exposure,
20
2. The method of ¢laim 1 wherein said compression pressure is
from about 35,000 psi to about 45,000 psi.

3. The method of claim 1 wherein said compression prassure is
about 40,000 psi.

[e%
7%

4. The method of claim 1 wherein said article has a higher cross-
saction area relative to the surface area of the article, and said ardicle and is

20



noi sture, and resistance to defect caused by thermal exposure. 2. The

met hod of claim 1 wherein said conpression pressure is fromabout 35, 000
psi to abwot20tBo0®d psi. 3. The nmethod of claim1l wherePOTABRUOOITIPT €SSi ON
pressure i s about 40,000 psi. 4. The method of claim 1l wherein said article
has a hi gher crosssection area relative to the surface area of the article,
and said article and iscapable of rel easing noisture and gas present in the
cross-section area of the article through the surface area of the article.
5. A nethod of claim1l wherein said polyimde conposition conprises at

| east one fkkpeblead raiddstiigwecisbire Brel geet redent indhaioss-whaticel svesaifd filler

i s carbonaceous filler, said carbonacequs filler being selected fromthe
group consi $19 ﬁﬁ*ciﬁtrﬁ’i%‘t'gﬁ%e @%fgﬁﬂ%@@? VA2 REIG® graphite and carbon fi ber.
7. The nethod of claim6 wherein said filler is fluoropolyner and said
fluoropol yner is selected fromthe group consisting of

pol yt et r af | uor oebhyl edemediodipfeciant hodwoeinctad pobimderaimpasiiieh filler is

sel ected.fromthe grggepaﬁgo‘nsi. ti ng f?F&.kaol inite, sepiolite and m xtures

t her eof .~ 9. “RHPAPEP & ﬁggﬁée‘ffﬁe‘a t¥Wod of claim1. 10. The article
according to claim9 wherein said article is suitable for use in an

analytical scientific_instrunent to isolate defracting chanbers. 11. The
article accordi n§-to dhgimehoghdciaim sahersinsat Bligrds sgihcaiscecsdilielse in a

convect i on ayens, or, heal R% BORKAY L Sectbd ol hebiduf SoRAAEU B o ai m 9
graphite, synthetic graphite and carbon fiber.
10
7. The method of claim 6 wherein said filler is flucropolymer and
said fluoropolymer is selected from the group consisting of

polytetraflucroethylene.

15 a. The method of olaim 5 wherein said filler is selected from the

group consisting of kaclnite, sepiolite and mixtures thereof.
Q. An article made by the method of claim 1.

24 10.  The article according to claim 8 wherein said article is suitable

for use in an anabytical scigntific instrument {0 isolate defracting chambers.

11, The article according to claim 8 wherein said ariicle is suitable

for use in a convection ovens or heated conveyors.

[e%
7%

12.  The article according to claim @ wherein said article is suitable

for use i an automotive angine or automotive subsystem.



for use in an autonotive engi ne or autonotive subsystem 13. The article
according to claim 12 wherein said autonotive subsystemis selected from

t he groupwoanmv®triong of exhaust gas recycle system cl urch/tsgaiaai4spunp,
and turbocharger. 14. The article according to claim 12 wherein said
article is a seal, washer, bearing, bushing, gasket, and seal ring. 15. An
article of manufacture suitable for use in high tenperature systens, said
systens consisting of instrunentation and equi pnent, said article
conprising a co-polymer based polyi m de conmposition, wherein said

conposi tion corrpriBsesTa:)a ate armatding tetiapdzbeyielc saltiantydotige conponent ;
and b) adla ne co E‘R&E‘erth COo r|S|ngL ﬁ% reater than 60 nole %to
about 85 m)ls 5 %‘Wé T8 '€ YTaHa “PPyS T h%%gff*‘%@évyﬁ?an 40 nol e

% m phenyl etgﬁst@h?%ﬂ@hs h@lﬁu@% ﬁﬁtﬁitk@bo%ﬁx gresent in aratio of 1:1 ;

and said article belng porous an avi ng per ab|I|ty to noisture, and
resi stance to defect caused by thermal exposure.

th

14. The arlicle according to claim 12 wherein said anticle is a seal,
washer, bearing, bushing, gasket, and seal ring.

15, An article of manufacture suitable for use in high temperature
systems, said systems consisting of instrumentation and equipment, said
10 article comprising a co-polymer based polyimide composition,
wherein said composttion comprises
a) an aromatic tetracarboxylic dianhydride component; and
b} a diamine component further comprising;
1} greater than 60 mole % to about 85 mole % p-
13 phenylene diamine, and
ity 15 mole % to less than 40 mole % m-phenvlens
diamine
wharein a) and b} are prasent in a ratio of 1.1; and
said article being porous and having permeability to moisture, and resistance

20 to defect caused by thermal exposure.
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