TI TLE OF THE | NVENTI ON CO- POLYMER BASED POLYlI M DE ARTI CLES AND THEI R USES
I N AN Al RCRAFT FI ELD OF THE | NVENTI ON Pl astic material s have broad

i ndust ri avoappliocsti ons, including sone high tenperatur eczpsbioatisons.

Pol yi m des can be used for sone higher tenperature applications, but may
al so need to possess certain other physical properties. D sclosed herein
are copol yner-based polyimde articles that are suitable for use in high
tenperature applications, and which al so have increased perneability,
durability, oxidative stability, desirable wear life and resistance to

def ect upon thermal exposure. BACKGREUNE GFVERTIONVENTI ON H gh tenperature
operating conditions and industrial manufacturing require the use of

mat eri al s t hatCoaPeLYMEReBAFD BILYIMEDEC ARTHQLESNAND PHEIReHEES/ INgAN AARERPFTpast ,
nmetal, ceram c, graphite, asbestos and other materials have been used for
hi gh tenperature applications. Plastics have been useful in replacing sone
of these materials for high ‘,,,,,,!,uf, However, sone
applications al so. requi ial,s that have ad |t10naJ rop ertles
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articlas that are suitable for use in high temperature applications, and whic

such

10 also have increased permeability, durability, oxidative stability, desirable wear

Iife and resistance to defect upon thermal exposure.

BACKGROUND OF THE INVENTION
High temperature operating conditions and industrial manufacturing

13 reguire the use of matenals that are folerant of the conditions. Presently, as
in the past, metal, ceramic, graphite, asbhestos and other materials have besan
used for high temperature applications. Plastics have been useful in
replacing some of these materials for high tempearature applications.
However, some applications also require materials that have additional

24 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
temperatures well above 400 degrees C. For example, glass manufacturing
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operations are carried out at about 1400°C 1o 1600° C. Other systems, such
as internal combustion engines require the use of materials that can sustain
high temperatures, and which do not fal or wear quickly due o these high

temperatures.



hi gh tenperatures, and which do not fail or wear quickly due to these high
tenperatures. Materials that are used to nmake articles or nechanical parts

t hat ar e woi2bmblogsokor hi gh tenperatures can be nmade. Howevarsoi@®214be
cross-section of the nechanical part increases, the surface area of the
part is |less accessible to the trapped heated noisture 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
thermal cycling. A progressive reduction in a part's nechani cal properties

can al so occur wiMdterisipansiedreq)sekias mdkamitslay e expostics @t thhearal
exposure, evidenced by a reduction in neasured glass transition tenperature
(tg) of pl astitaale f@b?ﬁ‘é{‘ﬁ%’é’ﬁi‘%ﬁ@%%? b mde: V\%W%""fkﬁédﬂﬁmﬁ%ﬁ%ﬁﬁé’ﬁhu te has
been used i AR C b t herefore

| acks durabiB Bi@%e%ﬁ%ﬁgtépéﬁgﬁal n tér? ﬁféogug?%ceb#%adﬁflt% tarr‘gegé%%?l cations, and
| acks the vvaacemﬁﬁetdélsetradpw h’eatedmmstmgmctgm mstr@trﬂmgthmtmfeales made
from pl astl een _use However, many of

hoe rad Ly T2 puo Fats the s Bat s Brineeie iRt s et ons’ | et
strengt h, d%f@t@hhgt&u@[tdtﬁe%aﬁé cmﬁe@m;ﬁ@m&kna%%ﬁfglmmb%;m to

faster degradation over gra |te Some yimde material s have al so been
used in but régichivave 8 g@aﬁsma%mxmémwrh%cmaﬁ@rmwréfznha'ﬁg@étadn the
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10 to as “wel Tg knockdown”™.

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.

]



The object of the present invention is to provide a nethod for nmaking an
article prepared froma polyimde conposition wherein the article is

sui t abl e wonotwhsobenper at ure applications, having ri gi gctryus2axwioczans ve
stability, perneability to heated noisture and gases to avoid defects
caused by rapid thermal cycling, or thermal exposure.Furthernore, the
polyi m de 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 THEitBRAMNGEhd pglylmids ;mr@rmahéwlheemtasemmﬁé preseht t he
tensile strength vs action pressure for an artlcle conprisin

copol yner - b&? ‘tﬁﬁlaﬁﬁpgguwhﬁtf@d‘hﬁl dipectfiasianed ail se3i04enas 1ISERg. 2 s
a graphi cal cégéme@ggﬁh@eagé gﬂ%'&@a‘iﬁm&g %Cdr'é%‘ﬂ gﬁ;ﬂ]&%ﬁ ohQr an
article conprising ol ymer ase l'yim e accor e present

di scl osure. SUMVARY OF THE IN\/EI\FI'I O\I Di scl osed herein |s a met hod of,

maki ng ap article suitable f. g,,rtl cle conprising
a co-polynmer based pol yi FRERe aE-onNposi tion
conprises a) an wg?rmé. a%@g&e&%&%&m%&a@xé&%z Rgnt; and b) a
di am ne conponent Turther conprising, (i) greater than 60 nole %to about
85 nol e % pphewache pd@%srmﬁéq: eanaru@ia JOrBrisog copplyodrdssetnmiyiadianl e %
m phenyl ene

n‘clié;q%@&%rding the present disclosure.

Fig. 2 s a graphical representation of elongation vs. compaction
10 pressure for an article comprising copolymer-based polyimide made
according the present disclosure,

SUMMARY OF THE INVENTION
Disclosed herein is a method of, making an anticle suilable for use in

153 an aircraft, said article comprising a co-polymer based polyimide composition,
wharein said composition comprises
a) an aromatic tetracarboxylic dianhydride component; and
b} a diamine componant further comprising;
{iy  greater than 60 mole % to about 85 mole % p-
24 phenylene diamine, and
{if) 15 mole % to less than 40 mole % m-phenvieng
diamine;
wheregin a) and b) are present in aratio of 1:1; and
said method comprising:

[e%
7%

forming a part of pre-determined shape using compression;
wherein the amount of pressure used in compression is from gbout 20,000
psi to about 50,000 psi to achieve a porous article having permeability o
moisture, and resistance to defect caused by thermal exposure.

fad



wherein a) and b) are present in aratio of 1: 1 ; and said nethod
conprising: formng a part of pre-determ ned shape using conpression;

wher ei n twe 2armmdo2of pressure used in conpression is from@sbawin2205 000 psi
to about 50,000 psi to achieve a porous article having perneability to

noi sture, and resistance to defect caused by thermal exposure. Al so

di scl osed herein is an article of manufacture for use in an aircraft, said
article conprising a co-polynmer based polyimde conposition, wherein said
conposition conprises a) an aromatic tetracarboxylic dianhydride conponent;
and b) a di am ne Ateanpieniontd fhardihes anemicie SIf AtnLfdctgret esetihan HArall e % to
about 85 nol e % pphenyl ene diamne, and ii) 15 nple %to |l ess than 40 nole
% m phenyl eﬁé*%@ﬁ‘i@f‘é”%*?é‘?%?r?%ﬁdaﬁﬁfg’ﬁsﬁ SOPIBEEROMRCHIPRWRREIN 1. 1
and said artl .«afd having perneability to noisture, and

resi st ant t%b@’e é@?é%g?ﬁg%ﬁ@stéﬁer mal exposure. DETAILED DESCRI PTI ON OF THE
| NVENTI ON Pol yi m de ajesrearahsto sacickyhadybo diardtyrdose bemiponeot; strur e.

Dependi ng on the en;{P: ronment ri ummgﬁirc‘ig% may be greater than 1%
noi sture will evol ve.

the equi/li.

by weight. As a pol W& H8THRE EPTRPIFE WaBeLH0
However, if the material isg dieal@hat 68 rh@slekoRAbA: &HaMIENL p- DI sture can
escape, blistering may occur. The present invention provides a nethod for
maki ng an article suitabl ephenylene diamine, and

it} 15 mole % to less than 40 mole % m-phenyiene

diamine;

10 wherein a) and b) are present in a ratio of 1:1; and
said article being porous and having permeability o moisturs, and resistant to

defect caused by thermal exposure.

DETAILED DESCRIPTION OF THE INVENTION

15 Polyimide materials readily absorb atmospheric moisture. Depending

on the environment, 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
may oocur.

24 The prasent invention provides a method for making an article suitable
for use in high temperature aircraft applications. The ariicle made according
the method of the present invention is an article wherein such article is
durable, wear resistant over ims in high lemperature applications, rigid,
oxidatively stable, and resistant to defect caused by rapid thermal cyeling.
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in the prasent method, the article comprises a co-polymer based
polyvimide composition,
whereain said composition comprises
a} an aromatic {etracarboxylic dianhydride component; and

b} a diamine componeant further comprising;



for use in high tenperature aircraft applications. The article nade
according the nethod of the present invention is an article wherein such
articl e iwoduroaiohs2 wear resistant over time in high terpenstan®27495
applications, rigid, oxidatively stable, and resistant to defect caused by
rapid thermal cycling. In the present nethod, the article conprises a

co- pol yner based pol yi m de conposition, wherein said conposition conprises
a) an aromatic tetracarboxylic di anhydride conponent; and b) a diam ne
conponent further conprising;i) greater than 60 nole %to about 85 nole %

pphenyl ene di am ne, and iij; lgreamdrahdh 60 rhelesistibanod08imhele % m-phenyl ene
di am ne; wherein a) and b) are present inaratioof 1:1 ; and said nethod
conprising: forming a part of P HIENS demiPR B ¥hape usi ng corrpre55| on;

wherein the amount of pr esgyr 5 Hefdod B GRERESS 3h PRk, | ”r‘ g’b Wk 20, 000 psi
r neabi

to about 50,000 psi to achieve a porous article haV| ng ity to
noi sture, and resi stance t o diéiheete;caused by t her nmal exposure. In one

enbodi mept of the present inveptijon npr e n _pressure may be
pre-detefnined to = %}rEi‘TCEﬁJ)earﬁanﬁﬁmdn@e@ Ognldg d density. In one

embodi ment  @hid heRE hadpiiginghe present invention, the article may have a
hi gher cross-section rel atlve to the surface area of the article, and said
article and i s capalituniof & pheatpregdelsiSinadeshand YrBY poRYEsAsIOM t he

wherein the amount of pressure used in compression is from gbout 20,000
psi to about 50,000 psi to achisve a porous article having permeahility fo
10 moisture, and resistance to defect caused by thermal exposure.
in one embodiment of the prasent invention the compression
pressure may be pre-determined {o make an article having & certain desired
density.
in one embodiment of the method in the present invention, the arlicle
13 may have a higher cross-section relative fo the surface area of the article,
and said article and is capable of releasing moisture and gas present in the
cross-section of the article through the surface area of the article
{in yet anothar embodimeant of the meathod disclosed herein, the
polyimide composition may comprise atleast one filler. The fillers used in the
24 present invention are carbonaceous filler selected from the group consisting
of natural graphite, synthetic graphite and carbon fiber; fluoropolymer,
including but not imited o polytetrafiuorpethylene, and inorganic fillers
sefected from the group consisting of kaclinite, sepiolite and mixtures thereof,
The present invention is various high temperature applications. The
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arficles made as disclosed herein can be used to replace conventional
materials used in high temperatures. For example, the articles made as
disclosad herein can be used to replace mechanical elements, paris that are
mainly composed of graphite, metal, ceramic, or ashestos.



cross-section of the article through the surface area of the article. In
yet anot her enbodi nent of the nethod di scl osed herein, the polyimde
conposi t iwo 2010z pPri se at | east one filler. The fill ersTuseaoion7sbhe
present invention are carbonaceous filler selected fromthe group
consisting of natural graphite, synthetic graphite and carbon fiber;

fl uoropol ynmer, including but not limted to polytetrafluoroethyl ene, and
inorganic fillers selected fromthe group consisting of kaolinite,
sepiolite and m xtures thereof. The present invention is various high

tenperature appl izakicinise afitteant helpesomdevasiot srelmseatdhgrei n can be used
to replace conventional materials used in,high tenperatures, For exanple,
the articl eSORMRIECALR"s FHREHICHRFBIRERIRHOBeS U 6P t0ISPElE debamiithani cal

el enents, p t.hat: Q0 ‘ bbB o - mc, or
asbest os. Usggg@f) bﬁén gpﬁrgﬁ%@ %%ﬁit%ﬁg Eﬁ%@h’g%{sﬁgﬁﬁéﬁéﬁ%g&g@%@t sina
convection owemal soimbastibn engmstpartse buabingnbesud) vessheo, s iageweat r act i ng

hamb L 0T t ti B, | udi .em ' t t,
nernal coRBIATOT B IPTE pARREnaiRe oiTe BauPIIRF oS REET Sl T ng. wear
pad and st i deidoleekorddighbapebnisey 6f atbeydias)aed SsbRsalslRER] T ar e

sel ected fromthe group consisting a recycl e system a clutch system a
punp; a turboskaederbochargerust threstgeseisernasediies 2 o systersy enem  an

i njection mol.din 1L ne:  conveyor; . and tenter frame. The present

i nvention pf g?tﬁjg‘sf%gi:@ ﬁ@&%f'ﬁ %‘Hﬁeﬁgr‘f%@%ﬁﬁ%{f?'ief rom a pol yim de
conposi ti on, whemglrbrbbeninarsnttaspioiee ethemd iRk invaisg Aited parentiom
excellent tensile properties. Such formed parts are useful in hi gE

t enper af ¢ir e E8PPYITEEe CENSOSEPNapprIaiationartfgeiapraehexidativihdiabiliibout 400C.

|n additionhg GLaRsnGeRLR ASbaRRAYT QG A8y Al eURERI highe articles

made
temperature applications, or applications operating at or above about 400°C.

in addition to glass container manufacturing, other uses of the articles made
by the method of the present invention include scientific instrumentation,

13 convection ovens, heated conveyors, automotive applications and aerospace
engines. More particularly, parts and other adicles prepared using the method
of the present invention include, but are not limited to, aircraft engine parts
such as bushings, bearings, washers, seal rings, gaskeats, wear pads and
stide blocks. These parts may be used in all types of aircraft engines such as

2% reciprocating pision engines and, particularly, jet engines. Parts and other
articles prepared using the method of the present invention are also useful in
the following: automotive and other types of internal combustion engines;
other vehicular subsystems such as exhaust gas recycle systems and clutch

systems; pumps,; non-aircraft jet engines; turbochargers; airgraft
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subsystems such as thrust reversers, nacelles, flaps systems and valves;
materials processing equipment such as injection molding machines;
matenal handling equipment 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 applicalions where low wear



by the nethod of the present invention include scientific instrunentation,
convection ovens, heated conveyors, autonotive applications and aerospace
engi nes. woneiop@rgoecul arly, parts and other articles prepansdosergst he

nmet hod of the present invention include, but are not |imted to, aircraft
engi ne parts such as bushi ngs, bearings, washers, seal rings, gaskets, wear
pads and slide bl ocks. These parts may be used in all types of aircraft
engi nes such as reciprocating piston engines and, particularly, jet

engi nes. Parts and other articles prepared using the nmethod of the present
i nvention aiedadisbielsdhsbmenaphivatioht anpad or athanotitieerapsratdrexrdiyges of

i nternal conbustion engines; other vehicul ar subsyste such as, exhaust gas
recycl e systRHie BRI FEERsey HEERIE IS FLERTNaChHB At aiieaftaarkpighrdige

t ur bochar gelenahe Cillartl RSN 1Bl R%dsBhitHq BRYGH ABFfal pacel | s, -
flaps systens and valves; materials processing equi pnent such as injection
mol di ng nmachi nes Byrthe éeinal ridid mdivimgled g impaen ts $uat thaas scomediparide bel t
presses and, tenter, f ama?: and f.ilms, seals, washers, bearings, bushings,
gasket s, ~ wedPKJRRN té@éﬂﬂ Sé’*i“r%%s%mfb i de bl ocks and push pins and ot her

appl i cations me%e'&%ﬁéﬁé%ﬁat%%kﬁﬁ &axxﬂs@r%rﬁ;@&ﬁérﬁ@@s@ﬂ% nfhiRart or
other article prepared according to the nethod discl osed hereinis in
contact wi t Hhenetpdlyaer pebdnidsarithePresentinvantinnérclutie pappagiites in which it

resides is . ln l...use. .By the term.,'riqgi imde" is
meant s ¢ haloNarae 4R oA o Bl ek R b B ERERR. The
aronmati ¢ t ehacarhany figiddiramaed e capo iRt sediethdcor ke BiRAGOPOl yer
pol yi mi de of the present invention include pyronellitic di anh¥dr| de (PNDA),

3,3 4, 410- pushdmyitbetianiuFBER FOrPCTieahhy BF A e leEROMTbeHme o1 iener ri gi d
aromatic di aplydh i fensBhShe &M drSinR8SUlio MR EER\ LS to provide a rigid,

aromatic polyimide composition having the recurring unit
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where R is greater than 60 to 85 mole % PPD units and 15 {o less than
40 mole % MPD units. Polyimide compositions having 70% PRD and 30%
20 MPD are preferred.
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 diaming
component. In general, after dissolving the diamine component in the

25
R ¢

required concentration of the solvent, the dianhydnde is added to the reaction
solution in substantially equimalar quantities to form a polyamide acid (PAA)

b
£



used as the dianhydride conmponent. For a preferred enbodi nent of the
present invention, the solution imdization process is used to provide a
ri gid, arwombioziopsskyi m de conposition having the recurripog/uspem/oniiese R is
greater than 60 to 85 nole % PPD units and 15 to | ess than 40 nole % MPD
units. Polyimde conpositions having 70% PPD and 30% MPD are preferred. In
the preparation of the present polyimde conpositions, the solution

i m dization process is utilized according to the foll ow ng. The di am nes
(PPD and MPD) are generally first dissolved in a solvent to formthe

dih am ne g:orrgonmm ‘r.sdimticg,enersa?m rﬁzhtse@lxdéwoi sitheg ép@ei}@é@aﬁae_w@imﬂngnt i nh

the required concentration of ,the solvent, e dian ide is added to the
reaction soFBMPSREMhISRASSIR W‘PW@&E@%P%&’E&G% ‘@tﬂ%lfé[getd@f?‘@ﬁm a pol yani de
aci d (PAA) pelkyie ' 5] I ess of e Lhendianhydri de
or di am ne @%ﬁﬁ%ﬁgﬁ?hﬁbggggﬁgﬁf&%ﬁ% a?é%)?%%g%’ o'%g 8%5?%? géqg%%b%?@ftnhe

di am ne conparsietprhpsribeeasdibiroch dlosqgriodqlenbies staiesairty b8 tis gersr al

by ) B ol b LB SRR B P Tanots
occurs as t @Ffzﬁﬂ}cﬂh@ﬁ'@r wB9tHe &rﬁ}\ﬁpﬁ‘?%@zrﬁ%r%awpé&iﬁiir@ﬁ}e@ﬁm by one of

ordi nary ski in the art. The resulting PAA pol'ymer solutionis
transferred over Taepesulyog &iAA Patyme seltiisutiedrapsliaitdtbaverta paecgof eat . The

transferred, PAA pol r..solution.s. c I N | nd itated to
compl ete i Pasardrenios of s Rl e PRIy S84 REuRTE SRR £ ce.
The resul ti genpeldtish BeabiWiyaditid@shedmplics tisdtateiibn N doflibie AR 10190 to
230C, preferably 140 to 190C, nore preferably 180C, to convert the

pol yi m d& selrPiotigsEube B Héeresin in the formof a powder having a high
The resulting polyimide slurry is washed with solvent and dried at 100
to 230°C, preferably 140 fo 180°C, more preferably 180°C, to convert the
palyimide slurry to a polyimide resin in the form of a powder having a high
surface area. The optimum femperature of 180°C resulls in greater process

13 efficiency and better physical properties. Depending on the particle size
resulting from the precipitation of polyamide acid from the reaction solution,
the particles of polyimide can be further modified for example, by suitable
grinding techniques, to provide a desirable particle size for handling and
subseguent moilding.

24 The solvents useful in the solution polymerization process for
synthesizing the PAA polymer solution are the organic solventis whose
functional groups will not react with either of the reactants (the BPDA or the
diamines) o any appreciable extent. The solvent exhibits apH of about 8 to
10, which can be measured by mixing the solvant with g smail amount of

[e%
7%

water and then measuring with pH paper or probe. Such solvents include, for
example, pyriding and R-picoling. Of the solvents disclosed in Gall and U.S.
Patent No. 3,178,614 {0 Edwards, pyridine (KB = 1.4 x 10-9} is a preferrad
solvent for these reactants in the polymerization reaction ag well as

funclioning as the catalyst. For a dianhydnide and a diamine {o react o form



surface area. The optinmum tenperature of 180C results in greater process
efficiency and better physical properties. Depending on the particle size
resul t i ngwbrorwiohs2pr eci pitati on of pol yam de acid frompCasc@aorison
solution, the particles of polyimde can be further nodified for exanple,
by suitable grinding techniques, to provide a desirable particle size 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 (tfeaBRRrosr ¢digtich, @hms):atawmwna@m(ecsmle@wbsﬁmh a fisicsol vent
exhibits a pH of %Sout 8 to 10, can be nmeasured by m xing the sol vent

with a smal CORRSHAE. Sfunglipes ntﬁi;ek?f?thtﬁa%ﬁ}?h’ﬁbaw B YSaper or probe.
Such | t h
sol vents di sl ooa? feadhf ol el IR BMnBoRl RhREnalhg e

pyridi ne (KBigh durflace &:@ad)n partiavipr ghersobans shueldtbd prasehesea qeanmant s in
as _the For a

he pol | al
G anhydr e 4 VARG AP ERtoe e § ¥4 PR SRR BaIcT e EDRbl ' Ry BY basi &

cat al yst 'S\W%%ds?' ﬁar@!ﬁ@'f@krﬁ%b’o&tét@@?%b?%@?@%%idét functions herein
as both a catal yst an solvent. The quantity of Solvent is inportant in

obtai ning a proddée mmcﬁgaraa m:gchpsbrrrﬂ@ee'eazme@smrtzﬁgrsm teupalyimitke sol vent

shoul d be pr nt.Jn antit n r on t

pol ymer sol Egﬁgjﬁysit@r}a{%éﬁ# “1”%‘3%5}5% V} gg Sggﬁ fﬁ@ df %?geg *e’qﬁé‘i about
8 to 12% by tivekghdcs atdadss allleassvs haog t@@@ﬁ&h@rac@eﬁ@b%} ﬁhﬁﬁceﬂeSl n resulting
fromthe polyimde conposition of this invention s | d be at | east 20

m2/g. 1401 s PHRETEERBNE fe1ease Hrrageisbditir ea be at least 75 n2/g to achieve
acceptabl e physi ¢alne preparation of the PAA, it is essential that the molecular weight

be such that the inherent viscosity (1V) of the PAA polymer solution is at least
0.2 difg, preferably 0.5 to 2.0 difg. The method for measuring and calculating
IV is described below.

15 The polyimide composition often comprises at jeast one filler or one
type of filler. The filler in the polyimide composition of the pressant invention
filler may include clays, such as kaolinite or sepiolite; fluoropolymer or
copolymar, such as polytetrafiuorosthyleneg; molybdenum disulfide; andior
carbonaceous fillers such as graphite, carbon fiber. The fillers can be used fo

24 improve wear and frictional characteristics while retaining the excellent tensile
and oxidative stability of the polyimide composition and parts made
therefrom.

Graphile as suitable for use herein can be sither naturally occurring
graphite or synthetic graphite. Natural graphite generally has a wide range of
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impurity concentrations, while synthstically produced graphite is commercially
available having low concentrations of reactive impurities.  Graphite
containing an unacceptably high concentration of impurtlies can be puwified by
any of a variety of known freatments including, for example, chemical

treatment with a mineral acid.  Treatment of impure graphite with sulfunic,



properties and for ease of processability. In the preparation of the PAA

it is essential that the nol ecul ar wei ght be such that the inherent

vi scosi t ywOl2Wjo/efisoche PAA pol ynmer solution is at | east @cz/usbdigio2ppeferably
0.5 to 2.0 dl/g. The nethod for neasuring and calculating IV is described
bel ow. The polyi m de conposition often conprises at |east one filler or one
type of filler. The filler in the polyimde conposition of the present
invention filler may include clays, such as kaolinite or sepiolite;

fl uoropol yner or copol ynmer, such as pol ytetrafiuoroethyl ene; nol ybdenum

di sul fide; afdéor hpardebRaicemis, fbr bkanples ue bicvatal aphiiie tlempekamrdsider . The
fillers can be used t rove wear and f ctional characteristics while

retai ni ng t KE L@@@éﬁ@gw«% rFt@Safﬁ(fi S$ERst BVE. stability of the polyinide
conposi tion and p@%@f)id@ﬁé:hgrk%ﬁ?ﬁ?ier%ﬁghhkﬁir@?hxﬁ’eébf %béigo Eﬁﬁa&dé? er e' n

can be either naturally occurring graphite or synt al
gr aphi t e gemeedrginhas s&pwidmfrtﬁamgﬁabfe fonpae iheyeicontetes a@mom itoatfi | e

ynthetlcal u S co rcially avail abl.e

e 1 5r eRS 0GR b A it ST T e e R e et abl y
hi gh concen%«&ﬁw@@a iﬂ?h'a’é’%éﬂ feti6 BB %&ehw&é Etr@&kubé/ ARG OE athorRf ety of
known treatnents i ncludin f or exarrp , chem cal treatrrent wi tth a m neral

aci g fTr eat ﬁéﬁaT@ sem:pmees g:r::«amﬁaseé aﬁffrm} wtit-ige crystalktesdn @»mémme(ﬁﬂma)r i cd
Mpur i 4 s EOPRsauaRR KL E o fie e “TRE R g Rt PeciT R FRL or oo

m xture thepgaéist Sf Rlesrdyi @Bl ond QT3 Bseh. NeERgnford SaRiodn tehd idnger
suitable for use herein includes sepiolite itself [My4Si6q i 5(0OH) 2 6(H2q

)1, whi b i Supdiepdy dbetr aag Hesiuim IsiAreeit@stamMp@hols agoregates.
A sepiolits filler suitable for use herein also includes attapulgite (also

known as palygorskite), which is almost structurally and chemically identical
fo sepiolite except that attapulgite has a slightly smatler unit cell.
A sepiolite filler suitable for use herein also includes clays that are
13 layered fibrous materials in which each layer is made up of two sheets of
tetrahedral silica units bonded 1o a central sheet of octahsadral units
containing magnesium ions [see, e g., Figwes 1 and 2 in L. Bokobza ef al,
Polymer International, §3, 1060-1065 (2004)]. The fibars stick together to
form fiber bundles, which in turn can form aggiomerates. These
24 agglomerates can be broken apart by industrial processes such as
micronization or chemical modification {(see, e.q¢., European Patent 170,289 o
Tolsa S.A).
in one embodiment, a sepiclite filler suitable for use herein includes a
rheological grade sepiclite clay, such as that which is described in EP-A-
454 222 andior EP-A-170,299 and markated under the Pangel® trademark by
Tolsa S.A., Madrid, Spain. The term “rheological grade™ in this context refers

[e%
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to a sepioclite clay typically having an average surface area greater than 120
m¥lg [as measured in N, by the Brunauer/Emmett/Teller method (as

described in Brunauer et a/, "Adsorption of Gases in Multimolecular Layers™,

10



exhibits a high aspect ratio due to its fibrous structure. Unique anong the
silicates, sepiolite is conposed of long lath-like crystallites in which

t he sili owocheymssoeun parallel to the axis of the fiber pcThs20mboerspsal has
been shown to consist of two fornms, an a and a b form The a formis known
to be long bundles of fibers and the formis present as anorphous
aggregates. A sepiolite filler suitable for use herein also includes
attapulgite (al so known as pal ygorskite), which is alnost structurally and
chemcally identical to sepiolite except that attapulgite has a slightly

slmal I er huni Ucmmléf Ofﬁ“eﬁ‘aﬁeg’tm e?ifeinhzhgi_r&ismzyab%?@%mQu$%3?1)@,rmmty@!cm;é i ncl ud]cces
clays that are |layered fibrous naterials I ich each layer is made up o
Lwo sheet's DRVINGIFeraqn fipesdimasiars ¢'Shahdgl t S090ABRIO. 10ramor

oct ahedr al 1ET: eY S ikl 2wl : Wetls 2in
[ Bokobza re R e R Sk 0o SRy SR T e ' e
sti ck toget bepidite Hpneahishd mibomitasn mbretsasihelswbdantidligroreeey oner at es.
These aggl operates ¢ be broken apart .l.ndustrial processes, such as

i or oni S5t | SIEEGR e AEPRU Frerat st (el SohE eiftegesn nsbat 170, 200
to Tol sa S. Aqker ady 8MRr PEROGLIRAL and HEQRIrChtkfhd kLiHBEe SthiRRLE dRfretise
herein includes a rheol ogi cal’ grade sepiolite clay, sych as that "which is
descri bed i of ERgMdaitg4a DTh spathior suEfacs, gramenten malckand Ngitler t he

Pangel (r) tr ar Y. Tol LA, [ i n,. .The term."rheol ogi cal
orader 1 ¢ HECSIER adter s TobaesdBEbh  neBRMEe { ittt He ng San
aver age surtgemigi eapgtigaimin &g chdBoiidolrapgRasuerdve Rabeby the .
Brunauer/Enmett/ Tel | er nmethod (as described_in Brunauer etal, "Adsorption

of Gases$li nhyiIageRcyEsayith Kipepaiiversnieral  ohe rHerolkeruscagiuthehingal
Society, 60,3035l ghddSebioi® faltRlCAkkYs sepiolite a material with high
porosity and low apparent density.
Additionally, rheclogical grade sepiclite has a very low cationic
exchange capaoity (10-20 meg/100 g} and the interaction with electrolytes is
13 very weak, which in turn causes rheoclogical grade sepiolite to not be
practically affected by the presence of salts in the medium in which it is found,
and therefore, it remains stable in a broad pH range. The above-mentioned
qualties of rhaological grade sepiolite can also be found in rheological grade
attapuigite, which typically has a particle size smaller than 40 microns, such
20 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 hersin includes kaglinite itself, whichis a

sheeat-type silicate whose molecules are arranged in two sheets or plates, one

[e%
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of silica and one of alumina. Kaolinite is a clay minearal with the chemical
composition AlSiz0s(0OHYs. Tt is a layered silicate mineral, with one
tetrahedral sheet linked through oxygen atoms to ong octahedral sheat of
alumina octahedra. Rocks that are rich in kaolinite are known as china clay

ar kaolin,  In contrast, smectites such as montmoriilonite clay minerals are

i1



havi ng average fiber dinensions of about 200 to 2000 nm | ong, 10-30 nm

w de, and 5-10 nmthick. Rheol ogical grade sepiolite is obtained from

nat ural swpiz2elo/esoby neans of m croni zati on processes t rat/Sadsoznbs al |y
prevent breakage of the sepiolite fibers, such that the sepiolite disperses
easily in water and other polar liquids, and has an external surface with a
hi gh degree of irregularity, a high specific surface, greater than 300 nR/g
and a high density of active centers for adsorption, that provide it a very
hi gh water retaining capacity upon being capable of formng, with relative
ease, hydrogemnbed dyeso wilich shbetsamid yee aRnhiebshehe Theomofddnteaust that ur e of
the rheol ogi cal grade sepiolite gqrticvkes makes‘se]pi‘ol ié’;@ a material wth
hi gh por osi E{e&HES FR *%gﬁfi‘“@ﬁt“ﬂﬁ AEegstnendg el (e karbolts grewt 2gf ade
sepiolite h St 1100168 ‘ 748 ARG g) and

t he interact% %ﬁidﬁﬁth&ﬁé@%@ol@?ﬁa;ﬁféﬁ%\r}gg \?égll%?&&tyéﬁh%&\&fgurn c%rgggs

r heol ogi cal tiyr siceciswipiates selaxrabt, dses practapircag he ticfeeat sbiyy thitepr esence
of salts_in the mediumin. which.it is faoun nd therefore, it remains
Stable 1 aSBHOWEEERADEE SRkt siola i B R s S SUBh BHEEog cal
grade sepi ohbhet @@ﬂi"(?{a%%ﬂ%_ﬁwf}Q@ﬁé‘xanﬁpiéhgﬂl%&@ra@h% éﬁétggw(g’@ﬂ%j. whi ch
typically has a particle size smaller fh‘an 40 m crons, such as the range of
ATTAGEL(r) ¢&baysf shroctussiargiped WTTACEICES8INgrid sATINGELS Sonpeeiivhatsrur ed and

e e e oY LR B oot A5 pR bR DAE Nt e e,
i ncl udes kaef ity &igedttsirble, gMIhg b HEder, SheetatiiPife Sohireaing. WARaepi scul es
are arranged in two sheets or plates, one of silica and one of alum na.
Kaol i ni 1@ i shasksitgalas Hatare wot slabioenpedh Kape included in the compositions
described herein are montmoriionite, vermiculite, and pyrophyliite.  Kaolin
fillers suitable for use herein are discussed further in Murray, Applied Clay
Science 17(2000) 207-221.
Sepiolite fillers and kaolin fillers that are suitable for use herein are
13 discussed further in Murray, Applied Clay Science 17(2000) 207-221.
Use of graphite, 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
monomers), so that the resulting polyimide is precipitated in the presence of
2% the components {b) and (c), which thereby become incorporated into the
compaosition.
Additives suitable for optional use in a compaosition hereof may include,
without limitation, one or more of the following: pigments; antioxidants;
materials to impart a jowered coefficient of thermal expansion, e.¢. carbon

[e%
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fibers; materals {o impart high strength properties e.g. glass fibers, ceramic
fibers, boron fibers, glass beads, whiskers, graphite whiskers or diamond
powders; matenals fo impart haat dissipation or heat resistance properties,
&.g. aramid fibers, metal fibers, ceramic fibers, whiskers, silica, silicaon

carbide, silicon oxide, alumina, magnesium powder or fitanium powder;

12



conposition Al 2Si 20s(OH)4. It is a layered silicate mneral, with one
tetrahedral sheet |inked through oxygen atons to one octahedral sheet of

al um na owpabsdnasozRocks that are rich in kaolinite arerkmaspo@®2mbs na cl ay
or kaolin. In contrast, snectites such as nontnorillonite clay mnerals
arearranged in two silica sheets and one al um na sheet. The nol ecul es of
the 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 nedtabalkitt ymphrttdoeorsd rastdtanad, engtestucs riibe, sheledticinidzcat es at
hi gher tenperatures, such as up to about 450C [ as shown, for exarrple by

t her nogr avi REIPINE, SRYSISO0mERS! Sl HigS OBRUSHTC B 6 APTRRR RIACHLTI A
processing g&@pog!gﬁg%ssﬁg%%wmpﬁaﬂa 8P Hlckel Bolaé hdipRhytdm de

integrity, ndge the crystal structureo t he sheet silicate,
gi vi ng a hafuérer redues alerasr ueefézoampbuﬁﬁmtz&uampl bsroof niblueetr silicates that
are not stab descri bed herein

| iti
e o o R Rl O e S T O Sy PP PR R S kBT PR TRV 8 o ool Canl o

for use her giRedrQ d}{y%‘&%%@@'tcf tHel e rééln%ﬁh?&ypaﬁ@ﬁéﬁr%ts%ay Sci ence
17(2000) 207-221 . Sepiolite fillers and kaolin fillers that are suitable

for use herein a@@ydif“@cf@fs@éﬂbmaﬁ@fh@f afigitings ﬁagimmﬁmsu@m & agessel énce

LEs2 oot whiEGtiss ERER] adbP T S0 i Se G R A B Sp kbles i o

the heated sglwangs e @Eaﬁtﬁeﬁs&@@&f'@ﬂ |, of c@ﬂ:’k%epéé’pémi ¥iefie 8Hbsttdedretion Ot her
solution for other types of rmnorrers) so that the resulting polyimde is

preci pi {4t edhs Rnalenmesitian @sorl bredpBdndinse sgietindhedt whi ch t her eby
becone i ncor por at-gd JN Qe SOHROS bid Bicatly, but not always incorparated inta

the heated solvent paor 1o transfer of the PAA polymer solution so that the
polyimide is precipitated in the presence of the filler which is thereby
incorporated. In some cases, the filler{s) or additive(s), or both, is dry

15 blended with the polvimide particulate. The form of the fillers will depend on
the function of the filler in the final products. For example, the fillers can be in
particuiate or fibrous form.

As stated praviously, the polyimide compositions of the present

invention are oxidatively stable. To test oxidative stahility, tensile bars are

20 formed as describad below and then subjected o exireme temperatures for a
fixed, lengthy perniod of time.  The tensile bars are weighed both before and
after testing and percent weight loss is calculated. The rgid, aromatic
polyimide compositions of the present invention are considerad to be
oxidatively stable if the percent weight loss is less than 5%, preferably less

[e%
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than 3%, because such a weight {oss would not compromise the integrity of
the tensile bar, or more specifically, parts made by the method of the present
invention as disclosad herein.

The polyimide articles of the present invention are characterized not

anly by the excellent thermal oxidative stability alone, or any one property

i3



Addi tives suitable for optional use in a conposition hereof may include,
without Iimtation, one or nore of the follow ng: pignents; antioxidants;
mat er i al swoaoiompasoz a | owered coefficient of thernal expamaisenooerdgs carbon
fibers; materials to inpart high strength properties e.g. glass fibers,
ceram c fibers, boron fibers, glass beads, whiskers, graphite whiskers or
di anond powders; materials to inpart heat dissipation or heat resistance
properties, e.g. aramd fibers, nmetal fibers, ceram c fibers, whiskers,
silica, silicon carbide, silicon oxide, alum na, nagnesi um powder or

titani um powkters, et By ittad sxdaptiompbicnsito panseriesitsgaheewite. cgham@me&lesm ca,
synthetic mca or alumna;, materjals to inpart electric conductivity, e.g.

carbon bl ackatdreyef Vﬁéﬁ(ﬂ%‘l{am@b ig@rtam%ﬁweaq ﬁmﬁspé’ﬁﬁ%laso UGBS
powder; mat W&@'résaé %Hratnﬁ%g/ érq%'cl‘?% @}‘?ﬁ%%Bfﬁf& acﬁe%%ci g{uré?%h@” e.g.
a t?uor oethyl er? dD

boron nitride or tetr ynmer and copol yners.
Fillers may glae amhiim:ls'ﬁsndejo ﬁefmtén;som tharhe! ExpatureesBothplieineile B’mexp@ht s
fabrlcatLon or conb Lon o |l ers can be

resent. 7 GIAROTSRO ARG iy TSt PP e So P s A oIS B ar 111 er or

fillers sel %@E@«%eiﬁ%c‘!@,' A8%s ?@z@erﬂﬁ?%b@h@é tR0of éﬁ"dldary Qf(tit(?@H{éQrt depend
on the effect desired in the Tinal osition, as wl be evident to those

skilled in Phedunts ‘Ia'iﬁhgé@wmgat@ééeﬁﬁ t¢ belhaitie whisht ?ﬁﬁ%é’-’b EyRckingt not

al ways inco t t he, h ed. sol v rior to transfer of the PAA
pol ymer sol 85?8&@%8"}%55%%‘ %ﬁﬁ’%@@%ﬁ%ﬁ pitated in the presence of
the filler whichThe ddrgredy chfeasionahath ab iR ORFEM cdrhBe hhditied (s) or
addi ti veés) or both, 1s dry blended with the polyimde particulate. The

f or m of 1€ he UpAer eleyalad pregaipesdo ividkerarighc of eenfisiiratienst iFargpamn the fi nal
products.  Fap cXaGRkChe Mfyithibd BbfptRicRSs hiBad bt SHRL A8 dddl 9, Form

50,000 to 100,000 psi (345 to 690 MPa) at ambient tempsratures.
The mathod of making the articles for high temperature applications,
including the permeability of heated moisture and gases is a direct forming
13 method, and is carried out by introducing the polyimide composition to a
mold, sintering the polymide compaosition at elevatad temperatures of from
about 300°C o about 450°C while compressing the part using from about
20,000 psi to about 50,000 psi, preferably fram about 35,000 psi to about
45,000 psi, and most preferably about 40,000 psi of pressure to form a the
24 arlicle or part.
The articles or parts made by compressing the polyimide composition
at from about 20,000 psi to about 50,000 psi are useful in high temperature
applications. More particulady, the articles of parts made by the method of

the present invention are useful in glass manufacturing, and more particulatly

[e%
7%

glass container manufacturing. Such articles or parts includs, but are not
fimited to glass handling assemblies, and components thereof. These include
take-out jaw assemblies and components thereof, including take-aut jaw
inserts, dead plates, sweep out devices, stacker bars, stacker bar pads,

stacker bar bearings, and components of any of thase.

14



As stated previously, the polyimde conpositions of the present invention
are oxidatively stable. To test oxidative stability, tensile bars are
fornmed aswdesmviokssd bel ow and then subjected to extrenerpcengsesatneres for a
fixed, lengthy period of tinme. The tensile bars are wei ghed both before and
after testing and percent weight loss is calculated. The rigid, aromatic
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 conpronise the integrity

of the tensile b&ujyimidemuestpecdddigaltsyrb pandspiradenbigtirbe Dmidmathpf the
present invent bon as di scl gsed h gel n. The pol yi m de aétlcl eg of .the
present i nv &RtNB RAFENERAER 488 BAMY HU‘HWQ*BWWYW FREIURCRN ['&hPY tYRIGHal

oxi dative siahi {Jbig/)fnt@%q{g %{ §3%%té’£‘%h%ﬁﬂ@%§&f¥%ﬁ%%mkagt%@hfe%é}e iFexgceptional

tensile propert ot’her properties t
i nsi gni fi cantatenal hs@l&at&:h@m &tsme*a@tﬂarcmts mns&tumﬂ excagher Bbsieriby, wear

r esi stance and wear ity, r ne ated noj sture and
Gas. andSr Bl dRak o areadm et coRBmanCuissetbS pORRbER el s st r engt n
and el ongat h%ﬁé;%gié@ﬁéh@ulr%ﬂd)ér koS BRe ﬂ&@iﬂﬁﬁéﬂ:ﬁ v@é)ﬁa@é)mvég Bas as
descri bed abov enerally known to those of ordinary skill in the

art, product&@yRavi meaw?@t peigeaatolity é e p@iyb@%mater@i whiechaveeads to

oo, oo R B B BT e PR NI mESSI Y |t ey s

to a wde vahi@tyre@bueatfondesat ir08 snorEQoroBa¥iragpld GathisReicdle RQleyi m de
conposition is nolded at pressures of about from 50,000 to 100, 000 psi (345

to 690 Mpa) retistanps & blisiefpa dafing ssermm eXRasHed Qﬁfjuﬁﬁgleﬁgf:’%wf@ tarepigl es for
hi gh tenper §{ure, 2Bl AheO e also demonstrated that this can be done without

significantly affeching the mechanical properties of the material which is key {o
its high temperature wear performance and durability.
The co-polymer based polvimide used in the meathodis) and in the

13 article(s) of the present invention imparts certain advantages in high
temperature applications such as hot glass handiing applications, aircraft
engines and parts, or analytical scientific instruments, over the use of
fraditional and commonly used polyimide maternials, and carbon graphite
materials {for example, free of polyimide).

20 The methods and uses disclosed herein provide low thermal
conductivity, demonstrating approximately 50 to 100 times lower heat transfer
coefficient versus arlicles prepared using traditional carbon graphite. Lower
thermal conductivity of the articles of the present invention, and related use of
the ariicles of the present invention, impart minimization or elimination of

[e%
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blisters, and micro-cracks, thereby lowering quality rgjects and impraving
productivity.

it ts also found that the method articles of the prasent invention
providsy high impact resistance at 70 to 100% higher than carbon graphite

parts that are traditionally used in hot glass manufacturing applications.
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including the perneability of heated noisture and gases is a direct formng
nmet hod, and is carried out by introducing the polyimde conpositionto a
nol d, si nwernrogiotdee pol yi mi de conposition at el evated t egparsaswpesdf from
about 300C to about 450C whil e conpressing the part using from about 20, 000
psi to about 50,000 psi, preferably from about 35,000 psi to about 45,000
psi, and nost preferably about 40,000 psi of pressure to forma the article
or part. The articles or parts made by conpressing the polyimde
conposition at from about 20,000 psi to about 50,000 psi are useful in high
t enper at ur e Relokkd areaitsye dthe Ppidits duling Fabridatenansmdingsaraf ugart s made by
the method of the pre ené i nvention are useful ir;g%l ass manuf acturing, and
more parti c@RENGH tgﬁig‘%ﬂ HRtAIEEr. WaRDERT (ST ARFESRIOREET [¢'@PEdy 8Rd part s

i ncl ude, but, b AT to gl ass handling assenblies, and conponents

t her eof . Thgees%k%r?c l?éé{‘f@aﬁ‘gggm j aw assenbl i es and conponents thereof,

i ncl udi ng t ake- ol zarphicertaEse deagrvplat dss meiesgs aud adelecethest acker

bars, stacker bar pads, stacker b i ngs,.. and ts of f
Uheae. Pot yi A TATEITANS TEdTRO S NP CpEr S H LGP EPSEERERai ng on

the envi ronRis (o561 864 LirBbiUTEBOIAbaRBY0 DA RS o AANRUKDIG Pi Ot . AS

a polyimde materi al eated, this noisture w evol ve. However, if the

mat eri al i sehewaied sif sbsprdiosraffads thaadvanipge shreduned dwekisgdapes

blistering ccur..  Thi en n.can limt the use.of th ol yi m de
mat or ol | nCRER) s s bR R LR REGS iR bllsaskhe R e B, e
have i nvest iag@trggu@@ygp@@ﬁh@%g@se the perneability of the polyimde
material. W have denonstrated that conpacting or conpressi ng of the

pol yi nmi dié nat er i &ncHrerasivenigaecidlip saetban andsalticiep of heprasapdiygstiatr uct ure
Wi th signi fieant | aREILC Tast results show three imes less wear versus carbon

graphite at 600 degrees F {315 degrees () in oscillatory conditions,

demonsirating 2 to 11 times longer life over glass handling carbon graphite

fake-out inseris. Such an advantage translates into significantly longer life of

15 consumables fo increase production efficiency.
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resi stance to blistering during thernal
rapi d t her mal

exposure,

or during exposure to
cycling. W have al so denonstrated that this can be done
wi t hout swgnnfowasiel y af fecti ng the nmechani cal

properti esTafS2diloe2mees eri al

which is key to its high tenperature wear performance and durability. The
co- pol ymer based polyimde used in the nethod(s) and in the article(s) of

t he present

applications such as hot glass handling applications,

parts, or

anal yti cal

scientific instrunents,

over the

invention inparts certain advantages in high tenperature

aircraft engines and

use of traditional

and comonly used pol yi mi de nateri alEXAMPLESar bon graphite materials (for

exanpl e, free of polylnlde) The met hods and uses di scl osed herein provide
| ow t her g I:t; H#r.l VTé!X iad denonstrating-approxi-matetyt50-to-100-timestower
heat transtortcosttici @nt versus articles prepared usiing traditional carbon
graphitei LRnsssuteher Bfengomduct i%ity ofSpekiicarticles of theBpsiesagt
i nvention, and rel ated use of_the artlgges.of the present jnvention, inpart
m ni ni zat i on B el i i ndSon | FHOBBFEHLr T8 ini cF8Scr acks, ?W@?@W{el ower i ng
quality rej nd IRy PIFIUCT T VRIRE T TV § g zal soH f the
met hod atticles of the present iG%enti on‘%:’r?_ow d%r Gﬁ%}' gh |a%§%t resi stance at
70 to 100% hi@igr t harSGEH bon grigphi t € padZs it hansas e tradistidogall y used in
hot g| ass--manuf-act-uii-ng anp! i-cati-ons- D‘educﬁed br n:\l{:\nn of--t-he..art | -G|S5
during fabri®q%n, h ng and @ise exidivds it he 1074 e (B:fa“ta{é”za:'r ﬁO@SC
whi ch t heni ASES ssreliabitit ?yyj (2] i =0 |
absorpti on is also observed:iin the netho and a??ﬁileggggk e present
i nvention. THeOEONPONEIRB! made MGt he  prasant; | NE8M | OF il @2B°G0 400°C
For the test data described in the above table, the polyimide composition as
disclosed hersin samples were fabricated into tensile bars according to ASTM
5 EB - "Standard Tension Test Specimen for Powdered Metal Products ~ Flat
Un-machinad Tensile Test Bar™ at room temperature and at pressures
ranging from 20,0800 to 100,000 psi. The tensile bars were sintered at 4050
with a nitrogen purge for 3 hours, Tensile strength and elongation were
measurad according to ASTM D838,
10 Specific Gravity was measured using Archimedes principle {i.e. volume
determinad by measuring specimen weight in water and subtracting it from iis
dry weight. This valume is then divided inta the dry weight to determine the
specific gravity.)
Tharmal Oxidative Stability (TOS) was tasted by first immersing
15 tensile bars or paris of tensila bars in alcohol for 15 minutes and drying at
3Q0F for 1 hr. Upon codling, the specimens are waighed and then exposed
to a temperature of 700F 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:
20

% Weight loss = (Initial wt, ~

~3

i

Final wt. / Initial wt) x 100



times less oil than carbon graphite parts to zero oil absorption. Reduced
or elimnated oil absorption affords the advantage of reduced checking in
t he cont avoeosy/tasedl ed by the articles, thus an increasedTyisedid/onfs9s he
cont ai ners, and reduced operating costs. Another advantage of the method
and articles of the present invention is reduced wear. Test results show
three tines | ess wear versus carbon graphite at 600 degrees F (315 degrees
C in oscillatory conditions, denonstrating 2 to 11 tinmes longer life over
gl ass handl i ng carbon graphite take-out inserts. Such an advant age
translates into significantly longer life of consumables to increase
production efficienc % For the test gata described in thg above

cy. EXAMPLES | 3
table, the polyi r%@@gé%@ﬁﬁ)%’s*?*ﬁ YINRLUNG HISSTBHERIBITR % ARpreE e

fabricated i QNS St ' ; Fb ‘ sion Test
Speci nen folﬁ‘gﬁg‘\%gﬁ %%}E%E%@Bm%?? gfg t%‘lq)sawt%%r\\dﬁ&ﬁ %fg%l eﬁ%%{ est Bar"
at room t enBér@twater tmd 2ataysr ddaiir e spanghag i paced n 6¢PeheatedGv@0tipsi .
The tensjile bars were sintered at 405C with a nitrogen purge for 3 hours.
Tensi e St r SHEReits ETBEITSn eres e detiies SRAIBPaMG oo KSR Doas.
Speci fic G amdihg\BsHiRasY 8 HekBa NAEBIsPRERSe DEHACHR BathaPex it vae
determ ned by neasuring speci nen weight in water and subtracting it from
its dry wei GampiFhicsmperipteal 20,08 andidd, dedpsimheweatienal vipuakbiigfecistater

det et e ¢ RSBRTRL b S bhog B o S o R Bl ), e
for 15 m nuties coudh€ybRadaleS88hikpexdodire YRONpeRALIRMLT IAeCSARCI MENs are
wei ghed and t hen exposed
10 above.
it is noteworthy that the spacimens compacted at 40,000 pst retained
88% of the Tensile Strength and 94% of the Elongation of specimens
compacted at 100,000 psi while exthibiting positive blistering resistance
performance at 400°C vs. only 325°C for the specimens compactad at higher
15 pressures,
it should be noted that other methods can be employed to obtain low-
density or increased pore density parts, such as the addition of scayificial
fillers that degrade or ablate or crush upon a thermal, chemical or mechanical
processing step, resulting in a network of pores or pathways for moisture to
20 egress. However, the method described herein is economic as additional
fillers and processing steps are not required, while achieving a part with

suitable machanical integrity for high temperature application.



to a tenperature of 700F for 100 hrs at a pressure of 70 psia in air. The
final weight nmeasurenent is then taken and a percent weight |oss of the
tensil e bwoowaw7snal cul at ed according to the foll ow ng fPormusb@ons4vei ght
loss = (Initial wt. - Final w. / Initial wt) x 100Resistance to blistering
during thermal exposure or rapid thermal cycling is tested by first
inmersing a tensile bar or part of a tensile bar in 95C water for 12 days.
Next, the specinen is placed in a preheated oven at the specified
tenperature. A passing result is obtained when no visible cracking or
blistering are pESMPLER tthenspetivadmadfdeerEtdmsiet hermal exposure. Sanpl es
conpacted at 20,000 and 40,000 psi showed no visual defects after exposures
up to and including 400C. Sanpl es conpacted at 60,000 - 100, 000 psi showed
defects after exposure to tenperatures of 325C and above. It is noteworthy
that the speci nens conpact edngﬁﬂﬁf-f@'ﬁ'ﬁ GMPAARIBONE 88% of the Tensile
Strengt hand 94% of t HEREDOHGEN A B Y BHBE Abils GRRPHETRSat 100, 000 psi
whi |l e exhibiting positive @QRELYMER BASEDRGLYBIDHE nance at 400C vs.
only 325C for the specinens conpacted at higher pressures. It should be

not ed t hat ot her met hods can be errpl oyed to obtain Iovvden5| ty or i ncreased

pore densi E; agjligea mwaaﬂ SHaiS arT‘rh ﬁtcﬂ—lai“ csrém H?ér
degrade or abI at e of crush upon aith @I ?dgh cal iy mech *)
processing|step, resulting in a network of pore wa or fure
to egress. {However, the nethod described hereiin ggaggg ?%%g’rﬁﬁ%o?f onal
fillers and processing steps are not required, while achi e=vf Pip V\,i th
sui t abl e mechanical..integrity. for ihigh. tenperature. applicatioRVe W = 2:
Conpar at i ve {ZAsEiNypsed Exanpl e
{Notched heat | Jim 28 17 33
aged at 315°C
Using ASTM
£-256
Ol Absorption | % 0.12 574 0.18
wt change
Wear
{oscifiatingat | % 1.53 3.1 0.96
3156°C/26 hr) | wtloss
Thermal
Conductivity WimK 1 80 2
10
In “Example 2: Comparative Analyses”, the results in the column labeled
“Traditional Polyimids” were obtained using a sample of 60 weight parcent
conventional polyimide and 40 weight percent graphite. "Traditional Carbon-
graphite” results were obtained using graphite, free of polyimide. "Co-
15 polymer based Polyimide of the present invention” results were obtained

using a sample of 50 waight percent polyimide composition as disclosed

herein and 50 weight percent graphite.

i



PROPERTY COVPARI SONS TRADI TI ONAL POLYI M DE AND GRAPHI TE VS CO POLYMER BASED
POLYIM DE I n "Exanple 2: Conparative Analyses", the results in the colum

| abel ed "Woadidioosval Pol yi mi de" were obtai ned using a saoplms2ab/ssei ght
percent conventional polyimde and 40 wei ght percent graphite. "Traditional
Car bongraphite" results were obtained using graphite, free of polyimde.
"Co pol yner based Polyimde of the present invention" results were obtained
usi ng a sanple of 50 wei ght percent polyimde conposition as disclosed
herein and 50 wei ght percent graphite. CLAIMS Wiat is clained is: 1. A

met hod of making an article suitable §hAIMSe in an aircraft, said article
conpri sing co-.pol ynmer, based pol yi m de conposition, wherein said

conposi ti on%‘@%giﬁ?‘é@eg)‘szan aromatic tetracarboxylic dianhydride conponent;
and b) a di am ne conponent further conprising; (i) greater than 60 nole %
to about 85 nole % pphenyl ene diamne, and (ii) 15 nole %to | ess than 40
nol e % m phenyl erde di dvnedjoddienekingan anidieuitabee foresent anraiaratti o of 1.

usi ng conpr 888 SIS HERETSHE RECHOUMET GRoBE EeIPERER T @onpr essi on | s
from about 2008 said composition comprises
a) an aromatic tetracarboxylhic dianhydride component; and
b} a diamine component further comprising,
{f}y  greater than 60 mols % to about 85 mole % p-
10 phenviene diamine, and
{#y 15 mwle % to lass than 40 mols % m-phenylene
diaming;
wharein a) and b) are present in a ratio of 1:1; and
said method comprising:
13 forming a part of pre-determined shape using compression;
wherein the amount of pressure used in compression s from about 20,000
psi to about 50,000 psi to achieve a porous article having permeability to
moisture, and resistant fo defect caused by thermal exposure.

24 2. The method of claim 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 pressure is
about 40,000 psi.

[e%
7%

4. The method of claim 1 wherein said article has a higher cross-
section area relative to the surface area of the article, and said article and is
capable of releasing moisture and gas present in the cross-section area of

the articla through the surface area of the article.

20



psi to about 50,000 psi to achieve a porous article having perneability to
noi sture, and resistant to defect caused by thernmal exposure. 2. The nethod
of cl ai mWwowhaerersvzsai d conpression pressure is from abegr/1320100074psi to
about 45,000 psi. 3. The nethod of claim1l wherein said conpression
pressure i s about 40,000 psi. 4. The nmethod of claim 1l wherein said article
has a higher crosssection area relative to the surface area of the article,
and said article and is capable of releasing noisture and gas present in
the cross-section area of the article through the surface area of the
article.5. A nmethod of claiml mherein sai d polyimde conposition conprises
at least one filler or additjve. he net ho claim5 wherein said

filler is carbon&ceoué Pefastof @%W&Iic‘!‘ﬁ?‘%@ﬁ’aﬁ ﬁ?Iwmlqee‘rD“B%@%BP%el ected from
t he group C%Bﬁifgi@%ﬁ@%tfgas@%é%ﬁh gf abkit&, synthetic graphite and carbon

fiber. 7. Th of claim®6 V\,hereln said filler is fluoropol yner and
said fluoropolyner is selected fromthe group consi sting of

| ytetrafl hyl 8...The t, d
Sel ected® 5 om £ B o oUBCCBROPEARAIGTS I6r A e T GHRESARA R o5
thereof. 9. (A ﬁrbbﬁé@edﬁ%ﬁe?ﬁeﬁr@%é@éiﬁ@%cﬁﬁ 1t6d atdlpleonkibtinghs r@‘t&da?' e

accordlngto claim9 wherein sai rticle is an alrcraft part. he
article acc@rahing, synitelt gragishereearboaifdearticle is a conponent [ n an
i nternal conbustion engine.

7. The method of claim 6 wherein said filler is fluoropalymer and
10 said fluoropolymer is selected from the group consisting of
polytetrafiuorosthylene.

8. The method of claim 5 wherein said filler is selected from the

group consisting of kaolinite, sepiolite and mixiures thereof,
9. An adicle made by the method of claim 1.

10, The article according to claim 8 whersin said arficle s an aircralt
part.
20
11, The arlicle according to claim 10 wherein said arlicle is a

component in an internal combustion engina

12, The article of claim 9 wherein said article is selectad from the

[e%
7%

group consisting of a seal, washear, bearing, bushing, gasket, wear pad, saal
ring, wear pad and slide block.



12. The article of claim9 wherein said article is selected fromthe group
consisting of a seal, washer, bearing, bushing, gasket, wear pad, seal

ri ng, weawopady/@amb2sl i de bl ock.13. The article of clai mpt@usedeneims said
article is a conponent in an aircraft subsystem said subsystem being
selected fromthe group consisting of thrust reverser, nacelle, and fl aps
system 14. An article of manufacture for use in an aircraft, said article
conprising a co-polymer based pol yi m de conposition, wherein said

conposi tion conprises a) an aronmatic tetracarboxylic dianhydride conponent;

and b) a di ani ne';eorrpm&ermwﬁsrdm@rmcwne&emgsaﬁhr@i@&tsmm@mﬁﬂxme %to
about 85 nol e % pphenyl ene di am ne, nole %to | ess than 40 nol e

% m phenyl e RECH IR SIaR T ﬁuawsa%@ %m%?i@*%?&&%ﬁfﬁl th BOYREPDSIBENA: 1 ;
and said ar blfg fgsg%\,g&epqw ﬁgd lfﬂgsﬁé @gstgﬁ{,”eab' lity to noisture, and
er na

resistant to ect cause exposure.

th

4. An article of manufacture for use in an aircrafl, said article
comprising a co-polymer based polvimide composition,
wherein said composition comprises
aj an aromatic tetracarboxylic dianhydride component; and
b} a diamine component further comprising;
10 i} greater than 80 mole % to about 85 mole % p-
phenyiens diamine, and
i} 15 mole % to less than 40 mole % m-phenylens
diamine;
wherein a) and ) are present in a ratio of 1.1, and
15 said article being porous and having permeability to moisture, and resistant to

defect caused by thermal exposure.
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