TI TLE PCLYI M DE RESINS FOR H GH TEMPERATURE WEAR APPLI CATI ONS Thi s
application clains priority fromand the benefit of U S. Application SN
12/ 182, 4380 2hidids7Jul y 30, 2008, which is by this refer@ntaszenonser ated in
its entirety as a part hereof for all purposes. Technical Field This

di sclosure relates to filled polyimde resin conpositions that are usefu
for high tenperature wear applications such as aircraft engine parts.
Background The uni que performance of polyim de conpositions under stress
and at high tenperatures have made them useful in applications requiring
hi gh wear resistance, particularly at gongiiti ons of high pressure and

vel ocity. Sone exan?les of such applications are aircraft engi ne parts,
aircraft wear PpadsiiiBtt shatie F@%n hPEsToNFbushVRgs"ahd 8BBHIFARGSTSt ent er
frame pads and bushings, material processing equi pnent parts, and punp
bushi ngs and seals. Typically, a polyimde conponent in applications as
described above is intended to function as a sacrificial, or consunabl e,

componest, ther eby PREVENtng 10r RMICI NG A1 MRAT 13/ dajRoe. 4 hat a nore

costly mating or adjacent
benefit of U.S. Application SN 12/182,435, filed July 30,
2008, which is by this reference incorporated in its

entirety as a part hereof for all purposes.

10
Technical Field
This disclosure relates to filled polyimide resin
compositions that are useful for high temperature wear
applications such as aircraft engine parts.
15

Background

The unique performance of polyimide compositions
under stress and at high temperatures have made them useful
20 in applications requiring high wear resistance, particularly
at conditions of high pressure and velocity. Some examples
of such applications are aircraft engine parts, aircraft
wear pads, automatic transmission bushings and seal rings,
tenter frame pads and bushings, material processing

25 equipment parts, and pump bushings and seals.

Typically, a polyimide component in applications
as described above is intended to function as a sacrificial,
or consumable, component, thereby preventing or reducing the

30 wear or damage that a more costly mating or adjacent

component would experience if it were mated against some



conponent woul d experience if it were mated agai nst soneot her conponent.
However, as the polyimde conponent wears, the resulting increased

cl earancesocarn/mewalt i n ot her adverse effects, such aspcmarseasss2obeakage
(of air pressure or fluid) or increased noise, thereby reducing the
operating effectiveness of the entire systemin which the polyimde
conponent is contained. Restoring the systemto its original operating

ef fectiveness would require replacenent of the worn polyi m de conmponent
with a new un used polyi m de conponent. Replacenent may require

di sassenbl y,+ H8assgiRnbntt est imgand- 1 erLalibdrani ghildsS efotiksiontof the
system resulting in considerable costs in terns of down-tine and | abor.
Thus, a pol¥aafisde CenpeTentt atl ererstd &tled @ IcRfercarate ofl twddr i s

desirabl e tgyaduce dhe fdmquancy Qf-f epl acenents And servLe.o 4 herneby

reduci ng cost. Despite the variety of poIO%/i m de conpositions, and additives
for those cuoIRsEsing ovs Hudta yridshiassed el Ifav & e ousidpdigen the

ol ded par (2 TRG dGbI T8y NN oot e of Near T oBierdnce &l Righ L ot A8
t enper at ur & Ingquidee ¢ digroragpp] ilcatdaorsiisgch ai Mersdfar igrgitie partten Wi | e
mai ntai ni ng .the qther, adyant ageous. At bt es of, (he Rlylmde material .

replacement of the worn polyimide component with a new un-

used polyimide component. Replacement may regquire

10 disassembly, reassembly, testing and re-calibration

("service") of the system, resulting in considerable costs

in terms of down-time and labor. Thus, a polyimide

component that demonstrates a lower rate of wear is

desirable to reduce the fregquency of replacement and

15 service, thereby reducing cost.

Despite the variety of polyimide compositions, and
additives for those compositions such as graphite, that have
previously been available, a need still remains for

20 polyimide compositions that exhibit as molded parts the
desirably high degree of wear resistance at high
temperatures required for applications such aircraft engine
parts, while maintaining the other advantageous attributes
of the polyimide material.

25

summary
In one embodiment, this invention provides
composition that includes an aromatic polyimide, graphite
30 and a sepiolite filler or a mixture of a sepiolite filler

and a kaolin filler.



Summary | n one enbodi nment, this invention provides conposition that

i ncl udes an aromatic polyimde, graphite and a sepiolite filler or a

m xture oVoaowapieite filler and a kaolin filler.|n aneChas2eviosmsnent ,
this invention provides conposition that includes (a) about 40 weight parts
or nore and yet about 54 weight parts or |less of an aromatic polyimde, (b)
about 46 weight parts or nore and yet about 60 weight parts or |ess
graphite, and (c) about 0.5 weight parts or nore and yet about 3.0 weight
parts or less of a sepiolite filler; where all weight parts conbi ned
together total to 100 wei ght parts. Yet another enbodi nent of the invention
hereof is a conposition of matter substantially as shown or described in
any one or nore of Figures 1 ~ 4 . Articles fabricated fromthe above
descri bed conpositions are also provided. Brief Description of the Draw ngs
Various features and/or enbodinents of this invention are illustrated in
drawi ngs as descrlbe&fbaﬂﬁﬁhGMuﬁmqu%WﬂﬁbsTéﬁd?dﬁ“@ﬁﬁdmﬂnﬂﬂqykﬂﬁﬁ

”mU”e?a%&ﬁ&&Jme&&&%ﬁ%&%é%%Of %J%@%ﬁ?ﬁ%&@%ﬁ%&%rmms
for inclusion'in draw ngs d not be I nterprete
and yet about 54 weight parts or less of an aromatic
polyimide, (b) about 46 weight parts or more and yet about
60 weight parts or less graphite, and (c) about 0.5 weight
parts or more and yet about 3.0 weight parts or less of a
10 sepiolite filler; where all weight parts combined together

total to 100 weight parts.

Yet another embodiment of the invention hereof is
a composition of matter substantially as shown or described

15 in any one or more of Figures 1 ~ 4.

Articles fabricated from the above described

compositions are also provided.

20

Brief Description of the Drawings

Various features and/or embodiments of this
invention are illustrated in drawings as described below.
These features and/or embodiments are representative only,

25 and the selection of these features and/or embodiments for
inclusion in the drawings should not be interpreted as an
indication that subject matter not included in the drawings
is not suitable for practicing the invention, or that
subject matter not included in the drawings is excluded from

30 the scope of the appended claims and equivalents thereof.

Figure 1 is a schematic representation of the



i ndi cation that subject matter not included in the drawings is not suitable
for practicing the invention, or that subject matter not included in the
drawi ngs we 2emaliweted from the scope of the appended cl aPeg/tsealnsosyal ent s
thereof. Figure 1 is a schematic representation of theexperinmental design
space used in the exanples. Figure 2 is a response surface plot of the
thermal oxidative stability nodel derived in the exanples. Figure 3 is a
response surface plot for the resin wear nodel derived in the exanples.
Figure 4 is a superposition of the response surface plots for resin wear
and for thenirly @idati @ Stabidddas asderivadd n:idhg exanpl es. Detail ed
Descri ption scl osed herein are conpositions that contain (a) an aronmatic
pol yi m de, (b) graphiftiguznd (I® %a EEHBIST SUHGIAGE Fdrota of e &herme
sepiolite fjlilgfand & kaolidy fiddar oA RQUYIiN dgAa%:used As the conponent
(a) " in a conposition hereof is polynmer in which at |east about 80%
preferably at |east dBERTOLsarrd HRsiceFreferdbide eslsdnticdl IGhaaldesier g. at
| east abou 9 t i nky n repeat units are imde

5 twég%@mdgel gﬁy#ﬁgﬁtqglgﬂﬂy§§$éﬁﬁﬂ@§3

groups. An aromatic p as use ein includes an organic polymer in
Figure 4 is a superposition of the response

surface plots for resin wear and for thermal oxidative

stability as derived in the examples.

10
Detailed Description
Disclosed herein are compositions that contain (a)
an aromatic polyimide, (b) graphite, and (c) a sepiolite
filler or a mixture of a sepiolite filler and a kaolin
15 filler.

A polyimide as used as the component “(a)” in a
composition hereof is polymer in which at least about 80%,
preferably at least about 90%, and more preferably

20 essentially all (e.g. at least about 98%) of the linking
groups between repeat units are imide groups. An aromatic
polyimide as used herein includes an organic polymer in
which about 60 to about 100 mol%, preferably about 70 mol%
or more, and more preferably about 80 mol® or more of the

25 repeating units of the polymer chain thereof have a

structure as represented by the following Formula (I):



whi ch about 60 to about 100 nol % preferably about 70 nol % or nore, and
nore preferably about 80 nol % or nore of the repeating units of the pol yner
chai n t heweabidiay@7a structure as represented by the folPCorisSegpobsaosul a
(I'):wherein RL is a tetravalent aromatic radical and R2 is a dival ent
aromatic radical, as described bel ow. A polyimde polyner suitable for use
herein may be synthesized, for exanple, by reacting a nononeric aronmatic

di am ne conpound (which includes derivatives thereof) with a nononeric
aromatic tetracarboxylic acid conpound (which includes derivatives thereof)
, and the tetracarboxylic acid conpound can thus be the tetracarboxylic
acid itself, the correspondi ng di anhydride, or a derivative of the
tetracarboxylic acid such as a diester diacid or a diester diacidchloride .
The reaction of the aromatic di am ne conpgynd with an aromatic

tetracarboxylic acid conmpound produdpes thd|correspondi ng pol yamc acid
("PAA") , amic ester, amc acid estdf, or |[pther reaction product according
to the selection of starting materi romatic diamne is typically
pol ynerized with a di anhydri-de—+N"pr ef gy'ence N-o—a2tetr acar boxyl i c acid, and
in such a reaction a catalyst is fregdenN y/used in addition to a solvent.

Ani trogen-cont ai ni ng base, phenol orfan anphoteric material can be used as
such a catalyst. A polyamc acid, a4l a prg¢ursor to a polyimde,

@)

wherein R’ is a tetravalent aromatic radical and R® is a
divalent aromatic radical, as described below.

10

A polyimide polymer suitable for use herein may be

synthesized, for example, by reacting a monomeric aromatic
diamine compound (which includes derivatives thereof) with a
monomeric aromatic tetracarboxylic acid compound (which

15 includes derivatives thereof), and the tetracarboxylic acid
compound can thus be the tetracarboxylic acid itself, the
corresponding dianhydride, or a derivative of the
tetracarboxylic acid such as a diester diacid or a diester
diacidchloride. The reaction of the aromatic diamine

20 compound with an aromatic tetracarboxylic acid compound
produces the corresponding polyamic acid (“PAA”), amic
ester, amic acid ester, or other reaction product according
to the selection of starting materials. An aromatic
diamine is typically polymerized with a dianhydride in

25 preference to a tetracarboxylic acid, and in such a reaction

a catalyst is frequently used in addition to a solvent. A



can be obtained by polynerizing an aromatic di am ne conpound and an
aromatic tetracarboxylic acid conpound, preferably in substantially

equi nol arweareutige77i n an organi ¢ pol ar sol vent that is @emarsaddopsmeo

hi gh-boi Il i ng sol vent such as pyridine, N-nethylpyrrolidone,

di met hyl acet am de, dinmethylf ormam de or m xtures thereof. The anmount of
all nononers in the solvent can be in the range of about 5 to about 40 wt %
in the range of about 6 to about 35 wt% or in the range of about 8 to
about 30 wt % based on the conbi ned wei ght or nononers and sol vent. The

t enper at ur e, ;fiafo ddie dRAGHIOMd Haenerdldnisinedr highepHhan abot:50Q 10C |
and may be in the range of about 10 OC to 80C. The tine for the

pol yner i zatG®h Featds o geeiald W&t iet-he range of about 0.2 to 60 hours.
| m di zation to produce the polyimde, i.e. ring closure in the polyamc
acid, can then be effected through thermal treatnent, chem cal dehydration
or both, followed by # @ lalamicha@dich ¢fs & ¢omdersate Y WikedlMynidgat er or

uch a5 pyr el e ARl Seet] ey e o eal | re A soet re Ay ar g nraent
2, 6-1 utidi rexchrd a&getiad lanhedriade riox tlhe lddkiel donpraridus rfisodinentis of
the thus_o%ﬁ%é%%%tially equimolar amounts, in an organic polar solvent
that is generally a high-boiling solvent such as pyridine,
N-methylpyrrolidone, dimethylacetamide, dimethylformamide or
10 mixtures thereof. The amount of all monomers in the
solvent can be in the range of about 5 to about 40 wt%, in
the range of about 6 to about 35 wt%, or in the range of
about 8 to about 30 wt%, based on the combined weight or
monomers and solvent. The temperature for the reaction is
15 generally not higher than about 100°C, and may be in the
range of about 10°C to 80°C. The time for the

polymerization reaction generally is in the range of about

0.2 to 60 hours.

20 Imidization to produce the polyimide, i.e. ring
closure in the polyamic acid, can then be effected through
thermal treatment, chemical dehydration or both, followed by
the elimination of a condensate (typically, water or
alcohol). For example, ring closure can be effected by a

25 cyclization agent such as pyridine and acetic anhydride,
picoline and acetic anhydride, 2,6-lutidine and acetic

anhydride, or the like.

In various embodiments of the thus-obtained
30 polyimide, about 60 to 100 mole percent, preferably about 70

mole percent or more, more preferably about 80 mole percent



pol yi m de, about 60 to 100 nol e percent, preferably about 70 nol e percent
or nore, nore preferably about 80 nole percentor nore, of the repeating
uni ts of wbeopaliyerer chai n thereof have a polyi m de str ®RCTOIS200Q852060
represented by the following Formula (1): wherein RL is a tetraval ent
aromatic radical derived fromthe tetracarboxylic acid conpound; and R2 is
a divalent aromatic radical derived fromthe diam ne conpound, which may
typically be represented as HZNNR 2-NH2 A di am ne conpound as used to
prepare a polyimde for a conposition hereof may be one or nore of the
aromatic digmmes that @an ke depresentied b the Sdugtdr e N Rz N,
wherein R2 is a divalent aromatic radical containing up to 16 carbon atons
and, opti oREVSy 2 FEHYAIMHIGRY STrHe i Gforde (HRRT 97 1By disy fordewing

het er oat ong-d 3, fihe @nanmatic ring, a heteroatom being, for exanple, selected
from-N, -O, or -S-. Also included herein are those R2 groups wherein R2
is a biphenyl ene group. Exanples of aromatic diam nes suitable for use to
make a golyimde for a conposition hereof include without limtation

2, 6-di am nopyridine, 3 ,5-diam nopyridine, 1 ,2-diam nobenzene, 1

3-di am nobenzene (al so knowmn as m phenyl efedi am ne or "MPD'),

1, 4-di am nobenzene (al so known as p-{phenyl|gnedi am ne or "PPD"),

2, 6-di am not ol uene, 2 , 4-di am not ol yene, d benzi di nes such as benzi di ne

and 3 ,3 '-dinethyl benzidine . 1 N =2

Y

10
wherein R' is a tetravalent aromatic radical derived from
the tetracarboxylic acid compound; and R’ is a divalent
aromatic radical derived from the diamine compound, which
may typically be represented as H,N-R*-NH,.

15

A diamine compound as used to prepare a polyimide
for a composition hereof may be one or more of the aromatic
diamines that can be represented by the structure
H,N-R°-NH,, wherein R’ is a divalent aromatic radical

20 containing up to 16 carbon atoms and, optionally, containing
one or more (but typically only one) heterocatoms in the
aromatic ring, a heterocatom being, for example, selected
from -N-, -0-, or —-S-. Also included herein are those R?
groups wherein R’ is a biphenylene group. Examples of

25 aromatic diamines suitable for use to make a polyimide for a

composition hereof include without limitation 2, 6-



The aromatic di am nes can be enployed singly or in conbination. In one
enbodi nent, the aromatic diam ne conpound is 1 , 4-di am nobenzene (al so
known as WwoO-220pmami’enedi ami ne or "PPD'), 1 , 3-di am nobeazarseocdabxeo known
as m phenyl enedi am ne or "MPD'), or mxtures thereof. Aromatic
tetracarboxylic acid conpounds suitable for use to prepare a polyimde for
a conposition hereof may include without limtation aromatic
tetracarboxylic acids, acid anhydrides thereof, salts thereof and esters
thereof. An aromatic tetracarboxylic acid conpound nmay be as represented by

t he gener alg;RotimyB, (ilddne, 13, saharelim Rl disidd, etir aval ienti i imBld e ,gr oup
and each R3 is independently h&grogen or a lower alkyl (e.g. a normal or
branched GG ¢1a@rCPerGere o2 1Ge AWy dip MR araricons ienidd ment s, the

al kyl groupwigpa Ch t0 G3maldote PP (d s Vad Qs £modinEihisnddi8mine
tetraval ent organic group Rl mayhave a structure as represented by one of
t he foll owiag TEAOTUI a6 Biaiiines- Ofuend t abl4e CHredhdtd te tueteac arlsoxyl i ¢

aci ds i gel yde, wigshout Jidg tal hom 3 4: 3 a.th 4 -3 i phenyl hetd.acarboxyl i c

acid, 2 ,3,3'? 4'-Q%{phenylpetracarbeyf?% acid, pyronéﬁlif?%’é%}d, and 3

, 3 ', 4 , 4 'Tserzophlenconeatietmiass bexy e cawile.yeTthe lardmtdc in
combination. In one embodiment, the aromatic diamine
compound is 1,4-diaminobenzene (also known as p-

phenylenediamine or “PPD”), 1,3-diaminobenzene (also known

10 as m-phenylenediamine or “MPD”), or mixtures thereof.

Aromatic tetracarboxylic acid compounds suitable
for use to prepare a polyimide for a composition hereof may
include without limitation aromatic tetracarboxylic acids,

15 acid anhydrides thereof, salts thereof and esters thereof.
An aromatic tetracarboxylic acid compound may be as

represented by the general Formula (II):

O O
[

R3—0O—C C—O0—R3
\N /

R3—0O—CC C—O—R?3

O O
20 II

wherein R' is a tetravalent aromatic group and each R° is
independently hydrogen or a lower alkyl (e.g. a normal or
branched C;~Cio, C1~Cyg, C1~Cg¢ or C;~Cy) group. In various

25 embodiments, the alkyl group is a C, to C, alkyl group. In

various embodiments, the tetravalent organic group R' may



tetracarboxylic acids can be enployed singly or in conbination. In one
enbodi nent, the aromatic tetracarboxylic acid conpound is an aronatic

t et r acar bweybiomigé7anhydri de, particularly 3 , 3 ' ,4 , 2CT/US2009/052060

' - bi phenyl tetracarboxylic dianhydride ("BPDA") , pyronellitic dianhydride
("PVMDA") , 3, 3, 4, 4 '-benzophenonetetracarboxylic di anhydride, or

m xtures thereof. In one enbodi nent of a conposition hereof, a suitable
pol yi m de pol yner nay be prepared from3 , 3, 4,4 -

bi phenyl t etracar boxyl i c di anhydride ("BPDA") as the aromatic

tetracar boxyeL A anpeund dJ0mr @8t end han QR tQ1akautih S5 ol %
p- phenyl enedi am ne ("PPD') and 15 to | ess than40 nol % m phenyl enedi am ne
("MPD') as ftH@WrSTati ¢ di ami ne conpound. Such a polyimde is described in
U S. Patent 5,886,129 (which is by this reference incorporated as a part
hereof for all purposes) , and the repeat unit of such a polyimde may al so
be represented by the structure shows 2 y in the follow ng Formul a
(rrr) = 111 wherein greater than 60 tg 85 nol % of the R groups are

In an alternative enbodi nent, a sui ~m de pol ynmer may be prepared
from3 53 ',4 ,4 '-Dbiphenyltetracarboxylic dianhydride ("BPDA") as a
di anhydri de derivative of the

/ /
10 Examples of suitable aromatic tetracarboxylic

acids include without limitation 3,3',4,4'-
biphenyltetracarboxylic acid, 2,3,3'",4'-
biphenyltetracarboxylic acid, pyromellitic acid, and
3,3",4,4"'"-benzophenonetetracarboxylic acid. The aromatic

15 tetracarboxylic acids can be employed singly or in
combination. In one embodiment, the aromatic
tetracarboxylic acid compound is an aromatic tetracarboxylic
dianhydride, particularly 3,3’,4,4' -biphenyltetracarboxylic
dianhydride (“BPDA”), pyromellitic dianhydride (“PMDA"),

20 3,3,4,4"-benzophenonetetracarboxylic dianhydride, or

mixtures thereof.

In one embodiment of a composition hereof, a
suitable polyimide polymer may be prepared from 3,3',4,4'-
25 Dbiphenyltetracarboxylic dianhydride (“BPDA”) as the aromatic
tetracarboxylic acid compound, and from greater than 60 to

about 85 mol% p-phenylenediamine (“PPD”) and 15 to less than



tetracarboxylic acid conmpound, and 70 nol % pphenyl enedi am ne and 30 nol %
m phenyl enedi am ne as the di am ne conpound. A polyimde as used herein is
pr ef er ablwoaorwgier7pol yner. A polyim de pol yner i s consipdErusdooiogiodo when
there are no, or an insignificant amount (e.g. less than 10 nmol % | ess than
5 ml% less than 1 nol%or less than 0.5 nmol % of, flexible Iinkages in
the polyimde repeating unit Flexible |inkages are noieties that are
predom nantly conposed of a snmall nunber of atons, and that have an

unconpl i cated structure (such as straight-chain rather than branched or
cyclic) , andddus mpeyady the pehymrr chaigy )t g bend Qirdstc Witdhinel ative
ease at the location of the |linkage. Exanples of flexible |inkages include
wi thout | i AAERIWEKE- - OSUCINEHRAGMOMLde g5 deggribed grol. S -cHYLeOL, - C( CHs)
2- , -QCFs) & 1129( Qid)ion and s NHEGH Pere AldNOUgh #ﬁraa“c%?dds tah%aeftor

other flexible I|n ages, when present, are sonetines und 1 n the
portion of headmeidic a@hmu@mﬁdour@@d Ahsolnnfade vast tused seteian i s

f I I
pref er ag ygg{}ﬁ% t?flaaj al rer, Mhjchds & %;}t%ch A tgggeggh%twr{m t

(i.e. lrqu flow) b ow the ténperature nposes.
Typi cal |y, grararslgrepar édvef riom lavoorgpdsinnivgm ofI1an i nf usi bl e pol yi mi de are
formed under heat and

{Rz_ %

ITT

10

wherein greater than 60 to about 85 mol% of the R’ groups

15 are p-phenylene radicals:

20

_10_



pressure, nmuch like powdered netals are fornmed into parts (as descri bed,
for exanple, in U S. 4,360,626, which is by this reference incorporated as
a part heweabiowueral | purposes) . A polyimde as used hecgiuszgoefm®sabl y has
a high degree of stability to thermal oxidation. At el evated tenperature,
the polymer will thus typically not undergo conbustion through reaction
with an oxidant such as air, but will instead vaporize in a thernolysis
reaction. Graphite is used as the conponent (b) " of a conposition hereof.
Gaphite is typically added to a polyim de conposition to inprove wear and
frictional characteristics, and to control the coefficient of thernal
expansion (CTE) . The anount of graphite used in a polyimde conposition
for such p@pbse it® tIars sowet idfeScddy attagedisiny Eigs e disatdt'ch the CTE
of the mating conponents . Gaphite is comercially available in a variety
of forms as a fine powder, and may have a wi dely varying average particle
size that is, however, frequently in the range of fromabout 5 to about 75
m crons. I n oneenbodi nent, the average ticle size is in the range of
fromabout 5 to about 25 microns. In g enbodi nent, graphite as used
herein contains | ess than about 0.15

In an alternative embodiment, a suitable polyimide polymer
may be prepared from 3,3',4,4'-biphenyltetracarboxylic

10  dianhydride (“BPDA”) as a dianhydride derivative of the
tetracarboxylic acid compound, and 70 mol% p-
phenylenediamine and 30 mol% m-phenylenediamine as the

diamine compound.

15 A polyimide as used herein is preferably a rigid
polymer. A polyimide polymer is considered rigid when
there are no, or an insignificant amount (e.g. less than 10
mol%, less than 5 mol%, less than 1 mol% or less than 0.5
mol%) of, flexible linkages in the polyimide repeating unit.

20 Flexible linkages are moieties that are predominantly
composed of a small number of atoms, and that have an
uncomplicated structure (such as straight-chain rather than
branched or cyclic), and thus permit the polymer chain to

bend or twist with relative ease at the location of the

25 linkage. Examples of flexible linkages include without
limitation: -0-, -N(H)-C(O)-, -S-, -S03;-, -C(O)-, -
C(0)-0-, -C(CHs3)2-, -C(CF3)2-, -(CHy)-, and -NH(CHj3)-.

Although disfavored, these or other flexible linkages, when

present, are sometimes found in the R portion of an

_11_



percent of reactive inpurities, such as those selected fromthe group
consisting of ferric sulfide, bariumsulfide, calciumsulfide, copper

sul fi de, warouwniedrde, cal ci um oxi de, and copper oxi de. PGTASRBSASO
suitable for use herein can be either naturally occurring graphite or
synthetic graphite. Natural graphite generally has a wide range of inpurity
concentrations, while synthetically produced graphite is commercially
avai |l abl e having | ow concentrations of reactive inpurities. Gaphite
cont ai ni ng an unacceptably hi gh concentration of inpurities can be purified

by any of a wadety Bfarkneweddgatent s including, for exanple, chem cal
treatnent with a mneral acid. Treatnent of inpure graphite with sulfuric,

nitric or hydrochloric acid, for exanple, at elevated or reflux

tenperatures can be used to reduce inpurities to a desired |level. A
sepiolite filler, or %aRAbdEE R %5 &% AS% T i1 & ehifd @ Radtin filler,

i's used as it¥e GUMROARNTy(G), wHafcrR 1GOMPesI tint herR0fdcA s aldite filler
suitable for use herein includes sepiolite itself [My4Si6qi5 (OH) 2*6 (H 20
) 1, whPch (s e Hyidigtfed TFadiesiumsiqy ddce Hamner i@ exmbiats & hi gh

aspect ratiQdugdd ts fihyiQus 1St rychyre o iaue; amng 4 hegiddiaates.
sepiolite is conposed of |I'ong | ath-1Ii ke
of an infusible polyimide are formed under heat and
pressure, much like powdered metals are formed into parts
(as described, for example, in U.S. 4,360,626, which is by
10 this reference incorporated as a part hereof for all

purposes) .

A polyimide as used herein preferably has a high
degree of stability to thermal oxidation. At elevated
15 temperature, the polymer will thus typically not undergo
combustion through reaction with an oxidant such as air, but
will instead vaporize in a thermolysis reaction.

”

Graphite is used as the component “(b)” of a

20 composition hereof. Graphite is typically added to a
polyimide composition to improve wear and frictional
characteristics, and to control the coefficient of thermal
expansion (CTE). The amount of graphite used in a
polyimide composition for such purpose is thus sometimes

25 advantageously chosen to match the CTE of the mating

components.

Graphite is commercially available in a variety of
forms as a fine powder, and may have a widely varying
30 average particle size that is, however, frequently in the

range of from about 5 to about 75 microns. In one
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crystallites in which the silica 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 Thewea 20mvané73 known tobe | ong bundl es of fibers amdTtuseods/osmem i s
present as anorphous aggregates. A sepiolite filler suitable for use herein
al so includes attapulgite (also known as pal ygorskite) , which is al nost
structurally and chemcally identical to sepiolite except that attapulgite
has a slightly smaller unit cell. A sepiolite filler suitable for use
herein al so includes clays that are |layered fibrous materials in which each

llayer is mege,dipnRind Warshegls Qfe telrahadr ali & lica s M@@%ﬂ 0 a

central sheet of octahedral units cont ai ni ng magnesi umions [see, e.g.,

Figures 1 drc™ 39Ut .5 Bokcthratet2 Ml Poilyiver 15t evvdticohagmbodsgient,
1060- 1065 (2004)il-c the Jée@rk%r%tlrp‘%érﬁﬂﬁtﬂéerlets% frorm fiker: bund) s, gahi ch

in turn can form aggl onerates. These aggl onmerates can be broken apart by
i ndustri al gRfEEssesf SIRET T arildioni Zatgon serche Fenitdals sl dad dir (see,

e.9. . E9ropsan Pelente a0 2994 o M58 S Avdiad niona frbod mont, o

seplollte er sui t e for use herein includes a r |
sepiolite @aﬁplwmuﬂukﬁukhaEQMﬂaﬂ1Suiﬁk%mTﬁbeddm1qxldaASﬁﬁzzzmand/or

EP- A- 170,%gglﬁgdEﬂﬁ{%ﬁﬁﬁgﬂnggkk;he Pangel (r) trademark by Tol sa

Graphite as suitable for use herein can be either
10 naturally occurring 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
15 concentration of impurities can be purified by any of a
variety of known treatments including, for example, chemical
treatment with a mineral acid. Treatment of impure
graphite with sulfuric, nitric or hydrochloric acid, for
example, at elevated or reflux temperatures can be used to

20 reduce impurities to a desired level.

A sepiolite filler, or a mixture of a sepiolite
filler and a kaolin filler, is used as the component “(c)”
of a composition hereof. A sepiolite filler suitable for

25 use herein includes sepiolite itself [MgsSig0is5(0OH),¢6 (H0) ],
which is a hydrated magnesium silicate filler that exhibits
a high aspect ratio due to its fibrous structure. Unique
among the silicates, sepiolite is composed of long lath-like
crystallites in which the silica chains run parallel to the

30 axis of the fiber. The material has been shown to consist

of two forms, an a and a P form. The o form is known to
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S .A, Midrid, Spain. The term "rheol ogical grade” in this context refers
to a sepiolite clay typically having an average surface area greater than
120 n2/ g we=o0rmgdasarired in N2 by the Brunauer/Emett/ Tel | @CTrsSR00053066

descri bed i

n Brunauer et al, "Adsorption of Gases in Miltinolecular

Layers", Journal of the American Chem cal Society, 60: 309- 19, 1938)],
typically having average fi ber dinensions ofabout 200 to 2000 nm | ong,
de, and 5-10 nmthick. Rheol ogical grade sepiolite is obtained
fromnatural sepiolite by neans of mcronization processes that

subst ant i al]y jprevent, E‘sa‘%afgefi%ferté‘%ng?péh%i & S Pars r%%%r?ltt%t the
9 an e ahl S,

10-30 nm wi

sepiolite

I'sperses easily 1n water ot polar T and has an

ext ernal sumfcagéhond haytdggitedegree of irregularity, a high specific
surface, greater than 300 n2/g and a high density of active centers for
that provide it a very high water retaining capacity upon being

adsor ption,

capable of form ng, W tdegiellatieveridass, hydiogen flard dges hetdid ha sact i ve

centers, The microfibrous nature of the rheol ogical grade sepiolite .
parti ol 8 MR dEpiti SR B it oA 10 Wt h THORE e 4 o bparent

and

density. Addintdsanaldnihctihenliogieal (giaadesapi alddre ihas a o efapilaweat i onic
exchange capacity (10-20 meq/.100 g and the interaction wth el ectrolytes

is very wedkiCSi qq1%ﬁﬁ%?%%ﬁkﬁ%l%ﬁb§l&&%ﬁﬂ

10

15

20

25

30

A sepiolite filler suitable for use herein also
includes clays that are layered fibrous materials in which
each layer is made up of two sheets of tetrahedral silica
units bonded to a central sheet of octahedral units
containing magnesium ions [see, e.g., Figures 1 and 2 in L.
Bokobza et al, Polymer International, 53, 1060-1065 (2004)].
The fibers stick together to 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 170,299

to Tolsa S.A.).

In one embodiment, a sepiolite filler suitable for
use herein includes a rheological grade sepiolite clay, such
as that which is described in EP-A-454,222 and/or EP-A-
170,299 and marketed under the Pangel® trademark by Tolsa
S.A., Madrid, Spain. The term ”“rheological grade” in this
context refers to a sepiolite clay typically having an
average surface area greater than 120 Hf/g [as measured in
N, by the Brunauer/Emmett/Teller method (as described in
Brunauer et al, “Adsorption of Gases in Multimolecular
Layers”, Journal of the American Chemical Society, 60: 309-
19, 1938)], and typically having average fiber dimensions of

_14_
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practically affected by the presence of salts in the mediumin which it is
found, and therefore, it remains stable in a broad pH range. The

above- nrerwpanwd1gwral i ti es of rheol ogi cal grade sepiolitectas2@bss2obe found
in rheological grade attapulgite, which typically has a particle size
smal l er than 40 mcrons, such as the range of ATTACGEL(r) clays (for exanple
ATTAGEL 40 and ATTACGEL 50) manufactured and narketed by Engel hard
Corporation, United States; and the M N U GEL range of products from
Floridin Conpany. A kaolin filler suitable for use herein includes

kaol i ni te idrseld .2 hitch dop @ nsheetnd,YRe -sid irkate Jhose d-aculgs @fie k.
arranged in two sheets or plates, one ofsilica and one of alum na.

Kaol i ni te iFhepldsran © SH QIHe S Henidkdl2 iewiep d<ia oy tAIeEsi 25 (OH) 4 .

It is a layered sidd GAf @ JBNETA WA 008 Lot rahedrale sheete |inked through
oxygen atons to one octahedral sheet of alum na octahedra. Rocks that are
rich i n kadlubfitee tarad Ivh ewie Vs te Finsa kel oy odfr solsiap i qld teorftidssts , sttt it es
such assnmo idJoni gl - r . eq. id4d t.s and
ne | ui na Eheal~ THE 1l ckul beror Tho et fag e ) sast 7 iy i iked

t oget her t Hamutitsse aofd thees leaolaxtigmegr sy fand aridh Rrudifaly tdeearregpart .

Meintai ni ng the phase stabilidy Of st al. Stidiet ure afe.t hs,ahegf s oat es
is desirable, as is i'ntai ning e er ma
and a high density of active centers for adsorption, that
provide it a very high water retaining capacity upon being
10 capable of forming, with relative ease, hydrogen bridges
with the active centers. The microfibrous nature of the
rheological grade sepiolite particles makes sepiolite a

material with high porosity and low apparent density.

15 Additionally, rheological grade sepiolite has a
very low cationic exchange capacity (10-20 meqg/100 g) and
the interaction with electrolytes is very weak, which in
turn causes rheological grade sepiolite to not be
practically affected by the presence of salts in the medium

20 in which it 1is found, and therefore, it remains stable in a
broad pH range. The above-mentioned qualities of
rheological grade sepiolite can also be found in rheological
grade attapulgite, which typically has a particle size
smaller than 40 microns, such as the range of ATTAGEL® clays

25 (for example ATTAGEL 40 and ATTAGEL 50) manufactured and
marketed by Engelhard Corporation, United States; and the
MIN-U-GEL range of products from Floridin Company.

A kaolin filler suitable for use herein includes

30 kaolinite itself, which is a sheet-type silicate whose

molecules are arranged in two sheets or plates, one of
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stability of the structural water of the sheet silicates at higher
tenperatures, such as up to about 450 OC [as shown, for exanple, by

t her nogr avoreetwvdies7anal ysis (TGA) ]. Loss of structural warars2e052060
processing of a polyimde conposition can result in harmto polyimde
integrity, and possibly change the crystal structure of the sheet silicate,
giving a harder, nore abrasive conpound. Exanples of sheet silicates that
are not stable enough to be included in the conpositions described herein
are nontnorillonite, vermculite, and pyrophyllite . Sepiolite fillers and

kaolin fillans suidrablgd or usenherLi n are dirsicussed f withemiide Mirray,
Applied Cay Science 17(2000) 207-221. Wen a mxture of a sepiolite filler
and a kaol "R 19h&r Ghemised a9 idoporidnt 1¢@) (G «a cofpodit Pon of this

i nvention, jgach dype 10fcddd lehmdmy be phesent ddt Ahe it Wigdd anampunt
in the range of about 10 wt % to about 90 wt % based on the total weight of

al | fillerstoyatherxiaen v afxtier €TFhe Gradstfince, vt vt sepimoltae filler
(or thesm G&Ha%cf%aa._ sepiQhid etr{a!t' |85 anda kaaldf ifilder)re 1agHsed in the

conpositions and articles hereof are frequently incorporated into the
heat ed sol v@ningrdlery tax thaamisfrer oflnt weorRAAR ol yamerctsiglas isore( @rs ot her

sol ution gf o n%l?;% ltlonﬁsc & fc f}}{}‘ %re@a 188 aqees %rrl r%%% e‘%p Qe 2P stiqaitc a:[ he

resultin
sheets and one alumina sheet. The molecules of the

smectites are less firmly linked together than those of the

10  kaolinite group and are thus further apart. Maintaining
the phase stability of crystal structure of the sheet
silicates is desirable, as is maintaining the thermal
stability of the structural water of the sheet silicates at
higher temperatures, such as up to about 450°C [as shown,

15 for example, by thermogravimetric analysis (TGA)]. Loss of
structural water during processing of a polyimide
composition can result in harm to polyimide integrity, and
possibly change the crystal structure of the sheet silicate,
giving a harder, more abrasive compound. Examples of sheet

20 silicates that are not stable enough to be included in the
compositions described herein are montmorillonite,

vermiculite, and pyrophyllite.

Sepiolite fillers and kaolin fillers suitable for
25 use herein are discussed further in Murray, Applied Clay
Science 17(2000) 207-221. When a mixture of a sepiolite
filler and a kaolin filler is used as the component (c) in a
composition of this invention, each type of filler may be
present in the mixture in an amount in the range of about 10
30 wt% to about 90 wt%, based on the total weight of all

fillers together in the mixture.
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polyimde is precipitated in the presence of the conponents (b) and (c) ,
whi ch t hereby becone incorporated into the conposition. In the conpositions
of this iwoentoam77t he content of the various conponent Cirrustadms20ad | of

t he possi ble ranges that may be fornmed fromthe foll ow ng amounts:
conponent (a) , an aromatic polyimde, may be present in an anmount of about
40 wei ght parts or nore, about 42 weight parts or nore, about 44 weight
parts or nore or about 46 weight parts or nore, and yet in an anount of
about 54 weight parts or |ess, about 52 weight parts or |ess, about 50

wei ght parts or |ess or about 48 weight parts or |ess; conponent (b) , a
graphite, may be present in an anount of about 46 meH%pt parts or nore,

about 48 wei ght part 6 HoRdl tgho G 0-Nteisfitt Partss forl st el Bt Hsout 52

wei ght parts ,qn, 018 AN yied1 iide an 1amunt, Of; abeut; B0 weight par tsLf
| ess, about 58 weight parts or |ess, about 56 weight parts or |ess or about
54 wei ght par ttieorcdmeess i tapd e apb et (s hegresdpiagls tferedqudrérlyor a

m xturesof ;3 Sepldite fidder and & kapld Jfd 4 ?rid@%obetr%rn%%lt df an

amount of about 0.5 meldht parts or nore, aboutO.75 welght parts or nore,
about 1.0 mékgﬁﬂvpamﬂ&m@ﬂ‘solution (or other solution for other types

of monomers) as described above, so that the resulting
polyimide is precipitated in the presence of the components
(b) and (c), which thereby become incorporated into the

10 composition.

In the compositions of this invention, the content
of the various components includes all of the possible
ranges that may be formed from the following amounts:

15 component (a), an aromatic polyimide, may be
present in an amount of about 40 weight parts or more,
about 42 weight parts or more, about 44 weight parts or
more or about 46 weight parts or more, and yet in an
amount of about 54 weight parts or less, about 52

20 weight parts or less, about 50 weight parts or less or
about 48 weight parts or less;

component (b), a graphite, may be present in an

amount of about 46 weight parts or more, about 48
weight parts or more, about 50 weight parts or more or

25 about 52 weight parts or more, and yet in an amount of
about 60 weight parts or less, about 58 weight parts or
less, about 56 weight parts or less or about 54 weight
parts or less; and

component (c¢), a sepiolite filler or a mixture of

30 a sepiolite filler and a kaolin filler, may be present

in an amount of about 0.5 weight parts or more, about
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nore, about 1.25 weight parts or nore or about 1.5 weight parts or nore,
and yet in an anount of about 3.0 weight parts or |ess, about 2.75 weight
parts or wessivaleat 2.5 wei ght parts or |ess, about 2. PETwsS2@lspasts or

| ess or about 2.0 weight parts or less. In a conposition hereof, the
anounts of the respective weight parts of the three conponents as conbi ned
together in any particular formulation, taken fromthe ranges as set forth
above, will total to 100 weight parts. The conpositions of this invention
include all of the formulations in which the conpositional content may be

expressed by any conijciafronoftd he varous s me @R g My r@s et forth
above, for any one conponent of the conposition together wth any such
conmbi nati on of mMB&ra 20T trilnidra FeorIhdi (et Sor0 &K 0 fokt FPBtther- X wo

conponents. Q‘e_m@iggﬁf &addi tjves, mmy Hey Used 85 AN GRRANY s cempanent (d)
" of a conposition hereof. Wien used, additive (s) may be used in an anount

in the range of vebelitt Pard-catsout! SFF wHehds ed on wehetlotralr eiqghtl &sfs sal |
composi £1 on. i (1 L Re Lot A wt hE 6T Chr &6 umitont o Conctier i £ "
3-conponent [ (a)n (d9s oA dpduitcénpogidiicit weimig iar tleesg.ange of about 30
to about 9%SMS%J§%§%£f%l&ﬁ“%éé&&%, the amounts of the respective
weight parts of the three components as combined together in
any particular formulation, taken from the ranges as set

10 forth above, will total to 100 weight parts.

The compositions of this invention include all of
the formulations in which the compositional content may be
expressed by any combination of the various maxima and

15 minima, as set forth above, for any one component of the
composition together with any such combination of maxima and

minima for either or both of the other two components.

One or more additives may be used as an optional

”

20 component “(d)” of a composition hereof. When used,
additive (s) may be used in an amount in the range of about 5
to about 70 wt% based on the total weight of all four
components together in a 4-component [(a)+(b)+(c)+(d)]
composition, with the total weight of three components

25 together in a 3-component [(a)+(b)+(c)] composition being in
the range of about 30 to about 95 wt% based on the total
weight of all four components together in a 4-component

[(a)+ (b)+(c)+(d)] composition.

30 Additives suitable for optional use in a

composition hereof may include, without limitation, one or
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wei ght of all four conponents together in a 4-conponent [(a) + (b) + (c) +
(d) ] conposition. Additives suitable for optional use in a conposition
her eof mayoiznpludey wi thout [imtation, one ornore of tIRETUSRO0ONSIVGO

pi gments; antioxidants; materials to inmpart a | owered coefficient of

t hermal expansion, e.g. carbon fibers; materials to inpart high strength
properties e.g. glass fibers, ceramc fibers, boron fibers, glass beads,
whi skers, graphite whiskers or dianond powders; naterials to inpart heat

di ssipation or heat resistance properties, e.g. aramd fibers, netal

fibers, cenyL Jd hefs rahicskels, Hildrehesi | iLon HSarkide; sifldcan 04 de,
al um na, magnesi um powder or titani um powder; materials to inpart corona
resi st ance,t . IFPatdt @ dicviiied ORftiicticd hicda e EImR2NeEr &I+t o

i npart el e@éﬂkﬁ;rﬁ%\i\!ﬂ&%@ﬂi tn}éyteﬁsi%-lsc\?\crdob%np%!&dhi | | M8 RAWIRS o LORNESS

powder, al um num powder or nickel powder; materials to furthér reduce wear

or coefficidem. ofldyd ctike,s e qprdvordorf e deé agrorpdlipeiset roafass
ponder s> o TRETT AT TEaH BB Te B T abr i e St an Vet o FE1< ul t 2bl e
for use innorta aveke ca ioweposiitdadn disrsegfa ey thefeseltv e Bie trade by
processes known i e A, QL Ae AYRAPLE SAMERGIAl |y drqm suppl i ers
fibers, whiskers, silica, silicon carbide, silicon oxide,
alumina, magnesium powder or titanium powder; materials to
10 impart corona resistance, e.g. natural mica, synthetic mica
or alumina; materials to impart electric conductivity, e.g.
carbon black, silver powder, copper powder, aluminum powder
or nickel powder; materials to further reduce wear or
coefficient of friction, e.g. boron nitride or
15 poly(tetrafluorocethylene) homopolymer and copolymers.
Fillers may be added as dry powders to the final resin prior

to parts fabrication.

Materials suitable for use in or to make a
20 composition hereof may themselves be made by processes known
in the art, or are available commercially from suppliers
such as Alfa Aesar (Ward Hill, Massachusetts), City Chemical
(West Haven, Connecticut), Fisher Scientific (Fairlawn, New
Jersey), Sigma-Aldrich (St. Louis, Missouri) or Stanford

25 Materials (Aliso Viejo, California).

As with products made from other infusible
polymeric materials, parts fabricated from a composition
hereof may be made by techniques involving the application

30 of heat and pressure (see, for example, U.S. Patent No.

4,360,626) . Suitable conditions may include, for example,
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such as Alfa Aesar (Ward Hill, Massachusetts), City Chem cal (West Haven,
Connecticut) , Fisher Scientific (Fairlawn, New Jersey), Sigma-Aldrich (St.
Loui s, Mwecorwi4er Stanford Materials (Aliso Viejo, CalPCrarsaia)s2066 with
products nade fromother infusible polyneric materials, parts fabricated
froma conposition hereof may be made by techni ques involving the
application of heat and pressure (see, for exanple, U S. Patent No.

4,360, 626). Suitable conditions nmay include, for exanple, pressures in the
range of from about from 50,000 to 100,000 psi (345 to 690 MPa) at anbi ent

t enper at ur gs.e ANS Caln pIRPerdiRs &f @I drsiumlded Fo,9m@ ompesiddon
hereof can be further inproved by sintering, which may typically be

performed &Sla Epdrataftte Mipt He raige st FEXRaaioes300 Fbusd @bout 450

0C . Parts @and . Qthels a4 iches Lepanedd ram@ L£omesidian Nersaf, arg sef ul
as aircraft engine parts such as bushings, bearings, washers, seal rings,

gaskets, wé@ fpaddieand mgiHicehitoc ksin tRes pattishmay e iised ity &9 types
of airckaf t,engjnes; sych, ac%n{pee(\t'aqtﬂ(\ea NG %to?%eew Ne$, g pardded arly,

t
jet engines. Parts and other "articles prepared froma conposition hereof
are al so ugef @wbdut t4d 1Ol | owi ng: aut onotive and ot her types of internal
conbustion engi nes; other vehicul ar subsystens such as

Parts and other articles prepared from a
composition hereof are useful as aircraft engine parts such
10 as bushings, bearings, washers, seal rings, gaskets, wear
pads and slide blocks. These parts may be used in all
types of aircraft engines such as reciprocating piston
engines and, particularly, jet engines. Parts and other
articles prepared from a composition hereof are also useful
15 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; aircraft
subsystems such as thrust reversers, nacelles, flaps systems
20  and valves; materials processing equipment such as
injection molding machines; material handling eguipment
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
25 applications where low wear 1s desirable. In some
applications, a part or other article prepared from a
composition hereof is in contact with metal at least part of
the time when the apparatus in which it resides is assembled

and in normal use.

30
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exhaust gas recycle systens and clutch systens; punps; non-aircraft jet
engi nes; turbochargers; aircraft subsystens such as thrust reversers,

nacel | es,wobl2ap#1s473t ens and val ves; material s processi ngCeqise@yodntoesuch as
i njection nolding nmachines; material handling equi pnent such as conveyors,
belt presses and tenter franes; and filns, seals, washers, bearings,

bushi ngs, gaskets, wear pads, seal rings, slide blocks and push pins and
ot her applications where |ow wear is desirable. In some applications, a
part or other article prepared froma conposition hereof is in contact with
nmetal at |east part of the tinme when the apparatus in which it resides is
assenbl ed and in normal use. EXAMPLES The advant ageous attri butes and
effects of the conpositions hereof mayEIdeen in a series of exanples
(Exanples 1 ~ 14), as described bel ow. The enbodi nents of these
conpositions on which the exanpl es are based are representative only, and
the sel ection of thoséemsvdin@usuo dlinistiutate atte sifasits @f ddes not

or spectti CatTans Hot Geserl Bed Tn hese examsl 66 are nat Sureasle for
practici ng Hrenimveentli ons Her eisn desrcnifmd higdjcect rffte embrotingeder idfed in
these exanﬂh§§ééf%éﬁﬁéé¥¥%%ns on which the examples are based are
representative only, and the selection of those embodiments
to illustrate the invention does not indicate that
10 materials, components, reactants, ingredients, formulations
or specifications not described in these examples are not
suitable for practicing the inventions herein, or that
subject matter not described in these examples is excluded
from the scope of the appended claims and equivalents
15 thereof. The significance of the examples is better
understood by comparing the results obtained therefrom with
the results obtained from certain trial runs that are
designed to serve as controlled experiments (Controls A ~ D)
and provide a basis for such comparison since the
20 compositions therein do not contain any sepiolite (or

sepiolite/kaolin mixture) filler.

In the examples, the following abbreviations are
used: “BPDA” is defined as 3,3’,4,4'-

25 Dbiphenyltetracarboxylic anhydride, “MPD” is defined as m-
phenylenediamine, “PPD” is defined as p-phenylenediamine,
“COF” 1is defined as coefficient of friction, 7“TO0OS” is
defined as thermal oxidative stability, “avg” is defined as

average or mean, “h” is defined as hour(s), “mL” is

30 defined as milliliter(s), “m” 1s defined as meter, “cm” is

W ”

defined as centimeter(s), mm” is defined as millimeter (s),
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fromthe scope of the appended cl ains and equival ents thereof. The
significance of the exanples is better understood by conparing the results
obt ai ned wbhensinesmwi th the results obtai ned from cert aiPoTiUS2@/052066 t hat
are designed to serve as controlled experinments (Controls A D) and provide
a basis for such conparison since the conpositions therein do not contain
any sepiolite (or sepiolite/kaolin mxture) filler. In the exanples, the
foll owi ng abbreviations are used: "BPDA" is defined as 3, 3, 4,4 -

bi phenyl tetracarboxylic anhydride, "MPD" is defined as nphenyl enedi am ne,
"PPD" is defiiped asigriphenyenediram ne;- " ﬂﬁqéﬂﬁ%@%@aﬁ% sqoef figj-ent of
friction, "TOS" is defined as thermal OX|dat|ve stability, "avg" is defined
as average%ﬁ'Qﬁﬁﬁﬁed' 7S iksl lqsrianed)as how'(s)S defiingds afefiuied as

mlliliter )i o~ "1 dekidRfd %%dgﬁ;%ﬁaetpegp sfMrd s Aef i ned As«ant hmst er (s)

"m' is défined as mllineter in" 1I's defined as inch, O"g
defined as grE(s) deddgred §Sdetf€1\7h?édlt&§f1éi IRsgT asdte " o2ng S e n‘@d as
ounce, 35psifriisdefd ned as peund uare inch (absolute) , " rpnf is
defined as revol utions per nlnute "W 9% is defined as wei ght percent
(age) . Materials . 3, 3, 4, 4 '-blphenyltetracarboxylic anhydri de was
Materials.
3, 3", 4, 4’ -biphenyltetracarboxylic anhydride was
obtained from Mitsubishi Gas Chemical Co., Inc. (Tokyo,
10  Japan). M-phenylenediamine and p-phenylenediamine were
obtained from DuPont (Wilmington, Delaware, USA). The

graphite used was a synthetic graphite, maximum 0.05% ash,
with a median particle size of about 8 microns. Pangel®
S-9 sepiolite was purchased from EM Sullivan Associates,

15 Inc. (Paoli, Pennsylvania, USA), a distributor for the
manufacturer, Tolsa S.A. (Madrid 28001, Spain). Pangel®

S-9 sepiolite is a rheological grade of sepiolite the

particles of which have an unmodified or uncoated surface.

20 Methods.
Dried polyimide resin was fabricated into tensile
bars by direct forming according to ASTM E8 (2006),
"Standard Tension Test Specimen for Powdered Metal Products-
Flat Unmachined Tensile Test Bar", at room temperature and
25 100,000 psi (690 MPa) forming pressure. The tensile bars

were sintered at 405°C for 3 hours with a nitrogen purge.

High temperature wear on the tensile bars was
measured at 800°F (427°C). In these tests, a steel ball
30 bearing was rubbed against the surface of a test specimen

under a 2 pound load for a 3 hour period. At the end of
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obt ai ned from M tsubi shi Gas Chemi cal Co., Inc. (Tokyo, Japan) .

M phenyl enedi am ne and p- phenyl enedi am ne were obtai ned from DuPont

(W1 m ngtwo,20i0al1aevar e, USA) . The graphite used was a syoThistéoo/ogoaphit e,

maxi mum 0. 05% ash, with a nmedian particle size of about 8 m crons.

Pangel (r) S-9 sepiolite was purchased from EM Sul | i van Associ ates, |Inc.

(Paol i, Pennsylvania, USA), a distributor for the manufacturer, Tolsa S .A
(Madrid 28001, Spain). Pangel(r) S-9 sepiolite is a rheol ogi cal grade of

sepiolite the particles of which have an unnodified or uncoated surface.

Met hods. Drired eI iMde r esid wasfalyd caled dhha tRNsida kats by divect
formng according to ASTM E 8 (2006), "Standard Tension Test Specinen for
Powder ed MRt PRSI FIR&S WOnifecHi Ned TFeMGaeIRest Bar'es dthe gBmT

t enper at ur & ,and- 100,009, psin { 69Q MPa), fror (g Pressune. JIhe densile bars
were sintered at 405 OCfor 3 hours with a nitrogen purge. H gh tenperature

wear on theasdisidieBarst ias dreasur €¢ At” )8t 0RqUXAe) tedth Irss@arest s, a

steel ball rd r d against. t f iJven under
2 2 pound Ioad Tor a3 ot per ot &t e ond orhe Sibar! rant he vol une
o f the resuafiingpmegary,sdaromwhivd ttést wpewiaref (PhRegianrWsardy) mgas be

gﬁgs}[ﬂh:d’ %esce%r{[er}?. \Neairhee)&%esrdlecm\f%% tf)oytﬂ[ %ssitne%eat}alalncﬁ B%ailll T/\)/e\éa%r "o

is reported as the volume of weight lost, stated in in’ or
cm”. The result reported for COF is a unitless number as

10 it is a relative coefficient of friction of each piece in
relation to the other. All measurements were made using
the test procedures described in ASTM G 133-05 (2005),
“Standard Test Method for Linearly Reciprocating Ball-on-
Flat Sliding Wear”, modified by using a temperature

15 controlled oven, with acquisition of friction force data on

a computer.

Thermal Oxidative Stability (“T0S”) was tested by
first weighing tensile bars, then exposing two pieces of
20 each tensile bar (“TOS-1” and “TO0S-2”) to a temperature of
800°F (427°C) for a period of 25 hours at a pressure of 88
psia (0.61 MPa) in air. A final weight measurement was
then taken, and the percent weight loss of each piece of
tensile bar was calculated according to the following

25 formula:

% weight loss - Initial VV.I;.. — Wt. After % 100
Initial Wt.

and the percentage calculated and reported was percent
weight loss. Percent weight loss for TOS-1 and TOS-2 was
30 then averaged.
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coefficient o f friction ("COF") between the test specinmen and the steel
ball. Resin Wear was neasured b y optical prof ilonmetry, fromwhich the

vol une o wothw/ome&r scar nmay b e determ ned. The result PCoUshavihsResi n V\ear
and Ball Wear i s reported a s the volune o f weight lost, stated inin 3 o
r cm. The result reported for COF i s a unitless nunber a s it i s a
relative coefficient o f friction of each piece in relationt o the other.
Al'l neasurenments were made using the test procedures described in ASTM G
133-05 (2005), "Standard Test Method for Linearly Reciprocating Ball-on-
Flat Sliding Wear", nodified b y using a tenperature controlled oven, with
acquisition o f frlctlon force data on a conputer. Thermal Oxidative
Stability & e melghlng tensil e bars, then exposing

t wo p. eces o f each tE%!l%lCQ_etéarof('gB lmld@df @f% Z)sda QP 3 Gerajure o f
800 0 F (427C) for a period o f hours a t a pressure o 8 8 psia (0.61

MPa) in ai rblpmefﬂﬁdilet\@@ﬁqu %ﬂhme?slqehe(rﬁﬁf)ﬁwn m‘éﬁtﬁtﬁ/}i@f}ﬁﬁercent
wei ght Bos%l%ﬂj]neeac@ﬁ% e%efhcppj p;heé?ﬁ}l'e%eb%’(ﬁa%%eca(lﬁﬂ ated accondi ng t 0 the

foll ow ng formnu Yo we loss Initia After X|1n0n0
Initial W wt% graphite and 0, 5, or 10 wt% sepiolite filler were
prepared according to the method described in U.S.

5,886,129,

Patent
which is by this reference incorporated in its
entirety as a part hereof for all purposes. After drying,

10 the resins were ground through a 20 mesh screen using a

Wiley mill. Test specimen tensile bars were then prepared
as described above, and Resin Wear, Ball Wear and COF were
determined according to the methods described above. The
results are shown in Table 1.
15
Table 1.
Composition:
Weight % based on Polyimide + | Resin Wear Ball Wear
Example/ Graphite + Sepiolite in 10® in’ in 10® in’
Control Polyimide | Graphite | Sepiolite (107 cm’) (107 cm®) | COF
1 45 50 5 1845 (3023) 2(3.3) 0.06
2 40 50 10 2225 (3646) 7(11) <0.01
A 50 50 0 2275 £ 307 41+5 0.06 =
(3728 +£503) (67 £8) 0.00
20 Examples 3~14, Controls B~D

These experiments were conducted to examine the

effects of compositional content

polymer,

graphite and sepiolite filler)
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and the percentage cal cul ated and reported was percent wei ght | oss. Percent
wei ght loss for TGS-1 and TOS-2 was then averaged. Exanples 1 and 2
Control AvBantwwhes of polyim de resins based on 3 , 3' PC#/U$2609/052060

bi phenyl tetracar boxylic di anhydride (BPDA) , m phenyl ene diam ne (MPD) and
p- phenyl ene di am ne (PPD) containing 50 wt % graphite and 0, 5, or 10 W%
sepiolite filler were prepared according to the nethod described in U S.
Pat ent 5, 886,129, which is by this reference incorporated in its entirety
as a part hereof for all purposes. After drying, the resins were ground

through a 20 tesh sEEeendisitte aMMday tidds, Testl1shes ner.tensile bars
were then prepared as descri bed above, and Resin War, Ball War and COF

wer e det er et etoradiahy itid-# he st Hodd' dseritbdtbadbove. The results are
shown in Table 1 . Table 1 . Exanples 3-14, Controls B-D These experinents
were conducted to exam ne the effects of conpositional content (relative
anounts of pol yner, dmaghitenmd Sepiass e Hian &) davadre propers ivgsd

of par t ssml,ded dy,omd-he GAMOSItdAnS:d el udi g dheniml. o datiye stabi | ity

("TOS") and Resin Wear. An extrene vertl ces gn of egree two was used
to represertvelhe donrenta tamd pévehomeance freeleatti ormgtfigeigfional content

of the three components: polyimide, graphite and sepiolite
filler. The design space is summarized as follows, and is

illustrated in Figure 1:

10 Polyimide 0.30 to 0.50 weight fraction
Graphite 0.50 to 0.70 weight fraction
Sepiolite 0.00 to 0.10 weight fraction

The compositions of Controls B~D represent the condition of
0.00 weight fraction sepiolite since that component was

15 absent therefrom.

Each composition was synthesized and test specimens
were prepared as described for Examples 1~2. TOS and Resin
Wear were measured in the manner as described above. The

20 results are summarized in Table 2
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twel ve fornul ations having different conpositional content of the three
conponents: polyimde, graphite and sepiolite filler. The design space is
sumar i zesoasiofahd’ows, and is illustrated in Figure 1 : PPolUs2009082060 30 t O
0.50 weight fraction Gaphite 0.50 to 0.70 weight fraction Sepiolite 0.00
to 0.10 weight fraction The conpositions of Controls B-D represent the
condition of 0.00 weight fraction sepiolite since that conponent was absent
therefrom Each conposition was synthesized and test speci nens were
prepared as described for Exanples 1-2. TOS and Resin War were neasured in
t he manner as descri bed above. The results are summarized in Table 2Tabl e
2. 51n Figure 2, contour Ilines representl ng a range of average TOS val ues
from4-9 are overlaid on the di agram™flthe -desi gn space to produce a

sufface prpt rndicafing T henel%ppr oxi mate donpositifonal _dontent [That yirelds a
parnti cul ar | aver age TC@el QFaaCuOI ded part. |[From Figure 2]it may|be seen 10
thcit w t hiFrr—the—ran sttoens—studi ed, tthe corit ent of Rﬁ%ﬂlw
hadl Fx@@Blelt fect than |the conteht of the qt M ! cond&ieht SA.VePﬁg@i e\?el s of
gr aphPrteolj ppPelyémide; |e Graphigr ed) JORlikoneiRar,  whiit & hi|ghsy |
semiol Bt e 0.45 0.5 0.05 4.06 4.04 4.05 1845 (3023)
' 4 0.375 0.575 0.05 3.87 4.07 3.97 2050 (3359)
5 0.375 0.575 0.05 6.03 6.29 6.16 1435 (2351)
6 0.3875 0.5375 0.075 9.33 8.79 9.06 2050 (3359)
B 0.5 0.5 0 2.67 2.54 2.61 2275 (3728)
7 0.4 0.5 0.1 6 6.1 6.05 2050 (3359)
8 0.375 0.575 0.05 6.17 6.24 6.21 1640 (2687)
C 0.4 0.6 0 4.38 4.04 4.21 2460 (4031)
9 0.4375 0.5375 0.025 2.13 2.1 2.12 1435 (2352
10 0.3375 0.5875 0.075 6.36 6.29 6.33 2460 (4031)
11 0.3 0.6 0.1 5.76 5.7 5.73 2665 (4367)
12 0.3375 0.6375 0.025 3.39 3.18 3.29 1435 (2352)
13 0.35 0.55 0.1 8.4 8.29 8.35 2820 (4621)
D 0.3 0.7 0 2.2 2.08 2.14 3000 (4916)
14 0.3 0.65 0.05 5.19 5.21 5.20 2050 (3359)
5 In Figure 2, contour lines representing a range of

average TOS values from 4~9 are overlaid on the diagram of
the design space to produce a surface plot indicating the
approximate compositional content that yields a particular
average TOS in a molded part. From Figure 2 it may be seen
10  that, within the range of compositions studied, the content
of polyimide had less effect than the content of the other
components. Higher levels of graphite improved (i.e.
lowered) TOS somewhat, while higher levels of sepiolite
filler worsened (i.e. increased) TOS somewhat. In Figure
15 2, the lowest TOS is generally in a region around the line
representing a TOS of 4, which represents compositions
having varying amounts, respectively, of polyimide and

graphite.
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filler worsened (i.e. increased) TOS sonewhat. In Figure 15 2 , the | owest
TOS is generally in a region around the line representing a TGS of 4 |

whi ch r epwe=eniE4€onposi ti ons havi ng varyi ng anounts, r @sSpaseo9eszoso of
polyi mi de and graphite .In Figure 3 , contour lines representing a range of
Resin Wear from 1750 to 6000 XIO in are overlaid on the diagramof the

desi gn space to produce a surface plot indicating the approxinate
conpositional content that yields a particular anount of Resin War in a
nol ded part. Figures 3 indicates that there is a mnimumin Resin War near
the mdpoint of the sepiolite filler weight fractions in the study. Resin
Wear was inproved (| owered) sonewhat for higher content val ues of the
pol yi mi de, and wor seréd Flidicease HOTSGIEWHa ST HIGHAN ot ent” elues’ of

graphite. I Hi nng'e%@ srdol@ 1sest oAy »i19-gener ally d\)’éﬂarl%g'o@ﬂ fgRNt er ed
approximately on the Iine where the content of sepiolite filler is 0.05

wei ght fractiagirarFiqfuriér4 des igns {fFaqso i irsrPbice e sespeiss @ sy f ace plots
for TOSsfraomFigyre 2 t%{édaﬁagi oﬁ%{aﬂ;eV%mﬁJs%l%r%wE‘co%hten@etﬂét“%/l"&ltd%

medi um dashes represents t approxi mate | ocati on of e contour
repr esent i g e rTASOfa13.88cmt exfs Resmd theed iimes widldlesheldrtdashes

represent the, ARy oxinpLe JQcathon qf, e ;Gont Qun, RERT e3enid1g, Rrsln Vear

near the midpoint of the sepiolite filler weight fractions
in the study. Resin Wear was improved (lowered) somewhat

10 for higher content values of the polyimide, and worsened
(increased) somewhat for higher content values of graphite.
In Figure 3, the lowest wear is generally in a region
centered approximately on the line where the content of
sepiolite filler is 0.05 weight fraction.

15

Figure 4 is a superposition of the response

surface plots for TOS from Figure 2 and for Resin Wear from
Figure 3. The line with medium dashes represents the
approximate location of the contour representing a TOS of

20 3.5 or less, and the lines with small dashes represent the
approximate location of the contour representing Resin Wear
of 2000 or less. The hatched area represents the

intersection of those two regions.

25
Where a range of numerical values is recited herein,
the range includes the endpoints thereof and all the
individual integers and fractions within the range, and also
includes each of the narrower ranges therein formed by all
30 the various possible combinations of those endpoints and

internal integers and fractions to form subgroups of the
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of 2000 or less. The hatched area represents the intersection of those two
regi ons. Where a range of nunerical values is recited herein, the range

i ncl udes wheomdpoirnt s t hereof and all the individual | RCEJS2EIAMDEO
fractions within the range, and al so includes each of the narrower ranges
therein fornmed by all the various possible conbinati ons of those endpoints
and internal integers and fractions to form subgroups of thelarger group of
values within the stated range to the sane extent as if each of those
narrower ranges was explicitly recited. Were a range of nunerical val ues

is stated herngjdt ag-hgl R drLrles Wihan ra Hatad n@l ueinddhe d ange dase

nevertheless finite and i s bounded on its upper end by a value that is
oper abl e WPHI & Fe danteaa off tHe S Vet BiF fas e ifed Herdin.t \Mhere a

range of nyngrica vahppsd s st Jkerrﬁjn{%ﬁscakle'\)%g_de%s%st han@astated

val ue, the range is neverthel ess bounded on its |ower end by a non-zero
val ue. | n tizelspead fAdard cﬁieaﬁrﬂrestéﬁaéwﬂ isdiated stadtued &h@ermnﬁée ors

i ndi cat ¢d %J&ethfeq}rgsrsarfylrmet@%c gaggln%fe&%qg%ts ephodirent of

the subject matter hereof is state escribed as c r|S|ng, |nclud|ng,
cont ai ni ng,véiand rdiathdisngreomposedrigfhior el mprdenst iafuttée byrventoforcert ai n

features 0%§ﬂ§gggyf%eénﬁéfgmppreDﬂﬁﬁ%y%?%éﬁée of numerical values is

stated herein as being less than a stated value, the range
is nevertheless bounded on its lower end by a non-zero

10 value.

In this specification, unless explicitly stated
otherwise or indicated to the contrary by the context of
usage, where an embodiment of the subject matter hereof is

15 stated or described as comprising, including, containing,
having, being composed of or being constituted by or of
certain features or elements, one or more features or
elements in addition to those explicitly stated or described
may be present in the embodiment. An alternative

20 embodiment of the subject matter hereof, however, may be
stated or described as consisting essentially of certain
features or elements, in which embodiment features or
elements that would materially alter the principle of
operation or the distinguishing characteristics of the

25 embodiment are not present therein. A further alternative
embodiment of the subject matter hereof may be stated or
described as consisting of certain features or elements, in
which embodiment, or in insubstantial wvariations thereof,
only the features or elements specifically stated or

30 described are present.
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elements in addition to those explicitly stated or described may be present
in the enbodinent. An alternative enbodi nent of the subject matter hereof,
however, waypolsisdzat ed or descri bed as consi sting essenPCallusgooofosmes t ai n
features or elenents, in which enbodi mrent features or elenents that woul d
materially alter the principle of operation or the distinguishing
characteristics of the enbodi nent are not present therein. A further
alternative enbodi nrent of the subject natter hereof may be stated or

descri bed as consisting of certain features or elenents, in which

enbodi ment, or in insubstantial variations thereof, only the features or

el ements specifically stated or described are present.In this

speci fication, ufl éd5 Sexfgditian tsicated rdtdfer i ot flndisdatté@f t o t he

contrary by, the ot ext ofqiUsage HR): AW Sa 18] 285t HANG S ft0TJwl ati ons,
paranmeters, and other quantities and characteristics recited herein,

particul arlysafsen nodified by the term"about”, may but need not be exact,

and maysal so be appro(ig)nata%o%&dclsqr d;arger o, snel e (as desid ed) than

stated, reflecting tol erances, conversion factors, roundi ng off,
measur enent err @ara@ret e | kel ddaselduaas tthed reldusirerragitdriista st at ed

val ue of those %%d%%%d herein, particularly when modified by the term
Yabout”, may but need not be exact, and may also be
approximate and/or larger or smaller (as desired) than
10 stated, reflecting tolerances, conversion factors,
rounding off, measurement error and the like, as well
as the inclusion within a stated value of those values
outside it that have, within the context of this
invention, functional and/or operable equivalence to
15 the stated value;
(b) all numerical quantities of parts, percentage
or ratio are given as parts, percentage or ratio by

weight;

W W ”

(c) use of the indefinite article “a” or “an

20 with respect to a statement or description of the
presence of an element or feature of this invention,
does not limit the presence of the element or feature
to one in number; and

(d) the words “include”, “includes” and

25 “including” are to be read and interpreted as if they

were followed by the phrase “without limitation” if in

fact that is not the case.

30
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outside it that have, within the context of this invention,

functi onal

and/ or operabl e equivalence to the stated value; (b) all nunerical

guantiti esoabiopand’3, percentage or ratio are given as pRCTAIS2@e06®nt age or
rati o by weight; (c) use of the indefinite article "a" or "an" with respect
to a statenent or description of the presence of an el enent or feature of
this invention, does not Iimt the presence of the elenent or feature to

one in nunber; and (d) the words "include", "includes" and

‘i ncludi ng" are

to be read and interpreted as if they were followed by the phrase "w thout
limtation" if in fact that is not the case. CLAIMS Wat is clainmed is: 1
A conposition conprising in adm xture (a) about 40 wei ght parts or nore and

yet about 54 weight parts or less of an aromatic polyin de,

(b) about 46

wei ght parts or nore and yet about 60 weigit parts or |ess graphite, and
(c) about 0.5 weight parts or nore and yet about 3.0 weight parts or |ess
of a sepiolite filler; where all weight parts conbined together total to

100 wei ght 1 RAIt Sig claimed is:

1. A composition comprising in admixture (a)

about 40 weight parts or more and yet about 54 weight parts

or less of an aromatic polyimide, (b) about 46 weight parts

10 or more and yet about 60 weight parts or less graphite, and

(c) about 0.5 weight parts or more and yet about 3.0 weight

parts or less of a sepiolite filler; where all weight parts

combined together total to 100 weight parts.

15 2. A composition according to Claim 1 wherein the

polyimide is prepared from an aromatic tetracarboxylic acid

compound or derivative thereof, wherein the aromatic

tetracarboxylic acid compound is represented by the Formula

(I1):
20
0 0
R3—O—ﬂ clzl—o—R3
R1/
R3—0O—C C—O0—R?

[
O O

IT

wherein R' is a tetravalent aromatic group, and each R® is

25 independently hydrogen or a C;~Cip alkyl group, or mixtures

thereof.
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2 . A conposition according to Claim1 wherein the polyimde is prepared
froman aronmatic tetracarboxylic acid conpound or derivative thereof,
wher ei n tWe 2arodmad77c t etracar boxyli c acid conpound is reprasesmvas2osy t he
Formula (H) : Il wherein RL is a tetraval ent aromatic group, and each R3 is
i ndependently hydrogen or a G ~C o al kyl group, or mxtures thereof .3 . A
conposition according to Claim1l wherein the polyimde is prepared from an
aromatic tetracarboxylic acid conpound sel ected fromthe group consisting
of 3, 3, 4,4 - biphenyltetracarboxylic acid, 2 ,3,3, 4'-

bi phenyl tetracarboxylic acid, pyronellitic acid, and 3 ,3 ',4 ,4

' - benzophenonet et racarboxylic acid, or derivative thereof, or m xtures
thereof. 4 . A conpositi éh EEEHDitHPT ¢ WFIHE Wrerdiai® He "BEInAH déS s

prepared froma gdiamine gompaund ©epr esenhed by & _hceetsﬂafdécﬁk%éézﬂ%\"a%i% NH2,

wherein R27is a divalent aromatic radical containing up to 16 carbon atons
and, opti orfEMBpUrshritsdiaftRy ifF atheéher estlice adnsg 61 Do it e 'heétreér'oat ons

sel ect eg fqgﬁ%$$§§ﬁgé éé%ggi?ﬂﬂg}%gﬁﬁgﬁﬁ§3}%”’4and -S-. 5. A conposition

according to aim 1 erein the poly I's prepared froma diam ne
conpound séliedteed fregmacarboxylic acid, pyromellitic acid, and

3,3",4,4"'-benzophenonetetracarboxylic acid, or derivative

thereof, or mixtures thereof.

10 4. A composition according to Claim 1 wherein the
polyimide is prepared from a diamine compound represented by
the structure H2N—R?—NH2, wherein R? is a divalent aromatic
radical containing up to 16 carbon atoms and, optionally,
containing in the aromatic ring one or more heterocatoms

15 selected from the group consisting of -N-, -0-, and -S-.

5. A composition according to Claim 1 wherein the
polyimide is prepared from a diamine compound selected from
the group consisting of 2, 6-diaminopyridine, 3,5-
20 diaminopyridine, 1,2-diaminobenzene, 1,3-diaminobenzene,
1,4-diaminobenzene, 2, 6-diaminotoluene, 2,4-diaminotoluene,

benzidine and 3,3'-dimethylbenzidine.

25 6. A composition according to Claim 1 wherein the

polyimide comprises the recurring unit
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t he group consisting of 2 , 6-diam nopyridine, 3,5- diam nopyridine, 1
, 2-di am nobenzene, 1 , 3-di am nobenzene, 1 ,4-di am nobenzene, 2 ,
6- di am novol2oewvma4672 , 4- di am not ol uene, benzi di ne and 3 P8T/US2009/052060
"-di methyl benzidine . 6 . A conposition according to Claim1l wherein the
pol yi m de conprises the recurring unitwherein Ris selected fromthe group
consi sting of p-phenyl ene radicals, mphenylene radicals, and a m xture
thereof. 7 . A conposition according to Claim6 wherein greater than 60 to
about 85 nol % of the R2 groups conprise p-phenyl ene radicals, and about 15
to |l ess than 40 nol % cogpri se m phenyl ene radicals. 8 . A conposition
according to Claim6 whgrein about 70 nol % of the RR groups conprise

i bups \conpri se
m phenyl ene yadical s . o A3dqim1l that
conprises ( about A aboutl 52 wei ght parts
or |less of Kromatic polylnlde i S or nore and yet
about 58 weight parts\or i S 0.75 wei ght parts or

i Jepiol fte filler; where

all weight paxts conbi fkd together total to 100

wherein R? is selected from the group consisting of

5 p-phenylene radicals,

m-phenylene radicals,

10
and a mixture thereof.

15

7. A composition according to Claim 6 wherein greater

than 60 to about 85 mol% of the R® groups comprise
p-phenylene radicals, and about 15 to less than 40 mol%
comprise m-phenylene radicals.

20
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parts . 10. A conposition according to Claim21 wherein the conponent (c)
conprises both a sepiolite filler and a kaolin filler. 11. A conposition
accor di ngvoao@aieml wherein a sepiolite filler conprisesTasSeéeosmge cal
grade of sepiolite clay. 12. A conposition according to Claim1l wherein a
sepiolite filler conprises particles having an unnodi fi ed or uncoated
surface. 13. A conposition according to Claiml further conprising as a
conponent (d) one or nore additives in an anount in the range of about 5 to
about 70 wt % based on the weight of the total (a) + (b) + (c) + (d)
conposition, with theconbi ned weight of the (a)+(b)+(c) conponents being
together in the range of about 30 to about 95 wt % of the total conposition
. 14. A conposition d&ccordiTRiRas IQEmarS aieere -t laddi t6 Ve SdEHpY i ses one
or more menhens ofy bha greuR oS ?Eéﬁ'&s OéOI%B{@@tﬁ-*p@&td/Pé(ﬂlgaPé&lCalS
materials to inpart a | owered coef i'ent of thermal expansion; materials
to inpart HWgh a9téngtth rlopertt itéss Prra%lé@lil@fls SCOmMC T hprarn- Pty S| pation or
heat resistanpce properties; materials to inpart corona resistance;

materials to inpart electric

9. A composition according to Claim 1 that
comprises (a) about 42 weight parts or more and yet about 52
weight parts or less of an aromatic polyimide, (b) about 48
10 weight parts or more and yet about 58 weight parts or less
graphite, and (c) about 0.75 weight parts or more and yet
about 2.75 weight parts or less of a sepiolite filler;

where all weight parts combined together total to 100 weight

parts.
15
10. A composition according to Claim 1 wherein
the component (c¢) comprises both a sepiolite filler and a
kaolin filler.
20 11. A composition according to Claim 1 wherein a

sepiolite filler comprises a rheological grade of sepiolite

clay.

12. A composition according to Claim 1 wherein a
25 sepiolite filler comprises particles having an unmodified or

uncoated surface.

13. A composition according to Claim 1 further
comprising as a component (d) one or more additives in an
30 amount in the range of about 5 to about 70 wt% based on the

weight of the total (a)+(b)+(c)+(d) composition, with the
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conductivity; and materials to reduce wear or coefficient of friction. 15.
An article fabricated froma conposition according to Caim1l. 16. An
article awoanuvmge7vo Cl ai m 15 whi ch conpri ses an i nt er n2CTas99530600 engi ne
part. 17. An article according to Caim15 which conprises an aircraft
part. 18. An article according to Caim15 which conprises an autonotive
part. 19. An article according to Caim 15 which conprises a bushing,

beari ng, washer, seal ring, wear pad or slide block. 20. An article
according to Claim 15 whichconprises a part for a gas recycle system a

clutch systempid Uit Wibaghar@ers (18 4 tHUtonRHRISE b MAGR)dhad
flaps system an injection nolding machine; a conveyor, belt press; and a
tenter framg the range of about 30 to about 95 wts 'of the total

composition.

5 14. A composition according to Claim 13 wherein
an additive comprises one or more members of the group
consisting of pigments; antioxidants; materials to impart
a lowered coefficient of thermal expansion; materials to
impart high strength properties; materials to impart heat

10 dissipation or heat resistance properties; materials to
impart corona resistance; materials to impart electric
conductivity; and materials to reduce wear or coefficient

of friction.

15 15. An article fabricated from a composition

according to Claim 1.

l16. An article according to Claim 15 which
comprises an internal combustion engine part.
20
17. An article according to Claim 15 which

comprises an aircraft part.

18. An article according to Claim 15 which

25 comprises an automotive part.

19. An article according to Claim 15 which
comprises a bushing, bearing, washer, seal ring, wear pad or
slide block.

30

20. An article according to Claim 15 which
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comprises a part for a gas recycle system; a clutch system;

a pump; a turbocharger; a thrust reverser, a nacelle, a
flaps system; an injection molding machine; a conveyor,
belt press; and a tenter frame.
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