METHOD OF FORM NG AN ARTI CLE FROM NON- - MELT PROCESSI BLE POLYMERS AND

ARTI CLES FORMED THEREBY FI ELD OF THE DI SCLOSURE Thi s discl osure
i n gener avonrelia3esst o met hods of forming articles conpriPsrnug20on49mes t
5processi bl e polynmers and articles conprising non-nelt processible

pol ymers. BACKGROUND Conventional nelt processing techniques for
formng articles of thernoplastic polyners cannot be utilized when using
synthetic resins that lack nelt viscosity or have a high nelt viscosity.

I nstead, such non-nelt processible polyners are typically cast into
10shaped arti cl ¥8THOD WG RAJPGIACALR TN L FRPMESSUMELITO RueRdeiIBE E Conmon

techni ques i ncl ude di r BRLYHBRINNG, ARIGTCLIEOMPeSS iTGARE®Y di ng, and isostatic
pressing. lIsostatic pressing is used in highly demandi ng applications
because it provides isotropic properties. Conventional isostatic pressing

t echni ques #ipch udarenoapsodiatd ng a polyneric material in an encapsul ant

foll owed by applying isostatic pressure on the encapsul ated pol yneric
15material, For mmz{mb@mm gten% heceRse HQ{LO&Q)'fQMhﬁQ&{ atd empi:esshinge( Cl P), a
polynerlc nater l aced in a rubher that is evacuated and
subsequeht |f§?*‘%i‘fl:‘?fé“¢t" “%d £‘§“ S EAPT e kP tﬁlo“ﬁ“r‘;g%é’ﬁ%s“ Convent i onal hot

i sostatic pressing (H P) techniques include encapsul ating a polyneric
material inga-ptalnsan (Japanese patent no. JP63281809A) or include
subnersing in a low nelt aIon (Canadi an patent no. CA890515A) or gl ass
foll owed by the - f a HP
process, the enégggh é?% <ﬁ§ﬁ%§lé%#a>§§§&%%%sngEH§Hg% eag Such
pressi ng t esfinicgueycorreivepraduce: wadee, csadht las wistesfr otericapsul ant s,

In the casemga‘m@fmn@wmmheo@mo%@spm@edﬂmébc@ﬁ@& shemeakashandl i ng and

artlcle cIe nin roduc th. chem cal waste and additional processin
st eps. %mgd gﬂ‘P les ﬂ*rouO? ap;gu -alion OF ressure {0 powders. Common techniques m‘hE‘ 9

direct forming, hot compression molding, and isostatic pressing. Isostatic pressing is used in

highly demanding applications because it provides isotropic propertics.

Conventional isostatic pressing techniques include encapsulating a polymeric material

m an encapsulant followed by applying isostatic pressure on the encapsulated polymeric

15 material. For example, in the case of cold isostatic pressing (CIP}, a polymeric material may
be placed in a rubber bag that is evacuated and subsequently subjected o isostatic external
pressures. Couventional hot isostatic pressing (HIP) techniques include encapsulating a
polynieric material in 8 metal can (Japanese patent no. JP63281309A) or include submersing
in 3 low melt alloy {Canadian patent no. CAB90515A) or glags followed by the applying

20 isostatic pressure. Inthe case of a HIP process, the encapsulated polymeric material is also

heated.

Such pressing techniques often produce waste, such as waste from encapsulants. In
the case of submersion techniques, additional chemical handling and article cleaning produce

both chemical waste and additional processing steps.
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As such, an improved processing technigue for non-melt processible polymers would
be desirabie.
DESCRIPTION OF THE EMBODIMENT(S)

In an exemplary embodiment, an isostatic pressing process includes pre-forming a

green part followed by a hot isostatic pressing (HIFP) process without an encapsulant. An



25As such, an inproved processing technique for non-nelt processible

pol ynmers woul d be desirable. DESCRI PTION OF THE EMBODI MENT(S) hi an
exenpl ar ywertbudi3asat , an i sostatic pressing process i nclraias2@om44503 m ng a.
green part followed by a hot isostatic pressing (H P) process wthout an
encapsul ant. An encapsulant is defined as a barrier covering an article
exposed to HP. In an exanple, an article is formed as a green body

utilizing a,CHNMES SRR &ea(b@lmmemE%&mquqaimme hesaAnedy can be
conpressed to a porosity of not greater than 8% Pqorosit s defined as the
per cent d|f¥%%@h§%ﬂ%%?ﬁe%ﬁ”Pﬁ-mtﬁ?éﬁ%&ﬁ@ﬁ“ﬁﬁﬁ;Pﬂ%bf&fﬂﬁﬁ%eﬁéﬁ§?%y. A green
part or body@ySm5daﬁmneﬁdasnanpmuﬁnmh@muhmsm%eeﬁusm}dd@ha&s@d The green
pody 13, sublechedil 8. A LIE BLOGERS: QUGN Al RLESSULE, 81,3 | Past 3
ksia. The &#een”bo odhs Be sub AR G proceseat el evat ed

t enper atur edefippdana I‘?ﬁfehaﬁ h‘aﬁmispH@re@fﬁ)rﬂ@rgwobﬂtdhe SHh@Ptqiﬁko‘tfé%’wO»q‘c‘he resul ting
heat treat e\dd@@é@gﬂ&%f@@g@i@@ £ ten«:f %[éi{‘bgﬁenﬁrbtek&lie@u@ﬁw JRYriBe further
processed, such as by machi ni ng attachi ng t he body to other

conponent s $6£$d+ﬁTﬁﬁ%w5??ﬁ8Fé‘mwﬁﬂf@%é@¥$€ﬂwéfmeﬁﬁéyﬁfﬁl€W€6W§§va

desi rabl e demsichiyd ‘(&}ﬂd mhmrcwado e hancalor pEORatticeSocessed, mb kbyan
:gb?fj:;gfg:)bvf%?lﬁ lél? ne t?\o(f\j« orrrﬁ%/ ﬁm&urﬂ%lle b%g ng%allélitJomFonengtoQomMne aru ?e r{at :I’ tals, such
pol yest &r, ;paky@tﬁemtdpw%yQVMérkgi@W@nd@mhyahy¢hmhenk&©mne polysulfone,

pol yet her sul fone, pol yphenyi ene oxi de, pol yphenyl ene sul fide, phenolic

resin, dine el ast Qn@Sqir n@gQ'tB{cQﬁ&ZJdrﬂad%Z@ii%ﬁned leélpﬂlalﬁb@ﬁé&m@ia@mmh
polybenzoyleqeben |n1d§zol

e, ther astLp(§%$Xy ethane, a styrenic
copol ymer, B BIeAEY B ¢ BT it ﬁ)b% ttiel PH PP TEuPE"t he
pol ymeric nfﬁ’ﬂ‘veﬁb‘a&tomnﬁ)ﬁyddﬁﬁieﬁdpm yilyrildes, paly podryivanpdthph@oleybanizl m dazol es,

l b ‘l‘l TONe 1T ] j (A o RVAT A EIN
pol Yaryi ot HeEa BG D a L E PEEhahar VS PReY cof 200 exempl ary

pol yam #e |m1i>aé@@7qw b@wwemmwb@ﬁmed@o e, rﬁfycm:m ajtie poiyyledprelPstyrorc any

conbi nat i on.LHeRLAE: A8 XEIRELAL Y @QJ&@&N%@&Q@{ keLODR. Lamkdspc! ude
polyetherketone pol yet her et her ket one, et her et her ket oneket one, or any
conblnatlod“?%%?%%?“”ﬁh&§Ob§FPFdﬁpﬁwvéygﬁﬁfeﬁdﬁhﬁwbﬁ1yaryletherketone can
i ncl ude polyetheseibenkaidane, (RERK)meARIEXeRRM&Y, Shyrent € apol ymer i ncl udes
a pol yner h%v mggﬁgwkp@st one bl ock of polystyrene, such as pol ystyrene or
acrylonltrlﬁe buf dlene styrene copol yner (ABS), or any conbination
thereof, An exenplary phenolic resin includes a resole resin or a novol ac
resin. 20 An exemplary polvamide includes nylon 6, nylon 6,6, nyion 11, nylon 12, or any

combination thereof. An exemplary polvaryletherketone can include polyetherketone,

polyetheretherketone, polyetheretherketoneketone, or any combination thereof. Ina
Y

particular example, the polyaryletherketone can include polyetheretherketone (PEEK). An

exemplary styrenic polymer includes a polymer having at least one biock of polystyrene, such

S
v

as polystyrene or acrylonitrile butadiene styrene copolymer (ABS), or any combination

thereof. An exemplary phenolic resin includes a resole resin or 2 novolac resin

An exemplary fhiorepolymer includes fluorinated ethylene propylene (FEP),
polytetratiuoroethylene (PTFE), polyvinylhidene fluoride (PVDF), perfluoroalkoxy (PFA), a
terpolymer of tetrafluoroethylene, hexafluoropropylene, and vinyhidene fluoride (THV),

36 polychlorotrifiucroethylene (PCTFE), cthylene tetrafluoroethylene copolymer (ETFE},
ethylene chlorotrifluorocthylene copolymer (ECTFE), a terpolymer of ethylene,

hexathioropropylene, and tetrafluorcethylene, or any combination thereod.

In a further example, the polymer is a polyester, such as polyethylene terephthalate.

In another example, the polyester is a liquid crystal polymer. An exemplary liguid crystal
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An exenpl ary fluoropol ymer includes fluorinated ethyl ene propyl ene (FEP),
pol ytetraf| uoroet hyl ene (PTFE), polyvinylidene fluoride (PVDF),

per f t uor caiblkoxy3fBEA. ), a. terpolynmer of tetrafl uoroet hpCEMES2010/049523
hexaf | uor opr opyl ene, and vinylidene fluoride (THAT),

30pol ychl orotrifl uoroethyl ene (PCTFE), ethylene tetraftuoroethyl ene

copol yner (ETFE), ethylene chlorotrifluoroethylene copolynmer (ECTFE), a

terpol ymer ofy.at mylx&pﬁonm%@lglag%@mpﬁ@wdcﬁﬁue\m@m gb@%@f k4erpethyl ene. or
any conbi natjon_ther ﬁ% ncl udes aronati . )0l yest er pol yners,

such as t hoSE ab&ifamioe Vi %M@%Fd%ﬁhhﬂ%ﬁ%bkﬁc%ﬁ ¢ 6)HECTRAL- 0
(Hoechst Celianese)sKSUNE K(%MPER}ém),(‘iﬁmmt o o@wmm’at\) H«*E&O\I&ﬁ'dﬁdf

( Sai nt - Gobaj u NI ] )

1 o R P e RN R P

conbi nati orﬁl%@ﬁer eof . hi a particul ar exanple, the net hod may be
performed utilizing polyneric materials, such as non-nelt processible

pol yners. A non-iehbiRLOGESSE Bhan eﬂ@h)&ﬂ?ﬁe pRYhaveiag @&Lftﬂerﬂ Wrikipdex (M)
val ue of not greater, t han. 2@@%(}%{ Omn. MTI is defl ned_as the weight of a

pol ymer i n YrERET WG it @S FhPSTGH 2 CANT PRAYY” 8P “Epeci fi ¢
di anet er anithv iedgtMFidugud b nad gpressanrid i tehiditnin i Ridgired ohavpgliyiver bei ng

tested. The t‘y@(&; in L%XYQ%%&{;{%Q@}%X‘TL&VA%TM P;Tga?&'ar\/%ltg %&Fi B(aﬁt ﬁxx&‘grxm 12 thﬁanon_ mel t

proceSS|bIe pol yms I bi vi'sc ry non-nmelt
processibl edl»péﬂ AFRSpUT WEW iy gk tige ralypol byinaicged e fféﬂww»éiﬁwr ASEM

pol ybenzi m gazgl Ql&maﬂﬁhyQ@H&Q&‘@z@&%@\ib&@(}%&@ﬂﬁ@% Lenebenztm dazel ex
fl uoropol yner, o ryl et her et one, conbi nati En t hereof. An

exenpl ary’ fHBFERSTYHEP RSP d’éé“‘i‘gﬁﬁl B p &Y o yFBffe. in particular,
t he pol ynmerpotphyn: fnmd:izmetepcpmegmmf@le poAhhr%’&ﬁ@h&lhyldﬂOﬂe)&lubﬂpadﬁnérnC| udes a

pol yi m de forne i h ct of a

di ani ne wi tiﬁq %ﬂ mcil’ J;Yd’ ﬁ%ﬁiggﬁgﬁp ”é)% y%d& r!n}i}ﬁ%mﬂw &egm%‘(‘{,{m anilitie
(ODA), 41- W5Wﬁm ﬁ}h@r’wl propane, 4,4'-di am nodi phenyl met hane,

4, 4' -di am nodi phenyl am ne, 20benzi di ne, 4, 4'-di aniinodi phenyl sulfide,

4, 4' - di ar ni nodi pmgﬂyd'u a8 U(Jt.fp&@ﬁcr f&,y&m@lé AR e p@@@ﬁbm&@bt& BN&, includes

4,4 -di am nod - ami no henyl ) di e;hxl si | ane,

bi s- (4- ani nao%) érH i%}nr%ﬁ@ﬁﬁr&w&%ﬁmﬁ H)é 3%3(3? CedCl pnmxuto iamine with 4

bi s- (4- am nophahiit.) ANxpeplny Kamnme heljudds obyddindind Bapht-hal ene, 3, 3-

di tnet hyl- 411@ nmCQi:u ﬂ%g@%& é!ré@Q}{ilr’mo i‘?’ml&ﬂ%?@%ﬁ&%% 9{ QVQa?u”

H4- bi s- (p-am nopl'i en -bénzene, am nophenoxy) - Benzene,

m phenyMené&héﬁ%&'(%@)odmbmpﬂﬁeh}ﬁ éﬁe@ﬁ“@éﬁ?%ewmﬁ)‘m b *d@ﬁyﬂi‘ﬁfii‘&ﬁé@r e thereof.

In a particul 6o, -ﬁxaﬁﬂtn@@ p}t@h@ (‘ﬁtl:tam (h%nh&»p&)ﬁyﬁu aRidihenif- Q%)mopﬁcﬂﬁl}] as
3,4' - oxydi nigl | ine or - oxycl.i al[? 5:\(5 | n par @2 ul ar 232 ( may be
oxydi ani | i &™) iﬁ"“éfﬁlb‘t ﬁ‘é‘?e ‘@&‘émﬁ}“é}p PR AP LRI 5 BReRyE ‘é‘&i“a’rﬁ i ne (MPD),
pphenyl enediiaginne i(-RRDpobiGELABY mmaﬁ)dma&tmdme,tih&ﬁsa@hmmmcm}rmnamy
di anhydr | de 1 e l’p gr? RopHkh q%mjuula oj-pi 1,8 he\é 3G ?h'iﬁ’gﬁ@@ényi%ﬁegi’a?ﬂnz_

s y" [ n%y ride,

30napht hal eﬁet et'racarboxyl'i ¢ “aci
3,3 ,4,% - dﬁ’%e ALY é@‘ﬁ%@‘é?lﬁlfxw 3 partiggirgxampie, the diamine is oxydianiline {ODA),
such as 3,47 -oxydianiline or 4,4 -oxydiantline. In particudar, the ODA may be 4,47-

oxydianiline. In another example, the diannne 1s m-phenylenediamine (MPD), p-

phenylenediamine (PPDY), or any combination thereofl

An exemplary dianhydride includes pyromellitic dianhydride (PMDA), 2,3,6,7-

30 naphthalenctetracarboxylic acid dianhydride, 3,3°4,4'diphenyltetracarboxylic acid
dianhydride, 1,2,5,6-naphthalenctetracarboxylic acid dianhydride, 2,2',3,3-
diphenylhtetracarboxylic acid dianhydride, 2,2-bis-(3, 4-dicarboxypheny-propane
dianhydride, bis-(3,4-dicarboxyphenyi-sulfone dianhydrde, bis-(3,4-dicarboxyphenyi)-ether
dianhydride, 2,2-bis~(2,3~dicarboxyphenyli-propane dianhydride, 1,1-bis~(2,3-

35 dicarboxyphenyli-ethane diaghydride, 1,1-bis-(3,4-dicarboxyphenylit-ethane diarhiydride, bis-
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di anhydride, 1, 2,5, 6-napht hal enetetracarboxylic acid di anhydride, 2,2, 3, 3-
di phenyl tetracarboxylic acid di anhydri de,

2, 2- bi s- (8p4edimssassoxyphenyl) - pr opane di anhydri de, PCT/US2010/049523

bi s- (3, 4-di car boxyphenyl) - sul f one di anhydri de,

hi s- (3, 4-di car boxyphenyl ) - et her di anhydri de,

2,2-bis-(2,3-di carboxyphenyl) - propane di anhydride, 1,1-bis-(2, 3-

35di car boxy@heiwrlqm %ha;m@nm@@nmqﬁh&iem @ﬂd@&x‘(ﬁ@ﬂyqln%{dQQ?ﬁ{m@w ) - et hane
di anhydride, his car boxyphe ane di anh

met h
i o (3. 4- i by BORYBRGAEFE HEPRIHGIl SHPRFRIT dga it Dol i
3,4,3", 4Lbanzmmmeﬁwmn@erm&caﬁ@nxywmmma@udmdﬁanhydnﬂdardmﬁkany m xt ure
thereof In a rticular ex . nhydr i s i tic dianhydride
(PVDA). in arfgat g%Jg§§@n? ) nﬁ?h mgnwﬁ%m ém3§9§“1 s g%%%etetracarboxyllc
aci d d|anhy@@wm@“%%wﬁwqhU%ﬂsﬁwmwéﬁyBFEﬁracarboxyl|c aC|d di anhydri de

( BPDA) . hi a particular exanpl e, the polyitnide is non-nelt

pr ogessi 3I e. Form ¥R aLorat e quoM&mﬁd@umyengeoia@rbweelovfesﬁmkt he polhyam' Ic

acld product react ants Isin nd CQA‘ I n add e pol yner
material caif’ ”ﬁ‘é“r W&‘e‘“é@i‘?f%‘ﬁ%%ﬁ’é sEd ﬁ’%“&t*‘ﬁﬁf‘ﬁ*% 8‘8?‘%}?%%8‘1\0 He matri x

pol ynmer foroAa continuous phase in Wiich the filler is dispersed. An
exenplary filler can include an organic filler, such as a polyner filler,

or an inorganic II) !ad lﬂ%ﬁ ﬂhc.%\légbmfe@ak a@%ﬁqp}u&jﬁd I@Emﬂ;@i H@E@nx%kl,il"@r or any
conbi nation_thereof. The Il er can be a solid lubricant, a ceramc or

mi ner al 1§i | Thmatriy pﬁwvr%é‘?mﬁ.cmt@w“v ghapq 1 aich fhp fillge is depprada o BEPPIREUI at e
filler or Sﬁkf&n@ﬁtamasﬁ@ﬁbﬁﬂ@khﬂﬂh%@&@ﬁﬂﬁ A@mamaﬁnkﬁfymsqhwdshubr|cant
I ncl udes p0| yt frl fl:iu‘l%{dpfet py aennewmbllénpn ¥1 %nﬁlmidlﬂsgnlf a ihdé:l?lm n}

disul fide, GFaphite” "Grapiene ” sXpanded graphite  Boroh nitrider “tal c,

cal ci um f | uorindey teeral ﬁmrfalmorrmdéler,@ﬂbfamleiwnsbﬂ natifubite fleregh or m exerrpl ary
ceram c or mRG&LaL alAc %%@;J&mmm abd ifiBuded soﬁﬁaalaﬁkm(sé{hg&ede cal ci um
fluoride, boron nitride, mca, Wl tonite, I"i con car , Silicon
nitridel® zipelgiFmm %ﬁ%rﬁu%f%kw ﬁpﬁ @F@ﬁtvsw@rmaﬁyd%@h@w%% PEH t her eof An
exenpl ary podiydredc, tdid dnenudua@ lcr.UﬁlQ*&hp&i(‘}/érrihxd@smi)lnhtﬁmliﬂrc@f y@tmm@{}pol ynmers such
as Ekonol g %ql ester, g ben2|rn|dazo e, ytetrafl uorqeth

pol yet her et ot S BF TS ot yREFE ¢ "f“é‘t SHOFBSVE e gr "Eﬁi}“ ‘onbi nat i on
t hereof An exeﬁﬁj@mgnfhbeﬁanmmkude@ﬁmwﬂﬂnmbmmeasmig&&ssw&m@em&g car bon

fibers, polyagryl 09'{! oLt A?%_ C%er SQ{.?% o %’1 ugw;fplaggariéc’ mwd id gy

polytetrafluoroet ene asa ers, Eers ceramc
fibers, é%ri@ﬁ@‘éowﬁwhhhwéﬁﬂphé¥%dﬂ‘E&%ﬁ%ﬁ%ﬁ?Fﬁ%%%ﬁ%mpﬁéﬁﬁﬁe br onze, copper,

stai nl ess si@RIere@EARY, ﬁ@ﬂfatﬂﬁeﬁym{m ikBeneef oAy exemliary.sal An i ncl udes a

sulfate, a sulfide, a or atlon t er. eof Prior to
proceSS|ng,“%ﬂ%“bbhﬁﬁéﬁp““ é??a@mﬁggV%é“HE PHE PEPTH 8?“ BEder . The

powder nay ﬁaMeﬂanﬂﬁMQmageﬂpankn@b&t$m2®m@pnbﬁaay@mﬁmbwgk@;nmﬁb@>range of 1
mcrometer to.; %Qn%&w%?%?ﬁ«%hn Qm% ddl 4100 v hDE Bﬁagé’&% 2& st&?to?r; may have

a desirabl e surface area, suc Oin a range o 0 rit2lg.

For exa#pl esomplyetios flicfeat e naeerlof \dﬂthféhlé@m@ﬁmp@wfﬁ@m mwtm‘hftt@pi @b may be at

| east 10 My GuinstchcaSsin a range of 30 iri2l1lg to 120 n2,/g. In an

exanpl e, the polyneric materi al nay be formed into a green body using a

conpressive tec neric nateri (& be pressure
agﬁfe

ol ded. such as 1861 A PR GS BV TRE O AP T dRBY har the

conponent nmydiyenag bind ab sesatatcel slzy (primary particle) in a range of | micrometer to 500
micrometers. In addition, the polymeric material may have a desirable surface area, such as
30 inarange of 5 mY/g to 200 m¥/g. For example, the sucface area of the powder polymeric

. b . ~ 2 7
material may be at least 10 m/g, such as in a range of 30 m¥/g to 120 mY/g,

It an example, the polymeric material may be formed o a green body using a
compressive technique. For example, the polymeric material may be pressure molded, such

as cold compressed into a mold. In another example, the component may be cold isostatically
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pressed in the presence of an encapsulant, in a further exanple, the
polynmeric material nmay be RAM extruded, in which polynmeric material is

i ncr enentvibI2g11pBsised by reci procating plunger to formtireTgrse@n/o44zosly. I n a
further exanple, the polynmeric material nmay be die pressed into a desired
shape. Die pressing includes pressing a powder into a shaped die. In
S5particul ar, such techniques are typically perforned at tenperatures bel ow
a melting p@&g% 10fhe g:la@nmk M{@Edpﬁllmtiﬁﬁhﬁther &Rt eeeﬁaem@o ictgslieaperat ure may
be | ess thah 300C, suc | ess than 100C, |es ];21 0C, or_ even not
greater thatf "39E9 %“‘%p‘ﬁr*o‘%ér ARt BT 6! %%ﬁf%ﬁ‘é ih?é ed bhmétlpﬁ"éfttfi:cul ar

exanpl e, t héuperesit e @ﬁext thdy. giﬁ1eamqb&dynmﬁmcl@avma~tc nipkcgiatoety bt hian 8% 10wi t h

0
respect to t hscd & D %eesml\i ng B/()Lnt%ﬁ%ﬁpwg‘ g{: aﬁgre of

exanpl e, the por osI can
3.5% t 0 BY ragicrianged @fhn@uﬁ%ettmﬁliﬁp@hmf‘de&ﬁeﬂpc&w artgewofnebig portef 5%

I'n one embodi f@Ateric ¥rh¢%n§mit<h@@1ﬂ£!}0i MR Sera bR LEY bNGs 0k bW NGkt i on into
the green body but green body is subj ect to sintering to

forma si nt&#eg’ t&olffi’f““iégl P@ﬁ?%&f‘@%%i‘@%soc for W@é’?inﬁﬁ‘“é%%rrpl e under an

i nert at nospbesrg-at or bel ow t he atnospheric pressure. In an exanpl e,
sintering is performed in an inert atnosphere. For exanple, sintering may
be perfor med I n i} BE, RLESERGA. Qifapanm\,no@;mg@ls g R85 ALLTgen, or a nobl e
gas. In particular, as ‘nmay incl el um or ~ar I'n an exanpl e,
sinteri Hy |‘§ﬂp“é°ﬂ>ﬁ~éror‘fﬁﬁdh€a“10ta& t«rélwp@r:fa%quipw%fﬂ apn §-Eastor rooec %‘?0 eskanpl e, the
t enper at ur e;;0f: SiaRf:ef 4G, (BY, LEn dsA rRef aNge; 20af 2 2PRGrt 43006, such as a
range of 200C to 450C, The sintering is perforned at a pressure, such as a
pressure in"&t %‘Pf‘g“é”‘?r‘ % to 1.5 ksi or can be performed under vacuum The
sintering may be perfoithed for a period of at least 1 hour. For exanple,
sintering may bén perfbrdmdd. fiormegioperiod si@)!fcrimfolllmb@mtimjms theguel as a
period of afl &@?no 3 @@% m&rm&maﬂ@m& 88 ng 1o form A RIQUE ey ! N an exanpl e,
sintering is ormed for“a period not greater than 48 hours such as
75not gfeat %&ilﬂ‘mawszﬁ oRlsairng  SAORYE WP 26 F1C8 PRICEIEE M5B YO Y Sgjbeted to H P
process, FofresQ¥@NRkEsxaRplg, I’\Q\&ﬁn@fs p@-ﬁ@h&‘txﬁﬁrﬁxﬂﬂi bodyspimy Fbﬁe‘gfuld;ﬁli her processed

using H P w.t hout a{;l e npa 1? i sostatic res§| g incl udes
heating an AFtiVera ‘ri’@%:}l Ji FORRENR foﬁfﬁﬁcﬂém bk ésij‘ ﬂgﬁ ﬁ@qgff‘eat er than
at nospher i cpapressundc al sg indfdehtimc o ergheriemexaspit. sostiad ik cerfreatd at r eat nent .

|n parti cul g, a6 %%9 &2 Ate HPoRRESRS N ge%\argsfsw@epnmov At i g pressure
directl t he absent an i ntefnedi at e encapsul ant he HIP process
may be ﬁerf@r&h‘éawmé pice ssupeeeof 28T fodaSt- 3ﬂ4<°stiie"lﬂswhﬂ<a§ é%idl east 5 ksi.

For exanpl e «Rh 8SSMESHRY D8e Abm beast ksl . Kﬁﬂb(‘:pgﬁu{?\m@}%cr‘xgczu@mr ange of 10
ksi to 30 Kis | n addition, pr.ocess perfornmed at a

m
t enper at ur e fgpingEng BHE pﬁﬁ%ﬂﬁ&pﬁg%hﬁﬁ st ]thé]y é‘ﬁﬁé‘F%t GPETHEY5E i n a
range of 20£€-ted 500G o8 uth i-as 2 htirasuhngep:06d BNt 3 hours, or even at least

Vﬁgeﬁ) w!sblﬂ nm il dcsdslg w%g}é ow

4 hours. In an example, sintering is performed for a period not greater than 48 hours, such as

S
v

not greater than 24 hours,

A green or sintered body is subjected to HIP process. For exanple, a greenora
sintered body may be further processed using HIP without an encapsulant. Hot isostatic
pressing (HIP} inclodes heating an article in an covironument having a pressure that is greater
than atmospheric pressure, also referred to herein as isostatic heat treatment. In particular, the

30 present HIP process provides an isostatic pressure directly to the body absent an intermediate
encapsulant. The HIP process may be performed at a pressure of at least 3 ksi, such as at least
3 ksi. For example, the pressure may be at least 10 ksi, such as in a range of 10 ksi to 30 ksi.
I addition, the HIP process may be performed at a temperature of at least 200°C. For
example, the temperature may be in a range of 200°C to 500°C, such as in a range of 2006°C

35 w0 450°C. In a particudar example, the HIP process raay be performed at 3 feraperature greater
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35t0 450C. In a particular exanple, the H P process may be perforned at a
tenperature greater than the sintering tenperature. Alternatively, the HP
process maQ 2bE/EBsrsBor med at a tenperature approxi nat el y PCnassomiesseng
tenperature or at a tenperature less than the sintering tenperature. In a
particul ar enbodi nent, the sintered body is permtted to cool prior to the
H P 5 process, referred to herein as the "Sinter-H P" process. For

exampl e, t hg.ShdlRh8d PR BY 11 B8Per MctiliPHrol Qs €00k pb@Red £APEr ature | ess
than 200C, such as a tenperature | ess than 150C, a tenp erature | ess t han

100' C, or 'V MERPEFEOURS S PR FERPRET Sl Wf‘*’o@ﬁ’i“‘t‘%ﬂﬁé%’t UF @fiior to
subsequent Rhf2rgurocess. I n an alternative enbodi nent, the sintered body is
not permtted to substantially cool 10prior to the Rl P process. For
example, heat treablaiBbe.APRLLRdol Qut Reshnkersg bady when the
sintered body is at a tenperature of eas C, such as wthin 10C of
t he si nteriHYFCeRPEFED ita? 29 %eaﬂfi’” wba‘i% éﬁbéﬁipﬂﬁeﬁﬁ singichbel 'Y and heat
treating undek:misass @Bl 16 2 RF@& S Qs 1Y DO (eI & S cd4rt he usamecyessel , I'n
such an enbodi ment, hg )Qterl ng tegperature m be mai nt ai ned and t he
pressure i nor8ESEH" S B8r PO Pt HE BB HY Be B8 " Y FUFI RSPV ERAHDI e, 15t he
green body meypsdyeensHAtrerced. Wi t hin a vessel and subsequently treated with
one or nore heat treatnments within the same vessel at tenperatures of at

| east 200C and Ré §§§1u1'§1§§ Qttﬂbfﬁﬁnmlnpﬁ%%t:]réxcgﬁédw 1§ 1 }?thpagétlx %L@r& aﬁvxt‘%mpl e a
green body may be sintered at a first température at approxi mately

at nosphét i st @deyHE prosib e tanbiFyieH A5t ing Paakeegrist b SuLEHP ot eWiEr at ure of
at | east ZQQ&hﬁﬂdﬂﬁwSaﬁﬂﬂﬂn@#ﬁﬁsmﬁ$mﬂfﬂﬁhﬁkﬁﬁ&iwﬁxkﬁTfOfm&hmm&@ by one or

more subse uenetmupealt 2;94 1 atnr‘rggt Snﬁgmt?ﬁn:[&la?éhmt t{mt né*lum}el % %:,m%L 1%;[smleea5t 200C

or athird pr%ssure ofart east erna een body may be
subj ect ed tmwatthesHirRedn deess: wistihbutclsinptubedingy. treeﬁlerln@dIEIQWEMeme‘f n as the

“ SHI P Pr 0C&SRiintained and 1l tlc%iltlgxﬁqi‘ﬂer@g@&yto p&p)gn %‘1!“ @Eieérggq@@sga ‘!%Q@Ir ‘E&[n%@t ed bOdy may
be cooled to roomtenperature. Cooling may performed at a rate in a

range of’ 5CPhERFRtELBOYEF F?i‘%%“@ﬂ%‘ﬁdéi%“‘a&‘?‘iatﬁéﬁquﬁlﬂé et igigeorete's” Chni nt o

30C M n, Orhed tedR@Rs Ofnid QCEM: Rk aiZ&@;faﬂimﬂ ofAhJaﬁQﬂ(&t iaHBﬂxb’smx&shﬁaisi ntered and

heat treated bod guenched, ch as .p‘j% i.n a %UId cool ant or
Tyt %

subj ect ed {6 ﬁg§“8éﬁvchicwmmb ag&" RV AP F”%ﬁ??ﬁ §°Pol ymeri c
conponent capchentyeatectiopracds, itoratutly heataeit, a ssuohicaseramneddti ng. For

exanpl e, el hpeatenL., (y.0e. RerLorRd ah, ol val ad.JepergtyLe, 30but not

pressure, for extending p ticular, annealing is perforned at a
t enper atr erggssts Ftwalﬁldt*ﬁ@”@"ilﬁ@t e"rai 19@1 AtOé n’fper&a*tu@mew Torvf airige et exanpl e,

anneal i ng i sudperifar {’F@Qn alnody henpatalut e 488 dhan i hatrid.sestat i c
pressi ng tenperatu £33 8ﬁ$neallng may reduce stress or evaporate noisture and
r

vol atile co ﬁﬁﬁﬂﬂd%i th&“Hol ymeri ¢ conponent. The resulting body may be
further processed such as machi ned, tool ed, abraded, polished, or any
conbi nati on theﬁ@bﬁmmﬁbrmhemﬁm@h@hbmdymwﬁv®bawéet®mﬁeﬁmmoﬁmmhemmconponents

to forman (al{\)tg‘!lé:tl‘.g/ be performed at a rate n a range of 5°C/min to 50°C/min, such as a rate in a
25 range of 3°C/min to 30°C/min, or a range of 10°C/min to 25°C/min. Allernatively, the
sintered and heat treated body may be quenched, such as dipping in a Higuid coolant or

subjected to a gas coolant,

Optionally, the resulting polymeric conponent can be treated 1o additional treatment,
such as annealing. For example, heat treatment may be performed at clevated terperature,
30 but not pressure, for extending periods. In particular, annealing is performed at a teoperature
less than the smtering temperature. In another example, annealing is performed at a
temperature less than the hot isostatic pressing tewmperature. Anneaiing may reduce stress or
evaporate mwoisture and volatile compounds from the polymeric component. The resulting

body may be further processed such as machined, tooled, abraded, polished, or any



In a particular nethod, a polyneric powder and optional filler can be die
pressed to forma shaped green body. The shaped green body can be subjected
to the SHvB priccexss. For 5exanpl e, the shaped green bodycrars2ée/osask; ect ed
to the SH P process to forma net-shape part that does not utilize further
machining to provide the articles contours. The resulting polyneric
conponent of the article nmay have desirable density and nechani cal

properti es. .ok@haeratRbe rulihe (ROLeSh:he fact 160 ROk YIBLLG:GOMPeRENt of the
article can b not greater than 4% such as not greater than 2,5% not
greater thaf™% not greater 10than 0.8% or even not greater than 0.5% In
particul ar, the polyneric conponent may exhibit a density change, defined
as the percent Hm@pﬁﬁsermﬂhwbnsﬂmeme%etiM@G@@rﬁﬁﬁﬁmwéKEﬁwaﬁwteie formed of
the same nogsielityRLACARS).OHE RALIFER valy LR SATRSIPSIALILS, £ at | east
1% such as at |easf % or even at | eéast I'n an exanple t he
pol yner %onﬁ@ﬁ@ﬂﬁb“ﬁ%‘c%‘ﬁéé’wyﬁ‘l‘ & peipeeddy %é‘ﬂéﬁ thEteep Foe@sSihY P i 15an

exanpl e, t hgaxavehagaiRI:GeShZening 10tvidRakRlks ERARD1, O m crons, such as not
greater than 0.5 nicrons or even 0.2 mcrons as neasured using He

porosimetry. an, exampl e, th mer compan tbc‘npha ve a
specific gravi tyib(g)*csutﬁm,lpo wrt,r‘c %pxncm oﬁtlg)sjt ét mﬁ; 1mc?g)ea 1'%[} ded neast 1.42. or

event at Ie@smmm&ugwmmﬂ»é@dﬂ@pdnﬂmﬁhewpoﬁyweﬁwe@wpemenwmeémehaﬁe a flexural

strength Ofgaf:‘?-t)c Ax@@{%&“i 1&9 ZMP%cb é%gi@ré%@i @k . 4 @@%ﬁﬂ t;l“éaé'x h]gil P@mmastt; a'i gast 150 Mpa,
20or even at |least 152 MPa. In particul ar, the pol ymer conponent nay

exhi bi t '& fPEFale: pet o eiHdEn Oéeff i ericylr. flﬁéolﬁ@rf%,ceﬁ‘ﬁm‘iﬂﬁéF‘@és*é Hitny f1 exur al
StrengthI%ﬂ@mhwehﬁg,aﬁﬁhﬂ&ﬁ&@dcﬁ@mhlﬂ6ﬂhmﬁﬂfﬁfﬂvubbkmﬁkﬂgnthe sanme green

body form ng ¢ Ltions and sint er at a 1. 5% such as
at | east 1d%m Enﬂoﬁyﬁén‘ém‘?p?ﬁ ﬁ&ﬁﬁg”‘ﬁ%é%Fdeam“ 68%“6?%3|de desirabl e
t echni cal advientdi®? 2 B8, 0r 25Faricaganpl e, enbodi ments of the above descri bed

met hods reduce waste associated with encapsul ants and i nprove product

t hroughput and p# QQQQ&%@V|ti{e¥)ol@§maeoﬁ1§<§1%athas%fuwilﬁglUﬁ@gS‘Rr%%&witngpﬁ
Enbodi ments provi articles with |ngroved den5|ty and mechani cal

propert?%s.“““mm&f&Fﬁwﬁheﬁﬁﬁﬁﬁlﬁ““F riBBvE "HeLEr ey "HefHEd " Eriabl es
formati on ohicnetl eshape? attonclsesahediufig: iopwrpoiagi ty and free of tool marks.
For exanple, green bodies can be die pressed and 30subjected to a SH P

process to for mIP%mﬁQ&P%e%ﬂ!n@ cgﬁp&@ﬂhﬂ%ﬁ%&wﬂﬁ dla§ oﬁa‘éfe&g‘ﬂ?ﬁ machi ni ng.

As such, at l|least a portion he surface of the article is free of tool
mar ks, such“&ssgt is?ﬁb’s{‘aﬁt%ﬂ 46(% £Y°BIft Gt ke '8 mﬁ@@ébe Ao eaoriPetEtar, such
met hods canc:densh fiy«ei Qreﬁéﬁa@@tdiegs[ e®NPa, such as at least 145 MPa, at least 150 MPa,

20 oreven at least 152 MPa. Tn particular, the polymer component may exhibit a flexural
performance, defined as the percent increase in flexural strength relative to a sintered
component formed ntilizing the same green body forming conditions and sintering

temperature, of at least 5%, such as at feast 10%.

Embodiments of the above described methods provide desirabie technical advantages.
25  For example, embodiments of the above described methods reduce waste associated with
encapsulants and improve product throughput and productivity as a result of reduced process

steps. Hmbodiments provide articles with improved density and mechanical properties.

In an example, the above described method enables formation of net-shape articles

having low porosity and free of tool marks. For example, green bodies can be die pressed and

(78]
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subjected to a SHIP process to form net-shape articles that do not ytilize further machining.
As such, at least a portion of the surface of the article s free of ool marks, such as a

substantial portion of the surface. In particular, such methods can densify die shaped green



bodi es to have a specific gravity of at least 1,4, which is not achievable
usi ng di e pressing al one. In a particular exanple, the pol yner of

t he pol yrwo 20ompBs2sent i ncl udes pol yi m de. For exanpl e, trhe/ysedipiomdsde may be
a product of ODA and PMDA. Further, the polyimde 5Smay have a surface area
of at least 5 n2/g, such as at least 10 n2/g. In an exanple, the polyimde
may be a direct formable polyimde, such as a polyimde selected fromthe
Mel di n 7000,:38¢ §:&8c a@;\/féiﬁlc%l%lv & frh0mSAd, b CRRA 20 CakIP Qidld Hassing I'n an
exanple, the polyimd ynmer conponent can have a specific gravity of at

| east 1,4, &éh as at Ieast 1,41, at least 1.42, or event at least 1,43. In
addltlon, t he pol yner 10conponent can have a flexural strength of at | east
140 MPa, such agnaparticelstxaidb tNRalyrat ofllegslymiS0mMPayt tghdeveninade. | east 152
MPa, |In pargd Qﬁkﬁfethé ;!L%AHQ& YIBL. SORAREAHA TRY g R Pm%hexa:hﬁ Laxpeg!
performance, defined as the percent increase in flexural strength relative
to a sinterBd CHATBHEALTE Jrht LF/EFyhate {RE 18 ane §reervBbdhe f or mi ng

condi ti ons anGnig ﬂﬁ\eﬁ’d'ﬂ@e& Wﬁﬂa’%&;&%ﬁm ofchal a poBastic SW 1S HER tAMALn | east 10%
15 EXAMPLES, §é§‘ %E . Pg‘i (Ln 7001 polyim de avail able from

Sai nt - Gobai A" ngo?"ﬁ PEA TS bR 8 “‘E%”‘Col d (roomtenperature) isostatic
pressing (CIP) to form green rods at 10 ksi, 15 ksi. 20 ksi, or 30 lcsi.

The green rods éme1@ub@e@ﬁe@bﬁ@ﬁﬂhéWS}Wﬁmvﬁmce@@W@Oﬁpﬁﬁdﬂ@é\E%ﬁP sanpl es.

The SHI P 2019{\@(;@%&}1 by Sat IQ‘Q{t Qf @P@ag{ N4B oy &5\(@@@@1&( ll acfn%éihﬂgﬂ]t P@l‘y Lenperature to
400C and the pressure to 15 ksi simul taneously. The sanples are held at

400C and 15°°R@Prepiga vyl urainyangligf ageast 14 \E)dt?g‘e“qﬁjéﬁf“i“y”aéﬁﬁe%%i’h zed and
cool ed t o roomteirperat ik:el %ﬂhe S@ﬁﬁ;ktﬁhr@thgégam& ym-\\@ahdue;sa}aerxmkhl ustrated in

Table 1, As.illustrated, gg@@e has .a. n uenc on t he

speci fic grﬂa”v?l fﬂ)})”ﬂf—ra iRl 'deiine den%ﬁ,nfel (;1,%:“ fi.i?jﬁn Bxf*(u <} s«éxené%ihlegté}gego & sl{xthxe

porosity (7«08 ectdﬁrrbeua@hg év educhyeea bSPIrRiggrogesss anil tihleutz usi ng an

encapsul a. nt.,, #Qme%g&kmgggp§kp&d§@gphﬁ§ with porosity values greater than
8%to the SHI% process does not afford an increase in material density. WO

2011/035258PCT/U82010/049523 TABLE 1. Dependence of porosity on H P
process priE-ES

Example 1

Meldin 7001 polyumide avaiiable from Saint-(Gobain Corporation is subjected to cold
{room temperature) isostatic pressing (CIF) to form green rods at 10 ki, 15 ksi, 20 ksi, or 30
kst. The green rods are subjected to the SHIP process to produce SHIP samples. The SHIP
20 process is performed in a furnace, increasing the temperature to 400°C and the pressure to 135
kel simultancously. The samples are held at 400°C and 15 ksi for § hour. The furnace is
subsequently depressurized and cooled 10 room temperature. The spectfic gravily values are

itiustrated in Table 1.

As illustrated, the porosity has a significant influence on the specific gravity. Further,

[\
U

densification of a green part with low porosity (7-8%) can be achieved by a SHIP process
without using an encapsulant, However, exposing samples with porosity values greater than

8% to the SHIP process does not afford an increase in material density.



No. CIP Pressure (ksi) Green Porosity (% + Post SH P Specific Gravity 1 10
20.4 1.12 - T.) 15 13.7

WO 2011/035258 PCT/US2010/049523

TABLE 1. Dependence of porosity on HIP processes

Sample CIP Pressure Green Porosity Post SHIP Specific
No. {ksi} {%e) Gravity
i 10 20.4 112
2 15 13.7 1.31
3 28 6.5 141
4 30 4.8 1.42

Example 2

Two varieties of Meldin 7001 polyimide, available from Saint-Gobain Corporation,

5 are cold pressed into pocks of 1.25 inches in diameter and 0.20 inches in thickness using a
urniaxial press at 80 ksi. The polymer samples have idendical composition and molecular
weight, but have different specific surface area. Sample 1 and Sample 2 represent polyimide
powder with specific surface area values of 60 m”/g and 90 m'/g, respectively. A set of pucks
are sintered in a Ny atmosphere for 4 hours a1 400°C. A set of green pucks and a set of

10 sintered puck are subjected to 2 HIP process in presence of Argon gas at 15 kst and 400°C for

2 hours without an eneapsuland to produce SHIP and Sinter-HIP samples. The densities of the
materials before the HIP process are compared with densities after the HIP process, as

iHustrated in Table 2.

TABLE 2. Specific Gravity of Polyimide Samples

Samples Porosity (%} Specific Gravity Flexural Strength (MPa)
Green Sintered Sinter-HIP SHIP Sinter-HIP SHIP
1 3.5 4.5 1.40 1.43 1343 1514
2 4.0 5.9 1.38 1.42 128.3 151.5
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1.31 3 20 6.5 1.41 4 30 4.8 1,42 Exanple 2 Two varieties of Meldin 7001
pol yi m de, available from Sai nt-Gobai n Corporation, 5are cold pressed into
pucks of Wo02b1i/3sises i n di aneter and 0,20 i nches in thi PkmaAS30108195Q3 a

uni axi al press at 80 ksi. The polyner sanples have identical conposition
and nol ecul ar wei ght, but have different specific surface area. Sanple 1
and Sanple 2 represent polyimde powder with specific surface area val ues

of 60 in2, 1g and;90 {I&a’d@savﬁﬁ%@%q‘; M’@Jn)(niw ;Aiﬁ%tm@fwes%ks a@@x@mhered ina N,
atnnsphere f?r 4 hours at green pucks and et _of 10sintered

puck are sublf &EE G oW ‘i’i‘?‘ﬁpP@bié‘eﬂs‘g b‘ﬁ T S EH EEIB Y P gjﬂﬁl“‘g‘é’sﬁ‘ﬁéﬁi 15 ksi and
400C for 2 hogr Shaatdmotd mmmmmcaapmw antilkrigar Oasicie sShHlidR canid: 1Sthat er - HI P

sanpl es. The, densi ties of &Xm&sﬁdlks bef ore &Q%m?d&mg$l §§§ are conpared
in Tab

wth denS|t|e§5%?¥%?mf%3“HFB process; as i rrustrat ec 2, TABLE 2.

Speci fi ¢& Gawpiey Tof F@@f&ythm ﬂ}e\ 13&1;@{* gxgats,rthan those values reported for othcr
isostatically molded PMDA/ODA polyinudes, such as Meldin 7001 (Saint-Gobain Corp.} or
Vespel SP-1 (DuPont), which is reported to be about 105 MPa to 110 MPa (Meldin 7000

series product catalogue and Vespel Design Handbook).

The densification of nor-nwelt processibie polymers using the encapsulant free HIP
10 process is unexpected given that varieties of non-melt processible polymers can exhibit a
decrease in density during sintering. B particular, a hot isostatic pressing process is
performed 1n a gaseous environment, absent an intermediate tuaterial {(encapsulant} between
the gaseous environment and the article or component. In conirast, prior art atilizes

encapsulants.

| ] Further, it has been found that the encapsulant free HIP process is particularly
effective when the green body has a porosity of 8% or less, When the greennbody hasa
porosity significantly greater than 8%, little densification is observed. However, when the
green body has a porosity of 3% or less, the HIP process can achieve porosities of 8.7% or

{ower, such as 0.5% or lower.

20 In a first embodiment, a method of preparing an article includes compressing a
polymeric material to form a body having a porosity of less than 8% and hot isostatic pressing
(HIP) the body in an inert atmosphere at a pressure of at least 3 ksi free of an encapsulant,

The body may be sintered in an inert atmosphere priot to hot isostatic pressing (HIP).

In an example of the first embodiment, compressing inelades die pressing. Ina
25  {urther example of the first embodiment, the hot isostatic pressing (HIP} is performed on the
body i a hot state resulting from sintering. In another example, the sintering and the hot
wostatic pressing (HIP) ave performed in the same vessel. The sindering can be performed at a
temperature of at least 200°C, such as at a temperature in a range of 200°C 10 560°C, or a
range of 200°C to 450°C. In an example, the sintering is performed for a period of at least 1

30 hour, such as at feast 2 hours.

In another example of the first erabodiment, the polyimeric material comprises a non-
melt processible polymer, such as a non-melt processible polymer is selected from the group

consisting of a polyimide, a polyaranmd, polybenzimidazoles, polybenzoxazole,

10 -



The pol yi nai de sanpl es (pucks) are machined into dinensions of 2 x 2,66 X
27 mm and subjected to a 3-point bend test to calculate the fl exural

st rengt h,weppriessasat i ng ASTM D790. The results are tabularas2em/oimbs e 2. As
illustrated, the SHI P sanpl es exhibit higher values for specific gravity
and flexural strength in conparison to sintered and sinter-H P 5sanpl es.
The flexural strength values are greater than those values reported for

ot her i sostalyineahidh-nmliged Rl %q’toD@/ LORA R Wi RRkidess, pSUGH;, 8SaeW n 7001

( Sai nt - Gobai n, Corp.) or Ves SP-1 (DuPont) mhlcﬁ Is reported to be about
105 MPa to “PTH M4 “%el\?éﬁ df ¢ e%f Sgrnf)feg f‘b?lb‘cfﬁf*ébfe po&”&teéﬁ”gorﬁ‘f]%“ BHY™fEspel Desi gn
andbOOk).‘Jheﬁd@msmﬁ&ﬂﬁﬁwﬂﬂo@ﬁﬂﬂﬂﬁdﬁﬂﬁh&pﬁ@ﬁﬁﬁﬁkbﬁ@kp@bﬁﬁ@ﬁﬁtUSIng t he
encapsul ant, a6, H. B 10RLR6ESSnl 5. dNeXPECH 89 Alusn LAty ar) eLles of
non-mel t priocessi Bl'€ pol yhers can exhibit a decrease 11 &ensi}y duri ng
sintering. bt mfarftﬂb@u)biamﬂi &b brot 2 insloSevatier vpresisichgyeghr dews8l.i s perforned in
a gaseous environnent, absent an internediate nmaterial (encapsul ant)

bet ween the gasepus:AViH@RMBALARG: herianhid.e la%n%l% pHAIPLRGN randeRe cont r ast
prior art U{I]IZES q ?gsular{ltqsT 15 urtheg 5 as been found that the
encapsul ant ' PFE&E E RIS s TP ETE N BT ' @f PECEPVEWHEN" £ f85r een body
has a por oséftsyn’@fic E%nnjrv {ueiss . rANbest 30 e/ ggr ezémr lgodymhas eganpOy Ol m(y

si gni fi cant 8% le.de i d. However,
when the gf%%ﬁg 1%% %ggéﬁéfég%&MAm " 7&§ O%E%EQHﬁ ﬁiﬁ£§%§¥§ess can
achleve“poréﬁﬁﬁies of 0.7%or |ower, such as 0.5%or |lower. 20hi a first
enbodi nent, a nethod of preparing an article includes conpressing a

pol ymeric mat er itahn ?ﬁi@xi ibar Mxﬁp]ﬂ@ﬂyi‘&aﬁ\ﬂuﬂg\c& lﬂmrd(:%ﬁint ry:ri(gfts krssi tdamn: 8% and hot
i SOSt at I ¢ prghss(,lﬁl’?sgi‘ ﬂ)&‘”O* 1. 4 No 8, Ql’.ig‘vn ITriljlerEEOl‘ f,r O t%)ﬁ, 1’1() atl Cad B‘r essure Of
at |east 3 K< Free ot an“éncapsﬁfant TREBEEY HaY b8 "SI Ht'eF8d i n an i nert
at nosphere phm@pfwmmhot i sostatic pressing (HIP) h| an exanple of the
first enbodi nent, conpressing includes die pressing. In a. 25further

exanpl e of the fiig §£m@ﬁbg%ﬂre A ol lb\%mh@ﬁrg\kﬁ‘g)@ﬂﬁ}tll &vm&m Nenfekde) 1S
perforned on. t he bod ot state result froms terlng | n anot her

in
exanpl e}’ tHgdgfﬁ?ﬁprnﬁwﬁﬁﬂiﬁhéohﬁ?Lﬁ%&§¥é?fﬁf“b?@§§§n%}%?%%§ “af & per f or med
i n the sanerwesseh be h@stSiknt @Ei BRQt leaniche, @emammeﬂuaha besipereatur e of at

| east 200T, h as a erature A of ., 200C t or a range
of 200C to ﬁgﬁ prisam {%Hg} Catl gppu i? @d or d%etmdofa’ti abt Jmn Ples @ucpdaf'&)rg:d%i period of

at | east 1 BOhdir medubhn éxsﬂl‘atm»h@amwf@ﬂmsart@sﬂpmtuﬂom Hizo attophercekanpl e of

the first e‘«(m@@'tdﬁ?ﬂ%smngh@lﬁ&'ﬁ%ﬁ@:ﬁ}'f&f@?}@ﬁd %Loiﬁ&&?%&eﬁc B onigRl t
processi bl e poly such as a non-nelt processib olyner is selected

fron1thé)gﬂ@ﬁﬁ‘é%ﬁ%?§%@ﬁ@3b%m%“bb@§VHWHé°f%?ﬁ%F?ﬁ?%ﬁiﬁ“fﬁg%yB%ﬁiin1dazo|es
pol ybenzoxazal iesst 1tpehyhenzayhencbenz smeekazwl e, fl uoropol yni er,
pol yaryl et her ket one" pol yester, or any conbination thereof. In an exanple,

the non-melt pr Qce §e§&8'e%b&ﬁ’;!éﬁ@§ Eneg18m¥f!)1*§iﬁ§g a%gfy%iﬂ@::i (gilfe’ includes
conpressing a non-melt processible polymeric material to form a green body, sintering the
green body i an nert atmosphere to form a sintered body, and hot isostatic pressing (HIP}
25  the sintered body in an inert atmosphere at a pressure of at least 3 ksi free of encapsulant. The
hot 1sostatic pressing (HIP) 1s performed on the sintered body without substantially cooling

the sintered body afier sintering.

In an example of the second embodiment the pressure is at least 5 ksi. The sintering
can be performed at a temperature of at least 200°C. The hot isostatic pressing (HIP) can be
30 performed at a temperature of at least 200°C. Tn another example, the non-melt processible

polymer has a surface area in a range of § m%g to 200 m%/g.

In a third emabodiment, a method of forming a polymer article includes compressing a

nor-rel processible polymeric material to form a green body, sintering the green body in an
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such as a polyimde derived from ODA and PMDA. In a further exanple, the
non-nmelt processible polynmer conprises a fluoropolyner, such as

pol yt et r avbrorioBs15g| ene. The non- 5nelt processi bl e pol pogErUsSean/ohsee a nel t
flow i ndex value of not greater than O, 01.. In a further exanple,
the polyneric material has an average particle size in a range of 1

m cronmeter to 100 mcroneters. The polyneric nmaterial can have a surface

area in a rahgem@bne ARL: gutu gzﬁﬁlam&/ggm ISHCIHORSyiBid ARYE (Dfor3QsitReg to 120
ni 21g. In nother exa Ie i sostatic pressing, the polyneric

material ha® af"GeraGe Efc“i%élfv’ él??é‘h%ﬁr““ﬂ&)‘{ Bogy B & P @‘“T’Gh‘is"'% S.

I n an addi tdteaab kexatqlea, rebthent ket huatdfimsphen@C et udesssan | nert gas
selected fromthe group consisting of nitrogen, a noble gas, or any

combi nation_thengeqf. g, ORI & aBEAM NG NELLUT Al GOy ki Aypart i cul ar
exanpl e, the hot 1sostatic pressing Is perforned at a tenperature 15
of at |e‘%lstp%@@»E@aéhmdwemr»&ﬁ@e@@ﬁm@maﬂea B0eC, S 6y 28R M48r ange of 200C
to 450C. The pressure can be at least 5 ksi" such as at least 10 ksi, or in
a range of 10 ki a te@rBfntkSineathashbtindgostathel phessiiagie) Tiean be
performed fgo Qict '?'!:Lg tprgvﬁ?‘t()titeeg‘§tl4'xrd Qllilitiej%ﬁo‘%gcgoﬁ§ ed&;t“l east | hour. The
met hod can Turt her 'icl ude” anneal e ?é ature ower” than a
tenperature of hot i sostatic preSS|ng The nethod can further include

cool i ng the body% ’ﬂt%@“ﬁw‘yﬁﬁw brgibedi nod ity epimgiece BREEPVIE"t 0 a sintered
article for rreeko@fmt gkt@a oh%mmah Qr&ﬁﬁﬁ'ﬁh@b&eﬁﬁbi&’i@éxc@&t@h obeast 1%
such as, at ﬁi% 5%, qr ‘even eg A secaond enbodi ment, a

met hod bt fBr1 § A POT YHerT %‘e‘éﬁﬁrt“ﬁf ao}%&eua %wcbhﬁfleﬁsof‘“h@“a non- mel t
processi bl epcpahijmepbigarmeit golyadnzhodabossmolybgrreemibody, sintering the green
body in an LL. ret e, ko d hot isostatic
pressing (ﬁ}g%l gﬁigpigﬁggggdgﬁo ﬁk@ gnﬁ%ﬁefngQ%% %ggg %% a pressure of
at | east 3 desPiofipedenp enca. psulant The hot isostatic pressing (HP) is
perforned on the sintered body w thout substantially cooling the sintered
body after sintes i&tﬂgleraxampi of Mo@m OWSITREE aefmmeaa&ae@ml a&a&mﬁhmnt t he
pressure is at |east he sinter a tenperature
b *at 1 Ehsr S00ER TS R e 8 Rury B b B RET e el R 4opefror et at o
t enper at ur est &hst A% gasd: 22086CH7% .1 n another exanpl e, the non-nelt processible
pol ymer has a surface area in a range of 5 in2/g to 200 n2/g. inert

atmosphere at a \&khLhAY & €MRETIALWUES 0L adl e [18RSEa200::Gidhd i @ vessel to
forma sintered body, and. hot isostatic reSS|n8 (H P) the sintered body

inan i nert“éff‘%‘sﬁﬁé?”&%fh“‘al Fiﬁfie%{ﬁ“@ SfC A5 Vi g oS ké‘n““érfa“‘ ¥58at treat ment
t enper at ur esrefor@tailceastitiRACHNbd-Pired theldMess@lose described. Siill further, the

20 order in which activities are lisied are not necessarily the order in which they are performed.

In the foregoing specification, the concepts have been described with reference to
specific embodiments. However, one of ordinary skill in the art appreciates that various
modifications and changes can be made without departing from the scope of the invention as

set forth in the claims below. Accordingly, the specification and figures are to be regarded in

[\
U

an illustrative rather than a restrictive sense, and all such modifications are intended to be

ncluded within the scope of nvention,

As used herem, the terms “comprises,” “comprising,” “ineclades,” “mchuding,” “has,”
“having” ot any other vadation thereof, are intended to cover a non-exchusive inclusion, For

xample, a process, method, article, or apparatus that comprises a list of features 18 no
example, a process, method, article, or apparatus that compriscs a Hst of features is not

(78]
o]

necessarily Hmited only to those features but may inchide other featores not expressly listed
or inherent to such process, method, article, or apparatus. Further, unless expressly stated to

the condrary, “or” refers 10 an tclusive-or and not to an exclusive-or. For example, a
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In an exanple of the third enbodi nent, the pressure is at |least 5 ksi, The
non-nmelt 5processible polyneric material can have a surface area in a range

of 5 n2/ gvDaoRdB5158219, hi a fourth enbodi nent, amcantscabm49sez| udes a
non-nelt processible polynmer. The article has a specific gravity of at
| east 1.4 and a flexural performance of at |east 5% I n an exanpl e of

the fourth enbodinent, the flexural performance is at |east 10% The

non- el t pr&ﬁ@tscsrl Dhes ]@@Juyrrrserb; @@nm@@f\r& fendmlvt A\f& QW rbﬁ@&&m\/ﬁh u8s @k not
greater than 0.01. 10In8gbfurt er t e non- Qrocessrble pol yrner

i's sel ect ed P ROMHFEHE gt otip AP EICt ,a%rgﬁ? & “”%‘%@FV%\‘? ﬁ?ﬁ 1&?“’ and B arg

pol ybenzi mda.@&elesy). pol ybenzoxazol e, pol ybenzoyl enebenzi m dazol e,

f I uor opol yner, polyaryletherketone pol yester, or any conbination thereof
|n another examplg Af.&Ref ULl CHEBALIENL. kAR, LaLEDAg. @ density

change relative 15to0 a srntere article formed e sanme non-nmnelt

processibl epoPsiferiofi iats deastely by cuverrgsrate *?‘eé@t“a?l 596¢ %bfceven at | east

4% Nobi® ot hatny8@bn. atuks dferifiRe s@eliny dd RSndRSs il bRy i t he

gener al descrrptron anples rer urred that. a portion of a

speci fic acti®PLY o @”ﬁﬁfr%% PR Y R B S B or e f ur t her

activities may be perfornmed in addition to those described. Still further,

t he 20order in ﬁhr%hbaer@vmmMee&ar@hrﬁ%ﬁeMO@weﬁﬂeﬂmﬂeéeS@e#$¢vwr%e order in

whi ch they v@geﬁr@%&x‘%l@ @Eﬁrqvc rheBis ! NG dOF BO0IPYs SREGH L CALI AN tdiBgONCeEpPt s have
been described with reference to specific enmbodiments. However, one of

or di nar }¥ skitf P iFr‘“t He b panppicay *ae@“é ARy AP EIR BEUHET SEPTHRE and

changes canyheuibdec W tcheubosdepas 4 i:nga frt@md besscopRaok of € ot AMBNL i ON as

set forth |n the cl aims bel ow. Accordingly, the specification and figures

are to be regarded in 25an illustrative rather than a restrictive sense,

and all such nodifications are intended to be included within the scope of

i nventi on. Afpgreyiredbapgecdic rrr,imtsrlr'@@% B WiE ermprclasd] cortrie dreprassi ng,
"includes, "ax kNCLMY] RAxibed BRSuin the t@%jﬁﬂg sep@hte @‘ﬂ&)u@ﬁa RI'mMai a8t on thereof,

are intended to cover a non-exclusive inclusi For_exanple, a process,

met hod, “ar tT eI e GPUABHEE S U AITEOOCBTbr fEETy Mié‘i" i&%mr&gﬁr GFdY is not 30
necessari | yb:d:\rztmdced begir tyrc totekhos emgﬂeﬁﬁﬂwﬂﬁ&r‘tbrui} A@Ype pxmcihmde;n&tdmecﬁ features
not expr ESS| Xny ugcon‘grr% ofL. prrg’ererrg erefy e:, mp w%%’isl:i ges maiua?e cheh anﬁ L\%L? or

appar at us. RUrther ["&ss exp ressf contraty or" refers to

an inclusrvehewﬂandﬂhem3to an exclusrve or, For exanpl e, a.



condition A or Bis satisfied by any one of the followng: Ais true (or
present.) and Bis false (or not present)"k is false (or not present) and B
is true (Wo2press2s8), and. both A and B are true (or preseruspoiodhse; t he
use of "a" or "an" are enployed to describe el enents and conponents

5descri bed herein. This is done nerely for convenience and to give a
general sense of the scope of the invention. This description should be
read to include one or at |east one and the singular also includes the

pl ural unl eggairtis cBADDMG BUS that it is nmeant ot herw se, Benefits,

ot her advant ages, and solutions to problens have been descri bed above with
regard to specifii ver ef,i ts, advantages,
solutions to probﬁdgm@ﬁqgaﬁgk§hmdgg§f§?gf§) Oﬁgpq cause any benefit,
advant age, or scGPu# r%ﬁgﬁ@ﬂbewmtsrmﬁef@wb%wﬂﬁrﬁ@n@uﬁcé&%ﬁw ot to be
construed as a gré¢tical, required, or essential |'eatti.re of any or al

t he After readlng the s eC|f|cat|on skilled artisans

appreci ate that "CEFEFTPPEBRREED DSy @ 0 Y “RPRPTE § 2 PHERETY B‘éﬁ*‘"herel nin

t he context of sepatate cenbpatiirents, may al so be 15 provided in conbination
in a single enbodi nent. Conversely, various features that are, for brevity,
described in the context of a single enbodinent, may al so be provided
separately or i 7 Ay e B A IO cRUY e nelydst € BREES to val ues st at ed
in ranges include each and every value v,fithin that range VWHAT | S
S&%ﬁ?s: ﬁg alpof\)}‘ ﬂ qgm o?f“n E?rulﬂ 18%[]%\«6115!’ tiilt%y]eﬁmg pleri at n0>8ner%p§100{r5r IOfSI PgSS
than 8% and tobm“wﬁﬁkphsm%ﬁﬁﬁ%tatlc pressing (H P) the body in an inert
at nosphere at a pressure of at | east 3 Sksi free of an encapsulant. 2. The

met hod of cIa|n1Iﬁﬂmhere|n conpre55| i ncl udes di e pressing 3. The
met hod of clai m% vﬁé%@“ﬁ“@ﬁb'Béﬂ?“}ﬁhﬁﬁﬁﬁﬁﬁéﬁ“$%4§')‘H%?@yﬁﬁﬁbsphere
prior te; hot |soﬁﬂﬂﬂyﬁdp&ﬁ&&kﬂgxﬁgﬁ&ﬂsmmLm; 4. The nmethod of claim

3, wherein the hot isostatic pressing (HP) is performed on 10the body in a

hot state resulting from sintering.
5. The method of claim 3, wherein the sintering and the hot isostatic pressing (HIP}

are performed in the same vessel.

6. The method of clatm 3, wherein the sintering is performed at a temperature of at

least 200°C.

| ] 7. The method of claim 6, wherein the sintering is performed at a temperature in a

range of 200°C to S00°C,
& The method of claim 7, wherein the temperature is in a range of 200°C to 450°C.

9. The method of claim 3, wherein the sintering is performed for a period of at [east |

hoar.
20 10. The method of claim 9, wherein the period is at least 2 hours.

. The method of any one of claims 1-10, wherein the polymeric material conprises

a non-melt processible polymer.

12, The method of claim 11, wherein the non-melf processible polymer is selected

from the group consisting of a poivimide, a polyaramid, polvbenzimidazoles,
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5. The method of claim3, wherein the sintering and the hot isostatic
pressing (HHP) are perforned in the sanme vessel. 6. The nethod of claim 3,
wherei n twe 28immBsrs8Ng i s performed at a tenperature of acThsasn/o2B0C. 157.
The nethod of claim®6, wherein the sintering is perforned at a tenperature
in a range of 200C to 500C. 8. The nethod of claim7, wherein the
tenperature is in a range of 200C to 450C. 9. The nethod of claim 3,
wherein the sintrbddGoxhsPENfrOIAREFOL iR ERHoRfvrRL phifaatndichaur, 2010.
The nethod of clajm9, wherein the period is at |eéast 2 hours. 11. The

met hod of any or&YHT A s 2% " RF&t'ei n the pol ymeric material conprises
a non-nelt processible polyner. 12. The nethod of claimli, wherein the
non-nel t processiblke polyner..is-selected fr e.droun. consisting of a

ol yimi de o polyat S DIy aas e hasar b T ORy L RAA LS

pol ybenzoyl enebénZividazol e, Put oropol ymer, pol yaryl et her ket one, pol yester,
and any conbi nation thereof, 13. The nethod of claim 12, wherein the

-mel t i, bl ol . CO | se imde, . 14, t hod of cl
13 Such? Chat &R BorGT Bavire et Jea- TPt kel BT The method o

claim 12, whereifiithe non-nelt processible pol yner conprises a

fl uoropol ymer, the il uoropol yner conprising polytetrafluoroethyl ene.

16. The method of claim 11, wherein non-nmelt processible polynmer has a nelt
fl ow 10i ndex -vdﬁu@mﬁ?“mﬁﬁfﬁ?@é@@?mFﬁéﬁ”ﬁ?ﬁT“QWﬁ@ﬁﬁFﬁ?wm17¥ﬁ?ﬁ§anethod of
any one of cl ai MeodpdPuer WhtaTu@lopoiihe cpRl R pdipetBt@sdigicnas an aver age
particle size in a range of 1 mcroneter to 100 mcroneters. 18. The

nmet hod of any one of clainms 1-10, wherein the polynmeric material has a
surface area in & Fangghogh! Geind24shery 00t pRfcgsbidBgoct Te mvtihod of cl ai m
18. whegei n the jgit (AR A 8Ratk:Shdnd. 8 idnge of 30 n2/g to 120

17. The method of any one of claims 1-10, wherein the polymeric material has an

average particle size 1n a range of 1 micrometer to 100 nicrometers.

18. The method of any one of claims 1-10, wherein the polymeric material hasa

surface area in a range of 5 m™/g to 200 m™/g.

| ] 19. The method of claim {8, wherein the surface area is in a range of 30 m%g to 120

3.

m/g

L&

20. The method of any one of claims 1-14, wherein, after hot isostatic pressing, the

polymeric material has an average pore size of not greater than 1.0 microns.

21, The method of any one of ¢laims 1-10, wherein the inext atmosphere inciudes an
20 nert gas selected from the group consisting of mitrogen, a noble gas, and any

combination thereof,

22, The method of claim 21, wherein the noble gas comprises helium or argon.

23. The method of any one of claims 1-10, wherein the hot isostatic pressing (HIP) is

performed at a temperature of at least 200°C,



20, The nethod of any one of clains 1-10, wherein, after hot isostatic
pressing, the polyneric material has an average pore size of not greater
t han HO rmvorzonign3s2ss 21. The nmethod of any one of cl @acwaStetb@495aher ei n
the inert atnosphere includes an 20inert gas selected fromthe group
consi sting of nitrogen, a noble gas, and any conbination thereof.

22. The nmethod of claim2l, wherein the noble gas conprises helium or

argon.  23. The aethoguek ﬂnymoﬁ'e&b@tmqke@hﬂﬁméﬁé—;@cw%@ﬂ?}' ipdigndiat isostatic
pressing (HIP) is Eerforne at a tenperature of T east 200C. 24. The

net hod of clalnﬁ?%mehé?éﬁhm$Hézﬁb%“i§8§tat|c pre55|ng (HP) is perforned
at a tenperature in a range of 200C to 500C. 25. The method of claim 24,

wherein the t emer %Ee%e@noh%félf{?m%é& vﬂl@‘g% i mﬁ%pagﬁrélgmzli%ge of 2%@ C t-[he met hod of

any one of clalns 1-10, wherein e pressure i s at [east 5 ksi. 27. The
met hod of clai m¥%®C- wherein the pressure is at |east 10 ksi. 28. The
nmet hod of claim 27, wherein the pressure is in a range of 10 ksi to 30 ksi.

29. The t hod f n ostatic
pr essi ngge| | 1P) Oﬁ s?%% Q%l“%hgﬁ‘"f“%e O‘WF“ oL r‘jlgd“hefe‘““" ff“*e’éi%‘f 1’:%‘0“#{ “Skdt es. 1030. The

met hod of claim29. Werein the perlod is at least 1 hour. 31. The nethod

of any one of clai & darklor HHHERSH-COMRISLRAGs aNhgabing at a tenperature
|l ower than a tenperature of hot isostatic pressing. 32. The net hod

of any one of clains 1-10, further conprising cooling the body, the body
havi ng a densi t yschiangehor el @fiin2@, whored tisi padsered martige bl tfkarnasdksof t he same
non-15mel t processible polymer of at least 1% 33. The nethod of claim 32,
wherein the density change is at |east 2,596_ 34. The nethod of claim 33,
wherei n the densPt yhecrraivgel avg ongofclaast! - 140yhegs hepwgisprtniassoe (ERYSone of
clains 1-10, whet@iRedhe: pabymerie makekdal further includes a filler.
2036. The nethod of claim 35, wherein the filler includes a solid

| ubri cant.
10 30. The method of claim 29, wherein the period is at least | hour.

31, The method of any one of claims 1-10, further comprising anncaling at a

temperature lower than a temperature of hot isostatic pressing.

32. The method of any one of claims 1-10, further comprising cooiing the body, the
15 melt processxbie polym(—:r of at least 1%.

33. The method of claim 32, wherein the density change is at least 2.5%.

34. The method of claim 33, wherein the density change is at least 4%.

35. The method of any one of claims 1-10, wherein the polymeric material further

meludes a filler,
26 36. The method of claim 35, wherein the filler includes a solid lubricant.
37. The method of claim 35, wherein the filler includes a polymeric filler.

3%, The method of claim 35, wherein the filler includes ceramic filler.

16 -



37. The nethod of claim35, wherein the filler includes a polyneric filler,
38. The nethod of claim 35, wherein the filler includes ceramc filler.

39. A netwoaoofo3fmsm ng a polyneric article, the nmethodPcomseeiviongs23
conpressing a non-nelt processible polyneric material to forma green body;
sintering the green body in an inert atnosphere to forma sintered body;
and hat isostatic pressing (HP) the sintered body in an inert atnosphere

at a pressure Of"‘)mﬁ}lcth%@%fo%is@pofvﬂﬁﬁc mci &6@@§bﬁéﬂﬁsylbligé1e hot isostatic
pressing (H P) performed on the si &fere t hout substantl ally cooling
the sintered bod§™BFY8s? BPHPEI GG G’“lV*FFré” ’H’oiﬁf‘bff“ 151 1959, Wherein the
pressure s at |seastg e keSibody idin xra'rhﬁarna@bh@d f@fn a(shaa:irdmb&ﬁ)/ assherein the

2:‘ m(-':le;: nmg 3|93 aﬁ;‘twggt)gggwalsﬁ%% (tiﬁg’s‘rglg@tslr{mlflgd%o% i m: mar? %ﬁﬁg e"@ g a SRQ\?%;‘OIA’CY;_ geapeghOd
t enper ature of atickseakt r@00Cicapsy3it, E‘Theﬁtn@ﬁﬁoet“@fﬂ‘éiﬁiﬁrimf@gkdmm@re| n the

non- el t proces%lppuh%bpé%lx%ﬁ% R8BS Woli@GR: Bh&a doBy Bict @RAE0f 5 N/ g to 200
in/g. 44. A nethod of fornming a polyner article, the matﬁod conpri si ng:
15conpressi ng a non- rrel t processible polyneric material to forma green
body; si nteri ng 4th&hogreen shody 3b.wharinihgrdssat imasghliers. at a sintering
tenperature of at |east 200C within a vessel to forma sintered body; and
hot isostatic preSS| ng (HP) the si ntered body in an inert atnosphere at a
pressure of at |%éashe Bledp! dne °& Heat" Tredrirenrot Sy atctpeoF oat' | east
200C wi t hin the juessel. 2045. The nethod of claim44. Wierein the pressure

is at least 5 k.si. 46. The nethod of claim44, wherein the non-nelt
processi bl e polyneric material has a surface area in a range of 5 n2/g to
200 nR/ & 42. The raethod of claim 39, wherein the hot isostatic pressing (HIP) s performed at

a temperature of at least 200°C.

43. The method of claim 39, wherein the non-melt processible polymer has a surface

area in a range of 5 m*/g to 260 m*/g.

44. A method of forming a polymer article, the method comprising:

13 compressing a non-melf processible polymeric material to form a green body;
sintering the green body in an inert atmosphere at a sintering temperature of at least
200°C within a vessel to form a sintered body; and
hot isostatic pressing (HIP) the sintered body in an inert atmosphere at a pressure of

at least 3 kel and a heat treatment temperature of at least 200°C within the vessel,

20 45. The method of claim 44, wherein the pressure is at least 5 ksi

46. The method of claim 44, wherein the non-melf processibie polvroeic material

hias a surface area in a range of § m¥/g to 200 m'/g.

47. An article comprising a non-melt processible polymer, the article having a

specific gravity of at least 1.4 and a flexural performance of at least 5%.

[\
U

48. The article of claim 47, wherem the flexural performance is at least 10%.

49, The article of ¢latma 47, wherein the non-melt processible polymer has a melt

flow index value of not greater than 0.01 g/10min.



47. An article conprising a non-nelt processible polyner, the article
hayi ng a specific gravity of at least 1.4 and a flexural perfornmance of at
| east 5%wd248/03315¢ article of claim47, wherein the fl exurmsbkopprdses nance
is at least 10% 49. The article of claim47, wherein the non-nelt
processi bl e polyner has a nelt flow index value of not greater than 0.01
gl Omn. 50, The article of claim47, wherein the non-nelt processible

pol yner is sel e&be@hsfqmmotfls@nm“/o\%&qgﬂom&a}lp%%w@ E&Lxér@m&m
pol ybenzi m dazol es, beenzoxazole ol ybenzaoyl enebenzj m dazol e,

f1 uor opol yner, ﬁﬁpvg? Al ﬁﬁ%ﬁﬁ%ﬁ@ﬁ%JWbHPyé%t%TﬁmgﬁﬂkﬁﬁvV@ﬁﬁﬁﬁﬁﬁ%|on t her eof .
51. The arti cl e pohbanyionenobidebal fibroddyhd, pohavichgkaodensiciyy, éldange
relative to a S|nte&%d1&%t|%k$ formed of the same non-neit processible

pol ynmer of at | &5 195 "5 " The article of claim51 -herein the density
change is at least 2.5% 53. The article of claimb52, wherein the density

change is at |east t#%qiclc of any one of clai@47-55hRvi @&E L bekig Lﬁfng@-‘r}héh@r@a of clains

47-50, further conpris iller disperse t he 10non-nelt processible
pol yner siti {gr)cc amlvlrgf%om Vi[ of the same nonene it p‘“\)awbﬂlc pﬂymer of at feast 1%, P

. The article of claim 51, wherein the density change is at least 2.5%.
53. The article of clatm 52, wherein the density change is at least 4%.

54, The article of any one of clatms 47-30, further comprising a filier dispersed in the

10 non-melf processible polymer.
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