- Fiber or foil frompolyners with high Tg and process for their
manuf act ure CROSS REFERENCE TO RELATED APPLI CATI ONS The present

appl i cat iwo 20l0ai43®st he priority benefit to U S. provisi ecalepa@ploszsat i on No.
61/ 106, 177 filed on Cctober 17, 2008, the whole content of this
5application being herein |ncorporated b¥ reference for all purposes. The
present invention relates to a fiber oil conprising an optionally
functionalized polyner with a high Tg, in particular from pol ycondensat i on
polymers with hrgh Tg, and a process for their manufacture. The manufacture
of a hi gh el ongdtibawr fmbire iyg puith g T{ amd grbeesd Gfrohdiommgfa¢torehe
referred to also as "high tenaC|ty ), continuous fiber of a high Tg

pol ymer, for exanple of poly(aryl ether sulfone) in a solution spinning
process is extrenely difficult due to the material's propensity to form
weak, brittle and highly porous fibers. In fact, due to their high porosity
these materials are used as a conponent in nmenbranes. The known fibers are

however ext remel yCRIGSS R EFEABNCETGIRIAIA BEONIALIIOATAONS eak of < 10 % As a

result, these fibgrs cannot be .used for necessary I, post . processing
operations |ike wdhe ¥ PIRSCTA ABPSRtIEh Flalp thg priority et d St e SVSigRR, t he
production of aﬁpltaerl@n Nbommomm fileé bh rtb et g’m, ZDQS,OKhbm[eScdﬁyenﬂﬁfﬂnsext rusi on
is extrer’resly t he Eolyrrer Duri ng

i et S Shrifeafot bei Bk R e R I e el o B0 an cauce
t he pol yner vi sco§h¢ yreswtumene«alsmlmsatnaitﬁhcabt foil dormmmng dngptiandbs, this

even renders i:dr?ﬁ{)naﬁﬁ@&' @lghl%f Wi o ‘fgs 'u%gﬁn%ﬁ%lpﬁ& C%oﬂ&en@ét%

comercially rel evant uction ra oses a process for
t he product i onolamefwelaa@hdﬁg, %rldpﬁolpryaesylf@rdh%ﬁenmmrﬁ conprises wet spinning

a sol uti on consi STh@ﬁlaﬁ@fi@tﬁﬁd @MM Reph @hd@%}wwﬁgﬁtﬂnfe (imh@n organic

sol vent i oa uI onsr st t0.90% f the
oroantc <Ol velPRAEE bebe BRioggRoat hsh Bagly ?éerlanwsaﬁf?%# hign 1.
pol yaryl sul f opelyhgr, |faso<iautplleeobpmy(wﬁl bthehsudfons pinch sditioanpinnignprecdsbise. 1 n a

pref erred embadLRL uhbR ALIBTIAE nARLAPDbro B S EALPLIA T 8gPO! vrTer

concentration in sprnnrn on i r ans
30chl or of or m highdy, porewes ﬁ@?f& olnzfict%womﬂglmg)l PORSHY eheafbmﬁterlafStaefr ujedavi ng t he

coagul ating baf fcaRfhntht inemérhbtlaheé nfﬂehﬁlo%tﬁb%{’saérg ho&z@@ertegﬁr&ﬁg ipsitigUbj ect ed

to a str et ching treatnment, advant ageous 0 % |Vbl’ EOVEI’ t he

poI y(aryl sul W&hé}begeleﬁg%% abpeek PRI A Aéradﬁr%thrﬁe%er eymoppauseled on a

t %4bg vvlel ggforﬁll@béskd@ﬂibbﬂ @éﬂbﬁfc@is?fgmlﬁfatﬁﬁﬂﬂ(é’\ﬁlbfﬁng 51%%& thfb@dfngnfge of 1.6
0 n anp n or, a e rom

bi sphenol - A and 45&%11%?%%0%@8&%%%% ot i) R Se g B e B Bee of 14
m m n t hr oughpalyspisinemelt exmrmdmtlzl@ emrerhelgelsfﬁs@lt daerta the déaatret mtunentfdilea

coagul ation b

CHC13. After ?5 ggll%% Bgﬁng %%tﬂ%h %ﬁm@%ot}é@t atl ogrlll d%?‘ﬁ) aa{ggc&% %ers were

washed i 2t 4931b¢ﬂu5®ﬁ7g pbéxtrmﬁr\mmcnmmtoﬂncrwe dresnatically. by somedingarses.ghished by

200 % bet ween{apach@lrd ﬁbé&h@:ﬁi‘fé&urﬂ{% ighpbb b8 NdspsRfBAS hig) @ofbRedigHI scl osed
in GB1134961 of 1967 gre substanti a Iy porous” and 10very weak. Accordingly,

there was so fHTVaROPOEHTHANIHEF appl i cati on.
GB1134961 discloses a process for the production of threads of a

polyarylsulfone which comprises wet spinning a solution consisting essentially
25  ofa polyarylsulfone in an organic solvent into a coagulating bath consisting
of 5 to 90 % by volume of the organic solvent and 95 to 10 % by volume of a
liquid in which the polyarylsulfone is insoluble and with which said solvent is
miscible. In a preferred embodiment, the organic solvent is chloroform and the
polymer concentration in the spinning solution is 15 to 40 grams per 100 ml of
30  chloroform (i.e., ca. 9 to 21 % by weight). Preferably, after leaving the
coagulating bath and while still in the wet state, the thread is subjected to a
stretching treatment, advantageously by 100 to 300 %. Moreover, the poly(aryl

sulfone) spun has preferably a relative viscosity, measured on a 1 % by weight



DD 233385 Al relates to a process for the manufacture of porous pol yner
bodi es which are suitable as fiber-type products for use in the textile

i ndust ry,wbaniwdasrosanuf act ure of conposite material s or pCm/RrR@am63s72 t ubul ar
form as nenbranes. Porous pol yneric shaped objects are produced by

coagul ation of a 15polyner solution, preferentially of acrylonitrile

pol ymer or copol ymer, in which 1-60 weight % of the pol ymer are substituted
by an additive such that the finely dispersed additive is insoluble and
non-swel l able in the solvent and renmains in the shaped object. Polysul fones

are briefly ngabi@nRcdhidtofod® a@lsawafsmmsqﬁ tﬁmngé @f E6® 4bhan @xhmpithe tot al
concentration of the ddltlvgﬁa Em<¥n§ tion, is between 5-25
wei ght % wi t h? RGNS PahPol¥yNERHP Rtonmee Eompanh oA 8t n° des) gnat ed
concentrati on4gdf- dpxhllqraﬁph@tyd‘w@ﬂﬂné) W& dpon bhespeediodnl ﬁf/mﬁrﬂﬁou@hlaght %

| ndependent |y Olf nde eWLrtl?E(:) ?I‘IPICGS% ;an?n diahefd g?nt&' a u-mlon ba en[thQ@ ai ms_at
providing a t JEARGF pr ocess eg ure of porous
bodi es, whi chC(pmslsegsﬁOaVOthktm %mEtQPhemd Aechems baCHE e%ﬂ@tlwngsyst em of

25hol | ow s pac ng-loﬁg tn S ?ﬂe%?s @etfe'v@a‘,ashe(hﬁlvd Aﬂgcfﬁ g §$th por ous

| ayer and an é{]hacent S orous I ayer concengrlcal arrang
therewith, sandhfftost %rra%t '%f-%we@o%ﬁrﬁmhgql hy20&re P%WP%&févqmﬂlémtmng sai d

second porousaﬂ (ﬁﬂelrenggﬂsgdg sing a polymeric material, and vvherel n the pores

el are Soryht Ahed ot BRI R fLPe RLI ot oﬂregﬁﬁﬁﬂlﬁi%’?ﬂﬁ BRI i de,

pol yacr yl dni t vedyeyeagolAcedtdygby) eharowas sg'falnocmbnirnerq:la)ll applicatlondenef | uori de and

cellul ose esters oI mer
solution 1 was rgé)a%?&@g?ﬁ%lte% t&g%&oé\%’? ﬂ}r pol %ﬂ%ﬁre?lﬁpg ﬂi&?’%%? ; y
pol yet hyl ene §¢>£@whlcs@m Butablegs PUR-type ercmiwc aryse Sefiedexsde indest(B4oun) 6wt

% wat er and 4%162mélﬂufa@u’ﬁ"e TRbhY, oﬂ%rnﬁﬁéﬁé@&em(p%)or thdhlRAGE hON, a
honogeneous pol yner sol uti on a re ared by mi xing %

pol yet her sul f Bl§8bragigs.7Boggus %Wﬁﬁ@ﬁwe ¢ leé‘islaaf‘oPif@ a%&@ogaw%amm&ftaer. Bot h
Z?l ut i onsiner golgxdet std@@lorﬁpg@ﬂfﬁmq@ﬁyr%&m@u@bo@nfeubﬁcdpa-}mdrfﬂnce spi nner gt .
ter passi ng n | a the dou ent entered a
wat er bat h mgﬁécﬁﬁéggeggggé‘f%&P%ly%ka@ﬁpg%gumg%y an@%?fj ﬁ}ff%é%lt rel ates
to a hol | ow f fibely disprisedndditresisngsosubppard angswidlkablei inthd sotveneamf or cenment
ti t Enbodi t 1
preparation ﬁaﬁ%ﬁ melﬂéjslﬁﬁé @Bf‘tut 0 afs &rs%P%ﬁ&grﬁlgrgmgr@&e@th” odi men

on pages 22 a utlon y nelting

pol yether sul fispiessiog Oééhfw?@? ofHg apvﬂf\%@qaycqncwwat@othecﬂddazyﬁéyndas addi tive

't” g'g/g Xilﬁ‘_ v?&%&t {YsoRltidnNe bERBR5 28 vshpRt 9 REi LiERdtafitédibbRfhtipasf2, 000 cps
a . m X

and NVP was use ernal coaqul ati ng
Sol ution, andSEet %ﬁf‘a\ﬁﬁ59@1%%&190(\?&?%5&%%@@@%@aeqtdi&rle.lﬁgre BBport. The
spun undi | ut edf SQbutdigin %ﬁIfdiEpbeﬁlbﬂtﬂﬁafthe@ﬁgxdfé}iollﬁgeriohdcﬁltl@@ Tend t he
rei nf orci ng S%{) Otrlgne\ﬁere ) w&nﬁ ANEAT 1%/ 1cal Csr}r%r eqr éeos elr?lgl)l(& rnal
coagul ating so ation For RS B M XLure s P ' A
The di st ance béptweemquw whichpessss atid:rmhléy a)dtmﬁcriahicekb)agiaisaamt antfmbﬁti on
was 10 cmps ang 1Sa(;gg)erature of the coagulating tub was 30C. us
2006/ 0099414 A? ellates to functional porous fibers. Inits Exanple 2, a
pol ysul f one hol | oﬁ/Pflu BAro4lels! pisganss aditlsy hanias afigst hgrove layer ang #bl ysul f one

20( UDEL 3500) agjaebnikecond pbioudMalybr &fﬁc&!ﬁtrlc rra@ §d Ml"eﬂﬁkfiﬁld katd mydt peragne type
cati on-exchange resin. rrberl |1te | R-1 di Sp ersi.on was
et ruded £ hr olgH ST BTG 4F S O KON I SOPBEATE S 1 nto a
wat er bath (1felyBEyic Mxﬁrml,mlndsﬂlesapdreqiarmf@h:e:lawredre afheasspirmoaliigta at e was
0.35 mm 3y fluid. Preferred polymeric materials are polyethersulfone, polysulfone,
polyetherimide, polyimide, polyacrylonitrile, polyethylene-co-vinylalcohol,
polyvinylidenefluoride and cellulose esters.

In Example 1 of EP 1 627 941 A1l a homogenecous polymer solution 1 was
prepared by mixing 9.5 wt % poly(ether sulfone), 24 wt % polyethylene glycol,
35 45wt %PVP, 6.8 wt % dry Sepharose FF (34 um), 6wt % water and 49.2 wt %

N-methyl pyrrolidone (NMP). In addition, a homogeneous polymer solution 2



25US 6, 248, 267 Bl relates to a nethod for manufacturing a fibril system

fiber, wherein a polynmer solution, in which a nmacronol ecul ar pol yner having
a filmfowoizog/abiosity is dissolved in a solvent (for erammPeoOb3s(Et her

sul fone), see Exanple 40, in colums 41 and 42), is extruded into a m xing
cell via a spinneret orifice, and sinultaneously, a coagul ating agent fluid
in a gas chase of 30 the macronol ecul ar- ol yner is sprayed into the m xi ng
cell so as to flowin the direction of the axis of discharge of the polyner
sol ution, the nmacronol ecul ar pol ynmer coagul ates within the m xing cell and

fibril systemghj Bﬁzﬁ)ﬁre@; nﬁlﬂfﬂgeldi wt % polyeesRéi®nt, Wﬂi \R}U‘V@ﬁ%@hﬁt t errpt s, it
is however still rob oduti3 ﬁolutlon SE ers fron1 gh Tg
fly |1BY

pol yners, forPEQ%meﬁaP ‘%%ﬁy%% APtons YT SH“TH%¥°Q
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strength and 98"‘613 }age SC&EOnnn g%% l%1rteelr %ﬁa Wth]eFi‘r b%ﬁ]twheré p%asg%epar flonf 130K t €

manuf acture o spun SHHRVECTH general no
| onger any replaté.ve groups, for exanple hydroxyl or am no groups. An
obj ect of the pr eWbyo@VﬁﬁAP%l%s %oha?ﬁcﬁfo% fibdrOndth mﬁr‘éheﬂﬁaﬁng é@?&nﬁ@d/ or

foil, as well as a process for their panufacture iC 0 overcone

t hese 5probl effgterial for rqiﬁf@fﬁ@ﬁélﬁtnrﬁwr%tmé PrOAdesSPICESt fornsepagapdha a
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sol ution Conpg(%lﬁgl 3%2 W@%}Q aﬁf%S% A%}nxﬂﬁgﬁg(}v%g!r Xrﬁff\ﬂ\*f@vﬁg us%% a\éwthe % nore

preferably at based upon e solution, of the
pol ymer, and &ternglaopgulating solwgonparskld Up(drﬁwtvelstwm Yyiin) wis uspéasol uti on, of

at |east one hah@ESHs fupB6rtOMERTHEm &RiVMRALkokEbY, thOintéhs! &QQMQ{%{ 15( bb)
pushing the solutlon a nozzle ; and (cc) |ntro ucin E%e sol ution

roug
into a coagul SRR BH H*ecrs TEigR agpport e symyltaneeusdy digehargsdgaithe (L1) in
whi ch t helyol yseinal eoalgaﬁahglbdlamoxam wiidh Omalthig ofe@2dr anl NMRStas @Q8&l. or gani ¢

I t (S2) f i dent I diff t f t.h
sol vent (Si), to fOr ARG Bt R apince ddhe for] i AHESTETT . 58 sed
her ei n have tmmbéOpnmembﬁeﬁedmﬂﬁnadﬁyhe@ﬁ@pbﬁnggMywashBCkern1 ‘fiber”
relates to all noy %06)%9 AF:)4”APP&at {050 t%%aﬁxﬂd?o%J‘@o %éjlllnq El&n{}\;ge pe

referred to also as "l engt si gni cant cee e ot

di mensi ons. Peepbpaling hoflpw fibsy was prqﬁé@ed @h@w‘é@gég Wit ngdysuierei n 25t he

| engt h exgeedsubhe jS@Opﬁﬁitm&h?ﬂﬂ%htWBOV\W%Sﬁi stwénwl vy 1Berdz88d Qpe Of at | east
10, preferably of at least .1

of at |east 10000, and
most  pr ef er abF3HOByeXghgngedgHn Q?YYIFGQ%TE@ 8%\@”@03‘96 dlspem?ﬁévatsgm&qq ber" as
used herei n shablgh mmlbuﬁieoﬂﬁ&ssptmewdoﬂmﬂlzlloa’mdflmer(snmiybﬁte@v&eartert he fibers
and hol | ow fi ntain, severa not . 30a|| | ayers
conprise the gtF3H2?§#50n1§eRmm a““@Pﬁ%ﬁ“m¢lﬁﬁe%%%“ KPS have no core in
the strict sen@@035mwnnasenble a f0|I mhereln the two ends are connected to

each otheys The ! ek 3ACIE BARIHECH hfétﬁb@fo%hﬁalduf&chuﬁl LEAR syQehahe core of

a massive flber as we e core o ayer co igh Tg
pol ymer in a Hben, qupbfépol@meésql@qlqn in which a macromo ecular po yrner having a

film forming ability is dissolved in a solvent (for example poly(ether sulfone),
see Example 40, in columns 41 and 42), is extruded into a mixing cell via a
spinneret orifice, and simultancously, a coagulating agent fluid in a gas chase of

30  the macromolecular polymer is sprayed into the mixing cell so as to flow in the
direction of the axis of discharge of the polymer solution, the macromolecular
polymer coagulates within the mixing cell and fibril system fibers are formed.

Despite these numerous attempts, it is however still a problem to produce

solution spun fibers from high T, polymers, for example from poly(aryl ether

35  sulfones) in that these polymers generally produce weak, brittle fibers, as

evidenced by their low strength and low elongation at break. The same is true



35Accordingly, the term"foil" as used herein shall enconpass all noul ds
wherein two dinensions are significantly larger than the remaining third -
5 - di mrenspanio(a4bm®st hi rd di nensi on being referred to al soTaP20hs3sRNESS™) .
Thus, the termfoil includes a film sheet, and | am nate. The foil can be
even or uneven. Moreover, the foil can conprise nore than one |ayer. The
pol ymer to be used in the process, and the fiber or foil of the present 5
invention is at |east one optionally functionalized polymer with a high Tg
(gl ass tenperature) selected fromthe group consisting of poly(aryl ether

sul fone) (PAER)thPRbdi e SHHRY, @@E&%ﬂer%ﬁﬁtﬁ@el@?ﬁn ﬁb&giﬁ%‘j]&m%é%%%rgs?e' .
er. sul fone . For

Anmong these, the preferred. polyner.is poly(aryl
the purpose of®® {48 Wéﬁ%thﬁ,grélpﬁoﬁowﬁaf}wlg,&yr#ﬁwﬁm YBHGERWS| nt ended t o
10denot e any pol yAmrabjgeothalpreseat ipednyioandtsdsre to pfovidel :cfibermané/ot feh) 50 wt .

% of the recur(ing, unbls Iy EEULLLAL RS (R) BlovEnRlper e formil ae
contai ning at Teast ohe arylené group, af least one ether grodp (-0-) and
at | east one gudblasme group [-S(=0)2-]. Non limtative exanpl es of

p0| y( ar yI et her S‘Fhé %@ﬂt‘?ot@tﬁlﬁs ?l?lv)ﬁ%?fnsa ﬁfst ?glﬂe&ha %%E@E ?oﬁtﬁ?ﬂlg?&a%re % up to

100 wt. % of the recurring units are recurring units (R3 ormula (A)
and/ or (B) : ofofipenqr fpil cgmpusing & Ipast pngopfiqually funclipesaligedpelypst withias a
group chosen ajpang stietell BlohOide oo douSibEESt poly(aryl efher sulfone) (PAES),
poly(aryl ether ketone) (PAEK) and aromatic polyimide, comprising the steps of
10 (aa) providing a solution comprising at least 45 wt. %, preferably at least
48 wt. %, more preferably at least 50 wt. %, based upon the weight of the
solution, of the polymer, and at least 20 wt. %, based upon the weight of
the solution, of at least one halogen-free organic solvent (S1) for the
polymer ;
15  (bb) pushing the solution through a nozzle ;
and
(cc) introducing the solution into a coagulation bath comprising
(ccl) at least one liquid (L1) in which the polymer is insoluble, and optionally
(cc2) at least one organic solvent (S2) for the polymer, identical to or different
20 from the organic solvent (S1), to form a fiber or foil.
The terms “fiber” and “foil” as used herein have to be interpreted broadly.
Accordingly, the term “fiber” relates to all moulds, wherein one dimension
(in the following to be referred to also as “length”) significantly exceeds the
other two dimensions. Preferably, the term “fiber” encompasses moulds wherein
25  the length exceeds the largest dimension vertical to it by a factor of at least 10,
preferably of at least 100, even more preferably of at least 10000, and most
preferably by a factor of at least 1,000,000.
The term “fiber” as used herein shall include massive and hollow fibers.
Moreover the fibers and hollow fibers may contain several layers of which not
30  all layers comprise the polymer from a high T, polymer. Hollow fibers have no
core in the strict sense, but resemble a foil wherein the two ends are connected to
cach other. The term “core” as used herein shall thus refer to the core of a
massive fiber as well as the core of a layer comprising the high T, polymer in a
hollow fiber or a foil.
35 Accordingly, the term “foil” as used herein shall encompass all moulds

wherein two dimensions are significantly larger than the remaining third



+C1 H2 -1 nwithn=integer froml to 6, or an aliphatic dival ent group,
| i near or branched, of up to 6 carbon atons ; and m xtures thereof; 10- Ar
i s a growwochowasroanong the follow ng structures : -7 PCREPROOROBESTNG :
CF3CH3 0O +Hn

-5-

dimension (the third dimension being referred to also as “thickness”). Thus, the
term foil includes a film, sheet, and laminate. The foil can be even or uneven.
Moreover, the foil can comprise more than one layer.
The polymer to be used in the process, and the fiber or foil of the present
5  invention is at least one optionally functionalized polymer with a high T,
(glass temperature) selected from the group consisting of poly(aryl ether
sulfone) (PAES), poly(aryl ether ketone) (PAEK) and aromatic polyimide.
Among these, the preferred polymer is poly(aryl ether sulfone) (PAES).
For the purpose of the invention, a poly(aryl ether sulfone) is intended to
10 denote any polymer, generally a polycondensate, of which more than 50 wt. % of
the recurring units are recurring units (R3) of one or more formulae containing at
least one arylene group, at least one ether group (—O-) and at least one sulfone
group [-S(=0)>-].
Non limitative examples of poly(aryl ether sulfone)s are polymers of which
15  more than 50 wt. %, up to 100 wt. %, of the recurring units are recurring
units (R3) of formula (A) and/or (B) :

9 9
owe{pf O
@) @) (A)
9
e O
© (B)

wherein :

— Q is a group chosen among the following structures :

%}



H2 -HCF2H171 HCF jC3 5 with n =integer from1l to 6, or an

al i phatic divalent group, |linear or branched, of 5up to 6 carbon atons ;
and m xt wexotomasmef; - Ar' is a group chosen anong t hePColEPRM9NGEST72
structures : with R being : CF3

-6-

|
~

with R being :
CF,  CH,
I | g H o)
| B -
¢cF,  oH, & ¢ P

-
with n = integer from 1 to 6, or an aliphatic divalent group, linear or branched, of
up to 6 carbon atoms ;

and mixtures thereof ;

— Ar is a group chosen among the following structures :

@
Oo@,
s @ {H{%

O-O0to-0O-
O—C- <O

15 , »



0O +Hn H2 -HCF2H171 CF3 with n =integer froml to 6, or
an aliphatic divalent group, |linear or branched, of 15up to 6 carbon atons
;and nm Xworer/bmseof . Anong such pol yners, it canPog/Epasmiocisiar |y
cited polyners of which nore than 50 wt. % up to 100 wt. % of the
recurring units are recurring units of one or nore of formulae (C, (D),
(E) and (F) : (C (D) (E) (F) 5Pol ymers’conpri sing mor e than 50 wt. % of
recurring units of fornula (C) are commonly known as "pol yphenyl sul f ones™
and are commercially avail able notably from SO.VAY ADVANCED POLYMERS,

L.L.C. as RADEL(r ol y(ar her sul fone)s.

with R being :
CF, |CH3

|
|cn=3 éH3 /c\ J]\ —+cr JVCﬁL

2

with n = integer from 1 to 6, or an ahphatlc dlvalent group, hnear or branched, of
5  upto 6 carbon atoms ;
and mixtures thereof ;

— Ar’ is a group chosen among the following structures :

—O- <~
O- O
nYanVa

with R being :
CF,

ﬁ ' p e ey ThR

withn = 1nteger from 1 to 6, or an ahphatlc dlvalent group, linear or branched, of

Oo=un=0

A

10

15  upto 6 carbon atoms ;
and mixtures thereof.
Among such polymers, it can be particularly cited polymers of which more
than 50 wt. %, up to 100 wt. %, of the recurring units are recurring units of one
or more of formulae (C), (D), (E) and (F) :



Pol ymers conprising nore than 50 wt. % of recurring units of formula (D)
10are commonly known as "pol yet heret hersul fones”. Polyners conprising nore
t han 50 wwo 2940af43T06curring units of fornula (E) are comromiBp260006357AS

pol yet hersul fones and are commercially avail abl e notably from SOLVAY
ADVANCED POLYMERS, L.L.C as RADEL(r) A poly(aryl ether sulfone)s.

15Pol yners conprising nore than 50 wt. 9 of recurring units of fornula (F)
are commonly known as "bi sphenol A pol ysul fones" (or just "polysul fones")
and are commercially avail able notably from SO_VAY ADVANCED POLYMERS,
L.L.C. as UDEL(r). nONposi t ien nayfFontn;- one and only one
poly(aryl ether_gQ Al trer e Ly.SLh ner conposition may
contain two or nore Y er sul S 6%3) Oor exanple, it may
contain at | east one polyphenyTsul fone and at Kkast one polysulfogg, or at
| east one pol yphenyl sul fone and at |eagt one polyethersul fone. Th

poly(aryl ether sulfg (P3) cam De pflepa y any net hod. Methods 25wel |
known in the artCaré ge— st oo
. 4,108,837 and 4, 175275, the Whole c

Dt Nos. 3, 634, 355; 4,008, 203
: f which is herein
i ncorporated by reference. -9 Enbodi nént (El) In a certain @wbodi nent
(El') of the present on, ! ne) (P3) is a
pol y(bi phenyl gkﬂ- sent invention, a
pol y(bi phenyl e
than 50 wt. % of the s (R3) of e or
nore formul ae containing at X at ast one
ether group (-0-) ang =@ 3 ) -]. 10Recurring
units (R3) are—ppefé ag 0 general type :

wherein Rl through ?4 e -0- , , , ¢ proviso that at
| east one of Rl through R4 ﬁgg-SOZ- and at Teast bhe of Rl througgFFM i's
-0- ; Arl, Ar2 and Ar3 are arylene groups containing 6 to 24 carb ﬁ at ons,

and are proef er abl Jolynsmytoansisslg poisit Werte of regnding uaie obfozmaled (i t her 0
or 1. Mre prefcbathohly kEGwE b 9D 1HPhchPskIRRks’ 84l £86SRMcEdiAR available

notably from SOLVAY ADVANCED POLYMERS, L.L.C. as RADEL" R

poly(aryl ether sulfone)s.

Polymers comprising more than 50 wt. % of recurring units of formula (D)

10 are commonly known as “polyetherethersulfones”.

Polymers comprising more than 50 wt. % of recurring units of formula (E)
are commonly known as polyethersulfones and are commercially available
notably from SOLVAY ADVANCED POLYMERS, L.L.C. as RADEL" A
poly(aryl ether sulfone)s.

15 Polymers comprising more than 50 wt. % of recurring units of formula (F)
are commonly known as “bisphenol A polysulfones” (or just “polysulfones™) and
are commercially available notably from SOLVAY ADVANCED POLYMERS,
L.L.C. as UDEL".

The polymer composition may contain one and only one poly(aryl ether

20  sulfone) (P3). Alternatively, the polymer composition may contain two or more
poly(aryl ether sulfone)s (P3) ; for example, it may contain at least one
polyphenylsulfone and at least one polysulfone, or at least one
polyphenylsulfone and at least one polyethersulfone.

The poly(aryl ether sulfone) (P3) can be prepared by any method. Methods

25 well known in the art are those described in U.S. Pat. Nos. 3,634,355 ;

4,008,203 ; 4,108,837 and 4,175,175, the whole content of which is herein

incorporated by reference.



- 10 - (L) and mxtures thereof. Still nore preferably, recurring units
(R3) are chosen fromand m xtures thereof. For the purpose of the present

i nvent i orwoaofREsyopol yner is intended to denote any pol POEEPeFIMGISCHh nore
than 50 wt. % of the recurring units are recurring units (R3) of formula
(H). 10The pol y(bi phenyl ether sulfone) nmay be notably a honmopol yner or a
copol yner such as a random or bl ock copo?ynmer. Wen the pol y(bi phenyl ether
sulfone) is a copolymer, its recurring units nmay notably be conposed of (i)
recurring units (R3) of at |east two different fornulae chosen from
formulae (H) Embolmen®(E( i) recurring units (R3) of one or nore fornulae
(H to (L) and 15 ecurrin different fro ecurring units
(R3), such as : Inggey aﬂﬁ%Pﬂ?%@%@éefthe@mﬁ?@ﬂemﬂpp%P@ly{q% 90 wt. %
and nore prefem@bhu&nan@3bﬁanxﬂﬂbmmmW%aﬂmkmmMm¢curr|ng units of the

pol y(bi phenyl eth n r.rin n

preferably, all t er tilg urr’ ?%%ﬁégp{e%&l% m‘feﬁlgO% 3150?56(1%{;%%%% etthetr ﬁuﬁmneﬁ fone) are
recurri ng uni tngerd@d o denote a polymexgiewhightmare thantse wiebeofdhe edcnathgwings t he

pol y( bi phenyl ,eat , pol yner of

whi ch al | them%ggﬁ{r??%hﬁl% @ wg%@%?ng’? ilbl_dﬂglgér)ﬁuﬂhﬁﬂ’ﬁ%at leadt On@(r) R
polyphenylsulpdﬁ@nX?QﬁEQQIV%X ADVANCED POLYMERS, L.L.C. is an exanple of a
PPSU honopolyner R pon(blphenyI et her sul fone) can be prepared by

any met hod. s ; in the art are those described in U S. Pat.
Nos. 3, 634, 355 ; “54, 008 3y 4 108, 837 and 4 175,175, the whole content of

which is herein incorporated ref dlnent
atnleast one Qt%er group (=O-) ang Peast one sul one group [( E% 0),-].
10 Recurring units (R3) are preferably of one ore more formulae of the
general type :

v Arye—R il AT R 3k,

15 — (G)
wherein R; through R4 are —O-, -SO;-, -S-, -CO-,
with the proviso that at least one of R; through R4 is —SO,- and at least one of R,
through R4 is —O- ; Ary, Ar; and Ars are arylene groups containing 6
to 24 carbon atoms, and are preferably phenylene or p-biphenylene ; and a and b
20  are either O or 1.
More preferably, recurring units (R3) are chosen from

25



In a certain enbodi nent (E2) of the present invention, the poly(aryl ether
sul fone) is a polysul fone. For the purpose of the present invention, a

pol ysul f one 200v@3ioat ended t o denote any pol ynmer of whi cirCcrmpeomhess750 wt. %
of the recurring units are recurring units (R3) of one or nore formnul ae
containing at |east one ether group (-0-), at |east one sulfone group

(-SO2-) et at |least one group as shown H@reafter . 15Preferably, recurring
units (R3) are chosen from and m xtures thereof. Very preferably,
recurring units (R2) are The polysulfone may notably be a

honmopol ymer, PO yner """" ndon1 copo en t he
pol ysul fone i s—g} ) ﬁé%mﬁ <ecu un| nay nposed of
(i) recurring uQnRLs: (RS) or mu Vas bne hand,

recurring units (R3) of at |east one of fornulas (h@ and (N) an@ﬂ on the
ot her hand, rgglhidtingsuiirdes (R3*), different fron1recurring units (R3),
such as : band ures t of . Pr ef nore_than 90 wt. 9% and
more preferably %P@nt%%ﬁregﬁg@v regyIEPS UARS f%ﬁ&r TOgSUEPES of the

pol ysul fone are r referably, all the
recurring units units (R3). The nost
preferred pol recurring 10units are

recurring unitsi( : .8 Ysul f one honDpol%ﬂpr is
not ably commercial ized b ,SCLVAY ADVANCED PCLYNERS L.L. C. under

trademar k UDEL(§{)s Ewba ”“rnt ( 37‘ 15In° & ¢ rt ATy enbodl ) of the
present i nventipR, yel gl-s ﬁh Ifo is eth FQEEfone

t he purpose of " ese ‘|nve n, th&[sé fone ded to
denote any pol ymer of which nore t han 50 w. %of the recurring udiks are

recurring uni bgd £B3Yre@thekarmul a

For the purpose of the present invention, a PPSU polymer is intended to

denote any polymer of which more than 50 wt. % of the recurring units are
recurring units (R3) of formula (H).

10 The poly(biphenyl ether sulfone) may be notably a homopolymer or a
copolymer such as a random or block copolymer. When the poly(biphenyl ether
sulfone) is a copolymer, its recurring units may notably be composed of (i)
recurring units (R3) of at least two different formulae chosen from formulae (H)
to (L), or (ii) recurring units (R3) of one or more formulae (H) to (L) and

15  recurring units (R3*), different from recurring units (R3), such as :

®)

(L)

(M)

and mixtures thereof.
20 Preferably more than 90 wt. %, and more preferably more than 95 wt. % of

the recurring units of the poly(biphenyl ether sulfone) are recurring units (R3).

Still more preferably, all the recurring units of the poly(biphenyl ether sulfone)
are recurring units (R3).
Excellent results were obtained when the poly(biphenyl ether sulfone) was

25  a PPSU homopolymer, i.e. a polymer of which all the recurring units are of



00 I I 55 2000(9S) The pol yet hersul fone nmay be notably a honopol yner, or
a copol yner such as a random or a bl ock copol yner. Wen the

pol yet herwolzbmma3ios a copol ynmer, its recurring units arecadranmbagsously a
m x of recurring units (R3) of fornmula (S) and of recurring units (R3*),
different fromrecurring units (R3), 25such as : 5and mixtures thereof.
Preferably, the polyethersulfone is a hddopolymer, or it is a copolyner the
recurring units of which are a m x conposed of recurring units (R3) of
formula (S) and of recurring units (R3*) of formula (T), or it can also be

a mx of the Rﬁﬁﬂmﬁ@g|}Q§DEE@RnQﬂﬂﬂ@h IEfordTEbhre Speyaer . 10SOLVAY ADVANCED

POLYMERS, L. L. a her s nes under the

t rademar k RAU§§Y§§@£EE§@§S%i@§§ E&?“”‘ex%mﬁ%pé%géé hemg ‘hent (E4) of
the present invenThepoely(tighcnel @t(larsyllfoﬁé)h:&ﬁ bs pldpairee)byiasy ancthod. Methods

POy ot e Sl aRg in SRR ark By HRARR Bl S PP S hsent T o

polylnldoethersul one is’intende efiot i’ch at Ieast 5
w. % of the ﬂé)@&ﬁﬂﬁ nd. 10888 % and &,17 24 U9, rthmghqlmcpste(lﬁﬁ)wluch fsdreramha (X), ()

and/ or (2), CBﬁRﬁﬁé@ fgkﬁ%% 00 .01 | (X) wherein : (YY) and (2

are the amc ac forns correspondlng to the imde form(X) ; the ->
denot es i someEmbedarent (B i n any recurring unit the groups to which the

Sarrows point MyLext&taiRSmBOMMBNIE2) Bf 4B prddb@rif g s he @iyl droiether Ar"
I's chosen amnl%fgng)elsfaoﬂollyswlfn fe. SlgorL%ﬁé lpjlgr?)gse. of the present invention, a polysulfone
10  isintended to denote any polymer of which more than 50 wt. % of the recurring
units are recurring units (R3) of one or more formulae containing at least one

ether group (—O-), at least one sulfone group (—-SO,—) et at least one group as
shown hereafter :

OO
15 Preferably, recurring units (R3) are chosen from

CH, 9
OO0
CH, o)

CH,

M)
CH, (I? (I?
paVanVaaWs s WaWssUs
CH, o) o) ™)
and mixtures thereof.
Very preferably, recurring units (R2) are
CH, (lJl
sadenlas@s aWe
20 €H, © M),

The polysulfone may notably be a homopolymer, a copolymer such as a
random or block copolymer. When the polysulfone is a copolymer, its recurring
units may notably be composed of (i) recurring units (R3) of formulas (M)
and (N), or
25 (i) onone hand, recurring units (R3) of at least one of formulas (M) and (N),
and, on the other hand, recurring units (R3*), different from recurring
units (R3), such as :



R wth the |inking groups being in ortho, nmeta or para position and R

bei ng a hydrogen atom or an al kyl radical conprising from1l to 6 carbon
atons, wiwb2RaBTMg an al i phatic divalent group of up t®@Cé/EPasiOm3saL ONE,
such as nethyl ene, ethylene, isopropylene and the |ike, and m xtures
thereof. 15Preferably nore than 50 wt. % and nore preferably nore than 90
wt. %of the recurring units of the polyini doet hersul fone are recurring
units (R3). Still nore preferably, all the recurring units of the

pol yi m doet hersul fone are recurring units (R3). The poly(aryl ether

sul fones) whi chyap he p#=esent+ 20i nventi on nmay be

sed acgesdi ng ta
prepared by var tJ;}?(a)d far exe e e s0-called carbonate nethod.
he pRpcegs 1 sYycontudt edf/by €ontacting substantially
: | ea . o3

General |l y descr

equi nol ar anmounts * at one aromati c*bi'shydf oxy nononer, e.@) 4-4'

bi sphenol A, 4-4' i, S, 4, 4" -bi d at I%@{ ong - 15 -

di hal odi aryl sul ' V. il or odi phgnyl sul f oney %

4,4' -difl uorodi #8ul f gne” & FK Th frﬁ' ms%’rﬁ“%t J.T‘“S‘\’iﬁ about 1.1
nol e, preferabl m abotit 1.0 0 about™+1 , hor e-prefer

: bglp from
about 1.05 to about 1.3 nole of an alkgali netal carbonate, preferably

pot assi um car b_cw@r;@;@;@g@g.@p. The conponents are
general |y dissol vedzor lldi sed $ol m xture conprising a polar

aprotic sol vent toget h& with a sol venf which forns an azeotrope @xh

wat er, whereby wat g or e zﬁ byproduct during the polynerization my be

renoved by az%‘t@ﬁnuousl y 10t hr oughout the

pol ymeri zati on. he p r &protit solvents enployed are thosg{

generally known in the art and wi dely used for the manufacture of p)ol y(aryl

et her sul foned)d megpregheignfe  the sul fur-contai ning sol vents known and

aﬁner i cal |hy dei clr PReablp ridie tianto0ast. d@ig?&ﬂioripﬂef@mlsiﬂfog@ﬂﬁn@ﬁ&iftk% @fu: f gnes
erein the alky r.oups. cont ai romlto n.at ons, including

Cyel i al kyl | e rse Bae Thins 80y &g 2t Sehmnedn e SEHERE,  use i n t he

manuf act ur e oprebohhlf aall/the e¢duennsulifsa de) polBpdfond arcabduyrin@omitsg R3he

sul fur-containi ng S : . of this

nvent] on are i maEpol T e aoTRERR i bRy of MR ARA R0

di et hyl sul oxpaigs argresuryigsuiis §Ré) ofdormselpr opyl sul f one,

20t et r ahydr ot hi ophene- 1, 1c;q13i oxi de (commonl ypocal |l ed tetranethyl ene sul fone

or sul fol ane) ar 0 hsne ngxi 0 i t rogen-contai ni ng pol ar
”? di_n¥t hyl aget am de, pt hyl f or mram de and
ol7dinone and th€ |ike have been di sckpged in

aprotic solvents, i di
N- et hyl - pyrrol i di none py¢% '
the art for use in these processes, and may also be found useful ‘in the
pr aczl ce of E he Zgﬁéﬁﬁtfl?sdlﬁ\ﬁ@'ﬁbmﬁﬁ?lymer is nB%lféHdrMI?BﬁciaHiB_@d b or m;t ﬁn t
azeotrope w r e e selected to he i respec
to the rmnorregogg}rﬁ)e%ﬁ&‘{é}]m E@i&iﬂ\dé%golricé'%reﬁk}? Fra%mggwgﬁ%osed and
descri bed i n EhdodinicnagEXUi t abl e for use in such polynerization processes
i ncl ude ayomatic drocar bons,.suc nzene,. .30t ol uene | en
et hyl bengbne. chi BV ERaFLAERSHRHEE PREOHRRE kPR TRE peltiriher
sol vent and petlémeapragalyctiassuttomt. are typically enployed in a weight ratio
of from about 1:1@.,t t af graktion ARAUfode R it Qyt 1:1.

0 Il%lllip‘?t %kfeo% He pride Rf@l@t&%,tﬁg%e%{éﬁ orle R ikt QY

Cenerally, after an eat -up period, t| erature of the reaction
35nmi xture wi | Aensée i pRlEnARf Wchmozhihan 89 wir ‘Grafdkoiscutivg@nityatghout 250C,

recurring units (R3) of formula

20 - E O@E (S)

The polyethersulfone may be notably a homopolymer, or a copolymer such
as a random or a block copolymer. When the polyethersulfone is a copolymer,
its recurring units are advantageously a mix of recurring units (R3) of
formula (S) and of recurring units (R3%*), different from recurring units (R3),

25 such as :



preferably from about 200C to about 230C, still nore preferably from- 16 -
about 200C to about 225C for about 0.5 to 3 hours. Typically, if the
reacti on we 20mmdsmsed at at nospheric pressure, the boil iPog/EPeow@sETUr € Of
the solvent selected usually limts the tenperature of the reaction.

The reaction may be conveniently carried out in an inert atnosphere, e.g.,
5nitrogen, at atnospheric pressure, altHdugh hi gher or |ower pressures may
al so be used. It is essential that the reaction medi um be nai ntai ned
substantial |l y anhydrous durlng the polycondensatlon Wi | e anmounts of water

up to about onegp nt, J= han 0.5 percent by weight, can
be tol erated, ang (p‘ Ci A npl oyed wth fluorinated
di hal obenzenoi d c‘}\onp un s m) ints §f <Y bst ntially greater than this
are desirably avorded as theTeactic ater wi-th the hal o conpgpnd | eads
to formati on of ,phenol i gu. peC| e d | ow al Wei ghles rodupts are

obt ai ned. Subs_:_t____ i ak Ay d S Orlgl tfons my be conyeni ntl_y_ mai nt ai ned
during the pol yidyi z# 5 y \(enév“n*g Wat g ont~ nUGUY) y #romthe

reacti on mass wkt ‘ ‘

' trop or m ng—st At~ as an ot r )In t he
preferred pr ocedur subst |aldy of the azeotrope-formng sg{vent

for exanple, @g@u m@mved by distillation as an azeotrope
with the vvater v::.s int ti | eaving a sol ution conprising the

poly(aryl ether sulfone) pr oduct di ssol ved | n the pol ar 20aproti c(Mol vent .

Sonetines, after /' e‘\ t been attai ned, the
@ : -. ability. Generally
5 ea e aromatic hallde or an

pol ymer is end O

the endcapping is ateehp T

al i phatic halide such as met hyl chloride, benzyl chloride or the Wke to

t he pol yneri zaﬁd@tﬁktﬂl‘émhetrwfe converti ng any termnal hydr oxyI gr oups |nto

ether groups. In Pt abllStha SRR rs ﬁttl)el a,r1‘1‘3r110I S}y'nWreonrtl Ona0 élyrner

excess hydroxyl grou% P’b 8?88’3 &R P EAct Ve 6’8 er St CR present

invention it r@upngflentsefﬂwm@hwseamlxeamposaé otﬁmqartmgunﬁaéR@bd)fy(ar yl et her

sulfone) is s FHe, y
ofﬁe&%ﬁg%ﬁltpg%ﬁ%?&lﬁm dattt)l %ﬁk s Widet

enpl oyed int coagu vent evaporation
and the |ike. therpr@\ﬁeu%‘aﬁltqdchﬂr%nmba%eé agfl capqlgaet i ve pol yner t he recovery

met hod mlJf-U avoi dsoewﬁnr @QDWJ&N@WP?LEME\HSFELtG%oBﬁhéfaiﬁﬁzééﬂvlah_oﬁseaCt -

ol yor 1 ohot PBRCREEURCOG i FHIHTLRAIEL of-t he bl shydr oxy monomer
35The at | easEnﬁmélrmMIMDal |y functionalized polymer with a high Tg which
%17 et one) ( PREA nﬁ*%%lfﬁgé Lot PR S el 2 % e
"pol y(aryl et nelgonlebtsm)lyml@qthnr gd to denote any pol ymer of which nore
than 50 ws % of FB'IethE‘foﬁH{oEé S'ch\b,'\gfetsént‘%ﬁ@enﬁ%lé%dlﬂﬁn&ﬁ@tﬁe?s&i@%% jconprising at

| east one car bony roup in-b two arylene s, sald recurring
units (R2) beilﬁ?jldéfl ﬁ@owewﬁmer@twtuﬁaat tsﬁttéthng{ PIhFIACHENE WHERE n ¢ Ar
i s i ndependentdcyirrtngding(RBf oo H®b (X), (¥ bbdtbr &) @%@esént@memwnyl ene,

bi phenyl ene or aaht hyl ene, X is |ndepende(5|tly 0, C(=0) or a direct bond,
15n is an integeryof fromO to 3
II
—N < > I < >
@)
(X
)

=0

OZU\

L CQ“@

(Y)



b, ¢, d and e are O or 1, ais an integer of 1 to 4, and preferably, d is O
when b is 1. Recurring units (R2) may notably be chosen from anong : 20
(V1) woD910/04370and Preferably, recurring units (R2) par@&redosess7irom
among : 5 0 and (MI'l) 10For the purpose of the present invention, a
pol yet heret herketone is intended to denote any pol yner of which nore than
50 wt. % of the recurring units are recddring units (R2) of fornula (VII).
Preferably nore than 70 wt. % and nore preferably nore than 85 wt. % of
the recurring units of the poly(aryl ether ketone) (P2) are recurring units
(R2). 15Still preferably, essentiallyall the recurring units of the
o,

nor
pol y(aryl 0 o
N SAr! s I
: ]
O

HOO COOH @)

wherein :

— (Y) and (Z) are the amic acid forms corresponding to the imide form (X) ;

— the — denotes isomerism so that in any recurring unit the groups to which the
5 arrows point may exist as shown or in an interchanged position ;

— Ar” is chosen among the following structures :

R [l
with the linking groups being in ortho, meta or para position and R’ being a

hydrogen atom or an alkyl radical comprising from 1 to 6 carbon atoms ,

OO

with R being an aliphatic divalent group of up to 6 carbon atoms, such as

10

o

Oo=n

methylene, ethylene, isopropylene and the like, and mixtures thereof.

15 Preferably more than 50 wt. %, and more preferably more than 90 wt. % of
the recurring units of the polyimidoethersulfone are recurring units (R3). Still
more preferably, all the recurring units of the polyimidoethersulfone are
recurring units (R3).

The poly(aryl ether sulfones) which are used according to the present

20  invention may be prepared by various methods, for example by the so-called
carbonate method. Generally described, the process is conducted by contacting
substantially equimolar amounts of at least one aromatic bishydroxy monomer,

e.g. 4-4’ bisphenol A, 4-4" bisphenol S, or 4,4’-biphenol and at least one



et her ketone) (P2) are recurring units (R2). Mst preferably, all the
recurring units of the poly(aryl ether ketone) (P2) are recurring units

(R2). WO 208xas7osesul t s nay be obtai ned when the pol yParyr2éwioess7ket one)
(P2) is a polyetheretherketone honopol yner, i.e. a polyner of which
essentially all, if not 20all, the recurring units are of forrmula (VII).

VI CTREX(r) 150 P and VI CTREX(r) 450 P PHEKS from Vi ctrex Manufacturing
Ltd., and KETASPI RE(r) and GATONE(r) PEEKS from Sol vay Advanced Pol yners,
L.L.C. are exanples of polyetheretherketone honopol ynmers. The pol y(aryl

et her ket one) dﬁlﬁ’%hlali*ﬂw@eﬂl‘éa@gagauuﬁhwrcg’dlﬁ&%?iiﬁﬂfo%V4 &Qﬁﬁﬁdrﬁdlb%ﬂylof at
ot acy et e R e R ROy S Sopp G Py g o/ ™) @t @
measur ement i Sbcpﬁrlf(hrtmaﬂoutSI ngok, Mordpre@asting frobl zﬁmklelv)s sc oyt @r1.méY i S
measured at 2 i -ti ours. after. di u to limt

sul fonati on. %ﬁ%ﬂ %@%ﬁm ah%“%@ at% aPr&Frab[] eortasﬁlu{nocars)on(a%z}% ﬁ%lo%r eff erably of at
| east 0. 6% dl hgdronyrggoyr.ef er abl y of 0.70 dl/g. Besides, the RV of the

pol y(aryl 5ether J'fﬁé 9 on(eﬁ%)aré thﬁfia\{Sr%%g%H%k Mlsgérs@cf 1nr505§)ﬁve§1t %@(tﬁrle/ g The

preferably at nost referab at npst_ 1.

pol y(aryl et hé@mkréﬂv%épolepﬂart)%ﬁplb@lté@ﬁ?ﬂﬁﬁ@ﬁ@ j§oheent w&whﬁgr%anrrm ting

poi nt) or serrhze@ms?é ithivier( Wh@febﬁmemgo@eﬂahhlb@ﬁrometrttu}m |tﬁe is usually
sem -crystalli n]Iy %}e case bei ng h It| rnlcg g@;[ nt oft t gol y(aryl ether
Toket one) - ( P2PONEIeRgU R BEobUSI Yl i e toRisit Btien coptimelsll y” or et er

t han 25000 notleowheiethalpbiyngreaticar. t han 300C and still nore preferably

greater than 32SCTh%A_E@FP%JrX&@‘g&QeI%%ﬁ&RQS%ed( eF % )choccigget?e?alwm%}fnelg tfP@l ar"fmy

nmet hod. ont al’ns reactin
subst anti al | yanbeileimicdfomthg manefagfurgef pady(eryl gtier bilfphondlor axmnme. | east

one di hal obenagi dGRRRAMAR Qb IvRAts IkGewh aﬁ&‘ge&%'cﬁ)lﬁh@é&%b&ﬂmﬁ’@é}@aﬁs descri bed
i n Canadi an Pat é

mtative i sphenol s usef ul

in such a pr 03@&/1 é?l@w%d@aééia:ﬁgﬂ%ﬂoaewhww %IJWLQTBHWPYQ ain
42164' - di hyIéH OXﬁb?ﬂllzM%B@ﬁaton@olﬁclhdﬁigto@blh%zﬁlzﬂz(%ﬁ?hﬂﬁogﬁth&ehﬁﬁfﬂ)enZOi d

conpounds usefu uch.a process ar i none,
a4 01 oni or oRBHIHBABHET 17 4RS PO Bt oheman SERENGRRS o
limtative exapgitsllyf athehoihhenidirsconompog salsenis dfatimay e suicdblafoptltecess ar e
4- (4-chlor obe WTatcK cordingly, PEEK
honmopol yner s %%g)gﬁﬁm%e pr%ﬁuceﬁghgmwa Fﬁ%gﬁ%lf@%brocess as
25descri bed i ﬁl,P ﬁ@flsuéﬁ@aﬁﬂl@hyl@ﬂ@Xl%tdleﬂllldSm@nia7@152n@PyltSh]§01WhoI e content of
whi ch is Rer epdirah ﬂ]ﬁqﬂl@ﬁ@qi 10%ioXigé BdoRihsnly caued%@zhh&hym&é !;ulfsa@wﬁ nethod to

produce PEEK h ris s el ect r ophi nmer i
phenoxyphenox?ﬁ@%ﬁ‘b en tﬁtrﬁﬁy‘gg SIP’F éﬂ%’i‘?é{) Nl‘gﬂgﬁgl %lfad%ggpg rvent and in
t he presence afrodc S@iﬂdﬁﬁl&hd’l@ilﬁgdﬁﬁethﬁScelthﬁldB,rdlﬁleﬂ@lBﬁﬂzﬁﬁﬁé iab¢d in U S. Pat.

6,566, 484, 1 hﬁl Wg@ﬁr Pyrlg&tcﬁnoetbeé)y% 1d%18ne anc{]t%r &0 ngawet egg i3 o%%%?%hr glerence.

O her poly(aryl on produce st arting
from ot her nofomee ;1 thhserprpérssrsxyphemoxlyd ba foind ua@fubln th@pﬂaca@ aftibse
descri bedy4 n h’re§ent onti&PP! . 2003/ 0130476, the whole content of which is

herein incorporated by reference. - 21 -
The solvent that forms an azeotrope with water will necessarily be selected

to be inert with respect to the monomer components and polar aprotic solvent.
Those disclosed and described in the art as suitable for use in such
polymerization processes include aromatic hydrocarbons such as benzene,
30  toluene, xylene, ethylbenzene, chlorobenzene and the like.
The azeotrope-forming solvent and polar aprotic solvent are typically
employed in a weight ratio of from about 1:10 to about 1:1, preferably from
about 1:5 to about 1:1.
Generally, after an initial heat-up period, the temperature of the reaction
35  mixture will be maintained in a range of from about 160°C to about 250°C,

preferably from about 200°C to about 230°C, still more preferably from



The bl end (B) can conprise one and only one poly(aryl ether ketone) (P2).
Alternatively, it can conprise two, three, or even nore than three

pol y(arylwethmvosgkmsone)s (P2). Certain preferred m xes @eCTmrRgopas3shi2 et her
ketone)s (P2) are : m xes consisting of (i) at |east one poly(aryl ether
ket one) (P2a) of which nore 5than 50 wt. % of the recurring units,
preferably essentially all the recurrindbunits, and still nore preferably
all the recurring units are of fornula 04.* (VIl), with (ii) at |east one
poly(aryl ether ketone) (P2b) of which nore than 50 wt. % of the recurring

units, prefer a&luy 200%eRt A8l 2258k Ifof &duf @84S BinBErsUNiyhReallANthstrbddio®y €
10preferab| y all

th t f f I nd, t |
in addition, Iidl’fc ﬁl# ;%ﬁl{le@géﬁé}%ﬂ% g‘?ﬁ’@ﬁmﬁ&%}%ﬁ@m& EPOIN%‘ftone;)p( IP(ZJE:];i Y
different fr omla@éql(l@ayjr hﬁhtlsehie temiporae)rs of M2agacaion. (P2b) ; in parti cul ar,
m xes consi sting 'ﬁl Fea):tl nrna¥ [E?nveﬁﬁgﬁ}l&r%eg tl% r %’F&t%lng%l%e{‘? %,uOf 15
Of

which essentially ar ecurrln Jnits are la (VII)
with (ii) %t hismgen, @metnmpwr@rmbssetehekhdvgh(h@)ﬁ Qlﬂ.@b’)ﬁr pfessunésohayeslsent i al |y
all, if not a% usdghe recurring units are of forrrula(IX) ; still nore
part| cularly, binary m xes consisting of (|)b one pol (ar{ﬂn et her ket one)
(P2 a) of which altlis essentiad s thergactian mredimg by magmgay 113l th (ii) one

20pol y(aryl ehﬂgrdr&gtdaﬁﬁg t}(di%@co@tiervyeﬂl&h wihile hﬁ@uﬁt@@ﬂ%teﬂﬂp whatout ar e of
formula (1 X). The at

ea na functionalized r wth a
i gh Tg whi EhORSDH BTG AL BPG (031 o REFETD P SETR AU BRI Hed be. an
aronat i ¢ ol yhrisdmewhhiebear ek witerpohploydddeitlf Bigrizcebditdalnbertzonditie present

. £ . | . it
I( E\{)e nCIO(r)rBr : ge@%‘%p(ﬁ&dx %ou(ﬂts a(fgr SEEB%[EI}’[ ahg%réager%an tgﬁsoafre B%E?ra C;: (r)lugg untts

The i m de groapydebstthe rf@dtltPIhOﬁVM@err‘é@hlthelhﬂ@ eavposing RS satermetiomeide gr oups

as such [for W?h&o(lkkﬁec%@%ﬁqow thdl Qg Wac'fglﬁ p?&!ugts a?é'd;BtIuBQ([ nyﬁtﬁ;taﬁl{lhﬂﬁ .- 22
- formul a orrruag ) The grou(f‘ii h and/or” in their

cor r espondi nga%id@%@a laﬁﬁrlaﬁab%cwam%a@ﬂgme @ao é(ﬁleélil'i‘)ti‘%t ic
ring, as 14| us{rah®@bdn®ehRwcontdously from the reaction mass with the azeotrope-

forming solvent as an azeotrope. In the preferred procedure, substantially all of

the azeotrope-forming solvent, for example, chlorobenzene, will be removed by

distillation as an azeotrope with the water formed in the reaction, leaving a

solution comprising the poly(aryl ether sulfone) product dissolved in the polar
20  aprotic solvent.

Sometimes, after the desired molecular weight has been attained, the
polymer is endcapped to improve melt and oxidative stability. Generally, the
endcapping is accomplished by adding a reactive aromatic halide or an aliphatic
halide such as methyl chloride, benzyl chloride or the like to the polymerization

25  mixture, converting any terminal hydroxyl groups into ether groups. In some
instances, the polymer is intentionally left with excess hydroxyl groups to
produce a reactive polymer. For the present invention it is preferred to use a
reactive polymer.

The poly(aryl ether sulfone) is subsequently recovered by methods well

30  known and widely employed in the art such as, for example, coagulation, solvent
evaporation and the like. In the particular case of a reactive polymer, the
recovery method must avoid reaching temperatures where the polymer will react.
Frequently, in case a high excess of hydroxyl endgroups is desired, the polymer
reaction is conducted with an excess of the bishydroxy monomer.

35 The at least one optionally functionalized polymer with a high T, which is

to be used according to the present invention may be a poly(aryl ether



formula (Ill1)formula (1V) whereas Ar' denotes a noiety containing at |east
one aromatic ring. The i m de groups are advantageously present as
condensedwveanomaudmssystem yielding a five- or six-nmenbecekrkévesizazr onatic
ring, such as, for 10instance, with benzene [phthali m de-type structure,
formula (V)] and napht hal ene [napht hal i m de-type structure, fornmula (VI)].
0 0 fornula (V) In a first particular erfiodi nent, the recurring units (R1)
of the aromatic 15polyim de (Pl) are free fromether and from am de groups
ot her than those possibly included in the amc acid formof the imde

9][ oups [recur k'étfﬁﬁe)L{P%AlEK).g {F}%ﬁﬂﬂe-pu{ﬁolsle oFRae 'irés'lbﬁlgnwﬂtfbﬁ,bt{llg’te@ﬂl ‘%631(2 gf erabl yO
OoT one or nore._T10ormul ae. (. ) an ere. pel ow . - -
Ar)NNZR |\ COORITSF Kigete i PSS TG PATE! @Ezf%hgw& Seinsgiialeofvi 1 1)
and/ or for nmul ehe(rtdrrimgetiies dre recArringSurits (R2LébrprisingYatFeast one carbonyl
group in-between two arylene groups, said recurring units (R2) being of one or
5  more of the following formulae :

"
b
:.- I\——“';{I? f'ER'
111y
Iv)
10 V)
wherein :
— Ar is independently a divalent aromatic radical selected from phenylene,
biphenylene or naphthylene,
— X is independently O, C(=O) or a direct bond,
15 - nis an integer of from 0 to 3,

— b,c,dandeareQorl,
— ais an integer of 1 to 4, and
— preferably, d is 0 when b is 1.

Recurring units (R2) may notably be chosen from among :

O

20 (VD



901Il -5- 01111d-¢ Lo....,H2, with n=0,1,2,3,4 or 5. In a second
particul ar enbodi nent, the aromatic polyimde (Pl) is an aronatic

pol yam dewormohe43feer t he purpose of the present inventi ®0T/ERR0QNOGIFAL | C

pol yam de-imde is intended to denote any polymer of which nore than 50 w.
%of the recurring units (Rl) conprise at |east one aromatic ring, at |east
one imde 15group, as such and/or in itd8nic acid form and at |east one
am de group which is not included in the amc acid formof an im de group

[recurring units (Rlb)] The recurrlng units (Rib) are preferably : - 24 -
CF3 10 g_j )
\
(VID)
fﬁgg\,
H\\L (VIID)
O
' (%)
mwﬁ
X)
0
_\
5 —\—-’;}_ \ (XI)

_é‘}‘\,__r _>' ‘<m}— C{H%/:‘}'omﬁ*\ s (XII)

“4\ >” Q{_\’“\}“‘G« }ﬁ i

“\XJ 0,\.}_@_&4\/—:)_&“.[—\&»@-@‘ (XIV)
/= -

u\vu\v\

M wo&puu‘g\\f{mmﬁw >.-m_

(XVII)

(XIX)



ol I II+CHCf -S- with Y =5"5" , OH2 n 5 -- ----- CFwith, 0,1,2,3,4 or
5. More preferably, recurring units (Rib) are chosen from: - 25 - (R b-1)
(XI1) amstbanicdasrosor r espondi ng am de-am ¢ aci d cont ai niPa@/EPe@63SNY unit
0 N

10

15

20

25

-19-

(XX)
an
(XXI)
(VID)
and
e w0 gm0 g
\ \ .
(IX)
More preferably, recurring units (R2) are :
..... . o e
Ol M
| e ‘ (VID)

For the purpose of the present invention, a polyetheretherketone is intended
to denote any polymer of which more than 50 wt. % of the recurring units are
recurring units (R2) of formula (VII).

Preferably more than 70 wt. %, and more preferably more than 85 wt. % of
the recurring units of the poly(aryl ether ketone) (P2) are recurring units (R2).
Still more preferably, essentially all the recurring units of the poly(aryl
ether ketone) (P2) are recurring units (R2). Most preferably, all the recurring
units of the poly(aryl ether ketone) (P2) are recurring units (R2).

Good results may be obtained when the poly(aryl ether ketone) (P2) is a
polyetheretherketone homopolymer, i.e. a polymer of which essentially all, if not
all, the recurring units are of formula (VII). VICTREX® 150 P
and VICTREX® 450 P PEEKs from Victrex Manufacturing Ltd.,
and KETASPIRE® and GATONE® PEEKs from Solvay Advanced Polymers,
L.L.C. are examples of polyetheretherketone homopolymers.

The poly(aryl ether ketone) (P2) has advantageously a reduced
viscosity (RV) of at least 0.60 dl/g, as measured in 95-98 % sulfuric acid
(d = 1.84 g/ml) at a poly(aryl ether ketone) concentration of 1 g/100 ml. The



(X11rn) Swherein the attachnment of the two am de groups to the aromatic
ring as shown in (XI1l) wll be understood to represent the 1,3 and the 1,4
pol yam dewarmny/msiod configurations ; (Rib-2) ( XI YL T/EPR@m63572 t he
correspondi ng am de-amic acid containing recurring unit : 0 N (XV)

wherein the attachnment of the two am de groups to the aromatic ring as
shown in (XV) will be understood to repr€&sent the 1,3 and the 1,4

pol yam de-am c acid configurations ; and 15(Ri b-3) (XVI)

measurement is performed using a No 50 Cannon-Fleske viscometer. RV is
measured at 25°C in a time less than 4 hours after dissolution, to limit
sulfonation. The RV of the poly(aryl ether ketone) (P2) is preferably of at
least 0.65 dl/g, more preferably of 0.70 dl/g. Besides, the RV of the poly(aryl

5  ether ketone) (P2) is advantageously of at most 1.20 dl/g, preferably at most 1.10
and still more preferably at most 1.00 dl/g.

The poly(aryl ether ketone) (P2) can be amorphous (i.e. having no
melting point) or semi-crystalline (i.e. having a melting point). It is usually
semi-crystalline ; the case being, the melting point of the poly(aryl ether

10 ketone) (P2) is advantageously greater than 150 °C, preferably greater
than 250°C, more preferably greater than 300°C and still more preferably greater
than 325°C.

The poly(aryl ketone) (P2) can be prepared by any method.

One well known in the art method contains reacting a substantially

15  equimolar mixture of at least one bisphenol and at least one dihalobenzoid
compound or at least one halophenol compound as described in
Canadian Pat. No. 847,963. Non limitative example of bisphenols useful in such
a process are hydroquinone, 4,4'-dihydroxybiphenyl and
4,4'-dihydroxybenzophenone ; non limitative examples of dihalobenzoid

20  compounds useful in such a process are 4,4'-difluorobenzophenone,
4,4'-dichlorobenzophenone and 4-chloro-4'-fluorobenzophenone ; non limitative
examples of halophenols compounds useful in such a process are
4-(4-chlorobenzoyl)phenol and (4-fluorobenzoyl)phenol. Accordingly, PEEK
homopolymers may notably be produced by the nucleophilic process as

25 described in, for example, U.S. Pat. No. 4,176,222, the whole content of which is
herein incorporated by reference.

Another well known method to produce PEEK homopolymers comprises
electrophilically polymerizing phenoxyphenoxybenzoic acid, using an alkane
sulfonic acid as solvent and in the presence of a condensing agent, as the process

30 described in U.S. Pat. 6,566,484, the whole content of which is herein
incorporated by reference. Other poly(aryl ether ketone)s may be produced by
the same method, starting from other monomers than phenoxyphenoxybenzoic
acid, such as those described in U.S. Pat. Appl. 2003/0130476, the whole content

of which is herein incorporated by reference.



and/ or the correspondi ng am de-ami c acid containing recurring unit : - 26
- OH(XVI1) wherein the attachnent of the two am de groups to the aromatic
ring as swownio/aa3(oXVi1l) will be understood to represent PClna&EP2008/0633d2 t he 1, 4
pol yam de-am c acid configurations. 5Recurring units (Rib) are preferably a
m x of recurring units (Rib-2) and (R b-3). Polyam de-im des essentially
all, if not all, the recurring units arélrecurring units conplying wth
this criterion are conmercialized by Sol vay Advanced Pol yners as
TORLON(r) pol yam de-i m des. The aromati c pol yam de-i m de can be notably

manuf act ured by aTHéQﬁﬁéﬁBﬁ&hﬂ%hﬂ@&@QnéQﬁhﬁﬂ&M&Qﬁﬂ SRR KEBASL (PO bet ween
(i) at |east qne aclarnnnoner chosen L{Oﬁ]trlnﬁ| itic anhg&&Jde nd
trimellitic a%#ﬁmafl& Yib LA E T Ve egnir QiR ymoxg thag daee (€S rer
chosen from dkaoh¢®)ePHNC cetingeeigandigscs of polyfrohghétietdne)sn@®L) adei:c anhydri de

nmonoaci d halides, tri.mellitic. anhydri mo id.ch j i s. preferred.
et o mondi s shitifEe deich e RANAC AR (FRLARG!GisHa) BTSRRI EL L PT.

it conprises pref@reablyofthe mestringumitarpefigtably essergially Miithe srefiogabity, t he
conononer is Qn(fiétﬁf%afae%pr%fe%blly IPHR BL ks ﬁﬁ’il{&are Lhggi,gam ne is chosen from

the group consisting o ,

-’di am nodi phenyl net hane,

W phenyT&pedi am ne and m xtures thereof. 20In a
p-gde- (P1) is an aromatic

} ¥ téhe present invention, an aromatic
pol yetherimde is intended to denote any polynmer of which nore {N&d 50 wt.
% of ‘-hS r ecukwith@) Mﬂbdsﬁoﬁdz%dlly@mfﬂeﬁEet@h¢)|(l?a]$)_todf®¥lﬁclﬁﬁ1©‘f€i%lhlﬁ)5® Wi at |east
one imde group, as _such and/ ok i.n its anjc. aci or and at least one
other "oroup. 28 PedtimiiguiRy ol plnflTh BBt e R S fiar 35y
opti onal | A0 f uptdignbly athphd seumingluads trcarfdommilde gr oup which is not included

in the amc acidformof an inde _group. A first class of aromatic
polyetherinidesf33ﬁ$istsf6T:th%s “Wherd&l n the recurring units (Rl) are
chosen from: “ékii?%FQ“< 0 4 ﬁ*gl i

| A ha (1X),

and, optionally in addition, with (iii) at least one other poly(aryl ether
ketone) (P2c) different from poly(aryl ether ketone)s (P2a) and (P2b) ;
in particular, mixes consisting of (i) at least one poly(aryl ether ketone) (P2a) of
15  which essentially all, if not all, the recurring units are of formula (VII) with (ii)
at least one poly(aryl ether ketone) (P2b) of which essentially all, if not all, the
recurring units are of formula (IX) ;
still more particularly, binary mixes consisting of (i) one poly(aryl ether
ketone) (P2a) of which all the recurring units are of formula (VII) with (ii) one
20 poly(aryl ether ketone) (P2b) of which all the recurring units are of formula (IX).
The at least one optionally functionalized polymer with a high T, which is
to be used according to the present invention may be an aromatic polyimide.
The aromatic polyimide (P1) according to the present invention is any polymer
of which more than 50 wt. % of the recurring units (R1) comprise at least one
25  aromatic ring and least one imide group.
The imide groups contained in the recurring units (R1) can be imide groups

as such [formula (I)] and/or in their amic acid form [formula (II)] :



where : 10- Ar is : 15Exanpl es of aromatic polyimdes (P1l) bel onging
to this first class of aronmatic polyetherimdes are those wherein the
recurringwornten4§@t) are of fornmula : - 28 - (XOH) amrdi@P20009635%D
corresponding amc acid forns [see fornmulae (Xl X) and (XX) vs. the wholly
imde formof formula (XVII1)]. Aromatic polyetherimdes wherein

essentially all, if not all, the recurriZdg 5Sunits are of formula (XOH),
and/or their two corresponding amc acid fornms, are notably conmercially
avai lable fromMtsui as AURUMr) polyim de. A second cl ass of
aromati c pol yetherim des consists of those wheré/n the recurring units (R1)
are recurring units (Ric-4) 00 NO Ar' 10- 00 gnd/ or wherein : 15- the
-> denotes isonerismso that gn any recurrin nMolhe groups to which the

N’%\l /H

O
formula (I) formula (II)

The imide groups, as such and/or in their corresponding amic acid form,

are advantageously linked to an aromatic ring, as illustrated below :
)1 i
Y e
O O
formula (II1) formula (IV)

whereas Ar’ denotes a moiety containing at least one aromatic ring.

Ar' N— Ar'

The imide groups are advantageously present as condensed aromatic
system, yielding a five- or six-membered heteroaromatic ring, such as, for
10  instance, with benzene [phthalimide-type structure, formula (V)] and
naphthalene [naphthalimide-type structure, formula (VI)].

O O
- ¢ )
O @)
formula (V) formula (VI)

In a first particular embodiment, the recurring units (R1) of the aromatic
15  polyimide (P1) are free from ether and from amide groups other than those
possibly included in the amic acid form of the imide groups [recurring
units (R1a)].
Recurring units (R1a) are preferably of one or more formulae (VII), (VII)
and (IX) here below :



arrows point may exi st as shown or in an interchanged position ; - Eis

chosen from: - 29 - (E4)(R0-4 with the R being, independently from
each ot hewp 2alokb705adi cal s conprising from1l to 6 car borCatEro®9/0635y2 s oOr
hal ogens ; with the R being, independently from each other, alkyl

radicals conprising from1l to 6 carbon atons, aryls or hal ogens ;
(R0-4(RO0-4 (E-iv)with the R being,- ﬁndependently from each ot her,

al kyl radicals conprising from1l to 6 carbon atonms, aryls or hal ogens ;
10and Y being chosen from: (Y—|) al kyI enes of 1 to 6 carbon atons, in CH3

with n = integer f om to6 ||) perfhgggo}mllenes of 1to 6
carbon atons, in I ar and 15 n —\l\nt eger 6, (Y-iii)
cycl oal kyl ene 4 M) 8 near-bo N-iv) al lﬁyl i nes[i{of 1 to 6 carbon
atons ; COOH COOH

o

formula (VII) and/or formula (VIII) and/or formula (IX)
where :
— Aris:

o 25 O o

+C+
: H, v
with X = , with n=1,2,34 or 5 ;
— Ris:

50 oo

L

O,
I

—S— 0
- § . Ttek
10 withy= —%" —, 2 with n=0,1,2,3,4 or 5.

In a second particular embodiment, the aromatic polyimide (P1) is an
aromatic polyamide-imide. For the purpose of the present invention, an aromatic
polyamide-imide is intended to denote any polymer of which more than 50 wt. %
of the recurring units (R1) comprise at least one aromatic ring, at least one imide

15  group, as such and/or in its amic acid form, and at least one amide group which
is not included in the amic acid form of an imide group [recurring units (R1b)].

The recurring units (R1b) are preferably :



WD 2010/ 043705PCT/ EP2009/ 063572 - 30 - (Y-v) cycl oal kyI i denes of 4 to 8
carbon atons ; O I I -5-- | IH2 O...... --- 5 ----- o (Y-vi), (Y-vii),
(Y-viii) Wo-201)048706 Y-x) 5- Ar" is selected from: (Ar " - PLTEPOIDANGIST2

hydr ocarbon radicals having from6 to 20 carbon atons and hal ogenat ed
substituted thereof, or alkyl substituted derivatives thereof, wherein the
al kyl substituting group contains 1 to-84carbon atons, such as : 10. .and
hal ogenat ed substituted thereof, or alkyl substituted derivatives thereof,
wherein the al kyl substituting group contains from1l to 6 carbon atons ;

(Ar"-it1) th Y being chosen from (Y-i), (Y-ii) (Y-1i1),
(Y-1iv), (Y-v), (Yoi), 15(Y-vii), (Y-viii), (Y-ix) and A as above
defined, (Ar"-iii)\\al kyVene and cycl oal kyl ene r &ti cal s avy from2 to 20

carbon atons, and Afiv) Nertmat ed pol ydi or gaRpsi | S. The aromati c
pol yet heri m des_

erein e recurring units (R1) ar e Orecurrlng units
(Ric-4) may be pripared any of the netho | - knownhdgq those skilled
in the art including theQeaction of any aromatkc bi s(ether anhydride)s of
the formula 00 -31 - (X) and/or (XT)

(imide form) (amic acid form)

where :
5 — Aris:

o oo

s i et

with X =
— Ris:

5% oo
.

L

10 )

withn=1,2,3,40r5;

CF,

T ot JT ey

OZMIO

with Y = =5~ ,
0,1,2,3,4 or 5.

More preferably, recurring units (R1b) are chosen from :

with n =



where E is as defined hereinbefore, with a diam no conpound of the fornmula
H2N- Ar " - NH2( XXXVI'1) where Ar" is as defined hereinbefore. In general, the
react i onswoaniong3mdvant ageously carried out enployi ng weCr/re@omneisot vent s,
e.g., 5o-dichlorobenzene, mcresol/toluene, N, N-dinethylacetam de (DWA),
etc., in which to effect interaction between the di anhydrides and di am nes,
at tenmperatures of from about 20C to ab@dt- 250C. Alternatively, these

pol yet heri mi des can be prepared by nelt polynerization of any di anhydri des
of formula (XXXVI) with any diam no 10conpound of formula (XXXVI1) while
heating the nmgipp of the ingredients at elevated tenperatures wth
concurrent interm Xing. The aromati c bis(ether anhydride)s of fornula
(XXXVI) include, for e :

2,2-bis[4-(2,3-dic enoenyl]pr
vn e q of
QXy) berZene @i anhyé

4,4' -bi s(2, 3-di car b ) ,
xy) di phenyl sul fide di anhydride ;

e di anhydride ; 15-
:Jiﬁhydride ;

1, 3- bi s(2, 3- di Ca

4, 4" -bis(2, 3-di o

1, 4- bi s( 2, 3-di carboxyphenoxy) benzene di anhydri de ; (X1I)

4, 4" -bis(2, 3-di d 7.0 i i O E

4. 4" -bis(2, 3- g’:l‘gg g% ﬁ@iﬁy‘%Bﬁﬁenyg%§@ﬁ°§%§ﬂ§¥§eﬁhﬁﬁ“ﬁ“?; 2,2-bis[4
(3, 4- di car boxyphenoxy)iphenyl ] pr opane di anhydri de ;

4, 4" -bi s(3, 4- d carhQxy Bheet her di anhydride ;

4.4 -bis(3, 4-d enyxy di pheNyl /s fi de di anhydri de :

1, 3-bi s(3,4-di‘carbg oxy) benzene di anhydri de ;

251,4-bis(3,4-dicarbg/yp enoxy) benzene di anhydri de ;

4, 4' -bi s(3, 4-di car boXyphenoxy) benzophenone di anhydri de ; (XIII)
4- (2, 3-di car boxyphenoxy) - 4' - (3, 4-di car boxyphenoxy) di phenyl- 2, 2- pr opane
di anhydri de ; whtein hodttathoicnt 6B8thefiws usldediratpyid thd@dmaiit Engagsvive di am nes

of formula ( i.nel ud f or. exanpl 3 nyl enedi am ne,. .
p-phenylened?§§¥§Q§“@gg?BP%?%9%%FHSB%%%§p?bﬁ%%ﬁ?é?]“£p&ymnleﬂnhcaMd

4, 4' - di am nodcpifeuydtiomet hane, 4, 4' - di am nodi phenyl sul fide, 4,4'-dianino
di phenyl sulfggﬁ}2§,4'-dianinodiphenyl et her, 1, 5-di am nonapht hal ene,

3, 3" -di met hyl benzidi ne, 3,3'-di met hoxybenzidine, In the recurring units
(Ric-4), Eis preferably Qhosen from(Ei) - 32 - (11.)0-4 with the R

bei ng, independent o eagt ot he 2 radicals conprising froml to 6
carbon atons, g oo@
m phenyl ene. 5Beg 57 Y\ the—r’ecurril

ably, E is unsubstituted
chosen from (Ar"gii) o

g7units (Ric-4), Ar" is preferably
(XIV)

10 and/or the corresponding amide-amic acid containing recurring unit :

0
° o)
OH
© (XV)
wherein the attachment of the two amide groups to the aromatic ring as shown
in (XV) will be understood to represent the 1,3 and the 1,4 polyamide-amic acid
configurations ; and

15 (R1b-3)
0

Ho

.

o (XVI)

and/or the corresponding amide-amic acid containing recurring unit :



with Y being chosen from (Y-i), (Y-ii), (Y-iii), (Y-iv), (Y-v), (Y-vi),
(Y-vii), (Y-viii), (Y-ix) and (Y-x), as above defined. CH, |i |i CH 10More
pr ef er ablwQ 2010/048®5 Good results were obtai ned whenPChEPR@OWO6ISTNg units
(Ric-4) were recurring units of formula (XXXVI11) as such, in imde form
and/or in amc acid fornms [formulae (XXXI X) and (XL)] : (XXXVIII)

15and/ or (XXXIX) and/or (XL) 283 - wherein in fornulae (XXXl X)
and (XL) the -> denotes isonerismso that in any recurring unit the groups
to which the arrows point may exist as shown or in an interchanged
position. Aromatic pol yetherim des of which essentially all, if not all,
the recurringgpunits a of forrrgIL(XXXVI 1), and/or their correspondi ng
amc acid for L) are conmercially avail able from General
El ectric, now &SAB BL ) pol yetherim des. Good results nay be al so
obt ai ned when the reculfring Its (Rlc-4) are recurring units of
formula (XLI) as such,onn imde form and/or in amc acid 10for@1§)formjl ae
(XLI'l) and (XLITI)], as represented below : 00 wherein : 15- ()g 1)’ and
(XLIT1) are thhexm deathchniant abthe bwe espdsrgiows to gha dremiatis deg bopshown

in (XVII) will be understood to represent the 1,3 and the 1,4 polyamide-amic

acid configurations.
5 Recurring units (R1b) are preferably a mix of recurring units (R1b-2)
and (R1b-3). Polyamide-imides essentially all, if not all, the recurring units are
recurring units complying with this criterion are commercialized by Solvay
Advanced Polymers as TORLON® polyamide-imides.
The aromatic polyamide-imide can be notably manufactured by a process

10 including the polycondensation reaction between (i) at least one acid monomer
chosen from trimellitic anhydride and trimellitic anhydride monoacid halides
and (i1) at least one comonomer chosen from diamines and diisocyanates.

Among the trimellitic anhydride monoacid halides, trimellitic anhydride
monoacid chloride is preferred.

15 The comonomer comprises preferably at least one aromatic ring. Besides,
it comprises preferably at most two aromatic rings. More preferably, the
comonomer is a diamine. Still more preferably, the diamine is chosen from the
group consisting of 4,4'-diaminodiphenylmethane, 4,4'-diaminodiphenylether,
m-phenylenediamine and mixtures thereof.

20 In a third embodiment, the aromatic polyimide (P1) is an aromatic
polyetherimide. For the purpose of the present invention, an aromatic
polyetherimide is intended to denote any polymer of which more than 50 wt. %
of the recurring units (R1) comprise at least one aromatic ring, at least one imide
group, as such and/or in its amic acid form, and at least one ether group

25 [recurring units (R1c)].

Recurring units (R1-c) may optionally further comprise at least one amide
group which is not included in the amic acid form of an imide group.
A first class of aromatic polyetherimides consists of those wherein the

recurring units (R1) are chosen from :



(XLI') ; the -> denotes isonerismso that in any recurring unit the groups
to which the arrows point nay exist as shown or in an interchanged position
; Ar" iswohoren3msong the follow ng structures : - 32cT/BRRM00/063%5€2 | | nKi ng
groups being in ortho, neta or para position and R being a hydrogen atom
or an alkyl radical conmprising from1l to 6 carbon atons, wth R being an

al i phatic divalent group of up to 6 carBdn atoms, such as nethyl ene,

et hyl ene, isopropylene and the like, and m xtures thereof. Aromatic

pol yet heri mi des of which essentially all, if not all, the recurring 10units
are of fornul gr{eXk)), and/or their corresponding amc acid forms (XLII)
and/or (XLII) are commercially avail able from General Electric, now SABIC,

as EXTEM r) pol yetjeri i des. ef efjably nore_ than 7% wt. % and nore
preferably nore t wt. % of t r r;4%@kunﬁ%§ f e/$$ﬂgatic
Rt ( . Btill 15pprea refﬁrably,
|1

pol yi m de (Pl)—aie regcur

essentially aII,\l‘W/n\GYﬂ/{ah1 , ther uPhj@g units e apgpatic polyi mde
(P1) are recurringgunifgs (R1). The Ieng (B) can conyrise one and only one
aromati c polyimde gg%&. Alternativel¥ﬁ it can conprise two, three, or even
nore than t hr EITyHR RXVIH) pamdiar glesmuly (X1X90| and/pe pr odedBulgi(XXe pr esent
invention, a ggdution of the polynmer in at |east one hal ogen-free organic
sol vent (2%) bﬁ{ ?he polyner is enployed. As long as the organic sol vent
(51) is hal ogth-§ ke there is no particular limtation to the solvent. In
general the organic solvant (51) is however a polar aprotic solvent. In a
preferred processtccordiag to the present invention, the sQlvent (Si)
25and/ or the solve (S2) sel ected fromthe oup c i.8TiNqg of dipol ar
aprotic solvents, parttul Tf%i_' nsi sting of DV,

referred fromth r
DVA, NMP and mxtpfres thgyeof. The terns "sglv for the polynmer" and
"sol ubl e" generalhy inplyl that the pol yner is—sql ubl e t@gD@A extent of at

| east 97 % preferably a9l east 99 % at an 30applied tenperature. In
contrast, the terns (Imidsfdrudl e” general |y inpli egnibatidtthem) - 35 - pol yner
is soluble to an extent (xKI)at nost 3 %ndieeferably at (xEsh) 1 % at an
applied t enperatur.e. The applied tenperature may vary consi derably.
In step (aa) the solution of the polynmer is in general provided at a

t enper at ukle of fAram - 10C to 150C, 5preferably 20C to 80C. The sol ution can
be provided in step (aa) in_a suitable storage device which is not limted
as long as it allows the @/&o- of the polyner solution and the pushing of

the solution thegagh-a nozyle. A suitahkle strage devige gay be a2
extruder, prefer equi o@ L th erurrp c@ ow iep (bb)
that a

1tk

with X = —0~— ,
— Ris:

,withn=1,2,34o0r5;

15 Examples of aromatic polyimides (P1) belonging to this first class of
aromatic polyetherimides are those wherein the recurring units (R1) are of

formula :



10desired specific anount of solution can be pushed through a nozzle.

The term "nozzle" as used herein is to be interpreted broadly as a device
wi th at |Iwe=bioemsrospeni ng t hrough whi ch a pol yner sol ut ipom/EPR@atoeise2 pushed
in order to yield a fiber or foil. In fact, there is no particul ar
limtation to the shape of the nozzle and the nunber and shape of the
openi ngs whi ch the nozzle 15contains, a$8l-ong as the nozzle allows

manuf acturing the desired foil or fiber. For the manufacture of fibers it
is preferred to use a spinneret. A spinneret is in general a small netal
plate, thinble, of cap with one or nore fine holes through which a liquid
mass containin he DR (al be spun (polyner nelt Jor solution) is
forced for spi In the process e _present invention,
in step (cc), Ol \Qr roduced into a c lfati on bath conpri sing
(ccl) at leastlond liquifl (L1) i Ov\,hth r islinsoluble, and
optionally (cc2) &t |eas? one organi § sglve 53), in which tb@xﬂggyner IS
soluble, identical to or different fromthe organic solvent (SI), 25to form
a fiber or foppdorits tworgeareppoiding anpig peiddomest [sepormplag 4KIX) MdXPedsas | ong
as the pol ymethelwhdlRSaliddfoemiof foimulPOEVEDRPlI Y, (L1) is hal ogen-free.

In a preferred en@odi nent of the process of th esent inventian, the at

| east ome || qui o (EITARPOR SR BRCR eeprags Blyip Aok ol Begarisifar |

al cohol . 30Nonasitd are bt fogmeka@XIel, dndrorttingr 8l ¢oore§idndinpronic acidgotmpdydr i ¢

al cohol are I : . - ! a . 1. 2-propanedi ol

gl ycerin, n-gﬁ%%ﬁ@ﬁPnE&%Q?gﬂ%W?ﬁpgéé%éﬁg?ggi%hﬁg$i§ﬁH?8§H3%%inpRIpand R2 are
i ndependent | y fr o sseeil desief argnaptic Qe ctheainmdgssonsisimof thoge whewgtcthe The C1 to

C15 nono- or pQLAmiQ (RI P8R cultmPiglseraRly a C1 to C10 nono- or
pol yhydri c 35al cohal . S 3%9- o g@%esgt Iegst one organi c solvent (S2) is

identical or different frgmthe oPgani c solvent (Si). Preferably, the

a

solvent (S2) is ide 4 to the ath| eagt._one solvent (Si). Mre,
preferably, all 0 so\vel ]l arg_i ical to all solvents
(Si) used. 5In gen gl t her 1'i\qui g nor solvents (Si) and/or (S2)

do react with the poty used in the gsent invention. The
tenperature of the coagul &ion baph is in general in the rang rom-10
to 100C, preferably in the range of from20 to 60C. In one e nt of

the presert | ayvearhjon/oran tleiraap aofl formam 0. 2 c¢cm 10to 20 cm preferably of
from0.5 cmto 10 cmis used between the nozzle and the coagul ati on bat h.
The gas in the airgap may dly. Preferably, air or nitrogen is

~ i eral in the range of from10 to
50C, preferably—24 .N—E—NIn erbdiDrent of this invention
t he pol yner sol utix dters the 1 on bath directly so that there
is no air gap, for exanpl&/ nneret is subnerged in the coagul ation
bath. In a particularly preferredYenbodi nent of the process qﬁctgpqpresent
i nvention, thggﬁrocess further conprises a step (dd) of drawing the fiber
or foil obtai Oin step (cc). Preferably, the fiber or foil obtained in
step (cc) is drawn 20 by 0% to 360 %

H H
——{E::I:%gL—E;N O—Ar*0—
COOH
OOH

wherein :

(XXXV)

15 - the — denotes isomerism so that in any recurring unit the groups to which the
arrows point may exist as shown or in an interchanged position ;

- Eis chosen from :



This drawi ng occurs after the solution had been pushed through a nozzle
between a first and a second roll and is thus different fromjet draw ng
whi ch i s wetatwdssteed by setting a specific ratio of theprspapdooofocishe
solution comng fromthe nozzle to the rotation speed of the first roll.
25In the case of a foil, drawing can be performed in the |ongitudinal
and/or in the transverse direction. Preffrably, drawing of a foil is
performed in the longitudinal direction, i.e. in the direction of the flow
of the solution through the nozzle. In addition to the polynmer and the
solvent, the spinning solution may 30 contain other substances, such as
those additives which are _gqQnventionally used in the wet spinning of

pol ymer fibers, for exa n@ ol ouring agents, pignments, heat stabilizers,
light stabilizers, dye af¥ipfty aids, softening agents and spinning aids.
In a second aspect, thegfnvention is directed to a fiber or foil,
conprising at 36fdast o e’ptionally functionalized polymer with a high Tg
sel ected fromutifh@h@RO U@in%(lﬁéég‘éhﬂdfiﬁlyﬁorﬂ@idl(cﬁh&! aleylhedicsy bi)ﬁﬁﬂéin% PAES) ,

pol y(aryl ethgf Vﬁ%z 10 4%7 5PCT{EP§009/063572 - 37 - ketone) (PAEK) and
aromatic pol yiAde® SEEEYhABMS By LT BF88¥s conprising the steps of (aa)
providing a solutionjconprising at |least 45 w. % based upon the wei ght of
t he sol ution, of thé%ﬁglyhér, and at least 20 wt. 9% based upon the 5wei ght
of the sol utigmij)of at ¥east withe halagehofd E® ®Fganic solvent (Si) for the
pol ymer ; (bb) pushingwghe %qution through a nozzle ; and (cc) introducing
the solution into a coadtl at'i 6t bath conprising 10(ccl) at |east one liquid
(L1) in which the polymey isti\nsol uble, and optionally (cc2) at |east one
organi ¢ sol vent (S e polrymer, identical to or different fromthe
organi ¢ sol vel®-iPSi ), to form a fPH8AhGR’ peing, independently fhogp gacRIther. ¢ he at

| east one liquid ( IS 1 nQ-= hydric

al cohol . Water and%%%hga%ﬁgkg&gﬁggggﬁg?lg%6E%F§%§§53683F§%ﬁ%ﬁﬁg%é
preferred. In a tWid aspeaBl,, the present invention is directed to a

fiber or foil, conprisi at | t one optionally functionalized pol yner

with a high Tg sel up consisting of poly(aryl ether

sul fone) (PAEZ) , \poly | eth Ok , . r ' yi m de,
By SLAPRL R eadec i i 2

conprising a us core, wherein porosity, e rati o between
t he vol une of voi dethpgatkyVadivath dolepristigatrort Bub K)catbohwensy/Bryds ot he fi bers,
including the solid and void conponent, is at least 5 %; and wherein the
fiber or foil has gﬁ?g%mﬁenacity > 6 cNtex, and/or (b) an el ongation at

break? 15@Q) % 2PV heidderbidekomr: foil of the third aspect, the porosity (I)
may be of at least 10 % at least 20 % at least 30 %or at least 40 %; it

may al so be ofyal AR§en®Pof% t0?d cdiBsi atds % at nost 40 % at nost 30 %or at
nost 20 % In a preferred e diment of the third aspect, the porosity (1)
is preferably of at least 7%'31n a particular preferred enbodi nrent of the
third aspect, the 30porosi ) iz+%? the range of from7 %to 60 % and

even nore preferably in the frange (A %to 50 %
CH, H, ‘n

particular and

with n = integer from 1 to 6,

(Y-i1) perfluoroalkylenes of 1 to 6 carbon atoms, in particular

[ CFr)-

with n = integer from 1 to 6,

15

(Y-ii1) cycloalkylenes of 4 to 8 carbon atoms ;

(Y-iv) alkylidenes of 1 to 6 carbon atoms ;



The porosity (1) of a fiber (and in a correspondi ng manner the porosity (1)
of a foil) can be estinmated fromthe wei ght and dianeter of the fiber as
fol | ows. Wokero/tar05i s a comonly used termto express | ipoe@P2@ensisty and i s
equal to the 35weight in grams of 1 kilonmeter of yarn. In a nonporous
fiber, the volune of the fiber nmultiplied by the density of the pol yner
will yield the tex of the fiber. The -388 - volune of the fiber is the

|l ength of the fiber tines the cross sectional area. In particular, the

vol une of 1000 neters of yarnis equal to : V (in cnB) = 100,000n r2, with
the fiber rad(Vs)rcelgledsledes of 4ctm8 casbam atessl] t, 5Tex = p 100,000 it r2
where p i s polyner spepific gravity in g/cc. and since 0.1 decitex= 1 Tex,
Fi ber dtex (decitex) § p 1,000,000 it r2, where p is polymer specific
gravity in g/cc. In—tBe—<case of poly(ethersulforne), the polymer has a
specific gravity 100fg}.37 g/cc. Thus, if the d?éneter of the fiber is for
exanpl e 18.9 (W) t he™fi berydtigxcan be(xalipulared to be 3.84 in theory
(theoretical dtex). Ib t he experinental data indicate however that the
fiber has a d{exxpf-2-Z(actual dtex), the porosity can be cal culated from
the follow ng equation : Porosity (lI) (Void Fraction) = W/ VB =1 -
(actual dtex / the?iiﬁ;ial dtex). 15In the aforenentioned case, the
porosity is 0.428, o 2.8 % Such a calculation is verified by

consi dering th¥*ase of a nelt spun pol y(ethersul fone) fiber, having no
porosity, as determ ned hy mcroscopy. This fiber was established by

mi croscopy’ as-ha¥i Rgelsc@i A8t er of 15 microns. Such a fiber was neasured to
have a dtex of 2.43. Using the above fornmula, the 20predicted dtex is 2.42,
i dentical to tAe€-iprednctiedydioambbderadidals lavpreei@n vad 20 thibdh arints dode fi ber or
foil according to t hi aspect . ha strengt.h .of 2. 7 cN.te N e
preferably? 10 cN't ga)'jo M {eﬁnsg?sqblrltg? glregebol%yoroagk?'l S(t:lﬁflt?de(ie.mlél{wes)%hereo ' n

anot her preferred ewbodimibatlkyhsubititueing groupaiohtagsdatodi cagbonaterhs st¢hi r d
25aspect has an el opgation at break of? 200 % The polyner with a high Tg
in the fiber or foil may be unfunctiopalized or functionalized. Preferably,
the polynmer with a high Tg in the fiber or foil is functionalized with one

or nmore functional ti r with one or nore hydroxyl and/or
am ne groyps, nore parNigul &1y hyd | gro . _The ter
30"functionhal i zed" often refers to’the rea@Fﬁ§%¥ﬁ8Wﬁ?éﬁ%%hﬁﬁghﬁgp§ner. I'n

particular, a pol yngfalkyl sapiRideUSHVARBSIeMS S, Wherdh etk dIk@aLBdithtiHt her under
appropriate conditions, the polyner reacts further. The usually reactive
O

nature of functi onagioznpgopeinyiens! fmkearbpn agnfsfi cult to prepare fibers from

such materials via nelt_extrusign_ When nelting such polynmers it is nost
common to cause the ye @o of the polyner to react, thereby
produci ng a fbggr.mjth er, o 39 - zero reactive groups. As a result,

such a fi ber fidt a fiber which contains functionalized gr oups.
with Y being chosen from (Y-1), (Y-ii), (Y-ii1), (Y-iv), (Y-v), (Y-vi),
15 (Y-vii), (Y-viii), (Y-ix) and (Y-x), as above defined,
(Ar”-iii) alkylene and cycloalkylene radicals having from 2 to 20 carbon atoms,
and
(Ar”-iv) terminated polydiorganosiloxanes.
The aromatic polyetherimides wherein the recurring units (R1) are
20 recurring units (R1c-4) may be prepared by any of the methods well-known to
those skilled in the art including the reaction of any aromatic

bis(ether anhydride)s of the formula

o! e (XXXVI)



In the specific case of pol ycondensation polynmers prepared using

nucl eophilic reaction chemstry, the functionality of the polyner generally
exi sts S5iwothm/dsrom of endgroups. The rel ati onshi p bet weemn/EPaagnessp2
concentration and pol ymer nol ecul ar wei ght for pol ycondensation polyners is
wel | known, as determ ned by Paul J. Flory and others (in particular

St ockneyer), and | eads to the followi ng3di-npl e equations : M (nunber
average nol ecul ar wei ght) = 2,000,000/(total endgroup 1Oconcentration), and
Mv (wei ght average nol ecul ar wei ght ) 4,000, 000/ (total endgroup

concent rat i onjyheMefsistdifnddORcRbinBITBEL, Q4R aQﬁzﬁﬁﬁBtcbﬁ{pb@ﬁH bSthEEASHILd in units
of nolar mcr ﬁu%hv%ﬂﬁm S per gram of polymer. Therefore, if \}
targeting a p i‘curar?pol ymer nol ecul ar wei ght, the total Qg%%m@
concentr at i onwihsref Aidglas ddfine§ hatedtbe ldveaki geﬁemd;ttbdrehbtainstchnebéml ecul ar wei ght

A o e AR LA A S MPNEIBOYp SRR AL ed SO that the only
way to i ncrease en concentr uce 10 r nol ecul ar

weight. 5 fduthkefow;ecnef, ine-creasléobieng oY, W@nhémmbtfaon@f) (Pvlépatedinusi ng
4, 4- di chl or odiphanylersit; t%&?tl&?th@eérPﬁl%Qﬁdnhgdn&%%nﬁ'aﬁiagﬁlﬁ gt of the polyners

are 20either Chlorine or I OX Sl nce roxyl en gr oups are the

nmore reactivet e@ﬂﬁ@f%feéﬂﬁgpwguy%% Cdp gbriee>q’ (Frat erial with residual
reactivity, the raaeinaBfcly StheRR ﬁﬂeﬁnﬁ@@r@h%@p&@am%@emanner as to

d f OH ds, f h |1
nown €0 hosBOGRICTFt 0 FHEabrcHEG of RSO LA B FaEer 1 o vt

an excessl(of tdomepRirdptdaohulSCEXOTBrwhiRHentisothe rmameesof tht inggedleds nted t o
produce a matgrb% Y@nﬁﬂ&a{tﬁ% Wl‘rﬂ%hé&%&l’t gergl%yggd that which is capable from
ndensa )

standard pol yco 1on c escribed above. In this case, it
is cormon for nol Eb@hr@mamlbtslﬁeth@ dﬂd@l)ﬁmftfp@m’dﬁl(m\ﬂ) beeludgr Bt ed” or
reacted onto thgphackbone of a polynmer. This is also a method used to
produce functi onal I té} ve 30reactive groups at

for polyners whic not h
their pol ymer - erd&bs &%M&@Fh%%wowpgm?]pmmma% hydilee skilled in the
aL t. 15The]c f lzﬁerbflm 3td3cdrb@typhaﬁ>xty¥]mp1¢bn§5aﬁ@tdlmhyaﬁ@é gr abl y]c obt aij nabl e by
the process of t [ ct. of the ention. Preferre
enbodi nent s of t]hg'bbsl(%géiécsaslgquplﬁ%mfi}')ibg? F%‘kh ‘are equal |y applicable.
35Finally, the m@sbés@ 3+d1wh¢xyqnhenos<y§ﬂ1plmmybmlﬁde caamhwlritih aspect to a fiber

or foil, conpr I anal i zed pol yner th a
hi gh I‘I'g sel ggtl '!1":‘315 3 d‘?(%?ﬁon&pﬁen% jggfé)%ll:%ﬁlsaifn}sf?ﬁd ngl y(gr yIy et h\tlamr

sul fone) (PAES) 4 ‘bthlﬁ@ér@wafb‘?%@heﬂ@éb’moﬂhp Eiffi%matl c polyi m de,

havi ng a 4eenaci t4/4qfls22132d1g}166 pi&faaamaaﬁy@ddebr eak? 60 %

Preferably, the r foil of the fo %, aspec nodul us 5of >100
CN t ex. ezi. hEL 4 disprboRbelienp sy ey P@@aa%éla@%rq{@%o DI N 53812 as

wei ght/ | engt h 'lzhé Hl&{BaGdltatboxy@dbﬁdxg')caplﬁbnbfﬁﬁ&i digﬂ@rtiﬁa@atl on as used herein
is neasured acco dinent, the fiber or

foil of the four?t pec(%lcarl{glgxyé)ﬁi%ﬁxé’bw %hetngfﬂl%e lartﬂ%d g? > 12 CNtex, nore
preferably of > 11331bN(3 éxdjicagimd yprgioxpibefiznaldiaphydridel5 cN tex, and an

el ongatl at brﬁ@%mﬁﬁﬂd@&rb/ henox%, n@hia‘ﬁ?%ﬁ dove enbodi ment, the fiber

or foil thefourt ect enaci t om48to9SCN/tex and
an el ongatl on- athHrieyR.4 1°af'1‘€)’0’Pd‘)@n0XY)benZOPhen0ne dianhydride ;

- 4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy)diphenyl-2,2-propane
dianhydride ; etc. and mixtures of such dianhydrides.
The organic diamines of formula (XXXVII) include, for example,

30  m-phenylenediamine, p-phenylenediamine, 2,2-bis(p-aminophenyl)propane,
4,4'-diaminodiphenyl-methane, 4,4'-diaminodiphenyl sulfide, 4,4'-diamino
diphenyl sulfone, 4,4'-diaminodiphenyl ether, 1,5-diaminonaphthalene,
3,3'-dimethylbenzidine, 3,3'-dimethoxybenzidine,

In the recurring units (R1c-4), E is preferably chosen from (E-i)



The fiber or foil of the fourth aspect is preferably obtained by the
process 15o0f the first aspect of the present invention. Preferred

enbodi menwve 20fo/aBmspr ocess of the first enbodi nent are equaipkgoompssiz cabl e.
Moreover, the fiber or foil of the fourth aspect has preferably the
porosity features of the third aspect of the present invention. In a
preferred embodi nent of the present inveation, the fiber or foi

20according to the first to fourth aspects of the present invention
conprises a polyner, conprising polyner chains that are functionalized at
their ends by an|am ne or hydroxy group. The fiber of the present invention
has usually a nuper average dianeter dfib of from2 to 5000 um preferably
of from5 to 1Q jlam nore 25preferably of from 10 to 250 um Most
preferably, the HJer of the present invention has a number average

di aneter (thickness) dfib of from5 to 100 um The optionally
functionalize&abelyner is preferably an optionally functionalized poly(aryl

et her sul f one)yith tRERP Y&ifg, thlcpcd B TRITABA JStHACikPNBdic &S domBriflng i t can be
am ne or hydrgéé%ternln ed. 30Fi agﬁnts can be used as_suc r.as a bundle

d
of mitiple f fo @ carbon atopys rls g hglogite %P@Fﬁferab@r%&u%ﬁ%mear wei ght
of the pol ynmem-plnyiknehe range of from 5,000 to 120,000, nore preferably in
t he range of from,10,000 to 100.000.. i ght. average nol ecul ar wei ght of
the potymer 15+ nBoagh i 8 sl Qi b dF Hen QXA efPsiat ogr aphy “usi ng
preferably pofipst(yéne 35standards. - 41 - The fibers according to
the present invenfign can show significantly inproved nechani cal
properties. Spgb of tenacity and elongation at break can
be achi eved easi jor eover, the customary additives for the
above outlined polynmers known 5to the person skilled in the art can be used
accordi ngly. withY Bbtieg chasentfioan(¥vi), [Y-he, @etil)efY -undéf-s), 6WevibyYwal), of
consi der ati on@f_.t\he ol i ich are provided by way of
illustration gﬁd“%%?Yf%H+@g$?§t%§%%P g%?? . In the exanples, all parts and
percent ages are by wei ght unl ess ot heew sé&tspeeified. 10 EXAVMPLES
MANUFACTURE OF POLYMER As an exanpte a—S4 is of a polyner to be
used in afcordanc with tq@ present iMaventgny—t he synt hesi s of
particul ally suit XOrePEETIREr 9T 8t her sul fones) is described according to
t he foll ow ng geneoad rgubcedierabtaiddehhénsthd bgpuairerabisyRisdiwore a | abor at ory
scal e. Pol yner] j . Pr .4~ flask is
equi pped thro&%ﬁﬁpkg&ggﬁ?gﬁﬁﬁgggcg§?ﬁig%“%%%# gggﬁé?%@gﬁgkgﬁiégﬁgﬁhﬁo a

stai nl ess st e@rmsdfpdmelac AXEdiXdend &¥bter fitted with a Dean-Stark trap and
a wat er-cool ed condensgy is attgched to a side 20neck, and a thernocouple

t hernonet er at{ached t/ a tenpergture cogjroller is O
o
0 @) H

H,C CH,

(XXXVII)
15  and/or
0 0
"o O, O
COOH 0 H,C CH, (XXXIX)
and/or

@)

@]
/H H\ OO\
.
COOH o)
H H,C” “CH,

(XL)



inserted into the reactor through the C aisen adapter. A gas inlet tube and
a stopper are placed in the other necks of the round bottom flask. The
react or iwopbmogs7osn an oil bath fitted with heaters comroemrPeaItnesvhe
tenperature controller. Bisphenol S, 127.64 pbw (parts by weight),

4,4' - di chl or odi phenyl 25sul fone (143.58 pbmb anhydr ous pot assi um car bonat e
(70. 49 pbw), anhydrous sul fol ane (541.943pbw) and anhydrous chl orobenzene

(77.42 pbw) are charged to the reactor. The agitator is started to 300
rpmand the reactor is degassed by evacuating using a vacuum punp and then
filling wth Qihbi@pRYornliee CEIRER) A CASAE LOBedotesIVRRRA fFthhiNA aHPT €

tinmes, and a steaqé stream of nltﬁ ﬂgl through the reactor solution is
started. Heat [y Y the grouns tonwhich ZherToys RN IPAETKIT8S PRYLYsBdt o 400
rpm taking canechoiged postbrash the reaction sol ution above the heated zone

of the reactor WalAlroma%cté]ol’f}/%ﬁerHR%reé 3#"\)\/&108 gssent?alfy azillCEfI A afll tﬁé e%ﬁrr'n{écr eases,

chl or obenzene, al on eact 1 of by
distills &s 38aits ?atzeﬁfqrmuéi @¢X V8l end/ectheld comﬂphedlmeanu@tcad k trap ; the

col lected di S?drtﬂs@@(){ﬁ( and/8f XL)“QE c&ﬁhféf&ﬁ@ HAilhe ftroﬁ?GEﬁé?Q ﬁlé&ﬁg Wen

the viscosity starts to’incre he agitat'or speed I's I ncreased to 500
200- 240C, will geG@b@tésﬁlt@ﬁtaﬁle 2ispeBtaMcdHenakottcudRet@ito R rd-mudres af t er
S5initiating the heathg g kw@ﬁg will be na(ygalne /for t he tinme needed
to reach the &FYEE HoPE RS Suchpindmigs fons. §1d/Q5an YA . stil |
nonomers and reaghants and when ot her reggt ant stoi chionetries are used.
Those skilled in tolycondeQ§at| N procesg englneerl%f will be famliar with
exanpl e, the
/I ymeri zati on
proceeds, therebyZincreasing the | oad on X
of the polynerlzé?lon reaction may thus bé followed by nonitoriigLhhe
reachi ng the desinrgd nol ecul ar melght t h@ pol ynerization process is
guenched by adding g or obenzene (431
to a tenperaturedin ange of a e 20viscosity
of the reacti on HBPOE filtering. sol uti on now
m xture of chl orobenzene and sul fol ane, at a concentration of approximtely
16 wt % together9with suspended byproducy salts. After cooling to a
t he byproduct sdafts. y Ilshed using a
2 mcron filter diu psi g
o he poI mer coa ul at ed and
recovered by sl g 100 pr/of the cooled solution to 5 LHBW of a
g?le;gteL On]éinghgl %ﬁﬁi%@é@ﬂbéﬁ%ﬁé g]%n%;fsaétif gorrns cglllrlestprog1 1Ing lt]o thre?rtm({enfgl(rjmt o the
(XLI);

rpm The predé?@ﬁ%ﬂ%%ha$E%ﬂ?%@np@éﬁﬁﬁmﬁﬁﬁﬁe typically in the range of
| onger hel i néprpsi fooohslace3(Lible ane GXILHBY ab o¢preanted dbalosy : conblnatlons of
the variety of 10pe i el v~ enpl dyed at pl ant operations
for follow ng +Hd pr 4s of a pa i z3
solution viscosit e reactio pss~hcr e
{ he agltato notor. The progress

correspondi ng |nctease in load on the agitator 15notor circuit. Upon
pbw) slowmy fro ture, typically
conprises 232.2 pbw (theoretical yield) o® the polyner dissolvegq a
tenperature in th ange of 5100,130C, th. lution s filtered to renove
nitrogen pressu%y fter salt

ow y addin
70: 30 m xt ur eydbreipet hanol and water in a bl ender under high speed

— the — denotes isomerism so that in any recurring unit the groups to which the
arrows point may exist as shown or in an interchanged position ;

— Ar” is chosen among the following structures :

20



usi ng 400 pbw net hanol, 400 pbw dei oni zed water and finally 400 pbw

nmet hanol . The washed precipitate is collected by filtration and dried in a
vacuum owe0 208048105 at 120C with an air- bl eed. MeoomProoedsechi onet ry
and pot assi um car bonat e/ bi sphenol S ratio may 35vary around a 1:1 ratio as
desired, for exanple, as an aid in controlling the final nolecular weight
and endgroup ratio of the product. In tRfs exanple, the - 43 -

pol ymeri zation is conducted using a slight excess of bisphenol S (2 % and
t he potassium carbonate to bisphenol Sratio is 1:1. Those skilled in the

art will recogmihzge tifidhg bRAPIBERERT o), erckiAdd fardBositRInSAdIe Reigust ed as
desired to acglfve ot her le%ﬁ%ﬁ of. ?nq%rou§£ and g?at nol ecular wei ght may
be further 5cBR{PEH LAY et trdig! eompav g & 9 FEbeR #8MShol d ti me or

by use of higher reagti on tenpératures. PB6Hy(\et her sul f ones)
& geperal | y— QE!%} -@s~<§i§>=--0.3 to 1.0 dl/g
ane?. In this\pafticul ar anpl e, a pol y(ether

havi ng a reduced

may be prepared in

sul fone) with a reduced viscosity of 0.39 dl/g s produced. This materi al
was found to have as nmeasured 10 by @l \Per meat /e \Chr onat ogr aphy
(GPC), of 30040. oxyl en BUP COR :@ red by
titration, were £q % ard ch ori ne ehNdgrbup lcontentf ati on was

determ ned to be .. teq/ g—PFreparation of pol%(bi phenyl ether sulfones)
on a pilot scale g ctihon equi pnent may be acconpli shed
substantially b on 15process outlined for |aboratory use.
However, as w | by those skilled in the process engi neering
arts, heating tines, agitatiomand polymer recovery nmethods wl|l
necessarily beithar b&iflg bR aRSROTADARINE gtIP of @Ftd 6 €AMBH atoafs, filed apar ti cul ar

| arge scal e pro&gis eqHH%nent sel ect ed tor.conducting t he pol yneri zati on.
20 SPI NNI NG EXANBIES cthyleng, isopraby{eie BBG i dKEpi nni ng exanpl es, a pol y(et her
sul fone) ( PEShndvnisiutehéreedvdm cal structure 00 I 1l 55 1111 00 (E) having a

wei ght aver age moheclary Hel G ok, 4R POR . BRIATRATHESR B el taper moat for

Chr omat ogr aphy ( roomtenperature using po gﬁ{
st andar dslOas tiisetfe offedmpia/XLd hangdios thsircoreenvndmgiaone acid dommsdsddbd by

titration, wagnPdr QEANhré BbGHRrSAN Mal I8¢ FoREG @ AMIcAAE ol QABRE LNAgr oup
concentrat|onﬁgﬁ%@ﬁﬁternlned. 0 bé 10 [Leg/g. Per Flory & Stockneyer's
e

pol ycondensat gelycthemidegndgr oups concentration suggests a 30 wei ght
average nol ecul ar Pwgirghly nedre 32075 Wi YO8, DO/ ptOtjablyambicth NS vsto%8RE W t h

desi g, has: atonr ree £ ofhe dmatt PSR AR B Bisu s BB EREL St s 1
generai<ﬁ5 ;nmmepmﬁnﬁﬁyﬂannkmﬂhaMthas@,GHrenmgn@umé(ﬁéhampnaﬁsentiaIIy
undestroyed I B, Bgidk PHar@FRAMHE AR PR PCESS-

The blend (B) can comprise one and only one aromatic polyimide (P1).

Alternatively, it can comprise two, three, or even more than three aromatic
polyimides (P1).

20 In the process of the present invention, a solution of the polymer in at least
one halogen-free organic solvent (S1) for the polymer is employed. As long as
the organic solvent (S1) is halogen-free there is no particular limitation to the
solvent. In general the organic solvent (S1) is however a polar aprotic solvent.

In a preferred process according to the present invention, the solvent (S1)

25  and/or the solvent (S2) is selected from the group consisting of dipolar aprotic
solvents, particularly preferred from the group consisting of DMF, DMA, NMP
and mixtures thereof.

The terms “solvent for the polymer” and “soluble” generally imply that the
polymer is soluble to an extent of at least 97 %, preferably at least 99 % at an

30  applied temperature. In contrast, the terms “insoluble” generally implies that the



It can al so be understood, by those skilled in the art, that the nunber of
reactive hydroxyl endgroups can be increased by producing a | ower nol ecul ar
5wei ght pabyoaves3®sm | arly, a hi gher nol ecul ar wei ght pecymProososdsd2 have
fewer endgroups, in a manner consistent with the well-known

Fl ory/ St ockneyer rel ationship which specifies that wei ght average nol ecul ar
wei ght is deternmined fromthe equation-Ma=4, 000, 000/ (total endgroups).
Since the only endgroups in this polymer are d and OH, the nunber of OH
endgroups is inversely 1l0proportional to the weight average nol ecul ar

wei ght. The fglygith REoUBNElodn ARSE b ALrh@¥d 36| REREbIPatand efoghr gd net hod for
t he production qf PES fibers. Herein, a solution of the polyner in an
organi ¢ sol veARPIsE tFBPHRWESAr ed (in the fol lowing to be referred to as

"spi nni ng dope") ahdappleiecmpdratatighapvapiconddatblpy neamcaaptheestutivgi on. Mre
specific data ardi ng .15t h | erfornmed are indigat K} t he
Tabtes. Bxtr gl 58 PR L Qe SRS LR LT L ARG
stabi |l i zed vepsdirably 28°¢C enP@iCGat ure of 20 - 110C. A pressure of about 2 bar

is applied to theTﬁ@Fd]ﬂﬂ.i&gca@%ﬁ)erdid ANSBAGD) ity shRaBIPS MRl RO whiP (V = 6
cnB). The dope is filtered 20through a frlter elepent w thh about 10 | am
mesh si ze andisgis Hedted gp ngres & dloppihnyorsepef the prhmer selitippapd thee

coagul at It on b@ﬁﬂl‘lﬁnggéﬂfth@éolﬁlﬂi(grﬁ@%% h%rriotzﬁlépy\?ﬁlit@'ﬂle_%’idrﬁgﬁdbv(c@,n@y;lbe]&l clz g)o : TheA

Spirnnerets use r 0. es W eri| er.s r - gm

Dol cal 51z GHEEHEHEIRLE GHRINE e SO LB hetar e HUARE 4 o puch

the dope thr odgiiret ipecsfic mneuretof sletiorotangar fushed thrdugh2hozeld ted. 1t is

however preferr edgh@te?.% ‘né%l?x%sﬁ#gc%er%fmH‘Eedi&‘(@r@%teﬁ ISl dy RHRei e
refmmn] o e's I'n op

i njection speed V ' E_I nn vartes -as 1 ndicated in
t he spinni ng @&xamploast oncoaguhathrowsivehich a polymerFpkution ayghtaeirpshadanh | engt h

varies from 2Qqer &2l @M @ of REL 983U BEIQDnS BLECREF BinHAGontoURE {pe f rom 10
- 90C. Pure Waé&l{e ter /[ DVF %2:50 %mxétgres and pure i sopropanol were
used as coaguPhfiggozzle and themymbenandehaps P L SReBRESVhieh Eherogele | s t aken up

l;}/ afir S{sdr Obérﬁﬁinw(fjhk%hgrasttﬁé ﬁcszfzw dlldwa redufattuithgspe eehirvd foif of filksn 6 to 40
mn yielding je aw rati os m-.80 %up.to 150%. - 45 - .Drawi ng From
the fitst rof er Fonb®faniioREy b s & uebiepgnrct sugsias AR IS nt)

The space bet waegendrel 4 smat matatplteetismblendr capl widr onesortrheredmawotkeg secti on.
The extent of | 01 0 ¢ . I - 0 i IS

adj ust ed by dﬂﬁé‘ éﬂ%“b?ﬁ@gﬁfg%ﬁggbﬁﬁﬁéf%¢3@?%39?%&55P%gg%ﬁ%éfﬁkgpﬁ or in a
heat ed wat er Belutior)gpfozead fengpiming filosmts. \W\ashi ng secti on Fromt he

second rajg er they ihB@fodRVEIh Prederk MvedtisRlih §Ep W) Ghe §t@LS at a spinning
speed V3 which is usual V2. A washing bath, in general 10with

I% equal. tga

pure water halitipguesianto Geasepigtion Brth SPHBENE he second and the third roller.
The third rol (@n) atsledsdbholigeld Il 1 )ainweséh thg ppBinet dimesiLiyle nanrgtiogatet "

(cl osed box ; ewater with a te ture. of, abgut 60C Vi .an

o fect ve. vashiab Ty SR Bhe ieblsSeb STBSAR rhBiB sndBrebR DRERL AT, equa
to speed V2. Fi ni shonbffasihfzomalshonggnigeeleenti(§81%,0l | owed by a fini shing bath

where antjstatj grhidish o giapplied (0.5 % sol ution of phosphorous ester

salts).
) The liquid (L1) is not specifically limited as long as the polymer is

insoluble in it. Preferably, (L1) is halogen-free.
In a preferred embodiment of the process of the present invention, the at
least one liquid (L.1) is water and/or a C; to C;s mono- or polyhydric alcohol.

30  Non-limiting examples for the C; to Cis mono- or polyhydric alcohol are
methanol, ethanol, 1,2-ethanediol, propanol, 1,2-propanediol, glycerin,
n-butanol, 2-butanol, HO-(CHR'-O-CHR?),-OH, wherein R' and R? are
independently from each other H or CH; and n 1s from 1 to 5, etc. The C; to C;s
mono- or polyhydric alcohol is preferably a C, to Cio mono- or polyhydric

35  alcohol.



Dryi ng/ wi ndi ng After the finishing treatnment, the fiber (either
nmonofilament or nmultifilanment) is wound on a bobbin and dried under air or
by passi rgotzhroodgtesa 20heat ed funnel (160C - 220C, | engPhTAEP2009/0835M)
followed by a roller four (speed V5) before winding. V5 can be <v4 to all ow
for fiber shrinkage during drying (0.1 - 20 %9 or >V4 to m nim ze shrinkage
during drying (1 - 30 % . Such dryi ng n8thods are well known to those
skilled in the art. Exanples C to C5 (not according to the invention),
Exanpl es | and 2 25The pol y(ether sulfone) described above was dissol ved

into DVA at concemhé atlkARoné 88hiddo FeRNS2Yis Tt AQifertfmsmiies O to C5)

and 50 % (Exanples 1 and , .and processed ipnto vari.oys goagul ation
2ol vent s s oRBAc NSRS} 1P R @aﬁ%é%lﬁ faticitfo g Teafypne
t enper at ur e ofoltvhie (8§ Dagub} preferdidy hulvagarge kdleents EANubeigre idvhtica t¢ KT) or
60C, as noted iln '{g@ 1., 30Exanmpl es A through C5 denonstrate that,
i solven lﬁ uged. : L L
al t hough vari ations*in "coagul ati on bath conposition and pol yner conposition
were atterpted, thegdictsdrmeitherlauwkdk)wot solvanis @ 1oaedor G3) do rdsceakhwhi ch is

a clear indicg olﬁﬁertlﬂgd{?{théh%e‘éerﬂ%%ﬁo&f the material. The benefit of 50
% pol ymer concentration 1s dehonstrated by the data for Exanples 1 to 3 in

Tabl e 1 whi ch denbhetomperduicpdtherqopgylation bath & igggasrrlon the ragghpkak in excess
of 150 % wer efight aDRed00°T, grasrablyan kHEEAMEHNERIm 20 I¢BPC.i s the abbrevi ation

(éf I bu;?gebli 4|__CZ“ iji (Etf_enéa%éﬁm%ng q? 'thoeé?sr?sgﬁ‘ziggerlllt%}ll, gno llirga%gof frlo’n% f).2pcrr1(1)panedI ol LE

10 to 20 cm, preferably of from 0.5 cm to 10 cm is used between the nozzle and the
coagulation bath. The gas in the airgap may vary broadly. Preferably, air or
nitrogen is used. The temperature of the gas is in general in the range of from 10
to 50°C, preferably 20 to 35°C.

In another embodiment of this invention, the polymer solution enters the

15  coagulation bath directly so that there is no air gap, for example, the spinneret is
submerged in the coagulation bath.

In a particularly preferred embodiment of the process of the present
invention, the process further comprises a step (dd) of drawing the fiber or foil
obtained in step (cc). Preferably, the fiber or foil obtained in step (cc) is drawn

20 by S5 % to 300 %.

This drawing occurs after the solution had been pushed through a nozzle
between a first and a second roll and is thus different from jet drawing which is
established by setting a specific ratio of the speed of the solution coming from
the nozzle to the rotation speed of the first roll.

25 In the case of a foil, drawing can be performed in the longitudinal and/or in
the transverse direction. Preferably, drawing of a foil is performed in the
longitudinal direction, i.e. in the direction of the flow of the solution through the
nozzle.

In addition to the polymer and the solvent, the spinning solution may

30  contain other substances, such as those additives which are conventionally used
in the wet spinning of polymer fibers, for example colouring agents, pigments,
heat stabilizers, light stabilizers, dye affinity aids, softening agents and spinning
aids.

In a second aspect, the invention is directed to a fiber or foil, comprising at

35  least one optionally functionalized polymer with a high T, selected from the
group consisting of poly(aryl ether sulfone) (PAES), poly(aryl ether
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ketone) (PAEK) and aromatic polyimide, obtainable by a process comprising the
steps of
(aa) providing a solution comprising at least 45 wt. %, based upon the weight
of the solution, of the polymer, and at least 20 wt. %, based upon the
5 weight of the solution, of at least one halogen-free organic solvent (S1) for
the polymer ;
(bb) pushing the solution through a nozzle ;
and
(cc) introducing the solution into a coagulation bath comprising
10 (ccl) at least one liquid (L1) in which the polymer is insoluble, and optionally
(cc2) at least one organic solvent (S2) for the polymer, identical to or different
from the organic solvent (S1),
to form a fiber or foil.
Preferably, the at least one liquid (L1) is water and/or a C; to C;5 mono- or
15  polyhydric alcohol. Water and/or a C; to C;o mono- or polyhydric alcohol are
preferred.

In a third aspect, the present invention is directed to a fiber or foil,
comprising at least one optionally functionalized polymer with a high T, selected
from the group consisting of poly(aryl ether sulfone) (PAES), poly(aryl ether

20  ketone) (PAEK) and aromatic polyimide, comprising a porous core, wherein
porosity , as defined as the ratio between the volume of void-space Vv and the
total (bulk) volume Vg of the fibers, including the solid and void component, is
at least 5 % ; and wherein the fiber or foil has (a) a tenacity > 6 cN/tex, and/or (b)
an clongation at break > 150 %.

25 In the fiber or foil of the third aspect, the porosity ® may be of at
least 10 %, at least 20 %, at least 30 % or at least 40 % ; it may also be of at
most 60 %, at most 50 %, at most 40 %, at most 30 % or at most 20 %. Ina
preferred embodiment of the third aspect, the porosity @ is preferably of at
least 7 %. In a particular preferred embodiment of the third aspect, the

30  porosity @ is in the range of from 7 % to 60 %, and even more preferably in the
range of from 7 % to 50 %.

The porosity @ of a fiber (and in a corresponding manner the porosity ®@ of
a foil) can be estimated from the weight and diameter of the fiber as follows.
Fiber tex is a commonly used term to express linear density and is equal to the

35  weight in grams of 1 kilometer of yarn. In a nonporous fiber, the volume of the
fiber multiplied by the density of the polymer will yield the tex of the fiber. The
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volume of the fiber is the length of the fiber times the cross sectional area. In
particular, the volume of 1000 meters of yarn is equal to :
V (in cm3) = 100,0007 r*, with the fiber radius r expressed in cm.
As a result,
Tex = p 100,000 = r*, where p is polymer specific gravity in g/cc.
and since 0.1 decitex=1 Tex,
Fiber dtex (decitex) = p 1,000,000 = r*, where p is polymer specific gravity
in g/cc.

In the case of poly(ethersulfone), the polymer has a specific gravity
of 1.37 g/cc. Thus, if the diameter of the fiber is for example 18.9 um, the fiber
dtex can be calculated to be 3.84 in theory (theoretical dtex). If the experimental
data indicate however that the fiber has a dtex of 2.2 (actual dtex), the porosity
can be calculated from the following equation :

Porosity @ (Void Fraction) = Vy/ Vg =1 - (actual dtex / theoretical dtex).

In the aforementioned case, the porosity is 0.428, or 42.8 %.

Such a calculation is verified by considering the case of a melt spun
poly(ethersulfone) fiber, having no porosity, as determined by microscopy. This
fiber was established by microscopy as having a diameter of 15 microns. Such a
fiber was measured to have a dtex of 2.43. Using the above formula, the
predicted dtex is 2.42, identical to the predicted diameter.

In a preferred embodiment the fiber or foil according to the third aspect has
a strength of > 7 cN/tex, more preferably > 10 cN/tex and most preferably
of > 13 cN/tex.

In another preferred embodiment the fiber or foil according to the third
aspect has an elongation at break of > 200 %.

The polymer with a high T, in the fiber or foil may be unfunctionalized or
functionalized. Preferably, the polymer with a high T, in the fiber or foil is
functionalized with one or more functional groups, in particular with one or more
hydroxyl and/or amine groups, more particularly hydroxyl groups. The term
“functionalized” often refers to the reactive nature of the polymer. In particular,
a polymer is considered reactive if, when treated further under appropriate
conditions, the polymer reacts further. The usually reactive nature of
functionalized polymers makes it difficult to prepare fibers from such materials
via melt extrusion. When melting such polymers it is most common to cause the

reactive groups of the polymer to react, thereby producing a fiber with fewer, or

to
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zero reactive groups. As a result, such a fiber is not a fiber which contains
functionalized groups.

In the specific case of polycondensation polymers prepared using
nucleophilic reaction chemistry, the functionality of the polymer generally exists
in the form of endgroups. The relationship between endgroup concentration and
polymer molecular weight for polycondensation polymers is well known, as
determined by Paul J. Flory and others (in particular Stockmeyer), and leads to
the following simple equations :

Mn (number average molecular weight) = 2,000,000/(total endgroup
concentration), and Mw (weight average molecular weight ) = 4,000,000/(total
endgroup concentration),

where the total endgroup concentration is measured in units of molar
microequivalents per gram of polymer. Therefore, if one is targeting a particular
polymer molecular weight, the total endgroup concentration is fixed. It is also
casily noted that the molecular weight and total endgroup concentration are
inversely correlated so that the only way to increase endgroup concentration is to
produce lower molecular weight.

In the specific case of poly(ethersulfone) prepared using
4,4-dichlorodiphenyl sulfone and Bisphenol S, the endgroups of the polymers are
either Chlorine or Hydroxyl. Since the hydroxyl endgroups are the more reactive
of the endgroups, to produce a material with residual reactivity, the reaction is
generally operated in such a manner as to produce an excess of OH groups. The
methods for achieving this are well known to those skilled in the art and include
conducting the reaction with an excess of the Bisphenol S monomer.

In some cases, it is desired to produce a material with functionalization
beyond that which is capable from standard polycondensation chemistry, as
described above. In this case, it is common for molecules which contain
functionality to be “grafted” or reacted onto the backbone of a polymer. This is
also a method used to produce functionality for polymers which do not have
reactive groups at their polymer ends. Such technology is well known to those
skilled in the art.

The fiber or foil of the third aspect is preferably obtainable by the process
of the first aspect of the present invention. Preferred embodiments of the process
of the first embodiment are equally applicable.

Finally, the present invention is directed in a fourth aspect to a fiber or foil,

comprising at least one optionally functionalized polymer with a high T, selected
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from the group consisting of poly(aryl ether sulfone) (PAES), poly(aryl ether
ketone) (PAEK) and aromatic polyimide, having a tenacity of > 12 CN/tex
and/or an elongation at break > 60 %.

Preferably, the fiber or foil of the fourth aspect has a modulus
of >100 CN/tex.

The fineness of fiber is measured according to DIN 53812 as
weight/length. The tenacity, modulus and breaking elongation as used herein is
measured according to DIN 53816.

In a preferred embodiment, the fiber or foil of the fourth aspect has a
tenacity (tenacity) of > 12 CN/tex, more preferably of > 13 cN/tex, and most
preferably of > 15 cN/tex, and an elongation at break of < 180 %.

In an alternative embodiment, the fiber or foil of the fourth aspect has a
tenacity of from 4,8 to 9,5 CN/tex and an elongation at break of > 100 %.

The fiber or foil of the fourth aspect is preferably obtained by the process

of the first aspect of the present invention. Preferred embodiments of the process

of the first embodiment are equally applicable. Moreover, the fiber or foil of the
fourth aspect has preferably the porosity features of the third aspect of the
present invention.

In a preferred embodiment of the present invention, the fiber or foil
according to the first to fourth aspects of the present invention comprises a
polymer, comprising polymer chains that are functionalized at their ends by an
amine or hydroxy group.

The fiber of the present invention has usually a number average
diameter dgp, of from 2 to 5000 pm, preferably of from 5 to 1000 um, more
preferably of from 10 to 250 um. Most preferably, the fiber of the present
invention has a number average diameter (thickness) dgp, of from 5 to 100 um.

The optionally functionalized polymer is preferably an optionally
functionalized poly(aryl ether sulfone) ; besides, it is preferably functionalized,
¢.g. it can be amine or hydroxy-terminated.

Filaments can be used as such or as a bundle of multiple filaments.

Preferably, the weight average molecular weight of the polymer is in the
range of from 5,000 to 120,000, more preferably in the range of from 10,000
to 100,000. The weight average molecular weight of the polymer is in general
determined by gel permeation chromatography using preferably polystyrene

standards.

| 9*Z
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The fibers according to the present invention can show significantly
improved mechanical properties. Specific combinations of tenacity and
clongation at break can be achieved easily.

Moreover, the customary additives for the above outlined polymers known

5  to the person skilled in the art can be used accordingly.

The invention will be better understood by way of consideration of the
following examples, which are provided by way of illustration and not in
limitation thereof. In the examples, all parts and percentages are by weight
unless otherwise specified.

10 EXAMPLES
MANUFACTURE OF POLYMER

As an example for a synthesis of a polymer to be used in accordance with
the present invention, the synthesis of particularly suitable poly(aryl ether
sulfones) is described according to the following general procedure which is

15  preferably used on a laboratory scale.
Polymerization Process

A 500 ml, 4-neck round bottom flask is equipped through its center neck
with an overhead stirrer attached to a stainless steel paddle. A Claisen adapter
fitted with a Dean-Stark trap and a water-cooled condenser is attached to a side

20 neck, and a thermocouple thermometer attached to a temperature controller is
inserted into the reactor through the Claisen adapter. A gas inlet tube and a
stopper are placed in the other necks of the round bottom flask. The reactor is
placed in an oil bath fitted with heaters connected to the temperature controller.

Bisphenol S, 127.64 pbw (parts by weight), 4,4'-dichlorodiphenyl

25  sulfone (143.58 pbw), anhydrous potassium carbonate (70.49 pbw), anhydrous
sulfolane (541.94 pbw) and anhydrous chlorobenzene (77.42 pbw) are charged to
the reactor.

The agitator is started to 300 rpm and the reactor is degassed by evacuating
using a vacuum pump and then filling with nitrogen. The degassing operation is

30  repeated two more times, and a steady stream of nitrogen through the reactor
solution is started. Heating is initiated and the stirring speed is increased
to 400 rpm, taking care not to splash the reaction solution above the heated zone
of the reactor wall. As the temperature of the reaction mixture increases,
chlorobenzene, along with the water formed as a reaction byproduct, distills as

35  anazeotrope and is collected in the Dean-Stark trap ; the collected distillate is
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5  initiating the heating cycle, and will be maintained for the time needed to reach
the target molecular weight, typically 15 to 60 minutes. Still longer heating
periods may be required for particular combinations of monomers and reactants
and when other reactant stoichiometries are used. Those skilled in
polycondensation process engineering will be familiar with the variety of

10 methods widely employed in laboratory and plant operations for following the
progress of a polymerization reaction. For example, the solution viscosity of the
reaction mass increases as the polymerization proceeds, thereby increasing the
load on the agitator motor. The progress of the polymerization reaction may thus
be followed by monitoring the corresponding increase in load on the agitator

15  motor circuit.

Upon reaching the desired molecular weight, the polymerization process is
quenched by adding a mixture of sulfolane (88 pbw) and
chlorobenzene (431 pbw) slowly from an addition funnel to cool the reaction
mixture, typically to a temperature in the range of about 160-180°C to reduce the

20  viscosity of the reaction mass for filtering. The diluted polymer solution now
comprises 232.2 pbw (theoretical yield) of the polymer dissolved in a mixture of
chlorobenzene and sulfolane, at a concentration of approximately 16 wt %,
together with suspended byproduct salts. After cooling to a temperature in the
range of 100-130°C, the solution is filtered to remove the byproduct salts.

25  Filtration may be conveniently accomplished using a 2 micron filter medium in a
pressure filter funnel under 10-20 psig nitrogen pressure.

After salt removal, the polymer is coagulated and recovered by slowly
adding 100 pbw of the cooled solution to 500 pbw of a 70:30 mixture of
methanol and water in a blender under high speed agitation. The precipitate is

30 collected by filtration, returned to the blender, and given successive washings
using 400 pbw methanol, 400 pbw deionized water and finally 400 pbw
methanol. The washed precipitate is collected by filtration and dried in a
vacuum oven (60 mm) at 120°C with an air-bleed.

Monomer stoichiometry and potassium carbonate/bisphenol S ratio may

35  vary around a 1:1 ratio as desired, for example, as an aid in controlling the final

molecular weight and endgroup ratio of the product. In this example, the
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polymerization is conducted using a slight excess of bisphenol S (2 %) and the
potassium carbonate to bisphenol S ratio is 1:1. Those skilled in the art will
recognize that the monomer mole ratio may also be adjusted as desired to
achieve other levels of endgroups, and that molecular weight may be further
5  controlled by extending or reducing the reaction hold time or by use of higher or
lower reaction temperatures. Poly(ether sulfones) having a reduced viscosity
generally in the range of from 0.3 to 1.0 dl/g may be prepared in this manner. In
this particular example, a poly(ether sulfone) with a reduced viscosity
0f 0.39 dl/g was produced. This material was found to have MW, as measured
10 by Gel Permeation Chromatography (GPC), of 30040. Hydroxyl endgroup
concentrations, as measured by titration, were 101 peq/g and chlorine endgroup
concentration was determined to be 33 peq/g.
Preparation of poly(biphenyl ether sulfones) on a pilot scale and in
production equipment may be accomplished substantially by the polymerization
15  process outlined for laboratory use. However, as will be understood by those
skilled in the process engineering arts, heating times, agitation and polymer
recovery methods will necessarily be varied to accommodate the requirements of
the particular large scale process equipment selected for conducting the
polymerization.
20  SPINNING EXAMPLES
In the following spinning examples, a poly(ether sulfone) (PES) with the

chemical structure

0
I

0 (E)

having a weight average molecular weight of 40,200, as measured by Gel

25  Permeation Chromatography (GPC) measured at room temperature using
polystyrene standards was used. Hydroxyl end-group concentrations, as
measured by titration, was 91 peq/g (microequivalents per gram) and chlorine
endgroup concentration was determined to be 10 peqg/g. Per Flory &
Stockmeyer’s polycondensation theory, this endgroups concentration suggests a

30  weight average molecular weight of 39601 (4,000,000/101), quite consistent with
the value measured by GPC. It is further noted that this material, by design, has

a dominance of the reactive OH endgroups, by design. It is in general of
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various fewer endgroups, in a manner consistent with the well-known Flory/Stockmeyer
relationship which specifies that weight average molecular weight is determined
from the equation Mw=4,000,000/(total endgroups). Since the only endgroups in
this polymer are Cl and OH, the number of OH endgroups is inversely
10 proportional to the weight average molecular weight.

The following general description relates to a preferred method for the
production of PES fibers. Herein, a solution of the polymer in an organic
solvent S1 is prepared (in the following to be referred to as “spinning dope”) and
pushed through a spinneret by means of extrusion. More specific data regarding

15  the Examples performed are indicated in the Tables.
Extrusion

The spinning dope is stored in a thermally stabilized vessel at a
temperature of 20 — 110°C. A pressure of about 2 bar is applied to the spinning
dope to transport it to the metering pump (V =6 cm’). The dope is filtered

20  through a filter element with about 10 um mesh size and pushed through a
spinning pipe (spinneret) into the coagulation bath, either directly or through an
air gap (0,5 — 10 cm). The spinnerets used had from 1 to 500 holes with
perimeters from 40 — 150 um. A typical size was 100 holes with each 60 um
perimeter. The means to push the dope through the spinneret are not particularly

25  limited. It is however preferred to use an extruder combined with a melt pump.
The injection speed Vgie [m/min] of the spinning dope varies as indicated in the
spinning examples.

Coagulation bath

The coagulation bath length varies from 20 — 120 cm and the coagulation

30  temperature T varies from 10 — 90°C. Pure water, Water /DMF 50:50 %
mixtures and pure isopropanol were used as coagulants.

After the coagulation bath, the fiber is taken up by a first roller which
rotates with a spinning speed V1 of from 6 to 40 m/min yielding jet draw ratios
from — 80 % up to 150 %.
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Washing sectlon

From the second roller the fiber moves to a third roller which rotates at a
spinning speed V3 which is usually equal to V2. A washing bath, in general

10 with pure water having 95°C, is situated between the second and the third roller.

The third roller is followed by a washing pot commonly named “godet”
(closed box ; pure water with a temperature of about 60°C) having an effective
washing length of about 10 m. The speed V4 of the godet is equal to speed V2.
Finishing

15 The washing godet is followed by a finishing bath where antistatic finish is
applied (0.5 % solution of phosphorous ester salts).

Drying/winding

After the finishing treatment, the fiber (either monofilament or
multifilament) is wound on a bobbin and dried under air or by passing through a

20 heated funnel (160°C — 220°C, length 1,5 — 3 m) followed by a roller four
(speed V5) before winding. VS5 can be <V4 to allow for fiber shrinkage during
drying (0.1 — 20 %) or >V4 to minimize shrinkage during drying (1 — 30 %).
Such drying methods are well known to those skilled in the art.

Examples C1 to CS (not according to the invention), Examples 1and 2

25 The poly(ether sulfone) described above was dissolved into DMA at
concentrations ranging from 27.5 % to 40 % (Examples C1 to C5) and 50 %
(Examples 1 and 2), and processed into various coagulation solvents as shown
in Table 1. The airgap was filled with air. The temperature of the coagulation
bath was either room temperature (RT) or 60°C, as noted in Table 1.

30  Examples C1 through C5 demonstrate that, although variations in coagulation
bath composition and polymer composition were attempted, the fibers were weak
with low elongation at break which is a clear indicator of the brittle nature of the
material. The benefit of 50 % polymer concentration is demonstrated by the data
for Examples 1 to 3 in Table 1 which demonstrated that fibers with elongation at

35  break in excess of 150 % were obtained, a dramatic improvement. “14BD” is the

abbreviation of butane-1,4-diol.
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Examples 4 to 6
Examples 4 to 6 were conducted as Examples 1-3, except for the
differences indicated in Table 2. Examples 4 to 6 demonstrate how strong fibers
may be obtained. Especially strong fibers have a tenacity being >10cN/tex. As
5  will be obvious to those skilled in the art, when the fibers are brittle, as is the
case for those produced from low polymer concentrations (examples C1-C5), the
fibers cannot be drawn. Examples 4 to 6 demonstrate that strong fibers can be
produced by the process of the present invention. While the examples show
draws up to 167 %, those skilled in the art realize that higher draw ratios can lead
10 to improved properties. Of particular interest is the fact that high tenacity fiber
was produced with high porosity, especially as noted by examples 4 and 6.

Table 2
Examples 4 5 6
Polyrper concentration 1n spinning 50.0 50.0 50.0
solution [%]
Solution temperature [°C] RT RT RT
Number of holes in spinneret 17 17 17
Hole diameter in spinneret [um] 80 80 80
Coagulation bath H,O H,O H,O
Melt pump [cc/min] 1.08 1.82 1.82
Speed Vgie [m/min] 12.6 21.3 21.3
Jet drawing (V1/Vgie-1) [%] 137.4 -6.1 -30
Speed V; [m/min] 30 20 15
Drawing (V,/Vi-1) [%] 33 100 167
V; [m/min] 40 40 40
Fineness of filament [Dtex] 7.7 15.3 15.9
Tenacity [cN/tex] 13.1 14.7 18.2
Elongation at break [%] 163 80 44
Measured fiber diameter dg, [in 329 391 575
microns|
Porosity 337% | 7.1 % 553 %

Examples 7 through 14
Experiments 7 through 14 were conducted as Examples 1 to 6, except for
15  the differences indicated in Table 3. Examples 7 to 14 demonstrate that drawing
contributes substantially to the formation of higher strength (tenacity) fibers.
Additionally, the effects of drawing and jet drawing can be noted by considering
the mechanical properties of obtained PES fibers.
The influence of the spinning conditions on fiber morphology is
20  demonstrated in Figs. 1 to 4 wherein electron microscopic micrographs for the
fibers of specific Examples are shown.
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Fig. 1 shows the micrograph for the fiber of Example C1 which is not
according to the invention. It can be seen that large pores exist in the core and/or
surface region of the fiber. The micrograph shown in Fig. 1 demonstrates a fiber
structure consistent with a low eclongation at break material.

5 Fig. 2 shows electron micrographs of the fiber from Example 5 at various
magnifications.

Fig. 3 shows two electron micrographs of a part of the fiber from
Example 13 at various magnifications. It can be clearly seen that the cross-
section of the fiber can be divided into a skin, an intermediate layer and a core

10 part which differ in porosity.

Fig. 4 shows two electron micrographs of a part of the fiber from
Example 14 at various magnifications. It can be clearly seen that the cross-
section of the fiber can be divided into a skin, an intermediate layer and a core
part which differ in porosity.

15 A comparison between Fig. 3 and Fig. 4 illustrates the effect of drawing on
the morphology. The fiber of Fig. 3 was manufactured without drawing, while
the fiber of Fig. 4 was manufactured by including a step of drawing by 100 %. It
can be clearly seen that the pores shown in Fig. 4 are smaller than the pores
shown in Fig. 3.

20 It is noted that the fibers of Examples 1 to 14 had a porous core, wherein a
porosity @, defined as the ratio between the volume of void-space Vv and the
total (bulk) volume Vg of the fibers, including the solid and void component, is
at least 5 %.
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polymer, and at |east 20 w. % based upon the wei ght of the solution, of
at | east one hal ogen-free organic solvent (Si) for the polynmer ; 10(bb)
pushi ng the solution through a nozzl e, aAgnd g cc) introducing the solution
into a coagul ation bath conprising (cc 1) at least one liquid (L1) in which
the polyner is insoluble, and optionally (cc2) at |east one organic
solvent (S2) for identical to.por different. .15fromthe organic
solvent (S}, to forbRgeTEEmesPaRfiiRe of £BG Sl EBRhARr GRE o "cla m
1, wherein thepmnallgﬁtsttctlonzdlzbdqulyme( Isa/it)hails'ghﬁg eerlecatdjfromthe gbupo C15 nono-
or pol yhydric ﬂdﬂ]?g

wherein the so‘?{/sgs(relltH Q () EP?IYS %Il/ethé Sﬁl?é%gggl ve [cp 8{ Qeltgé%s%to%& om t he
group cons st piharemaprPolymmde, (QUIPTEBHE the DY @5 t her eof 4. Process
according to any of claims 1 to 3, wherein an airgap of from0.2 cmto 20

cmis used be(aweprotvmn@@g&h@ora&dnﬂrmlgcaa@s{ 28 W01V IRkEd upon the weight 5.

Process accordi ng I a| th zzle.is
25submerged in thg%@Bﬁé%P%?l for, angétéeasgégé?’ésé’ gaéﬁ‘ngIht&eto any of
clainms 1 to 5, fuwbight of:therpolusom@fat ktepné dapgaf-frae amgamg solvent (Sheforor f oi |

obtained in step btvmer2 1 - 7. Process according to claim®6, wherein
the fiber or foil aPmrlledln step (cc) is drawn by 5 %to 300 % 8.
Fi ber or foil corrprl sing at |east one optionally functionalized polyner

with a hilgh TP epeshinethe soliiiomrepabinazaiisi sting of pol y(aryl et her

5sul fone) (PAES), poly(aryl ether ketone) (PAEK) and aronatic polyin de,
obt ai nabl e byagd process conprising the steps of (aa) providing a solution
conpri sing at Ieast 45 wt. % based upon the weight of the solution, of the

pol yner, and | east, 20 . % based wei ght of the
B0l it ron, of o)1 B3R M Bhioh P OB dul b rmmiisinss’y for Tt he
pol ymer ; (bb) pushi ng the solution through a nozzle ;

(ccl) at least one liquid (L1) in which the polymer is insoluble, and optionally

(cc2) at least one organic solvent (S2) for the polymer, identical to or different
15 from the organic solvent (S1),

to form a fiber or foil.

2. Process according to claim 1, wherein the at least one liquid (L1) is

water and/or a C; to C;s mono- or polyhydric alcohol.

3. Process according to claim 1 or 2, wherein the solvent (S1) and/or the
20  solvent (S2) is selected from the group consisting of DMF, DMA, NMP and

mixtures thereof,

4. Process according to any of claims 1 to 3, wherein an airgap of

from 0.2 cm to 20 cm is used between the nozzle and the coagulation bath.

5. Process according to any of claims 1 to 3, wherein the nozzle is

25  submerged in the coagulation bath.

6. Process according to any of claims 1 to 5, further comprising a

step (dd) of drawing the fiber or foil obtained in step (cc).



and (cc) introducing the solution into a coagul ati on bath conprising (ccl)
at least one liquid (L1) in which the polyner is insoluble, and optionally
15(cc2) awolems43mae or gani ¢ sol vent (S2) for the pol ymecy/Erd@atsisat to or
different fromthe organic solvent (Si), to forma fiber or foil. 9.

Fi ber or foil according to claim8, wherein the at |least one liquid (L1) is
wat er and/or a Cl to Cl5 nono- or pol yhydric al cohol. 2010. Fiber or foil,
conprising at |east one optionally functionalized polynmer with a high Tg
selected fromthe group consisting of poly(aryl ether sulfone) (PAES),

poly(aryl ether ket opgkelsRABHINgNE cRiA ®BvhercROhY Bt foll @BRIAEIING & porous
core, wherein orqsLtX %Jg, Q%fIB 89ﬂs the rati o between the vol une of

voi d- space W SER&ED Hedrep Ry S(Bde § Vol ume VB of the fibers, including 25the
solid and void conponent, is at least 5 % ; and wherein the fiber or foi
has (a) a tenacit$. >FibecdV fodxcompribingy at(ldnst aue @itonglt fuanti@talibedepdPmasb0 %

11. Fi ber or | rdi |, Al i i of? 7 cNtex. -
52 - 12. |§é?&g?gg%l a%@%%ﬁ%%%gaggogﬁﬁkggig?gﬁggﬁﬁ%¥an‘eIongation at
break > 200 9sulfone) (PES)Fp@IstardretliesikEtoae@rdikagingd aramaticafoldaders 10 to 12,

mhere!n t he pggﬁﬁﬁgbwﬁ%qﬂamgga@@ﬁk¢$ﬂ%gﬂﬁgbpnalized w th one or nor e
functional groups. 514. Fiber or foil, conprising at |east one optionally

functionalized polyner. with a high Tg sel ect fr th roup consisting of
pol y(aryl et hEr) sHiovHeg @ e@s&f&% C,O%Qﬂsg‘tgaartﬁa%/?ﬁw RS LY P AERY i g

aromati c pol yi m def thhavlutign,aftiensudyrhyr, afiPatll2asCR iex, basdd aporathe el ongat i on
of break? 60 % . 15, ..Fiber or foil accokrding to clai havi ng a
tenacity of > 102 dqﬂgél;[( 0&'[616 s?sjlutlon, OI% at f%aﬁt.one Lalpg%n-ﬁe Organic S(_)Lhr nt(%S}flfor 9

and an’el ongation a rea 16.
Fi ber or fbil accthediolygnero cl ai m 14, having a tenacity of from4.8 to 9,5
CN'tex and an el ongation at break of? 100 % 17. Fiber or foi
according to @y BhshfloAhlBolBtibPttSugh&)2lcn the wei ght average nol ecul ar
wei ght of the polynmer 1s in the range of from5,000 15to 120, 000. 18.
Fi ber or foil according to any of clains 8 to 17, wherein the polyner is
Pol y(aryl eth&sulfone) (PAES). 19. Fiber or foil according to any

of clains 8 to 18, wherein the polyner conprises polyner chains that are
functi onal i ze@cat intdoducing tietssohyioanntari dcoegudaticObayld caxyrignup.

(ccl) at least one liquid (L1) in which the polymer is insoluble, and optionally

15  (cc2) at least one organic solvent (S2) for the polymer, identical to or different

from the organic solvent (S1),
to form a fiber or foil.

9. Fiber or foil according to claim &, wherein the at least one liquid (L1)

is water and/or a C; to C;s mono- or polyhydric alcohol.

20 10. Fiber or foil, comprising at least one optionally functionalized polymer
with a high T, selected from the group consisting of poly(aryl ether
sulfone) (PAES), poly(aryl ether ketone) (PAEK) and aromatic polyimide,
comprising a porous core, wherein porosity @, defined as the ratio between the
volume of void-space Vv and the total (bulk) volume Vj of the fibers, including
25  the solid and void component, is at least 5 % ; and wherein the fiber or foil has (a)
a tenacity > 6 cN/tex, and/or (b) an elongation at break > 150 %.

11. Fiber or foil according to claim 10, having a tenacity of > 7 cN/tex.
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12. Fiber or foil according to claim 10, having an elongation at
break > 200 %.

13. Fiber or foil according to any of claims 10 to 12, wherein the polymer

with a high T, is functionalized with one or more functional groups.

14. Fiber or foil, comprising at least one optionally functionalized polymer
with a high T, selected from the group consisting of poly(aryl ether
sulfone) (PAES), poly(aryl ether ketone) (PAEK) and aromatic polyimide,
having a tenacity of > 12 CN/tex, and/or an elongation of break > 60 %.

15. Fiber or foil according to claim 14, having a tenacity of > 12 CN/tex
and an elongation at break of < 180 %.

16. Fiber or foil according to claim 14, having a tenacity of from 4.8
to 9,5 CN/tex and an elongation at break of > 100 %.

17. Fiber or foil according to any of claims 8 to 16, wherein the weight
average molecular weight of the polymer is in the range of from 5,000
to 120,000.

18. Fiber or foil according to any of claims 8 to 17, wherein the polymer is
Poly(aryl ether sulfone) (PAES).

19. Fiber or foil according to any of claims 8 to 18, wherein the polymer
comprises polymer chains that are functionalized at their ends by an amine or

hydroxy group.



