- 1 - Fiber or oile s with high T and rocess for their manufacture CROSS REFERENCE TO RELATED
APPLICATIONS The present application claims the priority benefit to U.S. povisional application No.
61/106,177 fil&RPEAOERHer 17, 2008, the whole content of this 5applicEG3EBBFFIEFRIN incorporated
by reference for all purposes. The present invention relates to a fiber or foil comprising an optionally
functionalized polymer with a high Tg, in particular frgpm polycondensation polymers with high Tg, and
a process for their manufacture. The manufacture of a high elongation and/or high strength (in the
10following to be refen-ed to also as hlgh tenaC|ty ) contlnuous flber of a hlgh Tg polymer, for
example of poly(aryl eliiesrer SIS B g REGERESSY e 4RIt due to the
material's propensity to form Weak brlttle and hlghly porous flbers In fact due to their high porosity
these materials are used as a component in membranes. The known fibers are however extremely
brittle, 15with fiber elongation at break of < 10%. As a result, these fibers cannot be used for
necessary fiber post processing operations like weaving and/or threading. On the other hand, the
production of fibers fromdrustioRplzRaMiETIg RBIVATENS hprnetiexipasion is extremely difficult due to

the reactive nature of the-pojymaer. Mgggogalglmqgeeﬁg% n@;ﬁ {@g(gl\fgo%gngﬂoups are consumed
and 20can cause the olé/meﬁwsgg%té/lt?ylﬁfé sgJramat ﬁé p.some instances, this even renders
y

fiber manufacturing't ngs%e especial commer’ua fevant production rates. GB

1134961 discloses A°PrGERIL IS rEPdBHBﬁBWtBﬁa hreelgense Ob'i’)MW%ﬁﬁone which comprises wet
spinning a solution consiEtingf&sBERtiiieR Stes Hok/aby sulfehecmmaiiies ganigieetignt into a
coagulating bath cofisisting!atd e 806 by volime, of theiorgafiierspiventdmea8into 10 % by volume of
a liquid in which the,gRivarylsiifans igyi@,&pﬁqg@@@g)wmmﬁﬂpesolvent IS miscible. In a preferred
embodiment, the organi lr{\gmf{%t%@%@fg gg&gﬁgmp&aﬁg}% &%%Qtt}'i opn the spinning solution
is 15 to 40 grams per 10 of 30¢hlorofor é{g{%% a% b%/}we%%g Pir é{ggt ly, after leaving
the coagulating’batt ARY Whife & if ?H?ﬂéo\ﬂ}é? g ﬁ‘én?ﬁ]’té’ RNV e TR hing treatment,
advantageously by 20976300 WWB@@%W@GWWW}‘%}SMW@&@%@BW a relative
viscosity, measurecarcadpéifiicwiaighto the material’s propensity to form weak, brittle and

highly porous fibers. In fact, due fo their high porosity these materiais are used

as a component in membranes. The known fibers are however extremely brittle,
15  with fiber elongation at break of < 10 %. As a result, these fibers cannot be used
for necessary fiber post processing operations like weaving and/or threading,

On the other hand, the production of fibers from functionalized high T,
polymers by melt extrusion is extremely difficult due to the reactive nature of the
polymer. During said melt extrusion, the reactive end-groups are consumed and

20  can cause the polymer viscosity to increase dramatically. In some instances, this
even renders fiber manufacturing impossible, especially at high, commercially
relevant production rates.

GB1134961 discioses a process for the production of threads of a
polyarylsulfone which comprises wet spinning a solution consisting essentially

25 of a polyarylsulfone in an organic solvent mto a coagulating bath consisting
of 5 to 90 % by volume of the organic soivent and 95 to 10 % by volume ofa
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

36 chioroform (ie., ca. 9 10 21 % by weight). Preferably, after icaving 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



- 2 - solution in chloroform at 30C, which is in the range of 1.6 to 4.2. In Example 1, a solution of a
polyarylsulfoneether (made from bisphenol-A and 4,4'-dichlorodiphenylsulphone) was spun at a speed
of 11 m/min thYSURPASHiPmeret with 20 orifices 80 gm in diameter into &CFEGIMNBIT Bath at 20C
5containing 60 volume % -EtOH and 40 volume % CHC13. After leaving the 100 cm long coagulation
bath, the fibers were washed in a 40-cm long bath with EtOH. The moist fibers were stretched by 200
% between two rolLs rotating at different speeds. The fibers disclosed in GB 1134961 of 1967 are
substantially porous and 10very weak. Accordingly, there was so far no commercial application. DD
233385 Al relates todupradesslfor the maitactucd efipdrousigotyeérhadick Whictplark suitable as

fiber-type products H)g‘oyﬁﬁﬂl’bﬂa%ég)&%mmﬁg&{NaerﬁMWApiﬁa}mDOSIte materials or in

. plane or tubular Mi ced by coagulation of
~ a 15polymer solutu;%l@Sgg‘?%%{@g%%ﬁa%g&%ﬁ&%%%%%%g (ggquleﬁrﬁ%?{%m%% 1-60 weight % of the

polymer are substltu?e By an a el lfﬁlalfl errflﬁglyl%@ 08%8 (%b fveti oluble and
non-swellable iA thé%ﬁ?@ﬁ% éﬂaq@m%msﬁfpﬁ%é@%@éuaﬁjét@%wﬁﬁ%%% briefly mentioned in
the discussion of th&:stdiecof e astgThadowtaticdmcbration slthed addites &g BBpolymer in solution

is between 5-25 weigitt 2toxthra-casstantconaediratinn o sobverideraashdesignatad concentration
of polymer and addifjverifidhes g&;pn of 5-25 weight % independently of the ratio of polymer to additive.

The invention aims at prqyidj hno ess for anufactur of porous bodies,
which possess a therma?;é aﬁ] me}é S%ﬁcéfﬁ%;ﬁ%%%%%gﬁ%ﬁ %11 Fovvy ACESTEP 1627 941 Al

discloses a fib&} haviiy st FErotRaky Erintea s 48 2R SATLREHAPBEIS Tayer concentrically
arranged therewith, saidPsEporsusllagietcetmaprisiey frattic mare tahrsidbwaid sdeoatl porous layer
comprising a polymasitianatésicdrandtavhesdibdhgeoedwidie layersharexsldeakisperfaeable to 30fluid.

Preferred polymerl@ﬁ@%@ﬁ{ﬁ&%@f@d@%ﬁﬁfb@@ﬁlﬁ%imImm@pﬂ&@&ygtfb@mrﬁude polyimide,
polyacrylonitrile, pol%g Ien§ glcer(i)Cl Sgglgﬁ( Ilgeneflugaldce dabndc{c):ﬂe )se esters.
Example 1 of EP 1 62/ 41 la om gen r soalut on 1 was'| pre aregrby mixing 9. 5 wt %

poly(ether sulfbhe), Ao OB’(’)’R/‘étPﬁ‘f a8 "ﬁ‘é"ﬁ’%ﬁi}\]ﬁ BRI 6 BRIPCHR? Sepharose FE (34
urn), 6wt % water afgo120Rvoai-efii)s B?W@ﬁdé‘ﬁéI{NWI‘P?d by a6l @fden s rbrieh®aeous polymer
solution 2 - 3 - wasfpreépdispering ndikirng 161wt iPblpetyiethessulfohie 38 & inteidmethyl pyrrolidone

and 6.5 wt % water 8ol Saluions wess;@xirusiod SO 89S mentioned in the
discussion of the state of the art. The total concentration of the additives and
20 polymer in solution is between 5-25 weight % with a constant concentration of
solvent for each designated concentration of polymer and additive in the region
of 5-25 weight % independently of the ratio of polymer to additive, The
invention aims at providing a technologically simple process for the mannfacture
of porous bodies, which possess a thermally and mechanically resistant system of
25 hollow spaces.
EP 1627 941 Al discloses a fiber having a first porous layer and an
adjacent second porous layer concentrically arranged therewith, said first porous
layer comprising particulate material, said second porous layer comprising a
polymeric material, and wherein the pores of the layers are at least permeable to
30 fluid. Preferred polymeric materials are polyethersulfone, polysulfone,
polyetherimide, polyimide, polyacrylonitrile, polyethylene-co-vinytalcohol,
polyvinylidenefluoride and cellulose esters.
In Example 1 of EP 1 627 941 Al a homogeneous polymer solution 1 was
prepared by mixing 9.5 wt % poty{ether sulfone), 24 wt % polysthylene glycol,
35 45wt % PVP, 6.8 wt % dry Sepharose FF (34 pym), 6wt % water and 49.2 wt %
N-methyl pyrrolidone (NMP). In addition, 2 homogeneous potymer solution 2



through a tube-in-orifice spinneret. After passing an air gap of 45 mm, the double layer nascent fibre
entered a water bath where phase separation took place. =~ WO 03/097221 Al relates to a hollow fiber
membrane haWRg®BepHating material for reinforcement, preparation thEEBERA/BsETneret for
preparing the same. In Embodiment 1 on pages 22 and 23, a spun undiluted solution was prepared by
melting polyether sulfone as polymer and PVP (poly yinyl 10pyrrolidone) as additive in NIVfP. The
viscosity of the prepared spun undiluted solution was 2,000 cps at 25C. A mixture of water and NMP
was used as the internal coagulating solution, and DTY (draw twisting yam) was used as reinforcing
support. The spun wnditutedsdivtiarinh edinterhallgaagulititing selttienaNddhryteinforcing support
were simultaneouslygischaraed wsthe gJﬂEo@@gr%{}gmw@@g{@%&f%\ﬁ@gg}gﬁmlxture of water
and NMP was use h n .the external C agulating solution was
dthrou%\haehq)g E?jr})%%"?g E‘S\lﬁt%;lett %ﬁ@llg %g& g‘n i §3,5 8>§§§ j\

10 cm, and the temperature of the co atln% tub wa 14 Al relates to
functional porous fi 8}‘2 II’E&: RS rﬁ B ‘L’]’ﬁgﬁgaﬂ’o‘ffgﬁeffﬂ‘é?wg%aﬁit%‘l}8 by dissolving 30 wt.
% polysulfone 20 (WBEL 3500) and mixing it with 30 wt. % of a styrene-divinylbenzene type

cation-exchange resin (AWbeétite7IR1120)iat MR hphexdibpersiohwasexitrpdegdhinaugh a
tube-in-orifice spinnﬂmﬂ@@T%&@m&&tlﬁemmadﬂ@@emwfbﬁg&;@r%@eﬁ\@ﬁ@q&hase separation
occurred. The spinnipg raeRS B35/ g%w»sa,@d%m%%&dﬁa@s@mmg;hod for

manufacturing aflbrll% ?gsrsflb%r wh relger s& mer s Iutlon4 h,a macromolecular polymer

having a film formln% in'a so venﬁf%ryé%}(%rrﬁng pol !f’h‘él%lg Ifone), see Example 40,

in columns 41 &nd #2¥ Olléd%?&}&ﬂéﬁdfﬂfﬁ 2 Ating &6V orasisph @Wﬁé@u%lﬁ’éiéﬂﬁﬂltaneously,
coagulating agent flsidtionargas, ¢ases of Z0Ghe matrombiegatanp by erasusglaydd into the mixing
cell so as to flow in therglirestipmohikeraiis, ahdisThargeohienpahersaltdian, the macromolecular

polymer coagulates,yibies{be.misinaree band il sy S IDEES AR P EIEtaingDeSPite these
numerous attempts, it \?how \fgr stll éaroblem#o roducisolutl x{ la%rs from high Tg
r

polymers, for examp?e c‘s‘ma% ary ether 3840 oneerg)mlrrﬁ1 Satthe o Cgr ers generally produce weak,

brittle fibers, a&evidalERG BRI LG4l IRPEEhE ‘ﬁﬁtﬁr&% HidS8me is true 4 for
the manufacture of foils. 8 thdenthdehaa maispur vk vavem gegersinasdobiger any reactive
groups, for exampleydsyidrexyhat dmigegroues the Askpidaat afithaggesent invention is therefore to

provide a fiber and/or foil;asoget@sa processdos thelkmanaciurswhichaliiow,ip.overcome these

problems. a polysultfone hollow fiber was produced by dissolving 30 wt. % polysulfone

20 (UDEL 3500) and mixing it with 30 wi. % of a styrene-divinylbenzene type
cation-exchange resin (Amberlite IR-120) in NMP. The dispersion was extraded
through a tube-in-orifice spinneret (OD=2.1 and ID=1.0 mm) into a water
bath (16-18°C) where phase separation occurred. The spinning rate
was 0.35 m/min.

25 US 6,248,267 B1 relates to a method for manufacturing a fibril system
fiber, wherein a polymer solution, s which a macromolecular polymer having a
film forming ability 1s dissolved in & solvent (for example poly(ether sulfone),
see Example 40, in columns 41 and 42), 18 extruded into & mixing cell via a
spinneret orifice, and simultaneously, a coagulating agent fluid in a gas chase of

30 the macromoliecular 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) iv that these polymers generally produce weak, brittle fibers, as
evidenced by their low strength and low elongation at break, The same is true



SUMMARY Thedisclosurethusprovidesaprocessforthemanufacture of a fiber or foil comprising at least
one optionally functionalized polymer with a high Tg selected from the group consisting of poly(aryl
ether sulfone) (PAES), poly(aryl ether ketone) (PAEK) and aromatic polyimide, comprising the steps of
(aa) providing a solution comprising at least 45 wi, %, 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 wisightofitfietsodutidn folat leést othe haflogehdree ongésjosoliibats(Sifer the petymkr; (bb)
pushing }he selglutio%ég ou I; a nsod%zle)‘tgﬂd}éc&}%&t&oq%@gﬂg}g s]_glution into a coagulation bath
compﬁsinog]r1 cI?nzict]Ieas Srie Tigui ?f_s in Whith the pyolymer IS iﬁso‘llgksjle, and optionally (cc2) at least
one organicAsolwbjtcf5 ¥ fah¢hepetpmeanidentical o tberdifferent fromvtide oxgditiersalvdiat ($4].to foiiii a
fiber oarsfoil. oIl Ina:%)nea as reg%gghe%eris %Egi\fid%gaa process f%rhEQﬁ ma}ﬂyfacgjre o@ a, gibrgé orﬂfloeile
comprlsing‘fa{ leaSt one &lonally?unc |onalizecflpoaly%gryl ether sul?ongs ( %\Eg) polymer with a high
Tg, comydrising the steps of: (aa) providing a solution comprising at least 45 wt. %, based upon the
weight of tﬁ gﬁ%ﬂgﬁ;g the polymer, and at least 20 wt.%, based upon the weight of the solution, of
at least on -free organic solvent (Si) for the polymer; (bb) pushing the solution through a
nozzle; andl{ezr) intdashlising: the golstion imtyidaoagulatiopbatiscomrising (bel) at feastiesterkquid (Li)
in which the polymer is insoluble, and gptionally (cc?) at least one grgani lve %’SNZ) for.the polymer,
identiggl b o{?b | fe%nf%%rﬁ%lg%srlgngnigicﬁg\?gtnt ?&i)gﬁ}%}gﬁ% %g?%%ﬁ%ﬁ;gﬁ’apoq n gﬁo%%\lrglri a%pect,
there lsgirovidedsa divat ofifoil, chmprismy atdemsstone firfictimhalizel pahgansueter) sulfbhBY XPAES)
polymer,with ?ih%h T oﬁ: | by.the process as defined above, rein the polymer comprises
polym%?lg aall"r?se 5tkae?g i @t%na zdea/ gﬁé%nco%o y%ir%%m?g} or Iﬁg&ﬁé&%ﬁ%%bpp In yet another
aspectadheredsipnayided adibgnncomprisitaipgt lerst ast optipnalty. f-Unctigmafieret!polyfarykether
sulfone) (PAES) polymer with a-high.Tg,.comprising a porgus.core, wherein.porosity;4:1) -dafined as
the ratio be%v%éﬁh {0 e Vo Bemglgfﬁf%gysgaatcg \Q/{an tﬁ%gto%F (blﬁ?(%dvoll1 ?1)1% %of%%g% e%sf, i%%lquding
the solid ansbividncomfpohenipatyatdeasns %t atesihdfeimthefibebascfoilipas (dhe tesadity26 cN/tex,
andior &) A OARION aLiyeal? 16000 on. il ARAIE: A5pECk MABIERIOC alPehe
comprising at least one optlona?ly functionalize poly(aryl ether%u one) (PAES) polymer with a high
Tg, having ademaaity of from 4.8 to 9.5 CN/tex and an elongation at break of? 100 %. The terms "fiber"
and "fgil".as used herein have tq be.in ed broadly.  Accordingly, the term “fiber" relates to all
mouId@j,h\)vh%?g]?ﬁngﬁeedgl%%n%%hr?%e%éqi‘{(%?v%ihg to be referred to also as "length") significantly
exceeaisithe other two dimensions. Preferably, the term "fiber" encompasses moulds wherein the

Iength&gé?cei%gls? éggi#%rg%%% %qlimglq%g@o 6\/,%% A9l QXtP? gga%tigy)ﬁégjl t least 10, preferably of at least 100,

even e preferab atleast 1 most prefer factor of at least 1,000,000. The
term "fizd' adeasechhdigind<hall incibad: thagserandshosidwbibers! Mbrermlbt the fibers and hollow
fibers ntain.several |ayers of which nat-all layers comprise the.po r from @ highfg,polymer.
HoIIovéE f%ér%s? hg%%tnog%regﬁg@lé% stsregtb é?éi?nsg%ut resem%_l«[:‘B a Lf'lrglﬁ:evf/he}re#ft e two eonds arg connected
to each oth&rihestergaticoevers (Sbu todreim sHaIEtudaéfer to the core of a massive fiber as well as
the core of g layer somprising;the g 79 RAIVIEEIP ALQININGEOL A ller or AR UNGIYi D term
"foil* as use% ﬁ%%&gﬁéﬁéﬁncéﬁ)ass a{i n?ou%g wherein two dimeﬁsionsla% (s}irgnificant Ia?g?er than

the reridirisigothirdptiGialdinfiemetionafired vty tirsie nionsobiprr refdiied) toddigncas ithickhisds T, Thus,
the telig (gl inglhdee :Brossag - AhiarInate. e (o san-e Yan oy peven MaLegyas dhe foil can

comprise morethan one laye e polymier to be used ih the process, and the fiber or foil of the
presenteight 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; (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 from the organic solvent (S1), to

form a fiber or foil.



5 invention is at least one optionally functionalized polymer with a high Tg (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 sulfgne) is intended to 10denote any polymer, generally
a polycondensate, of which more than 50 wt. % of the recurring units are recurring units (R3) of one or
more formutaercomtaimperatiisastopeosivhsne Ghsupr doibasreprsmbat dratipopasiirasiesdt one

sulfone R [ﬁﬁﬁﬁfg@ggge& (PANRY %mm\t%ﬁm B&;ﬁ o Polvi@nh Rthgr aufanelsaLe Rolwuers of

whichL , up 10" 100°wt. %, of the ecuﬁ“ing units arerecurring units (R3) of formula
(A) areboveByh@dn the- Qo S Qupistisol youar'chang (hhkpsiiipoicoakizadpbils 6AGSEHN among the

folioru%l%%so% by grax\ﬁité}cﬁ&eing : CF3CHO

In yet another aspect, there is provided a fiber, comprising at least one optionally
functionalized poly(aryl ether sulfone) (PAES) polymer with a high T, comprising a porous
core, wherein 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 % ; and
wherein the fiber or foil has (a) a tenacity > 6 cN/tex, and/or (b) an elongation at break > 150 %.

In still another aspect, there is provided a fiber, comprising at least one optionally
functionalized poly(aryl ether sulfone) (PAES) polymer with a high Tg, having a tenacity of
from 4.8 to 9.5 CN/tex and an elongation at break of > 100 %.

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
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
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
each 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.

Accordingly, the term “foil” as wused herein shall encompass all moulds

wherein two dimensions are significantly larger than the remaining third



H2C 5CF3 [CH2n withn =integer from | to 6, or an aliphatic divalent group, linear or

branched, of up to 6 carbon atoms ; and mixtures thereof; 10- At is a group chosen among the
followingstructt 13705 PCT/EP2009/063572

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 formuiae contaning at
least one arylene group, at least one ether group (—O-) and at least one sulfone
group [-S(=0)-].
Non limitative examples of poly(ary! ether sulfone)s are polymers of which
15  more than 50 wt. %, up to 100 wi. %, of the recurring units are recurring
units (R3) of formula (A) and/or (B) :

7 9
——Ar-0O \ / i G i-—@—
A)
%
R
© ®)

wherem :

— Q is a group chosen among the following structures :

0




- 7 - with 12 being: CF3CH3 0 H2[ CF2 CF3CH3  with n = integer from 1 to 6, or an aliphatic
divalent group, linear or branched of 5up to 6 carbon atoms ; and mixtures thereof; - Ar' is a group
chosen among"thé18ffétitRg structures : with R being : CF3[CF2in  ¥HitHER22%Hteét from 1 to 6, or
an aliphatic divalent group, linear or branched, of 15up to 6 carbon atoms ; and mixtures thereof.
Among such polymers, it can be particularly cited polymers of which more than 50 wt. %, up to 100 wit.
%, of the recurring units are recurring units of one or more of formulae (C), (D), (E) and (F) : (C) (D)

O-O--0-0O-
W

?

=
)

with R being :
CF, CH, 0
% | iSl - O
LT 2
. ey, eH, b . ~CFsf
c—1

with n = integer from 1 {0 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 oo
OO0
=~ 7 Y

O=r=0

15



(E) (F) 5Polymers comprising more than 50 wt. % of recurring units of foiHula (C) are commonly
known as "polyphenylsulfones" and are commercially available notably from SOLVAY ADVANCED
POLYMERS, "¢ B4 HRDEL(r) R poly(aryl ether sulfone)s. Polyih e E8Ms g more than 50
wt. % of recurring units of formula (D) 10are commonly known as "polyetherethersulfones”. Polymers
comprising more than 50 wt. % of recurring units of-fprmula (E) are commonly known as
polyethersulfones and are commercially available notably from SOLVAY ADVANCED POLYMERS, L
L C as RADEL(r) A poly(aryl ether sulfone)s. 15Polymers comprising more than 50 wt. % of recurring
units of formula (F) are gommonly kn "bi,sphenol A polysulfones” (or just "polysulfones") and
are commercially avai aaBé/ r Y ADVANCED POLYMERS, L.L.C. as UDEL(r). The
polymer composition may contain one only one poly(aryl ether 20sulfone) (P3). Alternatively, the
polymer compositiol &P EBStain two or more poly(aryi ether sulfone)s (P3) ; for example, it may
contain at least one pophenyls@#ane and at least one polysulfone, or at least one polyphenylsulfone
and at least one pol e poly(aryl eter sulfone) (P3) can be prepared by any method.
Methods 95well known jn the art lgre those,élescribed in U.—S{.—Eﬁtl—}\los. ' % ; ; 4,008,203 ;
4,108,837 and 4,175,175 3the wholé cmTt‘eCfﬁ‘of, ichis herein inc8rporatedy reference. - 9 -
Embodiment (El) iip A-caitain sabodimentFlahiheaResentioyanpion.therabyay! ether sulfone)
(P3)isa poly(b%pheiréﬂoeg};%{bg%Ig%rllj%aﬁ)._ For the purpose of the present invention, a poly(biphenyl ether
sulfone) is 5inténded to denote a polymer of which more than 50 wt. % of the recurring units are

recurring units (R3)%3f SHEBFISTEYormulae containing at least one p-phenylene group :
— Ar’ is a group chosen among the following structures :

O <<
OO

OO
10 CH,
with R being :
CF,

Lo
CF, /gi M ¢y —E_Eiﬂ?

»

=0

=W

2V

with n = integer from 1 to 6, or an aliphatic divalent group, linear or branched, of
15 upto & carbon atoms ;
and mixtures thereofl
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) :



at least one ether group (-0-) and at least one sulfonc group [-S(=0)2 -]. 10Recurring units (R3) are
preferably of one ore more foimulae of the general type : 15 (G) wherein RI through R4 are -0-,
-S02-, -S-, -CH RAHP4HESproviso that at least one of RI through R4 is -BEEPAME®EiEkst one of 121
through R4 is -0- ; A,and Ar3 arc arylene groups containing 6 to 24 carbon atoms, and are preferably
phenylene or p-biphenylene ; and a and b 20are eithgr 0 or 1. More preferably, recurring units (R3) are
chosen from (L) and mixtures thereof. Still more preferably, recurring units (R3) are chosen from

and mixtures thereof. For the purpose of the present invention, a PPSU polymer is intended to denote
any polymer of which more f the recyrrmg unﬂs arerecurring units (R3) of formula (H).
10The poly(biphenytetfl 2 otab vw‘r 0 ﬁ @ copolymer such as a random
or block copolymer. When thepoly(bipkeryl ether O

(©)
C C/ i C
—0 0 ﬁ
© ©)
i i
A0
O
° ®)
CH, g()
satanteaWs aWe
cH O
} (F)
3 Polymers comprising more than 50 wt. % of recusring units of formuia (C)

are commonly known as “polyphenylsulfones™ and are commercially 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
polv(ary! ether sulfone)s.

15 Polymers comprising more than 50 wt. % of recurring units of formula (F)
are commonly known as “bisphenol A polysuifones” {or just “polysulfones”™) and
are commercially availabie 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(aryi 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.



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
foimulae (H) to*@ yEM8IBFecurring units (R3*), different from recurring uritsERB)/sustEas : (K) (L)
(M) and mixtures thereof 20Preferably more than 90 wt. %, and more preferably more than 95 wt. %
of the recurring units of the poly(biphenyl ether sulfQnre) 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(b phenyl ether sulfone) was 25a PPSU homopolymer, i.e. a
polymer of which allBheg@eigrting] units are of formula (H). RADEL(r) R polyphenylsulfone from

poly(biphens | ether sylob ) Sars b e e el Ko i the art are those
gesycribped inyU.'S. Pg?.{ rglggof%gﬁgf 1? ﬂqﬁ%%)k%gpé%?ﬁél%ﬁw

( and 4,175,175, the whole content of
which is herein incorpordidcf PREPRFE AEE RYFSERTERIE o Yo I (ke elivremibagitient (E2) of the
present invention, thegpai tryreaticr rutforre) istach opstittond OF6r thef purposeiaf théspresent
invention, a polysultene:tQisnintens B joltienotewny Pelymetafnuighmere dhan 50 wt. % of the
recurring units are reguerp@A4nits£R3) of one or more formulae containing at least one ether group

(-0-), at least one sulfone-group£502-) et at least one group as shown hereafter : CH

at least one ether group (-0-) and at Jeast one sulfone group [-S(=0); -].
10 Recurring units (R3) are preferably of one ore more formulae of the
general type :

ey Al (RaAry Ry

15 — (G)
wherein R, through Ry are ~O-, -80;-, -S-, -CO-,
with the proviso that at least one of R; through Ry is —SO»- and at least one of R,
through Rs 18 —O- ; Ary, Ar; and Ar: are arylene groups containing 6
to 24 carbon atoms, and are preferably phenylene or p-biphenylene ; and a and b
20 areeither Gor 1.

More preferably, recurring units (R3) are chosen from

(H)




and mixtures thereof. Very preferably, recurring units (R2) are (M).  The polysulfone may notably
be a homopolymer, a copolymer such as a random or block copolymer. When the polysulfone is a
copolymer, itsYE@GHHiPH Uhits may notably be composed of (i) recurring EnEREY GF¥Grmulas (M) and
(N), or 25(ii) on one hand, recurring units (R3) of at least one of formulas (M) and (N), and, on the
other hand, recurring units (R3*), different from recurting units (R3), suchas: -12- (R) 5and
mixtures thereof  Preferably more than 90 wt. %, and more preferably more than 95 wt. % of the
recurring units of the polysulfone are recurring unlts (R3). Still more preferably, all the recurring units of

the polysulfone are rdcgrrir unlt Th m reférred p ys Ifonc a?*\_ polymer of which the
recurring 10units are ﬁoﬁn S (I}}“B')W 30 “’“{
¥

and mixtures thereof.

Still more preferably, recurring units (R3) are chosen from

Qﬂ@*@*@ Jr

5
and mixtures thereof.

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). '

190 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 :

-0~

()
i
OO
© (L)
CH, 0
EatanaaWs
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).
Stitl more preferably, all the recurring units of the poly{biphenyl ether sulfone)
are recurring units (R3).
Excellent results were obtained when the poly(bipheny! ether sulfone) was
25 aPPSU homopolymer, i.e. a polymer of which all the recurring units are of



Such a polysulfone homopolymer is notably commercialized by SOLVAY ADVANCED POLYMERS,
L.L.C. under the trademark UDEL(r). Embodiment (E3) 15in a certain embodiment (E3) of the present
invention, the P8h@#HEer sulfone) is a polyethersulfone. To the purp@se/mftie/ peszent invention, a
polyethersulfone is intended to denote any polymer of which more than 50 wt. % of the recurring units
are recurring units (R3) of formula 0 55 0 20(S)  The polyethersulfonc may be notably a
homopolymcr, 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 fmmula (5) and of
recurring units (R3*Johifaremnt fromreCwriag pis (RBhedbsHsinas Ay 13 - 5and mixtures thereof

Preferably, the polyg&bwu@@@ep@x,agm@pglwae{s QI LIS ASHPOMTEHING FRRIEING units of which are
a mix composed of recurﬂ_p ntshl I%B of grm anS and of rec nng1 ir%etéé \}ﬁoff rmula (T), or it
can also be a mix of the pr O R s O aF SR B Sty &y HASRBVANCED
POLYMERS, L.L. C"%Hﬁ’f*ﬂ%’é %ﬁ&l?éeﬁ?ﬁ?@ﬁ?é@&féng%tm%feéﬁéﬁ%emark RADEL(r) A.
Embodiment (B%) 4.0M%.308pecifid. &sadiihiéht (E4hotieée prasentfrwisntiomedh® poly(aryl ether
sulfone) is a polyimidaethersdltoreidbEor the purpose of the present invention, a

polyimidoethersulfoRgiSdiment (E2)
In a certain embodiment (E2) of the present invention, the poly(aryl ether

sulfone) is a polysulfone. For the purpose of the present invention, a polysulfone
10 is intended 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
CH,
15 Preferably, recurring units {R3) are chosen from
< > </ \> o < > % < >
Q
(M)
7 ﬁ
mOH =TT O
O O
(N)
and mixtures thereof.
Very preferably, recurring units (R2}) are
CH, o
satan@esWs
20 cHy 0 ).

The polysulfone may notably be a homopolymer, & 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) on one 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 :



intended to denote a polymer of which at least 5 wt. % of the recurring units are recurring units (R3) of
formula (X), (Y) and/or (Z), as represented below : - 14- 0 (Z) wherein : (Y) and (Z) are the amic acid
foims correspoiBAIE % 4HE imide form (X) ;  the denotes isomerism s&tAAERAGFEEurring unit the
groups to which the 5arrows point may exist as shown or in an interchanged position ;  Ar"is chosen
among the following structures: R 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, with R being an
aliphatic divalent group of up to 6 carbon atoms, such as methylene ethylene, isopropylene and the

like, and mixtures theréof: nore thEFH0 W% . ang more preferably more than 90 wt. %
of the recurring unit § Valysisany IrSaHG e | its (R3). Still more preferably, all the
recurring units of the poljimé sulfdne arelecurring.uhits (R3). The poly(aryl e@ﬁr sulfones)
which are used according. . ' ion may be ared by yvarious, methods, for
example by the so-called catbo ate . Generally describeds the process |s }:onducted by
contacting substantialfy % r ginounts offat leastong argmatic bishydrgxy mpnomer e.g. 4-4'
bisphenol A, 4-4' bisphenol S or 4,41 -biphenot and at least one (P)
d Q)
—w@-o—@%
© (®)

5 and mixtures thereof.
Preferably more than 90 wt. %, and more preferably more than 95 wt. % of
the recurring units of the polysulfone are recurring units (R3). Still more
preferably, all the recurring units of the polysulfone are recurring units (R3).

The most preferred polysulfone is a homopolymer of which the recurring
10 units are recurring units {R3) of formula
CH,

—~(_) CHJ O{i>‘|«i>~

? (M).

O=0=0

Such a polysulfone homopolymer is notably commercialized by
SOLVAY ADVANCED POLYMERS, L.L.C. under the trademark UDEL®,
Embodiment (E3)

13 In a certam embodiment (E3) of the present invention, the poly(aryi ether
sulfone} is a polyethersulfone.

To the purpose of the present invention, a polyethersulfone is intended to
denote any polymer of which more than 50 wt. % of the recurring units are
recurring units (R3) of formula

@]

i
OO FO-
20 (S)
The polycthersulfone 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  suchas:



- 15 - dihalodiarylsulfone, e.g., 4,4'-dichlorodiphenyl sulfone, 4,4'-difluorodiphenyl sulfone or the like,
with from about 0.5 to about 1.1 mole, preferably from about 1.01 to about 1.1 mole, more preferably
from about 1.0%Q3CaHe4if%.1 mole of an alkali metal carbonate, preferadi¢ HBtadsiiF s Garbonate, per
mole of 5hydroxyl group. The components are generally dissolved or dispersed in a solvent mixture
comprising a polar aprotic solvent together with a sofwent which forms an azeotrope with water,
whereby water formed as a byproduct during the polymerization may be removed by azeotropic
distillation continuously 10throughout the polymerization.  The polar aprotic solvents employed are

those generally knownyin g, an andi, dely useafor thesrmnufagture of poly(aryl ether sulfones). For
example, the sulfur-cesf 18-S ts kirew and geq iy %;cribed in the an as dialkyl sulfoxides
and dialkylsulfones whe the alkyk pPS May..co Y¥n.16frord 1 to 8 carbon atom including cyclic

alicylidene analogs theregf, arc disclosed in the art for yse in the manufacture of poly(aryl ether
sullones). Specifically g the shlfur-gont 'gjnﬁg sglverys that ma ‘begﬁﬂi ble ffor the purposes of
this invention are dimdtRylslfoxide#dimethylgtiifone, ¥diphnidsujfone; digth Ulfaxide, diethylsullone,
diisopropylsulfone, 20tetrahydrothiophene-T,1-dioxide T€ommonly called t€tframethyl&nhe sulfone or
sulfolane) and tetrahydrotjioghene-Z=mongxi itrogen-containing polar aprotic solvents, including
dirnethylacetamide, E%E@'nqnﬂ@WI-pyrrolidinone pyrrolidinone and the like have
been disclosed in the art for use in these p?ocesses, and may also be found useful itv¥the practice of

: i o . . ) .
the 25present invention. e salvent that formg3 azgotrpe with water will necessarily be
selected to be inert with re tojt orﬁeron%lar aprotic solvent. Those
disclosed and described in the art &% suitable for use in stich polymerization procesggs include
aromatic hydrogarbgps suchaskenzene, 30toluene, xylene, ethylbenzene, chlorobenzene and the
like.  The azeotrope-farming solyent and polar aprotic solvent are typically employed in a weight
ratio of from about 1:10 %F%Brgaﬁlﬁe %(}%Fgrlé)%ﬁl’%%%s 3§85¥°R‘:’ Qerdt())clﬁﬁlsl?fgpow l(g/He“eﬁ’\rally, after an
initial heat-up periocf?‘f%ﬂﬂi@r%ﬁﬂ’#@%ﬁﬁé TR CRBROSBHALIETE W BB H&fined in a range of from
about 160C to aboufePBOE (Prafépablyuirora wbie (R3D0C fumabe (TR 80C ast#isnbre prefetably from

the previously cited homopolymer and copolymer.

10 SOLVAY ADVANCED POLYMERS, L L.C. commercializes various
polyethersulfones under the trademark RADEL® A,
Embodiment (E4)

In & specific embodiment (E4) of the present invention, the poly(aryl ether

sulfone} is a polyimidoethersulfone.

15 For the purpose of the present invention, a polyimidoethersulfone is
intended to denote a poiymer of which at least 5 wt. % of the recurring units are
recurring units (R3) of formula (X), (Y) and/or (Z), as represented below :

O\A 1) g
r
: o, :
i © )
o)
o. .0
\ff\! \A!"" Cls?
H I
HOO \ O
o)

(Y)



- 16 - about 200C to about 225C for about 0.5 to 3 hours. Typically, if the reaction is conducted at
atmospheric pressure, the boiling temperature of the solvent selected usually limits the temperature of
the reaction. W HE¥&EEon may be conveniently carried out in an inerPafAFepleres7a.q., nitrogen, at
atmospheric pressure, although higher or lower pressures may also be used. It is essential that the
reaction medium be maintained substantially anhydreys during the polycondensation. While amounts
of water up to about one percent, preferably no more than 0.5 percent by weight, can be tolerated, and
10are somewhat beneficial when employed with fluorinated dihalobenzenoid compounds, amounts of
water substantially greatét than this are desirably avoided as the reaction of water with the halo
compound leads to farmatieg of phendlic sgecies.and Igw molecular weight products are obtained.
Substantially anhydrou§ condit ' ad during polymerization 15by
removing water contlndﬁusly Qmthe reactiontags\yith theNazegtropic- fawling solvent as an
azeotrope. In the prefelté@brocedure, substantially all §ﬂﬁélazeotror§?a -forming solvent, for example,
chlorobenzene, will Qg&gg\oved by distillation as an azeotrope with the water formed&?1 the reaction,

leavi luti | ether sulf t dissolved in th lar 20 ti
covent. Sometimods AHEH Ak S hBSTEF ETRHERAL LI ARARIG pobymer o

endcapped to |mproveﬂ?’ﬁ€ﬂ %ﬁﬁfm%%t%’d#ﬁym@éhﬁ%wnm@‘éﬁﬁ@ﬂmﬁ@|§”f$}@%§?ﬁpllshed by
adding a reactive aromativtatidersy anidliphktierhalidesnchcasngdtydidbdaride, benzyl chloride or the
like to the polymerizatign 25mixdu iac@nueing.any sersiral 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 inyention it is preferred to use a reactive polymer. The poly(aryl ether
sulfone) is subsequently re€overed by methods well 30known and widely employed in the art such as,
for example, coagulation; erit-evaporation and the like. In the particular case of a reactive polymer,
the recovery method mustavoid reaching temperatures where the polymer will react. Frequently, in
case a high excess of Rydroxyl endgroups is desired, the polymer reaction is conducted with an
excess of the b|shydrgl>1<¥hmlonomerO 35@'5@1% Ualtnleggt one odgtl%ndall leijlijor}lctl nﬁJlged olymer with a high
Tg which is to be use nton e apo % f-17- ketone)

accor |n present invenfi

(PAEK). For the pu Wﬁ@ﬁ%@bﬂﬂﬁ%ﬁ?%ﬁoﬂﬁﬁwﬂﬁb f@a@ﬁa&%? @t‘bne) is intended to

denote any polymer of w 50 wt. % of ecurring are recurring units (R2)
comprising at least N/ —@-—
O~

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

O=n=0

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. 44’ bisphenol A, 4-4° bisphenol S, or 4,4’-biphenol and at least one



group in-between two arylene groups, said recurring units (R2) being of one or more of the following
formulae : wherein : Ar is independently a divalent aromatic radical selected from phenylene,
biphenylene oVRaPHIMAERe, X is independently 0, C(=0) or a direct boR§TES2H%¥8¢47 Integer of from 0O
to3, c,dandeareOorl, aisaninteger of 1to 4, and preferably, dis 0 when b is 1. Recurring units
(R2) may notably be chosen from among : -195. POO

10

15

20

25

30

dihalodiarylsulfone, e.g., 4,4'-dichlorodiphenyl sulfone, 4,4'-difluorodiphenyl
sulfone or the like, with from about 0.5 to about 1.1 mole, preferably from

about 1.01 to about 1.1 mole, more preferably from about 1.05 to about 1.1 mole
of an alkali metat carbonate, preferably potassium carbonate, per mole of
hydroxyl group.

The components are generally dissoived or dispersed in a solvent mixture
comprising a polar aprotic soivent together with a solvent which forms an
azeotrope with water, whereby water formed as a byproduct during the
polymerization may be removed by azeotropic distillation continuously
throughout the polymerization.

The polar aprotic solvents employed are those generally known in the art
and widely used for the manufacture of poly(aryl ether sulfones). For example,
the sulfur-containing solvents known and generically described in the art as
diatkyl sulfoxides and dialkylsulfones wherein the alkyl groups may contain
from 1 to & carbon atoms, inchuding cyclic alkyiidene analogs thereof, are
disclosed in the art for use in the manufacture of poly{aryl ether sulfones).
Specifically, among the sulfur-containing solvents that may be suitable for the
purposes of this invention are dimethylsulfoxide, dimethylsulfone,
diphenylsuifone, diethylsulfoxide, dicthylsulfone, diisopropyisulfone,
tetrahydrothiophene-1,1-dioxide (commonly called tetramethylene sulfone or
sulfolane) and tetrahydrothiophene-1-monoxide. Nitrogen-containing polar
aprotic solvents, including dimethylacetamide, dimethyiformamide and
N-methyi-pyrrolidinone pyrrolidinone and the like have been disclosed in the art
for use in these processes, and may also be found useful in the practice of the
present invention.

The solvent that forms an azeotrope with water wili necessarily be selected
to be inert with respect to the monomer coraponents and polar aprotic solvent.
Those disclosed and described i the art as suitable for use in such
polymerization processes include aromatic hydrocarbons such as benzene,
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 15 to about 1:1.

Generally, after an initial heat-up period, the temperature of the reaction
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



and (X_XI) Preferably, recurring units (R2) are chosen from among : 5 (VII) and
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about 200°C to about 225°C for about 0.5 to 3 hours. Typically, if the reaction is
conducted at atmospheric pressure, the boiling temperature of the solvent
selected usually limits the temperature of the reaction.

The reaction may be conveniently carried out in an inert atmosphere, ¢.g.,
nitrogen, at atmospheric pressure, although higher or lower pressures may also
be used. '

It is essential that the reaction medium be maintained substantially
anhydrous during the polycondensation. While amounts of water up to about
one percent, preferably no more than 0.5 percent by weight, can be tolerated, and
are somewhat beneficial when employed with fluorinated dihalobenzenoid
compounds, amounts of water substantially greater than this are desirably
avoided as the reaction of water with the halo compound leads to formation of
phenolic species and low molecular weight producis are obtained. Substantially
anhydrous conditions may be conveniently maintained during the polymerization
by removing water continuously from the reaction mass with the azeotrope-
forming solvent as an azeotrope. In the preferred procedure, substantially ail of
the azeotrope-forming solvent, for exampie, chiorobenzene, will be removed by
distillation as an azcotrope with the water formed in the reaction, leaving a
solution comprising the poly(aryl ether sulfone) product dissoived in the polar
aprotic solvent.

Sometimes, after the desired molecnlar 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
mixture, converting any terminal hydroxyl groups into ether groups. In some
stances, 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
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 potymer will react.
Frequently, in case & high excess of hydroxyl endgroups is desired, the polymer
reaction 18 conducted with an excess of the bishydroxy monomer.

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



More preferably,recurring units (R2) are : (VII) 10For 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 recuttiAgeUHISR2) of formula (VII).  Preferably more than 76WE8A 31t W ore preferably
more than 85 wt. % of the recurring units of the poly(aryl ether ketone) (P2) are recurring units (R2).
15Still more preferably, essentially all the recurring-unit¢s 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
polyetheretherketoriethimnBpdiin ot be avposlsneé fofiwisiohimsseictially witmif pv2odll, the recurring
units are of formulacfvdkebheT REXedR@ B andty o REXEAT0 R RLIcSHEoR Wictkex Manufacturing

Ltd., and KETASP'EEQQcé?ﬂg%JQ}\J%Eﬁ%@%nﬁ@(ﬁﬁ%‘fﬁ%ﬁ%%%@q E’ﬂy}éﬁ%ﬁﬁ,ﬂ- L.C. are examples

of polyetheretherketone ho olymers, The arxl ether ketongs) (B2) ha vantrageously a
reduced 25w5005|t P%pr gg ‘aﬁgge s¥ mea{éﬁer% 8( Aﬁsu r|c acuf (d =1.84 g/ml) at

a poly(aryl ethet keﬁﬂé)oégﬁdﬁﬂ?ﬁﬁﬁérﬁoaﬁ /100 ml. The - 20 - measurement is perfoiHied using a No
50 Cannon-Fleske visgome, - A sured at 5Cina t|me less than 4 hours after dissolution, to
limit sulfonation. The RY_g ‘
preferably of 0.70 dl/gi Besj - /i

most 1.20 dl/g, preferably af most 1.10 and still mote preferably at most 1.00 dllg. The)poly(aryl ether
ketone) (P2) can be amaphous (i

_ M Y 0 ue{tln Q) or se rystalling.(i.e. daving a melting
point). It is usually sem 2l f\ .. bei e-elti| pw@l%% &ther
' 5 (D)

av)

10
wherem :
~ Ar ig independently a divalent aromatic radical seiected from phenyiene,
biphenylene or naphthylene,
— X s independently O, C(=0) or & direct bond,
15 - nisaninteger of from 0 to 3,

— b,c,dandeareGorl,
~ 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 :

20 (VI)



10ketone) (P2) is advantageously greater than 150 C, preferably greater than 250C, more preferably
greater than 300C and still more preferably greater than 325C. The poly(aryl ketone) (P2) can be
prepared by a¥PHBHIBES  One well known in the art method contairBGEEBHRY 438 Gostantially
15equimolar mixture of at least one bisphenol and at least one dihalobenzoid compound or at least
one halophenol compound as described in Canadiangat. No. 847,963. Non ‘imitative example of
bisphenols useful in such a process are hydroquinone, 4,4'-dihydroxybiphenyl and
4,4'-dihydroxybenzophenone ; non "imitative examples of dihalobenzoid 20compounds useful in such

a process are 4,4'-diflyorogenzopher n&, 4Z-dichlorobenzophenone and
4-chloro-4'-fluoroben ph oney, nongthi .‘gﬁ g 4ifiples of halophenols compounds useful in such a
process are 4-(4-chlor zoyl) ol and t4=fluorobenzoyl)phenol. Accordingly, ®EEK

homopolymers may nqtisty he nucl viv) |I|c process as 25described in, for example,
U.S. Pat. No. 4,176, ;

well known method to prod %" / ot tcarprises electrophilically pgiymerlzmg
phenoxyphenoxybenzgig:a | If@nic acid as solvent and in the presence of a
condensing agent, asd X estri LS. Pat. 6,566,484, the whole content of which is
herein incorporated bytrefé ‘ 2 Karyfether ketone)s may be produced e/the same
method, starting from other monomers than phenoxyphenoxybenzmc acid, such astese described in

U.S. Pat. Appl. 2003/0Q 30 /6, the wh ntent h ein corporated by reference. - 21 -

The blend (B) can co |nd @ e PG yi‘ﬁthe B27. Alternatively, it can
than threep Iy(ary ket s (P2). Certain gregferred mixes of

comprise two, three, or

poly(aryl ether ketone) _|st|ng of (i) at least one poly(aryl ether ketone) (P2a) of

which more 5Sthan 50-4 wpreferably essentially all the recurring units, and still
' rmula (VII), with (ii) at least one poly | ether ketone)

‘V the rec g units preferably.essentially all the recurring units,
all { rec nits rg{}of oimtya @
(X11)
' TN ' .)"——_ » — N . ---. . .
4 H}Qw 0
; - { & /_>—=:c« { S oy Sy

O-0L0H0-
-0




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) YE2E)$#483which essentially all, if not all, the recurring urlits"&r@WPAseRitila (VI1) with (i)
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 censisting of (i) one poly(aryl ether ketone) (P2a) of
which all the recurring units are of formula (V1) with (ii) one 20poly(aryl ether ketone) (P2b) of which all
the recurring units are of formula (IX) The at least one optionally functionalized polymer with a high Tg
which is to be used ag€ordy AAe pregenty 'mqy be an aromatic polyimide. The aromatic

MR ¢ §ier of which more than 50 wt. % of the
recurring units (R1) co ‘ e : g and least one imide grogpx) The imide
groups contained ingge recurring units (RI) can be imide groups as such [formula (I)] and/or in their
amic acid form [formula (ID] : - 22 - 0 formula () formula (I1) The imide groups, as such and/or in
their corresponding aic agid fo Are advantageously I|r}l<—"'°"6£ 0 an ardmatic ring, as illustrated below :
00 \I OH 0 formula (IR, wheTe35ar dgndtssie glety ntaj rﬁ’él‘%?f o8 aromatic ring. The imide
groups are advantage present-as condens d aronn: (XXID)

Preferably, recurring units (R2) are chosen from among ;

OO

3 {(VID
e I o
i v B
y ¥
(IX)
More preferably, recurring units (R2) are :
\ D _
/ Y ; ¥
. G ;
e (VID
i0 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).
15 Stili 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
potyetheretherketone homopolymer, i.e. a polymer of which essentially all, if not
20 all, the recurring units are of formula (VII). VICTREX® 150 p
and VICTREX® 450 P PEEKSs from Vietrex Manufacturing Lid.,
and KETASPIRE® and GATONE® PEEKS: from Solvay Advanced Polymers,
L.L.C. are exampies of polyetheretherketone homopolymers.
The polv(aryl ether ketone) (P2) has advantageously a reduced
25 viscosity (RV) of at least .60 di/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



system, yielding a five- or six-membered heteroaromatic ring, such as, for 10instance, with benzene
[phthalimide-type structure, formula (V)] and naphthalene [naphthalimide-type structure, formula (VI)].
0 00 formula (WHSPMHRT091) In a first particular embodiment, the recurriB§UFFE8%#435% the aromatic
15polyimide (P1) are free from ether and from amide groups other than those possibly included in the
amic acid foim of the imide groups [recurring units (R4 .a)].  Recurring units (Rla) are preferably of
one or more formulae (VII), (V1) and (IX) here below : - 23 - 00 HOOC NAr/NNVHI-Ik \
GoadZNNCOON 0 formula (V11) and/or formula (VIII) and/or formula (1X) where : - Aris :
measurement is performed using a No 50 Cannon-Fleske viscometer. RV is

measured at 25°C in a time less than 4 hours afier dissolution, to hmit
sulfonation. The RV of the poly(aryi ether ketone) (P2) is preferably of at
least 0.65 dVg, more preferably of 0.70 dl/g. Besides, the RV of the poly{aryl

5  ecther ketone) (P2) 18 advantageousty 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). ¥ is usually
sermi-crystaliine ; 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 icast one halophenol compound as described in
Capadian Pat. No. 847,963, Non limitative example of bisphenols useful in such
a process are hydroquinone, 4,4'-dibydroxybiphenyl 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-chioro-4'-fluorobenzophenone ; non limitative
examples of halophenols compounds useful in such a process are
4-{4-chlorobenzoyhpheno! and (4-fluorobenzovlphenol. Accordingly, PEEK
homopolymers may notably be produced by the nucleophilic process as

23 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
sutfonic acid as solvent and in the presence of 2 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 phenoxyphenoxvbenzoic
acid, such as those described in U.S. Pat. Appl. 2003/0130478, the whole content
of which is herein incorporated by reference.



O with X =withn=1,2,340r5;-Ris: Ina second particular embodiment, the aromatic polyimide
(P1) is an aromatic polyamide-imide. For the purpose of the present invention, an aromatic
polyamide-imi#iX1aded to denote any polymer of which more than BOREE WU E recurring units
(R1) comprise at least one aromatic ring, at least one imide 15group, as such and/or in its amic acid
form, and at least one amide group which is not inclyded in the amic acid form of an imide group
[recurring units (Rib)]. The recurring units (Rib) are preferably :  where : 5- Aris: CF3 -25-

(Rib-1)

10

15

t2
<>

The blend (B} can comprise one and only one poiy(aryl ether ketone) (P2).
Alternatively, it can comprise two, three, or even more than three poly(aryl ether
ketone)s (P2). Certain preferred mixes of poly{aryl ether ketone)s (P2) are :
mixes consisting of (i) at least one poly{aryl ether ketone) (P2a) of which more
than 50 wt. % of the recuwring units, preferably essentially all the recurring units,

and still more preferably all the recurring units are of formula

with (i1} at least one poly(aryl ether ketone) (P2b) of which more than 50 wt. %
of the recurring units, preferably essentially all the recurring units, and still more
preferably all the recurring units are of formula

Luil Q {:‘;
@_ \ s&__@&

and, optionally in addition, with (if1) at least one other poly(arvt ether
ketone) (P2c¢) different from poly(ary! ether ketone)s (P2a) and (P2h) ;
in particular, mixes consisting of (i} at least one poly(aryl ether ketone) (P2a) of

(X,

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 ali, the
recurring umits 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
poly{ary! ether ketone) (P2b) of which all the recurting 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 potyimide (P1) according fo the present invention is any polymer
of which more than 50 wt. % of the recurring units (R1) comprise at least one
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 (I1)] :



(XII) andJor the corresponding amide-amic acid containing recurring unit :  (XIIl) 5wherein the
attachment of the two amide groups to the aromatic ring as shown in (X111) will be understood to
represent the W@ AHHHREI 4 polyamide-amic acid configurations ; (111¥§PEP200%043/% 10and/or the
corresponding amide-amic acid containing recurring unit 0 (XV) wherein the attachment of the two
amide groups to the aromatic ring as shown in (XV) wgill be understood to represent the 1,3 and the 1,4
polyamide-amic acid configurations ; and 15(R1b-3)

G

. Ao
2 cHERN

formuia (I) formaula (If)
The imide groups, as such and/or in their corresponding amic acid form,
are advantageously Hnked to an aromatic ring, as illustrated below :

8
o
O
formaula (11} formula (IV)

whereas Ar’ denotes 2 moiety containing at least one aromatic ring.

)OK
AP’YN— Ar'
O

The imide groups are advantageously present as condensed aromatic
system, yiekding 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)].
0

AL
S

O

formula (V) formuia (V1)
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 (Rla)].
Recurring units (R1a) are preferably of one or more formulae (VII), (VIII)
and {IX) here below :



(XVI) and/or the corresponding amide-amic acid containing recurring unit :  OH(XVII) wherein the
attachment of the two amide groups to the aromatic ring as shown in (XVII) will be understood to
represent the Y3ZXHEPHE%1,4 polyamide-amic acid configurations. RecuftG AL ESH) are preferably
a mix of recurring units (Rib-2) and (Rlb-3). Polyamide-imides essentially all, if not all, the recurring
units are recurring units complying with this criterion2are commercialized by Solvay Advanced
Polymers as TORLON(r)polyamide-imides. The aromatic polyamide-imide can be notably
manufactured by a procegs 10j cludlng the polyconglensatlon reaction between (i) at least one acid
monomer chosen from m |t| anhydride angl trim I|t|c:@1nhydmrd>edncmud falides and (ii) at least
one comonomer chos% fromydiapmines. anq\’ il f}gn gon Hrﬁe\‘trc anhydride
monoacid halides, trim dride mono &hlorlde is pre "15The comonomer comprises
preferably at least one argmatig ring Besides, comopr)’%es preferab at Mogt two aromatic rings. More
preferably, the comonomer is a di t|II more re ly, |ne is chosen from the group
consisting of 4,4'-diamino HHEW% v ﬁgr(ﬁ'f |§?ﬁ§he gfhe ‘??i"%ﬁé lenediamine and
mixtures thereof 201 &hird embodlment the aromatic polyimidc (P1) is an aromatic polyetherimide.
For the purpose of theApigsent invention, an aromatic polyetherimide is intended to denote any
polymer of which more than 50 wt. the recurring units (R1) comprise at least one aromatic ring, at

least one imide grou?, as such and amic acid form, and at least one ether group
5 ;

W x

with X = ) with n=1,234 or 53
- Ris:

@,,@v@,
O

gy

Oa
I
-

— 0
] c+
10 withY = ”5““‘, é /“\ +H2 " 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 ieast 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 :



25[recurring units (Ric)].  Recurring units (Ri-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
polyetherimid SAINEIé2%  those wherein the recurring units (RI) are cHESERFAGHS3 R 1c-1) A -N At
N-R- _ formula (XVIII) and 5(R1c-2) where : 10- Aris: Owith X=-Ris: H n 2, with n=

1,23,40r5; - 24 -
Q
? /!K i
o R
e J N
_ Y Ar‘\
o —H COO0H
(X3 and/or (XD)
(imide form) (amic acid form)
where :
5 — Aris:

SRS PSR e

| i
¢ CF
with X = J\, _{_ij_, CFy +erd; withn=12340r5:

- Ris:

o CF,

d 0 +
with ¥ = —5 , (|)| , —[_Elz—]n‘ , J‘l\ CFa —{_cgﬂn_ with n =
0,1.2340r 5.

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



15Examples of aromatic polyimides (P1) belonging to this first class of aromatic polyetherimides are
those wherein the recurring units (R1) are of formula : - 28 - (XXIIl) and/or its two corresponding
amic acid forrﬁ%o[é?al@’??j}r%ﬁjlae (XIX) and (XX) vs. the wholly imide form %??W@Péﬁf%\'ﬂll)]. Aromatic
polyetherimides wherein essentially all, if not all, the recurring 5units are of foimula (XXII1), and/or their
two corresponding amic acid forms, are notably corfthiercially available from Mitsui as AURUM(r)
polyimide. A second class of aromatic polyetherimides consists of those wherein the recurring units

(RI) are recurring units (Ric-4) O ENO Art- O
(R1b-1)

0]
OO
0
(XID)

and/or the corresponding amide-amic acid containing recurring unit
0
3 )
OH
¢ (XI11)

5 wherein the attachment of the two amide groups to the aromatic ring as shown
in (XTI} will be understood to represent the 1,3 and the 1,4 polyamide-amic acid

configurattons ;
(R1b-2)
0
M{ )<
&)
© X1V)

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

0
o]
98 YanVaw
' 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 (RIb-3)
o

A

20

© (XVI)

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



10as such, and/or their amic acid forms 0 0 Art- (XXXV) wherein 15- thedenotes isomerism so that
in any recurring unit the groups to which the arrows point may exist as shown or in an interchanged
position ; - E i RHOEHHOm : - 29 - (E.4)(R104 with the R' being, indeﬁgﬁﬂ?@ﬁ?ﬁ?’?ﬁamzeach other,
alkyl radicals comprising from 1 to 6 carbon atoms, aryls or halogens ; C] 2with n (R1)04(R)04

- 26 -
Q
0 R
NG
OH (XVII)

wherein the attachment of the two amide groups to the aromatic ring as shown
in (XVII) will be understood to represent the 1,3 and the 1,4 polyamide-amic
acid configurations.

h

Recurring units (R1b) are preferably a mix of recurring units (R1b-2)

and (R1b-3). Polyamide-imides essentialty 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 (ii} at jeast 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 preferabiy, the
comonomer is 4 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
polyvetherimide. For the purpose of tie present invention, an aromatic
polyetherimide is intended to denote any polymer of which more than 50 wt. %
of the recurring units (R1) comprise af 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 :



nteger from | to 6 ; 5(E. Owith the R' being, independently from each other, alkyl radicals comprising
from1to 6 carbon atoms, aryls or halogens ; (E-iv) 10and Y (Y-O with the other, alkyl
radicals comp?mr?&l?f?)ﬁ?%alogens being chosen from : alkylenes ofto 8 CHFBEH4tEHTE, in R' being,
independently from each | to 6 carbon atoms, aryls or CH3

-2

(Rie-1)

AN I ”OOC)J\/\
Y Y Y \:OOH - \[( \COOH

formuia (XVIII} and/or formula (XIX) and/or - formula (XX} ;
and
5 (Rlc-2)
of) )K Q i R
N
Ap N—R~—
& ———N COOH
(imide form) (amic acid form)
(XXD and/or (XXIH
where ;
10 - Aris:

Yo 8 e o

9]
e o A TR
- Ris;

,withn=1,2340r5;

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

formula :



[c CH3H2n particularand with n = integer from 1to 6,  CF3 (Y-ii)

WO 2010/043705 PCT/EP2009/063572

“ 2% .

M oo (XX

and/or its two corresponding amic acid forms {see formulae (XIX) and {XX) vs.
the wholly mde form of formula (XVIID].
Aromatic polyetherimides wherein essentially all, if not all, the recurring
5 units are of formula (XX1I1), and/or their two corresponding amic acid forms, are
notably commercially available from Mitsui as AURUM® polyimide.
A second class of aromatic polyetherimides consists of those wherein the

recurring units (R1) are recurring units (R1c-4)

@] O
Q O

(XXXII)
10 as such, and/or in their amic acid forms
o 0
/H
—E 'N"——ME —N O—Ar'0—
OOH
© (XXXIV)
and/or
0 O
—E— O—ArO—
COOH
OOH (XXXV)
wherein :
15 - the — denotes isomerism sc that in any recurring unit the groups to which the

arrows point may exist as shown or in an interchanged posifion ;
- Eis chosen from:



perfluoroalkylenes of 1 to 6 carbon atoms in particular CF3and F2L 15  with n =integer from

1to 6, (Y-iii) c%cloalk lenes of 4 to 8 carbon atoms ; (Y-iv) alkylidenes of 1 to 6 carbon atoms ;
0 2010/043705 PCT/EP2009/063572

-29.

(E-i) (R4
with the R’ being, independently from cach other, alkyl radicals comprising
from 1 to 6 carbon atoms, aryls or halogens ;

+C+
" H, ‘n :
{E-ii) with nn = integer from 1 to 6 ;
Rhbe (R

5 (B-ii) . . with the R’

alkyl radicals comprising from 1 to 6 carbon atoms, aryls or halogens ;
(R')w, (R.)9.4

Y
(E-iv) _lj i

other, alkyl radicals comprising from 1 to 6 carbon atoms, aryls or

being, independently from each other,

with the R’ being, independently from each

halogens ;

10 and Y being chosen fom

(Y-i) alkylenes of 1 to 6 carbon atoms, in
CH,

TR
d z

particular an
with n = integer from 1106,
CF,

CF,

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

—{—CFZ—};

with n = integer from 1 to 6,

15

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

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



WO 2010/043705PCT/EP2009/063572 - 30 - (Y-v) cycloalkylidenes of 4 to 8 carbon atoms ; 0 S- | IH2
(Y-V-0,, (Y-x) 5- Ar"is selected from : (Ar"-i) aromatic hydrocarbon radicals having from 6 to 20
carbon atoms“¥Ad*H4étEhated substituted thereof, or alkyl substituted §EMREAEStFEreof, wherein the
alkyl substituting group contains 1 to 6 carbon atoms, such as : 104).and halogenated substituted
thereof, or alkyl substituted derivatives thereof, whefgin the alkyl substituting group contains from | to 6
carbon atoms ; (Ar"-ii with Y being chosen from (Y-i), (Y-ii), (Y-iii), (Y-iv), (Y-v), (Y-vi),
15(Y-vii), (Y-viii), (Y-ix) and (Y-X), as aboye defined, (Ar"-iii) alkylene and cycloalkylene radicals having
from 2 to 20 carborf AtOMEY ARHPALERS B iitHatBR BoliSryanosiloxanes. The aromatic
polyetherimides wherein the | curring units (R1) are 20recurring units (R1c-4) may be prepared by any
of the methods well-known-toghase skilled in the art including the reaction of any aromatic bis(cther
anhydride)s of the formula OOE') ¢

(Y-vi)

, (Y-vii) S~ , (Y-viii) —C—

(Y-ixy — O
0

.

) - Ar”is selected from :

3

(Y-x)

(Ar”-i} aromatic hydrocarbon radicals having from 6 to 20 carbon atoms and
halogenated substituted thereof, or alkyl substituted derivatives thereof,

wherein the alky! substituting group contains 1 to 6 carbon atoms, such
as

ogenated substituted thereof,
or alkyl substituted derivatives thereof, wherein the alkyl substituting

group contains from 1 to 6 carbon atoms ;

y
(Ar-ii) : :

with Y being chosen from (Y-i), (Y-ii), (Y-iii), (Y-1v), (Y-v), (Y-vi),

13 (Y -vii), (Y-vii1), (Y-ix) and (Y-x}, as above defined,

(Ar”-iii) alkylene and cycloalikylene 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

OV



-31 - where E is as defined hereinbefore, with a diamino compound of the formula
H2N-Ar"-NH2(XXXVIl) where Ar" is as defined hereinbefore. In general, the reactions can be

advantageousKPEAHIEH Btit employing well-known solvents, e.g., 5o-dichfdrBBEAYEHE
m-cresol/toluene, N,N-dimethylacetamide (DMA), etc., in which to effect interaction between the

dianhydrides and diamines, at temperatures of fromzbout 20C to about 250C. Alternatively, these
polyetherimides can be prepared by melt polymerization of any dianhydrides of formula (VOCVI) with
any diamino 10compound of formula (XXXVI1) while heating the mixture of the ingredients at elevated
temperatures with cdrecefrévasidednehlienginbe Hee witbmdiobis (@theeumd ey drédeisidt formula (=CVO
include, for examplei;N-AZ;2Nbis[4-(2,3-thcarboxyphenoxy)phenyl]propane diaphydnde ;

154,4'-bis(2,3- d'CanQéééQi}@ﬁQ%é’a@iﬂJa@ﬂwe%m&&Q'aﬂlg&@Q@ ink 3aRiR{% 3sdicarboxyphenoxy)benzene

dianhydride ; 4,4'-bj dicarbaoxyphe hen Iflde dianhydride
1,4-bis(2,3- dlcarboxg‘( ﬂ% eou ecr?gég%laeo ,}%‘ii(ﬁ Rg E_DL bis ?\YS dxlgdar%bxyphenoxy)benzophenone

dianhydride ; 204,4%K §’ E%ﬁ’%%/ﬁ‘ﬁé 65% %L‘Hﬂlgl‘fl @ﬁ%ﬂﬂ@&?&f& 5152854

(3,4- d|carboxyphenﬁhﬁp‘ﬁéﬁ%b%p@ﬁ@ﬂﬂéﬂﬁﬁ%ﬂé@ dianhydptaead diespoxyphenoxy)diphenyl ether
dianhydride ; 4,4'-bisthé&etiearbdicyphinmd)diphewylisiifie dianhydride ;
1,3-bis(3,4-dicarboxyph@n@xﬁ(g@@gp}zqg@éjg@@lgmm@de%%@pgﬁg%élﬁg@boxyphenoxy)benzene

dianhydride ; 4 401 z%m%?gfgg }{ lﬂ Qiamino

4-(2,3-dicarbox phenox Kng dl%ar %)1& 1 2, 2-%85%6 dl%%éldnde etc. and
mixtures of sut dlgﬂrﬁ;?]é R %15%1% Y& example,
30m-phenylenediarfiiyéted Eﬁ@ﬁ%@ﬂ&%@%@b‘@ﬁ&%ﬁophenyl)propane

4,41-diaminodiphenyl-m&thanenid bisjidreinodiphdny b§ lilfidel a4 30X HMAMimdudipfienyl sulfone,

4.4'- dlamlnodlphenyk@ﬁw 1,5-diaminonaphthalene, 3,3'-dimethylbenzidine, 3,3'-dimethoxybenzidine,

In the recurring units @%ﬁ[ﬁ(ﬁ%&%@@%@h&aﬁﬁh&%@ph dianhydride ;
15 4,4'-bis(2,3-dicarboxyphenoxy)diphenyl ether dianhydride ;
- 1,3-bis(2,3-dicarboxyphenoxy)benzene dianhydride ;
- 4.4%bis(2,3-dicarboxyphenoxy)dipheny! sulfide dianhydride ;
- 1,4-bis(2,3-dicarboxyphenoxy)benzene dianhydride ;
~  4,4%bis(2,3-dicarboxyphenoxy)benzophenone dianhydride ;
200 - 4,4-bis(2,3-dicarboxyphenoxy)diphenyl sulfone dianhydride ;
- 2,2-bis[4 (3.4-dicarboxyphenoxy)phenylipropane dianhydride ;
- 4,4'-bis(3,4-dicarboxyphenoxy)dipheny! ether dianhydride ;
- 4,4%bis(3 4-dicarboxyphenoxy)diphenyl sulfide dianhydride ;
- 1,3-bis(3.4-dicarboxyphenoxy)benzene dianhydride ;
25 - 1,4-bis(3,4-dicarboxyphenoxyjbenzene dianhydride ;
- 4,4-bis(3,4-dicarboxyphenoxy)benzophenone 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-phenyienediamine, 2,2-bis(p-aminophenylpropane,
4,4'-diaminodiphenyl-methane, 4,4'-diaminodiphenyl sulfide, 4,4'-dianuno
diphenyl sulfone, 4,4'-diaminodiphenyl ether, 1,5-diaminonaphthalene,
3,3-dimethylibenzidine, 3,3'-dimethoxybenzidine,
In the recwrring units (R1¢-4), E is preferably chosen from (E-i)



- 32 - (R104 with the R' being, independently from each other, alkyl radicals comprising from 1 to 6

carbon atoms, aryls or halogens ; more preferably, E is unsubstituted m};g@gg (}I{%?%Q_S_&Besides, in the
recurring unitgv %1-%3‘,‘3,335 is preferably chosen from (Ar"-ii) with Y being CREEER S, (Y-i), (Y-ii),

(Y-ii), (Y-iv), (Y-v), (Y-vi), (Y-vii), (Y-viii), (Y-ix) and (Y-X), as above defined. CH, 411 CH 10More
preferably, Ar*is3  Good results were obtained whien the recurring units (RI c-4)were recurring units
of fonnula (XXXVITI) as such, in imide form, and/or in amic acid forms [formulae (XXXIX) and (XL)] :
00 (XXXV 15and/or (XXXIX) and/or (XL)

(R0

with the R’ being, independently from each other, alkyl radicals comprising
from 1 to 6 carbon atoms, aryls or halogens ; more preferably, E is unsubstituted
m-phenylene.

3 Besides, in the recurring units (R1c-4), Ar” is preferably chosen
from (Ar”-11)

-0

with Y being chosen from (Y-1), (Y-ii), (Y-iii}, (Y-iv), (Y-v), (Y-v1), (Y-vii),
(Y-viii), (Y-ix) and (Y-x), as above defined.
OFO
10 More preferably, Ar” is CH,§ .
Good results were obtained when the recurring units (R1c-4) were
recurring units of formula (XXXVIII) as such, in imide form, and/or in amic acid

forms [formulae (XXXIX) anéd (X1)] :

0 0
0 O\
&N
0 H,e” CH,

O
(XXXVIID
15 and/or
Q 0
- o O\
MO
COCH
© HC CHy (3OXIX)
and/or

O 0,

COOH HOO He eH,

(XL)



- 33 - wherein in formulae (XXXIX) and (XL) the denotes isomerism so that any recurring unit the
groups to which the arrows point may exist as shown or an interchanged position. Aromatic
polyetherimidé%O(fPWf?fE‘ﬁoéssentially all, if not all, the recurring 5units aré BFPﬁi’fPéi*&bcvnl), and/or
their corresponding amic acid forms (XXXIX) and/or (XL) are commercially available from General
Electric, now SABIC, as ULTEM(r) polyetherimides. 33eod results may be also obtained when the
recurring units (R Ic-4) are  recurring units of formula (XLI) as such, in imide form, and/or in amic
acid 10forms [formulae (XLII) and (XLIII)], as represented below : 00 wherein : 15- (XLIl) and (X I) are
the amic acid forms*dsreasponaigitd XReSimidedorm) (BLT) dinetesssgrrotessisbaarisi so that in any
recurring unit the grewpshtgwhitlk theupsrowdipbint amayw existiassshoisnaesliovancinteschanged position ;
Ar'is chosen among,thenfpliesviagstructures @ - 34 - with the linking groups being in ortho, meta or
para position and R' being g hydagen aipRQ A0 Al Ladical GAMPHSING fram 19§ carbon atoms, 5
5 units are of formula (XXXVIII), and/or their corresponding amic acid
forms (XXXIX) and/or (X1) are commercially available from General Eleciric,
now SABIC, as ULTEM® polyetherimides.
Good results may be also obtained when the recurring units (R1c-4) are
recurring units of formula (XLI) as such, in imide form, and/or in amic acid
10 forms [formulae (XLII) and (XLII)], as represented below :

O O
o. .0 0
Ar' : ; I < ;
O
c 0 (XLD)
o
0 O
\TE\] \Ar'" g
H I
HOO O
0 (XLIT)
] 0
o. .0 0
\ll,\i TAr® s g
: y
HOO COOH (XLTT)
wherein
15— (XLI) and (XLIII) are the amic acid forms corresponding to the imide form
(XL ;

~ 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”1is chosen among the following structures :

20



with R being an aliphatic divalent group of up to 6 carbon atoms, such as methylene, ethylene,
isopropylene and the like, and mixtures thereof. Aromatic polyetherimides of which essentially all, if not
all, the recurrﬂé’i@iﬁﬁﬁ?%e of formula (XLI), and/or their corresponding Shi A& Srhs (XLIN) and/or
(XI111) are commercially available from General Electric, now SABIC, as EXTEM(r) polyetherimides.
Preferably more than 75 wt. % and more preferably #dere than 90 wt. % of the recurring units of the
aromatic polyimide (PI) are recurring units (R1). Still 15more preferably, essentially all, if not all, the
recurring units of the aromatic polyimide (P1) are recurring units (R1). The blend (B) can comprise one
and only one aromati§:polyinkide ¢RI)s Ategiawwdly Nttt pomprideongod threenpeeven more than
three aromatic pOWH}Mﬂ@r(Eﬁb)n 20hn m@zlptﬂmsm;ﬁmngrﬁs&m indention,aoselution of the polymer in
at least one halogen- fre i 7 solymer is epapteyed. As long as the organic
solvent (SI) is haloger pre i e ¥ general the organic solvent
(Si) is however a polar a g to the present invention, the

solvent (Si) 25 and/or the solvent (82) is selected fro e gr@i;mp ci Ii‘iting’of dipolar aprotic solvents,

Q

particularly preferred fro stlng of D A, NMP and\mixtures thereof  The terms
"solvent for the poly ally imp the]pol s soluble to an extent of at
feast 97 %, preferably atde 30applied temperathe In contrast, the terms "insoluble”

generally implies that th - :
R
5

with R being an aliphatic divalent group of up to 6 carbon atoms, such as
methylene, ethylene, isopropylene and the hke,
and mixfures thereof.
Aromatic polyetherimides of which essentially all, if not all, the recurring
10 units are of formula (XLI), and/or their corresponding amic acid forms (X1.IT)
and/or (X1.IT) arc commercially avaiiable from General Electric, now SABIC, as
EXTEM® polyetherimides.

Preferably more than 75 wt. % and more preferably more than 90 wt. % of

the recurring units of the aromatic polyimide (P1) are recurring units (R1). Still
15 more preferably, essentially all, if not ail, the recurring units of the aromatic
polyimide (P1) are recurring units (R1).

The blend (B) can comprise one and only one aromatic polyimide (P1).
Alternatively, it can comprise two, three, or even more than three aromatic
polvintdes (P13

20 In the process of the present invention, a solution of the polymer in at least
one halogen-free organic sofvent (S1).for the polymer is employed. As long as
the organic soivent (S1) is halogen-free there 1s 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 (82) is selected from the group consisting of dipolar aprotic
solvents, particularly preferred from the group consisting of DMFE, DMA, NMP
and mixtures thereof.

The terms “solvent for the polymer™ and “soluble” generally tmply 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



polymer is soluble to an extent of at most 3 A, preferably at most 1 % at an applied temperature.

The applied temperature may vary considerably. In step (aa) the solution of the polymer is in general
provided at a ¥HHP_PAIE of from -10C to 150C, Spreferably 20C to 80 CTERKEEBHton can be
provided in step (aa) in a suitable storage device which is not limited as long as it allows the storage of
the polymer solution and the pushing of the solution 3hrough a nozzle. A suitable storage device may
be an extruder, preferably equipped with a metered pump to allow in step (bb) that a 10desired
specific amount of solution can be pushed through a nozzle.  The term "nozzle" as used herein is to
be interpreted broaghvasaiteidé witn atteust enecpeiing thretightwitigh &pokmer solution might be
pushed in order to yiglded ftheranieil. In fact, there is no particular limitation to the shape of the nozzle

and the number and Shaﬁ?eQ%ﬁh&@&%ﬂ%ﬁ%&%&%c@%&é&ﬂ]??%‘@ﬁ%a@%@E}Qu%;}he nozzle allows
manufacturing the do(af%%ed0{0| ol fiber, Fcr>(r) \;IhCF &Il

nufacture of fibers | referred to use a
spinneret. A spinneret IS m ggq%lFérg?%gﬁlpmetaT p g% %‘ﬁﬂﬁ%}‘é’? 8?%%116 V\?iﬁ%ﬁe%? r@ore fine holes
through which a |iqum§§§ %%ﬁé‘ir‘ﬁ%&the material to be spun (polymer melt or solution) is forced for
spinning filaments. 20In Te jotesspftrprdsemt fvvdption zifitdls urethéesshutibiaintroduced into a
coagulation bath coiprisdimg e Jailleastzbmnesligidothdd) ofitwhich e pdlyimemistrsoluble, and
optionally (cc2) at lgastinperarganicise Mankb2hoR1which theipabmeissoble,ddentical to or
Q|ff_erent from the 0’&%%15,%%%?&}9@'2:1‘%?&%({%& 2 fiber gr I%‘I?L to a%];e illjl%elg (ebLbl} Is not specifically
limited as Ionglrat\s th .gqéljym_er. S Insolu ‘h?lﬁq It, Preferab / g 1s aﬁogen-fr e. Inapreferred
embodiment of the B?F EESE BT iR A BIESHEMUVERTEH, Rﬁ@uélﬁ HUPBHL RRAC(L) is water and/or a C1 to
C15 mono- or polyhydricl&fc6HBI BerO ikt eRbiis| 88 Fépriecd Pragdhis mdnécor polyhydric
alcohol are methanelitietih&asl p1s 2rethenddiokiprbpdnaty irRepsoiptme dight gy pesind msbutanot,
2-butanol, HO-(CHRIRr&HRR) =@ wherein Rtand:R2 aseirdapendsntiyfomeaspeother H or CH3

and n s from | 0 5.6l The a1 monesach R 6 alsetq) e pigfsably a Cl to C10 mono- o
polyhydric 35ail ohol. -36- = The %tCIeasZttl one organic.s ventéS g IS i Ogtl%ag or different from the

organic solverit (i) BrairAolo g Lsj0es Z‘% “i8 ifen ﬁ?g‘frtlggtﬁéz Sry8s o8 S8Fent (S1). More,
4!

y, the solven S | . )
preferably, all organic sdi9eHs 8NN afdhasrtitareEarsivemsnsied SiaGEheral, neither

liquid (L1) nor solvents gSirmhefor{Ba¥dorrsactwiliictioe polynterysedirdfmphekent invention.  The
temperature of the eaggtatitchhathiuis inagereraihindhie magedbiterpui Optak9G:preferably in the
range of from 20 to §Rion) is forced for spinming filaments.
20 In the process of the present invention, in step {cc), the solution is
introduced 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), in which the polymer is soluble, identical
to or different from the organic solvent (81),
25 to forma fiber or foil.
The liquid (L.1) is not specifically limited as long as the polymer is
insoluble in it. Preferably, (1.1} is halogen-free.
In a preferred embodiment of the process of the present invention, the at
least one liquid (L1) is water and/or a C, to Cys mono- or polyhydric alcohol.
30 Non-limiting examples for the C; to C;s mono- or polyhydric alcohol are
methanol, ethanol, 1,2-cthanediol, propanol, 1,2-propanediol, glycerin,
n-butanol, 2-butanol, HO-(CHR'-0-CHR?),-OH, wherein R' and R? are
independently from each other H or CH; and n is from 1 to 5, etc. The C; to Cys
mono- or polyhydric alcohol is preferably a C; to C;y mono- or polyhydric
35  alcohol.



In one embodiment of the present invention, an airgap of from 0.2 cm 10to 20 cm, preferably of from
0.5 cmto 10 cm is used between the nozzle and the coagulation bath. The gas in the airgap may vary
broadly. PrefefdbR/ 4i¢GPhitrogen is used. The temperature of the gas BH 8P 2he range of
from 10 to 50C, preferably 20 to 35C. In another embodiment of this invention, the polymer
solution enters the 15coagulation bath directly so thasthere 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 fibefbe folcobtamedanstely (eo)Sd dralmni2d byiBRGoBOOY.  This drawing
occurs after the soldtignibashkeers pushes-ibrguahsalnez iz hewaan.pidirst aneka second roll and is

thus different from jeficltaving whirh ixesiaRlishedby seiing.a specilic.ratin aidhe.speed of the

solution coming from the nﬁle 9 the rotation speed of the first roll. 25In the case of a foil, drawing
. BOIVENIS ca. . . . . s
can be performed in t]henlto gl Udinal and/or.in the transverse direction. Preferable/, drawing of a foil is

performed in the longitudfEPaiRbEReY iauid (he) ARERIBTEHE AR dPHeSBRfiSH hrough the
nozzle. In addition té:melpaiyrmed anditiecsehertntiae. spinning solution may 30 contain other

substances, such as thoJacaddiiivesrubiidie asecetnivantionaly gisedlimthe ruefesginning of polymer

fibers, for example gglquiing, ageats,Ligments dneah stabizerse ighhgtabilizers, dye affinity aids,

softening agents and Spﬂ@ﬁ@eﬁi@«fdmem H}&esﬁl%%hq %§9§%ﬁt a@%a r})tﬁﬂ) {g (giér%%{ed to a fiber or foll,
i f Z vith a '

comprising at 35least gne optignally functionalized paolymer wi Igh Tg selected from the group
consisting of p%y(al"?l@tﬂ@r%ﬁf?%%&j ?%@S%;Spcma})(}lC&H%Psgd?ftwﬁgﬁ%ﬁl BRER BRd aromatic polyi
ide, obtainable by a°preeasecEiprsmer e BecpesT ) provianily-aRefemdh-cdimprising at least 45
wt. %, based upon tiieogeighised thichsaiutionivo tHehpghynsen, mneratlebsta@awt Hombdlsed upon the
weight of the solutiap sof@tjeastwnedalegen-free organic solvent (Si) for the polymer ; (bb) pushing
the solution through a ncﬁ%éh@pgnbodiment of this mvention, 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 35 % to 300 %.
This drawing occurs afier 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, drawimg can be performed in the longitudinal and/or in
the transverse direction. Preferably, drawing of a foil is performed in the
longitudinal direction, i.¢c. 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,
beat 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 sutfone) (PAES), poly(aryl ether



(cc) introducing the solution into a coagulation bath comprising 10(cc I) at least one liquid (Li) in which
the polymer is insoluble, and optionally (cc2) at least one organic solvent (S2) for the polymer,
identical to or Yf#f&H¥# 8 the organic solvent (Si.), to form a fiber or f&f /EF20818¢&t3bly, the at least
one liquid (Li) is water and/or a C1 to C15 mono- or 15polyhydric alcohol. Water and/or a C1 to C10
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 Tg selected from the
group consisting of poly(aryl ether sulfone) (PAES), poly(aryl ether 20ketone) (PAEK) and aromatic
poiyimide, comprisikgjcag dPddseoré awhetsinahorodityo Hsidlnkdaasctres raierbengdkn the volume of
void-space Vv and Lh@i@tal (bulk) volume VB of the fibers, including the solid and void component, is

at least 5 %; and whg P@%@%rserum hasdad Rnaciy .8, eNiex aneiandR).anelongation at
break? 150 %. 25In the F%r or f%l of tfhtg thlrd a é)g]% meaﬁ%)snyy(l)oma&/ he at least 10 %, at least
e

20 %, at least 30 % or at least 40 %: ma a SO Be of at most %, at most 40 %, at
most 30% or af most Zo%mﬁkite?fﬁhé’f%@%ma%ﬁte?ﬂ%ﬁﬂ%em 8%35& S‘fﬁ‘@?ﬁé?‘é%@ (1) is preferably
of at least 7%. In a partiéi@epefeired embodiment of the third aspect, the 30porosity (1) is in the
range of from 7 % t@60 postamngdievenumargpreterablylin,the range of from 7 % to 50 %. The porosity
() of a fiber (and in ggorresponding manner the porosity (I) of a foil) can be estimated from the weight

and diameter of the figer. a5 & express linear density and is
equal to the Siegelgé;‘g %%rgr?lg o\?%C%gﬁgﬁgr&gﬁgmgm%ﬁ?%%%%ﬁ?%ﬁ the volume of the fiber

multiplied by t WE%‘SI ?ng il e S FBEP Al e of the fiber i
the length of the fib&ictihib¥tHe w9586 1biNaY @rodo1ipapictfar e Igeddfereo meters of yam is
equal to : V (in cm3) = 1001008z r2snwitleltiret fiBEX radius r expressed in cm. As a result,

to form a fiber or foil.

Preferably, the at least one liquid (L1) is water and/or a C; to Ci5s mono- or

15 polyhydric alcohol. Water and/or a C; to Cy¢ mono- or pelyhydric 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 poiv(ary! cther sulfone) (PAES), poiy(aryl cther

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 Vj of the fibers, including the solid and void component, is
at least 5 % ; and wherein the fiber or foil has (2) a tenacity > 6 ¢N/tex, and/or (b)
an eclongation 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 foily 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 vield the tex of the fiber. The



5Tex = p 100,000 It r2, where p is polymer specific gravity in g/cc. and since 0.1 decitex= 1 Tex, Fiber
dtex (decitex) = p 1,000,000 It r2, where p is polymer specific gravity in g/cc. In the case of
poly(ethersulf8¥{&391#&58fymer has a specific gravity 10 of 1.37 g/cc. TR&S/ SR BtaHreter 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 hagga dtex of 2.2 (actual dtex), the porosity can be
calculated from the following equation :  Porosity (I) (Void Fraction) = Vv/ VB =1 - (actual dtcx /
theoretical dtex). 15In the aforementioned case, the porosity is 0.428, or 42.8 %.  Such a calculation
is verified by consideringethitisaiecois ahmleitespoitipdipte thees thfomedsfiberotkweing o porosity, as
determined by micrpseepy:, this-dibek wamestaklished by migiaseopy as having a diameter of 15
microns. Such a fibe-rqqqaén jeasiy 8ebio e a4 Msing.ihg agove formula, the 20predicted

dtex is 2.42, identical }\he [%re #cted diameter. In a preferred embodiment the fiber or foil according to
the third aspect has a stféngth of? 7 cN/tex, more preferably? 10 cN/tex and most preferably of? 13
cN/tex. A andfiet B@P@d’émﬁ%ﬁﬁéﬁﬁh@“ﬁb@ﬁ@ﬁo@l@’d@% 'to the third 25aspect has an
elongation at break%’@ﬂmﬂ@ﬁ)(% depitepolyhser with a high Ts in the fiber or foil may be unfunctionalized
or functionalized. Preferably { dbetpolymenaitboa highvhs-ip thedibecaipteikisdungfionalized with one or
more functional grogps,dn particular with one or more hydroxyl and/or amine groups, more particularly

hydroxyl groups The tert&,t?;o E}‘Sn |on I| ew %eer}l]r{ ;egrato th%g%aﬁ}c%'l[eg/ e nature of the polymer. In
particular, a polymer is considere |ve| tre er appropriate conditions, the

polymer reactSurtt?ér- The Gsdd r’é%ﬂ)é”?‘fﬁ‘fﬁ?é%‘f RSEHORAREEP SO mers fis ke it difficult to
prepare fibers from $erepeprizRepisaag heddSdin shsayWhrenctalitigr suEihp shpsiarstitls most common
to cause the 35reactiveigicupdolthe petynditto teact|thefehy (praduding, ahfilperowith fewer, or - 39 -
zero reactive groupgan/ss af@8kEd Sk B:ffoRssnBRLafibger which contains functionalized groups. In

the specific case of&g&g?@g%g%p&%qllym‘%ﬁ\pggppreg g@&yygqu&%pd;g@ctlon chemistry, the
functlonallty o] ghe polyrqer era exis 5|n t e form o @%ﬁ%p T e relationship between

endgroup concéntration an Tcr’ﬁﬂertrﬁo Tg’r Jigeter! e éat‘ion polymers is well known,
as determined by Paul JSW%FVC @%ﬁ’fb&%ﬁ#ﬁéﬁﬁtﬁﬂ%@?&’&?ﬁ%@%Oéﬁﬂl‘PgaG’éﬂto the following simple
equations : Mn (numigctverdeshbhectianweightresi 060 860k tetbhemdgrewpyl OComncentration), and
Mw (weight averageaolesukasiiaighby midd00p0Q0Hiokat a diameter of 15 microns. Such a

fiber was measured to have a dtex of 2.43. Using the above formula, the
20 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/ex, more preferably = 10 cN/tex and most preferably
of > 13 cN/tex.

In another preferred embodiment the fiber or foil according to the third

25 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 pariicular with one or more
hydroxyl and/or amine groups, more particularly hydroxy! groups. The term

30  “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

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



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 totaP&HdGSUB concentration is fixed. It is also 15easily note%cﬁ{g?ﬂ?g olécular weight
and total endgroup concentration are inversely correlated so that the only way to increase endgroup
concentration is to produce lower molecular weight.39 - In the specific case of poly(ethersulfone)
prepared using 4,4-dichlorodiphenyl sulfone and Bisphenol S, the cndgroups of the polymers are
20either Chlorine or Hydroxyl. Since the hydroxyl endgroups are the more reactive of the endgroups,
to produce a materiatavitbriesigeabredetiieyultheueb adthsnisngen8bally Bpkramddth such a manner as to
produce an excessfohd@bhgtadpsotdize methods for achieving this are well known to those skilled in the
art and include conductingghgpeartioR st axcassiof e Risppepakmenomer. 25In some cases,
11 desired to prodhicsa maslal i uncional iR bRYabal phish aeaRARIe fTom standard
polycondensation cﬁHeml try, as descrl%ed abo t}ﬂ case, It IS common for molecules which

e. In
contain functionalit ' bE™ Fé’ﬂgr(?}“?%a@g&%%%%l AERED R BALB LT Ri&™ also a method
used to produce fuReliEraRepselso RIS WRITCeRsIpSEERVROB DA HiVE bFBRISS &t their polymer ends.
Such technology isdatetiinainry #:thbdécskdketbihsth & mptrticulbh8tfidereyefoimiflthdstioird aspect is
preferably obtainabje: bythadraeass Quthiedirst aspect of the present invention. Preferred

embodiments of th%r&%‘ﬁﬁﬁﬂ{%}ggﬁ%%:@%%%&@@ are8aWaly:arplicable, 35Finally, the present
& AL

invention is directed in a fourth aspect to a fiber or foil, comprising at legsf.ane optiopally functionalized
polymer with é |ghc‘;1Il LSRRy A?gl Wfor‘gﬁg e ar&Up conssﬁng%}f éoly(aryl etﬁ@r sulfone) (PAES),
poly(aryl ether ketoFER{PREXF &hEHFBINatic polyimide, having a tenacity of? 12 CN/tex and/or an
elongation at breakwh@® . total enPyeiaratyeninetifib &y oeddifedfithfo withreispect has a modulus 5of
>100 CN/tex.  Theifisenesa@ifiheriarmaasuas ataerding 100N bBgdidas paeighitiength. The
tenacity, modulu; ngﬁmwgn@d{%_@%@m@m gg&prﬂi{gglgg DIN 53816. In a
preferred embadiment, (e fber OhioaLe tourh aspeeh iana doisRadiiinacit) of > 12 Chitex.
more preferably of > igygﬁf ex, and most preﬁvaré y of > T5C teQ, and an elongatjon at break of <
180%. inversely correlated so that the only way to increase endgroup concentration 1s to
produce lower molecular weight.
In the specific case of poly(ethersulfone) prepared using
4 4-dichlorodiphenyi sulfone and Bisphenol S, the endgroups of the polymers are
20 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.
25 In some cases, it is desired to produce a material with functionalization
bevond 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
30 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.
33 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



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 tHEDIHEELY 5 0f the first aspect of the present invention. PFEFERE8%&HiBdiments 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 aspeit-of the present invention. In a preferred
embodiment of the present invention, the fiber or foil 20according 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 hydfexy thraupirTieesiibeg of Hetvpresehtripvéntso PieS Lusakilyrd eibenber average
diameter dfit, of fromidrie) BOOOKDUAG preferaliylphildnhbios OB tim ofote 28peeferably of from 10 to
250 um. Most prefejably.thadiberiaf iherpleseptinvention has a number average diameter (thickness)

clfib of from 5 to 100 u T tienally fiincy iz lymer is _preferably an optionally
functionalized poly(ar lmgt efeerraéﬁu?fgﬁee@%é}éi%)gs?ﬁggr%?é%%%ﬁﬁﬁgtlrg%éll?iziszd, e.g. it can be amine or
hydroxy-termin%ted‘.’%% ts can be used as such or as a bundle of multiple filaments.

Preferably, the weight av@edgeremietlibss waight oo trepoiaie AENATHE #nge of from 5,000 to
120,000, more preferagilylimgtie fEnrgeafifyonnd0;0@6dtbrd:0h0CRnENewneaightideerage molecular
weight of the polymgkds.idaepekahgeaielmismd oy gel permeation chromatography using preferably
polystyrtane 355tapda}rd§n é%}eferred@ﬁ%ﬂ&ﬁ{&%%‘?@ﬁﬁ@?%rtff’om?f9{?&%%@5\[’9%&1@3 £an sbhowksignifki)cantly
improved mechanical properties. cific inations nacity. and elongation at break can be
achieved easi@. t’“‘“%\tafr) t%%éf?i%%éétéﬁé% g%%?t?\?%%r ébjjfﬁg%%oegel%ﬁtl?ng c|f’)séilymers known 5to

the person skilled im5HEr iy &drt be D& deEsrTiggAtion atbecphRitib ANl be better understood by
way of consideration of theufcliowiny exabeglesnwtichtareproliddd: bywagspdclesteation and not in
limitation thereof In#hecexantriess alloans Hnck pedeantages:aradyaeight woless otherwise specified.
10 EXAMPLES MANUFACTHIRE, Qfn gQiLerMlﬁBaspect is preferably obtained by the process
15 ofthe 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
20 accordmng 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 dg, of from 2 to 5000 pm, preferably of from 5 to 1000 um, more
25  preferably of from 10 to 250 pm. Most preferably, the fiber of the present
invention has a number average diameter (thickness) dgs of from 5 to 100 um.
The optionally functionalized polymer is preferably an optionally
functionalized poly(aryl ether sulfone} ; besides, it is preferably functionalized,
e.g. it can be amine or hydroxy-terminated.
30 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 moiecular weight of the polymer is in general
determined by gel permeation chromatography using preferably polystyrene
35 standards.



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 proced&r&WifcAs 15preferably used on a laboratory scale. PoRHERZ&HSH Pfocess 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 withia Dean-Stark trap and a water-cooled condenser
is attached to a side 20neck, 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 roundTbofibers Beskdimkdordacyspdst placdmirramsbivbsigyifitediwith heaters connected

to the temperature gaptroitendBisphenobi1R7 Sdephvciparisbynwelight)cid; 4hdichlorodiphenyl
25sulfone (143.58 pRy)a@nhwdressariassiivcashgpate (70.49 pbw), anhydrous sulfolane (541.94

pbw) and anhydrous chipighenzene L({ A2 RS FALSHIR DRI mer, T Aaialor is Started
to 300 rpm and_the reactor is degasse vacuatlngr#sm .a vacuum pump and then filling with

Yy
nitrogen. The éegaé%fhfgpaffé}?a '}?ﬁié%?;@Fe%%BetWS Csa iR, and a steady stream of nitrogen
through the reactor soluti6f iy Staptew il HedHgrisntraedbartri e sorvidedppasd ffincreased to 400
rpm, taking care nofdivsplashathgiee adticnasotutiodegdbowenthe fivatedazomne afttine reactor wall. As the

temperature of the p@eliRA Mhdsrerinceasap ahlorphenzane _langwithghewater formed as a
reaction byproduct,ﬂ@g@l&%@g&&ggg&rope and is collected in the Dean-Stark trap ; the collected
distillate is - 42 - n%&gé%g}‘ to the reaction flask. When the viscosity starts to increase, the agitator
speed is increased 10 500 rpm. The predetelmined reaction temperature, typically in the range of
200-240C, will gendfety &ttty WithML0¥Et0 to 60 minutes after Sinitiating the heating cycle,
and will be maintained fd¥sthectinne khdedednthreach tpelyargeat inolecUlarweidghiceypially 15 to 60
minutes. Still longetikaatieg: pekntism ey sbeesired-fonpaticsicpanginatians of monomers and

reactants and when, gt saRianhSloiChIRRE IR AsRE Those, siilddn pelygondensation

process engin%erin \é\ﬁfcllatﬁp fanéiliar i%h the varnl%ty of 10methods widely employed in laboratory and

. i used of a laboratory Sca
plant operations fo 6 owu}fg %ﬁe v
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 mneck, and a thermocouple thermometer attached to a temperature controlier 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'-dichiorodiphenyl

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 stiring speed is imcreased
to 400 rpm, taking care not to splash the reaction sclution above the heated zone
of the reacior wall. As the temperature of the reaction mixture increases,
chlorobenzene, along with the water formed as a reaction byproduct, distills as

35 an azeotrope and is collected in the Dean-Stark trap ; the collected distillate is



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 th& BaR¥fZ4tion reaction may thus be followed by monitofihd B E¥HEERonding
increase in load on the agitator 15motor circuit. ~ Upon reaching the desired molecular weight, the
polymerization process is quenched by adding a mixtire 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 160-180C to reduce the 20viscosity of the reaction mass for filtering. The diluted
polymer solution noveideiviprisésstiza2Rtsbl{thedrbticiikbpistdpiaf theipolyrmeesdigbolved in a mixture of
chlorobenzene and stilfalane cdisancensenisatiorpaf. approximately 16 wt %, together with suspended
byproduct salts. After cogling:{QR:IrPEralkig- iR LARg e R LHD 30 Hpe solution is filtered to

remove the byprodgt gl 2oRlratian may b gany eniently aecpmnliphcdueing a 2 micron filter
medium in a pressure fllt,erpunhel _uﬁofler 18— % PSIg nitrogen pressure. ]Ater saft removal, the
polymer is coagulatd AW FBE BYEREIES/ S IRy %%%%@%W&ﬁﬁ‘@‘é@ﬁ‘f&%ﬁ%ﬁ?ﬁ% to 500 pbw of a
70:30 mixture of metarieranelsvatsmia dblapgelhuhterfighnsieedtalgiragoricTing precipitate is
30collected by filtratiemodettnbelrtquting ibe pekek;udundgivernisused ssweashid gs:tsing 400 pbw
methanol, 400 pbw ggienizednaateranciinaly400-phw methanal dhe-washed precipitate is collected
by filtration and drieljp.g\@SUHER REER(SRMEA! 4306 Wl ARAL HERHicy, of Monomer

stoichiometry and potassium. carbonate/hQisphenol’S ratio may 35vary around a 1:1 ratio as desired, for
example, as a?glaid ¥y 1r‘8'fé:ﬁ% ﬁ%’%’ﬁ’g? hl%arg r_ualtg}:yv%i! e eéﬁﬁ)é?;sc?ﬁb%’gﬁg%? & product. In this
example, the - 43 -FEORFHEHARMME EBIRIUGRSE Usihgr & SgHe e sdutsmpisppiaf €22 %) and the
potassium carbonate4dibisphe moirSsatio {kelndiyThosgiskillederithbeatwiltresognize that the
monomer mole ratioonpyhalseheadiusted Bedesired t0aechigyastheniovals of endgiaups, and that

molecular weight m@&@ﬁo%mé&gmaﬁqge%@gm@&gif?&é%éqgiiagcmg firagiian,hold time or by use
(0}

of higher or |O\fV§I‘ rea&ggg Eerpperatures. Poly(ether sulfones) having a reduced viscosity generally in
the range of from 03%6'T /g may be prepared in this manner. In this particular example, a

poly(ether sulfone) with & PEBGESHTALEO LRSI 6f el Wl bibaprstrerrEomatestat vas found to
have MW, as meas@yegrhed by adding a mixture of suifolane (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 wviscosity 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
chiorobenzene and sulfolane, at a concentration of approximately 16 wt %,
together with suspended byproduct salts. Afier 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 mediuvm 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 coliected 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  wvary 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



10by 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. Prepar&tfdPY¥Pdilibiphenyl ether sulfones) on a pilot scale and it PrEdtE¥FE&guipment may
be accomplished substantially by the polymerization 15process outlined for laboratory use. However,
as will be understood by those skilled in the process48ngineering 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 thelfsifoikétigngpionihgtekasingleslizhpolytetiebispifonky (PESywWithethe chemical
structure 00 5 0 O(pypthavingcarhveighbdialage! Helectlar waight eklied20theastmansured by Gel
25Permeation ChroppalagranhydSREnbMeasMad:RtHaenstenmperatie Lsingpelystyrene standards
was used. Hydroxyl,gd:group RANCSRUAIANS. A5 MEASHIRS By Htalonwae hlod/o
(microequivalents per gram) and c Iorlne% group concentration was dagtermln_e to be 10 peqg/g. Per
Flory & StockmieyerS Pyt %%%WH@%W&Eeéﬁ?%‘f’éﬁﬁéd%ﬂ%%@’a‘ﬁt?r? SUBEESS a 30 weight
average molecular WaigHESTSo 6P OO, 000r gy Hlitasohaistearodithethessatiis measured by
GPC. It is further natedthatithis: magerélrdoy 88sigh{ és madmmencal of the reactive:OH endgroups,
by design. It is in gepgaefunAdkatipRoiRNeethatiitess Gl erdutoupadamain essentially
[nat the numbey of i T e molecular
5weight polym?ér. Sli?ﬁi%?llﬁe%%ﬁ% elyr&r%gﬂlé%ﬁ ?’P\;\l/%a[‘&%%b?%%?)e%rﬁ @o}lj?}}é%ﬁgee?&?g?%ndgroups, ina
manner consistent WRBFIREE-RABIRATIEIE Sy SEEkmeVEr idhteme ks WHERSHEIIRE that weight
average molecular weigitigioe terndinet frolridie Bguation Mw=4,000,000/(total endgroups). Since the
only endgroups in this pasmeitricoChandithcnthehstimiter-of & grdgraupsdsiinversely
10proportional to theweighh AYSIRIGMAEGUIREWNEIGE suskhadallowing denaraidgseription relates to
2 preferred method ferine poducion of E&S,lIgers. Hetein: &:0lution ol ine polymer in an organic
solvent Si is prepar@cfiln"thne to owing to,dE)e _re?e'rredvfo.aé 'spinning | opé“} and pushed through a
spinneret by means of XiRUBOPORISEPSPERTHE A%t R aRdifgs: 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

P /= i
AT AT
O 0

(B)

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 peg/g. Per Flory &
Stockmeyer’s polycondensation theory, this endgroups concemntration suggests a

30 weight average molecular weight of 39601 (4,000,000/101), quite consistent with
the value measured by GPC. 1t is further noted that this material, by design, has
a dominance of the reactive OH endgroups, by design, 1t is in general of



15the Examples performed are indicated in the Tables. Extrusion  The spinning dope is stored in a
thermally stabilized vessel at a temperature of 20 - 110C. A pressure of about 2 bar is applied to the
spinning dopé’% %?A‘H%ﬁg)% it to the metering pump (V =6 cm3). The dogg?gﬁﬁﬂeﬁrgé%ifahrough a filter
element with about 10 gm mesh size and pushed through a spinning pipe (spinneret) into the
coagulation bath, either directly or through an air gap4(0,5 - 10 cm). The spinnerets used had from 1 to
500 holes with perimeters from 40- 150 gm. A typical size was 100 holes with each 60 gm perimeter.
The means to push the dope through the spinneret are not particularly 25 limited, it is however
preferred to use an!BRATSE St brae S VMG HRITPORTSTHE H)cttisaisyed & RAERR/min] of the
spinning dope varigsa@sdnichqatecsin the spinning examples. Coagulation bath The coagulation
bath length varies from 2025120 eavanedbedceagidatian 30 temperatirend vasies drom 10- 90C. Pure

water, Water /DMF 50:50. 0 SiX(IGs And puredsarropanel wele sed @ Gaqulants.  After the
coagulation bath, the f',lﬁer IS tak_e%%fé)]b a ylsgalgglle&gv |chwreqtﬁ£3ep% Wltgr%gﬁggigg speed VI of from 6
to 40 mitnin yie dind’ j&t ét%’v@”?laetlibs rom 2 80'% up to f_g o, & -%Pawmg rom the first roller, the
fiber moves to a se TP (B Eet A TFR AT TSR B Beh IR MEPRS fhe second roller
is the drawing sectitiatiPhehigxubirrhob elridis tigpiny theh Exarrgsl exlegries froght 0 A9 Svhich is adjusted
by different V1/V2 ratinghd baugtavwing=s perbomedinmdir-onis atheated svbtentfiathy8t cm length) at

95C. Washing sectigi, noife:the seeord dRllaribe: tberraygsdq a thidpller which rotates at a
spinning speed.V3 V\I/,Qi%@t.isnast%qgé/ ech%latgcr\a(Zé AO\{\éaL‘?,Qli,r{gCl%%gh, in general 10with pure water having
95C, is situate betvean the secong n t%l,r r 'eﬁ#ﬂrd roller i‘?é%l(lﬁ wed by a washing

and the _roller.
pot commonly named "gbtfet {RIGLR 8 BER 5P TR EF iAtH DA BIH TSP A FIFESS 60C) having an

effective washing lengthcspapbbbEl Ghers THersiberPsrahdguderss Bguaresspeed V2. Finishing
15The washing godetsisnidiioivecthyed fimibhifodjdyatiy whenefantidtatis Tapishing dpdiedn®.5 % solution of
phosphorous ester 1§§’JB§)} BRI ARG 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 thermalty 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 em’). 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 spinncrets used had from 1 to 500 holes with
perimeters from 40 — 150 um, A typical size was 100 holes with cach 60 pm
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 purnp.
The injection speed Vg, [m/min] of the spinning dope varies as indicated in the
spinning examples.
Coagulation bath
The coagulation bath length varies from 20 — 120 c¢m 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 %.



After the finishing treatment, the fiber (either monofilament or multifilament) is wound on a bobbin and
dried under air or by passing through a 20heated funnel (160C - 220C, length 1,5 -3 m) followed by a
roller four (sp&Ed X8 E5re winding. V5 can be <V4 to allow for fiber sERMERGEHRIATG 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 Cl to C5 (not according to the invention), Examples land 2 25The
poly(ether sulfone) described above was dissolved into DMA at concentrations ranging from 27.5 % to
40 % (Examples Cl to C5) and 50 % (Examples | and 2), and processed into various coagulation
solvents as shown #rFabie 1. The airgap was filled with air. The temperature of the coagulation bath
was either room temperaidie (R T HrARE rFibatad tas Tablecbndfamples Cl through C5

demonstrate that, j$jaughpiigians inogasuIalonbab SAIASNIR K ARbIEE composition were

attempted, the flberg were wg%g A etlopi%&%n at brea es Vaslgls %ear |nq|g§;\g/or of the brittle
nature of the materlafmﬁlﬁ% enefit o §6 &% polymer oncentratl nis emonstrated by the data for

Examples | to 3 in T4Bf8 Wﬁ‘f&ﬁffdd@h%qﬂ%ﬁ’ﬁté iBerd HitheRiBR RSP HESEB ALK in excess of 150
% were obtained, altl it iprbvdrE BDY 46%h& abbreviation of butane-1,4-diol. - 47 -
Examples 4to 6 Exsringlesdsio 6 were conducted as Examples 1-3, except for the differences

indicated in Table 2. Exagmplasdefddempnsiiaig hevestsong#ibeizmay-heehtained. Especially
strong fibers have %gﬁ%%%pe%l %@%N!ﬁga{éﬁe M‘i‘i”t@?f?b}(' Shio, t%ﬁ%‘é@h%ga in the art, when the

fibers are brittle, as Is the case for t os% uce onc§ntrat|on? Sexamples CI-05),
0

the fibers canfibt be"aRUic E?fﬁ?rﬁ‘ﬁ?’é%g 6%%%%%0&%%0%&?%?%% fBSIEARR b? oduced by the
process of the present inV&ritiBH 1o frle wsdhysl e St el strsmgp ioaBydogodidse skilled in the art
realize that higher drdwserbitios, pare leater 10to4meprovedrpedpbrtie&) Of particatarfaterest is the fact that

high tenacity fiber wagprgdugadvithvhigh porosihcesracialhe asnotechy exgaples 4 and 6. Table 2

Examples 4 5 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. V5 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 C5 {not according to the invention), Examples land 2

25 The poiy{cther sulfone) described above was dissolved into DMA at
concentrations ranging from 27.5 % to 40 % (Examples C1 to C5) and 50 %
{Examples I 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 cither 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 atiempted, the fibers were weak
with fow clongation 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 Dreak in excess of 150 % were obtained, a dramatic improvement. “14BD” is the
abbreviation of butane-1,4-diol.
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1.82 Speed Vdie [rn/min] 12.6 21.3 21.3 Jet drawing (Vi/Vare-) [Vo] 137.4 -6.1 -30 Speed VI [m/mm]

30 20 15 Drawing (V21V1-1) [/0] 33 100 167 V2 [m/min] 40 40 40 Fineness of filament [Dtex] 7.7 15.3
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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 15 the
case for those produced from low polymer concentrations (examples C1-C5), the
fibers cannot be drawn. Examples 4 10 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 exampies 4 and 6.

Table 2
Examples 4 5 6
Polyr_ner concentration in 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 HO H,0
Meklt pump {co/min] 1.08 1.82 1.82
Speed Vg [m/min] 12.6 21.3 21.3
Jet drawing (V/Vge-1) [%] 137.4 -6.1 -30
Speed Vy [m/min] 30 20 15
Drawing {V,/V;-1) %] 33 100 167
Vo [m/min] 40 40 40
Fineness of filament [Diex] 7.7 15.3 15.9
Tenacity [eN/tex] 13.1 14.7 18.2
Elongation at break [%] 163 80 44
Mgasured. fiber diameter dg, [in 120 39.1 575
microns]
Porosity 337% | 71% 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 (fenacity) 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 1s
20 demonstrated in Figs. 1 to 4 wherein electron microscopic micrographs for the
fibers of specific Examples are shown.



15.9 Tenacity [cN/tex] 13.1 14.7 18.2 Elongation at break [%] 163 80 44 Measured fiber diameter dfib
[in microns] 32.9 39.1 57.5 Porosity 33.7% 7.1 % 55.3% Examples 7 through 14 Experiments 7
through 14 weWCE8HAWEEY as Examples 1 to 6, except for 15the differeReEETAIRAEHN Table 3.
Examples 7 to 14 demonstrate that drawing contributes substantially to the foimation of higher strength
(tenacity) fibers. Additionally, the effects of drawing agd jet drawing can be noted by considering the
mechanical properties of obtained PES fibers. The influence of the spinning conditions on fiber
morphology is 20demonstrated in Figs. 1 to 4 wherein electron microscopic micrographs for the

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 elongation 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 ciearly 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 veid-space Vv and the
total (bulk) volume Vg of the fibers, including the solid and void component, is
at Jeast 5 %.
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- 50 - CLAIMS 1. Process for the manufacture of a fiber or foil comprising at least one optionally
fiinctionalized poly(aryl ether sulfone) (PAES) polymer with a high Tg, comprising the steps of : (aa)
providing a solution comprising at least 45 wt. %, baséd-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 ; (bb) pushing the solution through a nozzle ; 10and (cc)
introducing the solution into a coagulation bath cemplisiRg (ccl) at least one liquid (LI ) in which the
polymer is insoluble, and optionally (cc2) at least 6né organic solvent (52) for the polymer, identical to
or different from the organic solvent (Si), 15to foil," a fiber or foil. 2. Process according to claim 1,

e e T A SR S DU RSN,

l.
Process according to claim 2, wi vent orthe's IS sef%cted from the
group consisting GPBMELDIRCtMBZER @Yokt rdstreider) (PAED pplsaenictrdifigho any of
claims 1 to 3, wheTginaipasgaphef drgmdf.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 submerged in

the coagulation baghy 2pRRiReessoRatHdindsaany aficlains Jiop, duthepeamrisig:a step (dd) of

. : : : ; 5 o
drawing the fiber or fOIItRQ ts% r&%g)r{,n 051CI e %CRH%I? a{(:)dtgt%gaost/ﬂ() wt. %, based upon the weight

of the solution, of at least one halogen-free organic solvent (S1) for the

polymer ;
(bb) pushing the solution through a nozzle ;
10 and
{cc) introducing the solution into a coagulation bath comprising
(ccl) at least one liquid (LL1) in which the polymer is insoluble, and optionally

(cc2) at least one organic solvent (S2) for the polymer, 1dentical to or different

from the organic solvent (S1),
15 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 Ci5 mono- or polyhydric alcohol.

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

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

from 0.2 cm to 20 cm 1s used between the nozzle and the coagulation bath.

5. Process according to any of claims 1 to 3, wherein the nozzle is
submerged in the coagulation bath.

25 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) by 5 % to 300 %.



-51- 7. Fiber or foil, comprising at least one functionalized poly(aryl ether sulfone) (PAES) polymer
with a high Tg, obtainable by the process according to any of claims 1 to 6, wherein the polymer
comprises polymer chains that are functionalized at it$ Ends by an amine or hydroxyl group. 58. Fiber
or foil according to claim 7, wherein the at least one liquid (LI) is water and/or a C1 to C15 mono- or
polyhydric alcohol. 9. Fiber, comprising at least one optionally fimetionalized poly(aryl ether sulfone)
(PAES) polymer with a ig(r};- rising a. porous core, wherein pqrosit gg, defingd as the ratio
between the volume of‘%}oi ;gj%égég @{E}h%no '%E%g@ ?B{U?k 6\/?cl)1 ucrt!rll% %4 ﬁ%ﬂ ﬁ%%/r{s?tl Rluding the solid
and void componéHLf%eétq:é’?agt%%l,Y&?ﬁi WHBrelighd fisbtapabietasiiaprrmaenyordnaitex, and/or
(b) an elongation atpreakAhs0 % 6, Berein tHOpdlrEaRSONHING BRI Shdraying: ar-elongation at

break? 200 %. Ll EibesSOMRLISIDG 8t sast.one QRN fupctionalized poly(aryl ether sulfone)
(PAES) polymer with a{ highz'?'g, having agtgnacity o‘?ﬁorﬁ%?%% g%u&'N/tex and an elongation at break

of? 100 %. 512. Fiber qr foil.according to any. of claims 7.to 11, wherein the weight average molecular
weight of the polymer icg"ln ;lli?%%%rgfélgfa friom %’,%6?)‘%@ ,dﬁ%.rem &‘ﬁ?f st raedorithio any of
claims 7 to 12, wHéreparEgon ifer Eofmpiisay polypabhctainsiteabhre finictionalized at their ends by
an amine or 10hydroxy group. _

9. Fiber, comprising at least one optionally functionalized poly(aryl ether

sulfone) (PAES) polymer with a high T,, comprising a porous core, wherein
porosity @, defined as the ratio between the volume of void-space Vv and the

10 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 elongation at break > 150 %.
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10. Fiber according to claim 9, having an elongation at break > 200 %.

11. Fiber, comprising at least one optionally functionalized poly(aryl ether
sulfone) (PAES) polymer with a high Tg, having a tenacity of from 4.8
to 9.5 CN/tex and an elongation at break of > 100 %.

12. Fiber or foil according to any of claims 7 to 11, wherein the weight
average molecular weight of the polymer is in the range of from 5,000
to 120,000.

13. Fiber according to any of claims 7 to 12, wherein the polymer
comprises polymer chains that are functionalized at their ends by an amine or

hydroxy group.



