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which operate in the microfiltration range and the ultrafiltration range. Engineering
plastics, such as polysulfones and polyethersulfones, are widely used due to their easy
processability and their ability to produce membranes having a wide range of pore
structures. Moreover, they possess good thermal stability and good resistance to acid and
alkali. However, both PS and PES are inherently hydrophobic polymers and their
applications in microfiltration and to a larger extent in ultrafiltration are somewhat limited
by the difficulties encountered in wetting such membranes.

At the high pressures required to wet some ultrafiltration membranes, compression
of the membranes may lead to an irreversible collapse of the pore structure and a loss of
hydraulic permeability. Hydrophobic membranes like PS and PES are also prone to non-
specific protein adsorption by virtue of their large hydrophobic surfaces. In
pharmaceutical and therapeutic applications (such as for instance in hemodialysis
membranes) this may lead to rapid blockage of the pore diameters and fouling of the

membrane.
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additives in polysulfones and polyethersulfones membrane formation. Water soluble
polymers, such as polyethylene glycol (PEG) and polyvinyl pyrrolidone (PVP), have been
largely used as pore formers in the manufacture of porous PS and PES membranes.
Despite their success as pore formers, during membrane fabrication, a large amount of the
PVP is extracted into the polymer coagulation solvent; thus only a limited portion of the
foregoing additives, able to confer a lower interfacial tension to the membrane, remain in
the membrane. Examples of preparing hydrophilic membranes by using hydrophilic
polymers in the casting solution as additives include the use of polyvinyl pyrrolidone as
described in U.S. Pat. No. 4,051,300 to Klein et al., and the use of polyethylene glycols as
described in Japanese Patent No. 54-26283, and in U.S. Pat. No. 4,900,449 to Kraus et al.
In both these methods, a too low amount of the hydrophilic water soluble additive
is retained in the membrane; furthermore, the additive often leaches out on prolonged use

in aqueous environments. In addition to the above problem of leaching, the Kraus’s
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sl Do OOt
[formula (i)]
: SO{Q*O]_X— [formula (ii)]

US Patent N° 6,365,678 discloses a process for the production of block copolymers
of polyethers and sulfone polymers via a trans-etherification process, wherein the sulfone

polymers consist of recurring units:
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US patent N° 5,861,471 describes polysulfones/polyether block polycondensates,

suitable for medical applications; this document discloses notably the preparation of block

copolymers of PEG, TMC bisphenol and dichlorodiphenylsulfone, comprising the

OO

Nevertheless, the block copolymers of the prior art suffer from several drawbacks.

following polysulfone segment:

First of all, their hydrolytic stability is unsatisfactory; medical devices, such as
hemodialysis membranes, made from said polymers undergo substantial molecular weight
degradation during steam sterilization, which reduce the life time and the overall
performances of such articles. Moreover, due to their T of less than 200°C, said block
copolymers are not suitable for use in water purification and gases separation membranes
operating in thermally severe conditions.

In view of the numerous drawbacks mentioned hereinabove, there is a strong need for a

block copolymer which can be used notably in hemodialysis, ultrafiltration and
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(@) (A)-{(B)-(A)}n1 wherein n; is an integer equal to 1,2,3,4, 5, 6, 7, 8, 9, 10 or more ;

(i) (B)-{(A)-(B)}n2 wherein n, is an integer equal to 1,2,3,4, 5, 6, 7, 8,9, 10 or more ;
(iif) (A)-(1!3)-(A)

(A)
(iv) (A) - {(B)-(A)}n3 - {(B)-(C)}na where (C) is intended to denote a block different from

blocks
(A) and (B) obtained by a polycondensation reaction, and ns and n, are (identical or
different) integers equal to 1,2,3,4, 5, 6, 7, 8, 9, 10 or more ; the n; diblocks {(B)-
(A)} and the ny
diblocks'{(B)-(C)} can either be consecutive or randomly distributed.
The block copolymer of the invention advantageously possess outstanding
hydrolytic stability and can notably withstand repeated steam sterilization cycles without

undergoing degradation, in particular molecular weight degradation.
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(A)-{0-(B)-p-(A)}ni

wherein :

- (B) is (Alk—0),, Alk being an alkylene group, O being an oxygen atom, n being an
integer > 0,

- p is the residue from a molecule of the aromatic dihalocompound, and

- n; is an integer equal to 1,2,3,4, 5, 6, 7, 8, 9, 10 or more.

More particularly, when the aromatic dihalocompound is a
4,4’-bis(4-halophenylsulfonyl)biphenyl, notably a 4,4’-bis(4-
chlorophenylsulfonyl)biphenyl, certain structures of interest are (A)-{O0-(B)-p-(A)}n1
wherein n; is an integer equal to 1,2,3,4, 5, 6,7, 8, 9, 10 or more, p is —Phi—SO,—Phi—Phi~
—SO,—Phi— and Phi denotes a
p-phenylene group ; the structure (A)-O-(B)-p-(A) (corresponding to n;=1) is of particular
interest.

The number of blocks (A) is preferably at most two; more preferably, it is equal to
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invention are notably dihalobenzene disulfone compounds of the general formula

Q
X@S-Q_S
© (F1)

wherein X is a halogen, especially Cl, and Q is a divalent radical susceptible of resulting

from the removal of two replaceable hydrogens from a molecule of formula QH,, such as :

©O~Or
OO
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The aromatic dihalocompound comprises advantageously at most four, preferably
at most two, —S(=0),— groups.

The aromatic dihalocompound comprises preferably at least four afomatic rings. In
addition, it comprises advantageously at most six, preferably at most four aromatic rings.

Most preferably, the aromatic dihalocompound complies with formula (F1) in which Q is

OO

Any aromatic diol which is able to polymerize with the aromatic dihalocompound is

suitable. Non limitative examples of such aromatic diols are 4,4’-biphenol
(i.e. 4,4’-dihydroxybiphenyl), bisphenol A, 4,4’-dihydroxy-diphenylsulfone (also known
as bisphenol S), hydroquinone, and 4,4’-dihydroxy-diphenylether.

The aromatic diol comprises advantageously at least two aromatic rings. In

addition, it comprises advantageously at most two aromatic rings.
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The alkylene oxide is preferably ethylene oxide and/or propylene oxide. More
preferably, the alkylene oxide is ethylene oxide.

Blocks (B) have an average molecular weight in number of advantageously at least
500, and preferably at least 5,000. In addition, blocks (B) have an average molecular
weight in number of advantageously at most 20,000, and preferably at most 12,000.

The block copolymer comprises advantageously at most 50 wt. % of block (B). In
addition, the block copolymer comprises advantageously at least 10 wt. % of block (B).

A first class of preferred block copolymers consists of block copolymers
comprising at least 10 wt. % and up to 15 wt. % of block (B). Block copolymers of this
class would be notably suitable for manufacturing water and gas separation membranes
with a low hydrophilicity level.

A second class of preferred block copolymers consists of block copolymers

comprising more than 15 wt. % and up to 25 wt. % of block (B).
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from the aromatic dihalocompound, Phi is phenylene,

with weight proportions (A):(B) of from 55:45 to 90:10, notably with weight proportions
(A):(B) of 60:40, 70:30, 80:20 and 90:10,
in which block (B) has an average molecular weight in number from 5,000 to 12,000,
preferably from 8,000 to 10,000,
and wherein m, n and p are integers greater than zero.

The block copolymer according to the present invention exhibits notably excellent
chemical resistance, excellent hydrolytic stability and excellent thermal performance.

The present invention concerns also a process for synthesizing the above described
block copolymer, wherein:

- block (A) is synthesized by nucleophilic displacement chemistry in an aprotic
polymerization solvent, such as sulfolane or diphenylsulfone ;

- block (B) is incorporated into block (A) by transetherification.

10



in which block (B) has an average nol ecul ar wei ght in
nunmber from 5,000 to 12,000, preferably from@8,000 to
waQo@Pa24sand wherein m n and p are integers gPEaUS2005/025944

than zero. The bl ock copol ynmer according to the

present invention exhibits notably excellent chem ca

r edihs paaseet inusadion|cengergalscn processderpinthesizingthe above described

excel l ent thernmal performance. The present invention
block@npelymsr,aVizoeia ppe-ficmed biocsks 6)rendeBi) arengadtébingbepeesence of a

descri bed bl ock copol yner, wherein: - block (A) is
carbdi4tk, hﬁwﬁﬁla@?{)oﬁgﬁhﬁmmﬂ@ idi ad Pt RN &DRALS bélYertNsuch as

an aprotic polynmerization solvent, such as sul fol ane

mﬂﬁg_ é%ﬁﬂﬁﬂﬁmkﬁﬂ ; - block (B) is incorporated into

y transetherlfcatlon The present invention

co ns rocess for_s the above
earf FRSe R AGoRSEER A o T hef S et it Ra e block
and (B) .are_r ed in the_ presence of . ) )
COP%&%%?ﬁaﬁb ve ﬂ?ﬁcﬁ'&? §ed Phleass ohe SURL T A othepinggpdient can
aprotic polynerlzatlon sol vent, such as sul fol ane or
be agopiesiyf S fagredyperareblprle@onit canalsa e oatabbranethes sulfans pelymer
pol ymer conposition conprising the block copolynmer as
suchedzaylvadfone,besblyalidsdfonecaRADRIE Atshfond pay@ei et .
Sai d.other ingredient can be a polyner of the sane

al?z%d?g% LAY APVA@@@EE éibll_,b &S henylsulfone.

sul f one such as a pol ysu

It °ﬂ§oa gt f°"§f or o PR haRae f%ﬂ%}%&@*ﬂ{ yBligone, It can

alsog)ol hen sulfone It can alspo be a polyner other than

esingrediegbsrches gsPeitnyl pyrroli done. It
can

An example of such polymer composition is a dope solution suitable for hollow

fiber spinning consisting of a triblock copolymer (A)-O—~(B)—-p—(A) copolymer as above
illustrated, e.g. with (A):(B) = 80:20, polyvinylpyrrolidone and a spinning solvent.

The block copolymer of the composition according to the present invention has the
same characteristics as the block copolymer according to the present invention, in all its
embodiments, as above detailed.

The polymer composition comprise advantageously more than 1 wt. %, preferably
more than 10 wt. %, still more preferably more than 50 wt. %, and the most preferably
more than 90 wt. %, related to the total weight of the composition, of the block copolymer.

The invention concerns also an article comprising the block copolymer as above
described or the polymer composition as above described.

The article is advantageously a membrane.

The block copolymer and the polymer composition comprised in the article

according to the present invention have the same characteristics respectively as the block

11



al so be a non polyneric ingredient such as a sol vent.

An exanpl e of such pol yner conposition is a dope
weabestoiois3sui t abl e for hol | ow fiber spinning ceasiustiong25944

of atriblock copolyner (A)- C>(B) p (A) copol ynmer as

above illustrated, e.g. with (A):(B) 80: 20,
copelymey e, theynolsshdrdompositian accopsting m@e pesoRtinveting, iblabldheir

copol ymer of the conposition according to the present
embodimertts, an abaxge detadledane characteristics as the bl ock

copol ymer according to the present invention, in al

| t sSTHRTREHIFR bAcer@al dPOWR e e phedyinghdiqu@d, Yr&fErably water or
conposi tion conprise advant ageously m)re than 1 wt. %

blodr?rfb ?fé)‘?é ﬁgkéf%%?\rl\vfatérh@ﬁlcﬂ% iﬂ‘i{qnse@usﬁfg‘d e % %(Wquhéhbed

@b e nost pre era y nmor e

90
cortsaringR eBpSTati Dot FhaPie e sk pegpprises using
erns also an artlcle conprising the block
a‘n@BE@P9ﬁ%?‘§@CEﬂ66@ described or the pol ymer
osition as above described. The article is
%@t@?}é@@% yseq indhrpraersses paeordingdr theapresephinventinh hasghe
pol ymer conposition conprised in the article according
samt charhetepstes anthd membtane acdoadirg tdihe pegyentdhegniohcini adltitsc s
respectively as the bl ockcopol yner and the pol yner

embodiMaRd, lak @PorC@iking to the present invention, in all
their enbodi nents, as above detail ed. The invention

I b S S
T PRCERE bReasa %@gw"ﬁﬁ?%}?%?ooﬁﬁg T —

whi_ch_ c ri ses usin
necl?wﬁﬁ an overhead st?r?g' attached to a stgamless steel anchor-type agitator. A Claisen

adapter fitted with a Barrett trap and a refrigerated water-cooled Graham condenser was
attached to a side neck, and a thermocouple thermometer attached to a temperature
controller was inserted into the reactor through the Claisen adaioter. A gas inlet tube and a
stopper were placed in the other necks of the resin kettle. The reactor was placed in an oil
bath, filled with Dow Corning 550 heat transfer fluid, and fitted with heaters connected to
a temperature controller.

4,4’-biphenol, 35.03 pbw (parts by weight), 4,4’-bis(4-
chlorophenylsulfonyl)biphenyl (96.52 pbw), nominal 8000 molecular weight polyethylene
glycol (29.00 pbw), and anhydrous potassium carbonate (29.15 pbw) of average particle
size less than 80 pm were charged to the reactor. The agitator was started at 50 rpm and
the reactor was degassed by evacuating using a vacuum pump and then filling with
nitrogen. The degassing operation was repeated two more times. Anhydrous sulfolane

(372.86 pbw) and monochlorobenzene (124.29 pbw) were then charged to the reactor. The
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a menbrane as above described. The nenbrane used in
the processes according to the present invention has
woOhersgams3 char acteri stics as the menbrane accopPdrTng2106/025944
the present invention, in all its enbodi nents, as
above detailed. Exanple 1 (preparation of a block
agitatop spopdevas dnareasdd hyl Qlrprhand ansfeadlyisgagm o ngrpgenithrepgh the
4-neck resin kettle with Kalrez o-ring was equi pped
readtdrrsoligionivias seetet eA fiereapprosimbten] Soméamnitesadf nstrogeneparging, heating
attached to a stainless steel anchor-type agitator. A

wasGhitiaf@Rind UaPitBfing side8 notbdsbd & BRI fpnd, takiingétie Aot to splash the
refrigerated water-cool ed G aham condenser was

rea&’%lis%ﬁﬂﬁ‘)ﬂ abv@thg ih@ﬁte@ 868 oftreActbPREMPA QMR tEmperature of the
t he e Prer Was

rnmoneter attac to a tenperature contro

ipnserted into the reactor throu he al sen . adapt er..
readk Fuify P Culof bt e Wil By Sl ERa A8 REsClion by-

ther necks of the resin kettle. . The reactor m%s
prO%ca@é%ﬂlieﬁ agAn azqotigpe ANd was paligcizml iyt P g e spllected

heat transfer fluid, and fitted with heaters connected
distillateawasomp egtatnge do therresin kettle. When thepiigsiosito start@btodsrildbile

(parts by weight), 4,4'-bis(4- .
agitatol speep wew yhaedstd ny4JLi@heay! (96. 52 pbw), nomi nal

8000 nol ecul ar wei ght pol yet hyl ene gl ycol (29.00 pbw),

anariRYEHi@HSndieAGinUBMpaHREN ALR M389C IRaPiindfwithin about
average particle size less than 80 mmwere charged to

70 lltf'l;%tefs QG ﬁiitiaﬁﬁg ‘?hdﬁglgéggifs'}% Qeleand SR kafba 3G O ﬂhﬁg%ﬁc}ﬁd to

he Teactor wa y ‘évaclating using a va

and then fill.i.ng with nitraqgen. .Th egassi n
read B 9o Mol et et ot 3 SRR SppliRcasered tha
| fol
longelfl rea%tigr? ’?imes were required for particular other combinations of monomers and

reactants, and when other reactant stoichiometries were used). The solution viscosity of
the reaction mass increased as the polymerization proceeds, thereby increasing the load on
the agitator motor to maintain a fixed speed of rotation. The progress of the
polymerization reaction was followed by monitoring the corresponding increase in load on
the agitator motor circuit. A polymer having the desired molecular weight was obtained ;
the concentration of the polymer in the sulfolane was 28 wt. %.

Then, the polymerization process was quenched by adding sulfolane (448.81 pbw)
slowly from an addition funnel to cool the reaction mixture, typically to 100-120°C ; heat
input to the resin kettle was terminated. The diluted polymer solution then comprised
145.00 pbw (theoretical yield) of the polymer dissolved in sulfolane at a concentration of
approximately 15 wt%, together with suspended by-product salts. The reactor solution was
then filtered to remove the by-product salts. Filtration was accomplished using a 2-

2.7micron filter medium in a stainless steel pressure filter operated at 90-100 psig nitrogen
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(372.86 pbw) and nonochl orobenzene (124.29 pbw) were

then charged to the reactor. Theagitator speed was
wonere@azss to 100 rpm and a steady stream of NPCTMIG205/025944

t hrough the reactor solution was started. After

approxi mately 15 m nutes of nitrogen spargi ng, heating
presgue. Taiensuae kangzpan staeagsstabilitn gf sdelymierspbioagwitly no polymer

150- 200 rpm taking care not to splash the reactor
precpiltaitoneind &l solidifitetion ed tledfitayedkreattidrmassethe tedfluana flom tAs

the tenmperature of the reaction m xture increased,

pres3titedi1 &g @afsfeRéPitto WotaBs _Tah@oﬂ‘t&hﬁfg §431878bvAN -dethyl-
reaction by product, distilled as an azeotrope and was

pyrefibiREloedhiele 51}118%591? Egﬂn& Eﬁﬂ:ent-f{ltﬁ)nc&lé b veight.

distillate was not tfurned to the resin When
th i it t ted t i.l d h it at .S
b SER S RE BT R so i 3 b AP Redie SRR RR 3
. . , h 230C, i ned Wt hi b 70
with TGk T ORCE 42 flig CONBLHEAPY GV e AP QoL the 8

mai ntai ned for the tine needed to reach the target
wi. frosasded splutigaitgHO0 phwrmdinyetbanoliin Eblender sndertéghngeied egitetion. The
observed that |onger reaction tines were required for
preqipitdté oab sacondrbdby eastninnfiltiacios, refurmadno ey emded, and given an
reactants, and when other reactant stoichionetries

additRnel WesBHhe. usipel (YLK nethadblSTRS Wahe@fprddiSitAieRas #HRA sturried for
mass i ncreased as the polynerization proceeds, thereby

mogl% R b&\g 3588 8#‘@&%%&&@8 a%ﬁéﬁd’ﬂ iﬁrSOUg)g)g{) c%e‘icgﬁg&f Wi fidified

ed speed rotation. e progre
..pol ymerization,reacti was .fol |l owed b nitori t he

vt EsiTAG P ndPe e PRt el Rayeshumdiiieton and

circuit. A polymer having_the desired nolecul ar wei ght
then, driedjppdiapuym ovem@bew2dRiiaat abpus 10%e vt anair-bleads he

sul fol ane was 28 wt. % Then, the polynerization

pr ddwddoakaeopalyeree helibligd ackdativg visebsit @) qahaBiod7§divg with
17.1 wt% polyethylene oxide incorporated into the polymer backbone. The glass transition
temperature of the block copolymer was 243.5°C. The block copolymer exhibited an
(A)-O-(B)-p-(A) tri-block structure with no aliphatic end-groups arising from

polyethylene oxide, wherein :

- recurring units of block (A) are :

te- - Dl -

A0

- recurring units of block (B) are: ,
- p is the residue from 4,4’-bis(4-chlorophenylsulfonyl)biphenyl,

namely —Phi—SO,—Phi—Phi—SO,—Phi—, Phi denoting a p-phenylene group.
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slowy froman addition funnel to cool the reaction

m xture, typically to 100-1200C ; heat input to the
woesioniksst |l e was term nated. The dil uted pol yRET/US2005/025944

solution then conprised 145.00 pbw (theoretical yield)

of the polyner di ssol ved |n sulfolane at a

condirhlegk Gapalyamter prapetsd ipdltis pyample wagsulbjeejed wewvovteam

suspended by- product salts. The reactor solution was
sterilizatiorf ¢ydlesroadicdoout eniASECtand 1B ypsigrstane pressuke Hor 30 minutes per

Filtration was acconplished using a 2- 2.7m cron

cyclel IThe redREd Wdtdsiticd oF il Blbelscopdlyerdr apesisath StetilizAtRin were 0.77
operated at 90-100 psig nitrogenpressure. To ensure

dl/g'&ﬂ@"iai‘dﬂyg %Sﬁe‘%%lft ability of the polymer solution,
no pol eci pitation and/or solidification of

LPGE)IahJ ptégﬁ_ dctcérr% Ct' (%E? gnﬁ%?tionf) h@‘lelegﬁ%cléelﬂe eé(grrﬁ}pg e Fwas repeated
cant ai ni ng 845_ 8 N- et hyl pyrroli done to achi eve
but Using grasy aﬁdﬁ?ﬁé‘?g’@dﬁ’é@wt ration of 8 % by weight.

After salt removal the polyner soluytion at about

A400C5was aci difi ed [tAvaildbititg wi t h oxdlroperties d. The | Weight

polypthyererglyad t hen copdldrieh®EGy sl owl|Wanigialel, #FB0GHW29.00 g
of the 8 wt. % cooljed sol ution to 400vgkine @binfret hanol
in a bl ender under |high speed agit at|ligarec The

4,4°Pipkdrl { al € WaS T eCloyEidhel CREmY@EUUM T 0d § 37 4 QP 35.02 g
returned to the blender, and given an ‘iq,ltl onal
>V T : ;L,l |JI t+ate
4’4\/\/a1 t hen sl ri.ed for.tvvo hours at 6%73{5 “under bg'szg

fer

Ko dified with oxal i/éma%}dd’r?@u%%ﬁﬁz.APﬁ@%%Héd 30.47 g

precipitate is recov¥ted by vacuumfliltration and then

1 — APSedAvemngaPudiclelfizoven (about 27 in Hg) at about
1100C, with an air-bleed. The bl ock copol yner
Theebtdukiopetyneer eghidited/eratitBeatdcoyity RY) bl 0093 A/g/witBI17G wi%

with 17.1 wt % pol yet hyl ene oxide incorporated into the
polyREHWETR 0:BRCHBRPSratelinBtodh@pSlyeAB&kbbAY The glass transition
temperature of the block copolymer was 238.8°C.

Examples 3a, 3b, 3¢ and 3d (according to the invention). Molecular weight was

further controlled by extending the reaction time (example 3a), by reducing the reaction
time (example 3b), by the use of a higher reaction temperature (example 3c), or by the use
of a lower reaction temperature (example 3d). Poly(biphenyl ether disulfone)-
polyethylene oxide block copolymers having a reduced viscosity in the range of from 0.5-
1.0 dl/g were prepared in this manner.

Example 4 (according to the invention). The procedure of example 1 was repeated

but using as raw materials the following:
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tenperature of the block copolymer was 243.50C. The
bl ock copol yner exhibited an (A)-O(B)-p-(A) tri-block
weoennwsmiznse Wi th no ali phatic end-groups ari si ngCTUSE005/025944

pol yet hyl ene oxi de, wherein : - recurring units of
block (A) are : - recurring units of hlock (B) are: :
- p.is the residue [fAailability Properties Weight

polyéthd/leneigdfobl chl or ophleBREOX® 8004 ) bi phenyNomimahid,y 29.00 g
- Phi - SO 2- Phi - Phi - |S®ariRhdeuticuraddenot i 8#§6a

4.4°sipieagy T ene group. Thgokh@Cheffig0! yer proparned an thiss5.03 ¢
exarrpl e was subj ectled to two steam st grikdhé&at i on

44 L@ié("_eb carried out @t 125Cand 19 psSt g S5§amry, RIesSsur £06.52 &
chiqrshefipsliBRREL ©V0 o T1e T ecicod, Mk QrS'”eS of

KoChrr7 ar ) o ani 0 76 NS oL S0 AR 2805 (2780

=%

(aclcoﬁgﬁnéVPr@g?ﬁ@ﬁiC]ﬁvSé?ﬁl on). The procedure "of exarrpl e

1 was repeated but using as raw materials the

f ol Thewilok copolymepsxhibitet arpativarviscosity B eeqnhaktot). &cdd/g with

copol yner exhibited a relative viscosity (RV) equal to
11.40wB83 pdlyethyldnkloxide. idcorpSfatedlitte thy pelpmenbdcitbone. The glass transition

i ncorporated into the polymer backbone. The gl ass

tem%ér@ﬁ?é 64188 bIo%ﬁE%ﬁﬁSrﬁhéFwQ:f 24dredl ock copol ymer was
38.8C. Exanples 3a, 3b, 3c and 3d (according to the

o leie B S A3k A A s

J

the reactjon tij X e 3b), by the use of a hi gher
polyraerheving t {1 9%‘@@(‘%@'& feynor by the use
s 0H0—< >7soz—< >—]—n
- recurring units of (A) are: T O O 5
A

- recurring units of (B) are: ,

_S

- p is the residue from 4,4’-dichlorodiphenylsulfone, namely —Phi—SO,~Phi-, Phi
denoting a p-phenylene group,

using as raw materials the following:

Availability Properties Weight
polyethylene glycol BREOX® 8000 Nominal M, = 8756 29.00 g
Pharmaceutical grade
4,4’-biphenol Honshu Chemical >99.9% 4,4’-isomer | 53.94 ¢
4,4’-dichlorodiphenyl | Solvay Advanced 99.92 % 4,4’-isomer 8423 ¢
sulfone (DCDPS) Polymers ULTIMATE™
grade
K,CO; Armand Products EF-80 | APS' =50.7 um 44.59 g

1 — APS: Average Particle Size
The block copolymer exhibited a relative viscosity (RV) equal to 0.91 dl/g with
17.2 wt% polyethylene oxide incorporated into the polymer backbone. The glass transition

temperature of the block copolymer was 192.0°C.
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of a | ower reaction tenperature (exanple 3d).

Pol y( bi phenyl ether disul fone)- polyethyl ene oxide
wohkoewki1z6pol ymers having a reduced vi scosity i RCThS2005/025944

range of fromO0.5- 1.0 dl/g were prepared in this

manner. Exanple 4 ("according to the invention). The
Companatisié exampte 2 xidepirecedurgens exapplatletasygpeatest fog prepariag\a triblock

materials the followng:1 - APS: Average Particle Size
polyii& Hakiagkhe QRPOYMBYfp-exNitictues] whetegh at i ve viscosity

(RV) equal to 0.83 dl/g with 11.4 w % pol yethyl ene

oxi de i ncor porat t he I ymeackb . The
ass tra ion n@e}tﬁm’é ;f* He Dok Tgﬂml ymer
'*E%%Q %é%iA&Gﬁbaratlve exanpl e 1. e procedure of
exanple 1 was repeated for preparing a triblock
pol ynmer having th B)-p-(A) structure, wherein

-reéumngB@ﬁw(;ﬁ(Bgawlt (A§ are: OJ - recurring units
of ( ) are: - pis the residue from

-p ig’t rggidﬁ?krgﬁloghp&%ﬁ%kﬂ‘f%ﬁeﬂg}ﬁulf@@é'Elaﬁ‘le R/P@m %% 2Pﬁ’lhI Phi
enot i n rou
materi a tlhe foI I owing: 1 - APS Average Partl cle
deneying2 R e‘ﬁf ?ﬂﬂé’r%%ol ymer exhibited a relative
viscosity ( aI to 0.91 dl/g with 17.2 W%
usingcis yaw At Hds ﬁlf WiRgor porated into the pol ymer
backbone. The glass transition

Availability Properties Weight
polyethylene glycol BREOX® 8000 Pharmaceutical | Nominal M, = 29.00 g
grade 8756
4,4’ -bisphenol S Clariant Polymer grade >99.7 % 4,4°- 62.50 g
isomer
4,4’-dichlorodiphenyl | Solvay Advanced Polymers 99.92 % 4,4’- 7275 ¢
sulfone (DCDPS) ULTIMATE™ grade isomer
K,COs Armand Products EF-80 APS'=507um [3536¢g

1 — APS: Average Particle Size

The block copolymer exhibited a relative viscosity (RV) equal to 0.71 dl/g with
16.1 wt% polyethylene oxide incorporated into the polymer backbone. The glass transition
temperature of the block copolymer was 186.3°C.

Comparative example 3. The procedure of example 1 was repeated for preparing a triblock

polymer having the (A)-O-(B)-p-(A) structure, wherein :

e
- recurring units of (A) are and
e e s

A

- recurring units of (B) are: -
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tenperature of the block copol yner was
192. 0C. Conpar ative exanple 2. The procedure of exanple
wa 20D 1248peat ed for preparing a triblock pol yneCTha08/025944
the (A)-O(B)-p-(A) structure, wherein: .+0 -SO V -
recurring units of (A) are JTT* - recurring units of
- p is B)e rgsidue from 4,4 -dicklorelphtnglsiiens, namely —Phi—SO,~Phi—, Phi
4, 4" -di chl or odi phenyl sul fone, nanely -Phi-SO 2-Phi- ,
den&litig £ie-pBENyIEH rQu yhenyl ene group, using as raw
materials the owng : 1 - APS: Average Particle

us1 'a%?a\;%taa%{xﬁeq&mm r exhibited a relative

iscosity equal to 0.71 d|/gWIth 161vvt%

—potyet-hytene—oxi-de+neorporated—i otyret :
Kgr\{hnni Thea A g‘ll hﬂnl P' i P’rp I%j‘pg y + hno Welght

PO]@%@%EMyner%éChf ¥3C. Conpar Wén%%rf__p? 00¢ %00 g

_procedure of ekanple 1 was repeat deengrﬂOHﬁaTﬁ%(pa

4,4’thisphenellS pol yne€laravt Pelymeegreds - O |(BP9.5-% A4 gsaruernt uf §0.70 g

hydwlyeirene : - r ecBastinag Photogmpbic ( A) | Burgya®fd7 ¥o- * - 744 g
recurring unitpg@fle(B) are:- p is the residue from

4, 4°4idhloddginerylod] phieay havhddeae, nanel 99.9%) 4 $0sdnieh1 - | 78.61 g

sulfSR (EDBYY N9 2| PoIPRRAVITETBMATEDY, Using as raw
materials the fglla owing: 1 - APS: Average Particle

K,C0,2 ¢ Armand Products - FF-80 | APS = 50.7 pm 3934 g

1 — APS: Average Particle Size

The block copolymer exhibited a relative viscosity (RV) equal to 0.86 dl/g with
20.0 wt% polyethylene oxide incorporated into the polymer backbone. The glass transition
temperature of the block copolymer was 159.0°C.

Comparative example 4. The procedure of example 1 was repeated for preparing a triblock

polymer having the (A)-O-(B)-p-(A) structure, wherein :

Do O
A

- recurring units of (B) are: ,

- recurring units of (A) are

- p is the residue from 4,4’-dichlorodiphenylsulfone, namely —Phi—SO,~Phi—, Phi
denoting a p-phenylene group,

using as raw materials the following:

Availability Properties Weight
polyethylene glycol BREOX® 8000 Nominal M, = 8756 | 14.66 g
Pharmaceutical grade
4,4’-bisphenol A SUNOCO > 99.7% 4,4’- 68.07 g
isomer
4.4’-dichlorodiphenyl | Solvay Advanced Polymers 99.92 % 4,4°- 86.15¢g
sulfone (DCDPS) ULTIMATE™ grade isomer
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The bl ock copol ynmer exhibited a relative viscosity

(RV) equal

wOoxh@®124380r porated i nto the pol yner

glass transition tenperature of the block copol yner
i amle 4_ _The procedure of

nopar-a

to 0.86 dl/g with 20.0 wt % pol yet hyl ene

backbone. PThAIS2005/025944

s 159 Q0C_G
KZCXS?éarrpl e 1 was

Araan

1V e-6X
bProdaets

nEERY i ngl APST FI50dcim

|51.83 ¢

pol ymer havi ng t he (A-O0(B)-p-(A) structure, wherein

- recurring units of (A are -

recurring units of

( B)THerigockXobolynfer ieghibited & estilee/iscosity (RV) equal to 1.15 dl/g with

4,4'-dich!orodiphenylsulfone,
10.0FR1% $8RRtHy e %xRIelFi

materials'the f

o]

namel y - Phi-SO 2- Phi -
hegpdana i%QH@ﬁolyﬁbpﬂacﬁﬁoﬂ@WRie l§Ilatsse gansition

ow ng: The bl ock CTopol yner ex

: : i 1.15 dl/ ith 10.0
e PR RSO el e L ¢ p

e Incorporated into the pol yner

Stea%g ﬁ Fe.?i?igae’ri mm-ljct']igls,
T OUR L OoOpoTrynci

Sa

bl

cycl e.

eSS PP hakde

glass transition tenperature of the

was 135.5C. Steam Sterilization trials

G ass transition tenperatures,

| es of pol yaryl et hersul f one- pol yet hyl
tggrsaﬁwﬁﬁ@hylpmﬂw@rbio

pol

ene gl ycol

akiferplyneeds asabove

repeated steam sterilization cycles carried out at
desaribsd wenelsubmitied tp spesdied siears staribzdtion cgClesicamité suipr125°C and

yet hyl ene

19 p3igyst@im pfeksare fR130eNInTted Her EyR B (BdsvkBRRDnttBFerdfurdshe

bl ock copol ynmers before an

after

steam sterilization

polyRHEI&ER W R1 AF@) dokitbrkdadd¥Bled VIRDEHEEI M block copolymers

before and after steam sterilization cycles are detailed in table 1 here below.

Table 1
Block copolymer Tg (°C)" | PEG’content | Reduced viscosity® (dl/g)
(wt %) Initial After I | After 2™

cycle cycle
Example 1” 243.5 17.1 0.78 0.77 0.76
Example 2° 238.8 17.4 0.93 0.93 0.92
Example 4" 249.3 11.4 0.83 0.80 0.80
Comparative example 1° | 192.0 17.2 0.91 0.85 0.82
Comparative example 2° | 186.3 16.1 0.71 0.55 0.49
Comparative example 3’ | 159.0 20.0 0.86 0.67 0.62
Comparative example 4° | 135.5 10.0 1.15° 0.85° 0.61°

1- Glass transition temperature measured on coagulated polymer sample by Differential
Scanning Calorimetry according to ASTM D 3418 Standard.

2 - PEG content has been determined by 'H-NMR spectroscopy.
3 - Reduced viscosity measured as 0.2 g polymer in 100 ml of NMP at 25°C.
4 - Block (A) the recurring units of which are of formula:

5 - Block (A) the recurring units of which are of formula:

Ao el -

6 - Block (A) the recurring units of which are of formula:

ool sl -

7 - Block (A) the recurring units of which are of formulae:
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Table 1 1- G ass transition tenperature neasured on

coagul at ed pol yner sanple by Differential Scanning
wQabwroizssry according to ASTM D 3418 St andar dPCR/US20E@®5944

content has been determined by 1H NVR spectroscopy. 3

- Reduced Vi scosi t neasured as 0.2 g polymer in 100
_.g Fb' the recurring units of
aré t 7t of kgn(ﬂf‘) the recurring

un| h are fornula Bl ock (A) the
2 ‘ S5 i) ' are of formula: 7 - Block (A)
t he unit whi ch are of fornulae:8 - Block

8 - B]A)Jk(ﬂ)?thléeédmﬂim@@mtﬂbﬂvﬂudf atelif ¢inanle of fornula: 9 -
Re

. S|ty ":.0 as 0.2 g polyner in 100 m
so \-- according to the
Rowed ntla no nol ecul ar wei ght

degradation after both one and two sterilization

9 - RYICES vis¥b¥itl Sndaie@Lad Izvgepd;&ﬁehnqmqmydm&cﬂ %9@5%8 nt
severe degradation under 'sanme conditions.

CORALUAIBIGR GO Ol B 18Ty e;msm degg%ay%? R ar

transition terrpera arge exceedl ng

wei et AT sk bo e GRR P el B i 0t e P ve block
content, conparative bl ock copol yners _showed | ower Tg,

COPHFIICHYIRBHANG AaYere dagradation updesisaing epeditions e
applications. WHAT IS CLAIMED IS: 1. A bl ock copol yner
corlo¢le¢apglymers atcording to bréntentck extfibitedpglbssrimmsition temperature
conprising at least 50 nole % of recurring units

largely exceeding 200°C, thus enabling use of these materials in severe temperature

conditions. On the contrary, at comparable PEG content, comparative block copolymers

showed lower Tg, making them unsuitable for high temperature applications.
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(R) formed by the pol ycondensation reaction between

at | east one aromatic di hal oconpound conpri sing at
woOeasito12488 - S(=0) 2- groups and at | east threeParmSEi05/025944

rings, and at |east one aromatic diol (block (A)), and

- at |east one block of a polyner conprising at | east

Yal curring units (R2) fornmed by the

pol ymeri zation of at |east one al kyl ene oxi de (bl ock

( B)1) A Bock tmpobymeicoappieingmer of claim 1, wherein the

bl ock copolyner is free of blocks different from

bl aGKReattAdnedELk(dPa: poBymtBnipriofls 26 KRS 30MRE1eVh 0RFEAAtg units
of the preceding clai'ns, wherein the nunber of bl ocks

: C yone
R b ol ot o e B e Bnn e
. (B) is equal ta one. 5. Th ock copol r anyone,. .
cibafopiyuf EantifipE B o ROPREioHES S rsep sd¥ HOMitic rings,
di hal oconmpound conplies wth fornula (Fl): wherein X
and pElegstiogp éﬁﬁﬁlﬁtlcﬁi@n@wg (#)): e bl ock copol yner of
anyone of the preceding clains, wherein the diol is
c hositleastrrom dleckaf alpiofsmesr@omprrisiag at least 50 mole % of recurring units
4, 4' - di hydr oxybi phenyl ), bi sphenol A,
(R2¥fofined biyig oty deiheioy os ul Eas ené alksnk bride (Bsclb{Bphenol
S), hydroqui none, and 4, 4'-di hydroxydi phenyl et her. 7.

The he Bibcﬁ‘é@?élyﬁ%f oftdlaify, ARRr&h hdWlotl S&5RUMG 1§ el BBblocks
wherein the al kyl ene oxide is ethyl ene oxide and/or

dﬁﬁ%ﬁ%ﬂ%hﬁ%ﬁ)g ggg?gﬁﬁgrhe bl ock copol yner of anyone of

e précedin sai d bl ock copol yner

3. The block copolymer of anyone of the preceding claims, wherein the number of
blocks (A) is equal to two.

4. The block copolymer of anyone of the preceding claims, wherein the number of
blocks (B) is equal to one.

5. The block copolymer of anyone of the preceding claims, wherein the aromatic

dihalocompound complies with formula (F1):

(F1)

OO

wherein X is a halogen, and Q is

6. The block copolymer of anyone of the preceding claims, wherein the diol is
chosen among 4,4’-biphenol (i.e. 4,4’-dihydroxybiphenyl), bisphenol A, 4,4’-dihydroxy-
diphenylsulfone (also known as bisphenol S), hydroquinone, and 4,4’-dihydroxy-

diphenylether.
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conprising at least 50 wt. % of block (A). 9. The
bl ock copol yner of anyone of the precedi ng clains,
weaim/reask copol yner conprising at nost 90 wt PCYUS2005/025944

bl ock (A). 10. The bl ock copol yner of anyone of the

precedln claims, said block copolynmer conprising at

modt The blgck copelymsT eanyom) of the preppding lclims.culisstip te allsylene

anyone of the preceding clainms, said block copol yner
oxkbdﬂmmyEMngmbahé@spnﬁ@kmboxﬁhof bl ock (B). 12. The

bl ock copol ymer according to claim1, whichis a

t 1 ighITae loch)k: eB)f frybY 088 {d(: hg @f ﬁl@rﬁiéﬂtﬁo ik copol
bl ock (A) bl 8%@71(118) pﬁrgle)oc(li 7 V\EI lai BS ¢k copolymer

com_phsﬁ*%tﬁ'ﬁk@s@&rfﬁ%ﬁmo&{1 ), - Phl - SO. 2- Phl - F’M SO 2-PMPu
pﬁeny ene wel ght” proportions (A) (B) of from
55: 4%

v
moise 2t BlocheP ity Moot A Gitpg RRESH08 RS 30080 otymer
erein and p.are integers greater than zero. 13.
°°m@n§P8@é§§B?§h“@3@95@@P§p&b the bl ock copol yner
according to anyone of clains 1 to 12, wherein :-
bl d&kThaplork cagmymeseizasionsyofibe prsogting clein, spid ddeskeapolymer
chem stry in an aprotic polynerization solvent ; -
comiptisiak af Bpsi 50 whéeppbloelt ). i nt o bl ock (A) by
transet herification.
11. The block copolymer of anyone of the preceding claims, said block copolymer

comprising at least 10 wt. % of block (B).
12. The block copolymer according to claim 1, which is a triblock
(A)—(O)-(B)-p—(A) copolymer of formula :

block (A) block (B) p

1000 = OO O oo O O- OO

HO-oA -0 o000

block (A)
in which (B) is -(-CH,—~CH,0-)-, and p is —Phi—SO,~Phi—Phi~SO,—Phi—, Phi is phenylene,
with weight proportions (A):(B) of from 55:45 to 90:10, and in which block (B) has an
average molecular weight in number from 5,000 to 12,000 and wherein m, n and p are
integers greater than zero.

13. A process for synthesizing the block copolymer according to anyone of claims

1 to 12, wherein :
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14. A polymer conposition conprising the block

copol ynmer according to anyone of clains 1lto 12, and at
woOeeasto1D158 ot her ingredient. 15. An articl e CORPTIUS20§/025944

t he bl ock copol ynmer according to anyone of clains 1lto

12. 16. An article conprising the polyner conposition

ac conerkrgy insyathasized by npgleoptpliadisplacemes ebergishy in en aprotic

claim15 or 16, which is a nenbrane. 18. A process for
polymmeridatiomspleenti; qui d, whi ch conprises using the article

according to claim17. 19. The process according to

cl aivpckiB)WiREeipBratdteintd BIDEKI(A)byWwedrRétherdBeati®nPr OCESS

for separating gases, which conprises using the

ar tiAC W& AGRG Hnfifdsiton CoRipHkihg the block copolymer according to anyone

of claims 1 to 12, and at least one other ingredient.

15. An article comprising the block copolymer according to anyone of claims 1 to
12.

16. An article comprising the polymer composition according to claim 14.

17. An article according to claim 15 or 16, which is a membrane.

18. A process for purifying a liquid, which comprises using the article according to
claim 17.

19. The process according to claim 18, wherein the liquid is water.

20. A process for separating gases, which comprises using the article according to

claim 17.
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