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WD 2004/ 058385 PCT/ US2003/ 040499 SPECI FI CATI ON TI TLE
OF THE | NVENTI ON " MELT- SPUN POLYSULFONE SEM PERVEABLE

WORNERRIES AND METHODS FOR MAKI NG THE SAME" SPERELSDERN40499

APPLI CATIONS This is a continuation-in-part of U S.
Patent Application Serial No. 09/767,558, filed on
January 22, 2001 whi &p EC 3 FKpOiA Tyahinpn of U. S.

Pat ent Application Serral _No. 09/317,657, filed on
May 24, 1999, now i 93GkE ORTHEENVEYEHQN No. 6, 218, 441,

Whiee g ST . :
or PPLTSP Y AOD VBTN sENPRICOHERhL VTR RGeS anp
now abandoned, METHODS FOR MAKINGWHENS AME”

i ncorporated herein by reference. BACKGROUND OF THE

I NVENTI ON The present invention concerns polysul fone

sem per meabl e nmenbr gess AR AMIE%%O&\% meki ng t he
ne

same. 15 Contenporary sem permnmeabl e ranes are
avai | Hiok eés & gostintatioeinpat of DrSrPatent Applisatone®xtrm] No. 09/767,558,

, d I fibers. A "holl iber" | . . )
B0 SR e 7 R higf i 5 et ptions o s Phtent Rppication frial No.
o817 63 ?ﬂémﬁmz 23, PRITRAR iRued TS Pgiﬁgpﬂq&, 6,9¥8é4|11i 1, which is a

sem perneable (.e., selectively Pernmeable) nmenb
deisiomdl nfj WipoRatemteApplidaliomtSedal NoGEBSBA6BY,, filed| dmofieptember 18,

jhers _are use s..cylindri.cal. .menbranes t hat rm
ety hndspEL A% Rt dratis P S BT Prng iy feterenee.
Li qui d- separ at i OBAPKTFOUND OF MHE INYENgTORanes havi ng
sel ective perneabilities, such processes including
ul t r afie presenio mveniielr epRicrisapplypuliaficasepeipermaablgemgmbranes and

[ . ike, require a variety of materials

Iggtgggéegﬁpga?ﬂﬂﬁw\%%ﬁ%i ed applications. For exanple,
sem pEsure@bbryreshipanesbiy membranes taky ab@lablecth b orarieseof forms

i n_extracorpar eal | ood treatnents inclyding
Frehrdi Segsi §‘,1beﬁ=eﬁ%‘f Pollps igs: aéﬂd_ Uawhbe s iorganegify a hollow
({@Pﬁﬂom stio@RfS in hﬂ'ﬁcm{;v@ﬂ Sandnonk GR! 4 éﬁ@?%gfé, i%lﬁng)ermeable, or

w fibers bu ed together and ass
seagpergenbie 4i. ensalentivalyl ppnineabld)l medbtaoe flbmending upon the application.

é%ﬂ}gﬂgﬁﬁ@gﬁ*&e% \%{;ﬁ | lés? L{:yﬁﬁ%ﬂ%‘i Cl’ptg[gﬁ]%g%g t]}:lé{g :]aﬁr]aliti gelective
Sl TSN RASKIRe whild, ough the casing so as to

bathe the exterior surfaces of the hollow fibers with )
t he BQuid-spppmtioConpragasses ut wiliziegl f membednest i hatigg  selective

Igegﬁrllg%e}géegs’, rs‘%c@? lir’rﬁp%é%sh%\é@fﬂgg éll’ltlfl%‘gl %té{fﬁ? l&]ii’rcrﬁ)rfﬁt’rati’c’olﬁ? Hia?}%is, reverse

RI0ERG by theniltel tdq@ire apRki¥tyl IThabeas adaptdiiofoy MBtehdified applications.
net hacryl ate, pol ysul fone, polyolefin, or the like,
For example, semipermeable membranes are currently favored for use in extracorporeal

blood treatments including hemodialysis, hemofiltration, and hemodiafiltration. In such
cases, the membranes typically comprise hollow fibers bundled together and assembled
in a casing in a manner allowing blood to flow simultaneously in a parallel manner
through the lumina of the fibers while a blood-cleansing liquid is simultaneously passed
through the casing so as to bathe the exterior surfaces of the hollow fibers with the
liquid.

Compounds utilized for selectively permeable membranes have included
polymers, such as cellulose, cellulose acetate, polyamide, polyacrylonitrile,
polyvinylalcohol, polymethyl methacrylate, polysulfone, polyolefin, or the like,
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1 WD 2004/ 058385 PCT/ US2003/ 040499 dependi ng upon the
use of the nenbranes. Pol ysul fone conpounds are of

W@aroiosssBar i nterest as they have, inter ali aPCT/US2003/040499

excel I ent physical and chem cal properties, such as

resi stance to heat, resistance to acids, resistance to

@péadihg upoAl (KE RS bRMEMEEbANbS anl9§hlfonE’Qio)t§iéhﬁ@&e of particular

conpounds have been found to be bioconpatible, capable

isteresh raithey Bavsduler abin, perelentaplysicat ands chemigal prpgerties, such as
14 u C I

%ngflﬂnl ezc t%er# gl%gﬂsta.é@ tsq %J*%so? s?%{r%gsto %ﬁia;f}s gﬁ? gehmestance to oxidation.

B@lwﬁfmel&omuh@s $ives ibeérz é@hﬂdytoaba Lhitmﬁnpaable[refapawe ,of forming

such as et hyl ene oxi.de (Et mma i rradiation,

agellent nics AR Iishtiadaed Ph?rewa@ dReridiRlisprly ﬁsmwun s"as bleach,

Ayl B8 SATRAMAR. B ﬁﬁ‘énéwrﬁeﬂo%hﬁé‘%?xﬁﬁé 69 '(iié%d%da number

resistante to wear to w t'hstand repeated use an

off metHods',a&uch rascsthylese oiﬁleC(rEmO)'-; rgarmmaahﬂrgdmtpml yteahf ewteclave, and

peis et paaREnaIG S BavpUiiRe shtoRgd St SRESEY! Srength and

1%91%%&&6“\%& %ﬁﬁstaﬁcﬁﬁbéﬁtéﬂlﬁs% ah& I@teﬁﬁkéﬁbn‘ c%f%h vVes
di ssol ving a pol ysul fone conpound in a relatively

| ar geConneptionallyf rayssifont ihollowl Vibens have deerorfomaddy dt solution-

t hen trudln ol.ution t |nn ret
Ble SR, FroR it SmAoR iRy SHeR S sulufighspinnine
febigni s topicAIoN ivbives QigeON i §@b@%ﬂfdﬂeaddmpcﬁh& S@'avl%&u&ély large
the nmenbrane-fabrication tenperature (i.e., anbie
ftnéwpé A epragyotiorselvens pod paiensiohvent, dben extrudsig Eb@whﬁm through a
0 ale I, I
u%%{egn?fbgllépféltlbﬁ] sﬁf y (?lvgrﬁ ﬁ%%ﬁ?@lﬁ&lﬁf)gpl iic the?‘ polysulfone

dommpamhat wtstanﬁmlﬂy sdllssmllve@nats phé nina@biadefabripatsn ﬁeh@erature G.e.,
sol vents nust be_sufficient to substantiglly dissol

TR PRERBRe Eariobiion RHENS 3dUeR-sa ﬁ%@éﬁ@%@mﬁl m which

n a . .
%abﬁlgséﬁogﬁ Z%e elrngt %Jsr E:\ T lgﬁgoﬁ%&eﬁgb%ngﬁ membrane-fabrication
teopesiire.enter Lao]:utionﬂplinhimg ohnigiesntlspisolventy mesthbé gufscient to

e gubl Rl POR G GnyB PLoT st * KRG L tauid o
Arfbibnt tBmpS8nIS ARG H: FARCARMIBmPaRRESHPT abl e
contam nation of fluids treated using the nenbranes.

AVOi drlntgsczimﬁs gach nembolsients ntlhaedp@r solsbipaspipninggeshmigyes require

tgl?.t % énegnrgg %% geglgllveloﬁ/ gFaCEﬁd ntftgoi‘ab?il(gogo%s gy even residual
Anomsd kft MBS ncailirhlat daf Fahe) mr;mce‘plte{wa” cmmﬁﬁﬁ@@ of fluids treated
utilizing solution spinning technjques, renpval of

usig g angmbianes. usAPIdBEf Bick eqtamingéen (i Ragtiquiarly important in
@Sﬁiﬁl@é btea &k ftl{e]' ﬂ‘éﬂtltnentl:&l 944 Bda amvﬁj thgfdegﬁfiatlon of water by

vents, non-sol vent's, core
mm:mda bbmosmamensfaﬂmdahﬂg (hoﬂm{ﬁhdr ma:&tbraﬂee nlt1hmng ddktioh @pinning

reserve the nenbrane Ostruture or to
Brigtishsse PSR ae. CoTbhaiish o) 8 9 Greh i ds especially
SIS ?ﬁll@wm@%ﬁﬁﬁzﬁfiﬂf ttfe0 EoljvéH@rnci'neé@?\l;tsﬁl'té1 n8fcokd$iquid, a non-

menbr anes. Such a process I s known as
Vqletgib,awaﬂex}sqlablcmmpognd must then be added to preserve the membrane pore

structure prior to drying the membrane. The non-volatile material also serves as a
surfactant for later rewetting of the membranes. Such a process is known as

“replasticization.”
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WD 2004/ 058385 PCT/ US2003/ 040499 Sol uti on-spi nni ng
techni ques require the inclusion of |arge anmounts of

W@ 00wesH385 and non-sol vents many of which are geeiEDS2003/040499

toxic and can be difficult to extract from the
resul ting polysul fone fiber. Mreover, the significant

anourSolaish-§igting e368hiqés relgoXé tHet Mcbiof SF UakE am@LME Hf Solvents
and non-sol vents renoved fromthe fibers nay create a

adea=solsns Mast of wiigh sxagengraliyiexie anbe@biedifficult to extract from
SO ROYS3RL SRS, G000 ALERHIRU =S HIER pih tve o
tomicith arfogpetamo sl veresriand nengolvesist igmor ed) fieas ity fibelr mug lereate a

the thickness di Ten [on of the nmenbrane). That is, a

Kerdpbhgeediesa ne has a dense skin or

M CT OyBRIIES  BéHvehdnal 2¥dHitidH? fifing Of '
maj or 10 Osurf aces %?nat he mle T aner.lé Tﬁg}ggg%)sse%gﬁdggoﬁsymmemc
pulysubfopor mesibiaies i @re.,| agehomogprcose smambragkapbrosity progressing

mal ortion of .the.ne ne but caoptrjbutes a
Db o8, B YRR OTaliG ARG 1B ign® dlee-homogencous
HEHBRAL A b MekRBKACESNIBE-pERuS bal{Re 14578P8K 8AE (or both) of the major
Accordingly, there is a need for a polysul fone

solapessof the rmemirasg. nphe dewsehsdin of pricrotpergusdubander leperofomprises a

SRS RRF BB AT TR Suctp BT bR S wty S <0 ABR o chy targe
alslint boeaitloy on tHeqieemeilitythadctetistiod offticifemb@he.t he

producti on of Fol ysul fone sem per neabl e nmenbr anes .
wher eferordiaglyoihgeisst nepdnfor ggiolsuiiane eerapgsitinnead sigiple method

i i C A . ar .
18 3 BRlondh bEBoBINRR el el Sy AT oR Bmposition and
raatlod miaimeizef tokiel vedste/ey-prddavist cvdditidnglly, thérerie ainsedifra method
eed for, polysul fone sem perneabl e nenbranes havi pg
§_r rREOgHitieR o SO0 S BRI ERBUTAER eici el nts, non-
SRS 108 hﬂrbce@sing %i1CHRASHCAE SRR T NGe rH?lHP{aﬁQsebre easily
so that the entite thickness dinension controls the
rpeoned ifioini the piembranes mrb fabmisati SUMERY aeFofTHfatively low toxicity.
NVENTLON | n neral ...the present .i nvention,pr.ovides .
THRSP 41 S RO PR CoPLTR S FEFPLRT BRERY = ore uniform
SHRERES | thicUzhb@! (R aRRkhRE AinhPsRdeiadUs, hoRIbeBRIONE apbI§sulfone
pol ysul fone nenbrane by nelt-spinning. The .
pobroeX emdhalolhp omitits dricknespdimension conjralel the pemeabildy of the
an Blrla%a- hi gh- nol ecul ar-wei ght (UHWN hydrophilic
rrploliaymar' such as polyvinyl pyrrolidone, a polysul fone
conpound, a sol veSUMMAGRYOFOTHE ONVENTIONat are
relatively non-toxic and that preferably do not

del et8r Bigzaly ther Pecsentt MYCRIRP PEONIASAL 7180 afm? as@vgbppethod and
PR SRR al bR O RFIBIN [ lhyeale poslfons

mehbmhea by ;médespinghe nGhe polysalfaienmnipostioatcamptliees 2 liquid mixture
yrrolidong;  3-nmet hyl sul f ol X ridi_ne; .t hiopene;

& dihl %E’éh‘i’é ec,ul%:wea_ r &ﬁﬁ%\wawﬂ@hﬂa hpplymer  such  as

Wiﬂﬂbﬁ&&idgﬁ@,‘ £ PbBsulford LAk &olvdhiDREAY néi-8Yent that are

di‘phenoxy
relatively non-toxic and that preferably do not deleteriously affect the environment.

The solvent may be selected from the group consisting of tetramethylene sulfone
(“sulfolane”); 3-methyl sulfolane; benzophenone; n,n-dimethylacetamide; 2-
pyrrolidone;  3-methylsulfolene; pyridine; thiopene; o-dichlorobenzene; 1-
chloronaphthalene; methyl salicylate; anisole; o-nitroanisole; diphenyl ether; diphenoxy
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WD 2004/ 058385 PCT/ US2003/ 040499 net hane;
acet ophenone; p-net hoxyphenyl - 2-et hanol ; 2-pi peri di ne;

wa@eaoupya3she; di et hyl phthal ate; di phenyl sul f BEEDS2003/040499

di phenyl sul foxi de; phthalic acid, dioctyl ester;

phthalic acid, dinethyl ester; phthalic acid, diethyl
ifiethehe; RiBidpRbdne2pliothilyPHENN-26S ;911]

bi s(2e et hEOthexye Bég? er; }Bphr%sjha gﬁ{aoclzl %m}%ghizn%f a@ﬁé e dicthyl
Behalate; dmdhepjieﬂ‘u&ﬂons;udlphml sﬁlf@gﬂecp}ahalys gmd;ddmetyh Iel;tsr phthalic

R 256 SRR ol muhERY e T ger phihalc

ey %(%ﬂ@ﬂﬁéx?f ) @stef; pRia}i¢ sélhyde@aﬁ bud1%6te}; Jand phenyl sulfide.
dl(ethylene g ycol) tri(ethylene glycol), glycero

1, 1- disperipllyir geod resplts dhavehpéar @ghievidn ivhest Bleusplwent comprises
%][% hane di am ne; di phenyl am ne; tol uenedi anm ne; o
%o uic acid; mtoluic acid; toluene-3, 4-di am ne;

di butPhe lﬁbﬁ-b@llvaﬁtemaja Iblaeefelddteﬁefroﬂema|gr6up c@n/s@tl‘ﬁgebfaiitﬂy(ethylene
cyclohexene chl orocycl ohexane; "cell osol ve" so

gyseD), didietbelang e 8BeP RN tﬁéethlﬂa%eafglml) nehveeml. dil- dlethylurea 1,3-
amgagﬁ@éa, V\@ﬁltrottﬁlflél%w ﬁf”e tcﬁ%r an eshgpgiém&%g, foftih¥diamine; o-

eafi ¢ ac

1b11t1¢ aéldt lny-tctunie agiddolupne- Bi,l4€thzl[mine dibupa tpthathts osiperidihe; decalin;
ot r| phe st annan resorci nol ;

Eﬁfﬁ}i xp%| g@rQﬁXFWQF’Eﬂnﬁe “cellosolve”  solvent; n,n-

&nﬁﬁﬁl‘iﬁ’énﬁyl&rﬁjﬁé" eparmﬁs mﬁéfar %10'1{31111%&'1 dwa)P ﬁn%e'm*ﬂ}ﬁe triethanol

o- (p-ni trophenyl) ester; N, N-dinethyl - p-phenyl ene
a:man; lauryl m@h@rﬁ&@hﬁﬁ@rmmrblethﬁerml gly¢ol2tetrefetiyxepe gtymll); diethyl

%11?%3%2: B?Iglt‘glenﬁﬁ“?f‘ﬁﬁ%% ﬁig?aﬁ% ia_l %g ht hi;hﬁ:]g}eﬁwéﬁ quinolinol;
Lﬁﬂdwlhg" 4;- ﬁ@ﬂ}%yrﬁﬁh@ ho@lﬁbfdﬁhm% 2Mlhd, lﬁ%-@féﬁlyl Br(ﬁlh‘{ﬂrophenyl) ester;

é‘F yri d ket one; i sot hi ocyani ¢ acid, mnitrophe
NaY-dimet lrmphmqunﬂ ﬁmxmee 2.,4- m@pthykyphqm@ilaszaléyl-&methoxyphenol

1~ edl Jarens 9-.0ne,
éhﬁl?t%ﬁlg%@e %nﬂplﬁgﬂ&% fl1| o ht%H[ aglin dl I*n %&hol 2-naphthalenethiol; 1-

bomomaghthkagolkyuléiid eaﬁpbhasr@m pyayL2am &mﬁeaphﬁnyp 4ep§zndy1 ketone;
cyanani de; courmarin; bi pyri di ne;. benzol ¢ acid

15@1%»1@}3? oMilBn irrtrmé&snvbeny% oL ¢ %W%éﬁemdg]ﬁnél gty . imidazole;
1%@:90@’ gl ’Pﬁ%} éﬂﬁdfo@ﬁ'hu%r &oné: %HB@&%P?,Z éE,I;/ gfetﬁioﬂ‘?ethanol, 2,2’-

antinmony’b Pp-"ani si |ne ’0- ani sa
iadhqbethémal] dibepzafotanp cgclehe)mhmne acrtb nqanamldle; courmarin; 2,2’-
di acetin; tri.acet.n;

s beiie Bl WP PIDRRIRG. A6it |- i SAGHEEne, 0 methyl-0-
d7ahieHanys.3. l)tnghirﬁgi%ﬁén&ﬁoro%hé’rﬁh‘irﬁhb nﬁﬁﬁ%n‘?f'ﬁ?&%ﬂél }do-anjsidine; o-

("Arocl or 12 myristic aci'd met h acrylic acid,
m@b;ayd@sa@wmtrdac yoaammo aggethpheeartey | maeaticetin; pHiangting ntriacetin;
t h I
iRy - bae) PREREY ) PRI L BT dRoyBRPGe, bytvolactone

téiphéﬁ)}'ly &Bt@atdécarib'l A pBEIEHDZShn&t@d‘ Zlﬁﬁl%ngli qiRidelRClZY2 "} gydtic acid;

ester; -nitro- acetophenone 0 acet onapht hone;

m@tba%b@ apigndodacyl esiers isopravsy Ryidy meHivismedi-p-ahenylene ester; 2-((2-
%&gﬁg?}é@ﬂdﬁ;‘%%ﬁol 2 %1 e Bh&’lgf%gﬁ‘&l%{ﬂ% Qefiz %élﬂfonglc?hé?nde, 2,4-

p- hi ﬁhos
difsbeyanatoel -} imethylebenzate agipir adid,adiettlyl éstérpDshiyio-astophénone; 1°-

hos ic acid, tributyl .ester henyl hosphor Qus
Pfeﬂ%gﬁ%» ﬁeﬁﬁ%qeﬁmnz|(d101i1196>@§291$ﬂ1)5ﬂ?y}8?r&§11anep dichlorodiphenyl

SBhE P0G E A8 85 b RMisthyd oZ(p-niftophenyl) ester; phosphoric acid, tri-o-

tolyl ester; phosphoric acid, triphenyl ester; phosphoric acid, tributyl ester; phenyl

phosphorous dichloride; p-nitrophenol; isocyanic acid, methyl-m-phenylene ester; 2,2’-
4
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WD 2004/ 058385 PCT/ US2003/ 040499 i m nodi et hanol ;
N- (2-am noet hyl )-N -(2-((2-am noet hyl )am no) et hyl )

wa @4/08838Bnedi am ne; 2, 6-di-tert-butyl p-cresoPCT/UkI003/G10499

bi phenyl ; 4-bi phenyl am ne; benzyl ether;
benzenesul fonyl chl ori de;

iidodiSBanny] enedingxy. Lﬂﬁrﬁfeﬁﬁiﬁwi Zbﬁﬁzaﬁﬁﬁeetﬁylfalmgo)ethgr? 1,2-

dii socyanat o- 1- met hyl benzene; [ orodinit
e{thamétamm% n%ﬁs@l*terh—bmyh yraerosaiH chloze épphengl; ofbiphenylamine; benzyl

o BB bR 1 S RRP agtr e 2.4

diﬂs\é@ya‘ii@t@nl ﬁféth}%eﬂze%eaﬂ&’a@lnﬁﬁﬁba@&y&@ﬁme& QOR{eks) Efexahydro 2H-
poly(ethylene gl ycol ), di(ethylene glycol),

atzpplpe?rhm et -gicihybinpdiagiling; Ai- -Sqetnephthpres; epfreaptheacetic acid; and
afb% a%llﬁﬂite a fgagﬂ o%oo%mres {t? HALE Sgdh &19veda§r&}(l)1%n uﬁl%f H!m—solvent

orm a ermeabl’e, pol ysul one Te

congrisbs poly(quieyléme giival),| digpttiytereeglacod), ita(ethydeRCE$&a) or a mixture
Accordlng to another aspect of the |nvent|on a

thegePt - spi nni ng" or "melt- extrusion" net hod is
provi-fgd s%ﬁfenﬁrﬁﬂu%oﬁgoﬁl%m Red ? mp gﬁ’d ﬁll to form a
menbr anes I't - spi nni ng et hod |nc es t
snepsmehble, 1ol fohe g neentdompo sistiubn fero ngerfosining ahqlﬁd -separation
UHMW hydr ophi l'i ¢ pol yner, preferably,
B8PSyl pyrrol i done, a pol ysul fone conpound, a
SO'VQR&xﬁﬁhEQbeQmﬁﬁ&“hﬁﬁazBPM%Q%M&QUQ&OHprﬂﬁbﬁﬁﬁﬁhQahﬁ‘&ndb
solvents, and, a non-solvent selected fromth
@@me;gu’l’ mgeﬂg)doumrofndcé ficti prathecing sersipeinesabls, pplaf)sultf@wt inggbranes.

03|t| te at u ich the .. ..
Dt RaR e BoBakS MRS AL SE TuMoring ¥ tohibsition comprising a
EJHMWT aﬁy&i@plﬁ!ﬁ@ absltynieh a?r@imib%m )pol;(v@ﬁylﬁyﬁdliﬂéhé‘g 4 hBolysulfone
conposi tion throug extrusion die gsuc as a
egnrRguad.op sehypRf Sellﬂﬂeé‘dff%l thedpreppiag eaewp of eandidpte solvents, and, a
t

nORELoRREE Slected fing fbkp RARPLOGD b PGB SV B hefting the
csmipoditifones 2 teiperatiye hiowhichghd deenpaitohaiteomés a leﬂliogg’lebﬁs liquid
anot her aspect of the present jinvention, nelt-s

@&mi "‘p@F‘Wé’éﬂS‘l‘fé gregel Yhag) e Wb T ﬁPE\PPﬂEBﬂ through an
Qﬁﬁﬁb]{%ness kh 95 Shdid ?ﬁ' lﬁ?} %BLE%’PIQW ﬁﬁéil%le gérmed a “spinneret”);

nen3|on 0 rane
dndofd pesserqithie exeruidatartbromph woduend) zomaefrubvhfohrthb iegtrindhte gels and

at such , but not limted to,
ﬁﬁ”fﬁﬁ?ﬁ t}" g}(f%ﬂ“n%%ﬁnéqn? If%¢t i on, reverse osnosis,
and dA&loydihg o Bk abbeetHt fﬁggg‘éeﬂ:in{}—éﬁo%%% I%lslg.ipe%meable

illustrates a preferred embodi ment of the process fo
Hcémlif@m imembloehono guneded havings el foifiemh ciiuctrd |t}y@ush0ut the
r ation.

‘itkasr OB rgﬁg’lﬁﬁt 3 R rREEPR I ec do SPHERREGR mphgne Simucture

efd geneal %ﬁira/tﬁdﬂs f ara ashehtl RWIiiiiRars, mber¥iration, ultrafiltration,
2004/ 058385 CT/ US2003/ 040499
reverse osmosis, and dialysis.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a preferred embodiment of the process for fabricating

homogeneous polysulfone hollow fibers (as a representative membrane configuration).
Fig. 2 illustrates an alternative process for fabricating homogeneous polysulfone

hollow fibers.



10

15

20

25

30

Fig. 3 is a three-conponent diagram show ng the
proportions of polysul fone conpound, solvent, and

wmoev4es838ENnt whi ch are conbi ned in represent at PUEUS2003/040499

melt-spin conpositions. Fig. 4 is a scanning el ectron

m croscope photograph of a representative 5

honpgrigeous a RbysdthpsiRat GRktVshowR - thEipdoportibis & polysulfone
schemati c _di agram of a henodi al yzer 1 ncl uding _
Jeumoyatetnivent, d, sen-peHent HBhicb e combinad ik representativg. melt-spin
&ﬁj&sﬂﬁh&at es a scanning electron m croscope

pI}1 tograph of a cross-section of a representative

pol yskigf dnés holstamifg eésctror nidicaoopd Pghotlighgph of a representative

ul tra-hi gh-nol ecul ar- 10 wei ght hydrophillic polyner.
}Fqné‘?ge?echgi Rpg?ﬁ“gfg’é%ﬁ%u%glh?ﬁ- ng el ectron microscope

phot agh; - i 0 f L OF .a_ fii

el | HF Pl PR AEhans Baeaho0r R bpRolabkbr itiaifly HoRffgencous
pedysutfanehatow-figer mémbraobaidi ng

o 11 i P EReECh e ron raope phoisBRpR LR crassection of

B Y&t 6€ po8R01fbRE hdBovRtARP InferMand indhlding Ultra-high-molecular-
illustrates in-vitro anti-thronmbogeni c eval uati on

wieiBkidiydeaphillic pplyggr.of Exanple No. 9. DETAI LED

DESCRI.PT. LS. Lnvention enconpasses, jinte lia, .

conpdipt ] HEtlbSs tMEDe RaraR RETBEFEE Bhothetebh of p iswgection of

Oriionbf ofibersedli PheBspésentaBpEHRSfond hellGRMPeSei®hime of Fig.

conprise a _ultra-high-nol ecul ar-wei ght hydrophillic

@@Pni})lﬁ’éwg,ul‘ﬁ@-blfg&lrra%lleyul@rowymhhlwq@gmmlémipebmer- (Kol I'i don

90F, : < |t ) s ne. .

compauna? RS nenioly ol 305 PreP ool e Siscussea in

EoampdsNbi &in, the sol vent and non-sol vent are present

ina_ratig useful to forma sem perneabl e nenbrane

usef U8+ drillpbrpes nrage 1ankthgmbogeans cvalyaton gsigs dwyime blood of
@RNgsg that are nelt-spun using such conpositions

are honogeneous. That is, the nelt-spun nenbranes are

symetri ¢ such that DERAHSHDDESERIFEIN a

substanti.al l y uni form struycture throughout th .
C i IS eI SRS e i RUEDOSITRRS, Yol oy faeming. by
ﬂlélt-@ﬂ]ﬁ%iﬁg,ﬁ%mgﬁwfoﬁé g&rhipeAn&abld ﬁ}%ﬁﬂ)@ﬁleﬂhqthegoﬂ%iﬁﬁﬁs comprise a

Fi gs. of a hollow fiber nade using suc

wsrpiebimnelesidar-weighie fhydeephilic e polymar,” peafergblye podyvidOpyrrolidone

|Jen 1) [ ane in whi.ch each
EVBHAR SIS S ARTBIANS 4 Bl R e28 . o soven
andps nanisbBehty BY thieQdonpsions ar ®ltedt bi® nBRkORaM drbtpfesent in a
characteristics of the menbrane. 6 WO 2004/ 058385

IEEoTPI9E800 Sp1yn B SGYIPCTACARe WmEEnesefubfor prEOTmiag diguid separation
ProBERs] Membfified AP ARG hsifS such compositions are homogeneous.
That is, the melt-spun membranes are symmetric such that the membranes have a
substantially uniform structure throughout the thickness dimension of the membranes,
as illustrated in the scanning electron microscope photographs of Figs. 6 and 7 of a
hollow fiber made using such compositions. As defined herein, a “homogeneous”
polysulfone membrane is a membrane in which each portion or section of the membrane
contributes its substantially proportional share to the permeability characteristics of the

membrane.
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approximately 34 to about 36 wei ght percent
pol ysul fone; approximately 42 to about 46 wei ght

w@erges3ssul f ol ane; approximately 10 to about BQI/WE10931040499

percent met hoxy- PEG (nol ecul ar wei ght approxi mately

2,000); approximately 1 to about 1.5 weight percent 5

gl yceli an 2RDoEMB 6 the preseubOltfverdiode! 4Bt MRAMHENY comprises:
rol i done; and approximately 4 to about 7

[ yvi nyl
%%gr%%gébfﬁm abguidq WeighpRereatt pabyaelforrp hyrgokifnatedy 42 to about 46
' j lh- Kk [ h
SOFROC AR oo AIRASE B0 R ool <2 LGB bdnt ffighony-pEG

(nrotexildr onei glatt dpproxitmbielyl 2,000 appriokinStlly Rto dHdunSr wEight percent
R and R2 (which can be the sane or different) are .
PYSHEs YWEPKimately 1arfasaboul keweight perspie polwrRylgyrolidone; and

: XN ' : ers,
%%’ ﬁagrng,ate?nﬁ mowt ﬁ&%@ﬂ%/ﬂ%?ee%? %ﬁ@gﬁ Esuochhd%%%'oup havi ng
fi ft yPadysulfene commpoinds and drelr gnthesinateusielbgnden im the art. Preferred
strai ght - chai ned and .branched- chai.ned structures.
RSP Re EOTHORROa UMD AN B ENAR SHSBThY Trofhi o
i nvention have a nelt flowjgder,(M-l) in a range of

fromabout 1.7 15 dg/mn to abouf 9.0 dg/mn as
wieeasinr R ard Ror(wihiv ¢an henthe Samei aradiffSteat)dae grdpstsuch as alkanes,

t hod ( ASTM f.or Flow Rates of, Thernopl ast.i cs
Phe Pl oy SrralkeR MR s ias o aa Eeh co i pibgrs, and
hvaebeRofatievirRg g\fé’lgihdvﬁ% YSehkPORLELABRY AHS iftRKEng both
a M-I of fromabout 2.0 dg/%@% to about 5.0 dg/ mn. 8

spipigheehaned ang drarchedchedrgdosipsures; s direferrpdh pohyisglfone compounds

' i K J t ] .

LSS 08 A Sy DU B RO s AT 3 g of fom about 1.7

deahirs w b, 9.p0adg/mimes nidakired exccirdingpioethy AmighitanStandard Test
m xtures thereof. fEﬁ)eci al | ood results have

d
Webnd 44510 vt Xaen o BASpmaletcs ngr s Gaonals ASTM D
2381948 NI rLdifs BQ\LCF)’ﬁuJﬁ:h a@ﬂl%vc?cﬁgzﬂ% Pfé: o%lisgﬁgﬁé B&flpounds have a

ft
erein as a compoun avi ng
MEEpA6ber itsui 8 dgimimid abogt foi dg/mid. Btefdresdsiolysatfute compounds

150C. sal vat.in r to dissolve frqom apoyt 8
Gerbiie T TRERiof Srotbfuus st R HetocRlz s o esp o cxample,
oRQInEaN A%&@ysﬁﬁﬂ%} %%gfg SulfGHEP B6BPREMS1 Silféhe! arggﬁlﬁzﬁl%p thereof.

about 50C t'o about _The  sol'vent preferably can
Espegally godd isenlistheue b&Enashighed pializingbisphenabs polygtifone.

wei ght ..percept .of a l.yaryl sul f gne. ndj dat e

Sol vohe SOFEETRY 5 eBRBRRR, ok dr e d6RES H3bR e a ggmpound
Hai/ifigttRél féldwing ehdradtBishivs.alsoibnd heineof a-168t Adut 150°C, a solvating
sul f ol ane; benzophenone; n, n-di net hyl acetam de; 2- 30

DeyMer 1t alisrelveairaay pRaus (B Msihh oerqeyt ialiaheut $hivenighérrercent of the
[ ne; t hal ; o o

S EORCEARIRRNG o b AORSTRNY AL, TR G g o 0

Thepdodremx prefamblyacyd; disdteoftb@ngboat 8 weight percent to about 80 weight

HRiCERH1e BOREMRPEPE: of phenyl Sulfone: di phenyl

o LTRSS PR o Tt
tefsanaethylpig melfane; denehyldsuifolank; betzephenoht;hahidimethiylicetamide; 2-
pgrirrlﬁ%l){elz; eﬁt-r?lcrat.hyﬁlﬁlltf&%rllei;c pyridine;  thiophene; o-dichlorobenzene; 1-
chloronapthalene; methyl salicylate; anisole; o-nitroanisole; diphenly ether; diphenoxy
methane; acetophenone; p-methoxyphenyl-2-ethanol; 2-piperidine; antipyrine; diethyl
phthalate; diphenyl sulfone; diphenyl sulfoxide; phthalic acid, dioctyl ester; phthalic
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acid, bix(2-ethyl hexyl) ester; phthalic acid, benzyl
butyl ester; phenyl sulfide. Especially preferred

waedogess3ss useful in this invention include, bupPCHDS2003040499

limted to, tetranethylene sulfone ("sulfolane"),
antipyrine, 6-valerolactam diethyl phthalate, and 5

a0 tdimethyl BSter PhihdHe RRE, idiylGRRY, paMid 8ciff aéﬁ%uttﬂf? €&er; phthalic
achieved utilizing tetramet hyI ene " sul fone as

@&avbﬂq@-ethyﬂmml)s@mre nphthalic taeisl, pbtnzyli| Hudyle estonpphmyl sulfide.

I
AalEhd BB SRS e RIPBUP rvBO AR LS p st e 1o
tﬂ:ﬁﬂﬁ?ethﬁleﬁ@ Isilddrien(f sul PRr), Sifipyrires Bivalerblavain® drbkiss Phitfilate, and
| ess than about 5 weight percent of the pol ysul fone

mxEsH ST aﬁspsm@lémﬁ@qdateamlés hayeDepn agicvadontilivien tetrsmethylene
Candi dat e non-sol vents useful in this

#ﬁfs@%?%g%ﬁl?gﬂi 1-diethylurea; 1,3- diethylurea;

di ni tAéhot-selment fir; theglohankforeli c&ﬂﬁpﬂﬁnd’dlspﬁﬁﬁw aefelteds a compound

t ol ue o- toluic acj

hagirdae S oAV SPGBt W%Pwar e logsf 51'&%#9& a solvating
Iﬂﬁv‘é@ |s{1fﬁ01en@lxr%ﬁht% XAE8Iveq¥s! he ﬁl%h? hsyflgl gﬁfzgﬁ(\!éﬂt Q)l?‘?l)x%aﬁﬁysulfone

| osol ve™ solvent; n,n 15 dine am ne
q@mp@tmd At a w;rrperaamrem h range fiemedbont 0°Q te>| dbowt H06°@e:
triet am ne; ur th y.l at stearic acid;
o (etiRtine grpcaryety mberal i B o Srtion) a dygRtybiress 13-
diétiRtea; RithioRIHHeE fl@-@ﬂhﬁl@@'d)amﬁlst Hﬁﬁﬁhﬁxﬁlﬁfée tBluésQidmine; o-

gl ycerin; diethyl adi pat e; -sorbit
tello ﬁ@lﬂ; np’ﬁ)élny|acgig dolaente3, 41d@eg@m@,| d;lbutyl phthalate piperidine; decalin;

BROESHEEL R sikaRbh g RAN R P o ma-

mbmwlbehk%ﬁmeﬂlpiﬁfﬁuj nﬁntﬁblle 0§l] enm@erl avaxn etallow amine; triethanol
2,.6-di met hoxyphenol ; 4-allyl -2-pnet hoxy

3HEsa IRyl SleHcTyiatea ﬁF?ﬁﬁ?I %‘frﬁ» nél(ethylﬁ% rﬁlYﬁﬂl)a riiethylene glycol);

#hﬁ%{%r%lpéglﬁ g&g@%%ﬂ%%l?&% I?étfbl(eé[h%]]e %2 ggrgﬁlgaﬁg %ﬁ{ l%{g?h 1 adipate;

d4sqn‘§r1|toldyhlokcﬁr1phm1yl staandrie} mysmmal aendhylrﬂ-thbm;iﬂ’l;a Q¥inaldine; 4-

ndol e; net h i m dazol e
H%ﬁ?ﬁﬁsf%(ﬁ C5 ]P S}ﬂ}%‘?t 108 %ﬂld gq,sp fi}eﬁtylleﬁ (g—néq;g;henyl) ester; N,N-
d‘iﬁéﬂh?Pﬁ-@)ﬁenﬂel?e Ziadnb! 1 1208 Hirﬁétﬁ@ﬂ@hemo@ 2' 430y 12—methgxyphenol;

i m nodi ét hanol di benzof uran; exaneacet’l ¢ acl
phyeavdhridies; Zrnaplfdwdamme,’zl Zlaphthylpwned|1Htaphﬂmh223~napmlmlmethiol; 1-

benzen § ni ¢ .acid. o-dinitrobenzene, 9-nethyl-9- )
RGPS, VbR perSh Rt Ry DGR B Ay ketone
isoThio BRIy hl”cﬂin ﬂlemtf@pli’éﬂyﬁ' SteRe 2-Meth§ HAhAGBY Wemethyl imidazole;
adi ponitrile; p-amno acet ophenone nonoacet i n;

igidegale; h;7- hfmt@@éloi PH-flyerendxense femodsanizb9 ), Bi-pitrélagriethanol; 2,2°-

B Sy ORSR  AGHARE o 22

b@py@d’dmﬁ oberilecZ 'Jeid; mpehsheroptorde  adi@l haginjttdbenzied, 9-methyl-9-
dod@fcxo(é%ster i socyani c acid, net hyI enedi - p- phen | ene

agalyi ¢ 0ol gns; clH csedphaRY lassipg F9Hmony rorpige; p-anisidine; o-
aﬁis@ﬁ@ﬂ}ydef tlnl@f_rgeaﬁmP@ezﬂ,%% RSHYEL W dnoa R &!igceu?l 4lrlacetln,
y I ethy

di 1 socyanat o- benz adi pic acrd,
pestogane; 2' #bﬁmojdbaﬂlemﬂphm@dmb o]date 8 tﬂ%ﬁl@ﬁddpﬁaﬁBSButyrlacetone,

R e T T

methacrylic acid, dodecyl ester; isocyanic acid, methylenedi-p-phenylene ester; 2- ((2-

hexyloxy)ethoxy) ethanol; 4-nitro biphenyl; benzyl ether; benzenesulfonyl chloride; 2,4-
diisocyanato-1-1-methyl benzene; adipic acid, diethyl ester; 2’-nitro-acetophenone; 1°-
8
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si l ane; phosphorothioic acid, o,o-diethyl
o- (p-nitrophenyl) ester; phosphoric acid, tri-o- tolyl

we@saoenss3phosphoric acid, triphenyl ester; phosptiDUEI003/040499

acid, tributyl ester; phenyl phosphorous dichloride;
p- ni trophenol; isocyanic acid, nethyl-mphenylene

a%éfoﬁé htFord; Eteﬂrmeeﬁwnet hadiehlorophen Itrlchlor sil dichlorodiphenyl
N- ( 2- %m noet hyl)-N - (2_ ?dg arﬁorlgog Y) amonoang{ 13 orodipheny

silape; phopphesethioin ard, @o@mﬂhyltoe@tmtrgplwnyb e@teesdiosplmﬂooaomd tri-o-
tgigﬁ *E%&%' muf&g hen O?p%enyl es nzy hospehonc acid, tributyl ester; phenyl

zene

plmogp}(di'@ﬁsfddblﬁﬁﬁdé qwﬁroﬁh@foo Asdtyhnib@pideArthy2nfphenylene ester; 2,2’-
di.i sgcyanat o- 1- et hyl benzene; chl orodinitro benzene

1(111119@3@1— nbner s) N—E\?emmﬂwl)zm (%(i%ﬁnnnozaﬂud)@mmo)ethyl) 1,2-

a e
dhea il ERSEANL G orto ACELRN RO 4 b IRESARRhe: benzyl
aﬁm lsbénzenﬁ;alfom&f Ld:lhld(rlille%q hll 3- (nﬂﬂ@llﬁnlefblbxy)%-lpuﬂﬁnlylb Ubenéres; 2,4-
imted to, poly(et y ycol) et hyl ene
cB%sy%mto kPethyd hyzshe c@llcgre g@ @lee ISARICR) isrpRdro 2H-
47851 826ne; Tm-ﬁemgﬁ%&lm 998105 1@9&&0 qﬁaic th %E{;f acid; and
coO ositron may ary an are epe ent upon arl a
nayﬂldﬁ \Bsp@daalbaprefm“radamﬂlrd(ﬂlve!mmmlomthls\mm\tenaomuiodude but are
nch

B A8 o B ol i PUETBR Ebvshbe e yisny efigah Bveerol

dnaGhiRturtOmbeogonsi dered in determ ning a suitable
conponent concentration. Mscibility of polysulfone

conpothedcanseunirations of dhe rempengtits yn t@ep@nmsn@fm may vary and are

GO BTSSR SRRyt Lk 1380 ot benc

dxpadiinkits apFar eixtmple] @iseivalitysef e tcbopoEitibi ad’tethesn%ﬂ extrusion
anot her factor in determning the ap&r opri ate bl end

IEBRHAENE iiBronsefstrseta he pansideredetn detsrminiiey @ epitabi component
an I a t
(ﬁﬁrougﬁg?heqwh£ﬁ%m§ne vgagﬁﬁg%ﬁn% Q%MoﬁguﬁghgﬁgénggdrmMHy
detcyminedranpiseallyl by mithodakeovoi nﬂ'&ﬁmﬂa r(é)@h&ih@fdrlnoft tite components
crofiltration of LF% d<f the co ceﬂtraion of the )
03“ Gt GUEPIHRN RGFBBLRLF 1Ssreptibt amary) af he &ad 11596 Hhe membrane is
r
ARl e AR EXormITHAE the>pRiuFioRt Bithd pBRpOSATH bERS tEproferred
n@r@fsmeabf yheaimdnmxme abhd utandﬁbrt/\ﬂatg hd)f biguiderdnd saintes through the
ef er abl g | east aﬁgut 6%9 percent The
BAYERE ¥ |83m¥yngqﬁgn 0 USf-esent, is
pr ef ghake Yasdlof neAfra@3Qidbful for\/i'ﬁicﬂﬁfltrai’cﬁfncc?f‘llquld’si1 %é@ﬁl@entratlon

preferably at |east about 5 wei ght percent.
abe prly ¢ zméwoua@fls:lpwferabm at dast abeuti 8)rW@ght percent more

pg%t%%a\éf}’nét léasg aB é‘ g]% eerg%qq EB%PC%]}gq}X%IQ'éHOC}n fhe solvent is

efedht at Radtebopy $(B We@éﬁt Ypeddend, @@t padTorably25t MeitHbbut 60 weight
percent. The concentration of the solvent is

DSFesRkr hhy gonsentrasion ofthe nen-gelvemti 1ressals sxpreferally @t least about 1
VPJI%& eflhd/ afld o fe?ﬁﬂg[a ?st \ﬁﬁélﬂ it elgﬁ %%%1 .
he no vent, IV¥ r é’sen , |I'S

t ration o
pr ef dnahd gasatof Inmxsbranﬂsombﬁll forul Wi Aa0dd 668iaBkis, the concentration

q@ﬁﬁé&%ﬁ%ﬁﬂ{)gé%aégam bsg pEeg gtr)lc}:lear%t leasrtme{b%up lgfv%ggt percent more
preferably at least about 25 weight percent. The concentration of the solvent is
preferably at least about 40 weight percent, more preferably at least about 45 weight
percent. Concentration of the non-solvent, if present, is preferably at least about 1

9



10

15

20

25

30

If the non-solvent is present, solvent to non-sol vent
ratios (i.e., a solvent to non- solvent ratio

w0 suwhPssssENt to form a sem perneabl e nenbrane BPSEUS1003/040499

for liquid separation processes") are preferably

about 0.95:1 to about 80:1, and nore preferably about

weikht ferSenfifitte ptéferhblyr® ﬂea@@@!ﬂﬁi Sweikht pitet. in Fig. 3,

for a three-caonponent conposition (for nelt-spinning

pol ysHlthopen-pdvendis pressat, §Pl‘@§h’§9rn0§1rﬁ\¢@vebt wpiRe (el gsolvent to non-

s%?\%éﬁf }gtt{]ylrgg%ﬁe(:§e¥'llt Eoo%q?@ a(ste%{éﬁ%gf] %s% rju? lgsggué f(t) Iéﬂuld separation
oTessdss) afe préferabboibomit! bDﬁﬂeto(Bbmj)tO&mﬁ, anﬁQhMﬁ @irefeﬁb@f about 2:1 to

non solvent lie wwthin the area bounded by the
fds T sxamples anpamanin Hig éntoyanbregreemneaenf mpasition (for

BSOS S e

(theesalved), ad @ly(€@hyfenEigiycoB) ¢he nenHsolabity dcoeptabie tamounts of the

SRR RS B S8 BIRA05E ol BE 52t b

é{%ﬁ%@td’faéabﬁ’ r&om%naﬁlmeﬁ § @ﬁlé?atbsché’ %ﬁefaeAahl \C.alAdye@S the specific
about 30 weight "percent, nDre preferably at | east

@mwlslt@ﬁs mmizmmgpwé raoemount hé canbnafethe Itlatev oompdnentsewithin the area

B e

per cemtthe l:zise Wﬂfemtranefs RSeful R é&idEse dkinB§Ls Of 1i§kigs, the concentration
non-sol vent is preferably at |east about 1 wei

ght
Yeardeswlfonerdy prefaspldy @t éﬁalstyalfamt e arsighiinstrent mgsie gﬁ@ferably at least
dvoht ?ﬁ?%re%gﬁgﬁerg&‘{{p Q‘ﬁé f:b Jytﬁe SIV&R ié é%?fem Qeast about 12
used a one sem per e

wisightu berfcertit, nhare Lpreifeﬂxbnamatlmn abmc:ets segght p!&ceﬁhef i Ifepkesent the

herein,. 20 such processes include, but are no

qonRFRtEon P the doafsPiverkisi Bigferahly @hfeast abaut olnwelght percent, more
1 s. Fig. 5 shows a

1?%%%%%%%%g%ggglﬁﬁgﬁﬁgﬁggggﬁgt|on devi ce confi gured

f or uBlee asmansitens af adhisoimyahtidl ey be essedetot falmcateepolysulfone

ecificall henodi er.. The henodi al ZQ[
Ehinsrcie mlpries veed] g S RaereiTerroRes Gl AR eined herein
JuBh §rock8ses Ancldd bt AFLndUihfEd 18 mﬁrdﬂlﬁﬁ’cﬁ)ﬂ r\‘ﬂ‘@iﬁl@@florﬁ dialysis,
bl ood outlet 22 and a bundl e of fibers 24 potted
and rteV@smsmsm: akigng showrea mm@ent@‘am hguld@ﬁpan@tmmdevwe configured

sate conpart nlna of e f.ibers

b B 500 sSERRBIas Blash BeokBay STIFRY ity a fspicfbyeer. The
HeB dily 2o Fm@orﬁlbf@s%é Sin dflertcdRipdl 2, edndf @&pbi1aN 2 diaBlsMeahRt 16, a
fl ows counter- currentl¥ t hrough the dlalysate

came WL, pbieddniet 2@fa bleed prideieds andhy brrdle of filgrsé potted

F{J é‘?‘ ?a@ a}% r;l%lgtoﬁfe'i] %&éu\g g«g@{eg %%mlﬁ%tg?g %?Me%% and the lumina of

thé: fibersform Bleod edrhpnmnbnt d @gesicbdrflowp dﬁoﬁgiﬁthe ﬂﬁmﬁfa&if the fibers

Jret hod ps chosen to deyel op the desir ysul f one,

oo marae! 1 BSWER 2 GOR B IHEV PO SO 5104@'90 b theedialysate
Sfdegd nmethod according to the present invention, a

pol'ysul fone conposition of a UHMW hydrophillic

pol ynidembzangs oy 4he present dovgntiondnayabs dabreated nadlternative method

schemes as illustrated in Figs. 1 and 2. A number of method schemes may be followed

depending upon the optional method steps chosen to develop the desired polysulfone

membrane,
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a non-solvent is preconpounded in a high-shear m xer,
nel ted, extruded (as hollow fibers), quenched (Fig.

walgo4as8383 hen wound on cores or reels using angCHUNPE3/040499

of 5 commercially avail able w nders, such as Leesona
wi nders. In such a nethod, adequate care should be

t akernnt endTprdib@éd) nfetRdd @bdordiBB StbOtheOprebdi® iRGLIRYW a polysulfone
fibers duri n% wi ndi ng. | n anot her {oreferred met hod

cEwesidiongf e pydrophillid pakuner, 8 polyshléorpaioymoeniidresolvent, and

C Ltl.on is precao un i hi.gh- shear m xer

S BPRRVAR AR ERRRRENT etk el TR B PG s motow
fiderNdaonche®@qhripd. 1) pehd eenz@ound eitlot@dor R3¢l tidRd aﬁ%_(humber of
formhollow 10 fibers), quenched, and then wound i g

cpmargially jay ailabioWnsersp pushics Legsanarwingersic & sethraymethed, adequate

' i QN sul fo [ L0 OO0 S - 1

BRLARR ETAGRNE A 4 (P SNl O BT it e winding.
[quenatherd profersdd mdtieddd adeoydihgr toathee pragentoinvention, the ap@esisulfone
ina. liquid that is substantially a non-solvent for
CRPOFHOY L PTeEraP IS e highhe P W?t@ﬁeext%@#thﬁ@lgh a strand
Sl o (i . ¢
it 0 Forhf Solid hindey SIS, Pt e 8IE BMALIR form ollow
fitmyg) nquiennheda apd thes v dumd €Figo &p ok dtilloamotler preferostmethdé dccording
in.a high-shear. mxer, ne]Jted, extruded (as holl o
tp] 95 ERPSCT JNEHIS, o HRlSuLoRA, SAmPPYeR da, PIFeqraRyided, melted,
écﬁﬂh&ﬁ{ab ‘hbHS&J’ﬁb‘éFh?, JuReEhed! WBhd, ReRMrO Y& h Rl TR, ¥odked in a
convection oven) (Fig. 1). In "another preferred ]
ligwidhbhat iscubstantindly tamontselysnefoes the palysshone apmpérmd and stored in the

l.ysul f i 1] [ d |t ed .
BRHE Hab o vB3F TR el B, T S ERAE B {Eim 0y goconding to
the pedstedinventisry de golyasfdne| dommokitioaris )preciueyoeiesh in a high-shear
wound, and then held dry in air followed by soakin

mixen melted; gxtrysied (pshallgys dibas), Auenchednyruad| spakad, {egehed, rinsed,
S 0 0 ' P o) o) .
BB 008 aSTAT L er iy LR BN e b 1
aaothet yprefdrrade nogthqab sicbording o pthec pagenin davkntior) ttkel, polysulfone
extruded .(as solid strands), cool ed, pelletjzed, .
oEpepitien ! esawmaewdégsmﬁks# &mﬁ?%‘e@éf?h §&Hdsk gooled, pelletized,

BRERGE SeRIEEE (as %éllbﬁaﬁmﬁ; qtﬁieﬁ@l@&i; wolhl,asld PehCHeld8RY in air
dried (Fig. 2). The conponents of the conposition

followed by seakinpM bylimishihial iscsubstaptiadly, a npoisglyabif onéhe polysulfone

SR e Ao R Y BB S enion
d PoBsEIRINEE BorBPSsiticH e protohipomRRMe MidlRAAlxtriidedl (M8 solid strands),
equi pnent, as for exanple, a hlﬁ -shear m xer, such as

caolednpellsiriedgramelied.3extaisied ee i How efiberh quenshpdnwaurd, soaked,

f . ion. i ti.on. I b nbi ned d
bl Sb R R B B “provi ded with

sui t aﬁﬁeec@ﬁ?ér%’tsoﬁf @e thapsstidme(i.c.,| i@UUBIMW hydrophilic polymer,
Al ternatively, a polysulfone extrusion conposition may

nodyshEpRgy eAMPEEndyysolveRt randi hrg-elvAsE: tn be efBded pisncombined and
1 o] . e . .
HobloRge bt 80 ol on SRR L 055 BhBTR: AR copventional
mizinge¢quipment] he fexdmampit, @ High-shqaamtiked, udi 2ea compounding twin-
readily-fed,.to a heated, .5ingle-. screw aqr. tw n-screw .
SEAER GRIGIeT ATTOE RIBPP eI Of BieHiiroriGR CPRGP LD Gt S gt combined
aﬂﬁtﬂbﬂ%%enized directly in a meltpot provided with suitable agitation of the molten

liquid. Alternatively, a polysulfone extrusion composition may be homogenized by
extruding a molten composition through a strand die, cooling the global extrudate, and
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known to those skilled in the art may be utilized to
produce a honbgeneous, nolten liquid for extrusion

w(@e@nossisa "nelt”). 5 The nmelt is heated to a PCT/US2003/040499

tenperature that facilitates preparation of a
honogeneous |iquid possessing a viscosity suitable

SHaiSX bf PellRingAE xBBSE A6 lér%rt%l@‘é A le&ﬁgbfedste a R, single-

as to cause significant degradation of
MW/S)II franecrewh exisadeventltemativély, nther heatingfmemoginizing methods

erature s L d not  be endey the
bt S SROED IS i Byt e e e ol A herhOgaemus, moteen
ﬁdﬂﬁd o ik trG OB (58S Pimgbgnol A pol ysul fone, the 10
extrusion tenperature is preferably at |east about

50C, ‘Hegwelissheateddpyp temperataise thablbeilitatesqmepariéon of a homogeneous

g@@%%#%é]séﬁgg F é)?%ty Sm!aﬁlepfro? f et%\uﬁsl?ola ou]? %%%?aﬂlﬁ? (1218u1d not be so

Migh cesibt oy sighidicamd aeg&smatibﬂl ofiGhe pelys@lfdtiegfheasolvéntP6r the non-
too viscous to be extruded at tenperatures that do

obrende Toe dempsrainge shouktpot l??esoplé’l"‘y%ﬁﬂof 1sRdercBepdigniddtoo visgous for
%{gﬁ SCagit ?é’veeéﬁént dhdiE cOR hﬁsépﬁﬁ]loﬁ@lgl k}ﬁ ala%qyéu%e the

he extr canno mal ntal h a des
emmoanempelgmrdns pnefarabiy at ledsteaboth 09 |nhorm;?yef6ﬂbly at least about

truded in a variety of shapes, such a
T35 ¢ Bop PXTUSHoE: PBRERHISE Dol less #@@tai’oufaﬁéo o fiaggpreferably

fobDBAS ik Boddcns. The extrudate may be aided in
retaining 1ts desired shape upon extrusion by

cool |T1kgp vizOosityr ofirtiei mgltmhbuldv\ndtl‘tlmeso imghbasite de tbheviscous to be

”@adﬁm Seypetifies it iidoel BBl TG i Erlymifog compound.
B viskhdiy, HBHRMIC T the At Adust Bt bb F?Joeloh@ IhRWhE | RE08ate cannot
The spi nner et typl cally includes a nmeans for sup gl yi ng

mainfain g def(l@éseh@pe wapuaxding e exisusierr dicorlhe matemay o¢ extmded ina
SHLE00P e B0 Rl b il U5 R RESY il oL oo

figre withliftls MEYhd @ xfudas ma@S bs lm:dbdam ratiiningelts desifed shape upon
carbon di oxjde, or other inert gas, or a liquid which
*F%f“éloﬁchy co%‘llg/ent for the pol ysul fone conpound, such

d| (et yllg%én% yco %Pgt r %B{aﬁ (te}%ce}héél %té%%ﬁ&f) glca]qwﬂow'ﬁber

diadspinndret).e SThehspimadret typlcstiy n@mm-hehﬂ\mﬂt $hlmn @roduces a tow of

nop@iqo{}éﬁ}m ? Bgr%%/ %p%?rfpg{ﬂ??@h& dmt}B ga rTeéﬁs” o? shgpl?ll%tg a fluid
@la;I, 6F BV 8| te cdrl®r PRInten™RY tHd &xBlidRE. ThE todathidss L%Qd to prevent

Solid strands through a single or nulti-holed strand
ahllepsenef thhdotlewufiharngs dlyi aitsthe apiserec obhe dorgniid may be a gas,

| eti ed to.a rtigcle,size readily fed to. a. ..
B R EEs, AT oBiPh G, & Sebef ditn ey oy & Bl yhicty ig @ mon-
¥Rk fatthy BoRBilRAE PnpouAd et &) but he: IBafiéd &, St d}@oly(ethylene
remel ted and  then extruded throu h a single-hole

ghyeal), - Hifpthplenpi glsiealbt tri(ethylenen Blaro bwgbicb@ s an¢ smixtgreg\Ghereof.
IRHROBBRECTLISE0031040098, HIPRGL Refhe0RVRe fure is not a

e exi i ng extrusion ers on
sqﬂmc forzbe pslysdlfome compound. Alternatively, the melt may first be extruded as

solid strands through a single or multi-holed strand die and the resulting solid strands
cooled and pelletized to a particle size readily fed to a single-screw or twin-screw
extruder (Fig. 2). In this alternative method of production, the particles are remelted and
then extruded through a single-holed or multi-holed spinneret to form hollow fibers, as
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- qnuAeyed) MpyAsoiarie

envi ronment of a quench zone may be gaseous or |iquid.
Wthin the quench zone, the extrudate is subjected to

W@ afotjoss3ent cooling to cause gel ation and PCT/US2003/040499

solidification of the 5 nmenbrane. In an enbodi nent of

the nmethod of the present invention, the tine period
deativyd abgvaf ter the extrudate exits the die and

extending to before the nmenbrane is wound onto a core

or rekhe SxEudatp sritiagtextsiant dip enidne ogeirrmere quench zones. The

%ﬁ@g@?{lﬂf 611 ¥ gl?éncb te}ﬁnec It n‘g%s Ia%ﬁ Erl]lgglrgiter th% #ﬂ% t%}len?h zone, the

dadmmdaﬂ&eiﬂtmhjeﬁted ﬁo d&ff&lem(tj rcedhﬂgifogﬁgue lgylaghﬁ afdgbilidification of the

rate to which the extrydate i s subjecte

PEPhERE %@9 embodiyasnt 95 ke Wythod gt &Illqu‘@PF‘éﬁ |11h‘§?n8f’natth% time period
fler ARBAUAG itk rfﬁT dRELAE g%}eﬁdlﬁéf t? l%ﬁk@?ﬁ’e te}Brane is

a’less grastlc quench or slower g I ng
wonndudatoea corecr emel, rig) 1pmortmabtol attain cthe tdesiredk phmasabdiity of the

which results ron1nDre uenchi ng, . mal | -
s hstol S Getipdheloh ey GunEi o Aippmeability of the
rﬁ@ﬁlﬁfane W dQbMghed lai%é'l}dﬁy ﬁfécbooﬁﬁgﬁﬂ’é‘ RAWLRA rtﬁbgfxtfdalﬁte is subjected.

t hi ckness di nensi on he nmenbr anes. Thus
Reommeslilitye isl Snereased rl@’ rreplé quenching eeft de bytmdaee compared to the

A N N T —

Ihbl%ailﬁg lplsﬁn@@lmy raslﬂrﬂ@en thendbRarRB ewhieh Hesh1t8 ARk dhc% rhsidtfiRnching,
present invention, Polysulfone hol | owf i be
nopmally affects $he a@hah@ﬂ he rm@mbranw tohiranspend Véﬂﬁ@n eh othsn diquids and

T % T e e

@dling mitEE(as'Z@ffbcrted ey ahé %ﬂl}ﬁﬁaufehaﬁi &hﬁpﬂsuﬂﬂacof ‘EﬁéecoohnF medium
hol | ow fibers ar(ithel in the air_ zone for _ _preferab

giodifnthedsrmeabildy gf @Féfﬂ‘%%qll}g m@§§rane
than @bttt ma@of eﬁ%r@ﬁrg 1oNh {}g Paf ﬁr‘% gﬁ?lgﬁpﬁ@?g glrollow—ﬁber

according to the present ntion,
extruidatd ag Quqnshqimrwh SHfithin the tuapoh domeh #te licdlow fibers gel and solidify.

RN TN
pbfefdbiy |l&@ethﬁi1 Vebeht) 244C.1 (RN KbBAG BRrdlaye %le])d in the air zone for

gI cerol, or a mxture thereof. A m xture of

v {ea9 tham dbovs A SQ ptivuses, froye peelfareylpidess ﬁ@h}ﬁbm@ (pminutes.

used ure substantlal

non- s%l ve%ggp%%eéep He® p%‘IIl g0 l%gg @18 PG R SREER- ée%ollow—ﬁber
dxtrgdate i) thed:ﬁimhq@la&hm*s @ﬁbsmﬁamﬁe noh-sBREft fotiepolysulfone
conmponents, the ratio of water to the_ other conmponents

comperade il s Ve apRlvkethylenes ghyceld, distiyiepe oelyColggi(ethylene
al

RS O B USRS AIBRDCRE st

a;ltbmatlvaﬁﬁha}dmjus&d se lm@dsehﬁhilmweesmamb aubstditiatly akd@-solvent for

The nt age o uid guenpch is that, it offer

th%gef“/rs%@ Grwoed Wi ?-elﬂlé‘f‘ﬂﬂu%lf’ﬁ oRBRYisSS, Whtet Aad one or more

o%l’(\%rrdéﬁﬁ)'oﬁeﬁtQ th@ ?atﬁ)o@ﬂ WG TRk etrrb%ﬁl bierté ﬁsp_lﬁgferéﬁ% bm about
a re

air quench and resu ts i A Hore T
(625: héaebout 369:0 hd he mlmi%tw afghe h@lldqntmhrzené rsrprsfera‘bmyeless than

aﬁggwcﬁfc{rgﬁrg ?{gblﬁf 20 S/E‘@él%i‘) taﬁg Ig%fe{f? I‘[Elyaless tLan about

10egh Tk ededdagedT ddequid éﬁéilch@s that it effef¥BER radiRance to the transfer of
perpeability for the intended end use.
heat from the extiudate to the cooling medium than is present in an air quench and, thus,

results in a more rapid removal of heat from the extrudate as the membrane forms. The
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Hol | ow fi bers are, optionally, drawn using godet
rollers or other conventional equipnent to the

wapprofssat e fi ber dianeter. Mre specifical | ypPCHUS0310#0499

or stretching 5 the fiber nay be acconplished by
passing the hollow fiber over a series of rollers. The

apil readvdef ket efodsfidsahe pemtabiiyy BEtHRRERIMSE MdMbrane and can be
control. of the rate of rotation of the second roller

yed S tgapmgrbiane permebily Sorrthe wtended eed vire i r st

roll d | L s_ape .
o kS NS AIE 5 b PRS0 sgenona
deuigfneent @d the aproprete dibendiemeter. dste spbeifitall) diaaihg e stretching

i nute and | ess than about 1000 feet per 10 m nute.
P R RRS e gr e see Rgpsiredbe below brootde ssreseiollers. The
dRNENibSRe 0RSirbichigtha} 88 obRinef Y cdirtrol QE Itlﬁa@t"fallﬁéy of rotation of the

quenchi hg, the nenbrare 1s passed throug east one
Jeeershrdllst lor seeomtlagroimgf sollerguelativeitatthe $irg ubHéragicoahtbsed by the

non-sol vent for t ol ysul f one conpound, such as
TperbrontS e Sraral Bk Gu Gr Ree s e Proforred
1RNspeedy ard §iS)eastOdbodt 'Ib%étlrl%r]ﬁéinﬁfe Wl ®fss AR glﬂﬁlt 1000 feet per

solvent utilized in the nelt conposition. Good results
IHEPES been achi eved when the | each bath is water. The

nb s, | . at_l.east a. . ' :
the_ o5 belifs bEEPRE B0 SERIERE o YRS eSe Bhis Ae dipsirated in
Figt 2 folfovgngberohinkh the BombRAE iQPassB@ Bhrd0sly eNleadt! &Y leach bath

t he nmenbr ane, depending, at least in part, on the
coRtaining g hqnid that is substantialy enan-salvent for theepalyswilfenencompound,

- i I of .
SEERES L Sl PSS 3 S SRR s mivr
cdtwater end ohabbleentattdizee | iatthy endioc@npeahitidn. 0Good atsults have been

SGEETEE Y i paB 4b AT JhemeRanc i drEngh(q amove at least a
ﬂggt?(%{ oPRRULIERGIndTHE d¥RXLIVEM. t ?%?L H{ltﬁ REd 'hG{erénﬁﬁf‘égbrll of the

IS below a tenperature at e Integrity
sphvenirant r zamesdlvent effen ethie omsinprantf depending, 26 least in part, on the

Accor di.n t tenperature of the |each bath is
%ﬁ%?%?gﬁﬁé}ifee%tgﬁ? H’fﬁﬁ’%‘&ut 95C. By way of exanple, the

resi dERGAidii® ©hperab@t b Wiel TeRHI bR 1HRR $hdt RerhBal lof W solvent
bath is preferably | ess than about 1200 seconds, nore

agd aogrsabiept frensthe ragmbipot pc300at & evnermidle Rkerdiasiviedo production

A IR Yo TR st o
2086 woregmeferaby birledsh ebdue 401C. bEhEmMasiiee Gngitrathi® of 36k leach bath

.exiting the |l each bath, or during any conbination
1 EQPM teninsratygigiah yhichibs Eitegity Af %@P@b@ﬁe iadaheterionsly affected.
: i | i
AR PRAAET, P e AP LR A e iat PR Ol P
i n t By wapobexaneplé rthenrdsidentectimb of o hoHew-fibEhenembise in the leach

S8 A R, T MDS8 B Bl s o bt
sBendoW Thd @bllow hﬁbér%hﬂ%iﬁ%ﬁﬁ;{]eoé)ﬁrw td e Heéﬂeﬁhééésk prior to

the rinse bath is preferably Tess than 1200 secon
cppreegntef e deach baths during the3esgidense dinas in the leach bath, subsequent to

exiting the leach bath, or during any combination thereof.

Following immersion in the leach bath, the membrane may, optionally, be
passed through a rinse bath containing water. The rinse bath removes residues in the
membrane from the leach process. The rinse bath is preferably maintained at room
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After |eaching, the nenbrane may then be subjected to
a replasticization process. For hollowfiber

woreoobosales to be used for dialysis, a repl astiPRPCHES10051040499

bath is 5 used that preferably contains |ess than
about 50 wei ght percent glycerol and nore preferably

teRpErabR@NFabOUb1IGD Akt iri}% reRRESR MmO bY 8R! er chhtn? t}%e@se bath is

bal ance being water. "The mninmumtenperature o
nrefsraidy lees thae 1300 treonds, moseprifershdy lasethlan 800 séats.on of

t he cgurs at. reasonaple rate relative to, .. ..
pr odu‘gﬁ% %e%g@ﬁg’n gkée. %Eg?br%l}?aw e?lefl e SHPisE .ntlo. a replastlmzanon

precmer abtihellai-fideghitaBEles €OBE Aiddl 108 dBRNiA A repladililafBn bath is
ath is preferably at |east 10 about 20C, nore

b
yse rthatapreieraly |continsalsst thagsaboutr 58 weightrpaiceringlyeeroliand more
| cL zat | ' W, A, t erat ure.
RS R ALl SRS ! BEDGIOLE i v
Hicfotimdm témpemtlire gf the régisstichsiionibath équeh ahat replasticiAagon of the
referably | ess than about

rep] astici zatj on ba i'S

TR anE PR, P%’F%F‘H’&H} tplsslaike Biodugtiagoeemandsy digr fgample, the
thRFRNA te@perbiife 5B 'yeaa-é&@anﬁhg SefIfRicAatibE h%tﬁtié @%ferably at least
bat h gtot rane may

, excess liqui 15 adher| e e
abpri 304l Ipotieeprefenabliedt 1qastefbontaBHYC. by heseaximum temperature of the
conventi.onal air. knife operatin 1 ressure of .
rERIBRICIR R DR T belh artermbeali et e th e, Bisegity could be
Aoadelyagfebica. Maverdnasy BE hia@Maen ritlife &6 the lféeﬁlisﬁcizaﬁon bath

mai ntai ned at a pressure of about 30 psig. Th

ip profitrably dess chapabbiloH¥Y  Gemmbresmeferably, lessthaw Abduit $0°Ge

dried. i oven refera convect.i on _oven). .
O L T e TR
aAB& it tebipet meRBfane Wiah biﬂidnﬁﬂw fieb eéhovedD Qitefefibl 6y use of a
have been achi eved when the t erger ature of the oven

'

corvepsisne! amnknify ppgatightecpiesmreQierbouh &0 psighioaheut €0 psig. With

005 T AR RS hRP VIR B B Rl 1€ Milpinca o
poessurcaflhbentd0 pstpen the fiber was dried for at | east

about_ 140 seconds. The sem perneabl e pol ysul f one
nenbrTéWegesvlap&elaolw%gﬁé TR RN dBRreAtioaally: nks dpied jgean oven

; it ot
(Fféfé_rhlﬂg'at%gﬁ%&‘ﬁ)ﬁ dvellrib. PIRCSRAGS Jlﬂ%%ﬂr%%?i@lfat J)fé}ngﬁl’cgture of from about

imte , mcrofiltration, trati
20raltg sbeyt 204Cr eWithdwllowniissirs . godH eesifte diabé been achieved when the

fabricati nmet hod .t hat i enpl oyed, within the scope.
BRBRER ERs B B 400 1o dn Grepeiion s tegpempughc  dricd fo
aSdrivat GXUre8 abdht b Qedodidk 36 ab&® 1206 Webdrds, "RIANRMBW Fbers, goods
its anticipated end use. Such adaption is readil 30

resiits byeadbasy agieveskwhenetle ifihen wies dried fonatdenstiglomt { @ seconds.

t eachi [ f ex |_e .and t .

| R aiebte BB mEBEReF SRR ths fosaribed methods

ngiyvVienusetiSin \WQuaDEspafihit s $oodessks Wiret) 83 /b é B808mitEX Ay hibrokiltration,
nposi tion was prepared caonprising about 36 wei ght

ugéaffﬁg%ﬂonu@équmm@mi? ogmpyisn I hsf speeigisHebidgation method that is
eRfploel] WRAS the¥bk 3PhfiHoa® RAMMEL 1 BE YIRES intdhfion, is selected so

as to tailor the resulting membrane for its anticipated end use. Such adaption is readily

achieved by one skilled in the art based upon the teachings herein.
By way of example and not limitation, examples of the invention will now be

given.

15



10

15

20

25

30

of Al pharetta, Ceorgia) about 44.3 wei ght percent
anhydrous sul fol ane (available from5 Phillips

w@h@aosssBs Conpany of Borger, Texas) and about R@T/¥S2003/040499

wei ght percent poly(ethylene glycol) having an

aver age nol ecul ar wei ght of about 1000 dal tons

(avail abl e from Dow Chemgephpagapgny of M dl and,

M chlgan) The solvent to non- solvent ratio was about
rrmpwmsms cpmemml @ompnsmg egbdut 36 CWeIght gtercegt  Udel

AN, RS SR R Aoy, e

mAlpﬁaﬂeangé@gﬁ) bisdalt e14f3f wmgﬁapéi@@ﬁ tahBydesiy éiﬁfo%e (hvallable from
stens, Inc, of Cedar Gove, New Jersey), and t

Wikiiort Chermivel (arransgd of eoiEgh Eexgo) Hasde a i S0 Wsight percent

%@ﬁlﬁﬁeﬁ% ¢ @kccﬂgqﬁ(/m 4?:? %faggxlﬁ?u dtglglje%ve‘f’ te%%eﬁﬁé% uP(ﬁfO daltons

(avznlahie ﬁ&mmIDO\ﬁ Chenfiexl (Bﬂhthybﬂi Mﬁmd,dMlclﬂgaan "If}feCHdil\&nt to non-
rst odet érg}gtln a surface speed of 172 feet
8;9 t"éf)s 3bgu @H&’é’?ltIPP&a&t"Pﬂ’Qo‘é@ ded ing co-rotating twin-

s?i%’v& @)@tﬁmﬁp eeshof 1§-29"%3 'f}?eeéxtﬁ%d %Iﬁg&s?ﬁor{ Pad g&gﬁﬂ}@llét%d using

ber's length by about 5. perc woun
aoREP aﬁdp@bak@d(awmlzdﬂwmom Haadctast—id; Extrugiop eSyatemss Ind. of Cedar

out for t four, hours W n
GV Nep et B b etted i Sden Wipheh i AEhAIG Relgw-iber
spiriRfet fat QBLEN €49°0r Gsidf aas1ﬁgﬁ%c&fv akfifer. 30rHet I‘egiﬂ'ﬁng Ndllow-fiber
passing the fiber through a 37C 20 water bath for

exbydate apsypienehed . in piteatfabpwel 2 1tasor labeuti Insacerds, idraven from a first

PR R el BB R 7S P P Y e P bt prgping ot 2

shyfatdTapdedi O 18D Teel 46dr SRMARY o | ifcrdastOthB efiseTat leﬁg&lewsabout 5.75
gl ucerol replasticization bath held at about 37C

DeFeRl WRRE PRigorhand sealied iR 8 iateidatical adempgpipee pbabout 25°C for

s liquid was renmoved fromthe fiber using
z@ﬁ&??y?ﬁﬁﬁ e operating at about 30 psig. The 25

proc ditﬂkewkl)ltg) bdadvin gf lfnbwatewathe hbkow g‘ﬂdeﬁ dlr?h Ipr@ce@?ﬂ\f[qchﬂmﬁlding the
ve t .about 70C for secon s.. The resultin

fﬂ)&r %ESW fhepeare pha ks of v%wabé O fymihang psssing thedibey 8“@%11 a 37°C

\%ﬂ& Bdth f&V&BﬁQ@O W&lohat. hirgk !ﬁﬁgcl';\g?g thif 11912136{5-53‘3% %ﬂobﬂl"‘femperature

fiber was fabricated into a ysis t
vmmlamwha@n 5030 sbeomsls. Tbﬂowmgvthe rinsevbdthy the | fiber ofas tréydasticized

devi ce s, 1 t he aver age ..
e B i AR e 0 SR Aoby g Sp aggation bath
HeRN B 4FJueBF A e Reth6viak tie ﬁﬁéﬂlﬁbxﬁﬁhé lagieoud teBydeltl %9{1 excess
the fiber lum na of about 0.02 mlliliters per m nut e

liguid g agmoved frqms the fibercepingran hie lmfplqpmangg@qamut&@ psig. The

PSR OSRER, ETLLRERON 6 00cd T Bt B o 1

sbdsmldﬁl uid present in the lunen of the hollow fiber,

and Pmis the nenbrane ernmeabi | it It was not
possi egesiing hallow dber E@d an average )fumen diameter of 160 pum, and an

average wall thickness of 18 um. The hollow fiber was fabricated into a dialysis test
unit containing 150 fibers. The in vitro water flux of the device was 102.5 mL/
(hremmHgem?) and the average K,, for sodium chloride was found to be 1.92 x 10?

centimeters per minute at a solution flow rate through the fiber lumina of about 0.02

milliliters per minute per fiber. K,y is defined in the following equation:
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5 menbrane perneability, Pm alone using the test
appar at us because the flow of solution through an

w0 pabuossisml fiber could not be nmade | arge enouRgir/U82003/040499

render Kb negligible. This hollowfiber nmenbrane could
be fabricated into a suitable device for use as an
ultrafiltration cell for the renoval of contam nants
fromwater of aqueous sol uti ons EXAMPLE 2 10 A
conposi tion was prepar€d corrprl S|_pg dbout 36 wei ght
per cent Udel PlSSSN‘I’lﬁ‘poI ys@ fone pAnpbco Pol ymers,
Inc.), about 45.7 wei ghf perceﬁt anhy’arous sul f ol ane

(Phillips Chemcal), and about 18.3 wei ght percent
oy Ke tid fHeawsistghyectol thassiamkRe vﬁﬂﬁlrﬁl\h% 'fREE gf@%le@cq{'lltﬁ% lumen of the

bout 1000 dal tons (Dow Chem c
h\gﬁog’oél\?é lP o 15 81e-8embrane permeabiligh ol wag nbt llossfbkﬁeto determme the

TR pURalTR, iy ole AR i B Boadub el i fow of sotuton

tionglosi tndondwsh Sibeheuld melbe efiddedstge ERRN 6 tondePR,, negligible.
extr ed]%{ér oggh a 30-hol e holl owfi ber spinneret at,
about WiEPHgnemtang cald be &prispted irte e suithlele device for use as

ah @B AR HNRUIFOME kBB S 8F Eﬁgﬁ'ﬁﬁaﬂﬁﬁoﬂ zﬂ!rg]g bEd Squebus Alofutions.

at about 22C for 7-8 seconds e res
hol | owfi ber nmenbrane WwWEXAMPLE Dn a core at about

110 feet per..m nute, and or about one hour.
The 2b SBTHOSHOR; Ba5 pighate e‘FPn&H’ré%% abaUty 30aivistichsapercent Udel
P83 IN'El Ingslysillfolie {8MBBH ?b%?er@fln@p %H% ut3 Wt?]%te ﬁer@S{t agﬂydrous

of. about 12-15 hours. The er was

syfdanss SHllpy Cheminal)ngnd hbonm k£e3 Weighh pereent qrody(athylene glycol)

SR R el RO ol B T Ko
it o 57T S8 Sl
é@@@n dwin-serew Fxeuden pt aouh bddtC40The eytdedpermpnsition was then

r e fiber_ fromthe
PR T BNEE Bl e SRR o3 o et at about
178’0 Emusing i sh)mle-mrlewg eRftudRirr krrmef Rs@ABAE kIR -fber extrudate was

Iisdgre .of 2%@10 psig. The processed fi ber was
afenghedin ey ?PO&‘[ &t T-8roeernshs: é‘fhedﬁ%ldtlngb@ow&bellﬁ&mbrane

waLwomEtBon 80orERE a‘&ﬁﬁ? Wi fé%gﬁc—gr QW fddPRdAq for ?)Flg HSur. The

| umen di aneter of abou m ant an av
hallewe fbarseasghemplocd iB1a watebbath yisdistatned bt Mfﬁrﬁlﬁr&&%h)f about 25°C

fogg%&%%@%%f’t}?gﬁgéht‘%g | i@ ¥Pbé924<Agr523? gbri cated. The
aver'ﬂwhcbl[bw/ ffbEO WA IR probess&f ]}9(‘;7 fﬂl?\?v?n heChb Zon ghg core at

and the average or sodiumc
ak\%& %%@ﬂn zn assiEnthe files fhiomgh er 36°ewatek fedch tath for about 40
ber | um na of

seé&{dé.t ' “?HT ?I t\xrea?tslﬁmtéér}ge%uﬁh? errc}glgg epIpgLAure -pﬁ:iltgr-nngebbath for 139

sebmidlsoWhé Iﬁfbelr wm@laaﬁ@zdacsfobls’z@(ﬁ Bécoh@d intd 37°@Lf Bd,ﬂtl 6951?16%1'9 40 veight
for_ use._in En ultrafiltration cel

S
pchgﬁg\a}%HeOB? ebysaTOk i et movElg thatfder drom éhme@lwus glycerol bath,
ex8&% UlquRN$ras stripped from the fiber using an air knife operating at a pressure of

about 30 psig. The processed fiber was then dried in a convection oven at about 70°C
for 155 seconds.
The resulting hollow fiber had an average lumen diameter of about 142 pm and

an average wall thickness of about 31 um. Dialysis test units each containing 150 of the
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EXAMPLE 3 A conposition was prepared conprising about
38 wei ght percent Udel P1835NT11 pol ysul fone (Anoco

woioyEs383 |1 nc. ), about 44.3 wei ght percent anPyUU82083/040499

10 sul folane (Phillips Chem cal), and about 17.7
wei ght percent poly(ethylene glycol) having an average

HodloRc fibers W\éﬁ fibticaddd. aliUiverd30 th ditdotvoasr f{uRoaF tﬁ%&fﬂeﬁﬁbé was 68.0

yieldin ,solvent to non-sofvent ratio about 1.

b &heaymideTe’) Gid.ihe ayeiese Ko dor Fediamcehlorids wes na@out 228 x 107
Jg}ﬁ‘gglgfe?s; s&h@?%ﬁ g§£ égﬁlﬁgxﬁ) gll&vhgal?? ow&?@bﬁfétﬁb%g %ﬂnma of about 0.02

er Sspilnner

mhBliexd feut dl&h&te%ﬁ fibgte mMiickbliow-fbér mémblaaslis I%Gﬁil ff@f ultraﬁltratlon
about 6 15 seconds. The resulting hol | owfiber
sWeh198 dPreuisrag a\nduﬁ%ﬁltrﬁtual edl for dhe Epmrayiel ebeontamants dfom water or
J&g SEFO‘?R’% pl aced ‘i medi ately into a water bath for a

rio a%’out 12-15 hours. The hollow fiber was
then unwound fromthe corEXAMRBIB®3t 30 ft/mn and
passed throu a 37C water, | each bat r
D orils OO 7o b, PrpErag rart 38 S8 Dercent Udel
B RIBRat lffo%/sﬁﬁ&%rﬁ' i %@&%&sf Bc. f) aht 444%3@&%9&%m anhydrous

The fiber was re sticized or 140 seconds in an

w&fa@ms@@uype :Cérlemmi)h apd rﬁbauhulﬁg azbrght mmenbpgly(ethylene glycol)

ercent cer t he t

P et b et b BRhe Fodiltell OO netip vielding a
Bt tEX6LSEIVEMOI6 aBaE . 9rIDV131@b écsrﬁpasﬁtltﬁl tvasb eémbaun@ed in a co-
air,_ knife operating at a pressure of about 30

rptpéing; fyein-seeeyy exEkics et é'@putr?9a0cémﬁ/éz§w49ﬁ dresty 4 oagla)@t 30-hole
%%P”d %ﬁfé}etlﬁﬁlese% H%@ u-gﬂ&ed‘%ﬁ%lt étnzg)out 2 °C for about 6

er nenbrane an a erage | unen

sebends. ']Zﬁ7regrlmn@m1(ﬁﬂﬁhmemalgbrmlwastvlfmmkmﬁSaScolré aabbmit 160 feet
is test units each i ning 150 of the

35 m D al s1 ont
Reéguwfﬁn@idfyn el pperliataly; e 8 3odsd DAIAR # RFdod oligbput 1S hours,
aver aﬁl’f‘e ﬁdglﬁ)\ny ﬁﬁércbv%é"'ﬁiéf urf\t&lfﬁdq{orﬁ Iﬁfesc%réj &V b%ﬁ{53(y\’?c 1n and passed

143. e average K
thi'dunghladﬁ (amatémlemdh Wath foe abo@8tOxsetnda. d&ntﬂb@nbvm shepammersed in

AR el QYoo BEoT R LT arom T e Ypglastcizad

foPi ohgdcbaay id 'aﬁeiq}u@&@ @Pﬁ@ro“} %tlp%oﬂtﬁﬁl%g Ab&it 40 welght percent
ultrafiltration ce he renoval cont ani nant

gly@mﬂwﬁmé?aﬂobelag beld @ 2wt @B?Gm dften semmm@a/ﬁl@s gsm the aqueous

ee/[:r)él{rsﬁg %%041? %hd va>g<§ (r.l\){e%oEv é f?&gﬁ:glﬁr%)? %é trblcygxlal% %fe operating at a
ﬂ?&s%ﬁWﬂaboﬁﬂﬁ()’pSigf The fibAwenthEe ins®isa coivection Ul about 70°C

45. 7 wei ght percent anhydrous sulfolane (Phillips
fonabaut 45 secands-about 18. 3 wei ght percent pol y(et hyl ene

glyc ofdﬁel tég&lﬁﬁ% Eﬁgllé&e%? Elge%?o’rgf?é Evéﬁéegﬂ%neﬁf 1@:?%%1; of about

1000 y1eldin ven
230npan| amdndn wedrage afatluthicRnésslof domt c3<5rrpmS| ﬂjmilysmvat&t units each
oun in a co-. rotatin nsc uder__at
n&igg"fath%l resyiing @&rSdW?r@cffa%cat?ﬁ bl ot average in

vitro water flux of these devices was 143.5 mL/(hr-mmHg'm ) and the average K,, for
sodium chloride was found to be 0.88 x 10 centimeters per minute at a solution flow
rate through the fiber lumina of about 0.02 milliliters per minute per fiber. This hollow-
fiber membrane can be used in an ultrafiltration cell for the removal of contaminants

from water or aqueous solutions.
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hol | ow-fi ber spinneret. The extrudate was quenched in
air at about 25C for about 0.08 mnutes, wound on a

W@ or0e/058388bout 203 feet per minute, and hel d dpgr/i/82003/040499

thirty mnutes 10 before being placed in a 25C water

bath for about three days. The holl ow fiber was then
unwound fromthe core at pboMPIFN4ft/ m n and passed

t hrough a 38C water |each bath for about 30 seconds.

The fA‘g bedmpesstignnyesss peepeieda commmg ety a38irweight percent Udel

PIESPTH | DDl (e BRRaRuie, dRE DSl Rytapmhyarous

shEblane qPhalipy Cheabal); aAd abeiig |118 3pﬁégﬁﬂ§)e@6nl€9bll§r(éﬂ@lene glycol)
gl ycerol, the bath being held at about 38C. After
PRE\ANRY etags Molpatlaryweigh tH@bag 0 <laltgns daave CheaaD), vielding a
r
FIEFER, BPLIAAS STOUOLEA! O a6 BB i a o
rpfaﬁng,smd-sbmiwl entrudebetr aboas 143 9C dnd rxaudaindiestlyghronglken 30-hole

FPligirHord aPRREt b SO OVEA DAL EBRLOP G About 0.08

il 2woiRd 87 B ei%\é%ﬁt%ﬂ@ét o MiAKREAR Rdld ﬁﬁpf& tlé’i?tyﬁmnutes
m D aYVyS| S test units each cpont alning 150 of

hefwrabeinggldded én 8 26k wafcabath dait abdut thiwe daysr age | n VI tro

e R NS Tt E /5 e SO ST g pasea

thRush 4038°Cl{aiér tBh balt BF SbRRM30NEbhA®, aThA fiBE wﬁs Pimersed in a
flow rate through the fiber |um na of about 0.0

apn| temnperatuse W@termnﬁ@b@h é@rr14r8| sgeqndsTHihg fiber wswemiqs@qnzed for 149
e LI r af i t 0
ééﬁogﬂ%r el%D%Ig 248 glsrg L0 ngﬁ Soqutdint ‘% Jflgoru‘?odro g/e? %lt d)eI‘C%Bt aqueous
gﬁlytlebkill ﬂﬁﬂaat}EB(ﬁﬁ@hﬁd&t ébcﬁm B‘sﬂSI IAfieN raimey iy &na&mﬁl from the aqueous
npri si ng about 34 weig percent Udel . P1835NT11
g%m%hhaﬂb ﬁécqsﬁxhﬂ@é vwéﬂ%evesi from dhe fibgyising aypinderifrfperating at a

pgg%ﬁx?'lﬁffﬂﬁygf 9% ﬁée)%rﬁyésgeﬁf lfd"{?) ftt%n lgéfdg F%/lgo g@le):tlon oven at

@nuﬁmé?ca“gelmkeeondsar wei ght of about 1000 dal tons ( Dow
e s AR a0ou s b, B e damete of aout
39'2e| A B8d anSRleVRRtwAIP ’thJEl&f%ssS Qf YB&t T84 i19n 2l tysh- test Lunits each

The conposi tion was conpounded in a co- rotatlng twi n-
Cbﬁta\mlg 0926058 38BIRETINSB008 EMM&@ The reevagxinnide wager flux of

out 144C. dat e was, t hen, cool ed el.l eti,zed,
Sl ol 1 e RHESE g 6 Hoes Kb Fyworfg ehioride
Wil f00Rd €8 ball . 2000 Y0 bedtfnstsds Her tisitB Gt @ sSRKIBH flow rate through the
extruder. The resulting extrudate was quenched in air

fiher Aiswing of eboyt GF02omghlitersner sxinutg per {ibern d ohhelloyefiberamembrane
i§ 99&%1 7% Jl&ﬁ?ltr&ﬁ%l 5@11%} g')g é&lﬁg}/:ﬁ %tf'c{n?tﬂ&?%@%aﬁééfelﬁ( \é%sor gqueous
sahﬂmhs 15 20 hours The hoI | ow fiber was then processed

by unwi nding the fiber fromthe core at about 30

ft/mn and passing the fifeAMBKagh a

room4g e%ﬁﬁ@srit%ne WRL %fe'plal%ﬁc laoﬂﬁfiglné Ofbout 34 weight percent Udel
P1835NT11 polysulfone (Amoco Polymers, Inc.), about 54 weight percent anhydrous

sulfolane (Phillips Chemical), about 12 weight percent poly(ethylene glycol) having an
average molecular weight of about 1000 daltons (Dow Chemical), and about 1 weight
percent glycerol (VanWaters & Rogers, Inc., Seattle, Washington), yielding a solvent to
non-solvent ratio about 4.5:1. The composition was compounded in a co-rotating, twin-
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97 seconds. The fiber was replasticized for 145
seconds in a bath containing about 40 wei ght percent

waowenssssyl ycerol held at about 38C. After renPWi/OsRDII@0499

fiber fromthe 10 aqueous glycerol bath, excess |iquid
was stripped fromthe fiber using an air knife

REKY atthilr af abduPI LEEUMcRktradiftivadtheR sbdled, PRfetized, remelted, and
processed hollow fiber was dried in a convection oven

extrogpd throwghcr erholshollose Gbersspinpgeet abakaut iLA4°C using a single-screw
| i . i .
GahP" ThERG PRI B30 RIS 35, AT BIRED O mimue

afd Woudd® o #roks acabbutc200 &enipegy mihbteabd@ht ehlbite afounBlecore was
resulting fibers were fabricated. The average in vitro

¢
inmediatelyplacse 19 pds e waler bud f%a%pwd?f@gwtﬂﬁn%@wi and
the apgr § Sovb(%ef Was SR gﬂg&&%&;g? %w‘ﬁ?tﬁn% fﬂf%uﬁgert ﬁ)?rfleche core at

2.19 x 1 centineters e at a solution ow
ataue 30 firmigind pessihgbbe fibéruhrough af roatnetempOra@ze water-leach bath for

SRRRN ' flb EXAMPLE 0 . .
Finsonds B R VroisniPelitisgdor 145 stpoatom e affeRigiing about 40
\?ﬁigﬁf)aﬁgrg%ﬁl Shueod 8RRBIGL helnQk ¥5dU BEAE. (VTP een&RhY IR  fiber from the

out' 54 wei ght percent anhydrous sulfolane =
a0l lyserchbnihe gkyess disid wes wiinpied fpun dbatfiber using an air knife

T o T e

EomveitihtoveR ar st 6290 foetl by kepgdgl ycol ) (Al drich
Chem cal Conpany, Inc., MIwaukee, Wsconsin), 25
yi el dTgyregulsise hofloweiabes sncalupeshad pmeyeags Bienodiametep of about

Si tj ' rotatd : s
FEYTRAE L RS TREREaR! b i 31002 100 iy et conaining
dHoan 160If eltk respkink efibezetherer RabRbAtaT, Thadverats udeilro water flux of
t hrough a 30-hol e hol | ow-fi Qer spinneret_at_ aboyt

theseclayie §/2a 64 i2rigld ey ay) avetage KesiOr §9digm chloride was
%81811 ?%V[roé %qggx Bt CLARNRerdRsr mAHRE SNE bihfoP HbwhtedRM }(1) the fiber

m nute, and wound on a core at about 2
fueena @labper 0.02 mitlditerT her mimpierper fibber core was

i medi ately placed in a ath for a period
of 15-20 hours. The hol | W\és then processed by
unwi ngli BEmpHGtibn fb\_%s foreiirdd RofPHSIngt ab@ovl 3ight /Frdent Udel

and passing the fiber through a roomtenperature
DER3SNT 18 azpl%ysm&pne {Amoce Folymern dng.H 585 54 weight percent anhydrous

PCTA US .040499. 05 .seconds., The fibe h .
AR CheivnDonBEr SNRer et BERCsh Epggh having an
dfageafioiRedar Whighhef hisvit 10D@aalvas (DO @hémizhl eghdf sbout 6 weight
146 seconds in_a bath of about 40 weight percent

RRieR i (cHvenermycohe(Addragh GhemicaldGampapt &icrMHekRs, Wisconsin),
J l i qui .
D
opesratating @tinacemesstinrder af abhout5330. pThe extfindate was then cooled,

processed fj ber s dri in_a convection ven at
blstieeds Gemelied rog SHERALIotL s LEE HAgONGhT<B PGt at about
RPr 3hag N2 dif e A4eHAALIhd4Te N THE 2RBkIBhg OfolRRAHber extrudate was

quenched in air at about 20°C for 0.08 minute, and wound on a core at about 200 feet

per minute. The entire fiber core was immediately placed in a 25°C water bath for a
period of 15-20 hours.
The hollow fiber was then processed by unwinding the fiber from the core at
about 30 ft/min and passing the fiber through a room-temperature water-leach bath for
20
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180 m and an average wall thickness of about 20 m
Test units each containing about 150 of the resulting

wOo piwenss3ser e fabricated. The average in vitro REL/E82003/040499

flux of 10 these devices was 60.0 nL/(hrmtHgm and the
average K, for sodiumchloride was found to be 2.17 x

F50seoiddN t THERE Bdr Swikethefliiefsedlin @ 196iWemBBrablr® Waté@ithse bath for
through the fiber lumna of about 0.02 mlliliters

Bdrsepondist dhpdollpwiher vaxanPasticized forolfdosscendsringath of about 40

B gt BRSSP Er B Rl ol ol Ep e, BReF g it b2 om e
ag’e&tst g]P r6EBithekoeds Qigsid S fstlppee fdaithd ifiPer using an air knife
em cal), and about 15 wei ght percent gol y(et hyl ene

qpeyasini)at ARIsHEe of AbeiS0Rsis. nbharigressed B Y asgiried i gtconvection
: wyeal ), yielding a solvent to
%’%ﬁ%%@\}%ﬁﬁ%ﬁ)ﬁg@%@%&& 5:1. The conposition was

conpotidetuliing ollow+fiied nighghbraterhat sic pessagexlumegiediambter of about

about 131C and extruyded directly through 30- hol e . .

K rewvapd apiayerass maﬁh@@ws&mﬁa@w Adite Tet Ugie fedhegpntaining

e{b%uw?%@ of Zﬂ‘Le %Pﬁmh% Z@efso&el%bﬁﬂﬁcaﬁecﬁe?ﬁé‘ d9eragd BEvitro water flux of
ol Towfiber

resulting nmenbranes were wound On a core

thtseatewives 244 60 OanLjfermmHgrat pandThe average Ko f fobsedigmrobloride was

5 BRSS9l LRSSk 8P RGPS S oS mpen e s
BB B¢ HEEEE 6 nbiiwNbAdh Rt Jee fibéders fromthe core

at 25 about 30 ft/mn and passing the fibers through
a roomtenperature water-EXAMPBE{/h for 97 seconds.

The fibers were then imersed in a r t s r

ot ex b EnRRSAE Y PriE Sompflete iRl SEPEERhY Foreont Uael

PEBISEE! I GorRelfbey (Abcs PEBMAtEs, i Ac.5 dbotih5Diweidinyiercdft anhydrous
'ycerol, the bath being hel

wei gﬂg‘tg 1gJ_el_rcent aqueous . d _

sfolme (Phils Chemieal). padrabeu d 5 ttrishtipsiseat poly(sthviene glycol) having
FEAPS FOLETEOh IR ISP RER A0 L P £y AP i P
for EEssoleend ratib atdut 305:psi The ddmepasitionessse corfipdimided we meco-rotating

dried in a convectiaon_ oven_at about. 45C for 152
FEBSHEY, SxPder akaqut ﬂélﬁa%ﬁw g r%m*)é rtadd-4ale hollow-

I, j t: o ) ‘
%&l@lsﬁt SIICE gfgesg%t?ﬂg%%%so ucfB¥dtin w23 A hbARY @Eo@é‘rﬁ)‘h@l &econds.

I C 7 gm Test units eac
T teasuhing ghol B w- R r 206mb BHES 8&ErPEHUUS D03 /OO 410 gbouk Pddt feet per

150 of _the resulting fibers.were fabr.ic . Ih .
BB SRS Spelys EPe SRl s ARGRABR pRGCHdCAT Ceuibkatg fof 2 period
ool b Rgsand the average K, , for sodiumchloride

was found to be 1.76 x 10"2 centineters per mnute at

a sol The bellow Ghers arase thenquegessaddyfyryanding (g flersfrom the core at

bo 02 mlli.liter m put e i
et rcaagsion bE SrFEndl AL ERElllsBflee wterfosch bath for
97 tdcondaSEk fberdiivte Mgl imis2d ilg b ir6leh iidiggeraniy watebtifise bath for

to henodi al yzers as of foll ow nglz . .
135 seconds. The fibers were replasticized for 146 seconds in a bath of about 40 weight

percent aqueous glycerol, the bath being held at about 38°C. After removing the fibers
from the aqueous glycerol bath, excess liquid was stripped from the fiber using an air
knife operating at a pressure of about 20 psig. The processed fibers were dried in a
convection oven at about 45°C for 152 seconds.

The resulting hollow-fiber membranes had an average lumen diameter of about
203 pum, and an average wall thickness of about 37 pm. Test units each containing
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1. Small s

creatini ne,

olute clearance: 10 The cl earances of urea,
and phosphate are determ ned usi ng open

wo omp/oss3sTuit at follow ng conditions: Blood i PCBEUSIDD0M0499
rate, @Bin = 300 mM/mn Dialysate inlet flowrate, d
=500 Mm/mn Utrafiltration flowrate, Q& = 10

doufr 50 bP tHOResEIRAE qwefsawaénf‘abﬁéat&pl The ak&rasd huwtfmwater flux of
were as follows: Uea =1 | Creatinine = /1

.0 g/ .
thhsesisiviaes was @, 11211@@* ﬁﬁhggtng ang e avesagedad don mdé\ﬁnw;ﬂonde was
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PRATRo B B e

qi%l_e?eés p20 CI 76‘ é‘gan g}cﬁu@w f;lmv%éte thr(glslgﬂ the fiber

eBind ofdbRut 1162 EOINCERE p@tmmntecﬁerﬁeémt e at bl ood inl et

and outlet. 2. Mddle nol ecul e solute cl earance

M ddl e sol ute cl earances EWi tanin B12, and

cyt OCP{ ?dpnaﬁ%é/\%f %ner&l?‘rxﬂgst Ge rdglgnﬂ]ile@ qP} C\Ll&ﬁ %sgf 1 and
ci rcul e sane oW ra as in the case

ENI28 guidelireaappitablaitd hembélalsabmtaeoﬁfmlowmg: ation in t he

range of 300 to 500 ppm The cl earance
as follows: Clearance (mM/mn) = Q[ (

M ﬂ-ﬁlaumgfeecl e= slope of the reg
of the tinme el apse and the natural |o

was cal cul at ed
BT / In(1-Q&F T/
ressi on anal ysis
garithm of the

concefihe ateamncesf off eat esntinos, andophoFphate lazgp detdrminad uging open

22 WO

th tt
IQSB&F@gE?S{%u . EJ%%S%%‘%QOZ% ! g‘e ieLlot rafiltration

rate 3. A'Blb@ﬂ”nléﬂ%%e@ﬁ,{iwwﬁﬂﬁmlﬁnd
ultrafiltration rate was cal cul ated as foll ows:

Bovi ne serDinlyssteisletiflow ratheQeé =t398msl/miphe total protein

content is dn is recircul ated
thr ough thteyﬁﬁ é% coﬂr?pv%rattégq‘x g‘%ﬁ@m{fﬁq 300 mM/mn and

Q= 'BRk fdncaitiationdbf DIith e soluttorerklasifallosist cul at i ng
through other conmpartnent. The ultrafiltration rate,

Kuf is detBrstimbl&8fter 1 hour recirculation at ¢ =

60 m/mn. ?%mngnlz%%ﬁf X versus the trans nenbrane

pressure, is used for the conputation of
Kuf. 10 KuPhesphaft =0.B0Y1/ TMP, nl/h/ mrHg

The clearance was calculated by means of the expression:
Clearance (ml/min) - Qgin (Cgin = Coout)/Cain + Qf (Cgou/Crin)

Where Cgi, and Cpoy are the concentration of solute at blood inlet and outlet.

2. Middle molecule solute clearance

Middle solute clearances such as vitamin B12, and cytochrome-C were
determined using closed loop circuit at the same flow rates as in the case of small solute
clearance with the solute concentration in the range of 300 to 500 ppm. The clearance
was calculated as follows:

Clearance (ml/min) = Qff (BT / In(1-Qf T/ V) + 1]

Where

B = slope of the regression analysis of the time elapsed and the natural logarithm
of the concentration of the test solution

T = elapsed time

V = volume of the reservoir at time zero
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The al bum n sieving coefficient, S is obtained by
nmeans of the expression: S =2 Cp/ (CBin + CBut)

wOb@res583R5 i s the concentration of solute in thBCT/US2003/040499

ultrafiltrate. 15 4. Platelet drop was determ ned as

foll ows: Fresh bovine blood is used in this test. The

di al yQeesiltraffightith rag menbr anes, to be tested for

platel et drop are primed with 1L of saline sol ution

then attached to the dialyzer into the test system as
hown A iy Fi Qs i | .

s vAAmh oyt cBficEnt Bid l00MallB) PHEVAFEElatdd as fifows:

m / m Bovihe e ssedsedi ial theset ©stR0 Tier tofal pBbtemdcanenlies0 = 5 g/l
ml each,. were collected at O, 1, 15, 30, 60, 90, :

Hoyne S e atrdderopgh ﬂﬁfbém C@enpéﬂfm%a@ alflanigpin and Qf

3 @i, REOMER! istho Gihd oRMAERY thidligh oBP'RABartment. The

val ue of two readi ngs was used to assess the platelet

vigmfilitation rateySuis detecined|afier bhoti reeirculXnRit ©)= 66 nBymin. The

by (31 S B pendPincoprS iy P2 ol ™ Gsed for he
Eahpightivd smeurgl ycol (MAV =1,000 daltons) = 11.0 wt %
Sulfolane = 49.2 wt% 30 Aycerin = 1.2 wt%

Pol yvi nyl yKpb+i@bx&0) UFMR), md/tlymmBg % To this end, a
ny’ e o~ .
corboThe bRl ebE B AdetOTRL g 8P fibnite B BRI

anhydrous Se{Z 0Op A€, Aloay) 11.0 weight 23 WO

2004/ 058385 PCT/ US2003/ 040499 per cent Fol ¥et hyl ene

gl ycoWhegpiis the pongentgatton qf splugsin the Yerghltwte. and about
1.0 % UHWW pol yvi nyl pyrrolidone. The conposition was
conmpounded in a co-rotating, twin screw extruder

4bout Pl dranetad detgrnendd asdelowshr ough a 16- hol e hol | ow

fiber_spinnere t. about 145C. e extrudat S
quenchiésn b logf s eedan i 1 e bt sguding membranes, to

BERRRASRor Hh%eléte&%tytairé‘ %n'ﬁﬁald' Witk fLRGT sallRERERN6N WRsh WRIAEY to the
on a core at about 20 m mn, after being passed

dinlysergntoathesastsysteat os dowabio Fig. 87 S0 onl afbbaed m@intained at 37 £ 1°C

seconds: The hol | fjber menb t hen unwound :

P e tor i (- ot Va6 AR syt n AT SR giaysate
péis. VBIoRH shmblesf Pimlaekitwdre@onesanatso, 1The, 80beu, 982320, and 180
replasticized for about 30 seconds in an a%ueous

winpdesr & paielet conrtai bty myavhoite Youliy AEfyentiahfedle founter. The
; 3 f .
?Jee}(n%r gélu? L(gfe ft\iggtel{éa&ﬁg% sn{’%t Wiy \%asas?egg uthe e@%ﬁl%aﬁag{’atmn versus

he aqueous gl yc
exgeadatidd iwe.d was renoved fromthe fiber by an air

EXAMPLE 9
By way of example, polysulfone fiber A was spun from a formulation consisting
of:
Polysulfone = 37.6% ‘
Polyethylene glycol (MW = 1,000 daltons) = 11.0 wt%
Sulfolane = 49.2 wt%
Glycerin = 1.2 wt%
Polyvinylyrrolidone (UHMW) = 1.0 wt%
To this end, a composition was prepared comprising about 37.6 weight percent
Udel polysulfone, about 49.2 weight percent anhydrous sulfolane, about 11.0 weight
23
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knife operating at a pressure of about 12 psig. The
fiber was then dried in a convection oven at about

wWQ 0@4088388bout 200 seconds and wound on a cor ePEE/Usinosi040499

60 ft/mn. The obtained fiber shows a symetric

Structure as illustrated in Figs. 6 and 7. 15 Fi ber

Isere@lﬂﬁio@ybt@n&lef B1yebl, Ofbdht NEY FRiSRNGRcdn® @iocem, 'dﬂdT:%Hu@ 1.0 %
In-vitro platelet results tested Wi th bovi ne

IBHMW Imhéﬂaﬂpymolldmna dhe gomrrmtm mcqm@qwé@ﬂ inrp co-rotating, twin

I atel et, after our,

% SR b0 i e e i his [ AMIN i spinmeret
zftOJBaSu’t AR50 qBeexhdfng Wa%OquéﬁcheBQhYtﬁbl|air0£’teabeu868ﬁ%for about 30
Pol yet h I ene glycol (MAN= 1,000 daltons) : 11.5 wt
@cy@br i Ahe: resyltigehalaw-Sibahmembsaneowag gromnd ﬁ&@fe at about 200

ER%(IJ H%Hg{;%lgéeq(%ﬂ%uéyg%erba% é%‘%u?@ﬁ@ 'S a%ggt l@seconds
conpé ion prepared conprisi ng about
per ceThe haltbet fiper nsmbfane &vas diEaunvwling fuoe gietcopeea‘raémut 60 ft/min

anhydrous_sul fol ane,  about. 1 I ght. __perce

9 ParRg | BRI §EBIC Pt tf%ivgcﬁk-laﬁ eﬁ@?@%mThe fiber was

SpHSSHLE, T BEPTO LAY IEGRERPHRSRY S Eopring oo

thghumderif %igghro%ﬁbhbah Iﬁgpmhmrdwad abguf iri] $3°a€r Aﬁcnmmoemg the fiber
t about e extrudat e.was quenche

Epmtig T8 Harer Dot SoechOnaa e RGOSl o Hy B by an air

f&ﬁfé Syerdtindek a'ﬁé‘@ﬁ@r@ﬁ abes 12 V}S%P? dTRfiFerGRds&héd dddiPmita convection
200 mMmn, after bein O%@passed gm?h a water bath at
asoLat abQJJZQOf(E) forgbouit200eemnsls aud wopad \ye 2OGAt ebBH $8 ft/min.

PCT/ 04 The hal | ow f

unwou ﬁ%’rﬂegﬁ%eﬁgli’ows mu.e%n%%ﬁ{c% R 1an‘gr passelﬂgSn 6 and 7.
Fibépﬂlﬁ{bnﬁloﬂ Qfd Waiceibndl HebfofrRdnca Rogilved BOTstg€ Dbeldw. 'Ilhemtro platelet
fiber was replasticized for about 30 seconds jn

rguitsoigeied Mjibdoginetblead e shawmimigigeholihera ovas peidye 1 in platelet after

gﬁ &%%tfr&r&‘flﬁﬁ , the bath tenperature was about 38C.

Yer r&oving the fiber 5 fromthe aqueous glycerin

bat h, excess Ilqui d was BXAaVERLE tém the fi ber by an

air knife operatj ng at {apr ssure of ahout 12 |% .
The fByatenpisxamels. Belyalions fiberBas PR fromby ation consisting
ggout 70C for about 200 seconds and wound on a core at

about 60 ft/mn. The obtained fiber shows a synmmetric
structure Belysilfumst=3¥1.6% in Figs. 6 and 7. Fiber

Tanl os | apeoPrYern EBRE O < FOPERSorsY FAAPEb Ui ng

bovi ne bl ogtyRfig=showae n Fig. 9. The platel et
reducti on was approximately 40% after 3 hours of
reci r cul at Pulfolane = 51.2 wt%

Without Polyvinylpyrrolidone (UHMW) = 0 wi%

To this end, a composition was prepared comprising about 36.0 weight percent

Udel polysulfone, about 51.2 weight percent anhydrous sulfolane, about 11.5 weight
percent polyethylene glycol, and about 1.3 weight percent glycerin. The composition
was compounded in a co-rotating, twin screw extruder about 160°C, and then extruded
through a 16-hole hollow fiber spinneret at about 145°C. The extrudate was quenched
in the air at about 18°C for about 30 seconds. The resulting hollow-fiber membrane was
wound on a core at about 200 m/min, after being passed through a water bath at about
37°C for about 10 seconds.
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EXAMPLE 11 By way of exanple, polysulfone fiber C was
spun froma formnul ation consisting of 15 Pol ysul fone

wWGe-2@48/088383vkt hyl - pol yet hyl ene gl ycol (MN = 2, 00BCT/US2003/040499

daltons) =11.0 wt% Sulfolane - 44.2 wt% d ycerin -
1.3 wt % Pol yvi nyl pyrrolidone (UMN 2.5 wt% 20

N- Vet Tiyd hdliowf fibdrdf@abrand was \Mekouhrouhid $roethe Bre at about 60 ft/min
conposi t| on was pr e&ar ed conprising about 36.0 we

el passed ttmlghp@l% | W‘@ﬁ?é baglyofgr abgup 1R gpsendser cH?q fiber was

%Bﬁgtgcil%e;;lls engl ; yCoIs’ec El 3%11 &e@ﬁé %p}cgré)?? ﬁfnctsntalmng about 40

@highepdreent plydeiogitidibath @érﬁlﬁfﬂ&turd‘% abantbwbb UAfiet. r5m%11ng the fiber

UHWV pol yvi nyI pyrrolidone. The conposition was

Eompba mgiepus relicesy- hath.aexcass, Liquid vas demavek frnowa?e Abmsty an air
t

ool byl 4 Stou 12RHO TP A0k g ThAPIEN o convection

opearat hieshit 707C fdrabautr2 08tseadnds tind #Guddon abargtat 8out 60 ft/min.

secon The resulting holl owfiber nenbran S L.
wound B oBAEs gt Stk SEpgTc Rreu PRty pdigs and 7.
Fl'BElo&iﬁfénﬁoﬂ\@ﬁ@ funB@bihl %Erfé'il%%tze 1.5?%@&%‘ ATaBRRUtand @1 In-vitro platelet
seconds. 30 The hollow fib rane was then unwound
fesain tusimgc bo*enatblabd.) uare GShOfvm mnFigarfl pdbseplatelatotagliction was
40C wa fiﬁ{‘?@} of abou 150 .seconds. The fi ber was
‘?pé’ﬁ?’ﬂg]la 4 aiftgrr Q?)lgﬁf) EHTEUREONS i n an aqueous
gl ycerol bath contai ni ng pboMPI4911 Wei ght per cent
gl ycerol, the bath tenperature was about 38C. After
r enmovBH gva(yh)é’ exupple, palgsujone diday O yegsgpun from a formulation consisting
PCT/ US2003/ 040499 from t he aqueous gl ycerin bath,

Kcess liquid was renoved fromthe fiber by an air
kni f e operpdliysigfoat =Bau®ssure of about 12 psig. The
fiber was then dried in a_convectian oveg%:st about

70C for abMigt YNQIY§@Q’@H€§IB§HH(WT1§ 09 dait 0 whBut
60 ft/mn.qJRg g,g,flber shows a synmetric
structure as | ustratec? in Figs. 6 and 7. 5 Fiber

di mensi on Gt}(&eﬁmno‘.mwﬁm perforrmnce is given in

Tabl es | I n- \utr sults tested

Wi th bovi ﬁgo E’SY‘BES](H’YEPB Séw@ﬁ There was no

drop in plRtgL&i Mﬁ{dongJB)@l(,ﬁ%of recircul ation.
EXAMPLE 12 By way of exanple, polysulfone fiber D was
spun To ¢ims and,ce earhpasition wampiepaicd gompOsiog abews| 360 weight percent
Udg’l pcﬂysulfone, about 44.2 weight percent anhydrous sulfolane, about 11.0 weight
percent polyethylene glycol, about 1.3 weight percent glycerin, 5.0 weight percent
NMP, and about 2.5 % UHMW polyvinylpyrrolidone. The composition was
compounded in a co-rotating, twin screw extruder about 160°C, and then extruded
through a 16-hole hollow fiber spinneret at about 145°C. The extrudate was quenched
in the air at about 18°C for about 30 seconds. The resulting hollow-fiber membrane was
wound on a core at about 200 m/min, after being passed through a water bath at about
37°C for about 10 seconds. .

The hollow fiber membrane was then unwound from the core at about 60 ft/min
and passed through a 40°C water bath for about 150 seconds. The fiber was
replasticized for about 30 seconds in an aqueous glycerol bath containing about 40

weight percent glycerol, the bath temperature was about 38°C. After removing the fiber
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Met hyl - pol yet hyl ene gl ycol (MWN = 2,000 daltons) = 11.0
w% Sulfolane = 43.2 % @ ycerin = 1.2 w% 15

w0y 058393 pyrrol i done (UHMWN = 2.1 wm % PCT/US2003/040499

N-Met hyl -pyrrolidone = 7.2 W% To this end, a
conposition was prepared conprising about 35.0 wei ght
fremcéhntaquédinl glpadrinsbdth oexeessatiquid whs. rﬂnmécg fitonp €teC fbér by an air

%%F%//?ﬂeﬁ#s i U|af@%|'y§g€q% Ofﬁgg‘iﬂl %plsggo eg%le ﬂ@gg Cented in a convection

%éaﬁca@ Ehdut 76°@ fNRILBIE 2 EESTk 28wV 0B HoRRR Yboid 6B HAnin.

MWV pol yvi nyl pyrrol i done. The conposition was
conpoline ebtained fibeo shawsat |syngmet1w sirsbrews ebustratkdrindbigat6 and 7.

nd the t hr ough .a 16- e  hol
#‘I‘I%B"eﬁim?ﬁf’lﬂﬂéP f“"ﬁf“’ aﬂé’ﬁ#"%&“ ‘éeneB‘?t L"étlé‘n@éﬁ%'mfo platelet

RSARCRAEI with HoREhed]bodPdre IS inliBE: s‘o OThéB Y4k ndQrop in platelet after
seconds. The resulting holl owfi menbr ane was

fbowg obrecceletien.at  about 200 n1mn after passed

t hrough a water bath at %gﬁﬁﬁ 25 for about 10

seconds. The holl ow fi ber e r;Eﬁézvvas t hen unwound

f r om Bhevay@rexahpkbpslysiifont fibei D waangup 8saes foriubitigh cansisting

40C wat er bath for about 150 seconds. The fiber was
?%pl asticized for about 30 seconds in an aqueous

gl ycerol bp%g% gvg about 40 weight percent
gl ycerol, terrperature was about 38C. After

renovi ng t MetHyil-belyeﬂ@l@e giycoh@ IRt 208 dgltyesd = 1. hat%s,

excess liq was r ed fromthe fiber by an air
kni fe operg?lsqlrﬁnea‘f‘lggoﬂ\‘te/‘%ure of about 12 psig. The

fiber was Gheprifltileflwigy a convection oven at about
70C for about 200 seconds and wound on a core at about

60 ft/m n.Palyenplpyaohdenef(UFBIWohd v¥symet ri c

structure S 6 and 7. 26 WD

2004/ OS838§M€W€%@§%&&O%€@| ber di nensi on and

funct Temes eR®’d esmpdteton Wadprépited Borhphifs abods.0 Weight percent
In-vitro platelet results tested with bovi ne bl ood

Heel reipsmions, gboyt 48.2 waighperaent rahpdrops swliglprg, ebeut 11.0 weight

AL R, BLbE SO, bty PRkl BoELy Fo o prcn

NNV afd habdapahi | ¢ IDHI\WEpolyE’ﬁiywyh’@MH@w f Omth&ﬁnpcﬂsltlon was

formulation resulted in_a non- thronbogen

GOIBAYGASH Hb of SHETtAtIE (B &CTPYr SXiTudey §b‘§1ta]gﬁ9 e ans dhen extruded
P
fﬁﬁﬂgﬁ a{ 6-B0EHo 15\%366 5 bgﬁﬂ&gf&g&%{éfﬂﬁac efl{/\aéﬂﬁ'aﬁé Wis quenched

o ne Fi
iRghereia bt zhbcmy18°St foe about 38tsedmndak The festlying hbk}me fliieberembrane was

‘%ng%{cgg% gic(é{eg%ra@g{lqg(y éag]rﬁgg aﬁ/grripqggﬁsf t%?ougﬁ ater gath at about 37°C
for about 10 seconds.

The hollow fiber membrane was then unwound from the core at about 60 ft/min
and passed through a 40°C water bath for about 150 seconds. The fiber was
replasticized for about 30 seconds in an aqueous glycerol bath containing about 40
weight percent glycerol, the bath temperature was about 38°C. After removing the fiber
from the aqueous glycerin bath, excess liquid was removed from the fiber by an air
knife operating at a pressure of about 12 psig. The fiber was then dried in a convection
oven at about 70°C for about 200 seconds and wound on a core at about 60 ft/min.

The obtained fiber shows a symmetric structure as illustrated in Figs. 6 and 7.
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Fi ber C 184 21 38 430,000 Fiber D 189 22 50 324, 000
Freseni us F60B 199 42 35 85,000 Table Il: In-vitro

weeoofosssehice Pol ysul fone Surface Sol ute cl ear aPCEUS2003/040499

mM/mn (nm2) Urea Creatinine Phosphate B12 Cyt-C Kuf
Alb S.C. Fiber B 1.9 231 204 182 102 43 22 0.01
Fibbedinfendiod add €undfienal HerfdMianédis/giBerlinlhbldsiTaad 1D A-Wtro platelet
275 251 240 191 115 14.6 0.02, 10 It _should be .
ieRuits testedb withbaing Hloasiase shawvyiastigny FBYIP a8 2pjdsersin Ratelet after
r ..breferred enbodi nents descri bed herein
%mﬂﬁ‘ﬂlgﬁgﬁg%‘gl%%%r? to those skilled in the art. Such
changBstaandigdt nfid Table dhsugpasts it thedesevaft hembll amount of UHMW
departjng fromthe spirit an scope of . the present.
hFaR S oot RSB GPHFelioRe g | FETPIgRqdpated in a non-
ﬁig&ﬁmg%ﬂﬁﬁaol}l's‘hgb?e ﬁﬁer_ts'ﬂﬁélﬁ% Rrididieastidatdiat such

changes and nodi fications be covered by the appended
cl ai frabled7 Specificatisw 583 §'on SiivNal B0 8ngn oGP oliudfone Fiber

The invention isyel alned. [ ; .bol I
sem per neabl e neﬁ%?rgir)]’e, %‘%‘ZW%% y@u I%Pg#eea@g?ﬁ p)eétr?ér{flé%%{bzeak’
5 meRYysaifme Biberpr i Biciey a rAigelyr e ofl/hVg{mmHg g/em2

ul tra- hi gh-nol ecul ar -wei ght hydrophilic polyner, a
pol ysul f one conpou g and a,sol vent foy, the polysulfone
corrp%lﬂfﬁ , and the 1 ol ysul%oone sem pe{‘lmeabl e ne Pé){ri])(g
havikigrB honpgeneol¥8 structure such tHat the 441,000

pol ysld one sem pejggeabl e gpenbrane hag a subst anizpabd ¥
uni form structure. The $0I ysul f one_sem per rrea?é&oo

2.
mentf%hE of d ai m]f,g wher ef’n the ultr¥- 10
hi ghFresedivs@®a0Bar - wei At hydr4phi |l i ¢ pol3gner is 85,000
pol yvi nyl pyrrolidone. 3. The pol ysul fone semni perneabl e
menbrane of Claim1l, wherein the polysulfone conmpound
is selected from t Eabl¢ Dy Ancvdts Ferfoithamlce bi sphenol A

pol ysul f one, pol yet he o] ysul fone, pol yphenyl
d’GP%@%’i‘ef onB 8 hd i xt{‘]nge%/rﬂ’é?’ ™ 4. The pol ysul fone
sem per neabh® nentrene Ofeatipinai NPhbsphatherBdl n CyeC ul Kofr- Alb S.C.

15 hi gh- nol ecul ar-wei ght hydrophilic polynmer has a

nol ecul ar vvei?ht of approxi mately 1,000,000 to about
Fisp® 000 dal¥ons. 23, The?%ol ysui¥dne @i pefheabld 001
mewgbcane of (Chai m 436 conprdsi ng at8s | east 304per carst 0.01

B,V ght po} ysul fepe conpgund. 4, 191 115 146 002

It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art.
Such changes and modifications can be made without departing from the spirit and
scope of the present invention and without diminishing its intended advantages. It is
therefore intended that such changes and modifications be covered by the appended

claims.
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6. The pol ysul fone sem perneabl e nenbrane of Caiml
conprising n- 20 nethyl-pyrrolidone. 7. The

w@ioy®se3BHne sem per neabl e nenbrane of C ai m | PCT/US2003/040499

conprising glycerin. 8. A polysul fone sem perneabl e

menbr ane defined by a conposition conprising a

m xture of a pol ysul fone c@momsl, an

ul tra- hi gh-nol ecul ar-wei ght 25 hydrophilic polyner, a

sol vent for the polysul fone conpound, and a

non- S?+¥ﬁﬁ&ﬁc%ﬁs%ﬁﬁn&?%%@ﬁb@@ne conpound, and the

pol ysul't oné sem per neabl e nenbrane having a

honogeneouA polysutfong ﬁnﬁpﬁhleh‘bﬂatndrﬂitﬁ'am thespdlysmifone semipermeable

senlperneable .menbrane has _a ﬁ¥tan ially unif.o

weml A0 r EOMpYisit ea HEYXFULS ©6n é‘ns & F‘}élll?Fe‘I‘I‘Bg drydrophilic

ﬁélgge o@yqui?Bﬁé Sdpdida A8 soﬁg’nﬁfb‘r ik ‘}%ol SulfoRk 86MPSund, and the
group consi sting of 1, i et urea,

ﬂqlssullfoee Isginipeemeablel mnmbrmeohmme a Hp;rmg@nm estrictang sech that the

d,
beeiioh Srhaiboime Rl o b R sty ol are.
pi perp di neThélgsIgduifone @Mﬁip@ﬁﬁé%[bﬁrnemﬁtéﬁb @h EXBMEL, wherein the ultra-
chl orocycl ohexane, cellosolve sol vent,

high-raoleestanyweishizpidzonbiles polwmertis pﬁlwlrw@wwllégm/ 058385
PCT/ U? 2? ??ggeh g)%?;fsulfg%en %em{peﬁnéalble n{lﬁ%g g W%}‘ Cltal% l lov‘(vherem the

am ne, am ne aur aat e,
thlfdﬂb( eshydumide ig| s&‘&kéd ftdnh (&bhgl'c&ipe oghgi@ttﬂg) of blsphenol A

I I I ol t hyl ol), )
P@Wytéieoggﬁgﬂhé%‘%f@%ﬁ 9ne€ BolyBsny ﬂpol La%ow ang apiyaires thereof.

d- sor pi t ol in B
5 et g I - '_I‘hgﬁtl)lg o'h]le E&ﬁg)\élﬁg% A Eranﬁeny 61§fllr1| herem the ultra
Mghsmﬁecmbirlﬁwelght Hydrdphlﬁc Pohynckr ehahyﬂ moletplan iwergit Imérappyoximately

EBhEDme e OO ba aeny ene o amine, 2.

phen aﬁt hri go ‘13901 Gl %{Haﬂﬁ mambPRPe tHf""'@ia‘?ﬂp N€omprising at
1- napht hol , pht hal eneﬁ 1- br onmonapht hal ene,

leest(B0; mrcccnalmy vsIslghppﬁdmgulfOpy r:ompotmdy | ketone, phenyl

st er 63, B P Bonl S BB bR B b o B T omprisng n-

9h§h¢ﬁw7 heptanedlol 9H fl uoren 10 9-one,
ferrocene, 2,2',2"-nitrilotriethanol,
2, 2' - Vi noGhetnedyswifonei savpwmerbln memprnshek £Haie et | omprising
gg,%ﬂ cyanam de, courmarin, 2,2 blpyrldlne benzoi c
beri zenepr opi oni c acid o- di ni tr obenzene,
9- met Byl - 9Aapalysalyereo éé}niﬁ)eﬁﬁmtbame&a‘tﬁm&: defined by a composition

chl or qdi phenyl arsi ne, antjnmony brom de, p-an di
eRBPHERg de Ry o %)dWIXSPIfP@ CPMPaRRda Al IBF %ﬂ%ﬁ%ﬂ%culaf-welght
I ; -
%8@5 :pgtyn'%enyﬁwéf]g £3r thﬁgﬁltyhpgoge 28&19691&? and a non-solvent for the
pasllysulfopb pbaaphatie, andu ther polsulbore, semtg@tmcthq membrane having a

hipagsngg e e i el dRtGeCLERE Phmipe ARl chombrape bas o

Sistinligmedlisdhm e ene ester 2- ((2 hexyl oxy) et hoxy)
et hanol ,” 4-nitro bi phenyl, benzyl et her

benzefesul Tba polyswifanci sg@ipepmaahle mepbyanearfs laim 8pwhergin the non-
sc?lven N se? tﬂ%I Froftt 'tﬁ'e g%u%t %Xﬁmstmg of 1, 1-diethylurea, 1,3-diethylurea,

dinitrotoluene, 1,2-ethane diamine, diphenylamine, toluenediamine, o-toluic acid, m-

toluic acid, toluene-3,4-diamine, dibutyl phthalate, piperidine, decalin, cyclohexane,
cyclohexene, chlorocyclohexane, cellosolve solvent, n,n-dimethylbenzylamine, paraffin,
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ester, 2'-nitro-acetophenone, 1'-acetonaphthone,
t etradecanone, 20 (dichl orophenyl)trichlorosilane,

waele@hioss3edli phenyl sil ane, phosphor ot hi oi ¢ aci dPCDUS2003/040499

di et hyl o-(p-nitrophenyl) ester, phosphoric acid,
tri-tolyl ester, phosphoric acid, triphenyl ester,

Ahgr, | 'n‘ﬁn@t‘él qﬁaxt faﬂlQH't éﬂnn@ Sttri%fhan&hﬁﬂi‘{lle Ehﬂfif Qﬁ’é%ﬁ&ﬁf'ﬁaate stearic

i chloride, p- nitrophenol, isocyanic acid

aed, hwetmlptﬁe BWCQBBHE(SWIBDG Zlol) wihybaie alhk’mopolywlqﬂene glycol),

AR LRl th i e G BEE Pty o0l dioheny! stannane,

FeBbre1rd], 2 -RiREIIS - quindlinel e(ﬂﬁﬂl;ﬁd'ih@ e4-pheii#ilrideid) §hosphorothioic acid,

benzenesul f onyl chl ori de,

¢.edti¢thyle ne-dp-oxyophanyl} ogery| ’rﬁm@e@yl—p-phenylene diamine, 2, 6-

4-di | spcyan
é%%e%%oﬁ‘éfp]? r{l%}i:’e 81'1 lﬁ%rﬁlse;%lxx@j %hexyﬁ_mrﬂfn%j ﬁ%)?lthylamme 1-
ﬂap‘hthylaiiﬁhhyhat@ﬁtmnl iZJnﬁphthéleném‘lel On@nhtérwphthalme Cc &gviufinic acid,
acetic acjd, acetanili cer ol and m xture
phesb yrolsd i betomﬁdolﬁaylyéﬂwéﬂ&%% hiaeinie FRRatigopheny!

: | .
s L4 0 B .

9@&131,3 ulfewoeens e m 12 2eadibiletrivtabolan e2 f-iinadietiBinolwh e dibenzofuran,
pol ysul f one.co oun is selected,.ft e gr

%i%h%ﬁlm@et&f #idph 2@%%04?65@?@/5‘ ine;)' Belzoic  acid,
B’%E/ §A194Qé%9 oﬂﬁhﬁfc%é‘n&é}ﬁe 9%%@19*3%1)1%?&%?4 ﬁ}li_ﬁﬁan-B-one

[ polysul fone, and m xtures thereo
dnib];oshphmyiersmmap’emnmalblr@mdemfamehm ceamsaid@lydheaépwﬁnle p-

the m%*F{'j‘?Ig‘@H‘P h- nol ecul Eng][dlg ﬂ%of???%? g tlﬁg{%)ggalo%élZ?%lblphenyl
ﬁ}éﬂﬂﬂl O&aéogie@%mbﬁﬂg Sutyrolhétond, h@rpﬁéﬁ}bl Stetrhd¥agnol, polychlorinated

sem per meabl e nenbrane of C ai m 8, onprising at
biphenyl 30 ypeticcaid, mvhmylngm@cioﬁgwlfeéﬁ% isqenpeia geid, methylenedi-p-

ERpRRe) B oEX CHRRRSIERE L RD St benzyt cther

Uéﬁzbﬁeshlfglli\yln‘ﬂileﬁdé a2, 4 \iis@dyandtydr bptettyl hepeeneredipid acid, diethyl
The pol ysul fone seni per neabl e ngnbrane of G aim 8,
pHesein t t?e‘mtIQra%"dPRh@ﬁPn?as sel ebrasglopaRifiege gr ougetradecanone,

g(ﬁ{lflgll%ghélﬂll B 1?2[1"1%t hﬂéfﬁ%d@ﬂ%{%@ N&lans; ?ﬁ?ﬂg}%ﬂgf‘othmlc acid, o,0-

enzophenohe hy ace
aremydrol(p-dﬁrtfpheﬁyl)m&smﬂ Sphbﬂ;ﬁio&ﬂ eacidpyriialyh ee;ster phosphoric acid,

t hi ophene, o-di chl orohenz 1- chl qQr onapht h Ien
HRROIL GSifn, GOSRIPrCL A o PP, Eriph T o BRePBHOBRedighloride, p-
RiRphendd E’Jb%?éiﬁé’ 484, Nafehy 1%;&&@%@0%er 2, 2’-1m1nodlethanol N-(2-

p- met hoXyphenyl - 2-~ ét hanol eridi ne, antlp rine,

emumiethyhHee (2a(R- aatueodhyyl)qnhnmmad)el Zchtlmediymlmxl%@detert-butyl p-

Ao PRERYRir MIRDE) bt S g, 12

aRéBylen®héNgl4-propemyd, dbbudeyt, ested-diipthalkd-¢-nehyl,  benzene,
bi s(2- ethylhexyl? ester, phthallc aci d, benzyl buty ,
ekloradinifshe nenzeng f i(Béxedanisomerdur 8xaEERe o2 -%%PIHr%@ne 4.4’

?}%{Eﬁﬁéﬁeﬁﬁﬂﬁm&efﬂ RRIIHEARh ST HRE RS ahic Ao, TelaniE Y dbrol, and

mixtures thereof.

10.  The polysulfone semipermeable membrane of Claim 8, wherein the ultra-
high-molecular-weight hydrophilic polymer is polyvinylpyrrolidone.

11.  The polysulfone semipermeable membrane of Claim 8, wherein the
polysulfone compound is selected from the group consisting of bisphenol A
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hydrophilic polynmer is polyvinylpyrrolidone having a
nol ecul ar wei ght of 20 approximtely 1,000,000 to

wa 200590380 dal tons. 17. The pol ysul f one sen pePCEEk1083/040499

menbrane of Claim8 conprising n- nethyl-pyrrolidone.
18. The pol ysul fone sem perneabl e nmenbrane of Claim8

PoNRIfoRd, @)ﬁlyeﬁiey 981ybﬁ1fon%5p019pheﬁyml% falbheE) I31ﬁd mixtures thereof.
s

sem per neab nbrane having tantially uniform

str u C]t?u re Thﬁl@ﬂl}gﬁ’\ﬁ@ﬂe semipexnigablesnernbisne pbHRladh § wherein the ultra-
h
I ]il' 8}% :W%%lgggyd??p%?cg : m'lgse %QQ%@F%? 0F approximately

pomrpmmt@ abuht ¥,500)0@hdanehecul ar - wei ght
poI yV| nyI pﬁﬁdol i done, a solvent for the pol ysul f one
conpolin palymelfens ofepeprmeale thempiang o ¢t 8, comprising at

T bl
1%9éggﬁ§ne o@d%gﬁhtgbg {:ﬁ;ﬁon%e:‘lbﬁsrfl ﬁ-serr?eﬁﬁ;lnegyr(reol i done.
21. The poTh(espblﬁraﬂﬁ)nsesmnnmrmmiﬂﬂ membndreaoieClaim @, @bmprising less
19, wh th t, I
b poESRCY PRy s DieBp oAl Vs e aoRtER gl oes,
30 m%oo%ﬁégéﬁéuﬁ’éﬁg Eﬁgﬁ%&ﬂgdfﬁgmb%ﬂé' bf @19 @) 6wherein the

1, 2- et hane di am™ne yl arni ne, toluenedi am ne,
wlvent (s csekeoted, from thsl gromlpacmmstmgylQfewaameﬂlytﬂnarﬁumne 3-methyl

e Rfobe BAERYS: EyORBREY AR EE | b aLuly GERERyisulfolene,

Py, @Iﬁbﬂ%n@%@idhﬁﬁbﬁ&hzeﬂéﬂ%ﬁfdréhaphﬁﬁhl&ﬁé ahethi 1|sahcylate anisole,
m ner al wax, tal |l ow am ne, triethanol ani ne,

orpittranisglea diphenytasher; diphenoxy dnethnce aesjorhisaonRg, )F’claP OXYPhenyl -2-

I
bl PR, YR 08 SUma A A uton
@gh@all eulfekisgrhithiadc, acid) decaylr dspon eph!thal&t &t’ilfh,adilmethyl ester, phthallc
resorci nol , 2- met hyl - 8- qui nol i nol , _ quj

w%r@ﬂtylwbyﬂprdmh&lahﬁ rsih KER WY IhesbiTe ph@?lac amé élﬁ-ethw}}}exyl) ester,
G SE0g Y St g

4-al | y8.- 2- T Ijmi(gsplfemm Isem]phmmbtm metibrane of Claim 8, wherein the
apht hyl ar ni ne,, 0 napht Iam 1- napht .
SRR APIBIT ot | PASHSRSHANHGRal GUIE | By Gfolular weight of
%&grgxlma [‘,Y)bOQU(‘j E(Pi 560,900 k@iongie, phenyl 4-pyridyl
tone, 1sothiocyanic acid, mnitrophenyl ester,
2 met bl - 1Fhé pabiselfont- mmgmnqahhedrambmnm ofadlei| § comprising n-
%}p %ﬁffdl ol, 9Hfluoren- 9-one, ferrocene,
petiyl-p 91 ot ri et hanol , 2,2’ -i m nodi et hanol ,
di benz®f ur ape (ﬁ% h@ﬂ@@ﬁﬁp&ﬁwﬁe a@eﬁbrawaaﬁrmdm 8 comprising
courmari n, 213 i pyridine, benzoic acid, 15
Papartmepr op| on| c acid, o-dinitrobenzene,
9- net I-9 0
chl or g%l phe Zi’g rug%ﬁée géri?iflll)grméla)oﬁ ‘@%@Pn e%ﬂ%ng a subatantlally uniform

sineenirs atigledphdet  Aadhfohnessr dinﬁaensimn aff the mmthrpl’iee nthiee polysulfone
nonoacetjn, diacetin, triacetin, pentoxane,

S ReESFP IS pne  Baing, qongrysiade rom a¢ Ao Gfh 4t @olysulfone
gdgflé(gﬁ]hacﬁlﬂﬁqﬂ%}{ SloRRERY weidt®t baYSEANRrolidone, a solvent for the

or I nat
polysulfone compound, and a non-solvent for the polysulfone compound.

20.  The polysulfone semipermeable membrane of Claim 19 comprising n-
methyl-pyrrolidone.

21.  The polysulfone semipermeable membrane of Claim 19, wherein the
non-solvent is selected from the group consisting of 1,1-diethylurea, 1,3-diethylurea,
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bi phenyl, nmyristic acid, nethacrylic acid, dodecyl
ester, isocyanic acid, nethylenedi-p 20 phenyl ene

W@ 310210358385 ( ( 2- hexyl oxy) et hoxy) et hanol, 4-nitrBCT/US2003/040499

bi phenyl, benzyl ether, benzenesul fonyl chloride,
2, 4-diisocyanato-1-1-nethyl benzene, adipic acid,

&ihﬁfo'?ddhenee Stﬁéthal?e dRinlih G- BRI RIREAG NBluenediamine, o-toluic acid, m-
" acet ona t hone, tetradecanone

f(o&.m@ tcish & B yhedinmminieo diuityl apihalate c BinsFidiepHeenfin, cyclohexane,
c(;ych %ng?r{e Qfﬂﬁ%@g{l?fl&a@é eﬁ(‘r})%wos (1)‘%11% ‘iilgrg %1%3(&]%3(1})61}28 a}r/rfme, paraffin,
Eieedl, oip MoigphaDWag, Allbw, andibe tmiemaﬁdsly:imﬁSt Rryl piasqehyinate, stearic

aC|d tributyl ester, pheny hos ous di chl ori de,
. (sl Blycob).s B eee ebxaaD): ﬁﬁxy%w SveeRybE ene glycoD,

%ﬁ%@ }syl%f %1%11:(51} nglgm I 6 Y]) D n‘? & e?ﬁﬁ)‘?%ol chlorotriphenyl stannane,

fese't]fcﬂbh %ﬁﬂﬂg}ﬂﬁSF{mlmﬂuﬁl dqmméahhe barpénytpyrichires phosphlotashioic acid,

?A;@Hés u?éfb Fopglﬁ%d mgggr 13\3&2Xilmeﬁ{ytl1—%[ﬁhenylene diamine, 2, 6-
%ﬁfettnet IOWﬁHﬂ ﬁﬁﬁ%ﬁﬁheﬁ@lﬂz?ﬁ&laﬂaﬂrﬂh‘i@ ' fl@‘l@nme 1-

[ bénzene, 30 chlorodinitro benzene (m xed _
nqﬂnﬂeyrlammeh éxrmpy’d]oh Zmapmbﬁsmgtmob nbbroq:nanaphthalene levulinic acid,

l en@fdidp{r k‘?taﬂe 16'139%1 ‘?et ogﬁﬂifttg}}%{n }eftomlngéyc ?Cé ;:IrelI I1}‘_opheny1
é@%rz Q%tﬁ’ﬁ&@ﬁﬁldﬁgmqﬁ@tﬁg’ﬁ/nﬁd%%g im#dhzolEN g, 7biasedibh 9EI-fluoren-

sem per neabl e nenbrqpe of G aim19 conprising n-
ﬂe@nh,w -fptyme@b,u dh?,2 tnlqwéth@@@lys u-Lotieinedivlisapke aélbénzoﬁlran

e

B&ﬁbﬂ@%ﬁi@lﬁbeacﬂﬁ ﬁ&ﬂﬁﬂt@obehb@epr@ﬁ&ﬂ@d-@%“ﬂablcyd:m@ 3.hmonan-3-one,

steps_of. (a) formng a conpositjon includin

ﬁﬂp%mll%ﬂérse’@waa%eny &r@mdﬁeaﬁnﬁwneat%émﬁ%ﬂ%yaﬁf #fjgonitrile, p-
I4l

SR Wpr b Rl SRl WL, PUALRRS] o Saoytbiphenyl

methyd uh:dte M}&pﬂospmw amdyrn]actonmItmhenyb,euetlrgiqgamzl,emlycthbrinated

0.th 0Si t ' .rat ufficient to .for|

BT FOBRA B bt N S oty sStef tngh it Sl Refyonedip-

gﬁ&%ﬁ% eét&) ﬁ%@théa@wx@ryetmwoahaﬂo@n 4-Ritrd %ﬁjﬁéﬁﬂat lb’én@ 1 ether,

whi ch thé conposi'tion is"a honpgeneous I"i qui d
battzenesinifgnyl hehlonae g2 Araltisecyrnajorlel -tstifyd rbﬂnaqrneemdrm@aatc diethyl

d 15 (d),,t hermal, quenching th e to ca
ﬁfﬁe‘ars es ((a p?etzr Y, ﬁceéﬂ%‘eflﬂ%er e bg ]grar%e%m %ﬁf‘%‘ér meab Iu e trgdecanone
(BEN6R Pﬁeny%jchﬁl@sﬁn@c eschiétbdiphédyn dthne MpRbSphordthigic acid, o,0-

solvent i$ selected fromthe group consjsting of

tisthyhne-(pripiteoplenyd) fesies, p@oﬁ@pﬁg/l agjdhl ftditaliyb, ester, phosphoric acid,
%?p@lé?ﬂy ?&é}n f131'10 e]%l{el)ncd LRt tﬁ% e%& ﬂg‘iﬁﬂé;l gﬁf)srpﬂbfoﬁg N@chloride, p-

suf pyridine,
nitrophenol, isocyanic acid, methyl—m-phenylene ester, 2,2’-iminodiethanol, N-(2-

aminoethyl)-N’-(2-((2-aminoehtyl)amino)ethyl) 1,2-ethanediamine, 2,6-di-tert-butyl p-

cresol, chloro biphenyl, 4-biphenylamine, benzyl ether, benzenesulfonyl chloride, 1,2-
(methylenedioxy)-4-propenyl benzene, 2,4-diisocyanato-1-methyl benzene,
chlorodinitro benzene (mixed isomers), hexahydro 2H-azepin-2-one, 4,4’-
methylenedianiline, 1’-acetonaphthone, mercapto acetic acid, acetanilide, glycerol, and

mixtures thereof.
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20 di chl orobenzene, 1-chl oronapt hal ene, net hyl
sal cyl ate, anisole, o-nitroanisole, diphenyl ether,

waolehesssgy net hane, acet ophenone, PCT/US2003/040499

p- met hoxyphenyl - 2- et hanol , 2-pi peridine, antipyrine,
6-val erol actam diethyl phthal ate, di phenyl sulfone,
di phe2d/| sThd puiydelfonepdentipdrinealsle imembliane oy IClgiad €9 ,comprising n-
@Eﬁa&fl ic acid, dinethyl ester, phthalic acid, diethyl

Py 1ic acid, dibutyl ester, phthalic acid,
bi s( 29et hy I ' j Z¥ i 2 ‘o
butyl ~Sst e?ﬁ@?r?l%s? ffone 5¢ ﬁng"él’hﬁgdr? 16 ihBtand G Eaim 2P comprising
Fliyeerpr. ocess of C aim 24, wherein the step of quenching

the exfrudate .conprises passi.ng the extrudate through
a queﬁ:h 7 ngfeltt IR I&gngﬁi%g%ngorc &snf° sul?qnai spmipermeable

ﬁl@ﬁ@%@dthé?%&éshﬁm%rﬁﬁfg tﬁ@&%l?ﬁsﬂ ng of air, water,
gl'ycerol, tetranethylene sulfone, and mixtures
there@ . 3fprmng Frempesitesnching apehysufontwomipernd, a solvent for
S| th Eaw n h Lper I
FRTRAUBA SBERhEE SlaABEAIE AR HRALERRL Sotymer, and o
BVt gt thé polsbeiforefcofipotihd)3hd Sttvens ehd PEH-5F1a&t ®eing present in
menbrane in.a liquid for a period of about 4 hours to
s Fempesitignys 2 rafio\yeffigeu todemss seaipamsats merens useful for a
. f Caim?24, further conprising the
%%é%l%ﬁ?:%%}?@?ﬁ%s%he sem per neabl e nenbrane t hrough a
| each(bhat hheaBlg tHdeomppasitemstood teGipmratn@it wiiel diencdnlymsition is a
!beach bat H cgg‘pri ses a non-solvent for the
BPYEUPP " onpound. 5 31. The process of O aim 29,
wher eich t hexdhRBEthB abMosQidBhd BRI WRtoh-anirudflE and
process of Claim 24, further conprising the step of
passi @ t héermsa ueechiegtheextroddie tmeauseaphgse wpaiatige and thereby

ath. 33. The%lgroc ss of Claim 32, wherein the rinse
EPWS@B%‘?’PS% T34, The process of Caim 32,

furthesy, comp pochd dfitaist 28 Werdladsd 8lvdhi s selébted from the group
sem Per nmeabl e nenbrane through a repl asticization
i

erastiting 5 of Tiesrapctvdenge splfopaai Arisathy ielamey heenzophenone, - n,n-

. | i 7 | o) ] . rrpr i_ eo - ce | ]
e T R G e e
dignierbanging CEchlorciaptiblcns mabyinalcytise, laaible baitraindiale, diphenyl

50 percent glycerol by weight. 15 37. The process of . .
thety rdiphenoxy, rpibang orskapbennge; amsthepyrienylr3rethgnely 2-piperidine,
i Y r af 3 d i .
SRED A RSB ey ST, AARSSE g D v
phibalic 89d, ooyl estepiphttiatig apido dimsthfloesternphthglia acid, diethyl ester,
Iﬁ%LQ/llscueltcfi(g nd?bustﬁmeﬁcael‘,r gﬁtﬁglliceacid, bis(2-ethylhexyl) ester, phthalic acid, benzyl

butyl ester, phenyl sulfide, and mixtures ‘thereof.

26.  The process of Claim 24, wherein the step of quenching the extrudate
comprises passing the extrudate through a quench zone, the quench zone comprising a
fluid selected from the group consisting of air, water, glycerol, tetramethylene sulfone,
and mixtures thereof.

27.  The process of Claim 24, further comprising the step of drawing the
semipermeéble membrane.

28.  The process of Claim 24, further comprising the step of storing the
semipermeable membrane in a liquid for a period o,f about 4 hours to about 15 days.
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20 menbrane useful for a |iquid nenbrane separation
process, the process conprising the steps of: (a)

WO o00ai0s8388 conposi tion including a pol ysul f onePCT/US2003/040499

conmpound, a solvent for the polysul fone conpound,

ul t ra- hi gh- nol ecul ar-wei ght pol yvi nyl pyrrol i done, and

a no29.sol Thmtprdi@ss phcClpial P4y lfifrtee cooppisingdthe vit@r ef passing the
the solv solvent ~are 25 present in a ratio
SHrprEIe r%?ﬁ@ﬁ O%Q%ﬁ%@Wﬁ@Bble menbr ane useful for

a liqgyd Tﬁ@gf oREdsQYF QARIRESS Sihekd (HRBAN W ESinprises a non-solvent
conposition to a tenperature at which the conposition

it tle pdipswbigemeamipouridqui d; (c) forcing the honobgeneous

10Ut 0 U0 O B SUIRG he h Bf BYCR Sl i W0 vt
to progluceThs pRo&ss of (ChinPel! Glrttek ra;grrgﬁ@mgt ﬂh@ﬂ#’d@p bf passing the

particle size readily fed to an extru

sespipemeabletrhembprane theough aensedet a | i qui d; and 33 WO

2004/ Q5838

i qui 810 FOF %g#%%%ﬁ%%ﬁafﬁr%s?% U s vt
extrugat e The proess af [(laise 32 patiat Io@fhp&lﬁhgfthemtq) of passing the
sem per neabl e nenbrane. 40. The process of C aim 39,

smaipeineableanergbiaae throughwsieplasticizatiop bathhe gr oup

consi g§ti ng

o of ne TR PSS S AN by s comprics
aymyuSQMmdDhﬁﬂmﬂnnethylsquoIene pyridlne thlophene,

o di chl orophenzene, 1- or ongpt hal ene, . met h ;
sal cy?@t kE ?],grgpeess gf ml > Wl %relndlt q,]quy%usetg}yé:pr’ol solution

%@%@Ms EH%h%B@t 50%%@6&9@1%&6?@ weight
henyl - 2- et'hanol , peri di ne, antipyrine,

d| et h§T. phﬂ“halmocaass oif pil?ﬂemyl34s lﬁllﬁbareqormrpﬂr@lyhe step of drying the

sul f oxi dﬁ{flﬁ Q ic acid, dioctyl ester, phthalic

ok a3 e 151 88%-er, phthalic acid, diethyl ester,

pht hakg c aghgl pr&bﬁ%ﬂ@laﬂa@ 3?%1%remﬁﬁ@ bethipern@&bé membrane is dried

bi s(2-et hyl hexyl) ester, phthalic acid, benzyl butyl

seanegvenphenyl sul fi de, 8-val erol actam di et hyl

2L S SR B o 1 RO e

ficfibpareaiRefus fornglighid nenidh®d sephratiem probess; diegirbydss cemprising the
di nitrotol uene, 1,2-ethane diam ne, diphenyl am ne,
tepiRfedi ani ne, o-toluic acid, mtoluic acid,

t ol uepg- 3, &fnr'i

decal I n, Cé%ﬂﬁﬁ%§g§gm3§u&+Hﬁexeﬁfgbgﬁ%fﬁgﬁgﬁ; g&%ﬁgsﬂvmnibr
thel pagnilfoae sminvemuhd, nltm—ldgmcatoﬂlgdutae-wglanpqimmyi@yxablﬁdme and a
m neral oil, mner wax, tallow amne, rit nol

i R el e abRAG: Cimotndy WaeRh e spvaaf B ippaspivent are
ple}&flih. a ritld &EHRMhERS fahY ‘éosle)m%&fn'%éfﬁl@ NRerdb¥f® useful for a liquid
poly(ethyl ene glycol), tetra(ethylene glycol),

SEPRALABION Proagist hyl adipate, d- sor bitol, chlorotriphenyl

St anna)rje fxee&mgcﬂw compos1ggﬁ Poy a temperature at which the composition is a

D

homogeneous liquid;
() forcing the homogeneous liquid through a strand die to produce solid
strands;
(d) thermal quenching the homogeneous liquid to produce strands;
(e) pelletizing the strands to a particle size readily fed to an extruder;
® remelting the particles to form a liquid; and
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20 qui nolinol, quinaldine, 4-phenylpyridine,
phosphorot hi oi c acid, o,o0-diethyl o-(p- nitrophenyl)

W@ 310210358385 N- di net hyl - p- phenyl ene di am ne, PCT/US2003/040499

2, 6-di net hoxyphenol , 4-allyl-2- nethoxyphenol,

phenant hri di ne, 2-napht hyl am ne, 1-naphthyl am ne,

1- nap(g) hol extRrdinpaghet haliénetbimlan dxthidate agp idtmbEqeenching the
l evul i nic acid, phenyl pyrrol-2-yl ketone, phenyl

oKiplate &y Fauééta@hése FeRyeHIbRATR agemipermeshle m&gﬁ&m

est eryg 2- "‘Pl?%ﬂoge# s of 'Cq ?9 W%Fﬂlle Sotvd sd?e:fé%lté?l from the group

i madazol e eptane uor en- one
domsisticgnef @frdmethylensi tsnifdmat r Behdthylol sulfolane, benzophenone, n,n-

, i m nodi, et hanol i ben ofu ohexapeacet i c
Gt B o PoEBlae: | AmehglsuigEIEe (i o iptsphene, o
@EhiBrobBRAAS! nﬁem@ﬁs ?ﬂhﬁleﬁ@'tﬁ’ethﬁ id glafté %H%Bl%eﬁ%m&msole diphenyl
met hyl - 9- azabi cycl o ) nonan- one,

ahérordphiephey yrethgia; eacemphcrmny pbnetﬂmu:a)hepyl -Zapithginelj repiperidine,

RS A et R Franl AL ATEHERASIRAR acid, iocty
&idre pr@lid hﬁheaﬂﬁethﬂeésteyl pleh&Rt &id,t it F/h)éét&h @hiHaHE @cid, dibutyl

butyrolactone t erpheny 1" tetradecano

gstsry phthalic ﬂaltdebl%z-sthéfﬂwyﬁ regter, sehtlealiecacid. broelabytyl peter, phenyl

%gﬁ%ylaeneg&%w eafeﬁ{ylﬁi’ét%glgg ?%%-hh&eﬁfbxy) et hoxy)

et hangl., 4Thé pfc&e@l @h€Tayth , 39bexh31;dm éichmon-solvent is selected from the

benzenesulfo chloride, 2,4-diisocyana
o0 CORIS BT URED0FE oS HEThyFelbisHe, 1. Adsne diamine,

@511&%%1% h%]ﬁ@l%d%mng oRbifi@-REE RPRRAONSA, toluene-3,4-diamine,

onapht hone t €t radecanoné,
ditutyh Iphthatdh@ npib emdm@ hdealisi d:}&h:é],exaheg tmlyc:llohckeph,e olyibrocyclohexane,

si | ane hosphor cid, o,o0:diet.

o3RI e EHORST B e i s ek s iR i, EBpip wax, tllow
S8n€! triBMRNN i, Bkl nlcflaBRARY!, SRLEE . achl) oaﬂeﬂmeﬁe glycol),
acid, tributyl ester, ‘phenyl phosphorous dichl p

151(ethy1|emp helyail), ctby)ley@rglzc@c paly(eteyltnd -ghygobe ntytrdnthylene glycol),

RoesL Ry e SRR R spotohsrdT Bt kereipginametit 5
%‘uﬁ(ﬂﬁkﬂt irralitthy| 4ppheﬁf'19§ﬁﬂme C@hggﬂmﬁit@f@ﬁﬂ)@md 0,0-diethyl - o-(p-

bi phenyl am ne, benzy

et her, benzenesul fon
wihophead), ester, N, N-gnsihylanphinslens diamspe Reprelimes é%@h@nol 4-allyl-2-

hyl 0
el Ry Rl P n A BRI oL raiso, 2
Aaphthalddetiibdlhybesinchaphihhicne, le\&ﬂm&caiicn phpihyl pyne]-2-yl ketone, phenyl
rrerc;apt o acetic.acid, acetanilide, glycerol

froxadyldstangeisaiBiocyasic aqiﬁemrimf?@lﬂny]o?ﬁéﬁfs%ﬁ%@fl?}ggg}d@les 4-methyl

Hpio@@e RhadbAEM 3% ?ﬁfe&loﬁ' n@H o ne9%hegof RO 220 27
wel ght po ysu1fohe onpou : e pol’ysul fone

meﬂppwthmab ¢’ rreiondaeiieanod, dibeazanﬁlm cyniqzitaxamemgetm acld; cyanamide,

TR o S AN i e SR S48 3 R 3bEnsene, -
ﬂ@ih)jfﬁglafzﬂfl@%/ @(mspehmbj enmémé@a@h@ﬁyléﬂsﬁkmaaﬁmony bromide, p-
conprising |ess han 3 percent by wei

aisidimen pgqmaablebwﬁ eadinoaitejie mgmm@pmetquemey meqnoacetin, diacetin,
triacetin, pentoxane, 4-benzoylbiphenyl, methyl oleate, triethylphosphate, butyrolactone,

terphenyl, tetradecanol, polychlorinated biphenyl, myristic acid, methacrylic acid,

dodecyl ester, isocyanic acid, methylenedi-p-phenylene ester, 2-((2-hexyloxy)ethoxy)

ethanol, 4-nitro biphenyl, benzyl ether, benzenesulfonyl chloride, 2,4-diisocyanato-1-1-
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methyl benzene, adipic acid, diethyl ester, 2’-nitro-acetophenone, 1’-acetonaphthone,
tetradecanone, (dichlorophenyl)trichlorosilane, dichlorodiphenyl silane, phosphorothioic
acid, o,0-diethyl o-(p-nitrophenyl) ester, phosphoric acid, tri-tolyl ester, phosphoric
acid, triphenyl ester, phosphoric acid, tributyl ester, phenyl phosphorous dichloride, p-
nitrophenol, isocyanic acid, methyl-m-phenylene ester, 2,2’-iminodiethanol, N-(2-
aminoethyl)-N’-~(2-((2-aminoehtyl)amino)ethyl) 1,2-ethanediamine, 2,6-di-tert-butyl p-
cresol, chloro biphenyl, 4-biphenylamine, benzyl ether, benzenesulfonyl chloride, 1,2~
(methylenedioxy)-4-propenyl benzene, 2,4-diisocyanato-1-methyl benzene,
chlorodinitro benzene (mixed isomers); hexahydro 2H-azepin-2-one, 4,4’-
methylenedianiline, 1’-acetonaphthone, mercapto acetic acid, acetanilide, glycerol, and
mixtures thereof.

42.  The polysulfone semipermeable membrane of Claim 39, comprising at

least 30 percent by weight polysulfone compound.

43.  The polysulfone semipermeable membrane of Claim 39 comprising n-
methyl-pyrrolidone.

44.  The polysulfone semipermeable membrane of Claim 39 comprising
glycerin.

45.  The polysulfone semipermeable membrane of Claim 39, comprising less

than 3 percent by weight of ultra-high-molecular-weight hydrophilic polymer.
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