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APPLI CATIONS This is a continuation-in-part of U S.
Pat ent Application Serjal 9/ 187 8, filed on
January 22, 2001 whi MM &Hn of U.S.

Patent Application $griglopNeHE INYEAS7, filed on

May 24, 1999, now issued as U S. Patent No. 6,218, 441,
WhFMEELT-SPUN ROLYSUSFOND SENEERMEABLEJNEMBRANES AND

Serial No. 08/ fi , 1997,

now abandoned, ﬁﬁﬁﬁ‘?@&l‘l&g@@gkﬁ%ﬁﬁgﬁﬁ

i ncorporated herein by reference. BACKGROUND OF THE

I NVENTI ON The present_invention concerns pol ysul fone

seni per meabl e menbr EATER ARRIIGAIIONS maki ng t he
sane..15. .

avar | TB7 &7 RO ERARL BEFLP OIETHANE ABIRARRASAN Ro. 00r767.558,
fileb @8 ,Jasungly DD) 260 vWhible isa cohtinhatidnowd TiSb@ateni Application Serial No.

ener al I% a hollow cylindrical structure in which th%_ )
3176 U Bl MaY 24, [490mmamigtcd 6t So P HERLNE, 0| 441, Which is a
] e . [ e I
GERlRe! E RS CpAtoft ApRiafich SeFHNGFORRR56R), RA i Beptember 15
T99%enew abandoned] tliasdisglbsunebrafodlichheaimcanssatet Aerepebymeference.
sel ective 20 exch i ] he wal | s.
Li qui d- separ at | @@%@@@@f.ﬂ@ﬁﬂ‘gﬁm anes havi ng
sel ectjy ?res@ﬁtr RRRIA cbfrnsS ?a@sﬂf&gem§eﬁﬁ&mdhﬁglbranes and
ultrafiltration, mcrofiltration, dialysis, reverse
wsilrods for nekingibebike, require a variety of materials
adapted for diversified |ications. _Eor,examle
Sem perNEBPEY SHEPsiCLR Belings 475 sy 1A P oyetiggeof forms

dudh exst giReR! PEe8ahnd® hollbwOofibdrs.eak nMeidliswi AbbKIdisNgenerally a hollow
henodi al ysis, henofiltration, and henodi afiltration.

ayfinduies stilales in richninaH dunetigns sl 4 perntrble fen-permeable, or
%glsi#)é%é{eﬂ)]lg Z{g‘ ?éf@c‘ﬁvgﬂrl ﬁe%%ﬂ?@{rg%ﬁ%a%é ?E}g%dﬁ% updh tle application.

nanner oW Ng

Génadhltygrienlest Vibers arepacsal helcytindmel metbongh thdtepermit selective
lum na of the fibers whi]e a blood-cleansing liquid is
exchangeod sptiena)s sraesdhbe Wels ough the casing so as to

bat hey i _ LOr s QL h Lbeksyiw,t h :
The WHUR SR BHICAsEs BUARE PichBitides SOhayik! N cclective
pEmeEbties, vecibpmpessesiaviedingolluafdttatior nyiesfdtrateme diakygsis, reverse
cellul ose, cellul ose acetate, polyan de . . ..
SGHsthe o iy Fee S safich et BartSl foy diyepgfied appiations.
et Rambi, 8BipeRAtbintRBRNePAL Xak8At favBFed!Budd ik @xtracorporeal

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 manmner 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

weoaodasiosgdsar i nterest as they have, inter aliapCT/US2003/040499

excel I ent physical and chem cal properties, such as
resi stance Hﬁ%heat reS|s ance |ds resi st ance

dgnending upnp the U5e of fieemeny BOERFaP PR ulfons Jopmpupds, are of particular

&%@&%Q&)h AP, bﬁﬁep AR REcdRnOfh dy@ic‘apﬁmp@hélﬁicﬁl gﬁ%@ﬂfé’s €such as
formng 5 exce | ent pores and Interstitia

mlaletang@td edtessistancs tustids apgigurdso a?ékéﬂﬂl @nd hgsistance to oxidation.

PoimliRa.lnd 3 ke Jut, O B e A S of forming

é}&b@herﬂspcﬁésh yh@riftesstitide aﬁ(Etc@mlc@HW‘[ﬁert rth asﬁbatdoﬁipouﬁdse aéNbleach,
aut ocl ave, and heated citric acid. Additional

@isinfestAntss Aad saltpriuiens. ;?d%}@@bfgnesmpqsméﬁ farshe &tﬂ@ﬁwdama number
GEBTRRL ik Bche oHEOLLEBRERETaNER S0 getave, and

hekddositric deéd. SAdelen:ﬂBe polysulfone cbmpsmhdstpo@ﬁbss stliﬂﬁﬂia:nﬂgrength and
t echni ques. Produci ng pol ysul f one hill | ow fi bers by

SEISTRPOI- SR Eh Vi stan {@ﬁﬁateﬂ@%w SteEdPRtOn GYglssy es

di Ssobxﬁx%gu@nﬂ%] Yot dufBfie GRTBAY edsn thcfr Beéd 'ﬁﬂﬁh%’d by, solution-
| arge  anount of ‘an aprotic solvent and a non-so veXf,
$mmnngxﬂechrdqtrag t h%rodmtmlg | poiysubiooe gholew sfjionn diyetsolulﬁon-spmnmg

utio vent conpound .i.n
R R BN siSalE & apbRulferieor P id uf A Bty large
&ﬁ@uﬂ%ﬁ%@oﬁ@mv&ﬁ%@% AdaRBfeat, théh é)ktnﬁhng tlﬁrﬁé'hﬁibh through a
tenperature). For solution splnnlng a "non-sol vent
mnreeretori:pwnhutlpn sphingstg, at‘iselvpes!’ yis alchmpeud ipwhiel the polysulfone
subst ant sol.ubl.e at,K the ne ran f ab
SRR stitably SR fesh by E PRIBIARTRIARLLS “fohlrane Gie
sabiéeNempetafire ) eF@tUsfdiLhthnedﬁ)‘imﬁﬁg aSwbftsaVehitl ik ¥ dhfDahd én which
t he pol ysul fone conpound and froduce a honobgeneous

1hﬁqn¢1a81&f0ne 2crrapasindnis sebatatialy riasqiwelabitaiee membrane-fabrication
ﬁ'&efa‘l“tﬁ' ' O?mt es?ﬁ]%ﬁ S mn)ng EI' Qﬁlb?ﬁ’ésv e %ofb@gts linust be sufﬁcwnt to

ven I'zed I oh-'spi'nni'ng techni
mﬁqﬂanﬁzﬂly diksdlvd the pmmbrfamnesormﬁ)madtaﬁd Piracdicy al I&ﬂtd”gedecﬂlﬂ d1qu1d at

sed after f brluati . as even residual anmounts
‘i“’é ient; tgmpratuye (Femhwae e%qa’stsma?rae%@pt abI e
cont a |
ot e S S i

fhat thE mentrrzasds axdedivelyrleadhed hn@anmirafteofaunicawl lay even residual
di al ysis or_the desalination of ma b reverse

SERBES e ibh erpten Gt PESIBLS CORHBRHES of fuids treated
wHing itBé NHeribthbéd. ONASRHRBI Sith &&ﬁ&iﬁinw&@,ls rSEMArly important in
the core liquid used to formthe fiber lunmen is

wepbungs nsed for tha weatmentref hlood hy diadyris e thefdesalmation of water by
Ise%r\ég B%rﬁ(,m%g ?&é}% Soﬁﬂ{)al?lgg %8ﬂovg[ur?er N g-{ r%h %tl@%llg (5’811180{1 spinning

tébl&ﬁ@l%ﬁ rérh@vdlrﬁifoﬂlan@)r@(lfqm(ﬁﬁlsé‘d koI Goral @hdrfiber li@ien is especially
1@“§l(|ng t he menbrane. The non-volatile material also
Kellowing sempvek Af the polvents r nonesspdyantss gndf corp diquid, a non-

%ﬁgﬁ]{é a&%r-scﬁﬁﬁf% (ﬂ)nﬁ{ogﬁ& ?ﬁus’t ﬁle%n&"\ﬁh(ﬂa to preserve the membrane pore

asticlzatl
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

weabumigassand non-sol vents nmany of which are geaemakdog/o040499

toxic and can be difficult to extract from the

resul sul fone. fi ber. reo nifica

anoun éﬁ’l‘ g derdinicyes reaire dhg Spcgllsi%‘eql}&l gaért‘iﬂu\?@n‘? olvents
ﬂ{dqlcﬁhos”b'l\%hlts\/ﬁﬁlﬁys of ﬁfﬁéﬁ%ﬂe %é fﬁll%lh@leﬂah& én BRMifGE@RtEefract from
5 hazardous wast e-di sposal probl em Moreover,

berreaning palyseléme: fibmr- sMoreavey the signifipast apoodiuasl high level of
f%%@rgﬁe&fr J:e(}tanp %13(1&% fa?lﬁ o'ﬁegg?&e%%e%n{dxreg “from . the ﬁbteﬁsr g{%hcreate a

poOr oSIty progressing

hﬁﬁnﬁhSﬁ&me@ﬁpdmﬂ@nﬂﬂ@ﬁ of the nmenbrane). That is, a
non- honogeneous nenbrane has a dense skin or
i cr oM9EES saw@napna}l aySptionTSIARING ofechBigHgs grrodyfe asymmetric

}:@gﬁﬂfoilxg Ry § t%n%m us | fenfieRRe p%% y lprogressing

ro- porous barr r "l ayer comprises a relative
thomigh ther thicknessf dirﬂit&lsmﬁndi)ﬁ ‘éhmenienﬂsramht rThaities aanon-homogeneous

di sproportionally.large anoun (iont r ol
PRSP 6 yicn Db crp hog 3 baitis THgH B e Lot bot of the major
ﬁ&ﬁ@é@bﬁﬂeyrneﬁ&%ﬁs Iﬂlefﬂeﬁg@g{lﬁ ‘BE nRcRRporstd HARE: 1a ayer ¢ comprises a

conposition and sinple nethod for the productio
pitivslyl foalk pmmlp@rf rtbelbhembmand bahesninibutsy T chispospicriiarmlly large

and 1 t hod m ni m ze Xi te roducts.

AtHoD RIS O P A5l BitrErel B Sl BERPERCL e

pr odugtéingfy, By s34 hearfor & "?dlﬁsfuﬁ@ﬁ@ 6mPBH6RBES simple method
wherein the sol vents, non- solvents, and processing

B dbe psasigciion oh esommr@csemlpemfeablh enerabignes wdichr eomposition and

o0 inh SR hiq R LY, SRR B ol | el 0 method
for eestolledtioR A Pdlishigore: @ﬁﬁpm@ﬂﬁa hiemm‘md@ Fveeesin avdolgnts, non-
a nore uniform20 structure t hr ougfhout t he t hi ckness

WlvREES 996 RIPoessing igo HeRge e tesmpwitpaiurer ohthe membramge are easily
%g}okgggf@t J (Eﬁélﬁtﬁaﬁég ﬁﬁgﬁgﬁé&{lg@m&g @B&}thﬁvéﬂ? Sow toxicity.

ThevERTAlENa nned)fom gobisplfordreseptipamehble mveeimirames awong abdere uniform
inter alia, a navel t hod and .25 pol ysul f one

XBIHE | ITOIEPYT 1 TR ATHOISEebous MUMESErMHSaBPbsulfone
ﬁ@ﬁ%?dﬁla; Q0 Ghat TRIZDERNE tRCKARS [diRRARY REntrdIS &he permeablhtel of the

pol ysul'tone conposition conprises a liquid mxture
membtranea- hi gh- nol ecul ar - wei ght (UHMAN hydrophilic

pol ynmer such as ol ysul f one
conmpound, a sol vew&g%ﬁﬁmeMt are

r el at invekbyerslOAhd ?fés@ntamﬁbehh@i pBS AR akley A, NOhovel method and
deleterlously affect the environment. 30 The sol vent

mly%@foaél commesitipRofer tTepasinguP hoorgertdusg serhipermeable polysulfone

LSRRI SR, AHLO e ol AL B082iok RS 5 liauid mixture

@ﬁ/r o) Iﬂ@ﬂﬁlgh&nﬁhbﬁlﬁf-wighm EUEIMWY I | Ishiddephikidi @pBmesr such  as
o- dlchlorobenzene 1- chloronaphthalene net hyl
rolyyigylpyrrelidons; agradysulfons comaeHngs ResolvEh M ? n@@ﬁelwent that are

U RBERRY-toxdic 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;

wanovi4ppsisne; di et hyl phthal ate; di phenyl sul f 8a€/US2003/040499

di phenyl sul foxi de; phthalic acid, dioctyl ester;
phthallc acid, dinethyl ester; 1shthallc aci d, dlethyl
hape; mqpapn@eaa-@ethaxmh@w %8 tniperidine; antippine; diethyl
e S z t
Eﬁfﬁﬁ@fe SRR M tor g LG, B ?1 e 4835 Hosf|ofer phenaic
had ediethy] ester; ep/IEtHaI!MWaﬂld t(hethybbstﬁ'n bhﬂl@ﬁp fatigig gibutyl ester phthalic
g&a&g's@&ﬁlgf@%%pge%& ngjél]lq? %ﬁgl ﬁg}yﬁ%t e;jarfdrp%reglylhsulﬁde
di ( et E&’ﬁé%fhﬂyg @!&Plr)esulltsr hé\%t I‘FM&? NRhGYYE Ahlen %é’ BIRht comprises
1,1-diethylurea; 1,3- diethylurea; dinitrotoluene;
&ﬂﬂﬂ@whane di ami ne; dlphenylanlne toluenedlanlne 0
10 to |c aci m t ol.ui c.aci ne- 3, 4- m n
di but Pﬁgﬁfs{“ mag; bﬁeﬁl%??%id froggo b FRup ceyﬁftm%eaﬁn%lﬂethylene
gny@bph@i@ﬂﬁﬂe&hlg@mw Cirmétﬁgqeﬂ@ %lyétﬁw %m!ey& ISPJdYe@ﬁstlurea 1,3-

di met hyl benzyl ami ne; ni ner a
ﬁlieﬂvé’ﬁlﬁba \/\éwitrqtalﬂlbm hﬂﬂrq&@netdla@tmanbphenahmee tczimdlamme o-

PSEG LB A Rl s e

Wdlcﬂfeﬂhﬁd p h eyMbhé‘xteﬁﬂn angloro@sWwhekdiel ; “cellosolve”  solvent; n,n-
-met h U|noI|noI 15 qui nal di ne;

liﬂ‘i‘@ﬂ gy PR oparBis BT ) Bineeil was, dillgwereries triethanol

?’
n% [Hu}ﬁgﬂ%ﬁ%}%ké%eﬁg{f%ﬁ %Cr%%d’l é\th)%ﬁﬁeélglﬂ)l Peh%ﬁ%{lleﬁﬁ@xc?l) diethyl

mhp:lta,nt dwsombitok; cRionatplphéngl agianedinel - [‘@pi‘dnhﬂj amni&hyl-8 quinolinol;

h 2- hal t hi ol b ht h
A0S & heRI R BOBy IO, $C 16t GIFOI s opheny) ester
14114?3&51&1&}1&1 }K?ha{ﬁ@ne Hfaﬁhﬁé OQ)SathﬁHﬁﬁS'ﬂxenm nhtaﬂ?p@ %Bﬂlloxyphenol

eSter; I Hi ndol &; " 4- et ddzol e

phrnndatbuﬂme Z-n*aplﬁhplammmjllemqphﬂbﬂmlu@;r Enaghtole 2-naphtha1eneth101 1-
errocepe: 2, 2' 2 ot i et hapol.; 2' - . )

bR ieng fevulioip Bkt mhP DR RN Kefirnbhenl gt ketone:

Ry hisoyhisle; a&@urﬂm&@he@yﬂ estelbl DYl N -irfie ez ouir‘ne@mdlmldazole
benzeneprgglonlc aci d; dlnltrobenzene 9- fret h

Egarols; cll, Gheptanedigli 8Haﬂuogen—%@ee feropensd 2R yiita @nﬁéanol 2,2’-
r an a al d ,
%ﬁ%@g@é@r g'%e%ggiiunpar% Q%eg% eace’uc ch? oga% fe courmarin; 2,2’-
blipgtﬁﬁhe n; bdnzmac atidp; bafzemmmaeamd b&az:ﬁttblhan@aﬁﬁy b;methyl-9-
eat e; trlethylpho hat e; . but yr ol act one
&13 Lnonpnsdeangnglorogmhryiamsiosnantimony iR WyRERgs: p-anisidine; o-

%O%g%:ygé %&?&ﬁmle érﬁfn'oc ﬁr?%?lﬁ%lt glﬁfei%%'clehﬁ %l?alcgtlﬂn triacetin;

éste I socyani ¢ acli p-’phen
psti@ane;2- é-bﬁnzolyﬂxyhenyy) endtbydy)oleatthantmﬂethyﬁ}msphate butyrolactone

hEB D ook Aok IorBERS dnBcrab oheodlen QoA emistic acid

ﬁ%ﬂﬁéryh@ acidl tdb@écgl: giteR h%gﬁlﬁc aéld %ﬂﬁqg{eﬁpﬁ?ﬂ%ﬁb@% ester; 2-((2-

tetrad ecanone orop en tr| chl or osi
hﬁxofmxambnm ethynol émntemblphmydxsmh@yl@mqmbemzm@lfonyl chloride; 2,4-

B ST SR PSRRI btk SIS on: -
FoRamppithote; aclettaddchndigl ¥ |(d1@ﬁlbﬁfpheﬂ§l§tﬁ¥lﬁlord@ﬂ§¥fep hadiensrodiphenyl

dlchlorlde -ni trophengol ; isocyanic acid,
S Oﬁplﬁfﬁg 1@ ﬁ@deg,pgiethjgl o(p-nifrophenyl) 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’-
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WD 2004/ 058385 PCT/ US2003/ 040499 i m nodi et hanol ;
N-(2-am noethyl)-N -(2-((2-am no ethyl) am no) ethyl)

wa 2004/08838anedi am ne; 2,6-di-tert-butyl p-cresoPCTaISR@®BO40499

bi phenyl ; 4-bi phenyl am ne; benzyl ether;

benzenesul fonyl chl ori de; , _ _

@1?9%3 Wy 1 enedNd2ypmingatag N2 $@ramaingethyl)amino)ethyl) 1,2-
N t 9Lt ] e; odi nptrg.henzene

g 2o el Bl RS ot OBt AR AR beneyt

dthdr; - fettepbsifedybnchlorids; 11,2-GoethglapdivhppropRi L apéene; 2,4-

cetic acjd; acetanilide. Especially good results
& Biatn - e heaEiiRe o pied o DEFO® el g ari bexahydro 21
RRbM2LRY: @,ﬁ&n&lt%ﬁlcfﬁehianﬁin@,etl hﬁ&&&%pﬁ%}%ggg%?rcaﬁ?eacetic acid; and

tri(ethylene glycol), or a mxture
aestapdivle. andspeoially ogamhtresaite mvesbern japhiavedatwhenu def mbn-solvent

forma sem per | e ol.ysul f.an nbr an .
(Bt PR Ry BT B REDT Rl BCR Rl Bl TR eBEdy o a mixture
theror.di ng to anot her aspect of the invention, a
"mel t-spinni r:lg or "melt- extrusion" nethod is

provi §eri obyenpr gl dlongsobvst e npigbing, ipad yretid f usedul to form a
. - Spi nni od._i ncl udes the . .

st egérﬁgﬂ? Ele( 1@& %ﬁ%h%g%e@g%%sﬁ%ugn (o) n%e#oﬁnﬁbg aﬁ(i'“gd'separatmn

paolddssésy dr ophi i ¢ pol yner, preferably,

pol yvinyl pyrrolidone, a polysulfone conpound, a

sol vefecuding tocanqthernpspeet phrke)dnyrytignoap melt-spineingates “melt-
b . - .

PR, et i FroyR8l 5P eBMing SLRERBHMIE Bobidifong pogbranes.

Tllr@nekt-fspipn'ﬂigghﬁhod 'mchldﬁsathp atept of: € l)fiﬂ'onmbi;:%(}h:(@hﬁ)sition comprising a
ition becones a honobgeneous | i qui i.e., a

Iﬁt MhEr a][%ﬁ%p}{jﬁ%a?@%eﬁari’%%ﬁbi)ht yPolyvayylayreligngg & ngolysulfone

SRR & QBIvERY Qg i | :

single or m‘J,I ti-hol edﬂ%%loﬁhgﬁl%lg@ggr%?hfﬁE%ﬁsavents’ and, a

nospsgohves seleoted framch¢ Mregeangsgnogp vfieandidate moat-golvdnts @fheating the

ench. zaone .in whjch the extrudate.gels and .

SIPRIE eefabe soV Rchihs hesisBiaireomas & pmoagneeps liquid

@e9tahemprrd@e!t gredtel RNPIASERY; (3)\RbEhHRE. theRLApPSAHON through an

sem perneabl e, pol ysul fone nmenbranes are provi ded

FEPFIRY dde (Fch @p i drgle of orutitinled hphlowt fibdralic figrmed a “spinneret™);

i ' ' nenbr.ane (i.e
(35 BN LR Mol o TRERGS P b Frfelyog igpdpee s and
soHpiieatthaeby fathify the mdabraneot |imted to,
m crg&i Itration, ultrafiltration, . reverse osnosis,
and oPSACYENE to HpQthar appegtpd the pragertrnyentiopRagl §EE), spgipemmeable,

I%Cd;%sﬂﬁ%ﬁ@trﬁénﬁraﬁésefa% ggslviﬁé@%q"v ng, ﬁ%ﬁ%ﬁﬁgpﬁg@ﬁ ﬁ%lré)?éhout the

ricating 30 honogeneous pol ysul

thiwkness rdipensiomtodt the enembianar(ee.c anfhiogurgehéms) .merftbigne Atructure)
l[ternativ rocess faor fabrjcating

i trates an \ )
‘ﬁS‘%i}gg%rr#éaéﬂ‘i SW%&E‘F#%‘H as.yyft gl limitsd rte, micrdgiration, ultrafiltration,
rédd Shatbaftd adif dialye 003/ 040499

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

waam49s83sent whi ch are conbi ned in represent at PCE/US2003/040499

nmel t - spin conpositions. Fig. 4is a scanning el ectron

m cro e. ph raph of esent at
hono 3 gHF% PRieat @Igfdg’?zv ﬁ?‘ﬁ]éllg t plgjopcgu?%s gf polysulfone
b Eoldérﬁ,g Bﬁrhgﬁ-sé"lvglﬁ'mﬁlbma)‘@ @bmbieh udi ﬁﬂresentatlve melt-spin

hom)geneous pol ysul fone hol | owfi ber nenbranes. Fig.
@mpdSUEJMSat es a scanning el ectron m cr oscope

phot Aﬂ ég f aslc%r\{ﬁ%?gs zef,c%rt nwcgﬁscop?] cRel‘E)r ese tfa representative
pol ys Hol B

hdlﬁcs@nw&hpaymmb%ﬂo&@ib@ﬁl ght hydrophilli c pol yner .
Fi g. illustrates a scanning el ectron m croscope

phot o@gapih ipfa gehemapdis- diagremo R oF hemogishizen ingpding fhaseggeneous

Le e pol ysul fone hol | owfi ber
%}fé&ghgﬁ ‘IXE(?%e gag“le%dl ng

ul t r aFilgi @ﬁhmrhtec alseerrm:v@l ajédtrohyﬁmpdsnﬁelphotqgcdpylrmm créss@ection of
8 illustrates schenatl a an in-vitro platelet t
%mre&%ﬁtlye (ReliHlipe hofo Eséyém‘ﬁlf%e Rpyang mfri}e@ng guifra-high-molecular-

WhieHShaRS 11|c &0 anti-thronbogeni c eval uation
us’uéng G L Exanpl e No. 9. DETAILED

DESCFJFlETT ﬂi\lsﬁfhﬁes aiscanaintg aevtren coinpasspephotogtaph cdlaicagss-section of

f | t
Foe of b MRLHAT pbita el ?@xséfon?%s RD e of Fig.
&ﬁfm{dhlﬁgeulﬁa-m%&ﬁﬁiéeumw@heﬁ NmaY dr ophl Ilic

pol ymer, preferably polyviny rrolldone (Kol I'i don
90F, RS, dbsiraies smh@@@lcabm aaia n-vitre) platelgh destsshistepnaliscussed in

% ﬁj a solvent and, a non-solvent. In the

)6%"35 g the sol vent and non-sol vent are present

i n a Figayi OtubtEEd n-vierof ahitinfhfongiysenier sRALiEn R vene blood of
useful for performng liquid separation 25 processes.

KeamprlaNos 9t hat are nel t-spun using such conp05|t| ons

are honogeneous. hl?f%Tl in% S'ffﬁil%’ menbr anes are
symmetric such that ranes have a

subst Bk i il dnfionnricompusse, Unterradial Rompgkitots tedul for forming, by
thi ckness di |on of, the msnbr nes, illustrated
mglt-spianings ALY ‘Q ecRerHRFTMSRRle én?ho%gf’(gﬁ]?%mtﬂm comprise a

Lﬁ{rg—%l%lpm@wéuﬁr— el%mt Hgdxbﬂﬁﬁli‘c l%%[ynﬁ@?‘d ﬁ)gen%g%%}é Slzcﬁyvm%lpyrrohdone

conposi ti ons erern,
(Kol lycanl $@H MWEFHIEEO0F K 5GD, @ﬁ@ndtﬂlta)ne) arpoi{ysulﬂmesauinpound a solvent

&%]btlon oi c 3 of the. rreﬁe: tr|b

ST :J"P %% POPBOFLon Y?Ptt e 98r VfBF F‘Wet Igfesen" n a
afl8nBehiEtd folth GSselfipdriRableBEMRAR uB B 2RPHrPRBI&Mid separation
PCT/ US2003/ 040499 "~ In an enbodi nent of the presen

pracesaesi oMlembrancabil rash ;e opph jusiag :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

woeowedigdssul f ol ane; approxinmately 10 to about PBTWS2@BA40499

percent met hoxy- PEG (nol ecul ar wei ght approxi mately
2,000); approximately 1 to about 1.5 weight percent 5 _
gl yceli #0 shodunenit &f ythe prsseioinventioni %m menbrene comprises:

%{ ? ftrﬁiél}pﬁ EPhRAP @tg i\ﬁ/e?@g y?@%ﬁrpgyﬁgﬂ&gd%éyérg#ﬁ%aﬁ@g%& t§ about 46

. percent n-ne
woighperdentamtfotahe; appsomimbteli $0 a0 abovl 12- weightpérbertthethoxy-PEG

Bheeniitoneigh soruiiety o) apPREYR o depuiet Brjeht percent
siycaid ﬁﬁar&ﬂi’ﬁ‘la% CANbGhEIE 3 S AREHP glregbécnft eﬁcﬁg?i%}?ll?grﬁolidone; and

groups such as al kanes, al kenes, ynes;
anpkeimatedy & bxghout A ivebighy gersentammgthyl-gpsolidester s,

o ey e PR BTG MR BR oS He s R A protered
slysulohE cehphie usdTal arme shRaL SN RBANS ForHRAdT es.

Preferred pol ysul fone conpounds useful in this
i nvention have a nelt flowRi-B@eR:(MFI) in a range of

] 7. 15 .d i Nt t . [ m
ORI
dkedreed alkdds)) arbs) alitytsy dfRedxgs, afdelidssaphwiiidessedddrs, ethers, and

Ext rusi on Pl ast olrércglter, ASTM D 1238-94a, CGoods results
REVEen BsHPofarh e siphaving By gxfeves ferben Atesisriad inpdyding both

. r i . i .
S B SRR S B S O oo
usafdnnitbis inmedtiodehavb ut melt eflawotindexnfMER iha range of from about 1.7
| yaryl sul fones,, for exanple, 20 bisphenol A
Sy i By, 9 oy/mim e TGRS coRgE R AsteFicgh Standard Test
MBthodl(XETNESTol FRIVERbtes OE?H&ﬁir?ﬁlés?{csggpﬂi(trr@s? PRsALRr, ASTM D

been achi eved utilizing bisphenol A-polysulfone. A
12381S#entGdasis reswdts havey bednf ashieved mheu titd' polgsulfeoht wemipounds have a

' d . havi t f ol '
DL B B el 20 OB 1o T doPmit RfeleEilupolimfgpe compounds
ukBAC in hi§ Ghvedtion nclipd@®it b sbtSigRityetd f)&?h@mﬁbn& for example,
wei ght percent to about 80 wei ght percenf of the 25
Hinhgael Xd?‘?@’sé‘kfﬁ%% welyether sulfenep l?@]élpﬁﬁﬂé’l ishlfene; ang eniktuaes thereof.
. .V en I
TR Sl SR GenTRr B b g 6
wei ghk “spenteftr the palypolfyer yospdundnds deanell Badeth as a compound
so| ve t.lg g}seful in this invention ingclude, but are not )
ey gciae ! wing gharagesisiihenkoiing poinkof of-lpast plygut 150°C, a solvating
. . _di | t : . _
Bt BB RERRP ot YRG! el of e

olgulbfbho cabpmpeng; a fenglerawenapt feake feim mouty30°C to about 300°C.
o-ni Lroa henly ether;

licylate;. anjsol e;. i sol e; d ;
aepslr?i%eggy?éfwgg 2%5@?(’1%%9&{60 ﬂ]éln%)lﬁzl? 8ewe1g11€J percent to about 80 weight
p@rdm{@mfmg Whitenet hanol ; 2- pi peri di ne; anti pyrine;
di etgg/al é{) thal ate; di phenyl sulfone; di(fhenyl
sul f &xandidateygelvents cusafiil dn thisobventiass trslydepouhairé ot Zimited to,

/ P 00 40499 acid, dinmeth o
T S M,
pyididone; esStiaethyRhlfbiehd;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
7
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acid, bix(2-ethyl hexyl) ester; phthalic acid, benzyl

butyl ester; phenyl sulfide. Especially preferred
weoeabumigssuseful in this invention include, buPCaUs2006040499

limted to, tetranethylene sulfone ("sulfolane"),

200 | PEOF e bR a0t Ao S LB haLat & IS phmati
R smeﬂiymekﬁ)nest&ﬁtftmﬁﬁw%ﬁn eben'fzyi flﬁ&‘ﬁ stef; NBhen nyl sulfide.

sol’'vent non- sol vén t he pol y5ul f one conpoun
Esaaedeﬂy meefeired eblvents uacfobirp Bum dnvehtion mephadee birb pteondtnigmited to,

r|st " by POi_nt ast .aho
aBRARYES SRR, R Sinir T JaRRYefe vl a6iRR, GRS phigtate, and
thiGsred HaRectd Ripediale b reB@IfCIRVe tekn atiivdaohtiising RB8methylene
10 conpound at a tenperature in a range from about 50C

suifoapatithe solyent. Candi dat e non-sol vents useful in this

i nveny i &l ;

oo o 3 e eSS opbeloa BB 3« compound
Havingethe dolbowing charactbdtics:ca bailiag point of ati leasaabalit 150°C, a solvating
tol uene- 3, 4-di am ne; di butyl phthal ate; {)I peri di ne;

RP@Y%ISPfﬁCWUél}’clPWht@%BW@lV%l?%?I e RS WRIZET By o dicapelysulfone

ofye;
pgfda#]?& 9{ é’{%mr?'%figﬁ Frﬂrn%ener a?d&v{lgj(md B y\; ?rg ge
tri etCGanidate amnmlvehltsu ng¢fuhret hdas yllnaermons amrll,bdathytmrea

i (et hylene glycol); tri(ethyl ene glycol et h
Grdores BRpRuicheb et e Bfarting: AitRubiined Glyeaf 7mme o-
t81u¥& 88N m-RHI@E Nld; adinBRL £4-didni®e;r Qibhﬁjl iphthalate; piperidine; decalin;
chl orotti phenyl st annane; resorci nol

Yclobexanie; 8- eydlohskpurs| ; cmqrcwarplehwemezl ‘mqlnlwpllwru ¢plyent; n.n-

ho orot.hi oi ¢ aci .o-d'et, -ni.t envyl). ..
(g i&ﬂ)eﬁzﬁ% dlpr?é% n%}ngﬁ % er&ﬁ \?ﬁlx traﬁg a1¥1n)e triethanol
anifiedila@yh Q%éfme}‘l@ﬂe stﬂeaﬁb | 36id; 2di(6l’h§1mw pglﬁtﬂﬂ] ; tri(ethylene glycol);
phenant hri di ne; 2-napht hyl am ne; | am ne;

eihﬂgzmqglml; ngyk@@H@Wa%%l ﬁptﬁa(ethxlen@ ggﬁe phieeray; alirthy! adipate;
ci Q&H tblnl ﬁlcﬁ&t’pgherﬂif% rés%kcn%oly b. rh%h?f@ Hu{ﬁlaﬁﬂtﬁlé ﬁy naldme, 4-

I SO ocyanl Cc"  acl

;ﬂﬁhﬁlpyn&nﬁ;et}lihdspﬁdrbﬂhnﬂ@l acid,4- dm-ﬁmﬂhyll m@aﬂﬁbﬁwnyl) ester; N,N-
i.m dazo 1, 7-heptapediol ; 9Hfl uoren-9-o0
digeitote enlens | aming; | | Bf rdﬂ@?ﬂaamhen@ 2+ Agliyl-2-methoxyphenol;

ﬁﬂshmﬂﬁghsla@ [] htﬁ'ﬂ/lgﬁ%ofl LHaBH%lP/pyr . ééhlefié}mﬁﬂﬁﬁﬁ hﬁplﬁﬁélgnethlol 1-

cyanam T i'ne; benzoic acid
trempeaphthad@re; daviobin@cicat; pbemil myrmbbeﬂzlemmm oheryl Hypyngyl ketone;

R i ath AR %, £HATEREON LBLISH it

BN, Ur7-hetadal 99- fﬁt%ﬁ‘énoglhﬁ@ OfBRocdie]12,2¢.2-hitrilotriethanol; 2,2’-
di acetin; triacetin, pentoxane; 4- benzoylblphen

mﬂ‘?@lﬁh@watdé)enmﬂl@nhysbfplhb@@neaceﬂc tagidyr ¢yapamisise coganarin; 2,2’-
l%&g)ognglr l_ﬁoi(tzr ?cqg ¢ ab%ol neﬁ ogMg hIc ° %faat & gllﬁt:rm%géﬂe 9-methyl-9-

’rryrls net hacrylic acrd,

ai@ﬂlepmb(mlmbnan-smy %hl@o&@hdlyle[feﬁlbydlﬁiﬁﬁﬂiy Heomitn ylaﬁi’s@dine' o-
ester; - hexyl oxy) et hox et hanol ; 4-nitraq
ﬁ@ifkehwe s@ﬁmﬂ é’t Pefiing o BCH NPIQASF k| diacetin; 4triacetin;

e N, R, et Dy Buelss ot Wkiacctone

tephety3? GoBdded@td pockibanatpd tHipisey] t(éAr(E:ﬁEC aNE; myristic acid,;
l'gl gcgrly gllae Hgégcy{ Ies(;cgrI ?sro%%nllca gg"ld gr{eﬁlh Ile%re 1-p- %Henﬂene 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

web@rossyshosphori c acid, triphenyl ester; phospOomiseo03/040499

acid, tributyl ester; phenyl phosphorous dichloride;.

5§$|tro henol ; isocyanic acid, methyl-mphenylene
0Be; stetradecapons ha(dwhloropheny trichlorosilane;  dichlorodiphenyl

b ol s B AT i, i

tolyd hestar} ‘phdslﬂmopbeac}d allmlphﬁ’iyl bestez,y bhosphied jacid, tributyl ester; phenyl
enz nesul,f chl ori ﬂ
3D rerhgIo BB oy giasagHariseteid asthylr-phenylene ester; 2,2
1-
shihs@ietanat o- 1- bsxagh&%aéﬁﬁgr (& gdgomﬂgahglgﬁnﬁsww 1,2-

(m xed 1| soners)
dhanedinmihg| é;ﬁedil-talrlﬁuut)ﬂlep crbselacbtorn dmphdnyhell bipheaplpintne; benzyl

67 < BrienterG8% SRR hl iR RerREbupergee 2.4
(ﬂi@oc&drﬁ’cd— iyl Héﬁié{l@e&ﬁlUﬂoﬁﬁlﬁrcgbéi&@ha (mf;('e& @stoﬁi/elrﬁnﬁexahgdro 2H-

gl ycol ), trlgethylenegy gl ycerol m’xt ur e
méme%pne,mé -swiudenedianilivas 10ﬁcett¢1‘@phthnpmnmntcsphonactehe acid; and

EQIMABL | el KAl B0 L REAIER iR FERS but e
Ilnﬂrlﬁmedlﬁ pmeathyt&m Slycdindi@Kaaelyddl)s %Gtétﬂyﬂén)é ol @lycerol,

composition at the nelt-extrusion tenperature is one
sdaniztureythgEeofonsi dered in determining a suitable

conp r f.one

oo condeitatdlls’ & 18bonloRGie? ih' Y BinpBRUE IhdP Wy and are
dappnddnt apory vinyabibest mmlisoﬂ«nh)mh chin bt headélytworksthedtheith Siinple bench
not the corpponent s ion are. mscible is

POFEMEYS ap g eﬁaﬁpleﬁh@“@ﬂﬂh@s Joat 6#13 t4PEINPERISR affe thes MRlt-extrusion
BMPERRTre fRCHRY fhdlord el YeMbals rc egn %?érﬂl%hgt’c’? SP tﬁﬁg component

composi tion because the pre pore si
mmﬂ@ﬁﬁmenanthﬂdmbpbmﬁ pdwaﬂﬁmelnqmpdmxhnﬂhﬂmhmtﬁm.be readily

hro the ran depe di n t he i ntended
PR PFuicRY tthof oty o B R Rt ncf e Components
i g Eer]bd)dlﬁ@i bRMm@kibld Beddily hhr&R)C AL Al IRE of Yhe hﬁﬁlbrane is
polysu fone conpound is preferably at |east about

anethen fagher medntermining the spnsepriate hblnsi campbsagn batrmse tlnezpreferred
concentra solve
pr‘Léf% ?reagf tﬁg% né%lJ; a gut{anﬁBOI%\éF%h n?nd Fr?r}fn@s through the
memblanabhry cRpeﬂcE@@ﬁpcﬂhhel tnt&ﬂewfinaexhénd u%e rcent. The
concentration of t he non-solvent, if present, is
pr ef didhs 9aS§t0 fingenabrangsgisefvd for\mwgcrﬁltrp@m@fhhqm@m thengomeentration
t t

d(?;@%e%&pélﬁfo r ang@% e? SILHT? “ﬁ{ tq ?é?a{%ﬁaﬁg i on ogﬁ {'Bercent, more
miefataply it ledse abouic é@twelghtopercé’tﬁ ofThe hebnpertsasioh f éMehe solvent is
CO nd | s prefer at | east about 18 wei ght

SRR 2t frgsteavs Fafer typerient, daQie PABEHOL, At Restgthout 60 weight
HREJHE n’![‘he I&ﬁ:eﬁﬁ’ﬁfcﬁf i tﬁ& hQH—sS’lfveﬁth Hﬁ@eﬁ?r@ teferably at least about 1
preferably at |east about 40 wei ght perce% Ye
wigltaegisnl; and moseprefeadpat 1¢5st wmlgrstwelgmmmmt

o of dhafif Hsgbr et R AR 1ok el 52 GRlyis e concentration
oTCf]lié W%M @62Poue i PefEeblGeat leadtPARUPNET VEBR! Yerbnt, more

% about 5 wei ght percent.
pre era ly 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
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If the non-solvent is present, solvent to non-sol vent
ratios (i.e., a solvent to non- solvent ratio

woOffosgisent to form a sem perneabl e menbrane BEEfUS2003/040499
for liquid separatl on processes") are preferably

G pgtrtinat BBty b bad su S VRER BREE T L 675,

for af tHeee-0rapoiaitseaq JpIOshittb @mn(sf)mem 1aEbs (2piansdlvedt to non-
pol ysul fone hol | ow fibers) conprising bisphenal A
spbepistatip opficient fodorn e sepinsamezhl Q,gwp?brangﬁ@eﬁll for Iiquid separation
b \%
AU SRRl 59 98B gt Ao 21 1o
abmit Bl v ok ekaraplay hd‘lshm“tnl‘ua Eipe3, foo urth cbmpbhmt composition (for

e ing S OB R e BE i ey surone
e@gvegl léﬂ& p%iy(%ﬁﬂfen@ gct;g (Y £6r-SQ0RRY) eae&ei)tymé '&hﬁunts of the

are suitable for nel
;&hrsulfomﬁg compwmblsblymm iabé momsebenn &e . within tthe amsleolmﬂed by the

ran seful for reverse SisS O
cBREROF cerib RO B N FEEE B e dbabt O atebfoffe specific
d%ﬁﬂk&htl@ﬁs ¥& st g €6 @fountTBF SacRIOTtRE &by cathpdRatwithin the area
about 35 wei ght percent. The concentration of the

Ad.feof Figs3 @reeﬁ‘uetﬁblb ifgr raelt spimpjng itie hellaw-fibsr memgranes.
per cen nor e f t B .
per c g[Htth € ¢3se 8; b?z[n%? hé!eﬁﬁ fg%,] gegﬁ{se %?ﬁggﬁs éfl {*ﬁhsg lﬁ{e concentration
JTPdiEalfesdis p&f@zﬂﬂ? af &dabtyabdlt B@asdighnlperdent] mﬁbqiﬂéferably at least

ercent, nore preferably at |east about 5

eufc%%welgh?@re%p 8h¢ eonsgitraionodithe JokVaER1S mﬁfm%&gy #deast about 12
b

G, pApLAD e ReROkP U 108 AP HAFR YL AR YeSnt, the

ration processes.
d@ﬁccﬁltnatlon Zﬂ? thelclonfsolveris segreferablyide leastiabart € meight percent, more

Tg] Ef mcrflltratlon ultrafiltration,

H!I? ¥a§f/’ & lea&ﬁ@ib% Syt Percgat s Fig. 5 shows a

repr eﬂ%mcéﬁlgéfﬁtﬂ)ﬁsq dF C{hﬁeﬁﬁéﬁfdno ‘ihag/eBb C&e@ O EMicRe polysulfone
for use as an extracorporeal blood treatnent device,
sspépsirineatzlt inyensbriveavoiefal for étiquitiseparhtéoropioadsyeset Asdefined herein,

SR Brociises Jhoifls F SREngtumlte 58 mERRadibny SRR, Siatysi
DdGerereIbdrdsis? 2Figad Gh@v@éﬂ fpr@epthtiid HQuia-segarpidnt @icdconfigured

in the outer camgpglw he outer casing defines a
o

fot asey@same exlsraeEmar oginfgeahent| deicgasperificele athopadiplyzer. The
e B PSR Sl S PR G, A et 16, o

cflblwﬁe Gﬁtﬂkﬂt@[ aGlyddeifitet Y0t hblov@butléte22dbad ¥ dandle of ﬁbers 24 potted
npartnment. Menbranes of the pr esent i nvention n('ia%i1 q

indb ok egingy Thetqufes £p3ipR defines adialygics cpé and the lumina of

r h f the fib

g 8 BRES o] bitiparlnit Ac o1 HERE Eﬁe‘ﬁ%}gﬁ% i, gf the fiber

1rfetah qaraled pﬁashlbn,s ediallyentel eflews pcainterehmsientdyl hodyghulthe ndialysate
nmenbrane, 10 WD 2004/ 058385 PCT/ US2003/ 040499 In one
nmet hod according to the present invention, a

pol Y%ﬂefn%%é Q)rﬂiﬁcs ?I‘és@tﬁ 1ﬁ{/erﬂloH"1'Mly BY GEIRRRALdd b alternative method

oly 3/ one conpound, ‘a sol vent, and
schemes as 1llustrate 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.

wa2po42058885 hen wound on cores or reels using anpCmASR®B/040499

of 5 comTerci al | y avai |l abl e wi nders, such as Leesona
Wi nder s. agl.é net hod, adequate care should be
t ake Bnﬁenf Hed Iaetépql Peordmgs i theo prosert HyPRtEAR, a polysulfone

dnssii AW NNV Wdi X ﬂl@R&g‘Hlth o‘?\hﬁ fgﬁé 0 ﬁ# 4 solvent and

according to the p
a:@mwelvlemom prsccpnpmmdpxbumdddgh-ehar hhigbr, aha&rd r&kﬂt@ded (as hollow
nd die (to formsol id

@l?lted g(%edlthro h a str
n danched dFi Dpand dion, waund Sherores of 5l deige apy ghumber of
écﬁ?ﬁrﬁbﬁf&ll C&Q’aﬂz@)lé '\Ji’&{e%s) sudRNChesha ﬁﬁ‘%e}shq{i sﬁ&yg gﬂﬁ(iﬂ:ddg adequate

. Ins anot her pr eferred net accor
¢ae shyudd bnttakenvte nndintain a hlghb <b¢r5$m1ul érothe Imlmp)oﬁbdrs dnnng winding.

I hol
B SRR YR L 38R R bt

¢dmr.&)s1tidnC1Sl Fﬁbcbmgbun@dsmbmga%bﬁ thiked, xﬁafédSéaltﬁﬁe& t}fr&!igh a strand
the poly f one conpound and stored in the soak i ng

¢1pq(uq d‘om@) rsogg qt@ni@ gesled,( Fellgtizad, remltgd;t exdngethdto form hollow
!
ﬂe‘f%h@{legl%hgﬁe taHé? %e% &.[n% e@%o%g é‘x §t lgﬁlci?lie? E}?&&%lg%gqﬁmg dlccordmg

tontha bregéhtShﬁallitlorm therpolysalfors compbokitide dis ( fecdifpdidded, melted,
fi be{%éz enched, wound, soaked, | eached, rinsed,

530 ey fibers), queaphedr wemnd, heldhirg fara pprash efitimg, wosked in a
lr%gﬂﬁ’h &t Qb Iy{ddh-sotent Fdd t}%@?c%&e nQ rcgrfn?ﬁﬁlﬁfjand stored in the

od according’to the presen
Spaklyzg Uigbahtor upd(r[ldsiays (higi . ﬂneyeoammhmd)mfﬁrr&’bhte&d)d according to
uded. (as,.sol i d nds(? copl ed, pelletized, .20

B RFEBLDERT b oD PR iR ioBels o ccopbiiaglyn & high-shear
W %el?d@ld ekir@edh@é Holdw fbBrsh uenf:}%'dl QOBAd %aﬁé@#éa@ﬂed rinsed,

inaliquid that is substantially a non-sdlvent

rﬁl’ﬂés’imea ahd dhen leGﬂTpDam@VQIF(gﬁfeié)bly lancopetctimooven) (Fig. 1). In
referre tho cor di.n resent i nvent n,

aoglo y%]i‘f? e n&%}ﬂr%(gsa}cf? gﬂ% §° h&c 6&?&9{}5 JEEeILoR ttbﬁl polysulfone

eutpositied i§ pecoMipbandet] MERE), ,extrﬁ&&i @8 soRé lsﬂrﬁ{ds)z %@oled pelletized,
renel ted, extruded (as_hollow fibers), quench

ropaliel edaned (as Iellpuafibey), quprehed, wospd.agnd éhepeheldadrd in air
ﬂ(:jfld)\ﬁgd {)l{: sgalﬁﬁ%/w %nglru pseghtb§ agtflalng NGt %JI%SI ttt% ghe polysulfone

| c po poly
oomppundl (E igs2. \/Iarytet ammlmbr Ipmfeﬁ?@i methio}l at:@orbﬁhg&éi &lidlpié@bnﬁ{rﬁ/entlon
n&@ and honogeni zed prior to extrusion b ng
0 e RPTEPRSIHRI A PregPpowsied e mglisAa extrpded, é@ solid strands),

c%gléﬂpﬁglﬁ‘étlzeé‘sreﬁi%tegngfﬂld@d (@ BbAb SHisa g]uél‘fc'hed SHGInd Ssoaked,

a conmpounding twn Few extruder onent s
ledched) einesd, repdasicizedpmdsiried GRignzly al so be conbl ned and

hono n| zed di rect in a neltpot provj th
sui t qPpngais 0?1Il ﬁ'fe P%P%H}%ﬁ e thgy W hydrophlhc polymer,
pﬁl}fsﬁrf&?é béﬁﬁb&unda BRIHS %ﬁq{b% s%ﬁ&%)siooﬂe %9%@&1 bieOfbrHii¥ed and

be honogeni zed by exfrud ing a nol'ten conposition
m%algﬁe%pm tnexteiston yoolixing in ecagpivoliaht gD deitle conventional

004 P S2003/ 040499 ri
o3 e i R L ARl 8 Hg gL ringh svah Sob SomBohutting twin-
scmwdtﬂtmdfeﬁdThe campemdnedof the ﬂﬁhﬁsmﬁ ebRposifion Ya-a36 ®¥combined
truder.., Alternatjvely, other heating/ honogeni zi n%
aﬁét g@gemzed 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

woOnewrosgisa "nelt"). 5 The nelt is heated to a PCT/US2003/040499

tenperature that facilitates preparation of a

EHEOUﬁ l.i qui d possessing a viscosity suitable
©F Psllefizingrthe exdrpdatede i partiplesize reedilbéedsio a heaged, single-

%e\{/ QorC ﬁ#ﬁqesc?é\xg r@:‘x&hﬁé}m tA(ft%g aﬁggl& %ﬁlegfhegr me(homoggnizing methods

ol ysul f one e solven non-
Emvpetcathsuse skifled linl tiobrt beayshe htilzedstot rodgede hoibgenecous, molten

i.d t o viscous, for extrusion. For exanple, when
{’%ng ?ﬁegﬁgd’b?@ﬁ]ﬁgnol A pol ysul fone, the 10
extr U?h@ﬁlelteiﬁp@a"cé’lf t‘éraecel'n lﬁfu?é ﬁl’éﬁﬁlcﬂltﬁé%%‘éﬁa?:hu&p% homogeneous

50C, nore preferab east a
lquid popssasing nrp'escamusr slliablerﬁoebm’mncbry Ths senigesatu@bshotild not be so

g CSs r?{?%fﬁ?r’(%ﬁg R {‘e%?fg’%f”&ltqqgge palys uﬁlfq%feg %hea§£f’%ntber the non-

dodeeny.] TheUsmp&ratiee siald Hotesk & lotwe%)ﬁf Rhl&SHe b Eﬁfd @8 viscous for
not deleteriously affect the pol ysul fone conp %c

epasipns ¢ digir tvcamvi%wb‘rn tlf mdie cnmpnsasubtsphﬁml e mdydubfane, the
ShBbol eSO GBIk T 5P 5 S Rt tent s

’ES?CY ummjextmsﬂm tempeRtire &f profeaey 16y @ﬁhnaeﬁ)oupmmao}nore preferably
ted to, hollowfi bers t ubes, sheets, and hol

*? e abgut B295Chs. The extrudate may be aided in
retaifyd 9&385.?_1?@15 ’d‘{( eClleft %P@S%’?%e?&( !etso E ?)g tpp, yiscous to be

cool i ng. i ng ho
QmﬂUﬁed sit eetnpdraianbstﬂlatodl@ ot déieteliously | affett thél ﬁblysulfone compound.
|nneret The s gn?%ﬁf ty ically is multi-hol ed
d Vls?‘?ﬁﬁtéf BWGHRTe OF t 8¥us ROt bp poelomp thag the jeskpdate cannot

rﬁﬁﬁtaﬁph G@ﬁfe%tshﬁlyé)ﬁﬁoﬁl glﬂgn[ﬁé ih d{E2The Fﬂ%ﬁt rﬁﬁ'}pf}% X)%tﬁﬂied ina

a flu (gas or I qui to core or
\@xﬂyu@%ﬂ@pesr bushcasy butf mqlnlninltml tos balldvo-fipemsy mbbs shedth eqrﬂelollow-

f th I fibers s the ex t it he spi nner et
Bt Wi B b e T madebe Bl o rRagols Casired Shape upon
dx&uba@ﬁbg}lc@mn@gs or ot her |nert gas, or a I|qU| d whi ch

is a non- solvent for the polysul fone conpound, such

as, Hinr making heHopefberanemirress, thgone;l( @tengru@edethroglgy caddo)lpw—ﬁber
(ﬁé &ﬁ)ﬁ e{r&? ’lﬂeysg)ﬁllé%?et t%ﬁi h?/lelg‘lrl?lg% ﬁ%%ﬁ g'l% ﬁr%ﬁuces a tow of

mmitlpEdiolbm fiberay The spinacentpicallyg uﬁkﬂuddafa fieXisUoL supplyIfE a fluid
pol ysul fone conp

| f th
(&?St %rﬁ Ve‘B\}@ it Orcocfﬁ gf dﬁnﬁn’ha&thp |e?<f§t1d4§@ El%t eqre dlyidhis used to prevent
c%ﬁﬁﬁs@ o?{tﬁé‘ﬂgﬁo% HRHOL Bevl glg lﬂfer g{l 1&1{914: - o{:}o“?‘ ﬂzﬁd %@9 be a gas,

die and the resulting so
speli ke witregens eiracavbort dmlx&ies oz ethee dnkirt gas‘ eﬁl | ﬁqlﬁd wh1ch 1s a non-

3B it x%ﬁﬁ%%%g@%ﬁ@év Sy 5 bt e Ugfd 6 et mly(thylene
| |
glyio) t@rktaylehe tIMIBNEXEi4 e m%o 2 \Agi]yé%QQ gid %&%Q{Mjhereof

mul t'1 - hol ed splnneret to ers,
M@Mﬁﬂséswemm@mwlmmmay bdelmdldseldngkas\tbe niiktare is not a

sgfértgﬁn . ? né(%ﬂlstu.qiﬁge (caf&(rgl;rxl)]usnldo Al eln(%at%re]:{y?rt e r?lgl? may tllTrIs)t be extruded as

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

weubd4ossasnt cooling to cause gel ati on and PCT/US2003/040499

solldlflcatlon of the 5 menbrane. In an enbodi nent of
ﬁ%iﬁ@’ of the present invention, the tine period

%gﬁ? VEfter the extrudate exits the die and

ext enghag iR it a&rdgﬁﬂb&@n&ltﬁé Oél\gg@fﬂlgwaee&h%n%s The

or reel, is inportant to attain t
mmmnt pf g qu¢nchh®ne meaydreageseouBuori livgid. nWathin tres quench zone, the

th bi
BbIRH i i SRS Bk b S R B ot o e
fRin®rine. Vﬁi'ﬁﬂ'brﬁﬁtﬁlnﬁ&ﬁtrdfdﬁé fhettfodSofthe phedeht ikfention, the time period
Perneablllty Is increased by rapid quenching of the

bsgipningpder dinperudater exiishbe %m&btendmg totreforn éhe foreympbrane is

BobE S oL URBE bk T S5 B8, Bl St of e

mmkaneeslnhmﬁg fhio thimetyetiod afor & gven 6&h13®1t1orﬂ @K Bérnikability of the
IEngcts .the abjility of the nenbranes to transport

Faneds dejepained iaagﬁln §Y&h?d°°°@8&-ﬁ%i9ﬁ@§fhl¥élrtb§ gxtrygate is subjected.
P&h&%ﬁ&lﬁ%ﬁ idi jABRsd anffra 1ﬁe aS ai;n%ggtfs élaér rIel){'lal’%liiftttgecompared to the

extrudat’e 15 cooling ra

p@meeblht}u Dbtamed fmmmkm kimstquueﬂttfh moeibweg gamdgwﬁthe extrudate.
oed |edto rrod|5‘_}épthe neabi ity

fteasing efl?lﬁ%’ e dnemigangg o Q}Pcm?rg o twnchmga

RrBRaiaffctiant 'a9ﬂ1t 3 BR ﬁ‘l%ﬁ%fﬁ@? td! ﬁjafls? Wit W REE or other liquids and
extrudate is quenched in air. Wthin the quench zone,

edvepchintls @eross it thigelesaardiingsiondoff the mEinbranesrp drhasuthe extrudate

Sl a5 SR 1520 ol P bt B e meci
&aploga) i HEBSv e td) ﬁioalfy ﬂletﬂeﬁnaamhtw%ef &guulﬂ% Blefibedley

| ess than about 180 minutes, nore preferably Tess than
about Ingenarmethogsaccordingm i therprpsest dmveationret hokysulfone hollow-fiber

t I
BSERRA P Robl 5 B e ADHEILA D AP A Wi oy
"Fheb sdraperatatd y)'tf] dhd air-arhste rztmé a8 p}r]dfflErab@l 1?&”&1@ @bout 27°C, more
co nd, as water, (et ene co
Hpj@é% qwé&)ﬁpy@gm 24tq2| (”E %gﬁ@yﬂger@z%%ée;d in the air zone for
so?éven {essg 91; ngbgﬂt)ﬁ%ﬁ 3§ (ﬁ(%g «1%? s Gh A about 3 minutes.

non-sol vent’ t|ve y may
used Jsonothey pedferrdiematihrd acwrdiagto tie preda:st mntmtainL ;heehollow—ﬁber

sol.vent for. the polysul fone ¢ ound
PRGERE 5 armeh ot i uBIbCE sptiRuliG T sebieat o polysulfone
Aen tage [ h c e
CHTRAALLE PR, ROBIONRI ool SRRSO B
gleepdlrelyearel, of a maxtiiegtherbofiu eh chixtwn eofi S)lmlé(ﬁ)samblnyn-solvent(s)

T RN T T —

thé @oBeVHsicAGEnSSund. | Wi @ 1648 glerich dobrisbd wafek %h& one or more
| ess resistance to the transfer of heat fromthe

dherrqemmmoachis, thasatiel WaT Hetiewrthermemponens éspreferpily rpm about

e STy v .
abBuMﬂ)?Dﬁlﬂﬂdre58%‘&5b]l9@&'tislﬂﬁélﬁﬁlﬁfu®45‘z[9,9mdrrﬂt§rbd)l‘dfféﬁbb}&bs%an about

ﬂ)gﬁtb rﬂ%gd&%%gg’e;%e aoﬁgurlggg%{ 1 ds ﬁ]g ft @ifggsel%%frg%tgagce to the transfer of
Ref 8AkhS bttYudal tothecddling RS BHnYS Bresent in an air quench and, thus,

results in a more rapid removal of heat from the extrudate as the membrane forms. The

13




10

15

20

25

30

Hol | ow fi bers are, optionally, drawn using godet
rollers or other conventional equipnent to the

wappopsisat e fi ber di ameter. More specifical | ypCumnamong40499

or stretching 5 the fiber may be acconplished by

assing the.holl o r over 1 seri.es of .rollers. The
’g“&qs’feé‘EPV&E&f E@f- &to ?: R eRY 56 tspresilt fimgmsgnbrane and can be
6RAl6 @Jﬂo@he}rilﬁaﬂeageﬁneibﬂhwf&tth@ tht&detiRRd uggcond rol ler

or second group of rollefs relative to the first
r ol | eHolaw dithere pegg opjonaliy, dfaimmensing godet gplersior atler conventional

SFBFafc ) AP bpdbbluERbLRG R, Kt SE5heA0S ¢EubdlE ctoning

i fﬂHeﬁ nﬁtlyd)d &S&nﬁlﬁ@x@d 8 9udsinkOBe hbRew MRF ovekQ J¥tiBYbErollers. The
In_anot her preferred nethod accordln to the present

desireddestee 0£sstrret<>hw§tmax bel obtpineg; by, cgnirof 9if |thmaﬁg of rotation of the

BRI S BRI R, IS B P s

ﬁbeno -is@bpeedd afeqgentrakly pod orichlf aemap 9 wver 2 m&d&ﬂﬁng@ Preferred
\Nater or a mxture of water and,sul fol ane and/ or

s sResAS Sk e&f eastppboyt &Px%eﬁ perymirgite gag dess ﬁal @P@t {450 eet per
s@lent utilized in the nelt conposition. Good results
have been achi eved when the | each bath is water. The
me nbr binanatlser [peefetred method excoardingt to | thaptesent imentiomrasdflustrated in

e.s nt and the non-sol vent.. The | each bath need
g g?%%ﬂ%ﬂper&ﬁmtgh 35 SERYEE i3 RO EC0RY GhdceF} o leach bath
doneainmEY gﬁd tﬁ@hoﬁrk@bﬂgntla@SI 4 ﬁ@l%—"solkféhtp@f tihe ﬁ&y&hﬁ)ne compound,
antici pate nd use of the nenbrane. The™ m ni mum

sushyae weataros agfixtueof ‘@@t@harmmllfome sod/br thh aonselventds), of a mixture

30532 a8 he PRI AR A ano D Tp ST o/ RP R Bave been

shpisved svhehiBe 19a0h BUN it QHRLS AthérBe@brahb & ledel tdéMoveéat least a
preferably at |east about 20C_rnore preferably at

Pastign oABsutolveptand e namxsokvaRt.t dipdeash bath wieduioh reraensnall of the
t Y. f
i, 0 FERCIR. Ryl B A 1o o
ﬁutxcqmthdr@ldwsebhmettmmﬁam ure of the | each bath is
iRl s P B R RAS o oo

Bl for-So 1P iR Ble/ mb A8 Rk B3RP Htrea:'sgngﬁalé %ﬁg E’ﬂ%‘ﬂ‘fﬁr froduction

preferably |ess than about 300 seconds.
fatehdsmandy, Tﬂﬁpﬂhmmmwmp@amreaoﬁﬂm deatché)aﬂe'siprefdra@l}za least about

Sor to nt.r.an o_.the ch bath, durin
R tnohRprft? i Ronabfucdbbcy, TBR makihitn fHheraes e teach bath
i8eldvwng térigerht@RCAt WA the Ohteshity JTIhSMEmbeMRIi8 aéleRFously affected.
thereof. Following imersion in the | each bath, the

Aesebdingly H@;temmrﬂim@ﬁ thy leaglebath sspreterabily tragjthan ab¢tﬁ§é°0

bat h Linse reppves residue

int h%y wn& rg ra P omr? %&]e eglc opt?agléoglsc? RSP Agac the leach
ot s pﬁéfmﬁfyaé@bﬂhyn Abbult 1200 &Ecarids) @ers preferDy less than about 300
2004/ 058 85 PCT/ US2003/ 040499 tenper ature. For. a

$eePndsw g diolloph Sbere Baye ARtEONE]lie e fdrpwie tp | the degirechsige prior to
s ne.Eépgg ﬂgg%ﬁbﬁ Fath RREREROIKid RSP 1B HPRAIPRAR WBsequent 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

woendarassss to be used for dialysis, a repl asti eCTAS2@®B/040499

bath is 5 used that preferably contains |ess than

about 50 wei ght percent glycerol and nore preferably
eBPEraftsn Fabéllwll% fiher. he rosislepemtimg of dasr Bper wighim thervanse bath is

ds’ f, the
SIPAE IRE AR 186 copas o TR GRG0 Sbecip 1 ° o
t he Hﬁﬁb Neachingg ¢l sneﬂmbramsmyaldieﬁ batﬁbfeeﬂe&t fove ieplasticization

roduc r exa ni mu

aioar 4o Dallor-ibeg npEDraes oRe abed 15 dalisindurelasiaiasion bath i
Bal Whhtsgfé&’&fiﬁ&atmni'au?st 1es€ Fedn %@W{Ve@ ngef@%ﬁte lycerol and more
preferably at | east about 35C. The ma mte ratur
weferahdy lessphars nbait 25t weighb atrkentsglpedralywvetht thepmdaice rbzemg water.

B G RFwTeR Q1 el AL A ch B P th P Bfoclgion of the

hembaskidebwdtat asdshiable rateSreRitiob @6 pRIMCHSES GerthhifR, R ¥kample, the
100C, nore preferably | ess than about 50C. Follow n

miyyE) teaperaiie b Blyarel-ponspiningacplagicieation bathtis preferably at least
%%%Pona ,Clglﬁgefnle%ﬂébq% &%?6 %b rugg? &0 fﬂéemgl?@gn?@eqnmxmre of the

ephytidizdtiondatiais bdiow faetempafaﬁird: ﬁGw&ﬁch&h@ messiee ditegrity could be
about_ 10 psig to abhout 60 psig. Wth hollow fibers,

astysrselyeatficied. igrerdiagly, the masyewum ipaReratiee of theirpplpsticizgtion bath
PR AbR e BL 07 Rl piay B0 Bk g0,
dr i edFeliowang carsoval 80thé m@ﬂmmbﬁgrm&h@mplmﬂmmmndmdn kxcess liquid

The .oven i.s naintai ned at a nper at ure of fro about
1% Qb rrf@@?éanwaﬁ HB‘F? fbﬂ‘oéﬁ@ovgfﬁoarefeé Yty use of a

J&V@mﬁﬁﬁﬂ a@‘klﬂﬁg Vpetauhe s 4 P%ssﬁr@ @%@% Ll'()%s %}tot %u?g@ bsig. With
I's about 70C. In"a convection oven the rane

leblloml fibers, g@%msuhﬁdh@fe een rachipved whes d¢loso aid knife 1ahm1uuta1ned at a
1200 gy%%ndé W.th hollow fibers, goods results have

FEEH &Y %OW%n the fiber was dried for at |east
about THA Qesn@if2N g6lysidRoné NBemBFInE SbP, abﬂt)‘n manyy 88l dr@ein an oven
menbr anes formed by the described nmethods "~may be used
(preferably aicorwgetion ovsn)- pFlac evnds naaiethingd at dtampesature of from about
iéﬂf' ttoezﬁ)ohp %(r)](zg(f: r Wﬂh ﬁglf'%)w 8 Qers é’ﬂﬁglirl%gl!ll tﬁaf%g b%en achieved when the
t%mbéltatlﬂé iofthendich @sialid‘aaVOClCS mmmaibn MehRhémich®réeapdried for
of ne gg s accordlng to tﬁgﬁpresent invention, is

B¢ 98! abat posependsdp abawt Falutecpidls- it hatlow Gbers, goods
redidtsHabe 9&&%{3{&@{%&%@ ﬁ%‘é?ﬁraé‘&!ﬁ‘éﬁ 028t 1 Sst aﬁ&ﬂ'ﬂm secohds.

achi eved by one s int art ase upon
t eac Hllry senhipereaableByolysayfoné neevshrpdes fanmed by the descnbed methods

tati | es. of the |nve ti n will. now be . .
g bk DB OB Reopiesss s 05, 104 b G SR perafltration,
&r&ﬂ%ﬁ%tdh%sfé’a%&fe%ﬁé qﬁnﬁa@prm E&Cﬁwﬁbnéﬁldf@meﬁlbd that is
percent Udel 835NT11, a brand of bisphenol

quap g wad, Mothin ‘(haxsmpeatﬂn@eﬂﬂqd@ rcgurding tetieynresent mlvmnon 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.
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of Al pharetta, Ceorgia) about 44.3 wei ght percent

anhydrous sul fol ane (available from5. Phillips
wGhenosgdss Conpany of Borger, Texas) and about PRET/IS2003/040499

wei ght percent pol yethyl ene glycol) having an average

nmol ecul ar wei ght of about 1000 daltons (avail able

from Dow Chem cal Corrpan];‘:'XéFMm-@]and M chi gan). The

sol vanteohhotigita w8t Y aééec?t éo%ﬁ?ﬁﬁléaké%’ﬁt 369 whi V&h-{hﬁercent Udel

composi tion was conpo Ina co-rotating t
PEFNT ]elxtarbmi@rofd:tlsphblmltA n&&sﬁlfo'ﬁbéa‘elxlablam 6mmosl?oﬂymers Inc.

o SO e B L i RSB 5fe fom

PRENISY CHenflva, Cbﬁl‘p’al%e rsfeBbrgedn Ct‘ekﬁ'sﬁ Nafi@ Mbhed 7an dwelght percent

extruded through a 30-hole hollow'fiber spinneret at
p@w&ﬁhqunﬁgglml)n@avan&anga@rmr swleswler uaieight Phabout 1000 daltons

SRS B0 BHG B SO B BT L B o

scgodﬂtrauicr waahbog 2&1 aThelcdmapesitiperss @mpotddéelta efotating twin-
m nute) to a second godet (rotating at a 15 surface
S@ﬁ@eeeftrsflerl% bt dd2fer The ﬁ&medtcemmémew@s caeled, pedletized using

eg.%ega%; éa"‘va 1§b1 RS %dcm*énﬁxtﬂ&oglf Sg{)%iﬁ%,a@g.cof Cedar

at a tenperature
Giave, Natvoderséyuand dwnsremEhbd and pytrededkihnmghm ﬁmhere hdlkew-fiber

stsiet oot d987C BohErs SERtett “eBuey TR zsultiecgiayy-fber
eﬁtﬁﬁlatd R8¢ %ﬁé}fcﬁé@ﬁ &r 3t Q)oqulv@tf&f aﬂ@ﬁf h5 fs8¢ond Ahwh From a first

seconds. ber was then imersed in a room
godatotadingrag a wartane-speais 1atfbet fpor mirBge)se wndmd godet (rotatmg at a

Fol | bat h fib
st SRR 5 SPoloh B SUREAGD. i o BPRERIcti, By (out 575
p&bé&ﬁeﬁ/@ﬁnd &Ph 86re] SldZabkinked fter bieh dt @ienﬂi%{%\ﬂﬁre %?@bout 25°C for

After renovi ng the fiber fromthe aqueous gl ycerol
alyait fourdwEsss | i qui d was renoved fromthe fiber using

an a a
or o Sl SoPREE 3 ikl Rl dbordiprod et By apptine the
ibstohomt thakott 70 of ai&h 30sRegndad pEBgng @RUfibdrBrough a 37°C

hol I ow fi ber had an average |unen dianmeter of 160 m
Wit bath 105 geH Y sapndst HileidRes svastherginersetbinkd Faagytemperature

whieP2 ?irnsé’\@éthff@p %Sgdé n}flgﬁ 1o%iflk MeYihst tafts tthef ﬁﬂér was reﬁlas’umzed

cont al ni ng 15 ers IN°vitro wat ér
byl émineesiova $orl 040, 5ecn11ds B0a @hrprmcehiy ag)eoan ghtchm] avgadgezation bath

, for di chlor de found to be 1.92 x 10"
helflat R R0 A Rl il Tihar SR e 1P Foglscatnl Batfnoxcess

liguwie Vflalskl%ﬁlok/ékmﬁﬁﬁl @1@ faRe 'dﬁmg a92a1r Ht‘uk‘é bﬂ)éritﬁfgsat%ﬁ)u{@@ 551% The
per fiber. Ko" is defined rn the |'ow ng equati on:

pmeesml Potiaw oBlsE SBasPEn Lcmcoa/mommhon oyerl at- abgs" 7RG for 155
sdopndipere Kb is the resistance to mass transfer within
etﬂe luid present in the |unen of the

The resulting hollow fiber had an average lumen diameter of 160 um, 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/
(hr»mmHgem?) and the average K,, for sodium chloride was found to be 1.92 x 107
centimeters per minute at a solution flow rate through the fiber lumina of about 0.02

milliliters per minute per fiber. K,, is defined in the following equation:
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holl ow fi ber, and P,,, is the nenbrane perneability.

It was not possible to determ ne the 5 nenbrane
woeowagassi ty, P,,,, alone using the test appaPa@rms2003/040499

because the flow of solution through an individual

fi ber could not be nade | arge enough to render Kb

negligible. This hollowfiber nenbrane could be

fabricated into a suitable deyice foj use as an

ultrafiltration cel |l 46+ the—+efmovat—of contam nants

fromwater of aqueous Kgl uti ofs. BEXAMPLE 2 10 A

conposi tion was prepared corrpri si ng about 36 wei ght

percent Udel . P1835NT11 o sul f on co P
B bt b ek GRS CE Y o
{%v the %P@Pe'ﬁ %'r)l a@&ﬂ% bitiBy. 3t Wik 8Bt pREibEAB determine the

ene yco i ng an ‘average nol ecul ar
n\!mnlgrhne pérrrmlablﬂlty, Pooalodaiisiog $he( tespvapCiretvis cba{:a)use ;heeﬂw m)é solution

N TN TR N iy S

tw n-1/6¢ E(Yﬂcﬁ%ﬁbéidfﬁém&tané‘@@lﬂﬂ bé ffricatbd enteXet sfuttdﬁ@ device for use as
conposition was then pelletized, renelted, and

apxftrafiitratiorheedlfghths rg0OYRb 08 cquwnmnwf@@rr walst ahaguepuspgolutions.
about 178C using a sing ﬁ%gxtruder The

resulting hollowfiber extrudate Wwas quenched in air

at alugordgssitiaar vx7as8pf£@61€éﬂd80mfﬁhﬁng esholut | 36y weight percent Udel
hol | owfi ber nmenbrane wound on a %gre at abo

P188SNELY pglé/ﬁulﬁen@dﬁ@ocar?&lm?r& I&P‘} ogpt %h b eI QCWSHtr anhydrous
sgﬁglaﬁg (Eg élh}%}’vcglélﬁgzﬁam@ﬁd LBGH: ?é =it tgh‘ﬂ1 g@rclé‘ﬁt ﬁély@:ﬁ{ﬂene glycol)

mar n erature o eri od
hatinglmudvedage lﬁolb&ﬂﬂﬂrSNe@ﬁ&)fhbbhﬁoWODldaﬁonw\@bw ﬁfhﬁmlcal) yielding a
processed by unw ndi

th f th
ShiSt toaBor-BOLKFTR Ta ADIL Ay 1 THE OBt B Fo POl in a co-
r&ﬁhﬁé hﬁﬂ%@re@@%ﬁr&&& ALPHL: 49305 RS rulbe cB ngwﬁswas then

in a roomtenperature water-rinse
peHetiRE, mndtﬁds and matrﬁdddethrm a é@ﬂ@iﬂ h@ll@@d'lbﬁb spingeret at about

cqnds in a.37C bath abou ht er.cent

@gu(goﬂ‘gn%l %/cs 'Scr%‘zl’t Slfmvfrh ﬁtu?g 18%1‘:[?% Iy frerudate was

@gmasn%ﬁ/ﬁ%@ht brichfor X %é’&)ﬁdé | quk Qeéﬁﬁ&gsﬁdlloﬁpﬁﬁer membrane
romthe fiber using an air knife operatin

Vmse&@md@rm corg pbahouBbl (hEeigper nHautgr Bdwkbdry fgfpb&o%mge hour. The
88/n1§l£| S It%{xepl : %@ﬁﬁﬁ‘#ﬁ%&ﬁ l? alggc? Etha tgglgerafgt\fl}g of Qﬁout 25°C

fbﬂﬂpéh&im&flpﬂS abast 142 mand an average wal |
t hi ckness of about 31 m Dialysjs test_ units ea@
cont atif hjlors dibex wan thenprogesseroby ppwinsling the fiber from the core at

Aot 5400 9&1‘}? iﬁ%ﬁé‘@}e @?(gufthlt?) BR 2508 (alt 'l&a@h%th B}eabout 40

average 1n vi these devi ces was .
s&txh(dsr n‘ﬂihb;;rf%)ar and itdmeersedeimagerobm, tenfp@rauscdvatm—nmeobathefor 139

.28 x 10.2 . ceptinpters i out e at .a .
e 1 we%lfe@?ﬁsmlaﬁgﬁrtlﬁ@ seqonay i 2, abh S 40 weight
;Qr&a%t aqhédublglj?c%hﬂ PEfeiterttvind’ie fibd&fom thé Squeous glycerol bath,
hol l owfi ber henbrane is useful for ultrafilfration, 5

eI la;md twas sippied feom thet filberiusingaan oin kaie opereiing pea pressure of
abour y@ ps1g ’I%%nptrg&JsQe%nﬁbser fWra% ThPEEd 82 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 pm. Dialysis test units each containing 150 of the
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aqueous sol utions. EXAMPLE 3 A conposition was
prepared conprising about 38 wei ght percent Udel

wo28R558381 pol ysul fone (Anbco Pol yners, |nc.), pabmstoo3/040499

44. 3 meight per cent anhydrous 10 sulfolane (Phillips
Cq about 17.7 wei ght  percent poly(ethylene
gz%%gerﬁa‘(ﬁrﬁ brifatsds e FhgyaventaedB Vit waler g o % sfoésiyices was 68.0
V\/[hg"ﬁ)g} %g %q 2k %h&ll'uﬁlg cﬁonﬁ(? WS NboliP 2.28 x 1072
ion was

non sol ve atlo about oSl
cﬂmhi]rmallmsi @dr imm#e aba sobitiah i fiuyy rzttwt]ﬁroagl’[ éw fixdrriunhéna af about 0.02

99C, and extrud ctI thro gh a 30-
st porsaiote e bpe: Lhis helTeygrmeBbias iR Heruiailtration,
ﬁich a@tfoﬁ{i@in agplﬁtrfaﬁﬁraﬁ&ﬁ’ il @orltﬁe $ERONEBE ca_ﬁ'{%nfrﬁdﬁfél frbrgq’vater or
hol | owfi ber nmenbrane was wound on a core at a
dguspus gdutionsnut e, and pl aced i nmedi ately into a water
bath for a period of abo ours. The hol |l ow
fi ber was then unwound fﬁ%ﬁ%ﬁﬁéﬁgg%e at about 30
ft/m A aBshppeitice dwhd mRetied o3AfprivRige abdigagh %fg'ht fISHrcent Udel

about 40 seconds. The fiber was then i mersed

PHBeNTd el yulfeee (dmase Polymersplnch, st éﬁéwelngercent anhydrous
sﬁﬁﬁ?ﬁ% (Pthlﬁ feRffica Saéjldeﬁloﬂf‘tll7c7' $fe tﬁ}%rgeg{ R%ﬁ’g% %]tene glycol)

Seconds’in an aqueo cerol "bath

Ky invge g iterpeer mel&t:ulgl} weighoodf abone 106 dalteas Yok thhrﬁéal) yielding a
?out 38C. ter renpving the fiber fromthe aqueous

plyRat o mopspiyentsiatia £bowt il WA commesiden Wiasspmpeaunded in a co-

1f0|t29§1r BYindfr & rexﬁﬁﬁeﬁ' &t ABEEAJorg aﬁ& 2 e%d?%?%ﬂ? fifough a 30-hole

ab ou 30 psig. i ber was then
lmﬁm&bcrosplmmﬂ aTheﬂbmuuﬂatEO@s duencladdoint aifl 56atsmt @AAS for about 6
flbe nmenbr ane had an aver

25 The esul ng h@ ﬁg
feqRRds. n po r BiSH baﬁlle VAT JVHRAR? S8 af,apput 160 feet
ﬁ@'ﬁlhﬁ@sﬁl@ﬁla@b@(iﬂﬁneaﬁt&mntpa%I'alt'eqf'bﬁtht B8 h ptitdd 8f £R6N12-15 hours.

contai ning 150 of the resulting fibers were fabricated
f r om Thg koliawh&ber Wisdhery wmugund from e eage whateut B0 fmif and passed

(R g MR anTER O B St T R e Bl e in

LRIV TERARF AR S atéFiéb Bathl foR alsctt U0 98tohl® V\”Fﬁ’@ﬁﬁéiftv@as replasticized
t hr ough the fiber lumna of about 0.02 mlliliters per

mfle s§sonds iipen. aquepes ighicerah-bath isentaining rhewet é@nw%ht percent
%igceéilof the aﬁhtﬂlr'{)élgnghé dta&? &R%SG@ ! lAer? 'ienﬁ&ﬁr&é ﬁ{g%%l n‘\t/\Be aqueous

nt am nan er or aqueous I ons.
QWbD%E%{CE@ﬂ&W@}@Bk@ﬂWQ&OIEMb& By dn @ﬂ@%ldpeﬁﬁng at a

red about 38 . |ght per cent Udel o
Oﬂbﬁ@gﬁgff ahe lgma%’fh% P2 cqryection @y at about 70°C
ﬂﬁagod@qgglgécoﬁgg cent anhydrous sulfolane (Phillips
Chem cal ), and about 18.3 wei ght percent poly(ethylene

gl ycolhe feshiting hgllaw-fzhee megebrand baliinaaveregeyvimenf diainetet of about
0G0 s SETh T 55 8 i TRYE R it anet
CoRRAUAASd dffthé résblting fibers were fabricated from this fiber. The average in
vitro water flux of these devices was 143.5 mL/(hrrmmHgem?) 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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rotating, tw n-screw extruder at about 143C, and
extruded directly through a 30-hole hollowfiber

wepbrrnssass. The extrudate was quenched in air BCTAISZB/040499

25C for about 0.08 mnutes, wound on a core at about

203 feet per mnute, and held dry for thirty m nutes

10 before being placed inEXl”*Q@lf,L er bath for about

t hr eeAd@¥mpodiién Nphd Qier e n m t he

core at about 30 ft/%%r{I and Cga E ?Rr ougﬁ g’e%gpement Udel

B\k&ﬁNﬂ 1@ qotysoHoie (Amocwbbmlymﬁﬁ ﬁﬁc)p pistat 45]7&vé1g1i!ﬂferd@$ anhydrous
wat er-rinse bath

R e GHERR T A ot I 26 PigEs roesl Deletiytene glycol)
W&iﬁﬂd@a@h@ﬂéﬁﬁ%&%ﬁﬁ/&ﬁb@ﬁ PeI0a4H3RE ﬁl‘é a@hﬁﬁgﬂ}ﬁ alleldlng a

40 wei ght percent aqueous 15 gl ycerol,
sodveant 40 ngpeolvedg@tio abowr2.6dnoVhe gomptmtﬁomwas ﬁ:ompomﬂded in a co-

l%ga%a’x% 1ngslﬁge|%vﬁgqglcf% {1 éﬂfgjﬁt §§§%eﬁn§ )ﬁ%@\gﬂ dgect V@%Lean}io hole

laflloabfibér spthfet.g Thd BenaRCReSQnbIRIdl 1A Wir 4t ka%utmsc d6¢ &but 0.08
in a convection oven at about 70C for 147 seconds.

mRiGse wapRd ﬁ’g 245919 PR3 ﬁemﬁrawgutﬁf*awchhdé\dey fqyehirty minutes
n aver age wal |
Beﬁ&%gﬁgi %gg?ﬁggju%r b&ﬂﬁ&ﬁfbo@ tsl,]? “units each

cont allm ]mjloiz\Gﬂb@fwetshHeﬂ msuddnldl”@ﬁ Itlibecro‘ﬁe wedbdut 30 ﬁ/rrrllm and passed
t hese

abr The ave in vitro water flux of
tﬁ%\‘z‘ﬁb @géwi'%ﬂ lepchyp P@%%%P@lﬁe% 0 sgsandsn e Thg Bbergwaximmgised in a
1968 temh6lRhRE WiRr-ritRSbiR lf&d148oseP&1d% %%F)ﬁbll:pw%% reptlahstmlzec}]for 149
cent i meters per mnute at a utton flow ra
Slem;ldsfmb@m dqummaglgéera]bbam CorBginimig| dticui t46r srefpht petdent @queous

g BB B S TSR 5,12 e, e
glﬁj%iréll‘ﬂaﬂﬂ@k@esﬁ Ti QUi Wit @6m ¥ e dPRMA WS fib et Usiil g' aﬂrhffr klw{'a%ng ata

5 A conposition was prepared conprising
pressyistof bpeicifpsig eThe rrogssdTibllopofilyes wak dnied (nﬁmmm/ectlon oven at

Y, bout 54 wei ght percent anhydrous 30
BS{ltﬁQf}ﬁgrl f%?l ps Chem cal), about 12 weight percent

pol y ("Eieh)éhtﬂtiﬁg 8b¥®o fibeh aiéhibgarRMhaAvVAT A8ag¥olBReH! @dmeter of about
wsl ght of about 1000 daltons (Dow Chem cal ), and about

192 g ard apeaaverage VLl thigkaesy of Al €195 @nRoddelysis text. ynits each
c§§@hﬁﬁ§ Veshb %Ef?ﬁ% %fs%%é Tﬁ)ﬂ?ﬁ%& | Q %\éﬁtrgge in a%% water flux of

i5
non-solvent rati o a
aplovivde ovas 144, 2cmLV(ht-ﬁithg'm29 \wihd thd avéf@emgﬂfo@ 2888 chloride

tjﬁ’rﬁcﬁ?ogmg@ , screw extruder at about 144C. The
R tiP \ EImSETS P&l mEte aa selatien flew, ratentéirough the
1%t utlBSl of BBy 91023 BRibR! é)%s r ehltOWer fiper ’I‘B&' l{llﬂ%()v@ﬁb&tmembrane

about 134C using a si ngl crew " extrude
ig essitlin ag ubredilindmneclider the esrodned of comammants dtooutval® Or aqueous
%lﬁ{l 08 m nute, and wound on a core at about 200

per m nute. The entire wound core was 5
i nmedi ately placed in a gXav@igrsbath for a period of
about, 15-20 hours. The hol |l ow fi ber was then processed
by urWi GIRNgItioRe WRp betiepdred neanierising ebaut 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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about 30 ft/mn and passing the fiber through a
roomtenperature water-|leach bath for 97 seconds. The

woi2brossss repl asticized for 145 seconds in a Barhs2003/040499

cont ai ni ng about 40 weight percent aqueous glycero

held at about 38C Af i he fib th
el oo Sangit g Co e BTk 8% g eop el fpemetted, and

ExttRided Iﬂﬁoﬁ%lpﬁ B0 bR -Abér ég‘iﬂnfe?et aPREIRUBIT Bdind a single-screw
pressure of about 30 psig. The processed hollow Ti ber

exdmidgr. | €he resubiingcirndaie ivars quenchedtin alroaitab@C2G°6r for 108 minute,
seconds, The resultin l.owfiber ane..had an

G PR ol ¢of dhabdt A B8 et bl HR AR sy gore was
ivahédisblygiaed sn 80 5abadter b&haor a f&idd dMbbiet 1880 hours.
contalnln%k)15 about 150 of the resulting fibers were

f abr i Eig bellowribenyas dipm piecessed by wawanding the @pertfemdhe core at
' 7.2 ,
B S o oo L OB AU RGGefrtach b v

YEsdconady. eTlse fiksr wasneplastitized fo0l145 sewondd @ve bath @ohfairing Bbout 40
the fiber lumna of about 0.02 mlliliters per m

nut e
yeight pegesnt agueapetycerobheld at abrid SP1¢-o A figa e vapmthe fiber from the
i Si t i r : . .
KA Btof D, Rl w8 5k ih o SR NTAE an i it
qreratimgt atanpresiuoel of abaitf30) pig  (IBei gro¢essedCimdlome fibgr, was dried in a

bout . 6 ' t hyl | ) havi
SpSHisd e AR S AL on LR 1000 tal tbns (o
Chem tid Yesulding HRNOWfier Weintthne BRI &€ Aberhdd ﬁlﬁ{elﬁ)’dkiﬁlﬁﬁter of about

k%l%col ) (Aldrich Chem cal CorrEany, I nc.,” M I waukee, o
Pspwngne an perage avall thickaessoptyahout 18 ron-TEast weits cacht ¢antaining

ho ' 3., The co sition S CO nded _in. a.
a8 L0 ok e REWFRE TR i PRRELT THE B Tieb Sigeop ater lux of
tB¥der déft e waB 67 2hETY (GeahfTh -m*Paid 18t hv@bge KBl §dllum @Abride was
extruded thr ou(?p a 30-hole holl owfiber spinneret at

foped fo ba 3718 x50 neentimeters par mErussated sqlviinay tlowpate through the fiber
oSl 14 ; S uenched in air

1% T a o%fu@gg%b# gl\éhl&teggﬁerﬁﬁlh?%%gﬁggﬁoung on a core at

about 200 feet 30 per m EXAMPIEG6entire fiber core

was i di ately placed in a 25C water. bath for,
peri SPReSIRN ity STCPPTRS IKOMPHAME ] Bt s Vright percent Udel

@LS%%W?%O‘P%HM Egﬁ‘ﬁ&) Paﬁgfe!{% gﬁ(%j, ra%phti ﬁf gﬁe%ﬁ g@fcent anhydrous

t 30 ft/mn a passi I"be
subfolant € Ripidlipsst Unemivel), eabolie@ creiglatperdent polCGthiene glycol) having an

2004/ 058385 PCT/ US20Q3/ 040499 = 95 ds.. fi .
AR (BRSO SER orPhant SO0 PSPt Ghauiieal gt 6 weight
Raddnt trethyledd gﬁ%@l}r(@%dﬁc_ﬁr@hd?ﬂbél%rﬁ%%?aln‘@?Milwaukee,o Wisconsin),

repl asticized for 146 seconds in a of about 4 )
yieldie 2 gvens tn nerysvens refio/dwusP:1helhe compabivtign w38 Compounded in

f . I ' [ t.hgo~agHeo gl.ycerol
R R T
mlletizad, kernéleed) anpexahddigtréugh pr3osimls oldwdlbetitspideret at about

sid. The processed fiber was _dried in a convection
]g&\ka HSING @ pingkyecrey r exinigles o c dhg sresulting hollow-fiber 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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The resulting hollowfiber nenbrane had an average
l umen di aneter of about 180 gm and an average wal |

wohomksgss of about 20 gm Test units each conParniSz3/040499

about 150 of the resulting fibers were fabricated. The
%eraﬁg ﬂ vifro vvater flux of 10 these devices was
SRFORES- ( P b@‘n’ﬁ'ﬁ‘s B 1%@61&1&9@0@ tempsratusg gy ater-rinse bath for
|
o QLbAlR, VBR thl%W‘ﬁ'bér?Yﬁereglas’ltlclié ; ou&@&ﬁéﬁ%g 5atR F about 40

mnute at a sol ution atet
Wweighingerodnt atpoasus @lyd2roirhéldiat eb@rt SSPE@r Afien r:dmampmg tHel fitest from the

BAE LA ot Lan ies frepated Sopriatng sbout
&p%i@ﬁl% dr Q'ﬁf&@ﬁﬁe of |aB§ut)3O ﬂ@?uﬁ‘hé’_’ o\éé‘és&hhbﬂe\f!é‘sedﬁed ina cloé’lvectlon

hydrous f ol ane i ps em cal ), and about
W@hﬂb%ﬁ@%forﬂéoyé@mﬁyl ene glycol) having an

aver 5esu@1lng:h§ lﬂ\\é/\e fl' b%hglpe%fél?{?l?eo ! 10%\9@‘%&',@ (ilita{nater of about
Eﬁmufn %n& ah- avER@e GRATP Bt kneSY ofMEtSouE QONAHN OBkt ufitd each containing
co-rotatin tw n-screw extruder at about 131C and

Weut e of dne esultips tfihesuyhreafabocatest. eTh@|aV@fagczmmWater flux of
SR gl SS0SLRORITD BEAEUTHLNGER Lodtm cloide vas

foahd anbé |2t1€rx l]@?‘fbdflﬁm%em/@l%ﬁm\tmdt a)sblaumﬂewaateabmmgh the fiber
244 fe ﬁg (5 @@ The entlrgflber core was

TuppiRaipiabeit 0.B7 mrllditersper minateper Bbetat h for a peri od

of about 15-20 hours. Th Q?htmfi bers were then

processed by unw ndi ng tf]Fé ers7fromthe core at 25
aboutASGOmprbsiii(m anth paspmialg cbhmriﬁiingealsom hBZ)uvghight percent Udel

PPN e [Riia BBR s ThOb PP L Rt percont ahydrons

NRoe (PR sHethié) gné- Fout 86 Msleht pHé@ntfﬂolPﬁéﬁlyl/éﬁE % dycol) having

repl astici zed for 146 seconds in a bath of ab

aedgrage melrgdm weightedfirboyf LQQ@rctaltons v é?hhmbvel)nglehiemga solvent '

abo t he.. fibers rom ‘
ottt Stle roback e beifondnsorab AghL TR o sgrpotating
tinie-streesxttiglengt sbbuailz180 akadickeudddediddcklfdhfugh a 30-hole hollow-

essure of about 20 psig. The processed fibers were

r
fgtrqréﬁmnﬁrea Thoexredeieorpsoinenched iapoiar 2 st 3rC fepabout 6 seconds.
'ﬁ?ecpéggﬁl Tﬁb@lo@veﬁyér H@LJ Q‘}fo{ Wg%% %Bn;? ereeﬁt Qjao%t M4 feet per
average umen di ame er of abo nd an
raltmteagEhe/\ﬂitire fibéradonewas dfimadiotsty Iﬁi’ce@ml amec witert isatle fata period
t aj 21 WD 2004/ 058385 PCT/ US2003/ 040499 about
OBtffytﬂ(gh?‘g%l ting fibers were fabricated. The
aver hESEn
L (PRIl s S Thch i o MRS AR O froth e core i
ahmut 30 &lmuh and Haesidg @6 fibetOthPoughrat nonnt—@nmemmre watertleacht bath for
sol u flowrate throu i ber
Thistets: obheers iednts BEMOtph i & rosBs topmstiiutogy Ssungipresbath fo

ﬁsaeeérﬁrs TERE €ibers WeaRs RIpRAESIZUE SR 14660 B0 bath bE hB&Ut 40 weight
based on AMM and
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 pm, and an average wall thickness of about 37 um. Test units each containing
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EN123 gui del i nes applicable to henodi al yzers as of
followng: 1. Small solute clearance: 10 The

wohewrassses of urea, creatinine, and phosphat eParas2003/040499

determ ned using open loop circuit at foll ow ng
it . Bl inlet fl t in = 300 m /m

BN 50 e, P el B2 o T e e A of
el advitdsvids 0D nlll/ QM hA TR N ' i
cgncentlr at‘?atosngs?pééugigf ute |Irr112{,aglal}gl ?Sgéré rg"vasrg %ﬁ}ug\/\%hzlonde was
fouod te be. 1076 [10Cceatimetersger nfinde gf b solBtios float wtethéoubA the fiber
/1. The .cl earance. was cal cul at ed..by neans of the

Biepipd 8T 058 MRS bbb Y. Cpi - (CBin -
CBout)/CBin + X (CBout/GBxamPhgre CBin and CBout are

the concentrati on of solute at bl o_od i'nI et and outl et.
2. M Benfermepre of | raesblanese were deteromed/ iddvigrosbdsed eon AMMI and

EATEs PSP AR hBlblieRits SR e The came

flow rates as in the case of small solute clearance

with the solute concentration in the range of 300 to

500 ppwell pplutegleasangsce was cal cul ated as fol | ows:

Cd ear ] = . /. i (41 + .

Wher e@gég) %ngzgné(%yogi)eurgf ’Q% %S&Ilrﬁg%r aé{sasé%or? géar?gla‘[f/% E%teg?&%ﬁ gsine open
loopreiretitpisfoowing cohditinad:ur al | ogari thm of the
concentratjon of the test solution T = elapsed time V

= vol une o??"toﬂéan%a‘éW\‘}%?’rQ%f?p(ﬁ@V%Po 22 WD

20041 055386 REHATRORGH HAAG9 — Bl raf 11 trati on

rate 3. Albumn sieving co iclent and
ul t rafi | t r Hitragiitratmndlomamte; Qfcul Gind/chims f ol | ows:

Bovi ng, serum is. used in these.tests. total protein
cont eﬁ}ile ??C%@ra%@nﬁ?fj S.Olhﬂgl Rt (?qg’“fseci rcul at ed
t hrough t hgrdal-opd ggonpartment at o = 300 m /mn and

& =60 mM/mn, while there is no fluid circul ating
t hr ough ot Geetiepapdk2 e8nt. The wultrafiltration rate,

Kuf is detﬁﬁ [‘ﬂ - 1 hour recirculation at Qf =
60 m/mn. Haﬁgl ?;'erze%* & versus the trans nenbrane
pr ?SS’D]Ii@clea(rEEMB wasialdg)atddsbyiaeshsfofthe dxpressioput at i on of
Kuf .

Clearance (ml/min) - Qgin (Cgin - Cout)/CBin + Qf (Cout/Crin)

Where Cgi, and Cgoy; 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) = Qf[ (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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10 Kuf = (@& x 60) / TMP, m/h/innHg The al bum n
sieving coefficient, S is obtained by neans of the

wexpuassiseon: S = 2 Cp / (CBjn + CBout) Were €pTiUs2d08/040499

concentration of solute in the ultrafiltrate. 15 4.
Pl at imel ﬁ{ag”rvt\as determ ned as follows: Fresh bovine
bl ood<i st al’ﬁ) tr?ﬁs test. The dialyzers, including
menbranes, to be tested for platelet drop are prined
wth 1L of saline solution then attached to the

Xi al yAbpmimsievipg eoeffigientandrdmaldlratioroaie Weas crakgﬂatsd ass@tlows:

m of it for

test. B Ingeo r\;\ﬂ/;sﬂrliésc:&rqfcguﬁgs{3 gg‘% Cf%\(/)@ﬁ )ﬁ ?n&%nvm& ﬁ%ggdk > g/l
Bhvahey/ setiirg i2fRcparlited tBbogtths amuesmpmmenmm we(n fl/min and Qf
collected at_ 0, 1, 15, 30, 60, .90, 120, .an

FioQumdainorhile therdp no HHids cmgplatmg, drepehyo mCPJ@parﬁnent The
HAABRAEN LA KRS afRHAES andy hoﬁ‘(r@&ﬂﬁ@at%ﬁla‘t' £ 60 W/min. The
readi ngs was used to assess tel'et variation

slares uﬁ er wsuscﬂieatrarmnntenﬂmaneEp@ehﬁteE @MB -Bynmidyg) of used for the
exa ggl%sul fone fiber A was spun from a

GogH lgfll onsi sting of: Polysulfone = 37.6%

Pol yet hyl WQ{%P@BO)(/MMP h18038ngal tons) = 11.0 wt %

Sul fol ane = 49. %30 @ycerin = 1.2 wt% _

Pol yvItheydliyuminl siayongcoctidiat, Sisiobtaingdbynaeartsiof thewkpression:

composi ti ared conprising about 37.6 weight
pe?gent %E%F@ﬂ#gﬁ‘és ggout 48.2 wei ght percegt
anhy owaee (%Hisftl% @iRentiiiou lof ddiufd MOl lirafilRdteV\O
2004/ 058385 PCT/ US2003/ 040499 percent pol yet hyl ene
gl ycol, about 1.2 weight percent glycerin, and about

0 i rql e. The conposition was
corrpo@ulf'lllgjre| %%cdg%%td ggﬁglﬂ}%vmn screwm;xtruder
a bo utFr&ﬁﬂlﬁ)vnambﬂobﬂl enusdtin tige dest. hThel dlalyzeds ﬂfm&ng]mlehﬂ)mrles to
fi ber spinneret. at abqut 145C. _The extruydate wa

bpuierehder platalgielrap areprimgd gyith gl of spling splptiap thgn attached to the
aa%&qﬁm tﬂ_pf%strsg/%%nt azsgggoaﬁfﬂrln P B *9@@ n{r%maro%a%naeﬁtam\é@ Whsh & 1°C

core abou after being passed
Wztsr umgrfoa eaalt test. b Bldodawas bairculd®@ 4t @00atbutin With closed dialysate

The hol I fib
R GmIE R ZORESg, T TSt nF EPRIGPY 2rts Tpdsoat Qh PJubdP-4nd 180
Hifatesedor plitaleh chMts aROMearkOBf 26COMES - DiffefertiaD €lelM@8unter. The

replast|C|zed for abdut 30 seconds in an aqueous
@flegagermluebaftfhtvab rmeadingsngvaabused 40 ag@ssvdhe latglst cepigtion versus
the bat h tenperature was about 38C. After

rg‘él rtlrcﬁ))lé‘t tHe fiber

EXAMPLE 9
By way of example, polysulfone fiber A was spun from a formulation consisting
of:
Polysulfone = 37.6%
Polyethylene glycol MW =1 OOO 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
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fromthe aqueous glycerin bath, excess |iquid was
renmoved fromthe fiber by an air knife operating at a

wonresi®dsass of about 12 psig. The fiber was thenrPdriuseoosn40499

a convection oven at about 70C for about 200 seconds

and vvoucﬂdvgqﬁa core_at about 60 ft/mn. The obtained
PYTERY RH¥HHRYIang or PROUS t k2 cveield Bercentl glyeerit, eandi about 1.0 %

: i ' ' tional . .
e L e —
pirew ekguder about! 166°C ssidehlenéstinded throwgght THHoRMBIISRTWRr spinneret

i.n.Fig. .9 There no drop in platelet after 3
Hotou? 365G, c P R i lpeedie 5 kgt Shouestarpifer about 30
by Tas gedul hBYYVASibEP W20 Rad %dmhf/&eﬂt E;}iogen at about 200

consisting 20 of: Polysulfone = 36.0% Po
B pitensig passichrpaih e velfer-bathiat Bbewt %7 ° Cifyrcaboun] G=dec3nds.

wt % = 51. 2. Wt % 25 Wt hout i
Pol y\?lﬁr%{/ ﬁ%&% gp?rd%ﬁ@b%W th__endm‘mq%ne}-ér% fhe qopgat zg)out 60 ft/min
agiTpessed i throughsa PARIEARREr CERART fos | AMBuB0t s3Bnds. Vel tber was
percent _ Udel pol ﬁsul fone, about 51.2 weight percent
teRlasiiends far gyt 3Hesecensisuin am adiopps ghyicerop dhatte nentaining about 40

I 1.3.wej percent .
EPUNERRA LSl oI A0 PRRGBhoin e e
Tomrthe abenys dlydaninseatigvexedsr ligied waladino+&D Gon e 68 by an air
ex%ruded. 30,throu héﬁ %6- hal e, hol | ow fi ber spinneret _
KIHICAPSTAInG 25 & Prepsire of phen 4 @ sigasThaidhee reag themdriddeing qonvection
Henabobt 36 FRTahBRMD T i -
hoInI ow fui ber mererlbr ane \/?/gésbnﬂ\%o&gn 8%%(1 %?%g%%g%ﬁ%gggtﬁ/mm‘

200 nThri ehtaintd éibebsliavg papamdirichstmogite as Watsatitebdh IFigt 6 and 7.

out. 37C for .about 10 seconds. .24 WD 2004/ 058385
RS imsiiteh oRLA8S oM BOHGRTDHT 1 it MOk eclagis it platelet
régiRuated WRRbbIRe BRIGA ¢ stkath B0 J tid AR
t hrough a 40C wat er 0bat h'for abott 15@@3@2%&5. g’latelet after
¥ hoyes ofggsircylatfsinast i ci zed for about 30 seconds in an
aqueous gl ycerol bath co [T out 40 wei ght
percent glycerol, the baﬁm%&ﬁfure was about 38C.

Af t erBy wapF Bgariple, C}fdlmlfoﬁe fib&@B HAe sAGBOMS: BIMERTSR consisting
bat h, excess liquid was renoved fromthe fiber by an A
Air knife operating at a pressure of about 12 psig.

The fi ber _dried in a convection oven at

about 70Cfo ugggﬁt %gtg)ﬁseconds and wound on a core at
about 60 fRolysthylenkhelyal (Biwied ,600o@itoa8)exs].8 vayymet ri c
structure gs illyitratO din Figs. 6 and 7. Fiber

di mensi on ARG ¥i7al performance is given in

Tabl es | apdoldne 2 ¢ ¥ istd,0 platelet 10 results using
bovine blood are shown in Fig. 9. The platel et

r educt i on Wahout Polyvinylpyrrolidone (UHMW) = 0 wt%

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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approximately 40% after 3 hours of recirculation.
EXAMPLE 11 By way of exanple, polysulfone fiber C was

Wepuln/ﬂssasm a fornmulation consisting of 15 Pol peuiuSomme/ 040499

36. 0% Met hyl - pol yet hyl ene gl ycol (MAN = 2,000
dalto = 11. 0 wt % _ Sul f ol ane - 442vvt%Gcher|n-
3 vl 5% heligw, @81%5@5%%? vers een upigmnd from fhesgoreat about 60 fi/min
d % n
ﬁ%%%?%ﬁ%%&shp%"%a%% oot ToT ol 158 egafis Tl ber was
plasiecited fdn‘edbopb 3P ssetémisein abadqteodst gPyc‘eBﬂ Jhath peidteidittg about 40

an h e?qgefsné% %{Jpgg? batg %er%hllga RS @%}p’c %%l(‘g ngggrt removing the fiber
ﬂbﬁﬂctﬁé'aﬁueoﬁls IWr&hBatR eLLEa 11quEz’vas%ﬂxo@@(? Yont tl‘ge fber by an air .
UHMW polyvi nyT pyrrol i done.” The composition was

Wofepmerating ata paesa@rerqftahoutri@ pSth Fhesfibawaxthendiged aboctmvection

A BRI TR Br R eocrds R Yaindh bl g 80 fumin

quenciiegobtathel e kliovdd a 8 tricB¢eruicire AD IMhistrdfed in Figs. 6 and 7.
seconds. The resulting holl owfiber nmenbrane was

Fibendimsnsian gud Bmgtions getforppacedsraiven infkablesand 4l Jasdiea platelet

u t. for u
IIS?E&CI %ﬂ glgmg3§@‘%lﬁé 'IEBWOW f %E)% in g%%an% \Na%glgt ﬁlé‘g]e?eﬁn\r/\?gﬂﬁ%" nwas
dppooritnbtelyc40% after Zhowts obfkcfrtulation. and passed through a

40C water bath for about 150 seconds. The fi ber was
repl asticized for about ¥XAMPIFGLlin an aqueous

lyc . . .
ol yoer oS T SEAT RlrRp Al ¢ s HpE BB llaion consisting
ofenoving the fi ber 25 WD 2004/ 058385
PCT/ US200 q from the aqueous glycerin bath,
excess ||3‘éﬁ Qe_ @d fromthe fiber by an air
kni fe operpfi ByRRESSIERNEN 200D aloRyLa1 oThe
fi ber was It%ﬁgr’}:’gg?%gdyl n gg)goﬁ(\%l on ven Zt about %
70C for abwfolao Mekwtlds and wound on a core at about
60 ft/ mn.~The.obtgined fiber shows a symmetric
structure g{]é' F?WUL?Md in Figs. 6 and 7. 5 Fiber
di mensi on Rlgvihiip ?ﬁbm@ﬂe(gm r@gg@% s given in

Tables | and Il. In-vitro platelet results tested
with bovi M-Methykparalidenew?-q wti g 9. There was no

dr op Ie [ecl.Icu

0 0P 4P by BT AL it prens
Wealrpolysatfore, fabooul4Ri weigltopgedit iaABydrdds oflfolane, 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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Pol ysul fone = 35. 0% Met hyl - pol yet hyl ene gl ycol (MWN =
2,000 daltons) =11.0 wt% Sulfolane = 43.2 wt%

wal2gemssass= 1.2 wt % 15 Pol yvi nyl pyrrol i done (UPKIUS2003/040499

2.1 W% N-Methyl-pyrrolidone = 7.2 wt% To this end, a

L] [ e ed co i.Si ng about .35. 0 wei_ght
BRR AR Ay BT Bt et BatR W% Fpuegifiorp e aher by an air
knitfyy dperatingsatl o gresngs ofodbout 1213519 MRE GBEr wietheR Btied in a convection
pol yet hyl eneg%l ycol, about 1.2 weight percent

aY‘iﬁcaé fut 79 bowt 2(ksegends apd wavRd onadortaabod.60 Mmin.

UHMV t
compoundon i ShofoR Byhltis ARA e g sl g and 7
Eﬁ:@ﬁdlnmmdlohhﬁd fmwmuaiqxérfohﬁmuw ierd fr TMI&® THAKITRVIn-vitro platelet

I, Spi ut 145C, The extrudate was
@?Sc“ﬁé‘gd lt%leahl?o #re shoywi m Big. 9.0 hers syas neairop in platelet after
§ﬁ§&@q,$fec_ﬁl&§1aﬁ§§m ting hollowfiber nmenbrane was
wound on a core at about 200 mmn, after passed
t hrough a water bath at FIAMPIAC1225 for about 10
secongds. The. hol | ow fi b rane was then ynwound
from gﬁé” Yore xg@p%bgﬁys@fyn?% ﬁ Was U 598k %qrﬁw&ggﬁ cgnsisting
é0C water bath for about 150 seconds. The fiber was
repl asticized for about 30 seconds in an aqueous
gl ycerol bBelyswtwezi3H00§ about 40 weight percent

erovi ng’ « MEERP BRGNS 28 g i,

excess quSulﬁolm—nEﬂw%i fromthe fiber by an air
knife operating at a pressure of about 12 psig. The
fiber was Ry led"i® a convect i on oven at about

70C for abp(lﬂ A %%ﬂg a core at about
60 ft/ mn. l%ﬁlneﬁg er 'shows ab}syrmetrlc

structure HsMmelljpyrrcﬁtdade V. Fvgs. 6 and 7. 26 WO
2004/,}9 385 CT/ US2003/ 040499 Fi ber di ,nmensi on _and
funct TOHEF CPerd HRRASHION; WasprgRated fompmsing apoud33.Q weight percent

‘ mel\@dlys%l@h@t &Joﬁf 4% Qe&éigﬁtspérééﬁ Snrbs Bﬁi’dl{lﬁf kElloé’q&du 0 weight

are shown in . There was no drop 1n pla
nergont POB’eﬂG{]ﬁT@ Elﬁ’cwle@bouiul Atweight Percenti glyE@rgl, B2 anelght percent

Iﬁgﬁﬂva%f a%u x | 7o %P&Se o{WFﬁﬁ ‘ﬁ‘fr r o %g‘tf?é‘%;%ltlon was

do@fpdtth@dd Qﬂ al @SR, RindsdeR -extBSTIRER NicBoC, and then extruded
onsquone fiber suitable for di al ysi s application.

tronek 2) 16-kpla dipH wéihebsplammetmﬁ raboitoBd’ C Paitk extradate wais quenched

O e T —
woundam arcorec ahbﬁtfﬂ(l%lﬂiﬁhlga@érqj”ﬁﬁseﬁl thRugh akPater?batd 4t about 37°C

fgr a(aaout ?O 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 B 192 25 23 441,000 Fiber C 184 21 38 430, 000
Fi ber D 189 22 50 324,000 Fresenius F60B 199 42 35

we3p@pBs3sTable I1: In-vitro Perfornance Pol ysuPEoms2003/040499

Surface Solute clearance, m/mn (n2) Urea Creatinine

hat e. B12 t -.C Kuf b SSC . Fib 1.9 231 204
PSP BgShniion 390 gftsiionghipsubromance s siven poiblesd ang 7L 4k vitg platelo
foslfts tebteB SFithdodirk IR AR khddR i P, 31Fndd -V@as%g%op 10plbtelet after

shoul d be understood that various changes an
Arbghssiof aedishltion t he presently preferred enbodi nments

descr | . e | a rent .to those skilled jn

he. aPRr indfr And sttt sHRRSE M e b 88 sl emipgnl Ot Urvaw

injydrbphitic d@pBiier,N Py ERYIbRROSIINE tin ARStmuSZORE r8ulfedCin a non-
resent invention and wthout dimnishing its intended

hegsyisspolysulfoge fibersyiakle Sraliglysie pprdigatiomat such

chan i fi. ' ded..

ol ar Rabies SyERicnt 6 a8 B o XH B Sl BEP ARRARE er

The invention isFobdPrediasWilb| | Bas: PefeatAlitpol Bsetighatieeak,

sem peiABaR B TeRARe, theRO!l YSHARDG.EE™M Per neahle

5 nenbrane conprising a mxture of. an

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

pol y&bdrhone conpourdd and a2esol vent f o the pol ysssofoone

conpgprd, and the jgpol ysul fone senipg%neable Menprapge

havi ng a honbgeneous structure such that the ’

pol Y& Fone seni peldfreabl e Hermbrane ha¥ a subst ant304P y

uni fEkerDst r uct ure.182. The pol ysul f onespsem per meails®oo

me n aim wherejn the ultrg- 10

higﬂﬁﬁglggﬁwgi-mef%%t hydr%%hilic polymer is 85,000

pol yvi nyl pyrrolidone. 3. The pol ysul fone semni perneabl e

menbrane of Caim rein.th ol ysul f one conpound

is selected fron1tﬁ@b§?ﬁuanﬂﬂﬁ?ﬁ§?ﬁﬁ e bi sphenol A

prolyyistodel ONByrfapol yet haelupokatsdd, fonae, pol yphenyl

pol ysul f on and m xtures therepf.. 4. The pol ysul fone

seni per rrea@l"zé rrenbrﬂrr%ane g W% m S,ph{/\%%er-l};é?n ?”H%Csul E(Pa- Al S.C.

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

nn%gguggg geight qﬁlapgathnftel¥821,0Q930004§0 gP@ut 0.01
: ons.,.5. e,.pol ysu ne per mea

#%ﬁﬁ?ane of ainf?? conﬁ??sing é%g 167" Pe43 7. 0.01

Fiber D 26 275 251 240 191 115 14.6 0.02

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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| east 30 percent by wei ght pol ysul fone conpound. 6.
The pol ysul fone sem perneabl e nenbrane of Caiml

woan@roisgisng n- 20 net hyl -pyrrolidone. 7. The PCT/US2003/040499

pol ysul f one seniperneable menbrane of Claiml
conprising glycerin. @ﬁ ﬁ@glfone sem per nmeabl e
menbr ane defined by a conpo £ conprising a

m xture of a pol ysul fone conpound, an

ul tra-hi gh-nol ecul ar-wei ght 25 hydrophilic polyner, a
solveﬁheﬂb@nﬁwewpbﬂysdb$ﬁﬁb“eonpound and a

non-s ?l venty }goqgs]‘.utit%n %ﬁj&e SRR ﬂ%poj\lr}]fgull'orﬁg semipermeable

pol ysul f onée per

hefmyare eumpsitingchu lhﬁxﬁlbhc hoft hat Lﬂﬁeh@etmeubﬁleneelght hydrophilic
sem per meabl e nmenbrane has a substantially uniform

BOWISE. A ROLysylfons éoxaapwﬁmm@\se@ﬁquéhm@lm@fmmmm and the
sel e

POy IR SmipORLENE chotfrdl il S fruBihe Such that he

polgsulfomt Isymmeeraeabledmnnﬂaramb bhue aﬁzstahtﬁl-lﬁﬁﬂnm dietirdle,

di phepyl t ol yenedi am ne, o-toluic acid, m

t ol ui 2 ac Fldrp‘e Polys e seonngraeablemeabrnep Gl véiegein the ultra-

R

TR I RO B AUSEA Eh RRGERE

n, n- dd.met hfhd exolysuifoma semgmrméa‘bilm men2tiaOoZ 00 5B 3&herein the

PCT/ US2003/ 040499 | ,.tallo
R REIENE  FRRHOHEY 18, Pl Ry e Gty yPRRIEE Wfoisphencl A
Kﬂxlfoﬁie (ﬁﬂf&fﬂl@%b&hbﬁ@l@ Eollygﬁénglﬁf)&%ﬁflﬁe Ur¥GREdures thereof.

yl ene glg; po y(et ne gl ycol)
tet r af-et hyTbapolys me)semglleyn@bﬂmmembmhplf Céaimpbwmereln the ultra-

glgﬁ %ﬁ%@?&-wé‘ihh fl)?c{r }Plﬁ hg? g%nliloﬁﬁlrélﬁ?/ IQV:?%I{E %f r'faé)prommately

nboe;pmamtﬂ@um SO(al,Od)@idalﬁ)n@ o- di et hyl o- (p-nitrophenyl)
ester, N, N-di met hyI p- phenyl ene di am ne, 2, 6-

di met oxy pRemaplysulfenie) samipermepbisxyphbror , of Claim 1, comprising at

1- napht hyl am ne,
Egﬁggﬁ’%ﬁr P% ﬁ%@gﬂ%& Fﬁlmloﬁ&lf br ononapht hal ene,
I evuI 6 n| C ‘Bloé qbplysm]lﬁ@m:ybenmwﬂmhblz ybmbeine ng, CRir@ny lcomprising n-
1 et one, isothiocyanic acid, mnitrophenyl
ﬁyl-lk+|ndole 4- et hyl i ni dazol e,
' rmda';ol €, THe ?dﬂﬁsﬁﬁ@ﬂ@ C&'eﬂ%perﬁé‘&bfle %Fﬁﬂraﬁg 8 ¥1%m 1 comprising
f errocene, -nitrilotriethano
ngﬁmiwinodlethanol dlbenzofuran cyclohexaneacetic

aci d, gcya our mar.i r|d|n nzoic

aci d, 8. ben‘geﬂglﬁfﬁ%&nsnfeémggpﬁab]g QF@éerﬁ‘e%y a composition
h‘? a9maaaR 6¥ d PoBsdfont) BARAGNA, a%nﬁltra—hlgh—molecular-welght

chloro |phenylar5|ne ant i nony br om de, p- ani Si di ne,

Héwgﬂéra a salﬂepbfﬂrtthq padysupfong, rompounde tushteowselyent for the
et r ent gxan
zoyI (glmpﬁh%lé]ﬁ;&/’l ah&l 5thte bﬁl&gﬂfqnea Gnipermea Yble membrane having a
hdm@ehgdqshstﬁmhﬁe esuch Uyt ted bIyRE foriceédlipBeable membrane has a
tr no! pol ychl ori nated bi phenyl, nyristic
ptantiafy; F‘?ISFEC% d, dodecyl ester, isocyanic acid,
met hyg enedrh 6 )
e e ol p]gsaﬁ]nyp eglﬁlzeyrﬁeﬂi %n@%l%ﬁf% SHLY dne non
solvent is selected from the group conmsisting 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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benzenesul fonyl chloride, 2,4-diisocyanato-1-1-nethyl
benzene, adipic acid, -diethyl ester,

wa'20031058385 acet ophenone, 1'-acet onapht hone, PCT/US2003/040499

tetradecanone, 20 (dichlorophenyl)trichlorosil ane,
dlchlorodlphenyl si | ane, phosphorothioic acid,. o,o0-
winerdyail, lpsrahwaxobﬂéwwmmesmthan@lh@gmohml aasthperylaate, stearic

é%s&ﬁét@le&é %F}{Sol) %t@pf%ﬁé &Q?c ) etlﬁrtlé’n'e ggﬁ ,lsgﬁlgr ghLPgene glycol),

tétrﬁ(&}qﬂdarfée glypel), ngltyl‘:@ﬁh &iiléthyl a«ﬁp&xy agiserbatol, dehlorotriphenyl stannane,
nmet hy I -m phen)il ene ester -i m nodi et hanol

2-
BRI hirmethy 8(%(1((121%%@&%94 ‘}-Ph?ﬁywd@%%)ﬂhysphgmthlow acid,
t |
SefAShIRTa e pdl | OB 8 e, 2,
dlateﬂmxe*phd:rfod),ny4-a11§’1|-23m|eﬂmxyﬂheﬁel phenanthridine, 2-naphthylamine, 1-

KB ened )4 P OB B2 .yl aid

151%5'15‘ B?rr&l@-?ylé UetoR®) rﬁfeﬁ% 4- B?ﬁ@}m’l@i&lez i{oBE6R)afic2ac) em—mtrophenyl

4,47 -"1eth nedi ani | i ne, acet onapht horie, nercapto
estest BmlﬁhylcﬂH-mﬂ@ﬂfaﬁrmethﬁl ingdazobs; mladaaﬂld 1,Aheptanediol, 9H-fluoren-

hereof 30 10. PO ysul perneabl.e nbr,
ST ol e ot 17 PHETCEVAS,  ghe PO ERERRn | ipotzofuran,
etsHRREMdab&ticP OANAET cyafaridey VEdiHmaMhS 02 RdBRSridike; B&oic acid,

pol ysul f ane semi per meabl e nenbr ane of ‘T aim8, wherein

bHECNGPEORISRF f BPid, c%é%mmnzeswse? -asthed S azabicy Ha(3gh- bsgnan-3-one,

%@8@%@?@ Iéét@lﬁ&@? d%‘ \Qfasgﬁ@ ét(ﬁ%rﬁésa?)% hﬁ’g‘ﬁil ?d O%Onltnle p-

aningp hestyphepearey Sﬂd)rfdaa&tm a:habetth)( triticesin,t pattexne, lﬂnenﬂ'di}dblphenyl
pol y one, sem _per nea e of Claim8 where

uj f
Wﬁ@yiPlePf& trigthyfehiesphats, I%&Fyf%é‘?t@ﬁ% Qﬁya?nybﬁ?«miecwl ;méychlonnated
1, rﬁl S d gﬁeftﬂi&ylﬂzf a,og?c?zs Et@){ Xsoc%?ﬂgg gclgpgle{hgflenedl-p-

00, 000~ tons pol'ysu
ﬁmybaae nesihi, e2-|(|(l291tﬂxalmely)ﬂh0®b/)al eth&ol c Glnrptros biphemytl, benzyl ether,

G5 i Lo el FEABEPS ke D tGRABeaPRipis acid, dicthyl

ri si ng-liggsacdidiiRncheler centy biteisRh Mot tetradecanone,
ul tra- hi gh-nol ecul ar - \Afitrght hydrophi |l i'c pol ymer. 15.
pe

(kehlqrophenyi)rinhéoreglen kmocbphmybr%hee,oph«@phomlaow acid,. 0,0-

BB oo iy HEE) phasmBSE 45, b2 fiisP BHBophoric acia,
&@h&@laéwer hpozsHRRCNAAE, tribubyldest: hﬂﬁbﬂﬁef)lﬁﬁbﬂ&ous dichloride, p-

2-pyrrolidone, 3- nethylsulfolene pyri di ne,
WHPBRANOhe 1S06VaRIiC HiCkk obetybmephenylent obsigia Pt Hmieegethanol, N-(2-

a{E mftlh gaﬂl" @%@%ﬁnn&ﬁé@%ﬁo&et@g@ fﬁ%ﬁﬂh&ﬁl\lﬁtnedb@&n%h-butyl p-

et
qarem]et d:lﬂetmplhpngﬂyl 24-b@hb\@ma1hme,2b¢nzpbetlheln rbenzeaa:tuhfoyly] ¢ldoride, 1,2-

SR Ot (eI
cﬂﬂ&@@iﬂlt@o aodeﬂzeﬂé' ”ﬁhﬂééh eﬁ@)ﬁ%rs) Phaahidro aQHQazeﬂlhg Gﬂé 4,4~

ester, phthalic acrd, dibutyl éster, phthalic acid
mﬁ@ymlecﬂlhyﬂﬂlhaxvFa)cebsaﬁlthonepmemptocacam dcldbemaﬂllldwthGerol, and
ester ﬂo |}yl sul fide, and m xtures thereof.

mixtures thereo

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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16. The pol ysul fone sem perneabl e nenbrane of C ai m 8,
wherein the hydrophilic polyner is

weoabomosssgs pyr rol i done havi ng a nol ecul ar wei ghPCofUS2@6/040499

appr oxi mately 1,000,000 to 1,500,000 dal tons 17. The

Ifon em p abl e nenbrane of O a
E@‘a%ﬁf Eg?}l D P@hypb%%polwlfonﬁ@rﬁdwwps thakeof.
sem pgg mea i g
al yce?? i @h@g@l‘?ﬁmfo@t@ Qe e&%%ﬂ%@&&%@%@zgpﬁm 8 wherein the ultra-
h@hfm@ewlwb&ghmhychblbmhu pofymem has tar moteuular el ght T Qipbroximately

OSSR o o o
m xtugy of THe P@iyﬁﬁl%ﬂeoﬁt%nﬁ&%fga%nxﬂembrane of Claim 8, compnsmg at

ultra-hig ecul ar -wei ght pol yvi nyl pyrrol i done,’
k@ﬂ@@rnerq‘em bx welghpmlygmong aempamdound, and a

oy ot onind bR oA e SRR er cais, biprising less
thanproefieAtbyweight b6l p%ighohbrRemar-waikht Hﬁﬁoﬂﬁh&ﬁ@ﬂyﬁﬁp e

sem per neabl e nenbrane of Caim 19, wherein the
non- sb¥-venths Pobspkience gemipsrmeale grembsancont i Gleinm S, owherein the

4/ 0
S rbioton u Rdfbotoliiie orRy¥eddRaeRERR, 3 oty
siﬂﬁnﬂumy | e ophen b, une,n&iﬂmamiiyfaeetamtdepl Upgrrélidothe, rB—methylsulfolene
L s CH TRl S e, ST SO LR o
SRltRARYE! @ﬁ)ﬁéﬁ"ﬁeeth&eﬁg yq'?éﬁén\ée Q&erto henone, p-methoxyphenyl-2-

n, n- di et hyl berizyl am n era or |
whm,aﬂ mmdlrlealahmwrmm lﬁevaldrollaaamadmthsdrphﬁhalaﬂe,adiphbnyl sulfone,

éli ée@ a)ralcg:dets a Qﬂ@tegil ﬁfiflmlc y‘? eﬂ’wl éﬁ‘@r phthalic
‘gjld/ C(ﬁbﬂlyl cdté IpAlHalioHCRY) Qll}ﬂ{t%'lc@’tf)r pHﬂhXﬁ@ bbil; b EEMYIhexyl) ester,

adj pate, d- sorbitol, chloro ri phenyl stannane,
pléb%mcm benzyl h@tvhgﬂtersplepnwhmlﬁdm and i taees thenenf.

4- phepy! py4din roth| C_aci

o- (p- ﬁ/t r oF[r;l%ellzl’yﬁ/)sul%1 ]ﬂerl{f} &B jr?emf??}br%“pﬂjé%)ﬁlé‘hg wherein the
lglidasphiléc  Bolyfirer dhﬁ%cﬁl%ﬁplpﬁﬂ@hdone having a molecular weight of
4-al |yl - 2- et ho (yphenol nant hri di ne,

tp 1 afonam ne, 1- napht hol ,

2-na hal VA

i dpf‘f ehy f)gl'y?tpo font; &Er ﬁ'%ﬂ%glﬂg}ﬁérﬁeny? jélai 02? Icompnsmg n-
mehyhpzyrrolsbnhl ocyam Cc aci d, mnitrophenyl ester,

2- met l_lﬂiﬁl 4rreth| i m dazol e, |madazle

1, 7- hépt an @hf?rfq S BIemeRhli dnemR diinbJam '8 comprising
dyderin2” -ni tril otriet hanol , 2,2'-im nodi et hanol ,

d| benzof uran, cycl ohexaneaceti c acid, cyanam de,

cour M i n AZ)OB'sulfmm/sdndpwrmealbie nz@nbrage haiing 5 substantially uniform

| ng%%?‘ﬂe b| Cglglfﬂg‘{ﬁgs Irrk%l %}éﬁ gﬂp éﬁg glililgmbrane the polysulfone

sehhwrmdamh eﬂl)éhl@fa‘-‘ﬂen *belngnbbﬁ@t'ﬂu}ttehr Gdhie Mixdesid erolysulfone
0- ani sal dehyde, adiponitrile, p- am no acetophenone,

GoBWeRBG Ukt ra—hxgbctéelﬁwlalrwmhbt palyvipenyoslidese, a solvent for the
p%lﬁﬁﬁ%ﬁ’é’ &&ﬁ%‘ﬁ@y Anfd 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,
30
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nmet hyl ol eate, triethyl phosphate, butyrol actone,
ter phenyl, tetradecanol, polychlorinated biphenyl,

woroidgssassaci d, nethacrylic acid, dodecyl estePCT/US2003/040499

i socyani ¢ acid, nethylenedi-p 20 phenyl ene ester,

é_g.ﬁ%%cpl %L]Si(y&%!% glé\%l)gggr %gﬂ%ylaéﬁpglr {oi;gengclharlgnneylo-tolulc acid, m-
t%hﬁc cﬂcids %Mx%ﬁél‘.’aq diarhir¥e 9l 1%{{3991% gﬁséhain% ek, cyclohexane,

diethyl * ester, 2" -nitfo- acetophen
qyc-lqimeenm ahihrdwq]ehexaab,r@ﬂemﬂmmé\(ent n,n- dlmethylbenzylamme paraffin,

e SRBERY S DN obe B g LR drytat, stari
&id, pd1(étﬁ%:1 Em(:b])) BRERKlen® PRI 5%1@1@@ gyccnr polty(éthshene glycol),

ester oric acid, 25 trip hori c
@Erﬁ@th}ilmebglqu)l),egb/é@nn pih@thyll acbmis,pﬁ@pﬂut@l mldmmphd@yl stannane,

1@ no queﬂgjl 28- Lgl?ogliéﬁ 1&?«&9? ZAT-SB r}grlp he%osp%%rothlolc acid,
@,md\étﬁylhyb Xp-&ﬁtrc(pheﬁ}(l)z ammomwalhwmm}pt&hméhé diamine, 2, 6-

1, 2- ethanedl amne, 2,6-di-tert-butyl p- cresol, chloro

hengl, i ‘bh’&lﬂ mﬁh%ypl@eﬂlzymh@w@mdme 2-naphthylamine, 1-
f o 1 R
tﬁﬁ@“uﬁﬁl& qrﬁ’@? Qn rih thiol lbromonaphthalene levulinic acid,

enedi ox enzéne
hehytpinsoledrghhttond, phehjfﬂyfll-ppﬂdlbzld{w)neﬁhodhb@yanﬂl avid, rme-nitrophenyl

oFE 2 TR T GHeNa A P I Ko B A eP HBFGap O Tuoren-

GG8L 1 C 18Fb&neac et 2 lifdRotBIMAGT Ol 2 Zaﬂ‘glnoﬁfeﬁfaﬁfﬂes dibenzofuran,
thereof . 31 VO 20047 058385 PCT US26037 040469 22, The

mﬂq}s&hﬁeanﬁlcs emupercrma:bhldenemm‘mann,of 22 -hipyridthe, benzoic acid,

GBS F o 2T B e ns T o aBRy S8 DR8San-3-one,
&ﬂéﬁ‘éﬁfﬁhenylérs% afiBhY bERIAH] AAnRIBEE SSari®lddHe, NEllionitrile, p-

pol ysul f one sem per neabl e nenbr ane, the proceéss
gompr festoplienone, sneppacyin, dizceting tmﬁcn@n,ap@ztwwg; #lnzoylbiphenyl,

fngﬁé’ij% F&gh@leﬂ@} n%i%%}%?@ E)lufy%fgﬁgg% *t?%‘%Péngrll ?/tgt?édecgr{ ol}gchlonnated

bipheryhhhifiste i, wiehacrdittacad, dodecys @btég iéockafic h&a methylenedi-p-
pol ysul f one conpound, the sol vent and non-sol vent

Iﬂlﬁnﬁlﬁnﬁr est@nt 2(@-hegylomy)cihoprsb sathangh innifror htnhényl benzyl ether,
ﬁéﬁfzf:ﬁeghﬁ ylt&l&‘i)%am 24 ﬁﬁgﬂc %a@?—ti)—ﬁhfﬁgf?w ﬂﬂe%hu%&fpw af:ﬁr diethyl

a liquid-’separatfon proc
€sterposi t i @iniiteo- acdt@memsrw; ure atl’ vdnetnha;ﬂiﬂlmmpnpo& ttéteadecanone,

WEseney Dt silang afsiet Sdiphatet - lang. bavwhamsthiefp acid, o,0-

&1@@1 Med-(gHRRGHER) te@ﬁer efh&df)ﬁ@ﬁ@ 34 C%@(ﬁyﬁ e@fé?s ‘g}olosg)honc acid,

garatlon and thereby "forma senlpernea
ey eesparo phesphofic Gh(a(ﬂ mrﬂldlltylvwmra}ﬂnenﬁepbl}ph@nus idichloride, p-

cte fromthe of t ameth
PPTHET sortinie el B F R PsBioaR Bion e fmodieiatol, N-2-
ammoethyl)—N’-(2-((2-am1noehtyl)am1no)ethyl) 1,2- ethanedlamme, 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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di met hyl acet am de, 2-pyrrolidone, 3-nethylsulfolene,
pyridi ne, thiophene,. o 20 dichl orobenzene,

wa-20dosssnapt hal ene, net hyl sal cyl ate, ani sol ePCT/US2003/040499

o- ni troani sol e, di phenyl ether, diphenoxy nethane,

acet opheno henyl - 2: et hanol , 2-pi per.i di ne, .

ant i p)%rai neﬁg-p&gﬁgkgﬁ%g%& e%&ﬁaﬁlthFmB‘f?Pﬁ éﬁ%a(tpl@ﬁn 19" comprising n-

diefiydpytrolidérfeone, di phenyl sul foxide, phthalic acid,
hthalic acid, dinethyl ester, phthalic

di oct3éla esh, r, )
aci d, “di et @F ysufone semipgrineable i miembitabeitafl Claimed9 comprising
Eﬁk&%.i c acid, bis(2-ethyl hexyl) ester, phthalic acid,

enzyl 25 butyl ester, phenyl sulfide, and m xtures
thered#. 2@ midie spinnigs prazkssCifen Making WhpoBkulfdRe s&hfRrmeable
of Pﬂ)uencﬂli rfﬁ t he extrudate co&pri ses passing the

BRI BePReseRHPp fsEBhel the quench zone

conpr (i N f@mihd ¥icms&d; 3 Lstin

of ai gaé wat er, ég?!;grgrbg%lﬁ&% gﬁ@%i}?@ﬁ%@l Efbf" gﬁ’gﬁh&’aans vent for
thexpalyatfonp exogpound oulg 7-highmofrcolesseight hetimiphilRé polymer, and a

i.Sj th t f.d i h
At ol Bt ORE bRl Ao ot Fftied Sud Bom-estusninbping present in
therdohositionTiniaStafig sufftigit @9 fOfm At LRiRNYmbL e mer%brg.?e useful for a

lzerri per meabl e menbrane in a liquid for a perio
Yot senpraiommosess;about 15 days. 32 WD 2004/ 058385

PCT/ 003 rocess of Cl ai.m,2 e
furt h@? cofﬁ%?i% i negccﬁﬁ%osﬁb glp{%oaf ?egrg)gga&%ra 4 yuich the composition 1s a
lyenogeacomsdiyjued; menbr ane t hrough a | each bath. 30. The

proce of im 29 wherein the | each bath conprises
a non&’iol v@%u%l ﬁe horaogemegus iquihto foarpaenaudae;3nd The

¢ . _ ) -
hater D 55, Wl Ruésti i Cidtuddie s BRAEDa LD EOTRIOT Ry thereby
fotra asemipashegde sienpratiee  semi per meabl e nmerbr ane

hrough s ise belboge Tie precess of Salm L
donsicess of fetramBihgRne f WAlkkARR! §9ﬁﬂi%§ls'sﬂﬁ‘oﬁp§u3¢$ﬁgoﬁfenone,' n,n-

)assing the 10 sem perneabl e nmenbrane t
wpthylaceiemids, i chpyzelidongs. 3Thehylsutdse, ofpyEdaiem 34iophene, o-

' replastici.zati o ath conpr.i ses an . -
TR LB GRS, A BeadE s omaisple, diheny!
eBfer, \diteaoxy thehaRYCRUBPRINGAE PlmaRbMphO1-2CAHRIOLS OSiperidi
| ess  than about 50 per cgnt gl ygenrlpl )&éil/) %{esf gh?@{ldé’ gi‘p.lpendme’
aRfRYyTiey (B ¥alerplactam fiety] mhihaldter dipbemyli silfoget diphehydp sulfoxide,

v . ' . nbrane, 3§.. The oc.ess
A X 6001 353 R IRPRU, TR TS R SHEES) e
pithadid acidn débwtydester, phthalic acid, 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
semipenneéble membrane.

28.  The process of Claim 24, further comprising the step of storing the
semipermeable membrane in a liquid for a period of about 4 hours to about 15 days.
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39. A nelt spinning process for making a pol ysul fone
sem perneabl e 20 nenbrane useful for a liquid

worendariassss separ at i on process, the process conmpPCSiUSgN03/040499

the steps of. (a) formng a conposition including a
gg%gé%gonﬁp{% ?pgrgge:“slg S?Trfg]ﬁ]zlg {ﬁ‘ﬁg:}ﬁ%‘c ?r;ﬁ%ntp%%ir%o{}}ésé{gg %?epassing the

pahipeinddblyheablade Beougisliedch B@R- sol vent for the
pol ysul f one conpound, wherein the solvent and

non- s8Pventhapeocsss ¢fi@eian29, whesein dhq lsach ath cpmptises @ non-solvent
r L per menbr ane useful for a liquid
kR g?lgzﬁﬁ"fo% cgﬁgéﬁ;&rﬁ(

separ on proce b) heating the conposition to a

t enpeBat ur Fhaproshisdf Qlhien 29 WiREdIH tHerledch bath ARARULHRALS.

i qui g (c)r forcing the honogeneous liquid through a

st rand2di e 1h® RsEt 08 (Glam 24, Serther cogmpsisinggihet selr 9f|passing the
ERe g1 h MHﬁ 51{;%?] 1d.guihd to produce strands;

(e) E}pel I etei zignr%g t gﬁst :‘ﬁ sée%g{}g particle size readily

fed td3.an @he predess;of Qlain 3% wéietdimthetringe pathtdoalpesed water.

formag, liquid; and 3 2Q04/.058385 PCT/ US2003/ 04Q499 .
(g) e%}'r ud:fhﬁ eSS ioi Lﬁjl\gm% ggf gfl?sheér?omﬁs@@ai Hepy of passing the
tigipbmheableaRGhbrale hSugvd fepRst &-dBnbathse a phase

separation and form a sem pernmeabl e menbrane. 40. The
proceds of Tiz aragesRl Wain 8#nwheéreinstbe veplasticizatien bath @dmprises an

. consi sting of tetranethyl ene sulfone,
@‘i‘%@‘%@'&"%fﬁ%’@ﬁ%’ e, benzophenone, n,n- 5
di net Byl ac®hé@nprosss 20PYT1hied | THONEherdmMBh YAqabbifsOlgBRBrol solution
pyri di ne, thiophene, o dichl orobenzene,

qQIBPISSP dvaien abeaie 0 nereny glyeupldy weight. ani sol e,

0- Ni t gvani [ . et i phenox t hane .
acet o% 'eno?g‘% %ﬁo%éfﬁg%% e%}f %tt%etgh“gor@r%né S5 &FP fifndrying the
sentip@yreiable mahtahiny | pht hal at e, di phenyl sul f one,

di pheggl s;gilfoxi de, phthalic acid, dioctyl ester, o
pht hat$-c alruProgeseitypined t-evhergin thmsaupamegblegnenbrgne is dried
BS&fvenpht hal ic acid, dibutyl 10 ester, phthalic acid,

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

est er39.pheAymelts spihnie, pBcossl forohmkingmp polgttifne semipermeable
Igfhlt&lgal at eé%}ﬁﬂg nlixt‘ﬁr es thereof. 41. The process of .

FAOg 4 & v h BIerans Gepaation Brogessetieduoqest pempsing the
gémut: consisting of 1,1-diethylurea, 1,3-diethylurea,
dinitrotoluene, 1,2-ethane diamne, diphenylam ne,

t ol uetdedi afeiming pcempesitionaisckiding a polysufoneicdmpound, a solvent for

I 4-dj am ne, di,but yl pht hal at e i peridi he,
8 I ARG witsfiibleen B e Bt Rr R dlidlte, and
oel-dobeak er gl peipsulfone reoftiptid)yWikesinythafolkent BAd abhisBivent are
mneral oil, mmnperal wax, tallow amne, triethanol

RERTSHE 10 [20%7f19| Sufitientcioy fos & sewinsaneablasrenbrag vidhyll fner liquid
il okl (b ene alyee), et ene ol yeol

(b)  heating the composition to a temperature at which the composition is a
homogeneous liquid;

(c) 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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gl ycerin, diethyl adipate, d-sorbitol, chlorotriphenyl
st annane, resorcinol, 2-nethyl-8 20 quinolinol,

wqubasgisne, 4- phenyl pyri di ne, phosphor ot hi oi cPatiud2003/040499

0, o-di ethyl o-(p- nitrophenyl) ester

N, N- di et hyI henyl ene di am ne, 6- di met hoxyphenol ,
4-al | (8- 2- Eq"‘r‘g%qﬂ}ﬂw LA, topfoematt ﬁ?ﬁﬁr@#qﬁ% and thermal quenching the

xR P b ar}ﬁiasé'-se% ; Rbi ¥1l1 seﬁuﬁ%@ enfrane.

napht hal enet hi'o onDna ene |n|c acrd,
pheny#0.pyr Tbe pfbcysks «etlame 39 phhmmh thé sqiiyentds/ belkciéd)ﬁem the group

SHRSNG) 5F HRRI o, Rl S5hPy hastiobine; rhepBkesone, n-
&1{176‘(1{3%56%1%% ol 2. p%lH'oﬁhbiQ:r e Se@YRultbRhE,0C 1r1¢,2 2thidphene, o-

nitrilotriethanol 2" -1 minodi et hanol ,” di benzdfura
élybhomi@ma&@mogor@pthaleng,yamm sjid;;ylatc;amtsntﬁ; Dfn,ltroamsole diphenyl

B - BoBUEAS, BRuBE AR AR LSTRBTRTE SR Fpipercine
ézittp@»ﬁaa cﬁeth?ﬁﬁxthzﬂﬁtb Qilpﬁfdnl?hﬁﬂﬁdn@rcﬁglﬁ&,yl st Phthalic acid, dioctyl
brom de, p- anisidine ani sal de adi ponitrile

fﬁi%rnph@ah@ aeigpHEnghY, cstmsnphibaliq Iﬂ\Cldaddlﬁthéfl ﬁﬁer Fhthalic ac1d dibutyl
t

Bt oBRT AR S RY PURIET i ST bialgpten phem

fudfidey decderolactapn Id;ed’(yl phﬂha}ateedndJmﬁm&ﬂey therddfr i st i c aci d,

nmet hacrylic acid, 8{@ ester, | socyanl c acid

met hyf?Lnedff ?)Pfﬂ?éf»ﬁy?fg irg 30 hersin tlze. nRncEALYSHf Yo felestsd from the

gr()ﬁ '(‘,Qﬁsmtﬂ) ftlrpdi%‘t X 13,3 H%ﬂéﬂre@td}ﬁiﬁotoluefe,l{ﬂ 39}{13&&d1am1ne,
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@iphenyl:58iB85 t&@é’lﬂddﬁﬁmmj @4@14&9 acitpt tylohie navidye folaetiepd, 4-diamine,

@ Butgk @?xgﬁiag%t eSt(%né,t ietcp tei‘gygz e;tm%p rzgf{:]loﬂexene chlorocyclohexane,
delo§d1Y O SR BRNY In) difneMHRAOAAh AR epargfffhh hﬁﬁé}gl ADeRMkral wax, tallow

si | ane, phosphoroth|0|c acid, o, o-diet
@ning; rtnﬁﬂl@mie mmn)e,ebuerl H]@ﬂmspﬂwm,csfamd aclldl dt(oﬂhy]ene glycol),
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Sy&drin, ANBYIOAdipdt6, 0 ¥&rBit6, @ﬁloéomgﬁérﬁy Istafth £ AR, 2-methyl-8-
ester, 2,2 -imnodiet hanol

H@ﬂ,h;ﬂu}naﬂshn? 2 4(r(hznﬂnm@em yﬂlmhpmﬂ)uetmwc)d 0,0-diethyl - o-(p-
%Fé%}géﬁgﬁ%%hbl ) eny tmeth pﬂ%hehg fche H#ﬁﬁ‘l 1?1& 6- Hn?e%ﬁ&ypﬁeno‘frf -allyl-2-

nethzeydendl qmehalﬁhhdme de-na@hﬂiylamme 1-naphthylam1ne 1-naphthol, 2-

| 4- | b
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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, 1I’-acetonaphthone,
tetradecanone, (dichlorophenyl)trichlorosilane, dichlorodiphenyl silane, phosphorothioic
acid, o,o-diethyl o-(p-nitrophenyl) ester, phosphoric acid, tri-tolyl ester, phosphoric
acid, triphenyl ester, phosphoric acid, tributyl ester, phenyl phosphorous dichloride, p-
5 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-
crésol, 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’-
10  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-
15 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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