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WD 204/ 058385 PCTI US20031040499 SPECI FI CATION TI TLE
OF THE | NVENTI ON " MELT- SPUN POLYSULFONE SEM PERMEABLE
MEMBRANES AND METHODS FOR MAKI NG THE SAME" 5
BACKGROUND OF THE | NVENTI ON The present invention
concerns pol ysul fone sem per neabl e nmenbranes and,
net hods for mating the same. Contenporary
WQH P bl e nenbranes are available in a variFéfiyUSIgp3040499
“forms such as sheets, tubes, and hollow fibers. A

“hol | ow fiber" is gengrlatl(y[@muwowyl i ndri cal
structure in: which the.- wall. functions as a

per neabl e, non- perrre&‘bTIeEQﬁTHEmml e.(i

2ol S e BRI AR R s Ax

cylindrical nenyETEODHSFORMAKINGETEN SX®Eexchange
of materials across the walls. Liquid-separation :

processea utilizing nmenbranes having sel ective.”

penneabilities, such, processes: |nclud|n?

ultrafitr at i on, BAGK UEDI%TTEM P®er se -
osrms i g : ik et
ad apt \3% r 54 3 fi‘gi%gﬂlf §°l u(!)%g 6 iE-IYP &fg}(fﬁ Ehddiftancs and
-mﬂa@efm&ﬂhag tedarenes are currently favored

fori t%gl n exfi aeor por.eal bI ood treat msn ncl u Yﬂ(g .
henmod CAR{FEIROTary SEBHPSPIble gRom %éﬁ‘bm’ ec}‘?'af’u ofy: of forms’

@.x,?:\ §s‘;’§ﬁeets ORBES  ankiNBolRATHIRAES A YRbASHK! ﬁbm@ oigpéén%?a]}y 4 hollow -
| ow, fibers. bundled together and assenbl ed-

eyslmdmg,al structuneeinnwhichl thovivaiy ﬁmdﬁtoo@dwtmp&mble nonﬁpermeahle, or

S' mul %ﬁ%},ﬁ,gu@ Slﬁg"ﬁ‘( 2l Sk }ga MSHrand B %mg upon the: application.

1\; HbBaRSHibés! axauuséd 45 cﬂlﬁﬂﬁdamﬁaﬁsiaﬁe@&ﬁﬁeg&mﬁ seleatwc
throu the casing so as to bathe the exterior

gmhraag%gf@ﬁteﬂnléaﬁ{ﬂss‘éwwbers with the 1iquid..

OO B SLE e PRI A i

; Q. - féintdabiliies, asneh@t@:esmlmaﬁmﬁg ulipdilyeadony lnyivtdfilirhiton; dialysis,: r«evcrse--

“pol yvi nyl al cohol pol ynet hyl methacryl ate

. pemosis| ¢t dhe like, se0yiEy Wmﬁetmf makrialy paapted fopgiversified: applications, -
3 9 R
'ﬁgp%%]w* ?ﬁ% ahes %Q?&éﬁﬁ%%e cgﬁ!g%ﬂl}g}d% letég oﬁ’gﬂem Bk

BRioHitesatadnts imh&li@he:ﬁsmhbﬁs Hemitefiltrhtidrg nd hemodiafiltcation. Tisuch
.excel | ent physical, and cheni cal progertl es, .such as

aundled fogipendgssenblod
i §%sking0ch ERRS! ARAGEDION ARG/ simBhYHYY 88 parslict manner

tlirofight thellgmina of the fibers while a bloed-cleansing hquld is slmultaneousl_v passed
through the casing so as-to- bathe the exterior surfaces of the hollow fibers with the

Tiguid.

- v Compeunds utilized for selectlvcly permcable membranes * have iacluded
polymers, such as -cellulose, cellulose = acetate, polyamide, polyacryipmmle

polyvmylalcohoL polymethyi methacrylate, polysuifone, polyoleﬁn, or the hke,- -
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5 excellent pores and int erstitia, and chenical | y
inert to such conpounds as bl each, disinfectants, and
salt solutions. Polysul fone conpounds can be
Jdli.zed by a nunmber of nethods, such as ethyl ene
wo %Qﬁ%‘gké("a O, gamma irradiation, steam autocl Rd/USAEE040.499
heated citric acid. Additionally, polysulfone
dendpounds hessessT thefhdigh8Rts. SPHEAk istange .
. .to wear to withstand repeat ed us]_g an egtfrbgrrqf u|%zsata|moﬁ particular
migrgH gssthey dlfa@:émféﬁt Pb%afxoy}'lerptqblwsgsph]‘ amb cheﬂnf]daf{!vpfnb;i&ﬁ@s, such as
solution- spinning techni ques.
resf3fe hE Bt P%Sﬂ%%}(’?yto acids, Fegwti}ché?g , and resistance to oxidation,

Produci ng pol'ysultone

- Polysilfiiricocorspiunds Ngavet BEANFRINESto! ¥O tESdnpAdYL! éﬁ@ﬁble of forming
\/ Yy :

dhs ol Vi?;%‘& pol ysul fone conmpound in a relati
oxqe F‘Stepma t 083U, Andoehamisally dnart 4mdsueh nomsoindenk , bleach,

. disit&tarfex j o SOobUL | t spj nner.et. For
O s S Sohitng R U el b iR mumber
of nivthads) swhl dorthyldmecaripe (BID); atian it alidtior i she0) WaRcRle, and
he#céﬁﬁ%ﬁ%”%i@”?&fiabr [ @atl on tenperature (i.e., anbient o
AUt e ddionally RelysyHone Fempennds possess safficicehsttength and
" Tesisfanée RONRR [ _ . onpound i s
1-esssubst ant i_allﬂ?%dihﬁga}g% gtegl{lﬁ? E‘ga %téﬁ%%ag%gm&gggl cation
te n@@nmp@aliy;gpolym}lfqﬂcphem nfibéig bli:ﬁ'%h Bbéﬁli l@§méed hﬁzl: solution-
. vent,s .must sufficiepnt to supstantially dissolve’
Sp-“?[ 165 'ptgf SHh S eﬁff’éﬁ'ﬁ'&gn Bog’ﬁ?dl_f?ﬂﬂo dgHew, 119so diyn solwion-spinning
- techdiqus ially? S RAdsedy f ; -
ecf a%iﬁsgg?i ?)n}?t enper at Eﬁ%ﬁ@%h@lg%%égﬁgm a?%gﬁ d in a relatively large
- A -of gnapretic salventiandch hor-selvbnis then-expioditigie solution through a

- ni u.ke. that the,enbranes be. extensively
Pt egch efg) Y gﬁgbggn@% te rsoﬁ‘?ﬁf i Bt Fompound B whichdhe gokysulfone
congroniidt sublseiitiaily HREIVEITH ANRS rERMbISAUBH ARG %ﬂg@gﬁ%e (ie.
__gcontam nation of fluids treated using. the menbranes. ?
ambig); igmpgrabiieh Eemealwiomsnioningsa Saon-sdvem liya icoppotadin which
the | : AFourdS tre nt,of blood by .
R A Sk I —

t_empst_n’f)_s'é._s. Fagh e«lmigmspm_iﬂgw gedhﬁiduewh ﬂlb-b@lvmhﬁaﬁelﬁe sufficient to

S utiliozi ol ytion spinning techniques, renoval: of
S“h%{ﬁ‘émé%r‘g%o?‘ffu‘i%ﬂ H?E@HEPBG._ pofERPYnkand prefuse mbpmoigsneous fquid at
amiR&ReEhpdrhtire Ghihbe 1oQti {’&ﬂr b%rz{hﬁgg pval of the ... ..
sol ven ; n%ﬁi-l_soll\%gﬁt&‘?rﬁ%%@co e lrqgliid, a non- =~ .
volEhe sodvenimund newisolvents aitiped fish sobitfont dpermibe (MR
rior to.

. e t he. menbran ore 30 structure r .
‘thatgg‘_esﬁ’%‘%ﬁ%s' sfenselRached g sined pRerfgbdeation, ag €eer residual

. amceVRR BSh@mmbrhAG! SR cah9d uh o8 tal1E Whtahfifla®ln b Ruids treated

. menbranes. Such a process | ) _
usingy st membsanest | ohvoidDg\WCPOOAAOMBRABEN is particulatly. important in

. 0411499. Sol ution-spinning techniques - ==
merﬁ*%ﬁ%ﬁgsgﬁﬁérf cﬁfﬁ?gﬁnaﬁt %‘lfg'f’ﬁﬁ? &¥ dalyein et thy dewslipeiansofiwater by

; revdi@ﬂoﬁiﬁsi’s@n%eﬁﬁﬁbﬁ&fﬁng‘tﬂo w@ﬁﬁer?ﬁéﬁr%éﬁy%}ﬂ%gc s&ﬂgoﬁfgﬁmﬂing

be difficult to extra ront resu

- techigugs,uremavel fofbiée . cavbrlsmicmsed he foing b o e gsp-eciauy

30

. . flghlevel of toxicity of certain solvents and
- it Roflig Fonedvhof % folbbut noeravents, endaow iguid, o non-
volatile, water-soluble compound must thén be added to preserve the membr’aiié pore |

structure prior to drying the membrane. The non-volatile material also serves as a

- -surfactant” for lafer- rewetting of the membranes. Such a ‘process  is known as

“replasticization.”
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5 hazardous wast e-di sposal problem Mreover
conventi onal sol ution-spinning techniques pr oduce
asynmetric pol ysul fone nmenbranes (i.

wommhggageneous menbr ane por OSIty pr Ogl‘eSSI ng’t(:T?lgSZ()Ga/%iiHS?S'

the thickness dinension of the nenbrane).
non- honngeneous menbr ane has a dense skin or
T e 'tm’f“q?‘ﬁ“ém;?;f"“ ane. T0a. dens dge of solvenis
r se ski
an?n%%? o°p OP%%&@; rPEch e ard gan be Idﬁﬁac\ﬂé tq/extraot from

the meshltingopélyaiifonef fitidne Mﬁfgéﬁré\zn thb
dlsprgportjonally | ar ge amount o contro ?ﬁlhqﬁlkwelOf
tox 03 ifer iy Sl Yealis énd mostsotvenisf remienedrirn ethe ﬁbers may create a

hm&ﬂ%ﬁgk@mﬂ&mgﬁﬁféﬁﬁ%@% ,a need for a polysul fone

conposition met hod for the productlon of

pol N@ﬂebmre sevepirak oy et iR spiEne Stovhti§ Jibscgﬁgct 3 etric

t hod m pim zes tOXIC wast e by-pr

| P"g‘(a&f?‘? nfﬁFfPfxfan% 1€, Bonrhpmegeneply membranod pooosity hprogressing

thiBagl yid itRiBkaRdss Qﬁﬂn}éﬁéi&{ Vi the Srﬁ]gpuglﬁ{lge kilhét g?gg;‘go& grogeneous

wherein the solvents, non- SO

megitagneukasch dense oin. armufmp¢mu£bﬂf1e1t lager SEEHE FSIBOR T the major
anes after fabrication

d f
su ekt of thd B | 53 G TRyt Bicrepepus brmariblane caigaiscs a
I#tivede @ndalll pdr@ib; NgeaimR
e avr%fe uni ormﬁ%zﬂoﬁgt ?Sct ure%‘ﬁ?ougﬁ ﬁ%gﬂ%"ﬁ’e&%g@y large

- amgpfe{ spafolqngthe pammhd@emwemyeﬁm amenbiaBabr ane)

o) t kness, di nsi on controls the
 per rrlega dfl&&/etﬂ&? Igﬁen Mot BRkysul Faposition gnd simple method

_forlthb’lfﬁﬂ'dlﬂion lof polysulfshe aaﬁ@@hneablbem%;ﬂb&nr%% %@ﬁ% \position and

r\?é’dﬂp‘éuqli% nbdélhenaibmﬂlﬂrs |1mg naed for a method
| ar - mel ophilic
for g%éq;/ﬂr?grﬁcﬁn @:}je ast out ggl%e%&ééﬁ? ‘Brﬁn B?FP&’O € golvents, non-
solmtggsandf meessmgpﬂdmdlsahm tife. SRLMROAd OF thd@nembranes are. easily
Ul f qpe . o ound, t he, pol ysul f one
ﬁ%‘?%&ﬁ% ?‘aﬂ%‘: Bcatign Anfin e md eltativekyulowy toaricity.
The&el edalbd am&&&rwﬁﬁbﬁégﬁmﬁﬁgﬂﬁﬁf 'Iﬁﬁﬂﬂu%ng%ﬂb rngg'@n{‘o%é uniform

a substantlaluﬁ uni for m st ture roughou
struciwe kieaughont tthe thitknessp Wimpetions (L.éone heaOEAROEE HlRulfone -

n a.,second aspect, .there is provided a
m""%’fq‘%@ %‘S B3 thEﬁt? I8 Hae ?CE | Giehion | conirakbiberpermstbiisof the

t-spu ol.'ysul f bne sem per neab rane,
nggﬁ sSpun p y : p

__:nmﬂﬂnaaeconp03|t|on conprising a -mxture of at |east

‘about” 35 percent by wei-ght a“polysul fone conpound,

.ul tra-hi gh- nol e SUMMARY ¢ THEINGANTIGN pol yner,. a_
"solvent for the pol ysul fone conpound, and a

nonhsohvﬁntz&@kttm@fpglx§g%&gn% GRIPIY und and the

.polﬁ?ﬁﬁﬂﬁﬁé«”s&ﬁﬁ@nnemg] rane tF}‘?% %ﬁ : paVI ng a

honogeneous structure sUc ol ysul f one
semipermeable membrane compnsmg a mixture of an ultra -high-molecular-weight

hydrophlllc polymer, at least about 35 percent by weight of a polysulfone compound and

o a solvent for the polysulfone compound, and the polysulfone semlpermeable membrane

having a homogeneous structure such that the polysulfone semipermeable membrane has
. a substantially uniform structure throughout a thickness of the melt-spun polysuifone

semipermeable membrane.



sem per nmeabl e nmenbrane has a substantially uniform
structure throughout a thickness of the polysul fone

sem pferhatsind swpedsr dne. i Brovideldi 4 OnA@SRHEE! pol P]e(r eis

spnipeitggde an:ﬂﬁtrtnes agm]e@ogyygu[:gﬁhgn sem per
menhr.ane having a substanti uhi f or m structure

CRPEIDH 8 dRre of Ylerssabodi Bt‘japa‘cﬁft b9fwdiflf A PIRGAG und, an
r bl.e,.nemhr ane bei ng ‘construct
e F b Rolvdgrepas oREN e thei polysulfone
campennda and ezasaton%lvperr e@nthe byOIYRIGRE c%f'np%uR&' YO0t sutfone
ght

. gg,le %ra- h- nol ecul ar - weli
poF yvin y?‘? ng g Q@P‘J@ﬁﬁmﬁoﬂmcme pud:lyishaltftb)en @olysulfone
semy armr nadtbrand 19 MO e.RQ fo
plibanion ERb Ly R RS ot thieness of

In_a fourth aspect ere
mgg)nﬁﬁlﬁf?ﬁeﬁ?‘a@@% eralery a pol ysul f one

sem per neabl e . rrerrbrane the process conprising the
st epsyof a..c sition including at |east
, l;b out n3 5th16&e?%gcrt] Sﬁegé i a}%’“dﬁ‘to n%‘? t-gpun ﬁBH%@W %Wé’eé'@ﬁ?b]é ingttbrane havmg a
su taaualiyannfohﬁrsnﬁ&terenmlou {Qﬂﬁcﬁ@gmﬁﬁ
olg!:utlf 6’%9 gcul ar - %glught hydr op Eﬁ‘?nc()fpﬂcl) ‘?ﬁ%‘r" fane’nﬂ&e
P gﬂe Pt Islmqnﬂg Wmﬁn@t@cﬁmumxmdﬂ a melt-spun
coﬁ@sﬁﬁﬁﬁn@%@%u?&’th%%S E{r | CI %@PE%’ A th?fone compound,

osifionin aratio s

ultrg Jighomplegulat eelebﬂmlmwlpwnﬂldbné mrsohrehﬂ mﬂﬁﬂ pSBR@AfsHei ON

conifoRRE SBd a (Bh-sHEA) osition to a tenperature
ngi{ wWhi chatg]he Scon'ptoﬂs} yf“g@e CHBRBYEneous |iquid; (c)
extrudi ng the hormgenepus liquid to form an extrudate;
and I§ dYouith espe] therd RedvdRg 2 kiR sﬁ%ﬁlﬁyﬁa&% PmBaYSE - a.

a pPRASRNS A7 éi‘ztnba%fé rf’ﬁ?{% sy GhS ?:%/cesst cﬁnmlpnsm%t%% §t§R;r gg abl e

menbr ane. n a asp d a nelt

splnn g r ocess for‘nakrn? pol ysul f one

sem p trefmpaneon metudingt air least| dbgui a5 I]‘.Ienhﬁﬁhjé weight of a

§&l@§tﬂﬂﬁlb Qo ce FiSi e
or#%g&etiogr%% T8 R R ey A g motooutr

grgl m@wphgr,c wolyyker, edd a n@piolsat ffeﬂ the Wﬂlﬁﬁw &ompound, the

Lysul f
et aha b ob e BBl SR poilon it p snticisBsicants form &
a:nnmdble envimbrare dsbRl mhyauidfsep;eamg}gy&g, wher ei n

eséent

the s Il)ven'g{l nﬂ(F:l non-soql vent are pr in aratio
suffi % UG CAMROSItGH e pntsaibEraturermtbvhinke ths ebmiposition is a
lianioganédugmlgl,dsepar ation proeess; 3a (b) heating the
conposition to a tenperature at whi ch the conposition

is a (Ch@ﬁwgmgbg bompgraealis ligojd thdomi BgetthrlaRoaRgeneous

l'i qui q{'} st rand d| to produce solid _strands;
(d) -t er ma g engﬁ?%r%etﬁﬁté“ Eﬁfﬂg‘éﬁm 3s¢ §enagption and thereby form
arﬁpmmmezéﬂemﬂmbranc :

In a fifth aspect, there is provided a melt spinning process for making

a polysulfone semipermeable membrane useful for a liquid membrane separation
process, the process comprising the steps of:

(@) forming a composition including at least about 35 percent by weight of a
polysulfone compound, a solvent for the polysulfone compound, ultxa-hxgh—molecular-
weight polyvinylpyrrolidone, and a non-solvent for the polysulfone compound, wherein
the solvent and non-solvent are present in a ratio sufficient to form a semipermeable

membrane useful for a liquid separation process;

3a



o
e
N

'sallcylate ani sol e; o-nitroanisol e;

CaciRf
but ykm : - 3 Il d
o Homddthy m A RRE e S SE R Fot s aaisuid mixare

(e) pelletizing the strands to a particle size readily

fed to an extruder; (t) renelting the particles to

forma liquid; and (g) extruding the liquid to form an
extrudate and thermal quenching the extndate to cause

a phase separation and forma sem perneabl e nenbr ane.

In general, disclosed is a nethod and pol ysul fone

conposition for preparing a honobgeneous, sem permnmeable
polysulfonee menbrane by melt-spinning. The '

polysulfo ositjon may conprise a liquid mxture

of an ul t ggf‘t‘l‘i‘ﬁlt@‘c GPAPIsHEgg et 2 (RIS a4t wehicipiiel ¢anposition is a
polyﬂ@ﬁégﬁ@thQHMpolyV|nyIpyrrolldone a pol ysul fon. e.

conmpoun a solvent, and a non-solvent that are

rel ativel §P nonfareiRg thahdmpgfateom bipeid athtoyighla $ifind die to produce solid
dele&ﬁ&apusly af fect the environnent. The sol vent may

be selected fromthe group consisting of

t et r anet hig) enethswmhdl qnenchinzstit hethegeacdus liuidtb BYdduce strands!
sulfolane beuﬁﬁﬁ?ﬁ“ﬁg n, n-di met hyl acet am de; . 2-
pyrrolido % &P?quéﬂépaﬁsﬁh erTeadilypdteareextruder;
o-di chl or(obenmﬁﬁxun@th@ﬁurca@;%ﬁmnhah e zﬁﬂEt hy
enyl _et her;
di phenoxy&) Sxuting the @i@ Gﬂﬂﬁﬁ%ﬁ&u&’@'&%@% Q,IﬁQnAc%&g the extrudate

net met hox phenyl 2- et hano
2- pﬁggﬁfd?ﬁﬁﬁggﬁsﬂﬁgnhﬁgf cermgghlemembeanedi pheny|

sul fone; di phenyl sulfoxide; phthallc acid, dioctyl
est er; pht Halgereral, dildseddd amaéthyd ang@st er ; pht halic aci d,
dlet %wpgster pht hal ic acid, - di butyl ester; phthallc
29 ‘@PWF’I‘]‘@Rnyf 1§§P@Tﬂg Bl lilftrmen@m&msquhmnmytble polysulfone"

suldfol ame ulff:hhlghanebahlmwbl y (ORIMEhHeChRBopiifie t
grou cgﬂglst%$ of p Iyetﬁ?ﬁene' glycolﬁﬂodl(etﬂgﬁgmm: such  as
e f%’ﬁi éri’é’ Yiulfent romppyade rao$01vent, and' a non-solvent that are

I I.trqto
e i e —
10 t ol ui 'Hlmilmt may bk lselreaﬁd ifthm 11! greRLconstbtifly df Wtramethylene. sulfone

Mt f,hal i per.i.di ne; decalin cyclohexane :
g gﬁé %PF#&&CISH@%@H@ beagephsapne e nogli ide;  2--

n @ryn@hﬂ@ﬂd“yl @%ﬂ&ﬁ&ﬁ@f&l@n& pa tlzg'}l&lfnﬁan ghﬂ:) < IT%} ng d o—iixgmcv?benzene 1-

m-neral wax; | ow am. né;
netchk’m@bﬂ@lensmaﬂwbsaﬂmwe, ainizples Dmigbatiie; dipheny Iether diphenoxy -
telra(ethyl ene glycol); diethyl adipate; d- sorb

chl orotri phenyl stannane; resorcinol; 2-nethyl-

qui riolinol; 15 quinal dine; 4 phenylpyridine;

, phosphor ot hi oi ¢ acid, o,o0-diethyl o-(p-ntrophenyl)
ester; - NN-dinethyl-p-phenyl ene diantne; 2;

6- di met hoxyphenol ; 4-allyl -2-nmet hoxyphenol ;
phenant hri di ne; 2-napht hyl am ne; 1-naphthyl am ne;

1- napht hol ; 2 napht hal enethiol; 1= bononapht hal ene;

| evul i nic acid; phenyl pyrrol-2-yl ketone; phenyl 4-py
idyl' ketone; : '

3b
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I sot hi ocyani ¢ acid, mnitrophenyl ester;
2-nmet hyl -1 Hindole; 4-nethyl imdazole; 20. im dazol e;
.1, 7-heptanedi ol ; 9H fl uorea=9 one; ferrocene;
2,2",2"-nitrilotriethan6l; 2,2" imnodiethanoi;
wlobenzikissan; cycl ohezaneaeet h arid; cyanam de;PCT/us2003/04099.
courmarin ~2,2'- bigyridine; benzoic acid;
benzenepropi gnic acid, o dinitrobenzene; 9- nethyl-

Bli’ﬁ}aél?c PW@@“QP%OW‘BOWCH}(}@-%@W% ﬁ’emyﬁladlsme antlpynne diethyl
a Y, n n | h

B RRE R S ST A TR BigR pBRHE I oot esters phiatic

dd:ld,c dimethylt dfslteﬁg: @htlrahc Zﬁmcp elidthydaester; phthalic acid, dibutyl ester; phthalic

4-li.enzoyl ; methyl. oieate; triethyl phosphate;
0 BB cétes) ghililin g basizyhbuzhsngee and bhemyt sulfde,

pol ychl %@Eﬂﬁg%g?cpﬂem g lbe%cﬂv%& Iw en %e ﬁogve}\f co%nses Eulg)lane

aci d; I'C acl ecyl e
aci d; nethylenedl p- phenyl ene ester 2-((2-

e O PRSP S AR B BSBRLL of ottt
OslyB15Y ety lind g@a&ul REARABS; %gbabc Apdbt, di §Li¥hyturea; 1,3-

eSter, nitro-acéet ophenone; acetonapﬁfhon
télaﬂaﬁwc&u dimatrotoliienhy- drbpﬂnmgrlcjiamlmhl dipbaiylaning; toluenedmmme o-

DT o —
a@j’di@héxhhe O {cybRh¥keiRSt eChloRRSeRAekdfe; aC "‘Qelldsbﬂr@e Y lsolvent: n,n-

ester B 0s horlc aci d, trlbutyl ester, phenyl
pil pArafEn; pinerel ok eileralj sy Anllaw aghie; triethanol

é%ﬁlr%é%@"%ﬁ'@%@ﬁ% e acft ehytene B850 EBRTRne giycol); dietyt
Nadipatesri aaeitinel;) - dilododifittoryBMianeidey | Yessraimiet Dy thyl-8-quinolinol;

1,2- ef hanedl amne; 2,.6-di-tort-butyl p-cresol chl oro

bﬂ‘b‘ﬁé‘ﬁﬂ Pﬁh‘é’ﬁﬁ‘#ﬂﬁnph@,l’hﬁ'@ﬂzlﬂc acid,Hpp-diethyl o-(p-nitrophenyl) ester;

DR RTRA | BPenbbe " didftine, 2.6 Gimethoxiphigol, 4-allyl2methoxyphienol;
dphwmmeo QFnamtﬁﬂdmhmp 24 ﬁmﬁhﬂ@lﬂmhe;d F-maphithoh X aspithalensthisl; 1-

one,

(ﬁn S Ee daiing A rghgng,& @%‘qﬁiﬁwﬁm PBPRYf-gyridyl Ketone;
-%Sébh&cyﬁﬁicd acid Ui ﬁéiiyh | Efer; EARREHALILIGRNE USRMIYP imidazole;

can be achi eved when t he non-sol vent conpri ses

pokiiaslesy | optansdiol; OH dispehi§-bonrielogiopaut 2,2°, 2" nitrilotricthantl; 2, 2

A D b S e, o 12

25 P

30

HinkO 6EBIA ;S BEREL SH-Jlﬁﬁ%benzene 9-meﬂny1—9-‘

rane useful for perfor nm.n | qU| separ ation
pmbwe@bﬁ 3A&1mad+3ﬂrgn¢ mhhrroﬁphmylmmee aiﬂndmpbtomi‘de; prenisidine; o-

I nLeng 1.0 el t .- splnnln or. "melt- "extrusion -
B o AR IF P gum@eﬁ%emm@m ~dideetin;  tridoetin;

| t .
i Oy IR 358 A o
clorgireinyl; n@trad&ﬁnmwmmmﬂw'umﬁ newoﬂbﬁfmm),ymmsﬁc acid;

poI vin a polystlfone npound, a
éﬂéﬁfﬁ'gé/ Q{Et‘i&@ HHSTH SSOCYAE) By Dgff neh-nephenylpeester; 2-(2-

fof goi}ég gr' canﬁh pﬁé%n%@ggfvﬁ%@&f%&ﬁé% ylncél lende, At

tcﬂiésoqyanato—l-l-methyl bénzene; adipic acid, diethyl ester; 2’-nitro-acefophenone; 1*-
- acefonaplithone;  tetradecanone;  (dichlorophenyl)irichlorosilane; dichlorodiphenyl |

silane;*phosphorothioic acid; o,0-diéthyl o-(p-mﬁ‘ophenyl) ester; phosphonc acid, tri-o- -

tolyl -ester; phosphonc acid, triphenyl ester; phosphoric acid, tnbutyl ester; phenyi
phosphorous dichloride; p-nitrophenol; i lsocyamc acid, “methyi—m~phenylenc ester; 2,2°-
. 4 -
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conposition to a tenperature at which the conposition
becones. a honobgeneous liquid (i.e, a tenperature
greater than anbient); (3) extruding the conposition
t hrough an. 20 extrusion die (such as a single or

wo 200bdsgsshol ed hol lowfiber die (termed a "spi np@r,ﬂyszgog,mm”

and (4). passing the extrudate through a quench zone
. in_which the extrudate gels and solidifies, thereby
mingdigthapok he meNbReaveinobghd- @{(ﬂmnﬁﬁtﬁﬁnarﬁﬁﬂmhﬁﬁ y 1.2

I
e e AR B eonl " b tef%?éi%na@gum benzy!

ethérav |bagze&eslﬂfcfn@'l MeRlofileE! UL 8-(nidth aggamg

dusom Wﬁﬁ@oquim@pme@;em@hubd fammdrs) he:dihydro 2H-

4 928 ut ed to,
i ? 2o bttt 1 Mo i Bersapipupestio acid; and
acelamﬂdedllhbcyﬁﬂﬁ godaRI:sEEs ESERLRHENnéFhd hila-JaR&W NGS Fig. |
o lustrﬁ’ Iag‘g E’ enbodi nent of the process for
“IPa{EF? Bg ‘?IEY g Gﬂég Yieng gixrely felsduviaiel gyedl),bur smixture
theledfs a representative nenbrane-configuration). Fig. 2
| I lustrates an alternative process for fabricating
beYandamyselyentsaebe iesehtama fatibusefyl usfcma
38 U82003/,040499 F| g. 31is
SemgII(Ir ee%ég’ OIIE‘I%J%O 0 a Grathranso whsrdul nfor pPﬁ’ﬁfB‘i‘%]%Danh%ﬂd—Sepafaﬁon
progegdegsul f one conpound sol vent, and non-sol vent which '

are conbined in represent ative melt- spi n
c ohjsedingitepmsexamplary embp@mantsﬁammvn@oal ae‘&nerhmjmm;@ oseRRe

f sent.at.i ve eneous,

G ORARN & piBrliER K EB AL S espigone nembranes.
The meagplmirh@ﬁwmodwﬁgsoleluademwﬁeﬁs 88 I(H%rﬁﬂlghi%ﬁﬁ@ﬂtﬁﬂtbsmpﬂsmg a
nmenbranes. Fig: 6 illustrates

Uﬁ"@&y;arl fone hol | ow-f i ber
lig epelymnninsefsblpe piipvinglpaphlidong a polysulfone

ot RS N A ol o

non-mlvm sghectadyfom i foképoinpiup of ciididatd nbhsulvehs! € heating the
coms Sa@ E I ectr.on. ag] ﬁcope phot ograph of a
prstion toa femiporpfire ‘%BP snoosnpesiyorybgconigs| 4 hesnogangous ligquid

(. #ROBFARNRS I9¥SL MY ﬁ&)ghh@hnﬁ%ﬁl& @ﬁmm@g@éé‘s’%} frough an

Fig. . 6 including u

extrypialy éwrtsmh 8s poingleor: mﬁiltgho&du hdﬂosxuﬁbéxe&eqcéiﬂmta %Iiﬁmérct”
di d
and %}a}Iﬂ%F'élg gIm‘II-‘?“g ﬁ“@“ 2 Sé‘f gIgan i}f gﬁaigbotﬂenextrudate gels and

usi ng. bovi ne blood of

Accordmg to another examplary embodlment of the present invention, melt-spun, scmlpenneabie

. polysulfone membranes are provided having 2 uniform struchure throughout the

thickness- dimension of the membrane (e, a “lio‘mo"genmus” membrane structure)
useful for liquid separations, such as, but not limited to, microfiltration, ultraﬁltratlon,
reverse osmosis, and dialysis.
- BRIEF DESCRIPTION OF THE DRAWNGS

- Fig. 1 illustrates a preferred embodiment of the process for fabricating
homogeneous, polysulfone hollow fibers (as 4 representative membrane-configuration).

+ Fig. 2 illustrates an alternative process for fabricating homegeneous polysulfone
hollow fibers: '
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DETAI LED DESCRI PTI ON This invention enconpasses, inter
alia, conpositions useful for formng, by 20
nel t - spi nni ng, pol ysul fone seni perneabl e menbr anes.

WO ZT(P‘%"’&&@OSI tions, conpr ise a %{PSZQ(BIO—I(M?S}

tra- high nDIecuIar wei ght hydrophillic pol§
pref erably pol yvinyl pyrrolidone (Kollidon 90F,

MAHH1Z0 G0is09 Glireb@0mPORerd alidgoms ) shotvin® [t l#rtﬁ;ﬁ:ﬁ‘ﬁons of polysulfone

co 8 solvent and, a non-solvent. I'n th

"?%ﬁg‘ sF‘? VERh 2pd @ousplient Witk Sreaehiped dn ameremné@erntmelt-Spm
conhgbstion5at | o useful to forma sen per meabl e menbrane

useful for performng liquid separation 25 processes.

Mer¥igarfeds t & atcasming nebdirmpuricroscopy photvgeplinosi 4 lteﬁl%sentatlve.
b hono ﬁlg?qf ﬁhat is, the nelt-spun. nenbranes
0‘%??3“3%‘&%% ylfqne hotlow 465t ¢ he' menbranes have a

subsipany igld Yohupdier Magtant Grus ehdi

t hi'c[mess di nensi on ofa% he nenbr%}éswg%gﬁﬁwlﬁ‘?}ﬁu%r cneous

POlYﬂﬂlﬁDh@hglé@ﬁﬁmgmmmtaan m cr oscope -phot ogr aphs of
made, us

Fi hol l w fib
ST A
a rﬂﬂb&éﬁtﬂti&@ nsolyilfena Rllof-Abdrabibhfic thoHisd u?l?z?ﬁl -molecular—

portion or section-ofthe nenbrane contributes

- weighidyidzenhillic pplymespor t i onal share to the ' per meabl lity

CHBEL il o Ao MR i e o

a partigeof & fiber WhRk of ilreRBSNLHND hoBREHonBFIICWIIHBE Rkihbathe of Fig.
ht percent pol sulfone apprOX| rmtely

- ab
6 m&g'd%o %61%311\2/%{09%1%1&% hydephi

appg X'S"BB% it cﬁ&n@&gﬂ\%\e la%l{?f ?%tt syiteﬁaos.}spussed in

met hoxy- PE nol ecu app OXT nat

:Exaamhbbm&ately 1 to about 1. 5 wei ght - percent 5

r0XI t el to about 3 wej ght percent
HsHi ﬂﬁh ABRESHINEYERStion pgnadewmerblood of

= =

ﬁer hyliﬂb"'

Bxaﬁﬁﬂgﬂb percent n- et hyl - pyrrol i done. Polysul fone

compounds and their synthesis are well-known in the

art. Preferred p@ﬁ@éﬂbﬁ@&&%ﬁtﬁiﬂﬁﬁ\luseful in thls

| he f -S2-R2 10 |
B B i e e Digopmeiione e i dotiiag, by

melGﬁpiﬂm&gﬁy@bsﬂﬁor@ ﬁgﬁﬁmealﬂb KeESrandd. km%%on%)ﬂtﬁms compnse a

anhydri des, esters,

a al koxys, ,
. ul%h%r@o eaw(ar-\wgbﬁ uh]éitoyhtﬂxce @olyae hpmﬁ@mblg'r @otyvimylpyrolidone

ol AR AT E SR 2% B sl

| :__md,Pa e;foﬁ#ﬂbh&nnoﬂﬂ 3hd t&n ﬁﬁ@dﬁ;’%@d&v&ﬁ@ﬁi@hon%@lv&ﬁl‘ &e present in a

nv ntlon have a, ne flow index (MFJ) in a range of .
damm p semigermeahie mompragrouse gl “m @grfmmangshqmd separation

e e Bt it P o ——

~ Thabis,r ihsi moltispas tmembahes &% Téfnnetric. such. that the membranes have a

substantially uniform structure throughout the ﬂlickﬂess dimension of the membranes,
as jllustrated in the scanning electron-micrﬁscope.photc)graphs of Figs. 6 and 7of a
hollow fiber made -using such compo,sitions.‘_' As defined herein; a “homogeneous”
polysulfone membrane is a membrane in which each portion or section-of the membrane
contribuies its substantially proporhonal share to the permeability characteristics of the
membrane.
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1238-94a. (Goods results have been achi eved when the

pol ysul fone conpounds have a M of from about 2.0

dg/mn to about 5.0 dg/mn. Preferred pol ysul fone

coqpounds useful in this invention include, but are
WOt ed to pol yaryl suifones, for exanpl e, PROUS2003/040499

bi sphenol A pol ysul fone, polyet her sul f one,

S gt L N AP T e —
WY 3“”°'a‘é2'§'u3§8”@. o LDt apkimatchy 47 about 46
“'E’&l\??/ R&‘“FHQS‘*@?WPEOW@W& fosationt 12 viadghti pegceno nfithoxy-PEG
e s apiantards 2 Rl %Z%%s%felfi”@@baw b6 weight percent

d| ssol ve from about
gmmlghﬁpw@xmatelyoﬂ theabaht [3olweight! paReRR '
ph yel"g)&lg&ne and

BRI sPaf o 6H Pf&%%maﬁgﬁ%ﬁm@%%’@g out 8
We' ghélypetfsirdonipduadOid tBlir WolBLs a&%sﬁfﬂ%ov.{lhmtatﬁp art. Preforred

aryl sulfone Candi dat e s©ol vents use

_ qu Sﬁmﬂ)ﬁ'é!l@dﬁeﬁlbutﬂlsnevmn Isatiefy €@ fomaula;

_ tetranethyl ene sul fone; nfstﬁgéﬁ suI f ol ane;
benzophenone, n, n-di net hypé 2- 30 .
whgreinl Rdané 13- (Vﬂilﬂy baubé dheeBfne BY Hfﬁgr@lﬁ) 3}41#3,8559 QSch as alkanes,

ng- di ch|.orobenzene; 1 chl orouapt hal ene;

SDES.c . 3yisg (ﬂllgxls oalkoxyso andebiyiies, a:hhpdrﬁdsy eflRerethers, and

m%dtlﬂng? E%%S’h%ﬁ%g MR&‘ gﬁg % Sevegicatbon atgms Bdipglading both,

stl‘dig@t-hbame(b e diramcﬂnbdﬂhahﬁh yhru&utek ONPrefdicd rﬁd’lx ulfone c§;n1pounds

s 583 Bl harp S5l i b D wkamepod fom sbout 17

15

20

GgAREES oBDANSl) dy/ah G sHLEE Pt t@[ﬁhhﬁﬁ%c ¢! Handard Test

di but ester; phthalic aci

Mggrg,(dsgm;r EFLOVEB.,G@ oﬁ@?mﬂopumys: bﬁ:%aﬁsmp?ﬁ{amhm%fxsrm D
1254!lof4h %oodgsfc tagm %la I 5{ e iq%ﬁq\{]%gag yglsfi?ang cmlngounclisshave a

I nvention I n

MFkof fopt dhoue2® @gﬁnﬁ:ﬂﬁ:ﬁal(ou% 310 @b/afe” )’reé@tgéd nfdl?éxﬁﬁne mmpounds

. al oI actam dieth pht halate, an
sl f bot

i P am Weg mieemlhﬁf kmlthhm‘:‘pgbmyl]ﬁﬁbh&y g6k example,
i sul fone.as.the solv -
blsﬁ}lo ndl?a q%gtrft of *t ﬁéh%g?ylg?ﬂef BH@PEM&B ope, |a§ d‘é‘?‘?‘%ﬁ%gdthﬂ@f |

- Espreiadlhyigenst laSldtsrhawhebn  RhleveDuling BishoN A golysulfone

- characd el¥| st B, iling point of at |east “abou
150& “S0Tue o they Dopauiimes empasndiitis ylofioed horot as al stpaind

- havifi $hd fbﬂ%\@é’ Bharact ¥ ggltat lﬁ)ﬁfé&ge ﬁctnnggfr %tﬁazg? ;?l?%“ﬁ gé‘%ﬂta solvating .

25

30 .

10 conpound at a tenperatu
PoREN & dissabisuffoR0@iont Gandighetperieanis Ab¥anse M%It%erbé}ﬁ of the

|nven|o,are11d|ethylurea 1, 3- diet -

1’015(9#?‘% R@W@ at teniperaiie i arioge from pham(ﬁm toegbout 300°C.
Thé @blzl%ﬁté‘ [ eREFaPS) cafl | & taluic aci

t ol ueneg3 13]l%racm ndelgsgtij‘{ébu Ab%ﬁ g;\ glgﬁé p?{?%q? (ﬁbﬂ'ét 80 weight
PefﬁﬁfédlflarPOlY?@ybtﬂ&)wxane cycl ohexene _ '

chI %J ohex g{#e .1 osol ve sol vent; nn 15

di mst §‘§e}f’ e "C‘E i IveRfore inpludg; but s ehllimited fo,
tﬁmﬂlﬂ@id QilfoRe] %etﬁﬁ's%lfﬁi%ﬂef benzophenone; n,n-dimethylacetamide; 2-
pymlidone;  3-methylsulfolene; pyridine;  thiophene; = o-dichlorobenzene;  1- -
chloronapthalene; methy! salicylate; anisole; o-nitroanisole; diphenly ether; diphenoxy
methane; acetophenone; - p-methoxyphenyl-2-¢thanol; 2-piperidine; antipyrine; diethyl

,‘ phthalate; diphenyl sulfone, dlphenyl sulfoxide; phthalic acid, dioctyl ester; phthalic

7
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am ne;. lauryl nethacrylate; stearic acid; di(ethylene
glycol);. tri(ethyleneglycol); ethylene. glycol;
pol y(ethyl ene glycol); tetra(ethylene glycol);
| ri_n; diethyl adipate; d-sorbitol,
wo 23?11\4%3%. phenyi stannane; resorcinol; PCT/US2003/040499
2-met hyl - S-qui nolinol ;. quinaldi ne 4 phenyl pyri di ne;
acidhd Q- Op LA Qo dod ch @ét@ r
estg‘r&% N 2% di et hyl - eny %ﬁaméﬁ ABRST ¥hidr phthalic

acidy @Dﬁ(am}ﬂwﬁh @slst;; phtlahb yheld, rimnhyixy)pt}&nektar phenyl sulfide,
R T T e RN -
tetxmuunbxtdme@u&aw(“smf&aﬁé” PiIp9tine; a/Jva%Fﬂlmﬁn, ﬂi&ﬁ@)f Ipflthalate and

-pyridyl ketone isothiocyant acid, mnitrop
mnégqegrt heroolyeBspprially gond spsults hawe byén adud@zlaltdlzmg tetnamethylene

I 7- hept anedi ol ; : 9H f | uor en- 9- one;
Sulﬁog?rgggh%nsglve ¢ 2',2"-nitril ot net hanol, 2,2 25

i m Adﬁnoﬁtsbmﬁd for tieh pepsdohé E:éllﬁgoﬁﬁ’@" ie fd@fiﬁ&?ﬁ@r@ﬁi 45 a compound
anam e; cournarin; ri di ne; bénzoic

- ha‘”&ta %16 fpley F@ﬁﬁeﬂéﬁ%ab@ﬂﬂlﬁm@ﬁ ofi a(t esbsahoathd 50°C, a solvating
po v%r{?ﬁﬁ%bnt loWﬁ:vbﬂiEQ/o%@fé ﬁiai]l)a%g ﬁ?ed@ﬂ pr?r%eﬁlt gf &en%olysuifong

or odi | ar si ne; |nDn
compouadlas a kain;teyaiere indi ramgd ﬁ-dm Iabﬁutp&()ﬂm 18 abaaedpopienone

ac in diacetin tri acetl n, pent oxane; \
gttt TR M TR LA éhlse invenEiohyatshd dhpfiatieturea; 1,3-

7 dletﬂyiul‘ée{, GBI RASuSE:; tfﬁ@ﬂ%ﬁw o él ﬂiiﬁﬁ%%émjne toluenediamine; o-

pol ychl ori nat ed bi phenyl myrirs
tolwae jadid; mmlhlaeaqd |t01uena8;4eldlaniﬂnbe adibutghk plethalates qﬁy@hﬁ&, decalin;

th di t
, oL AR st

15

20

30

ythirel Oil; IRiindal w ; Jallow amine
d| [ socyanat o- | 4- met ﬁyl benzene; adi pi éﬁam dOW e‘n t?ethaml

amigg; dauryb methagryates eytensice aeide dlfﬂthyl@le\/\@)@m)ét/mﬂﬁne -glycol);

B N

d-sm-bitab echlqpbiphbon Cﬁi:hirﬁh@; 18§dréinol, D-ii8lBYduninolinol; qumaldme 4 _
l&Jgpjtrophenl) ester; phospheric acid, tri-o- tolyl o
phegg dingh, oBBRPEMRIE 26 | pReEHsIYL oGP Dipmbepbr kot NN-
p 1054 ous;_ 3 S
té Eeno |socyan| ?%e; % %%£r# %&e‘yphemz

pheasutbndmz 2»naﬁhﬂ1yﬂlannmh dtirphtiylamine; l—naphthol 2—naphthaleneth101 I

ool ArHBRE Wi b ARl bt Fetoneicplebal fpshistone;
 isotRidRbay ! ac1§, %ﬁﬁﬁﬁ%@ﬁ‘ Ber; b8 02 Mhy1- A B5dole; - 4-methyl imidazole;

benzenesul ony

__,lnnﬂamlti(, rie?—hyptmmhblpﬁﬁ}ﬂlﬂarm-ﬁmeyferhﬁeﬂ@rm’ 2 -fifrilotriethanol; 2,2°-
25

o B e o Bt otbondey ot 7
blpg%‘g??c amégsn Q&Pmkq ﬁ&et&@pg@%y g?‘é g% g%ethyl-g)-

azabioyclo(d &émosaméeme; chlarodiphenylatstn; antimong bysifidepplaniidne; o- B

), di(ethyl ene

limted t. ol ethlene [ ycol
m@?fifb 'PP'E’giﬂﬁslIé ée%my e%gﬁsbc aigoacety g mr@@cem

f foafel ‘
e B AR S S NS s

temlnamyl, totraddeandti; gelycblprinetedi biphemylk €throcior w242 "R myh@tm acid:
.metgacryﬁb acid, dodecyl ester; isocyanic. acid, methylenedz-p phenylene ester; 2—((2—

: hexyloxy)ethoxy) ethanol; 4-nitro biphenyl; benzyl ether; benzenesulfonyl chloride; 2,4-

du_socyanaio-l-l-methyl‘ benzene; adipic acid, diethy} ester; 2.’_—mtm-anetophenonc; -
o _
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15 experinents. For exanple, mscibility of the
conposition at the nelt-extrusion tenperature i s one
factor to be considered in determning a, suitable
conponent concentration. Mscibility of polysulfone
WO gtiIfd sol utions can be readily determ ne@CT/uUS2003/040499
enpirically by methods known in the art. (Wether or
of a _conposition are mscible is

aclgfégg?}{%smgao gg‘iﬁgﬁgeﬁmfﬁe dighlpsephenybisishiosemlansie ilshRebdiphenyl
silafgtgebpHoasthesic 'aEEd,dgbgfﬂhfle(?g)r %R]E)pﬁ@%{l PRL LAt ﬁ%gfpthWé acid, tri-o-

conp03|t|on because the p B2 &

tolyb pstesn phagphornie ﬁﬂigsiadnphmarl agt&i'l pngpHSH(ﬁr&dlcﬁ ghldﬁt?ﬁ ester; Ophenyl
r ependl n upontelntene

pt‘%’%}g}?&gn& E@S&‘Hg %‘E‘P i SO aﬂ’&ﬁ&i‘gﬁ%@ hylyatnhenylens ester; 2,2°-

imihatiehindly at i omqﬂ-ahmwm).w ey Oﬁﬁﬁegﬁg@?ﬁ&b%e viihe 1.

poI sul. f one corrpound is preferably at
é‘H‘F‘ Tnbpeyl %ﬁmlefchmollypb&nyl,ea&pmmam:ﬁe? benzyl

pr ef er agﬁsﬁ%ﬂﬁy ? QL@“\%@&&W@ : F‘g‘é?s#gll)gqg’gfr Eeﬁzene 24-

' dijsesfaatabl-yettyl Ibenr&he aﬂﬂbtbdiﬁﬂrd/\ﬁérﬂzﬁﬁe (RBeq @:ﬂ)tmerﬁhﬁexahydro 2H-
can entra |on Blé( t he non-solvent, if present,

EH‘B Ase igwibine; 1 -a%éqngphthpm,c@mcﬁpmnabem raeid; and
acOtardilias. alﬂsjéeéiﬁll)!r AR Wﬁ ?Jéi"lfﬁﬁ g?l.fué Igyptmcﬁude but are

case of nenbr an usefu

. nofliniitedite, leh@thde@YM}, Iddethy&*ﬂe%ﬂydoﬂbﬁ fﬁﬁéﬁlefg?ﬁ%!) glycerol,

, und, i s preferably at |east about 18 weight
g an&%ﬁg@ﬁ% g preferably at |east about 25 wei ght

15

20

30

per it conbBRrARMS Tt the tdoRipoRE |
pr eferably at |east abou?ﬁgo nv\tft'el?lgfﬁ@ cd @Embﬁn aay, vary and are

létrlamwvaa}able@agqnyaﬁo@mcmaamm ghthly peirkehbout W1t11 sunple bench,

oo BIREIL1 S Aok SR S5t oy 51 o

teIRSTAIE2 GO B4 B8R tonvbl Olinsidercdeni deflfhint &f ShRkHY Rliponent
| east .. about 5 wej. ght percent If the non-Solvent Is

cmbcfeg 0. o Misgihility  of, oppl gsdqlf@@ﬁt cempousl (splusiops acan be readily
e A

of grosernpsision) arg rmxsglbbf sgamy qﬁixabttnt p. ?Ee tnd t}:gaila,@mt&e finbrane is
el a about {o about or. .-
- and AR iR (LR Eogrongate bond compotticn hpsianths proforred

: ft
:m??gigfg g%ﬁfﬁdﬁipheﬁo A po& ﬁﬁd&ﬁ%‘?{? Heg"%:ﬁélgh the
‘mepbrgnesry depond IWpﬁW@ﬂgd fiber qpidyisal ) (the '

non abI unts. fthe pol ysul f one
conphgﬁ{n a&ig : )S'F %Bﬁpo irptiqn of; igyids, fipcconewdration

| of lthe poBEulfynd h;@mp@ﬁﬁd @ﬂ%?ef&fabﬁraﬁp #&Qﬂ‘ﬁﬂ&ﬁné \ﬂ}gﬁ Bercent, more
25

enerate the area A, e speci
prefgablysat: legsk ab@ﬁsl%twmgatqﬁcmtarﬁb‘hmtconéemmbn off ﬁi&esolvent is

‘oG, AR ABPYLac o i 5 G Vows pscbout G0 weight

. pemmtb rEresncbitritia dfﬁ@n&f-sdl?éﬂ@rﬁ'g’?éseﬂé & oj?ije @flg ﬁ@gﬁntea%out 1

mosi s of |iquids, the concentration
We’r t prresy andd Jogy Predseablly atdenst atgmt Gevagit pepentent , nor e

Pr el ake BF rlehidnes useful for ulirafiltration ‘or dialysis, the concentration
of the polysulfone compound is preferably at least about Iﬁ’%eight percenf more

- preferably at least dbout 25 ‘weight percent. The concentration of the solvent is

preferably at least about 40 weight percent, more preferably at least about 45 weight
. percent. Concentratmn of the non-solvent, if present, is preferably at least about 1
9
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- 20

 hentddiglygir F) bmpfises & Guler Qaligh " Zs%ﬂdca?kr anqs aﬁgehﬁfé{;m a i L

25

30

about 35 wei ght percent. The concentration of the
solvent is preferably at |east about. 12 15 wei ght
per cent, m)re preferably at |east about 20 wei ght
3 present, the concentration of the
wo%@nﬁséo} vent is preferably at |east about 1 Vel (Y S2003/040499
percent, nore preferably at |east about '5 wei ght
wepght percent, fitoee prafiralsliytat st Bbut Hindight puesit on may be
use[gt; to fab i cate pol ysul fone sem perneable
%‘ﬁé@nﬁ g} 1srRspsen |Sab’r3@*-t§e}5ﬁlr%1ﬂ?®h 138100 €ies se solvenddo non-
[ | ncl ude
sol$EiRES-REI to Bl UGN BERRTS S UEnuIhL 568 cparaion
prodesaby Jiasy pruficiably\aboeied. 051106 labout 31, Mmdsewpraferably gbout 2:1 to

" abd g{ibeéeﬁt ative 1I I%l:ll d- separ, atl on" device confi gurve
R a5 example, a5 showmn e, Kigy 3095 sdthreccesmponentdecmmsition (for
meR&ﬁﬁhﬁﬁ@ﬁéqulﬂﬂé%gWB&g on?n-gﬂl%dngb(ﬂm&'@?%gulfone sulfolane

r-ses an outer casin caps

(they sehvant)s anck pphi(elhyless gtycot)l (ﬂicyﬁaneo]&emtb edcodftable dMARE of the
a bl,00 nd bundles of fibers

t. 20 t|
polyffiflye puria; Rt 56t ainisaiont By e errenbingd by e
extﬂﬂidsneﬁeaoh cimporeat thdlﬁgé}ie}df@ﬁﬁ %ﬂe‘i’t &2 € oo Qf‘ the specific

t he_fibers, form a bl ood”conpartnment
COnpISHiRgH qonsistingrpfian agounhef ¢acharfhe ilmea cqnapaielnei w1thm the area’

AU R B A o ot
| nvRnthe @asedfmbabiaby useﬂl&@r &Veﬁe to@ﬁlﬂﬁ% b¥ ﬁ%ﬂ&l‘ E%Qcon%g?tratlon :

henes as illustrated; in Fi

m%ﬁmedﬁ Sreisrably alpleast sibp wezmsmmng nmpcprefeta@ly at least -

o aboﬁp 5 tﬁ%ﬁ!&ﬁfjrﬁ Zc%zlc %@&%@E%ﬁ‘%\ég ggﬁ'e%era%l gtsleas? about 12

Wexglirl' pe&aﬁoanﬁrbopﬁﬁerﬂblly sinkagir ot r 20 weit osbrage or g ;&Qsent the
ol'ysul fone conposi.tion of

in entlon -
_- °°n86 ?‘§ oB‘PH‘ Veltplamﬁfswg b ab dpays abqub e Wotghp peragnt, more.
_rpreﬂrﬁﬂyuﬁ%staﬁagt5@e@n?§t%ﬁtent i's preconpounded in a . o

hi gh-'shear” m xer “extruded (as hol | ow
fi b’Ehe)co:rqw@rtmedof( Ehlg mste)nnoanmath wyed nid mm@ueepomulfone. '

o | | | abl o
- senfi BB O R T i Sron okt e e berein,
_, _Sucﬂtiﬁﬁkte’sﬁﬁ inGRude, B!litoétle%oh?%ﬁl&!ﬂeﬂ?o hﬁcﬁlﬂ nhgﬂnﬁlir&mn dlalysm, R o

ten3|on ontheh I ow fi bers- duri hg wn

. andJR¥RHR PSTBPES. eﬁeé mmwmmmhqmdeqmmmme configwred

e e

pelitetized; renelted, "extruded (to'fo Iow

".__dlalw%epeset%@rmn@u er@,ammmzefmgiaamndmnfﬁbeﬂslz4 potted. S
in tgf e‘% method cor i to t he resec{1 IR
- “IAVenRt ron.e % P epmnariment an the lumina of ~. -

‘_A,the ﬁbmoﬁmttﬂﬁbﬂd Oﬁﬁﬁbﬁ&enteﬁﬁ *’%@dﬂ&ﬁ@ﬂ%@&o%h flwﬁﬁfast)f’the bors. X

quencheéd,  wound for a perio

in @p paralfel qﬁﬁsblqﬂh aﬂlaiﬁa@u ntdoghtey-caryemthy: sthhmght th@r dlalysate, : |
' co"{ljjgﬁ”%ltysulfone corrpound and stored in the '

) Membranes of the present mventlon may be fabncaied by altematlve method.

i schemes as. ﬂlustrated in Figs. 1 and 2. A number of method schemes may be felIowed :

__ dependmg upon the. optlonal method steps_chosen to. develop the desued polysulfone

. membrane
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soaking liquid for up to 15 days, (Fig. 1). In yet
anot her preferred nethod according to 15 the present.
i nvention, a polysul fone conposition is preconpounded
in a high-shear mxer, nelted, extruded (as holl ow

WO 2008838 | quenched, wound, soaked, |eached, PERISHN03/040499
replasticized,.and then dried in an . oven (preferably

Bt T e e

compokisisw bf & UEIMD hprsphillaNpdiFmey, %pr%ﬁltﬂﬁ@ébmﬁﬁhﬂ,eﬁjsoivent, and
extruded (as solid_strands cooled pel | et’i zed,

2 noretRlyeREdS Presenngteded Waa tngh-Fhsar mniser, srr,neltequ emmi;d (as hollow

| ﬁbei‘ﬁ gl‘?eqcﬁ&fj (%Efﬁghﬂddth%ﬁywt;%cf ‘forgé or e&is §¥m§ gat%ly(;:clg nber of

t subs

comlnimclphjr ysmlabtmwmdemmm:hmﬁ I(eEB{[:}la \aindellsn Iﬁ@tmlﬁﬁ] pidiiesd, adequate
i nvent.i on,.

TN T MR I i
In ﬁihttﬁél‘dﬁl‘ife(rfbﬁ ARk 5& o?ﬁﬁﬁ) ﬂ?é: gﬁ’é&?& m\%ﬁhl}ﬁt Ifeegolysulfone .

remel ted, extruded
comguaition &prem@ndsbm@hh,gh—shsaﬂ retehauklied] mdeded through a strand

die (QRERGRHSOLF FfanE)L eooiec il ipele HRoRoFg o hollow

fibeRY) m&ubﬁéap 8 ORR WG (ngl ¥§Nn stANShoMRe p§é¥lsff€d‘ fr)eﬂ{(ﬂ d3Bording

extruded are conmbi ned and honogeni zed "pri or

- to. thrtprgsans rinpgntionx |ﬂm§ Polysalfors \conipesitionsis npuec@mpcbunded., melted,

ARG RLARR oot R, W BRL g BB SRR o GimE spipt in o

\ hqu&mumwé enbstditalle arﬂmrsameﬁt T thd Bol9¥difons icOMpEMMPAST 416120 in the

may _.al so. be conbi ned _and honogeni zed directly in a
: Sﬂﬂﬁ@g %155121 19F BR tRjdd 'dm Figdd: 4 W@? argc;tﬁ%rmr@flﬁrrﬂ rrtqﬂ@'dnmc@@mg to

r I @@:ﬁﬁé;
e Icl:)g%pe%tgfrtvlmgéﬁ&%aé; ! c?\régg(g)m ze%ﬁ% £s° xtrudl ng a rmﬁ Pl gﬁ"Shear
- mixen mpadesidt Bldmdeﬁr(wbddlw ﬁbem};ckmhuehed; oeuhdgsonked, Jearhed, rinsed, -
truda and 11 WO 200 5. PCTI US2003/.040499
fepla*ﬁ g b getried in it g"%ivr@%wa@m goavsc%npam)&i‘ég . In
anofhe? Sprefaetd] Yudiesl tdRcardiatted the i (RB4cAt MEERNNOT the polysulfone
twi n-screw extruder. Alternatively, other

Conpegiipn g$ nmﬁwgeﬁwiied,gmn?é@da sdgudech Giarsolid strmdsd, eioled; pelletized, .
remified Wik T nBfioW bl Rt Boe? M i TRACRER Gy i e
comppuleh Oty e I vamo e prelimpd siediod aasdiciripdho bifset invention,

o oGS, i RABBRE AP RIS SRUBREF Ty, s s,

cooledp peﬂﬂimé,nteme'ﬂaé, éﬂf(ﬁi&da(hblflﬁﬁl&ho fibeks)) Afucheticlo Warmidasoaked,

go rend r t.he, uid too Vi scous for extru5| on For
Jeac ”P&:e“ﬁé‘lte‘l ¥ses bi‘'sphenol -

[ e T —

polysaﬁ'ene abmpbund/ Ezﬁlveﬁh eanéXhoniSdloent) eoier afttided i e combined and
_ bl.y Iess t han_about 300C, nore preferabl | ess
hon qgg Biipr o ggirusion by mixing in a convenient manner with conventional
'mixing equipment; as for example, a high-shear mixer, such as ‘a compoundirg twin-
screw extruder. The components of the extrusion composition may also be combined
and homogenized directly in a meltpot provided with suitable agitation of the molten
, _liguid.. Alternatively, a polysulfone- f’;xtrus,ion composition in’ay be homogenized by
extruding a molten composition through a strand die, cooling the global extrudate, and
11 '



The viscosity of the nelt should not be so :high as to
be too viscous to be extruded at tenperatures that
do. not. deleteriously affect the pol ysul fone
woeRipeysd. 15 The viscosity, however, of the nelt nust
not be so |ow that the extrudate cannot' mnai nF&IfIS3003/040199
desired shape upon exiting the extrusion die. The nelt

gragivg @xtdletigidgithe @xridid & S
not limited to, hollowfi be% la %&%Sm%&% ge% to 2 eatea single-

oo ek ot oAyt st . ot
by C00 tﬁ%%ﬁ{%&& % wrfaﬁwnﬁi b0 qfllﬁﬁﬁftf’ (REPAULE b hemegenebs molten
Higuidifor &tﬂmtmqmmm‘mﬁ'r) a ‘hol | ow-fiber die
(spi eret) £ nneret typically is nulti-hol ed
’ %?1 g lﬁt : Zﬁmmtwe thﬁlﬁ;ﬂacﬂl];alt@ ﬂrq?drﬂmﬂ dfth?io‘inogeneous
5@ b ans ror su yln
p%l@ ﬁﬁ‘( 3a‘g é(?:git?l Qlﬁtb (% ?&J ]émco @P’PE’F%E‘FFEWEOI&F{ not be so

h‘ﬁheﬂseﬁq saude tsignificeat chgﬁdﬁﬁdﬂ of g }i&? dﬂg})zlﬁtﬁsvﬁﬂ{rent or the non-

: e .of the ho , Tibers as
. _so‘i\% temperiqgsrg 5l;xgﬁdfqog]bg 50 day asdo gelg:@s the@bquidabo &Sscous for

10
15;'
20,

| dieg %}@@f%ﬂ- esﬂl?imewtetlypxcaldmhs ROlfE-GoRd UaRL, IRlsA brihcad ?tgw of |

25

splnne
.em{dﬁgem agsf r . l.nert gas
a ljquid “Whi cal?llﬁg g&%%ﬁﬂpgé%%eu{qngr% ﬁﬂg’hﬁﬂ?& bﬁglfone the

x@;@ﬁw@dﬁmpe@m s preférablynutiedst abdrSoPQ, m‘b?é Ffe-ferably at Teast about
di (et hyl ene gl '

t F (fﬁ%% %20%9 &@éﬁ%‘“)ed‘? Prederably lgsathag 2 Qlﬁéwol’(ﬁ,emewpreferably |

leddl thinuatesat 0P0=D! vent s and non-sol vents nay be used as
| ong_as the mxture is not a solvent for

x%rte apwetpﬂmnef élmpmunmcmm hetrs ??Sﬁé‘fg‘{ ;rsgﬁg?greaa viB¥us to be

- ;zil)ﬁ e ger“%#t#‘d d%’??g éiﬁb%g? shyneffech dhe polysuifone compound.

Viscosilyy invvsvers ol B, mél | @t rti.cl .

S|é% r.eadi .| V?Igd to amngg‘I&g dsogrﬂg\fv&grlét;"gmtﬁgts&% % tmd%te cannot

. destegs éﬁpeztjponl W‘llﬂlﬁ E},le@KtI’B&ﬂnﬁlW gfhﬁighl@tdlha@fbc extudedina -
VAL UL B, mich P Bt e 163 o, 3OPvreiers Mo hosts, and hollow-

' extrudegp; hr oug sI ngl
t OFtieo entrinditt. anayf bbefided ﬁﬁret&u%] ite Uik
IS {,ﬁjﬁgoo 1040499 descri bed above. Theﬁg%ru at%is% upon
“exi sion die enters one or nore guench zones.

_The Foe ki HoHat- a&r}? e 0
| iquid.” Wthin thgﬁﬁﬁgﬁg Zane, the eé‘)%?‘ﬁ%@ﬂ*r gi:saiiollowsﬁber-r-

In an enbodj nent

ion t he 5 rrenbr ne.
mﬂtﬁkelb i%&{%% S ’é‘g@ﬁ’f ftipelad %mmma@rWPPMg a floid -

(gabegitiqui @oﬂft&!‘r b #y e
| lgqpt g‘ﬁd.dﬁg to bof ofﬁ‘“ﬁ‘i?h BRI, TGRS wodspprovnt
5¢ géfthe h@qwﬂﬁbﬁtsaﬂﬁ thep eaitttha spitierelle¥he Bk’ fuid may be a gas,

gspﬁgg ty of the rane. During this tine
per 1 0 g% f}i “Q‘F%hd@eﬂdéger pthss mﬁlﬁsaﬁaeqrn@éilquid witichfis a-non-" -

it ot o s 6l @ 8 o o VL Bocans

30

rate to \Nhl ch the ex

: glypelb n@éﬁ@mﬁ@,@ glycolic rieiedryledy glgquilyl glyeaehi Bad Ofily : -thereo‘f

: 0 redt the perneability obtaine
: | ess %ﬁgesq?‘? gﬁ@ V(‘J”Ptss%}ﬁé&e wer | asnlgnpfast the mlxture is not a
solwtﬁ forckhk Ppolysulfone compound. ‘Alternativély, the melt may first be extruded as

. solid strands through a smgie or multi-holed- st:rand die and the. resultmg solid strands’ - J

_:cooled and pelletized to. a. Pparticle. size. readlly fed to a single-screw - or twin-screw

. extruder (Fig: 2). In: this altematwe method of produchon, the partlcles aretemelted and |

then extruded through a mngl&hoied or multi-holed. spmnerct to form- bollow fibers, as |
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Increasing perneability of the nenbranes, which

results fromnore rapid quenching, normally affects

the ability of the nenbranes to transport water, or

other liquids and conpounds across the thickness
WOGHH8185n of the nembranes. Thus, the extr ud@CEUB03/040499

cooling rate (as affected by the tenperature and

dsenpasiidsn of the cooling nmedium enployed) may be

varied to nodify the perneability of the resulting

menbiheextiudato rexitingt Gehshmc ledimerst dhel H€ nh€RBAch zones. The

i nvention, a golhysul fone hol lowfiber extrudate iIs
CRYHEREIRRH Of A PR ARRe may hevgasepisRiliotite Withie thooicnnh zone, the
efthidafcSisOaibjRnd © Qhirgidy- EJ[-;% r of, tha.. .

ai r- quench: zone i's prlée[%tecr0 a t‘? gé%%t%gﬁfoﬁa@guﬁoq%mm of the
meEbEanzo Iprast embastimenteddhe trivitrodadfolit pPdent bentiod] HRVime period

Jiher eld in the air zone for preferably |ess ]
bogidihg oot AEhtnis, 2t Ye £F Bre efongiip piedorerian membrane is
watnel ton&P am:(ﬁ-@t @Srec) risa]ﬂ%hﬁﬁt B %&gﬁ]r ' s

according to the _pir’ese_nt i nvention, t&%egﬁyﬁ?(dj%?l E)beﬂi‘ty O_f the
mepbranga tiduning thise Heme apgripd, o lai gjwend cotnpositien, the permeability of the

' - ol yvent . f.or th Lysul fone, . .
R T A T C——
. Pativpabiliyst dneinbregiell CbY Jrapill! depichingeBe RS SUEAL) compired to the
| yger.ol,. or a mxture thereof.. A mxture of
Pe&'&%@‘@ﬁb{( Qhtated T 2slers, drastie pueraly or slawer gblfingenf the extrudate.
S RS- oft > Lenmins substantially a - . .
o eBbRY or N, AT ARRRG hibl fenctin
ndringlly éfigatsribé abiditpof Gesnvabiihes b trofpoftwABY, @ dthd?8lgnids and
conpopents, the . ratio of water to the other conponeﬁ]ts
9 'EB‘P 8951 ;tlhef %ﬁ@ﬁ%@@eﬂ@%@fﬂh@dﬂa@bwe@odfm, thiseextrudate
- cooRP A8l (45 Affel thé G ISy hSorPbE LY 8 medium
TSR St b, b e R ERE S il i

emplevad) 25y beatagicdnty wogife fremeihgablilityf theansating inembdGe, _
The of |i qui ench.is that it  offers . . :
les sﬁgt\érgepfsl}%g%ge&f%dﬁge OIt &Sﬂ“&?@flp Hilfvenﬂ%‘hta 2 Iysnlfons hollow-fiber

extutlatd at @udnohddin afro ONithig: (e gudidh LBAE) thShdllo%S Bhlrs :g@t A 'sidlidify.
enoval -

. @l [ quench apd, thus, results in a nore raprd ,
- To lopieraline o i assopabiapencais prRicmblyDfoss éhio et AK€, more -

33 : 44,98 GH USR03/ 049499 rapid. y emgyal . of
a1 o R 28 oo Bpyot s PRI RN s ome for
preferabbaless thaul sbant 18@ mintes) niode prifdrobly NS oiit 30 minutes. g
perrigabi itﬁ foredt he intended end use. Hollow fibers .~
 ar e DARPIhSHBefSTed gp PG brbe presientinyeriong thediollow-fiber -

- exfO8ME i | hed BOARIB M athiO oL (o] 1A L= =1 1 T,
cXOIRE bphed LG ot sSOL5uBR GER Rfpg potgntone
coppeund,hevchray weten cpdpttiviéned gl?/sébﬂﬁiﬁ('eﬂl_@'ldnb-ég@%lb;o‘ﬁi(féthﬁene :
er over, a_series .o Pli%ghl ers.. The desired degree

gl)gC'to Do BYSFY ORyP Ky Teighie o sofveni(s) pad @'Onﬂr%ol%rent(s}” |
LIl 64 0 SRRt S PSRN v o

v

the pelysylfansr coniowed s pkels a diqeid gesmeh ablipris@t watek ah@@he or thore _ -

oLl 5] e Geais e o

0.250Dt0t abbRlO200:€£ The Rimpediur dF ¥ Sliquid quench zone is preferably less than .

- about 50°C, more preferably less. than about 25°C, and more preferably less than about

10°Cs. The advantage of a liquid quench is that it offers Tess resistance to the transfer of

: heat from the extruda_l_te to the cooling medium than is present in an éir_ quench and, thus,

results in a more rapid removal o_f he'a_t from the extrudate as the -me;n!iranc forms. The
13
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‘thepign sol ven romthe nenbrane,

In another preferred nmethod according to the present
invention, as illustrated in Fig. 2, follow ng
guenchi ng, the nmenbrane i s passed through at | east one -

W()io%?)gtlgsgat h containing a liquid that is substantially

ol vent for the pol ysul fone conpound, PSHAISZH8/040499
water or a mxture of water. and sul f ol ane and/or t he

rapid reBovMITtHes) modified tHE ﬁ%xﬂfegbﬁ-lg} OF makSliid ea:{loranc and can be

solvent utilized in osition:
m?de@m & membrage ewmeamﬂut;eﬁncuhmcw end @@ch bath is

r an | eached to reppve at | east a
~ por t%li O&Ino;g?t b?% % @8@%@%&%%@&0\7@#@@ oy [fher ceppiventional
eqllllpirh:nﬂ aeth I'd‘lﬁimvﬁb@' l (ilalﬁéte} h %%%gﬁé&ﬁkalﬁg?[?win gt or. Wetchin g

ng,
pgr majnbe ﬁ@omhﬁhe@h by-passing e heuomﬁhehevamﬁanamefrca&rs The.

s AT VSR BN iR nCGRbaRpt fhesies R rotaton of the

seavadtmHereor srcond growp c& HoHag0RMNve thahé fird!Bilb Endolintered by the
0

rate demands... The m ni num tenper at ure:

t
ﬁb?’h gﬁﬁlﬁg &ia Areenerelly not evitient and mayevary ouprouwide2@fige. Preferred
| The
lm«f“eéﬁgeéir%;iﬁg %Q%SY about, @gg t %@? %mﬁlge E‘W gﬁaa(ue%xrt a]tq?pefeet per

mlthV\h| ch the integrity of the: nmenbrane.

del erl usI ected. 25 Accordlngly, the ﬂ‘j"
rrg‘b %?“F& methodhaccgpling chﬂfyrmﬁwamvyanasuﬁmted m' T

e Gy e SA DERNACE oo v

15

. contgningt hdiquidathetis aBS@nEdER0adBN-sBdvERE. orefier gty 3a1foRE Tompound,

hol | ow fi ber may,

about. 30 d
. Bug hq‘? onaloqr 7 ﬁcho WA gﬂd f‘ﬂgﬁ’lﬂé‘sﬁd@a g Ben-polvent(s)ior a mixture

of %tdfadm@ethbrﬁo!)vehh atiligRCh BRL Mottt ﬂb@l&oﬂgoh‘sﬁh dea6s haye been

in-the leach bath, subsequent t exitrng t

' acmeé@é i the leach bathi ingvadery Bloarbientramenis lévehed o rémove at Teast 2

e PO TSRL0% GRS B S TBIEAT u oe

20

30

,raten;gss tha 300. seconds After | eachin

solv:ecnmandn non-suletstr frothh éhel nitaebraad, NdERABYMES aE 954 URS aft,hon the
t?Dgran from t he | each process. .rinse 8 .
antﬁ"&”ﬁ‘?dge U5 Of theameratipared at room 14’ VO 2004/ 058385

TSR SR WSNS T ol i Bk Wbl Sttt

and; ron-goiedns ficnh he membtdna mc&ﬁ@&t&eﬁ@mble'ﬁfe@femtﬁ% §b: g:mﬂuctibn S
t-he menbran

Bhppeedeapeauge pE %’@ﬁ?bc\g&fh@s mferpbhca&slmst about

RS Uit vyt

'rep as |C|za ion bat 5-use

| _— is @bm aitempdratuee attvdnclanmuntegﬂtw@ﬂ mbtmmr@@@is dblstendly affected.

T R R SR R mrﬁmfahpeiéfﬁ% |
b fess O] c :
et Ol A s

batly & prefesbliyiless than. pbad mw&cﬁiﬁm&ﬁﬂﬁe pF&éraBP&aI@i fhan! dfout 300

t.e ure of a g cer ol - cont ai ni ng
w}néfé] gﬂ? é}oiig gherbﬁllaﬁv pRU ebgoitpway to| thesdesired size prior to

. entrance into the leach bath, during the tesidence fime in-the leach bath, subsequent fo
~ exiting the leach bath, or during any- combmanon thereof. . =

+ Following imimersion in the leach bath, the membrane may, optlonally, be"

passed through a rinse bath containing wai:er “The nnse bath removes residues i in the .

.membrane from the. Ieach process. The rinse bath is- preferabiy mamtamcd at room

14
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10 about 20C, nore preferably at |east about 35C. The
‘maxi mum tenperature of the replasticization bath is
bel ow a tenperature at which the nenbrane integrity
could be adversely affected. Accordingly, the maxi num

WO 8+ 88t ure of the replasticization bath i SCT/US2003/640499

preferably | ess than about 100C, nore preferably |ess
Fol | owi ng_ renoval of the menbrane from
1??2 °§ t"’ﬁt"ﬁ? ﬁo% tgﬁlﬂﬁ“dﬁ'@ﬁ% g8 ofjthe fiber wighiadhe rinsegbath is

R prdfaabmemﬁmmm sedbRls, Qtrk Bf;ff‘%ﬂagiﬁgertﬁ%d .l dgf erably

1¢

by use of a conventi onal operatl ng

pr eddigr dewhingy dhe menpsihg may aheaube 6abjicd. (dNat Peplastxclzatmn
hav n achi eved when

f d I t
prcﬂgéeé g]?%rr oﬁg Sﬂb %&}r{%%%ﬁg edise fordﬁ%lgglﬁraere@{asggg@ﬁon bath is
used0fmi f&ﬂabl ﬁﬁﬁdlﬁé Teéds 0
t og)zf\?l yl’ Miihs 0 ﬁﬁzgé’n §g@\w/l£nnﬂ? ré?%ﬁ? Iﬁ?@e F%Y}glcerol and more
pre%%ﬁ{;}é(clﬁso a%@bpp}t W@l@g eorcent ghycerphiwitid thet batance being water

' Thhgﬁﬁi&? b rs goo e%qcééggg gglzlggu%‘ctﬁ%g‘g@&sv%ﬂﬁ%tﬂm of the

mepfiganet mpmmmasmabie taberelites th prédvetibn d&andsD Wor example, the
a period

conve tion oveg PY mbrane is dried for
fmﬁ‘ Ok Blgero-sonaBing replsficization dath ivpraferably at least

| .
s 2000 HoRDRAer P 38 Jerk PRl 3500 HCHR AR iR or e
reppstiqipetioncttip és bale Iaetemhz;asmé b néhioliethib nednelstah® P ¥ould be

o Tl APl e Subin S damaeatien of oueplasioiation bath

15

20

- 30

: preésm/ée@it

is phe€ferablCles thist ARLP10°CY Hof@;%ﬂefetrilﬁ% 140 hafl aBb¥Slose and

reverse osnosis. The specific fabrication nethod that

i s F@Wlé& gemoval ofiihn mda@rmeoifwndhe replasticizationcioitls]i |eﬁgest; Uquid

ected so o tai

:adh% ggp{e:u timg %@&e(’?@?’n&ﬁ SO PRy eh @E%eé?‘myu use of a
: conSaniiDImﬁ aip kinife oparatigaali 4 pressie 3¢ BHAN GO g fh"‘ﬁ)oilﬁ 6b! );3 A With

h Imtﬁge art ased upon the teachings herein.
0 P& ﬁ - Feslty h%ﬁetl?i’ﬁﬂé‘ﬁhw’é%mbﬁ@ihmﬁlrﬂmée % maintained at a

Ol[, now be given 15 WO 2004/ 058385
S eooR 800 EXAMPLE 1 A composition vas

. prepas e&uﬁump%mlsslﬂ@mabgahbﬁﬁe vxlaaghéptlilﬁﬁnjlipbe R in an ow:n -
ran i spheno po sul f one
: (prfé\%gﬁj\% O&ﬂ",&&% %h%‘fe?r%% P%am y%ﬁenme&famﬂ@m about .

Get@r 4o 2mtwﬂ IRI0R) ﬁ@érs YOHAUS o %xfe%' @ﬁé%‘a the -

(available from5 Phillips " mca nmpany o

temm@ggggy ofifhw avpw it about 7056k Jght coperat@mtoven mlhg/(neﬁibydnerie dried-for

= P4 LpoHote s e 8o ol AR v Wil %%E%ﬁérs,ogooas .

R reS\ﬂAsdiaaélHeeuMcBi&V@Rﬁhen he gibsPk¥Edied Br BOBast 59&&3'32 s&%‘hﬂ?
25

was. about 2.5:1. The.conposition was conpoun

co- Fit sampipgrmenbla-polysulfone membranes formed by the’ descnbed methods S

may be used in hql_ud-separanon processes such as, but not limited to, microfiltration, -

- ultrafiltration, dialysis, and reverse osmosis. The ‘specific fabrication méthod that is
. employed, within the scope of methods according to the present invention, 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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 fiber; frguy 2 &{0 A jabput %Ma@pm' TR

screw. extruder at about 132C. The extruded
conposition was cool ed, pelletized using 10 an RCP 2.0
peI | etizer (avail able from Randeastl e Extrusion
ens, Inc. of Cedar G ove,. New Jersey), and then
wo;’r"éﬂ‘ési’sé‘ and extruded through a 30-hol e hol PERUSEEEH40499
spi nneret at about 149C using a single-screw extruder.
The resul ting holl ow—fl@gkpl rudat e was quenched in

alr at about 21 C for abou seconds drawn from a
fie tcorqwmon( nwaprepgredatcon@nsmgf abéut Speedighi ﬂér&ent Udel

Plgéﬁﬁf g EE %g%s godet (rot ating at a 15
L& bgnd gt il pe favailily fom AmaceRadymers, Tnc.

of Alpeeitf Gdorsid ﬂ)(ﬁl}f @@Oﬁ&c-ﬁt K%W%%ﬁ§&ﬁhs lﬁ?&%?e GQaﬁabé? from

core, and soa ed in a water tenper
Phillip fchersicak &omp%ogf Banger, h¥exs) #nl |abuing 7S0akéight ipercent

polyf@hffene [difedl haPile! 4P Getas [BARESIRD Sicigttabt Rbpsh A0ah dialions
(avajlablei fagn Wa IChesiical oRsahy %meﬁom%ﬁﬁw% apfh éo%em to non-

about 40." seconds., The fiber was then rsed
SOIVP’Efd'ﬁV? 8‘@}5@?’9&“& & 1yFhercopipesition avds Cbmpom@dsa(mMﬁmtanng twin-

t fib l.ast d.
R s (308 N e compbaidi ot FRURE neflgetiasing
an Iga:n 20 glelletir a@vailableationi Randdkile HxahBion! SRR, 134! 095 Cedar
#ﬁr rermwr;gttgiﬂflber fromthe aqueous. gl ycer ol :
oW JSISER)s gl adperdamded @ $0-bole, hollow-fiber

it 5ot 0 AT i o e

ektnahtwws qumoha:érm air @liboit 7I0C foprabdiSl5 5@BAMS] Frawh $rom a first

T A Bk i -

surfa{éb spedd Q)fhﬁiﬂ %tf ep%!imlsg 1:? f@&%b&a{}nﬁdﬁbé}t ole?gﬁil out 5.75.

test  unit containing eirn-vi _

percentywownd eme caeey andsosied 102 watenbath3a a(ttmpesatige ﬁﬁhbcﬁm c15°c for .
varage Y, , for sodiumchloride was found to be

.abou&?@g%% .centineters per. mnute at a solution flow

faFﬁllen@L@bkm qir Wathielthd HOLAR ffor 303 B
K I i ters e? minute per-fiber. 'K, lqrg&g%f%,%gﬂwmdmg the
Afiber through a 37°C

v B s b A Gy e

he resistance

" watepwiese hathi for 1B sboomds) E&Hémg the hh@é’\bith,bﬂ{e TR Grals - relblasumzed

25

30

”;bvvaae&t : T
- o £ sol -
* eld bt K BRRURC GRS U SR g, s

the ne ran%%permablll . I't was not possible to
seaong: i RAHEP eI EoYs: gincerol wdpl: 'cmaﬁlcm;bath-

hqmé rw:asgﬁenmvﬁd drodethd fibaraginggimhie ke dheRing AMabsRET0 psig. The:

' g&a Id befabrlcated into aswtable devi ce
. Proces§ E@B ber was then dried in a. convection oven at about 70°C for 155
: seconds :

o The resultmg hollow ﬁber had an average lumcn diameter of 160-pm;’ and an
average wall thickness of 18 um. The hollow fiber was: fabncated into a-dialysis test

. unit containing 150 fibers. The. in in _vitro water. ﬂu:\ of -the device was 102.5 mL/ DR
(hrmmHg-m) and the average K, for. sodlum chlonde 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 equatlon
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© 10

an ultrafiltration cell for the renoval of
contam nants from water of aqueous solutions. EXAVPLE
2 10 A conposition was prepared. conprising about 36
wei ght percent Udel P1835NT11 pol ysul fone (Anobco

WO 2pBY0RESs, | nc.), about 45.7 wei ght percent XEWQES2YNGHL0499
sul folane. (Phillips Chem cal), and about 18.3 wei ght
percent poly(ethylene glycol) having an average
nol ecul ar wei ght of about 1000 dal tons (Dow Chem cal),
yielding a solvent §o non- solvent;ratlo about 2.5:1.
The conposition wa o 15 rotati ng,
tw n-screw extruder ‘&g abou b173C Whe ext ruded _
conposition was then peIIetlzed remel ted, and : :

- extryded rou W 3 hoI e
“dmg%g%fgﬁﬁ &1fusgﬂ§ as Fﬁﬁ? ‘@gtﬁ%Q¢?u8e§&h$ﬁ§£ I e“°fﬂ1
hollb®Sfitdr] 4@l P e kheanerhiblagé paxﬁdauﬂay eltwas notipeeibietd doteraiite the

at about 22C for 7-8 seconds, The resulting

merpiape pernesbilityrdvh Alane using shovssraprartus hesRwe ghe fpwaf solution

throll b Gyl e f pA R plclalie bl B, 6 B0y ROGp R
mal ThishoRew-dibeemtmbpas aonldé)odbbmmdtmmaﬁuﬂfable dwvmerfonuhc as
bout 5 hour s. e hol Low, fj ber
SR o8 FTHRD 7] OF ReARmBS vl B¢ hdiegus golutions.
about 30 ft/mn and pagsgANEhe 2f | ber t hrough a 36C
water | each bath for about 40 seconds The fiber was -
i s semiposition rversipreparsdr spmpasingt shouti M eweighh pepgent Udel

1s33RgAT pon e R A RS . AR 855 B dfRrrons

«h

 sulfoRie O@Hilli Ft Yhefital) Abb@ rabb@MB 3N greighe g%tdéﬁlf ptﬂygamﬁb@e glycol)

15

20

-~ aqueous glycerol bath, ‘excess liquid was strippe
havingopn #¥reage Beleculari weighirofabouk HiG0lalip dgas €W Gfumlﬁﬂ), yielding a

SRSty 005 e KO OAGERE b o

rotaling, $eionisy eﬁﬁudélﬂ@ttrabout ﬂi?Bl‘@C hol‘lieoaxtfudaéroottmbsmnn was then

porired BereliE ged SeRel oobutom Sl 40167 e SERT 4 abou

' -1.786@C 108 Nh A0 dordig e Jepe Z NQEAO HARIBEber extrucllqate was

CT/ USZ2003/ 040499 ‘hol-1 ow fl yer-s were -fabricated
queavlmdagxemr mt showt 32Ka farr7-8|sesomls. (Thegesuléng h@@wwﬁbeﬁmembmne

R

__ hotﬁﬁt fibérORad l@l‘i\’%afaé&ﬁntah\ﬁrﬁ’ﬂéﬂﬁathfi@atﬁﬂaﬁ@ﬂ at § Eenﬁiﬁraﬁtcmbut 25°c

0.02 “mitli ersper- m:nute per fiber: This

- forhﬂem@fwlﬁﬂéﬁbp‘aﬁe is useful for ultrafiltration,.5

P ARE A R DRI g 54 o

 abos0/30t i anAMBE R AbGOMRSRH i 05°CRIRIIERN Bifh for about 40

conpri sing about 38 wei ght percent Udel

. __.seconds The ber was nnmerscd n a room temperature water—nuse bath for 139

25

30

: soconds The ﬁber was replasttctzed for 140 seconds ina 37 °C. bath of about 40 weight -

percent aqueous glycerol. After removmg the ﬁber from the aqueous glycerol bath,

- exocess hquld was stnpped from the ﬁber using an air kmfe operatmg at a pressure of .

about 30 psxg The processed ﬁber was then drtcd ina oonvectlon oven at about 70°C. . '
.for 155 seconds.

The resultmg hollow ﬁber had an avcragc 1umen d1ameter of about 142 pm and
an average wall thickuess of about 31 gm. Dialysis test units each contammg 150 of the

17
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15

P1835NT11 pol ysul fone (Anoco Pol yners, Inc.), about
44.3 wei ght percent. anhydrous 10 sulfolane (Phillips
Chenical ), and about 17.7 weight percent polyet hyI ene

havi ng an average nol ecul ar wei ght of abou
wo FafiSk

tons (Dow Chemical), yielding a sol \?&T(UStzg"m‘"“”
non-sol vent ratio about 2.5:1. The conposition was
hollORTRBEAIRErel Abrdc bt TR Alekddd in Witk
about 99C, gnd extruded di %gwougﬁﬁkggg{ Eéjﬁév;@és was 68.0
mliv(ﬁm'@wﬂg'se} angithe @iveqage e foxisodidat ehloride quanated 328 x 102

ahout for The resul ting
BBty PR ROR S ShuioR doxd e (RGneh by 600k IR oF Sept 0.02
ilﬂﬁé £ininite peefiban Thid
Imbat hrsfﬂgr 611 pe?l oél of abo%?%ﬁisgp%gﬁ?gdnﬁ i Eie?%laﬁo}“@ftﬁa&ilnatmn,

sugh peforigs in ge vliafilsetion ¢elbfartthe ravew! of coltominds fom water or

5 passed."t hrough. a 37C water | eachbath for
qa%{)dﬂsgwgggseconds The fiber was then imersed in a

roomtenperature water- fEXABﬂ!BEB for about 140
seconds. The, fiber was replasticized 20Wfor, 140
‘s ec dhdSOmRPsEion, VRS o HECPgTesic ePBIPTISHEh abait 38 nm%lxibp@ment Udel

b at
T e
sulfiplgne r(BlullEpst EliemicaBs and i ayoind 19eFs weilio (Rebeht POl )F(Bmyleng glyeol)

| hatjug . 23Erage pipleonlsh gt of sbont 100 datinb (ROt hrampabanciding a
~'solPeft % foxﬁs&lvént Qatlh AR 24 Iagﬁlrg Iﬁﬁ% sitidH “ﬁgggﬁg%ﬁg%edaw aco-

seconds. 25 The resulting h ran

rotating, é@@-ﬁmm@@mﬁeabmﬂ 99BG}itind Eﬁﬁ‘udﬂd dl&faﬂy&lirough a 30-hole-

K f ab |
0 b, 58 R e B
secoRds TAS résaRingholloREbe fedibREk wak hﬁoﬁﬂed'na% Som‘ﬂr-% %){l{ 150 feet

wat er flux_ of these. devices was 1

' Pefdﬁﬂl“lt% @n‘éwpﬁbémmdlﬁ@ly intmajmatar datbdbr dpelm:koifahmd 12-d5 hours.

fl O\i!\/‘hggm % roug nﬁﬁ‘?@ﬂ‘@ﬁ“ﬁlﬁhﬁu‘%@%iﬁl %8?156%”‘@121 and passed |

- througH a BVt@ maitep ea;acmbam or BBsuti400RE0ndEh IThe Tk Wt tﬁéxpﬁﬁmexsed in

200 &

msnbrane can be used, |n an uItraflltratlon ceII for

P i it e e—

glysﬁ‘ohéhgbathﬁmnmald hidsHout M@Sﬂﬁhirdm&ﬁﬁyiﬁeqi&r(ﬁﬁm% aqueous

s

" 2375“}(11? Chhd Sﬁg{vgﬂ%g @al?%"&#% Jfgﬁﬂo%WSfS' gﬁlo é%%%r%ﬁt umts each_

: -"_'glyPOI ¥g§@n8 %@ggpﬂwg‘ggg?%%él \Aéel;lglm gercent anhydrogs-,
A SR b A AR sy

foryabgutoﬁﬁigﬁeaﬂnckol vent to non-solvent ratio. abaut 2. 6:
The Lt conpouynded in a co- rotating,
Hﬁg EE%% ﬁﬁqlﬂi\é%b e hatan am%m%ér@meter of about

in akr ‘at

 The ’extr S quenc

'éom:;mg et the resultmg fibers were fabncated from ‘this fiber. The average in ‘-

'vxtro water ﬂux of these devxces was 143.5 mL/(hr mmHg-m ) and the averagc K,y for

30

from water or aqueous solutlons

 sodium chloride was found t6 be 0.88 x 102" cennmeters per miriute at a ‘solution flow

‘rate through the fiber lumina.of about 0.02 mzlhhters per minute per fiber. Tlns hollow-

fiber membrane can be used in an ultraﬁltration cell for the rcmoval of contammants

18
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10 .

m nutes, wound on a core at about 203. feet per

m nute, and held dry for thirty mnutes 10 before

bei ng placed in a 25C water bath for about three days.

The hol |l ow fi ber was then unwound fromthe core at :
WO 241383830 ft/ min and passed through a 38C wR(SHU$28¢3040499

bath for about 30 seconds. The fiber was immersed in a

roomtenperature vvater-kw Rg:t for 148 seconds. The
fiber was replasticized F seconds in an aqueous

gl yéercoinpogitibn - eant piepirg @h@%{s abBLO Y RELLRN
cerol, the :b élgél)ng hel d at 1%% Bercent Udel

. Pl%%(%ﬁoﬁf I?‘éys‘&%ﬁ%‘&mc‘? R elwﬁe@% rlng.}, ghowtds. Awsight percent anhydrous

: e t ved fro
Sulﬂ;l%ﬁ usl %g (glhengfé?ikmdf gg%uﬁer %Elg;op%{cergr @%@B@lw glycol)
havanpan a8@agsinglecllae woight of abslit hobt) aultdds ovﬂ\@ﬁetﬁfchﬁgﬂbﬁmg a

b 70C f 1,4
S°1Y%’§ 3P iicrepoRanf Eser dhout 2achr ﬂbﬁﬂﬁéﬁ&@@%ﬁ%&%@gﬁ%m a co-
scPbw ¥RGHIer 2 Qbout llt%laC”hnd anthadl &gl { 2 1\9@1 a 30-hole

th| ckness of about 29.5m alysis test uni
ho Ibmﬁbpmm@lemo Tk extradate sk gherghed bedis atwboat 25°C for about 0.08

mify380 \he ' 57a 3V P A el bt i g alibandier iy gﬂnutes
‘befoRdjcip plat @ ih A2 5 Uakatdr V4ol bR tredBays, 10-2- |

centlrreters er minute at a solution flow rate 't hrough
the ?h%'@?w A Yas ien anwaund rom the borelat pleote: 30ef/mi ind passed

ne 1s useful -

an 3| al cﬂq%z%lg W%re%q%% 8?%??%1 Q%\?aq‘ Bfwas inmersed in &

' roonnmhmcramtvsatéﬁmmmtlﬁﬂ’or 043 8€Poaas) STh Bhdiw AN Bplasticized for 149
ared conprising. .

MPLE S A.. copposition was
mg‘%%utn 9 JaMegYR & F’@e ﬂle’éFtaﬂF’!%@BN!tliO mlghtupt:rme aqueous
lytAFD e batk ‘Blaﬁ‘@q{eﬁi at|aBGup 3goRD0 &ﬁerﬁ'élaﬁ@fﬁlgc he ? Eérctg olﬂtthel%lueous :

anhydrous 30 sul folane (PhiI'l
glymoémtmcwdtqupbm eoybd ﬁengdhy. dibley udiny b gir &Rifa vpEadNy at a-

R 5 R A B8PS i v

2

- these doyices Wk

aboao@m@forlmgsecoﬁagttl e, Washington), yielding a solvent.
to non-sol vent ratio about 4.5:1. The conposition was
Fréalinghojowofibatracibrgne fad pn averagOlpnen ARERBE 5! about

1ol OGRS IR o TR e s s

- .conitingd6d of turesighngfings helefbatdan- ThdakraRin Qﬁfoe&at@f fiux of

about. 134C i‘fl ng a sin
Tr»%aw

gI e-sgrew extruder.
i ’mblfhena‘@r&g%ﬁiwaﬂon sodigmrhléride

o waJ Riunf 18%eN. ﬂ}]kq{)’z W ﬁfg % ogabﬁ%w rat%%rough the

30

feet per mnute.

. fiberiwethaatfabyui). azeﬂlhhm PASGINORE B ﬂw hma hoHloRefitied Sacibrane.

.afgaﬂt 15- ours. The hoI | ow fiber was then processed :
%ﬁ’é} gn eelbigr the rmovpkofsitamipants Biout Waler or aqueots |

sohfddn@ n and. passing the fiber through. a
roomtenperature vvater-leach bath for

A composmon was ‘prepared comprising about 34 weight - percent Udet
-P1835NT11 polysulfone (Amoco Pelymers, Inc.); about 54 weéight percent anhydrons
. .sulfolane (Phillips Cheinical), 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), weldmg a solvent to
. mon-solvent ratio about 4. 5:1. The composition was compounded in a co—rotatmg, twme
19
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wo a5k

97 seconds. The fiber was replasticized for 145
seconds in a. bath containing about 40 weight percent
aqueous glycerol held at about 38C. After renoving the
dirom the 10 aqueous glycerol bath, excess |iquid

Was ST i pped fromthe fiber using an air knPE&US2003/010499

operating at a pressure of about 30 psig.. The.
scrqmr extradadit Abddt 04410 UEtic MBfiddfd Wk thBn 8o n

about 62C for 151 seconds. The res,uc}l&p%\éﬁ&'iZleg reifdd, and

e”i’r’é]le SOorER a3 Onalp hallewvfder spinacrst algabont MCdueang tesinglé-screw

et S5l S 88 o L R o i,

andr E@tuhtll oig af edrers abeue 20@ekic pie thinutdh eTh@\éﬁﬁﬁ:g Sdufld core was
Vi fl of these devices was 67.
'mPr?iJ iy rﬁvlﬁ@%)l dC e bath fog @ pepiod of ﬁbwutdécmhnurs :
chl ce
Phé ﬂ%u&‘@sﬁbefr QRGP Pgojcvegsaegl fﬁéxgﬁéhngt ﬁ% if%s% SRS core at

m nute at a sol uti on.
abont 3 demirt awd pessing, e fivet thrbugtes SoqBiterpatifute RaferlleRBbath for

97 N Srhe PSRttt ol T ot i o gk pohgnsabout 40
weifRs ot Rl SR By el held@R QUbuRoe] &ﬁx)%ﬁ{o%glgﬁhegbex from the

“anhydr-ous = ‘sul ane (PhiITips Chéem ca

aqugRysy glycerobéqa@e rexcesg dignid twrag| sirippeg] fionl Yhe bt n@n. air knife

one Y LG i e el B i o

| _congéqtmldveﬁétﬁdwbzﬂlﬂmls%e&ﬁﬂpany, Tnc., M I waukee; -
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 thesp dRifoes g

W sconsin), 25 yielding a solvent to non solventrati o
abolfte s hﬂgi’t@“@ﬁ’r@@ﬁ ina¢rabrana dad eurprverege dumen aliameter of about

Cl t W EXLE aboyt 153C. The y _
l65 g %gtahelngv\ﬁgég\éﬂ‘ﬁen co egsdo “ﬁ‘é‘ﬂﬁ %Fte‘ﬁéfst g comtpinng
,,abomasm dédhe tdsubingHitRrs3@eROEBribakl ovrﬁel J%Eag%ﬁhfka%%at@f flux of

ut 137%8%' ng a singlg-screw ext ruder.,

E’&H@@t ) sedithe «W&Eﬂgeé(beﬁmwdlum chlioride was-
fourdd tPBOY1930967 céf&ﬁ%cgerg %m“ kS af Q%Q%n&}wofaé Sy the fiber

at about 200 f m nu

_ Iumumrq,fahastﬁ’ﬁimdﬂmmperphmumbarmbeﬂ 259C -water, bath

for a _perlodof 15- 20. =P The. hoIIowflber was
:then.;. processed by wu %Etﬁe fiber fromthe core

o, S 8 SR 3 MR i

e PISQ@‘dﬂb slfmr(mansnbm@%cgﬁatm dﬂdtselgﬂ'tl‘lﬂerf;mﬁ&mhydmus
- I S.e a-roomite erature water-rinse
. sl ORIERLSED Ao foRee el sl el i

o | . hﬂﬂbd 2

- v bk A 48 30m 1 A AP RRY A e
. perogpk é&eﬂ:&m |ghg>0i)t(éldmihe€hefmmai empam,q UpayMilankes, Wisconsin),
iRk soR SRR End Bt 5 s 3 L b ot pppovided i
a copfdtgling] e ipkaeRseRehdb BEGbRAS] FeredThE AtrhBHY S64d Bn cooled,

pelletized, remelted, and extruded. through a 30-hole hollow-fiber spinnereti at about

. 137°C using a single-screw extruder. The resulting 'holldw-—ﬁber" extrudate was .

30

. quenched in air qt;__gbout 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 2

 period:of 15-20 Hours,

R 'I‘he hollow. fiber was then. processed by lmwmdmg the fiber from the core at
about 30 fi/min and passmg the fiber throngh a: room-temperature Waier-leach bath for
20 '
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10.

15

20

25

30.

n Redkegs mgiepﬂar wright of

oven at about 70C for 150 seconds. The resulting

hol | ow-fi ber nenbrane had an average | unen di aneter of
about 180 m and an average wall thickness of about
20 pin. Test units each containing about 150 of the

WO 2egeissssng fi bers were fabricated. The aver ageci/osdii0499

wat er flux of 10 these devices was 60.0 m J(hrm gnR)
,, for sodiumchloride was found to

and the_avera
95 5goonds 7 The fipe ‘gwé‘é RSOEBFSEh HY 3 FPOH {@MPRratire Blaterirowe bath for
131 E&?Un&@t thd RSO BbENGad fe@fa[s?clgmo@ Mﬁ%%&agg‘kg baﬁm of about 40

[liters per mnute p
Wetghhpmmtl aqnemglgmeacndlehﬂatmbnmr 3E0nARdratinodihe thefight from the

35 | f
==1qt§>girl Cgf%q%ﬁgh )excgsaélfﬂm H%/e%g P@gﬁe(%\’mngn air knife
opé‘rﬂﬂlﬁ@éiadﬁeésﬁfﬂ oft deﬁt ﬁi‘ﬁﬁhc q}h)e préised Bl whe d¥el G0k convection

per cent a?pg y(et hyl ene gl ycol) _having an average
vat@bmtt 0G0 seeondsout 1000 dal t ons (Dow Chem cal)
ratio,about

ol.v
e e Mk HoffSE Ao pRRRiake s dyBos® 1Ry diggacter of about

180 ing)- aﬂrmmageu@}ﬁu kR0 Wf abdit1f) anfl F¥érwifRTeach containing

di recfg{y through a 30-hol e hollow 20 fiber spinneret.
aboph d 50 oft they gesultingglabens ¥veenh &bricatedat e averagednt vite waser flux of

o e A A S

fou'ﬁﬂeo @bmz 1r7ex fiobeentimetersvyms minuedit atseluyion fReethié MrougdbiGe fiber
1 wat eg "F“&B 'tz 4@ erlod of ab ut 15-20 hours. The
ungip phbaut B9 Hers & by unwi ndi ng the

fibers fromthe core atE LEapout 30 ft/mn and
passing the fibers through a roomtenperature
wat &r compositipat Was qrep@dl senaprthing 'Eheuif i38e veiglher perbhﬁn Udel

mte ratur ter nse ath
P14 SR Bl el IR R P ﬁg}ﬁﬁ 35 2esiehoperyers anbycrous
sulfotaRPhillips Clkaiibal fand kit 0w Bk oenpﬁé g@ﬁﬁyléﬂ#ﬁ%b‘i) having
gl ycerol, the bat ei ng_ hel d I't about After ,
atfqugﬁrﬁ)%'éﬂmg aow repdealh | yidlding 2 solvent -

to SRRl <A it 511 | PR Dok b i Gl LREPOISIII%Y oibtating -

operating at, a pre

twilitseremo extsisted af bbwmits] 31eCends éxemdid diectBOt o 8TB0MAS hollow- -

iof P 187 eHaHsla e avmabain i sbpul Bk G ahetd seconds.
Thok holkRRfiber Menbithed Wwa¥ ST AR Hpk! cofrg f?{%ﬁ)gétsﬂzpibet per

bout gm Test units each contalnin
mngm4'|£b@ m«: BT 52 608 Mdaddidy phibediin alwaawatah ®ath for a period

| °f%k3£PEJ}§?P§9“ bers were fabricated. The average in vitro

t hese devices was 9.1 nl/(hr nunHgnR) ‘ :
-an dTh@ BoRA2 iBES were thed profSbed ™y iehlife ﬂ’i@ oﬁ'&ﬂ thcore at

be 76 x 10-2 centi meters per 'm nute utron

-abopf éﬂlﬁfmﬂe andfmasagg thdwﬁbﬁs Beough a mmtmﬁpemﬁum w@teﬂ?each bath for-
||I|I.&.ﬁﬁé3 Ea gerflb
- 97 Sicondis e fibérs were rsed in a room te-;eratuxe water-rinse bath for

135 seconds. The fibers were replasticized for 146 -secpnds in a bath of about 40 weight
percent aqueous glycerol, the bath being held at about 38°C. - After removing the fibers
from the aqueous glycerol bath, excess liquid was stripped from the fiber using an air

- knife aperating at a pressure of about 20 psig. The processed fibers were dried in &

- convéction oven at about 45°C for 152 seconds.

The resulting hoﬂow—ﬁber membranm hiad an average lumen diameter of about
203 pm, and an average wall thickness of abeut 37 um Test units each containing
21
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5 EXAVPLE 8 Performance of nenbranes were determ ned

in vitro based on AMM and EN123 gui deli nes -

appl i cabl e to henodi al yzers as of following. |I. Snall
o §4Iute cl earance: 10 The cl earances of urea,

WO 2026151 ne, and phosphate are determ ned usi AgTypaM3/m040499

| oop circuit at follow ng. conditions: Blood inlet
abcfdt%ﬂofcﬁttﬁe ling™638 lysare inlet flow

rate, 60 ™ /'m 3 v?éré E%‘%h‘% t?@% R R é%v—ﬁ%q Water flux of
theey dq‘acqﬂ was 911 muthmmﬁm@a aad tienvefige30), Ybesddium chloride was

as follows- Uea,= 1.0 gll Creatinine =
f°“§828 ng ek &?&?&P*émﬁ °fF B Hinpiea o raggsthrough the fiber
lungiah 6PARIE 0.0 niRIABS: ng&n{ﬂ%asépﬁeﬁs' on: 20 O ear ance

(nil/mn) - @in ( + & (Cnuut/Csin)
V\here CBi and Cn,,ut, EMAMPLES®ncentration of solute

{ d t| t. d I I | ut
cI ear anc E)!fgjél %%’B?%F%e Wp ‘%fﬂ’k}'é%4 ghgl?lmgc%ﬁe ;gq Mw and
ENB12 guﬂéltﬁhs%bﬁ@d%eﬁd@}{lﬁzerszgk ffq%ﬂmfgned usi ng
Wra

closed loop circuit at the sane es as in the
case of small solute .clearance with the sol ute

1. congﬁgﬁ%&h Odiedr&;the range of 300 to 500 ppm. The
cl earance - was calcul ated as fol |l ows: ‘

C eBhmckarapots of 0jca; cfdalintnBl add- pROsphde dre/ de}t’%r'ﬁmgxiq Hsmg open

= sl ope, of the regreSsion analysis o

. ore
'1°°PFwﬁ‘émE’i‘t§BE% rfanlW@Dﬁatural Iogarlthm of the

concent raidog fﬂ&\??at% t Iotj = el apsed ti rre V

= vol une of “the reservoi ero 22" WO
2004/ OS%WMBB@&B!@QQ&%Q)O manul trafilt rs ation .

rate 3. si eving coefficient and
'uItrafllwwquatf & QLT A0 mlfaia as foll ows:
Bowmeédﬁﬂuhﬁsgfﬁﬂutb@ng&gé&ﬁéétﬁ ﬂ&s Ltotal protein

content is 60 ovine serumis recircul at ed
through Wree Hl-8@d conpartment at @ = 300 mlmin and "

. ;through %eﬁ@?}m% m;%ﬁﬁmtegsreThz no fl‘uur d ci rcul ating
o Phosphatc -0.12 g/l oo
The clearance was calculated by means of the cxprcssmn' -
 Clearance, (ml/mln) - Qgin (Cpin - CBout)/CBm+Qf (CBoub[CBm)
Where CBm and: CBout are the concentration of solute at blood mlct and outlet

2. Middlc molecule solute clearance .
. - -Middle. solute: clearances such as vitanyin B12 -and” cytochrome-C were
._-determmed using cIosed Inp cireuit 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 oaiculated as’ follows

30 .

Clearance (m]/mm) QH.®BT/ In(l -Qf TIV)+ 1]
Where - , . - L
. B =slope of the regression analysis of the time elapsed and the natural loganthm:
of the eoncentration of the test solution ' L '
T = elapsed tlme
V =volume of the reservmr attime zero--
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ultrafiltration rate, Kuf is determned after 1 hour

recirculation at & =60 mM/mn. The slope of

versus the trans nenbrane pressure, (TMP - mmlg) is

used for the conputation of Kuf. 10 Kuf = (Q¥ x 60) /
WO 2NPS385 hhnm | g The al bumi n si evi ng coef fi ci ®GT/USFO3840499

obt ai ned by neans of the expression: S =2 Cp/ (Cain

is the concentration of solute in

the uI %ﬂtﬁafr%étq%tgp 15 4. Platelet drop was determ ned

as foIIovvs Fresh bovine blood is used in this test.

The di al yzers, %%I udi g nenbranes, to be tested for

3. pI A bpwin SiFEps speftipieptad wirpigpion i wes palowlaled py fillows:
gé‘r[}ﬁd t er e
S homﬁl?én FI 18 &eahﬁ ﬂ}éi;'eq;%é% Tﬂe%gal I#Eale%egéngt&*gig %6] :@% g/l.
Bomsemmds rebmculaﬂlad Iﬂlrb@t the Bloandobom:artnwat atcb =360 nﬂimﬁ(ﬁd Qf

- ¢ ety e AL Tl gt e S e
uluaé&au&ﬂ Patelaglf ifaBihRmed aﬁeﬂoi 8b& REir S0MHuSatlyt TGORNAA. The

a Coulter Differential Cell Counter.. The aver age
slopgapfi &foversugo theebrafisn g@mba@lmnr@asm@ EEMBss mpHgplinuseddor the .
varlatlg ersus recirculation tinme. EXAWPLE 9 25 By
| e, polysulfone fiber A was spunfrom a
forrrul atK@ﬂﬁ:@ﬂ;@Bﬁ}}]T}ﬁP edt/h/maliysul fone. - .37. 6%
Pol yet hyl ene;. gl ycaol (MNl 000 daltons) 11 0 vvt%
8u|¥lm i sheying Gefhicient, S & qhteippdibymeans gfihg expression:
Pol yvi nyd yr n hf =1.0 M% To this end, a - -
conposi t$onzr%y6@ "SB§P"§Q corrprl si ng about 37.6 veight
perwaste Cpitdhe palcysinitionrd solatrintilielltdfitmitght percent = .
anhydrous. sul fol ane; about 11.0 weight. 23 WO .
2004/ 058385 PCT/ US2003/ 040499 percent’ poI yet hyl ene
4.9 ngieietﬁ%%aédéeﬁiﬁﬁ&l%fﬁﬁ&ﬁﬁm glycerin, .and about
0 % U FvIWpolyvinylpyrrolidone. The conposition :
wasFm;dnb@un@b@odns HSQﬁdnﬂngéﬁtn Fhetdialyzers dndudipg meambganes, to

“be RRRH L B Ee W Bafh AL O SRE B 0E fRhbO Yo the

diagEarifitectle tedt RRndAY shatvndh @i, 81 S00faN ofaiesd m3thtdined at 37 + 1°C
'~ seconds. The resulting hollowfjber nmenbrane_was wou

ng
wagpsesl fopreachy feshp dtleodn@s regirauintedyat 300 pfmig Yith cloyed dialysate
porls ' Bl gﬁ AmpRE ! nfakbh AberBBHLctd &t HOI, AP28! 6800, 120, and 180

Seco
minuies for platelet counts by means of a Coulter Differential Cell Counter The

average value of two readings was ,:usejd; to assegs the platelet vana-tion versus
" recirculation time.

By way of e)tample, polysulfone fiber A was spun-from a fonnﬁlation consisting;

Polysul.fone -37.6% . Lo :
Polyethylene glycol (MW =1, 000 daltons) =11.0 wt%:
Sulfolane = 49.2 wi%
Glycerin=1 2 wi%:. . ,
s Polyvmylyrrohdone(UI—IMW) 1OWt% o
... To this end, a composition was prepared comprising about 37.6-weight percent
ﬁdel polysulfone, about 49.2 weight percent anhydrous sulfolane; about 11.0 weight
23
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The hol | ow fi ber nenbrane was then unwound fromthe
core at about 60 ft/mn and passed through. a 40C
wat er bath for about 150 seconds. The fi ber was

woh&Rlasiskci zed for about 30 seconds in an aquelpélli/g%%msm(””

gl ycerol bath containing about 40 10 wei ght per
glycerol, the bath tenperature was about 38C. After

P‘?réfmivpfrigethhbné ighgool, tb@m I.hewenpht %@#b%nﬁ'gl’)g:% aﬂat Sout 1.0 o

| i tp \NE rermvedfromtheflbe
%lﬁ%'ﬁg PHGUGN ][Eheé‘é’gmoélt'@fl “a?b@gmpmmmxg aéEh&tatmg, twin

ché @K trinds - [ | about
® 70C for ak?gﬁlthqgggcstg@oth S ngb?i lg\flegqéol}ﬁw Lbe gpinneret

ateapont 145 5C. Tﬁéleoémmdﬂiedwﬁs Qﬁncﬁétbwsgﬁ ﬁgﬁﬂ%&ﬁ@lsc’c gor about 30
and 7.

t ted F
seBbAd B -Ehing, b G b&m%%%m Wamneypn ancbe at sbout 200

m/iail, efid Hmi th
bovi ne bl 00 a? er%i#gvmgl n Fig é)tabﬁlﬁgﬁ b\?\%’éeioo“‘%gpgﬁc‘?ws
pl at Eheholigy &ber Bembrans wisftheteivaunkicfor fhe E3MPLBok D fifmin

| fiber B f |
anﬁyP%%er%%f ?%ﬁngoﬁ)y st %suij%gn ":‘bO%E %%anhgogber Was

reﬂﬁstﬂ%dﬁofdxeﬂi&ﬁf 80 Qse@cbﬂdéoi!n uQ %Q%c%ﬁgtl\%?ﬁ) gtlammg about 40

%Sul f ol*ane

W{‘ I]ﬁcerl n =1.
WeABRIRSRe slyywowwwh &mpmmre(WDut 33 V\A%efrﬁalﬁ the fiber

. bout -36. -
g A R 2 oL s o
~ knjferoperdiingmhy gressusre of ubaf.v;tl 12Rig. at’l?élﬁhéf]vﬁas"iﬁ%-@ ahed din a convection

erﬁ nt {,)4 Eﬁrh | ene glycol, and. about 1
"E‘é tg % out 298 seennds end womnd oms cmahmm X
CO- I'eddl e er, .about
extruded t%%c% \rMéﬂJsg}E) S%Igﬁﬁﬁﬁ HITUBHF £ ?S%e%’éﬁ 6 and 7.
d@mguﬁtiomwmnﬂmaé peafoiaines WS Ve BITANGT below. Nir-Rldb platetet
re%i ?%QV#TW%@E f.or ut 30 seconds . The resulting
i é‘f Gehowigg g BnThere vias natdrap uuplatelet after

--31&;&%@5@1&“@{@& bei ng passed through a water bath at

about 37C for about 10 seconds: 24 WO 2004/ 058385 _
PCTI US2003/ 040499 The EXAMPLHE Her nmenbrane -was then . .

t. 60 ft/mn and passed .
e R 555 i BB 53 e o conssing

'Offl ber .was : replasticized for about. 30 seconds in an

aqueous gl ycerol bath containing about 40 wei ght’
percent selfone =BA&%at h t enper at-ure -was -about - 38C..

g\;:ﬁr reice S wu@%@gﬂgn&«w@ﬁ‘?%zf vﬁ%yg;r:&ﬂ |

Cair Glycerin=1.3 wi%

Sulfolane = 51.2 wi% - #-".. R
W)= 0wt =~

To this end, a compositien was prepared comprising about 36.0 weight percent
Udel polysulfone, about 51.2 We1ght percent anhydrous- sulfolane, about 115 welght

-+ ‘Without Polyvinylpyrrolidone (UEHMY

percent polyethylene glycol, and about 1.3 weight percent egcenn. 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 theair at about 18°C for about 30 seconds. The resulting hollow-fiber membrane was
- wound on a core at about 200 m/mm, afier being. passed through a water bath at about
- 37°C for about 10 seconds; ' : N
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knife operating at apressure of about 12 psig. The
fiber was then dried in a convection oven at about
70C for about 200 seconds and wound on a core at about
60 ft/nun. The obtained fiber shows a symetric
WO 3433367 e as illustrated in Figs. 6 and 7. PFChE62003/040499
di mensi on and functional performance is given in
In-vitro platel et 10 results using

Tabl
povi d RS hiane Heg unyo 3%! the @bt at about 60 f/min

- andepatstd Qhrowdl a APPCOWLIRIRNY B0 %8l hous
reci rcul atlﬂgﬁ EXAMPLE 11 By V\fg@)ég?&t £50. nple, oS- %he fiber was

T%‘éﬂfﬂﬂdf @ﬁ @bpuh3d secands mpunaqulemm gyétﬁbhbhtﬂt édHlaining about 40

suI fone = 3
Wﬁgﬁﬁjﬁé {%ly Ihgenbe%b foaRyas | °‘§@§°@a At ggmening the fiber
fromh Yhe Sqdla‘oak
b : ;%szleflg‘(‘)‘ﬁé@ q)ziﬁg }'BD}O\%SV\&({&L the fiber by an air .
k"Fi ,g@pw{vx % 3 pressse af &bcglt @2 30 metﬂbeswemﬂxenained in a convection

Ot Y0P Bl 20 a2 oo il

an hﬁwm]ﬁalmd fib¢rashdws abguimétﬂlc(%tr\&&h&ms IRSEAEN in Figs. 6 and 7.

ol | en col ., about 1.3 weight percent
Fibld g non B s dat pesBrens i B it . il

ATl b R T 9. ISR Bt e

conpounded in a co-rotatl ng,

apnmmnfetﬂam%eaﬁ@ﬁthoummlmumugh a 16- hol e “hol  ow fi ber
spi nneret at about. 145C. T X rudate was, quenched in
the: air at about 18C f 30 seconds The

r es Byt wigofdah@e, pb3RA1 IR R Gy core
at about 200 n? B t3§fter bel ng passe ?Igro &%ﬁ%n%‘foélﬁlsmg
Ofbath at about 37C for about 10 seconds. 30 The hol | ow

fiber m@.‘gy@&go Q n unwound from the.core at about
60 it/mn “an passe °througha40vaater bath for .

about 15Mesbﬂqm5mmy"rm dlydos (MWRS 2,000RaAShd)cl 76 v
about 30_s Hﬁ.conds n an aqueous gl ycerol bat h-

cont ai ni NYIABBE T 44d Wilge ght percent gl ycerol the bath
-tenper.at g Aﬁe ﬁ%@#t 38C. After.renoving . t he: fi-ber .. -~
25 WD 20047 058385 / US2003/ 040499 fromthe agueous

gl ycerl nPbIammylwnrohdsnd(rﬁmmmswwoved fromthe - -
fi ber e gp ng at a pressure of

about 121\1212{ %yi"?%&f‘{ *‘hen dried ina

- conYeahis @fd, @&@ﬂpﬁﬁ(ﬁpﬁ% ]81%?5‘8% %{)m?ﬁl&#é a%%lgt %@ﬁ W e perce,nt .

nd wound on a core at ab

- Udeh prlysudfopasatious ggeweight percenttanhydrans slfolans, adbadt 100 weight
pergérﬂspolﬁctﬂﬁ&e glyeol, about 1.3 welght percent glycenn, 5.0 welght perccnt

25

:NMP and abount. 2.5 .% UHMW - polywnylpyrrohdone © Thés compos:tlon was
compounded in a co—rotaimg, twin screw extruder about 160°C; and’ then ext[uded"

. through a 16-hole hollow fiber spinneret at about 145°C: “The éxtrudate was quenched
.+ in the-air at about-18°C for about 30 seconds. The resulting hollov=fiber membrane was |

30

wound on a core at-about 200 m/min, after bemg' passed through a water” bath at about _
37°C for about 10 seconds. o o ‘

The hollow fiber membrane was then unwoutid ﬁdﬁfﬂie-coi'e"af ‘about 60ﬁ/mm E

~and passed through a 40°C’ wafer bathi for about- 150 seconds. The fiber was

replasticized for about 30 seconds in an aqueous glyceml bath contalmng about 40
weight percent glyeerol, the bath temperature was about 38°C. After removmg the fiber
' 25



5 Fi ber dinension and functional performance is given
in Tables | and H In-vitro platelet results tested
with bovine blood are shown in Fig. 9. There was no

rop_i.n_ platelet after 3 hours of recirculation.
WO%BQM%‘ 12 By way of exanple, polysulfone fi B&T/U52883040499

spun froma formul ation consisting 10 O . Polysul fone
from3he Cimeddst flyberfObMB! B8N GGl &m
dal tons =11.0 wt % Sul fg an%‘Sah Vi 5 < @8 tg‘ﬁf?tber by an air
7 2mesFyRefiabouty 1) pm@n@h@ lﬂHW\]VaS:th%nHIi&i%t a convection

t hi d
°"%‘%§‘2‘?‘%‘ 7O 18 Aol o g omusore Bttt G fgnin
per cBimt obtaihed fﬁmt ymsf 2RPmnRRM btrdFurd AfﬁtlﬁE&atQ&Er? ks 6 and 7.

Fi nhydr ous su f.ol gne, about 11.0 -weight percen
@oi%rl e fu fad 8415‘?86']13 patfomanyezs ginenyh T@igcazlgattd ]Izlti-v(l);ro platelet
redlil ed Wi and abou 0
UB?é,(’f\%lytpol ytglbﬁy pyrr ol done Lﬂilglg%get‘?’w P in platelet after
3 wollatioln co-rotating, twin screw extruder about
160C, and t hen extruded throug}q_ 16- hol e hol | ow
-fiber spinneret at about® k& extrudate was

| f t .30
| doe el ofbekie ey Bl Ry s Bl ARRLA sadaion cousiting

10 of

15

20

- Udgbpelysulfone, Theut 4312 aicield feident aﬁtwousas

. uc s illustrated in=Fi -6 and 7.

pe‘%‘t?ﬂ?t@%@ R EHC 2Rl J4d rerish FP%@@thglﬂ'm 0712a’ttrdtght percent* S

NME|n@hd Oftsdut P21 O "BRREW ) and | L
In-vitro ;i at el e/{) resul t %esﬁ g#} ‘?(El bovlrfﬂ f&?%?fmon was'.

OLwound on a core at about 200 rn/mn, after passed -

.t hrough di a about 37C 25 for about
1Osecond?,)0 gfr"ﬁ%rlggx}ff. ber nmenbrane was- t hen unvvound

from t he Meth¢l-pélyethioleh ;“\Wn_

40C wat er bat?hﬁdfj(})rr glgo%?g secon?ﬁg#ﬁéﬁﬁ %{@

repl asti Sudglanesr43bets 30 seconds. in an aqueous -

gl ycer ol (oY) ng about 40 weight percent

gl ycerol (h?%}'% ?EWﬁperature was about 38C. After

renovi ng Pbl}&lﬂylbﬁfolﬁﬁné(lgm\&m.—_@yw gl ycerin bath,

excess Ilagy{%wgas renoved fromthe fiber by an air

kni fe operatsing-ryrolidopes ddretdof about 12 psig. ‘The '

fib h

0C ooty B egigoSiio B iBRKGEY n"um%@ot? wmtpercem

compundrédip 4 soEbigling, thiheacmlvm&stmdxardﬂMt I 160PCALRE Shen extruded
t B .

» thr&Iéllear 16- ioleri?olﬁow ﬁ{werrs%%etgo% a? aﬂrout 145°C.. The extrudato was. quemhod '
___‘ ,.m the, mr. at about 18°C for about 30 seconds. The resulting hollow:-fiber: membrane wias

235

) wound on a core at about 200.m/min; after passed through a watér-bith at about 37°C

for about 10 seconds

. The hollow fiber membrane was then unwound from the core: at about 60 ft/mmf

' and passed through a- 40°C .water bath. for: about 150 seconds. The fibér was

30

repla.stto;zod_t‘o_r about 30 seconds.in an agueous glycorol ‘bath containing aboiit 40

- weight percent glycerol, the bath temperature was about 38°C. After removing the fiber - .

ﬁ'om the aqueous glycerin bath, excess liquid was. removed: fiom the ﬁbor by an air -

' k:mfo operatmg 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 fi/min.
Tho obtained ﬁber shows a symmetric structure as illustrated-in- Flgs 6 anid 7
26 ' ’



Data in Fig. 9 and Table Il suggests that the use of a
smal | amount of Ui MN 5 hydrophilic polyner,

Pol yvi nyl pyrrolidone in forrmulation resulted in a non-
t hr onbogeni ¢ pol ysui fone fiber suitable for dialysis

WQ AMH08838F on. Table 1: Specification and Funct POWAIS2003/040.499

Per f or mance of Pol ysuI tone Fi ber Fi ber I D, Fiber

Bk Bt R IR o SR Yo b g v prat

Esulericgtied 9thdovid t&EA, a@é)ehovrn x]n FiRey. BIH®2 waSnd 3
:'E_ﬁer C 184’%% 38 430,000 Fi ber % 189 22 501132461#"()‘99"(31‘3’5aﬁ'i’I

QU Rf TRCITeaEPI 09 42 35 85,000 Table I1: In-vitro

Per f | ; -
|y O R TOT, SHESEE Bl el of s AT B by of UrMW
hydeordilic  potymer, @Obmmﬂyrro%ﬂe 1&2 0RukBoR 2 r&uBdd in a non-

Gisngiat; sfufioditbet ks s dgincentivdion e

underssle v Spbaficaidu mmﬁm&%@&%ﬂ%@s ld .b‘ejéé?.;ge PR’ Yiber

the presently preferred enbodi nent
wi Il be appar ent g noEker il | Mt Rermenbiligy, ¢ . Sﬁ@ﬂthtbreak,

- CharigpdsulfencFiveodi foiaad | ONmmicgadn be Gemihihout gfem?
departing fromthe spirit and scope of he present
i nvention and wi thout dimnishing its intended 7
advalbtéges. It i 49915 theefore intemled that suwshoso

: 'chaurgﬁsa. and nodi fllgrgatl ons obe covered,py the appegg&g

cla 27 CLAI M5 | t-spun pol ysul fone
sem!Fg)grrCrreabl e rren‘5§ ane, Fﬁe pol ysul f &he seni per fé&H0e
menBbgRt conprisi AP a mi xeAre of: anso- 324000

.. ul't rRsdMugieoROl ecuhgy - wei ghy  hydrophidic. pol ymsrgso%

10

| east about 35 percent by weight of a polysul fone*
conpound and-- a solvent for the pol ysul fone conpound,

and the polysulfo e menbrane having a
tnSre sucﬁ{gﬁ PEREMAISES Ul £ one

honbgeneous struc

,%@ﬁﬂg@? me &wifase nenbr a¥ebitdrdmrana, iddst anti al'ly uni form

struct ure gy oughgat addiiuglcne mel A - spu :
Bofilic 21?12 Gt Pk AbsC

pol ysul fone semn perneabl e ne
é:ol ysul f one sem pernmeabl e nenbrane of claim 1 wherein
- KibeeByl t ra- hitgh- 231 204 182 - 02 43 22 001

FiberC 1.6 236 203 186 107 .45 78 - (X1 I
FiberD . 26 o .275. . 251 246 - 191 115 14.6 0.02

. It should be understood that various changes and modlﬁcatxons to the presently

: preferred embodxments described herein will be apparent fo those skilled in the ast.

_Such changcs and mod:ﬁcatmns can be made without departmg from the spirit and'
' _scope- of the present invention and without dnmmshmg its intended advaptages Itis

15 therefore mtended that such changes and modifications be covered by the appended -

clamm
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“ non-solvent™ is se

nmol ecul ar - wei ght hydrophilic polymer is

pol yvi nyl pyrrolidone. 3. The pol ysul fone sem perneabl e
menbrane of claim11, wherein the polysul fone conpound
is selected fromthe group qgngjsdi ng of bi sphenol A
pol ysul f one, pol yether " polysulfone, polyphenyl

pol ysul fone, and m xtures thereof 4. The pol ysul f one

sem per ke marane.of claim1, . wherei,n the

ot e ot oA lE TR RAGRE Ko aleap i Bate nite ralysuifone
samipemehlde menbiate ebmprgingxd Mhikely ofl 200G BolRAMA weight
e B R -
a Bﬁ%}wfmpﬂlé;p@l)isﬁim-coﬁlpo £ aR® kneSply AIBns SRMiPSIERRP Wit mbrane

menbrane of Claim1 conprising a non- sol vent, :

having ukeTAREegeaps s puresucintbtbe Pelyawfqpsisyminetrosnble membrane has
it§o

SRS iS00 50 Ml My i

sofapyeatde pempsankf one conpound, an

ul t ra--Rj ul ar-wei ght hydrophi.lj ¢ polyner, . a .
sol v%n’{}{e%%}@‘rﬁ Dol YUY %’rl}%me%‘g’%g Gh ai,anﬂﬁdwﬁerem the ultra-high-
mplsoalgeweight hytimphilie@opmiey sapol wiey/lgyeradiduind, and t he
ol fon em per neabl e nenprane_having a .
ho n%%g'ﬁ’&?ﬁgy’*@?‘f‘ﬁé?’ﬂ%“%i?@% I{lﬁgn?ra%%f Hamys %ffwa%ﬂle polysulfone
cORRIBURE IR HRANAABRUP BNt T RGhbAN | A pHRLEIRIE polyether

f_cture t hroughout "a t hi ckness of = the pol ysul fone

tru
P‘iléﬁ’ﬂ P Rebpreyhtpufes, agd mpterepdieresfil f one

sem pefreah)saiiRdR ﬁnggbggn@fngtaﬁe oMIGLEY "whSin the ultra-high-

_ cte romthe group cbnS|swing of
moleculargyeighty Ihydrophili¢ | Bolpinet tak ua empledilan twadgls| ol repproximately
t I AR i phenyl am ne, tol uenedi am ne,

L%@%% Jpgﬂﬁgﬁéﬁﬂﬁgﬁgﬂﬁwg acid, toluene- 3,4-dian ne,

di butyl phthal ate, piperidine, decalin, cyclohexane,

cycl xene, hl or acycl ohexane, cel | gsol ve_ sol vent, . .

n, n-% tER?YSBKCﬂ%@fGM%&eaQsW rape Otjz@% Aefogherggomprising n-
méhghadolideae. tal |l ow am ne, triethanol am ne, |auryl

met hacryl aate, stearic acid, di(ethylene glycol),

tri (%t hiA ealeswiope seyupepeppice embrape odf, Clsamy| sempridng a non-
'Soﬁfleﬂﬂ:ﬁ{c)uding@;ﬁeﬁn_et hYl ene glycol), glycerin, diethyl

adi pate, d-sorbit ( of chlorotriphenyl stannane

r esof- ¢} msit-spen pelyklfong semipaondahls] mergbiana efined by a composition

N L R T

- uligdi-highmaglelaréveight mbydroplifibepallymer, a solvent for the polysulfone

4-al | yl - 2- met hoxyphenol henant hri di ne,
copRud 5 A ARoNEnt (o theh PP Ioge. OBAbREN the polysulfone
seipeapéibika hRAtkdbe Havink- HHofREaRBENKRMAGe 8l Whdt NTh€ polysulfone
aci d, ?heny pyrrol - 2-yl ketone, phenyl 4-pyr|dyF_
SCRREEREAD!G BERRTaEE Yai wbsantinlly i sipresirg throwghost a thickness of

th@pdTpdulivhe bechibsiRbie nnibRlgy! | M dazol e, " i madazol e,
1, 7- hept anedi ol , 9H-f | uoren-
8. The polysulfone semipermeable membrane of Claim 7, wherein the non-solvent

is seIected from the group consisting 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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9-one, ferrocene, 2,2',2"-nitrilotriethanol,

2,2'-im nodi et hanol, di benzofuran, cycl ohexaneacetic

acid, cyanam de, courmarin, 2,2'-bipyridine, benzoic

acid, benzenepropionic acid, o-dinitrobenzene,

9- et hyl - 9- azabi cycl o( 3. 3. 1) nonan- 3- one,

dj ' [ e ISl di .

PR AR U0, oA MRRknl LBy AL, scor
acip g thetenn , glytiodc atifethylene i gy, rtxh}ﬂmnt glyanie poly(ethylene glycol),

G PDER RSB Ubin TR oo B! IXLRLRRENT Gonan
regoadiyalf |2Qﬁ¢thﬂt&qk11ncbllr©hedjlyhaldlﬁw4—‘@)hbzgrl}ﬁﬁ}idd1e PRbIPAGIOWIdIE acid,

a ﬂV doggéﬁ , isocyanic aci met hyl enedi - p-

0.5HERV] e QePaLlr G?%e@%i%e@ﬁ%ﬁ?ﬂﬂ?f}?anﬁﬁmme 2, 6

didhethbkypleklP hmnyl,-z hﬁ%xypﬁéhaer phe&%ﬂﬁﬁﬂﬁsulzfﬂagmhylamme 1-
chlorlde 2,4-di i socyanat o-1-1- hyl benzenhe,

ﬂp@n@m bnamﬂ@@ hytnapkibalepethiol, - }nb(qm;r@p@th@lgwe rﬂgﬂélmc acid,
i - ——

CS@I,I?amethYbHdsM Glt-lhﬁﬂlylcmadmmﬂe @nadazdieet ﬂ&ieptanedml 9H-fluoren-

(p-nitro hen ) ,es pho i.¢. aci tri-to
9'%115?11 er ?enb(}? spho i’%z aBJII“EIOh‘( eny? 2 lethi')rf?&sph%g‘?néoﬁm“
cyelohdkandacetiut y¢idestynhamides n)tburﬁﬁﬁﬁphgﬁﬂb@yﬁﬂlﬁ@' Mehlfe  acid,
i trophenol ,, isqc c acid, neth m phenyl ene
beBaPeRromiBnS: Jih n AN RARGE. NO(oaRrh A teb iy Ry . Dpgan3-one,
chfoﬁ‘(?(hﬁf&lﬂﬁﬁ;me% |a)1§1m)ﬁ50 Lﬁfmﬂ‘l@ y b-)am]sld&ee t&ﬁﬁ&@deﬁ?&n Sdiponitrile, p-
6-di -tert-butyl p-cresol | oro” biphen
amingj agptepRANERS, n@on%ﬂtzy I dl@‘teﬁ@{ h‘lft?@hlzae n@mﬂaﬁl@,n 34+ben20y1b1phenyl
)
G| G ARk B O e B B SR L 3 Rrtorinated
bl}ﬂ?@nzlenemsm xad, mstbmyls:) acﬂ;eiodh;ydi legte Hbcagad neid- methylenedi-p-

R T e L

bemamﬁbnylgch}m ol-gissot Faane- ISBmep&hﬁEB&iz%dTQlﬂﬁﬁ@ﬁﬁd thethyl
wherein the ultra- hlﬁh nmol ecul ar - wei ght
e‘“ﬁﬂzdr Ophl FruUarSioRienene: nol yvi hyrggranbiioadne. 10 tetrpiecancne,

(dipRbtpHEdyPREhERH3i RRE, MaRAlSodiBHER ﬁa NRad, g‘cﬁbﬁe@uo\z@ﬂ &8, No,o-
t he pol ysulfone conpound i's sel ected Tromthe group

dle&%é’r@tﬂl‘ﬁ‘gﬂ)@ﬁﬁb%ﬂhﬁh%Phwc a8, fbtale dsten mdosphoriy e‘tlﬁ,etrlphenyl
cstBO! MRbHoPR Cacid® oﬁ%ﬁfﬁ {e¥ pﬂ}héﬁé lﬁ}l@%ﬁoroﬁg Gt g’smtr%]%henol

t Rereof 11. ThHe rmeabl e ne

 isocyasiiqradid vimethgl-m- nmeylcnet estery) izghummmancar Ny(@iagtitoethyl)-N'-(2-

T8 05 2P Lo, o
bighiaylThed-biphymiiiose sempe er ot akep| coamshialiane! Qllaids, 7, 1.2
(e PRSP AriEheed] Brvan ot RyaBHR |REmyLrer, ligrodinito
berdAefe P@i¥SL | ibRes)S ATk RIBKIFE TN - ﬁzéﬁﬁﬂ@'bﬁ@eéqu metfletdaniline, 1'-

wherein the solvent is selected fromthe group
CLHBhEPRS, glesqaptoacrsw% pretidlidsyebierel, ual wertbgs tercof.

folan benzophen n- di et hyl acet am _de
?fiﬁyl’?‘éﬁ 98% ée % Soprbisne al’ Glaim i wherein the Hfeshigh-
modecubhr-Ghel g Bﬁﬂﬂlﬂﬁﬂ@polﬂmmls 619vAPRYRaligne, net hyl

salicylate, anisole, o-nitroanisole, diphenyl
10. The polysulfone semipermeable membrane of Claim 7, wherein the polysulfone

compound is sclected from the group consisting of bisphenol A
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et her, di phenoxy nethane, acetophenone,

p- met hoxyphenyl - 2- et hanol , 2-pi peridi ne, antipyrine,

-val erol actam diethyl phthal ate, diphenyl sulfone,
poliisplfiaiaypol giitheh puiysidfone ol ypheny pabistlfond] Atnixte&ttBéreof.

phthalic acid, dinethyl ester, phthalic acid, diethyl
11edgmher polysattbita séfipagiedbledinRitbydne 8t ElaimPNtiRdréif A1 Elira-high-

(£|s 2-ethy|hexy|f_ester,, ghthallc acid, benzyl Dbutyl
molequigr-weight nhydrephiliG polymgsq hag a yreleculaseeight of4 apmgaimately
1,000l006 W fweRer SQB0EllBAP! € menbrane of Caim7, wherein

t he hydrophilic polynmer is polyvinylpyrrolidone

- [ . ,

122 PRI i Phe R e OFEHAN T Riirkink B8 Fporoont
by ety of wisadbigh-melebl ameeiglit hgdaiphiliz polymidner conpri si ng

n- met hyl - pyrrolidone. 16. The pol ysul f one
13 sHirri pedysnars seripendoezblremenfmbi@na bfiCTlajm ihehatin thd@lvent is selected

nop-solvent . co ises glycerin. 17. Aqneli-s
frofe s SpiFcrrasisi e Tns PubiomPane et gk, Benzophenone,
nedibgtighicttamide, UBiphRokddhe] UB-nsig1dbREEN GlHtidRe! NMIGIPAEES o-
.S&Wny on of the rane, the_ polysul fone, i .
dichierpirarheabridome epaetiyl lirdate sl prodragisole, diphenyl
ethQ},XB%;bhé‘noQﬁz Aelfhd, - SRHEPhef AP G5 nkind Ry HR |11Qdétﬂ&o@,b9%#i%§{dine,
| east 35 percent by wei ght of° a polysulfone conpound,
antipyripg- hyaerolepee Ldl@ﬁhyk/\m%g]ma%oﬂ&ohenw gffone| dipbeeyl sulfoxide,
2 ' f.one i ound, - S
phEh i, ikt B BhoHal; SB0F AREMRCHES, RS Geciqy gioit st
phtbaelioy said,f dibvtylks estirpphithaabhad, e s@retingheaf) ak@i, philalic acid, benzyl

C ri sing n-nethyl-. pyrrolidone. 19. The pol ysul f one
bqugﬁpeﬁe@}?ﬁgﬁfl@ﬁﬁeaﬁ‘éﬂgﬁ BOCFU m 17, wherein the
14nThe polyeelfdnei &miﬁ@in?ﬂ%@ gl}fflﬁlﬁ‘ﬁi}ld Be cg&iﬁg P, &BBfRkS i Byd@bphilic
- di et ur ea,

1, 1 -diethylurea, - .30 )
polypogy tSrRﬂlmlwéJwéT,ohﬁs)@ bavinge melecwlas aveight o aprrpsmately 1,000,000
to 1,900/600edkiB4d. ne, o-toluic acid, m toluic acid,
t ol uene- 3, 4-di am ne, dibutyl phthal ate, piperidine,
15 dideaohuliong seirexagadle meybianheflnmm 7 firthor coypistimncardiyl-
py&‘g{dogg_ol ve solvent, n,n-di methyl benzyl am ne, paraffin,
mneral oil, mneral wax, tallow am ne, triethanol
16.8khepelystlfune semipetirableythaabrene off @ain ¢, wikgdial the non-solvent
di'igfet h1¥rl ene glycol), tri(ethylene glycol), ethylene
co ofo) "y(et hyl ene glycol), tetra(ethylene

I rin, diethy|] adipate, d-sorbitol,
17. b8k pAAELL ey faih ¥l et ine s
subQantidlp yhif@nmostiuoid MedughittiatBlcRIS dinfenBiBE BY iR Hehlﬂﬂrﬂﬁ the
1)ph&.s ehor ot hi ofl}?iﬁ[ acid, o0,o0-diethyl 0- (p-ni tropheny
polstiie seryingryeabis enbisng heng renstrueted frome mixturé of a melt-spun
oSTEbR B 3% e fec q |
C et o a8 bt o1 38 el YR Bt wfons cqmpound,

ultrarhighgpgleqlar-veighs palymaypyaohidale, a Soliamo fenixphiysal fone
L 1 ol - 2-yl ketone, phenyl
ﬂigsl\p{)l)&/&r’ ?%%/?nﬁg%og%eg,t ﬁ’??@éﬂiﬁ%{é\ ?%Ong}é)luﬂ‘? m ni t rophenyl

co
18. The polysulfone semipermeable membrane of Claim 17 comprising n-methyl-

pyrrolidone.
- 19. The polysulfone semipermeable membrane of Claim 17, wherein the non-solvent is

selected from the group consisting of 1,1-diethylurea,  1,3-diethylurea,
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ester, 2-nmethyl -l Hindole, 4-nethyl imdazole,

i mdazol e, 1, 7-heptanedi ol, 9Hfl uoren- 9-one,
‘ferrocene, 2,2',2"-nitrilotriethanol,

2,2'-im nodi et hanol , di benzof Iran, cyclohexaneacetic
acid, cyanam de, courmarin, 2,2'-bipyridine, benzoic

dlﬁaﬂodﬂuenbe n2eflepe Ocﬂh:lﬁﬂiec dgﬁi@}ar@mgl gﬂlﬁ%@cﬂ%ﬁﬁﬁn @-toluic acid, m-
nonan one

9- bi l o
g’l‘ﬁ 3Fiddit ?}H@%%aéwld%%e, %}h@%@h&halﬁteo wiRReiding, sealingicpielohexane,
cyRtoRBiena) Qﬁ(ﬁfkﬂ%%lohégélﬁo Bliosh (b€ solPent ATh @ﬁn&ﬁﬁb&&gﬁﬁf?&e paraffin,

monoacet | n acetin, triacetin, pen oxane,

miperd o3lo yinsicg e tallovrating, tmﬁtmmeammei bty | métbapyiatte, stearic
B A AGE R ecth SFARIAS: ob S0 ABRARShee. i oo

teua;(cﬂiyled@m:y)l) ebtcerin, deogy arllpateaell-sﬁbrmmlgt biyib:eatenyd- stannane,

hen ?tgﬁl ﬁ—wnno Zg}lilméﬁ]{qux) ?1 ?é%%lé\% p?lg%{};prothioic acid,
0 mlsﬂ{yl dé-(pittogtich§I) C eaRRat ONIN- Hmf%yi pipHen{I8RY €BRmine, 2, 6-
adi pi c_acid, diethyl ester, -ni'tro-acet ophenone,

- dipethgrambghply hﬁﬁ&ﬁbz-nze@thmahorpéemmhndme 2-naphthylamine, 1-
nab%?ﬁhﬁ&{eo pﬁﬁﬁ}iﬂtﬁcﬂr '2%%91§hétﬁ9? 1%&%‘%&%&&?&19&@ Mbulinic acid,

| ane, phosphorothioic acid

phsnz(l pRyTol-R o Hestaye) plenyb ﬁ—pypﬁmlsbﬁmq, c;SOdquyamcr acid, ghyplitrophenyl

co e RIS 2t BB RS B D PR By Bl oren

O-payi t fcrmuelm;)l 2.3 ,gbmt;ﬁhmﬂmold mﬂ hmhmdiibmlb?;ﬂ,xrl emBenzoﬁlran,
i m.nodi et ha .

5B Slantkitn: It HOPE S hFPTED: oP RaREH S ncbzoie  aci

beaze@mpibpfbﬁrct -deidt, Y lo-dinftoB&Rkne, cmxﬁétﬁyl RNLRABR ?&’llo@ 3.1)nonan-3-one,
| am ne, benzyl et her, benzenesul

hen
Chm"iﬂe &yaminez anfipepy FrQRide; B)@}‘)Sld@ep r%ﬁé?ﬁ}‘i‘ehw zZagponitrile, p-
andmd- RelopR¥AL MnBnbacbRL, hbhlacé?fﬁn Ztﬁ cBLAseMEN '4t ﬁeﬂzoglblphenyi

benzene (m xed isomers), hexahy 2 azepin

methyl aleate, Heietayipbosahate. wot@btonadelmbmfhhmmanmmhtmnated
bi ﬁ lI ﬁ}yﬁgﬂlcd ic@, rﬁ%@ﬁéryﬁcd ?md g+c¥i% 1 estbr axpo%y?ryléé%%rgeﬁethylenedl-p

Sem

thdtmameteof ZGZ(Z&hmy]pZ{y)al\mmal ﬂhiﬂm&: r4ant=rs obiphayl, benzyl ether,
r 21. A t ocess for
IR SHYSE, b st LGB0 56, i
esir,0Cess QOIHﬁbJaSTtﬁlglehbﬁie st Ieps Qfac%taﬁaﬁggoﬁb ng a t%n'adecanone
fo i tion including, at | east about per cent
<d«x£f8qaﬁe Ping %B?It}ga %&3@% i dilase, SHRQAERATORiSC 135, 0.0
dlél@)"l)@@l-rﬁ@é]ﬁleﬁﬁf@ﬁémQhosﬁh&fcaacm Gt |e%féﬁ‘”1?1gspﬁﬁﬁl: QB4, tripheny!

hydrophl a non-sol vent
estsh| Rhogp eacég rrﬁthubdi eStﬂlﬁ,e phesg! \whpsphareds ribehlstirdey grtitrophenol,

1s38?érﬂ<9 adlf eﬁl@@xglm in&aeﬁreﬂ o {@R&S bk %nb&letﬁ%ﬁt]fklo(rzsaﬁupoe lﬁ)gltl -(2-

forma nenbr ane use

- ((%@pmpd;ttylhmmpm)@e ethsl) (B)ethemtiamine ha6abmrobity qmﬁcmol,a chloro

bq%h% erai I eﬁ;\ whi ch the co Slt on is honD ous
B Piohedianier ) bepd* SRiege nbate s en 1.2-

(mmyhnedlm@romgl beﬁzeﬁdw e_gmaﬁso ﬁl@fll-iihgth hBer&ESﬁd 'éﬂl%hﬂmitro
. to cause a.phas sepaﬁ aérl on_and_t her eby
benzene “(muxed iSomers), hexahydro 2H- azepm -2-one, 4 4-methylened1aml1ne 1"

acetonaphthone, mercapto acetic acid, acetanilide, glycerol, and mixtures thereof,
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a sem perneabl e nenbrane. 22. The process of Caim 21,
wherein the solvent is selected fromthe group
consi sting of tetramethylene sul fone, 3-nethyl
sul f ol ane, benzophenone, n, n-di nethyl acetam de, 2-
pyrrolidone, 3-nethylsulfolene, pyridine, thiophene,
o-di chl orobenzene, 1- chl oronapt hal ene, nethyl
sal cyl ate, anisole, o-nitroanisole, diphenyl ether,
di phenoxy nethane, acetophenone,
20pThepdipswiphe saphip@netbia penbrate P QEfiindi7@heraithentnt BBent
val .erol act.am diethyl phthal ate, di phenyl sulfone,
CORPERERIYCEM f oxi de, phthalic acid, dioctyl ester,

21pAthat iginied phocddh fﬂih‘f%ngﬁﬁfo@fsulf&m RalipemastSOmeddb@hd ¥ihe
ester, phthalic acid, i butyl ester, phthalic acid,
proesy ngrisng b siens st er, phthalic acid, benzyl butyl

e5t Q) forBRRNK|coBb i lP inchlObhahee i SBobDSS B06ene A w I of o

rocess of alm erei he ste uenchr'ng
possisuifensacampronthr ¢ selsent fas tiergplyshforx toruptaind, tlbedighhmalecular-

; t uench zone,co i Sin f.Luid
WG foind ST b AOESUFGTTRL e Baitgs hompound, the
soyﬁytcmdaiogfobt_lf_:rhlabm'ﬁ@wem iIfStHefdm_ﬁfp.o;iiiﬁﬁi flrma, Xitﬂf @fficient to form a

t her eo . e pr ss of .Claim.21, further
Se@&%w?@?%aeq%r@n%@%ﬁﬁg i 1geHR RefSer meabl e
e bR heatingSthe THRnHOEIAER IS L tenfeftinife 2k, whilk the E?rélposition is a

conprising .the step of storing the sem pernea
hopogenegppliqiida liquid for a period of about 4 hours to

about) dllkIhe hotogtReoud NGB EPREATN arda The? 1
further conprising the step of passing e
s eni(@ethatmd) quenchingishaerdrudite dei ghusa 2 pbasesefpadtion a3d thefdby form
.M 26, wherein the | each bath conprises
a%¥h o%ﬁ%@%&@%%g%%% the polysul fone conmpound. 28. The
22p¥locpesess bf Claan M) 26herahaheioivenb i selkaeh floal the ¢RNP cb&@Sing of

wat er 29..The_praocess. of Caim?2l, further .
te%“&}ﬁg‘?ﬁ%’ﬁnaﬂ%oﬂ% %P&%“Yifsuﬁgﬁég% R nEPRbCREs ﬁé}-ﬁ@gﬂw@cctm@ 2-
pyirelidunene 3-Blethytiiifalend, NSyRdhe). 3IMopHdd8, PrNEREISrBEnzene, 1-
. Caim?29, wherein the rinse bath conprises water. 31.
chiprpnapthalens smethylcpaleyigtoganisale, araitrogmisgle. diphepyl 1sthest diphenoxy

MhanPas gd seql o lmERsane rgg&h o ;
Y eagl ast ief:tjg’?gl??lgh gé? (ﬁﬁ&%gpén lh% pr oél’es? %Pé ar m%%tf?ynne’
valgrdactam, digthyt afpthatats, cdiphenyb sulfieneh diphepyli séxide, ahthebuscid,

: I tion. . T r s of i.m 32 S
SERELR PR KA, il T8RP vRARET 0. SsRbTiede mpuatc aci
ditiuipd resteabplithal&0 aqiéyr bis(2tetigllyexet) ot stdoy phwbalgth beid 3¥enzfhButyl ester,

roc of .Cl.aim 31, further conprising the step of
PhEy) g% ad BuRpS stsel o
~ 23. The process of Claim 21, 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,

24. The process of Claim 21, further comprising the step of drawing the semipermeable

membrane.

25. The process of Claim 21, 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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menbrane. 35. The process of Claim 34, wherein the
sem perneabl e nenbrane is dried in an oven. 36. A
nmelt spinning process for nmaeking a polysulfone

26. eI'ﬁeF}ﬁbcE@QBf El1BMT alfek e&hptising B B %ﬁ%ﬁﬁg}%rmeable

%aratlon process, the process conp |S|ng t
mbragy threngh %@&%ﬂwﬁhp03|tlon i ncl udi ng at | east about
35 percent by weight of a polysulfone conpound, a
2’5 ol hgeprocess rof tHeinp 86,y whdréinrthe denip dathdgomprises a non-solvent for the
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gl ycol), ethylene glycol, poly(ethylene glycol),
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methyl benzene,. adipic acid, diethyl ester, 2'-nitro-acetophenone, 1'-acetonaphthone,
tetradecanone, (dichlorophenyl)trichlorosilane, dichlorodiphenyl silane, phosphorothioic
acid, o,0-diethyl o-(p-nitrophenyl) ester, phosphoric acid, tri-tolyl ester, phosphoric acid,
triphenyl ester, phosphoric acid, tributyl ester, phenyl phosphorous dichloride, p-
nitrophenol, isocyanic acid, methyl-m-phenylene ester, 2,2-iminodiethanol, N-(2-
aminoethyl)-N'-(2-((2- -aminoehtyl)amino)ethyl) 1,2-ethanediamine, 2,6-di-tert-butyl p-
cresol, chloro biphenyl, 4-biphenylamine, benzyl ether, benzenesulfonyl chloride,
1,2(methylenedioxy)-4-propenyl ~ benzene,  2,4-diisocyanato-1-methyl  benzene,
chlorodinitro  benzene (mixed isomers), hexahydro 2H-azepin-2-one, 4,4
methylenedianiline, 1'-acetonaphthone, mercapto acetic acid, acetanilide, glycerol, and

mixtures thereof,

39. The polysulfone semipermeable membrane of Claim 36 comprising n-methyl-
pyrrolidone.

40. The polysulfone semipermeable membrane of Claim 36, wherein the non-
solvent comprises glycerin,

41. The polysulfone semipermeable membrane of Claim 36, comprising less than

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