WD 98/ 29478

PCT/ USQ?/%%%E!, 478 MELT- SPUN POLYSULFONE SEM PERVEABLE
NVEMBRANES AND. METHODS FOR BFARISREZ4PBE SAVE .
FI ELD OF THE | NVENTION 5 The present invention concerns

pol ysul f one sem per neabl e nenbranes and net hods for maki ng t he

sane. More particularly, the invention pertains to nelt-spun pol ysul fone
sem per neabl e nmenbr an&ELT-SPUN POLYSULFONE SEl\dIPERI\dEABLE MEMBRARPSCKGROUND OF
THE | NVENTI ON 590 lﬁﬁblgmlﬁﬂﬁ SuBEnbranes are
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(i.e., selgctivel rane. de nd|n on_t he
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Li qui d- separ atshﬁpeﬁéaﬂﬁ%ﬁﬁéne‘s't' | i zi ng menbranes havi ng sel ective
perneabilities, such processes including ultrafiltration,

mcrofiltration, dlaly5|s r e VRAGKGRAWNR OF THE INVENTIONe, require a

variety of materi &toﬁteﬁﬂfi@f/ %ﬁeﬁﬁea&i’é M&ht3dntd £av@RBe | 1&@@&1&9 f fobrfl su@XRP! €,
sem perne Iesge re currently favored use in
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pol yacr yl oni t ralfc' cﬁtredﬂ? lfa\(ingc@%l‘ @e%%kﬂorpgﬁgi‘f%%& HfXaltmeglé mcludﬁg}nemoﬁ{ﬂél iat e,

pol ysul f one, pendi ng upon t ’t he
menbr anes. °m°ﬁ“F‘t5‘P’§ﬁ§{H ?%@a@%ummﬂs (3113 Wtap@l!ﬂpwllyl samptise dollows t hey
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bi oconpat i bl e,llqwépﬁesbmétmﬁusly Passed ﬂlrbughrtiemgmwcoe# toexam tho pegionsutfadenbfatest i ti al

and chem cal | mojlmgmtvgmmqm“ﬁorrpounds as bl each, 30 di sinfectants, and
salt solutions. Pal ysul fone conpounds can be sterlllzed by a nunber of

met hods, such as &°W9‘I’°€?Fé“’53@fi(§‘§ selectively permathle mpTRRrangs bave ippluded pelymarnsiched ave,

and heat ed ci tceliutbse, cellulose aﬁﬁitd po]&dﬂﬂ& b&lm}ylo)mnl@%wsxﬂi'm%& Edwm&yﬁds pOSsess

sufficient.stre and | St stand repeated use
and steri {ZI zat1 0 ngcr’gmc’lp %'s“?tsne’ bt oF t%&rf{?%eﬂ?‘P%WﬁFF’fl“sep?M’S?%WWé hol | ow
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i nvol ves di ssol vi ng ‘dg 3/ fone conpound I n at |v I'ar ge anount of
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nmenbr ane-

methods, such as ethylene oxide (EtO), gamma irradiation, steam autoclave, and heated citric
acid. Additionally, polysulfone compounds possess sufficient strength and resistance to wear to
‘withstand repeated use and sterilization cycles.
Conventionally, polysulfone hollow fibers have been formed by solution-spinning
35 techniques. Producing polysulfone holiow fibers by solution-spinning techniques typically
involves dissolving a polysulfone compound in a relatively large amount of an aprotic solvent and
a non-solvent, then extruding the solution through a spinneret. For solution spinning, a "solvent”

is a compound in which the polysulfone compound substantially dissolves at the membrane-
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fabri cat i‘UﬂS‘F’é?i‘ﬂ%rat ure (i.e., anbient tenperature). For BGIU$Y7GA08Ipi nni ng,
a "non-solvent” is a conpound |9 whi ch t he pol ysul fone conpound is
substantially insoluble at the nenbrane- fabrication tenperature.
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known as replast|C|zat [ uti on- SpPI nNni_Nng tec ni ques
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produce asymmetric one ranes non- honogeneous
menbr ane por o8 ‘f°9“5$?¥g‘¥é"§§”f§gf’ﬁ?‘6’ﬁ@ﬁcﬂ?emﬂﬁﬁg 's‘ge"“a"‘fmmﬂéﬁ Bon of the

menbr ane) . Th pdlysnigne $iber0 Molovep,gBndiguifRarteniuhodme higm feva oﬂ@ﬂ&@ of kdrtainQ6lveRisCI O-
por ous barri egnail xﬁX—ngveEQ re?rB@ed(ngl tPeOIrilQ)s n%& cxte‘ng a imlr ous agsge-das%os Of t he

nmenbr ane. The dense s orous barrier eDr corrprl ses a
relativel? snal | MS’F%’Y“@@W‘PH% S%Wm@gbwbmquuﬁn%mmwCZB)lysulfone

di spropor t i onakibradedli @S naﬂmaeﬁen&ixs $8Yrdn porBiity E:Ha@reﬂﬁé GE&EH Ik th¥ckness
characteri st| Accordi n there i s a need

for a pol ysul ’8‘5‘@“%6’%8&"’?@8% a8 &) AP RomEBETSEY Tepbrage s @ PR BF Bt i on
of polysulf oneors\erbaqmarlmam ae (e rixhpofais mdjur sirfaces nhibs mémboane.aMick dexse lsicigl or
i ni i zes cro-boRh Gt S cp%prgas%ﬁaép oAb AP Yoembell off, b3 T OF

a nmethod for the productl o one sem per ranes
wherei n tHe sSFRF%R‘?%’MHMW@G‘P%HE@n‘f%ﬁﬁi%m@%éﬁyﬁﬂmﬁﬁmsﬁ the membeage.i n t he

manuf act ure of the.cda;miﬂgryamas is3d RedC@H4 lwysﬁlﬁiﬁwoaﬂo&troﬂlaﬁdtslﬂﬂum%}% after
ar.e .of sp.a need for

fabrication a el at.i _
pol ysul f one Pibaion °fé’?rl?'sulf°ne STER m“r@é?nﬁ’?’é‘ﬁ Wéc{f}’i %ﬁ’p‘%im%?“g ”ﬁﬂf"} BPHES r uct ur e
t hr oughout t h@xlcmaskbbemsduds madditiopaily, there is a ne¢d fora methodHartigeoveaies opol ysul f one

menbr ane) so BESIS: t
per meabi | i ty g?ﬁﬁuf&enh ﬁcénﬁﬁl%déerﬁ]tge ﬁl&h&*ﬁ rel tﬂ?{&ﬁrh&@ n&%{vl&rﬁé and Ja&essmg mdsSUMVARY

OF THE | NUENTP®Rin the manufacture of v mfwra@m? epily repRyedires bamembigientfiebn proovi des,
inter alia, afdbAtin dAebhBcfaaivEIP IdkSIkitiGN Erhere is also a need for polysulfone

semipermeable membranes having a more uniform structure throughout the thickness dimension

(i.e., a homogeneous polysulfone membrane) so that the entire thickness dimension controls the
permeability of the membrane.
35 SUMMARY OF THE INVENTION
In general, the present invention provides, inter alia, a novel method and polysulfone
composition for preparing a homogeneous, semipermeable polysulfone membrane by

melt-spinning. The polysulfone composition comprises a liquid mixture of a polysuifone
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conpound, a solvent and, optionally, a non-solvent that are relatively
non-toxi c and that preferably do not deleteriously affect the
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di met hyl - | - phenyl - 3- pyrazol | n- 5- one rine) r &l e
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ester; N, N-di n@jphyls d8rbitol; chlorotnplﬂm %%Qeregdraﬂgl oretifyi- ﬁﬂhdﬁﬁ&%ﬁ%ﬁh@ﬂ@'
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| evulinic phenylem::dxdm::q@ b @rtithethpyyphénol; Z-ayirl-zk:ﬁdmmhenph@nﬂmhﬁdw 2k dyI ket one;
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benzenepr opi onj ¢ aci
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benzoyl bi phenyl e gatss THAAASEh: Uiolbfaahtue RSP bicthos REALAKETNE
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iminodiethanol; N-(2-aminoethyl)-N’-(2-((2-aminoethyl)amino)ethyl) 1,2-ethanediamine; 2,6-di-
tert-butyl p-cresol; chloro biphenyl; 4-biphenylamine; benzyl ether; benzenesulfonyl chloride; 1,2-
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4, 4' - met hy| ené&uiredrirdmersls hexphydepi-agepiphettohé’ ~meﬂlylenedxamhrmﬂc@gsm@plalmm.u c acid;

anfl ac?t anili Qﬁrca;f&&&féla&tﬂa\i? g@@ﬂhuree ekl M@reﬂﬁ?ﬂav@ﬁé}h e&ﬁlde)d%%nm% H@hnfn-
sol vent conpri e e ne glycol), tri(ethylene
glycol), gl ycé‘ﬁ ‘ng‘ °‘hyp°ﬂ°l a’f%ﬁ'e %"ﬁé‘F”ééﬁ’ o, tri(ethylene glycol), glygspol. 05 Ry ent
and non-sd vemuxuaeehemfesent inaratio useful to forma sem perneabl e,

pol ysul f one membr é}ﬂeesoﬂr%rg notx?ghfeﬁte&é ﬁr@s@ﬁtqga Lahg%igeﬁlﬂ t% r%raas%xlx ) arbgcesses'

According to anot her “aspec ntion,
"mel t - ext rusi @eiysuifone membrwqﬁédormsrfqmm|hae@set>@mopmm ng sem' per meabl e,

pol ysul fone menbr aR&sding 1 eholiBi dspestds B2 inVentibf a "memmg" bxn'%eHQEﬁxstxbe steps
of: (1) form t“'g a, conpos| tion co r| sin sul f one conpound,

sol vent sel ect&HoF i BrAVieffos RIpdugRg &’pﬁ?‘tﬁ%’& 8?13'58 ‘?’Fﬂi“ﬁ’&‘?ré“e%oﬁ?é’i‘ﬁ‘?l’%’éﬁ

pr ef er abl 10 semhehbdidclideoti skpe of: (1) formingGrediifbsi€iGN@mPLisingth pﬂfysﬂiﬁid’oﬂﬁﬁiubd/laene

sul fone, anty I r]aV . hth a

m xtures ther E%J%elflpsgrrﬁ%de%og% ?1%%1;?{’% &g&pﬁoo%nmglg %/%antemgmldg emég'fselemq fﬁ)m the

f or egoi ng gr oBIPUR Fongiking pifetramethylene sulfone, gptypysine, drvalerolagiain, dicthiephtiblaty, awé| ect ed
from the groumseshedor,ned, QFtloaaiyY£ ﬁ'&nmﬂv&iﬂ eexe%a/ﬁah the f&Egomg gféh;( &ldhdane
glycol), tri(et h%)Lvene@ﬂ {ve% cer ol m xtures thereof (2) heat i ng
t he c AHBYET BhH P mﬁ"t‘@?ﬁé eegr%i’ﬂ’%s%’ﬁ qH@Y(E‘B‘HiPSQYﬂ on becones a
honogeneolfs | idigabylené gly®l), meethylene glycol),t ghyeprel; adduhiietugs m&ba;r(zj Heackhg b i ent) (3)
extruding the MOS o, | gtgu & ' '

single or nulti-ho ichh?e r? &:}h &%’E’%rﬁiﬁgg”grh%g%?% e e‘fs’h)qmds&1 d (4)
passi ng the eXePefaktegreater than ambiegt); §3) ruding itheremAposigiprethiopghy g iextrusiph die éswebr udat e
gel s and sol i di § iige ortrR@IIDRY hblRWHbBOd¢ b@méﬂmﬁxﬁ{éﬁ:t );%84d (4) passing the exirfifafeOr di Ng

t th t of the
pol yaul ane. maea RaudaSiF 35k un SRt 5 amd bR e TR ARt ou

3:0

t he t hi ck¥ess Accordingj toreotheoaspect of thirepresmnioreatian, (relt-gpun, se:m"phmemgeneous
menbrane st rugbiffine Ufibidles b0 brobiabitiabing a uniform sthERRHAbIZRINS the mmssas but  not
limted to, mcrofiltration, ultrafiltration, reverse oSnDsI S,

di al ysis. 25 dimension of the membrane (1 e.,a “homogeneomﬁnprmnpemumI@:lm DRAW NGS
Fig. 1 illust sgphatons sidhat,obs m6l1inidd o6l indEofitrbn, RS iRAAEHE fSerde@imdsRbimacat i ng
honbgeneous dialvsis. pol ysul fone holl ow fibers (as a representative nenbrane
configuration)y dccording to the present i nvention.

Fig. 2 ilPustrates an alt er BRIEK PESCRIPTION O THERBRAWENGS g honpgeneous

pol ysul fone hol | O\Mgg(i) illustrakel D%&n@&&%&ﬂn@:ﬁ of fle ﬁlljaéssqgreéﬁﬁgtmh ﬂc\'/xﬁ'#gdea{g |
Fig. 3is a three conponent diagram show n proportions o ysul f one

conpound, polysul %‘t‘ilh%’r’ftﬁ eI3 A 2 ATPRESEARVAATIONRT e %‘F”ém’ﬁdﬁ’ﬁidﬁ’é&’ ihﬁPfeS“m
represent at i vénvemios.- Spi N conposi ti ons according to the invention.

Fig. 4is a scanmP{kg Z%kugt(r\'artelé %Pal&in‘&tﬁv@%?o%%éa fopagrgcgﬂlrg%ggog%};eo% poFyQulie neeho g‘v& lve

honbgeneous,
30

fibers according to the present invention.

Fig. 3 is a three-component diagram showing the proportions of polysuifone compound,
solvent, and non-solvent which are combined in representative melt-spin compositions according
to the invention.

Fig. 4 is a scanning electron microscope photograph of a representative homogeneous,
35 polysulfone hollow fiber according to the present invention.

Fig. 5 is a schematic diagram of a hemodialyzer including homogeneous polysulfone

hollow-fiber membranes of the present invention.



35 . polysul fone hollow fiber according to the present invention.

Fig. 5is g%‘,}@f-){at I ¢ diagram of a henodi al yzer i ncl udi ng R%%?ﬁg"ﬁys

pol ysul fone hol | owfi ber nenbranes ‘of the present
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DETAI LED DESCRI PTI ON This invention enconpasses, inter alia,
conposi tions useful for formng, BETMLED DESORIFAION pol ysul f one

sem per meabl e MembfafmichVicoSHIRG Shibd AAScokiBiRiohs e MM bPRE, GATRIUNT,
a sol vent and, optionall %ma non-solvent. I'n the cdrrp05|{|on

sol vent and optolvaHiepe SBIPeEsbiecpgubranes. The SAMPOLHaBS EPrise s palypulfprecompaand, fa t 0
forma sem persspatlagi, Bﬁﬁhﬂ@ﬂﬁndﬂ%&fréﬂ fnQfe d@ﬁzésﬁlﬁﬁn tﬁ&oivbrﬁl eiddChptional non-solvent

separation processes s that ar un us such conposi tions
are honmogefeol préseat in “an‘fﬂsﬁﬁff"sfm’t ‘hsém?ﬁ‘imtea "p‘ﬂ‘?‘?ﬁ’ éh%épcéff”émw tric

such that the sprdtirmpresssen\Menabraestrbit antmemsinyi using such compﬁdnfoﬁd’m Sditopenbdus.e

Lhr oughout t Mo/ VeSSl SERFEE kB TR A Semiel LR BBl 1 e

scanni ng el ectron mcros made
usi ng such a upform s“@@\‘ﬁﬁéﬁ‘?“@‘l“iﬁhﬂle Mk’éfesfqlﬂ@élmh@frtbﬂi rnembsaneshvrrwg@aﬂ@omgie

pol ysul f one Wedﬁhﬁﬁgleledtﬁn&xdmmpé Aiddgiaph in Fig. 4 of a WolloG TibeARdde Bstsh@ Or section

of the merlgrane contri 3f§‘§5d'[ S substantlalﬁﬁ%gg 2p ortlona] share to

the permeabi | | PTPEREP-a 87 SPPedhefri 3¢ nqmoeeopy bfone membrane is 2 membrane in
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Preferred the perBabks thirPBcOMMPUNGRMeef ul i n this invention satisfy
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the formul a
Rl err]-Sq err] - R efalysulfone compounds g gheisjsyptimpinpre elliknewminethe 3rt. (Repfeedd can be t he

same or diff erppinifold QugbRiIBMBIUE thisifiveatids3RRH, thePohRNES , al kynes,
aryls, alkyls, al koxys, al dehydes, anhydrides, esters, ethers, and m xtures
thereof, each 20 such group having fifty or fewer carbon atons and

i ncl udi ng both straight-chained and br aRgB@gR, chai ned structures.

Preferred pol ysul fone conpounds useful in this invention have a nmelt flow
i ndex (MFI) in a range of from about 1.7 d%)/mn to about 9.0 dg/mn as

measur ed accorWeFfp Rignd R, (which canhe thesarps orliffersnt) avg groypsraddy as gaopn dlkenaSTM) f or
Fl ow Rat es of alysésmapks amtylspakdiys Eméuymuaﬁydndes, esters, Mﬁmmﬂﬁkﬁs th&&of Nadl

1238- 94a. esul t,s have bee | eved uI fone
e o0 b b SAEY AR AL R R S Lt
Pref erred pol yeheinddgtrectures. Prcferreé @ﬂmmgomp@efds bsefumnttm swcmnmetmq omeli find ude,

but are not | 'ﬂ&e&?ﬁFi)Qn P%%é%ﬂ’xjoﬁ%oguﬁ‘?%glnﬁlp& aﬁ&ﬁ@ﬁ@ldglnunasmeasured Rispgenol A
pol ysul f one, ngeXEt er fone, _and m xtures thereof.

Especial Iy merican, gandard Jest yeﬁ‘ﬁ%é&aﬁ@ ﬁ°ré:(’:‘}’ﬂ Rajes of HQF"{“!PEF‘HQWD?’%‘M%OI A

pol ysul f one.  Plastometer, ASTM D 1238-%84 umatmsﬁmrhaﬁmemhnmwﬁ@n& poREaeAtnd” s
defi ned hegkei (e} ct tics:
boi | i ng p%lgnt o?‘ﬁo‘?‘ C,,%}IS)OME{S tj}?’ gttsz %“ng’aé’%qso e g%?‘%tp8g'ﬂ11f§ ‘ol ve

from about 8 v@F’g?wdSpé?felemhlStloveatEmmchG@ bycdrgyet llpéﬁaemlya@ﬂsutfdmes foleyanplef one

conpound at a bxsphenol A p&l@sﬂmﬁ:@ %%ﬁer' sBifdae rp%l}ﬂﬁan)fl rsﬂﬂ?h@-%xé% BEredC ﬁs%cxﬁ@pm
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di's
~ percent to abo“ﬁ’f’ ?‘\7\/&?‘}8 ttffen 6@?"8 ‘3%‘[“?‘6‘1“’3 QSPBW% PQ}V%‘E‘P“FO ne.

~ A "solvent for the polysulfone compound"” is defined herein as a compound having the

30 following characteristics: a boiling point of at least about 150°C, a solvating power to dissolve
from about 8 weight percent to about 80 weight percent of the polysulfone compound at a
temperature in a range from about 50°C to about 300°C. The solvent preferably can dissolve
from about 8 weight percent to about 80 weight percent of a polyarylsulfone.

. Candidate solvents useful in this invention include, but are not limited to, tetramethylene

35 sulfong; 3-methyl sulfolane; benzophenone; n,n-dimethylacetamide; 2-pyrrolid6ne; 3-
methylsulfolene; pyridine; thiophene; o-dichlorobenzene; I-chloronaphthalene; methyl salicylate;
anisole; o-nitroanisole; dipheny) ether; diphenoxy methane; acetophenone; p-métﬁoxyphenyl&-
ethanol; 2-piperidine; antipyrine; diethyl phthalate; diphenyl sulfone; diphenyl sulfoxide; phthalic



Candi date sol vents useful in this invention include, but are not limted
to, tetranethyl ene 35 sul fone; 3-nethyl sul fol ane; benzophenone;
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iminodiethanol; N-(2-aminoethyl)-N’-(2-((2-aminoethyl)amino)ethyl) 1,2-ethanediamine; 2,6-di-
tert-butyl p-cresol; chloro biphenyl; 4-biphenylamine; benzyl ether; benzenesulfonyl chloride; 1,2-
(methylenedioxy)-4-propeny! benzene; 2,4-diisocyanato-1-methyl benzene; chlorodinitro benzene

{mixed isomers); hexahydro 2H-azepin-2-one; 4,4’-methylenedianiline; 1’-acetonaphthone;



acid, tri- o tolyl ester; phosphoric acid, triphenyl ester; phosphoric acid,

tributyl &g 4,79henyl phosphorous di chl oride; p-nitrophenol;
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useful in this i Xent b but,_ are not limted ,
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determ ni able co nent co cent

conpound le ut‘?%ﬁ B‘gf?“%’éq?g‘ﬁﬁ{]‘f‘?f Pining thy apptpRsiate blepd S?“B?/S“%Pﬁb‘ﬂg‘hknom
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anot her factor 1In aéet erm n| n xg&%yﬁ%ﬁn Q‘fﬁ end conposition because the
preferred pore si 78 thsfeaseREm Mﬁ@ulémnoﬁlﬁstmmf liquigs ctheydongenteptipmief thend

sol ut es t hr oughiysdene compound 1SWABW le‘ds?—'éﬁbu@ﬁih@bé?&nﬂ" Rg# }é?&ablyrhrt padagduf | ber

end use. 12 wei ; r+ " usef ul mcrofiltration
of Iiquidd® th&“EHRLRERENar P%??“‘Eff‘“‘i“ﬂ’é° ¢ solvent ‘S;?(S‘Tfﬁféttﬂ ?‘Jﬁﬂ% %hﬂ‘lﬁ‘ﬂ is
preferably at pemsensitmerbpueferaBly welkagtrboy 60 eeighit pemant. eTiproedcentadinyof i nb:es'ﬁ%mabout
15 12 vei ght rQs%ﬁCi% beferablyCar foP GO ably at

| east about 40 we piseeh B eral}t per cgﬁt%ém r&& erg%}'rgfg ly%@?ﬂagt “g(g)ut 60
wei ght percent“’elg]’h%e“i%ncent ration of the non- soI vent, if present,

is preferably at |Iﬁa&tcasabﬂﬂ£mblanm1s@9{ﬂtfom&df'ﬁﬂhon @Qﬁly@f@rtﬁb Rhehpfidhirmeat | east
about 5 case of nenbranes
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pol ysul f one coalrps@hueighy ppresaf. cThaishyceniiatidned gt selizouis pEBrablyiagledst fhewt@e Mieightor e
preferably at eﬁaﬁtmore Breferabler D4 avém 4%19198&9&[ Cﬁ&)&:entr;l;mﬁ oF&l@fi&’l&QQﬁ 1P n Of

t he sol vent |sr§re era Gg | east about
preferably at ATeERStis pstsesply &‘éeﬁﬂeﬁb@ﬁtl W5iBRCRSFoENt I(‘RS?\E’@#WW&P‘] least ?Utﬁl’i@lght
non- sol vent, igercent. present is preferably at |east about 1 weight

I f the non-sol vent present,
solvent to norralyblsufémm to form a semmaltme@lé mapfbfane sefut fot iquideparagtiospndepes n@abl e

menbrane usef Wrerfdy dvogtw 93 1&69&6@%10%&5&9&%{&%%%0%{ £1 1o about 10:1 IO!%SF erabl y
about 0.95:1 to ali)out 80: and nore preferably about 2:1 to about 10: 1.
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A pol ysul ne,, | en col)
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each conponenta,)ict haret ele 3geBifit BinpBéifs consisting of an amount of each of the three

components within the area A, B, C of Fig. 3 are suitable for melt spinning into hollow-fiber

percent, gpre pr ef 14 [hg‘ gor}/ soﬁ/ent is prese sléﬁ?ntt fogno\é\%%%%g%rla@é rgite. ’raasf’g'fepré (t:o(e:}r(])%l-'éel\,/e%g

membranes.
35 ‘In the case. of membranes useful for reverse osmosis of liquids, the concentration of
polysulfone is preferably at least about 30 weight percent, more preferably at least about 35

weight percent. The concentration of the solvent is preferably at least about 12 weight percent,



A, B, C Any of the specific conpositions consisting of an anmount of each .
of the three conponents within the area A, B, Cof Fig. 3 are

sui t abl e WO98R2¥78 spi nning into hol |l ow fi ber me mb PENE897/23687

In the case. of nenbranes useful for reverse osnosis of liquids, the
concentration of pol ysul fone is preferably at |east about 30 wei ght
percent, nore preferably at | east about 35 wei ght percent. The
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hollow fibers), quenched, wound, and then held dry in air followed by soaking in a liquid that is

n

substantially a non-solvent for the polysulfone compound (Fig. 2). In yet another preferred

35 method according to the present invention, a polysulfone composition is precompounded, melted,
extruded (as solid strands), cooled, pelletized, remelted, extruded (as hollow fibers), quenched,
wound, soaked, leached, rinsed, replasticized, and dried (Fig. 2).
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holed or multi-holed spinneret to form hollow fibers, as described above.
The extrudate exiting extrusion die enters one or more quench zones. The environment of

a-quench zone may be gaseous or liquid. Within the quench zone, the extrudate is subjected to



solid strands through a single or nulti-holed strand die and the resulting,
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menbrane per n'etamelabﬁrgpr{a@ rﬁbér%?amictm. elﬁgrg gpe%ﬁgﬂlﬂsd?a'wing or stfetching the fiber may be

accomplished by passing the hollow fiber over a series of rollers. The desired degree of

Q

-h‘

stretching may be obtained by control of the rate of rotation of the second roller or second group
35 of rollers relative to the first roller encountered by the fiber. Line speeds are generally not
critical and may vary over a wide range. Preferred line speeds are at least about 10 feet per

minute and less than about 1000 feet per minute.



Hol 1 ow f.i bers are, optionally, drawn using godet rollers or other

conventi pnent to the appropriate fiber d ‘W%q)
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menbr ane fr ompréferablyeless than 300 secondspr ocess. The ri nse bath is preferably

mai nt ai neds at roo t | dence
time of the fiber mvée?ﬁ&ﬁn? degxrﬁﬁnﬁgagg gl%f EQA 3 S\% ic er aiﬁe lasF%zsatsmtqwr%cﬁssl o
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gty adversn.lg a{:fecg ccordlmg y, the maximum temperature of the replasticization bath is

preferably less than about 100°C, more preferably less than about 50°C.

35 "Following removal of the membrane from the replasticization bath, excess liquid adhering
to the membrane may optionally be removed, preferably by use of a conventional air knife
operating at a pressure of about 10 psig to about 60 psig. With hollow fibers, good results have

been achieved when the air knife is maintained at a pressure of about 30 psig.



preferably at |east about 20[err]C, nore preferably at |east about

35[err] C. The maxi num t enper at ure of the replasticization bath is
bel ow a twoperHrtire at which the nmenbrane integrity coul dP@EUS97/24087
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The resul t3 ng 1pa0 sywudsf GVieh hottevbiitzrse gova yesuls hbve beenlabhjevedoehed ithie ditlesiwas dtied daren
(preferably a, #mt about 1%8 "%;" ion oven). The oven is mai ntai ned at a

tenperature of trom about err] C to about 200{dyerr Wth holl ow
fibers, good r esulmsswwmvlya@mwwwm %ﬁtp@}beﬁ wetkodpmay Yeasedven i s

about il B lmsreﬂaﬁuod ﬂo@sssscsﬂenea@tuuoﬁb: OMReA td, hﬁcram&moar\@uaﬁﬁmd&d gelyfiQr a
period of fro Wth %ollow

m about seconds { 1200, seco
P bers. “good LTS oRapE. dhuReaooite Ml 95 TPIEE, TR ir Pt Yo
at | east aboutmefhéd w@edinpds the present invention, is selecibh e semapanheaesblneg pahiysiefdrone

menbranes for qﬁ%tg%atgthgxd qﬁs CSH baﬁﬂ;éxgﬁs Eﬁ@ﬁ'nagtﬁ%ﬁjﬁr‘ (%ﬁg Slglled in trkﬁe grlg (b)%s&ﬁ ulpon the

| i qui d- separ at'| rocesses suc ration,
ul trafiltrati defchings Berein s, and reverse osnosis. The specific

fabri gat ion rreth hodrht Mbwh§v&i8iﬁ|e%ﬁ§%s axwipiehumad toBusEROMe nﬁémioﬁt&lly and Qﬁtnbl()ds
according to the ent_1nven i.S'S as to tailor the
resul ting nenﬂ??ﬂg‘{‘f’ilfmt the scope °}+“‘t’é"’eém‘f’ﬁ%etﬁgﬁ?ﬁméﬁg”ﬁSe. Such adaption is

-3

readi |y athi eved by one skilled in t heEXaMPIEated upon the t eachi ngs
herein. . %@ﬁﬂ' e to
illustrate the i nvAe'F\otmlp((:))s:ri\-pjgr‘lJ a&w Q&né%%% fhoii 36 p%‘%en@gg émﬁg]ﬁﬂl {

scope of the itpdntbihenghA peiesulfesp (ayeilable frem AP, Polypmrs, Inc. of Alpharetia, Georsm)

EXAMPLE 1 about 44.3 weight pbesnDiTRFSduE mmaumva@ab&rzﬁm;m@m&hﬁﬂ lﬂ:gmpapuﬁ 36
wei ght per centy Udel eno I fone

i.S
(avail able fr or‘ﬁ%& T&?])ﬁﬂ‘?&!’-r‘g%t]lg -7 Yejght peg cfmﬂfgﬁ%gge’ielggwl vcmé%m “Habout
44. 3 wei gR® peveighhef abovh J9P dalonssianaflablecfram Dew Glhemichl @nipmmf Mﬂla\nﬂa Mighigabni cal
Conpany of The solveROb gsﬂ.sonv&@ms )ya@muta@wtnumzpo\ﬁﬁwm o&ﬁ‘ﬂoﬁxﬁl@& ina

pol y( et hyl ene cg ycol ) having an average nol| ecul ar 20 ght . of about
1000 dal tons ( \f%ﬂ“}“&b‘l"é ST EhRY aq: (S3i8iek:\ ‘EPF“PRH“H’Péf’ﬁﬁm‘M PFHeYER) .
The sol vent t cusihganr ROP 2.0 pélletisi (a%l%fr@bpﬁﬂeaﬁle&x&usmﬁmgstmmﬂasbﬁ(teﬂzﬁ Giev8,

conpounded in COo-ratatin g e at . abou
132[err] C. Theﬁ"eévxlterrsa&eaad then re:(:)aSI | on Wé‘li\/\é @rou ?’gho fiber spmneret a about si ng

an RCP 2. @ pel 148G vsing a(smi&ﬁqr%@tﬁxmder oﬁeRﬁnﬁw@ﬂlb\&ﬁE(@nu@#@waSSy@F@W aif| ﬂhc ,

f”;] Cedﬁr Gg gvﬁabout%{’c‘l for abom%vsel&{dﬁyaxm Rt ﬁrh%&ief&&ﬁiné@tda saftke S &wg%i

rough a e hal | owfi ber spi nneret r using a
S gl o sor o R PR o0 P GRAHE e EFT BE of 8 1 BT s By |
air at the Bileoutengtl byeabodt §.75 percealy otnd o asere cand Sqakedrimawatbrrtamnaga f i r st
godet (rotatiny feet per mnute) to a
second godet o&%’f&nﬂmuwgz‘%}%g%é%&ﬂbz% of 182 feet per mnute) to

i ncrease 30 EOHEWW soakingsin watat ths hbl}OWa@PGUWaSEWF@SﬂS &y awtipding fha fhgr fem a

core, and soa kzﬁdcomt ] rae@.sf%oubai #YmB and passing the fiber IhESURES SoOhRtePbattAfdPbout
25[err]C for atH)O anOl‘{'he p ber was "then immersed in a room temperature water-rinse bath for 139
seconds. Following the rinse bath, the fiber was replasticized by immersion for 140 seconds in a
40-percent aqueous glycerol replasticization bath held at about 37°C. After removing the fiber
35 from the aqueous glycerol bath, excess liquid was removed from the fiber using an air knife
operating at about 30 psig. The processed hollow fiber was then dried in a convection oven at
about 70°C for 155 seconds.



30 . , Fol | owi ng soaking in water, the hollow fiber was processed by
unwi ndi n i.her from the core at a rate of about 30 ft/mn and
et

passi ng t through a 37[err]C water bath for about PCT/US97/24087
seconds. The fiber was then i mersed ifsa roomtenperature water-rinse bat h
for 139 seconds. Following the rinse bath, the fiber was

repl asticized by imersion for 140 seconds in a 40- per cent aqueous

gl ycerol repl asti cTieatsniting tiiow fibe hetl @tavérie hime demetd df @60 4ol Y i@erbdiQualli ber
Pober sy arnBRENeSs ghY TR o Bhdl el {6532 ploh i3 S Tk (8T L NS

fiber using an air Bl Br ocessed
hol | ow fi ber wibsrst H@h.ncﬁﬂ&‘datqrrﬂuaofdmwm wu;rwbﬁm/(atmanmz) and thadvetage KP[ err] C
for 155 secondgr sodium chiori 2

PCT/ US07/ 24087 M@%ﬁ@él@ 1.92 x 10? centimeters per minute at a solution flow, 1?&3

The resul t Png FOPFGHRF filrep byming gfjabgpt 007 pilliltsts| pespinute pes fbere Kndf defigd inder | m  and
an aver age wal following equatiofi:hi ckness of 18 [err]m The hol |l ow fi ber was
fabricated into a dialysis test unit containing 150 fibers. The in
vitro water flux of the device was 102.§5 m;/(hr nmHg nferr]) and the
average Klerr] for sodi um chl or“deKV\@s found to be 1.92 x 10[err]
centineters per mnute at a solution flow raté 5 through the fiber.

| um na of about 0 02 mililiters per mnute per fiber. Klerr] is defined in
t he fol uati on }b . where Klerr] is the
resi stance to ‘?‘&fée %?Qﬁg‘?‘é‘f‘mﬁ\ﬁq‘ﬁsﬁw‘rﬂ“ﬁ%" withip the fidrresn i the fumen pfhelollof t he
hol | ow fifer, land P, iartd nﬁﬂabm]petn&aﬂillitﬁ. [f&ﬁibﬁcﬁlﬂﬁks@le i @RBhihd thé’mexﬁﬁran\éﬁs not

possi ble tg d n usi ng
the test e{gpasﬁaetﬁ%égﬁlﬁigcﬁa{hgg E g@f’ et ag?araé'f)sl ua‘llson t W&Eéﬁ“"&‘lhgf"ﬁ “als
fiber could no@beb@uﬁd’ebbel%dgbfgeﬂm;}hwtr@dwéﬁadeghgﬂb negli gi bl e.

This hol | owfi ber Ml&ﬁﬁb&%ma&ecombé tabritbEinto i BitdBle ANid A Ee AGY1 CE fOr

use as an Itrafiltration cell for the renmoval of contam nants from
water or aque Olﬂgaﬁétmlm? ﬁg the removal of contaminants from water or aqueous solutions.
EXAMPLE 2 15 A conposition BXaAMPLERar ed conpri sing about 36

ht t ud [[}][,J,% Anoc I nc.
\ggl)gt 4Eer1§\<,a\gl ght A g?ceﬁté an SD/ﬁFared con%rﬁ%g%goﬁe);f&ﬁhﬁ Fmemqmpoll%%em cal )
and about 18. oy éﬂﬁ (Amoee Rakmepse Inp .cabpiys & A aveightyperstat arhadrouagulf»hna@hﬂlmge

nol ecul ar Chenucmlagﬁliboﬁlfm@%t PeRie} peietnPaR oyt aqgg% ﬁ'a]age’ moldefildi NG @

sol vent to non-s i o abqut osition was
conmpounded in & To° rag?%tlﬁoﬁ?dmt“f'@\h? @F’@{fﬂ%}sﬂ#‘iﬂ’éé‘r”’é‘fm QH’B’&?P VRt Jetio abpii 2.5
extruded conpoBietcompesitierswas kempopsled inta coadtating cowinl-soet exthudet scabbutudEL. tiieough a

30- hol e hepl ovgfidag Eomposmon was gx} &fz@éﬁoﬁ elt?db ?:Ht%tl}czdéc{ @:05%1 ééshiofé%oﬁow-ﬁber

si ngl e-screw extruder. resu
quenched in ai St*’m&"cre‘éb@ﬂ‘ft 1282°Fé’|51|“§ EZS‘ﬂ ?"SCWW@@@ nERg resylpies !w&@uﬁleer ngmdatc was

hol | owfi ber nouerieheanie aiWaSbdORIPE for 7-8 seconds. The resulting hollow-fiber membrane was wound

on a core at about 110 feet per minute, and held dry for about one hour. The hollow fiber was

then placed in a water bath maintained at a temperature of about 25°C for a period of about 12-
25 15 hours.
The hollow fiber was then processed by unwinding from the core at about 30 ft/min and
passi}lg the fiber through a 36°C water leach bath for about 40 seconds. The fiber was immersed
in a room temperature water-rinse bath for 139 seconds. The fiber was replasticized for 140
seconds in a 37°C bath of about 40 weight percent aqueous glycerol. After removing the fiber
30 from the aqueous glycerol bath, excess liquid was stripped from the fiber using an air knife
operating at a pressure of about 30 psig. The processed fiber was then dried in a convection
oven at about 70°C for 155 seconds.
The resulting hollow fiber had an average lumen diameter of about 142 pm, and an
average wall thickness of about 31 um. Dialysis test mﬁts each containing 150 of the hollow

35 fibers were fabricated. The average in vitro water flux of these devices was 68.0




on a.core at about 110 feet per mnute, and held dry for about one hour.
The holl ow fiber was then placed in a water bath maintained at a

t enper at (WO 98R944BH0ut 25[err] C for a period of about 12- 2BCcT/UsdiR4berUr S.
The hol | ow fi ber was then processed by unwinding fromthe core at about 30
ft/mn and passi ng the fiber th“rough a 36[err]C water |each bath
for about 40 seconds. The fiber was i mersed in a roomtenperature
water-rinse b h rep d for 140
seconds in a %hgﬁnﬁﬁ}% aﬁ%&?%\g %5“2_ For% dRl(f“{ecrhiclzgg1§ wae?c?hoeug%g&x ?& CEF At t er
renovi ng the fPeigipute I SOlUthnrfbmf%théﬂ@lqu@aﬁBer dimjnacof eboutihﬁmmﬂ@m@ssminutqmrd was

stripped fromgpie Thistliovw BleNBermttantislusdfili thrultrafiltration, suc® REHALE A% HtrafirRioESSUT ©
of about 30 ps The processed fiber was then dried In a convection

oven at about 7'8{"& opg) of cpgigminants frpm, water or aqueous solutions. The resul ting hol | ow
fi ber had :an average Iurren di anet er ofEXAMPRE 342 [err]m and an

average wal |l thic I S el-69

cont ai ni ng 150 of @ﬁ)ﬁ&ﬂs?t{opggp%épm%& %&%M@bﬁgr%v%&lﬁrl cat baelll%fé?gNg erage in
vitro water f|palsufprer(fymaee Relympprs.dac.lnaboubs. Dweight percent Bhyd@gio @uifdigne (Phillips

PCT/ US97/ 2408 Tchemical), and about 17.7 weight t poly(ethylene glycol) h a4

mL/ (hr - mrHg. ni eEgéL% gp\da Tl he a\‘ﬁ’é’Fapémé’[ I()aory(‘]: yefnegymo)dla‘lljmnglagav%argfglelecv%s about
2.28 x 10[ er r Veranfi2hevt H}OQ dalfons (Dow Chemicaly; Hielfiae & golventto peprsolyent afie of oot e

t hrough t e fi4oer. Thersompositibn azb@uhpoenmmm do!réthtink Stiwsn-RRW emlﬂéitaﬁablaﬁr99°c
fiber. This h an faor t af| atlon ch as
for use in anq’h(} %\r{%‘ﬁeldl ? fﬁu”? D5o-dofe h°ﬁ ﬂ’efoprmﬁ% éﬁ i qﬁd’?ﬂ“‘gfﬁ nant s
fromwater or aa’qu@g@p# &6 for plioyfissecondsg The resultmg hollow-fiber membrane was wound on a
EXAMPLE 3 core at about 160 feé) pSrORRRAS Iahd MEbedBrineRhER 36 § we Bath 55 arbgn&ﬁhﬂ Yfou38
wei ght percent #g% P1835NT1T11 pol ysul fone (Anpbco Polymers, Inc.),
about 44.3 vvel W& cent anhydrous sul folane (Phillips Chem cal ),
and about 117. 7 weiTyhtolperibentas med yriwetutyfranbe cire/sabdut SEM/nhna pasi Girdgea
mol ecul ar 37°C wilB 183 b4 1000 daj t h ), Yyielding a
sol vent to non-solvent ra?{fg o?‘Ht“B 18* f%glswéq%wﬁé%%%p%m tion was
conpounded i n ¥MASHMFESY AR Fipyg bath fgir Hb‘§b¥4@m9$lsf {Fbeefiber wasgrenipsticizeDfop 140] setonds

and extruded di Exﬁﬁf(xéous 10 RLEMN Bmdfing) Mot @@elgﬁb’befcbxh%fyce?&' Lﬂé"ﬁ‘aﬁﬁemg IB@ at

extrudat e was at. about. 26[err] C for _ ahout
seconds. The r¥ °u? p&h g“%ﬁTWBW%‘P%@W éﬁ?‘“ﬁﬁéé’ ‘{Xﬁﬂi’f‘d} rpssdiquid was ’em°‘88r e at
about 1602¢% eetfr0p1ethe fibenbit &, airdmife qpeminecht A prewoke af dloyt 30 phig  Thevfivbrewas ltrb briddor a

period of abouyj , convection ovérfat &um“é%r aBJn?ISIS seconds. The hol | ow fiber was
t hen unwound fromthe core at about mn and passed through a

37[err] C water | ed®h g olv-Bsomembre et iursaee Tuwen fiapee o2l umhewd sumer sed
in aroom average uiaEﬂMa@i a3 pﬂﬁﬂﬁaﬂysisltﬁﬁﬂmb adch ananm@hSUJ(Bf HeABuigg els. The

LSRR IR R T p—— et TR

cont ai ni ng abou
about 38[ &¥r] @U@f'tnmﬁg rmd/thngvetabeK,fv Ifdm@tvdm’nr @mrrtihwasafqmém Ofisykcior ol bat h,
excess |iquid meéﬁgwmtzg a somioa%mrn@mtdu Pihe Rk l%/er |of 2ot & n%ﬁﬁ{e?st Ing at

a pressure of about ber was
convecti on oveff ButEpFdbery lh? ]°Q‘,' q‘bﬁ’im%{%ﬂf capepg “%"'éé‘bﬁd%‘“ﬁ‘m‘m cell for the The
resul ting hol Iremsvhiiof esntamaing ﬁmehaobra@eaueﬁlagﬁs | unen di aneter of 237

[err]m and an - average wal | WF)EMI?E of 35 [err]m Dialysis test
units each containing 150 of the resul 1"ng Bers
30 A composition was prepared comprising about 38 weight percent Udel P1835NT11

polysulfone (Amoco Polymers, Inc.), about 45.7 weight percent anhydrous sulfolane (Phillips
Chemical), and about 18.3 weight percent poly(ethylene glycol) having an average molecular
weight of about 1000 daitons (Dow Chemical), yielding a solvent to non-solvent ratio of about
2.5:1. The composition was compounded in a co-rotating twin-screw extruder at about 143°C,
35 and extruded directly through a 30-hole hollow-fiber spinneret. The extrudate was quenched in
air at about 25°C for about 0.08 minutes, wound on a core at about 203 feet per minute, and held

dry for thirty minutes before being placed in a 25°C water bath for about three days.



wer.e fabricated fromthis fiber. The average in vitro water qux of these
devi ces 43 5 25 mL/ (hr-mmMg. nferr]) and the avera e err] for
sodi um cWéP&&%ﬂg\as found to be 0.88 x 10[err] 'H?“le

mnute at a solution flow rate throughy4.he fiber |um na of about 0.02
mlliliters per mnute per fiber. This hollowfiber nmenbrane can be
used in an ultrafiltration cell for the renoval of contam nants
fromwater or aquerhesolRelfibed veus then unwound from the core at about thirty feet per minute and

EXAMPLE 4 30 o it are i n abo t 38
wei ght per centpa‘elsﬁietfm\}gf?é l\ﬁ i.r‘LIPrth bl o, ut%ﬁfgﬁ%‘ S(Aﬂﬁ%!’%}@f “‘I fc.)
about 45.7 weirgdm tepperaern watenthegeckrath for mlsmdan&e(ﬂhr Wisirgpdasticized for 149C§h®ndscal )
and about 18.3, mesqgéuxs ﬁg&&,ﬁm &a&mﬁg&d&xﬂ @%ggl ﬁe&%)glygw tﬂgbﬁ‘beﬂlé%gl g

nol ecul ar about dal t ons
sol vent t o norf?¥% P%gntAfFea{“F‘B"%f the,fiRst from the aqueous g Y5°f@ batipypaceslifyidtas remavedas
conmpounded i n fRnCle filek adingrag aie WhifR-oPE AR aCXPréseile b1 Bbut &G Usigl ABE prokebea 35

and extruded difec th o h a 30-hole h neret. The
ext rudat e vvasqlq{ljen%?%gf e&lgawnvema? P"%P‘%ﬁ‘&ﬁ&%{ g‘&r‘f‘%‘@m about 0.08
m nut es, wound on The casyltingaholleshihst m@iBane bat anpeeragailumeh diameterchf % s0n, and an dry

for thirty m nubes aehRiesnAL08 bl 450 i i Uen HkBling 36 B hOkeaig el N1 0
pcyr/ us97/ 3 ogpvere fabricated. The average in vitro water flux of these devices was 141.2 mL/(hrmmHgnf) -

The hol | ow fi hed theatrdgbIR)) fod St dlokiBOMsifiiRd Gcotet . 20 x B Qahkimbrbrs f)érynui@ﬁ: aper
m nute and RaAssSE r 38[ .- | each, bat h bout
thirty secondsohmfcﬁ1 i Be Ell“mhl"‘s |%€’1’r°15?use °?ab &Wm‘?hhw“r%{)mnf’%ﬁﬁ fbﬁrt'u wat er
ri nse bath f orhollepgfikee membtane isTisefulfin brenltrmtynmewlamthmm@dl df gentdindBnts romnds

in an agueous vg,keyg,e;qggoup@mongont ai ning about 40 weight percent glycerol,
the bath being held about 38C. After renoving the fiber from t he
aqueous glycerol bat h excess i qui d WEXAMEHBGed fromthe fiber
using an air kni f&m&@bﬁidn% Prepaikd REMEHRE aaoetf34a&ugu¢petdaitmy1 mseisng he
processed ow._f convection .about
70[err] C for fﬁl?'s“%{é]’ hgee Bolfiers 132, Sbouf 5 | ‘1‘?1%11 PEST yr%f“?’n%“% F&f%lgsr

menbr ane had demigd Company), phort 1diveeisbt percens fpoly@RylEngratylel) hasingl amaverage molecular
average wal | t%g@xk&ﬁ%&t @600 ﬁﬁmﬁs (ﬁ)%&rrdhéﬂncaﬁ)caxwaﬁ&)saﬂd%&ut F%xkﬁ p@r@&xh gl QR ai ni ng

150 of thgresgltln%ﬁl ers were fabrjcated Teaverageln vitro
water flu ' ritar R Roeesss I”\ﬁ/a§°ai%iw25hﬂ‘ﬁ5°@hyl°lﬁﬂﬂg SqL¥eRty tp yron-solvent ratio of abopty o
average K[ er r]4.%:br Teodinpotitiehivarcosioundes irf Deorrotating t0i@-sdrew? Extotdet @ bt 144°C.

centimeters P8fpe gltglg&gw%ttheﬁ c?oledépellenzap re%e te%n aJdleQWd%xe élhhhg ﬁ%ﬂ hopow tf' t;exb er

| um na of about
hol | ow-fi ber riB¥Rsre Alcabpug 1%1'3"61“&1?84@&&9‘&@?’??“&@# tThe reswitingcegtnidate wes quensheddmpyv al

of contam nantag 4 k60 20°C for abouNMaerﬁmaé aawaﬁu%nﬁeéry&tlagm 200 £de? per minute. The

EXAMPLE 5 OSI t ar ed_conpri sing about
wei ght pe?centemfjﬁé‘i“r!gfg‘\?é‘ﬁﬁ ately plac Qﬁ‘b??%% ﬁBa“t RropR °ﬂ’8§"§’g‘ﬁr1§'2ol nc.),
about 54 wei giouger cent anhydrous sul folane (Phillips Chem cal

Conpany), about 1% V&l age
nmol ecul ar 'I\‘Ah/e@?gﬁ’t};ﬁ out p’%%%é ?aWonsgf%of%g&%nmagéﬂrp%omt 2 %t and
about 1 wei ghtPehBinete aed Risipg 8’#“6‘!"3’ through a rpopyieRperatie werpesgiopath for Wcsmn@eat tle,
Washi ngt on), yrelidérR@s &plSﬁl:dkﬁ Bér 149 sedshas MQl ba@Rbntdidhd Mo 40 Bk tpercent agueous

4.5:1. Theg,co 05|t| o) nded jn_a orot t|n tw n-screw extruder
at about  Tha[ PRt neld o aBout sEHER G rempng e e o sapBpLeonEite s g,

renel ted, and lamﬁlwadedppbmrmmglhﬁheraﬁntlmmha bromtidg dypressure of about 3Gmigi et  at
about 134 er r 1,C uSian e el WhchiiS hWofsbol Bh a ab 655K 141180551 T udat e wass

guenched in
The resulting hollow-fiber membrane had an average lumen diameter of about 165 um,

and an average wall thickness of about 18 pum. Test units each containing about 150 of the

35 resulting fibers were fabricated. The average in vitro water flux of these devices was 67.2

mL/(hr-mmHg-m? and the average K, for sodium chloride was found to be 2.19 x 10?
centimeters per minute at a solution flow rate through the fiber lumina of about 0.02 milliliters

per minute per fiber.



air at about 20[err] C for about 0.08 minute, and wound on a core at about ,

200 f eet m nute. The 25 entire wound core was immedi ately pl aced in
a 25C wa 9%’?? for a period of about 15-20 hourRCT/US97/24087

The hol | ow fiber was then processed by, unwi nding the fiber fromthe core at
about 30 feet per m nute and pa55| ng the fiber through a
roomtenperature water-|leach bath for 97 seconds. The fiber was

repl asticized for 145 seconds in a batgxaaesiead ni ng about 40 wei ght percent
aqueous 30 gl ycerol _ held at about .380C. After renoving the fiber from
the aqueous gl ycef'dPmBREHR W@ pErpyed comprising abpyt %Wﬂg‘\kﬁ?“%‘tqqeg%‘éammbm t he
fiber using apolgmfonk QAh&o PRlghas, um sbofitr 58 Sightepedént addpdibus 3klfopsd @hilliphe

P ocessed o AL Bl Sl R0V GRNE2 250 O iR 11 C 1"
aver age | umen weightroéalont 19P0 datsons (Dav6 Shefmigal qlqmpany) and about éwdglamermemépgulewal I

thi ckness of QEHibt(Aﬂd%ct[ Efichl e Colfpily, 1B] MitwRiked) WiQHHsRS, Bleliths 3R h20.0f the

35 resultln f'i bers were fabri cated. The average in vitro water flux of
these devi ces Skt 1o of about 4.5:1. The pomppsitioruas ?Pf”@?‘i“]"’% I\ EPTOREPSA S K[ er 1]
for sodi um chkeanider was 1537¢N dht extta@atedwak hext cdoldd pelldtized, remelted, M@ Bkubd@dt er s per

mnute at a s %ﬂy ! il 090 Lol Ol%lll’)v?‘ %'ger p%l me¥e9% a{;)o%?l;f"g usmgl\ﬂé%ﬁ 47%9&%“ T)Qe 02

milliliters
- 10 resulting hollow-ﬁ@rﬁw@w \Qasgge:mhed m air at about 20°C for 0.08 minute, and wound

- 16- on a core at about 200 feet per minute. The entire fiber core was mmedanc&ﬁnﬁ 25°C

A conposi tion was prepared corrprl sing about 34 wei ght percent Udel
P1835NT11 water bali,for & paripdofd SERMBES  Pol yers, Inc.), about 54 wei ght
percent anhydr ous Tt/hdliow &ib@ waPlhbd progesed by unwinding e fibee &’om@&rﬁﬁﬁlay:)bputabwdtt 6

wei-ght percent | v(et.hyl.e Ql ). havi an, av

Wet ght bf - abo o Stk Be fosttourn AP @R R U Wl G605 Rt
percent t#3 ( etThefikenwas then immerseg|iy & mow-t(weﬁwwmbmfﬂ Cipreeonds; Tlhﬁc

Mbl w?uzeg 1W ﬁsxmuaa wamﬁaﬁafoaz&qwﬁ&tm 1 St About 40 weixght perc@ht\egitbus atio of
abou e G 0Si n, nmpoun in a co-ro Wi n-screw
etruder at aBETo TR ELAPY Go-Crates ST P Hh SO e Feg Gy SRS ot
renmel t ed, and liguit wadsdpped from the fibel nginpopin air kBife dpedatingland pressuré oftabout 3Ppsipaer et  at
about 137C “S'ﬁlg egéeé‘ﬂdn‘éw%?&% gxxetgruyggdé%e[c;[%}ﬁv%la?aboutr?%s(g%&hf&e&%sl owfi ber

extrudat e was out nute, and wound
on a cor e2qt aboutmzmﬂmétpﬂ%ﬁbeﬁmmhr@e hadtpe apamep pumeq dipraster @babeut\ 480 pm,

i medi at el y plaad@Chviripeava Blickhdsd 6 about 20 pm vp@st ifits bk lsbnfamngabdaerso@dmef 15- 20
hour s. | ow fi ber t hen roce %ng d| ng the

. The hol
fiber from t hd*WEpelite vgbeo%’f“"%‘f? f §fw°mg° B vito i Pﬁ?ﬂj & g t he
fi ber through mi/thonniHgefped tt evemge B, €r sédbarcdhiotidd Was ffond QB)c.Qeid(mGé 15
seconds. The. Sortieh BERAC alpGid 0 E BRAHEY R HEE e SOt dalh?) 2
bath of aBdbut PAU™REE BHdHer cent aqueous gl ycerol held at about 38C.
After renoving the fiber fromthe aquegxisvplygerol bath, excess
pr assur 6 of about StrepaTign ve bt ol Bu ol sl RO RS’ 7 e 1
a convection elsliate (Alyoeet PolFOkms Ing. I abayt 531 Béight peresntcighydrop(sulfolane (Phillips  The
resulting hol '&%ﬂ%&pﬁ?}”’ﬂ{&ﬂ&n kﬂﬁ@m p&yﬁ{&% KEESyHhh BVRE &h aRfag@bout 180

[err]m an average wal ?H ness ofy about " 20 err]m Test
units eacPdco rf’t‘%"\‘i?’ﬁ’ge‘g&b‘?fdiml H§o 61‘1‘09%1@‘“" Ch"'““cal Comrapy)t Yis\ing 4 10bPY Qe

fabricated. Thelvay ekia@Labbil 2)5t It. I The \borhykitidd was cetfipobddesia 2 deytERS wiisred0. O
extruder at about 131°C and extruded directly through a 30-hole hollow-fiber spinneret. The

extrudate was quenched in water at about 7°C for about 6 seconds. The resulting hollow-fiber
membranes were wound on a core at about 244 feet per minute. The entire fiber core was
35  immediately placed in a 25°C water bath for a period of about 15-20 hours.
The hollow fibers were then processed by unwinding the fibers from the core at about 30
feet per minute and passing the fibers through a room-temperature water-feach bath for 97

seconds. The fibers were then immersed in a room-temperature water-rinse bath for 135 seconds.



mL/{(hr[err]mHg[err]nferr]) and the average Klerr] for sodiumchloride was

found to x 10[err] centineters per mnute : i on
f|0eratéQ?ﬁ§g%éﬁ the fiber |um na of about 0.02 nillilit§?§Wﬂ§ &ﬁ;pEr :
m nute per fiber. -17- EXAMPLE
7 A conposition was prepared conprising about 32 wei ght
percent Udel P1 835NT11 pol ysul fone (Anoco Polyners, Inc.), about

53 wei ght per cBhatfiberpgrd raplasticized| fprold 6 sesordPin 4 hafhynf about 40 weight gereemtiagebusConpany) ,

and about 15 vg;calat, R ®htE Bk IR Y LidhdBePENR skl Yok tlﬂ%iex@ﬂoﬁ'ﬁ)e%}f\%&ﬁ%lﬁ'wrgio
mol ecul ar wei of abhouyt 1000 dal tons_(Dow Chem cal Conpany), yielding a

t ) v M C !
sol vent to no%lath' excess hq““} W3S stpgped fromythe fitist using 3 air bnifs operatipg &t AFBHPFIEPBH was
conpounded i n 2 mig- IMhé protessed fibaksiwefeQdried\in a convection o@xtal 4beh 1457 forkbautt1s4 31 err] C
and extruded djreetly through a 30-hole hol |l owfiber spinneret. The
extrudate was quenched in water at about 7[err]C for about 6 seconds. The
resul ti ng hol | ow f Thgegsulting hollow-fibesymmibbranee bad\ge perage lnmen dimmeter ohabeut 203 about 244

feet per m nutgq ad ARraBdWdll tRicknbs 6f bR 3G L WESTest mits each! STRAING Wbk 158lpREd 1N _a

25[err]C water bath for a period of about 15-20 hours. ] The
hol I ow fi bers TrRuDe fipres,wers pbricateds (Ths\avesspginaiee, yaerflwx of Bese deviceowasPHe core at
about 30 mL/(hr @@l nfeind e RvbrAe K[)dor38&ih Biforidd tvad foldA116 b NYORIGR a

then i mrersed i'n ot enpera
WO 98/ 29478 per minute per fiber.

PCT/ US97124087  paying illustrated and described the principles of the invention with ferred ™ 17~
The fibers were replagticized for 146 %%3%%8% irf%ﬁ%é?ﬁnofﬂg%gﬁ%mn wei ght

per cent aqueoynboediments and gltiple vasjous exaraplesq it shopidibs gprriEntdo these skilledtin g prt thay C|
After renovi ngthé ieenfior@di Se ihédifiey ilLrangttherd dfid dilall &@hébk departing from SO PrincpkE €SS

liquid mﬁ?sgrb%/g?ﬁg afllrlf?engm;d t{ohsbc%{xﬁnlés\.\iitﬂnﬂ t&znsgxa‘rjt gn I%Po:pfbgfr tgzp &gc?ﬁglg(r}g?lg‘% .?‘n a

roomtenpepature. water-| each b for 97 econds, The fjhers were
g oG oBEH b R e e Spr SR st B bl

pressure o psi 0 he"processe S

convection oven at about 45[err]C for about 152 5 seconds.

The resulting hollowfiber nmenbranes had an average | unen di aneter of about
203 [err]m and an average wall thickness of about 37 [er]m Test
units each containi ng about 150 of the resulting fibers were

fabricated. The average in vitro water flux of these devices was 9.1

mL/ (hr[err]mtHg[err]nferr]) and the average Klerr] for sodiumchloride was
found to be 1.76 x 10[err] 10 centineters per mnute at a solution flow
rate through the fiber lumna of about 0.02 mlliliters per mnute
per fiber. Having illustrated and described the principles
of the invention with several preferred enbodi nents and mul tiple
various exanples, it should be apparent to those skilled in the art that
the -invention can be nodified in arrangenent and detail w thout departing
fromsuch principles. 15 We claimall the nodifications comng within
the spirit and scope of the follow ng clains. ;



1. A nelt spinni nghi B e e & ng a pol ysul fone sem perneabl e _ .
menbr ane, the roces he steps of: (a) formng a
conposi ti WP 28 ﬂ§d| conpound, a solPEEAISIT/BA08T he

pol ysul f one conpound, and a non ﬁolvent being present in the

conposi tion inaratio sufficient to forma sem pernmeabl e

menbrane useful for liquid separation process; (b) heating the
conposi tion toceammsaperature at which the conposition is a

honmogeneous | i qui d extrudi ng. the honogeneous liquid to form an
extr gdat e; andq L é)°°‘Péfé’%'?Pa‘lseflﬁlt}%’dEﬂ%1”ﬁQ PPl @gts?"ﬂ?fgt“iéblf peebieethe phase

separati on anemposition etyprisihpa mixtuge ofsem per neabl e menbrane. 2.

The process of cl %@eﬁﬁf\ﬁ@%‘ﬁ&ﬁ tagg solvent is selected fromthe group
e

consisting of tetra ne-“su fone 3- et hyl sul f ol ane,
benzophenofie, n ?1301"Gmrf%ft¢&ﬂ°b(éiéf9@m°meound 2-pyrrolidone,

3-met hyl sul f ol ene, 2.p¥id @in ftﬁmon of clainhl QiR RAGhe polysulfolk BnfdthPk Q?Qg%flglgtfngl-

chl or onapht hal ene 5 dmat y salicylate, ani'sole, ©0- nit
di phenyl et h&FP™*%dj phenoxy  methane, acept ophenone,
p- meyt hoxyphenyl - 23.eTizaompositiorRefpiajnel, ivdiet&ﬁa ,theapdlykdfisiie ddmpoufit ¥ 8didted ramtagm

| pht hal , oxi.d lic , acid,
i octyl oot or ool it KhGmetd, BITRK poBiler Soizbonyt B nd O or
pht hal i ¢ d8id, m’d?“EFﬁf—‘Wefst er, phthalic acid, bis(2-ethythexyl)ester,
phthalic aci d bemﬂe}@omﬁﬁﬁlﬁf oﬂéﬁﬁtﬂy|wh'§§éinﬂhé’s@l¢vex@ﬂ‘13]£&eﬁ%ﬁl% ér&]xgrc&g{snng 3.

The rocess cl erein ol ysul f one conpound
pol yaPyI sul f on "3’ ??8 ‘“&f‘mﬂf an“py"“‘f’r'fse"aﬂfﬂlaﬁ'é@s@e‘hyé Ph‘h"&"FeaP‘h‘]m“l‘“m theretiei n
pol ysul f one conmpoundA cbsposiien wefldar making Epolyysifone GénbptRneafiOmemtaine Nge Of

bi sphenol A pogoxlﬁg,gh{ogg&npnggi yakh&r .ol ysul fone, pol ypheny pol ysul fone, and
m Xt ures t he
a polysulfone compound;

a solvent for the polysulfone compound; and

a non-solvent for the polysulfone compound.

6. The composition of claim 5, wherein the non-solvent is selected from the group
consisting of 1,1-diethylurea, 1,3-diethylurea, dinitrotoluene, 1,2-ethane diamine, diphenylamine,

20 toluenediamine, o-toluic acid, m-toluic acid, toluene-3,4-diamine, dibutyl phthalate, piperidine,
decalin, cyclohexane, cyclohexene, chlorocyclohexane, cellosolve solvent, n,n-
dimethylbenzylamine, paraffin, mineral oil, mineral wax, tallow amine, triethanol amine, lauryl
methacrylate, stearic acid, di(ethylene glycol), tri(ethylene glycol), ethylene glycol, poly(ethylene
glycol), tetra(ethylene glycol), glycerin, diethyl adipate, d-sorbitol, chlorotriphenyl stannane,

25 resorcinol, 2-methyl-8-quinolinol, quinaldine, 4-phenylpyridine, phosphorothioic acid, 0,0-diethyl
o-(p-nitrophenyl) ester, N,N-dimethyl-p-phenylene diamine, 2,6-dimethoxyphenol, 4-allyl-2-
methoxyphenol, phenanthridine, 2-naphthylamine, 1-naphthylamine, 1-naphthol, 2-

-naphthalenethiol, 1-bromonaphthalene, levulinic acid, phenyl pyrrol-2-yl ketone, phenyl 4-pyridyl
ketone, isethiocyanic acid, m-nitrophenyl ester, 2-methyl-1H-indole, 4-methyl imidazole,

30 imidazole, 1,7-heptanediol, 9H-fluoren-9-one, ferrocene, 2,2’,2"-nitrilotriethanol, 2,2’-
iminodiethanol, dibenzofuran, cyclohexaneacetic acid, cyanamide, courmarin, 2,2’-bipyridine,
benzoic acid, benzenepropionic acid, o-dinitrebenzcne, 9-methyl-9-azabicyclo(3.3.1)nonan-3-one,
chlorodiphenylarsine, antimony bromide, p-anisidine, o-anisaldehyde, adiponitrile, p-amino
acetophenone, monoacetin, diacetin, triacetin, pentoxane, 4-benzoylbiphenyl, methyl oleate,

35 triethylphosphate, butyrolactone, terphenyl, tetradecanol, polychlorinated biphenyl, myristic acid,
methacrylic acid, dodecyl ester, isocyanic acid, methylenedi-p-phenylene ester, 2-((2-
hexyloxy)ethoxy) ethanol, 4-nitro biphenyl, benzyl ether, benzencsulfoqyl chloride, 2,4-

diisocyanato-1-1-methyl benzene, adipic acid, diethyl ester, 2’-nitro-acetophenone, 1°-
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5. The process ‘ il mﬁl n the non-solvent is .selected fromthe
group CoRRIsEbiN O mlﬁlﬁ il | ycol), di(ethylene x?r)ifs@‘ni 087

i (ethylene glyce yader 81 and m xtures thereof 11 pr ocess
of claim 1, wherein the step of-iguenching the extrudate conpri ses
passing the extrudate through a quench zone, the quench zone, conprising a
fluid selected fromthe group consi stl of air, water, glycerol,

t et r amet hy| erascienapiihone teiadsernpiex (dishlorpphenyiigrblorosilancy dichlorodipkenylsiaess of cl.ai m
1, further c;smpﬁdr&hleﬁ a&m osalaﬁm ef(p ShErapieny) ebtEre pivskbrRSiciTPail zelynaﬁbr ane. 8.

The process of ¢ further |5| n e st f.stori

sem per meabl PP ’rcé‘ﬁ‘g tippenyl F"i‘edu?hﬂ g"‘?"a(ﬁs“ﬁf ﬁgﬁ’gﬂlﬂ“ o Bsucﬁ‘g‘ * about
15 days. 9. p-nitrophérel, mbmﬁsmd)fmemylan-pheaylcnefemrt heriminodiphansl] Ng2-hdiecetypp Of
passi ng the r §

Process of ol eg iR GrRERRLAl 2 bl 2 cSPEHoBG P, Boro il
pol ysul f one c‘bbmhsmﬁmm bel%'l ethefil'mlep?sb‘é@s@hbﬂdeeIlér(m@lenmv)e‘}-monemé | each

bath conpri segniad, @m-dnsoc;aaam- -mlRf UeARS aforbtinited BehiBheXmixed Wohdd! hekMHRE | Si NY
the step of paSS| n ahl e rrerrbragtg t hrough a rinse ba,}h 13.

The process 0} lig %013?24 4V\ﬂ§$3’z“[nfffi“’f‘lﬁ’(§le’r]1 ﬁ?@n@ ppe, merca| to acetic acid, acetanilide,

glycerol, and mixtures thereof, wherein the solvent and non-solvent are present in the composition

10 in a ratio sufficient to form a semipermeable membrane useful for liquid-separation processes.

7. The composition of claim 5 having a viscosity, at a temperature in which the
composition is a homogeneous mixture, sufficient to allow melt-extrusion of the composition to
form a semipermeable polysulfoné membrane.

8. The composition of claim 5, wherein the polysulfone compound is a polyarylsulfone

15 compound.

9. The composition of claim 5, wherein the polysulfone compound is selected from the
group consisting of bisphenol A polysulfone, polyether polysulfone, polyphenyl polysulfone, and
mixtures thereof.

10. The composition of claim 8, wherein the polysulfone compound comprises bisphenol

20 A polysulfone.

11. The composition of claim 5, comprising between about 8 and about 80 percent by
weight polysulfone compound.

12. The composition of claim 5, comprising at least about 25 percent by weight
polysulfone compound,

25 13. The composition of claim 5, wherein the solvent is selected from the group consisting
of tetramethylene sulfone, 3-methy] sulfolane, benzophenone, n,n-dimethylacetamide, 2-
pyrrolidone, 3-methylsulfolene, pyridine, thiophene, o-dichlorobenzene, 1-chloronaphthalene,
.methyl salicylate, anisole, o-nitroanisole, dipheny! ether, diphenoxy methane, acetophenone, p-
methoxyphenyl-2—ethanol 2-piperidine, antipyrine, é-valerolactam, diethyl phthalate, diphenyl

30 sulfone, diphenyl sulfoxide, phthalic acid, dioctyl ester, phthalic acid, dimethyl ester, phthalic
acid, diethyl ester, phthalic acid, dibutyl ester, phthalic acid, bis(2-ethylhexyl) ester, phthalic
acid, benzyl butyl ester, phenyl sulfide, and mixtures thereof.

14. The composition of claim 5, wherein the solvent is selected from the group consisting
of tetramethylene sulfone, antipyrine, -valerolactam, diethyl phthalate, and mixtures thereof.

35 '15. The composition of claim 5, wherein the solvent comprises tetraméthylene sulfone.

16. The composition of claim 5, wherein the solvent and non-solvent are present in a ratio
of about 2:1 to about 10:1.
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conpri ses water. 14. The proﬂmﬂml‘muﬁl ‘Hm further conprising the .
step of p‘%%%iﬁ}ﬁg‘t?éhe sem per neabl 4 ofgh a replasticization bath.

15. The ss - of claim* 14, * wherein t he reBFg@tg?&“Q%?t i on
bat h conprises an aqueous gl ycerol solggion. 16. The process of
claim 15, wherein the aqueous glycerol solution conprises |ess than
about 50 percent glycerol by weight. 17. The process of claim 14,

further conprising7t Aecogpmitonodseftll fpr mekirghepolyaitiompaemipaintable mendwase; the 18.

The process of r%i%o?iitimgoz.ﬂzisti grein the sem perneable nenbrane is dried in an
oven. 19. A° t-spinnihg process for making a polysul fone

sem per neabl e nent#rralyalforecpmpoundyandy | i qui d menbrane separation process, the

process conpri si ng sbi@x fok &0 poigshiifone compound(@) formng a conposition
I ncl udi ng

pol ysul f gne " conpound a .sqlvent - %)pr t he
pol ysul f or ls! B8 rpmign oL iR 1 b B o ot B el
conpound, whebmpaand.he sol vent and non- sol vent are present in a
ratio sufficient tq f e . Wol=1g | . I a
[ qui o s 315 Bosiion of e 17 Ve G oF B ARE BB ot 2, |
t enper at ur e atgroup consisting ofipisRaenol A golyBHpnssRieBr Holyswfotrro pripEIRIReLy syl orp, ianf,

" mixtures thereof.

10 20. The composition of claim 17, wherein the solvent is selected from the group
consisting of tetramethylene sulfone, 3-methyl sulfolane, benzophenone, n,n-dimethylacetamide,
2-pyrrolidone, 3-methylsulfolene, pyridine, thiophene, o-dichlorobenzene, 1-chloronaphthalene,
methyl salicylate, anisole, o-nitroanisole, diphenyl ether, diphenoxy methane, acetophenone, p-
methoxyphenyl-2-ethano}, 2-piperidine, antipyrine, diethyl phthalate, dipheny! sulfone, diphenyl

15 sulfoxide, phthalic acid, dioctyl ester, phthalic acid, dimethyl ester, phthalic acid, diethyl ester,
phthalic acid, dibutyl ester, phthalic acid, bis(2-ethylhexyl) ester, phthalic acid, benzyl butyl
ester, phenyl sulfide, and mixtures thereof. .

21. A process for making a polysulfone semipermeable membrane, the process
comprising the steps of:

20 (a) forming a composition including a polysulfone compound, a solvent for the
polysulfone compound, and a non-solvent for the polysulfone compound, the solvent and non-
solvent being present in the composition in a ratio sufficient to form a semipermeable membrane
useful for a liquid separation process;

(b) heating the composition to a temperature at which the composition is a homogeneouns

25 liquid;

{c) extruding the homogeneous liquid to form an extrudate; and

(d) quenching the extrudate to form a semipermeable membrane.

22. The process of claim 21, wherein the solvent is selected from the group consisting of
tetraxpethyléne sulfone, 3-methyl sulfolane, benzophenone, n,n-dimethylacetamide, 2-pyrrolidone,

30 3-methylsulfolene, pyridine, thiophene, o-dichlorobenzene, 1-chloronaphthalene, methyl
salicylate, anisole, o-nitroanisole, dipheny! ether, diphenoxy methane, acetophenone, p-
methoxyphenyl-2-ethanol, 2-piperidine, antipyrine, 3-valerolactam, diethy] phthalate, diphenyl
sulfone, dipheny] sulfoxide, phthalic acid, dioctyl ester, phthalic acid, dimethyl ester, phthalic
acid, diethyl ester, phthalic acid, dibutyl ester, phthalic acid, bis(2-ethylhexyl) ester, phthalic

35 acid, benzyl butyl ester, phenyl sulfide, and mixtures thereof,

23. The process of claim 21, wherein polysulfone compound is a polyarylsulfone
compound.
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produce strands; (e) pelletizing the strands to a _
readily fed to an extruder; -21- (f) remelting the particles to
forma liquid; and (g) extruding the liquid to forman extrudate
and t hermal quenching the extrudate to cause a phase

separation and f¥r rhbe Brocesseyficlaiay He whdrein the polysuifone gempionrdrieselected2ffom ke

process of cl qirdtp bhsisttdaer ispherio® pSQbuYERL gdly%m&eﬂoﬁ&hﬁge, Fél?dikﬂyhﬁolygﬁlﬁﬂg and

consi sting of t.e_,.raget t}yl ene sul fone, - met hyl su f ol ane,

benzophenone, N h= 8 et hyl acetani de,  2-pyrrolidone,

3- met hyl sul f ol ene,25pyihe phoeess, of claim 211 wiaéire the non-solvent @ selectdd| fRkaheg@pne, | 1-

chl or onaph¢ hal : ' I sol.e 0-.. Nni.troani sol e,

o or AP 1l X5yt 8 W B g, 30T o S

p- met hoxyphenyfispeetergtiol | 2- pi peri di ne, antipyri ne,ﬂph et hill pht hal at e,

di phenyl sul fone, 2di phe s kihigd 19 @ner@ R &b & @S cine i :
pheny 28I e prstesssot kibid 10 GherH b %P ;ﬁékl Cfing &%&éecgﬁérﬁgs

hthalic acid, djnethyl ester, phthalic aci _ester, alic acid,
gi butyl ester ,P”;ﬁﬂgﬁ‘ﬁle%/‘eldaa‘&ls‘éﬂ“gbof Qeneh 2pngy ey B3Et)n ZoRecpiaprising | i |selected &om,
"benzyl butyl elstgoeup cphiamdofmlwdtaﬂ.eglyc&owadueﬁmiy&ﬁéﬁml?]neﬂh@hmﬁresph&am at e, ?nq
m Xt ures er eof . r S lm1 erein the non-solvent is
sel ect ed }(?om t he 2(::1’? (%?J’Top%%%sq?g%?“ % S’?‘E‘ T%&I%’ls%f ﬁ’)b/lﬂ_e cét;d?aw ,%Fedﬁe@f’?f?‘f% ea,
di ni trot ol uené®eMdENS_ et hane  di ami ne, di phenyl ani ne, tol uenedi ani ne,

o-toluic acid, m | theprocess of claim 21, further comprising the step of storing the semipermeable

a!

membrane in a liquid for a period of about 4 hours to about 15 days.
29. The process of claim 28, further comprising the step of passing the semipermeable
15 membrane through a leach bath,
30. The process of claim 28, wherein the leach bath comprises a non-solvent for the
polysulfone compound.
31. The process of claim 28, wherein the leach bath comprises water.
32. The process of claim 29, further comprising the step of passing the semipermeable
20 membrane through a rinse bath.
33. The process of claim 32, wherein the rinse bath comprises water.
34. The process of claim 32, further comprising the step of passing the semipermeable
membrane through a replasticization bath.
35. The process of claim 34, wherein the replasticization bath comprises an aqueous
25 glycerol solution. _
36. The process of claim 35, wherein the aqueous glycerol solution comprises less than
about 50 percent glycerol by weight.
37. The process of claim 34, further comprising the step of drying the semipermeable
membrane.
30 ' 38. The process of claim 37, wherein the semipermeable membrane is dried. in an oven.
39. A process for making a polysulfone semipermeable membrane useful for a liquid
membrane separation process, the process comprising the steps of:
(2) forming a composition including a polysulfone compound, a solvent for the
polysulfone compound, and a non-solvent for the polysulfone compound, wherein the solvent and
35 non-solvent are present in a ratio sufficient to form a semipermeable membrané useful for a liquid
separation process;
(b) heating the composition to a temperature at which the composition is a homogeneous

liquid; e e e
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acid, tol uene 3, 4-di am ne, ouu Iﬂl‘ﬂﬂm pi peri dine, decalin,
cyclohex | ohexene, cel | osol ve sol vent,

n, n- di rre %%@I anine, paraffi n m neral oil, m neral WBXT/UBEVMB87 ammi ne,
tri et hanol am ne, lauryl nethacr yI ate,pstearic acid, di(ethylene glycol),
tri(ethylene glycol), ethylene glycol, poly(ethylene glycol),

tetra(ethylene glycol), glycerin, diethyl adipate, d-sorbitol,
chl orotri phenyl st(canﬂmrmg theme:s(igéxebnnoiquxd mraxgﬁekt&mh déxﬂp&bdﬁéﬂ dom)eruds

| di h pho qQrothi o oodlethyl o- (p-
ot Fophenyl)  ear & RIRY bt SR 1o R RBRE B i e ot

2, 6- di met hoxyphend), remelting the parncleﬂaal | yl - 2- met hoxyphenol , phenant hri di ne,

2- napht hyl am ne, g,gmf I Jnapht hol ,
2- naght thI enet hi oIé i hlibérn(i;Hn%)naumt;!,f?rmasemlpenm"able memFevul inic acid, phenyl

pyrrol - 2-y1 ket on80- FEheeargress af claim 38 wherein ghe splypa} is Relactsth &om ihe @rop enpsisting of aci d,
m ni t rophenyl tmﬁlﬂliylene sulfone, 3-metRy! i foltyé, bEtHoﬂh@ﬂﬁé Q;n—d?méﬂf@iaﬂﬂnudeni gﬁ'?oﬂh(ﬁc

uor.en- 9- on t'errocene,
50 £ 1 Eometnisites, e SPaplts, odicblombespit. {gaiompipRme, mety
di benzof ur an, salicylate, mxsolq;ymitmmlan@w jether, aphedqu memmmétbpﬂamne @our marin,

2,2 - meﬂb)gifﬁehﬂhréﬁmnop@w*:ﬁma%t rjﬁ’_}r'ﬁﬁﬁa?agé g'ﬁfxenyl s&%oné dxphenyl

dinitrob ene -9-azabl cycl o
clhlmor 23. Sﬁényﬁg@m@hmawwmmwm ic geighdlimathy] epter, phthalic acid, diethyl ester,

ani sal dehyde, phthaiciagid)dibiotyi dsi@s, phthalip acldli bE2-ethylHR LB BB Slﬂﬂlﬂ@acxd benzyl butyl

nonoacet i n Sl Acet i xane,
benzoy! bi phenyﬁeq &gﬁe%‘#dle Ma{em?ea e‘Béthyl P?"F%t‘%?‘f%‘grﬁﬁﬁfré"f _
butyrol actone, t eﬂbhwfocess ef qlaird 82 whestin the obnyehiem ris seladteidrom the group comispdgeny| |

nic acid,
myristic acidef mgﬁﬂﬁﬂéi Q. c?éa{yﬁreadtﬂxqﬁ&)ﬁtxengslt % Lthane ﬁxazmnei dx)?h n@%y) ot hanol

nmet hyl enedi - he ene  ester

4-ni %/r ob phgﬁ’@'lenegé@“?ﬁﬂ‘m@’(cﬁ‘é}? m-toluic acid, tolusger3,4ianipg, Fitbﬁyll Phthalethl rinetidiee,
2,4-dii SOcyandtcdinlej&lomhdeyiyclohexene chlorddRAvhExaR, cellodWE Rilvent, n,aCi d, di et hyl
ester,

t
t et radecanone in}eﬁl%emylm thﬁdr 0 eﬁ%ﬁ@%’?@é"ﬁf 67}1(%&31%%%6@9%% @’P’g‘a‘ﬁ‘}henyl

si | ane, meﬂ’a% }9%!0 6tihjdif¢thylene glyead), tri(ethylege gly@t) hellylene glycol poly@ethylaieeny| )
ester, phosphgkio, ﬁﬁh(ﬁt‘nylénﬁ glydoB! M&ceﬂx? Lefethyl ﬁﬁ]ﬂép&1 Qa'i'ﬂxtG]h fidr ipheny] stannane,
oric acid, tribu ester y

tri henl ester ) t
p hog p ho%loﬁ s df% 8‘?{?‘8‘111 %@eﬂ‘yﬂ) 81 pipqligpl @ipgidine; %B‘EWYF‘E‘“%{@P‘GPIWW““"‘C acid, o,0-diethyl
‘met hyl - m phenyg{(enigophest) ester, N qulﬂethylmpmgueﬁtdmel 2.6-dinfdthéxdphenol, 4-allyl-2-

ani noet hyl ) - Ny, etﬁgxyé}fegdl 2;%{!8%%}% Paphmﬁmnno)l-ngqthwim)mne l-né%}{tlg
et hanedi am ne, t
naphthalenethiol, l-bromonaphthalene levuhmc acid, phenyl pyrrol-2-y! ketone, phenyl 4-pyridyl

ketone, isothiocyanic acid, m-nitrophenyl ester, 2-methyl-1H-indole, 4-methyl imidazole,

25 imidazole, 1,7-heptanediol, 9H-fluoren-9-one, ferrocene, 2,2’,2"-nitrilotriethanol, 2,2’-
iminodiethanol, dibenzofuran, cyclohexaneacetic acid, cyanamide, courmarin, 2,2’-bipyridine,
benzoic acid, benzenepropionic acid, o-dinitrobenzene, 9-methy}-9-azabicyclo(3.3.1)nonan-3-one,
chlorodiphenylarsine, antimony bromide, p-anisidine, o-anisaldehyde, adiponitrile, p-amino
acetophenone, monoacetin, diacetin, triacetin, pentoxane, 4-benzoylbiphenyl, methyl oleate,

30 triethylphosphate, butyrolactone, terphenyl, tetradecanol, polychlorinated biphenyl, myristic acid,
methacrylic acid, dodecyl ester, isocyanic acid, methylenedi—p-pheriylene ester, 2-((2-
hexyloxy)ethoxy) ethanol, 4-nitro biphenyl, benzyl ether, benzenesulfonyl chloride, 2,4-
diisocyanato-1-1-methyl benzene, adipic acid, diethyl ester, 2’-nitro-acetophenone, 1°-
acetonaphthone, tetradecanone, (dichlorophenyl)trichlorosilane, dichlorodipheny! silane,

35 phosphorothioic acid, o,0-diethyl o-(p-nitrophenyl) ester, phosphoric acid, tri-o-tolyl ester,
phosphoric acid, tripheny! 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-aminoethyl)amino)ethyl) 1,2-ethanediamine, 2,6—di—ten-butyl p-cresol, chlgl_'p biphenyl

is Sheet Has Been Replaced

THS SPEET 105 e T

REPLACED




bi phenyl., 4- bi phenylmmmul HI U)E her, benzenesul f onyl chl ori de,
1, 2- (rret {) ﬁ),? gxy) zene, 2,4- _
a

di i socyan net hy I* Senzene, chlorodinitro 'benzenePCTmsgm'ms"Z m xed. -
I sonmers), hexahydr o] 2H azepi n- 2- ongs. 4, 4" -

met hyl enedi ani li ne, 1'-acetonaphthone, nercapto acetic aci d,
acetanilide, glycerol, and m xtures thereof. 22. The process of
cl ai m 19, wherdiphetylaainge Oteyzylidthien,rtenzenesulfonyl chlommpmrmbtﬁyhmﬂiomhwpydy&;ul f one
conpound. R%E&él@%hﬂrso%% -1-meth [1 ne, ch orodmltro benz ne (mixed i omers? The
process. of clarm™l ther 1ncludin e step Gench Ing”'t e ex rudat e

by passing t héﬂmﬂu?d%éfmeﬁubwdamqm CWC‘QIBPI@ONE:WG"Q&@PFGW agig nasetanilidsr i Si ng

a fluid sel ectefderdll RINdikEreOh QP CONSIi StiNg of al r wat er, glycerol,
t et ranet hy] ene sulfo mxtgres t her eqf process of claim 19,

further cohprisi nd?t N8 BPESS © F‘ala*r%mrrrgwt ﬂap‘éemf% Fwamdés eAbritone o5

The process Ofcoxﬁ]lloand’n 19, further conprising the step of storing the

ser per meabl e e agg, b0l o LS, AYfer el B 8 RO B LG 200U

15 days. 26. The proc ss 0
passi ng the soasipe rlneeblﬁee wrronddr sagvench Bensugh q‘&nqheez@rvommsm a fluid ZelecRiddropr ocess

of claim 26, vehéipRodslith Ioeap maeatgfyc&amrmeefyeae mshese.h\ﬁgmmf@&e& he

ol ysul f one conpound, process of claim 26, wherein the | each bath
E orr%rl ses Q/vat e?p 44. 'The process o-{claun 39 further comprising the step of drawing the semipermeable

membrane.
45. The process of claim 39, further comprising the step of storing the semipermeable
membrane in a liquid for a period of about 4 hours to about 15 days.
46. The process of claim 39, further comprising the step of passing the semipermeable |
15 membrane through a leach bath.
47. The process of claim 46, wherein the leach bath comprises a non-solvent for the
polysulfone compound.
48. The process of claim 46, wherein the leach bath comprises water.
49. The process of claim 39, further comprising the step of passing the semipermeable
20 membrane through a rinse bath.
50. The process of claim 49 wherein the rinse bath comprises water.
51. The process of claim 39, further comprising the step of passing the semipermeable
membrane through a replasticization bath.
52. The process of claim 51 wherein the replasticization bath comprises an aqueous
25 glycerol solution,
53. The process of claim 52 wherein the aqueous glycerol solution comprises less than
about 50 percent glycerol by weight.
54. The process of claim 39, further comprising the step of drying the semipermeable
membrane. .
30 55. The process of claim 54, wherein the semipermeable membrane is dried in an oven.
56. A semipermeable ponsulf:me membrane made by the process of claim 21.
57. A semipermeable polysulfone membrane made by the process of claim 39.
58. A melt-spun, substantially homogeneous, semipermeable polysulfone membrane useful
for liquid separation processes. .
35 59. The semipermeable polysulfone membrane of claim 58 having an in vitro water flux
value of at least about 9 mL/(hr mmHg m?).
60. The semipermeable polysulfone membrane of claim 58 comprising a hollow fiber

having a lumen and an average K, for sodium chloride of at least about 0. 5 x l(Jz cenumeters
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29. The process of claim19, furt s e step of passing the |
seni per neabl e menbr ane t hrough almﬂugﬂmlﬁml'ﬂmr The process of claim 29,
wherei n tWO@ 928 bath conprises water. t .s The process POT/USHBI408719,
further conprising the step of passin ) t he sem pernmeabl e nenbrane
through a replasticization bath. 3277 The process of claim 31,
wher ei n the replasticization bath conprises an aqueous gl ycerol solution.
33. The proce fut€ hial : ' - [

conprises | esgpgrtxﬁiant g%(;t% g%oﬂogﬁg%%g%%ggg(&)hﬁgﬁsf a\%‘?{gﬁ? %nlﬁ%%‘fxg@m&%cess
of claim19, f8ther conprising the step of drying the seniperneabl e

menbrane.  35. The. prddesicofipristi diefemifermbibie pelysalfénd theSBiEHcRE EIARAR| € menbr ane

is dried in an OVED: An extracorporeal blood treatment device comprising the semipermeable polysulfone
5 membrane of claim 58.

63. A liquid-separation device comprising the semipermeable polysulfone membrane of
claim 58.
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