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Compounds utilized for selectively permeable membranes have inciuded polymers, such as
celiulose, cellulose acetate, polyamide, polyacrylonitrile, polyvinylalcohol, polymethyl
25 methacrylate, polysulfone, polyolefin, or the l;tke, depending upon the use of the membranes.
Polysulfone compounds are of particular interest as they have, infer alia, excellent physical and
chemical properties, such as resistance to heat, resistance to acids, resistance to alkali, and
resistance to oxidation. Polysulfone compounds have been found to be biocompatibie, capable of
forming excellent porc; and interstitia, and chemically inert to such compounds as bleach,
30 disinfectants, and salt solutions. Polysulfone compounds can be sterilized by a number of
methods, such as ethylene oxide (EtO), pamuma irradiation, steam autoclave, and heated citric
acid. Additionally, polysulfone compounds possess sufficient strength and resistance to wear o
withstand repeated use and sterilization cycles.
Conventionally, polysuifone hollow fibers have been formed by solution-spinning
35 tec-hniques. Producing polysutfone hollow fibers by solution-spinning techniques typicaity
mvolves 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 sojution spinning, a "solvent”

is a compound in which the polysulfone compound substantially dissolves at the membrane-
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Accordingly, there is a need for a polysulfone composition and simple method for the
preduction of polysuifone semipermeable membranes which composition and method minimizes
toxic waste by-products. Additionally, there is a need for a method for the production of
polysulfone semipermeable membranes wherein the solvents, non-solvents, and processing aids

30 used in the manufacture of the membranes are easily removed from the membranes after
fabrication and/or are of relatively low toxicity. There is also a need for polysulfone
semipermeable membranes having a more uniform structure throughout the thickness dimension
{i.¢., 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 lquid mixture of a polysulfone
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Fig. 2 iHlustrates an alternative process for fabricating homogeneous polys;llfone holliow

30 fibers according to the present invention.

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

Fig. 4 is a scanning electron microscope pl;"otograph of a representative homogeneous,

35" poltysulfone 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.
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illustrates an al et baté we-procedsndsare sﬁnﬂtbd‘tﬂldkadhltmgthhﬁh&ﬁgﬁgﬂﬁtbsa fnlysl f one
hol l ow 30 fibers mﬁﬁﬁx?gtgxbrr}g mﬁ'ﬁgﬂon(q_haotﬂgﬁggtduﬂe& og ntt *u: mcnilbrang 1llustrate% in the

t hr ee- conponent di agram show ng the proportions o Fone corpound,
sol vent, and non- Wﬁ#%?"&ﬁs?&?@h&‘ﬁwf’ﬁ’é&&%°f@éﬁi@sfémWFWgMP spi n

c_orrposi t i ONS B COokrdhipagriohO Ak Befinédhe@inf 4 mamogéhegus fotjsSifofe Bénbnt 39 nﬁln@rﬁrternon :
m croscope phOt 09 Weagi poﬂ:o[\]gxpgc&%lggtt & mcm%r homtgqueggysub%antzgly grogc c}/%él]f one

hol | ow fi ber acco resent 1nvention Feo
.di agram of a henoéi’ieaF‘Vi"é’F“Ylchftf‘fciﬁﬁillﬁ?gf’fﬁ@mg'éfﬁ@ous pol ysul fone hol | owfj ber
‘menbranes of the presesisulfday @pbuads. and mc18sy9@€s§ RRVN-BAR in hOarDEEALfED

DESCRI PTI ON Thi s i sses,. inte nposi tions useful for
forming, by nelt- g%%&?ﬁotné 90’3]1,3{‘& ysul't oﬁéﬂvcmm . s%r?éa%f"é Y Yenbr anes. The

conposi tions Eonprise a polysulfone conpound a solvent and, optionatly, a
non-solvent. In the conposition, the sol vemtsoaRd optional non-solvent 5 are
present in a ratio useful to form a sem perneabl e menbrane useful for
performing liquid separation processes. Menbranes that are nelt-spun using
such conposi ti ons “&1&" Rottd fefidishisi bTHasaiesr difffiendmel drougpueh aveliiarsaplesesar e
symetric such tham&h&y@mrsaﬂmyshay&y@s SMD&TaanNtsteR! biers, and nuﬂbrfas%é?aof each

structure thrgygh th| f:é( ess mensi on ‘f

illustrated if Hh ehol} ECanRINC céﬂere r %‘ﬁmrpﬁ e I(S“éI%J&}ﬁé’n% ﬁ'(ﬁz‘[’%‘b?hé'ﬂ?‘i‘ aF%b’?ic’ijd“

of a holl ow fi ber Ltp-pﬁrgtésnﬂgtilrppg quge@qd pplysulfone compounds useful in this invention have a melt fiow
index (MFI) in a range of from about 1.7 dg/min to about 9.0 dg/min as measured according to

the American Standard Test Method (ASTM) for Flow Rates of Thermoplastics by Extrusion
Plastometer, ASTM D 1238-94a. Good resuits have been achieved when the polysulfone
25 compounds have a MFI of from about 2.0 dg/min to about 5.0 dg/min. Preferred polysuifone
compounds useful in this invention include, but are not limited to polyarylsuifones, for example,
bisphenol A polysuifone, polyether sulfone, polypheny! sulfone, and mixtures thereof, Especially
gaod results have been achieved utilizing bispheno! A polysulfone. a
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 dissclve
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 sulfone; 3-methy} sulfolane; benzophenone; n,n-dimethylacetamide; 2-pyrrolidone:; 3-
methylsulfolenc; pyridine; thiophene; o-dichlorobenzene; 1-chloronaphthalene; methyl salicylate;
anisole; o-nitroanisole; diphenyl ether; diphenoxy methane; acetophenone; p-methoxyphenyl-2-

ethanol; 2-piperidine; antipyrine; dicthyl phthatate; diphenyl sutfone; diphenyl suifoxide; phthatic




10.conposi tion.. As defined herein, a "honogeneous" polysul fone nmenbrane is
a nenbrane in - '.. which each portion or section of the nenbrane
contributes its substantially proportional share to '.. the HEFFREHST FiPy
characteristics of the nenbrane. Pol ysul fone conpounds and their synthesis
are well-known in the art. Preferred poléfulfone conpounds useful in this
i nvention satisfy the fornula: 15 R, -SQO wherein R, and Rz (which can
be the sane or different) are groups such as al kanes, al kenes, al kyes,
aryls, alkyls, aldioxgis;yi ahaahyislescid, anfeypgr ds@e $hihAi8 b, Sicth@leB&t ShinaBNAidMhidipr €S

thereof, each 20 e§d:‘rcg1ﬁ Oy, B Ie!ﬂg}aet(%résx,r %Eng&@"‘ﬁ& b%%'%'?ruct MRndt SlqEﬁl’ St or r ed

|nclud|ng both strai al' ne anc ai ne bres

pol ysul f one conpo“ii?f“d@“m%féff‘fﬁd sphygreg el inpjeyareng irrade bt avetof limistvio. i ndex (MFI)
in a range of: fromaalb;w&nclui%ndigs{]mme’omnabah& ande@&nnmahﬁ%mmmde}ﬁlmms
according to .th ree Test es of
Ther mopl ast i c3 b?h%ﬁ kS %gaﬁﬁg{%rﬁag{"gﬁaé’f gcrcn |¥%§‘ﬁ\/|“ zi?ég)%iaylem’(ﬁ%ﬁm Feslil ts
have been achi eve‘ﬂ“’Wf‘ren t he pol ysul fone 25 conpounds have a MFI of from

about 2.0 dg/mn to abouwsh-sévedt f&gﬂd’ﬂol}sulfeﬁeﬁi}ﬁﬁd’uﬁlﬂ 1@&&1%3@!:1‘5:9@593 coﬁWMUﬂ? the
useful in this inventio cl ude, are.n | f ones,

for exarrpl e. bi Sfo owugl g%\acg:n 11Cs7 ual t}ml?xlﬁl%pomt 0 ate L éilgoul ?f A ﬁ esol%gxe% ;i?w res {éFlem}y
sul fone, and mi xtlaY" dasdigsphisy 'e%fhan E@péc’icahtl nycerge@ﬂe W@sﬂfﬂvﬂswmwed e eamperethve év ed
utilizing bi sphendlangd spalystibdoreabodi3deeel vent for the pol ysul fone corrpound

is defined herein as @ang?ang) Ul s{ﬁlveT Vi tthrllset VE:%%O(mfmolil oy ngy%hﬁ @g%)‘ r| Stl cS:

boi ling point of at | €8S a S0 |ng po from
about 8 wei ght petieiaeieluang lanthane Wl%@lg}h@ylwcemﬂw#ﬂmme—t@m ays!uinftw}meacld

compound at a tegRekalitifuidedishey ?nﬁﬁm wmbca@&ahé%&amﬁb@agm%gc The
o e o on e e P ST S e B S E, hrs e
i nventi on i nclbudewaxputiovameng giethiohantrgdiatp!, mettetryianetelrcl acidedi(etBBens glyfobne
3-methyl sulfol an@(ct@@wmerem@m gfedi ;QlyEE%%ynyJ A6 %@ﬁm% BB QB2 inyB-

met hyl sul f ol ene; n%e L n‘é hl orobenze
t - chl or onapht hal e e PRI gUF %@F”é Séa“na“‘érﬁ’sg’ﬁ‘ln%l & B‘“Ff’il'lsrqt’)’ﬁﬂ’i“@o‘ll“é‘aldﬁf ‘dhenyl
et her; di phenoxy mnyﬂmméne, soethopheinerie;o.pdiermt hoocyipdpdamyl esr; NeNRaRGly-p-

2- pi peri dine; ant b@ymenpgmm @temﬂemg%ﬂ%lai Qi :leQtH ?aﬁlmwhén%%dmg'zpheny !
sul f oxi de; phthalic Decenb -6_aci di OC%@/?I ester ht'hal i ¢ aci d,

di met hyl est ef®; p?ﬁPHg’ll‘f‘TB“ a:'l“??h‘h‘ﬂ?“é‘tehﬁ/fmp@g?le? haphfhiaian I- 5‘81“?1“"“&1‘“5‘%& \pyulinic
ester; phthalic asidpheylpfol-@tyhielohe xydnyt 4ggtidn ketgpltilvglidctania edid m- rb@@ﬂqﬁh it y |
ester; -phenyl sul ﬁm@yi 1HERRECA- a&@r nma«;&@rmgo@ of mgmmlugﬁfﬂwr dJonL-f}Lr?me-

|nvent|on include, but are not [im to, tetramet % ene su
("sul fol ane"), an??p%/ FitHEreEagl, ?ér‘B‘I‘“ﬁ?:‘f%‘f?l HPErA pREIFAIECRe a%"ndyaﬁ‘in%%eures

courmarin; 2,2"-bipyridine; benzoic acid; benzenepropionic acid; o-dinitrobenzene; 9-methyl-9-
25 azabicyclo(3.3. )nonan-3-one; chlorodiphenylarsine; antimony bromide; p-anisidine; o-
anisaldehyde; adiponitrile; p-amino acetophenone; monoacetin; diacetin; triacetin: pentoxane; 4-
benzoyibiphenyl; methyl oleate; triethylphosphate; butyrolactone; terphenyl; tetradecanol;
polychlorinated biphenyl ("Aroclor 1242"); myristic acid; methacrylic acid, dodecyl ester; o
isocyanic acid, methylenedi-p-phenylene ester; 2-((2-hexyloxy)ethoxy) cthanél; 4-nitro biphenyl;
30 benzyl ether; benzenesulfonyl chloride; 2,4-diisocyanato-1-1-methyl benzene; adipic acid, diethyl
ester; 2’-nitro-acetophenone; 1’-acetonaphthone; tetradecanone; (dichlorophenylitrichiorosilane:
dichlorodiphenyl silane; phosphorothioic acid, 0,0-diethyl o-(p-nitrophenyl) ester: phosphoric
acid, tri-o-tolyl ester; phosphoric acid, triphenyl ester; phosphoric acid, tributyl ester; phenyt
phosphorous dichloride; p-nitrophenol; isocyanic acid, methyl-m-phenylene ester; 2,2’-
~ 35 iminodiethanol; N—(Z-aminoethyl)—N'—(2~((2-aminoethy1)émjno)ethyl) {,2-ethanediamine; 2,6-di-
tert-butyl p-cresol; chloro biphenyl; 4-biphenylamine; benzyl ether; benzenesulfonyl chloride; 1,2~
{methylenedioxy)-4-propenyi benzene; 2,4-diisocyanato-1-methyl benzene; chlorodinitro benzene

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




5 thereof, Especially good results have been achi eved utilizing
tetranet hyl ene sulfone as the '.. solvent. A "non-sol vent fo§ theb
pol ysul f one conpound” is defined herein as a conpound having & RECT T8 ng
characteristics: a boiling point of at |east about 150C, a sol vating power
sufficiently lowto dissolve |less than about 5 wei ght percent of the

pol ysul fone conpound at a tenperature in 710 a range from about 50C to
about 300C. Candi date non-solvents useful in this invention are
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ester; phosphori c ras¢d,is preferphemickst @stidryeighhmephondreprefehidy attiendt Biohyd wagt er ;
phenyl phosphoroq§mgﬁchloride p-ni trophenol ; isocyanic acid,

met hyl - m phen %ene est? 2' -35 imnodiet hanol
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hollow fibers) comprising bisphenol A polysulfone, sulfolane (the solvent), and poly(ethylene

30 glycol) (the non-solvent), acceptable amounts of the polysulfone compound, solvent, and non-
solvent lie within the area bounded by the extremes of each component which generate the area
A, B, C. Any of the specific compositions consisting of an amount of each of the thres
components within the area A, B, C of Fig. 3 are suitable for melt spinning into hollow-fiber
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 conceniration of the solvent is preferably at least about 12 weight percent,




8 Decenber 2005 -7 nercapto acetic acid; and acetanilide. Especially
preferred non-sol vents useful in this invention include, but ﬁre %%FZOOS
limted to, poly(ethylene glycol), di(ethylene glycol), tri (e%

gl ycol), glycerol, and mxtures thereof. The concentrations of the
conponents in the conposition may vary and, are dependent upon 5 variables
many of which can be readily worked out with sinple bench experinents. For
exanple, mscibility of the conposition at the nelt-extrusion tenperature
is one factor to h@re &Qﬂ&iy@l’e&daﬂoﬁl Zd%@lﬁlrﬁzrﬂinnglfamﬁhli tha BdneenGRBP OB Mon-solvent
gg?gsm LZ‘BI ggpl M i;i)rll:)fleratbﬁyé{ lea.}t ﬁl%o y\iﬁ?ﬁ)f erce T@prcﬁrabl?g\y%ya%tlagout 5 wexgmt%gfeheadl 'y
conponents of a conposit fognosiipes Oﬁihsﬁcv%lllt@ﬂlmsy peandi p {abagaip arleshiiony scTigsmeeptde use

*.. 10 of the nmenhkaHRnd sscﬁmai h@ﬁid.fs@gmﬁ plobes@E£t Qs laifnlkmrctnhamlama&e%@sr {he’q\lde
transport rate’of 11 Guids 'ancf’ EETUREEy AFgtEHoT g yfr]e rane var"’”S °Y’ﬁg
upon the intended afrFﬁB@?maeriqwéecpmﬂOP devich eonfiguse f@fusmmbmrﬁ@saomsl@ieuﬁ trﬁaowlent

mcrofiltration ofdehbeqmﬂlytahemmw@ntmaﬁeh@am% ﬁoftempriaglaywérfc&n@ 1gapound
.is preferably at Ieast ut 8 we

erc | east
about 15 12 wei ght®™p eIF‘caen ysateryiet 15’0%‘“‘ S thf 6?%‘5&5‘% ?/é?ﬁd (’X%"" %% &%kt abl y
at | east about 40 twedlgdftiiberpdyporadtin thepne cyrnef @hcadytey caaite defas b dalysust coBfhrwenitght

percent. The cl@ncem B@ﬁdnﬁ%ﬁ oPhe HiRA BN Qb ¥GRbhmmend. T APNSE BB mioSenREALELAL Y
at | east about | %) fglgﬂﬁf and, nore greferal at | east about 5

wei ght percent. |n"§ A0 Hibivhy fiabele foaseouperre iy hough P PfiHn or

di al ysi s, the concempmatiton of the 20 polysul fone conpound is preferably

at |east about 18 wei %&mb&ﬁ&%ﬁﬁll preémr:ﬁzerﬁl&‘?%%{ R b}r QR ahtve 3RADE schenetMR ght
percent. The concentratjon of solvent is preferab at | east about 40

wei ght percent, noPFEpyafiss dtﬂ‘i/z af* "rRiE I%FB’B‘EJfCh‘ZI%S i ?fﬁ?“"b’édr Eitling upon the
Concentrat i on isf t dpsombmeted kwre Rifosenitd dev@spaBediired pSyspifeaé erstiddny. at | east -about

| wei ght percent, nor ey RESHRLARIYn@A LRG0 @?f’.’e’se:ﬁ?nv\é\%zg Qtpcn Rﬁ‘én%%&kposx dr

t he non-solvent is present, solvent to non-so ratios |. , vent
to non-sol vent r aPYE LR FPPPRRds fIVeplo 2 SPYARE “%Wivﬁéﬂsrﬁﬁﬁ?@“%ﬂfﬁﬁéﬁé*%ef ul
for |iquid separat maa, peaetesses'()s iallev fiprse hanald §Fig o uid 10en ounll oh @oreddd Wdeis

g0 L and more prefhah) dndbGHnicdah v ARALbndY, i EOLeso BXARRL 1 A5, 210U

nFlg 3, for_a three-conponent osition mel t - smman ysul f one
hol | ow fi ber s)2°conf3Fis HemHT Ay bcAa"EJ‘b‘Py‘?l&FF’d‘rfégh‘ ETIP P S5 dolop HEes g¥ipent ) |
and pol yet hyl ene 3@ingihy Cia lajothet ficferred medad AMemting, to e prphaileionmpuntysulfode t he

pol ysul f one COWPOUEEQ?C??B thomé)@mﬂﬂedr!?ghﬁ Que:)f%‘}er 'nlcﬁ d%x&rmeﬁl b dh 9&%% (ﬁo&pded

by the extrenes of e ener at
the specific corrpo&“f‘?‘&ﬁém’e h$poded pefjetiprd. 5ﬁ‘°‘%§ﬁf§ﬁ‘|‘ﬂd%ﬁ‘° f@%‘t‘l‘?“%‘f fibepe: quenelsd. and
conponents w thin tleewakedigA?2). Bn st @bthdripgfenadl mdiiRd Sddbriiagloanel wdsenib-dnti@pinBni ng

i nt o hol | owfi %e r polysulfone composition is precompounded, melted, extruded (as hollow fibers), quenched,
wound, held dry for 2 period of time, soaked in a liquid that is substantially a non-solvent for the
polysulfone compound and stored in the soaking liquid for up to 15 days (Fig. ). In yet another
preferred method according to the present invention, a polysulfone composition is precompagnded
in a high-shear mixer, melted, extruded (as hollow fibers), quenched, ';;vound, soaked, leached,
30 rinsed, replasticized, and then dried in an oven (preferably a convection oven) (Fig. 1). In
another preferred method according to the present invention, the polysulfone composition is
precompounded, melted, extruded (as solid strands), cooled, pelletized, remelted, extruded (as
hollow fibers), quenched, wound, and then held dry in air followed by soaking in a liquid that is
substantially a non-solvent for the polysulfone compound (Fig. 2). In yet another preferred
= 35 method according 1o the present invention, a poiyéulfonc composition is precompounded, melted,
extruded (as solid strands), cooled, pelletized, remelied, extruded (as hollow fibers), quenched,

wound, soaked, leached, rinsed, replasticized, and dried (Fig. 2).




menbranes.” 35 In the case of nenbranes useful for reverse osnosis of
l'iquids, the concentration of polysulfone is preferably at | 0 30
wei ght percent, nmore preferably at |east about 35 weight pergg@%em%‘? os
concentration of the solvent is preferably at |east about 12 wei ght
percent, 8 Decenber 2005 -8 nore preferaply at |east about 20 weight
percent. If present, the concentration of the non-solvent 1is preferably at
| east about | weight percent, nore preferably at |east about 5 wei ght
percent. The COITpOSi't‘HeQ&ﬁuoﬁl:f\ts bithScopotRiBh {.:@nt}HBMys*ﬁﬁonHS,&l@oﬁn@ babi iaﬁ@&;ﬂonai
p0| ySUl fone sem P& OlYEn ?obccxtrudeadnes ubsu?cfdlélrlxd hom e" dg)wdt Set‘ arabt

processes.” As defin cf erein, such processes tnel ude, s put" A r'%x'??o‘f’a
limted to, m crofoptepiesmzeser, Wl[!ilICPfrVaf“PIPat mEng omirrdit adsyier esampigndhighespesr igcer, such

]gs nosis. Fig. 5 SQQWSmpoﬁndﬁr@N:ﬁ-&%ﬂit@{tﬁd\éﬁ Tk q(w.pdncs@pa&aékand&a{aog@on%%lmur ed
or use as an.extraco

herodi al yzer . “The"neR Ege% ‘thoémr’gc‘i’ d'mcg i“§err§eE“§)ﬁprg‘"f’eéfrw"éé‘giaﬁ%agﬁmn 8%8‘ mlhs
14, a dial ysate i ¥dvah Pﬂ@mataelma@wg‘mr’e cgsibetomp@ition mpy yddmegatizt bPErudingl ood

outlet 22, and a m&%ﬂd&n@oﬁfontﬂnﬁ@ﬂ Sstdfl @é)t:(;oﬁﬁig &Qgi&ﬂlﬁexgﬁﬁa@rm@?ﬁdﬂgor I;Eh:%mgélt er
casi ng def| nes a ate conpartne na o he fibers
form a bl ood conpt ?fn‘é%fc 0 Agmbngc%amf‘ﬂ&ﬁg ‘¢ ﬁgﬁ%ﬁ“‘?ﬁé“qwu%“ﬁ&“éﬁ” SXFHE i ber s
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fabricated by alternative nethod s illustrated in | and 2.
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met hod, adequate care shoul e taken to maintain a slight tension on the

hol I ow fibers dur 98 *NmBPHGrRY EdbRePosht 8 erred method according to the
present invention, the&hepakyudifiienel siwolpadetd GEh ds So BreCoMe widetdnida 8

hi gh- shear ni xer, teqasérs&@s ma?movgc@e@nm é%ahm@pa snleoqgw%&n&t ev[sa) 0 §QJeve9'

strands), cool ed, g tized, renel extru or m ers),
quenched, and® t h& m?/\ﬂﬂh‘ﬂ“s( 1f B S0 B0 ‘h“l‘ e SXTUA4te Sapfgt ’H@’i“‘“‘bf‘ gepigfl plaspe ‘P?B‘t ﬁét&g the
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preconpounded, me Ih«%lﬁglﬁbg%( ttllfbgsd Ergfas( IR lmﬁ)(}v! R dJuQ &b ) The gHRthchﬁa 'be ai Lilrp gtamtqg Id

dry for aperlodo tinme in a hat 1's substantra
non- sol vent for tﬁédcs'ﬁ‘ﬁlsvgﬁ‘fpﬂbﬁ‘é’“%r%é‘ﬁ’ﬁ%ﬁ and stored in the soaki ng I|qU| d
for up to 15 days (Fi @or rhaking hdlioy-@ber @ia@brhes, thephck isekineied mBhdhQtodeCcEding t O

the present i %Vent(ép%eret)a ﬂQprﬁ&Ltftﬂﬂﬁlqu HBQ-%&E& 3915], tiu!s:., ;9‘&1%&9 gBQJ'O mglgpic hollow
fibers. The spinneret typically includes a means for supplying a fluid (gas or liquid) to the core
or "lumen” of the extrudate. The core fluid is used to prevent collapse of the hollow fibers as
they exit the spinneret. The core fluid may be a gas, such as nitrogen, air, carbon dioxide, ox
other inert gas, or a liquid which is a non-solvent for the polysulfone compound, such as, but not
30 limited to, water, poly(ethylene glycol), di{ethylene glycol), tri(ethylene glycol), glycerol, and
mixtures thereof. Mixtures of solvents and non-selvents may be used as long as the mixturﬁris
~ not a solvent for the polysulfone compound. Alternatively, the melt may first be extruded as
solid strands through a single or mutti-holed strand die and the resulting solid strands cooled and
pelletized 10 a particle size readily fed 10 a single-screw or twin-screw extruder (Fig. 2). In this
35 alternative method of production, the particies are remelted and then extruded thfough 2 single-
holed or muiti-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 fiquid. Within the quench zone, the extrudate is subjected to




in a high-shear nixer, nelted, extruded (as hollow fibers), quenched
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0
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when the 15 nelt conpricgethehirgpité nghodAcquling sl praent ivireion Xiterhokvoefiber extrudate
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than about 10°C. Thé advantage of 2 liquid quench is that it offers less resistance to the transfer

of heat from the extrudate to the cooling medium than is present in an air quench and, thus,

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

removal of heat modifies the permeability of the resnlting membrane and can be used to tailor
30 membrane permeability for the intended end use.

Hollow fibers are, optionally, drawn using godet rollers or other conventional equipment
to the appropriate fiber diameter. More specifically, drawing or stretching the fiber may be
accomplished by passing the hollow fiber over a series of rollers. The desired degree of .
streiching may be obtained by control of the rate of rotation of the second roller or second group

33 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.




For making hol | owfiber menbranes, the nelt is extruded through a.

hol | ow-fi ber die 25 (spinneret). The spinneret typically is ti-hol

and, thus, produces a tow of multiple hollow fibers. The spﬁ%?gﬁgper%%s
typically includes a neans for supplying a fluid (gas or liquid) to the
core or "lunmen" of the extrudate. The corie fluid is used to prevent
col l apse of the hollow fibers as they exit the spinneret. The core fluid
may be a gas, such as nitrogen, air, carbon dioxide, of other inert gas,
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di nensi on of ZtOhe manbﬁcﬁl@@ﬁg imekRn i @@lcﬁﬁ(%{dp%%mgg& rfx gop[:(ﬁl%lﬁpfc Opass%) r%eg
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quenched in air. WhdNinRend e Gnig i ol BEY n
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~preferably less t H@Qw@ib@%em%@o%%s%@ for dialysis, a replasticization bath is used that preferably
contains less than about 50 weight percent glycerol and more preferably less than about 45 weight
percent glycerol, with the balance being water. The minimum temperature of the rcplasticizagon
brath is such that replasticization of the membrane occurs at reasonable rate retative to production

30 demands. For example, the minimum temperature of a glycerol-containing replasticization bath is
preferably at Jeast about 20°C, more preferably at least about 35°C. The maximum temperature
of the replasticization bath is below a temperature at which the membrane integrity could be
)adversely affected. Accordingly, 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 holiow fibers, good resuits have

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




I n anot her preferred nethod accor di ng to the present invention, the
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| east a portiogn of the solvent and
not renove al I of “Fi§& €AY daiieps fstilalinfrera Rew ﬁP@H‘ia’c %Pmmbmfped Migpsnidi ng,
at least in part, Thomivheo aamtswlwpaﬁoadaseﬁhdt Use ofe cbhﬁs;mmounmeanm ni rmm .

tenperature of they,leagh.Ralhyi.gna4sh r e. sol vent and non-
10 sol vent from the nenbrane 0ccurs aatbogq%gsgggxr}udc‘?%otmg‘”?"g? A5 e B““"“z"d

production rate défBhtRCrAbPelisiesidtaiehle &np Bpratecxgtsion esiqmedeh, diakdr Gave,
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mexi mum t enpegat urgg %%sﬁné"?sukg?e%&@w Q%chl %’he resu ing ﬁollow & I;zgrtu aI;eewa?E;ua\rlx\Qldexg mtr ate
about 21°C for about 15 seconds, drawn from a first godet (rotating at a surface speed of 172
feet per minute) to a second godet (rotating at a surface speed of 182 feet per minute) to increase
the fiber’s length by about 5.75 percent, wound on a core, and soaked in a water bath at a a
temperature of about 25°C for about four hours. )

30 Following soaking in water, the hollow fiber was processed by unwinding the fiber from
the core at a rate of about 30 ft/min and passing the fiber through a 37°C water bath for about
40 seconds. The fibpr was then immersed in a room temperature water-rinse bath for 139
scconds. 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. Afier 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.




integrity of the nenbrane is deleteriously affected. Accordingly, the
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fr O.m about 20C to ab%y cgf ag to 1900 ant\!n{s RDOW EhemlcalL Yie a sg‘]%t%o n?n—so vcm ratlo gbé))tu%&n

achi eved when the téfperature ovVen i n a co
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1200 seconds. 2wVt fhxhﬁuk:d &mpésiubx%& meg(aaréud:e@suﬁetz& havenlienhoas hisexadnibessd he
fiber was dried for. agouﬂ?ga(pout 140 seconds

spmnerc at using a single-screw cx!rud'cr The resulting hollow-fiber extrudate was
quenched in air at about 22°C for 7-8 seconds. The resulting hollow-fiber membrane was wound
on a core at about 110 feet per minute, and held dry for abouwt one hour. The hollow fiber was
then piaced in a water bath maintained at a temperature of about 25°C for a period of about 12-
25 15 hours.
The holiow fiber was then processed by unwinding from the core at about 30 ft/min and
passing 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 kaife
‘ 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 hellow fiber had an average lumen diameter of about 142 um, and an
average wall thickness of about 31 pm. Dialysis test units each containing 150 of the hollow

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




The('shem"rpe'r meabl e pol ysul f one nmenbr anes for med by the described nmethods may
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nmet hods according to the present inventi ogu_ is selected so as to tailor the
resulting menbrane for its anticipated end use. Such adaption is readily
achi eved by one skilled in the an based upon the teachings herein. The
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godet (rotating at glztfjrface speed of 182 feet per mnute) to increase
fiber's length by 23 75 percent, wound on a core, and soaked in a
water bath at la a, tefpésiawibe waf habowtun2 &Gnfilercombotibu BO Wit ol pBsed Blough a

Fol | owi ng soaki ng 47Ac WakQEach &h.%fm&k @mgeﬁ,an@sermm&, REOESSREM:RY, 4y ndi ng the
fiber from the core at ar O ft/mn and passing the fiber -

t hrough a 37C wat ef™BE YOF ”%fﬁgiﬁ for 9?6“‘3159:8%‘%8 TR Hogr WEREPIRRRed B MO seReR s ed
in a room tenper atinreagneeglyceiohisd chsditing deut 189eigls paendsycerbioht Buti tifg hbiea
rinse bath, the fiQgg sys Af@pllam GeZRE Y hdTRLR

40- per cent aqueous %l;& (Fer ol ;Pl as%tl ci zati o‘ngrzll:?)sgt0 %ﬂe@%‘h %%ssﬁt Ggr)%?reﬂ?veg
renmovi ng the f4ber APt Her SHTSBIAIng Y ARETHIe P3Pt 30a%ige I8 fopritas ghemared
renoved fromt he finkepnvergomeyeraa at@htr70kMfof evoudsR Eeadntilg at about 30 psig. The
processed hol | ow fi berpwas,diddeRudlrd g,dmé o V&R t bout 7OC
for 155 seconds. 8 Decg1 u“% e n{%raﬁ?%gu ?V?Jﬁ%qﬁhﬁg et Zﬁ"h

average | unmen di an¥f8% 6 “El‘éﬁ‘“rﬁ 3%1h‘ﬂ Dithvaiy e agis "‘W&I"Pmm“mg 150 of the resuiting fers

were fabricated from this fiber. The average in vitro water flux of these devices was 143.5

‘ 25 mL/(hrmmHg-m?) and the average K, for sodium chioride was found to be 0.88 x 102
centimeters per minute at a solution flow rate through the fiber lumina of abouwt 0.02 milliliters
per minute per fiber. This hollow-fiber membrane can be used in an uitrafiitration cell for the
removal of contaminants from water or aqueous solutions,

| EXAMPLE 4
30 A composition was prepared comprising about 38 weight percent Udel P1835NTI11

Ly,

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 daltons (Dow Chemical), yielding a solvent to non-solvent ratio of about
2.5:1. The composition was compounded in a co-rotating twin-screw extritder 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 threc days.




t hi ckness of 18 m The hollow fiber was fabricated into a dialysis test
unit containing 150 fibers. The in vitro water flux of the degéi ce Wa% _
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to-be 1.92 x 10-2 centinmeters per mnute at a solution flow rate 5 through
the fiber lumna of about 0.02 mlliliterss-per mnute per fiber. K 1is
defined in the followng equation: 1 1 1 K' Ka Fwhere Ke is the resistance
to mass transfer within the fluid present in the |lunmen of the holl ow
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resul ting hol | ow fholxerfitmendubancis wal e pigaftmtian €O f@ tatrensd of cobd@ininsetonper
mnute, and held dpy, (0L 8RQki.0e hour. The hollow fiber was *.. then
placed in a water bath maintained at a tenperature of about 25C for a
peri od of abodf 12 25 15 hours. a. The hg}%f‘W’F?ber was then processed by
unwi ndi ng from the corfecoaposBitrowids pdParddt ompriting Aighut PasghdgrednhBded PlzesNTilr ough a
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tenperature water-rinse bat 9 secon was replasticized
for 140 '.. second§™irH Cammme Pat bl B P PAYEREFGH  PerER aXgise sgigcular
gl ycerol . After r et 6igbdehmod dahaks (130 CHemithitdoRpagURausugl YEgE frceltatyberol
excess liquid S I bbe I h | her, UsiNg. Ih ife rating at
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- hol | ow .
' air at about 20°C for about 0.08 minute, and wound on a core at about 200 fect per minute, The

25 entire wound core was immediately placed in a 25°C water bath for a period of about 15-20
hours.
The hollow fiber was then processed by unwinding the fiber from the core at about 30 feet
per minute and passing the fiber through a room-temperature water-leach bath for 97 seconds.
The fiber was replasticized for 145 seconds in a bath containing about 40 weight percemt aqueous
3G glycerol held at about 38°C. After removing the fiber from the aqueous glycerol bath, excess
liquid was stripped from the fiber using an air knife operating a pressure of about 30 psig. The
processed hollow fiber was dried in a convection oven at about 62°C for 151 seconds.
The resulting hollow-fiber membrane had an average lumen diameter of about 165 pm,
and an average wall thickness of about 18 um. 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/{(he mmHg-m*) and the average K, for sodium chloride was found 1o be 2.19 x 102
centimeters per minute at a solution flow rate through the fiber lumina of about 9.02 millititers

per minute per fiber.




35-fibers were fabricated. The average in vitro water flux of these devices
was 68.0 8 Decenber 2005 -14 nli/(hrnmHg-nR) and the average . faor i um
chlori de was about 2.28 x 102 centineters per mnute at a soI%fP?%eﬁ”QrTefg%%
rate through the fiber lum na of about 0.02 mlIliliters per mnute per
fiber. This hollowfiber menbrane is usefuk- for ultrafiltration, such as

for use in an ultrafiltration cell for the renoval of contam nants from
wat er or aqueous solutions. 5 EXAMPLE 3 A conposition was prepared
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centimeters per minute at a solution flow rate through the fiber lumina of about 0.02 milfititers
25 per minute per fiber.
EXAMPLE 7
A composition was prepared comprising about 32 weight percent Udel P1835NT11
polysulfone (Amoco Pelymers, Inc.), about 53 weight percent anhydrous sulfolane (Phillips
Chemical Company), and about 15 weight percéht poly(ethylene glycol) having an average
30 molecular weight of about 1000 daltons (Cow Chemical Company), 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 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
mermbranes were wound on a core at about 244 feet per minute. The entire fiber core was
35 irmediately placed in a 25°C water bath for a period of about 15-20 hours.
The holiow 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-leach bath for 97

seconds. The fibers were then immersed in a room-temperature water-rinse bath for 135 seconds.
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conposition ri sing about ent Udel P1835NT11
pol ysul f one ( m)co I-rjla [g”% fjcauo Sgom’%w‘t‘h’%'ﬁe fﬁ&‘g‘?ﬁ“‘g’ At Bus -

sul fol ane (Phillips Chenlcal Cbnpany), about 11 wei ght percent

pol y(et hyl ene glycol) having an average nol ecul ar wei ght of about 1000
dal tons (Dow Chem cal Conpany), and about 1 weight percent glycerol 20
(VanWaters & Rogers, Inc., Seattle, Washington), yielding a solvent to
non-sol vent ratio of about 4.5:1. The conposition was conpounded in a
co-rotating tw n-screw extruder at about 144C. The extrudate was then
cool ed, pelletized, renelted, and extruded through a 30-hol e holl owfiber
spi nneret at about 134C using a single-screw extruder. The resulting
extrudate was quenched in air at about 20C for about 0.08 m nute, and
wound on a core at about 200 feet per mnute. The 25 entire wound core was
i medi ately placed in a 25C water bath for a period of about 15-20 hours.
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unwi ndi ng .t he flber frqgéé ore %teabout SQ%fee m nut e ang gassing
the fiber THFOIGR a Foon T erpdIPare Snafer -1% %ﬁﬁ% h F8P1§§r§88 Ads. ', .
15 The f|membwageﬁheuseﬁubrghuflﬂlqwumnwepap&taOHr@mmﬂ&&sasmseubath for
134 seconds. S a bath
of about % %hQRhégggﬁ%ggguggu &§Q£8§5 %é?g hel%égﬁ§§ ougiégg After
renovi ng ﬁﬁélwsbén ﬁﬁ@nﬁﬁﬁ@x§§Ué6ﬂ§mﬁﬁyceroI bath, excess liquid was
stripped fromthe fiber using an air knife operating at a pressure of about
30 psig.-i.. The processed hollow fiber was dried in a convection oven at

about 70C f 150 seconds 20 The resulting holl owfiber nmenbrane had an
average lu &‘aneter of about 180 pm




and- an average wal |l thickness of aboyy 20 m Test units each containing
about 150 of the resulting fibers were fabricated. The average in vitro
wat er flux of these devices was 60.0 nL/(hr nnHg-nR2) and t he® SoemHge§eo
for sodiumchloride was found to be 2.17 x 10-' <centineters per mnute at
a sol utioncghiew rate through the fiber lumna of about 0.02 mlliliters 25
per minute per fiber. EXAMPLE 7 A conposition was prepared conprising about
32 wei ght percent Udel P1835NT11 pgl ysul fone (Anmoco Pol ynmers, Inc.), about
53 wei ght percent anhydrous sul folane (Phillips a Chem cal Conpany), and

about 15 weight pelcentopedy(eshy! engedlpeohpabari ng mmvaiage 3bhe
nol ecul ar wei ght of _about_ 1000 dal.t ons %ﬁgy/Che i cal Canan%%,&éielding a
sol vent to non- sé¥véﬁ%d#§FFb SETHESGCF P51, MR8 EGfpoSTIPOASWAY &
conpounded i n a coerinahatd ngft w nestyewl f ext r uderpcatmdabantl E3ls€laadt

extruded directly thr -h o] I_her i e rudat e
was quenched in wé%giqgggdg%ugs9g#§%$ %%%g?tggéeéﬁﬁ%gﬂﬁ%héo% %ﬁ%%?ﬁ%
hol | owfi ber nmentsrearias wread Moundegipraneor e haviabout a244hdpegepePusi nut e.

The entire fiber cqre Mas-35:idmedhat elhePhaoBmk e dhSs&nBtehehBil for a
period of about 15-20 hours. The haollow fibers were then processed by

unwi ndi ng the fi b i GordRRt PR 130 WH R et t I #uie® and passi ng
the fibers through a roomtenperature water-1leach bath for 97 seconds. The
fibers were then i rsed i roomtenperature water-rinse bath for 135

seconds. 8 DécembdiPoG0a Y i Crtfe T4 BTG TP ¢ dFTUSHTeT 786 FOP 148’ seconds
in a bath of aboutwhaiei ght tper cenpoagsediisne gl ycemgqurtdhe badtsh beiang hel d
at about 38C. Aft I i fl om t he aqueous glycerol bath,

excess liquid mas%%FpﬁgﬁéL r%éﬁ%rééﬁﬁikﬂdlwing an air knife operating at a
pressure of about 20 psig. The processed fibers were dried in a convection

oven at abouty 45CHr @abouIRA e SaeQilsnedite: Nesibiing bpl Lowshi ber

menbranes had an average 'l unen dj ameter of about 203 m and %Q aver age
wal | thickness of MBHRIB7CRE FRLYSUAF PR SORPEUACAI TR riEf HHoE 156°8f t he
(rjeS_uI ting fi gerls %@hQMbC@m.isEh@$Vﬁ ag@sbnﬁmbgrmmpggpsﬁkﬁ?ne}i OIt hese
evi ces was 9. r - and_t he average or.so m.chl ori.de was
found to be 1.76 Pﬂ&%%c%ﬁ%’#f&%e’pﬁo %ﬁ?@mﬁatp%lg%‘f%? B fPBW rate
t hrough the fiber niwtnesoftleboat 0. 02 mlliliters per mnute per fiber.
Having illustrated and described the principles of the invention with
several preferred enbodinents and nultiple various exanples, it 6 should be
apparent to those B |pety sl fore apeniRgrmephde| AgERERGHE @i BE2HBdified in
arrangenment and dejite t hout depasht nd d reansdebaprénehpke® group

congisting of tetramethylene sulfone, antipyrine,

-valerclactam, diethylphthalate and mixtures
thereof.
5. A polysulfone semipermeable membrane defined by a

composition comprising a mixture of a polysulfone
compound, a solvent for the polysulfone compound,
and a non-solvent for the polysulfone compound,
and the polysulfone semipermeable membrane having
a homogeneous structure such that the polysulfone
semipermeable membrane has a substantially uniform

structure.

6. The polysulfone semipermeable membrane of claim 5,
wherein the non-solvent is selected from the group

consisting of 1,1-diethylurea, 1,3-diethylurea,




15 We claimall ‘the nodifications coming within the spirit and scope of the
follow ng clains. MELT-SPUN POLYSULFERE; SEM PERVEABLE MEMBRANES AND
METHODS FOR MAKI NG THE SAME ABSTRACT  The present inventi orf dp&81b658905
inter alia, a conposition useful for producing a honogeneous,
sem per neabl e nenhtianie; rdthel weorpas; 1 - rhaoTpdi amigea @@N@W{@ﬂﬁﬁ?e,
conpounds, a solvent,  such as sulfolane,  antypytine, [err]lvalerglgctam
di rer'PhyI pht hal at e,ecoazr}lcimencl;a Ut'es t%etroeélfl,c' anagééhon-fgohéﬁh su%ﬁl§S
pol y(et hyl ene gl ydotuerdi-(etdydieneigt ycol ), titib(leyﬁylhene phykalyte, I

| ycerol, and m xtuur, i of . her a is i I i scl oses
?re%/hods for fabri %ﬁ%&g%ﬁﬁ pe?%g%Fg' e ratr?élseg%fteﬁom%}g%g%%f%n%f Xi ng
the conposition STAHE PG THE conpidsalsis entSo bRt non-Boltvent ,

nel ting the composditd i1tk W i8] PHAE £ 4he didem coNPOshiheps1Anot her
aspect of the present invggti on incl udes hormgenefus, rrelt-spgn,
sem permeabl e nmettPanest@sePll BHAG qui BF $8PEFEPT on AFECesses2VElth  as,
but not limted tmetharwofiddtrat i sucant & rabiht r ati @t hy ldirasd ygil?colﬂilnd
reverse osnosis. 1.0 8 Dec 2005 1. A po one
sem per neabl e rrenb&éneéé,rteipﬁeélgepol ysugﬁfrggcﬁ(gel )s'em' pe%rr@az’ﬁ € frenbr a%%}srcg%%'pri si ng
a mxture of a patoisuldoneloohpoghdcahl, a seitwertethydentshe pbygsil f one

conpound, and the pa}ysufone sgqieg%é,qeabl e, Fpggpe havg ng., a, hpgpgeneous
one séem aote

structure such that ‘the polysulf per nme ,
chlorotriphenyl stannanc,resorcinol, 2-methyl-8-
guinolinol, quinaldine, 4-phenylpyridine,

phosphoothioic acid, o-o-diethyl o-{(p-nitrophenyl)
ester, N,N-dimethyl-p-phenylene diamine, 2,6-
dimethoxyphenol, 4-allyl-2-methoxyphenol,
~ phenanthridine, 2-napthylamine, 1l-napthylamine, 1-
Anapthol, 2-napthalenethicl, l-bromonapthalene,
levulinic acid, phenyl pyrrol-2-ylketone, phenyl
4-pyridil ketone, isothiocyanic acid, m-
nitrophenyl ester, 2-methyl-1H-indole, 4-methyl
imidazole, imadazole, 1,7-heptanediocl, 9H-fluoren
9-ocne, ferrocene, 2,2',2" -nitrilotriethanol,
2,2'"-iminodiethanol, dibenzofuran,
cyclohexaneacetic acid, cyanamide,courmarin, 2,2'-
bipyridine, benzoic acid, benzenepropionic acid,
o-dinitrobenzene, 9-methyl-9-
azabicyclo(3.3.1)nonan-3-one,
chlorodiphenyllarsine, antimony bromide, D-

anisidine, o-anisaldehyde, adiponitrite, p-amino

acetophenone, monoacetin, diacetin, triacetin,
pentoxane, 4 -benzoylbiphenyl, methyl oleate,
triethylphosphate, butyrolactone, terphenyl,

tetradecanol, polychlorinated biphenyl, wmyristic
acid, methacrylic acid, dodecyl ester, isocyanic
acid, methyl-enedi-p-phenylene egter, 2-{ (2~
hexyloxy}ethoxy) ethanol, 4-nitro biphenyl, benzyl
ether, benzenesulfonyl chloride, 2,4-diisocyanato-

i-l-methyl benzene, adipic acid, diethyl ester,




menbr ane has a substanti al | y uni form.gtructure. 2. The pol ysul fone

sem per neabl e nenbrane of claiml, erein the polysulfone c ound |s a
pol yaryl sul fone conpound. 3. The pol ysul fone sem perneabl e ne%?%eﬁ'g’e{)?&%
claim1l, wherein the polysulfone conpound is selected from the group
consi sting of bispHemoltod-polgrsyltfomae, polstdtemaqudlisind ones t podiyphenyl
pol ysul fone, and W es thereof. : f . m perneabl e
menbrane of claiml1 érein the sol.(\é}ieln(%lﬁf% Ogge}?%&leﬁ{flrc}en%?xﬁ%sgf%ep'

consi sting of tetfandtiyieiehamtlond lanti mirdsmorontel ol acidn, o-

di et hyl pht hal ate andtmyXt Weg -4 her§9fendt) %Q@éi‘?“?fh%%h%%cp%{&%b' e
menbr ane defi ned Itl)}%/f.a co sition conpr] si ng a_m xture of a polysul fone
conpound, a sol vent & %ol%ﬁ?onePEBﬁB 9R4S  afdda norcigdrarent for
the pol ysul fone cempeund, phasghblécpohysyl f opeipesiperamabl ey @Ene
havi ng a honobgen ructure. h_that the polysulfope sem perneable
nmenbrane has a sug’gl'lté%ﬁ?l}jg:éﬁlf uﬁf‘?gg%rlg?ruc?u?jgt?régh%%fpoljfs?ﬁfadﬁec

seni per neabl e menicande of dletilmB, whepkenyideenon- sekteent i s selected
fromthe group coRsishiiRgnAhot, 1-di et hylyrea, 1, 3:di gy_' rea, 20,8
Decenber 2005 dinitrot 3I uene,o_i, 2 -et hanengiagglnr%eefyég{l hel\lﬁj’ylgzm ﬁgz

t ol uenedi ane, o-t 6RENESAEYE,) aire) gitdvddi 4, 2 tedihsereslidmingi, ard rfe;didi but yl

phthal ate, pi pericdirRebudggal i Np- e¥&sOhexany16He] ohexengeny | 4 -
chol or ocycl ohexan sol.ve sol g}ent , .n,n- diethyl benzyl am ne, paraffin,

- | |
mneral oil, ni negép%%\%’ AMLRE ow SFFYL tristiednol  AmsEnasaddanyl

chloride, 1,2- (methylene-dioxy) -4-propenyl
benzene, 2,4-diilsocyanato-1-methyl benzene,
chlorodinitro benzene ( mixed isomers), hexahydro
2H-azepin-2-one, 4,4"'-methylenedianiline, 1t~

acetonaphthone, mercapto acetic acid, acetanilide,

glycerol, and mixtures thereof.

7. The polysulfone semipermeable membrane of claim 5,
wherein the polysulfone compound ig a

polyarylsulfone compound.

8. The polysulfone semipermeable membrane of claim 5,
wherein the polysulfone compound is selected from
the group consisting of bisphenol A polysulfone,
polyether polysulfone, polyphenyl polysulfone, and

mixtures thereof.

9. The polysulfone semipermeable membrane of claim 5
wherein the polysulfone compound comprises

bisphenol A polysulfone.

10. The polysulfone semipermeable membrane of claim 5,
comprising between about 8 and about 80 per cent

by weight polysulfone compound.




nethacryl aatc, stcaric acid, di(ethyl2ne glycol), tri(ethylene glycol),

et hyl ene glycol, poly(ethylene glycol), tetra(ethylene glyco}). .
G ycerine, diethyl adipate, d-sorbitol, chlorotriphenyl 5 bizcember 2005

st annanc, resorci nol, 2-nethyl-8- quinolinol, quinaldine, 4-phenyl pyridine,
phosphoot hi oing .aciTéhe @oQy@iathyk eepiplirticephenylenbresieof claim 5,

N, N- di met hyl - p- phenyl ene .di am ne, 2, 6- di nethoxlyphenol .

4-al |yl - 2- nmet hoxyﬁﬁ)}e{] ] ,S‘mghea‘ntan%'f%‘?|S i r?gy,oqg‘- n%%t %’%Farﬁ%t, ]_"Eyné“betjf%ﬂtam ne,

1- napthol, 2-napthalyerndthinel cobpbromonapt hal ene, |evulinic acid, phenyl

pyrrol - 2-yl ket one, phenyl 4-pyridil ketone, isothiocyanic acid, m

ni trophenyl ester, 2-methyl-IHindole, 4-methyl imnidazole, imdazole,

1, 7- hept anedilgl-, dRef Pedvenliongneerigerseahde membrane wift st %t hanol |

2, 2" -ini nodi et hanghe rdiiBenziof uranverty ch ghexaneacad i ¢-a6l deneyapanige,

courmarin, 2,2'- blgynldLne, benzoi ¢ aci d, henzenepropi onic acid,

o- di ni t r obenzene, C§RRERYFI9- Od7 abiCEFETEEEYE EP n oAt L9Nse, 3-methyl

chl or odi phenyl | ar sun€planki, Mbey zbporindee , pn ,aniddinditne,] .e-<arinsalde yde,

adi ponitrite, p-amn phenone, nonoacet i di acetin, tri.acetin,

pent oxane, 4-benz§§F%P%ﬁ§%&%f met hy %ﬁ%@ gguig?%%?%ylphoséﬁgPe}ne’

but yrol act one, tetphepyene,t et-dddédanobengeings hllordmatmdapiptienidne nyri stic

acid, methacrylicgaehts dodacyh .28l 8k Jo3RCYNIG 2% so1e , dighenyl

nethyl-enedi-p-phgnérghe este ,aQ-C%Z}SﬁEXYIox§§éthoxy£“%t (angl . 4-nitro

bi phenyl, benzyl €&PREr, bEAPERESHYT onyEtdRNGHi de 3C2HARIENSTEanativ-

1-1-met hyl benzengetadkiteasild, 2 dbehiybl eSteni polk- 18 1PRC e 2008 |
~valerolactum, diethylphthalate, diphenyl 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.

13. The polysulfone semipermeable membrane of claim 5,
wherein the solvent 1is selected fxom the group
consisting of tetramethylene sulfone, antipyrine,
-valerolactam, diethyl phthalate, and mixtures

thereof.

14. The polysulfone semipermeable membrane of claim 5,
wherein the =solvent comprises tCetramethylene

sulfone.

15. The polysulfone semipermeable membrane of claim 5,
wherein the solvent and non-scolvent are present in
a ratio of about 2:1 to about 10:1.

16. A polysulfone semipermeable mewbrane having a
substantially uniform structure throughout a
thickness dimension of the membrane, the

polysulfone semipermeable  membrane being




2' -'ni tro-acet ophenone, 1'-acetonaphthéhde, tetrade- canone,

(di chl orophenyl)trichl orosilane, dichiorodi phenyl silane, ph ot hj,ai c
acid, o,0- diethyl o-(p-nitrophenyl) ester, phosphoric acid, ??@9%-¥%P9%
ester, phosphoric acid, triphenyl ester, phosphoric acid, tributyl ester,
pheﬂyl | phosphor ou@ndt@hb@eadeafmmi tef lonhﬁa@hzhm i S@ﬁ.yaﬁi ?: pcﬁ%jsdﬁzlﬂﬂ(ﬁzéqw

m phenyl ene ester, 2,2'- .imnodiet 0 - am noet - 2-% - -

am noet hyl ) ami nof BPRYPS £ ﬁﬁ?ﬁﬁﬂ *ﬁ%i%g, T8y -C?gﬁgﬁﬁﬁP | 9- & esol ,
chl oro bi phenyl, golbaphésyldpnee,cdmgrayld ethesphdremsangsidhyfsaiyflonechl ori de
1, 2- (et hyl ene-di - (o] I en - di J.S t.Q- | - et

benzene, chlorod§%¥ ?ghgéngggésfl%?%%d ?%%ﬁ%é%?ﬁﬁ‘ﬁgég%é&%gne’ 484

2H azepi n- 2-one, #iztupeshyl| shedeahi | i nendl' -a acet@hapht horfesr mertdept o

acetic acid, acetaphliderongl Ye&iQouRNd mxdres thergof niL. up
pol ysul f one sem perneabl e nmenbrane of claimy5, wherein the pol'ysulfone
conpound is a poF§REYFEEEPFon&icomsbaRFetEYITRE piyddrone saifitdbiineabl e

nenbrane of clai mshlfodhaeei Behzeppehnysi!,f one -cameeund acetseliert e f rom
(he. roup cone: o Lugeeh fcpatencl A polygul Lones,-Rel vt hep palysul fone
seni per meabl e menbhanehehecLadichlonbbeaizenthe [olansuirormgtirpicurs
Corpr 525 LN gyp0 youhang 8, The Wb s SR Le
wei ght pol ysul f ondipbapydndetherg DitehneeexY00sidine, antipyrine,-
valerolactam, diethyl phthalate, diphenyl sulfone,
diphenyl sulfoxide, phthalic acid, dioctyl ester,
phthalic acid, dimethyl ester, phthalic acidg,
diethyl ester, phthalic acid, dibutyl ester,
phthalic acid, bis(2-ethylhexyl)ester, phthalic
acid, benzyl butyl ester, phenyl sulfide, and

mixtures thereof.

17. The polysulfone semipermeable membrane of claim
16, wherein the mixture includes a non-solvent for

the polysulfone compound.

18. The polysulfone semipermeable membrane of claim
16, wherein the non-solvent is selected 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,
cyclochexene, chlorocyclohexane, cellogolve
solvent, n,n-dimethylbenzylamine, paraffin,

mineral o©il, mineral wax, tallcw amine, triethanol

amine, lauryl methacrylaate, stcarc
acid,di (ethylene glycol), tri(ethylene glycel),
ethylene glycol, poly (ethylene glycol),
tetra(ethylene glycol), glycerine, diethyl

adipate, d-sorbitol, c¢hlorotriphenyl stannane,




11. The pol'ysul fone semni perneabl e nen#tane of claim5, conprising at |east
about 25 per cent by weight polysulfone conpound. 12. The poz% %sul ONe. .
sem perneabl e nenbrane of claim5, wherein the solvent is se 8?5'25)1‘ ot
the group consisting of tetranethylene sulfone, 3-nmethyl sulfolane,
benzophenone, n, nrdbnﬁthybacetanﬂajﬁ;ylz—e-pw:rmﬂildme,, @umﬁawhﬁalf@lene,
pyri di ne, thlophe r obe hlorona N halene y
salicylate, ani so?ﬂghg?ﬁgk(rigéﬁl Féol B nﬁg%hoﬁoe%{%/fm et hecP &'dl &en rE‘ri'léhhane
acet ophenone, p- aethoxryphenhikngleét r@am:; ZWNMWtMI-meMe

ohthal o acid di Seraliabter: & i ke eupid B g AIERE iR OO
acid, diethyl esPBfNCHht halﬁft@f@é’itd?rldilmﬁ:yl e%t@PPhtblﬁ'{Lﬁ@M@: aci d-

bi s( 2- et hyl hexyl )ﬁébﬁfzhyl@ﬁfab’!ﬁél c 1@@Eﬂltmnzyt Qa@uthﬂéﬁéth@l@@nyllsul fide,
and mxtures thereof. 13 ul f racgfe of claim

? Eol y$ sem p
5, wherein the s FQ‘@ﬂPapgtEE &cfed 1ei”b1 PhE GF&Ep 12 ﬁ’é’llstﬂy
t etramet hyl ene sul/ioketcamrt, i piramel 4- y;ajrfaiplakéaanedl dtdm)tlhlpmymhaie and

m xtures thereof Th | f gne pe cIa|m5
wherein the sol ven?}cbnprgls}gg]%ﬂ% ;ﬁ %e 5”}3 P K(]f:mf%blgaﬁe pol ysul f one
sem per neabl e menbebhgl ofimdldaiznls:, , Mw@d@:ﬁcmlethelsﬁl-heptaaadln&n $lvent are
present in a ratf@u@iceﬁbg%né telB-8RRUL %0 S 1%&1?8&‘:?8%8{}81

sem per meabl e nenbrane having a_ substanti'all'y unitorm structure throughout
a thickness di nefs?oniBinefeckbaBrane, the pol ysul f ofdbsamaderimsabl e

menbrane bei ng cyclohexaneacetic acid, cyanamide, courmarin,
2,2'-bipyridine, ©benzoic acid, benzenepropionic
acid, o-dinitrobenzene, 9-methyl-9-

azabicyclo(3.3.1)ncnan-3-one,
chlorodiphenylarsine, antimony bromide, p-

anisidine, o-anisaldehyde, adiponitrile, p-amino

acetophenone, moncacetin, diacetin, triacetin,
pentoxane, 4-benzoylbiphenyl, methyl olcate,
triethylphosphate, butyrolactone, terphenyl,

tetradecanol, polychlorinated biphenyl, myriatic
acid, methacrylic acid, dodecyl ester, isocyanic
acid, methylenedi-p-phenylene ester, 2-0{2-
hexyloxy}ethanol, 4-nitro biphenyl, benzyl ether,
benzenesulfonyl chloride, 2,4-diisocyanato-1-1-
methyl benzene, adipic acid, diethyl esgter, 2'-
nitro-acetaphenone, 1'-acetonaphthone,
tetradecanone, (dichlorophenyl}trichlorosilane,
dichlorodiphenyl silane, phosphorothioic acid,
tri-o-tolyl ester, phosphoric acid, triphenyl
ester, phosphoric acid, tributyl ester, phenyl
phosphorous dichloride, p-nitrophencl, isocyanic
acid, methyl-m-phenylene egter, 2,2'-
iminodiethancl, N- (2-aminocethyl) -N'- (2-((2-
aminoethyl) amino)ethyl)l, 2-ethanediamine, 2,6-4d1i-
tertbutyl p-cresol, chloro biphenyl, 4-
biphenylamine, benzyl ether, benzenesulfonyl

chloride, 1,2-(methylenedioxy}-4-propenyl benzene,




23 8 Decenber 2005 constructed fromga mixture of a polysulfone conpound
sel ected fromthe ground consisting of a polyarylsul fone co ber 2005

bi spheno A pol ysul fone, polyether polysul fone, polyphenyl ygd??éﬁé “and
m xtures thereof, and a solvent for the polysulfone conpound selected from
the group consistingdefisbet/nanethyleaensul f peaezedenet 1 orsidifralane

benzophenone, di met hyl cetam.de, 2- rro i done Isulfolene
pyrid?ne, thlophgﬁﬁzeﬁeél@hWbFSGeﬁ?%Wﬂ? ’ch*%?%ﬂ%ﬁﬁ?hgﬁé P IEtdy |

sal i cyl ate, ani sobeg, 0- ni #r,@adnrieahs,lentidiheriyli ret, her-additphenmdahcerd di ne,
antipyrine,- vale I al enyl , henyl
sul f oxi de, pht hal ﬁ%kg%%g@ dig!(j)%y%/ e%% Jﬂ agcﬁ%thaqh gdﬁ:ll%l%dél%f’hyl q'1est er,

pht hal i ¢ aci d, dméKhyKeéstﬁFegﬁthallc aC|d di butyl ester, phthalic

aci d, bis(2-ethy|hexy|)ester, pht hal i c acid, benzyl butyl ester, phenyl
sulfide, and mxtures thereof. 17. The pol ysul fone sem perneabl e nmenbr ane
of claim 16, wherein the m xture includes a non-solvent for the

pol ysul f one conpound. 18. The pol ysul fone semni perneabl e nenbrane of cl aim
16, wherein the non-solvent is selected fromthe group consisting of
1,1-diethylurea, 1,3- diethylurea, dinitrotoluene, 1,2-ethane diam ne,

di phenyl am ne, tol uenedi am ne, o-toluic acid, m toluic acid,

t ol uene- 3, 4-di am ne, dibutyl phthalate, piperidine, decalin, cyclohexane,
cycl ohexene, chl orocycl ohexane, cellosolve solvent,

n, n-di met hyl benzyl am ne, paraffin, mneral oil, mneral wax, tallow am ne,
tri et hanol




anmi ne, 1auryl methacryl aate,
glycol), ethylene glycol,
gl ycerine, diethyl adipate,

pol y(et hyl ene gl ycol),

stcarc acid,di (ethylene glycol), tri(ethylene

tetra(ethyl ene glycol),

d-sorbitol, chlorotriphenyl starthdsemt2a2@s

Decenber 2005 resorcinol, 2-nethyl-8-quinolinol, quinaldine, 4-
phenyl pyri di ne, phophorothioic acid, o,o-diethyl o-(p-nitrophenyl) ester,
N- N- di net hyl - p- phenyl ene di am ne, 2, 6- dinethoxyphenol, 4-al lyl - 2- met hoxy
phenol , phenant hri di ne, 2- naphthylanlne - napht hyl am ne, 1-naphthol,
2- napht hal enet hi ol , 1- bronnnaphthalene_bhgvulinic acid, phenyl pyrrol-2 vyl
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