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Crosd RURIEROS Related Applications

[001]  This application claims the benefit of U.S. Provisional Patent Application

No.; 60/802,909, filed on May 24, 2006.

Field of the Invention

[002] The invention relates generally to the field of separation technology. In
certain specific embodiments the invention provides porous membranes comprising
modified surfaces and methods of making and using the same, as well as systems

comprising porous membranes comprised of modified surfaces.

Background of the Invention

[003] Porous membranes may be used in a wide variety of applications
including filtration technology. The physical and chemical demands on materials used
in casting porous membranes can be stringent and difficult to meet. On the one hand it
is often desirable to have a membrane comprised of a bulk matrix, e.g. a polymer, which
is mechanically strong, thermally stable and chemically inert to most solvents. Typically,
polymers meeting these needs will be hydrophobic, although hydrophilic porous
membranes, e.g., comprising cellulose, polyamides and the like have been described.
Membranes comprised of a hydrophobic bulk matrix will typically have hydrophobic
surfaces and thus need to be pre-wetted with an organic solvent in order for most
aqueous solutions to pass through. Pre-wetting, however, introduces contaminants,

and increases the time and cost of the separation.



[ 3] Porous nenbranes may be used in a w de variety of
applications including filtration technol ogy. The
physi cal and chem cal denmands on naterials used in
casting porous nenbranes can be stringent and
difficult to neet. On the one hand it is often
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i ntroduced by grafting include an increased tendency
of the grafted nenbrane to swell, which in turn may
alter the integrity of the nenbrane and | ead to poor
permeability. 5



[ 8] Another nodification technique is the formation of
thin cross-linked polynmer filmon the nenbrane surface
over the course of free radical polynerization of

hydr ophi lic nononers as disclosed in the U S. Pat.
4,618, 533. Acrylic-based crosslinkers are typically
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bi onol ecul es (e.g., the hydrophobic, or charge-charge
i nteracti on between the nenbrane and a protein,
peptide, |ipid, or carbohydrate, or other nolecule
derived froma biol ogical source, that is passed
t hrough the nenbrane), and which maintains stability
under suitable conditions for cl eani ng the porous
menbrane, e.g., alkaline conditions. The surface-



nodi fyi ng conposition may contact all the surfaces of
t he porous nenbrane, including the surfaces which |ine
the pores which traverse the nmenbrane. [13] In
sonme enbodi nents the invention provides a nethod of
nodi fyi ng at | east a portion of the surface of a
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is passed through the membrane), and which maintains stability under suitable

conditions for cleaning the porous membrane, e.g., alkaline conditions. The surface-



[16] In further enmbodi ments the invention provides a
porous nenbrane conprising at |east a partially
nodi fi ed surface wherein the porous nenbrane is
nodi fied by a) contacting the porous nmenbrane with: 1)
nmononers conprised of two or nore polynerizabl e
groups, or a mxture of nononers where at | east one of
modifiyngraniopesition maysgntaciad tbe sudaces nfthet soress eneardne, including
of , only one polynerizable group and at | east one of
the suréacasneinieh $ine she pores whidhdfavierse the mertbrapéyneri zabl e
groups; 2) a cationic polynerization initiator; and 3)
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compuoséd o€ drsonsisteesdantiatin of, swilyione potyomgrizabilengraupeand at least one
nor e bi onol ecul es, wherein the nenbrane surface has
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porous nenbrane with: 1) nononers conprised of two or
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modififing-atdeast @portipn o6 thareuifatengf thegareus mansbranel )Additional optional
t hereby nodifying at |east a portion of the surface of
stepsmeaymchude evpusiranthe gIrSGRMEEREneHo BHormNF@AvENTSich as radiant
Cationic Polynerization [18] In certain
ene@yRUdhTRAL # strbRg bBideB fophed Fhidrehal @ct B8 apdIphkht initiator.
Iglscovery thatﬁ%ationic polynerizg?ign wg?ﬂ%@huségﬂrbmnmkw
iof t i Or r , :
OtheFiiotaPsteb oy, ARl irithifind BiFoBN m@ffrae S ARYLS sutable
tionic polynerization has been used to create
solvei 818 WaBh Ao Sonna N sl RaITET. see, e o, U.s.
Patent No. 4,058,401. In some instances, these o
c o1 gsInethengmbodiments jae investion paeyidgs agystasn ifer modifying at
obj ects such as al um num cans, but not as
leasta podio ofcibiefsyirfage of agurdts areamibfaneasomusrisimgrta)anpstous membrane
[19] Cationic polynerization involves three phases:
havihg@atduafacenb)roRGaeRs ¢SMpASEH bEIWD diniofs poilfferzadfd §@uips, or a
begins with the generation of an initiator bearing a
mixtBRSh h¥RohBRs %Sr TUPISE bife of el MBhGmMRA ié”&%éﬁgécfgf, or consists
ma t y st g acl nen

y be initiated ron ds I'nan enviro
esse{qii%ﬁY gfe So%éﬁé;gmyﬁ%ﬁag;eog%%%téno atf I%lalstoc\JAr’?e of fﬁte r%ggomers is

comprised of two or more polymerizable groups; c) a cationic polymerization initiator;



pol yneric species to a growi ng chain, which will also
bear a positive charge. Term nation ends the
propagati on reaction and occurs when the growi ng chain
reconbi nes with any nucl eophil e such as an am ne or
wat er nol ecul e. [20] Strong acids may be
and )qtienatheane pr exqre sif e follomings i) fupctionak mareniers; 2) additives; 3) a
photoinitiator to an energy source. The energy source
solvembgnd AJ lasbeirceoof energyand non-i oni zi ng radi ati on such
as ultraviolet light (UV), visible light, infrared
| (@8], _gapBEPothaf eAidodimen@dha inviintibh Yrodtes e fiddied porous
beam’ (EB), m crowave and radi o-frequency radiation. 1n
. r - ) Ly
memB AT STRORIGE Botle R Prar DRG0 WhPBh B bers
el ectron beam by itsel.f be sufficient for
comprizetiof R OB RANTEaRIE BrouRs, 5 2 WS AT TaRoReR where at
for a photoinitiator. Exposing the initiator to the
least gpe .l yhe gipneangredsicerprired pb arsionsistoassgntiaty of ey eae
speci es described above. In sonme enbodi nents thernal
polymerizafple grwouptandai lkeabl end of thembhamiensjiscedrmiprisexd of two or more
pol yneri zation. In yet other enbodi nents a strong acid
polymeriZable groupe)ard ®olymeriziinvddntgdttwitheaid eeefater ad &herein said
energy source to generate the initiator. Exanples of

polynfeifzatian 3§ félﬁ]g?ﬁﬁgtg/a%!d{i&wii: %%b}gﬁégiiétiiow iH@éin‘%tnlaﬁcfkgiroinglly, one, or
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formation of a strong acid when an external energy
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of Group VMla elenents. The salts may be aromati c oni um
compsiaingsat |€asti sopartiaily mudifiedssurfacewiieteyp tieaporousanembrane is

conpri sed of di phenyliodonium and tri phenyl sul foni um
modifisd B! b) 86nthbng tHLBSOUS WhéAbKaHd @b S1) RGHEMES @Imprised of two

Sui tabl e _oni um salts include, but are not [imted to,
S T T T
monc 8 BB 3 . 1 ASREEL LSl 255, P8t mebimezable roup and

hexaf | uor oar senate, and triphenyl sul fonium

at leagbQne of ieoRenPHsiaissCompHSeshPliwas el more pelymasizekle groups; 2) a
conprised of a diazoniumcation (C6F15N2+) or its

cationjq pstymerization anitiator;sarxchd) opljoraliymmesar morevokthefoliowing: functional
triflate, hexafl uorophosphate, ptoluenesulfonate,

monapeers| additivds bothasfashith ar@tiescriidd Afre, and #56Renti) PBFmerizing
of strong acids. Organonetallic corrpf exes usually

the meRBRRIrS of ﬁffh‘e@é@@%ogﬂ@ ﬁ%éﬁ%@éﬁi?@ﬁ;%é@ﬁ%?e of the porous

nucl eophilicity,” e. gacur e

any, Lakewood, Chio). [22] The
mem%@ﬁgentrati on of initiator effective in cationic

p rizatjon nmay be determ ned based on a variety of .
f Biﬁi? s ‘%%Lotggr ?%’@Ogim%tﬁ the inandion Eoyides @ﬁneﬁwd¥¢féllterlng a
desired reaction rate. Water, e.g., atnospheric
solutign gpanpriginoneie queesd bigneoleculesi wherd thesuathoshdmdprisas contacting
the concentration of initiator ranges from 1-10%
wei ght; 0.1-20% wei ght; 0.01-25% wei ght; 0.5-5%
wei ght; 0.9-1% weight; 1-3%weight. In a specific
enbodi nent the concentration of the initiator is 0.1%
wei ght . [ 23] The solution of polynerizable
nononer (e.g., nonomers conprised of two or nore
pol yneri zabl e groups, or a Rixture of nonomers where
at | east one of the nononers is conprised of, or
consi sts essentially of, only one pol yneri zabl e group
and at | east one of the nononers is conprised of two
or nore polynerizable groups) for cationic
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[24] In certain enbodi ments where water is used as a
solvent it nmay be evaporated prior to polynerization.
I n ot her enbodi nents any sol vent used may be renoved
fromthe nmenbrane by evaporating, freeze-drying,
exchangi ng for non-solvent, etc. In sonme enbodi nents
the partition of nononers fromthe solvent onto the
a migyopeEpsis rembranerepmprsed pf ableasba partiatyrmedified surface with the
al so contenpl ated thereby elimnating the need for
soluticeneomprising enermdiedrionioldédudess avharain. thermembeasine surface has
enbodi nents it may be desirable to forego using any

beersat! Iéﬁﬁtparﬁalgﬁ molFied by Bl ¥oRiAetiRg tHeperdiR! MERbramd Wih: 1)
nononers and an initiator when a dense coating is

mongifipfs Efimprizé PR Aot poyhERPIL S, 615 pifdire BPmonomers
modi fied ne ane may be used in di.alysis.for ex | e.
wherBogigast ond 15 MR erads EB5htsPe i o COriistd sy o1, only one
sol vent shoul d be capabl e of dissolving conponents of
polymedzanie greul and ableast eneiohihe mosegersimepmpysed of two or more
Because water may quench the pol ynerization reaction
polymaerizahte geeuipss 2) suiatiabicepalpinedratiomintisiary and 3)mptianally one or
content, e.g., less than 1% less than 0.1% |ess than

morelofthésfollsing ! funstiGhdl Gddhorhesss atbinines, A Heolléntwal polymerizing
is used as solvent, it has to be renoved,e.g.

h {STh) tRéreBY rhediffing st § |stRfalc8bf
the n?‘éérgigﬁ?%n. ul taeb e g%ﬁ{lliitsfs’e?gtré:Egggjrﬂa%@écomF?;beéh%Porous
me ?%r%eous bulk matrix materials is provided below in

m)éa € 1. Table 1 Menbrane material Solvents Cell ul ose,

Pol yam des,
DESCRIPTION OF THE EMBODIMENTS

Cationic Polymerization

[018] In certain embodiments the invention relates to the surprising discovery
that cationic polymerization may be used to modify at least a portion of the surface of a
porous membrane comprised of a bulk matrix, e.g., a polymer. Cationic polymerization
has been used to create sealants, coatings and encapsulants, see, e.g., U.S. Patent
No. 4,058,401. In some instances, these coatings are applied as paint or coatings on
solid objects such as aluminum cans, but not as surface-modifying compositions of
porous membranes.

[019] Cationic polymerization involves three phases: initiation, propagation
and termination. The reaction begins with the generation of an initiator bearing a
positive charge. Typically, cationic polymerization may be initiated by strong acids in an

environment free of nucleophiles. Propagation follows next and involves the addition of



Water, Methanol, Ethanol, Polysulfones (polysulfone,
pol yet her sul f one, pol yphenyl sul fone, etc.) and

Pol yvi nyl i dene fluoride | sopropanol, acetonitrile,
hexane, cycl ohexane, petrol eum ether, benzene,
tetrachl oronet hane Pol ytetrafl uoroet hyl ene, Water,

Met hanol , Et hanol, FEP | sopropanol, acetonitrile,
polymeric species to a growing chain, which will also bear a positive charge.

Termination ends the propagation reaction and occurs when the growing chain
recombines with any nucleophile such as an amine or water molecule.

[020] Strong acids may be generated by exposing a cationic polymerization
photoinitiator to an energy source. The energy source may include ionizing and non-
ionizing radiation such as ultraviolet light (UV), visible light, infrared light, gamma
radiation, radiation from an electron beam (EB), microwave and radio-frequency
radiation. In some embodiments where the surface-modifying polymeric composition is
prepared from a vinyl ether, an electron beam by itself may be sufficient for initiating
cationic polymerization, without the need for a photoinitiator. Exposing the initiator to the
energy source results in the formation of the charged species described above. In
some embodiments thermal energy may be suitable for initiating cationic
polymerization. In yet other embodiments a strong acid initiator may be provided
without the need for the energy source to generate the initiator. Examples of such a
strong acid would include trifluoromethane sulfonic acid, hexafluorophosphoric acid,
perchloric acid, etc. .

[021]  Photo-initiators useful for generating strong acids as initiators of cationic
polymerization include diazonium salts, onium salts, and organometallic complexes,
which may induce the formation of a strong acid when an external energy source is
applied. The onium salts may include salts of Group Vla elements. The salts may be
aromatic onium salts. Cations of onium salts may typically be comprised of
diphenyliodonium and triphenylsulfonium, as well as their substituted variants.

Examples of suitable onium salts include, but are not limited to, diphenyl iodonium



Pol yol efi ns (pol yet hyl ene, pol ypropyl ene) hexane,
cycl ohexane, petrol eumether, diethyl ether, acetone,
t et rahydr of uran, dichl or onet hane [26] A
variety of useful additives to the cationic

pol yneri zation reaction are contenplated in sone

hex@ﬂﬂ&gb%&te Adfthte er’i@¥ W&ﬁh%ﬁflhkﬁﬁfﬁé nate, triphenylsulfonium

phot os tiZers an retar ant's I ch may e ad

rooSBPy 6 B BBITEH GAIR0 SR BReH R b

. . C enb nts these re ts serv s_chai n
tiphegy A Br G HATTRSoar3 e 316 Ang TS on hesaisgRantmonate.
These reagents ma?/ thus be used to control the degree
Diazemiysp|spits eire Smieallysionprisesoefontiazoniine hatiery (GaHshbthoeits
into different swelling and stability behavior of the
substiidiedi \etliamstandinmeayscorhpise anibraspkk asdfiflste] haxafuorophosphate, p-
di l uents include any nucl eophile, such as an am ne, a

toludrrdsurehate, pefRitRb- 1%@aﬂ@§@fona5é&ﬂﬁbfé3aﬁ& other anions of strong acids.
phot osensiti zers are pol ynucl ear aronratl ¢ conmpounds,

Orgéh’@ﬂe%?hc%grﬂ I@?Sé‘ﬁsg ﬁé}ﬁam"ﬁ‘ -QFJ lﬁ?ﬂ%aénlons of low

trves nmay I nc actan

nodi f conmbin In so

S T N geEh Phiie

pol yner from beadi ng up on the nenbrane surface and to

enLdlzi’é ahhe FeRCeRERtHyOlnitiaar aftachue éucatinniepelymexjzation may be
exanpl e of a suitable surfactant includes

detemminetcbagdd.on asarighool factors duploadbé amauait iof moisture present or the
[27] Functional nononers are also contenplated as

desipsd sgdctioh Irstel SAatdr, gl dthosphefic haenidiay, inddy quench the reaction. In
pol yneri zation reaction in sonme enbodi mrents. These

somb%ﬁﬁ@&uﬁwéﬁéﬁi@c&%&h‘aﬁ@ﬁ’ o@im b} rfr&ﬂ%ﬂmg%we.ght 0.1-20%

functlonal groups and osen 0 | npart

0 th
e AR Rl AT o
[ t d a I ied to the
embbﬁwﬁé&tshsfp‘éﬂg%ét?%@orka e aict i 313 Vet hod. Vi ny!
ethers and gl ycidyl ethers may be derivatized with a
vallddly bhe spitiopaf pofhwaerizalde manemerpedyi awnomers comprised of
functional nononers. Another functional nononer may

two bnoriane @olyoheraabées groupsabna myixture Wi heonohngrsavinarei atieast one of the
salt (with a non- nucleophilic counterion) and a

morPierS®s tambliSedbp W condists Bssdniiafly b drﬂ‘f@ﬁ@‘bbﬂﬁﬁ‘er&able group and
per manent positive charge into the nmenb

at least one of the monomers is comprised of two or more polymerizable groups) for

cationic polymerization may be prepared using any suitable solvent, e.g. an organic

solvent that is inert to the porous membrane (i.e., will not dissolve it or swell it to the

extent that the pore size integrity is compromised), or water or no solvent at all.

[024] In certain embodiments where water is used as a solvent it may be

evaporated prior to polymerization. In other embodiments any solvent used may be



Por ous Menbranes and Surface-nodifying Polyners
[28] In certain enbodi nents the invention provides a
porous nenbrane conprising at |least a partially
nodi fied surface. In sone enbodinents all surfaces of
remover froar thesmembsane by evapeiatingi fseeze-dying sxchppgingrfgr aon-solvent,
pol ynmeric conposition to the surface, including the

etc. lnwdnae emBadimentstthe pactites efhmhohoineey frosethelsoltont®the surface
t he nenbrane. Any nenbrane may be nodified using

of theCrdkhithRe PAbY fEHOIFRIcH2ALIGHS i§laRe ¢di8mbRited 'EherEB? eliminating the
menbr ane nay corrprl se a hydrophobi c or hydrophi

c
need %’lj r]énni% bﬁg%ﬁ@rﬁ oMHe gbl{/ec’ntmm 8&%%%%@&5‘?%% may he
d %ﬁm?ﬁ? I ment s e| t P dified u
esirghieitg rsgsasme?n&a? Vet §<9 a%S'FS Q”'Sh?"t‘e of mrﬁmo é"t‘ izable
non- speci fi ¢_binding of nol ecul es contained in
monogagrgEnsramiitiaion whpa adansertasiige is Resiredor Baenembrane will remain
[ 29] Dependi ng on the presence and type of chem cal
porousurudtviith el fillgd pivga s it iwill nbehave RuxaT hisxtype bé moalifieaf mehdrane may
menbrane, the surface-nodi fying conposition nay or nay

be usedtin bitalgsiy fdreskamplel nked to the surface of the
menbrane. Thus, in sone enbodi nents the

SLUZ‘%CG ﬂ‘@ﬁ'bf)plrﬁﬁntg%ﬁ@?@rd &lggﬁmg%é Ot'iﬁe‘%l \+erft sfuogiﬂ%e capable

ace o) porous nenorane

of dlsg\gﬁg?lgt gcldh%ﬂgqq'yg %ﬂiﬂﬁ R)}l WS?' Crﬁm?%pbﬁ@t%@%{gﬁpmers etc). Because

coval ent |y, bi n the coating results in a surface
Watervﬂ%%ﬂusf‘6f¥ e f/ rizatien ESactiofldn same c3sas sulkahie salvents may
that is not subject to swelling, and the acconpanyi ng
have adawrwates eontent iergic tagsdhan ﬁf’/edess thasx®dr4, desastinabw 01 % less than
grafted nenbranes when placed in an aqueous sol vent.

0.001Vhdessittamo®000¢1%. yif naterds meed idsi syivertyit has to bepresriedfe.g.
pol yneri zed pol yfunctional nononmers that will not be

evap&raRicE griok ® alféaingnfebalfRbyAdtnveaehioRt Bat4bRSINEHM for

occur under condltlons enpl oyed in cleanlng the porous
memlg?réﬁg% ?:IBﬁHJWg%g {o; é’/grlUﬁg bufk rgngr]k}ﬁ% é%ésﬁlrsf rgvﬁgg %[eﬁrs\b Hrable 1:

por ous iegltérﬁne may be nodified wi thout the use of
acryl at sed functionalities or the use of plasma or
cor ona_dischar ge, t hus__avoi di ng the toxicities

associ|ddembyanexmaéenali ¢ r eaBelveBts and the | ess tha
adequatGeltdass, Pplyzamides at | 0Water, MethangpEt#wanol, t he
menbr gritolysdfonesng f r om pl alsopropathof; @cetunitdileschar ge.
In sorg cnyb@wbﬁgants t he surfieemedtydloRexanes nmenbrane
i's nmodigdhrahersuigné adi at i O%étméﬁﬁ%tﬁélt I@RzEne,

pol yne >gtnoﬁﬁiHe‘PﬂS}lsu ﬁéaéte(g astﬁ't’ré@ IPFE&ES{Héner efer's to

D

bot h € g. atop

sur f ag @g\’ﬁglm surface as well as interior

Surfac ! n res—vwhich traverse th pt h
of thg ﬂrﬂ‘éorPPﬂM?q?e to\éra%%h@'éa@ Eﬂ*@nﬁbttorr
surf agEEP [31] The busRPigRANPk %ﬁtwltﬂlﬁ,ous

menbr amlyalfitfe conpri sed |diexang, sycloh@xanemat eri al
such agpolyethytlenenr e pol ynerpetrakepmeetber, diethg ether, abl e
pol ynempslyiropflena) ng t he paacaisnereetralydrofurahude
pol yollefi ns such as pol yet|yitiebeomedlaner opy!l ene,
pol ynet hyl pentene, or the Tike; polystyrene or
substituted pol ystyrenes; fluorinated polyners

i ncl udi ng pol y(tetrafluoroethyl ene), polyvinylidene
fluoride or the like; polysul fones such as

pol ysul fone, pol yethersul fone or the Iike; polyesters
i ncl udi ng pol yet hyl ene terephthal ate, pol ybutyl ene
terephthal ate or the like; polyacrylates and

pol ycar bonat es; vinyl polynmers such as pol yvinyl

chl oride and polyacrylonitriles; cellulosics such as
cellul ose, nitrocellul ose, and cellul ose acetat e;
polyanides. Cbpolyners nmay also be used to forma bul k

o o .




copol yners of butadi ene and styrene, fluorinated
et hyl ene- pr opyl ene copol yner,
et hyl ene-chl orotri fl uoroet hyl ene copol ynmer or the
l'ike. [32] Generally, the porous nenbrane has
an average pore size ranging fromO0.001 to 50 m crons,
0.1 to 5 mcrons, 0.01 to 1 mcron. In sone
el26di mAruasietyhef useafulkagdifimsdodhe eationio. lymerization reaction are
ot her enbodi nents the average pore size is 0.45
contemiptateddn sdhe erabbdiamentsle pAdditivesemalyhiecldde dilnestspphowessnsitizers
the two outer surfaces, or top and bottom surfaces of

and rétaPddMEDKIFER mape 2A088 tb E%&ﬂé@@ﬂo%r&%‘ﬁon 593?[8% to control

m crons, 75-200 m crons, 90-150 mcr

e afd 808 U7 g B4 JFREREH B s e
noner co ed of t or, nore

reagegifs @%angl aih e orsHa the g@ﬁq?rgégg[yﬁ%%\%ogﬁég&?dn. These
nmonomers i s conprised of, or consists essentially of,

reagepits (payriBup beused it £aptrel hesigoras @f aplymerization &f e menomer,
nononers is conprised of two or nore pol ynerizabl e

whichgnay pranslaté intp different sedllieg amd ehayilitydoe hianidr wfl éheamoalifigel
of sol vent-sol ubl e pol yneri zabl e nononers that do not

memiraae suivake 0 Exahigled PSRl TGEHS Shcldde BAY nutlkbphie, such as an
etc.). Exanples of polyners suitable for nodifying a

aminé(',’%]:ﬁc’gl?ﬂl%rié id aﬂBWvétQﬁ;F%Bgszch%g@g&sﬁ z)ég%)h%er plynuclear

, I'ncludi ng polyet ene VI ny

arom AR sH LS ShEChirahE! SR e e aces may
incluc%gw&giy b.g{lgr t?1|eI sdu?'Pa[%’ngﬁgqlil Sfrlgé, %@%@Q%ﬁéﬁﬁéég Eizr’l some

surface nodi fying polymer may be hydrophilic. The
embogdipaertphvith a spitablesuriaatanb to peavenhthe polymar frons beadingap on the
m ni mze any non-specific binding to the nodified
membranbsarfacs antido@nsure ot keen eohting okall sarybedssurfzee. An example
nodi fyi ng pol ynmer may provi de other desirable chem ca

of a sQtANesurfastan€irtiuded Ii@!a@%céﬂ%r@ﬁ@lphehicaaciﬁgSFd'sEiLﬁn salt.
: affinity for a particular material. In so

1R, BN Gk PSS B ok A AR ARy useru
a5 GBI, et gt Smp A Bhedimanes oS reagents

In some enbodi ments the polynerizabl e nononers may be ‘

may kenpgippdsaf of paiticyaachemigad finictionakgroupsiaaggvay Prechosen to impart
pol ynmeri zabl e nononers may be conprised of one or nore

a spesific padpertycloctire caémbrars surfede, grguie abilityHo mityactebind drmepel an
the cationic polynerization reaction. Exanples of

analyteUoftinterest dRmis&d irf 8_akpk e beapPRSd taHeSoBB MéMBRane as part
such as glycidyl ethers, styrene derivatives, vinyl

o a sEhaiin ATV AT S8Rl 438 RATENRTs Db chATgiect i

varett R theid dndifh Bhihus BRSPS RaRmbiAI AR unctiona
het er ocyc| es, such as thiiranes, cyclic ethers, _

monomgs fdelncludednolesilesiGantainingra ayaieTany|anamenim sal (with a non-

that the choice of nononers will provide control over
such vari ables as cross-link density, flowtine, flux,
and anal yte repellency. [035] In certain

enbodi nents the pol ynnerizabl e nononers may be present
inthe initial coating m xture at a concentration of

0. 5-100% vol une/ vol une, 0.5-50% vol une/ vol une, 3-30%
vol ume/ vol ume; 1-40% vol unefyol unme; 2-15%

vol unme/ vol unme; 5-10% vol une/vol une. In sone

enbodi nents the pol yneri zabl e nononers may be present
at a concentration of greater than 10% vol une/ vol une.
In specific enbodi nents the polynerizabl e nononers may
be present at a concentration of 10% vol une/volune. In

L ) Y T L " o o



concentration of 100% vol unme/vol unme, thus filling the
entire volune of the nenbrane pores with polyneric
conmposition. Methods of the Inventions [36] In
sonme enbodi nents the invention provides a nethod of
nucleoghiligicognteriong aat sapgipmerigablefgrobp could lee ased taincorporate a
porous nenbrane without the use of acrylic reagents.
perrhan@ﬁ sﬂﬂ)@b@dﬂrgérﬂté th& thermbfiNe. on provi des a net hod
ifying at least a portion of the surface of a
porous menbrane wi thout the use of plasma energy. In
still other enbodinents the invention provides a
d of nodify ortion of the surface
Porgis Bfemiang® Absitfhsdmofitie Aebinets o oraiting. .6
covalently bi ndi ng a surface-nodifying polyneric
cot@fli t ineettainepkedmentsiis iaMentiqn pryides a porousg mgmbrane
In further enbodi nents the invention provides a nethod
compirisingdatflgastp partintiystodifigebswiface. olih sdmee emtfairments all surfaces of
por ous nenbrane conprising contacting at |east one
the porduadrembraritaromodiiedtaly. abl,eamplzihgaa pélyHidriicomposition to the
conpri sing: 1)nethanol; 2) polyet yl'ene gl yco

suerbé“lMEIUQM éf&% a@é‘gllﬁ c1h8 R:%%ﬁ\{éf?ﬁ% the depth dpf the

hexaf [ uor osp ate hex eca uros ni c acl

S TR W R
desgﬁ;%gra Y] leertnembggrtrga]uacy&éfggéég mnoh%ﬁ)p%‘mgimphmc bulk

. olysulfones such_as pol yether sulfone,
matrmmﬂtgﬂal which issetoglified; withs arelyraeriacomppsitiphue a)hwu rophilic
nmonomers. Accordingly the nmethods of the invention
polyouwart dmsbeatecembedimaehts itloae meEmisranemaay e shegified ueingt dxtionic
pol ysul fone nenbrane has been contacted with the

polyﬁ'?érlz%ﬂbﬁ sBCtl@/t'Eéﬁrnhﬂf af bifinaté hbﬁls‘b"emf@rb?n&lhﬁ of molecules contained in
pol yneri zabl e nononer. The rinse may be perfornmed

ascFAGH LA bV ine il . noino =t eps

[029] Depending on the presence and type of chemical functional groups in the
bulk matrix material of the membrane, the surface-modifying composition may or may
not be covalently linked to the surface of the membrane. Thus, in some embodiments
the surface-modifying polymeric composition will fit over the surface of the porous
membrane, but will not be chemically bound to the surface of the membrane.
Advantageously, modifying the membrane without covalently binding the coating results
in a surface which provides for a more robust and stable membrane that is not subject

to swelling, and the accompanying compromise to structural integrity experienced by

grafted membranes when placed in an aqueous solvent. The surface-modifying

12



[39] In sonme enbodi nents after renoval or evaporation
of the solvent used in the cationic polynerization the
i nvention further contenplates the additional step of
appl ying a suitable noisture barrier to the porous
menbrane. The noi sture barrier may conprise a suitable

cant.ai ner uch as. a bag, ,e.g._ a | yet hyl ene bag, o .
compRE B dRe, BBt iR Hob s B e R pres et wil not be
noi sture_in the atnosphere. The barrier may be able to
subjﬁpbwsaﬁ@hneawcgﬁwsx@ﬁ@hlgb otherudsemught ageur éneergsorybmrt'eeemployed in
is light energy, such as W light, a suitable barrier
cleaning theepasoes mmnbﬂasletp”rmnwasem.gt,d)dfdn@m bio-separatipmd,Qjr during
In still other enbodi ments the invention provides a
storagé.nod of controlling the degree and extent that a
nodi fyi ng pol yneric conposition covers one or nore

sufdages The s@r@@é%‘ﬁ?ﬂ{ﬁ o hqﬁemﬁ{)&\de n-@r? Béghﬁ@if%id' WA the use of

or retardants. In sti er e

oA 3 AP e b s v

nvol ve var ng the chpice and concen
the {giofligsAS80GIaY %9 W&npﬁﬂfgwﬁﬁseﬁt%ﬁa o lassdhan adegHete coating
concentration of initiator. In further enbodi nents the
penetigtion inghthsr parea©f the menmyanefreswting friony plasma aad eorsina
a porous nmenbrane with a suitable chem cal
discharget i larsnime gmibpdimentsdhagurfaee of amporeud merhbranalis modified using
nononers in the cationic polynerization reaction.

radiatcd mHGcé@Eﬁtl&ﬂb%IWﬁéﬁﬁatl@ﬁ t§lﬁ'fdc@>V§§t\Js@B HelhinP RIFEMSto both

menbrane is contacted with a pol ymeri zabl e nononer and

extefu@f Fﬁ’ﬁ’é&eé Ql’uhétrﬁ‘étﬂbr Sﬁe aédrgac%n ﬁoﬁto'ﬁ%ﬁrfgé%t%gwell as

OW ng functiona ent

mtermr%,{r%ictes y@pcrtllg,e Fﬁennﬁ%%% Wl;lng trj:_avgrsrc?l ﬁ c&p’th ]og{hesmgmblrgne from
tes. In sone enbodi nents the porous nenbrane is
the @Brﬁ'-’&f?lcédo\ﬁm RoHomiusfacen conprising 1) a sol vent; 2)
a pol yneri zabl e nononmer and 3) a cationic
po[03fer i Zheibuik matniX off @ pofaus membramamaythercompased of any suitable
[42] Atnospheric humdity may affect the rate and

matétég iseieh @ls dritcoMPbydTpolyARirs O Repeasdritative Sitalns) b@lymers for forming
pol yneri zati on according to the invention nay be

the ﬁ&bﬁ@rnﬁ@fﬂbﬁéneﬁnelﬁﬁbcﬁglg’oléﬂ{& it &€ EW@W g'oi}/p?ﬁﬁﬁene

enbodi nents the hum y 1s lesst

oo A0 000 100 s A

|l ess.than 5% . |less_than 1% |n ot her odi nent s
polymgrs ingl %Ww&tﬁ @ﬂwmtmﬁ%n@e pﬁ@wm}lﬁ%@e gvorédmmfm like:;
| ess than 100% GCenerall the | ower the humdity is,

polyswifonas: sush aspolysulfarieo polygjharsulfena eothedike; phlyesiens including
some enbodi ments cationic polynerization may be

polypthyferentedephithalatey Ipelybutyldny terephtiaitatear tike tke; polyidrylates and
dry nitrogen blanket. In instances where the

polyBainRRfdsz @Hypgo/lyﬁ\%‘l?é 508h b8 PR BR/bAE emdﬂ;lw}/% Wonitriles;

greater t han |g er concerntration of tor

celld@éﬁc?@uﬁ%?gc{e@:lSQé‘Hﬁf?é@érlﬁlés%r ahitelIpE 2R BB Pk ines.

e concentration or 1ni ator

The us nenbr anes described =

Coplyisih iy, alse besure h 19 4 mtﬂénﬁéd&%wa% étial oluding

met hod, i ncluding but not I|n1ted to the separation of

one or nore bionolecules. As an exanple the

bi onol ecul es may be a protein, protein fragnent or

pepti de. The protein may be an i mmunogl obul i n such as

1gG I1gA 1gM 19D, IgE or functional equivalent

t her eof | mmunogl obul in funtl i onal equi val ents may

i ncl ude i nmunogl obulin fragnents, which retain the

ability to bind their antigenic epitope. The porous

menbranes of the invention may be used for

nanoflltratlon ultra-filtration and mcro-filtration

o oy



[44] The porous nenbranes described herein may be

engi neered to chemcally bind a specific anal yte
contained in a sanple solution which is passed through
the filter by the incorporation of at |east one

functi nononer nto ol ymeric face coati ng
copolyffeis ahBiiaciane s shiena. dhictingles s bylenarmreRy Pegctpomer,
with and binds the desired anal yte may be engi neered
ethyleng-shioretriluegtwlenricenolyigeper theelikes conposition. The
pol ymeric conposition may al so be engineered to
| [@3%] poGenerallys pree pbrousl mgandand hadendeeragesipore size ranging from
functionality. Systenms of the Invention [45] In

0.00 &Y 5@ iriicreRB o0l 1818 MidrbAs, Imw'&s ncrﬁuc?éﬁs OIP§ e dzﬁ%cﬁnments the
system for rmdlfyl ng a surface of a porous membrane.

avera-aéeqérlésstlféT?srﬁii MBI Gn RS %Hrsr% i ?ﬂ?e a@erﬁé@% sp‘?ﬂ?%\‘%lze is 0.45

ator and one or nore po rrzapl e nono

micrcpy 151% gineEode oiBi PEChe p B350 ﬂaf%ﬁ»gFféces or top

one or rmre additives, a photo initiator, an ene g

and botiom surfaces of the sombeanss Mani3NgedTAR P00 anr,@nﬁg 0-500
energy. In some enbodi nents the energy source may be

micromist ¥ 2-200dhisronsa@0at5®dmicransui t abl e source of ultra
violet radiation may include W/ conveyor with two W
| {@88] sThecesfacenrodifyihgpolntericorpoditién bPiHeOpdroas membrane
manuf actured by Fusion UV Systens, Inc. (Githersburg,

may H}@bom‘pﬁs&g Reang %ﬁ%lﬁﬁéﬁoﬁ@?c@rﬂﬁﬁ?&! 1 BPH & Br fdYe %% aﬁﬁbnzable

el ectron beam sul tabl e source o ectron

grougf§, gr bqﬁ%‘ﬁﬂg of gioHRf s %”%@%‘ﬂ%a%n%ﬂe@qﬂ?ﬁ?%%&% dpfpprised of,
or oRRIBSRSBRISNGH! PRI G Pl TGHEAbIergyP Gt A dShshprincar the

required to initiate polynerization, which my be
monogmers|iy cempaised @f byo or saremghunerizatle gealipspr Brrepolymerizable
sol uti on. [46] In certain enbodi nents the
monanmerenay inclydeairdege ahsaluéoirsdlebleolyraerizable mehdrmersthat do not
surface of a porous nenbrane. Thus any, or all, of the

bear Ati€l8SpMRY ghfipsUbBRbRY] ar’mﬁéé UHiony) &td.Xi BYafpfes of polymers suitable
initiat or poI yfunctional nonomer or a m xture

for mH@igﬁ y?’i !bYéﬁg@ ﬁ%awm@% ? y%ﬂg/léﬁ)é é&@{)h%PEG), including

hi's mx ure toat

o B BT AR R AR Sl v

1: PEG nodi fied nenbrane usi ng cationic ymerization
as wellgg pRlyolefins, polyacrylates, polyamides, poly-N- vmylpyrrolldone polysiloxanes,

polyoxazoline, polystyrenics.

[034] In some embodiments the surface modifying polymer may be hydrophilic.
The hydrophilic polymer may be neutral in charge so as to minimize any non-specific
binding to the modified membrane surface. In other embodiments the surface modifying

polymer may provide other desirable chemical properties, e.g., a polar surface, or a
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[47] A solution of polyethylene glycol divinyl ether
(10% v/ v) and di phenyl iodoniurn hexafl uorophosphate
(0.1% w v) was prepared in nethanol. A m croporous

PVDF nmenbrane with the pore size rating 0.22 um was

d. utign.for, 2-5 m ved
specifiafifity far'q batilat ASHAL Hn some Sitrodiaehts) Mecsrfiesmoditying
clear 4 m |l onetherne_b It vvasthenrunthrouh
polymer opay ke wmpéltse 5@3 le @hPRIRss Whiiefarmoa sue‘a@@rmodlfymg
UV Systens F450 uI traV| ol et bul bs (above and bel ow t he
polymerrbr ardsstinkedsfileedn at |25t Aitpariion ofltie swefdreasfa parmus
then renmoved fromthe bag, extracted with nethanol
memtFang. i SemblephbediRnd the paldnétizadie brdniers Thay Be %h'tprlsed of
menbrane had a slight yellow sh tint conpared to

allpHa'ﬂStdn@Vor'@H@rr Iﬁﬂ(%ggg\é'mt cf}ﬂﬂ E@lﬁ?@&%’rﬁ@?& ﬁﬁﬁg@eycd'rﬂp/ﬁsed of one

he Attenuat Tot al pectrosco

or mofRl SuldPis S ERica ETENE! GRhPE AN e gt By bal™
spont aneousl.y w ter and hovved uni_f orm
polyReHzali rqaet%ﬂaé@me%.ef Stable shepisal fupgtioRal grieugs include

finding was confirmed by wetting the nmenbrane and
epoxidirss sUich @siglyciflyliethensy stysenederivatseanvinpketiees; andrin general
M croscopy (SEM. The nodified nenbrane all owed wat er

carbbn-carlwon toulvle dondasiithyora df thedfollowmgesuldstitventstcely, phenyl, vinyl
approxi mately 10% conpared to an unnodifi ed nmenbrane

and  f1-@lidyi. "R eiélQ:Ié‘gs M fLuhétdnsrgrsugy p&? ﬁEQlS!Q%y"@atlo?%

seconds) e nodi fi ed nmenbrane exhi bi [ ow proteln

polyrg'reg?é% % Qr%c?g%soéucgpéé tlﬁﬁéﬁeéé%%l t{et'h%@ slagéHés W8 The skilled

renhlned unc
. ex ure tion of NaOH ar.i,son a
artisgs BALAPACIAS ﬁbf%” {38 QHO*?smfén@om?w Htavigs SDolydlvéifetion
MI1iQ water (seconds) of freshly nodified nmenbrane
variables; s Arosediak dansiy iPw tiges fey. danalyieiapeliaaeibr ane
as prepared in exanple 1
[035] In certain embodiments the polymerizable monomers may be present in

the initial coating mixture at a concentration of 0.5-100% volume/volume, 0.5-50%
volume/volume, 3-30% volume/volume; 1-40% volume/volume; 2-15% volume/volume;
5-10% volume/volume. In some embodiments the polymerizable monomers may be
present at a concentration of greater than 10% volume/volume. In specific
embodiments the polymerizable monomers may be present at a concentration of 10%
volume/volume. In other specific embodiments the polymerizable monomers may be
present at a concentration of 20% volume/volume. In other specific embodiments the
polymerizable monomers may be present at a concentration of 30% volume/volume. In

still other specific embodiments the polymerizable monomers may be present at a
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50 18 0.22 urn PVDF nenbrane as prepared in exanple 1
and treated with 1M NaOH for 3 hours 50 18 0.22 urn
Dur aporerr nenbrane (hydrophilized with a m xture of
acryl ates according to 4,618,533) 49 17

concentration of 100% volume/volume, thus filling the entire volume of the membrane

pores with polymeric composition.

Methods of the Inventions

[036] In some embodiments the invention provides a method of modifying at
least a portion of the surface of a porous membrane without the use of acrylic reagents.
In other embodiments the invention provides a method of modifying at least a portion of
the surface of a porous membrane without the use of plasma energy. In still other
embodiments the invention provides a method of modifying at least a portion of the
surface of a porous membrane without the use of grafting, e.g. covalently binding a
surface-modifying polymeric composition to a porous membrane surface.

[037] In further embodiments the invention provides a method of modifying at
least a portion of the surface of a porous membrane comprising contacting at least one
surface of the porous membrane with a solution comprising: 1)methanol; 2)
polyethylene glycol diglycidy! ether and 3) diphenyl iodonium hexafluorophosphate; 4)
hexadecaflurosulphonic acid potassium salt b) removing solvent from the porous
membrane of a); c) exposing the porous membrane of b) to ultra-violet light such that
the monomer of a) polymerizes.

[038] Some polymeric membranes, e.g. polysulfones, such as polyether
sulfone, may interact in a deleterious manner with polyfunctional monomers.
Accordingly the methods of the invention contemplate the addition of a rinsing step after

the polysulfone membrane has been contacted with the cationic polymerization initiator
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0.22 um Durapore(r) nenbrane treated with 1M NaOH for
3 hours 420 124 *Durapore(r) is a PVDF nenbrane
Exanpl e 2: PEG nodi fi ed nenbrane using cationic
pol yneri zati on and EB [048] A solution of
pol yet hyl ene gl ycol divinyl ether (20% v/v), diphenyl
and thedeolymerizaxerhomoroph oShd sinse (ayBe werfprmaddising a suitable solvent.
hexadecaf | uor osul phoni ¢ aci d potassium salt (HFSK) (2%

Additiéval rmmgogtéﬁghﬁdr bolyFRirizateh aré\alfocécriompliiedPE
menbrane with a pore size rating of 1.0 pm was soaked

0SB 5, A ke i Bt e AR 41 vt oo
in thg%gﬁérﬁg%o%?erization the invention further contemplates the additional step of
applying a suitable moisture barrier to the porous membrane. The moisture barrier may
comprise a suitable container such as a bag, e.g. a polyethylene bag, or a nitrogen
blanket which may protect the membrane from moisture in the atmosphere. The barrier
may be able to transmit radiant energy, thus where the energy source is light energy,
such as UV light, a suitable barrier will be one that is transparent to light.

[040] In still other embodiments the invention provides a method of controlling
the degree and extent that a modifying polymeric composition covers one or more
surfaces of a porous membrane, e.g., by using diluents or retardants. In still other
embodiments the invention provides a method of controlling the flow rate and/or flux of
porous membrane. The method may involve varying the choice and concentration of
s_urface—modifying polymeric composition and/or the concentration of initiator.

In further embodiments the invention provides a method of modifying a surface of a
porous membrane with a suitable chemical functionality by including one or more
functional monomers in the cationic polymerization reaction.

[041] In some embodiments of the invention the porous membrane is
contacted with a polymerizable monomer and cationic inititator and optionally one or
more of the following functional monomers, and a solvent for 1-30 minutes; for 2-5

minutes; for 1-3 minutes; for 0.5 -10 minutes; for 2-3 minutes; for 1-2 minutes: for 5-7

minutes. In some embodiments the porous membrane is contacted with a solution
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exposed to an el ectron beam (EB) such that it received

a total dosage of 2 MRads. The nenbrane was extracted

wi th met hanol using a Soxhl et apparatus, and dried in

air. The final nmenbrane had a yell ow sh tint conpared

to.the original,,material.. It wetted well in water. o,
compginghD) 25aVSRE A& RAWDREZAE FOORATE" AIGW A GASOBIE Agigmerization
.. mM of water increased from 3 seconds for an unnodified
initiatge fRsmaake thansl0omiutends for the nodified one. Protein

binding to this nenbrane was 50 ug/cnR. Exanple 3:

Cid42]ni Atmobpheni¢ hamidity raay gffeci ithel rats bed segreePdfRe

menbr anes [49] A nnethanolic solution was
olynisredibA deaetivrai Oafichid Wétibﬁr&%bm 0o theliplEntion m
Poy pot assi um salt (HFSK) ©}§ % wv), di phenf/? i odoni um ay be

prct HOUPRBRF A 13 100 SR RGO BUER e iy
oo O35t Ar0sR, RS0 el BARSSTRE S, s

ir to reppve the anol, and then placed in a clear
© 40%,Jesq | aﬁo?r({}}e?t 'ﬁ??g'?@ngé » less thag 10%edess tham? buipssdhay 1%. In
conveyor at the speed 10 ft/mn. The nmenbrane was kept
otheriainboedimeats eatibnit pelymerizatioe maycbe aerfooaed at athumidity less than
renoved, extracted with nethanol using a Soxhl et
100%apBanatally, theridwer tredhumidifyris, theeeticntthe rexttioameaybé controlled.
t he same appearance as original material, wetted very
Thus W kbmeNernBb@imeritedafiorViB balYmarikdtieR iy Be PéreRAeRiRtBHibletel
bi ndi ng of 14.8 ug/cnR. ngﬁn corrplari so¥1, et%he rreﬁbrlatr?ehﬂ)eeydry
] ¢ g . o
atmof AR £5 \JAET o AT T B, Rinileh BB he potymerizain

ol.ymerd zation qf glycidyl efhers w thqut heating,.
reactPiiy PefiatRrd Sladerely eidaipr 38 Qs e igherconcopfigtion of niiator

menbrane was not put in the oven, but allowed to stay _
may be,used theemaensatefet thejactpased usnidiy sampared tsethiespncentration

after which rinsing and extraction were perforned. The
of initfatomlisetbatd %reirhidityt he same appear ance as ori gi nal

material, wetted very well in water, had a weight

afo3)n ThePordls mreinirapesdesoritiedBéersh Afaylse Bse@irraly

Exanpl e 5: Cationic polynerization of diglycidyl

filtrati®h/s&baraton1Akihdde Hdidting but not limited to the separation of one or more

biomolecules. As an example the biomolecules may be a protein, protein fragment or
peptide. The protein may be an immunoglobulin such as IgG, IgA, IgM, IgD, IgE or
functional equivalent thereof. Immunoglobulin functional equivalents may include
immunoglobulin fragments, which retain the ability to bind their antigenic epitope. The
porous membranes of the invention may be used for nanofiltration, ultra-filtration and

micro-filtration separations.
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[51] The Procedure in Exanple 4 was repeated with

pol yet hyl ene gl ycol diglycidyl ether (MN550, Aldrich)
(20% v/ v) instead of ethylene glycol diglycidyl ether.
The nmenbrane was not put in the oven, but allowed to
stay in the bag at roomtenperature for a 17-hour

aPHAE e o8 it et be e MRl b?%@?%?{sg to

i,nal materi wetted very well in wate
Cherﬂ!@?@hb'%gcﬂjs%‘?g %mﬁ%lﬂams%? @tysampls.wtw hichS pased
ug/ cn le 6: Cationic copolynerization of
throw%thﬁcﬂlwy bYélﬂfh éoprporation of gpleashenefunationabmionomesripioepolymeric
5 was repeated with both pol yet hyl ene gl ycol
surfatiegtoatindy |Asear exarfhple, B5chenticdl fuobior{dlibyowtieh resnsts with and binds
ethyl ene glycol diglycidyl ether (10%v/v) in the

the deabl Rhaljt& malise BRGCaRS RS theeSdirfade- ﬁ@@ﬂyh?rﬁaﬂvrﬁéﬁé e
for 17 hours, after which rinsing and extraction were

{
comBBgH ¥He pBind BbmBBREA Bl thco RHER ARAE FiclErate
iaht on 16, 2% and otel n b| ndi ng 28.5 ug/cnR.

specﬁf@ nd (gqh%gfe%ﬁ%g'ﬁé'w Vi zation of glycidyl ethers

on UPE nenbr anes [ 53] The Procedure of Exanple

5 was repeated using 20% et hyl ene gl ycol diglycidyl

ether, 2% HFSK, and 1.0 um UPE nenbrane. The nenbrane
Systems dféhe Inventine bag to cure at roomtenperature for

17 hours. After extraction and drying, the nmenbrane

wg048H Wintderta@t embadinsdnty the thventibarado/protieghd sypstemofor
was 50-60% flux |oss was negligible. Exanple 8:

oSy IR RSl M SO AL s
membrane, a cationic initiator and one or more polymerizable monomers. The system
may also optionally include one or more of the following: a solvent, one or more
functional monomers, one or more additives, a photo initiator, an energy source, e.g., a
source of ionizing or non-ionizing energy. In some embodiments the energy source
may be ultra violet radiation. A suitable source of ultra violet radiation may include UV
conveyor with two UV light sources, one on top and one on the bottom, as
manufactured by Fusion UV Systems, Inc. (Gaithersburg, MD). In other embodiments
the energy source may be an electron beam. A suitable source of an electron beam
may include a conveyor with an enclosed EB chamber in the middle, for example as the

one manufactured by the Energy Sciences, Inc. (Wilmington, MA). In other

embodiments of the invention, energy source may not be required to initiate
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[54] The Procedure of Exanple 7 was repeated with 20%
et hyl ene glycol diglycidyl ether and a 1.0 um UPE
menbrane, with added 5% (w v) benzyl glycidyl ether.

Wi ght add-on was 50-60% flux |oss was negligible.
polyrhefizaticr wiiett iaybe sithphpeffdcteldyns e56A§ ackf aI?ééHﬁﬁe@ent in
character in the menbrane coating (700 cm1). Exanple
solut%n Cationic polynmerization of glycidyl ethers on PES

nbr ane [55] A solution of polyet hyI ene gl ycol

I t 0
gy %ﬁé@%@ﬁsﬁb&%@? TEREBY e HEE ol Futemated system for
t hanol Cr opor ous rane Wi t por e
modijing raitac B TR RERmBEREeal Y5 &Y. S Ul 6f fersipes may be
m nutes, renoved, brl_e_f_I%/ ri nsed with 0.4% sol ution of
automateds including maixisig, therinitiatar rpelyfunttienalcnenemersr a aniture of mono-
then exposed to 10 MRads of el ectron beam radi ation.
and gélgfumetibmai meonaraets) andesolvent t ssplying thisehisaurelto & iezst a part of the
Soxhl et apparatus, and dried in air. The final

suﬁa&é'ﬂ?%ﬁﬁ&ob@%é}nﬁr‘dr@hhnw%'tﬁé"n%}nbfame &rﬁﬁr&ﬂﬁé\ﬂné %oNé‘ht from the

initial menbrane. Wi ght “add-on was about 4% and

memﬁ}é{@uat ed Total Reflectance Infra-Red Spectroscopy
IR) clearly denonstrated the presence of PEG

pol yner on the nenbrane Sﬁfacﬁj Fl ux | oss was

appr oxi mat el y 50% conpar e RIfodi fi ed menbrane

(flow time of 100 nL MII1iQ water of 32 seconds vs. 20
Examnsgledn*HG niddifiedroutinhbrade rosiy eatéorés polyimezitation anddyw

protein binding (16.2 um cn2 of goat anti-rabbit 19gG.

E{@ﬂ'@' e A Qoluioh iop abweﬂﬂjlyﬁ@glyéartdlomypéthalr m%x)/v)eéﬁbea@henyl

DF nmenbrane using water "as a sol ve

o R IP Bh PORARSERE Mg gy
PVDW#@P%FQ\&@ %@%&”ﬁ%@r@@xﬁég‘iﬁ{rﬁ e ke ]tr{f’s%oYJtion for 2-6

mcro ous PVDF menbrane with pore size rating

minugs; r 35 ehdtried Iwaﬂrhtourgwsgaﬂmanobﬁméhg@@laqqddn a clear 4 mil
dei oni zed water, and soaked in the solution for 3

polyathylene bagr dhwas themtindihreugh an blltsa-\Goleb(U\D) canvedor equipped with
mnutes to renove water, and then placed in a clear 4

two FrushorpUwsyﬁehsrﬂﬁmlltrabiole’tﬂmIﬁ&ﬁfbdeartdlﬁédﬂhhé nmd&mbrane) at a
conveyor at the speed 10 ft/ m n. The menbrane was kept

speeurbftZ'EBGft/ﬁﬁtg q‘herrﬁé}ﬁbl?aﬁ‘l@\%@th’ér?récrﬁ e]cf frERLhe: bafge'&}:rﬁgted with

fromthe bag, extracted wth net usi ng a -Sox

meth?ﬂgﬁuﬁhgﬁa%%@g?tg# ea‘i’a E %@5 gpgg?r?] glr ﬁiﬁ r?ﬂggln?é}ﬁg%%ohad a slight

t d ; t add 16% and
ye"owmb'xt"g%aﬁﬁapa%d/é%% 'ngyﬁn?smmaan@r. elat Bddraroues Aearoximately

rane. Exanple 11: Cationic polynerization of 100%
10%,@:\;1 mA@Qmed, A ofajbfranRest Spectroscopy (ATR-IR) clearly demonstrated

that the PEG polymer was present on the membrane surface. The membrane wetted
spontaneously with water and showed uniform hydrophilic character across its whole

depth. This finding was confirmed by wetting the membrane and observing it with
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[57] D phenyl
di ssolved in pure
t he concentration
menbrane with the

triethyl enegl ycol divi
of 1% (wv).

pore size rating 0.22

i odoni um hexaf | uor ophosphat e was

nyl ether to

A m croporous PVDF

um was soaked

environmeiiag Ssahning diedtoon Rlicroacoms(SEMh0VRd naodified averdbiame allowed

aclear 4 ml

pol yet hyl ene bag.

It was t

hen run

waterttbflougthréudh asily\ard Bad GUWvatet AOX R)é%fofféfbﬂirébﬂﬁﬁtéwtﬂm% WBmpared

Fusi on UV Systens

to an *aﬁ@&ﬁébemaﬁ{m A%

ane vvast en

F450 uItraV|oIet bul bs

Glovitin SRRy

renoved fromthe bag,

(above and

vt Wwdta? 6‘f 50 QS%or\lAcdist Y. 42

extracte

socorR) AR Bl S R s R BT 4 Do ot gom

nbr ane
gxan

anﬁré@%@kﬁ% 35

: heahg

RS Tearpned snghin

ngeckaftes 8

oxi mat el
-hour exposure

hydrophilic polymer so the water flux was negligibly

toa1

of ingredients,

elution of NaOH .5@pmparisen dater aregxpsestedrig Takém2i t i es

reaction conditions, and so forth used

in the specification and clains are to be understood

Tableg® bei ng nodified
"about . "

Accordi ngly,

in all
unl ess indicated t

i nstances by the term

o the

contrary, the nuntg
specification and
that may vary depe

o inht + A ha
Ottt

IrF'I<SF\ﬁ' n@BP'I"@Gﬁ{S of €U T

e m%af?ée%@‘%*ré?

ggggggg#ﬁ%9mndmg

ties

eption—AL 1' he

022 %%Egg%mf)sm iy
as prena{ed d EXAAPIE 11 he

t as an at? npt to limt the

doctrine of equivale

ts to the

0.22 wodPdObimembrareai 1
as préparedirsexamgle h | i
and tréiated with it Nadhhar,
for 3 Maurg nodi fi cati ong

s, each nub@ri cal par g
ght of the nunber of s
y roundi ng approaches.

and variations of thi

met er should
i gni ficant

[ 59]
S invention

0.22 &ﬁ@&ﬁpﬁ%@ W T hot

I departl Tromits §

piTit and 47

be |apparent to those skillled in the

enbodi nents descri be erein are
w.?;"féﬂﬁi “""%‘? rhod ment s descri bed her e

exanpl e only and are rot neant to be
accor ‘ \/ WY It s intended that the
022 on and exanples ﬂ@ocon5|dered as exenpﬂ@ﬂy
membfﬁﬂ?”ﬂﬁfﬂwwﬂhﬂﬂ\dje scope and spirit of tHe invention
NaOhhtarsgheuwsi cated by the follow ng clainms.] WHAT IS

*Durapbré®Da PSDA memetamed of nodi fying at |

of the surface of

a porous

east a portion

Example 2: PEG modified membrane using cationic polymerization and EB

[048]

A solution of polyethylene glycol divinyl ether (20% v/v), diphenyl

iodonium hexafluorophosphate (0.2% wi/v), and hexadecafluorosulphonic acid

potassium salt (HFSK) (2% w/v) was prepared in methanol. A microporous UPE

membrane with a pore size rating of 1.0 um was soaked in this solution for 2-5 minutes,

removed from the solution and dried in air to remove the methanol. The membrane was
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menbrane with a surface nodifying polyneric
conposition such that the nenbrane does not require
prewetting with an organic solvent prior to filtration
of a solution, the nethod conpri sing: a)
contacting the porous nenbrane with a surface

eprQ?-ﬁ%' Y Giek HR%@EH @%C%rthﬁf i Peceived 2{¢tal dg%gge of 2 MRads. The

ITETS se ecte group consli

oAb S e BAGREh ARgarsian

IyC|dyI et her, ethylene glycol diglycidyl eth
flnaltmer@pfgﬂqg EW@HPW[ﬁ infygomaied to g 9gg|ngk@ﬁtglal It wetted well in
pol yoxazol i ne, polystyrenics, and conbi nations
waterh\@feighit, adden gias darbang GOy saral ftlovp tirseoft 100 mil béwater increased
surface nodi fying polyneric conposition in a

fromC® BeCoHdsfor aR uimadified Afdmb@ineMs!5-6 seconds for the ﬁ)ocﬁfled one.
cationic polynerization initiator; and 3)

Protéi‘ﬁ'ﬁﬁﬁ&‘hg to this merﬁbréﬁeax%é‘got@%rﬁe”brane in a noist ure

contai ner to protect e nmenbrane from
noi sture in the atnosphere; c) polynerizing the
pol yners of 1) on the surface of the nenbrane thereby
nodi fying at |least a portion of the surface of the

Exar%gh#egqag o gr\ﬁmgflgqﬁ: o ggagéltzqe;garssgc;rﬁ glg}lgmdlnﬁtlnrgﬂes

Wh[%4%ﬁ }\ me ghgllilc? S&EHBIFI %\% 6r2pgreh dornqc Pl?nbgl ﬁexadecafluorosulphonic
acid potassium salt (HFSK) (1% wi/v), diphenyl iodonium hexafluorophosphate (1% w/v)
and ethylene glycol diglycidyl ether (20% v/v). A microporous PVDF membrane with
pore size rating 0.22 um was soaked in this solution for 2-5 minutes, removed and dried
in air to remove the methanol, and then placed in a clear 4 mil polyethylene bag. It was
then run through a UV conveyor at the speed 10 ft/min. The membrane was kept in the
bag and placed in the oven at 50°C for 1 hour; removed, extracted with methanol using
a Soxhlet apparatus, and dried in air. The final membrane had the same appearance as
original material, wetted very well in water, had a weight add-on of 7.9% and protein

binding of 14.8 ug/cm?. For comparison, the membrane prepared under the same

conditions without oven treatment was hydrophobic.

Example 4: Cationic polymerization of glycidyl ethers without heating

[050] The Procedure in Example 3 was repeated, the membrane was not put

in the oven, but allowed to stay in the bag at room temperature for a 24-hour period,
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bul k matrix selected fromthe group consisting of
pol yet hyl ene, pol ypropyl ene, pol ynet hyl pent ene,

pol ystyrene, a substituted pol ystyrene;

pol y(tetrafl uoroethyl ene), polyvinylidene fluoride;

eSS a AT A e B M e ns e e

acryl at es, r bonat es, l.yvin chl ori de and
apP BT e A5 Blaa TNl WeHeS VY B i wabbn hacia Wast adg-on of

the polyners are hydrophlllc 4. The nmet hod of claim 3,
30. %@dlmpmnﬂmddﬁﬁdﬁri’w@’c@sent in the surface

nodi fyi ng pol yneric conposition in a concentration of
10 to 20% vol /vol are selected from pol ysi |l oxanes,

pol yoxazol i ne, polystyrenics. 5. The nethod of claim1,
further conprising: d) renoving the nenbrane fromthe

Exaffipls U fG%ati@Nd PEYMeABAROMEF dighlidik bIRGS Witholt hBatihg
sol vent; and

[0561] The Procedure in Example 4 was repeated with polyethylene glycol
diglycidyl ether (MW 550, Aldrich) (20% v/v) instead of ethylene glycol diglycidyl ether.
The membrane was not put in the oven, but allowed to stay in the bag at room
temperature for a 17-hour period, after which rinsing and extraction were performed.
The final membrane had the same appearance as original material, wetted very well in

water, had a weight add-on of 30.6% and a protein binding of 12.7 ug/cm2.

Example 6: Cationic copolymerization of diglycidyl ethers

[052] The Procedure in Example 5 was repeated with both polyethylene glycol
diglycidyl ether (MW 550, Aldrich) (10% v/v) and ethylene glycol diglycidyl ether (10%
v/v) in the coating mix. The membrane was left at room temperature for 17 hours, after
which rinsing and extraction were performed. The final membrane had the same
appearance as original material, wetted very well in water, had weight add-on 16.2%

and protein binding 28.5 ug/cm?.
Example 7: Cationic polymerization of glycidyl ethers on UPE membranes

[053] The Procedure of Example 5 was repeated using 20% ethylene glycol

diglycidyl ether, 2% HFSK, and 1.0 um UPE membrane. The membrane was left in the
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f) drying the nenbrane, wherein the cationic

pol yneri zation initiator is selected fromthe group

consi sting of diazoniumsalts, oniumsalts, and

organonetal | i ¢ conpl exes 6. The nmet hod of claim

1, wherein the cationic polynerization initiator is an
bag toneuremat apemi temperatoureforfi7dnourae Aftes @xtrackicn end daying, the

di phenyl i odoni um hexafl uor ophosphate, tetranethyl ene

menmbuarhe nietted vattalvbtesrqaickiinane uniformlpeadight ddarbnmwas 50-60%, flux
fl uoroborate, triphenylsulfonium chloride,

loss WaByNigibReloni um fl uoroborate, triphenylsul foni um
hexaf I'uor oar senat e, tri phenyl sul fonium and

hexaf | uoroanti nonate. 7. The nethod of claim1, further

i sipg..a. radiar e rce. 8.The. et hod of
Exargf?% Gafldni rofheiatBATRonEE o LobhEST SV g hepay
glycidyl Gfhenen BERHENESi ng of ultraviol et |ight,

visible light, infrared |ight, gamma radiation,

r d8P4L i Dt Presiedare f Bxampie havas repeataslwiiie 205 pthviene glycol

and radi o-frequency radiation. 9. The nethod of claim
diglyeidyt ethehand @ohPruns iURE menabliaaet withexdgledsiPar(edv) benzyl glycidyl

ether. Weight add-on was 50-60%, flux loss was negligible. Infrared spectrum indicated

the presence of aromatic character in the membrane coating (700 cm™).

Example 9: Cationic polymerization of glycidyl ethers on PES membrane

[055] A solution of polyethylene glycol divinyl ether (30% v/v) and diphenyl
iodonium hexafluorophosphate (DPIHP) (0.4% w/v) was prepared in methanol. A
microporous PES membrane with the pore size rating 0.22 um was soaked in this
solution for 30 minutes, removed, briefly rinsed with 0.4% solution of DPIHP in
methanol, dried in air for 10 minutes, and then exposed to 10 MRads of electron beam
radiation. The membrane was then extracted with methanol using a Soxhlet apparatus,
and dried in air. The final membrane had a slight yellowish tint compared to the initial
membrane. Weight add-on was about 4%, and the Attenuated Total Reflectance Infra-
Red Spectroscopy (ATR-IR) clearly demonstrated the presence of PEG polymer on the
membrane surface. Flux loss was approximately 50% compared to unmodified

membrane (flow time of 100 mL MilliQ water of 32 seconds vs. 20 seconds). The
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selected fromthe group consisting of ultraviolet
l'ight, visible light, infrared fight, gamma radiation,
radi ati on froman el ectron beam nicrowave radiation
and radi o-frequency radiation, wherein the
radi ant energy source is applled to the nmenbrane in
modifietbmembrbiné exhibitedweby Rvepicteindstadiag (16 2hir/dnfifeof goat anti-rabbit
contai ner. 10. The nethod of claim1l, wherein the
Ilggpol vent is selected fromthe group consisting of
wat er, nethanol, ethanol, isopropanol, acetonitrile,
hexane cyclohexane petroleun1ether di et hyl et her,
acet one, tetrahydrofuran and di chl or onet hane.

Exafile 10 S8 VB AP H P AR RSB0 Y Dl A bgane using water

bi onol ecul e contalnlng sol uti on which does not require
as apyadv@ittt i ng with an organic solvent prior to the
filtration and separation of the bionol ecules fromthe
so[Qf6] onAnleyiengs aotidionomas p frepayee cortathing hkeaadecafluorosulphonic
nodi fi ed without the use of acryl ate-based

acidfporassnml $dif GFSK) (Q%TW/W arah@hgﬁoabn A RERaflictSpRdsthate (1% wiv)
conpri si ng: a porous polyneric nenbrane

tLI

and eﬂ‘é} ?’r‘i’é g@cé‘l &‘ié@&ﬁﬁ/h@@ge ?%H{ﬁ’b’ A n%ﬁgll@)\émlgs ﬁVS)‘F{)@%ﬁforane with
cati o nerized co i on pol

ot SRt @%}ZMP’Y%W RS SR RIS 6557 i g ooz

roup consi sting of  di azonl umsalts, oniumsalts, and

Wat%’r gas sraked in hesalwiondes 3 minutgs, remsved apgrdrieshingiventat 50 °C for
surface of the hydrophobi c porous nenbrane, the

20 npipLtesdoireedveovates iandothenpdacedi ing eleponynibpob'etrwdnrmjbag. It was
fromthe group consisting of polyethylene glycol,

thenpainytatdughean &\otore@yotl av theydperid 8 ft/roial Yﬁtdﬂmlemmalém kept in the
di gl yci dyl ether, benzyl glycidyl ether, ethylene

bag @t Yé‘d?h t&h?bbﬁihl@’ﬂor QVhﬁfur?trbhfﬁv}éﬁlf%iﬁ%é( gﬁg SktYAdI¥d with methanol
et er, ysi | oxanes 'yoxazol i ne, onbi nati ons

usmbr?aeéS%Iet apparatus, and dried in air. The final membrane had the same

appearance as the original material, wetted well in water, had a weight add-on of 16%

and water flux about 50% of the flux of original, unmodified membrane.

Example 11: Cationic polymerization of 100% divinyl ether on PVDF membrane

[057] Diphenyl iodonium hexafluorophosphate was dissolved in pure
triethyleneglycol divinyl ether to the concentration of 1% (w/v). A microporous PVDF
membrane with the pore size rating 0.22 um was soaked in this solution for 2 minutes,
removed and placed in a clear 4 mil polyethylene bag. It was then run through a Ultra-

Violet (UV) conveyor equipped with two Fusion UV Systems F450 ultraviolet bulbs
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12. The porous surface-nodified nenbrane of claiml1l,
wherei n the hydrophobic bulk matrix is selected from
the group consisting of polyethyl ene, polypropylene,
pol ymet hyl pent ene, pol y(tetrafl uoroethyl ene),

(aboy® Bpd ibelaw thenmemhrane)iat a ppesd of 2oMtémin. The membrane was then
pol yet her sul f one, pol yet hyl ene terephthal ate,

remavedfiomn yhebag | extegoiedalitatracthaablyasing laeS&thlet apparatus, and dried in
pol ycar bonat es, pol yvinyl chloride and

air. 'Plﬁ’éﬁﬁélrrﬁéﬁfb'réﬁé hSéa ellow color 1&?mﬁgl‘aedot%“t Wﬁsfnltlal membrane. Weight

surface-nodi f rane 0 m 11 ereln

o e AR Sl

f oni um hex I uoroa senate, ftrj sul foni um
nyareitylsy BReE S0 the IAERIPEnRp dralivbBRTBAl. de
di phenyl i odoni um f | uor oborate, triphenyl suI foni um B
héaéﬂl St Rinbersexpressing auRphites ekingrastientm reaction conditions, and
hexaf | uoroanti nonate. 14. A nethod of nodifying a
so fogthnfsaddn diie apedificatiomambclaims aré to be podgretood ad being modified in
surface nodifying conposition without the use of

all ingtahyéa by thasaeh fabotit.” Medordingly, uRleas imdidateatase c@htrary, the

corona di scharge, conprising a) contacting t
numaﬂ,ra@pérérﬁg@@g& f8kthiin %égﬁéaﬁ&tmdéﬁ ¢/ s8R Halfare
co Isin st sol vent;

approximations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each numerical
parameter should be construed in light of the number of significant digits and ordinary
rounding approaches.

[059] Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The
specific embodiments described herein are offered by way of example only and are not
meant to be limiting in any way. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the invention being

indicated by the following claims.
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2) a polyner selected fromthe group consisting of
pol yet hyl ene gl ycol, polyethylene glycol divinyl
et her, polyethylene glycol diglycidyl ether, benzyl
gl yci dyl ether, ethylene glycol diglycidyl ether,
triethyl eneglycol divinyl ether, polysiloxanes,
pol yoxazol i ne, polystyrenics, and conbi nations
WHAE?{%WIM\E@II%i n the polymers are present in the
surface nodifying solution in a concentration from 3
to 30% vdé melpd of modifying at quﬁt apoglian; of thessurface of a porous
pol ynmeri zation initiator selected fromthe group
meeRiane with g syffach MALRKNG PABILIANROSAIPN SHebITRbSHAgrBbrane
tetranet hyl ene sul f oni um hexaf | uor oar senat e, _
dogs NPHEAYITSSRIEVEING With |apereastis slvent prorda dlikatian Pf & pelutian, the
chl ori de, di phenyliodoni um fl uoroborate,
metReheREMRFISEE f oni um hexaf | uor oar senat e, and
tri phenyl sul f oni um hexafl uor oanti nonate; and N
4) [Rexeanéacding ther RESOUSIREMPEANE Yt a sirfage arqadiying igemposition
menbrane in the solution; c) rinsing the nmenbrane with
CORmPH¥EESHNd sol vent ; d) renoving the first and
second solvents fromthe surface npdifying solution on

t he nmehirohimers gelgcted from the @Iowgiﬁp@ efipoTyetyisng gdycol,
havi ng the surface nodi fying solution | ocated thereon
Polyethytena gtycelrivipy) ethwiirralyesyiane: dvrof fighrianStar obgnzy! glycidyl
eth%(r),nesthysktarzeng yc?cfl di%;llytc{d3¥étﬁér?%rieltr%y?emte’glycol divinyl ether, polysiloxanes,
polyoxazoline, polystyrenics, and combinations thereof, wherein the polymers are
present in the surface modifying polymeric composition in a concentration of 3 to 30%
vol/vol ;
2) a cationic polymerization initiator; and
3) asolvent;

b) placing the membrane in a moisture barrier container to protect the
membrane from moisture in the atmosphere;

c) polymerizing the polymers of 1) on the surface of the membrane thereby
modifying at least a portion of the surface of the porous membrane with a polymerized
surface modified polymeric composition.

2. The method of claim 1, wherein the porous membrane is a hydrophobic
bulk matrix selected from the group consisting of polyethylene, polypropylene,
polymethylpentene, polystyrene, a substituted polystyrene; poly(tetrafluoroethylene),
polyvinylidene fluoride; polysulfone, polyethersulfone, polyethylene terephthalate,

polybutylene terephthalate, polyacrylates, polycarbonates, polyvinyl chloride and

polyacrylonitriles.
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visible light, infrared |light, gamm radiation,
radi ation froman electron beam nicrowave radi ation
and radi o-frequency radiation such that the pol yner of
step a) polynerizes on the surface of the nenbrane,
nodi fyi ng the surface and farm ng a pol yneri zed
surface nodified polyneric c osi tion. A
net Rod offh EInéﬁ”Fﬁdquqalmﬂhé’lhe@df%ﬁ@iyﬁﬁr%a'?tré’ﬂr%!“\ﬁeen
step d) and step Qf) of placing the nenbrane in a
noi 4t ur e Thamstaed efgiain Shwheted hedqolyeters H'@ F?f@?ﬂﬂté[hté‘e surface
fromnoi sture in the atnosphere;

mqsiyisa solvmens serappsitiandn aqosrentradan ohtd @r%% ve'ﬁfﬁga@tseﬂﬁgted
of pol ysul fone, polyethersul fone, and

froppg)ysiRrAPes LPFYSaZORAIPAIYREYTeNESt  and second sol vent s
are selected fromthe group consisting of water,
net Ranol ,Themmeihes] of daimply BFOMBISN%Ni tril e, hexane,
cycl ohexane, petrol eum et her, djeth et her, acetone,
© ot P FpTIoUInG o meENRGANR A0 Gresmae e garrier conainarzg.
nmet hod of nodifying at |east a portion of the surface
of &) pRraain bR 8A¥eHi @M a surface nodifying
pol érrerl c conposition such that the nmenbrane does not
reqll r&YHe&RIEMBEANG th an organic sol vent pri or to
filtration of a solution, the nethod conprising
a) VRN thergtionie PRyMEZation r\%‘%{ﬁ'é'sxﬁﬁl?ﬁteg f@m ﬁ*\&@éoup

nmodi fyi ng conposition conpri sing ymers
Cowt@étoéé'aFP@Hﬁnt%ES Bl sl §F%PTQ?@°’BFtaB'6I°96‘PWF%ne
ycol, pol yethyl ene gl1ycol di vi nyl et her,

poI )Get hyI Qﬁé“Qj'F%%fId%m VEORERN th@tqqumc B@'MT?F'Z‘{;HOW”'WPF 1S
et her, ethylene glycol diglycidyl eth
anop|ugt P@Jl I8 ﬁé'&PV@é’P”ﬁ‘ih@lgﬁ?}{p ERisHNG pigll R}lﬂ”IyUQ%?{’é'ém
pol yoxazol i ne, polystyrenics, and conbinatio
hexaflipeaphosritas. detranediayiens §H+feﬂ@nhwaﬂwé@ﬁﬂatientﬂph%nwsu'fomum
surface nodifying polynmeric conposition in

flugrahersts: friphepyiSyioniim enlefits, ¢iphegdicdonium f'uor@?raée
cationic polynerization initiator includi ng an oni um
triphgnylsionie B@‘#'P@ﬁ?fsﬁ@at@r biaperdirdiPivmngnd hexRlpReapiimonate.
i odoni um_hexaf | uor ophosphate, tetranethy| ene

7l The method of claim 1, further comprising a radiant energy source.

8. The method of claim 7, wherein the radiant energy source is selected
from the group consisting of ultraviolet light, visible light, infrared light, gamma
radiation, radiation from an electron beam, microwave radiation and radio-frequency
radiation.

9. The method of claim 1, further comprising a radiant energy source
selected from the group consisting of ultraviolet light, visible light, infrared light, gamma
radiation, radiation from an electron beam, microwave radiation and radio-frequency
radiation,

wherein the radiant energy source is applied to the membrane in step c) while

the membrane is located within the container.
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sul foni um hexafl uorarsenate, triphenylsulfonium

huar obor ate, tri phenyl sul foni um chl ori de,

di phenyl i odoni um fl uor oborate, tri phenyl sul fonium

hexaf | uor oar senate, triphenyl sulfonium and

hexaf | uor oanhnonate, and 3) a solvent; and b)

pol ynmeri zi ng the surface nodifying oI ynmers on th

sur flice dhemmpiherkpfiniaime!. wheredh er?BH’PFVF ﬁ@legpdﬁr@gy{heagroup
portion of the surface of the porous nenpbrane with a

copistingeaf watad, @Gmﬁa@eetﬁ%ﬁ':f'ﬁ%‘?fow% r?é?‘ioﬁ'trtl%rﬁ%é'ﬂq igyplohexane,
17. The method of claim 16, further conprising step

petioleym ajparcdietbylatpey, e@qtm.tfetahéﬂfowara@adgtcwrwethane

appl ying a noisture barrier to the porous nenbrane

protldct ArroreseAtiQRE PoPBIRMARY sYriRce- m?ﬁ'ftqs’é‘"taatmsaaﬁéeearaﬂon

selected fromthe group consisti nq of placing the
mwra%f%wm@blpmogcwﬁucgmww joa Wik flogs et reguire

ﬂhgfﬂ nitrogen bl anket to the porous nenbrane.
prq@ttmm@l p@nistsolvert RAoL o the ditiatan ae% ApRaraiongef the
_renovi the menbrane fromthe noisture barrier

blqgram?qgleﬁg‘fom the solution, having a cationic polymerized surface modified without
the use of acrylate-based funtionalities, plasma discharge or corona discharge,
comprising:

a) a porous polymeric membrane including a hydrophobic bulk matrix having a
surface modified by

b) a surface modifying hydrophilic cationic polymerized composition
polymerized-by a cationic polymerization initiator selected from the group consisting of
diazonium salts, onium salts, and organometallic complexes, on at least a portion of
the surface of the hydrophobic porous membrane, the polymerized composition
including a polymer selected from the group consisting of polyethylene glycol,
polyethylene glycol divinyl ether, polyethylene glycol diglycidyl ether, benzyl glycidyl
ether, ethylene glycol diglycidyl ether, triethyleneglycol divinyl ether, polysiloxanes,
polyoxazoline, and combinations thereof.

12. The porous surface-modified membrane of claim 11, wherein the
hydrophobic bulk matrix is selected from the group consisting of polyethylene,
polypropylene, polymethylpentene, poly(tetrafluoroethylene), polyvinylidene fluoride;
polysulfone, polyethersulfone, polyethylene terephthalate, polybutylene terephthalate,
polyacrylates, polycarbonates, polyvinyl chloride and polyacrylonitriles.

13. The porous surface-modified membrane of claim 11, wherein the onium

salt is selected from the group consisting of diphenyl iodonium hexafluorophosphate,
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d) extracting with a solvent; and e) drying the

menbr ane. 19. The nmethod of claim 17, further

conprising a radiant energy source selected fromthe

group consisting of ultraviolet light, visible |ight,

infrared light, gamma radiation, radiation froman

el ectron beam m crowave radlatlon and radi o-frequency
tetfamtaxleraﬁnsulfomum hexgfieareaisenaie. triAnIsuIfHER dyooborte i s

plied to the menbrane in steB b) while the nenbrane
0

trlp@nyléwatnwn ghleriden dihenyigderivmdiuoroborate, trighenylsulfoni hod

of claim 16, wherein the porous nenbrane is a
hexgfuorstiesiate, B¢ Kinkgnysuioskinsbexafueroantineenater oup

consi sting of polyethylene,

pol yVifr opy\ epktog 6f edifHya 9éhﬁwf&cﬂ%{%m@ﬁ€raﬁ§%@t% t ut

edpol ystyrene; poly(tetrafluoroethyl ene

polyBleyivethgirfasemeo fme (CPAPPSIION: ithath @e Lﬁﬁ?l%f aetyiatehpseshe,

functionalities, plasma discharge or corona discharge, comprising
a) contacting the porous membrane with a surface modifying solution
comprising:

1) afirst solvent;

2) a polymer selected from the group consisting of polyethylene glycol,
polyethylene glycol divinyl ether, polyethylene glycol diglycidyl ether, benzyl glycidyl
ether, ethylene glycol diglycidyl ether, triethyleneglycol divinyl ether, polysiloxanes,
polyoxazoline, polystyrenics, and combinations thereof, wherein the polymers are
present in the surface modifying solution in a concentration from 3 to 30% vol/vol;

3) a cationic polymerization initiator selected from the group consisting of
diphenyl iodonium hexafluorophosphate, tetramethylene sulfonium hexafluoroarsenate,
triphenylsulfonium fluoroborate, triphenylsulfonium chloride, diphenyliodonium
fluoroborate, triphenylsulfonium hexafluoroarsenate, and triphenylsulfonium
hexafluoroantimonate; and

4) hexadecafluorosulphonic acid;

b) soaking the membrane in the solution;

c) rinsing the membrane with a second solvent;

d) removing the first and second solvents from the surface modifying solution
on the membrane; and

e) exposing the membrane having the surface modifying solution located

thereon a radiant energy source selected from the group consisting of ultraviolet light,
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pol yet hyl ene terephthal ate, pol ybutyl ene

t erepht hal ate, pol yacryl ates, pol ycarbonat es,

pol yvi nyl chloride and pol yacrylonitriles. 21.

The nethod of claim 16, wherein the polyners are

hydr ophi li c. 22. The nethod of claim 211
~wherein the polynmers are sel ected from pol ysi | oxanes,
visthig U&ﬂdﬁf&‘fﬁﬁﬁghtagﬁmﬁalr%?tjﬂnefﬂd@',"”é’ﬁﬂ‘ %[P@eéf%téﬁﬂm'i n
the surface nodifying polyneric conposition in a
migfgwaemadiatips Ane fadierreauerncyyadiatiopguch that the polysaer of giep a)

nmet hod of claim 16, further conprising a radiant
polyreriggs abtheceiriaes eithe mensane, RROdying Hie BHiece and épreing a

ultraviolet light, visible light, infrared |ight,
polymenzed sifaseinerdiiiedRAVHSr§FOMPeRtiah el ectron beam

m crowave radiation and radi o-frequency radiation.

24. ¥he AeiBwdAf daim # ithefsamerising Rester PERYReN; gep d) and

selected fromthe group consisting of water, nethano

stepr Rhn®f| Plarigg ihe paRBPranscier 8rmpisiure bagist seRatainer to protect the
cycl ohexane, petroleum ether, diethyl ether, acetone,
merekraamh Fem3neiptare indhriatmasAngForet hane.

wherein the porous membrane is selected from the group consisting of
polysulfone, polyethersulfone, and polyphenylsulfone; and the first and second
solvents are selected from the group consisting of water, methanol, ethanol,
isopropanol, acetonitrile, hexane, cyclohexane, petroleum ether, diethyl ether, acetone,
tetrahydrofuran, and dichloromethane.

16. A method of modifying at least a portion of the surface of a porous
membrane with a surface modifying polymeric composition such that the membrane
does not require prewetting with an organic solvent prior to filtration of a solution, the
method comprising:

a) contacting the porous membrane with a surface modifying composition
comprising:

1) polymers selected from the group consisting of polyethylene glycol,
polyethylene glycol divinyl ether, polyethylene glycol diglycidyl ether, benzyl
glycidyl ether, ethylene glycol diglycidyl ether, triethyleneglycol divinyl ether,
polysiloxanes, polyoxazoline, polystyrenics, and combinations thereof, wherein
the polymers are present in the surface modifying polymeric composition in a
concentration of 3 to 30% vol/vol,

2) a cationic polymerization initiator including an onium salt selected from

the group consisting of diphenyl iodonium hexafluorophosphate, tetramethylene
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sulfonium hexafluorarsenate, triphenylsulfonium fiuoroborate, triphenylsulfonium
chloride, diphenyliodonium fluoroborate, triphenylsulfonium hexafluoroarsenate,
triphenylsulfonium, and hexafluoroantimonate, and

3) asolvent; and

b) polymerizing the surface modifying polymers on the surface of the
membrane thereby modifying at least a portion of the surface of the porous membrane
with a polymerized surface modified polymeric composition.

17. The method of claim 16, further comprising step a-1), which occurs
between step a) and step b), applying a moisture barrier to the porous membrane to
protect the membrane from moisture in the atmosphere selected from the group
consisting of placing the porous membrane in a moisture barrier container or applying
a nitrogen blanket to the porous membrane.

18. The method of claim 17, further comprising:

¢) removing the membrane from the moisture barrier container;

d) extracting with a solvent; and

e) drying the membrane.

19. The method of claim 17, further comprising a radiant energy source
selected from the group consisting of ultraviolet light, visible light, infrared light, gamma
radiation, radiation from an electron beam, microwave radiation and radio-frequency
radiation,

wherein the radiant energy source is applied to the membrane in step b) while
the membrane is located within the container.

20. The method of claim 16, wherein the porous membrane is a
hydrophobic bulk matrix selected from the group consisting of polyethylene,
polypropylene, polymethylpentene, polystyrene, a substituted polystyrene;

poly(tetrafluoroethylene), polyvinylidene fluoride; polysulfone, polyethersulfone,
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polyethylene terephthalate, polybutylene terephthalate, polyacrylates, polycarbonates,
polyvinyl chloride and polyacrylonitriles.

21. The method of claim 16, wherein the polymers are hydrophilic.

22. The method of claim 21, wherein the polymers are selected from
polysiloxanes, polyoxazoline, and polystyrenics, and are present in the surface
modifying polymeric composition in a concentration of 10 to 20% vol/vol.

23. The method of claim 16, further comprising a radiant energy source
selected from the group consisting of ultraviolet light, visible light, infrared light, gamma
radiation, radiation from an electron beam, microwave radiation and radio-frequency
radiation.

24. The method of claim 16, wherein the solvent is selected from the group
consisting of water, methanol, ethanol, isopropanol, acetonitrile, hexane, cyclohexane,

petroleum ether, diethyl ether, acetone, tetrahydrofuran, and dichloromethane.
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