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Polyvinylidene fluoride (PVDF) is a preferred polymer material for MF and
20  UF membranes due to its excellent chemical resistance, especially to oxidants and
halogens used in water purification. PVDF is also convenient {o process by solution
casting (or melt casting} info porous membranes. While PVDF is well established in
microfiltration (nominal pore size > (.2 um) it has difficulties in smaller pore size
membranes due to lower water flux. As pure water regulations become increasingly
25  stringent, there is a move to require microfiltration membranes to filter below 0.1 um
for removal of virus particles. This is now in the ultrafiltration range. For PVDF to
work well in this smaller pore regime, it will be necessary to improve membrane
water flux.
PVDF is a very hydrophobic polymer, which increases resistance to water flux
30  in membranes. Making PVDF membranes more hydrophilic is essential to improving
water flux. Many methods have been described for post treatment of PVDF
membranes. These methods typically involved treating a porous PVDF membrane
with a hydrophilic monomer (e.g. acrylic acid or hydroxyethylmethacrylate) followed
by polymerization to create a hydrophilic surface treatment. These methods are
35  described in US 4618533 (M.J. Steuck inventor, 10/21/86), US 4855163 (LB. Joffe,
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Furthermore, capillary hollow fiber membranes are difficult to post treat by
20  the above processes, and are even more susceptible to physical damage. Yet capillary
hollow fiber membranes are the preferred choice for water treatment systems due to
superior volumetric system performance. Improving hydrophilicity of PVDF hollow
fiber membranes is a major technical challenge that remains to be solved.
Amphiphilic block copolymers are well known. The majority of amphiphilic
25  polymers are diblock copolymers that are soluble in water. These diblock polymers
have been used for a number of applications including, the thickening of aqueous
solutions and to form viscoelastic gels, such as those described in US patents
6,506,837, 6,437,040, and US Patent application 2003/0162896.
Other amphiphilic tribiock copolymers, known commercially as Pluronics, are
30  also well described in the literature. These triblock copolymers can contain
hydrophilic endblocks and a hydrophobic midblock or vice versa. The hydrophilic
block segment is confined to polyethylene oxide (PEO) homopolymer. The triblocks
containing hydrophilic endblocks are soluble in water. The triblocks containing

hydrophobic endblocks will be insoluble in water.
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None of the aforementioned references teach the use of amphiphilic structures
for membrane modification.

20 Specially grafted PVDF polymers have been tested in membrane applications.
Grafting was accomplished by a controlled radical polymerization process (ATRP) to
build hydrophilic groups onto the bulk polymer surface. This grafting technique is
described in PCT WO 02/22712 A2 (A.M. Mayes, J.F. Hester, P. Banetjee, and A.
Akthakul inventors, 3/21/02). This grafted polymer can then be fabricated into porous

25  membranes using the phase inversion process. As with the other treatments, this
approach adds significant cost to the process, as it is 2 multi-step process with several
post polymerization transformation steps. Chemical modification of the bulk PVDF
polymer can lead to crosslinking, which may affect solution properties, and ultimately
the porosity of membranes. Therefore, direct modification of PVDF is a very costly

30  and potentially unreliable means to make hydrophilic membranes.

Mayes and coworkers reported on blends of random acrylic-copolymers with
PVDF to improve hydrophilicity Macromolecules, 1999, 32, 1643. These acrylic
copolymers contaied hydrophilic monomer groups such as polyethylene glycol

methacrylate. As random copolymers, it is more difficult to control microstructure
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20 having a high water flux. Unlike conventional hydrophilic additives, the properly
tailored block copolymers do not leach out with prolonged water washing. The
addition of the amphiphilic block copolymers are especially useful in microfiliration

and ulfra filtration membranes when used in water filtration.

Summary of the Invention

25 The invention relates to a polymeric membrane comprising:
a) 99— 20 weight percent of a hydrophobic matrix polymer, and
b) 1 - 80 weight percent of an amphiphilic block copolymer having at least
one hydrophilic block and at least one hydrophobic block compatible with
said polymer matrix.
30 The invention also relates to a process by which an intimate blend of a

hydrophobic matrix and an amphiphilic block copolymer are formed.



and ultra filtration nenbranes when used in water filtration. Summary of
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absorbing and/or transmitting water. The hydrophilic block could be a hydrophilic

homopolymer, a random copolymer containing one or more hydrophilic monomers, or
a random copolymer containing one or more hydrophilic monomers with one or more
20 hydrophobic monomers. Ethylenically unsaturated monomers useful in forming the
hydrophilic block polymer include but are not limited to, acrylic acid, methacrylic
acid, and the salts, esters, anhydrides and amides of methacrylic and acrylic acid;
dicarboxylic acid anhydrides; carboxyethyl acrylate; hydrophilic derivatives of
acrylates; hydrophilic dertvatives of styrene; and acrylamides. Specific useful
25  monomers include, but are not limited to maleic anhydride, maleic acid, substituted
maleic anhydride, mono-ester of maleic anhydride, itaconic anhydride, itaconic acid,
substituted itaconic anhydride, monoester of itaconic acid, fumaric acid, fumaric
anhydride, fumaric acid, substituted fumaric anhydride, monoester of fumaric acid,
crotonic acid and its derivatives, acrylic acid, methacrylic acid, dimethylacrylamide,
30  diethyl acrylamide, n-isopropylacrylamide, dimethylaminoethyl acrylate,
diethylaminoethylacrylate, styrene sulfonic acid, acrylamido 2-methyl 2-propane
sulfonate, vinylpyrrolidone, 2-carboxyethyl acrylate, methyl acrylate, ethyl acrylate,
2-methoxyethyl acrylate, hydroxyethyl acrylate, hydroxyethyl methacrylate,
polyethylene glycol acrylate, polyethylene glycol methacrylate, polyethyleneglcycol-
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bl ock segnent is non-sol uble or dispersible in water. =
herein is meant the polymer block segment is non-soluble or dispersible in water.

20 Examples of ethylenically unsaturated monomers useful in forming the hydrophobic
polymer block(s) include, but are not limited to, styrene, hydrophobic derivatives of
styrene, conjugated dienes, C)_3 straight, cyclic, or branched alkyl and aryl acrylates,
Cy.30 straight, cyclic, or branched alkyl and aryl methacrylates, olefins, fluorine-
containing monomers, and silicon-containing monomers. Specific examples of the

25  hydrophobic monomers include styrene; alpha-methyl styrene, lauryl methacrylate (or
other long chain alkyl acrylates or methacrylates, e.g., Cs —Cso alkyl esters 2-
cthylhexyl acrylate and 2-ethylhexylmethacrylate, octyl acrylate, and octyl
methacrylate, decyl acrylate and decyl methacrylate, etc.), 1,1-dihydroperfluoroalkyl
acrylates and methacrylates of the general structure, CF3(CF;),CH,OCOC(R)=CH;, in

30 which R is hydrogen or methyl and n is typically 2 to 20, hexafluorobutyl acrylate,

triisopropylsilyl acrylate, polydimethylsiloxane acrylate and {meth)acrylate, isobornyl
acrylate, isobornyl methacrylate, butadiene, isoprene, methylmethacrylate, z-butyl
acrylate and z-butyl methacrylate. Preferred monomers include, styrene, isobornyl

acrylate, 1sobormnyl methacrylate, a mixture of 1,1-dihydroperfluoroalkyl acrylates and



Exanpl es of ethylenically unsaturated nononers useful in formng the
hydr ophobi ¢ pol ynmer bl ock(s) include, but are not limted to, styrene,
hydr opholbwo 2dsvisvesbi ves of styrene, conjugated dienes, ECI/USR0A@HE ,
cyclic, or branched al kyl and aryl acrylates, C)-JO straight, cyclic, or

branched aliihacith8bYineTERGAGIERE LR QHESCRBOCHROLOACIRNAN

nonomner s, | con- comnt ai ni ng noro fic I'es 0

hydr ophobi dytdmgemer methyt inddeissyyicaiied teal § ldbutyd bdrylates t-hnyhmetHaanydare

met hacryl ate_(or, other |1gng chain al kyl acrylates or nethacrylates, e.g., C
- C30 al kyPnd eébygn?ih%fﬁ§;g'hexyl acryl ate and 2-ethyl hexyl met hacryl at e,

octyl acryl ate, @acupptyiverRE AL AR gHRF RhcREIRKS iARAGhIREYL of
nmet hacryl ate, etc.), 1,1-dihydroperfluoroal kyl acryl ates and net hacryl ates

of the yenéridtg/wpl wct2ireg/margetrE)lySHzYmaacER , in which Ris hydrogen
t hyl dnis typically 2 20 fl t | at.e,
ritsoptopyl si 1y Dk Boriundes B mreien raras e ovary b6 cbafufea
(met h) acr ykafi@i pbiyaREEMAIN R6deks. T Rose pRRRAEH ¥énchBNBAAS Spidalfradi ene,
F ip acrylate and ”~-butyl nethacryl ate.

I soprene, nethyl net hac.r%l ate, f-buty ind.

Preferred r?@lmiﬁm_sawrnmt aeompeyndeineoniraldho pelymetizatiphprecess anskpediyde
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whi ch R i smieyedulagemight amehdisow midlechlar Sreighpiaat.] Yhée fReBdicdlibubisks acryl at e,

t-butyl nethacryl ate and nmethyl nethacrylate. The nunber average nol ecul ar
wei ght of B¥EABMY hewdewndnthe arhdngludipe byt net 1gnikey taprroxy compowiisnol |
preferably g : : pr esent

i nvention %é(e)ﬁg é%%%giégldggéﬁ%@l%gﬁf g%ﬁi)sggliuggg ﬁ#@??i%%%%? ocess. These
processes pengiedideyadiodibi neona prafpiredhtmbodmentthe alitiatot mbphles cwithih tke conpound

to control the, pol ri,zation process_ and produce polyners of a specific
conposi ti iRNTEh R e&?@ﬂ%@_ & MR HAVITIHEIS @&MB?lmrlﬁﬂO&m ar
vei ghty sandi ey R8e iR R6 s iloARk 3P the ARG rutMPS® Jpiitfzd RdhEahbili) tiators

used may be those known in the art, including, but not Iimted to peroxy
conpounds, mpixeeipetbilify dnd pedropliitieisy enbdneenwentonpounds whi ch deconpose

thermally to provide free radjcals. I.n one preferr nbodi nent t he
it ator may” APEE SRR PP SR P LAY S SRR R T (RS SEBEY r o rmade by
a control | ReurbBel ©dicaPsylyifiBridatioh 'SQRPL GREY dIFfR FnPraBdahlc8SolyRletsqhatng of the

bl ock structure to optimze blend stability, matrix conmpatibility, and
hydr ophi | iTef¥ gonéain serae fiesks of certain monomers related either to a statistical

20  distribution, or to the differences in reaction rates between the monomers. In these
random polymerizations, there is essentially no control over the polymer architecture,
molecular weight, or polydispersity and the relative composition of the individual
polymer chains is non-uniform

When a copolymer segment is synthesized using a CRP technique such as

25  nitroxide-mediated polymerization, it is often termed a gradient or profiled
copolymer. This type of copolymer is different than a copolymer obtained by a
traditional free radical process. The properties of the copolymer will be dependant on
the monomer composition, control agent used, and polymerization conditions. For
example, when polymerizing a monomer mix by traditional free radical

30  polymerizations, a statistical copolymer is produced, as the composition of the
monomer mix remains static over the lifetime of the growing chain (approximately 1
second). Furthermore, due to the constant production of free radicals throughout the
reaction, the composition of the chains will be non-uniform. During 2 controlled

radical polymerization the chains remain active throughout the polymerization step



Bl ock copol yners of the present invention are preferably those fornmed by
controll ed radi cal polynerization (CRP). They differ fromrandom copol yners
t hat may worbavesisone bl ocks of certain nononers rel at e@CeiUSh@E9/06@9%
statistical distribution, or to the differences in reaction rates between

the ”Dnonegi.se., thé‘n{oﬂﬁr?lgr Iﬁaﬁpﬂ%ﬁ} B9y TR HiFAl e BRS of E}f&%"’rfw@ chzinf; ﬁ!ﬁllksathé y no
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and t he retahpaesiti@oeiibs chidimnis ahifodweandididepadaht qnahy c@respiualimg miogomer

non- uni f orm.When a copol ynmer segnent i s nt hesi zed usjin CEP t echni que
such as ni FYOXT é‘?%ﬁfitatt%’t)‘e%ﬂl T ?PB%%/“‘_? e‘ﬁﬂ_éo 1?‘3ntthg‘Vﬁré’B licqr adi ent or
profiled coppiyi& seer Qﬁt%f&ﬂd%%v&ftioﬁQQQFbﬂl‘ﬁéd, 0P gRilifchErIBa cdgddiné. copol ymer
obtained by 'a traditional free radical process. The properties of the

copol yrfer wi | | Bramglpeoticmtrobed tadEahprpmerizationpesbhiguesvilblpngwiddnt &ment used,

and pol ynepi zat.i.Qn, cqopndi tions. ,For, exanpl when pol yneri zi nmonomer m X
byt £ £ i i etk e st PR PelomitSE, SPrSRef il rer 1 s
produced, Bﬁzﬁ@ﬁﬁﬁ?@?{%éﬁibfe%dﬁﬁﬁ%@hwmaﬁoﬁ el Ranggérat i ¢ over the
lifetime o he growi ng chain (approximately 1 second). Furthernore, due to

t he const apalyprachlioni(BAFd), mirerdde-agdiatidpoymairghion & hoseicmicdmtedt he

conposition,of the chains, wi.ll . be n nifo ri a r ed, radi cal
pol ymer i za?qlgj%e'%';ﬁ%oghal r?gtay\fglgﬁclh%nat&a?n?f/egp? g%ﬁ@ét(bﬁg' E%?‘!ﬁ?é@%ﬂ%%?‘} on
st ep(iloe. , conkjRarie®irQiTelicsdtypeb Sf?aymaﬁ@dtioﬁs aneRtesdrived lin fhetA@® Sofpbdiemgr owi ng
chain), thus the conposition of the_chains _is uniformand is dependant on
t he corr esy6ieai’ A% e ntigigdifiving Redgddtolmeerizadon. daegresn AR, I1n a

preferred ' ] [ dn invention is
a profil ec{,9 ﬂ%ﬁ%ﬁ%ﬁgﬁ%ﬂﬁg%%@%ﬁ%ﬂ%&%ﬁ%ﬁ%ﬁ%s o¥ c%lﬁlt({atl)FP(geigﬂyi adi cal

pol yner i zaWashingteg,HMCqUWes0W | | be evident to those skilled in the art, and
i nclude, but are not. limted to, ato rapsfer radi cal polynerjzation
(ATRP), rever siIBIpémﬁlﬁ_ ’f“i%]ﬁ“flgéfﬁﬁ%‘ﬁ’fog%i_& 8h W&?ﬂlantﬁﬁg'f%‘% ﬁé’?@ﬂ?@ G zation
(RAFT)15 NiditPite Q8T 8h G POAYIE1584 tcpl@l]gl(é\{'}{? biocR b1 AEM cRied

pol ynmeri zation, and catalytic chain transfer polynerization (CCT).
Descri pt i quefeaadimethodart cegraledfraditad polynypiestiof is paroxide-inzdinied $RRAr e

doscr bed L3 e, A5 YFRPS S o5 TR, AL e prs el vy
Mat yj aszevgdiomeRIthé prepsaash 6AtonR0Ut®inthitdbhsbd REpSINmeR, faclnd2iOfe
use of acrylics and especially acid functional acrylics. The synthesis of a nitroxide-
20  mediated CRP multi-block amphiphilic copolymer of the invention i=s found in US
2008/0058475, incorporated herein by reference.
The amphiphilic block copolymers of the invention generally have a molecular
weight (Mw) in the range of from 10 kg/mol to 400 kg/mol.
The amphiphilic copolymer of the invention can contain neutralizable
25  monomer units and in some cases these monomer units can be pre-neutralized. By
“neutralized” as used herein is meant that the hydrophilic block of the amphiphilic
copolymer is fuily or partially in the salt form. Neutralization can take place at any
point during the polymerization, or as a post-polymerization process, such as, during
the formulation, blending, or fabrication of a film, article, or part. The presence of
30  neutralizable monomer units can impart pH dependency within the membrane.
A useful feature of the invention is the inherent ability to design structure-
property behavior using a controlled polymerization process. This allows one to tailor
the block composition, Mw, and architecture to: enhance the blending and processing

(compatibilize with the polymers and process solvents used), enhance matrix



In principle, any living or controlled polynerization technique, conpatible
with the nononer choices, can be utilized to nake the bl ock copol yner. One
pref erredwoebtvodish control | ed radi cal pol ynerization i #Chituseaniod®osredi at ed
CRP. Nitroxide-nmediated CRP is preferred as it allows for the use of a
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Neutral i zaglm&mgfaﬁhalk(ﬂy@blace at any point during the pol yrrerl zation, or as
a post-polymerization process, such as, during the fornulation, bl endr ng,

or fabrication &fprafefrped hioclaﬁwoiyieer erth?)m‘f?ntlﬁﬂhe opg kavérgehydrophilie r al i zabl e
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feature of I nvention eren
st r uct 10 epe.gpeardiblodyetvitigal hydsophgbit Woukt crfq:lrinwilﬂppdﬂyﬁﬁﬂiyhﬁéthwylrﬁreoc ess. This
allows one to tailor the block conposition, Mv, and architecture to:
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process s g@&ﬁ

per rranencsljng ter lglr?tg'gie%e Er&r op o @ly?ﬁsof)géﬁl “rrdq‘a ii{ﬁfthe
menbr ane niHbekisx akayrﬂartofmrsahventmnoﬂ‘htswpedlﬁt bhasaed:garamronmhmm steblendi ng
process, etgc..For exanple, to. inpart pH.d hilic block,
acrylic act g S B ESBE comRRE De iixing Bffhr?%gﬁ]g&bﬁ]@ li*g)\% %@e mat ri x
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bl ock segnent can be ad forman A- k copol yner of a
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K oDt ARl e PG A PRS2
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the formation of smailer pore sizes based on the small size scale of phase separation
20 1herent to these materials. These types of block copolymers can be either diblock
(one PMMA block, one hydrophilic block), or triblock (PMMA-hydrophilic block-
PMMA; or hydrophilic block - PMMA - hydrophilic block); or other unique
combination of block structures, such as but not limited to, star block copolymers, and
comb block polymers.
25 Other examples of amphiphilic block copolymers useful in the invention
include, but are not limited to PMMA-PAMPS, PMMA-PMAA, PMMA-PAA,
PMMA-PDMA, PMMA-PMEA, PMMA-PSSA, PMMA-PPEGA, PMMA-
PMPEGMA, PMMA-PPEGMA, and PMMA-PVP, wherin AMPS is acrylamido 2-
methyl 2-propane sulfonate, MAA is methacrylic acid, AA is acrylic acid, DMA is
30 dimethylacrylamide, MEA is methoxy ethyl acrylate, SSA is styrene sulfonic acid,
PEGA is polyethylene glycol acrylate, MPEGMA is polyethyleneglycol-methylether-
methacrylate, PEGMA is polyethylene glycol methacrylate, and VP is

vinylpyrrolidone. In each case, the hydrophilic block can contain a mixture of the



(PMVR), connected to a hydrophilic second block containing primarily

(meth)acrylic nmononer units. The phase separation of the PMVA (hydrophobi c)
and hydr opbi2biogsibisocks is a key part of this invention. PTHiUs2ap®6i0p8 c phase
separation enables a stable additive structure (by conpatible m xing of the

PMVA bl ock i - i e : - b G s the
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(PMMA- hydr ophi | i.c bl ock- PMVA: or hydrophil.ic bl ock - - hydrophilic
bl ock) ; orpglsfﬂje?ﬁnﬁW%ﬁé’r%%ﬁﬁs&%egﬁ%S?V%‘IVSQKP%W%@F%ngg‘%W’%‘g but not
l'imited topolstRershiftk. QRO YA 5o corRPpdiRMY MAhE& ko RBIHTBKScan Be h@ttegexanpl es
of anphi philic block copolyners useful in the invention include, but are
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PMVA- PSSA, - P PMVA- PP .. and PMVA- PVP, .wherin AVPS
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is acrylam do 3~ - propane

acryl i n0 actshtaibMb at astisuehdiy paceyd divng or v AbGonmehhiayy. et hyl acrylate, SSA
I's styrene sulfonic acid, PEGA i s polyethylene glgco! acrylate, MPEGWA is
pol yet hyl enegl yE@Promaneiess wefhin thadristise el thppownlion insbidy.congrasie.gl ycol

met hacryl at.e.i; y! | ' . he hydrophilic
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cont ai n a chlabtrifhuocodethiene(WATFEDHickhtuoropmopares HMPY, il dlvogligbi ¢ nononer s of
the inventjon, The nenprane trix polynmer c be y hydr ophobi ¢ pol yner,

i ncl udi ng HaIRgPIsPbYyieRg P oty ph né@ﬁﬁa@xaﬁm@ﬁw&ﬁ%wpe% 3¢CHFP) |

ECTFE, 1 5pol i 03- f-ApEhd @ - ribRbdbhdinal3 315 QS b SR BercR i af%a'vy]?@l Qiffcr, chl ori de
(PVC), polyolefins, polystyrene (dnd styrene derivati veer , pol'yam des,
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sol ubl e bl OC‘EE'C n b@ tuged to ensure matrix conpatibilization and pronote
per manency PRIV EHOBt 8EEEEi ng.

Especially preferred copolymers made by the process of the invention are
copolymers of VDF with HFP, TFE or CTFE, comprising from about 50 to about 99
20 weight percent VDF, more preferably from about 70 to about 99 weight percent VDF,
Especially preferred terpolymers are the terpolymer of VDF, HFP and TFE,
and the terpolymer of VDF, trifluoroethene, and TFE. The especially preferred
terpolymers have at least 10 weight percent VDF, and the other comonomers may be
present in varying portions, but together they comprise up to 90 weight percent of the
25  terpolymer.
The block copolymers may be added separately to the hydrophobic polymer
matrix resin, or pre-compounded with the matrix polymer prior to dissolution.
Membranes are generally formed by dissolving or dispersing the matrix
monomer and amphiphilic copolymer in a solvent. From 99-20, preferably 99-40, and
30 more preferably 90 - 70 weight percent of hydrophobic matrix polymer is blended
with 1-80, 1 - 60, and preferably 5 to 40 weight percent the amphiphilic block
copolymer. Useful solvents include, but are not limited to N-methylpyrrolidone,
dimethylacetamide, dimethylsulfoxide, N,N-dimethylformamide, tetramethylurea,

triethylphosphate, acetone, and tetrahydrofuran, or mixtures thercof. The dissolution

10



Fl uor opol yners are preferred. Fluoropolyners useful in the invention

I ncl ude those containing at |east 50 nole percent of one or nore

f | our onormgeo®/05Esaor onononer s useful in the practice ofPCrhus2000960098 on

i nclude, for exanple, vinylidene fluoride (VF2), tetrafl uoroethylene (TFE),
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per cent th%@%@gmvﬁggﬁﬁf%}c&gn%%ggﬁﬁére?(p%gee?lﬁqq Bg%fsvée(ﬁ@gl c(ﬁt}%eg, but are
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blended PVDF and acrylic block copolymer resin. They also avoid the possible
formation of voids due to the additives, and the possible loss of properties due to

20 wash-out of the additives. The polymer dispersion is then cast into a membrane by
processes known in the art. These formulations can also be processed into hollow
fiber membranes by processes known in the art. The membranes of the invention
showed higher water flux, and lower contact angle (higher hydrophilicity), than
unmodified membranes. These block copolymer blends also showed higher water

25  flux than blends made from conventional random copolymer acrylic resins.
Furthermore, the conventional polymers tended to wash out over time, thus flux
decreased with usage. The amphiphilic block copolymer maintained the increased
flux suggesting it has some permanence at the pore surface. This shows that the block
structure imparts superior performance for hydrophilic modification.

30 Another aspect of the invention is the process to form intimate blends of block
copolymers and hydrophobic polymers using a two-stage, or seeded, emuision
process. In this process a block copolymer is subsequently polymerized on a pre-
formed hydrophobic polymer latex, also known as a seed latex, resulting in a ‘hybrid’

latex particle comprising the hydrophobic polymer and block copolymer. In fact, any

11



not limted to polyethylene glycol (PEG, polyethylene glycol nethacrylate
(PEGWA), propylene glycol (PG, polyacrylic acid (PAA), and

pol yrmet hysiorgioisisei d (PMA). I n a preferred enbodi nent, Poo/usdaniosmpal
additives, are included in the nenbrane fornulation, only the bl ock

copol ymer ﬁeﬂyﬁf YE;% rlﬁgg Be H%%Etai (s ?8’% )émqﬁﬁ?)%(%gsd Th@seq'érggﬁ 1§89 - 18. This

preferred a on o ormn t1ves, which

reduces mapertickt nenyhens @ vaiiety Ioopmnsleomrphﬁxgmyamﬂt llfﬁaevfi@el’nltrtd thbseon.
Menbr anes made. w i]hout t he use of the hydrophilic additives typically added
i n menbr an&iet e 8% dapeuing gﬁﬁwq%emwmpgwemmml@m RV uidFy for the

sinple ble h &@;ﬁg o nore
conpl ex fo?%uélsg%lll gﬁl@yg({%%eg%ﬁ&ﬁe |t| eos(ygsléuscﬁlmé{ggl%%?a%gs sl np e bl ends

_make L 05 n?bq}almerg?@%mmdpgnsdmmwmeam Iimljzmelyaq)fefa‘réctmugiheloggms_rrrﬁonen][
i ngredient o en C 0 ol yrner res . ey al so
ool G-t ho. pUEShUr QB s Ry ulon el ohiBe Plook Reba Pt Fotel A3 1 o

possi bl e | Bz%ﬁclgfwaQérQHf%Pttab@v%hfiélﬁleth‘?d%ﬁ&leBfocﬁfresiidb‘:s‘ n@delt is\eRtang {Ege pol ymer
di spersion is then cast into a nenbrane by processes known i n the art.
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flux than bl ends made from conventional random cop o?rhrrer acrylic resins.
Fur t her noreontroHed tdivpkemilsiealpopansyratien mreﬁ@emﬁlbmm?sudeau@dlaiwér time, thus

1 ux docr cansedlati USagSre Ther WRUARLLLS,RLOGH, SORHIARL IR 2l ned the

|ncreased sugges one p nence’ a ep re Sdrface. This

shows t hatcohttgndtloa @l a Ftceiadivalenitiatpaplus contpd apeit, @eﬁmrpmemelyfﬂradﬂu@tr ophilic
nodi fi cati on. Anot her as?ect of the invention is process to _form

inti mate Hiadirs-adic) iptietar apdrome seamFur as Bmgﬁ}léerpépm}% ayailahle a
t wo- styage, ggh 3%9;%6%'%&1951 iBAREE P inid aeﬁgmaggg%ﬁﬁgasma bl ock copol yer

S subsequent pol'ynmerized on a pre torne Ic polyner |atex, also
known as ansetd/cbatdler addsttdn brgeither hydrbgthlic gvatéadodublgan thiydtophcloopr i si ng

(e v ophot ¢ POLYIEL oD O ack.conel vt Lo Lack gl yrer Tatox my
have a varjghirbntRalel hadi@t FRITRY @rQElyES tiRShyWdphobi@ s62d Sl het Parfihigse
where controlled polymerization is effected. In the former case, these species reside
20  predominantly in the water-phase. Macroinitiators, or pre-formed oligomers or
polymers capable of undergoing further controlled radical polymerization, may also
be used to mnitiate block copolymer formation. Preferably, the initiator/control agent
combination or adduct, and most preferably macroinitiators, are hydrophilic in nature
and soluble in water. In one preferred embodiment BlocBuilder® controller is
25 rendered water-soluble.

A general representation describing the process of this aspect of the invention
is as follows. A hydrophobic polymer seed latex made by conventionai free-radical
polymerization is swollen by a portion of the subsequent block copolymer first stage
monomer or monomer mix. A water-soluble initiator/controller adduct or

30  macroinitiator 1s added, the latex is merted and heated to an appropriate temperature
to effect controlled polymerization. After an appropriate time period the monomer is
polymerized to a conversion such that the ‘living’ polymer chain-ends, which now
reside within the hydrophobic polymer seed particles, are of sufficient molecular

weight to prevent migration out of the seed particles. In this process the hydrophobic
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skilled in the art, depending on specific conmponent conpositions and may
i ncl ude core-shell or interpenetrated network norphol ogi es hi the case of a
hydr ophi IWo 2bloaiskiseopol ynmer pol yneri zed on a hydr ophobi @C3asdoopobopper, a
preferred norphology is core-shell; wherein the hydrophilic block of the

bl ock copo t t he

hydr ophobi %gﬁﬁéggﬁ%e% bﬁ%%?e E}%rpt |)§l|]%hztaﬁﬁﬁ fOrl]tﬂj{:‘?{]ﬁlé‘&ﬁm\ﬁﬁiy)lé-iﬁéophob| c seed
pol ymer phpsigmefibaidny Hothplydtipholho pyiyeter s&dd:ahaﬂfemnnm abé pirtickesizeby
conventional freeradi cal | si on polymerization t The bl ock
copol ymer _3@%?%6@59&1 pedontd 6y Fagl REcare Spurdrene 8ok zat i on
process, V“c&ﬂ&eﬂ'a%&f}?(Fﬁ{%be%&l&%ﬁgf RShHHE drathix U RGO EEERflsesThe bl ock
copol ymer nmaybe forned usi ng a conbi nati on of free-radical initiator
pl us cantr gle émgemﬂar v:mightmfehlpﬁaft :]ﬂmgd:)pc;élm:uml*3 andchpl dolylm oabéglllmea mqna?t e
initiator and cqntro as ocBui | der, cont.rol | er ava| able from
A ke, - Thi Gedkancar Bk eR P o A TGl YO P B

initiat Or/Sé)fMIS/Qbh%rteﬁ(ﬂG]?SlEmféﬁri ebec}ﬁ'séd"etha RyElepRtid ifectBtR techfiguly e) or

hydr ophobi ¢ (oil -sol ub in nature. In the latter case, the |n|t|ator pl us
control agent ovYef amotheatasneﬁcafﬁhnsmwleenomudhrtprop@g|ttuﬁmnd:il¢réi@tolfbl‘:¥:h t he

hydrophoblc seed ticles ere ntr rization is

ef f ect ed. Fyr% gﬁl}%d’%@? i R%’@E@SE%&S? gﬁfl]@sai 8&"3’%@30 2ht | y in the
wat er - mascﬁ:»mﬂ\ﬂa@ﬁt@lbwmoamg fnoWi irPhe aift Qe yestapldrgagRosgditigaoliyemer s capabl e
of undergoing further controlled radical polynerization, my also be used

to initiat@yBigoeR copol yner formation. Preferably, the initiator/control

agent conbi nati [ s, are

udrophi T ic 1 TedPaRtBlne-ERl SPEhel AR SR G b BES. 10

BIocBU|Idakm@ﬁ&m¢ﬁwﬁnﬁﬂdhymmpmhebmeMEdhmﬁﬁ@ﬁe&mtmhpmmmﬁcg&mkra

representatio descrl bi n process of this aspect t he ¥1ent| on is as
4%@4 §9n P

fol I ows. AR cngd od ghe hydgaphpiigdo 'iliFlaB'ﬁ Phlicee- r adi cal
pol yngi Za}hb&%o@ﬁgﬁi@é ¢ IR PR § fn@&b%e%ﬂ&l BE?‘%&%{'& Rlxomld sEBRO! ymer
first stage non r or nononer mx. A water-so initiator/controller

adduct or poBcsioe a8 preatesly idescatiele Thesdreatersie xonld alsndetugefl samalymeet ed to an
R CXE T TR AR R PR SR AR A T
that the 'dohivhddas C&Qiu)éﬂﬁ?g clEARALID 11806 th¥RleStbra®¥inatrix. Tailoring the polymer

composition allows for the tailoring of the composite properties.

20 Furthermore, the hybrid latex formed could be used to make hydrophilic-

modified polymer coatings. These modified coatings will have improved wetability

and could be used as lubricious coatings, self cleaning architectural coatings, anti-

fouling coatings, anti-fogging coatings, adhesion promoting coatings for paints and

other surface treatments, and other such coatings as will be evident to those skilled in

25  theart.

Examples

General:
The controlled architecture amphiphilic block copolymers were synthesized
30  using the following generic protocol. Molecular weights were targeted by
manipulating the monomer to initiator concentration ([M)/[1]). Therefore a targeted
molecular weight could be achicved by setting the [M]/[] ratio, and then carrying out
the polymerization to the desired conversion necessary to reach the target molecular

weight. Monomer conversion was conveniently monitored by gas chromatography

13



reside within the hydrophobic polyner seed particles, are of sufficient
nol ecul ar weight to prevent mgration out of the seed parti cles i this
process twWe 2nydisorshobi cseed pol ymer particl es becone t heCpaiSgemnb@as i on
| oci for the block copolynmer polynerization, both hydrophobic pol yner seed

article n | ' | ' | ' | t he
Prhal Cpar t 1 0Pg s BefiichdeCoipizefio fh i uttol @O PV A8, 1E L 0G0
of nononer polynzr kkamples wereane msateir irhstuticic Tegps elssotveatsnetdEmaluded, wei ght  of

this first stage pol r or..copolyner or begins a_ subsequent stage or
bl ock. Aft Q}Oxﬂﬁ%é’kmﬁ%‘gg’lyffﬂéihﬁf’ ﬁ%f"?t a?eéarﬁ’%ﬁ#fl&eglyrf@%?_ P FSHERdr s can be
fully conveichrsl, £ BuR®hBRSL, to'h%e%e,%etﬁﬁ Basgte, m¥th &eﬁveeﬁ@gypmiatef, bR adi cal

t echni ques. Yet anot'her aspect of this invention is t proces form
bl ends df btatask, oy acsinter sthand, dyphopmobe, cyplopsgmamrose byd nwothysehgt i ng a | at ex

bl end of t s b . k in th ti.e.,. -dryi ng,
congul at | oREIORs SONBR TGS W carire o SR BT BIerLo R upfnisidy O
anphi phi | i grekdhrdad W D0 RYPTRHEalion R Hins BitdaRd do 1RQiAAYEE 0RRELT ¢ bl ocks

hi the case that anphiphilic block copolynmers are formed, the blend of the
hydr ophobi eothaviimandswigieat sheariagrpiiapity,|altbowghoasieqedp olixing capabiitiehbwerst i | | zed

as a nenbran vmdth I nproved water flux and stable pore size as previously
descri bed.pEFﬁeérsee' materials could al so be used as pol yner electrolyte
menbr ajes  wher eAB algBgerhitoaadid, b spRfid zirﬂ;?}xip\l'hjlib bﬁ@ﬁ%@p@ﬁﬁéﬂ@h%o%@ioﬁor m
conti nuous, conducting channels through the nenbrane matrix. Tailoring the
pol yner cofpésargddy ariogngadienal monpaier additien ad nodhemerdpigiinoleeelser ti es.
Furt her nor g, ri g r I

hydr ophi | i%r%h??‘?a%gﬁ% ‘;}’ﬁgi’aé‘évfa ﬁg@.ﬁﬁ ég%g%m%ﬁ%&?“egl%é%g{f‘f%ﬁﬁ‘%an&moPl have
I nproved wht dodited tiinabisidclc eathpbsitonused as | ubri ci ous coatings, self cleaning
ar chi tectural c:rioati ngs, antifouling coatings, anti ,-foggi ng coatings,

adhesi on pr onothi W§*e8RkE: hgwephicksapalymes kprenapet byisppbrehepur ent s, and

ot her 8uCHh, 16088y MYSipASHM tbthnRfues ¥t B¢ BlapbitihB WeEresilthi Bshol art.
| TR o) f'led E\?lpe c 15 @k

Exanpl es Ceneral: e contr arc cture anphi phili copol yners
wer e synt hesiptawnuditimgfitshielo€losyntiwisisgfodlewed by thpr slddonl of abtamduwharonveei ght s
vere tar g%togl%og}/ion different from the first. This second monomer composition then
undergoes polymerization to make the pure block copolymer.
Profiled block copolymers were synthesized by polymerizing a mixture of two
20 or more monomers. This mixture could result, for instance, by adding a second
monomer to the initial polymerization medium prior to evaporation of the residual
first monomer, or a multi-monomer mix could be polymerized as a first block, or a
multi-monomer mix could be added to an isolated pure first block.,
Block copolymer / homopolymer blends were prepared by employing well
25  known chasing techniques. For example, a first block is synthesized by polymerizing
a monoemer or monomer mix to a desired conversion (less than 100%). The reaction
mixture is then cooled to a temperature where the nitroxide is stable at which time a
secondary Initiation source, such as an organic peroxide, is added to carry out the
polymernization of the residual 1st block monomers. Afier the chasing step is
30  complete, the 2nd block monomer(s) can be added and the temperature increased to
allow for the activation of the nitroxide end groups, which subsequently leads to the

formation of a block copolymer. The composite material will then comprise of both

the chased homopolymer (similar in nature to the 1st block) and a block copolymer.
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mani pul ating the nononmer to initiator concentration ([M/[1]). Therefore a
target ed nol ecul ar wei ght coul d be achi eved by setting the [M/[I] rati o,
and t hen warow/osgisout the pol ynerization to the desiredPCOMsee9i060098
necessary to reach the target nolecular weight. Mnoner conversion was

conveni ent by . n@ﬂ%g%ﬁ%oﬁgﬂcm&%ﬁq hJu?ﬁ%hR%ﬁQﬁé@%lo@i@ﬁllé’ r%ﬂéqfnré exanpl es

devolitizatio unreact er vacuum
wer e run nefithedst bioclscitase.i on. Typi caI sol vents used i ncl uded di oxane,

n- met hyl pyrrolidjnone hy Ia i di net hyl f or mam tert-butyl
al cohol , n- butyITI a#&&h%ﬁlsé? b tRmemt A ffwa@fﬁlaﬂ%%%m dag’e@%artee et hyl
acetate, prORk Ilﬁﬁffﬁl@&% tM&lleF%etﬁo%tn ecifib Wﬁbm llﬁ}{ﬁlllé)ﬂﬁg\lggpéﬁm

cycl opent anone and net h eth Pol yneri zat | ons re ca r| ed out at
anbi ent5 pr &stsdibelowoOtlren nopmiyhaersmf tmmgwﬂntpnmlhe@r@mrddanm@nﬁsgous

Pol yrmeri zati ons wer eélug gﬁ ation vessels both wth and
wi t hout shBYPPgah ‘?9“ tt‘ﬁ éﬁhs Eeé'Jq%‘ i Xi ng capabilities were

preferred. As aTﬁ@nﬁro%n%é)%ﬂﬁw&em@s@a@%Jubﬁo%ﬁﬁh&i&h b hebhR&Kog OPO! yTET
conposition is prepared by various traditional nononer addition and pol ymer

i sol ation Unbsmtbbrgwsmotgbm@crlméarlwﬁlgmsm\eumght@w@gﬂ aetbcelar weight, tand t hose
skilled i n the art e‘gggdant n the desired final block conposition. For

exanpl e, a %ﬁ%a%%rcek e{/‘f%‘ EP% prepared by isolating the pure 1st bl ock
by precipitation techniques or by evaporating the residual nononmer upon

conpl efj onpPf§1pg first block synthesis, followed by the addition of a
second nononer conposition different from the first. This second nononer

conposition t heﬁnanmbn)gdwsdlbbblynmfﬂm@rlm prepaneikley whighingrl@sp(békmeldpol ymer .

o “ror . nottanEPE R B R AT D R LA BT AT B g & 1
second NMONGMRYol} 8f tbiByl mﬁa&l(mml M2 3 Z@L 101 NRRNAI $0d m%lta@eﬁteaporati on of
the residual first nononer, mul ti-nmononmer m x coul d neri zed as

oy bl Bide (6P 2ammal) BLOSTH s b andthotiedotertani D8 H ot oore
fi7t {3l oclye 2hRGkC BRI HITlco RAPRPLUATE: 655 LS POE0BRLiBY

enpl oyi'ng we nown c 85| ng ques. ock is
synt hesi zeas Nay aﬁdl%%acfdnwbﬂ@gma)fmiﬁﬂﬂﬁ%m axrtd NIPHOINEA . 'ﬂThe(pdjl?nlar dlrisdolveslt
conversion (less than 100% . The reaction mxture is then cooled to a
t enper at urBIHHE MES SREPRT vRdsk varusat 0 € 1oAY & Mosh Ghiicrresidual MA.

To make the second block, 3592 MMA was added to a mixture of 70.0g first block,
3.9g MA, 16g butyl acetate, 121.76g acetone. The PMMA block was formed by

20  reaction at 105 °C for 2 hours until reaching 55% conversion resulting in a
PMA/MPEGMA/MAA —block-PMMA block copolymer. Half of the resulting

polymer was dried under vacuum at 130 °C for 3 hours.

Example 2
An amphiphilic diblock copolymer was prepared by weighing together 600

25  grams of methyl acrylate (MA), 16.3g of BLOCBUILDER and bubbling the mixture
with nitrogen for 10 minutes. The mixture was then heated to 100 °C and reached
70% conversion forming a living PMA 1* block. The living PMA was extended
further with additional MA and sodinm styrene sulfonate (SSNa) by the following
method: Weighed 80.0grams of PMA solution (70%poly, 30%MA), 30.0grams MA,

30  200g cthanol, 50.0grams of SSNa, 0.1g of free nitroxide and 215g deionized water to

a 1L stainless steel reactor and bubbled the heterogeneous system with nitrogen for 10
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secondary initiation source, such as an organic peroxide, is added to carry
out the polynerization of the residual 1st block nononers. After the
chasi ng swepoimsenpl ete, the 2nd bl ock nonomer (s) can peTadd@d/060vd8 t he
tenperature increased to allow for the activation of the nitroxide end

groups, whig e Of Rtk o1 mer. The
Gomposi t o HaruB TREEIER e LG R R R T B B P
(simlar ipeaching76% convBeiohsit MAcK) coatpdeta chiveediocofS8Narer . The chasing step
can be carried out again with the 2nd bl ock or can be used in place of the
1st bl ock chase. The synthesis of the copolyners of the invention as

descri bed EBamplegre further illustrated by the corresponding specific, but

cri bed &Kol . r s peci |
mvention oan’ b BrURTRAT R ok HE S hEBmet AT RRR MR o, Ui Sene (o

those ski | pelgmien frbmecxaniple The2 12¢ldfanditign A xeaphe TodBiRRNGtibAKAs Adddct i on to
practice of the invention. Unless otherw se noted nplecular weights are
wei ght aved4gee abl0e NaQH (e ghe resuling selusemwag dgednadensagm 4$dBOEARt ages.
Exanple 1 N3 hophi l'i ¢ di bl ock copol yner was prepared by wei ghing 1759
(0. 40nvol) ¥ oxy-term nat ed pol yet hyl enegl ycol nethacryl ate

(MPEGE 350) MA), 429g (5.0nol) of nethyl acrylate (MA), and 25g (0.29nol) MAA
in 50y butyk ghate. 19.14g (50.2mmol ) BLOCBU LDER was added and the

m xt ure heafe% to 105 0OC. The nononers were allowed to react for 3 hours at
105 OC to reachAgiving vatesssiuble fokt iickawas @8peredhy srisingd 0dg (HodmmuA and

MPE! .~ The polynmer a solvent. m r S i vacuum at . 60- 70
0C ¢ o 10 el ¥Rhe SPRor R e $43Y G Vi) ?F@Eﬁ%@%l%@% 3599 MVA
was added (K)m3ﬁnﬁé}l§(d;tfs@s0ﬁitr3ﬁd@ 0f4208 (10010k1) Na(X9, S 84glfetormsedlatacet at e,
121. 76g acetone. The PMVA bl ock was formed by reaction at 105 OC for 2

hour s unt i 4ndrldale(il Alnembhreeshererdivd acty s u(MEAY The hempgpiaupsmipemes

- bl ock- P l,QC Red ! | £ of er | i | ymer was dried under
vacuum a% dg%b?%rg gfﬁg%ilg].m ar 81i,g§ 2R 9%%8%?%%1%9@ di bl ock copol ymer
was prepared byAweidehhaglié egelsherwaiRemianmsind 7 BRbhKIYNKCR WQRUATEWY) , 16. 39
of BLOCBUI LDER and bubbl i ng the m xture o :
15  seed polymer latex (41.2% solids) (Arkema Inc.). Added 5.05g deionized water,
3.617g MMA, 1.015g of the preceding first block solution and heated 3 hours at 100
°C to reach 40% conversion of MMA. The colloidal stability was maintained as

evidenced by narrow particle size distribution and step-wise growth in particle size.

Example 5

20 PVDF resin (15.0 g, avg Mw ~ 400,000 - 500,000} was mixed with 3.0 gof an
acrylic copolymer [PMMA (block Mw ~ 50,000) - block- PMA/MPEGMA/AA
(block Mw ~ 3000, MPEGMA ~ 40%, PMA ~50%, AA ~10% }], N-
methylpyrrolidone (NMP) solvent (67.0 g), and polyethylene glycol (10.0 g of 400
MW, 5.0 g of 1000 MW). This mixture was stirred at 65 °C for 2 hours, until all

25  components were fully dissolved. The solution was allowed to set overnight to allow
any air bubbles to dissipate. This solution was then used to cast membranes.

Membranes were cast on polypropylene sheet using a draw down square at
ecither 15 mil or 10 mil gap clearance. The cast membranes were then immersed in a
non-solvent bath of water {(at room temperature) containing a small amount (~ 200
30  ppm) of non-ionic surfactant. The membrane solution converted to a solid membrane

by phase inversion in ~ 2 minutes. The solid membrane was then peeled off the
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with nitrogen for 10 m nutes. The m xture was then heated to 100 0C and
reached 70% conversion formng a |iving PMA 1st block. The living PVA was
ext ended wonotvrsisot h addi ti onal MA and sodi um styrene eairfusp@vac(0SSNa) by
the foll owi ng nmethod: Weighed 80.0grans of PMA solution (70%oly, 30%A),

20,99Cme Mo 80 FLEART oS8 EL AP BN Bl pRnb O

215g dei oni'ze 0 a Stai niress s and

het er ogeneous tisysbaredih s tibaiganwhier fotQRbie FPmiddea] Mo%&bg hgoto 100 0C
for 2 hours, then 115 OC for an additional 2 hours, reachin 5% conver si on

of MA and. Md@upseakdndemyenasplbn hermegnanesmrpien 1eft m sedir diffezedt bl ock

copol yner s brepared by dissolvin 16g_ of .the pol f xanple 1 in
5150 of i NEP AR RR Yo a Dol ot i e L ons 58 £ 00
NaOH(agy. #&g. resulting solution was dried under vacuum at 130 OC for 3

hours Exanple 4 A living, water-soluble first block was prepared by m xing
10. 4g (46. 3mmol In svaiatiensd fHememdant sasing rmsthiedithe menigasy werd ox 1)

50, 64g ol o oLt AR | FRE FR R B b Bhnsegar iR bR

The honogebghuThebutiseqienyasmbeat €stniaiod An® W athih@prodedi@er Sert thd @ hs68%
conversion of MEA. A seeded acrylic enul sion was prepared using 7.8g of
KYNAR AQUAYing bamidibl §5peFUEat ex (41 . 2% sol i ds) (Arkema Inc.). Added 5.05g

dei oni gzed wat er v/ i i b sol ution
and el a3 hompeddd @%#‘6’%2’%%%%@5%@%? g%’%g"’g‘?‘[‘ﬁﬁ& 4"%@2 col | oi dal
st abi | i ty peEmembimtestingeandisubbld phemgate digmeter (eforpand hfttrevaérzbudiost ri but i on
and step-wise growh in particle size. nple 5 PVDF resin (15.0 g, avg Mw
~ 400, 000 M anggs). rﬁls?é?al)béﬁpﬁn%n@%ﬁ%dﬁ wafl kaewp e thosoplotgimary [ Pvva

(bl ock M &i1PQitf PRrous ndlt@5d chMMMREGYRM AR debd el bM3POR K MREEVE: ~ 40%
PVA -50% - AA 10% )], Nmethyl pyrrolidone (NW) solvent (67.0 g), and

pol yet hy| eMembtape dkicdd) 104,J1H7NABB. MV 5.0 g of 1000 M. This mi xture was
stirred at 65 OC for 2 hours, until all conmponents were fully dissolved.
The solutH?n mqs allowed to set overnight to allow
15 xample 6
Similar to example 5, the following components were blended together:

PVDF (15.0 g, Avg Mw 400 - 500K), 3.0 g block copolymer [PMMA (block Mw

~20,000) -block- PMA/MPEGMA (block Mw ~20,000, MPEGMA ~50% , PMA

~50%)], water 2.0 g, PEG (6.0 g 400 Mw, 3.0 g 1000 Mw), NMP (71.0 g). This

20 solution was used to cast membrane according to the method described in Example 5.

Example 7
Using the method of Example 5, the following ingredients were blended then

cast into membranes: PVDF (15.0 g, avg. Mw 400 - 500K), 3.0 g block copolymer
[PMMA (block Mw ~50,000) -block- PMA/MPEGMA (block Mw ~20,000,

25  MPEGMA ~35% , PMA ~65%)], water 2.0 g, PEG (6.0 g 400 Mw, 3.0 g 1000 Mw),
NMP (71.0 g). This solution was used to cast membrane according to the method

described in Example 5.

Example 8
Using the method of Example 5, the following ingredients were blended then

30  castinto membranes: PVDF (15.0 g, Avg Mw 400 - 500K), 3.0 g block copolymer
[PMMA (block Mw ~50,000) -block- PMA/MPEGMA (block Mw ~40,000,

17



any air bubbles to dissipate. This solution was then used to cast
menbr anes. Menbranes were cast on pol ypropyl ene sheet using a draw down
square atwei2otversitsb m | or 10 m | gap cl earance. The ca®CTrSEVANBSS Wer e
then imersed in a non-solvent bath of water (at roomtenperature)

cont) 113,eaA SRRy {~g300 A B LWL S0 VL5 i T, oo ane

sol ution conv hbrane nversi’on tes.

sol i d nmenbiNavie (Wa8 g). hElis pelati@dwad fsethecat meﬁibrzﬁ:l&dtctdr&mgft@ﬂreeﬂeth&l a 45 0C
water bath to soak for 30 m nutes. The nenbrane was then soaked in fresh
dei oni zed #&tcEPed BYEXARIREr 30 ninutes, followed by a 30- ninute soak in

i sopropanol . The nenbranes were then Ieft to air dry. After air drying, the

menbr anes we i9ven a final dxying cycle in an oven at 165 for 1 hour. In
a variati on—%ﬁp—%ﬂ s nmenbrane casting nethod the nmenbranes were exposed to

high huwrdity (PsBi@%e iothod o@Ex&nﬂerﬁuﬂ!%&'ollcﬁlf/ingﬁngredlhﬁfﬁfﬁefeﬁd Is1Bnded théie
non-sol vent bath. The subse&Fent menbr a formation and _washi ng procedures

were the seafbingamgmbrangsy RVRF(1H) ge%b%é\ﬁWé‘OOTﬁQmé} iSdhig REFBIANES wer e
I I
anal yzed bé/d](bg% réfI‘W‘%QHHPBE »?LYG OW?E&%I{I’ 5'?5’}5619” testing, and bubbl e

poi nt pore ore and’after er f 0 nonitor any changes).
The bubbl ePlic\/NMPEGVAGM A /S (biedkl MImem\O(IOoMHEGMAoJWm AMAGSSKIMAAW t h

por ous mateoi I cha cterization d cohs ,&.Koros in J.
Menbr ane SE&3 @He&ateq 3. ?Efgé(%)ogi%gw"&?a%ﬁg@ M‘M’fﬁ&éx e 5 the

f ol I owigng mmnﬁm@ew&s%%%ﬂeta@&%ﬁgb thE Y ddl R Sritfed i ¥a B0 -
500K), 3.0 g bl ock copol yner [ PMVA -20,000) -bloc MPEGVA

(bl ock Mw -20, 000, MPEGVA -50% , PI\/A -50% ], water 2.0 g, PEG (6.0 g 400
My, 3.0 g BGOthig, NWP (71.0 g). This sol ution was used to cast nenbrane

of Bxanple 5,  (RENE BT Y arife eng?mgrfaiéedlExa TV N o
0 anpl e
menbr anes:,BVDS £ dandns: BYEF MgW‘Oé,OAQvg i OC 5@01@2 %@rﬁ%ﬁl ymer [ PMVA

(bl ock Mwv -50, 000) -block- MPEGVA -35% , PMA
-65% ], watopolymied [@’MME@H(dG).l@ckg M@\O~Mg@0(132aﬁh blotkDOlddk) |

15 PMA/MPEGMA/MAA (block Mw ~80,000, MPEGMA ~30%, MA ~65%, MAA
~5% with 10% neutralization by NaOH)], water 2.0 g, PEG (6.0 g 400 Mw, 3.0 g
1000 Mw), NMP (71.0 g). This solution was used to cast membrane according to the

method described in Example 5.

Example 11 (comparative)
20 To act as a control experiment, a random copolymer acrylic resin was blended

with PVDF resin using the method described in Example 5 and membranes were cast
from this blend. PVDF resin (15.0 g, average Mw ~ 400 - 500K) was blended with a
PMMA acrylic copolymer resin (3.0 g) contaimng acid functionality and an alkyl-
acrylate co-monomer (Total Mw ~ 60 - 100K, acid content 1 - 8%, acrylic co-

25  monomer content 2 - 10%), water (2.0 g), polyethylene glycol (6.0 g 400 Mw, 3.0 g
1000 Mw), and NMP (71.0 g).

Example 12
A pure PYDF membrane was prepared by mixing PVDF resin (15.0 g, avg.

Mw ~400 - 500K) with polyethylene glycol (6.0 g 40 Mw, 3.0 g 1000 Mw), water
30 (2.0 g), and NMP (74.0 g) and casting as described in Example 5.
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NMP (71.0 g). This solution was used to cast nenbrane according to the

nmet hod described in Exanple 5. Exanple 8 Using the nethod of Exanple 5, the
fol | owi ngwongroadisnt s were bl ended then cast into nenbr @oedIS2evbe0004d5. 0 g,
Avg Mv 400 - 500K), 3.0 g bl ock copolymer [PMVA (bl ock Mv -50, 000) - bl ock-
PMY MPEGVA X1Mv - 40, 000, MPEGVA -35% , PMA -65%], water 2.0 g, PEG
(6.0 g 400 —3.0 g 1000 Mv), NWP (7 1.0 g). This solution was used to
cast nenbrane aateinﬂilﬂf@dtfmﬁdha&iommhbwdﬂﬂﬁ'mprésheduhhltylﬁfatmsé blobk Exanple 9

Usi th d of | e the fall di. ent bl ended th

Cast it e e s FYORRsind56 6 vy MIDAE000) Buicd 31 aplop a ¢y bl ocl ock
| |

?gpgcimMrN E6€&Y%4&e€fygmgbﬂxﬁ\hﬁég%ekm}@~%%§?%& Wter Y5 e ( 6 A

g 400 My, 31¢~g00000MMMNGONNRPETGMA ~g5%, A4 ~S6h)litin dm&hﬁa&@z&nﬁdto cast
npl e 10 Usi ng

menbr ane a di,.n 0 e net hod descrjbed in. Exanple 5,

t he net hod%ﬁﬂ‘%‘()a%pé & &Elst%t¥8W%W% #fgr gd@é%?‘%“ﬁﬁ/e‘i‘ﬁﬂ B‘rIéH’a‘Eﬂn@c“FFen cast

i nto menbr bl ock

copol yrner ?&?@full?ﬁ%ol&%%cﬁg?so&ﬁf 10, Oag%%ggéﬁg‘g glﬁl?gh%c?ock fI\/PEGIVA/ MAA
(bl ock Mwv b8ithle00, dlEMﬂE@VNh-i§ﬁﬂ’&ﬁ(MﬁN&&ﬁﬁ% udddAo esamairtbipant®% neut r aI i zation by
NaOH)], water PEG 400 Mw, = 3. 1Q00 NVP (71.0 g). This
sol ution was usg/ge“?%alteéé’fe 8%H%IYB{E’BBJPHF ﬁlbe%f BSLEEHR IT8t SRV e athed i n
Exanpl gy 5. e Phsil 411 &AHRA cRhia%8e. ’IFﬁ’e afst m@l%b@anEQ\%lreQﬁerﬁé%@%géd%Qt a

random copol yner acrylic resin was bl ended wth PVDF resin using the nethod
descri bed humEifzadoitmosphered >§8 MR Hhég one nante $ollowedrbytiingeriddénd noRVDF r esi n

(15.0 g, was bl en dW|t | i c. copol yner
resin (3. OSOS ngg?lwlfﬁva%?%ﬁ %86 PG S ?Qﬁﬂu"é 29&%?&?‘%’% @0 nononer
(Total Mw ﬁﬁ’factaﬁp Fhe AGHBraRO 818N é'onvel%e{i to%ol'lh'n?en% asgﬁﬂtﬂ%mn 2 -
10%, water (2.0 g), polyethylene glycol (6.0 g 400 My,

in ~ 2 minutes. The solid membrane was then peeled off the carrier and transferred to

15 a 45 °C water bath to soak for 30 minutes. The membrane was then soaked in fresh
deionized water for another 30 minutes, followed by a 30-minute soak in isopropanol.
The membranes were then left to air dry. After air-drying, the membranes were given

a final drying cycle in an oven at 165 °F for 1 hour. Membranes thus prepared had

very good water permeability.

20  Exampie 14
In a method similar to Example 13, the following ingredients were blended

then cast into membranes: PVDF (15.0 g, avg. Mw 400 - 500K), 3.0 g block
copolymer [PMMA (block Mw ~10,000) -block- P-MA/MPEGMA/MAA (block Mw
~40,000, MA ~60%, MPEGMA ~35%, MAA ~5%], and N-methylpyrrolidone (82.0
25 g). This solution was used to cast membranes on polypropylene sheet (10 — 15 mils
wet thickness), but without any humidity exposure. These membranes were quenched

in a room temperature water bath containing non-ionic surfactant (~ 200 ppm).

Example 15
Using the method of Example 13, the following ingredients were blended then

30 castinto membranes: PVDF (15.0 g, Avg Mw 400 - 500K), 3.0 g block copolymer
[PMMA (block Mw ~25,000) -block- P-MA/MPEGMA/MAA (block Mw ~40,000;
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1000 Mv), and NWP (71.0 g). Exanple 12 A pure PVDF nenbrane was prepared by
m xi ng PVDF resin (15.0 g, avg. Mv -400 - 500K) with polyethyl ene glycol
(6.0 g 40wDl210350159 1000 Mny), water (2.0 g), and NVP ( 72CO/uspooacooeast i ng
as described in Exanple 5. Exanple 13 A sinplified formul ati on shows the

i npressive () S€ opn ot APVIRE of £ H: o avg. Mwv
- 400 - 500}%i igbé%:g%ﬁd%éJ ”&*ﬁ% tﬂ“ocE k%%@?%‘# EErggiong%[ Eﬁﬁﬁ%ﬁﬁﬁ%& &My

-10, 000) - bkatte-caiivi¢niizEE\dchMiing tol the netod-65rpe0 in Mlamde¥3. MPEGVA - 35%
MAA -59% 1], in dinmethyl acetam de (DVMAC) 82.0 g. This m xture was stirred at

65 OC for 2 hours, until all conponents were fully dissolved. The solution
was al | owe&Xa@pledi overnight to all ow any air bubbles to dissipate. This

oL On s BRIl BF FIRARANGD o N HIRBIURL kPt n

pol ypr opyl ene sheel’ using a draw down square a
cl ear ante. cahmte aginbaanekr AWEF W8 10e, AverMexdilosed0Ky, 30 hbioctlichpagmat nospher e

(>80% RH) r.one mnute fo d by | rsed j sol vent th of water
(at 45 00 ROERTHPHEME stari aoeme-MB0 o M R arorohe- 4P ht ant
The menbr apes sedUt VOEARIRVESLEAIAR So50LhdDRESET(BNG DY TRRESRbAKGE SI on 1n 2
m nutes. The solid nembrane was t hen p]gel ed o‘%fé (t heggarr?er a{nd transferred
to a 45 OQussdttecasbatembraeswakdingrto 8¢ method descrifbkinahpdnt3.was t hen soaked
in fresh deionized water for another 30 m nutes, followed by a 30-ninute

soak in isgpropanol. The nenbranes were then left to air dry. After
ai r - dryi ngEXamle ddnphranes were given a final drying cycle in an oven at 165

OF forjgl hour. %H?F}lgegﬁéth&i‘PﬁE;Pa[n%ﬂéﬁ?,%F%ilo‘éﬁﬁ%’ﬂ%?%q%&% b‘l’&fd&?ﬁ-gzhl Ity.

Exanple 14 In a ne simlar to Exanple 13, oW ng I ngredients
wer e bl endemst itlvamembsines: 6DHEE hb O gndsg MBVBBO ¢ 280K), §,0 avlgpck Mypod@fer- 500K) ,

?b?og Kk ° :\A%Cé}}@&%%%m&% 0&};% %@}W@@#@&&O%ﬁ% rr w done
(82.0 g). N -ss090|MPEOMARSSUS R A Q.5¢ASindBRRNAES0 BN TR oM gne sheet

(10 - 15 mls wet thickness), but w thout any hum dity exposure. These
menbr anes used o epgemembrine according to the method described in Example 13.

15 Example 18
Using the method of Example 13, the following ingredients were blended then

cast into membranes: PVDF (15.0 g, Avg Mw 400 - 500K}, 3.0 g of neutralized block
copolymer [PMMA (block Mw ~40,000} -block- P-MA/MPEGMA/MAA-Na (block
Mw ~10,000, MA ~60%, MPEGMA ~35%, MAA-Na ~5%], and DMAC (82.0 g).

20  This solution was used to cast membrane according to the method described in

Example 13.

Example 19
Using the method of Example 13, the foilowing ingredients were blended then

cast into membranes: PVDF (15.0 g, Avg Mw 400 - 500K), 3.0 g block copolymer
25 [PMMA (block Mw ~10,000) -block- P-MA/MPEGMA/MAA (block Mw ~10,000,
MA ~60%, MPEGMA ~35%, MAA ~5%], and DMAC. This solution was used to

cast membrane according to the method described in Example 13.
Example 20

Using the method of Example 13, the following ingredients were blended then
30  cast into membranes: PVDF (15.0 g, Avg Mw 400 - 500K), 3.0 g of neutralized block
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in aroomtenperature water bath containing non-ionic surfactant (~ 200
ppm . Exanple 15 Using the nethod of Exanple 13, the follow ng ingredients
wer e bl ermledotimsmseast i nto nenbranes: PVDF (15. 0 g, Avg@Chiusd@0/0600890K) ,
3.0 g block copolymer [PMVA (bl ock Mv -25,000) -block- P-MA MPEGVA/ MAA

(block Mwv 4061900 %\/m@@ od¥EAME ;B Yo SRA P MPR M IMAK ARG (Bio@R - Thi s

sol ution was used cast nenbrane according to the nmethod described in
Exanpl e 13 M&xd e, Me\ 1M PReMb t-H5%, MA 08l %], 38¢ DiMACE dhisowi ng

i ngredients re blended then cast intq. menbranes:  PVDE, (15. , ;Avg Mwv 400
200k s SoEOR e REEI3R oty e BiaaRCHiGR el dtpbsdicittold

P- MA/ MPEGVAS MAA (bl ock Mwv -40, 000, MA -60% MPEGVA -35% MAA -5%, and DVAC
(82.0 g). This solution was used to cast nenbrane according to the nethod
described in Exanple 13. Exanple 17 Using the nethod of Exanple 13, the

foll owwhg Emgmpltizdnts were bl ended then cast into nmenbranes: PVDF (15.0 g,
Avg Mv 400 - 50 , 3.0 g bl.ock capolynmer [P bl ock Mwv -40, 000) - bl ock-
b W NPEGU VRATE LB ER st Bt HERRO B0 HPE Al IS0 CORAVITST) | and DVRC
(82.0 0). ddiBe RQIMUWAIIYRE WHEEEVDP r&a8ind BBRbANSS @a%f}%é&ﬁk&hré @ithhe net hod
described in Exanple 13. Exanple 18 Using the nmethod of Exanple 13, the

fol | owi ng blagk eeticdymer hlended masrtdatst R¥PFmsin ({10 g avemdgedvies: 40/DF (15.0 g,

Avg Mv 400.:-,500 . of ral i.zed bl ock co yoer [.PMVA (pl ock Mwv
%45, 000) - 3Re s e MREA REVIE oty eS8 BB B b G

- 35% IMAA- tNactis ity @1IchnMAT-ac82at6 c8imondhich (FRAIWLVONGOABO0KS @did dnfeabt
menbr ane according to the nethod described in Exanple 13. Exanple 19 Using
t he met hod! of%EReit¢ eo-I@nomgecdngit dwilAge)i g BMP(82H gler e bl ended then cast
into menbranes: PVDF (15.0 g, Avg Mwv 400 - 500K), 3.0 g bl ock copol ymer

[ PMVA (bl ogk 510 - bl ack- P- MV MPEGVW MAA (bl ock Mwv -10, 000, MA
-60% NPEM (@8&(})—-@%}}? and DMVAC. This solution was used to

Following the casting modifications in Example 14, control membranes were

prepared using only PVDF resin (no other additives) and membranes cast. PVDF
15 resin(15.0g, average Mw ~ 400 - 500K) was dissolved in NMP (85.0 g}, and
membranes were cast from this formulation.

In the above examples, the block copolymer additives were separately added
to the PVDF resin, solvent, and any other additives (c.g. polyethylene glycol). In
another embodiment of this invention, the block co-polymers can be pre-blended with

20  the PVDF resin by known compounding methods (e.g. melt extrusion). These pre-
compounded materials can be made up in a variety of blend ratios to tailor the
ultimate properties of the final membrane. A single blend product will be easier to
handle, and avoids the need to stock addittonal ingredients at the end user.

The data below show the water permeability data as well as bubble point pore

25  diameters. The data show a clear trend for the superiority of the acrylic block
copolymer blends for improving both water flux, while maintaining a tight bubble
point suitable for ultrafiltration, compared to pure PVDF control, or blends made with
a conventional acrylic copolymer resin. For ultrafiltration, it is desirable to have
bubble points below 0.2 um. All the block copolymer membranes had BPD below

30 0.2um.

21



cast nmenbrane according to the nethod described in Exanple 13. Exanple 20

Usi ng the nethod of Exanple 13,

cast i nt ovoentweEnss: PVDF (15.0 g,
bl ockcopol ynmer [ PMVA (bl ock Mw -10, 000) - bl ock-
Mv - 10, 000, MA -60% MPEGVA -35% MAA-Na ~59%,

the followi ng ingredients were bl ended then

Avg Mv 400 - 500K), ZCO/us2ab/onmosralized
P- MAV/ MPEGVW MAA- Na (bl ock

and DVAC. This sol ution was

used to cast ne ne. a rd| n t he t.hod d bed |n Exanpl e 13.
Exanple 2 1 Fol Inbf/ﬁ%rk L ﬁ\ga? pg%a Olg{gap?g%q?g?{g?ﬁﬁ ra]ielf a random
copol ynmer acnylic rexmambwas bl ended w tward?Yidk resji n aamﬁblamrbDanes ast, to
conpare w th|bl ock bl ended rrenbr anes. HVDF r aver age
Mv ~ 400 - 5 C(gqlg?:?g Bl vi-th—h PV ‘ %a"“’;‘:;‘ 8.0 g)
contai ning acid functi onlzf’ael Ity and an alkyl-acrylate co-nononer (Total Mw 60
- 100K, acid|content Examplg®q acryl|c co-#bomer gontent 2148 109, and NWP
(82.0 g). Example 2ZgyRi7 control ) For oy ng thg castingi4godifications in
Exanple 14, ¢ L prepared._using inno other
addi tives) and menbr &E®kSast . PVDF resi ﬁ'l? 15.0 g, avera‘b]éssMN ~ 400 - 500K)
was di ssolvefl in NI\/PE((a?»@leG) g) and menbr ares were¢ cast foremthis
formul ati on. HA—+the Léh,lv] xatptes,—the “Igoc'r\ eopotyrer—adettves—wer e
separately agdded to He ﬁ’ resin, solvent, andlany other additivies (e.g.
pol yet hyl ene| gl ycol )Edamplahbt her enbodi nefss of thi|s i nverfti%bn, the |bl ock
co-pol yners CARdSgdherbheglgd with the PVDF resiin by known conpoundi ng
met hods (e. gl melt exhiplsioN) . These pregopounded matergsabs can e nade up
in a variety| of d.rati |Ior the ultimate properties of |the final
menbrane. A ThHa™ besepsher—te—hanet e ang—avei ds the
need to stock additiBASE Fngredi ent s atkzt A& end User. THe data bellow show
t he wat er per neabi | ilixymldatﬂa as wel|l as bdBbl e poi nt poreﬂld'i aneteryg. The
data show a [tear [rﬁa].rﬁ‘h?l tte s PeETT Oy ~of tieacTylgw; biotk gopol ymer
bl ends for i npr Qving h water Hux, while nmainfaini ng a ti nh'r hubbl e
poi nt suitable for UPFPRIFIGtrati or, compsfed to pure PVBRStontrol | or
bl ends made with Example 17 1.819 0.162

Example 18 6.342 0.164

Example 19 2.305 0.194

Example 20 30.10 0.198

Example 21 1.31 0.182

Random acrylic resin additive
Example 22 0.066 0.171
Pure PVDF resin control

Galwick (a perfluoropolyether, surface tension 15,9 dynes/cm) is a registered trademark of Porous

Materials Incorporation, Ithaca, NY.
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a conventional acrylic copolymer resin. For ultrafiltration, it is
desirable to have bubble points below 0.2 urn. Al the bl ock copol yner
menbr aneswbadioBBDsbel ow 0.2 urn. Tabl e 1. Water perneabi IpcryuSacd/obosbdl e

poi nt data for menbranes Galw ck (a perfl uoropol yether, surface tension
15.9 dynes/ tlé Slafndag@i stered trademark of Porous Materials Incorporation,
It haca, NY. I's crarned is 1. A polyneric nenbrane conprising: a) 99 -

20 wei ght rlercenﬂpadjzmanhmd:n@piwb:ompmﬁagl X polyner, and b) 1 80 weight
percent of an a h h' i c. bl ock co V|n | east one hydrophilic
bl ock and at ggt mlg:b Eﬁ?‘&BFFBB‘?t hﬁ’@@% EOW‘F‘hag‘i d pol ymer
matrix. 2. The By Ivn%owlg}ﬁgm eﬂeof%aﬁi giﬂl%%@&%p@lﬁﬁér%aﬂhgﬁkleﬁﬁpm ymer
isad-, tri- or nultibloc opol y meri c nmenbrane of claim
2 wherein said bl dmcl’bfdmhglméﬂocnksand aclﬂastrqmlellwdmphdblcQIOCboblyimhlzwﬂth
copolynmer. 4. The p r| S rrenbr ane of claim3 wherein said anphiphilic

bl ock copol yner cosﬁ%]rﬁlge &¥%%ual nitroxide end- groups. 5. The polyneric
menbrane of claim2 wherei n sai d bl ock copol ynmer contains at | east one
segnent that is_a gradient copolyner. 6. The polyneric nenbrane of claim 2
wher ei n sa?d bl Eb«p@lw@nyn@mhr@%&t@@dl wherein sgid bteek gepblymerisca denbr ane of
claim2 wh re| ﬂnﬁta@gc bé C(%p0| ynmer i s nonwater soluble 8 The polyneric
menbrane o fam \/51 n Said matrix pol ymer conprises a fluoropolyner.
9. The pol yrrerl o rrerrbrane of claim8 wherein said fluoropolyner is a
ponV|nyI|dene fl uori de honopol yner, or. a ponV|n¥I|dene copol yner

conpri si ng3at | Bagspolpperipmempeneaiclam 2uvhspeingaiddloqk copprecrisrforrer unit s.
10. The p wﬁﬁ??é‘?%ﬁw@??‘%eﬁéeﬂn@b ik chaving a maxi mum pore size of |ess

than 0.3 urn meric fie of claim 1 conprising 99 - 40

wei ght percent of hydrophoblc matri x polynmer and 1 - 60 wei ght percent of
hi phi | bl

ampht ph If thep? e|¥c membrane of claim 3 wherein said amphiphilic block

copolymer comprises residual nitroxide end-groups.

5. The polymeric membrane of claim 2 wherein said block copolymer contains at

least one segment that is a gradient copolymer.

6. . The polymeric membrane of claim 2 wherein said block copolymer is water-
soluble.
7. The polymeric membrane of claim 2 wherein said block copolymer is non-

water soluble

8. The polymeric membrane of claim 1 wherein said matrix polymer comprises a
fluoropolymer.
9. The polymeric membrane of claim 8 wherein said fluoropolymer is a

polyvinylidene fluoride homopolymer, or a polyvinylidene copolymer comprising at

least 50 mole percent of vinylidene fluoride monomer units.

10.  The polymeric membrane of claim 1 having a maximum pore size of less than

0.3 um.
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12. The polyneric nenbrane of claim1 conprising 90 - 70 wei ght percent of
hydr ophobi ¢ matri x pol ynmer and 10 - 30 wei ght percent of anphiphilic block
copol ymerwo2810/08lhmopol yneri ¢ menbrane of claim 1l furthePCTarspooiomnsovgs a
hydrophilic additive. 14. The polyneric nenbrane of claim| wherein said
anphi philic block copolyner is partially or fully neutralized. 15. The

pol yneric nmenbrane of claim 1, wherein said hydrophilic and hydrophobic

bl ocks congii se Taepylynerigohgmiaase ofldainil heomplising 89 € 4revdiglaperceiit ofl ai m 1,
wher ei n said. hydr.ophobic trix pol r .and anphi phi|jc. bl ock copol yner
forman in V#&Eg]%"bbgg’ﬁ‘mxﬁ ymetan T%ﬁg‘ﬁ?gﬂﬁg tofamg lpgi%kﬁ?%. wher ei n
sai d inti mggsyithend is an interpenetrating polymer network (FPN) or a
core-shell norphology. 18. The polyneric nenbrane of claim 16 wherein said
menbrane is a polyner electrolyte nenbrane. 19. A process for formng the

inti mte blend claim.16 erein.a |latex of said dr gphobi ¢ trix

pol yner i sllgsedgggp%lnga n?)eg?\,%}%er?fn‘:&ﬂﬂl ISR L ﬁ?ﬁx" 19311?8?&6@6’3& yner is
pol yner i zegydrbpAdbe: Ra@sGHEn&f andaiod TPREigROPO®RE of A8 highi_h'c block _
hydr ophi | i c-ml)dl fied pol'ymer coating conprising the hybrid [atex of claim
19. copolymer.

13.  The polymeric membrane of claim 1 further comprising a hydrophilic

addative.

14.  The polymeric membrane of claim 1, wherein said amphiphilic block

copolymer is partially or fully neutralized.

15.  The polymeric membrane of claim 1, wherein said hydrophilic and

hydrophobic blocks comprise acrylic polymers.

16.  The polymeric membrane of claim 1, wherein said hydrophobic matrix

polymer and amphiphilic block copolymer form an intimate blend.

17.  The polymeric membrane of claim 16, wherein said intimate blend is an

interpenetrating polymer network (IPN) or a core-shell morphology.

18.  The polymeric membrane of claim 16 wherein said membrane is a polymer

electrolyte membrane.

19. A process for forming the intimate blend of claim 16, wherein a latex of said
hydrophobic matrix polymer is used as a seed polymer, and said amphiphilic block
copolymer is polymerized in the presence of said seed polymer.

20. A hydrophilic-modified polymer coating comprising the hybrid latex of claim
19.
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