HYDROPHILICALLY MODIFIED FLUORINATED MEMBRANE (V1)

BACKGROUND OF THE INVENTION

[0001] The properties of fluoropolymer membranes, for eglamporous PTFE
membranes, including their mechanical strengthmita resistance or inertness, non-
adhesiveness, excellent dielectric property, thestadility at high temperature and low
coefficient of friction make them very attractivar fvarious applications. However, for
certain applications, it will be beneficial to mfydthe surface of PTFE without affecting its
intrinsic properties. Efforts have been made talifydhe surface and the chemical
properties of PTFE membrane in order to improvesthigability of the membrane for
specific applications. For example, efforts havduded surface coating, blending, high
energy surface modification, for example, broaddoaltraviolet radiation or BBUV, where
the membrane is exposed to a UV radiation of wangtle250-450 nm, and plasma
treatment, free radical, and ozone etching, atdayer deposition, and synthesis of modified
PTFE-like polymers. However, most of the efforesr&vfocused on high energy treatment
such as with BBUV or plasma. Though the exact rapigm of these surface modification
approaches is not reported, it likely results fittva formation of free radicals by main-chain
bond scission since C-C bond strength is knowrete B0% lower than F-F bond. If a
majority of the radical results from C-C scissiommain polymer chain scission, it could
decrease the mechanical and the chemical stabilitye PTFE membrane. It is also known
that plasma treatment is limited to the surfacthefmembrane which makes such
modification less stable during a prolonged peobtme.

[0002] The foregoing shows that there exists an unmet ferelsurface modification of
porous fluoropolymer membranes or supports to pletydrophilic fluoropolymer porous
membranes which are stable, and wherein the suniad#ication does not significantly
affect the mechanical strength of the porous flpolgmer supports or the resulting

composite porous membranes.

BRIEF SUMMARY OF THE INVENTION

[0003] The invention provides a composite hydrophilic pgronembrane comprising a

porous fluoropolymer support and a coating compgisi copolymer of formula (1) or (II):



(1D

X /\J(ru \/}

[+l b
M

I

R ;’L*“r:m

wherein the copolymer of formula (I) or (I) isandom or blockcopolymer, Rf is a

perfluoro-substituted group, whereRk is a hydrophilic group or chlorine, Ra is metbyl

ethyl, m and n are independently from 10 to 100@s Zn alkyl group, and Y is a reactive

functional group, wherein the coating copolymeopsionally cross-linked.

[0004] The hydrophilic membranes of the invention haveitecal wetting surface

tension (CWST) of 33 dynes/cm or greater. The serfaodification is stable to subsequent

washing with common organic solvents used to di&sthle coating material.

[0005] The present invention further provides methodsreparing the copolymers and

methods of preparing hydrophilically modified flagolymer porous membranes. The

invention further provides methods of filteringifla through these hydrophilically modified

fluoropolymer porous membranes.

DETAILED DESCRIPTION OF THE INVENTION

[0006] In accordance with an embodiment, the inventiowviges a composite
hydrophilic porous membrane comprising a porousrfipolymer support and a coating
comprising a copolymer of formula (I) or (II):
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wherein the copolymer of formula (I) or (Il) isandom or blockcopolymer, Rf is a
perfluoro-substituted group, whereRh is a hydrophilic group or chlorine, Ra is metbyl
ethyl, m and n are independently from 10 to 100@s Zn alkyl group, and Y is a reactive
functional group, wherein the coating copolymeopsionally cross-linked.

[0007] In embodiments, n and m represent the degreesyhpdzation of the
respective monomers, and are independently fromtakibto about 1000, preferably from
about 50 to about 400.

[0008] The respective monomer blocks can be present indpelymer in any suitable
mass %, for example, in an embodiment, from abB¥%t:%bout 1% to about 50%: about
50%, preferably from about 90%: about 10% to alf@36: about 30%, and more preferably
from about 75%: about 25%.

[0009] The copolymer can be of any suitable molecular iateigr example, in an
embodiment, a number or weight (Mn or Mw) averagaecular weight from about 10 kDa
to about 1000 kDa, preferably from about 20 kDaliout 200 kDa, and more preferably
from about 40 kDa to about 100 kDa.

[0010] In an embodiment, Y is selected from amino, hydtoagryloyl, and
methacryloyl.

[0011] In any of the embodiments, Rf is a perfluoro-substd alkyl group or chain,
where alkyl chain may optionally contain one or emokygen atoms in the chain. For
example, Rf is gFop+1-(CH2)q (OCH),, wherein pis 1to 12, qis0to 3, and ris @to



Particular examples of Rf includgl;7CH,, CsF13(CH,),OCH,, C4FsCH, and CF for

formula | and GFp+1-CH>CH; for formula II.

[0012] In an embodiment of the copolymer of formula (Ij,iRRselected from g 7,CH,
and GF13(CH,),OCH,.

[0013] In an embodiment of the copolymer of formula (Rf,is GF17CH.CHo.

[0014] In any of the embodiments, Rh is selected from gy alkyloxy, chlorine,
allyloxy, alkylthio or alkylthiopropyloxy, whereithe alkyl part of alkoxy, alkylthio, and
alkylthiopropyloxy can be optionally substitutedthvhydroxyl, carboxylic acid, sulfonic
acid, phosphonic acid, quaternary ammonium, allkigee and/or heterocycle.

[0015] In an embodiment of the copolymer of formula (Rg is methyl.

[0016] In any of the embodiments, X is methyl.

[0017] In any of the embodiments, Y is a tertiary aminougr or quaternary ammonium
group, for example, piperidinyl, pyridinium, dimgthmino, or diethylamino.

[0018] Random copolymers of the formula (1) can be pregphérea process involving
cationic ring opening polymerization of a mixtufesabstituted epoxides. For example, a
mixture of epoxide monomers bearing suitable stumstis can be polymerized by the use of
a trialkylaluminum and an initiator salt having@dgen aniorand an organic cation as a
counterion. The organic cation in the salt hawdngprganic cation as a counter cation is
preferably an ammonium ion or a phosphonium ioohss
bis(triarylphosphoranylidene)ammonium ion, bis(kyéphosphoranylidene)ammonium ion,
and triarylalkylphosphonium ion, as described fxaraple, in US 2009/0030175 Al. An
example of triarylalkylphosphonium ion is [MePPhwherein Me is methyl. Thus, a
mixture of monomers, perfluoroalkyl epoxy monomed &butyl glycidyl ether (TBGE), can
be polymerized as illustrated below, and the resyiltopolymer is further reacted with an

acid such as trifluoroacetic acid to remove thedpan t-butyl groups.

[MePPhs]*Br- R Rt
Rf A|iBU3 3 J\}LO 95% aqg. TFA o
B” TBGE - To nOH - To OH
m m n
O Solvent 0 16h, RT OH
Time /K

[0019] Block copolymers of the formula (I) can be prepagd process involving
sequential polymerization of an epoxide monomeirtaan Rf substituent, followed by the

ring opening polymerization of another epoxide mueowith a suitable substituent, for



example, an alkyl group. Thus, for example, iirst tep, a homopolymer of a first
monomer, an epoxide substituted with an Rf groap,lme produced, and a second monomer
having a substituted epoxide such as TBGE can téedaand the polymerization continued to
obtain a block copolymer.

[0020] Random copolymers of the formula (1l) can be pregdry a process involving
cationic ring opening polymerization of a mixtufetwo 2-substituted 2-oxazoline
monomers: one monomer having an Rf substitueea® {position and another monomer
having an Ra substituent at the 2-position.

[0021] Block copolymers of the formula (II) can be premhbg a process involving
sequential cationic ring opening polymerizatioranfoxazoline monomer having an Ra
substituent, such as 2-methyl-2-oxazoline, followgcaationic ring opening polymerization
of another oxazoline monomer with an Rf substituerg., PF8Et-oxazoline (wherein PF8Et
is GF,,CH,CH,), as illustrated below:

o | 1.PF8Et-Ox o
oty 2Me20x I @ (TCE, 100C, 24h)
e o
ey \eN/\)/ - \fN/\,}(N\/\)\N
Triflate 1,1,2-Trichloroethane /g m-1 m n
e 2. Piperidine
o T¢°

100C, 6h back to RT 0
3. Ether precipitation

CgF17

[0022] Alternatively, block copolymers of the formula (d&n be prepared by a process
involving sequential cationic ring opening polynzation of a 2-oxazoline monomer having
an Rf substituent at the 2-position, followed bga#ionic ring opening polymerization of
another 2-oxazoline monomer with an Ra substitaettie 2-position.

[0023] The 2-oxazoline monomer having an Rf substituentbmprepared by the
reaction of a 3-perfluoroalkyl-propanoic acid atldamolamine, or a 3-perfluoroalkyl-

propionitrile with ethanolamine, as illustrated dei

, = L

/J KCN (3eq.) Ethanolamine (1.5eq) \ °
18-C-6 (0.1eq) Cd(OAc), dihyd. (0.05eq)

CeF17 anh. AcN oL Butan-1-ol, 130C, 48h
817
Alfa-Aesar 48h, 30C C.F
CAS 2043-53-0 34% 1% sF17

PF8-EtOx



[0024] The polymerization of the monomers is conductea suitable solvent, for
example, solvents generally used for conducting ot ring opening polymerizations.
Examples of suitable solvents include aromatic bgdrbons such as benzene, toluene, and
xylene, aliphatic hydrocarbons such as n-pentagerie, and heptane, alicylic hydrocarbons
such as cyclohexane, and halogenated hydrocarbchsas dichloromethane,
dichloroethane, dichloroethylene, tetrachloroethahrobenzene, dichlorobenzene, and
trichlorobenzene, as well as mixtures thereof.

[0025] The monomer concentration can be in the rangetofD wt%, preferably 2 to 45
wt%, and more preferably 3 to 40 wt%.

[0026] The polymerization can be carried out at any sigtmperature, for example,
from -20 to +100 °C, preferably 20 to 190D.

[0027] To prepare a block copolymer, for example, the melgization can be carried out
for any time suitable to obtain the appropriatertength of each of the blocks, which can
be from about 1 minute to 100 hours.

[0028] The polymers can be isolated by a suitable teclenitu example, precipitation
with a nonsolvent or by the concentration of thigedaly quenched reaction mixture.

[0029] The copolymers can be characterized for their nubdeaveights and molecular
weight distributions by any known techniques. &xample, a MALS-GPC technique can be
employed. The technique uses a mobile phase t®, @ia a high pressure pump, a polymer
solution through a bank of columns packed withaéighary phase. The stationary phase
separates the polymer sample according to the aiwerfollowed by detecting the polymer
by three different detectors. A series of detectan be employed, e.g., an Ultraviolet
detector (UV-detector), followed by a multi-anghsér light scattering detector (MALS-
detector), which in turn, is followed by a refraetindex detector (RI-detector) in a row.
The UV-detector measures the polymer light absonpdit 254 nm wavelength; the MALS-
detector measures the scattered light from polyshains relative to mobile phase.

[0030] In an embodiment, the copolymers can be furtherifieoidby the thiol-ene
reaction of the pendant allyl moieties with hydriigthiols (e.g. thioglycerol,
mercaptoacetic acid) according to typical proceslkreown to the skilled in the art.

[0031] In an embodiment, the copolymers can be furtherifieoldby the nucleophilic
substitution reaction of the pendant chloromethgleties with hydrophilic thiols (e.qg.
thioglycerol, mercaptoacetic acid) according tadgpprocedures known to the skilled in the

art , for example as describeddaropean Polymer Journal vol. 43 (2007) 4516.



[0032] The copolymers can be further modified such thatctbpolymer includes
crosslinkable reactive functional groups at Y. Example, one or more hydroxyl groups can
be converted into an ester group with an acryloyhethacryloyl chloride to provide
acrylated or methacrylated copolymers. Alterndyivene or more hydroxyl groups can be
coupled with an amino acid to provide aminoestacfionality.
[0033] The present invention further provides a compdsytdrophilic porous membrane
comprising a porous fluoropolymer and a copolynrggalymer as described above, wherein
the copolymer is optionally crosslinked.
[0034] The present invention further provides a metholyafrophilically modifying a
porous fluoropolymer support comprising:

(i) providing a porous fluoropolymer support;

(if) coating the porous fluoropolymer support watlsolution comprising a solvent and

a copolymer of formula | or II:
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wherein the copolymer of formula (I) or (I) isandom or blockcopolymer, Rf is a
perfluoro-substituted group, whereRk is a hydrophilic group or chlorine, Ra is metbyl
ethyl, m and n are independently from 10 to 100@s Zn alkyl group, and Y is reactive
functional group;

(iif) drying the coated support from (ii) to remewat least some of the solvent from
the coating comprising a solvent and the copolyraed, optionally

(iv) crosslinking the copolymer present in thetoua



[0035] When Y has an acrylate or methacrylate functiopatitosslinking can be carried
for example, by the use of a photoinitiator andgh lenergy radiation, e.g., UV. lItis
contemplated that the crosslinking would provideghly stable polymer network in the
membrane.

[0036] Any suitable photoinitiator can be used, for exanplype | and Type Il
photoinitiators. Examples of photoinitiators indbicamphor quinone, benzophenone,
benzophenone derivatives, acetophenone, acetopheeoratives, phosphine oxides and
derivatives, benzoin alkyl ethers benzil ketalemhglyoxalic esters and derivatives thereof,
dimeric phenylglyoxalic esters, peresters, halogigthzines, hexaarylbisimidazole
/coinitiators systems, ferrocenium compounds, titemes, and combinations thereof.

[0037] The surface can be modified, for example, as fdtaavsheet of PTFE porous
support is coated at room temperature by pre-wethie membrane sheet with IPA solvent
and soaking the membrane in a coating polymer isolutith concentration that ranges
between 0.1% and 10% by mass. The coating tingesabetween (1 min to 12 hours).
After soaking the support, it is dried in conventmven at 106C to 160 °C. The drying time
ranges between (10 minutes to 12 h).

[0038] The change in surface modification in terms of ateftension is measured by
measuring the CWST. The method relies on a s&blations of certain composition. Each
solution has specific surface tension. The salgisurface tension ranges from 25 to 92
dynes/cm in small non-equivalent increments. Tasuee the membrane surface tension, the
membrane is positioned on to top of white lighiéabne drop of a solution of certain
surface tension is applied to the membrane sudaddhe time the drop takes to penetrate
through the membrane and become bright white asdaration of light going through the
membrane is recorded. Instant wetting is consdieseen the time the drop takes to
penetrate the membrane<did.0 seconds. If the tinre10 seconds, the solution is considered
to partially wet the membrane.

[0039] In accordance with an embodiment of the inventiba,hydrophilic

fluoropolymer membrane is a porous membrane, @ lggnoporous membrane, for example,
a membrane having pores of diameter between 1 @M@ nm, or a microporous
membrane having pores of diameter between 1 pni@mpan.

[0040] Hydrophilic fluoropolymer porous membranes accogdimembodiments of the
invention can be used in a variety of applicationsluding, for example, diagnostic

applications (including, for example, sample pragian and/or diagnostic lateral flow



devices), ink jet applications, lithography, eas,replacement for HD/UHMW PE based
media, filtering fluids for the pharmaceutical irstity, metal removal, production of ultrapure
water, treatment of industrial and surface waf@tering fluids for medical applications
(including for home and/or for patient use, e.gtravenous applications, also including, for
example, filtering biological fluids such as blo@dg., virus removal)), filtering fluids for the
electronics industry (e.qg., filtering photoresisids in the microelectronics industry and hot
SPM), filtering fluids for the food and beveragdustry, beer filtration, clarification,

filtering antibody- and/or protein-containing flgidfiltering nucleic acid-containing fluids,
cell detection (includingn situ), cell harvesting, and/or filtering cell cultudeitls.
Alternatively, or additionally, porous membranesading to embodiments of the invention
can be used to filter air and/or gas and/or candeel for venting applications (e.g., allowing
air and/or gas, but not liquid, to pass therethnpudg®orous membranes according to
embodiments of the inventions can be used in &teaof devices, including surgical devices
and products, such as, for example, ophthalmidsairgroducts.

[0041] In accordance with embodiments of the inventioa,htiidrophilic fluoropolymer
porous membrane can have a variety of configuratimeluding planar, flat sheet, pleated,
tubular, spiral, and hollow fiber.

[0042] Hydrophilic fluoropolymer porous membranes accogdimembodiments of the
invention are typically disposed in a housing casipg at least one inlet and at least one
outlet and defining at least one fluid flow pathvieen the inlet and the outlet, wherein at
least one inventive membrane or a filter includiideast one inventive membrane is across
the fluid flow path, to provide a filter device filker module. In an embodiment, a filter
device is provided comprising a housing comprigingnlet and a first outlet, and defining a
first fluid flow path between the inlet and thestioutlet; and at least one inventive membrane
or a filter comprising at least one inventive meama, the inventive membrane or filter
comprising at least one inventive membrane beisga$ied in the housing across the first
fluid flow path.

[0043] Preferably, for crossflow applications, at least anventive porous membrane or
filter comprising at least one inventive membramdisposed in a housing comprising at least
one inlet and at least two outlets and defininigast a first fluid flow path between the inlet
and the first outlet, and a second fluid flow plgitween the inlet and the second outlet,
wherein the inventive membrane or filter comprisatdeast one inventive membrane is

across the first fluid flow path, to provide adiitdevice or filter module. In an illustrative
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embodiment, the filter device comprises a crossfitter module, the housing comprising an
inlet, a first outlet comprising a concentrate eyjthnd a second outlet comprising a permeate
outlet, and defining a first fluid flow path beterethe inlet and the first outlet, and a second
fluid flow path between the inlet and the secontleduwherein at least one inventive
membrane or filter comprising at least one inventivembrane is disposed across the first
fluid flow path.

[0044] The filter device or module may be sterilizablenyAousing of suitable shape
and providing an inlet and one or more outlets magmployed.

[0045] The housing can be fabricated from any suitable iigpervious material,
including any impervious thermoplastic material,jethis compatible with the fluid being
processed. For example, the housing can be fabdideom a metal, such as stainless steel,
or from a polymer, e.g., transparent or translupahgmer, such as an acrylic, polypropylene,
polystyrene, or a polycarbonate resin.

[0046] In accordance with an embodiment, the hydrophllioropolymer porous
membrane comprises any suitable porous fluoropalywueport, for example, a support
made from PTFE, PVDF (polyvinylidene fluoride), PY{solyvinyl fluoride), PCTFE
(polychlorotrifluoroethylene), FEP (fluorinated gkbne-propylene), ETFE
(polyethylenetetrafluoroethylene), ECTFE (poly é¢éimgchlorotrifluoroethylene), PFPE
(perfluoropolyether), PFSA (perfluorosulfonic acidid perfluoropolyoxetane. The porous
support can have any suitable pore size, e.g., &loout 2 nm to about 10 microns,
preferably PTFE and PVDF.

[0047] The present invention further provides a hydrophlly modified fluoropolymer
porous membrane produced by the method descrilmaab

[0048] The present invention further provides a methofiltefing a fluid, the method
comprising passing the fluid through the hydroghfllioropolymer porous membranes
described above.

[0049] The following examples further illustrate the intien but, of course, should not

be construed as in any way limiting its scope.

EXAMPLE 1

[0050] This example illustrates the synthesis of a copelyai formula | in accordance

with an embodiment of the invention.
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[0051] An argon-purged 40mL vial with septum was chargét w
methyltriphenylphosphonium bromide (37mg; 0.1mmdégassed hexafluorobenzene
(12mL), followed by 1,2-epoxy-1H,1H,2H,3H,3H-heptadfluoroundecane (2.83mL;
10mmol) and tert-butyl glycidyl ether (6.0mL; 40minoThe reaction mixture was cooled in
an ice-bath while stirring vigorously, followed dyopwise addition of 0.5M solution of
triisobutylaluminum in hexane (2mL; 1mmol). Stirgiwas continued for 24h while
allowing the mixture to slowly warm up to ambieairiperature. After that time reaction was
guenched by addition of methanol/water mixture ,(8rhL) stirring for 30min, followed by
concentrationn vacuo. The concentrate was diluted with perfluorobugthyl ether

(50mL) and filtered through a pad of Celite. THedie was concentrated vacuo to give
3.769 of a viscous residue (38% of the monomen)féédlR analysis (in CDG) indicated
that in the obtained polymer the molar fractionhed perfluoro-substituted unit was 20%,
which was calculated by comparing integration @f tiért-butyl signal to the signal of the

CsF..CH, methylene protons.

EXAMPLE 2

[0052] This example illustrates the synthesis of anotle@otymer of formula | in
accordance with an embodiment of the invention.

[0053] Copolymer obtained as described in Example 1 (3wvé&g) dissolved in the
trifluoroacetic acid / water mixture (95:5, 20mlr)cathe solution was stirred at ambient
temperature for 16h. The reaction mixture was dddel50mL of diethyl ether, followed by
addition of 150mL of hexane. The resinous preatpithat formed was isolated by
decantation, washed with hexane and re-dissolvetkimanol. The precipitation was
repeated by the addition to vigorously stirred dlumes of diethyl ether/hexane 1:1 mixture.
The resinous product was isolated by decantatiashed with hexane and driedvacuo
yielding 0.43g of the copolymer. NMR analysis GMSO-d;) confirmed full deprotection

by complete disappearance of the tert-butyl sigisults of elemental analysis (%C=40.48
and %F=22.73) estimated the molar ratio of thelperb-substituted unit in the copolymer as
34%.

EXAMPLE 3

[0054] This example illustrates the synthesis of yet agmotiopolymer of formula | in

accordance with an embodiment of the invention.
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[0055] An argon-purged 40mL vial with septum was chargét w
methyltriphenylphosphonium bromide (37mg; 0.1mmdégassed anhydrous toluene
(12mL), followed by 1,2-epoxy-1H,1H,2H,3H,3H-heptadfluoroundecane (2.83mL;
10mmol) and tert-butyl glycidyl ether (3.0mL; 20mind he reaction mixture was then
stirred vigorously, while adding 1.1M solution aigobutylaluminum in toluene (0.9mL;
1mmol). A slightly exothermic reaction was observehile the mixture was becoming
turbid and viscous. Stirring was continued for 2dllowed by quenching by addition of
methanol/water mixture (4:1, 5mL), then stirring 8min, followed by concentratian
vacuo. The concentrate was then diluted with 100mL Kf225 solvent followed by
filtration through a pad of Celite. The filtrate sveoncentrateth vacuo and the viscous
residue was dispersed in 150mL of methanol followgdiquid-liquid extraction with
perfluorohexane (3 times with 40mL). Concentratbthe perfluorohexane layer to dryness
gave fraction A, while concentration of the metHanlkayer yielded fraction B, which were
analyzed by NMR (in CDG) by comparing the integrated areas of the terytzignal to the
signal of the @F,,CH, methylene protons.

[0056] Fraction A — 1.20g (16% of the monomer feed) co@di50 molar % of the
perfluoro-substituted unit.

[0057] Fraction B — 5.95¢g (81% of the monomer feed) coti36 molar % of the
perfluoro-substituted unit.

EXAMPLE 4

[0058] This example illustrates the synthesis of yet amotiopolymer of formula | in
accordance with an embodiment of the invention.

[0059] Fraction A obtained as described in Example 3 @).4s dissolved in the
trifluoroacetic acid / water mixture (95:5, 20mlr)cathe solution was stirred at ambient
temperature for 16h. The reaction mixture was eantratedn vacuo, the residue obtained
was redissolved in a minimum amount of diethyl efbdowed by the addition of 10
volumes of hexane while stirring vigorously. Tlesinous precipitatiormed was isolated by
decantation, washed with hexane and dried in vaconen at 50 °C overnight, yielding
1.01g of the final copolymer. NMR analysis (in T8E confirmed complete removal of the
pendant tert-butyl groups. Results of elementalyais (%C=29.78 and %F=55.78)
estimated the molar ratio of the perfluoro-subginit in the copolymer as 85%.
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EXAMPLE 5

[0060] This example illustrates the synthesis of yet agmotiopolymer of formula | in
accordance with an embodiment of the invention.

[0061] Fraction B obtained as described in Example 3 (.9f&s dissolved in the
trifluoroacetic acid / water mixture (95:5, 80mlrjdathe solution was stirred at ambient
temperature for 16h. The reaction mixture waseaitratedn vacuo, residue redissolved in
minimum amount of diethyl ether followed by additiof 10 volumes of hexane while
stirring vigorously. The resinous precipitate feanwvas isolated by decantation, washed
with hexane and dried in vacuum oven at 50 °C aghtnyielding 5.10g of the final
copolymer. NMR analysis (in TFEsdconfirmed complete removal of the pendant tetidbou
groups. Results of elemental analysis (%C=31.2%aR=49.33) estimated the molar ratio

of the perfluoro-substituted unit in the copolyrasr76%.

EXAMPLE 6

[0062] This example illustrates the synthesis of yet agmotiopolymer of formula | in
accordance with an embodiment of the invention.

[0063] An argon-purged 40mL vial with septum was chargét w
methyltriphenylphosphonium bromide (37mg; 0.1mmdégassed anhydrous toluene
(12mL), followed by 3-[2-(perfluorohexyl)ethoxy]Z-epoxypropane (2.80mL; 10mmol) and
allyl glycidyl ether (2.4mL; 20mmol). The reactiomxture was stirred vigorously while
adding 1.1M solution of triisobutylaluminum in telee (0.9mL; 1mmol). Stirring was
continued for 24h followed by quenching by the #iddiof methanol/water mixture (4:1,
5mL), then stirring for 30min, followed by conceationin vacuo. The concentrate obtained
was diluted with 100mL of AK-225 solvent followeg Eltration through a pad of Celite.
The filtrate was concentrat@ad vacuo and the resulting residue vacuum dried to yieRb§.

of copolymer (80% of the monomer feed). NMR anialys CDCE) estimated the molar
ratio of the perfluoro-substituted unit as 40%calsulated by comparing the integration of

the allyl methylene signal to that of the methyledigacent to the €13 moiety.

EXAMPLE 7

[0064] This example illustrates the synthesis of yet agmotiopolymer of formula | in

accordance with an embodiment of the invention.
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[0065] An argon-purged 40mL vial with septum was chargét w
methyltriphenylphosphonium bromide (37mg; 0.1mmdégassed anhydrous toluene
(12mL), followed by 3-[2-(perfluorohexyl)ethoxy]Z2-epoxypropane (2.80mL; 10mmol) and
epichlorohydrin (1.6mL; 20mmol). The reaction naind was stirred vigorously, while
adding 1.1M solution of triisobutylaluminum in tele (0.9mL; Immol). Stirring was
continued for 24h followed by quenching by the #ddiof methanol/water mixture (4:1,
5mL), followed by stirring for 30min, which was folved by concentratiom vacuo. The
concentrate was diluted with 100mL of AK-225 solvErlowed by filtration through a pad
of Celite. The filtrate was concentrat@dvacuo and the resulting residue vacuum dried to
yield 5.58g of copolymer (92% of the monomer feedMR analysis (in CDG) estimated
the molar ratio of the perfluoro-substituted ursit3%, as calculated by comparing the
integration of the methylene signal adjacent toGkle ;3 moiety (2.30-2.50ppm) with the
integration of the remaining protons (3.45-3.80ppm)

EXAMPLE 8

[0066] This example illustrates the synthesis of intermediowardsopolymer of
formula Il in accordance with an embodiment of itiheention.

[0067] 3-(Perfluorooctyl)-propionitrile was synthesizedrr 1H,1H,2H,2H-
heptafluorodecyl iodide as describedlournal of Oleophobic Science vol. 59 (2010) 483,

and reacted with a slight excess of ethanolamimeesence of cadmium acetate dehydrate
catalyst analogously as describedaarnal of Polymer Science: Part A Polymer Chemistry

vol. 32 (1994) 2187. The monomer was obtained in 71% yield and thectire thereof was
confirmed by botHH and**F NMR analyses (in CD@)l and its high purity was confirmed by
elemental analysis (Calculated: %C 30.19; %H 1%8K;2.71; %F 62.45; Found %C 30.26;
%H 1.57; %N 2.76; %F 60.94).

EXAMPLE 9

[0068] This example illustrates the synthesis of anotbgotymer of formula Il in
accordance with an embodiment of the invention.

[0069] An argon-purged 40mL vial with septum was chargéat methyl
trifluoromethanesulfonate (9 pL; 0.08mmol) diluiedlegassed 1,1,2-trichloroethane (4mL)
followed by the addition of 2-methyl-2-oxazoline@&L; 24mL) with a syringe with
vigorous stirring. The contents of the vial weeated at 100 °C for 6h, after which time the
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solution of the perfluoro-substituted oxazoline mmer described in Example 8 (2.07g;
4mmol) dissolved in 1,1,2-trichloroethane (10mL)svealded dropwise with a syringe via
septum. The heating at 100 °C was continued far fitdlowed by termination of the
reaction by the addition of piperidine (0.1mL) altbwing the reaction mixture to cool
down to ambient temperature while continuing stgrovernight. The contents of the vial
were added dropwise to vigorously stirred diettike (300mL) upon which the
precipitation occurred. The product was colledigdiltration, washed with copious amount
of diethyl ether, followed by vacuum drying at aentdi temperature, yielding 3.21g (78% of
the monomer feed). Boti and*°F NMR spectra conformed to the expected struct@eC
analysis performed with DMF (with 0.05N LiBr) asrebile phase indicated JVof 26kDa
(vs. PMMA standard) with a polydispersity index1058. The molar ratio of the perfluoro-
substituted unit was estimated from elemental ama(oN=12.99; %F=3.18) to be ca. 6%.

EXAMPLE 10

[0100] This example illustrates the surface modifying @by of the copolymers in
accordance with embodiments of the present inventio

[0101] The fluoropolymer substrate, either PTFE or PVDEswip-coated by soaking in
a solution of the copolymer (solvent and conceittnaindicated in the Table below) for 1h at
ambient temperature. This was followed by briefdaying (until sample was no longer
transparent), extensive washes in the solvent fasembpolymer dissolution, followed by air-
drying and testing the wettability of the coatedmbeane by measuring the CWST value, as
compared to untreated PTFE control (CWST=25 dyn&séc untreated PVDF control
(CWST=44 dynes/cm).

Copolymer Solvent / Concentration (w/v) CWST, dynes/cm
Example 2 Methanol / 1% 48 (PTFE)
Example 2 Acetone/Ethanol/Water (6:1:3) / 0.3% BBKE)

Example 4 Acetone / 0.5% 40 (PTFE)
Example 5 Acetone / 0.5% 63 (PTFE)
Example 9 Methanol / 1% 33 (PTFE)
Example 9 Methanol / 1% 53 (PVDF)
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[0102] All references, including publications, patent agtions, and patents, cited
herein are hereby incorporated by reference tednge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0103] The use of the terms “a” and “an” and “the” andl&tst one” and similar
referents in the context of describing the invem{iespecially in the context of the following
claims) are to be construed to cover both the $amgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the ligteas (A or B) or any combination of two
or more of the listed items (A and B), unless othgee indicated herein or clearly
contradicted by context. The terms “comprisindgyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,ingeancluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valugsiheare merely intended to serve as a
shorthand method of referring individually to eagparate value falling within the range,
unless otherwise indicated herein, and each sepaahie is incorporated into the
specification as if it were individually recitedreen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to batteminate the invention and does not pose a
limitation on the scope of the invention unlesseotfise claimed. No language in the
specification should be construed as indicatingrasmy-claimed element as essential to the
practice of the invention.

[0104] Preferred embodiments of this invention are deedrirerein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydgkdt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itloento be practiced otherwise than as
specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaents appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidass otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS:

1. A composite hydrophilic porous membrane compgs porous

fluoropolymer support and a coating comprising patgmer of formula (1) or (11):

HHDE (O
o™

rp )

(I}

Il i
/%: i "

R0

wherein the copolymer of formula (I) or (lII) is iepdendently a random or blockpolymer,

Rf is a perfluoro-substituted group, wher&asis a hydrophilic group or chlorine, Ra is

methyl or ethyl, m and n are independently fromtd @000, X is an alkyl group, and Y is

reactive functional group, wherein the coatingpianally crosslinked.

2. The composite hydrophilic porous membrane afrcth wherein Y is selected

from amino, hydroxyl, acryloyl, and methacryloyl.

3. The composite hydrophilic porous membrane afrctaor 2, wherein Rf is
perfluoro-substituted alkyl, where alkyl chain naptionally contain one or more oxygen
atoms in the chain.

4, The composite hydrophilic porous membrane of@mg of claims 1-3,
wherein Rf is GF2p+1-(CHy)q (OCH),, wherein pis 1 to 12, qis0to 3, and ris @to

5. The composite hydrophilic porous membrane ahtky wherein Rf is
independently selected fromyf;,CH,, CgF13(CH,).OCH,, C4FyCH, and Ck; for formula |
and GFzp+1-CH,CH; for formula II.
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6. The composite hydrophilic porous membrane dfrcth wherein the
copolymer is of formula (I), and Rf is selectednfr@sF;,CH, and GF13(CH,),OCHs.

7. The composite hydrophilic porous membrane afrcth wherein the
copolymer is of formula (1), and Rf isgE 7CH,CH,.

8. The composite hydrophilic porous membrane of@mg of claims 1-7,
wherein Rh is selected from hydroxyl, alkyloxy, afihe,allyloxy, alkylthio or
alkylthiopropyloxy, where alkyl can be substituteih hydroxyl, carboxylic acid, sulfonic
acid, phosphonic acid, quaternary ammonium, alkigae and heterocycle.

9. The composite hydrophilic porous membrane afrc® wherein Rh is

hydroxyl.

10.  The composite hydrophilic porous membrane gfare of claims 1-5 and 7-
9, wherein Ra is methyl.

11.  The composite hydrophilic porous membrane ahtll0, wherein X is

methyl.

12. The composite hydrophilic porous membrane gfare of claims 1-11,

wherein Y is a tertiary amino group or quaternaryreonium group.

13.  The composite hydrophilic porous membrane ahtll2, wherein the tertiary
amino group or quaternary ammonium group is sedeftten piperidinyl, pyridinium,

dimethylamino, and diethylamino.

14. A method of hydrophilically modifying a porofilsoropolymer support
comprising:

(i) providing a porous fluoropolymer support;

(ii) coating the porous fluoropolymer support watlsolution comprising a solvent and
a copolymer of formula (1) or (I1):



19

Rf

H(ED)\}QD y

Im N

(I

Gﬁ/ﬁf
KEN/\J(N\/“}T
H;’J**[:J " n

wherein the copolymer of formula (I) or (II) is iepdendently a random or blockpolymer,
Rf is a perfluoro-substituted group, wher&asis a hydrophilic group or chlorine, Ra is
methyl or ethyl, m and n are independently frontd @000, X is an alkyl group, and Y is
reactive functional group,

(i) drying the coated support from (ii) to remoatleast some of the solvent from
the coating comprising a solvent and the copolyraed, optionally

(iv) crosslinking the copolymer present in the aogt

15. The method of claim 14, wherein, the Rf of¢bpolymer is a perfluoro-

substituted alkyl, where alkyl chain may optionalbntain oxygen atom.

16.  The method of 14 or 15, wherein the Rf of thpatymer is GF2p+1-(CHy)q
(OCH,),, whereinpis1to12,qis0to 3,andris @to

17.  The method of claim 16, wherein Rf is sele¢teth CGgF1;CH,
CeF13(CH,)20OCH,, C4FsCH; and CF for Formula | and gF,p+-CH2CH, for Formula 11

18. A hydrophilically modified porous fluoropolymerembrane produced by the

method of any one of claims 14-17.

19. The composite hydrophilic porous membrane gfare of claims 1-13 or the
hydrophilically modified porous fluoropolymer menaloe of claim 18, wherein the porous

fluoropolymer support is selected from PTFE, PVBWF (polyvinyl fluoride), PCTFE
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(polychlorotrifluoroethylene), FEP (fluorinated gkbne-propylene), ETFE
(polyethylenetetrafluoroethylene), ECTFE (poly é¢émgchlorotrifluoroethylene), PFPE
(perfluoropolyether), PFSA (perfluorosulfonic agidihd perfluoropolyoxetane.

20. A method of filtering a fluid, the method congong passing the fluid through
the composite hydrophilic porous membrane of argyairclaims 1-13 or the hydrophilically

modified porous fluoropolymer membrane of claim 18.



