HYDROPHILICALLY MODIFIED FLUORINATED MEMBRANE (V)

BACKGROUND OF THE INVENTION

[0001] The properties of porous fluoropolymer membranasekample, PTFE
membrane, including their mechanical strength, ¢baimesistance or inertness, non-
adhesiveness, excellent dielectric property, thestadility at high temperature and low
coefficient of friction make them very attractiva fvarious applications. However, for
certain applications, it will be beneficial to mfydthe surface of PTFE without affecting its
intrinsic properties. Efforts have been made talifiydhe 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 wangtte250-450 nm, and plasma
treatment, free radical, and ozone etching, atdayer deposition, and synthesis of modified
PTFE-like polymers. However, most of the efforesrg/focused on high energy treatment
such as BBUV and plasma. Though the exact meanaofishese surface modification
approaches is not reported, it likely results frive formation of free radicals by bond
scission since C-C bond strength is known to b8% tbwer than F-F bond. If a majority of
the radicals result from C-C scission or main paymhain scission, it could decrease the
mechanical and the chemical stability of the PTFEnrane. It is also known that plasma
treatment is limited to the surface of the membrahieh makes it less stable during a long
period of time.

[0002] The foregoing shows that there exists an unmet foeealsurface modification of
porous fluoropolymer supports to provide hydroghfluoropolymer membranes which are
stable, and wherein the surface modification dag¢significantly affect the mechanical

strength of the fluoropolymer support or the raaglimembrane.

BRIEF SUMMARY OF THE INVENTION

[0003] The invention provides a composite hydrophilic pgranembrane comprising a
porous fluoropolymer support and a coating compgisi crosslinked polymer network,
wherein the composite hydrophilic membrane is peediuby coating the porous
fluoropolymer support with a coating compositiomyising a solvent, a crosslinking agent,
a photoinitiator, and a telechelic polymer commgsa backbone made of polymerized 1,5-



cyclooctadiene repeat units, wherein at least dtieeorepeat units comprises a pendant
hydrophilic group attached thereto and at leasttarmne of the repeat units comprises a
pendant fluorinated hydrophobic group attachedetioeiand crosslinkinmn situ the resulting
coating.

[0004] The copolymer and the modified homopolymer areulsefmodifying the
surface of fluoropolymer membranes.

[0005] The present invention further provides methodsreparing the telechelic
polymer, and methods of preparing hydrophilicallgdified fluoropolymer membranes.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWG(S)

[0006] Figure 1 illustrates a process for coating the dgtiic fluorinated polymer in
accordance with an embodiment of the invention.

[0007] Figure 2 illustrates a process for coating andstiasng the hydrophilic
fluorinated polymer in accordance with an embodinoénhe invention.

[0008] Figure 3 depicts the GPC traces of Poly(COD) amigi(Bly-hb-COD-hb-gly)
in CH.Cl,.

DETAILED DESCRIPTION OF THE INVENTION

[0009] In accordance with an embodiment, the inventiowviges a composite
hydrophilic porous membrane comprising a porousripolymer support and a coating
comprising a crosslinked polymer network, wheréie ¢composite hydrophilic membrane is
produced by coating the porous fluoropolymer suppith a coating composition
comprising a solvent, a crosslinking agent, a phdtator, and a telechelic polymer
comprising a backbone made of polymerized 1,5-ogatbdiene repeat units wherein at least
one of said repeat units comprises a pendant higdiogroup attached thereto and at least
another one of said repeat units comprises a péfidannated hydrophobic group attached
thereto, and crosslinking situ the resulting coating.

[0010] The end groups of the telechelic polymer can bedplibbic and/or hydrophilic
terminal. In an embodiment, the end groups aredpftbbic. In another embodiment, the
end groups are hydrophilic.

[0011] In accordance with an embodiment, the telecheligrper comprises at least one
of the repeat units B and C, and optionally oneore repeat units A, wherein the repeat

units A-C are of the formulae:
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wherein R is a hydrophilic group.

[0012] In the above embodiment, the hydrophilic group Belected from carboxy alkyl,
sulfonic alkyl, and hydroxyalkyl groups.

[0013] In embodiments of the invention, units A, B, andlocan be present in any
suitable manner, for example, as blocks, or rangalsktributed blocks.

[0014] In an embodiment, the telechelic polymer comprigess A, B, and C. For

example, the telechelic polymer is of the formula:
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wherein x and m are individually 0 to 35 mole% efmt+x, wherein n+m+x = from 10 to
1000, n and m are individually from about 10 to@ahl000, and R is a hydrophilic group.
[0015] In an embodiment, the telechelic polymer comprisgiophilic terminal end
groups. For example, the hydrophilic terminal gnaups comprise polyhydroxyalkyl ether

groups.
[0016] In an embodiment, the telechelic polymer has tlleviang formula:
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wherein R is a hydrophilic group, for example beaty alkyl, sulfonic alkyl, or hydroxyalkyl
group, and n is from about 10 to about 1000, whe?es a group capable of initiating

polymerization.

[0017] In an embodiment, the telechelic polymer is offtirenula:
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wherein P is a group capable of initiating polyrmation, x and m are individually O to 35
mole% of n+m+x, wherein n+m+x = from 10 to 1000d &is a hydrophilic group.



[0018] The telechelic polymer can be crosslinked by ariable crosslinking agent,
preferably by a bithiol or a multithiol.

[0019] Any suitable photoinitiator can be employed, foamwple, a photoinitiator
selected from camphor quinone, benzophenone, beernope derivatives, acetophenone,
acetophenone derivatives, phosphine oxides andadiees, benzoin alkyl ethers, benzil
ketals, phenylglyoxalic esters and derivativesegbgrdimeric phenylglyoxalic esters,
peresters, halomethyltriazines, hexaarylbisimidazabinitiators systems, ferrocenium
compounds, titanocenes, and combinations thereof .

[0020] Any suitable porous fluoropolymer support can bédrbphilically modified, for
example, the porous fluoropolymer support candbecsed from PTFE, PVDF, PVF
(polyvinyl fluoride), PCTFE (polychlorotrifluoroestene), FEP (fluorinated ethylene-
propylene), ETFE (polyethylenetetrafluoroethylede}, TFE (poly
ethylenechlorotrifluoroethylene), PFPE (perfluortygther), PFSA (perfluorosulfonic acid),
and perfluoropolyoxetane.

[0021] In accordance with an embodiment, the crosslinkinidpe coating is carried by
exposing the coating to UV radiation.

[0022] The present invention further provides a telechatitymer of the formula:
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wherein P is a group capable of initiating polyrmation, x and m are individually O to 35
mole% of n+m+x, wherein n+m+x = from 10 to 1000d &nis a hydrophilic group.

[0023] The present invention further provides a metholyalrophilically modifying a
porous fluoropolymer support comprising:

[0024] (i) providing a porous fluoropolymer support;

[0025] (i1) coating the porous fluoropolymer support watlsolution comprising a
solvent, a crosslinking agent, a photoinitiatod artelechelic polymer as described above;
[0026] (i) drying the coated fluoropolymer support frqit) to remove at least some of
the solvent from the coated solution; and

[0027] (iv) crosslinking said telechelic polymer presemthe coating.

[0028] The present invention further provides a hydrophlly modified fluoropolymer
membrane produced by the method described above.

[0029] The present invention further provides a methofiltefing a fluid, the method
comprising passing the fluid through any of the posite hydrophilic porous membranes
described above.

[0030] The telechelic polymer can be of any suitable mdbroweight, for example, in
an embodiment, a number or weight (Mn or Mw) averalecular weight from about 10
kDa to about 1000 kDa, preferably from about 75 k®about 500 kDa, and more preferably
from about 250 kDa to about 500 kDa.

[0031] The telechelic polymer of the invention can be pref by any suitable method,
for example, through ring opening metathesis polyraéon of 1,5-cylooctadiene (COD).
Typically a transition metal catalyst containingaabene ligand mediates the metathesis

reaction.



[0032] Any suitable ROMP catalyst can be used, for exan@tabbs’ first, second, and
third generation catalysts, Umicore, Hoveyda-GrulBahrock, and Schrock-Hoveyda

catalysts can be employed. Examples of such cisalyclude the following:
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[0033] In an embodiment, Grubbs’ third generation catalgse particularly suitable due

to their advantages such as stability in air, tolee to multiple functional groups, and/or fast
polymerization initiation and propagation rates.atldition, with the Grubbs’ third
generation catalysts, the end groups can be engohé® accommodate any compatible

groups, and the catalyst can be recycled readilpreferred example of such a catalyst is:
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[0034] The above third generation Grubbs catalyst (G3) beagbtained commercially

/

or prepared from a Grubbs second generation ca(@y as follows:
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[0035] The polymerization of the monomers is conductea suitable solvent, for
example, solvents generally used for conducting RQddlymerizations. Examples of
suitable solvents include aromatic hydrocarbon$ siscbenzene, toluene, and xylene,
aliphatic hydrocarbons such as n-pentane, hexadeheptane, alicylic hydrocarbons such as
cyclohexane, and halogenated hydrocarbons suciclder@methane, dichloroethane,
dichloroethylene, tetrachloroethane, chlorobenzdiohJorobenzene, and trichlorobenzene,
as well as mixtures thereof.

[0036] The monomer concentration can be in the rangetof5D wt%, preferably 2 to 45
wt%, and more preferably 3 to 40 wt %.

[0037] The polymerization can be carried out at any sietedmperature, for example,
from -20 to +100 °C, preferably 10 to 80 °C.

[0038] The polymerization can be carried out for any tsugable to obtain the

appropriate chain length of the polymer, which barfrom about 1 minute to 100 hours.
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[0039] The amount of catalyst can be chosen in any seitaflount. For example, the
molar ratio of the catalyst to the monomer cantimuai1:10 to about 1:1000, preferably
about 1:50 to 1:500, and more preferably about@thGbout 1:200. For example, the molar
ratio of the catalyst to the monomer could be hat &xm, where n and m are the average
degrees of polymerization.

[0040] The polymer can be isolated by a suitable technitpueexample, precipitation
with a nonsolvent.

[0041] The polymer can be characterized for its molecwksight and molecular weight
distribution by any known techniques. For exampl®ALS-GPC technique can be
employed. The technique uses a mobile phase te, ®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 alagrfollowed by detecting the polymer
by three different detectors. A series of detect@an be employed, e.g., an Ultraviolet
detector (UV-detector), followed by a multi-angisér 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 absonpdt 254 nm wavelength; the MALS-
detector measures the scattered light from polyrhains relative to mobile phase.

[0042] The copolymers of the invention are highly monodisp. For example, the
copolymers have an Mw/Mn of 1.05 to 1.5, preferabllyto 1.2.

[0043] In accordance with an embodiment, polycyclooctagligtoly(COD) or PCOD))
can be obtained by polymerizing COD by a ROMP gatafollowed by termination of the

polymerization, as illustrated below:

A
[G3], DCM ﬁ
- Pr/f%/\/\/\/)\/’

Poly(COD
1,5-Cycloocadiene ¥ ) m
[0044] In the above method, polymerization can be termeh@t a suitable manner, for

example, by the use of alkyl vinyl ether such &yletinyl ether.
[0045] In accordance with another embodiment, telechalg@®OD can be prepared
using ROMP as illustrated below:
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© DCM, 40 deg. C. HO

+ —_— Z Z / OH
(2] y

HO_/_\—OH Telechelic Poly(COD) (IX)

[0046] The telechelic Poly(COD) can be further modifiegtovide a telechelic
Poly(COD) having multiple hydroxyl groups. For exale, the above telechelic Poly(COD)
can be reacted with hydroxymethyl ethylene oxidelitain a telechelic Poly(COD) having

multiple hydroxyl groups, as illustrated below:

W/\OH

HO. (0]
Z Z = oK >

y CaH,, Slow Addition
HO, Telechelic Poly(COD) 90 deg. C

/\( HO,
(6)
j\/ \(\ /w/\OH
RS Lk
z d = O\/K/
y ° O\/K/OH
Telechelic Poly(COD) o HO
OH
HO 0.

(X)
[0047] For adhesion to porous fluoropolymer supports, €§FE, a fluorophilic part is
provided by reaction with a fluorinated thiol. h&drophilic functionality can be added

through a hydrophilic mono-thiol. The reactionse dlustrated below:
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where m+x =n.
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WOH /R
n S
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FRFFE FEFE F Poly(COD)
F F
SH F F
FF FF FF F F F
1H,1H,2H-Perflurodecanethiol + F F
F F
+ o} F F
F F
R—SH HS/\)J\OH HS/Y F F
R = Hydrophilic, OH F F
carboxylic, sulfonic
FW: 480.18
(X1
[0048] In accordance with an another embodiment, telectraly(COD) can modified as

follows:
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where m+x = y+1 (XIII).

[0049] The above structure results from the modificatibthe hyper-branched P(gly-
COD-gly) system and is generat@&dsitu on the membrane during the crosslinking step.
[0050] Alternatively, the invention provides a modifieddar dendritic Poly(COD) of the

formula:

’\% HO’TOH . Ho\,\/\o,\/\OH

where n+tm+x =y +1 (VII).
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[0051] The hyper-branched PCOD is first reacted with glgtiand the reaction product
is modified by the introduction of both the hydrdmhand fluorinated side chain. The thiol-
ene reaction introduces both the hydrophilic andrb side chain to the PCOD backbone.
Either a sequential reaction to react the fluode sihain with PCOD followed with the
hydrophilic component or a mixture of both are tedavith PCOD to introduce both at the
same time.

[0052] The molecular weight of the PCOD system is tunedssto provide enough
double bonds for the thiolene functional groups emdslinking as well.

[0053] The present invention further provides a compdsgytdrophilic membrane
comprising a porous fluoropolymer and a copolynrea modified homopolymer as
described above, wherein the copolymer or modifi@shopolymer is optionally crosslinked.
[0054] The surface tension of the resulting porous mengcam be determined as
follows. For example, a sheet of PTFE membrameased at room temperature by
optionally pre-wetting the membrane sheet with Bbvent and soaking the membrane in
polymer solution with concentration that rangesMeein 0.1% and 10% by mass. The PTFE
sheet coating time ranges between 1 min and 1Zhd\fter soaking the membrane, the
membrane is dried in convection oven at 000 160 °C. The drying time ranges between
10 minutes and 12 h. The PTFE membrane wettingackenistics are measured by
measuring the critical wetting surface tensionprécess for coating and crosslinking is
illustrated in Fig. 1. Fig. 2 illustrates a methafccrosslinking the coating on a porous
fluoropolymer support in accordance with an embaattrof the invention.

[0055] The change in surface modification in terms of ateftension was measured by a
method that was developed to measure porous membuaface tension rather than solid
surface. The method relies on a set of solutidedain composition. Each solution has
specific surface tension. The solutions surfansite ranges from 25 to 92 dyne/cm in small
non-equivalent increments. To measure membrari@cgutension, it is positioned on to top
of white light table, one drop of a solution ofte@n surface tension is applied to the
membrane surface and the time the drop takes tetada through the membrane and
become bright white as an indication of light gothgbugh the membrane is recorded.
Instant wetting is considered when the time theodakes to penetrate the membrane 19

seconds. If the time 10 seconds, the solution is considered to partvedit the membrane.
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[0056] Crosslinking can be carried out by any suitablehoet for example, by the use of
a photoinitiator and a high energy radiation, Xy, It is contemplated that the crosslinking
would provide a highly stable polymer network ie thembrane.

[0001] The crosslinking can be carried out as follows. polmer coated PTFE sheets
are pre-wet with IPA, the sheets are then wash#dthwe solvent with which the photo-
initiator is prepared in to exchange IPA with tealvent. The sheets are then soaked in a
solution of photo-initiator with certain concentaat for a certain time followed by exposure
to UV irradiation. The soaking time in photo-iaifor solution ranges from 1 minute to 24
hours. The UV irradiation time ranges from 30 s&sto 24 hours. The membrane critical
wetting surface tension (CWST), performance charaszition, and/or SPM testing are then
measured. “SPM” means hot sulfuric acid hydrogewxde mixture (HSO,(96%): HO,
(30%) of 80:20 by volume) at 120 to 13D.

[0002] 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 @M nm, or a microporous
membrane having pores of diameter between 1 pni@mpan.

[0003] 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, easg,replacement for HD/UHMW PE based
media, filtering fluids for the pharmaceutical irstity, metal removal, production of ultrapure
water, treatment of industrial and surface waftdtsring 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 cultudeifis.
Alternatively, or additionally, membranes accordiagembodiments of the invention can be
used to filter air and/or gas and/or can be usegdnting applications (e.g., allowing air
and/or gas, but not liquid, to pass therethroughh¢mbranes according to embodiments of
the inventions can be used in a variety of deviretuding surgical devices and products,

such as, for example, ophthalmic surgical products.
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[0004] In accordance with embodiments of the inventioa,hiidrophilic fluoropolymer
porous membrane can have a variety of configurafimiuding planar, flat sheet, pleated,
tubular, spiral, and hollow fiber.

[0005] Hydrophilic fluoropolymer porous membranes accagdimembodiments 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 pathvieeen the inlet and the outlet, wherein at
least one inventive membrane or a filter includideast 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 thesfioutlet; 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.

[0006] Preferably, for crossflow applications, at least amventive membrane or filter
comprising at least one inventive membrane is disgon a housing comprising at least one
inlet and at least two outlets and defining att@afsrst fluid flow path between the inlet and
the first outlet, and a second fluid flow path be#w the inlet and the second outlet, wherein
the inventive membrane or filter comprising at tease inventive membrane is across the
first fluid flow path, to provide a filter device dilter module. In an illustrative embodiment,
the filter device comprises a crossflow filter mtajuhe housing comprising an inlet, a first
outlet comprising a concentrate outlet, and a sftoalet comprising a permeate outlet, and
defining a first fluid flow path between the inkatd the first outlet, and a second fluid flow
path between the inlet and the second outlet, vilatdeast one inventive membrane or
filter comprising at least one inventive membramdisposed across the first fluid flow path.
[0007] The filter device or module may be sterilizablenyAousing of suitable shape
and providing an inlet and one or more outlets m&agmployed.

[0008] The housing can be fabricated from any suitablé rigpervious 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 translupetgmer, such as an acrylic, polypropylene,
polystyrene, or a polycarbonate resin.

[0009] In accordance with an embodiment, the hydrophiliorbpolymer porous

membrane comprises any suitable porous fluoropalgueport, for example, a support
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made from PTFE, PVDF (polyvinylidene fluoride), P{#olyvinyl fluoride), PCTFE
(polychlorotrifluoroethylene), FEP (fluorinated gkbne-propylene), ETFE
(polyethylenetetrafluoroethylene), ECTFE (poly é¢émgchlorotrifluoroethylene), PFPE
(perfluoropolyether), PFSA (perfluorosulfonic acgidind perfluoropolyoxetane. The porous
support can have any suitable pore size, e.g., &loout 10 nm to about 10 microns,
preferably PTFE and PVDF.

[0010] The present invention further provides a hydrophlly modified fluoropolymer
membrane produced by the method described above.

[0011] The present invention further provides a methofiltefing a fluid, the method
comprising passing the fluid through the hydroghillioropolymer membrane described
above.

[0012] The following examples further illustrate the intien but, of course, should not

be construed as in any way limiting its scope.

EXAMPLE 1

[0013] Materials: The following materials were purchased used as received.

[0014] Dimethyl 5-norbornene-2,3-dicarboxylate (C3) waschased from Alfa Aesar,
[0015] Dichloromethane (DCM) was stored over activatedmiha and purged with
Argon before use, Isopropyl alcohol (IPA), dicyactmpadiene (DCPD), tetrahydrofuran
(THF), ethyl acetate, N-phenylmaleimide, acetol@tmmethanol, Grubbs second generation
catalyst, 3-bromopyridine, and pentane were obthirean Sigma-Aldrich Co. and used
without further treatment. Dichloropentane, albtamed from Sigma-Aldrich Co., was
treated with basic alumina before use. 1,5-Cydbmtiene (COD) was purified by vacuum

distillation from boron trifluoride and used fresh.

EXAMPLE 2

[0016] This example illustrates the preparation of dicblb3-bis(2,4,6-
trimethylphenyl)-2-imidazolidinylidene](benzylidefes(3-bromopyridine)ruthenium(ll)
(G3) catalyst.
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[0017] The second generation Grubbs catalyst (G2) illtefrabove (1.0 g, 1.18 mmol)

was mixed with 3-bromopyridine (1.14 mL, 11.8 mmialb0 mL flask. Upon stirring at
room temperature for 5 min, the red mixture turimed bright green. Pentane (40 mL) was
added with stirring for 15 minutes and green sola obtained. The mixture was cooled in
the freezer for 24 h and filtered under vacuume fidsulting G3 catalyst, a green solid, was
washed with cold pentane and dried under vacuumoat temperature to give a yield of 0.9
g, 88% yield.

EXAMPLE 3

[0018] This example illustrates the gel permeation chrograiphic characterization of
the homopolymer and copolymers in accordance wittrabodiment of the invention.
[0019] The homopolymer and block copolymer obtained wasaidterized for their
molecular weight and molecular weight distributpmoperties by the MALS-GPC technique
under the following conditions:

[0020] Mobile phase: Dichloromethane (DCM).

[0021] Mobile phase temperature: 3.

[0022] UV wavelength: 245 nm.

[0023] Columns used: three PSS SVD Lux analytical colu(stysene-divinylbenzene
copolymer network), columns having as stationaggehbeads of diameter 5 um and pore
sizes of 1000A, 100,000A, and 1,000,000A, and gaahdmns.

[0024] Flow rate: 1 mL/min.

[0025] GPC system: waters HPLC alliance e2695 systemWNftand RI detectors

[0026] MALS system: The DAWNHELEOS 8 system with 8 detectors operating a laser
at 664.5 nm.
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EXAMPLE 4

[0100] This example illustrates a method of synthesisalyd3clooctadiene (P-COD) in
accordance with an embodiment of the invention.

[0101] In a 50 ml round-bottomed flask equipped with alstir, Grubb’s second
generation catalyst (3.0 mg, 0.004 mmol), 2-butédediol (10.0 mg, 0.12 mmol) and 1,5-
cyclooctadiene (490 mg, 4.54 mmol) were combinatidegassed with argon for 5 min and
transferred to an oil bath at 40. Heating was continued for 1 h followed by thlelition of
the remaining 1,5-cyclooctadiene (4.5 mg, 4.2 mnmo§ ml of DCM to the mixture and
continued heating for another 6 h. The hydroxynieated polymer (P-COD) was isolated
by precipitation in methanotH-NMR (300MHz, CDCH4): & (ppm) 5.3 to 5.5 (s, broad, 1H),
1.75to0 2.5 (s, broad).

EXAMPLE 5

[0102] This example illustrates a method of synthesistelechelic polymer having
glycidyl terminal groups of the formula (X), Polyyehb-COD-hb-gly), in accordance with
an embodiment of the invention.

[0103] In a 50 ml round-bottomed flask equipped with alsair, telechelic
polycyclooctadiene (hydroxy terminated) (1.0g) wi&Esolved in diglyme at 90-10C€. The
hydroxyl group was activated with Caf@.5g) with stirring for 1 h. Glycidol (10.0 g,135
mmol) was added to the mixture drop wise over 30.Mhe reaction was continued to be
heated for 12 h. the polymer was isolated by pietipn in hexane*H-NMR (CDCL): &
(ppm) 5.6 (s 1H), 5.45 to 5.3 (m broad), 2.4 (s,248 to 1.9 (m broad).

EXAMPLE 6

[0104] This example illustrates a method of post-functimaéion of Polycyclooctadiene
and a hyperbranched block copolymer thereof wilh@ine-containing reagent

[0105] Either PCOD homopolymer or the copolymer of formAiles post functionalized
with 1H,1H,2H,2H-Perfluorodecanethiol in the preseof photoinitiator under UV
irradiation by following substantially the same gees. For example, PCOD (1.0 g) is
dissolved in tetrahydrofuran containing up to 15¢4rass of Irgacure 2959 photoinitiator

(1-[4-(2-Hydroxyethoxy)-phenyl]-2-hydroxy-2-meth§Horopane-1-one). The solution is
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exposed to UV irradiation (300-480 nm, 150 -250 n\&D to 180 seconds). The reaction

mixture is used in the PTFE coating and crossligkirocesses.
EXAMPLE 7

[0106] This example illustrates the coating and crossfighirocedure of PCOD and
Poly(gly-hb-COD-hb-gly) on a PTFE porous support.

[0107] The coating and crosslinking procedures for therfhated PCOD or fluorinated
Poly(gly-hb-COD-hb-gly) hyperbranched-block polycgyol are substantially the same. The
following example is based on fluorinated PCOD.

[0108] A porous PTFE membrane is coated with either fheted PCOD modified via
thiol-ene reaction by soaking the membrane in at&wl containing the following:
Fluorinated PCOD (1 to 10% mass concentration)Hir, Tphotoinitiator (Irgacure, 1 to 15%
mass), sodium salt of 3-mercaptoethanesurfonic(@dd 15 % mass, neutralized in agueous
THF with dilute HCI solution(1N) till forming homanous solution in THF), the membrane
is crosslinked with this mixture with UV irradiatiqd300-480nm, 150-250 mWatt, 60 second
to 180 second). The membrane was then washedwittater and dried at 13 for 10

min.

[0109] The GPC traces of PCOD and P(gly-hb-COD-hb-gly)degicted in Fig. 3.

[0110] P(gly-hb-COD-hb-gly) wagn situ reacted with 1H,1H,2H,2H-
Perfluorodecanethiol in the presence of photoitatigIrgacure 2959, 10%) under UV
irradiation (90 seconds). The resulting polymextorie was used to coat PTFE membrane
and measure CWST by following the same processisist above. The CWST of the
PTFE and treated PTFE surfaces are illustratecibierl.

[0111] Table 1. CWST values

CWST (dynes/cm)

Timed
Coating ID Instant
10" - 15"
PTFE native 25.4 25.4
PTFE PCOD
treated-1 33 35
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PTFE P(gly-hb-
COD-hb-gly)
treated-1 37 39

[0112] All references, including publications, patent agations, and patents, cited
herein are hereby incorporated by reference tcdnge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0027] The use of the terms “a” and “an” and “the” andl&stst 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 “comprisindgiaving,” “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.

[0028] Preferred embodiments of this invention are deedriirerein, 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
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equivalents of the subject matter recited in tlaénts 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 conpgiga porous
fluoropolymer support and a coating comprisingasslinked polymer network, wherein the
composite hydrophilic membrane is produced by ogatie porous fluoropolymer support
with a coating composition comprising a solventr@sslinking agent, a photoinitiator, and a
telechelic polymer comprising a backbone made 6fmerized 1,5-cyclooctadiene repeat
units, wherein at least one of said repeat unitsgses a pendant hydrophilic group
attached thereto and at least another one of sp&ht units comprises a pendant fluorinated

hydrophobic group attached thereto, and crosslgikirsitu the resulting coating.

2. The composite hydrophilic porous membrane aificll, wherein the

telechelic polymer comprises hydrophobic and/orrbgtilic terminal end groups.

3. The composite hydrophilic porous membrane aihtll, wherein the
telechelic polymer comprises at least one of tipeae units B and C, and optionally one or

more repeat units A, wherein the repeat units A€Cad the formulae:

W\ ),

E

S
F
. F
F F
F F
F F
R F F
S/ F F
W F F
(B), FF ©).

wherein R is a hydrophilic group.

4. The composite hydrophilic porous membrane aifecl3, wherein R is selected

from carboxy alkyl, sulfonic alkyl, and hydroxyalkyroups.

5. The composite hydrophilic porous membrane gfare of claims 1-4, which

comprises repeat units A, B, and C.
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6. The composite hydrophilic porous membrane gfare of claims 1-5, which

has hydrophobic terminal end groups.

7. The composite hydrophilic porous membrane gfare of claims 1-6,

wherein the telechelic polymer is of the formula:
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wherein x and m are individually 0 to 35 mole% efmt+x, wherein n+m+x = from 10 to

1000, and n and m are individually from about 1@tout 1000, and R is a hydrophilic
group.

8. The composite hydrophilic porous membrane gfare of claims 1-6,

wherein the telechelic polymer comprises hydrophérminal end groups.

9. The composite hydrophilic porous membrane aifcl8, wherein the

telechelic polymer has the following formula:
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wherein P is a group capable of initiating polyrmation, x and m are individually O to 35

mole% of n+m+x, wherein n+m+x = from 10 to 1000.
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10. The composite hydrophilic porous membrandafrc9, wherein R is selected
from carboxy alkyl, sulfonic alkyl, and hydroxyalkyroups.

11. The composite hydrophilic porous membrananyfone of claims 1-10,
wherein the crosslinking agent is a bithiol or dtithiol.

12. The composite hydrophilic porous membranengfane of claims 9-11,
wherein the telechelic polymer is of the formula:
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wherein P is a group capable of initiating polyraation, x and m are individually 0 to 35
mole% of n+m+x, wherein n+m+x = from 10 to 1000.

13. The composite hydrophilic porous membranengfane of claims 1-12,
wherein the photoinitiator is selected fraamphor quinone, benzophenone, benzophenone
derivatives, acetophenone, acetophenone derivaphesphine oxides and derivatives,

benzoin alkyl ethers benzil ketals, phenylglyoxaisters and derivatives thereof, dimeric
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phenylglyoxalic esters, peresters, halomethyltnegj hexaarylbisimidazole /coinitiators

systems, ferrocenium compounds, titanocenes, amtbications thereof.

14.  The composite hydrophilic porous membrane gfare of claims 1-13,
wherein the porous fluoropolymer support is setkétem PTFE, PVDF, PVF (polyvinyl
fluoride), PCTFE (polychlorotrifluoroethylene), FERuorinated ethylene-propylene), ETFE
(polyethylenetetrafluoroethylene), ECTFE (poly é¢éimgchlorotrifluoroethylene), PFPE

(perfluoropolyether), PFSA (perfluorosulfonic agidihd perfluoropolyoxetane.

15. The composite hydrophilic porous membranengfane of claims 1-14,

wherein the crosslinking of the coating is carfgdexposing the coating to UV radiation.

16. A method of hydrophilically modifying a porofigsoropolymer support
comprising:

(i) providing a porous fluoropolymer support;

(i) coating the porous fluoropolymer support watlsolution comprising a solvent, a

crosslinking agent, a photoinitiator, and a teléich@lymer of the formula:
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(ii) drying the coated fluoropolymer support frit) to remove at least some of the
solvent from the coating; and

(iv) crosslinking the telechelic polymer presemthe coating.

17. A hydrophilically modified fluoropolymer poroumsembrane produced by the
method of claim 16.

18. A method of filtering a fluid, the method conging passing the fluid through
the composite hydrophilic porous membrane of argyairclaims 1-15 or the hydrophilically
modified fluoropolymer porous membrane claim 17.



