HYDROPHILIZING PTFE MEMBRANES
BACKGROUND OF THE INVENTION

[0001] PTFE membranes, particularly expanded PTFE (ePTieEpbranes, are used in a
variety of liquid and gas filtration applicationecluding applications that involve treating
challenging fluids such as corrosive or chemicaltiive liquids. However, preparing porous
membranes that can filter hot sulfuric perioxidextonie (SPM) fluids and/or exhibit metal
scavenging or metal removal efficiency while pravidlow flow resistance can be a time
consuming and/or labor intensive process.

[0002] These and other advantages of the present inventibbe apparent from the

description as set forth below.
BRIEF SUMMARY OF THE INVENTION

[0003] An embodiment of the invention provides a methodhyafrophilizing a porous
PTFE membrane, the method comprising (a) exposingreus PTFE membrane to an
energy source selected from gas plasma and broddidnand preconditioning the
membrane; and, (b) treating the preconditioned nanebto provide a hydrophilic coating;
and, (c) obtaining a hydrophilized porous PTFE nmemeé.

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

[0004] Figure 1 is a graph showing metal absorption foerabodiment of a
hydrophilized PTFE membrane according to the pteseention, compared to an untreated
PTFE membrane, and a commercially available UMtee®TFE membrane.

[0005] Figure 2 is a graph showing metal absorption foeratbodiment of a
hydrophilized PTFE membrane according to the pteseention, compared to an untreated

PTFE membrane, showing the absorption is due teadhtng, rather than sieving.
DETAILED DESCRIPTION OF THE INVENTION

[0006] In accordance with an embodiment of the presemrition, a method of
hydrophilizing a porous PTFE membrane is provided, method comprising (a) exposing a

porous PTFE membrane to an energy source selgdedgias plasma and broadband UV,



and preconditioning the membrane; and, (b) treatiegpreconditioned membrane to provide
a hydrophilic coating; and, (c) obtaining a hydrtipbd porous PTFE membrane.

[0007] Advantageously, in contrast with the preparatiomeimbranes in accordance
with conventional practice, membranes can now keged (i.e., wherein the membrane is
preconditioned by exposure to an energy sourcadefmating) wherein the reaction time is
decreased by about 50%. Moreover, membranes cprepared according to the invention
in a manufacturing friendly process, e.g., the @ration can be easily incorporated into
existing manufacturing processes, resulting indased speed of preparation.

[0008] Without being bound by any particular theory, ibadieved that preconditioning
the membrane by exposure to the energy sourcesatlwevformation of radical and/or
reactive sites on the native membrane surfacengidi providing attractive forces for
initiating the post chemical coating process, t@sglin a hydrophilized surface.

[0009] The exposure to the energy source does not remsignificant amount of

fluorine atoms from the surface of the membrane.

[0010Q] As used herein, “hydrophilizing” a porous PTFE meanie refers to increasing
the critical wetting surface tension (CWST) sucht tthe coated porous PTFE membrane has
a CWST greater than that of a native, untreatedyysoPTFE membrane. In some
embodiments, the produced coated porous PTFE mamimzaydrophilic, having a CWST

of 72 dynes/cm (72 x TON/cm), or more.

[0011] The porous membranes according the invention adgeotisly provide a
combination of high metal scavenging or metal remh@¥ficiency and low flow resistance,
while remaining wet in the fluid being processed.(ithe membranes are non-dewetting in the
process fluid) and are useful in a wide rangeafitl, and gas (including air) filtration
applications, including sterile filtration appligats. Exemplary applications include for
example, diagnostic applications (including, foaewle, sample preparation and/or
diagnostic lateral flow devices), ink jet applicais, lithography, e.g., as replacement for
HD/UHMW PE based media, filtering fluids for thegsimaceutical industry, metal removal,
production of ultrapure water, treatment of indiastand surface waters, filtering fluids for
medical applications (including for home and/or fatient use, e.g., intravenous applications,
also including, for example, filtering biologicdliids such as blood (e.g., virus removal)),
filtering fluids for the electronics industry (e.gltering photoresist fluids in the
microelectronics industry and hot sulfuric periaxichixture (SPM) fluids), filtering fluids for

the food and beverage industry, beer filtratioarifitation, filtering antibody- and/or



protein-containing fluids, filtering nucleic acia1ataining fluids, cell detection (includirg
situ), cell harvesting, and/or filtering cell culturigifls. Alternatively, or additionally, porous
membranes according to embodiments of the invemi@onbe used to filter air and/or gas
and/or can be used for venting applications (eltpying air and/or gas, but not liquid, to
pass therethrough). Porous membranes accordiegibediments of the inventions can be
used in a variety of devices, including surgicalides and products, such as, for example,
ophthalmic surgical products. The inventive membgaare dimensionally stable. In some
embodiments, the porous PTFE membranes can beedtilindividually, e.g., as unsupported
membranes, and in other embodiments, the porou& Pigmbranes can be combined with
other porous elements and/or another componeptotdade, for example, an article such as a
composite, a filter element, and/or a filter.

[0012] Membranes according to embodiments of the inverdienparticularly suitable
for filtering metal-containing fluids and/or SPMuitls.

[0013] For example, in one embodiment, a method for filtea metal-containing fluid
comprises passing a metal-containing fluid throagtembodiment of the membrane, and
removing metal from the fluid. The metal-contagiituid can be a fluid used in the
electronics industry, and the method can includeoréng Group 2 metals (e.g., Mg and/or
Ca), polyvalent metals and/or transition metalg.(eCr, Mo, Mn, Fe, and/or Ni) from the
metal-containing fluid.

[0014] In another embodiment, a method for filtering a SN comprises passing the
SPM fluid through an embodiment of the membrand, r@moving particles (such as
silica-containing particles) from the fluid. Theethod can also include removing metal from
the SPM fluid. For example, an embodiment of trethmd can include removing Group 2
metals (e.g., Mg and/or Ca), polyvalent metals @ntthnsition metals from the
metal-containing fluid.

[0015] With respect to broadband UV exposure, the UV tadiasource (which may be
coherent, or non-coherent) is capable of generasidgtion having a broadband. For
example, the broadband may comprise a distributfomavelengths within a UV subband
from about 100 nm to about 400 nm, e.g., a subfrand about 150 nm to about 350 nm.
Alternatively, the radiation source may be capalblgenerating narrower band radiation,
e.g., radiation within a narrower subrange, sugHaisexample, about 100 nm to about 200
nm (Vacuum Ultraviolet), about 200 nm to about 289 (UVC), about 280 nm to about 315
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nm (UVB), and/or about 315 nm to about 400 nm (UVAhe radiation source may also be
capable of generating more discrete wavelengthradiétion.

[0016] Typically, the intensity (or the power density)a¥acuum Ultraviolet (VUV)
radiation source is in the range of from about 5/oMff to about 100 mW/cfy preferably in
the range of from about 5 mW/érto about 20 mW/cf for a total treatment time period in
the range of from about 1 minute to about 60 mmupeeferably, from about 5 minutes to
about 20 minutes, even more preferably, from aftidat about 5 minutes.

[0017] Typically, the intensity (or the power density)tbhé broadband radiation source,
preferably, a medium pressure mercury lamp, ifiénrange of from about 10 mW/éno
about 1000 mW/chy preferably in the range of from about 10 mW/¢mabout 200

mWi/cnt, for a total treatment time period in the rangdrofm about 5 seconds to about 300
seconds, more preferably, about 5 to about 120nsisco

[0018] Typically, the intensity (or the power density)tbé pulsed blackbody radiation
source is in the range of from about 53,000 W/tmrabout 85,000 W/ctnfor a total
treatment time period in the range of from abosedond to about 300 seconds, preferably in
the range from about 1 second to about 120 secerdn, more preferably, in the range of
from about 1 second to about 60 seconds.

[0019] The UV radiation source may be capable of emitiirgpntinuous stream of
radiation. A variety of suitable UV sources arenoeercially available, e.g., using
electrode-containing bulbs, or electrodeless bulBsitable sources include, for example,
Fusion UV Systems, Inc. (Gaithersburg, MD) (e.gcimer and mercury lamps), Pulsar
Remediation Technologies, Inc. (Roseville, CA), Bxbcess Supply, Inc. (Chicago, IL),
USHIO America, Inc. (Cypress, CA), M.D. Excimerci{Yokohama Kanagawa, Japan),
Resonance Ltd. (Ontario, Canada) and Harada Cdigor@ okyo, Japan).

[0020] In some embodiments, the radiation source is cepafbdlelivering pulses of
radiation in short bursts. A pulsed radiation seus energy efficient and is capable of
delivering high intensity radiation. For examplee radiation source can be capable of
delivering pulsed, broadband, blackbody radiatamndescribed, for example, in U.S. Patent
No. 5,789,755, herein incorporated by referencech$ulsed, broadband, blackbody
radiation assemblies are available from, for exampllsar Remediation Technologies, Inc.
[0021] Either, or both, surfaces of the membrane can pesed to UV radiation in

accordance with the invention.



[0022] Typically, the membrane to be exposed to UV ragiiats placed in contact with

at least one fluid, preferably a liquid (e.g., taqpregnate the pores of the membrane with the
liquid) before exposing the membrane to the UVatain. If desired, the membrane can
remain fully or partially immersed in the fluid dug exposure to the radiation.

Alternatively, for example, the membrane can beowad from the fluid before exposure to
the radiation.

[0023] A variety of fluids are suitable for contacting tiiembrane before exposure to
UV radiation. Suitable fluids include water (suehdeionized water, and heavy water),
alcohols, aromatic compounds, silicone oil, tricbkthylene, carbon tetrachloride,
fluorocarbons (e.g., freon), phenols, organic aoitisers, hydrogen peroxide, sodium sulfite,
ammonium sulfate (e.g., t-butyl ammonium sulfatghmonium sulfite, copper sulfate, boric
acid, hydrochloric acid, and nitric acid. Typigalthe liquid impregnating the pores of the
membrane while the membrane is exposed to UV iadiabsorbs in the range of generated
wavelength of the UV radiation source.

[0024] In some embodiments, the membrane is contactedawitrality of fluids before
UV treatment. For example, the membrane can beshsrd in a first fluid, e.g., an organic
solvent (such as methanol, ethanol, acetone, athé&opropyl alcohol), preferably, wherein
the first fluid has a high compatibility with watand a surface tension of about 30 dynes/cm
or less, and the membrane can be immersed in acgdcod (e.g., water) to replace the
solvent with water. Subsequently, the membranebesimmersed in a third fluid, e.g.,
comprising an aqueous solution or a non-aqueousiao| to replace the water with the
aqueous compounds solution. The membrane impregyméth the third fluid is exposed to
UV radiation.

[0025] With respect to gas plasma exposure, the termplgesna” is used generally to
describe the state of an ionized gas. A gas plasmsists of high energy charged ions
(positive or negative), negatively charged electr@and neutral species. As known in the art,
a gas plasma may be generated by combustion, flashgsical shock, or, preferably, by
electrical discharge, such as a corona or glonwhdige. In radio frequency (RF) discharge, a
membrane or substrate to be treated is placedrétaum chamber and gas at low pressure is
bled into the system. An electromagnetic field émgrated by subjecting the gas to a
capacitive or inductive RF electrical dischargeheas absorbs energy from the
electromagnetic field and ionizes, producing higkrgy particles. The gas plasma, as used in

the context of the present invention, is exposetth¢gporous medium, thereby modifying the



properties of the porous medium to provide the permedium with characteristics not
possessed by the untreated porous medium.

[0026] For plasma treatment of the porous PTFE, typidhikygas plasma treatment
apparatus is evacuated by attaching a vacuum ntizalezacuum pump. Gas from a gas
source is bled into the evacuated apparatus thrtheglgas inbleed until the desired gas
pressure differential across the conduit is obthin&n RF electromagnetic field is generated
in the plasma zone by applying current of the @esfrequency to the electrodes from the RF
generator. lonization of the gas in the tube duaed by the field, and the resulting plasma in
the tube modifies the medium in the plasma zone.

[0027] The gas used to treat the surface of the mediummfirane or substrate) may
include inorganic and organic gases used alone cornbination. Inorganic gases are
exemplified by helium, argon, nitrogen, neon, nis@xide, nitrogen dioxide, oxygen, air,
ammonia, carbon monoxide, carbon dioxide, hydrogbharine, hydrogen chloride, bromine
cyanide, sulfur dioxide, hydrogen sulfide, xenorypkon, and the like. Organic gases are
exemplified by acetylene, pyridine, gases of orgdane compounds and
organopolysiloxane compounds, fluorocarbon compsward! the like. In addition, the gas
may be a vaporized organic material, such as aiteeib monomer to be plasma
polymerized or deposited on the surface of the mang#h These gases may be used either
singly or as a mixture of two or more of such gammrding to need. Typically, the gases
can be nitrogen and/or methane with gas flow r&ebout 15 to about 20 ml/min for plasma
exposure times of about 30 to about 60 minutes.gBisecan be combined as mixtures at
various ratios.

[0028] The plasma source is capable of emitting Rf aslgepr continuously. A variety
of suitable commercially available units are suéaicluding, for example, the PDC-001
surface plasma (bench top unit) from Harrick Plaglieaca, NY).

[0029] The plasma source is preferably capable of gengr&@0W (Rf coil) in the range
10 -30 W supplied to the Rf coil. Typical paramsttar the treatment of the porous PTFE
membrane with a gas plasma can include power |ér@ts about 10 to about 3000 watts,
about 500 to about 2500 watts, about 1500 to a®e0d watts; RF frequency of about 1 kHz
to about 100 MHz, about 15 kHz to about 60 MHz, 89 kHz to about 50 kHz; exposure
times of about 5 seconds to about 12 hours, abouith(te to about 2 hours, about 10 to
about 60 minutes; gas pressures of about 0.00QGddtr, about 0.01 to 1 torr, and about 0.1

to about 0.5 torr; and a gas flow rate of aboub@estandard cc/min.



[0030] A variety of PTFE membranes and substrates (inatudommercially available
membranes and substrates) are suitable for use imgention.

[0031] The membranes can have any suitable pore struetgyea pore size (for example,
as evidenced by bubble point, or by & described in, for example, U.S. Patent 4,340,479
or evidenced by capillary condensation flow poragjeta mean flow pore (MFP)

size (e.g., when characterized using a poromeaieexample, a Porvair Porometer (Porvair
plc, Norfolk, UK), or a porometer available undee trademark POROLUX
(Porometer.com; Belgium)), a pore rating, a poeerditer (e.g., when characterized using the
modified OSU F2 test as described in, for exampl&. Patent 4,925,572), or removal rating
media. The pore structure used depends on thefthe particles to be utilized, the
composition of the fluid to be treated, and thearddseffluent level of the treated fluid.

[0032] Typically, the coated porous PTFE membranes aaugridi the invention have a
pore rating of about 1 micrometers or less, préfgréparticularly for non-dewetting
applications) in the range of from about .05 miceters to about .02 micrometers, or less.
For example, the membrane can be a nanoporous raeejbfor example, a membrane
having pores of diameter in the range of from 1tarh00 nm.

[0033] Typically, the coated membrane has a thickneskamange of from about 0.2 to
about 5.0 mils (about 5 to about 127 microns),qreddly, in the range of from about 0.5 to
about 1.0 mils (about 13 to about 25 microns), glomembranes can be thicker or thinner
than those values.

[0034] The porous membrane can have any desired critietling surface tension
(CWST, as defined in, for example, U.S. Patent3®22). CWST can be measured by
relying on a set of solutions of certain compositidach solution has specific surface
tension. The solution’s surface tension ranges 26 to 92 dyne/cm in small non-
equivalent increments. To measure the membrarfacsutension, the membrane is
positioned on to top of white light table, one diadpa solution of certain surface tension is
applied to the membrane surface and the time the téikes to penetrate through the
membrane and become bright white as an indicafidigit going through the membrane is
recorded. Instant wetting is considered when time tihe drop takes to penetrate the
membrane i< 10 seconds. If the tinre 10 seconds, the solution is considered to partially
wet the membrane. The CWST can be selected amigrkin the art, e.g., as additionally
disclosed in, for example, U.S. Patents 5,152,90813,743, 5,472,621, and 6,074,869.



[0035] Typically, the membrane has a CWST of at least tBdwdynes/cm (about 27 x
10° N/cm), more preferably, at least about 30 dynegatout 30 x 18 N/cm), and in some
embodiments, at least about 35 dynes/cm (about BB f/cm). For example, the
membrane may have a CWST in the range of from a®®ulynes/cm (about 30 x 10/cm)
to about 40 dynes/cm (about 40 X°1¥/cm), or more.

[0036] An article such as a filter, filter element andéomposite including the porous
membrane can include additional elements, layerspmponents, that can have different
structures and/or functions, e.g., at least orengfone or more of the following:
prefiltration, support, drainage, spacing and aushg. lllustratively, the filter can also
include at least one additional element such agshrand/or a screen.

[0037] In accordance with embodiments of the inventior, tiembrane, filter element,
composite and/or filter can have a variety of ogunfations, including planar, pleated, spiral,
and/or hollow cylindrical.

[0038] The membrane, filter element, composite and/cerfils typically disposed in a
housing comprising at least one inlet and at leastoutlet and defining at least one fluid
flow path between the inlet and the outlet, wheteanmembrane is across the fluid flow
path, to provide a filter device. Preferably, éoossflow applications, the membrane,
composite and/or filter is disposed in a housingngasing at least one inlet and at least two
outlets and defining at least a first fluid flowtipdoetween the inlet and the first outlet, and a
second fluid flow path between the inlet and theoad outlet, wherein the membrane is
across the first fluid flow path, to provide adiltdevice. The filter device may be
sterilizable. Any housing of suitable shape araligling at least one inlet and at least one
outlet may be employed.

[0039] The housing can be fabricated from any suitabliel ilgpervious material,
including any impervious thermoplastic material,ichhis compatible with the fluid being
processed. For example, the housing can be fadulideom a metal, such as stainless steel,
or from a polymer. In an embodiment, the housing polymer, such as an acrylic,

polypropylene, polystyrene, or a polycarbonateihres

[0040] The following examples further illustrate the intien but, of course, should not

be construed as in any way limiting its scope.



EXAMPLE 1
[0041] This example demonstrates a method of preparinghmaras using gas plasma
according to embodiments of the invention.
[0042] A commercially available PTFE membrane (Sumitomeckic Fine Polymer,

Inc., nominal pore size 50 nm) is gas plasma tdeaith argon/methane, at a gas flow rate of

15-20 ml/min, for 30 minutes.

[0043] The membranes are placed in isopropyl alcohol (#®AB0 seconds, and washed
using deionized (DI) water for 1-2 minutes.

[0044] Membranes are placed in 10% solutions of eitheygtgdene sulfonic acid
(PSSA) or styrene sulfonic acid (SSA) for 30 misué room temperature.

[0045] The membranes are washed using DI water for 16showuen dried for 10
minutes at 65 °C, and the contact angles are mezhsising water.

[0046] The membranes are challenged wit#s8), (exposed to bBO, for 12 hours at

room temperature) and sulphuric perioxide mixt@8ENI) solution for 16 hours at room
temperature. Before each challenge, membrangslared in IPA for 30 seconds, and
washed using DI water for 1-2 minutes. After eaelohllenge, the membranes are washed
using DI water for 16 hours, oven dried for 10 ntésuat 65 °C, and the contact angles are

measured using water.

[0047] The results after $50, treatment are as follows:
Gas Algas B Grafting Contac angle Contac angle
chemical (degrees) after HSQy
methane/argon none 87 not tested
methane/argon PSSA <50 70
methane/argon SSA <50 57
methane/argc PSS/ <5C 59
methane/argon SSA <50 60
[0048] The results after $80, and SPM treatment are as follows:
Gas Algas B Grafting Contact angle | Contact angle After SPM
chemical (degrees) after SO,
methane/argon none 87 not tested not tested
methane/argon PSSA <50 60 50-60
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[0049] This example shows contact angle is stably decdeémed thus, CWST is stably
increased and the membrane is non-dewetting), aften exposure to $$0,, and SPM, in

accordance with an embodiment of the invention.
EXAMPLE 2

[0050] This example demonstrates a method of preparinghbraeras using broadband
UV according to an embodiment of the invention.

[0051] A dopamine solution is prepared as follows:

[0052] Tris-HCI buffer Preparation: To one liter D8, mix 15 mmol of Tris-HCI
buffer. pH ~ 5. Add 1 N NaOH dropwise raising to Bi8. Store the buffer in a sealed
container.

[0053] Dopamine Preparation (made fresh at time for cgatifo a numbered 50 mL
centrifuge tube with Tris buffer at pH = 8.8, add § (2000 ppm) of Dopamine-
Hydrochloride powder and then recap. Take notactiial dopamine mass added and
reference it to the numbered centrifuge tube. @madhine dissolves, a color change from
clear to light orange will occur.

[0054] A commercially available PTFE membrgsamitomo Electric Fine Polymer, Inc.,
nominal pore size 50 nm) is prewet with IPA, imneelén DI water for 10-15 seconds to replace the
IPA with DI water, and immersed in 0.15 M sodiunffisel (NaSQ,) for 10-15 seconds, to replace the
DI water and impregnate the pores with sodium saulfi

[0055] The membranes are exposed to broadband UV (po80-mW/cr) at a speed
of 8 in/min at 45 °C.

[0056] The control (native) and UV-treated membranes asated as follows:

[0057] Polyethylene pipes are cut to 1 inch lengths awthi e@embrane is placed over
one opening in the pipe and affixed to the pipeuiyper bands to make a bowl, and placed in
a dish. The dishes are placed on an orbital shakieh is operated at a low setting. 15 mL
of freshly prepared 2000 ppm Dopamine in Tris-hus@ution is added to each membrane,
and the timer is started. .

[0058] A clear plastic cover is placed over each membtameduce evaporation.
Membranes are removed from dishes at 15 minuteveideand placed in DI water wash

trays for rinsing, minimum 30 minutes. Membranesdried for 10 minutes at 5C.
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[0059] After 4 hours, the broadband UV treated PTFE doparbated membranes have
a CWST of over 90 dynes/com, whereas the nativeERlfpamine coated membranes have a
CWST of 68-72 dynes/cm. After 8 hours, the broadbdV treated PTFE dopamine

coated membranes have a CWST of over 105 dynesigbhargas the native PFFE dopamine
coated membranes have a CWST of 82-84 dynes/cm.

[0060] Thus, membranes prepared in accordance with andiméot of the invention

can be rendered hydrophilic in a shorter periodamspared to coating native PTFE

membranes.
EXAMPLE 3

[0061] This example demonstrates a method of preparinghbraamas using broadband
UV and thermal grafting according to an embodinarthe invention.

[0062] An initiator (for thermal grafting) is prepared faflows: Dissolve 1.5 g of AIBN
in 100 ml water. (Solution A).

[0063] A grafting solution is prepared as follows: Dis&oll0.0 g of monomer 4-styrene
sulphonic acid in 100ml water (Solution B).

[0064] A commercially available PTFE membrgsamitomo Electric Fine Polymer, Inc.,
nominal pore size 50 nm) is prewet with IPA, imneelén DI water for 10-15 seconds to replace the
IPA with DI water, and immersed in 0.1 M sodiumfialfor 10-15 seconds, to replace the DI water
and impregnate the pores with sodium sulfite.

[0065] The membranes are exposed to broadband UV (po@ed=mW/cri) at a speed
of 8 in/min at 45 °C.

[0066] The control (native) and UV-treated membranes aeted as follows:

[0067] 4x4’ pieces of BBUV treated - PTFE are placed ilutsan A (under nitrogen) for
1 hour at 80 °C. 4x4’ pieces of initiator exposeddia are placed in solution B (under
nitrogen) at 80 °C for 3 hours.

[0068] The membranes are washed in DI water and subsdyleAt dried, and
analyzed.

[0069] The control membranes has CWSTs ranging from abéubd about 38 dynes/cm,
whereas the UV treated coated membranes have CVé8@mg from 42-74 dynes/cm.
[007Q] The CWSTs of the control and UV treated membranesat decreased after

SPM challenge in static mode.
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EXAMPLE 4

[0071] This example demonstrates a method of preparinghbraamas using broadband
UV and thermal grafting with other chemistries adang to an embodiment of the invention.
[0072] An initiator is prepared, and PTFE membranes agpgred and exposed to
broadband UV as described in Example 3.

[0073] Six grafting solutions are prepared: (1) d-PA ylistene-1 diphosphonic acid
tetra isopropyl ester); (2) PEGMEMA (poly-ethylegigcol Methyl ether methacrylic acid);
(3) p-SSA (4-polystryrene sulphonic acid); (4) CMS ecomethyl styrene); (5) Ar-VB-t-
MACI ((ary-vinyl benzene) trimethyl NkCI); and (6) MA ((meth)acrylic acid). In preparing
the solutions, 10.0 grams of each monomer are ldexséen 100ml water (Solution B).

[0074] The control (native) and UV-treated membranes asted as described in
Example 3.

[0075] The control membrane (UV treatment only) has a CVidSdbout 65 dynes/com,
and will not wet with aqueous solutions, whereanesof the UV treated coated membranes
(PEGMEMA, p-SSA, Ar-VB-t-MACI, and MA) have of CWSTof 72 dynes/cm or more and

will wet with aqueous solutions (e.g., as usedfedciences applications).
EXAMPLE 5

[0076] This example shows the metal removal efficiencishfydrophilized membranes
prepared according to an embodiment of the inventompared to an untreated (control)
PTFE membrane, and a commercially available UMtete®TFE membrane.

[0077] Dopamime coated membranes are prepared as destrikgdmple 2.

[0078] In one set of experiments, dopamine coated PTFEhmramas prepared according
to an embodiment of the invention, untreated PTrEbranes, and commercially available
UV treated membranes, are used to filter fluid dampeparately contain the following
metals: Li, Na, K (Group 1 metals); Mg, Ca (Grdumetals); Al, Pb (Group 3 metals), and
Cr, Mo, Mn, Fe, Ni, Cu, Zn (Transition metals).

[0079] In another set of experiments, dopamine coated RMEmBbranes prepared
according to an embodiment of the invention, anmeated PTFE membranes, are used to
filter fluid samples separately contain the follogiimetals: Li, Na, K (Group 1 metals); Mg,
Ca (Group 2 metals); Al, Pb (Group 3 metals), andM®, Mn, Fe, Ni, Cu, Zn (Transition

metals).
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[0080] As shown in Figure 1, an embodiment of a membragerding to the invention,

as compared to an untreated membrane and a coraityeasiailable UV treated membrane,
efficiently removes various Group 2 and 3 metadswall as various transition metals.

[0081] As shown in Figure 2, an embodiment of a membragerding to the invention,

as compared to an untreated membrane, efficieathoves various Group 2 and 3 metals, as

well as various transition metals.

[0082] All references, including publications, patent &dions, and patents, cited
herein are hereby incorporated by reference tadnee extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0083] The use of the terms “a” and “an” and “the” and I&stst one” and similar
referents in the context of describing the invemijespecially in the context of the following
claims) are to be construed to cover both the &ngund the plural, unless otherwise
indicated herein or clearly contradicted by contekhe 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 otlige indicated herein or clearly
contradicted by context. The terms “comprisindyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,imgedncluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valuesiheare merely intended to serve as a
shorthand method of referring individually to eaeparate value falling within the range,
unless otherwise indicated herein, and each sepeahie is incorporated into the
specification as if it were individually recitedre@. All methods described herein can be
performed in any suitable order unless otherwislicated herein or otherwise clearly
contradicted by context. The use of any and ahples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to bdtteminate 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 indicating may-claimed element as essential to the
practice of the invention.

[0084] Preferred embodiments of this invention are deedrifierein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred

embodiments may become apparent to those of oyd#kdll in the art upon reading the
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foregoing description. The inventors expect stidgtisans to employ such variations as
appropriate, and the inventors intend for the itieento be practiced otherwise than as
specifically described herein. Accordingly, thizéntion includes all modifications and
equivalents of the subject matter recited in tlaént$ appended hereto as permitted by
applicable law. Moreover, any combination of tlhewe-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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CLAIM(S):

1. A method of hydrophilizing a porous PTFE membrahe, method
comprising

(@ exposing a porous PTFE membrane to an energy seeleeted from gas
plasma and broadband UV, and preconditioning thelonene; and,

(b) treating the preconditioned membrane to providgdrdphilic coating; and,

(© obtaining a hydrophilized porous PTFE membrane.

2. The method of claim 1, wherein (a) comprises exgpiie membrane to

plasma for at least 15 minutes.

3. The method of claim 1, wherein (a) comprises exmgpgiie membrane to
broadband UV while the pores of the membrane apeagnated with a liquid selected from
the group consisting of water, alcohols, hydrogeroxide, sodium sulfite, ammonium
sulfite, ammonium sulfate, sodium aluminate, coméfate, boric acid, hydrochloric acid,

and nitric acid.
4, The method of any one of claims 1-3, wherein (Iojudes grafting.

5. The method of any one of claims 1-4, including esipg the preconditioned

membrane to an initiator before grafting.
6. The method of any one of claims 1-5, wherein (b)udes thermal grafting.

7. The method of any one of claims 1, 2, and 4-6, eihethe gas plasma

includes a mixture of at least two gases.

8. The method of any one of claims 1, 2, and 4-7, aihethe gas plasma

includes an organic gas and/or an inorganic gas.

9. The method of any one of claims 1-8, further cosipg washing the

membrane after providing the hydrophilic coating.

10.  The method of claim 9, wherein washing the membrameprises isopropyl

alcohol (IPA) washing.
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11.  The method of any one of claims 1-10, further casipg drying the
hydrophilized PTFE membrane.

12.  The method of any one of claims 1-11, wherein (hgrises exposing the
membrane to polystyrene sulfonic acid (PSSA) aresiy sulfonic acid (SSA) monomer

solution, and providing a hydrophilic PSSA or hyghidic SSA polymer coating.

13. The method of any one of claims 1-11, wherein @grises exposing the

membrane to dopamine, and providing a hydrophiipasnine coating.

14. The method of any one of claims 1-13, wherein Ydrdphilized porous
PTFE membrane has a critical wetting surface ten&WST) of at least about 75 dynes/cm

(about 75 x 10 N/cm).

15. A hydrophilized porous PTFE membrane prepared bynmkthod of any one

of claims 1-14.

16. A method for filtering a metal-containing fluid,ehmethod comprising
passing a metal-containing fluid through the membraf claim 15, and removing metal

from the fluid.

17. The method of claim 16, wherein the metal-contarlaid is a fluid used in

the electronics industry.

18.  The method of claim 16 or 17, comprising removiadypalent metals and/or

transition metals from the metal-containing fluid.

19. A method for filtering a SPM fluid, the method camspng passing the SPM

fluid through the membrane of claim 15, and remgvparticles from the fluid.

20. The method of claim 19, comprising also removindainfeom the fluid.



