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HYDROPHILIC POROUS POLYTETRAFLUOROETIIYLENE 

MEMBRANE (I) 

BACKGROUND OF THE INVENTION 

[0001] 	The properties of porous PTFE membrane, including its mechanical strength, 

chemical resistance or inertness, non-adhesiveness, excellent dielectric property, thermal 

stability at high temperature and low coefficient of friction make it very attractive for various 

applications. However, for certain applications, it will be beneficial to improve its wetting 

characteristics without affecting its intrinsic properties. Efforts have been made to modify 

one or more properties of PTFE membranes. However, many of these efforts result in 

reduction in one or more of PTFE's attractive properties, for example, mechanical strength. 

[0002] 	The foregoing shows that there exists an unmet need for preparing porous PTFE 

membranes with improved wetting characteristics without significantly affecting its 

mechanical strength. 

BRIEF SUMMARY OF THE INVENTION 

[0003] 	The present invention provides a hydrophilic porous membrane comprising a 

blend of polytetrafluoroethylene (PTFE) and an amphiphilic copolymer, wherein the 

amphiphilic copolymer comprises repeat units A and B, wherein A is selected from one or 

more of the following structures: 
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and B is of the formula: 	' 

wherein: 

or 	: , 

the amphiphilic copolymer is a block copolymer or a random copolymer; and 

the number of repeat units of each of A and B are n and m, and range from I to about 

1000, provided the sum of n and m is equal to or greater than 10. 

[0004] 	The hydrophilic porous membranes share many of the advantages of PTFE 

membranes, for example, mechanical strength, and at the same time, exhibit high levels of 

water wcttability. 

100051 	The invention further provides a method of preparing a hydrophilic porous 

membrane comprising: 

(i) preparing a blend comprising PTFE and an amphiphilic copolymer, optionally with 

a lubricant; 

(ii) extruding the blend into a tape; 

(iii) biaxially stretching the tape to obtain the hydrophilic porous membrane; 

optionally 

(iv) reacting the hydrophilic porous membrane with an agent to modify the chemical 

structure of the copolymer; and optionally 

(v) annealing the hydrophilic porous membrane; 

wherein the amphiphilic copolymer comprises repeat units A and B, wherein A is 

selected from one or more of the following structures: 
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and B is of the formula: 

wherein: 

, or 	1 

the amphiphilic copolymer is a block copolymer or a random copolymer; and 

the number of repeat units of each of A and B are n and m, and range from 1 to about 

1000, provided the sum of n and m is equal to or greater than 10. 

10006] 	The invention further provides methods of filtering fluids through these 

hydrophilic porous PTFE membranes. 

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

100071 	Figure IA depicts an SEM micrograph of the cross-section of a PTFE pre-form 

before stretching, and Figure 1B depicts an SEM micrograph of the cross-section of the PTFE 

pre-form after stretching. 

DETAILED DESCRIPTION OF THE INVENTION 

100081 	In accordance with an embodiment, the invention provides a hydrophilic porous 

membrane comprising a blend of polytetrafluoroethylene (PTFE) and a amphiphilic 

copolymer, wherein the amphiphilic copolymer comprises repeat units A and B, wherein A is 

selected from one or more of the following structures: 
, 	. 	, _____. L 	 :-.--!--?--.7 	-,,,,•-•=--.1 	1 	. 

0

;,‘ 

 

.. 	I 	 .1.1 
.. ...-1..- 	 I 	 1 	. 	 6 

'SI 	 i 

1 
1 	 I _ke 

0 0 
\ i 

 o  0 

and 	
0  

, 0- \ 



4 

F 
F 	F 

 

F 
F 

F 	F 	 F 	F 

F 	F 	 F 	F F 

F 	F 	 F 	F 

F 	 F 	F 
F 	F 

F 

, 
. 	. 

and B is of the formula: 	 1 	or 	l 

wherein: 

the amphiphilic copolymer is a block copolymer or a random copolymer; and 

the number of repeat units of each of A and B are n and m, and range from 1 to about 

1000, provided the sum of n and m is equal to or greater than 10. 

100091 	Dotted lines on the formulas of the repeat units indicate that the copolymer can be 

a block copolymer or a random copolymer. Block copolymer arc indicated by parentheses: 

(repeat unit). Random copolymers are indicated by square brackets: [repeat unit]. 

100101 	In embodiments, n and m represent the degrees of polymerization of the 

respective monomers, and are independently from about 10 to about 1000, preferably from 

about 20 to about 50. 

100111 	In other embodiments, n and m represent the mole fraction of the monomers 

present in the copolymer and n and m can independently range between 1 to 99 mole %, 

preferably 20 to 50 mole %. 

100121 	The respective monomer blocks can be present in the block copolymer in any 

suitable mass %, for example, in an embodiment, from about 99%: about 1% to about 50%: 

about 50%. preferably from about 90%: about 10% to about 70%: about 30%, and more 

preferably from about 75%: about 25%. 

(0013) 	The copolymer can be a block copolymer or a random copolymer. The block 

copolymer can be a diblock (A-B), triblock (A-B-A or B-A-B), or multiblock copolymer ((A- 

B)x). Optionally, the copolymer can have a third segment C, for example, a triblock 

copolymer or a random copolymer such as A-B-C. 

100141 	The copolymer can be of any suitable molecular weight, for example. in an 

embodiment, a number or weight (Mn or Mw) average molecular weight from about 10 kDa 

to about 1000 kDa, preferably from about 75 kDa to about 500 k.Da, and more preferably 

from about 250 kDa to about 500 kDa. 
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[00151 	In accordance with an embodiment, the amphiphilic copolymer has one of the 

following formulae: 
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wherein mi + nb = m. 

[00161 	The amphiphilic copolymers of the invention can be prepared by any suitable 

method, for example, through ring opening metathesis polymerization (ROMP) of cyclic 

monomers. Typically a transition metal catalyst containing a carbene ligand mediates the 

metathesis reaction. 
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100171 	Any suitable ROMP catalyst can be used, for example, Grubbs' first, second, and 

third generation catalysts, Urnicore, Hoveyda-Grubbs, Schrock, and Schrock-Hoveyda 

catalysts can be employed. Examples of such catalysts include the following: 
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[00181 	In an embodiment, Grubbs' third generation catalysts arc particularly suitable due 

to their advantages such as stability in air, tolerance to multiple functional groups, and/or fast 

polymerization initiation and propagation rates. In addition, with the Grubbs' third 

generation catalysts, the end groups can be engineered to accommodate any compatible 

groups, and the catalyst can be recycled readily. A preferred example of such a catalyst is: 
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100191 	The above third generation Grubbs catalyst (G3) may be obtained commercially 

or prepared from a Grubbs second generation catalyst (G2) as follows: 
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[00201 	The block copolymer having segment A selected from: 
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In 
If, 

0 0 	
0 	

0 0 
0 	/ 	\ 	, and 	/ 	\ 

can be prepared by a method comprising: 

[00211 	(i) polymerizing a monomer selected from cis-5-oxanorbornene-exo-2,3- 

dicarboxylic anhydride, dimethyl ester of cis-5-norbornene-exo-2,3-dicarboxylic acid, and 

dimethyl ester of cis-5-oxanorbornene-exo-2,3-dicarboxylic acid, catalyzed by a ring opening 

metathesis polymerization (ROMP) catalyst to obtain a homopolymer; and 

10022] 	(ii) sequentially polymerizing on a chain end of the homopolymer obtained in (i) 

5-(perfluorohexyl)norbornene catalyzed by a ROMP catalyst. 
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100231 	The copolymer prepared from cis-5-oxanorbornene-exo-2,3-dicarboxylic 

anhydride (Poly(C2-b-PNF6)) can be reacted with an aqueous base to obtain a copolymer 

o 

O 	O 
having segment A with dicarboxylic acid, 	OH OH 	. 

100241 	A random copolymer can be prepared by a method comprising polymerizing (i) a 

mixture of dimethyl ester of cis-5-norbornene-exo-2,3-dicarboxylic acid and 5-

(perfluorohexyl)norbornene catalyzed by a ROMP catalyst or (ii) a mixture of dimethyl ester 

of cis-5-oxanorbornene-exo-2,3-dicarboxylic acid, 5-(perfluorohexypnorbornene, and N-

mercaptoethyl cis-5-norbornene-exo-2.3-dicarboxylimide catalyzed by a ROMP catalyst. 

100251 	The polymerization of the monomers is conducted in a suitable solvent, for 

example, solvents generally used for conducting ROMP polymerizations. Examples of 

suitable solvents include aromatic hydrocarbons such as benzene, toluene, and xylene, 

aliphatic hydrocarbons such as n-pentane. hexane, and heptanc, alicylic hydrocarbons such as 

cyclohexane, and halogenated hydrocarbons such as dichloromethane, dichlorocthane, 

dichloroethylene, tetrachloroethanc, chlorobenzene, dichlorobenzene, and trichlorobenzene, 

as well as mixtures thereof. 

100261 	The monomer concentration can be in the range of 1 to 50 wt%, preferably 2 to 45 

wt%, and more preferably 3 to 40 wt %. 

100271 	The polymerization can be carried out at any suitable temperature, for example, 

from -20 to +100 °C, preferably 10 to 80 °C. 

100281 	To prepare a block copolymer, for example, the polymerization can be carried out 

for any time suitable to obtain the appropriate chain length of each of the blocks, which can 

be from about 1 minute to 100 hours. 

100291 	The amount of catalyst can be chosen in any suitable amount. For example, the 

molar ratio of the catalyst to the monomer can be about 1:10 to about 1:1000. preferably 

about 1:50 to 1:500, and more preferably about 1:100 to about 1:200. For example, the molar 

ratio of the catalyst to the monomer could be 1:n and 1:m, where n and m are the average 

degrees of polymerization. 

100301 	The polymers can be isolated by a suitable technique, for example, precipitation 

with a nonsolvcnt. 
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100311 	The copolymers can be characterized for their molecular weights and molecular 

weight distributions by any known techniques. For example, a MALS-GPC technique can be 

employed. The technique uses a mobile phase to elute, via a high pressure pump, a polymer 

solution through a bank of columns packed with a stationary phase. The stationary phase 

separates the polymer sample according to the chain size followed by detecting the polymer 

by three different detectors. A series of detectors can be employed, e.g., an Ultraviolet 

detector (UV-detector), followed by a multi-angle laser light scattering detector (MALS-

detector), which in turn, is followed by a refractive index detector (RI-detector) in a row. 

The UV-detector measures the polymer light absorption at 254 nm wavelength; the MALS-

detector measures the scattered light from polymer chains relative to mobile phase. 

100321 	The copolymers are preferably monodisperse. For example, the copolymers have 

an Mw/Mn of 1.05 to 1.5, preferably 1.1 to 1.2. 

100331 	For example, a copolymer of the formula: 
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can be prepared by a method comprising: 

(i) polymerizing cis-5-oxanorbornene-exo-2,3-dicarboxylic anhydride catalyzed by a 

ring opening metathesis polymerization (ROMP) catalyst to obtain a homopolymer; and 

(ii) polymerizing on a chain end of the homopolymer obtained in (i) 5-

(perfluorohexyl)norbornene catalyzed by a ROMP catalyst, as illustrated below: 
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10034] 	Poly(C2 diacid-b-NPF6) can be prepared by hydrolyzing Poly(C2-b-PNF6) with 

an aqueous base, as illustrated below: 
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10035] 	Poly(C3-b-NPF6) can be prepared by a method comprising: 

(i) polymerizing dimethyl ester of cis-5-norbornene-exo-2,3-dicarboxylic acid 

catalyzed by a ring opening metathesis polymerization (ROMP) catalyst to obtain a 

homopolymer: and 

(ii) polymerizing on a chain end of the homopolymer obtained in (i) 5-

(perfluorohexypnorbornene catalyzed by a ROMP catalyst, as illustrated below: 
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100361 	Poly(C4-b-NPF6) can be prepared by a method comprising: 

(i) polymerizing di methyl ester of cis-5-oxanorbornene-exo-2,3-dicarboxylic acid 

catalyzed by a ROMP catalyst to obtain a homopolymer; and 

(ii) polymerizing on a chain end of the homopolymer obtained in (i) 5-

(perfluorohexyl)norbornene catalyzed by a ROMP catalyst 
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[0037] 	Poly(C3-r-NPF6) can be prepared by a method comprising polymerizing a 

mixture of dimethyl ester of cis-5-norbornene-exo-2,3-dicarboxylic acid and 5-

(pertluorohexyl)norbornene catalyzed by a ROMP catalyst. 

[0038] 	In the above methods, polymerization can be terminated in a suitable manner, for 

example, by the use of alkyl vinyl ether such as ethyl vinyl ether. Thus, one of the end 

groups of the copolymers can be provided. 

[00391 	The other of the end groups can be provided by choosing an appropriate ROMP 

catalyst. For example, a phenyl end group can be provided by the use a ROMP catalyst 

having a benzylidenyl group on the transition metal. 

[00401 	The present invention further provides a method of preparing a hydrophilic porous 

PTFE membrane comprising: 

(i) preparing a blend comprising PTFE and a amphiphilic copolymer, optionally with 

a lubricant; 

(ii) extruding the blend into a tape; 

(iii) biaxially stretching the tape to obtain the hydrophilic porous membrane; 

optionally 

(iv) reacting the hydrophilic porous membrane with an agent to modify the chemical 

structure of the copolymer: and optionally 

(v) annealing the hydrophilic porous membrane; 

wherein the amphiphilic copolymer comprises repeat units A and B, wherein A is 

selected from one or more of the following structures: 
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and B is of the formula: 	' 	 or 	l 

wherein: 

the amphiphilic copolymer is a block copolymer or a random copolymer; and 

the number of repeat units of each of A and B are n and m, and range from 1 to about 

1000, provided the sum of n and m is equal to or greater than 10. 

10041] 	The required amount of a PTFE powder is mixed with a solution of the copolymer 

in a suitable solvent, for example, an alcohol solvent such as methanol, ethanol, or 

isopropanol, to obtain a blend, which is then mixed with a lubricant such as odorless mineral 

spirits, e.g., Isopar G, and the resulting paste is subjected to shear, for example, in a twin 

roller, and formed into a billet under a pressure of about 300 psi or more, at least twice, each 

for a period of about 55 sec. The resulting billets are equilibrated at room temperature for 

about 12 hrs or more. The billets are then extruded into the desired shape. For example, 

extrusion is performed at 26 mm die gap size, maximum pressure and constant temperature of 

55 °C resulting in a tube shaped PTFE tape. Next, the tube shaped tape is cut open along the 

central axis and re-rolled around a pipette, resulting in a new billet (non-compressed). The 

new billet is re-extruded at the same conditions as used during first extrusion process. This 

step is added to provide advantageous cross-directional mechanical properties to the PTFE 

tape. Calendaring is performed at 30°C targeting a tape thickness of 9 - 10 mils and cut into 

4x4". The resulting tape is then dried at 125 °C for 1 h, whereby the lubricant is removed 

from the extruded tape. 
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[00421 	The tape is then stretched at the following conditions: Stretch ratio of machine 

direction (MD) and transverse direction (TD) is 3 at 300% / sec stretch rate. Temperature in 

the stretch oven is set to 150 °C. 

[0043] 	The stretched tape is then annealed. Annealing is conducted in the annealing oven 

at 350 °C for 5 sec, following which the tape is cooled. The porosity that is produced by the 

above stretching steps is retained upon cooling. 

[0044] 	Optionally, the porous membrane obtained above is reacted with a base to ring 

open any anhydride units present in the copolymer. The base can be an amine or alkali. In 

an embodiment, the amine can be a polycther monoamine such as polyethylene oxide 

monoamine, polypropylene oxide monoaminc, or a polyethylene oxide-co-polypropylene 

oxide monoaminc. An example of a polyether monoamine is JEFFAMINEL  M1000, 

available from I hultsman Corporation, which is a monoamine of approximately 1000 

molecular weight with a PO/EO ratio of 3/19. Alternatively, the polyether amine can be 

polycther diamine. An example of a polyether diamine is JEFFAMINC ED176, also 

available from Huntsman Corporation, which is a diamine with a predominantly polyethylene 

oxide backbone. 

[00451 	Thus, for example, a solution of the amine in an organic solvent such as 

tetrahydrofuran (THF) at a concentration of about 5 to 10% (w/w) is prepared. Porous 

membrane samples are immersed in the amine solution for a suitable period of time, e.g., 

about 30 minutes to about 2 hours, particularly about 1 hour. The amine solution can be 

contacted with the membrane at any suitable temperature, for example, room temperature 

(20- 25 °C). The amine treated samples are allowed to dry for a suitable period of time, for 

example, 30 seconds to 1 minute, until the samples are not transparent any more. The 

resulting membrane is heat cured in an oven at a temperature of about 160 °C for a period of 

about 30 min. The resulting membrane is soaked in excess THF for a suitable period of time, 

e.g., 12-16 hours, following which the membrane is washed with fresh THF and dried at 

about 50 'C for a period of about 30 minutes. 

10046j 	Further optionally, the resulting membrane can be treated with 1N NaOH solution 

followed by rinsing with deionized water and subsequently air dried. Alternatively, or in 

addition, the membrane can be exposed to water at a temperature of 80 °C or higher. 

[00471 	In accordance with an embodiment of the invention, the hydrophilic porous PTFE 

membrane is a porous membrane, e.g., a nanoporous membrane, for example, a membrane 
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having pores of diameter between 1 nm and 100 nm, or a microporous membrane having 

pores of diameter between 1 gm and 10 gm. 

[0048] 	The surface tension of the resulting porous membrane can be determined as 

follows. For example, a sheet of PTFE porous support is coated at room temperature by pre-

wetting the membrane sheet with IPA solvent and soaking the membrane in a coating 

polymer solution with concentration that ranges between 0.1% and 10% by mass. The 

coating time ranges between (1 min to 12 hours). After soaking the support, it is dried in 

convection oven at 100 °C to 160 °C. The drying time ranges between (10 minutes to 12 h). 

The resulting porous PTFE membrane's wetting characteristics are measured by measuring 

the critical wetting surface tension. 

[0049] 	The change in surface modification in terms of surface tension was measured by 

measuring the critical wetting surface tension (CWST). The method relies on a set of 

solutions of certain composition. Each solution has specific surface tension. The solution's 

surface tension ranges from 25 to 92 dyneicin in small non-equivalent increments. To 

measure the membrane surface tension, the membrane is positioned on to top of white light 

table, one drop of a solution of certain surface tension is applied to the membrane surface and 

the time the drop takes to penetrate through the membrane and become bright white as an 

indication of light going through the membrane is recorded. Instant wetting is considered 

when the time the drop takes to penetrate the membrane is < 10 seconds. If the time > 10 

seconds, the solution is considered to partially wet the membrane. 

[0050] 	Hydrophilic porous PTFE membranes according to embodiments of the invention 

can be used in a variety of applications, including, for example, diagnostic applications 

(including, for example, sample preparation and/or diagnostic lateral flow devices), ink jet 

applications, lithography, e.g., as replacement for HD/UHMW PE based media, filtering 

fluids for the pharmaceutical industry, metal removal, production of ultrapure water, 

treatment of industrial and surface waters, filtering fluids for medical applications (including 

for home and/or for patient use, e.g., intravenous applications, also including, for example, 

filtering biological fluids such as blood (e.g., virus removal)), filtering fluids for the 

electronics industry (e.g., filtering photoresist fluids in the microelectronics industry and hot 

SPM), filtering fluids for the food and beverage industry, beer filtration, clarification, 

filtering antibody- and/or protein-containing fluids, filtering nucleic acid-containing fluids, 

cell detection (including in situ), cell harvesting, and/or filtering cell culture fluids. 

Alternatively, or additionally, the porous membranes according to embodiments of the 



17 

invention can be used to filter air and/or gas and/or can be used for venting applications (e.g., 

allowing air and/or gas, but not liquid, to pass therethrough). Porous membranes according 

to embodiments of the inventions can be used in a variety of devices, including surgical 

devices and products, such as, for example, ophthalmic surgical products. 

[0051] 	In accordance with embodiments of the invention, the hydrophilic porous PTFE 

membrane can have a variety of configurations, including planar, flat sheet, pleated, tubular, 

spiral, and hollow fiber. 

100521 	Hydrophilic porous PTFE membranes according to embodiments of the invention 

are typically disposed in a housing comprising at least one inlet and at least one outlet and 

defining at least one fluid flow path between the inlet and the outlet, wherein at least one 

inventive membrane or a filter including at least one inventive membrane is across the fluid 

flow path, to provide a filter device or filter module. In an embodiment, a filter device is 

provided comprising a housing comprising an inlet and a first outlet, and defining a first fluid 

flow path between the inlet and the first outlet; and at least one inventive membrane or a filter 

comprising at least one inventive membrane, the inventive membrane or filter comprising at 

least one inventive membrane being disposed in the housing across the first fluid flow path. 

100531 	Preferably, for crossflow applications, at least one inventive porous membrane or 

filter comprising at least one inventive membrane is disposed in a housing comprising at least 

one inlet and at least two outlets and defining at least a first fluid flow path between the inlet 

and the first outlet, and a second fluid flow path between the inlet and the second outlet, 

wherein the inventive membrane or filter comprising at least one inventive membrane is 

across the first fluid flow path, to provide a filter device or filter module. In an illustrative 

embodiment, the filter device comprises a crossflow filter module, the housing comprising an 

inlet, a first outlet comprising a concentrate outlet, and a second outlet comprising a permeate 

outlet, and defining a first fluid flow path between the inlet and the first outlet, and a second 

fluid flow path between the inlet and the second outlet, wherein at least one inventive 

membrane or filter comprising at least one inventive membrane is disposed across the first 

fluid flow path. 

100541 	The filter device or module may be sterilizable. Any housing of suitable shape 

and providing an inlet and one or more outlets may be employed. 

[0055] 	The housing can be fabricated from any suitable rigid impervious material, 

including any impervious thermoplastic material, which is compatible with the fluid being 

processed. For example, the housing can be fabricated from a metal, such as stainless steel, 
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or from a polymer, e.g., transparent or translucent polymer, such as an acrylic, polypropylene, 

polystyrene, or a polycarbonate resin. 

10056] 	The present invention further provides a hydrophilically modified porous PTFE 

membrane produced by the method described above. 

[0057] 	The present invention further provides a method of filtering a fluid, the method 

comprising passing the fluid through the hydrophilic porous PTFE membranes described 

above. 

[0058] 	The following examples further illustrate the invention but, of course, should not 

be construed as in any way limiting its scope. 

EXAMPLE 1 

10059] 	Materials: The following materials were purchased and used as received. 

10060] 	Dimethyl 5-norbornene-2.3-dicarboxylate (C3) was purchased from Alfa Aesar, 

10061] 	Dichloromethane (DCM) was stored over activated Alumina and purged with 

Argon before use, Isopropyl alcohol (IPA), dicyclopentadiene (DCPD), 1H,1H,2H-Perflouro- 

I -octene (PF6), 11-1,11-1,21-1-Perflouro-l-dodecene (PF10), toluene, thionyl chloride, 

ethylacctate, dimethylformamide (DMF), maleimidc, furan, diisopropylazodicarboxylatc 

(DIAD), triphenylphosphine (Ph3P), 1-haxadecanol, tetrahydroffiran (THF), ethyl acetate, N-

phenylmaleiinidc, acetonitrile, methanol, Grubbs second generation catalyst, 3-

bromopyridine, and pentane were obtained from Sigma-Aldrich Co. and used without further 

treatment. Dichloropentane, also obtained from Sigma-Aldrich Co., was treated with basic 

alumina before use. Cyclooctadiene (COD) was purified by vacuum distillation from boron 

trifluoride and used fresh. 

EXAMPLE 2 

100621 	This example illustrates the preparation of dichloro[1,3-bis(2,4,6-

trimethylpheny1)-2-imidazolidinylidene](benzylidenc)bis(3-bromopyridine)ruthenium(H) 

(G3) catalyst. 
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[0063] 	The second generation Grubbs catalyst (G2) illustrated above (1.0 g, 1.18 mmol) 

was mixed with 3-bromopyridine (1.14 mL, 11.8 mmol) in 50 mL flask. Upon stirring at 

room temperature for 5 min, the red mixture turned into bright green. Pentane (40 mL) was 

added with stirring for 15 minutes and green solid was obtained. The mixture was cooled in 

the freezer for 24 h and filtered under vacuum. The resulting G3 catalyst, a green solid, was 

washed with cold pentane and dried under vacuum at room temperature to give a yield of 0.9 

g, 88% yield. 

EXAMPLE 3 

[0064] 	This example illustrates the gel permeation chromatographic characterization of 

the homopolymer and copolymers in accordance with an embodiment of the invention. 

[0065] 	The homopolymer and block copolymer obtained were characterized for their 

molecular weight and molecular weight distribution properties by the MALS-GPC technique 

under the following conditions: 

[0066] 	Mobile phase: Dichloromethane (DCM). 

[0067] 	Mobile phase temperature: 30 °C. 

[0068] 	UV wavelength: 245 nm. 

[0069] 	Columns used: three PSS SVD Lux analytical columns (styrene-divinylbenzene 

copolymer network), columns having as stationary phase beads of diameter 5 p.m and pore 

sizes of 1000A, 100,000A, and 1,000,000A, and guard columns. 

100701 	Flow rate: 1 mL/min. 

[0071] 	GPC system: waters HPLC alliance e2695 system with UV and R1 detectors 

[0072] 	MALS system: The DAWN HELLOS 8 system with 8 detectors operating a laser 

at 664.5 nm. 
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EXAMPLE 4 

[0073] 	This example illustrates a procedure to prepare NPF6 monomer in accordance 

with an embodiment of the invention. 

Dicyclopentadiene 
frk 

F 	F 	F 	F F 	F 	 F 

F 
F 

FF 	F 	 F F 	F 	 F 
1 H, I H,2H-Perfluoro-l-octene 	 F 	F 

deg. C 	 F 	F  @I70 
F 	F 

2 	 F  

Cyclopentadiene 	 5-(Perfluorooctyl)norbomene 
Fw = 412.2 

100741 	A Parr high pressure reactor cylinder vessel was charged with DCPD (100 ml, 737 

mmol), PF6 (168 ml, 737 mmol) and the cylinder was attached to the reactor, and 

hydroquinone (2.43 g, 22.1 mmol), heated to 170 °C for 72 hours. The reaction content was 

dissolved into 150 ml DCM and transferred into 500 ml round bottom flask to purify the 

monomer by vacuum distillation. 

[0075] 	111-NMR (CDC13): 8 (ppm) 6.2-6.0 (2H), 3.2 (IH), 3.0 (IH), 2.8 (11-1), 2.0 (1H), 

1.5 (1H), and 1.2-1.4 (2H). 19F-NMR (CDC13): 8 -89.9(s), -112.6 (m), -123.8 to -121.3 (m), - 

127.1 to -125.3 (m). 

EXAMPLE 5 

100761 	This example illustrates a procedure to prepare NPF10 monomer in accordance 

with an embodiment of the invention. 
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sior 

 
F 

F  F 	FF 	FF 	F F 	F  F 	F 	
F 

F 	F 

11-1,1H,2H-Perfluoro-l-dodecene 	 F 

er.170 deg. C F 
F 

F 
F , . 	F 

F 
F 

F 	F 
Cyclopentadiene 

F 	F 

Norbumene perfluorodecane 
NPFIO 

FW = 612.22 

100771 	A Parr high pressure reactor cylinder vessel was charged with DCPD (24.6 ml, 

183 mmol), PF6 (132 ml, 370 mmol) and the cylinder was attached to the reactor, and 

hydroquinone (1.08 g, 10 mmol), heated to 170 °C for 72 hours. The reaction content was 

dissolved into 150 ml DCM and transferred into 500 ml round bottom flask to purify the 

monomer by vacuum distillation. 

[0078] 	1 H-NMR (CDC13): 6 (ppm) 6.2-6.0 (2H), 3.2 (1H), 3.0 (114), 2.8 (1H), 2.0 (1H), 

1.5 (1H), and 1.2-1.4 (2H). '9F-NMR (CDC13): 6 -80.9(s), -112.6 (m), -123.8 to -121.4 (m), - 

127.2 to -125.5 (m). 

EXAMPLE 6 

100791 	This example illustrates a procedure to prepare C2 monomer in accordance with 

an embodiment of the invention. 

i:w = 166.03 

0 

, 
. 

...------<:"-- \ 	Toluene r o 
80 deg. 	, 6 h C 

(C2) 	H 

0 
0 	 exo-7-oxanorbornene-5.6- 

Malefic anhydride 	Furan 	 dicarboxyanhydride 

100801 	In a clean 2 L round bottom flask (RBF) equipped with magnetic stirring bar, 

furan (390 ml, 3.35 mol) was added to a solution of maleic anhydride (350 g, 3.57 mol) in 1.5 
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L of toluene. The mixture was heated at 80 °C for 6 h. C2 was obtained as white precipitate 

from the solution upon washing with toluene (200mL, 3x) and filtration. The white solid was 

dried under vacuum at room temperature for 24 h. C2 was obtained as a pure exo-isomer in 

yield of 650 g, 95%. 1 H-NMR (300MHz, DMSO): 8 (ppm) 6.6 (s, 21-), 5.4 (s, 21-1), 3.15 (s, 

2H). 

EXAMPLE 7 

100811 	This example illustrates a procedure to prepare a C4 monomer, which is a 

dimethyl ester of the C2 monomer, in accordance with an embodiment of the invention. 

o 	 o 

soci, 	 OMe 
O 	hile0H + 

dry 	Stir (a7Reflux @7OoC, 8h 	
OMe 

I 
H 

H 	0 	
0 

Fw = 164.15 	 Dimethylester exo-7-oxanorbornene-5.6- 
dicarboxyic acid 

Fw = 212.7 

100821 	To 500 ml RBF, exo-7-oxanorborncne-5.6-dicarboxyanhydride (C2) (65 g, 0.4 

mol) was dissolved in methanol (750 ml), thionyl chloride (25 ml) was added to the C2 

solution slowly drop wise to form a yellow solution. The solution was refluxed for 48 hours 

after which the solvent was removed till dryness and to obtain the monomer. The solid was 

dissolved in ethyl acetate, washed with K2CO3  solution (200 ml, 2x), washed with DI water 

(200 ml, 2x) and dried over MgSO4. The resulting yellow solution was concentrated to give 

the C4 monomer. 'H-NMR (CDC13): 8 (ppm) 6.49 (s, 211), 5.2 (s, 2H), 3.8 (s, 2H) 3.7 (s, 

6H), 2.8 (s, 2H). 

EXAMPLE 8 

100831 	This example illustrates the synthesis and properties of copolymer Poly(C2-b- 

NPF6) in accordance with an embodiment of the invention. 
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EXAMPLE 9 

10087] 	This example demonstrates the synthesis and properties of another copolymer 

Poly(C3-b-NPF6) in accordance with an embodiment of the invention. 

0 
me  [ti31, TIM 	 F 

GA 	 F OMe -----w-  ph ill 
4. 	 F 

F 
nC3, Myr = 2101 	 0 0 	F 

Dimethey1 eta- cis-5 -Norbomene- 	/ 	\ 
exo-2,3-dicerboxylic acid 	 F 

Poly(C3) 	F  
F 

5 -(Perfborohexyl)norborneue 	Ph 
r—t 

	

	 + 

a 
.44mip N N qW, 	 o 

r—sN 	

— 

(03] = 	— 	 . O\ 	Poly(C3-b.NPF6) A 

a 	
=--0

l al 

Grubbs 3rd generation catalyst 

100881 	Grubbs 3rd  generation (G3) catalyst (11 mg, 0.012 mmol) was weighed in 40 mL 

vial with equipped with fluoropolymer resin-silicone septa open-top cap. G3 was dissolved 

in Argon degassed THF (60 mL) and transferred via cannula to clean IL RBF equipped with 

stirring bar. A solution of the C3 monomer (2.5 g, 12 mmol) in THF (86 mL) was degassed 

with Argon gas and transferred into the G3 solution and shirred for 30 minutes. A solution of 

the NPF6 monomer (0.86 g, 2.0 mmol) in THF (208 mL) was degassed with Argon gas and 

transferred into the growing Poly(C3) block solution and was stirred for another 60 minutes. 

Ethylvinylether (2mL) was then added to the yellow solution of the diblock copolymer to 

terminate the reaction. The polymer was then precipitated in Me0H (2 L, 2x) to recover the 

white solid of pure polymer. The resulting polymer was filtered and dried under vacuum at 

room temperature, yield (3.0 g, 90%). 

100891 	The I II NMR data are set forth below and the elemental analysis is set forth in 

Table 2. 'H-NMR (300MHz. CDC13): 6 (ppm) 5.7 to 5.2 (s broad), 3.7 to 3.5 (m broad), 3.3 

to 2.8 (m broad), 2.5 to 1.75 (in broad), 1.6 (s broad), 1.25 (s broad). 

100901 	Table 2. Elemental Analysis of Poly(C3-b-NPF6) 
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EXAMPLE 10 

10091] 	This example demonstrates the synthesis and properties of yet another copolymer 

in accordance with an embodiment of the invention. 

100921 	Poly(C4-b-NPF6) was synthesized as follows. Grubbs ri  generation (G3) 

catalyst (25 mg, 0.028 mmol) is weighed in 40 mL vial with equipped with fluoropolymer 

resin-silicone septa open-top cap. G3 was dissolved in Argon degassed THF (60 mL) and 

transferred via cannula to clean 1L RBF equipped with stirring bar. A solution of C4 

monomer (2.5 g, 11.8 mmol) in THF (86 mL) was degassed with Argon gas and transferred 

into the G3 solution and shirred for 30 minutes. A solution of NPF6 monomer (0.86 g, 2.0 

mmol) in TI1F (208 mi..) was degassed with Argon gas and transferred into the growing. 

Poly(C4) block solution and is stirred for another 60 minutes. Ethylvinylether (2mL) was 

then added to the yellow solution of the diblock copolymer to terminate the reaction. The 

polymer was precipitated in Me0H (2 L, 2x) to recover the white solid of pure polymer. The 

polymer was filtered and dried under vacuum at room temperature, yield (3.0 g, 90%). 

100931 	'H-NMR (300MHz, CDCI3): 8 (ppm) 6.85 (s broad), 5.8 (s broad), 5.6 (s broad), 

5.2 to 4.9 (s broad), 4.8 to 4.5 (s broad), 4.4 to 4.0 On broad) 4.0 to 3.6 (m broad) 3.2 to 2.9 

(m broad), 1.4 to 1.2 (m broad). 

100941 	The GPC trace of the copolymer in CH2C1, is shown in Fig. 3. The copolymer 

had the following properties: Mn = 98800, Mw — 127200, PD1 — 1.28. 

EXAMPLE 11 

100951 	This example demonstrates the synthesis and properties of a further copolymer 

accordance with an embodiment of the invention. 

100961 	Poly(C2 diacid-b-NPF6): Poly(C2-b-NPF6) was reacted with 0.1N NaOH 

solution to obtain Poly(C2 diacid-b-NPF6). Poly(C2-b-NPF6) diblock copolymer was 

dissolved in THF (1% mass) to form homogenous solution. The polymer solution was 

treated with 0.1 N Na01-1 solution in water. The mixture was stirred at ambient temperature 

for lh followed by precipitation in hexane. 
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100971 	'H-NMR (300MHz, CDC13): 5 (ppm) 14 to 13 (s broad), 6.0 to 5.5 (m broad), 5.3 

to 4.75 (s broad), 5.375 to 4.25 (s broad) 3.25 (s broad), 3.3(s broad), 3.1 (s broad). 

100981 	The polymer was coated on a porous PTFE support and its CWST was measured. 

The results obtained are set forth in Table 3. 

Table 3. Results of CWST measurements 

Description CWST I Post 
Treatment 

CWST 2 AVG WF Norm 
Flow 

(1../minift^2/psid) 

Post 
Sulfuric 

Acid 
Treatment 
CWST 3 

Post 
Peroxide 

Treatment 
CWST 4 

SPM 
CWST 5 

Native 
PTFE 25.4 NA NA 1.00 NA NA NA 

KA- 
N3P72- 

Poly-(C2- 
b-NPF6)-1 
- 2.5% IN 

TI-IF 
()I/29/14 

Illeat 
Curing 

33.41 
Na0II 

72 0.28 NA NA 
NA  33. 41 72 NA NA NA 

72 NA 42.9 46.41 NA 

33.41 

Na011- 
Bleach 72 NA 46.41 33.41 42.9 

KA- 
N3P72- 

Poly-( C2- 
b-NPF6)-1 
- 2.5% IN 

TI-IF 
01/29/14 
(Air Dry) 

33.41 

Na011 -7,,  — NA NA NA NA 

Na01-I - 
DI wash 72 0.13 68.15 74.89 NA 
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[0100] 	Grubbs 3rd generation (G3) catalyst (11 mg, 0.012 mmol) was weighed in 40 mL 

vial with equipped with fluoropolymer resin-silicone septa open-top cap. G3 was dissolved 

in Argon degassed DCM (20 mL) and transferred via cannula to clean 250 ml RBF equipped 

with stirring bar. A solution of C3 monomer (2.5 g, 12 mmol) and NYF6 (0.86 g, 2.0 mmol) 

mixture dissolved in DCM (90 ml) was degassed with Argon gas and transferred into the G3 

solution and shirred for 12 hours at room temperature. Ethylvinylether (2mL) was then 

added to the yellow solution of the random copolymer to terminate the reaction. The polymer 

was then passed through a column of basic alumina, silica gel, and Celite to remove the 

catalyst. The solvent was removed in a rotary evaporator and the resulting polymer was 

colorless and highly viscous; yield (3.0 g, 90%). 

[0101) 	1H-NMR (300MHz, CDC13): 8 (ppm) 6.0 to 5.0 (s broad), 3.7 to 3.5 (m broad), 

3.3 to 2.8 (m broad). 2.5 to 1.75 (m broad), 1.6 (s broad), 1.25 (s broad). 

EXAMPLE 13 

[0102] 	This example illustrates a method of preparing a hydrophilic porous PTFE 

membrane in accordance with an embodiment of the invention. 

[0103] 	PTFE resin powder, FLUON CD123, was mixed with a 2.5% by weight solution 

of the copolymer Poly(C2-b-NPF6) in isopropanol solvent, to obtain a blend containing 5% 

of the Poly(C2-b-NPF6) in PTFE resin. The blend was mixed with 18 phr of lubricant Isopar 

G, and the resulting paste was mixed in a twin roller. The blend was formed into a billet by 

applying a pressure of 300 psi, at least twice, each for a period of about 55 sec. The resulting 

billets were equilibrated at room temperature for about 12 hrs. The billets were then extruded 

through a 26 mm die at the maximum pressure and constant temperature of 55 °C, resulting 

in a tube-shaped PTFE tape. The tube-shaped tape was cut open along the central axis (along 

its length) and rolled around a pipette, resulting in a new billet (non-compressed). The new 

billet was extruded at the same conditions as used during the first extrusion process. 

Calendaring was performed at 30°C targeting a tape thickness of 9 - 10 mils and cut into 

4x4". The resulting tape was dried at 125 °C for 1 h, whereby the lubricant was removed 

from the tape. The tape was stretched in the machine direction and the transverse direction 

with a MD/TD ratio of 3 at a stretch rate of 300%/sec. The temperature of the stretch oven 

was set at 150 °C. The resulting membrane was annealed in an annealing oven at 350 °C for 

5 sec. Fig. IA depicts an SEM micrograph of the membrane surface before stretching and 
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Fig. 2A depicts an SEM micrograph of the membrane surface after stretching. The 

the 

magnification 

presence 

[0104] 

period 

membranes. 

Table 

is 10,000X in both the micrographs. The stretched membrane reveals the 

of increased number of interconnecting fibrils between PTFE domains. 

Samples of the annealed membrane were exposed to IN NaOH solution for a 

of 60 min, followed by washing with DI water. Contact angle was measured on the 

The results obtained are set forth in Table 4. 

4. Contact Angles of PTFE samples 

of 

The 

Sample ID Contact Angle (degree) 

Poly(C2-b-NPF6) coated on PTFE 101 

Poly(C2-b-NPF6) blend with PTFE 113 

Control PTFE 130 

[0105] 

PTFE 

membrane, 

[0106] 

PTFE 

[01071 

MOH 

resulting 

obtained 

Table 

When a sample of the membrane prepared from Poly(C2-b-NPF6) blend with 

was placed on water in a jar, it was wetted by water, and descended to the bottom 

jar, confirming its hydrophilicity and wettability. On the other hand, the control PTFE 

when placed on water, simply floated, as it was not wetted by water. 

EXAMPLE 14 

This example illustrates a method of chemically modifying the hydrophilic porous 

membrane in accordance with an embodiment of the invention. 

The PTFE membrane prepared as in Example 13, but without the exposure to 

solution, was exposed to JEFFAMINE M1000 or JEFFAMINE ED176 solution. 

membranes were washed and dried and tested for their CWST, and the results 

are set forth in Table 5. Ring opening chemical modification increased the CWST. 

5. CWST values of post-modified PTFE membranes 

Chemical modification by ring opening Chemistry as Blend 

Blend of Wetting Chemistry Resin 

As stretched — 31 Dynes/cm2  

Hot water 80 °C for 1hr = 31 Dynes/cm2  

Ring opening = 33 — 35 Dynes/cm2  

Ring opening example on blend media CWST (Dynes/cm2) 

Stretch media before ring opening — 31 
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5% JEFFAMINE M1000 treatment 33.2-35.34 

10% JEFFAMINE M1000 treatment 33.2-35.34 

5% JEFFAMINE ED176 treatment 31.1-33.2 

10% JEFFAMTNE ED176 treatment 31.1-33.2 

[0108] 	All references, including publications, patent applications, and patents, cited 

herein are hereby incorporated by reference to the same extent as if each reference were 

individually and specifically indicated to be incorporated by reference and were set forth in 

its entirety herein. 

[0109] 	The use of the terms "a" and "an" and "the" and "at least one" and similar 

referents in the context of describing the invention (especially in the context of the following 

claims) are to be construed to cover both the singular and the plural, unless otherwise 

indicated herein or clearly contradicted by context. The use of the term "at least one" 

followed by a list of one or more items (for example. "at least one of A and B") is to be 

construed to mean one item selected from the listed items (A or B) or any combination of two 

or more of the listed items (A and B), unless otherwise indicated herein or clearly 

contradicted by context. The terms "comprising," "having," "including," and "containing" 

are to be construed as open-ended terms (i.e., meaning "including, but not limited to,") unless 

otherwise noted. Recitation of ranges of values herein are merely intended to serve as a 

shorthand method of referring individually to each separate value falling within the range, 

unless otherwise indicated herein, and each separate value is incorporated into the 

specification as if it were individually recited herein. All methods described herein can be 

performed in any suitable order unless otherwise indicated herein or otherwise clearly 

contradicted by context. The use of any and all examples, or exemplary language (e.g., "such 

as") provided herein, is intended merely to better illuminate the invention and does not pose a 

limitation on the scope of the invention unless otherwise claimed. No language in the 

specification should be construed as indicating any non-claimed element as essential to the 

practice of the invention. 

101101 	Preferred embodiments of this invention are described herein, including the best 

mode known to the inventors for carrying out the invention. Variations of those preferred 

embodiments may become apparent to those of ordinary skill in the art upon reading the 

foregoing description. The inventors expect skilled artisans to employ such variations as 

appropriate, and the inventors intend for the invention to be practiced otherwise than as 
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specifically described herein. Accordingly, this invention includes all modifications and 

equivalents of the subject matter recited in the claims appended hereto as permitted by 

applicable law. Moreover, any combination of the above-described elements in all possible 

variations thereof is encompassed by the invention unless otherwise indicated herein or 

otherwise clearly contradicted by context. 
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CLAIMS: 

1. A hydrophilic porous membrane comprising a blend of 

polytetrafluoroethylene (PTFE) and an amphiphilic copolymer, wherein the amphiphilic 

copolymer comprises repeat units A and B, wherein A is selected from one or more of the 

following structures: 
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and B is of the formula: ; or , 

wherein: 

the amphiphilic copolymer is a block copolymer or a random copolymer; and 

the number of repeat units of each of B and A are n and m, and range from 1 to 1000, 

provided the sum of n and m is equal to or greater than 10. 

2.  The hydrophilic porous membrane of claim 1, wherein the amphiphilic 

copolymer has chain end groups selected from aryl groups and alkoxy groups. 

3.  The hydrophilic porous membrane of claim 1 or 2, wherein the amphiphilic 

copolymer is of one of the following formulae: 
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wherein m1  + m2  = m. 

4. 	A method of preparing a hydrophilic porous membrane comprising: 

(i) preparing a blend comprising PTFE and an amphiphilic copolymer, optionally with 

a lubricant; 

(ii) extruding the blend into a tape; 

(iii) biaxially stretching the tape to obtain the hydrophilic porous membrane; 

optionally 

(iv) reacting the hydrophilic porous membrane with an agent to modify the chemical 

structure of the copolymer; and optionally 

(v) annealing the hydrophilic porous membrane; 

wherein the amphiphilic copolymer comprises repeat units A and B, wherein A is 

selected from one or more of the following structures: 
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and B is of the formula: 	' 	 ; 	or 

wherein: 

, 

the amphiphilic copolymer is a block copolymer or a random copolymer; and 

the number of repeat units of each of B and A are n and m, and range from 1 to 1000, 

provided the sum of n and m is equal to or greater than 10. 

5. 	The method of claim 4, wherein the agent in (iv) is a base. 
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the 

6. 	A method of filtering 

hydrophilic porous membrane of 

a fluid, the 

any one of 

method comprising 

claims 1-3. 

passing the fluid through 


