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POROUS MEMBRANE

This application claims the benefit of provisional patent application no.

60/129,227, filed April 14, 1999, which is incorporated by reterence.

TECHNICAL FIELD
The present invention relates to an integral porous membrane comprising an
amorphous halopolymer in general, and, in particular, to an integral porous membrane

comprising an amorphous fluoropolymer, a process for preparing such a membrane, and

a process for treating fluids by using such a membrane.

BACKGROUND OF THE INVENTION

The treatment of corrosive or reactive fluids such as sulfuric acid and
hydrofluoric acid has been a challenge to the industry, particularly to the
separation/filtration industry. Although halopolymers, particularly fluoropolymers, have
significant resistance to many chemicals, solvents, as well as corrosive tluids,
halopolymer membranes or filters are of limited availability, due in part, to the inherent
properties of the halopolymers. Many halopolymers, particularly, fluoropolymers, have
a limited solubility in solvents suitable for preparing membranes. Alternatively, the
halopolymers have very high melting points, decompose at elevated temperatures, and/or
involve complex processes for converting them into membranes.

A composite membrane has been proposed wherein an amorphous fluoropolymer
1s disposed as a surface treatment or coating on the pore walls of a porous substrate.
This membrane is not satisfactory for many applications because, for example, it may
fail to provide the desired filtration efficiency and/or the membrane lacks solvent and
chemical resistance, e.g., due to the poor solvent and/or chemical resistance of some
porous substrates. The layers constituting certain composite membranes also tend to
delaminate, for example, under use or cleaning conditions. Thus, there exists a need for

a porous halopolymer membrane that is suitable for treating corrosive or reactive tluids.
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The advantages of the present invention, as well as additional inventive features,

will be apparent from the description of the invention provaded herein.

SUMMARY OF THE INVENTION
5 The foregoing need has been fulfilled by the present invention which provides an
integral porous membrane comprising an amorphous halopolymer. The amorphous
halopolymer constitutes the bulk or body of the membrane rather than merely being
disposed as a surface treatiment or coating on a porous material.
The present invention further provides processes for preparing the integral porous
10 membrane. The membrane is preferably prepared by a process comprising casting a
solution of the halopolymer and causing phase mversion to occur. The present mvention
further provides devices comprising the membrane and processes for treating fluids.
While the invention has been described and disclosed below in connection with
certain embodiments and procedures, it is not intended to limit the invention to those
15 specific embodiments. Rather it is intended to cover all such altemnative embodiments
and modifications as fall within the scope of the mvention.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 depicts a Scanning Electron Micrograph of the surface of an integral
20 porous membrane according to an embodiment of the present invention.

SPECIFIC DESCRIPTION OF THE INVENTION
The present invention provides an integral porous membrane comprising an
amorphous halopolymer. Unlike composite membranes, the entire membrane according
25 1o a preferred embodiment of the present invention, i.e., the surface as well as the porous

substratum, bulk, or body, has the same composition, e.g., they are composed of the

same amorphous halopolymer. For example, the entire integral membrane is made of the
same amorphous fluoropolymer. In embodiments, the integral membrane can be made

from a blend of halopolymers. The preparation of the integral porous membrane of the

Empt.zeit:07/05/2001 16:39 Empf .nr . 243 P.00Y
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present invention does not require disposition of a surface treatment or surface coating
on the pore walls of a pre-existing or pre-formed porous material.

If desired, the integral membrane can be prepared or placed on a substrate or
support material, wherein the material can be porous or non-porous, to provide a
supported membrane. In an embodiment, the amorphous halopolymer can at least
partially coat the pore walls of a porous support. The average pore size of the membrane
is typically less than that of the coated or uncoated support. The selectivity and/or
permeability of the membrane is preferably provided by the integral membrane, rather
than the support.

The halopolymers suitable for preparing the membranes of the present invention
are amorphous. The halopolymers have a low degree of crystallinity, e.g., less than
about 30% (£ 2%), preferably less than about 20%, more preferably less than 10%, and
even more preferably about 0%. It is further preferred that the halopolymer 1s non-
crystallizable. The degree of crystallinity can be determined by any suitable method,
e.g., wide-angle x-ray diffractometry, infrared spectroscopy, nuclear magnetic resonance
spectrometry, or differential scanning calorimetry. The degree of crystallinity also can
be obtained from the density of the halopolymer. The amorphous halopolymer is soluble
in solvents, preferably in halogenated solvents, and more preferably in fluorinated
solvents, at ambient temperatures (about 20-25°C).

Any suitable amorphous halopolymer can be used to prepare the membranes of
the present invention, preferably, amorphous polymers comprising chlorine or fluorine,
and more preferably amorphous polymers comprising fluorine. The amorphous
halopolymer can be a homopolymer or, preferably, a copolymer. The amorphous
copolymer comprises any suitable combination of halogenated monomers. The
copolymer can include any number of comonomers, preferably 2 to 4 comonomers, and
more preferably at least 2 comonomers.

Examples of suitable monomers include fluorinated olefin monomers such as
tetrafluoroethylene (“TFE”), vinylidene fluoride, hexafluoropropylene, and
chlorotrifluoroethylene, and fluorinated functional monomers such as

perfluoroalkylvinyl ethers, perfluoroesters, perfluorosulfonylfluorides, and
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perhalodioxoles, preferably perfluorodioxoles. A preferred halopolymer is a copolymer
of tetrafluoroethylene and a perfluorodioxole. Preferred perfluorodioxoles are pertluoro-
1,3-dioxole and pertfluoro-2,2-dimethyl-1,3-dioxole (“PDD”). A further preterred
halopolymer is a copolymer of PDD with one or more comonomers, for example,
fluorinated olefins such as TFE, vinylidene fluoride, hexatluoropropylene, and

chlorotrifluoroethylene, and fluorinated functional monomers such as

perfluoroalkylvinyl ethers, perfluoroesters, and perfluorosulfonylfluorides. A particular

example of a halopolymer suitable for preparing the membrane of the present invention

1s a copolymer of PDD and TFE.

The amorphous copolymer can contain comonomers in any suitable proportion.

For example, the copolymer can include PDD in a proportion of from about 40% (£ 2%)

to about 99% by mole, preferably from about 60% to about 90% by mole, and more
preferably from about 60% to about 70% by mole. Thus, the copolymer of PDD and
TFE can include from about 10% to about 40% by mole of TFE and from about 90% to
about 60% by mole of PDD, preferably, from about 30% to about 40% by mole of TFE
and from about 70% to about 60% by mole of PDD, and more preferably about 35% by
mole of TFE and about 65% by mole of PDD. In certain embodiments, the preferred
copolymer includes about 15% by mole of TFE and about 85% by mole of PDD. The
amorphous halopolymer can include additional components, e.g., comonomers.

The halogenated copolymer can be prepared by methods known to those skilled
in the art. For example, the comonomers can be polymerized by using a free radical
initiator as illustrated in U.S. Patent 4,754,009, column 4, line 60, to column 5, line 52,
the disclosure of which is incorporated herein 1n its entirety by reference. Suitable
copolymers of TFE and PDD include, but are not limited to, those available
commercially as TEFLON AF ™1600 and AF 2400 polymers from DuPont Co. The AF

1600 polymer is reported to have a PDD content of about 65% by mole and a TFE
content of about 35% by mole, and the AF 2400 polymer 1s reported to have a PDD
content of about 85% by mole and a TFE content of about 15% by mole. Other

comonomers are believed to be present in these AF polymers.
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The integral porous membrane also can be composed of a blend of two or more
amorphous halopolymers or a blend of an amorphous halopolymer with other polymers.
The integral membrane also can include other ingredients such as plasticizers; lubricants,
and other additives such as process aids.

The integral porous membrane of the present invention can have any suitable
pore size. Thus, ¢.g., the membrane has an average pore size of about 100 um or less,
preferably from about 0.01 ptm to about 100 um. In some embodiments, the membrane
has an average pore size of about 0.1 pm or less, or from about 0.1 pm to about 10 um.
Preferably, the membrane has an average pore size of about 1 ym or less. Particular
embodiments of the integral porous membrane have pores with an average size of from
about 0.01 pm to about 0.05 um. The integral porous membrane of the present invention
is useful in a variety of applications including microfiltration, ultrafiltration,
nanofiltration, and reverse osmosis.

An advantage of the present invention is that small pore size integral membranes,
e.g., those having an average pore size of from about 0.01 um to about 0.05 um, can also
be produced in accordance with the present invention. Such small pore sizes are difficult
to produce from halopolymers by the expansion method generally employed in the
preparation of PTFE membranes. Small pore size integral porous membranes can find
use in, for example, demanding punfication applications in the semiconductor mndustry.

The integral porous membrane of the present invention can have a symmetric or
asymmetric structure. The integral porous membrane of the present invention can be a
sheet, fiber, plug, or tube. The mtegral porous membrane of the present invention can be
unsupported, i.e., self-supporting, or it can be supported by a substrate, e.g., 2 porous
substrate such as a fabric, film, or membrane. The integral porous membrane can have
any suitable thickness, e.g., below about 10 mil (250 um), preferably from about 0.1 mil
(2.5 pm) to about 5 mil (125 pm), and more preferably from about 0.5 mil (12.5 pm) to
about 2 mil (30 um), and even more preferably about 1 mml (25 pm) (+ 0.1 mil (2.5 pm)).

The membrane of the present invention can be prepared by methods known to
those skilled in the art. For example, the membrane can be prepared by melt extrusion or
solution casting. In melt extrusion, e.g., the amorphous halopolymer can be mixed with

Fmpf .nr o243 P.010
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suitable pore formers and extruded into a sheet, a fiber, a plug, or a tube. The resulting
product is washed or extracted to remove the pore former, and a porous membrane 1s
recovered. Alternatively, a solution of the polymer can be cast as a sheet, fiber, or tube,
and phase 1nversion can be induced.
~ Phase inversion can be induced by the wet process, the dry process, the thermal

process, or the polymer-assisted process, and preterably by the wet process. See, e.g.,
Robert E. Kesting, Synthetic Polymer Membranes, Ch. 7, pp. 237-286 (19385), the
disclosure of which is incorporated herein 1n its entirety by reference.

In an embodiment, the present invention provides a process for preparing the
integral porous membrane comprising an amorphous halopolymer comprising:

(a) providing a solution of the halopolymer;

(b) shaping the solution to form a pre-membrane; and

(¢) causing phase inversion of the pre-membrane to obtain the integral porous

membrane.

A membrane casting solution can be prepared by dissolving the desired quantity
of the amorphous halopolymer in a suitable solvent. Preferably the solvent dissolves the
amorphous polymer under mild or moderate conditions, for example, below 100°C,
preferably below 60°C, and more preferably at ambient temperatures (about 20-25°C).
An example of a suitable solvent is a halogenated solvent, preferably a fluorocarbon. A
preferred solvent is perfluoro-(2-butyltetrahydrofuran), available as FC'™-75 from 3M
Co.

The membrane casting solution preferably includes one or more nonsolvents.
Suitable nonsolvents include, but are not limited to, GENESOLV " 2000 (1,1-dichloro-
1-fluoroethane) from AlliedSignal, Inc., FC-43 (perfluoro C, alkane) from 3M Co.,
ECTFE™ oil (ethylene-chlorotrifluoroethylene copolymer) from Halocarbon Co. (River
Edge, NJ), and 1sopropanol.

The casting solution can be prepared by first dissolving the desired amount of the
amorphous polymer in a solvent. The nonsolvent is added with mixing. Typically, the

addition of the nonsolvent is stopped just prior to the point of incipient gelation, that is,

prior to the formation of a gel or two phases.
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The casting solution can contain the amorphous halopolymer in any suitable
amount, e.g., In an amount of up to about 30% by weight, preferably from about 5% to
about 20% by weight, and more preferably from about 7% to about 15% by weight. The
casting solution can contain the solvent in any suitable amount, e.g., in an amount of up
to about 95% by weight, preferably from about 50% by weight to about 90% by weight,
and more preterably from about 60% by weight to about 80% by weight. The
nonsolvent can be present in the casting solution in any suitable amount, e.g., in an
amount of up to about 30% by weight, preferably from about 5% to about 30% by
weight, and more preferably from about 15% to about 25% by weight. The casting
solution can contain additional ingredients such as pore formers, plasticizers, swelling
agents, and the like.

The casting solution can be processed into any desired membrane configuration,
for example, a sheet, a fiber, a plug, or a tube. Thus, for example, the casting solution
can be spread on a casting surface such as a glass plate or stainless steel belt using a
casting blade or knife. The thickness of the resulting pre-membrane can be controlled
by, for example, adjusting the gap between the blade and the casting surface.

Alternatively, the casting solution can be spread by spin coating. For example,
the casting solution can be spin coated on a substrate by employing a spin coater such as
Model No. P6204-A from Specialty Coating Systems, Inc. (Indianapolis, IN).
Illustratively, a substrate such as a glass plate or PTFE sheet can be spun at a desired
speed, and the casting solution placed on the substrate. The spinning is continued until a

coating 1s obtained. Any suitable spinning speed, e.g., about 800 rpm or less, preferably

from about 50 to about 250 rpm, and more preferably from about 60 rpm to about 200
rpm, can be employed. Optionally, a release agent can be employed which facilitates the
removal of the membrane from the substrate. Any suitable release agent can be used, for
example, a fluorocarbon or silicone. A particular example of a release agent that can be
used with PTFE substrate is the Halocarbon oil #56.

The pre-membrane is allowed to undergo phase inversion. Phase inversion can
be caused or induced in the wet process by the use of a nonsolvent, or in the thermal

process by changing the temperature of the pre-membrane. Nonsolvent-induced phase
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inversion can be carried out by treating the pre-membrane with a nonsolvent for the
halopolymer. This treatment can be carried out by, e.g., immersing the pre-membrane in
a bath containing the nonsolvent or by exposing to the vapor of a nonsolvent in a
controlled atmosphere chamber. The resulting membrane is dried to remove the
nonsolvent. The unsupported membrane can be relatively easily removed from the glass
plate or stainless steel surface. Alternatively, the casting solution can be cast on a
suitable support such as a woven or non-woven fabric to obtain a supported membrane.

In other embodiments of the present invention, the casting solution can be
extruded through a die in the form of a sheet, fiber, plug, or tube. Suitable bore fluids
can be employed to prepare hollow fibers or tubes.

In those embodiments including a substrate or support material, a variety of
materials are suitable. The material can be hydrophobic or hydrophilic, and porous or
non-porous. Typically, the material 1s synthetic, more preferably, polymeric. Suitable
polymers include, for example, polyamide, polyester, polyvinylidene tluoride,

polyacrylic, polyolefins such as polyethylene and polypropylene. An example of a

preferred polymer is polytetratluoroethylene.

Further examples of a substrate or support material include polyamide,
polysulfone, polyester, an acrylic polymer, polyacrylic nitrile, polyvinyl heterocyclic,
polyheterocyclic, polycarbonate, polyimide, polyamide-imide, polylactide,
polyglycolide, polypeptide, polyether, epoxy resin, polyacetal, polyurethane, polyurea,
urea-formaldehyde resin, polyphenol, phenol-formaldehyde resin, alkyd resin,
melamine-formaldehyde resin, a dendrimer, a spiro polymer, polyaryleneoxide,
polysulfide, polyketone, polyetherketone, polyetheretherketone, polyaromatic,
polyaldehyde, cellulose, cellulose ester, cellulose derivative, or a combination thereof.

In those embodiments including a porous substrate, the porous substrate can have
any suitable pore size, for example, a pore size of below about 10 um. The porous
substrate can be asymmetric or symmetric.

The substrate can be prepared by methods known to those of ordinary skill in the
art. For example, a porous substrate can be prepared by a phase inversion process.

Thus, a casting solution containing the polymer, a solvent, a pore former, a wetting
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agent, and optionally a small quantity of a non-solvent is prepared by combining and
mixing the ingredients, preferably at an elevated temperature. The resulting solution 1s
filtered to remove any impurities. The casting solution is cast or extruded in the form of
a sheet or hollow fiber. The resulting sheet or fiber is allowed to set or gel as a phase
inverted membrane. The set membrane is then leached to remove the solvent and other
soluble ingredients.

The integral membrane can be placed in contact with the substrate by methods
known to those of ordinary skill in the art. For example, in an embodiment, the integral
membrane can be co-extruded with the substrate or support material. In another
embodiment, the integral membrane can be cast, e.g., solvent-cast on a substrate or
support material. In yet another embodiment, the integral membrane can be cast,
formed, or deposited on a fluid surface, e.g., water surface, and the membrane can be
lifted onto a substrate or support material.

The present invention further provides devices, such as filter devices, comprising
the integral porous membrane of the present invention. The device can be 1n any
suitable form. Typical filter devices comprise a housing including at least one inlet and
at least one outlet defining a fluid flow path between the inlet and the outlet, and a
membrane of the present invention disposed across the fluid flow path or tangentially to
the fluid flow path.

Illustratively, the device can include a filter element comprising a membrane
sheet, e.g., in a substantially planar or pleated form. In an embodiment, the element can
have a hollow generally cylindrical form. If desired, the device can include the filter
element in combination with upstream and/or downstream support or drainage layers.
The device can include a plurality of membranes, e.g., to provide a multilayered filter
element, or stacked to provide a membrane module. Filter cartridges can be constructed
by including a housing and endcaps to provide fluid seal as well as at least one inlet and
at least one outlet. The devices can be constructed to operate in crosstlow or tangential
flow modes as well as dead-end modes. Accordingly, the fluid to be treated can be

passed, for example, tangentially to the membrane surface, or passed perpendicular to

the membrane surface. For embodiments of the membrane which are in the form of a
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tube or fiber, or bundles of tubes or fibers, the membrane(s) can be configured as
modules, e.g., after potting their ends in an adhesive.

The integral porous membranes can also find use as gas filters, e.g., for allowing
gases to pass through while retaining liquids. The integral porous membranes are

particularly attractive for such applications in view of the oleophobic and hydrophobic

properties of certain embodiments. The membranes can find use in applications
involving gas flowthrough wherein the material should be resistant to penetration by

water, oil, or lipid emulsions. Such applications include gas vents or filters that protect

electronic equipment placed in proximity to automotive engines. The integral porous

membranes can also find use in venting of medical devices, and in industrial filtration
where oil mists are present.

The integral porous membranes of the present invention can find use as a support
material or substrate for preparing coated composite membranes such as gas selective
membranes. The integral porous membrane also can find use as gas contactors, for
example, for distributing gases into liquids.

The present invention further provides a process for treating fluids, e.g., at least
one contaminated fluid, comprising passing at least a portion of the fluid through the
integral porous membrane of the present invention and recovering a contaminant
depleted fluid. IHustratively, the fluid can be a corrosive fluid such as sulfuric acid or
hydrofluoric acid. Examples of suitable fluids include etching fluids used in the
electronics industry. An example of a contaminant is a particle such as a metal, polymer,
or ceramic particle. It is further contemplated that the membrane of the present
invention can be used to remove virus, bacteria, and other contaminants from fluids. In
another embodiment of the present invention, valuable biological materials such as
proteins can be removed or 1solated from fluids.

The membranes of the present invention have the desirable surface characteristics
to undergo little or no fouling and/or allow rapid membrane cleaning. The membranes
of the present invention have solvent resistance, chemical resistance, and heat resistance.

Pretferably, the membrane as well as the device of the present invention are free or
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substantially free of leachables. Accordingly, the purity of the treated fluids 1s not
compromised.
Membranes in accordance with embodiments of the present invention have one or
more advantageous properties. The membranes are mechanically stable or robust. For
5 example, the membranes are flexible. The membranes resist mechanical stresses
encountersd during membrane production, handling, and/or fabrication of devices. The
membranes are crease or wrinkle resistant. The membranes are free or substantially free

of pinhole or other defects.

10 EXAMPLE 1
This Example illustrates a method of preparing a membrane according to an
embodiment of the present invention.
A membrane casting solution was prepared by mixmg 4 mi of a 12% by weight
solution of AF 1600 and 1 m! of GENESOLYV 2000. The casting solution obtained was
15 cast on a cleaned glass plate to a wet thickness of about 3 mil (75 pm) using a doctor
blade. The resulting pre-membrane was then immersed in a bath containing
GENESOLYV 2000. The membrane was allowed to remain i1n the nonsolvent bath unti] it
was free of residues. The membrane was then dried in air. The integral porous
membrane prepared as above was about 1 mil (25 pm ) thick and had a surface
20 microstructure depicted In Fig. 1.

All of the references cited herein, including publications, patents, and patent
applications, are hereby incorporated in their entireties by reference.
While this invention has been described with an emphasis upon certain
25 embodiments, it will be obvious to those of ordinary skill in the art that variations of the
embodiments may be used and that it is intended that the invention may be practiced
otherwise than as specifically described herein. Accordingly, this invention includes all

modifications encompassed within the scope of the invention as defined by the following
claims.
320
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WHAT IS CLAIMED IS:

1. An integral porous membrane comprising an amorphous halopolymer.

2. The integral porous membrane of claim 1, wherein said amorphous halopolymer is a

fluoropolymer.

3. The integral porous membrane of claim 1 or 2, wherein said fluoropolymer is a

copolymer.

4. The integral porous membrane of claim 3, wherein said copolymer includes

tetratluoroethylene and a perfluoro-1,3-dioxole.

>. The integral porous membrane of claim 4, wherein said perfluoro-1,3-dioxole is

perfluoro-2,2-dimethyl-1,3-dioxole.

6. The integral porous membrane of claim 5, wherein said copolymer includes from

about 10% to about 40% by mole of tetrafluoroethylene and from about 90% to about
60% by mole of pertluoro-2,2-dimethyl-1,3-dioxole.

7. The integral porous membrane of claim 5, wherein said copolymer includes from

about 30% to about 40% by mole of tetrafluoroethylene and from about 70% to about
60% by mole of pertluoro-2,2-dimethyl-1,3-dioxole.

8. The integral porous membrane of claim 5, wherein said copolymer includes about

35% by mole of tetrafluoroethylene and about 65% by mole of perfluoro-2,2-dimethyl-

1,3-d1oxole.
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9. The integral porous membrane of claim 5, wherein said copolymer includes about
15% by mole of tetratfluoroethylene and about 85% by mole of pertluoro-2,2-dimethyl-

1,3-dioxole.

5 10. The integral porous membrane of any of claims 1-9, wherein the membrane has an

average pore size of from about 0.01 um to about 100 pm.

11. The integral porous membrane of any of claims 1-9, wherein the membrane has an
average pore size of from about 0.1 um to about 10 pm.

10
12. The integral porous membrane of any of claims 1-9, wherein the membrane has an

average pore size of about 1 um or less.

13. The integral porous membrane of claim 12, wherein the membrane has an average

15 pore size of about 0.1 pm or less.

14. The integral porous membrane of any of claims 1-13, wherein the membrane has an

asymmetric structure.

20 15. The integral porous membrane of any of claims 1-13, wherein the membrane has a

symmetric structure.

16. The integral porous membrane of any of claims 1-15, which is a microfiltration

membrane.
25

17. The integral porous membrane of any of claims 1-15, which 1s an ultrafiltration

membrane.

18. The integral porous membrane of any of claims 1-17, which is a sheet.
30
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19. The integral porous membrane of any of claims 1-18, which is unsupported.

20. The integral porous membrane of any of claims 1-18, which is supported.

21. A porous membrane comprising an amorphous halopolymer wherein the amorphous

halopolymer is not disposed as a surface treatment or surface coating on a pre-existing

porous material.

22. A porous membrane comprising an amorphous halopolymer wherein said amorphous

halopolymer constitutes the bulk of the membrane.

23. The membrane of any of claims 1-22, wherein said amorphous halopolymer is

soluble 1n a solvent at ambient temperatures.
24. The membrane of claim 23, wherein said solvent is a fluorinated solvent.

25. The membrane of any of claims 1-24, wherein the amorphous halopolymer has a

degree of crystallinity less than about 30%.

26. A process for preparing an integral porous membrane comprising an amorphous

halopolymer, the process comprising:
(a) providing a solution of said halopolymer;

(b) shaping the solution to form a pre-membrane; and

(¢) causing phase inversion of the pre-membrane to obtain the integral porous

membrane.

277. The process of claim 26, wherein said amorphous halopolymer is a fluoropolymer.

28. The process of claim 26 or 27, wherein said fluoropolymer is a copolymer.
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29. The process of claim 28, wherein said copolymer includes tetrafluoroethylene and a

perfluoro-1,3-dioxole.

30. The process of claim 31, wherein said perfluoro-1,3-dioxole is perfluoro-2,2-

dimethyl-1,3-dioxole.

31. The process of claim 30, wherein said copolymer includes from about 10% to about

40% by mole of tetratfluoroethylene and from about 90% to about 60% by mole of
perfluoro-2,2-dimethyl-1,3-dioxole.

32. The process of claim 30, wherein said copolymer includes from about 30% to about

40% by mole of tetrafluoroethylene and from about 70% to about 60% by mole of
perfluoro-2,2-dimethyl-1,3-dioxole.

33. The process of claim 30, wherein said copolymer includes about 35% by mole of

tetrafluoroethylene and about 65% by mole of pertluoro-2,2-dimethyl-1,3-dioxole.

34. The process of claim 30, wherein said copolymer includes about 15% by mole of

tetrafluoroethylene and about 85% by mole of perfluoro-2,2-dimethyl-1,3-dioxole.

35. The process of any of claims 26-34, wherein said solution contains a fluorocarbon

solvent.

36. The process of any of claims 26-35, wherein the solution further includes a

nonsolvent for the halopolymer.

37. The process of any of claims 26-36, wherein said phase inversion is caused by

treating the pre-membrane with a nonsolvent.
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38. The process of any of claims 26-36, wherein said phase inversion is caused by

changing the temperature of the pre-membrane.

39. A membrane prepared by the process of any of claims 26-38.

40. A device comprising a membrane of any of claims 1-25 and 39.

41. The device of claim 40, comprising a housing including an inlet and an outlet

detining a fluid tlow path between the inlet and the outlet, and the membrane disposed

across the fluid flow path.

42. The device of claim 40, comprising a housing, at least one inlet and at least one

outlet defining a fluid flow path between the inlet and the outlet, and the membrane

disposed tangentially to the fluid flow path.

43. A process for treating a contaminated fluid comprising passing at least a portion of

the fluid through the porous membrane of any of claims 1-25 and 39 and recovering a

contaminant depleted fluid.

44. The process of claim 43, wherein said contaminated fluid is corrosive.

45. A process for recovering a material from a fluid comprising contacting said fluid

with a membrane of any of claims 1-25 and 39 so as to retain at least a portion of the

material on the membrane.

46. The membrane of claim 20, wherein the support comprises a porous support.

477. The membrane of claim 46, wherein the support comprises polytetrafluoroethylene.
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