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(57) Abstract: Microporous polyamide-imide membranes and methods for making them are disclosed. The microporous membrane
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MICROPOROUS POLYAMIDE-IMIDE MEMBRANES

CROSS-REFERENCE TO RELATED APPLICATIONS

[00001] This application claims the benefit of provisional application No. 61/904,029,
filed November 14, 2013, entitted MICROPOROUS POLYAMIDE-IMIDE MEMBRANES,

the entire teachings are incorporated herein by reference.

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[00002] The invention includes embodiments that relate to membranes. Particularly, the
invention includes embodiments that are directed to polyamide-imide membranes, method of

making such, and devices using such.

DESCRIPTION OF RELATED ART

[00003] Some polyamide-imide (PAI) membranes and methods of making them are
known. However, with microfiltration membrane characterization tests (such as bubble
points, bacteria retention) and distinction between the various possible polysulfones, PAI
membranes are still needed. Strong, chemically inert and heat stable polyamide-imide
membranes in the microporous range for removing particles and ions from liquids and fluids

are still needed.

SUMMARY

[00004] The purpose and advantages of embodiments of the invention will be set forth and
apparent from the description that follows, as well as will be learned by practice of the
embodiments of the invention. Additional advantages will be realized and attained by the
methods and systems particularly pointed out in the written description and claims hereof, as
well as from the appended drawings.

[00005] An embodiment of the invention provides a microporous membrane. The
microporous membrane includes a polyamide-imide polymer, wherein the microporous
membrane has a bubble point and an IPA flow-time. The microporous membrane has an HFE
bubble point from about 25 psi to about 200 psi and an IPA flow-time from about 400
seconds to about 40,000 seconds.

[00006] A second embodiment of the invention provides another membrane. The

membrane includes a polyamide-imide polymer, wherein the membrane has a bubble point and
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an IPA flow-time. The membrane has an HFE bubble point from about 25 psi to about 200 psi.
The membrane is microporous; asymmetric and has a tight layer with a thickness of <10
microns.

[00007] A third embodiment of the invention provides a filtration device. The filtration
device includes a filter incorporating a microporous membrane. The microporous membrane
includes a polyamide-imide polymer, wherein the microporous membrane has a bubble point
and an IPA flow-time. The microporous membrane has an HFE bubble point from about 25
psi to about 200 psi and an IPA flow-time from about 400 seconds to about 40,000 seconds.
[00008]  The accompanying figures, which are incorporated in and constitute part of this
specification, are included to illustrate and provide a further understanding of the method and
system of the invention. Together with the description, the drawings serve to explain the

principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[00009] The drawings accompanying and forming part of this specification are included to
depict certain aspects of the invention. A clearer impression of the invention, and of the
components and operation of systems provided with the invention, will become more readily
apparent by referring to the exemplary, and therefore non-limiting, embodiments illustrated in
the drawings, wherein identical reference numerals designate the same components. Note that
the features illustrated in the drawings are not necessarily drawn to scale.

[000010] FIG. 1 is a schematic representation of a membrane in accordance with an
embodiment of the invention;

[000011] FIG. 2A and 2B are scanning electronic microscopic (SEM) micrographs of a
symmetric membrane in accordance with an embodiment of the invention;

[000012] FIG. 3A and B are SEM micrographs of an asymmetric membrane in accordance
with an embodiment of the invention;

[000013] FIG. 4A and 4B are SEM micrographs of another asymmetric membrane in
accordance with an embodiment of the invention,;

[000014] FIG. 5A, B, and C are SEM micrographs showing the tight layer evolution in
membranes as a function of water concentration in the coagulation bath in accordance with
an embodiment of the invention,;

[000015] FIG. 6A and B are SEM micrographs of a symmetric membrane in accordance

with an embodiment of the invention;
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[000016] FIG. 7A and B are SEM micrographs of an asymmetric membrane in accordance
with an embodiment of the invention;

[000017] Fig. 8A and B are SEM micrographs of another asymmetric membrane in
accordance with an embodiment of the invention,;

[000018] Fig. 9A and B are SEM micrographs of another asymmetric membrane in
accordance with an embodiment of the invention,;

[000019] FIG. 10 is a graph showing retention performance of membranes as a function of
monolayer concentration in accordance with an embodiment of the invention;

[000020] FIG. 11 are graphs showing tensile stress and tensile strain of membranes at break
of membranes at break in accordance with embodiments of the invention,;

[000021] FIG. 12A-D are graphs showing tensile strength of membranes in accordance with
embodiments of the invention; and

[000022] FIG. 13 is a flow chart of a method of making a membrane in accordance with

embodiments of the invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[000023] Reference will now be made in detail to exemplary embodiments of the invention,
which are illustrated in the accompanying figures and examples. Referring to the drawings in
general, it will be understood that the illustrations are for the purpose of describing a
particular embodiment of the invention and are not intended to limit the invention thereto.
[000024] Whenever a particular embodiment of the invention is said to comprise or consist
of at least one element of a group and combinations thereof, it is understood that the
embodiment may comprise or consist of any of the elements of the group, either individually
or in combination with any of the other elements of that group. Furthermore, when any
variable occurs more than one time in any constituent or in formula, its definition on each
occurrence is independent of its definition at every other occurrence. Also, combinations of
substituents and/or variables are permissible only if such combinations result in stable
compounds.

[000025] It must also be noted that as used herein and in the appended claims, the singular
forms "a", "an", and "the" include plural reference unless the context clearly dictates
otherwise. Thus, for example, reference to a “non-solvent™ is a reference to one or more non-
solvents and equivalents thereof known to those skilled in the art, and so forth. Unless defined
otherwise, all technical and scientific terms used herein have the same meanings as commonly

understood by one of ordinary skill in the art. Methods and materials similar or equivalent to
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those described herein can be used in the practice or testing of embodiments of the present
invention. All publications mentioned herein are incorporated by reference in their entirety.
"Optional” or "optionally" means that the subsequently described event or circumstance may
or may not occur, and that the description includes instances where the event occurs and
instances where it does not. All numeric values herein can be modified by the term "about,"”
whether or not explicitly indicated. The term "about" generally refers to a range of numbers
that one of skill in the art would consider equivalent to the recited value (i.e., having the same
function or result).

[000026] With reference to FIG. 1, a microporous membrane 100 is described. The
microporous membrane 100 includes one or more polyamide-imide polymers wherein the
microporous membrane 100 has a bubble point and an IPA flow-time. More specifically, the
microporous membrane 100 has an HFE bubble point from about 25 psi to about 200 psi and
an IPA flow-time from about 400 seconds to about 40,000 seconds. The microporous
membrane 100 has an open pore 12 structure and the pores 12 are interconnected allowing liquid or
gas filtration.

[000027] Test methods described herein may be used to characterize the bubble point and
flow time of the membranes as well as the test conditions for these values. The bubble point
used to characterize the membranes 100 refers to a mean bubble point using an air flow
porisometer. ASTM F316 - 03(2011 ) Standard Test Methods for Pore Size Characteristics of
Membrane Filters by Bubble Point and Mean Flow Pore Test were used to calculate bubble
point. In some cases, microporous membrane bubble points refer to a mean bubble point
measured by an HFE-7200 (available from 3M ™, St. Paul, MN). HFE-7200 bubble points
can be converted into IPA bubble point values by multiplying the HFE-7200 value measured
bubble point by 1.5. HFE-7200 by 3M ™ is ethoxy-nonafluorobutane and has a reported
surface tension of 13.6 mN/m at 25°C.

[000028] IPA flow time is the time to flow 500 milliliters of isopropyl alcohol, at a
temperature of 21°C and pressure of 97,900 Pa (about 0.1 MPa, or about 1 bar, or about 14.2
psid), through a 47 millimeter disk of the microporous membrane with an area of 12.5 cm®.
[000029] 1t should be appreciated that embodiments of the inventions include microporous
membranes 100 with varying HFE bubble points. In an embodiment, the HFE bubble point
ranges from about 25 pounds per square inch pressure to about 150 pounds per square inch
pressure. In another embodiment, the HFE bubble point ranges from about 53 pounds per square
inch pressure to about 99 pounds per square inch pressure. In another embodiment, the HFE

bubble point ranges from about 38 pounds per square inch pressure to about 75 pounds per
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square inch pressure. In yet another embodiment, the HFE bubble point ranges from about 32
pounds per square inch pressure to about 38 pounds per square inch pressure.

[000030] Embodiments of the invention include microporous membranes 100 with various
ranges of IPA flow times. In an embodiment, the IPA flow time ranges from about 4225
seconds to about 7535 seconds. In another embodiment, the IPA flow time ranges from about
4090 seconds to about 5580 seconds. In yet another embodiment, the IPA flow time ranges
from about 3445 seconds to about 4225 seconds. In another embodiment, the IPA flow time
ranges from about 2860 seconds to about 3445 seconds.

[000031] Table 1: NMP stands for N-methyl-2-pyrrolidone, EG for ethylene glycol and
TEG for tri-ethylene glycol.
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-6 -
Examples Dope HFE PA flow-
. Coagulants Bubble .
formulation : . time (sec)
point (psi)
la—Fig. 2 .
NMP/Water (80/20 weight %) | 26.66 5665
b Fie. 3 NMP/EG/Po
& lyamide- NMP/Water (75/25 weight %) | 30.32 4035
imide
lc —Fig. 4 polymer .
(79/8/13 NMP/Water (70/30 weight %) | 53.52 4090
weight %)
1d- NMP/Water (65/35 weight %) | 99.10 7535
2a - Fig 6 NMP/Water (80/20 weight %) | 24.96 2860
2b — Fig. 7 NMP/EG/Po o
lyamide- NMP/Water (75/25 weight %) | 32.45 3445
imide
2¢ — Flg 8 polymer .
MP/Wat: ht ¢ . 424
(75/12/13 NMP/Water (70/30 weight %) | 37.90 5
hd — Fig. 9 weight %)
NMP/Water (65/35 weight %) | 75.38 5580
INMP/TEG/Pol
yamide-imide
polymer NMP/Water (50/50 weight %) | 140.00 20,000
(67/20/13
weight %)

[000032] Another embodiment includes a microporous membrane 100 with an HFE bubble
point between 25 psi and 32 psi and an IPA flow time between 2860 seconds and 3445
seconds. Another embodiment of the microporous membrane 100 includes an HFE bubble
point between 32 psi and 38 psi and an IPA flow time of between 3445 seconds and 4245
seconds. Yet another embodiment of the microporous membrane 100 includes an HFE
Bubble point between 38 psi and 75 psi and an IPA flow time between 4245 seconds and
5580 seconds. Another embodiment includes a microporous membrane 100 with an HFE
bubble point between 53 psi and 99 psi and an IPA flow time between 4090 seconds and 7535

seconds.
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[000033] It should be appreciated that embodiments of the invention include microporous
membranes 100 that are symmetric as in FIG. 2A or asymmetric as in FIG. 3A. Symmetric
membranes refer to porous membranes where the pore 12 size and/or structure are
substantially the same throughout the thickness of the membrane such as FIG. 2A or FIG. 6A.
The term "asymmetric" refers to a porous membrane in which the pore 12 size and/or structure
are not the same from one side of the membrane to the other side as in FIGs. 3-4. When the
microporous membrane is asymmetric, such as in FIGs. 3-4, and 7-8, the asymmetric
microporous membranes 100 have a tight layer 10 (bottom) and an open layer 20 (top).
[000034] Examples 1a-1d of the polyamide-imide microporous membranes 100 made from
the dope formulation are shown in Table 1. The polyamide-imide (PAI) polymer dope
formulation includes one or more polyamide-imide (PAI) polymers, one or more solvents,
and one or more non-solvents. A particular embodiment of the PAI polymer dope
formulation includes N- methylpyrrolidone (NMP) as the solvent, ethylene glycol (EG) as a
non-solvent, and polyamide-imide polymer. It should be appreciated that the membrane 100
also includes the reaction product of the one or more solvents with each other, the reaction
product of the one or more non-solvents with the each other, the reaction product of the one
or more PAI polymers with each other, and the reaction product of the one or more solvents,
one or more non-solvents, and one or more PAI polymers with each other.

[000035] FIG. 2A and FIG. 2B are SEM micrographs showing cross-sectional
microstructure of a symmetric membrane made according to Example 1a in Table 1.
Torlon® was used as the polyamide-imide polymer (PAI). The FIG. 2B magnification shows
the symmetrical nature of the membrane 100 and absence of a tight layer 10.

[000036] FIG. 3A and FIG. 3B. are SEM micrographs of an asymmetric membrane 100 of
another embodiment of the invention, made according to Example 1b of Table 1, with a tight
layer 10 (located beneath the dashed white line) of about < 5 microns (NMP/water (75/25
weight %) and an open layer 20 (located above the dashed white line). FIG. 3B is a cross-
sectional magnification of FIG. 3A showing the asymmetrical nature of the membrane 100
with the tight layer 10 and the open layer 20.

[000037] FIG. 4A and FIG. 4B are SEM micrographs showing cross-sectional
microstructure of yet another embodiment of an asymmetric membrane 100, made according
to Example 1c of Table 1, with a thickness of the tight layer 10 (dashed white line) of about
<10 microns (NMP/Water (70/30 weight%) and the open layer 20. FIG. 4B is a cross-
sectional magnification of FIG. 4A showing the asymmetrical nature of the membrane 100

with the tight layer 10 and the open layer 20.
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[000038] FIG. SA-C are SEM micrographs showing the tight layer evolution in membranes
100 as a function of water concentration in the coagulation bath through Examples la-1c in
Table 1. FIG. 5A-C show effects of increasing the water concentration in an external
coagulation bath in embodiments of the invention. As demonstrated in FIG. 5A-C, the
thickness of the tight layer 10 increases as the amount of water in the coagulation bath
increases. FIG. 5A is a symmetric membrane in (NMP/Water (80/20) weight %). FIG. 5B is
an asymmetric membrane with a thickness of the tight layer 10 (beneath the dashed white line)
of about <5 microns (NMP/Water (75/25 weight %); and FIG. 5C is an asymmetric
membrane with a thickness of the tight layer 10 (beneath the dashed white line) about <10
microns (NMP/water (70/30 weight %). Thus, the thickness of the tight layer 10 increases as
the amount of water in the coagulation bath increases. Another embodiment of asymmetric
membrane 100 includes a tight layer 10 with a thickness of about <8 microns.

[000039] Examples 2a-2d are other examples with dope formulations differing from
Examples 1a-d as shown in Table 1 with increased amount of water in the coagulation bath.
FIG. 6A and 6B are SEM micrographs of an embodiment of a symmetric membrane 100 of
Example 2a. The FIG. 6B magnification shows the symmetrical nature of the membrane 100
and an absence of a tight layer. FIG. 7A and 7B are SEM micrographs of an embodiment of
an asymmetric membrane 100 of Example 2b with a tight layer 10 (above the dashed white
line) having a thickness about <5 microns. FIG. 7B is a cross-sectional magnification of FIG.
7A showing the asymmetrical nature of the membrane 100 with the tight layer 10 and the
open layer 20. FIG. 8A and B are SEM micrographs of another embodiment of an
asymmetric membrane 100 of Example 2¢ with a tight layer 10 (above the dashed white line)
having a thickness about <10 microns. FIG. 8B is a cross-sectional magnification of FIG. 8A
showing the asymmetrical nature of the membrane 100 with the tight layer 10 and the open
layer 20. FIG. 9A and 9B are SEM micrographs of an asymmetric membrane 100 of
Example 2d with a tight layer 10 (above the dashed white line) having a thickness about <10
microns. FIG. 9B is a cross-sectional magnification of FIG. 9A showing the asymmetrical
nature of the membrane 100 with the tight layer 10 and the open layer 20.

[000040] In Examples 2a-d, as in Examples 1a-d, the HFE bubble point of the membrane
100 increased as the amount of water in the coagulation bath increased as shown in Table 1.
It should be appreciated that is it within the scope of invention to make microporous
membranes 100 with a combination of one or more parameters such as range of IPA flow

times, HFE bubble points, as well as varying the amount of water in the coagulation bath, etc.
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[000041] Another embodiment of the membrane 100 includes one or more polyamide-imide
polymers, wherein the membrane 100 has an HFE bubble point from about 25 psi to about
200 psi. The membrane is asymmetric-and microporous and has a tight layer that has a
thickness of <10 microns. In a further embodiment, the membrane 100 also has an IPA flow
time in a range from about 400 seconds to about 40,000 seconds.

[000042] It should be understood that the microporous membrane 100 is not limited by its
form or shape unless expressly stated and includes membranes of varying shape, form, and
morphology unless expressly limited by the specification. In an embodiment, the membrane
100 includes pleated form. In another embodiment, the membrane 100 includes hollow fiber.
In yet another embodiment, the membrane 100 is in the form of flat films. In another
embodiment, the membrane 100 includes composite form.

[000043] It should also be appreciated that microporous membranes 100 can be incorporated
in filtration or purification housings. An embodiment of the invention provides a filtration
device 300 as shown in FIG. 1. The filtration device includes one or more filters 200
incorporating a microporous membrane 100. The microporous membrane includes
polyamide-imide polymer, has an HFE bubble point, and an IPA flow-time. The microporous
membrane has an HFE bubble point from about 25 psi to about 200 psi and has an IPA flow-
time from about 400 seconds to about 40,000 seconds.

[000044] The microporous membranes 100 can be pleated and bonded, including potting, to
form integral devices that permit filtration and purification of liquids and other fluids that
pass through the membrane in the housing. In another embodiment, the membranes can be
hollow fibers and incorporated to a housing to form integral devices that permit filtration and
purification of liquids and other fluids that pass through the membrane in the housing.
[000045] With reference to FIG. 13, next is described an embodiment of the invention of
making the membranes 100. Step 1310 includes providing polyamide-imide (PAI) polymer
dope formulation. The polyamide-imide (PAI) polymer dope formulation includes one or
more polyamide-imide (PAI) polymers, one or more solvents, and one or more non-solvents.
The polyamide-imide (PAI) polymer dope formulation includes N- methylpyrrolidone (NMP)
as the solvent, ethylene glycol (EG) as a non-solvent, and polyamide-imide polymer in a ratio
range of 79(NMP)/8(EG)/13(PAI) weight% to 75(NMP)/12(EG)/13(PAI) weight%.

[000046] Although the embodiments have been described with the given dope formulations,
it should be understood embodiments of the invention are not restricted to the doping
formulations and include varying the dope formulations in the amount and order, either

individually or in a combination of two or more thereof.
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[000047] In another embodiment, the dope formulation includes a plurality of polyamide-
imides which differ from each other. The plurality of polyamide-imides may have various
characteristics which are similar or vary from each other. In one embodiment, the pluralities
of differing polyamide-imides are in various ranges. In another embodiment, the dope
formulation includes a plurality of solvents which are similar or vary from each other. In
one embodiment, the pluralities of differing solvents are in various ranges. In yet another
embodiment, the dope formulation includes a plurality of non-solvents which are similar or
vary from each other. In one embodiment, the plurality of differing non- solvents are in
various ranges.

[000048] Step 1320 includes phase separating the polyamide-imide (PAI) polymer dope
formulation with a coagulant. The coagulant includes NMP and water in a ratio of

80(NMP)/20(water) weight% to 65(NMP)/35(water) weight %.

EXAMPLES

[000049] FIG. 10 is a graph showing retention performance of the membranes 100 as a
function of monolayer concentration. Ninety mm coupon membranes were challenged with
an aqueous solution containing 8ppb G25 PSL particles with 0.1 % Triton X-100 surfactants.
Samples of the permeate were collected at different time intervals corresponding to different
monolayer coverage of the membrane surface. The permeate samples were analyzed
afterwards to measure the concentration of the G25 particles in the permeate sample and the
corresponding membrane retention.

[000050] Line A is a single polyamide-imide polymer membrane 100 made by Example 2¢
tested at pH=5. Line B is a single polyamide-imide polymer membrane made by Example 2¢
tested at pH=9.7. Line C is a double layer polyamide-imide polymer membrane 100 made by
Example 2c tested at pH=5. The double layer polyamide-imide polymer membrane 100 was
laminated together in a configuration in which the tight layer 10 sides of the respective
membranes 100 are in contact with each other. It should be appreciated that embodiments of
the invention include a plurality of layers, and each layer in independent configuration with a
given contact layer. For example: two other configurations include an open layer 20 of one
membrane 100 in contact with a tight layer 10 of another membrane 100 and an open layer
20 of one membrane 100 in contact with an open layer 20 of another membrane 100.
[000051] FIG. 11 are graphs comparing the tensile stress at break and tensile strain at break.
A control, polyamide-imide polymer membrane 100 made according to Example 2¢, and

similar membranes were soaked in different solvents including cyclohexanone, n-butyl
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acetate (nBA), Propylene glycol mono-methyl ether (PGME), propylene glycol mono-methyl
ascetate (PGMEA), OK73 (70% PGME, 30% PGMEA), dilute (2%) hydrofluoric acid (HF)
for 3 weeks. The sample membranes were cut in 17°x4.5” dimensions and soaked in the
solvents for three weeks. Later the membranes were immersed in isopropyl alcohol (IPA) for
a few minutes and then dried in air. The dried samples were tested for tensile strength using
an Instron™ Model 3342 Compression / Tensile instrument.

[000052] FIG. 12 are also graphs showing tensile strength. In this test, the polyamide-imide
membrane made by method explained in Example 2¢ was thermally cross-linked by heating
at 250 "C inside an oven for 6 hours. The cross-linked and non-cross linked membranes were
soaked in 10% HCI solution for three weeks and then dried in air. The HCI treated
membranes and the control membrane were tested for tensile strength using the method
explained earlier.

[000053] The membranes 100 made through embodiments of the invention also have
nonsieving ion removal capability, which can be used for impurity removal from a variety of
liquids, such as but not limited to, the semiconductor manufacturing field.

[000054] Metal ion removal capability of a microporous polyamide-imide membrane 100
was tested. A 47 millimeter diameter sample of polyamide-imide membrane 100 was cleaned
with 10 weight% HCI. The cleaned microporous polyamide-imide membrane 100 was soaked
in ultrapure IPA and then was placed in a sample of cyclohexanone containing metals
(cyclohexanone blank). After soaking in cyclohexanone for 24 hours, the soaked cleaned
microporous polyamide-imide membrane 100 was removed and analyzed for metals by
ICPMS-Ashing of the microporous polyamide-imide membrane 100. The microporous
polyamide-imide membrane 100 was challenged with cyclohexanone containing at least 48.8
ppb of sodium, 1.2 ppb magnesium, 0.79 ppb of aluminum, 3.7 ppb of potassium, 45.7 ppb of
calcium, 0.07 ppb Titanium, 27.9 ppb chromium, 2.3 ppb of iron, and 1.38 ppb of zinc. In an
embodiment, the membrane 100 had a metal capacity above a control cleaned membrane of at
least 31 nanograms per centimeter squared of membrane area for sodium. In another
embodiment, the membrane 100 had a metal capacity above the control cleaned membrane of
at least 14 nanograms per centimeter squared of membrane area for magnesium. In another
embodiment, the membrane 100 had a metal capacity above the control cleaned membrane of
at least 1.5 nanograms per centimeter squared of membrane area for aluminum. In another
embodiment, the membrane 100 had a metal capacity above the control cleaned membrane of
at least 8.7 nanograms per centimeter squared of membrane area for potassium. In another

embodiment, the membrane 100 had a metal capacity above the control cleaned membrane of
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at least 95 nanograms per centimeter squared of membrane area for calcium. In another
embodiment, the membrane 100 had a metal capacity above the control cleaned membrane of
at least 1 nanogram per centimeter squared of membrane area for titanium. In another
embodiment, the membrane 100 had a metal capacity above the control cleaned membrane of
at least 2.8 nanograms per centimeter squared of membrane area for chromium. In another
embodiment, the membrane 100 had a metal capacity above the control cleaned membrane of
at least 1 nanogram per centimeter squared of membrane area for iron. In another
embodiment, the membrane 100 had a metal capacity above the control cleaned membrane of
at least 5.9 nanograms per centimeter squared of membrane area for zinc.

[000055] In an embodiment, the membrane 100 had a metal capacity above a control cleaned
membrane for one or more metals, either individually or a combinations of two or more
thereof when challenged with cyclohexanone containing at least 48.8 ppb of sodium, 1.2 ppb
magnesium, 0.79 ppb of aluminum, 3.7 ppb of potassium, 45.7 ppb of calcium, 0.07 ppb
Titanium, 27.9 ppb chromium, 2.3 ppb of iron, and 1.38 ppb of zinc.

[000056] While the invention has been described in detail in connection with only a limited
number of aspects, it should be readily understood that the invention is not limited to such
disclosed aspects. Rather, the invention can be modified to incorporate any number of
variations, alterations, substitutions or equivalent arrangements not heretofore described, but
which are commensurate with the spirit and scope of the invention. Additionally, while
various embodiments of the invention have been described, it is to be understood that aspects
of the invention may include only some of the described embodiments. Accordingly, the
invention is not to be seen as limited by the foregoing description, but is only limited by the

scope of the appended claims.
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CLAIMS

What 1s claimed is:

1. A microporous membrane, comprising;:
a polyamide-imide polymer;
wherein the microporous membrane has an HFE bubble point from about 25 psi
to about 200 psi and has an IPA flow-time from about 2800 second to about 11,000

seconds.

2. The microporous membrane of claim 1, wherein the HFE bubble point is in a range

from about 53 psi to about 99 psi.

3. The microporous membrane of claim 1, wherein the HFE bubble point is in a range

from about 38 psi to about 75 psi.

4. The microporous membrane of claim 1, wherein the IPA flow time is in a range from

about 4090 second to about 7535 seconds.

5. The microporous membrane of claim 1, wherein the IPA flow time is in a range from

about 2800 second to 3445 seconds.

6. The microporous membrane of claim 1, wherein the microporous membrane has an

asymmetric structure with a tight layer and an open layer.

7. The microporous membrane of claim 6, wherein the tight layer has a thickness of less

than 10 microns.

8. The microporous membrane of 1, wherein the microporous membrane has a calcium

metal capacity of at least 95 nanograms per centimeter squared of membrane.

9. The microporous membrane of claim 1, wherein the microporous membrane has a zinc

metal capacity of at least 5.9 nanograms per centimeter squared of membrane.

10. The microporous membrane of claim 1, wherein the microporous membrane has a

sodium metal capacity of at least 31 nanograms per centimeter squared of membrane.

1744745.v1
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A membrane comprising;:
a polyamide-imide polymer;
wherein the membrane has an HFE bubble point from about 25 psi to about
200 psi; and
the membrane is microporous, asymmetric and has a tight layer with a

thickness of <10 microns.

The membrane of claim 11, wherein the HFE bubble point is in a range from about 25

psi to about 150 psi.

The membrane of claim 11, having an HFE bubble point from about 25 psi to about
100 psi.

The membrane of claim 11, further having an IPA flow time in a range from about 400

seconds to about 40,000 seconds.

The membrane of claim 14, wherein the IPA flow time is in a range from about 2800

second to about 11,000 seconds.

The membrane of claim 11, wherein the tight layer has a thickness of less than about 8

microns.

The membrane of claim 11, wherein the membrane has a calcium metal capacity of at

least 95 nanograms per centimeter squared of membrane.

The membrane of claim 11, wherein the membrane has a zinc metal capacity of at least

5.9 nanograms per centimeter squared of membrane.

The membrane of claim 11, wherein the membrane has a sodium metal capacity of at

least 31 nanograms per centimeter squared of membrane.

A filter device, comprising:

a filter incorporating a microporous membrane comprising a polyamide-imide

polymer;

1744745.v1
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wherein the microporous membrane has an HFE bubble point from about 25 psi

to about 200 psi and has an IPA flow-time from about 2800 second to about 11,000

seconds.

1744745.v1
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and has an IPA flow-time from about 2800 second to about
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1.2. claims: 10-19

Membrane comprising: a polyamide-imide polymer; wherein the
membrane has an HFE bubble point from about 25 psi to about
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