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and alter its chemical reactivity. Such method may involve an insertion mech-
R anism to modify the polymer substrate to increase or decrease its surface en-
ergy, polarity, hydrophilicity or hydrophobicity, oleophilicity or oleophobi-
city, and/or the like in order to improve the compatibility of the polymer sub-

strate with, for example, coatings, materials, adjoining layers, and/or the like.
Furthermore, this invention can be used to produce chemically moditied
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proved hydrophilicity or wettability, having crosslinking in the polyolefin
which can improve the high temperature stability, and/or the like.
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SURFACE MODIFIED POLYMERIC MATERIALS, MODIFIED FUNCTIONALIZED
POLYMERS, FUNCTIONAL POLYMERS, AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims priority to and the benefit of each of US
provisional patent application Serial No. 61/508,725 filed July 18, 2011, and US
provisional patent application Seria.l No.61/547,812 filed October 17, 2011, both of

which are hereby fully incorporated by reference herein.

FIELD OF THE INVENTION

The instant invention is directed to surface modified polymeric materials,
modified functionalized polymers, functional polymers, chemically modified substrates
including modified functionalized polymers, methods of making and/or using surface
modified polymeric materials, modified functionalized polymers, functional polymers,
and/or chemically modified substrates including modified functionalized polymers,
methods of modifying a functionalized polymer and/or methods of using modified
functionalized polymers to chemically react with the surface of a substrate, and/or
methods of using such chemically modified substrates. At least certain embodiments
are directed to modified functionalized polymers, functional polymers, and methods of
modifying functionalized polymers for chemically modifying porous and/or nonporous
polymer substrates and/or methods of using such modified substrates. At least selected

embodiments are directed to modified functionalized polymers, functional polymers, and
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methods of modifying functionalized polymers for chemically modifying porous and/or
microporous polymer substrates and methods of using such modified substrates. At
least certain embodiments are directed to modifying certain functionalized polymers to
enable them to effect a change in the surface property of a substrate. In accordance
with at least selected possibly preferred embodiments, the invention is directed to using
a carbene and/or nitrene crosslinking modifier to chemically modify a functionalized
polymer to form a modified functionalized polymer which can chemically modify the
surface of a substrate and effect a change in the surface properties of the substrate for
an intended application. In accordance with at least selected possibly preferred
embodiments, the invention is directed to using a carbene and/or nitrene crosslinking
modifier (component B) to covalently modify a polymeric surface with a functionalized
polymer (component A). Such a modification may alter the chemical reactivity of the
polymeric surface enabling the modified substrate to have a specifically designed

functionality for an intended end use or application.

BACKGROUND OF THE INVENTION

Various methods exist to modify the physical or chemical nature of surfaces of
polymeric materials. Certain known modifications of surfaces of polymeric materials are
often fugitive and fail to permanently modify the polymer substrate for a variety of end

use applications.

One such known method is a treatment or pre-treatment of the surface of the

polymer substrate, for example using ultraviolet light, plasma, or corona treatment. Such
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treatments may be harsh, particularly for thin films and certain polymer classes. Using
these methodologies may cause a risk of mechanical or chemical damage to the
surface of the polymer substrate. Damage, in some cases, can compromise the

performance of the modified polymer substrate for its intended end use application.

Thus there exists a need for improved methods to modify the physical and/or
chemical nature of surfaces of polymeric materials. In particular, a need exists for
improved or novel methods for permanently modifying a polymer substrate for a variety
of end use applications, surface modified polymeric materials, modified functionalized

polymers, functional polymers, uses of such materials, and the like.

SUMMARY OF THE INVENTION

In accordance with at least selected embodiments, the present invention may
provide or at least address the need for improved methods to modify the physical and/or
chemical nature of surfaces of polymeric materials, for improved or novel methods for
permanently modifying the polymer substrate for a variety of end use applications, for
surface modified polymeric materials, for modified functionalized polymers, for

functional polymers, uses of such materials, and the like.

At least certain embodiments of the present invention may address the above
needs and are directed to modified functionalized polymers, functional polymers and
chemically modified substrates including modified functionalized polymers, methods of

modifying a functionalized polymer and/or methods of using modified functionalized
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polymers to chemically react with the surface of a substrate, and/or methods of using

such chemically modified substrates.

More particularly, at least certain embodiments are directed to modifying certain
functionalized polymers to enable them to effect a change in the surface property of a
substrate. In accordance with at least selected preferred embodiments, the invention is
directed to using preferably a carbine, nitrene or combined carbine and nitrene
crosslinking modifier (component B or modifier component B) or precursor thereof, to
chemically modify a functionalized polymer (component A or functionalized component
A) to form a modified functionalized polymer A-B which can then chemically modify the
surface of a polymer substrate and effect a change in the surface properties of the
polymer substrate for an intended application, product, process, or end use. A carbene
(R-C:) is any member of a class of highly reactive molecules containing divalent carbon
atoms, that is, carbon atoms that utilize only two of the four bonds they are capable of
forming with other atoms with no associated ionic charge. A nitrene (R-N:) is the
nitrogen analogue of a carbene and has only six valence electrons. Nitrenes and
carbenes are reactive intermediates that can be reacted with a functional component A
to form a special chemical species referred to herein as a ‘modified functionalized
polymer A-B’ which is capable of reacting with a polymer substrate resulting in the
attachment of a specific chemical functionality to the polymer substrate and tailoring the
chemical structure or properties of the polymer substrate specifically for an intended

end use.
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The chemical reaction of a modified functionalized polymer A-B that has a
specific chemical functionality with the polymeric surface of the substrate would result in
a permanent modification (chemical modification) of the polymeric surface of the
substrate. More specifically, reacting functionalized component A with modifier
component B can generate a modified functionalized polymer A-B which is capable of

acting as an adhesion promoter/ demoter agent.

The chemical reaction of a modified functionalized polymer A-B that has a
specific chemical functionality with the polymeric surface of the substrate would result in
a permanent modification of the polymeric surface of the substrate. More specifically,
reacting functionalized component A with modifier component B can generate a
modified functionalized polymer A-B which is capable of acting as an adhesion
promoter/ demoter agent which then can chemically bond to the surface of the polymer
substrate and change the surface energy of the polymer substrate leading to enhanced

adhesion properties in adhesive or lamination applications.

Still more specifically, the modified functionalized polymer A-B can covalently
modify a polymer substrate which has a lower or higher surface energy that counteracts
the direct attachment of functional component A. More specifically, modified
functionalized polymer A-B can modify the polymer substrate which has a polarity that
limits and/or prevents the direct attachment of functional polymer A. More specifically,
the modified functionalized polymer A-B can modify the polymer substrate which has a

surface that is hydrophilic or hydrophobic which can limit and/or prevent the direct
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attachment of functional component A. Still more specifically, modified functionalized
polymer A-B can modify the polymer substrate which has a surface that is oleophilic or

oleophobic which can limit and/or prevent the attachment of functional component A.

Yet more specifically, the modified functionalized polymer A-B can modify a
polymer substrate by changing its surface energy. More specifically, the modified
functionalized polymer A-B can be used to increase or decrease the effective surface
energy of the polymer substrate to improve its compatibility with, for example, coatings,

materials, adjoining layers, or the like.

More specifically, modified functionalized polymer A-B can modify the polymer
substrate which has a polarity that limits and/or prevents the direct attachment of
functional polymer A, can modify the polymer substrate which has a surface that is
hydrophilic or hydrophobic which can limit and/or prevent the direct attachment of
functional component A, or can modify the polymer substrate which has a surface that is
oleophilic or oleophobic which can limit and/or prevent the attachment of functional

component A.

At least certain selected embodiments of the present invention address the
above described needs and are directed to modified functionalized polymers, functional
polymers and chemically modified substrates including modified functionalized
polymers, methods of modifying a functionalized polymer and/or methods of using

modified functionalized polymers to chemically react with the surface of a substrate,
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and/or methods of using such chemically modified substrates. At least certain
embodiments are directed to modified functionalized polymers, functional polymers, and
methods of modifying functionalized polymers for chemically modifying porous and
nonporous polymer substrates and methods of using such modified substrates. At least
selected embodiments are directed to modified functionalized polymers, functional
polymers, and methods of modifying functionalized polymers for chemically modifying
porous and microporous polymer substrates and methods of using such modified

substrates.

At least certain selected embodiments of the present invention address the need
to modify the surface of porous polymeric substrates. At least selected embodiments of
the present invention address the above need and/or are directed to modified porous
polymeric membrane substrates, methods of making modified polymeric porous
membrane substrates, and/or methods of using modified polymeric porous membrane
substrates, chemically modified polyolefin microporous membranes, methods of
making chemically modified polyolefin microporous membranes, and/or methods of
using chemically modified polyolefin microporous membranes, chemically modified
polyolefin microporous battery separators or battery separator membranes, methods of
making chemically modified polyolefin microporous battery separators or battery
separator membranes, and/or methods of using chemically modified polyolefin
microporous battery separators or battery separator membranes, chemical modification
of polyolefin microporous battery separators or separator membranes by the reaction of

the modified functionalized polymer A-B which contains the carbene and/or nitrene
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intermediate with the carbon-hydrogen bonds of the polyolefin to form carbon-carbon or
covalent bonds with the polyolefin, methods of improving the hydrophilicity or wettability
of the polyolefin microporous battery separators or separator membranes in lithium-ion
rechargeable batteries, and/or methods of introducing crosslinking into the polyolefin

microporous battery separators or separator membranes, and/or the like.

In accordance with at least selected possibly preferred embodiments of the
invention, chemical modification of at least a portion of the surface of polyolefin
microporous separators or membranes can be accomplished by the functionalized
polymer A containing the carbene and/or nitrene intermediate with, for example, the
carbon-hydrogen bonds of the polyolefin. This chemical reaction or treatment based on
functionalized polymer A (component A or functionalized component A) containing the
carbene and/or nitrene intermediate provides a method of more permanently improving
the wettability of polyolefin microporous separators in lithium-ion rechargeable batteries.
In addition, the preferred reaction of functionalized polymer A containing the carbene
and/or nitrene intermediate with the C-C and C-H bonds in at least a surface layer of
polyolefin microporous separator membranes can be used to introduce a crosslinking
functionality into the polyolefin which can be used to improve the high temperature

stability of the polyolefin microporous separators or membranes.

In accordance with at least certain selected embodiments, the present invention
addresses the need to modify the surface of porous polymeric substrates. At least

selected embodiments of the present invention address the above need and are
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directed to modified porous polymeric membrane substrates, methods of making
modified polymeric porous membrane substrates, and methods of using modified
polymeric porous membrane substrates. More particularly, the invention is directed to
chemically modified polyolefin microporous membranes, methods of making chemically
modified polyolefin microporous membranes, and methods of using chemically modified
polyolefin microporous membranes. Still more particularly, the invention is directed to

| chemically modified polyolefin microporous waterproof / breathable textile membranes,
methods of making chemically modified polyolefin microporous waterproof / breathable
textile membranes, and methods of using chemically modified polyolefin microporous
waterproof / breathable textile membranes. In accordance with at least selected
preferred embodiments, the invention is directed to chemical modification of polyolefin
microporous waterproof / breathable textile membranes by the reaction of the modified
functionalized polymer A-B which contains the carbene and/or nitrene intermediate with
the carbon-hydrogen bonds of the polyolefin, methods of decreasing the surface energy
or imparting oleophobicity to waterproof / breathable textile membranes to improve the
fouling resistance of waterproof / breathable textiles and/or improve the durability of the

membranes’ waterproofness, and/or the like.

in accordance with at certain selected embodiments, the present invention
addresses the need to modify the surface of polymeric textile fibers. At least selected
embodiments of the present invention address the above need and are directed to
modified polymeric textile fibers, methods of making madified polymeric textile fibers,

and methods of using modified polymeric textile fibers. More particularly, the invention
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is directed to chemically modified polyolefin textile fibers, methods of making chemicaily
modified polyolefin textile fibers, and methods of using chemically modified polyolefin
textile fibers. In accordance with at least selected possibly preferred embodiments, the
invention is directed to chemical modification of polymeric textile fibers by the reaction
of the modified functionalized polymer A-B which contains the carbene and/or nitrene
intermediate with the carbon-hydrogen bonds of the polymeric textile fibers, methods of
decreasing the surface energy or imparting oleophobicity to polymeric textile fibers to
improve the fouling resistance of polymeric textile fibers and/or improve the durability of

the textile fibers’ waterproofness, and/or the like.

At least certain objects, embodiments, aspects, and/or examples of the instant
invention are directed to surface modified polymeric materials, modified functionalized
polymers, functional polymers, chemically modified substrates including modified
functionalized polymers, methods of making and/or using surface modified polymeric
materials, modified functionalized polymers, functional polymers, and/or chemically
modified substrates including modified functionalized polymers, methods of modifying a
functionalized polymer and/or methods of using modified functionalized polymers to
chemically react with the surface of a substrate, and/or methods of using such
chemically modified substrates. At least certain embodiments are directed to modified
functionalized polymers, functional polymers, and methods of modifying functionalized
polymers for chemically modifying porous and/or nonporous polymer substrates and/or
methods of using such modified substrates. At least selected embodiments are directed

to modified functionalized polymers, functional polymers, and methods of modifying

-10 -
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functionalized polymers for chemically modifying porous and/or microporous polymer
substrates and methods of using such modified substrates. At least certain
embodiments are directed to modifying certain functionalized polymers to enable them
to effect a change in the surface property of a substrate. In accordance with at least
selected possibly preferred embodiments, the invention is directed to using a carbene
and/or nitrene crosslinking modifier to chemically modify a functionalized polymer to
form a modified functionalized polymer which can chemically modify the surface of a
substrate and effect a change in the surface properties of the substrate for an intended
application. In accordance with at least selected possibly preferred embodiments, the
invention is directed to using a carbene and/or nitrene crosslinking modifier (component
B) to covalently modify a polymeric surface with a functionalized polymer (component
A). Such a modification may alter the chemical reactivity of the polymeric surface
enabling the modified substrate to have a specifically designed functionality for an

intended end use or application.

At least certain objects, embodiments, aspects, and/or examples of the instant
invention are directed to improved or novel methods for permanently modifying a
polymer substrate for a variety of end uses or applications, surface modified polymeric
materials, modified functionalized polymers, functional polymers, uses of such

materials, and/or the like.

Other objects, embodiments, aspects, or examples of the present invention may

be shown or described in the drawings, the detailed description or the claims.

-11-
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BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a formulaic reaction illustration of nitrene generation, carbine
generation, and the insertion mechanism or reaction in accordance with at least
selected possibly preferred embodiments of the present invention. For example, Figure
1 illustrates the chemical reactions showing R/R’ groups modified to tailor surface
characteristics of a polyolefin, such as the surface of a polyolefin substrate, for example,

the R/R’ groups can be modified to tailor surface characteristics such as wetting.

Figure 2 is a schematic illustration of a surface modified polymeric material or a
chemically modified substrate including modified functionalized polymers in accordance

with at least selected possibly preferred embodiments of the present invention.

Figure 3 is a schematic illustration of a coated or treated surface modified
polymeric material or a coated or treated chemically modified substrate, for example,
modified by modified functionalized polymers to facilitate the desired coating or
treatment (such as by raising or lowering the surface energy of the polymeric material or
substrate suface) in accordance with at least selected possibly preferred embodiments

of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

At least certain embodiments of the present invention may address the above

needs and/or are directed to new, improved, or modified surface modified polymeric

-12-



WO 2013/012905 PCT/US2012/047160

materials, modified functionalized polymers, functional polymers, and/or chemically
modified substrates including modified functionalized polymers, and/or methods of
modifying a functionalized polymer and/or methods of using modified functionalized
polymers to chemically react with the surface of a substrate, and/or methods of using

such chemically modified substrates.

More particularly, certain embodiments are directed to modifying certain
functionalized polymers to enable them to effect a change in the surface property of a
substrate. In accordance with at least selected preferred embodiments, the invention is
preferably directed to using a carbene and/or nitrene crosslinking modifier (component
B or modifier component B) to chemically modify a functionalized polymer (component
A or functional or functionalized component A) to form a modified functionalized polymer
A-B which can then chemically modify the surface of a polymer substrate and effect a
change in the the surface properties of the polymer substrate for an intended

application.

A carbene (R-C:) is any member of a class of highly reactive molecules
containing divalent carbon atoms, that is, carbon atoms that utilize only two of the four
bonds they are capable of forming with other atoms. A nitrene (R-N:) is tﬁe nitrogen
analogue of a carbene and has only 6 valence electrons. Nitrenes and carbenes are
reactive intermediates that may have unique reactivity towards both functional and
nominally nonfunctional substrates. Although there may be methods available to modify

certain functional polymeric substrates, the current invention provides a method well

-13-
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suited to modify those polymeric substrates that are nonfunctional, that is, they do not
contain functional groups. Most polyolefins are essentially “nonfunctional” as they do
not readily accept modification without significant consequences to the mechanical or
chemical stability of the material. Carbene and/or nitrene based intermediates provide
an opportunity to modify nonfunctional polyolefins without the severe degradation that
typically occurs with many conventional surface modification approaches. Furthermore,
the use of carbene, nitrene or combined carbene and nitrene based intermediates of the
present invention may provide opportunities that can be applied to most, if not alll
polymeric substrates without regard for chemical modification that is specific to a
functional group. The reactive carbene and/or nitrene based intermediates of the
present invention have the advantage of being capable of inserting themselves into
carbon-hydrogen chemical bonds of a polyolefin polymeric substrate. The special
chemical reactivity of carbene and/or nitrene based intermediates alfows functional
component A-B to react with “nonfunctional” materiais providing a means to attach

component A to the polymer substrate.

In accordance with one example of the present invention, modifier component B
with a plurality of carbene and/or nitrene intermediates or precursors can be mixed with
one or more desired functional component A’s to form a special chemical species
referred to herein as a ‘multiple reactive site modified functionalized polymer A-B'.
Given the appropriate ratio and formulation conditions, this coacervate is capable of
further reacting with a given polymer substrate that could be polyolefinic in nature, or

some other synthetic or naturally derived polymer material resulting in the attachment of

-14 -
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a specific, desired chemical functionality to the polymer substrate that tailors the

chemical structure of the polymer substrate specifically for an intended end use.

The chemical reaction of a modified functionalized polymer A-B that has a
specific chemical functionality with the polymeric surface of the substrate may result in a
permanent, covalent modification of a desired polymeric surface with the chemical
functionality of component A. In accordance with the present invention, one example is
a polyolefinic substrate modified with a poly(ethylene oxide) polymer or oligomer
(example component A). A component B having a plurality of carbene and/or nitrene
generating species can act as a tether between a polyolefin surface and a poly(ethylene
oxide) component A. The resulting composite material (polyolefin substrate with
functionalized component A-B) has bulk properties resembling the polyolefin substrate,
but with the surface properties of poly(ethylene oxide). For instance, the post modified
polyolefin surface may appear to have a much higher surface energy than normal
polyolefin, approaching that of a typical poly(ethylene oxide) substrate surface,
depending on the quality and extent of modification. Applications for such
functionalized component A-B modified polymeric substrates of the present invention
include for example, enhanced wettability of battery separator materials, anti-fouling,
and adhesion promotion for certain coatings, materials, layers, or treatments among

others.

Other polymeric materials that could be used as a component A in the

functionalized component A-B modified polymeric substrate may preferably include

- 15 -
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materials with different surface properties than the base substrate. For example, a
particular antifouling application may require a fluorinated functional component A.
Utilizing fluorinated polymers or oligomers as functional component A, polymer
substrate surfaces can be obtained that have properties similar to fluorinated materials
with respect to hydrophobic or oleophobic behavior that do not suffer the same bulk

mechanical disadvantages as the bulk fluorinated materials.

In accordance with one example of the present invention, this concept can be
extended to other substrates such as polyamide substrates commonly used for
carpeting or textile applications. Certain known finishes for polyamide substrates
typically have very little chemical functionality to facilitate attachment. Other typical
covalent modifications could prove detrimental to the bulk properties of the material and
lead to degraded end use properties of the polyamide substrate. The carbine and/or
nitrene tether concept of the present invention can add standard textile finishes to these

types of polyamide substrates.

In accordance with at least selected embodiments of the present invention,
microporous polyolefin membrane substrates can be modified with selected
functionalized components A-B to exclude various materials such as alcohols, aliphatics
and aromatic compounds. Microporous polyolefin membranes tend to absorb significant
amounts of oil within their pores. The present functionalized component A-B treatment

or modification can be used to modify the surface of microporous polyolefin membranes

-16 -
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to exclude materials such as alcohols, aliphatics or aromatic compounds, thereby

creating modified substrates for use in new types of separations.

In accordance with at least selected embodiments of the present invention,
applications also exist to lower the surface energy of microporous polyolefin
membranes using a functionalized component A-B. The comfort of waterproof
outerwear can be greatly improved by making the garment more breathable to enable
the body moisture of the wearer to evaporate through the fabric of the waterproof
outerwear. This functionality is commonly referred to as “waterproof / breathable”
outerwear. Many waterproof / breathable garments incorporate non-porous materials
that rely on molecular transport of water molecules to achieve breathability. There is a
need to provide improved breathability by incorporating truly porous membranes that
allow water vapor molecules to evaporate through diffusion in air, thus greatly
increasing breathability and enhancing wearer comfort. One disadvantage of certain
microporous membranes is they can become fouled by natural body oils or other oils
resulting in a reduction in the waterproof performancev of the membrane. This
disadvantage can be overcome using the present invention to modify the surface of the
microporous membrane, for example, with a fluorinated compound, to make the

membrane surface oleophobic and resistant to fouling by natural body oils or other oils.
In accordance with at least selected embodiments of the present invention,

applications also exist to lower the surface energy of polymeric textile fibers and/or

fabrics using a functionalized component A-B. The waterproof performance and/or stain

-17 -
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resistance of polymeric textile fibers and fabrics is often achieved through the
application of durable water repellent (‘DWR”) coatings and finishes. These DWR
coatings and finishes have poor durability and wear off due to repeated washing and/or
use. Some textile fibers and/or fabrics, for example those made of acrylic, are less
readily treated with DWR coatings and often are not used in applications where water
and/or stain resistance is important. At least certain methods or embodiments of the
present invention can be used to modify polymeric textile fibers and/or fabrics, for
example using a fluorinated compound, to make the polymeric textile fibers and/or

fabrics permanently waterproof and/or stain resistant.

Furthermore, in accordance with at least selected embodiments of the present
invention, functionalized component A-B can be used to reduce the surface energy of a
polyolefin membrane used in the wall of certain fragrance container devices. Certain
fragrance container devices function through the controlled release of a fragrance
material through the wall or walls of a fragrance container device. The fragrance
container device can typically consist of a polyolefin and is often made of polyethylene.
However, the release rate of the fragrance through the polyolefin membrane wall of the
fragrance container device can be limited by the non-porous nature of the polyolefin
membrane. Consequently, the fragrance container device must be made larger in size
and/or the concentration of the fragrance in the fragrance container device must be

increased in order to achieve the desired release rate of fragrance.

-18 -
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There is an economic need to use less fragrance in such fragrance container
devices while achieving the desired fragrance release rate. For this reason, use of a
microporous polymeric membrane as the wall material in a fragrance container device
or container would facilitate the movement of fragrance through the membrane wall of
the fragrance container device at a much more rapid rate. However, the use of
microporous polyolefin membranes in fragrance container device applications has been
limited by the tendency of the fragrance oils to leak through the membrane wall of the
container. This disadvantage can be overcome by using the present invention to modify
the surface energy of the microporous membrane, for example, by using a fluorinated
functionalized polymer A-B to make the membrane or wall of the fragrance container

device oleophobic and resistant to leakage of the fragrance oils.

In accordance with at least selected embodiments of the present invention, the
modified functionalized polymer A-B can modify a polymer substrate which has a lower
or higher surface energy that counteracts the direct attachment of functionat component
A. More specifically, modified functionalized polymer A-B can covalently modify the
polymer substrate which has a polarity that limits and/or prevents the direct attachment
of functional polymer A. More specifically, the modified functionalized polymer A-B can
modify the polymer substrate which has a surface that is hydrophilic or hydrophobic
which can limit and/or prevent the direct attachment of functional component A. Still
more specifically, modified functionalized polymer A-B can modify the polymer substrate
which has a surface that is oleophilic or oleophobic which can limit and/or prevent the

attachment of functional component A.

-19 -



WO 2013/012905 PCT/US2012/047160

At least certain embodiments of the present invention are directed to the
placement of a specific chemical functionality in modified polymer A which will enable
functionalized polymer A to act as an adhesion promoter or demoter to chemically react
with the surface of a substrate. In accordance with at least selected possibly preferred
embodiments, the invention is directed to modifying functionalized polymer A with a
carbene and/or nitrene intermediate which includes a crosslinking group. The
incorporation of a crosslinking functional group enables functionalized polymer
component A to act as an adhesion promoter or demoter polymer agent which can
chemically modify the surface of a substrate resulting in a durable or nonfugitive change

to the surface of the substrate.

At least certain embodiments are directed to modifying certain functionalized
polymers for the purpose of changing surface energy of the polymer substrate. This can
lead to enhanced adhesion properties for adhesive or lamination applications, in
particular, for cases in which other adhesion promotion techniques could be detrimental

to the mechanical or chemical stability of the substrate.

At least certain embodiments are directed to modifying certain functionalized
polymers with a single carbene and/or nitrene component B or with a mixture of
multifunctional carbene and/or nitrene component Bs for the purpose of including
biologically derived polymers and small molecules for end use applications that may

require biological detection or assaying. Proteins, DNA, RNA, naturally occurring
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polysaccharides, or other biologically relevant materials can be used for these types of

applications.

Modifications of the surface of the polymer substrate can be made for the
purpose of changing its functionality. For example, a nominally chemically inert polymer
substrate can be modified by decorating the surface of the substrate with functional
groups added by modified functional component A-B which is designed to participate in
a secondary post treatment reaction to modify a polymer substrate. Such a change
alters the functionality of the polymer substrate for an intended end use application. An
example of such a post treatment reaction is a textile end use application in which the
surface of a textile substrate has been reacted with modified component A-B so it can
accept standard textile dying chemical and procedures to generate substantially

different end results.

The polymer substrate can consist of any synthetic or natural polymer or
copolymer such as olefinic, styrenic, silicone, urethane, acrylate, ester, vinyl, cellulosics,
amides, aramids, ethers, or co-polymers,blends and/or mixtures of such. Additionally,
the polymer substrate can also be a cross linked network material, such as phenol-
formaldehyde resin or rubber-type materials such as butadiene, isoprene, and neoprene.
Additionally, the polymer substrate can be a halogen-containing polymer such as
Polytetrafiuoroethylene (PTFE), Polyvinylidene fluoride (PVDF), Polyvinylidene

Dichloride (PVDC), and Polyvinyl chloride (PVC).
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The chemical structure of functional polymer A contains the desired surface
functional group required by the polymer substrate in the end use application.
Functional polymer A can consist of similar polymers as the polymer substrate. In
addition, functional polymer A can consist of polyamines, polyols, polyamides, and

blends, mixtures or co-polymers of such.

In accordance with at least selected preferred embodiments, the invention is
directed to using as ’Component B a multifunctional material (f > 2.0) that has pendant
functional groups tailored to generate carbene and/or nitrene species in situ.
Component A and component B are chemically reacted to produce the active chemical
species which can react with the surface of the polymer substrate enabling the modified

polymer substrate to be useful in the intended end use application.

The ratio between component A and component B can be varied to generate
optimal performance properties in the end use application. Typical component A/
component B application ratios could range from about 1.0 to 200.0, depending on
desired surface properties, intended end use application of the polymer substrate, and

the reactivity of component A with component B.
At least certain embodiments are directed to modifying certain functionalized

polymers for the purpose of including biologically derived polymers and small molecules

for applications that may require biological detection or assaying. Proteins, DNA, RNA,
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naturally occurring polysaccharides, or other biologically relevant materials can be used

for these types of applications.

At least certain embodiments are directed to modifying the surface of a polymer
substrate with a mixture of multifunctional carbene and/or nitrene precursor component
B which has been reacted with a desired component A functional synthetic polymer,

small molecule, or biologically active surface modifying agent.

Modifications of the surface of the polymer substrate can be made for the
purpose of changing its functionality. For example, a nominally chemically inert polymer
substrate can be modified by decorating the surface of the substrate with functional
groups added by functional component A or indirectly by modifying the ‘component A-
modified polymer substrate’ in a secondary post treatment reaction. Such a change
alters the functionality of the polymer substrate for an intended end use application. An
example of such a post treatment reaction is a textile end use application in which the
surface of a textile substrate has been reacted with modified component A-B so it can
accept standard textile dying chemical and procedures to generate substantially

different end results.

At least selected embodiments of the present invention are directed to modified
porous membranes, methods of making modified porous membranes, and methods of
using modified porous membranes. More particularly, the invention is directed to

chemically modified polyolefin microporous membranes, methods of making chemically
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modified polyolefin microporous membranes, and methods of using chemically modified
polyolefin microporous membranes. Still more particularly, the invention is directed to
chemically modified polyolefin microporous battery separators or battery separator
membranes, methods of making chemically modified polyolefin microporous battery
separators or battery separator membranes, and methods of using chemically modified

polyolefin microporous battery separators or battery separator membranes.

In accordance with at least selected preferred embodiments, the invention is
directed to chemical modification of polyolefin microporous battery separators or
separator membranes by the chemical reaction of carbene and/or nitrene intermediates
with the carbon-hydrogen bonds of the polyolefin, methods of improving the
hydrophilicity or wettability of the polyolefin microporous battery separators or separator
membranes in lithium-ion rechargeable batteries, methods of introducing crosslinking
into the polyolefin microporous battery separators or separator membranes, and/or the

like.

In accordance with at least selected preferred embodiments of the invention,
chemical modification of at least a portion of the surface of polyolefin microporous
separators or separator membranes can be accomplished by the chemical reaction of
carbene and/or nitrene intermediates with the carbon-hydrogen bonds of the polyolefin.
This chemical reaction or treatment based on carbene and/or nitrene intermediates
provides a method of more permanently improving the wettability of polyolefin

microporous separators in lithium-ion rechargeable batteries. In addition, the preferred
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reaction of carbene and/or nitrene intermediates with the C-C and C-H bonds in at least
a surface layer of polyolefin microporous separator membranes can be used to
introduce crosslinking into the polyolefin which can improve the high temperature

stability of the polyolefin microporous separators or membranes.

An exemplary battery separator may be a single layer, multiple layer or mulitiple-
ply battery separator made of one or more layers or plies of polyolefin porous
membrane or film. The microporous membrane may be a symmetric membrane or an
asymmetric membrane. The membrane may be made from one or more polyolefin
polymers or blends including, but not limited to, polyethylene (PE, including LDPE,
LLDPE, and HDPE), ultra high molecular weight polyethylene (ULHMWPE),
polypropylene (PP), polymethylpentene (PMP), copolymers of any of the foregoing, and
mixtures thereof. The membrane may be made by any suitable process including, but
not limited to, a dry stretch process (also known as the CELGARD process) or a solvent
process (also known as the gel extrusion or phase separation or extraction or wet
process) or a netting (or aperture) process (the film is cast onto a chilled roll, the roll has
a pattern that is embossed onto the film, subsequently the embossed film is stretched
(MD/TD), whereby large pores are formed along the embossed pattern). The membrane
preferably has the necessary characteristics to operate as a battery separator in a
battery such as a lithium battery, more preferably a rechargeable lithium-ion battery, or
the like. The chemically modified membrane of the present invention may be the outer
layer of a tri-layer membrane (e.g., PP/PE/PP or PE/PP/PE) or other multi-layer

membrane or separator such as a tri-layer shutdown separator.

-25.



WO 2013/012905 PCT/US2012/047160

Polyolefins are a class or group of thermoplastic polymers derived from simple
olefins. Polyolefins generally include polyethylene, polypropylene, polybutylene,
polymethyl pentene, and copolymers thereof. Polyolefin articles generally include fibers
and films, but also include microporous films and microporous hollow fibers.
Microporous refers to an article which has a plurality of pores with effective diameters of
1 micron or less. Hydrophobic polyolefins refer to polyolefins having surface energies

equivalent to or less than the surface energy of polyethylene.

In accordance with at least certain embodiments, a polyolefin article is made
more hydrophilic or wettable by chemical modification of at least a portion of the surface
of the polyolefin article, such as a microporous separator or membrane by the chemical
reaction of carbene and/or nitrene intermediates with the carbon-hydrogen bonds of the
polyolefin. In addition, the preferred reaction of carbene and/or nitrene intermediates
with the C-C and C-H bonds in at least a surface layer of the polyolefin article can be
used to introduce crosslinking into the polyolefin which can improve the high
temperature stability, the strength, and/or the like. The foregoing hydrophilic polyolefin
articles may be used in any application where a hydrophilic polyolefin is necessary or
desirable, for example, air filtration, air cleaning, water filtration, water cleaning, water
purification, medical equipment, separation equipment, semiconductor manufacture,

battery cell separator, ultrafiltration equipment, and the like.
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With regard to battery or cell separators, the chemical treatment is applied to one
or preferably both surfaces of the microporous polyolefin membrane. This treated

separator is particularly suitable for lithium-ion secondary batteries.

With regard to the separation, filtration, cleaning, and purification equipment,
particularly where microporous polyolefin hollow fibers or flat sheet membranes are

used, higher flux rates are obtainable by use of the modified materials.

The microporous membrane is typically a hydrophobic, polyolefin polymer. Such
polymers include, for example, polyethylene, polypropylene, and blends, mixtures or
co-polymers thereof. The method of manufacturing the membrane is not critical, and
may include, for example, the "dry" stretch (or Celgard) process or the "solvent" stretch
(or phase inversion) process. Such membranes may have a thickness of about 75
microns or less. For cetain applications, dry process polypropylene membranes may be

preferred.

Chemical modification of carbon-hydrogen and other bonds in polyolefins as a
means to permanently modify the hydrophobic nature of polyolefins can be challenging
due to the limited number of available chemical reactions. The carbon-hydrogen and
carbon-carbon bonds are both very stable making it difficult to permanently modify
polyolefins such as polypropylene and polyethylene. Polyolefins such as polypropylene
and polyethylene are commonly used in microporous separator membranes in lithium-

ion rechargeable batteries. An important performance property of polyolefin
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microporous separator membranes is easy wettability by the non-aqueous electrolyte
solvents typically used in lithium-ion rechargeable batteries. Currently, various
surfactants are applied as a coating to alter the hydrophobic nature of the polyolefin
microporous separator membrane and increase its wettability by non-aqueous
electrolyte solvents. Certain surfactant coatings may only provide temporary wettability
since they are only physically adsorbed to the surface of the polyolefin microporous

separator membrane.

In accordance with the present invention, a more permanent solution to providing
wettability may utilize a chemical reaction to covalently attach surface modifying agents
to the polyolefin microporous separator membrane. One of the few reactions that can
react with carbon-hydrogen (C-H) bonds in polyolefins involves the use of carbene
and/or nitrene intermediates. Carbene and nitrene intermediates are reactive
intermediates of carbon and nitrogen, respectively, which have the ability to insert
themselves into C-H bonds of a polyolefin either with or without the presence of a
transition metal catalyst. Figure 1 depicts the respective formation of carbene and

nitrene intermediates from heat or light.
Transition metal catalysts are typically expensive, and should be readily

recovered to make an economical process. There are some precursors that can

provide carbene intermediates through heat, light, or through chemical reaction.
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Carbene intermediates can be formed through thermolysis or photolysis of diazo
compounds. A chemical reaction between a strong base and a compound prone to a-
elimination (such as Methylene Chloride, Chloroform, Bromoform, etc.) can also
produce carbene intermediates. Nitrenes are typically formed through thermo- or
photolysis of azides (of particular importance are aryl azides and sulfonyl azides) and
through the thermolysis of isocyanates. Thermal decomposition may tend to have more

efficient insertion than other generation methods.

Once the reactive intermediate is formed, its lifetime is typically very short. When
introduced to the surface of the polyolefin separator membrane in an appropriate
timeframe, an insertion reaction such as that shown in FAigure 1 can occur. A polyolefin
with a new functionality inserted into a C-H bond can be achieved through radical
abstraction and recombination or through a concerted reaction. The surface properties
of the polyolefin can be modified by the selection of the R and R’ functional groups in

the carbene and/or nitrene intermediate.

For example, if a diazo material is created with a long poly(ethylene gycol) tall,
the resulting surface modification would demonstrate enhanced hydrophilicity, leading to
enhanced wetting properties of the polyolefin separator membrane by very polar

materials.

Producing a variety of hydrophilic molecules is not limited to only ethylene glycol

oligomers and polymers. Further modifications could include hydroxyethy! acrylate,
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methacrylates, polyethyleneimines, modified celluloses or chitosan. These can be in

oligomeric or polymeric form.

Carbene and/or nitrene surface treatment could also be accomplished with a
wide variety of small molecule functional groups. Carboxylic acids, alcohols, thiols,
amines (primary, secondary, tertiary, and quaternary), guanidinium, ethers, esters, and
carbonates are functional groups that can produce some hydrophilic nature to a

polyolefin microporous separator membrane.

A significant increase in the wettability of polypropylene microporous separator
membranes by very polar electrolytes can be achieved through the present chemicai
modifications of the polypropylene microporous separator membrane allowing a broader
range of current and future electrolytes that can be used in lithium-ion rechargeable

batteries.

For example, the wetting properties of the substrate can be drastically modified
based on the substitutions to the molecular additive. Perfluoro groups could impart
superhydrophobic behavior, while poly(ethylene glycol) additions can increase water
wettability. Poly(dimethylsiloxane) can be used to enhance the feel of the material by
making the substrate more pleasant to the touch. Furthermore, surface or bulk
crosslinking of the material with a multifunctional carbine and/or nitrene precursor and

treatment can lead to enhanced cross-web toughness.

-30 -



WO 2013/012905 PCT/US2012/047160
Carbene and/or nitrene intermediates involving a plurality of chemical reactions
can also be used to insert a specific structure designed to induce crosslinking in a
polyolefin microporous separator membrane. Since crosslinks in polyolefin materials
will anchor polymer molecules together, an additional édvantage is gained that
enhances battery safety through the reinforcement of cross-web strength of the

microporous polyolefin separator membrane.

As an example, a molecule incorporating greater than 1 carbene and/or nitrene
precursor can be applied to the polyolefin microporous separator membrane after the
pores have been formed, creating a crosslinked surface. Crosslinking of the polyolefin
microporous separator membrane surface can be important in high temperature end
use applications. By creating a lightly crosslinked surface, the temperature resulting in
loss of the structural integrity of the polyolefin microporous separator membrane can be
increased and tailored to a particular temperature range based on the crosslink density.
This can be accomplished as the crosslinked material can retain the molten bulk
material that has no crosslinks. As the density of surface crosslink is increased, the
ability to act as an exoskeleton which maintains structural integrity of the polyolefin

microporous separator membrane is increased.

In addition, the crosslinking molecule incorporating greater than 1 carbene and/or
nitrene precursor can be added to a polyolefin polymer resin during the extrusion
process to form a nonporous precursor separator membrane. This precursor is then

stretched to form the pores of the microporous polyolefin membrane resuiting in a
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microporous polyolefin membrane with improved tensile strength and melt integrity at

high temperatures.

In at least selected embodiments, the separator may be a nonwoven material
such as a nonwoven made up of fibers and chemically modified to improve the high
temperature melt integrity of the nonwoven and/or to improve the wettability of the

nonwoven.

In accordance with at least certain objects of the instant invention, there are
provided new, improved or modified surface modified polymeric materials, modified
functionalized polymers, functional polymers, chemically modified substrates including
modified functionalized polymers, methods of making and/or using surface modified
polymeric materials, modified functionalized polymers, functional polymers, and/or
chemically modified substrates including modified functionalized polymers, methods of
modifying a functionalized polymer and/or methods of using modified functionalized
polymers to chemically react with the surface of a substrate, and/or methods of using
such chemically modified substrates. At least certain embodiments or objects are
directed to modified functionalized polymers, functional polymers, and methods of
modifying functionalized polymers for chemically modifying porous and/or honporous
polymer substrates and/or methods of using such modified substrates. At least selected
embodiments or objects are directed to modified functionalized polymers, functional
polymers, and methods of modifying functionalized polymers for chemically modifying

porous and/or microporous polymer substrates and methods of using such modified
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substrates. At least certain embodiments or objects are directed to modifying certain
functionalized polymers to enable them to effect a change in the surface property of a
substrate. In accordance with at least selected possibly preferred embodiments, the
invention is directed to using a carbene and/or nitrene crosslinking modifier to
chemically modify a functionalized polymer to form a modified functionalized polymer
which can chemically modify the surface of a substrate and effect a change in the
surface properties of the substrate for an intended application. In accordance with at
least selected possibly preferred embodiments, the invention is directed to using a
carbene and/or nitrene crosslinking modifier (component B) to covalently modify a
polymeric surface with a functionalized polymer (component A). Such a modification
may alter the chemical reactivity of the polymeric surface enabling the modified
substrate to have a specifically designed functionality for an intended end use or

application.

With reference to Figure 1, nitrene generation, carbene generation, and the
insertion mechanism in accordance with at least selected possibly preferred
embodiments of the present invention are shown. The R, R” and/or R/R’ groups may be
modified to tailor surface characteristics of a polyolefin, such as the surface of a
polyolefin substrate, for example, the R/R’ groups can be modified to tailor surface

characteristics such as wetting.
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With reference to Figure 2, a surface modified polymeric material or a chemically
modified substrate including modified functionalized polymers in accordance with_at

least selected possibly preferred embodiments of the present invention is shown.

With reference to Figure 3, a coated or treated surface modified polymeric
material or a coated or treated chemically modified substrate, for example, modified by
modified functionalized polymers to facilitate the desired coating or treatment (such as
by raising or lowering the surface energy of the polymeric material or substrate suface)
in accordance with at least selected possibly preferred embodiments of the present

invention is shown.

The present invention relates to new, improved or modified polymer materials,
membranes, substrates, and the like and to new, improved or modified methods for
permanently modifying the physical and/or chemical nature of surfaces of the polymer
substrate for a variety of end uses or applications. For example, one improved method
uses a carbene and/or nitrene modifier to chemically modify a functionalized polymer to
form a chemical species which can chemically react with the surface of a polymer
substrate and alter its chemical reactivity. Such method may involve an insertion
mechanism to modify the polymer substrate to increase or decrease its surface energy,
polarity, hydrophilicity or hydrophobicity, oleophilicity or oleophobicity, and/or the like in
order to improve the compatibility of the polymer substrate with, for example, coatings,
materials, adjoining layers, and/or the like. Furthermore, this invention can be used to

produce chemically modified membranes, fibers, hollow fibers, textiles, and the like, for
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example, to produce polyolefin microporous battery separators or membranes having
improved hydrophilicity or wettability, having crosslinking in at least the surface of the

polyolefin which can improve the high temperature stability, and/or the like.

In accordance with at least selected oleophobic related embodiments:

1. The polymer surface (film, fiber,or bulk material) is modified with a mixture of
multifunctional carbene and/or nitrene precursor (component B) and a desired functional
synthetic polymer (component A)

a. The polymer surface can be any synthetic or natural polymer or copolymer
from the following polymer classes: olefinic, styrenic, silicone, urethane,
acrylate, ester, vinyl, cellulosics, amides, aramids, ethers and the like. it
can also be a cross linked network material, such as phenol-formaldehyde
resin or rubber type materials like butadiene, isoprene, and neoprene.
Additionally, modifications to other halogen containing polymers like PTFE,
PVDF, PVDC, and PVC can be effected.

b. Component A is a material typically found in hydrophobic or oleophobic
treatment applications. Materials like fluorinated acrylic copolymer
systems heavily used as textile treatments or chitin based materials may
provide suitable resistance to oils. Additionally, component A may be a
composite material with additional nanoparticles to generate nanoscale

roughness for resistance enhancement.
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c. Component B is a multifunctional material (f > 2.0) that has pendant
functional groups tailored to generate carbene and/or nitrene species in
situ.

2. The coating weight for these can come from an organic or aqueous solution and
developed by heat treatment or exposure to UV light.

a. The modification can be added to a surface in enough quantity to effect
the surface properties that are required for the intended application.
Typical application rates may range from about 0.05 g/m2 to 1.0 g/m2 or
more, and is dependent on substrate surface area, solution viscosity, cure
rate, amongst other factors.

b. The ratio between component A and B can be variable to generate the
best properties. Typical A/B application weight ratio might range from
about 0.5 to 200.0 or more, depending on desired surface properties and

the reactivity of A with B.

In accordance with at least selected objects or embodiments, the invention
provides or is directed to:

Modified polymer substrates, surface modified polymeric materials, modified

functionalized polymers, functional polymers, or chemically modified substrates

including modified functionalized polymers as shown or described herein.
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The above invention, wherein the modified polymer substrate is a chemically

modified polymer substrate.

The above invention, wherein the modified polymer substrate is at least one of a
porous polymer substrate, a nonporous polymer substrate, a porous hollow fiber, a
nonporous hollow fiber, a porous battery separator or membrane, a film, a chemically
modified polymer substrate, a fiber, a textile, a polyolefin material, a polyolefin blend, a
polypropylene material, a polyethylene material, a polymer surface layer, a composite, a

combination thereof, or the like.

The above invention, wherein the modified polymer substrate is chemically
modified by the chemical reaction of at least one of carbene and nitrene intermediates
with the carbon-hydrogen bonds of the polymer substrate to covalently attach at least

one modified functionalized polymer thereto.

Methods of making or methods of using modified polymer substrates, surface
modified polymeric materials, modified functionalized polymers, functional polymers, or
chemically modified substrates including modified functionalized polymers, films, hollow
fibers, fibers, textiles, composites, layers, surfaces, chemically modified polyolefin
microporous membranes, chemically modified polyolefin microporous battery separators
or battery separator membranes, microporous battery separators or battery separator
membranes, ribbed materials, combinations thereof, methods of improving the

wettability of the polyolefin microporous battery separators in lithium ion rechargeable
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batteries, methods of introducing crosslinking into the polyolefin microporous separators,

and/or the like as shown or described herein.

The above method including at least one step of chemically modifying a
polyolefin microporous battery separator membrane by the chemical reaction of at least
one of carbene and nitrene intermediates with the carbon-hydrogen bonds of the
polyolefin, improving the wettability of a polyolefin microporous battery separator
adapted for use in a lithium-ion rechargeable battery, introducing crosslinking into a

polyolefin microporous battery separator, and/or the like.

In a battery separator, the improvement comprising a polyolefin microporous

membrane having at least a portion of at least one surface chemically modified.

The above separator, wherein said chemically modified polyolefin has a surface

energy of equal to or greater than the surface energy of polyethylene.

The above separator, wherein said chemical modification raises the surface

energy of the polyolefin to at least about 48 dynes/cm.

The above separator, wherein the polyolefin microporous membrane is

chemically modified to raise the surface energy of said membrane.

The above separator, wherein said polyolefin is selected from the group

consisting of polyethylene, polypropylene, blends, mixtures, and copolymers thereof.
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In a battery comprising an anode, a cathode, an electrolyte, and a separator, the

improvement comprising the above separator.

In a textile comprising a polyolefin microporous membrane, the improvement
comprising said polyolefin microporous membrane having at least a portion of at least

one surface chemically modified.
The above textile, wherein said chemically modified polyolefin membrane has a
surface modification comprising a cellulosic material for the purpose of a secondary

standard textile treatment, such as dyeing or other finishing step.

The above textile, wherein said chemically modified polyolefin membrane has a

surface energy of equal to or less than the surface energy of polytetrafiuoroethylene.

The above textile, wherein said chemical modification lowers the surface energy

of the polyolefin membrane to at most about 20 dynes/cm.

A textile laminate containing at least one synthetic or natural fabric bonded with

the above polyolefin membrane.

An oleophobic modified polyolefin textile membrane comprising a polyolefin

microporous membrane chemically modified to lower the surface energy of said
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membrane, wherein said polyolefin is selected from the group consisting of
polyethylene, polypropylene, and copolymers thereof, and wherein said chemically
modified polyolefin has a surface modification consisiting of an oleophobic polymer or

combination of polymers, and/or the like.

A microporous polymer membrane having at least one surface or portion
chemically modified by the chemical reaction of at least one of carbene and nitrene
intermediates to covalently attach at least one modified functionalized polymer thereto
to provide a durable chemical modification that provides at least one of improved
wettability, reduced wettability, hydrophilicity, hydrophobicity, oleophobicity, resistance
to fouling by biological materials, resistance to wetting by organic solvents, resistance to
wetting by methanol, ethanol, 1-propanol, acetone, and other polar type solvents,

resistance to wetting by aliphatic and aromatic type solvents.

Potentially preferred porous membranes (porous polymer substrates) are
disclosed in US Published Patent Applications 2007/0196638 A1 published August 23,
2007 and 2011/0223486 A1 published September 15, 2011, both hereby incorporated
by reference herein. Potentially preferred component B materials such as carbine
precursors are disclosed in WO Published Patent Applications 2010/100410 A1
published September 10, 2010 and 2010/100413 A2 published September 10, 2010,
both hereby incorporated by reference herein. Potentially preferred component A

materials such as fluorocopolymers are disclosed in US Published Patent Application

-40 -



WO 2013/012905 PCT/US2012/047160

2012/0070648 A1 published March 22, 2012, which is hereby incorporated by reference

herein.

Many other modifications and variations of the present invention are possible to
the skilled practitioner in the field in light of the teachings herein. It is therefore
understood that, within the scope of the claims, the present invention can be practiced

other than as herein specifically described.
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What is claimed is:

1. Modified polymer substrates, surface modified polymeric materials, modified
functionalized polymers, functional polymers, or chemically modified substrates

including modified functionalized polymers as shown or described herein.

2. The invention of claim 1, wherein the modified polymer substrate is a chemically

modified polymer substrate.

3. The invention of claim 1, wherein the modified polymer substrate is at least one
of a porous polymer substrate, a nonporous polymer substrate, a porous holiow fiber, a
nonporous hollow fiber, a porous battery separator or membrane, a film, a chemically
modified polymer substrate, a fiber, a textile, a polyolefin material, a polyolefin blend, a
polypropylene material, a polyethylene material, a polymer surface layer, a composite, a

combination thereof, or the like.

4. The invention of claim 1, wherein the modified polymer substrate is chemically
modified by the chemical reaction of at least one of carbene and nitrene intermediates
with the carbon-hydrogen bonds of the polymer substrate to covalently attach at least

one modified functionalized polymer thereto via an insertion mechanism.

5. Methods of making or methods of using modified polymer substrates, surface

modified polymeric materials, modified functionalized polymers, functional polymers, or
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chemically modified substrates including modified functionalized polymers, films, hollow
fibers, fibers, textiles, composites, layers, surfaces, chemically modified polyolefin
microporous membranes, chemically modified polyolefin microporous battery separators
or battery separator membranes, microporous battery separators or battery separator
membranes, ribbed materials, combinations thereof, methods of improving the
wettability of the polyolefin microporous battery separators in lithium-ion rechargeable
batteries, methods of introducing crosslinking into the polyolefin microporous separators,

and/or the like as shown or described herein.

6. The method of claim 5 including at least one step of chemically modifying a
polyolefin microporous battery separator membrane by the chemical reaction of at least
one of carbene and nitrene intermediates with the carbon-hydrogen bonds of the
polyolefin, improving the wettability of a polyolefin microporous battery separator
adapted for use in a lithium ion rechargeable battery, introducing crosslinking into a

polyolefin microporous battery separator, and/or the like.

7. In a battery separator, the improvement comprising a polyolefin microporous

membrane having at least a portion of at least one surface chemically modified.

8. The separator of claim 7, wherein said chemically modified polyolefin has a

surface energy of equal to or greater than the surface energy of polyethylene.
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9. The separator of claim 7, wherein said chemical modification raises the surface

energy of the polyolefin to at least about 48 dynes/cm.

10.The separator of claim 7, wherein the polyolefin microporous membrane is

chemically modified to raise the surface energy of said membrane.

11.The separator of claim 7, wherein said polyolefin is selected from the group

consisting of polyethylene, polypropylene, blends, mixtures, and copolymers thereof.

12.In a battery comprising an anode, a cathode, an electrolyte, and a separator, the

improvement comprising the separator according to claim 7.

13.1n a textile comprising a polyolefin microporous membrane, the improvement
comprising said polyolefin microporous membrane having at least a portion of at least

one surface chemically modified.

14.The textile of claim 13, wherein said chemically modified polyolefin membrane
has a surface modification comprising a cellulosic material for the purpose of a

secondary standard textile treatment, such as dyeing or other finishing step.

15. The textile of claim 13, wherein said chemically modified polyolefin membrane

has a surface energy of equal to or less than the surface energy of

polytetrafluoroethylene.

-44 -



WO 2013/012905 PCT/US2012/047160

16. The textile of claim 13, wherein said chemical modification lowers the surface

energy of the polyolefin membrane to at most about 20 dynes/cm.

17.A textile laminate containing at least one synthetic or natural fabric bonded with

the polyolefin membrane of claim 13.

18.An oleophobic modified polyolefin textile membrane comprising a polyolefin
microporous membrane chemically modified to lower the surface energy of said
membrane, wherein said polyolefin is selected from the group consisting of
polyethylene, polypropylene, and copolymers thereof, and wherein said chemically
modified polyolefin has a surface modification consisiting of an oleophobic polymer or

combination of polymers, and/or the like.

19. A microporous polymer membrane having at least one surface or portion
chemically modified by the chemical reaction of at least one of carbene and nitrene
intermediates to covalently attach at least one modified functionalized polymer thereto
to provide a durable chemical modification that provides at least one of improved
wettability, reduced wettability, hydrophilicity, hydrophobicity, oleophobicity, resistance
to fouling by biological materials, resistance to wetting by organic solvents, resistance to
wetting by methanol, ethanol, 1-propanol, acetone, and other polar type solvents, and/or

resistance to wetting by aliphatic and aromatic type solvents.
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