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ANTIMICROBIAL AND ANTISTATIC POLYMERS AND METHODS OF
USING SUCH POLYMERS ON VARIOUS SUBSTRATES

Field and Background of the Invention

The present invention relates to polymers having inherent antimicrobial or
antistatic properties. Such polymers can be applied or used in conjunction with a
wide variety of substrates (e.g., textiles, metal, cellulosic materials, plastics, etc...) to
provide the substrate with antimicrobial and/or antistatic properties. In addition, the
polymers can also be combined with other polymers (e.g., the polymers of the
invention can be used as additives) to provide such other polymers with antimicrobial
and/or antistatic properties.

Various bacteria, fungi, viruses, algae and other microorganisms are known to
be in the environment and to potentially adversely affect people coming in contact
with them. Such microorganisms are often undesirable as a cause of illness, odors
and damage to a wide variety of material and substrates. In order to combat such
microorganisms, antimicrobial agents have been suggested. However, there is also a
need for such agents to be both sustainable and to be compatible, and to be used on
and with a wide variety of polymer materials and substrates.

Various additives and polymer systems have been suggestéd as providing
antimicrobial properties. See, for example, U.S. Patent No. 3,872,128 to Byck,
5,024,840 to Blakely et al, 5,290,894 to Malrose et al, 5,967,714, 6,203,856 and
6,248,811 to Ottersbach et al, 6,194,530 to Klasse et al. and 6,242,526 to Siddiqui et
al. '

With respect to antistatic properties, various substrates tend to accumulate
static electrical charge due to low electrical conductivity. This is particularly

problematic with plastic substrates. Such accumulation can adversely affect
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processing, cause electrical damage (e.g., in semiconductor devices), provide a fire
hazard through the formation of an eléctrical arc, and exposes personnel handling the
substrate to electrical shock. Various solutions to such static buildup have been
suggested. See, for example, U.S. Patent Nos. 4,029,694 and 4,093676 to Weipert et
al, 4,098,842 to Login, 4,857,590 to Gaggar et al. and 4,859,727 to Sasaki et al.
There, however, remains a need for potentially less toxic polymer
compositions that provide sustainable antimicrobial and/or antistatic properties to a

wide variety of substrates and materials.

Summary of the Invention

The present invention relates to a substrate having antimicrobial and/or
antistatic properties. Such properties are imparted by applying a coating or film
formed from a cationically-charged polymer composition comprising a noncationic
ethylemcally unsaturated monomer, an ethylenically unsaturated monomer capable of
providing a cationic charge to the polymer composition, and a steric stabilization

component incorporated into the cationically-charged polymer composition.
The present invention also relates to a substrate having applied thereto a

coating or film to provide antimicrobial and/or antistatic properties, said coating or film
formed from a cationically-charged polymer composition comprising a noncationic
ethylenically unsaturated monomer, an ethylenically unsaturated monomer which
provides a cationic charge to the polymer composition and a steric stabilization
component incorporated into the cationically-charged polymer composition, wherein
said steric stabilization component is a monomer having alkoxylated functionality or

is a protective colioid.

The present invention further relates to a substrate having applied thereto a
coating or film to provide antimicrobial and/or antistatic properties, said coating or film
formed from a cattonically-charged polymer composition consisting of 20 to 99 weight
percent of a noncationic ethylenically unsaturated monomer, 0.5 to 75 weight percent

of an ethylenically unsaturated monomer which provides a cationic charge to the

2
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polymer composition, 0.5 to 75 weight percent of a steric stabilization monomer, and
0 to 1.0 weight percent of a non-ionic surfactant, wherein cationically-charged
polymer composition is devoid of cationic and anionic surfactants, and wherein the

steric stabilization component is a monomer having alkoxylated functionality or is a

protective colloid.

The present invention also relates to a polymeric material comprising a base
polymer blended with a cationically-charged polymer composition comprising a
noncationic ethylenically unsaturated monomer, an ethylenically unsaturated cationic
monomer capable of providing a cationic charge to the polymer composition, and a
steric stabilization component incorporated into the cationically-charged polymer

composition.

The present invention more particularly relates to a polymeric material having
antimicrobial and/or antistatic properties, said polymer material comprising a base
polymer blended with a cationically-charged polymer composition comprising a
noncationic ethylenically unsaturated monomer, an ethylenically unsaturated
monomer which provides a cationic charge to the polymer composition and a steric
stabilization component incorporated into the cationically-charged polymer
composition, wherein the steric stabilization component is a monomer having
alkoxylated functionality or is a protective colloid.

The present invention also relates to a polymer material having antimicrobial
and/or antistatic properties, said polymeric material comprising a base polymer
blended with a cationically-charged polymer composition consisting of 20 to 99
weight percent of a noncationic ethylenically unsaturated monomer, 0.5 to 75 weight
percent of an ethylenically unsaturated monomer which provides a cationic charge to
the polymer composition, 0.5 to 75 weight percent of a steric stabilization monomer
and O to 1.0 weight percent of a nonionic surfactant, wherein cationically-charged
polymer composition is devoid of cationic and anionic surfactants, and wherein the
steric stabilization component is @ monomer having alkoxylated functionality or is a

protective colloid.
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The present invention also relates to a method of providing antimicrobial
and/or antistatic properties {o a substrate. The method includes the step of applying
the cationically-charged polymer composition described above to a substrate.

The present invention also relates to a method of imparting antimicrobial
and/or antistatic properties to a polymer material. The method includes the step of

blending a base polymer with the cationically-charged polymer composition described

above.

The present invention more particularly relates to a method of providing
antimicrobial and/or antistatic properties to a substrate comprising applying a
cationically-charged polymer composition to the substrate, wherein the polymer
composition comprises a noncationic ethylenically unsaturated monomer, an
ethylenically unsaturated monomer which provides a cationic charge to the polymer
composition and a steric stabilization component incorporated into the cationically-
charged polymer composition, wherein the steric stabilization component is a
monomer having alkoxylated functionality or is a protective colloid.

The present invention also relates to a method imparting antimicrobial and/or
antistatic properties to a polymeric material, the method comprising blending a base
polymer with a cationically-charged polymer composition comprising a noncationic
ethylenically unsaturated monomer, an ethylenically unsaturated monomer which
provides a cationic charge to the polymer composition and a steric stabilization
component incorporated into the cationically-charged polymer composition, wherein
the steric stabilization component is a monomer having alkoxylated functionality or is
a protective colloid.

The present invention further relates to a shampoo, lotion, cream, body
wash, or cosmetic, comprising a cationically-charged polymer composition
comprising a noncationic ethylenically unsaturated monomer, an ethylenically
unsaturated monomer capable of providing a cationic charge to the polymer

composition and a steric stabilization component incorporated into the cationically-

3a



10

20

CA 02530231 2012-03-06

charged polymer composition, wherein the steric stabilization component is a

monomer having alkoxylated functionality or is a protective colloid.
Detailed Description of the Invention-
[n the following detailed description, embodiments of the present invention
are described in detail to enable practice of the invention. Although the invention 1s

described with reference to these specific embodiments, it 1s understood that the
invention is not limited to these embodiments. The invention includes numerous

alternatives, modifications, and equivalents as will become apparent from
consideration of the following detailed description.

As summarized above, the present invention utilizes a cationically-charged
polymer composition to impart or provide antimicrobial and/or antistatic properties to
a substrate or to be blended with a base polymer to provide a polymer material having

antimicrobial and/or antistatic properties. The cationically-charged polymer

composition includes a noncationic ethylenically unsaturated monomer an
ethylenically unsaturated monomer capable of providing a cationic charge to the

polymer composition, and a steric stabilization component.

Suitable substrates include, but are not limited to fabrics (both woven and non-
woven), organic and inorganic particulates, fibers and agglomerates; foams; films;
cellulosic material (e.g., paper or wood); metal; concrete; masonry; glass; and

plastics, both thermoset and thermoplastic.
Various noncationic ethylenically unsaturated monomers may be used in the

composition. Examples of monomers can be found in U.S. Patent Application Senal

No. 09/370,395 filed August 6, 1999 and U.S. Patent No. 5,830,934 to Krishnan. Such
monomers include, but are not limited to, vinyl aromatic monomers (e.g., styrene,

para methyl styrene, chloromethyl styrene, vinyl toluene); olefins (e.g., ethylene);
aliphatic conjugated diene monomers (e.g., butadiene); non-aromatic unsaturated
mono- or dicarboxylic ester monomers (e.g., methyl methacrylate, ethyl acrylate,
butyl acrylate, butyl methacrylate, glycidyl methacrylate, 1sodecyl acrylate, lauryl

acrylate); monomers based on the half ester of an unsaturated dicarboxylic acid
3b
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monomer (e.g., monomethyl maleate); unsaturated mono- or dicarboxylic acid
monomers and derivatives thereof (e.g., itaconic acid); nitrogen-containing monomers
(e.g., acrylonitrile, methacrylonitrile, acrylamide, methacrylamide, N-methylol
acrylamide, N-(isobutoxymethyl) acrylamide); phosphorus-containing monomers;
sulfur-—con‘taining monomers (€.g. styrene sulfonate); and vinyl ester monomers which
includes branched vinyl esters (e.g., vinyl neodecanoate, vinyl versatates).
Fluorinated analogs of alkyl acrylates or methacrylates may also be used. Mixtures of

the above may be used.

3C
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The composition preferably comprises from about 20 to about 99 percent of
the noncationic ethylenically unsaturated monomer based on the total monomer
Weight.

The composition also includes an ethylenically unsaturated cationic
monomer capable of providing a cationic charge to the polymer composition. The
cationic monomer is incorporated into the polymer composition by virtue of its
ethylenic unsaturation. For the purposes of the invention, the term “cationic
monomer” refers to any monomer which possesses or can be altered to provide a net
positive charge. For example, this positive charge may be imparted by a heteroatom
which is present in the monomer. Exemplary heteroatoms include, but are not limited
to, nitrogen, sulfur, and phosphorus.

Examples of cationic monomers include amine and amide monomers, and
quaternary amine monomers. Amine and amide monomers include, but are not
limited to: dimethylaminoethyl acrylate; diethylaminoethyl acrylate; dimethyl
aminoethyl methacrylate; diethylaminoethyl methacrylate; tertiary butylaminoethyl
methacrylate; N,N-dimethyl acrylamide; N,N-dimethylaminopropyl acrylamide;
acryloyl morpholine; N-isopropyl acrylamide; N,N-diethyl acrylamide; dimethyl
aminoethyl vinyl ether; 2-methyl-1-vinyl imidazole; N,N-dimethylaminopropyl
methacrylamide; vinyl pyridine; vinyl benzyl amine methyl chloride quarternary;
dimethylaminoethyl methacrylate methyl chloride quaternary;
diallyldimethylammonium chloride; N,N-dimethylaminopropyl acrylamide methyl
chloride quaternary; trimethyl-(vinyloxyethyl) ammonium chloride; 1-vinyl-2,3-
dimethylimidazolinium chloride; vinyl benzyl amine hydrochloride; vinyl pyridinium
hydrochloride; and mixtures thereof.

Quaternary amine monomets which may be used in the composition of the
invention can include those obtained from the above amine monomers such as by
protonation using an acid or via an alkylation reaction using an alkyl halide.

Alternatively, the ethylenically unsaturated monomer capable of providing a
cationic charge comprises a quaternary derivative capable of providing
hydrophobicity. In a preferred embodiment, the quaternary derivative is based on an
alkyl group having two to twenty carbons (C, to Cyg). For example, one could use:

1. CH,=C(R)YCOOCH(OH)CH,N(X)R ) where R=H, CH; and
R'=(CH2)HCH3 or (CF,)CF; and X=Cl, Br, I or a sulfate. For example, this could be a

reaction product of glycidyl methacrylate and a secondary amine which has then been

PCT/US2004/021397
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quaternized
2. CH=C(R)OCH,N'"(X")(R) where R, R and X have the same significance

as above. This is a similar reaction as compared to the one above with vinyl benzyl
chloride as the starting material.

3. The third approach could be to start with vinyl pyridine and make the alkyl
pyridinium salts as above.

Amine salts can also be used and are obtained, for example, by the reaction of
an epoxy group with a secondary amine and subsequent neutralization of the newly
formed tertiary amine with an acid. An example of this is the reaction product of
glycidyl methacrylate with a secondary amine that can be free radically polymerized.
Quaternary amine functionality can also be generated as a post reaction on a
preformed polymer having, for example, an epoxy group. Examples of these kinds of

reactions are described in the article by Kordomenos et al., "Polymer Compositions for Cationic
Electrodepositable Coatings, Journal of Coatings Technology, Vol 54, No 686, March
1982. It should also be appreciated that cationic functionality can also be imparted

via sulfontum or phosphonium chemistry, examples of which are also described in the
above article.

The composition preferably comprises from about 0.5 to about 75 percent of
the ethylenically unsaturated monomer capable of providing a cationic charge based
on the total monomer weight, the amount depending on the selected application of the

polymer composition.
The composition also comprises a component which is incorporated into the

cationically-charged polymer composition to sterically stabilize the composition.
Suitable components include, but are not limited to, monomers, polymers, and
mixtures thereof as set forth below. For the purposes of the invention, the term
“incorporated” with respect to the use of the monomer can be interpreted to mean that
the monomer attaches to the backbone of the cationic polymer. The polymer which is

“incorporated” into the composition can be interpreted to mean that it is adsorbed or

5
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grafted onto the composition surface, an example of which may be polyvinyl alcohol.
This stabilizing component may encompass a nonionic monomer or polymer which
incorporates steric stabilization to the composition particle without adversely
affecting the polymer composition. Exemplary monomers that can be used as steric
stabilizers include, but are not limited to, those which contain alkoxylated (e.g.,

ethoxylated or propoxylated) functionality. Examples of such monomers include
CH2=C(R)COO(CH2CHR'O)4R"-- where R=H, or C4-C4 alkyl; and

R'=H, or C1-C4 alkyl, and R"=H, or C1-C12 alkyl, and n=1-30;

CH2=C(R)COO(CH2CH20)n(CHoCHR'0)R"- where R=H, or C4-Cy

10 alkyl, and R'=H, or C1-C4 alkyl, and R"=H, or C1-C12 alkyl, n and m each

may range from 1-15; or '
CH2=C(R)COO(CH2CHR'O),(CH2CH20)mR"-- where R=H, or C1-Cy

alkyl, and R'=H, or C1-C4 alkyl and R"=H, or C1-C12 alkyl, n and m = 1-15.

Preferred compounds are undecylenic acid esters where R" is Cy;.
Preterably, the monomers have a molecular weight of less than 2000.

Ethoxylated mono- and diesters of diacids such as maleic and
itaconic acids can also be used to achieve the same stabilizing effect.

Polymerizable surfactants based on acrylate, methacrylate, vinyl and allyl
20 Vversions of surfactants can also be used. An example of this TREM LF-40™ sold by

Henkel of Diisseldorf, Germany. These surfactants possess ethylenic unsaturation
that allows the surfactants to be incorporated into the polymer composition. Similar
to other surfactants, these materials have hydrophobic and hydrophilic functionality
that varies. Surfactants that are particularly applicable to the present invention are
nonionic surfactants wherein the hydrophilic character is believed to be attributable to
the presence of alkylene oxide groups (e.g., ethylene oxide, propylene oxide, butylene

oxide, and the like). Block copolymers of ethylene oxide and/or propylene oxide such
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as the Pluronic* or Tetronic* series from BASF can also be used, particularly in
antistatic applications. The degree of hydrophilicity can vary based on the selection

of functionality.

Polymers can also be used to provide steric stability. For example, protective
colloids may be used. Examplés of these materials include, but are not limited to,
polyvinyl alcohols, polyvinyl pyrollidone, hydroxyethyl cellulose, polyethylene
glycols, polyglycol-ethers, propylene glycols, ethylene oxide /propylene oxide
copolymers, ethylene oxide/propylene oxide copolymers and/or ethylene
oxide/butylene oxide copolymers and the like. Mixtures of any of the above

monomers and polymers may also be used. Other monomers and polymers which
may be used to impart stability are listed in U.S. Patent No. 5,830,934 to Krishnan et

al.

The steric stabilization component which is used to stabilize the composition
is present in an amount ranging from about 0.5 to about 75 percent based on the total
weight of the monomers. '

The composition of the invention also may include a free radical initiator, the
selection of which is known in the art. Preferably, a free radical initiator is used
which generates a cationic species upon decomposition and contributes to the cationic
charge of the composition. An example of such an initiator is 2,2’-azobis(2-
amidinopropane) dihydrochioride) sold commercially as Wako V-50™ by Wako
Chemicals of Richmond, Virginia.

The composition of the invention may also include other additives to improve
the physical and/or mechanical properties of the polymer, the selection of which are
known to one skilled in the art. These additives include processing aids and
performance aids such as, but are not limited to, crosslinking agents, natural and
synthetic binders, plasticizers, softeners, foam-inhibiting agerits, froth aids, flame
retardants, dispersing agents, pH-adjusting components, sequestering or chelating

agents, and other components. In a preferred embodiment 0.1 to 1.0 weight percent of
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a nonionic surfactant can be used. Additionally, the composition preferably i1s devoid
of conventional non-polymerizable cationic and anionic surfactants.

The composition may be applied to the substrate as a coating or film using
techniques known to those skilled in the art such as spraying, roll-coating, brushing,
dipping, impregnation, size press and the like.;

The composition of the present invention can be blended with a base polymer
including other polymers. Suitable polymers include various thermoplastic and
thermosetting polymers including, but not limited to polyurethénes, phenblics,
polyesters, polyolefins, polyamides,polycarbonates, polyethers, polyether-amides and
imides, polyorganosilanes, polysulfones, polyisoprene, polychloroprene, acrylics,
styrene-butadienes, styrene acrylonitriles, ABS, EVA, polytetrafluoroethylene,
polyether-esters, polyepoxides, heterocyclic polymers such as polypyrrole,
polyaniline, polythiopheﬁe and its derivatives and the like and latex-based materials.
In another embodiment, the cationically-charged polymer can be blended with another

polymer having antimicrobial or antistatic properties such as other cationic polymers.

/a
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The blends could be made in situ creating an interpenetrating polymer network
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(IPN). Core shell latices or composites could be made that have one or more of these
above mentioned components as a core on which subsequent polymerization could
take place by an emulsion or suspension process. Another example of this would be
making the polymers, e.g., urethanes, starting from the base raw materials by a
suspension or dispersion/miniemulsion process followed by a radical process. Thus
one could combine a condensation and a free radical process together. The objective
would be to make a broader range of polymers that are hybrids. Another
enhancement of the chemistry could come from using controlled radical
polymerization processes such as RAFT, ATRP, and SFRP (with nitroxides) which
would then provide polymers that would have a variety of architectures such as block,
graft, stars, hyperbranched and dendrimers. This allows control of the morphology,
activity, and uniqueness of the polymers and enables one to create molecules tailored
to meet specific functions.

The composition can be used in the form of an open or closed cell foam by
adding surfactants and foaming agents. The foam can be used 1n a wide variety of
ways so as to impart antimicrobial and/or antistatic properties to various articles. For
example, a foam could be used to provide both sound deadening properties and
antimicrobial/antistatic properties to an article like the foam underlay of a carpet. The
foam could be used as the article itself, for example, the foam of a pillow or mattress.
The foam could be used as an absorbent in a diaper thereby absorbing the urine while
providing antimicrobial protection.

Amphoteric or zwitterionic polymers in which an anionic polymer would be
included could also be made using the composition of the present invention.

Antimicrobial and/or antistatic agents may be used as an additive to enhance
the inherent antimicrobial or antistatic nature of the compositions of the present
invention. A potential antimicrobial monomer is undecylenic acid or alcohol or
reaction products of undecylenic acid or alcohol with hydroxyl or acid containing
materials having ethylenic unsaturation to produce an ester. An example of the acid
functional monomer is acrylic acid or maleic anhydride. An example of the hydroxyl
functional monomer is hydroxylethyl methacrylate or polyethylene glycol
methacrylate. Undecylenic acid is known to provide antifungal properties and this

could potentially offer advantages again in expanding the chemistry especially if

combined with the cationic and phenolic type intermediates.
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Chitosan, modified chitosans or chitosan salts can also be incorporated into the
composition. Chitosan is a naturally occurring amino functional saccharide which 1S
known to be antimicrobial. Moreover, chitosan could also serve the dual purpose of
also providing steric stabilization.

Other antimicrobial agents include metal biocides such as silver, zinc, etc. and
salts and oxides thereof, chlorhexidine, chlorhexidine gluconate, glutaral, halazone,
hexachlorophene, nitrofurazone, nitromersol, povidone-iodine, thimerosol, C;-Cs-
parabens, hypochlorite salts, clofucarban, clorophene, poloxamer-iodine, phenolics,
mafenide acetate, aminacrine hydrochloride, quaternary amunonium salts,
oxychlorosene, metabromsalan, merbromin, dibromsalan, glyceryl laurate, sodium
and/or zinc pyrithione, (dodecyl) (diethylenediamine) glycine and/or (dodecyl)
(aminopropyl) glycine; phenolic compounds (e.g., phenols, m-cresol, n-cresol, p-
cresol, o-phenyl-phenol, resorcinol, vinyl phenol, etc.), polymeric guanidines,
quaternary ammonium salts, polymyxins, bacitracin, circulin, the octapeptins,
lysozmye, lysostaphin, cellulytic enzymes generally, vancomycin, ristocetin, the
actinoidins and avoparcins, tyrocidin A, gramicidin S, polyoxin D, tunicamycin,
neomycin, streptomycin and the like. It is not feasible to give here an exhaustive list
of potentially useful antimicrobials, but this may be found in compendia such as,

" Antibiotics, Chemotherapeutics, and Antibacterial Agents for Disease Control," M.
Grayson, Ed., J. Wiley and Sons, N.Y., 1982. Classification of antibiotics by their
mode of action may be found in "The Molecular Basis of antibiotic Action," Second
Edition, E. F. Gale et al., J. Wiley and sons, N.Y., 1981. Other additives and polymer
systems are described in U.S. Patent No. 3,872,128 to Byck, 5,024,840 to Blakely et

al, 5,290,894 to Malrose et al, 5,967,714, 6,203,856 and 6,248,811 to Ottersbach et al,
6,194,530 to Klasse et al. and 6,242,526 to Siddiqui et al.

Antistatic agents include nitrogen compounds such as long chain amines,
amides and quaternary ammonium salts, esters of fatty acids and their derivatives,

polyhydric alcohols and their derivatives, phosphoric acid derivatives, solutions of
9
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electrolytes in liquids with high dielectric constants, metallic salts and oxides, metals
(e.g., iron), carbon black, carbon nanotubes and semiconductors. Specific examples
include Hostenstat® and Sandin® antistats from Clariant, Larostat® antistats from
BASF, Bayhydrol® antistats from Bayer, Atmer® antistats from Uniquema,
VersalL® from Alco, and various other antistats offered by Atofina, Noveon, Ciba,
Eastman, Agfa, Ormecon Chemie and Panipol.

With respect to providing antistatic compositions, the reaction products of
alkyl amines or ethoxylated amines with maleic anhydride could also be used. This
could lead to a maleimide-type monomer with ethoxylate or alkyl chains that could be
copolymerized with other monomers. Copolymers of alkylene oxide macromers and
other monomers such as styrene sulfonates, acrylamidopropane sulfonic acid (AMPS)
carboxylic acids, (e.g., acrylic or methacrylic derivatives) are potential antistatic
additives. Other antistatic solutions are suggested in U.S. Patént Nos. 4,029,694 and

4,093676 to Weipert et al, 4,098,842 to Login, 4,857,590 to Gaggar et al. and
4,859,727 to Sasaki et al.

The cationically-charged polymer composition could also be used as an
additive in the solid form to be added to specific substrates and then processed. In the
case where the solid 1s to be used it would be added to the base polymer during the
processing stage, e.g., as pellets into polycarbonate or SAN before extrusion or
injection molding. In this case, the composition of our invention would become the
integral part of the article as opposed to a topical coating on the surface. The
polymers can be made in the solid form either by spray drying a dispersion/emulsion
or by making it directly as a solid by suspension polymerization.

 Ttis possible to conceive ways by which the composition of our invention can
be directly incorporated into a fiber while it is being processed. One way is during
the melt spinning/extrusion of the fibers. The additive could be added directly to the
polymer used for fiber making e.g., polyolefins, polyester, acrylic etc during the

10



CA 02530231 2011-06-20

processing stage or could be pre-compounded into a master batch with the polymer
and other ingredients and mixed thoroughly before addition to the fiber making
polymer. This way the composition is mixed thoroughly before addition to the fiber
making polymer. This way the composition would be directly extruded or be part of
the fiber and impart its antimicrobial or antistatic properties. This would apply to any
polymer that can be melt spun and the additive can be designed to impart
compatibility, hydrophilicity, flexibility etc to the fiber in addition to the stated
properties for which it was designed. These fibers then could be used for many

applications some of which have been outlined above. Solution spinning of fibers
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could also be considered in which case the additive would be dissolved in the fiber
spinning solution and then extruded through spinnerets.

Another area which would benefit from the solid additive processing is
plastics and rubber articles. Here again one could conceive of adding the composition
polymer(which would serve as a thermoplastic additive) as powder or pellets directly
during the processing step such as extrusion, injection molding etc or could be
pelletized prior to actually processing in a compatibilizing polymer such as EVA and
EMA using the extruder and added to any thermoplastic polymer in specific amounts
during a post processing step using the extruder, injection molding machine, blow
molding, etc. Typical plastic processing steps for thermoplastic polymers would be
compatible with these solid additives. Also, the additive can be mixed along with
other ingredients such as pigments, flow aids, lubricants etc, and the desired polymer
to make what are known as master batches. These master batches would typically be
made in high shear mixing equipment such as a Banbury mixer and the mix would
then be pelletized in an extruder. The master batches would then be processed by the
manufacturer of plastic articles or films using conventional plastic processing
equipment. Any or all of the above methods could be used to deliver the additive into
a matrix polymer for providing the desired antimicrobial and/or antistatic property.
Once again the applications would be similar to the ones outlined above. The dry
polymer could be added to thermoset polymer also e.g. phenolics, epoxies etc and
processed using techniques such as compression molding etc. the additive processing
techniques for rubber would be similar in terms of making a rubber compound using a
Banbury and then made into sheets, for example through a two roll mill or extruded
into tubes, pipes, hoses etc.

One specific application could be 1n the area of artificial or synthetic marble
surfaces made of acrylic polymers e.g., Corian® or unsaturated polyesters. The
polymer additive could be compounded into these resins and then cast or cured to
incorporate 1t into the matrix. This would permanently incorporate the additive into
the matrix instead of a topical coating. The same could be for the use of these
additives in gel coats and casting resins used in boats etc to provide surfaces with the
described properties. If an unsaturated polyester resin were used, it would be
preferable to dissolve the additive in styrene

Another example for solids would be use of these as additives sin hot melt

adhesive compositions to create adhesives that have the described attributes. The
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polymer would have to have the required compatibility and molecular weight to
provide adequate flow.

In the case of cellulosic materials, the use of solid materials can be envisaged
in composites made from wood where the wood in granular, pelletized or powder
form could be compounded with other ingredients and then molded into a shape by
techniques such as compression molding. Thermosetting resins such as UF, MF,
epoxy and urethane resins are used for bonding wood and the polymer composition
could be added along with these during the processing stage. Applications such as
decking and construction materials and OSB boards could be considered using this
approach.

The use of solid material in paper can be considered in the making of high-
pressure laminate or decorative laminates and molded articles. Once again the solid
material can be combined with pulp fibers and fillers and compression molded to
make the finished product. Packaging materials such as cartons, boxes, etc could also
benefit from the practice of the present invention.

The cationically-charged polymer composition in dry form can be combined
with cement/concrete and set to form a concrete structure that has the desired
addendum properties. Grouts, sealers, mastics etc would also be amenable to the use
of powders. This can also be combined with other fillers etc to make granite counter
tops, floors etc that have antimicrobial-antistatic properties. Redispersible powders in
cement would be another use and in decorative concrete.

The composition of the present invention should also be used in combination
with other methods and formulations for improving antimicrobial and/or antistatic
properties such as described in U.S. Patent No. 3,872,128 to Byck, 5,024,840 to
Blakely et al, 5,290,894 to Malrose et al, 5,967,714, 6,203,856 and 6,248,811 to
Ottersbach et al, 6,194,530 to Klasse et al., 6,242,526 to Siddiqui et al., 4,029,694 and
4,093676 to Weipert et al, 4,098,842 to Login, 4,857,590 to Gaggar et al., and
4,859,727 to Sasaki et al.

Potential Uses

The composition of the present invention can be applied to a wide variety of
substrates using various techniques known to those skilled in the art. The following
list 1s not to be intended as limiting the types of substrates. For example, the

composition as a latex can be applied as a coating or as a film to the following

substrates:
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1. Nonwoven and Woven Textiles and Fibers: Examples would include
natural fibers such as cotton and wool to synthetic fibers such as nylon, acrylics,
polyesters, urethanes etc. Application process would be through processes such as
rod/knife coating, impregnation, back coatings, printing or as pretreatments on
individual fibers or as a finished good.

2. Plastics/Rubber: Examples would include commodity molded
thermoplastics like polyolefins to engineering thermoplastics such as polysulfones,
acetals, polycarbonates etc., thermosets like epoxies, urethanes etc and as extruded or
blown films. The polymer would be applied as a coating on the surface by rod/knife
coating, spray, dipping or as a laminate coating during the extrusion process or as a

coating applied in the mold during the molding process. Rubber products would

include sheets, extruded/molded articles, composites etc.

3. Paper: This would include both preformed paper and as additives in
the wet end process. Typical paper processes would include impregnation or
saturation, rod/knife coating etc, size press, and wet end addition, spray-on.

4, Inorganic/Organic Materials: This would cover a wide range of
delivery mechanisms based on encapsulation and coating of inorganic particles e.g.,
clay, mica, pigments, biocides, pesticides, etc..., and also as part of a formulation
involving a variety of fillers to make a finished product e.g., gypsum board, sealer,
grout etc., or as a coating on an inorganic surface such as a drywall, tiles, applied by
spraying, roller coating, brushing etc. This would also cover its use in glass fiber mat
coating or impregnation.

5. Wood: This would include all kinds of wood substrates both natural
and engineered and the application process could be a variety of methods as outlined
above.

0. Metal: Again this would encompass both metals and metal alloys, e.g.,
carbon steel, stainless steel and including solid steel bars, sheets, coils, ropes etc
wherein the composition is applied as a coating by one of the numerous processes
such as spraying dipping, brushing, roller coating etc.

Specific applications include textiles such as: residential and commercial
carpets, tiles, etc.; liquid and air filters — HVAC, vacuum cleaners, automotive;
medical surgical gowns, drapes, dressings, covers etc.; pretreatment for fibers, printed
and dyed fabrics for apparel, furnishings, sheets, towels etc.; diapers and incontinence

articles, interior automotive applications such as trim, upholstery, mats, filters, etc.;

13



10

15

20

25

30

CA 02530231 2005-12-20

WO 2005/007706 PCT/US2004/021397

upholstery coatings, laminating and bonding adhesives; foams for sound absorbency;
foamed articles such as pillows and mattresses; belting — food handling etc.; tapes —
masking tapes, surgical, industrial tapes e.g., electrical, industrial and household
cleaning wipes, cloths and sponges; shoe products e.g., insoles, box toes, etc.;
plastics/rubber such as tool handles — e.g., screw drivers, shovels, etc.; toys, rubber
gloves, sheets, articles; machinery housing — e.g., computers, display and diagnostic
devices, vacuum cleaners, mstrumentation; medical devices — e.g., catheters, balloons,
tubing, syringes, diagnostic kits etc.; packaging/ product protection — perishables,
computer peripherals, semiconductors, memory chips, CD’s, DVD’s etc.; impact
modifiers for acrylics, polycarbonates etc.; overdips and underdips for gloves — gloves
for clean room, breathable films, antipenetrant for fabric supported gloves; cutting
boards; extruded and blown films for packaging; paper: vacuum bags, book covers,
atr filters, liquid filters, wallcoverings, wet and dry wipes, tissues, etc.; felt for vinyl
tloor coverings, molded pulp applications, packaging — boxes, cartons, molded
articles etc.; size press coatings — gift wraps, ink jet media, breathable coatings, etc.;
wet end additives in paper, tapes and labels - masléing, surgical, general purpose etc.;
adhesives — tapes, labels, decals, films, book binding, pressure sensitive and FPLA,
etc.; shoe msoles, inorganic/organic materials such as coating/encapsulation of fillers
and pigments, construction sealers and grouts, gypsum wallboard coatings/paints,
exterior/interior coatings; tile adhesives, floor coatings — hospitals, clean rooms,
clinics, schools etc.; coatings for hospital and medical environments; ceiling tiles,
glass fiber coating — glass mats, insulation, reinforced composites etc.; liquid
disinfectants and cleaners, personal care — shampoos, lotions, creams, hair and skin
care, body wash, cosmetics etc.; hygiene coatings of surfaces other than floors —
hospitals, clinics, schools, homes and offices, hard and porous surface coatings —
walls, ceilings, tloors, counter tops etc.; decorative concrete, wood such as oriented
strand board (OSB) coatings, decking and construction materials — coating, '5'
impregnation etc.; composite construction materials, furniture coatings; hygiene
coatings — table and counter tops, door knobs, door handles etc.; flooring — laminates,
hardwood and other composite floors, decorative laminates — table tops, counter tops,
furniture etc.; metal such as cabinets, door knobs, handles etc.; furniture, coatings —

appliances, OEM efc.
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Having geﬂerally described the present invention, a further understanding can

be obtained by reference to the examples provided herein for purposes of illustration

only and are not intended to be limiting.

Examples

Examples 1-4 were tested for antimicrobial properties using Bacillus subtilis

ATCC #6633 as the test organism. Example 3 1s an anionic polymer and 1s a

comparative example.

1.2

Monomer Composition 1 2 3 4
 Styrene - 54.5 47.5 55 39.5
Butyl acrylate 1135 | 135 0 28.5
Butadiene 200 | 20.0 43 0
Lauryl Methacrylate 0 0 0 10.0
N-methylolacrylamide 2.0 2.0 0 2.0
Dimethyl aminoethyl 5.0 12.0 0 15.0
methacrylate methyl chloride
quaternary
Monomethyl maleate 2.0 0
Surfactants 1 2 3 4
Abex 2525 0.5 0.5 0.0 | 05
Methoxyl polyethylene 5.0 5.0 0.0 5.0
glycol methacrylate
Dowfax 2A1 )

Quanticult® Plus cultures containing 10-100 CFU/0.1 mL were inoculated and

allowed to dry onto fifteen coupons for each test coating. Fifteen coupons coated

with the negative control coating were inoculated in the same manner. Recovery for

each surface type was determined after one hour, four hours and 24 hours, using
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Rodac plates (TSA containing Tween* and Lecithin). At each sample time a Rodac
plate was touched to five coupons for each surface type and incubated at 30-35°C for

48 hrs-5 days. The CFU were counted and averaged for each surface type. The test
surface results were compared with the negative control surface results. Recovery

<70% indicates that the material is antimicrobial. The results are provided in Tables

1-4.
Table 1 (Example 1)
' Microbial Recovery o o
| ] 1 Hour ' 4 Hour 24 Hour
Replicate |

10 B. subtilis CFU Other CFU B. subtilis CFU Other CFU | B. subtilis CFU Other CFU

1 2 4
e E e
4 __0 24 “ 0 7
5 0 31 “ 0 3
Average 0 N/A “ 0
| % Recovery
N/A 0 0 0

L

Percent Recovery calculated using only the B. subtilis CFUs.
*Percent Recovery calculated by comparing the average CFU to those of Example 3.

Table 2 (Example 2)

20

Replicate

Average

I % Recovery ™

TPercent Recovery calculated using only the B. subtilis CFUs.
*Percent Recovery calculated by comparing the average CFU to those of Example 3.

* trademark
16
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Table 3 (Comparative Example 3)

Replicate 1 Hour ) 4 Hour 24 Hour |
B. subtilis CFU Other CFU B. subtilis CFU Other CFU | B. subtilts CFU Other CFU

1 1 4 7 | 12 4 13

2 3 5 6 2 0 10

3 2 2 5 5 0 9

4 2 3 1 8 0 15

5 2 2 9 11 2 6
Average 2 N/A 5.6 N/A 1.2 N/A

'% Recovery calculated using only the B. subtilis CFUs. ) |
5
Table 4 (Example 4)
Replicate 1 Hour 4 Hour 24 Hour
B. subtilis CFU Other CFU B. subtilis CFU Other CFU | B. subtilis CFU Other CFU

1 0 0 0 2 0 0

2 0 0 0 0 0 2

3 0 0 1 1 0 I

4 1 0 0 0 0 1

5 0 0 0 0 0 3
Average 0.2 N/A | 0.2 - N/A 0 N/A

% Recovery L2
N/A 10 : 10 0

"Percent Recovery calculated using only the B. subtilis CFUsS.
“Percent Recovery calculated by comparing the average CFU to those of Example 3.

10 This demonstrates that the compositions of the present invention pr§vide rapid kill of
bacteria and also are effective as a broad spectrum antimicrobial polymer composition
as cofnpared to comparative example, Example 3.
The compositions of Examples 1, 2 and 4 were coated onto paper. The
average charge decay time was determined by measuring the length of time for charge
15 to decay to 10 percent of its value when the object is grounded. In operation, the
object 1s charged using a dc voltage service and the drop in voltage is measured after
grounding. The surface resistivity is measured by placing two electrodes on the

surface and applying a fixed voltage to one electrode. The current that traveled across

17
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the surface to the other electrode is measured. Resistance then can be measured from

the current and applied voltage. The results are provided in Table 5.

F

-

Uncoated
Paper

Polymer
add-on

sq 1Y)

!

PR —

Example |

Example 2

Ay ——

re———

5.0

10.0

10.0

" Relative
Humidity

(%) _

12

) -
35 12 ] 23 12

_T

33

Avg,
Charge
Decay
Time(s)

|

54.8 | 0.17

8.9
|

Surface

(ohms/sq.

L@ 10V)

| Resistivity | sgpp | 3.4E

+11
|

>E12

I

0.02

I 2.5E

{ +11

4
|

\

0.04 | 0.87 | 0.0]

s

>E12

2.1
+11

2.2E
+12

Table S (Antistatic Properties-Coated Free Sheet)

Example 4

5.0 [ 10.0

12 33 12 55
0.01 { 0.01 | 0.01 { 0.0]
SO0E | 1.3E | 1.1E | 3.1E

t +10 § +08 | +10 } +07

This 1llustrates that antistatic properties are imparted by the composition of the

present invention.

The scope of the claims should not be limited by the preferred embodiments set forth

In the examples, but should be given the broadest interpretation consistent with the

description as a whole.

18
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WHAT IS CLAIMED IS:

1. A substrate having applied thereto a coating or film to provide antimicrobial
and/or antistatic properties, said coating or film formed from a cationically-charged
polymer composition comprising a noncationic ethylenically unsaturated monomer,
an ethylenically unsaturated monomer which provides a cationic charge to the
polymer composition and a steric stabilization component incorporated into the
cationically-charged polymer composition, wherein said steric stabilization

component is a monomer having alkoxylated functionality or is a protective colloid.

2. The substrate according to claim 1, wherein the substrate is non-woven
fabrics, woven fabrics, organic particulates, Inorganic particulates, fibers,

agglomerates, foams, films, cellulosic maternals, metal, or plastic.

3. The substrate according to claim 1 or 2, wherein the noncationic ethylenically
unsaturated monomer Is vinyl aromatic monomers; olefins; aliphatic conjugated diene
monomers; non-aromatic unsaturated mono- or dicarboxylic ester monomers;
monomers based on the half ester of an unsaturated dicarboxylic acid monomer;
unsaturated mono- or dicarboxylic acid monomers,; nitrogen-containing monomers;
phosphorous-containing monomers,; sulfur-containing monomers; or vinyl ester

mMonomers.

4, The substrate according to any one of claims 1 to 3, wherein the ethylenically
unsaturated monomer which provides a cationic charge to the polymer composition

comprises an amine or amide monomer.

D. The substrate according to any one of claims 1 to 3, wherein the ethylenically
unsaturated monomer which provides a cationic charge to the polymer composition

comprises a quaternized amine monomer.

19
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0. The substrate according to any one of claims 1 to 3, wherein the ethylenically
unsaturated monomer which provides a cationic charge to the polymer composition
comprises a quaternary amine which provides hydrophobicity to the polymer

composition.

/. The substrate according to any one of claims 1 to 6, wherein the monomer

having alkoxylated functionality is:

(@) CH2=C(R)COO(CH2CHR'O)LR" where R=H, or C1-C4 alkyl; R'= H, or C4-C4
alkyl, R"= H, or C4-C19 alkyl, and n=1-30;

(b)  CH2=C(R)COO(CH2CH20)(CH2CHR'O)|R" where R= H, or C1-C4 alkyl,
R'=H, or C4-C4 alkyl, R"= H, or C1-C42 alkyl, and n and m each may range from

1-15;
(C) CH2=C(R)COO(CH2CHR'O)(CH2CH20O)R" where R= H, or C1-C4 alkyl,

R'=H, or C1-C4 alkyl R"= H, C4-C12 alkyl, and n and m = 1-15, or
(d) mixtures of (a) and (b).

8. The substrate according to any one of claims 1 to 7, wherein the polymer

composition further includes up to 1.0 weight percent of a nonionic surfactant.

9. The substrate according to any one of claims 1 to 8, wherein the polymer

composition further includes an antimicrobial agent or antistatic agent.

10.  The substrate according to claim 9, wherein the antimicrobial agent is a

chitosan-based material.

11.  The substrate according to claim 9, wherein the antimicrobial agent is a metal

biocide, consisting of silver, zinc, their saits or their oxides.

12.  The substrate according to claim 9, wherein the antistatic agent is nitrogen

compounds, esters of fatty acids, polyhydric alcohols, phosphoric acids, solutions of
20
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electrolytes in liquids with high dielectric constants, metal salts, metal oxides, metals,

carbon black, carbon nanotubes or semiconductors.

13. The substrate according to claim 9, wherein the antimicrobial agent Is
undecylenic acid or alcohol or a reaction product of undecylenic acid with hydroxyl or

acid containing material having ethylenic unsaturation.

14. A substrate having applied thereto a coating or film to provide antimicrobial
and/or antistatic properties, said coating or film formed from a cationically-charged
polymer composition consisting of 20 to 99 weight percent of a noncationic
ethylenically unsaturated monomer, 0.5 to 75 weight percent of an ethylenically
unsaturated monomer which provides a cationic charge to the polymer composition,
0.5 to 75 weight percent of a steric stabilization monomer, and 0 to 1.0 weight
percent of a non-ionic surfactant, wherein cationically-charged polymer composition
IS devoid of cationic and anionic surfactants, and wherein the steric stabilization

component Is a monomer having alkoxylated functionality or is a protective colloid.

15.  The substrate according to claim 14, wherein the substrate is non-woven
fabrics, woven fabrics; organic particulates, inorganic particulates, fibers,
agglomerates,; foams; films, cellulosic materials; concrete, masonry; glass; metal; or

plastic.

16. The substrate according to claim 14 or 15, wherein the noncationic
ethylenically unsaturated monomer is vinyl aromatic monomers; olefins; aliphatic
conjugated diene monomers; non-aromatic unsaturated mono- or dicarboxylic ester
monomers; monomers based on the half ester of an unsaturated dicarboxylic acid
monomer; unsaturated mono- or dicarboxylic acid monomers; nitrogen-containing

monomers; phosphorous-containing monomers, sulfur-containing monomers; or vinyl

ester monomers.
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17. The substrate according to any one of claims 14 to 16, wherein the
ethylenically unsaturated monomer which provides a cationic charge to the polymer

composition comprises an amine or amide monomer.

18. The substrate according to any one of claims 14 to 16, wherein the
ethylenically unsaturated monomer which provides a cationic charge to the polymer

composition comprises a quaternized amine monomer.

19.  The substrate according to any one of claims 14 to 16, wherein the
ethylenically unsaturated monomer which provides a cationic charge to the polymer
composition comprises a quaternary amine which provides hydrophobicity to the

polymer composition.

20.  The substrate according to any one of claims 14 to 19, wherein the monomer

having alkoxylated functionality is:

(@)  CH2=C(R)COO(CH2CHR'O)nR" where R=H, or C1-C4 alkyl; R'= H, or C1-C4
alkyl, R"=H, or C4-C49 alkyl, and n=1-30;

(b)  CH2=C(R)COO(CH2CH20), (CHoCHR'O)R" where R= H, or C1-C4 alkyl,
R'=H, or C1-C4 alkyl, R"= H, or C41-C12 alkyl, and n and m each may range from 1-

15:
(c) CH2=C(R)COO(CH2CHR'O)y (CH2CH20)R" where R= H, or C1-Cq alkyl,

R'=H, or C1-C4 alkyl, R"= H, or C1-C42 alkvl, and n and m =1-15, or
(d) mixtures of (a) and (b).

21. The substrate according to any one of claims 14 to 20, wherein the polymer

composition further includes an antimicrobial agent or antistatic agent.

22.  The substrate according to claim 21, wherein the antimicrobial agent is a

chitosan-based material.
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23. The substrate according to claim 21, wherein the antimicrobial agent is a metal

biocide consisting of silver, zinc, their salts or their oxides.

24. The substrate according to claim 21, wherein the antistatic agent is nitrogen
compounds, esters of fatty acids, polyhydric alcohols, phosphoric acids, solutions of
electrolytes in liquids with high dielectric constants, metallic salts, oxides, metals,

carbon black, carbon nanotubes or semiconductors.

25. The substrate according to clam 21, wherein the antimicrobial agent is
undecylenic acid or alcohol or a reaction product of undecylenic acid with hydroxyl or

acid containing material having ethylenic unsaturation.

26. A polymeric material having antimicrobial and/or antistatic properties, said
polymer material comprising a base polymer blended with a cationically-charged
polymer composition comprising a noncationic ethylenically unsaturated monomer,
an ethylenically unsaturated monomer which provides a cationic charge to the
polymer composition and a steric stabilization component incorporated into the
cationically-charged polymer composition, wherein the steric stabilization component

IS a monomer having alkoxylated functionality or is a protective colloid.

27. The polymeric material according to claim 26, wherein said base polymer is
polyurethanes, phenolics, polyesters, polyolefins, polyamides, polycarbonates,
polyethers, polyether-amides, polyether-imides, polyorganosilanes, polysulfones,
polyisoprene, polychloroprene, acrylics, styrene-butadienes, styrene acrylonitriles,

ABS, EVA, polytetrafiuoroethylene, polyether-esters, or polyepoxides.

28. The polymeric material according to claim 26 or 27, wherein the polymeric

material is a solid.

29. The polymeric material according to claim 26 or 27, wherein the polymeric

material is a foam.
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30. The polymeric material according to any one of claims 26 to 29, wherein the
noncationic ethylenically unsaturated monomer is vinyl aromatic monomers; olefins;
aliphatic conjugated diene monomers; non-aromatic unsaturated mono- or
dicarboxylic ester monomers; monomers based on the half ester of an unsaturated
dicarboxylic acid monomer; unsaturated mono- or dicarboxylic acid monomers;
nitrogen-containing monomers,; phosphorous-containing monomers; sulfur-containing

monomers; or vinyl ester monomers.

31. The polymeric material according to any one of claims 26 to 30, wherein the
ethylenically unsaturated monomer which provides a cationic charge to the polymer

composition comprises an amine or amide monomer.

32. The polymeric material according to any one of claims 26 to 30, wherein the
ethylenically unsaturated monomer which provides a cationic charge to the polymer

composition comprises a quaternized amine monomer.

33. The polymeric material according to any one of claims 26 to 30, wherein the
ethylenically unsaturated monomer which provides a cationic charge to the polymer
composition comprises a quaternary amine which provides hydrophobicity to the

polymer composition.

34. The polymeric material according to any one of claim 26 to 33, wherein the

monomer having alkoxylated functionality is:
(@) CH2=C(R)COOQ(CH2CHR'O)nR" where R=H, or C4-C4 alkyl; R'=H, or C4-C4

alkyl, R"= H, or C4-C142 alkyl, and n=1-30;

(b)  CH2=C(R)COO(CH2CH20) (CH2CHR'O)R" where R= H, or C41-Cy4 alkyl,
R'=H, or C1-C4 alkyl, R"= H, or C4-C142 alkyl, and n and m each may range from 1-
15; '
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(c) CH92=C(R)COO(CH2CHR'O)y (CH2CH20)R" where R= H, or C1-C4 alkyl,
R'=H, or C1-C4 alkyl, R"= H, or C1-C42 alkyl, and n and m =1-195, or
(d)  mixtures of (a) and (b). '

35. The polymeric material according to any one of claims 26 to 34, wherein the
polymer composition further includes up to 1.0 weight percent of a nonionic

surfactant.

36. The polymeric material according to any one of claims 26 to 35, wherein the

polymer composition further includes an antimicrobial agent or antistatic agent.

37. The polymeric material according to claim 36, wherein the antimicrobial agent

IS a chitosan material.

38. The polymeric material according to claim 36, wherein the antimicrobial agent

is a metal biocide consisting of silver, zinc, their salts or their oxides.

39. The polymeric material according to claim 36, wherein the antistatic agent is
nitrogen compounds, esters of fatty acids, polyhydric alcohols, phosphoric acids,
solutions of electrolytes in liquids with high dielectric constants, metallic salts,

metallic oxides, metals, carbon black, carbon nanotubes or semiconductors.

40. The polymeric materal according to claim 36, wherein the antimicrobial agent
IS undecylenic acid or alcohol or a reaction product of undecylenic acid with hydroxyi

or acid containing material having ethylenic unsaturation.

41. A polymer material having antimicrobial and/or antistatic properties, said
polymeric material comprising a base polymer blended with a cationically-charged
polymer corﬁposition \consisting of 20 to 99 weight percent of a noncationic
ethylenically unsaturated monomer, 0.5 to 75 weight percent of an ethylenically

unsaturated monomer which provides a cationic charge to the polymer composition,
25



10

20

CA 02530231 2012-03-06

0.5 to 75 weight percent of a steric stabilization monomer and 0 to 1.0 weight percent
of a nonionic surfactant, wherein cationically-charged polymer composition is devoid

of cationic and anionic surfactants, and wherein the steric stabilization component is

a monomer having alkoxylated functionality or is a protective colloid.

42. The polymeric material according to claim 41, wherein the noncationic
ethylenically unsaturated monomer is vinyl aromatic monomers; olefins; aliphatic
conjugated diene monomers; non-aromatic unsaturated mono- or dicarboxylic ester
monomers; monomers based on the half ester of an unsaturated dicarboxylic acid
monomer; unsaturated mono- or dicarboxylic acid monomers; nitrogen-containing
monomers; phosphorous-containing monomers; sulfur-containing monomers; or vinyl

ester monomers.

43. The polymeric material according to claim 41 or 42, wherein the ethylenically
unsaturated monomer which provides a cationic charge to the polymer composition

comprises an amine or amide monomer.

44.  The polymeric material according to claim 41 or 42, wherein the ethylenically

~unsaturated monomer which provides a cationic charge to the polymer composition

comprises a quaternized amine monomer.

45.  The polymeric material according to claim 41 or 42, wherein the ethylenically
unsaturated monomer which provides a cationic charge to the polymer composition
comprises a quaternary amine which provides hydrophobicity to the polymer

composition.

46. The polymeric material according to any one of claims 41 to 45, wherein the
monomer having alkoxylated functionality is:
(@)  CH2=C(R)COO(CH2CHR'O)nR" where R=H, or C1-C4 alkyl; R'= H, or C4-C4

alkyl, R"=H, or C4-C19 alkyl, and n=1-30;
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(b) CH=C(R)COO(CHoCH20), (CH2CHR'O)[R" where R= H, or C1-C4 alkyl,
R'= H, or C1-C4 alkyl, R"= H, or C4-C12 aikyl, and n and m each may range from 1-

15;
(C) CHo=C(R)COO(CH2CHR'O)y (CHoCH2O)R" where R= H, or C1-C4 alkyl,

R'=H, or C1-C4 alkyl, R"=H, or C4-C42 alkyl, and n and m =1-195, or
(d)  mixtures of (a) and (b).

47. The polymeric material according to any one of claims 41 to 46, wherein the

polymer composition further includes an antimicrobial agent or antistatic agent.

48. The polymeric material according to claim 47, wherein the antimicrobial agent

IS a chitosan material.

49. The polymeric material according to claim 47, wherein the antimicrobial agent

IS a metal biocide consisting of silver, zinc, their salts or their oxides thereof.

50. The polymeric material according to claim 47, wherein the antistatic agent is
nitrogen compounds, esters of fatly acids, polyhydric alcohols, phosphoric acids,
solutions of electrolytes in liquids with high dielectric constants, metallic salts metallic

oxides, metals, carbon black, carbon nanotubes or semiconductors.

51.  The polymeric material according to claim 47, wherein the antimicrobial agent
Is undecylenic acid, or alcohol or a reaction product of undecylenic acid with hydroxyl

or acid containing material having ethylenic unsaturation.

52. The polymeric material according to any one of claims 41 to 51, wherein said
base polymer is polyurethanes, phenolics, polyesters, polyolefins, polyamides,
polycarbonates, polyethers, polyether-amides, polyether-imides, polyorganosilanes,
polysulfones, polyisoprene, polychloroprernie, acrylics, styrene-butadienes, styrene

acrylonitriles, ABS, EVA, polytetrafluoxoethylene, polyether-esters, or polyepoxides.
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53. The polymenic material according to any one of claims 41 to 52, wherein the

polymeric material is a solid.

54. The polymeric material according to any one of claims 41 to 52, wherein the

polymeric material is a foam.

55. A method of providing antimicrobial and/or antistatic properties to a substrate
comprising applying a cationically-charged polymer composition to the substrate,
wherein the polymer composition comprises a noncationic ethylenically unsaturated
monomer, an ethylenically unsaturated monomer which provides a cationic charge to
the polymer composition and a steric stabilization component incorporated into the
cationically-charged polymer composition, wherein the steric stabilization component

IS @ monomer having alkoxylated functionality or is a protective colloid.

06. A method imparting antimicrobial and/or antistatic properties to a polymeric
material, the method comprising blending a base polymer with a cationically-charged
polymer composition comprising a noncationic ethylenically unsaturated monomer.
an ethylenically unsaturated monomer which provides a cationic charge to the
polymer composition and a steric stabilization component incorporated into the
cationically-charged polymer composition, wherein the steric stabilization component

Is @ monomer having alkoxylated functionality or is a protective colloid.

57. A shampoo, lotion, cream, body wash, or cosmetic, comprising a cationically-
charged polymer composition comprising a noncationic ethylenically unsaturated
monomer, an ethylenically unsaturated monomer capable of providing a cationic
charge to the polymer composition and a steric stabilization component incorporated
Into the cationically-charged polymer composition, wherein the steric stabilization

component is a monomer having alkoxylated functionality or is a protective colloid.
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58. The shampoo, lotion, cream, body wash, or cosmetic of claim 57, wherein the
noncationic ethylenically unsaturated monomer is selected from the group consisting
of vinyl aromatic monomers; olefins; aliphatic conjugated diene monomers; non-
aromatic unsaturated mono- or dicarboxylic ester monomers; monomers based on
the half ester of an unsaturated dicarboxylic acid monomer; unsaturated mono- or
dicarboxylic acid monomers; nitrogen-containing monomers; phosphorous-containing

monomers; sulfur-containing monomers; and vinyl ester monomers.

59. The shampoo, lotion, cream, body wash, or cosmetic of claim 57 or 58,
wherein the ethylenically unsaturated monomer which provides a cationic charge to

the polymer composition comprises an amine or amide monomer.

60. The shampoo, lotion, cream, body wash, or cosmetic of claim 57 or 58,
wherein the ethylenically unsaturated monomer which provides a cationic charge to

the polymer composition comprises a quaternized amine monomer.

61.  The shampoo, lotion, cream, body wash, or cosmetic of any one of claims 57

to 60, wherein the monomer having alkoxylated functionality is:
(@)  CH2=C(R)COO (CH2CHR'O),R", where R is H or C1-C4 alkyl; R' is H or

C1-C4 alkyl; R" is H or C4-C19alkyl; and n is 1-30;

(b)  CH2=C(R)COO(CH2CH20)n(CH2CHR'O)m\R", where R is H or C1-C4 alkyl;
R"I1s H or C1-C4 alkyl; R" is H or C4-C12 alkyl; and n and m each is 1-15;

(C) CH2=C(R)COO(CH2CHR'O),(CH2CH20)R", where R is H or C1-Cy4 alkyl;
R"is H or C4-C4 alkyl; R" is H or C4-Cq92alkyl; and n and m each is 1-15: or

(d)  mixtures of (a) and (b).
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