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FIBROUS WEB COMPRISING A CATIONIC POLYMER FOR CAPTURING MICROORGANISMS

Background of the invention

The presence of various microorganisms such as baclena, viruses, and fungi can put the
population at risk for developing numerous ilinesses and diseases. For inslance, these
microorganisms can e present on surfaces in hospitals, nursing homes, schools, restaurants, grocery
stores, kitchens, bathrooms, gyms, etc. as well asin liquids such as drinking water. One approach for
killing andfor removing these microorganisms is by using solutions containing detergents, biocides,
antibiotics, or other chemicals. These solutions may also be impregnated into fibrous webs, such as
wipes and nonwovens, for delivery {o a coniaminated surface or for fillration. However, aithough these
substances can be successful in killing or removing the microorganisms, exposure b these chemicals
can be harmful. Further, increased use can lead to the microorganisms having increased resistance o
such chemicals. Additionally, over time, the use of such chemicals can corrode or damage the
surfaces to which they are applied.

As concerns grow about aflergic or toxicological reactions to chemicals and about the
increasing resistance of bacteria to common chemicals and reatments, it has become more desirous
to avoid harsh chemicals while stilt providing a fibrous web for removing microorganisms. Thus, to
alleviate the aforementioned problems, another approach has been to atlempt to remove the
microorganisms without the use of chemicals, such as by utilizing the electrostatic interactions of the
negatively charged bacteria. However, webs for capturing and trapping negatively charged bacteria
are generaliy limited lo the application of metai cation selutions such as aluminum cations to the
surface of a web. Firstof all, these methods only utilize the cationic functionaiities to inferact with the
negatively charged bacteria. Secondly, the metal cations are capable of leaching from the web and
contaminating the surface and/or liguic that is in contact with the web.

infight of the above, a need exists for a technigue for capturing and retaining microorganisms,
such as bacteria, without the use of harsh chernicals.

Summary of the invention

in accordance with one embodiment of the present invention, a fibrous web for use in
removing bactena is disclosed wherein the web comprises a cationic polymer. The cationic polymer
has an affinity for the negatively charged cell wails of bacteria. The cationic polymer comprises a
calionic rmonomer and a hydrophobic monomer. The molar ratio of the cationic monomer o the

hydrophobic monomer is greater than about 1:1.

In a first aspect of the present invention, there is provided a fibrous web for use in
removing microorganisms, the web comprising a cationic polymer having an affinity for
the negatively charged cell walls of bacteria, the cationic polymer comprising: a cationic

monomer, and a hydrophobic monomer wherein the hydrophobic monomer comprises a

AH26(22707171_1):MBS
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functional group comprising a Cs-C 29 alkyl group, a Cs-C 29 alkylene group, an aryl
group, or a heteroaryl group, wherein the molar ratio of the cationic monomer to the
hydrophobic monomer is greater than about 1:1.
In accordance with another embodiment of the present invention, a method for removing

bacteria from a surface or a liquid is disclosed. The method comprises contacting the surface or the

AH26(22707171_1):MBS
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liquid with a fibrous web comprising a cationic polymer. The cationic polymer has an affinity for the
negatively charged cell walls of bacteria. The cationic polymer comprises a cationic monomer and a
hydrophobic monomer. The molar ratio of the cationic monomer to the hydrophobic monomer is
greater than about 11,

Other features and aspects of the present invention are set forth in greater detail below.

Dotailed Description of Representative Embodiments

Definitions

it Is to be understood that the terminology used herein is for the purpose of describing
particular embodiments only and is not intended to limit the scope of the present invention.

“‘Alkyt” refers to monovalent saturated aliphatic hydrocarbyl groups having from 1 to 10 carbon
atoms and, in some embodiments, from 1 {o 5 carbon atoms. “Cuy alkyl” refers to alkyl groups having
from x to y carbon atoms. This term includes, by way of example, linear and branched hydrocarbyl
groups such as methyl {CHa), ethyl (CHiaCH3), n-propyl (CH3CHaCHy), isopropyl ({(CH3}eCH}, n-buty!
(CH3CH2CH2CH,), isobutyt ({CH3)2CHCH,), sec-butyl ({(CH3){CHaCH)CH), fbutyl {{CH3)C), n-pentyl
(CH3CHoCHaCHaCHY), and neopentyl {{CH3)aCCHy).

“Alkeny!” refers fo a linear or branched hydrocarby! group having from 2 to 10 carbon atoms
and in some smbodiments from 2 to 6 carbon atoms or 2 to 5 carbon atoms and having at least 1 site
of vinyl unsaturation (>C=C<). For example, (Cx-Cy) alkenyl refers {o atkenyl groups having from xto ¥
carbon atoms and is meant to include for example, ethenyl, propenyl, 1,3-butadienyl, and se forth.

*Aryl” refers to an aromatic group of from 3 to 14 carbon atoms and no ring heleroatoms and
having a single ring {e.g., phenyl) or multiple condensed {fused) rings (e.g., naphthyl or anthryl). For
multiple ring systems, including fused, bridged, and spiro ring systems having aromatic and non-
aromatic rings that have no ring heteroatoms, the term “Aryl” applies when ihe point of attachment is at
an aromatic carbon atom {g.g., 5,8,7,8 tetrahydronaphthalens-2-yl is an aryi group as its point of
attachment is at the 2-position of the aromatic phenyl ring).

"Heteroary!” refers to an aromatic group of from 1 to 14 carbon atoms and 1 to 6 helercatoms
selected from oxygen, nitrogen, and sulfur and includes single ring {2.g. imidazolyl) and multiple ring
systems (e.g. henzimidazol-2-yl and benzimidazol-8-yl}. For multiple ring systems, including fused,
bridged, and spiro ring Systems having aromatic and non-aromatic rings, the term “hetercary!” applies
if there s at least one ring heteroatom and the point of attachment is at an atom of an aromatic ring
{e.g. 1,23 4-tetrahydroguinolin-6-y! and 5,6,7 8-tefrahydroguinolin-3-yl}. in some embadiments, the
nitrogen andfor the sulfur ring atom(s) of the heteroaryl group are optionally oxidized to provide for the

N oxide (N—O}, sulfinyl, or sulfony! moieties. Examples of heteroaryl groups inciude, but are not
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limited to, pyridyl, furanyl, thienyl, thiazolyl, isothiazolyl, triazolyl, imidazolyl, imidazolinyl, isoxazolyl,
pyrrolyl, pyrazolyl, pyridazinyl, pyrimidinyl, purinyl, phthalazy!, naphthylpryidyl, benzofuranyt,
tetrahydrobenzofuranyl, isobenzofuranyl, benzothiazolyl, benzoisothiazolyl, benzotriazolyi, indolyl,
isoindolyl, indolizinyl, dihydroindolyl, indazolyl, indolinyl, benzoxazolyl, quinolyl, isoquinalyt, quinolizyl,
quianazolyl, quinoxalyl, tetrahydroquinolinyl, isoquinolyl, quinazolinanyl, benzimidazolyl,
benzisoxazolyl, benzothienyl, benzopyridazinyl, pteridinyl, carbazolyl, carboliny!, phenanthridinyl,
acridinyl, phenanthrolinyl, phenazinyl, phenoxazinyl, phenothiazinyl, and phthalimidyl.

“Heterocyclic” or *heteracycle” or "heterocycloalkyl” or *heterocyciyl” refers o a saturated or
partially saturated cyclic group having from 1 to 14 carbon atoms and from 1 to 6 hetercatoms selected
from nitrogen, sulfur, or oxygen and includes single ring and multiple ring systems including fused,
bridged, and spiro ring systems. For multiple ring systems having aromatic and/or non-aromatic rings,
the terms "heterocyclic”, “heteracycie”, "heierocycloalkyl”, or “heterocyclyl” apply when there is at ieast
one ring heteroatom and the point of attachment is at an atom of a non-aromatic ring {e.g.
decahydroquinelin-8-yl). In some embodiments, the nitrogen andfor sulfur atom(s) of the heterocyclic
group are optionally oxidized to provide for the N oxide, sulfinyl, sulfonyl moieties. Examples of
heterocyclyl groups include, but are not limited to, azetidinyl, tetrahydropyranyi, piperidingt, N-
methylpiperidin-3-yl, piperazinyl, N-methylpyrrolidin-3-yl, 3-pyrrolidiny, 2-pyrrolidon-1-yl, morpholinyl,
thiomorpholinyl, imidazolidinyt, and pyrrolidinyl.

i should be understood that the aforementioned definitions encompass unsubstituted groups,
as well as groups substituted with one or more other functional groups as is known in the art. For
example, an aryl, heteroaryl, or heterocyclyl group may be substituted with from 1 to 8, in some
embodiments from 1 1o 8, in some embodiments from 1 to 3, and in some embodiments, from 1o 2
substituents selected from alkyl, alkenyl, alkynyi, alkoxy, acyl, acylamiro, acyloxy, amino, quétemary
aming, amide, imino, amidino, aminocarbonylamino, amidinacarbonylamino, aminothiocarbonyl,
aminocarbonylamino, aminothiocarbonylamino, aminocarbonyloxy, aminosulfonyl, aminosulfonyloxy,
aminosulfonylaming, aryl, aryloxy, aryithio, azido, carboxyl, carboxyl ester, {carboxyl esterjamine,
{carboxyl esteroxy, cyano, cycloalkyl, cycloalkyloxy, cycloalkylihio, guanidino, halo, haloalkyl,
haloalkoxy, hydroxy, hydroxyamino, alkoxyamino, hydrazino, heteroaryl, heteroaryloxy, heteroarylthio,
heterocyclyl, heterocyclyloxy, heterocyclylthio, nitro, oxo, thione, phosphate, phosphonate,
phosphinate, phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyciic
phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, sulfate, sulfonate, sulfonyl,
substituted suifanyl, sulfonyloxy, thioacyl, thiocyanate, thicl, alkyithio, efc., as well as combinations of

such substituents.
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Detailed Description

it is to be understood by one of ordinary skill in the art that the present discussion is a
description of exemplary embodiments only, and is not intended as limiting the broader aspects of
the present invention.

Generally speaking, the present invention is directed to a fibrous web containing a plurality of
fibers wherein the web also includes a cationic polymer. The cationic polymer is synthesized from a
cationic monomer containing a cationic functional group that has an affinity for the negatively charged
cell walls of microorganisms, such as bacteria. The ability of the polymer to atiract and retain these
microorganisms may be further enhanced by also incorporating a hydrophobic monomer. For
instance, the hydrophobic functional groups present within the monomer may interact with the
hydrophobic groups that are present in the cell walls of these microorganisms.

Therefore, utilizing both cationic and hydrophobic functional groups increases the interactions
between the polymer and microorganisms which in turn enhances the ability of the polymer to capture
and retain the microorganisms. Even further, when the polymer is applied to or incorporated within a
fibrous web, the functional groups may also be capable of interacting, such as chemically,
glectrostatically, or physically, with the fibers of the fibrous web thereby immobilizing the polymer ento
or within the web. For instance, the cationic functional groups may interact with functional groups,
such as hydroxyl groups, on the fibers, such as cellulose fibers, within a fibrous web. In addition, the
hydrophobic functional groups and polymer hackbone may interact the other polymeric based
malerials and synthetic polymers, if any, incorporated within the web. As such, the polymer can
become integral and become embedded into the web thereby inhibiting removal or transfer fo another
liquid, surface, or surrounding environment,

Furthermore, the present inventors have also discovered that these interactions can be
optirized when ulilizing the cationic monomer and the hydrophobic monomer in a specific ratio, For
instance, the cationic polymer has a net positive charge wherein the molar ratio of the cationic
monomer to the hydrophobic monomer is about 1:1 or mare, and in another embodiment about 1.5:1
or more, and in a particular embodiment about 2:1 or more to about 15:1 or less, and in another
embodiment about 10:1 or less, and in a particular embodiment about 5:1 or less such as at about 3:1.
The present inventors have discovered that such molar ratio provides a cationic polymer that is
capable of effectively interacting with bacteria while also remaining immobilized due to the interactions
with the fibers of the fibrous web.

Gram positive bacteria, for example, contain teichoic acids that give the cell wall an overall

negative charge due o the presence of phosphadiester bonds between teichoic acid monomers.
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Gram negative bacteria, on the other hand, contain highly charged lipopolysaccharides that may
confer an overall negative charge to the cell wall. Regardiess, the present invenlors have discovered
that utilizing & cationic polymer having cationic functional groups and hydrophobic functional groups in
a specified ratio optimally enhances the ability of the polymer and web to capture and retain certain
microorganisms, such as bacteria, thereby removing them from a surface or liquid and also inhibiting
their spread. Of particular advantage, the polymer may help protect against the spread or infection of
pathogens without the use of chemicals, su‘ch as antiseptics or antibiotics.

Various embodiments of the present invention will now be described in more detail below.
L Cationic Polymer

The cationic polymer is employed in the present invention for interacting with the negatively
charged well calls of microorganisms. These interactions allow the polymer o attract and retain
negatively charged matter, such as molecules, particles, microbes, cells, fungi, anions, bacteria, other
microorganisms, pathogens, and the like, through the application of physical means and Coulombic
attraction, without the use of harsh chemicals such as some antimicrobials. As such, the cationic
polymer prevents the transfer of bacteria through a fibrous web and prevents the spread of bacteria
among surfaces and liguids that may contact the fibrous web,

The cationic polymer may have the general structure as identified in Formula |;

Lol |

Fooner N3 E
R
X 3 K 3
A R I N &

Formula |
wherein:

A denotes a cationic monomer;

B denotes a hydrophobic monomer;

p is the number of units of monomer A and is greater than 1, such as from about 2 fo about
2000, such as from about 2 to about 1000; and

q is the number of units of monomer B and is greater than 1, such as from about 2 to about
2000, such as from about 2 lo about 1000.

As shown in Formula |, the cationic polymer contains a first monomer A and a second
monomer B. Monomer A may be a cationic moenomer and monomer B may be a hydrophobic
monomer, Cationic monomer A may contain a cationic functional group while hydrophobic monomer B
may contain a hydrophobic functional group.

in general, cationic functional groups are those that have a net pasitive charge. The presence

of this charge is generally dictated by the pH of the environment in which the group is found. The
5
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groups are represented as charged functional groups gensrally at a physiological pH of 7.4, Without
intending to be limited by theory, it is believed that the affinity of the cationic polymer for the negatively
charged walls of microorganisms, such as bacteria, is generally due to the presence of these cationic
functional groups that can electrostatically bind to the cell walls.

The ability of the polymer to attract and retain these microorganisms may be further enhanced
by also incorporating a hydrophobic monomer having a hydrophobic functional group. In general,
hydrophobic functional groups are groups without electronegative atoms thus preventing the ability to
form a hydrogen bond with agueous solvents. i hydrophabic, a molecule or part of a molecule will
actively repel or exclude water. Without intending to be limited by theory, it is believed that the
hydrophobic functional groups are also capable of interacting with the hydrophobic groups that are
present in the cell walls of the microorganisms, such as bacteria.

Thersfore, utilizing both cationic and hydrophobic functional groups increases the interactions
beiween the polymer and microorganisms which in tum enhances the ability of the polymer to capiure
and retain the microorganisms. Even further, when the polymer is applied to or incorporated within a
fibrous web, the functional groups may also be capable of interacting, such as chemically,
electrostatically, or physically, with the fibers of the fibrous web thereby immobilizing the polymer onto
or within the web. As such, the polymer can become integral and become embedded into the web
thereby inhibiting removal or transfer to another liquid, surface, or surrounding environment.

For instance, the cationic functional groups may interact with functional groups, such as
hydroxyl groups, on the fibers, such as cellulose fibers, within a fibrous web. In addition, the
hydrophobic functional groups and polymer backbone may inferact the other polymeric based
materials and synthetic polymers, if any, incorporated within the web. Thus, the cationic polymer not
only provides a surface of fixed functional groups for capturing and retaining bacteria but atso provides
functional groups for interacting with the fibers of the fibrous web,

Additionally, as shown in Formula 1, p denotes the number of monomer units of monomer A
present in the cationic polymer while o denotes the number of monomer units of monomer B present in
the cationic polymer. For instance, p and g are greater than 1, such as from about 2 to about 2000,
and in another embodiment from about 2 to about 1000.

According to one embodiment, the cationic monomer A is present in the polymer in an amount
greater than the hydrophobic monomer B. For instance, the molar ratio (p:q) of the cationic monomer
to the hydrophobic monomer is about 1.1 or more, and in another embodiment about 1.5:1 or more,
and in a particular embodiment about 2:1 or more to about 15:1 or less, and in another embodiment
about 10:1 or less, and in a particular embodiment about 5:1 or less. The present inventors have

6
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discovered that such ratios effectively enhance the ability of the cationic polymer to interact with the
negatively charged celt walls of bacteria as well as the fibers of the fibrous web.

Additionally, the cationic polymer may have a molecular weight of about 10,000 g/mol or mare,
and in another embodiment about 25,000 g/mol ar more to about 500,000 g/mol or less, and in another
embodiment about 300,000 g/imol or less. In a particuiar embodiment the polymer is a water-soluble
polymer having a molecular weight of from about 100,000 gimol to about 200,000 g/mol. As used
herein, the term “water-soluble” refers to materials which dissolve in water at 37° C. to give a true
solution as opposed to materials which form a latex or suspension of undissolved particles.

The respective cationic monomer and hydrophobic monomers may be any monomers known
in the arl. For instance, in one embodiment, monomer may be an acrylamide monomer. As used
herein, an acrylamide monomer may constitute an acrylamide, a methacrylamide, a derivative thereof,
or a combination thereof. In another embodiment, the respective monomer may be an acrylate
monomer or an acrylate ester monomer. As used herein, an acrylate monomer or actylate ester
monormer may be produced from acrylic acid or an acrylate, methacrylic acid or a methacrylate, a
derivative thereof, or a combination thersof. Accordingly, in one embodiment, the polymer employed is
a non-crosslinking polymer such that the rheology of the polymer system in solution is substantially
retained and does not require further processing steps.

The monomers may be produced using any methad known in the art. For instance, the
maonomers may be synthesized with a first constituent and a second constituent. in one embodiment,
the first constituent may be an acrylate monomer produced from an acrylic acid or an acryiate, a
methacrylic acid or a methacrylate, a derivative thereof, or a combination thereof. The second
constituent may be a compound containing the cationic functional group or hydrophobic functional
group. Forinstance, the carboxyt group of the first constituent may be reacted with the second
constituent o form a carboxylic ester. In another embodiment, the carboxyl group of the first
constitient may be reacted with an amine group of the second constituent to form an amide. Thus,
any esterification reaction and/or amide synthesis known in the arf may be utilized to produce the
monomers for synthesis of the polymers. Additionally, the raw materials utilized to produce the
monomers are commercially available from Sigma and whereby the monomers can be commercialiy
synthesized by Lumigenix,

The second constituent may be any compound that is capable of providing the cationic
functional group or hydrophobic functional group, as mentioned above, to the respective monomer.
For instance, in one embodiment, the second constitient may be an amino acid, such as a natural
amino acid. The amino acid may contain the desired cationic functional group ar hydrophobic

-
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functional group. Forinstance, the second constituent may be arginine, lysine, histidine, alanine,
valing, isoleucine, leucine, methionine, phenylalanine, tyrosine, andfor tryptophan. When it is desired
to pravide a cationic monomer having a cationic functional group, the second constituent may be

arginine, lysine, histidine, or a combination thereof. In one particular embodiment, the second

[}

constituent for the cationic monomer is lysine. When it is desired to provide a hydrophobic monomer
having a hydrophobic functional group, the second constituent may be alanine, valine, isoleucine,
leucine, methionine, phenylalanine, tyrosine, tryptophan, or a combination thereof. In one particular
embodiment, the second constituent for the hydrophobic monomer is phenylalanine.
Additionally, the cationic functional group and the hydrophobic functional group may be
10 contained within their respective monomers such that they are capable of interacting with
microorganisms, such as bacteria, and/or the fibers of a fibrous web. Accordingly, in one embodiment,
the cationic functional group, hydrophobic functional group, or both may be present within the polymer
backbone. in another embodiment, the cationic functional group, hydrophobic functional group, or
both may be present as pendant functional groups attached to the backbone of the cationic polymer.
15 Insuch embodiments, the pendant functional groups are extended or branched from the polymer
backbone.

For instance, Formula il depicts a structure wherein the functional grotips are present as

pendant groups:
R3 R4

: ‘ § X i ¢ \ Y

R * CHy \E i ‘ G My E i§ O Hy \i ~~~~~ & *; Gy \; 26
i\ J W i E& $ {\ / N 4 ] W
RS ; R§ .

20 Formula i
wherein:

R1and R2 are each independently hydragen, a C1-C 4 alkyl group, or a C+-C 4 alkenyl group;
R3 and R4 are each independently hydrogen, a hydroxyl group, a C+-C 4 alkyl group, ora C+-C
4 alkenyl group;
25 R5 is an organic substituent containing a cationic functional group;
RE is an organic substituent containing a hydrophabic functional group;
iy is the number of units of monomer A and is greater than 1, such as from about 2 to about
2000, such as from about 2 to about 1000;
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g is the number of units of monomer B and is greater than 1, such as from about 2 to about
2000, such as from about 2 to about 1000; and

m, i, v, and w are each independently from 0 to §, such as €, 1, or 2.

As shown in Formula i, R1 and R2 are the terminal end groups of the cationic polymer. R1
and R2 may each independently be hydrogen, a C1-Cq alkyl group, or a C+-Cq alkenyl group. Inone
embodiment, R1, R2, or both are a C+-Cy alkyl group, such as a methyl, ethyl, propyl, or butyl group.
in one embodiment, R1, R2, or both are a C4-Co alky! group. In a particular embodiment, R1, R2, or
both are a methy! group.

As shown in Formula |, R3 and R4 are pendant groups that branch from the polymer
backbone. R3 and R4 may each independently be hydrogen, a hydroxyl group, a Cy-Cq alkyi group, or
a [4-Cq alkenyl group. In one embodiment, R3, R4, or both are 3 C+-Cy alky! group, such as a methyl,
ethyl, propyl, or butyl group. In one embodiment, R3, R4, or both are a C4-Cz alkyl group. Ina
particular embodiment, R3, R4, or bath are a methy] group,

Additionally, p and g are defined the same as with respect to the description of Formula !

- provided above. Forinstance, pand g are greater than 1, such as from about 2 to about 2000, and in

another embadiment from about 2 to about 1000. Additionally, the molar ratio {p:q} of the cationic
manomer to the hydrophobic monomer is about 1:1 or more, and in another embodiment about 1.5:1
or more, and in a particular embodiment about 2:1 or more to about 15:1 o less, and in another
embodiment about 10:1 or less, and in a particular embodiment about 5:1 or less.

Additionally, R5 is an organic substituent containing a cationic functional group and Ré is an
organic substituent containing a hydrophobic functional group. The formulae for RS and RS may have
the general structures as identified in Formula il and Formula IV, respectively:

|8 G gj‘ Ny “RTQ
3 G Oy
TR ORI
Formula i Formuia 1V

wherein:
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X and Y are each independently an amide {-C{O}NH- or -NHC(O})-) or a carboxylic ester {-
C{O)O- or -OC{O)-);

R7 is a direct bond between the C and R8, a Cs-C 5 alkyl group, or a C+-C s alkenyl group;

R8 is an amino group having the structure -N{R13}{R14}, an ammonium group having the
structure -N{R18}R16)(R17), a N containing heteroary! group, or a N containing heterocyclyl group;

RS and R10 are each independently hydrogen, a C1-C1o alkyl group, or a C4-C1g alkenyl group;

R11is a direct bond between the C and R12, a C1-C s alkyl group, or a C+-C 5 alkenyl group;

R12 is a C4-C 20 alkyl group, a C3-C 20 alkylene group, an aryl group, or a heteroary! group,

R13 and R14 are each independently hydrogen, a Ci-C s alkyl group, a C+-C 5 alkenyl group,
or -CINRIBIN{R19)}{R20);

R15, R18, and R17 are each independently hydrogen, a C+-C s alkyl group, a C+-C 5 alkeny!
group, or -C{NR18)N{R18}{R20), wherein at least one of R15, R16, or R17 is hydrogen; and

R18, R19, and R20 are each independently hydrogen, a C+-C s alkyl group, or a Cr-C 5 alkenyl
group.

According to one embodiment, the cationic functional group may be contained within R8. For
instance, RB may be an amino group having the structure -N{R13)}{R14), an ammonium group having
the structure -N{R15}{R16){R17), a N containing heteroaryl group, or a N containing heterocyclyl

-group. ‘Accordingly, R8 may contain a N atom. Inone embodiment, the N atom is protonated such

that the cationic functional group is a protonated amine. As such, during protonation, the lone pair of
electrons on the nitrogen atom is used to form a bond with hydrogen thus providing a protonated
amine. Thus, the N atom will have four covalent bonds wherein one of the bonds is with a hydrogen
atom.

When R8 is an amino group, the amino group may have the structure -N{R13)(R14). R13 and
R14 are each independently hydrogen, a C+-C 5 alkyl group, a C+-C 5 alkenyl group, or -
CINR1BIN(R19){R20). in one embodiment, R13, R14, or both are hydrogen. in another embodiment,
R13, R14, or both are a C+-Cs alkyl group, such as a C+-C 3 alky! group, such as a methyi group. in
another embodiment, R13, R14, or both may be -C(NR18)N(R18)(R20}. In such embodiments, when
R13 or R14 is -C(NR18IN(R19)R20), the other may be hydrogen. in these embodiments, R8 contains
a quanidino group.

When R8 is an ammonium group, the ammonium group may have the struciure -
N{R15)R1B)R17). R15, R18, and R17 are each independently hydrogen, a C+-Cs alkyl group, a Ci-C
s alkeny! group, or -CINR18IN(R19){R20), wherein af lsast one of R15, R16, or R17 is hydrogen. In
one embodiment, R15, R18, R17, or ali three are hydrogen. In another embodiment, any one or two of
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R15, R18, or R17 is a C1-C s alkyl group, such as a C4-C 3 alkyl group, such as a methyl group. In
another embodiment, any one of R15, R16, or R17 is -C{NR1§IN{R1S}R20). In such embodiments,
R8 contains a guanidino group.

When R8 contains a guanidine group, R18, R18, and R20 are sach independently hydrogen, a
C-C 5 alkyl group, or a Ci-C s alkenyt group. In one embodiment, R18, R19, R20, or all three are
hydrogen. In one embodiment, the guanidino group may be prolonaled. In such embodiments, the
nitrogen atom connected to the carbon atom via a double bond may further contain an additional
hydrogen atom. In such embodiments, the guanidino group may have the struciture -
C{NR18R21IN{R18)(R20) wherein R21 is hydrogen.

When R8 contains a N containing heteroaryl group, ihe heteroary! group may be any N
containing heteroaryl group capable of providing a cationic functional group. For instance, the N
containing heteroaryl group may be an imidazolyl group, a pyridyl group, a purinyl group, a pyrazolyl
group, or a combination thereof. In one embodiment, the N containing heteroaryi group is an
imidazolyl group.

As mentioned above, generally the N within R8 group is protonated to provide a profenated
amine and thereby a cationic functional group. However, prior fo proionation, the amine within R8 may .
be a primary amine, a secondary amine, or a tertiary amine. As used herein, a primary amine is
referred to as an amine where only one of the hydrogens is replaced by an alkyl group or an aromatic
group. A secondary amine is referred to as an amine where anly two of the hydrogens are replaced by
an alkyl group and/or an aromatic group. A tertiary amine is referred to as an amine wherein three of
the hydrogens are replaced by an alkyl group andfor an aromatic group. In one particular
embodiment, a primary amine is protonated to provide the protonated amine and the cationic
functionality ‘o the cationic monomer.

According to one embodiment, the hydrophaobic functional group may be contained within R12,
Forinstance, R12 may be a C1-C 2 alkyl group, a C2-C 20 atkylene group, an aryl group, or a heleroary!
group. in one embodiment, R12 s a §1-C 20 alkyl group, such as a CsC 25 alkyl group.

In another embodiment, R12 is an aryl group or a heteroaryl group capable of providing a
hydrophobic functional group. For instance, in one embodiment, the aryl group is a single aryl ring or &
multiple fused ary! ring system, comprising two or more ring systems. In one embodiment, the aryl
group is a single aryl ring such as a phenyl ring. in ancther embodiment, the aryl group is a fused aryl
ring such as a naphthyl group or an anthry! group. In another embodiment, the aryl groupis a

heteroaryl group. For instance, the heteroaryl group may be a multiple fused hetercaryl ring system
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stich as an indolyt group or an isoindolyt group. In one particular embodiment, the aryl group and/or
heteroaryl group comprises a 8-membered carbon ring, such as a 6-membered aromatic carbon ring.

As shown in Formula i, R7 is connected to R8 which contains the cationic functional group.
R7 is a direct bond between the C and R8, a C+-C 5 alkyl group, or a C+-C 5 alkenyl group. Inone
embodiment, R7 is a C4-C s alkyl group, such as a C+-C ¢ alkyl group, such as a butyl group.

As shown in Formula IV, R11 is connected to R12 which contains the hydrophobic functional
group. R11is adirect bond between the C and R12, a C4-C s alkyl group, or a C+-C 5 alkenyl group. In
one embodiment, R11 is a C+-C s alkyl group, such as a Cs-C 3 alkyl group, such as a methyl group.

Referring to Formulae il and [V, RS and R10, respectively, are each independently hydrogen,
a C+-C 10 alkyl group, or a C+-C 1o alkenyl group. RY and R10 may be the same or they may be
different. In one embodiment, R9, R10, or both are hydrogen. In another embodiment, RS, R10, or
both are a C4-C 1o alkyl group, such as a C+-C 5 alkyl group, such as a Cs-C 3 alkyl group, such as a
methyl or ethyl group.

When RS or R10 is hydrogen, the respective monomer is in a free acid form whersin the
carboxylic acid is not reacted or esterified. However, when RS or R10 contains an alkyl group or an
alkylene group, the monomer may be considered esterified. As such, the carboxylic acid is reacted to
form an ester. When in an ester form, the monomers may be esterified using any esterification
reaction known in the ant,

Without intending to be limited by theory, it is befieved that the ester form of monomers further
enhances the ability of the cationic polymer to interact with the negatively charged cell walls of
bacteria. For instance, when the cationic polymer is present in a free acid form wherein the carboxylic
acid of the amino acid is not esterified, the hydrogen of the hydroxyl moiety of the carboxylic acid may
be released thergby forming a negalively charged carboxylate. Accordingly, the negatively charged
carboxylate may not interact with the negatively charged cell walls of bacteria and may in fact result in
repuision of such bacteria. On the other hand, when the carboxylic acid is esterified with an alkyl
group, the alkyl group may remain uncharged and thus may not negatively affect the interactions with
the negatively charged cell walls of bacteria. '

As shown in Formulae ttand IV, X and Y, respectively are each independently an amide (-
C{OINH- or -NHC({D)-} or a carboxylic ester (-C{O)0- or -OC{O}-). When X orY is an amide {-
C{OINH-or -NHC{O)-, the respective monomer may be referred {o as an acryiamide monomer. As
used hersin, an acrylamide monomer may constitute an acrylamide, a methacrylamide, a derivative
thereof, or a combination thereof. When X or'Y is a carboxylic ester {-C{0)O- or -QC{O}-}, the

respective monomer may be referred o as an acrylate monomer or an acrylate ester monomer. As
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used herein, an acrylate monomer or acrylate ester monomer may be produced from acrylic acid or an
acrylate, methacrylic acid or a methacrylate, a derivative thereof, or a combination thereof,

As discussed above, the cationic functional group and hydrophobic functional group are
provided within the polymer so that they are capabile of interacting with microorganisms, such as
bacteria. As shown in Formula I, the functional groups are provided as pendant groups branching
from the main chain. In one embodiment, the functional groups may be connected to the backbone of
the cationic polymer by a spacer having a specific fength. In general, the spacer arm length is the
distance of the cationic functionai group or the hydrophobic functional group from the polymer
backbone. Accordingly, the spacer arm length is the length of the extension of the monomer due to
the second constituent, such as the amino acid.

For instance, for the cationic monomer, the spacer arm length is the distance from R8 to X.
The spacer length of the cationic functional graup of the cationic monomer may be from about 3 A to
about 30 A, in anather embodiment from about 4 A to about 20 A, and in a particular embodiment from
5 Ato about 15 A. Similarly, for the hydrophobic monomer, the spacer arm length is the distance from
R121oY. The spacer length of the hydraphobic functional group of the hydrophobic monomer may be
fram about 2 A to about 30 A, in another embodiment from about 3 A to about 20 A, and in a particular
embodiment from 4 A to about 15
i Fibrous Webs

in order to capture and retain microorganisms, stich as bacteria, the cationic polymer may be
applied fo a fibrous web prior to use. Such fibrous webs may be used fo reduce microbial or viral
populations on a hard surface (e.g., sink, table, counter, sign, and so forth) or surface on a user/patient
{.g., skin, mucosal membrane, such as in the mouth, nasal passage, stomach, vagina, efc., wound
site, surgical site, and so forth}. The fibrous web may also be tised to reduce micrabial or viral
populations by acting as a filter. The fibrous web may provide an increased surface area to facilitate
contact of the cationic polymer with micreorganisms. In addition, the fibrous web may also serve other
purposes, such as providing water absorption, barrier properties, efc. The fibrous web may also
eliminate microorganisms through frictional forces imparted to the surface, |

The fibrous web may be provided in a variety of different forms, such as facial tissue, bath
lissue, paper towels, napkins, absorbent articles, covers, wraps, and 50 forth. These webs may be
formed from any of a variety of materials as is well known in the art. For example, the fibrous web may
contain a plurality of absorbent fibers. The absorbent fibers may be formed by a variety of pulping
processes, such as kraft pulp, sulfite pulp, thermomechanical pulp, etc. The pulp fibers may include

sofiwood fibers having an average fiber length of greater than 1 mm and particularly from about 210 5
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mim based o a length-weighted average. Such softwood fibers can include, but are not limited to,
northern softwood, southern softwood, redwood, red cedar, hemlock, pine {e.g., southern pines},
spruce {e.g., black spruce}, combinations thereof, and so forth. Exemplary commercially available
pulp fibers suitable include those avaiiable from Kimberly-Clark Corporation under the trade
designations "Longlac-15". Hardwood fibers, such as eucalyptus, maple, birch, aspen, and so forth,
can also be used. in certain instances, eucalyptus fibers may be particularly desired to increase the
softness of the web. Eucalyptus fibers can also enhance the brightness, increase the opacity, and
change the pore struciure of the web o increase its wicking ability. Moreover, if desired, secondary
fibers obtained from recycled materials may be used, such as fiber pulp from sources such as, for
example, newsprint, reclaimed paperboard, and office waste. Further, other natural fibers can also be
used, such as abaca, sabai grass, milkweed floss, pineapple leaf, bamboo, algas, and so forth. In
addition, in some instances, synthetic fibers can also be utilized.

If desired, the absorbent fibers (e.g., pulp fibers) may be integrated with synthetic fibers to
form a composite. Synthetic thermoplastic fibers may also be employed in the nonwoven web, such
as those formed from polyolefins, 8.g., polyethylene, polypropylene, polybutylene, etc,;
polytetrafiuoroethylens; polyesters, e.g., polysthylene terephthalate and so forth; polyvinyl acetate;
polyvinyl chloride acetate; polyvinyl butyral, acrylic resins, e.g., polyacrylate, polymethylacrylate,
polymethylmethacrylate, and so forth; polyamides; e.g., nylon; polyvinyl chioride; polyvinvlidene
chloride; polystyrene; polyvinyl alcohol; polyurethanes; polylactic acid; polyhydroxyalkanoate;
copolymers thereof; and so forth. Becatise many synthetic thermoplastic fibers are inherently
hydrophaobic (i.e., non-wettable), such fibers may optionally be rendered more hydrophilic {i.e.,
wettable) by treatmeni with a surfactant solution before, during, andfor after web formation. Other
known methods for increasing wettability may alse be employed, such as described in U.S. Patent No.
5,087,361 to Sayouitz, et al., which is incorporated herein in its entirety by reference thereto for ai
purposes. The relative percentages of such fibers may vary over a wide range depending on the
desired characteristics of the composite. For example, the composite may contain from about 1 wt.%
to about 60 wt.%, in some embodiments from 5 wt.% to aboul 50 wt.%, and in some embodiments,
from about 10 wt.% to about 40 wt.% synthetic polymeric fibers. The composite may likewise contain
from about 40 wt.% to about 89 wt.%, in some embodiments from 50 wt.% to about 95 wt.%, and in
some embodiments, from about 60 wt.% to about 90 wt. % absorbent fibers,

Composites, such as described abave, may be formed using a variely of known techniques.
For example, a nonwoven composite may be formed that is a “coform material” that contains a mixture

or stabilized matrix of thermopiastic fibers and a second non-thermoplastic material. As an example,
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coform materials may be made by a process in which at least one meitblown die head is arranged near
a chute through which other materials are added to the web while it is forming. Such other materials
may include, but are rot limited to, fibrous organic materials such as woody or non-woody pulp such

as cotton, rayon, recycled paper, pulp fluff and also superabscrbent particles, inorganic andfor organic
absorbent materials, treated polymeric staple fibers and so forth. Some examples of such coform
materials are disclosed in U.S. Patent Nos. 4,100,324 to Anderson, et al.; 5,284,703 to Everhart, el al.;
and 5,350,624 to Georger, et al.; which are incorporated herein in their entirety by reference thereto for
all purposes. Alternatively, the nonwoven composite may be formed be formed by hydraulically
entangling staple length fibers and/or filaments with high-pressure jet streams of water. Various
techniques for hydraulically entangling fibers are generally are disclosed, for example, in U.S. Patent
Nos. 3,494,821 to Evans and 4,144,370 to Bouolton, which are incorporated herein in their entirety by

reference thereto for all purposes. Hydraufically entangled nonwoven composites of continuous
filaments {e.g., spunbond web) and natural fibers (e.g., pulp) are disclosed, for example, in U.5. Patent
Nos. 5,284,703 to Everhart, et al. and 8,315,864 to Anderson, et al,, which are incorporated herein in
their entirety by reference thereto for all purposes. Hydraulically entangled nonwoven compasites of
staple fiber blends (e.g., polyester and rayon) and natural fibers (e.g., pulp), also known as
“spunlaced” fabrics, are described, for example, in U.S. Patent No, 5,240,764 to Haid, et al,, which is
incorporated herein in its entirety by reference thereto for all purposes.

In addition to coform webs, hydroentangled webs can also contain synthetic and pulp fibers.
Hydroentangled webs refer to webs that have been subjected to columnar jets of a fluid that cause the
fibers in the web to entangle. Hydroentangling a web typically increases the strength of the web. In one
embodiment, pulp fibers can be hydroentangled into a continuous filament material, such as a
spunbond web, The hydroentangled resulting nonwoven composite may contain pulp fibers in an
amount from about 50% to about 80% by weight, such as in an amount of about 70% by weight.
Commercially available hydroentangled composite webs as described above are commercially
available from the Kimberly-Clark Corporation under the name HYDROKNIT. Hydraulic entangling is
described in, for example, U.S. Patent No. 5,389,202 to Everhart, which is incorporated herein in its
entirety by reference thereto for all purposes.

in addition to the above, other fibrous webs may be used. For example, the cationic polymer
may be incorporated into synthetic webs such as a meltblown web, a spunbond web, and laminates
thereof,

As used herein, ‘meltblown fibers” refers to fibers formed by extruding a molten thermoplastic
material through a plurality of fine, usually circular, die capillaries as molten threads or filaments info
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converging high velocity, usually hot, gas (e.g. air) sireams which attenuate the filaments of
thermaplastic material to reduce their diamster, which may be to microfiber diameter. Thereafter, the
meltblown fibers are carried by the high velocity gas stream and are deposited on g collecting surface
to form a web of randomly disbursed meltblown fibers. Such a process is disclosed, for example, in
.S, Patent No. 3,849,241 {o Butin, et al,, which is incorporated herein in its entirety by reference
thereto for all purposes. Meltbiown fibers are microfibers which may be continuous or discontinuous,
are generally smaller than 10 microns in average diameter, and are generally facky when deposited on
a collecting surface.

As used herein, ‘spunbond fibers” refers to small diameter fibers which are formed by
extruding molten thermaplastic material as filaments from a pluralily of fine, usually circular capillaries
of a spinneret with the diameter of the extruded filaments then being rapidly reduced as by, for
example, in U.S. Patent No. 4,340,563 to Appel st al., U.S. Patent No. 3,692,618 o Dorschner, et al,,
U.S. Patent No. 3,802,817 to Matsuki, et al., U.S. Patent No. 3,338,992 to Kinpey, U.S. Patent No.
3,341,354 to Kinney, U.S. Patent No, 3,502,763 to Hartman, and U.S. Patent No. 3,542,615 to Dobo,
et al,, which are incorporated hersin in their entirety by reference thereto for all purposes. Spunbond

fibers are generally not tacky when they are deposited on a collecting surface. Spunbond fibers are
generally continuous and have average diameters {from a sample of at ieast 10} larger than 7 microns,
and more particularly, betwesn about 10 and 40 microns.

Laminates containing meltblown webs and spunbond webs include, for instance,
meltblown/spunbond laminates and spunbond/meliblownfspunbond (SMS) laminates. These
laminates may be made by sequentially depositing layers onto a moving, forming surface. For
instance, an SMS laminate may be made by depositing onto a moving, forming belt first a spunbond
web, then a meltblown web, and then a spunbond web and bonding the layers. These layers may be
bonded by thermal point bonding, adhesive bonding, hydroentangeiment, needling, ultrasonic bonding,
and the like. Such processes are disclosed, for example, in U.S. Patent No, 4,041,203 to Brock et al,,
LS. Patent No. 5,169,706 to Collier, et al,, U.S. Patent No. 4,374,888 to Bornslaeger, U.S. Patent No.
5,597,847 to Powers, U.S. Patent No. 5,688,157 to Bradiey, et al., U.S. Patent No. 5,883,026 to
Reader, el al., U.S. Paient No. 6,836,554 to Singer, et al., and U.§. Patent Application Publication No.
2004/0000313 to Gaynor, et al.

Regardless of the materials or processes utilized to form the fibrous web, the basis weight of
the web is typically from about 20 to about 200 grams per square meter {“gsm"), and in some
embodiments, between about 35 fo about 100 gsm. Lower basis weight pfoducis may be particularly
well suited for fight duty uses, while higher basis weight products may be better adapted for heavy duly
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or industrial uses.

In addition, the fibrous web may assume a variety of shapes, including but not limited to,
generally circular, oval, square, rectangular, or irreguiarly shaped. In one embodiment, the web may
be presented in the form of 2 wipe wherein the web is substantially saturated with a solution cantaining
the cationic polymer. Each individual wipe may be arranged in a folded configuration and stacked one
on top of the other to provide a stack of wipes. Such folded configurations are well known to those
skilled in the art and include c-folded, z-folded, quarter-folded configurations and so forth. For
example, the wipe may have an unfolded length of from about 2.0 to about 80.0 centimeters, and in
some embodiments, from about 10.0 to about 25.0 centimeters. The wipes may likewise have an
unfolded width of from about 2.0 to about 80.0 centimeters, and in some embodiments, from about
10.0 to about 25.0 centimeters. The stack of folded wipes may be placed in the interior of a container,
such as a plastic tub, to provide a package of wipes for eventual sale to the consumer. Alternatively,
the wipes may include a continuous strip of material which has perforations belween each wipe and
which may be arranged in a stack or wound info a roll for dispensing. Various suitable dispensers,
containers, and systems for delivering wipes are described in U.S. Patent Nos. 5,785,179 to
Buczwinski, et al.; 5,964,351 to Zander; 6,030,331 to Zander; 6,158,614 to Haynes, et al.; 6,269,969 to
Huang, st al.; 6,269,970 to Huang, et al,; and 6,273,358 to Newman, et al., which are incorporated
herein in their entirsty by reference thereto for all purposes.
fli. Cationic Polymer Application and Incorporation

The cationic polymer may be applied to the fibrous web in the form of a solution. Although the
exact quantity of the polymer employed may vary based on a variely of factors, including the presence
of other additives, the suspected concentration of the microorganism, etc., it is typically present in the
solution in an amount of from about 8.01 wt. % to about 20 wt. % and in some embodiments from
about 0.1 wt. % to about 10 wt. %.

The polymer may be incorporated into the fibrous web during its formation or simply coated
onto all or a portion of a surface of the fibrouis web using known techniques, such as printing, dipping,
spraying, melt extruding, coating (e.g., solvent coating, powder coating, brush coating, etc.), foaming,
and so forth. in one embodiment, for example, the solution is applied to the fibrous web by dipping,
spraying, or printing. if desired, the solution may be applied in a pattern that covers from about 5% o
about 95%, in some embodiments from about 10% to about 90%, and in some embodiments, from
about 20% to about 75% of a surface of the fibrous web. Such patterned application may have various
benefits, including enhanced aesthetic appeal, improved absorbency, etc. The particular type or style
of the pattern is not a limiting factor of the invention, and may include, for example, any arrangement of
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stripes, bands, dots, or other geometric shape. The pattern may include indicia {€.9., trademarks, text,
and fogos), floral designs, abstract designs, any configuration of artwork, efc. it should be appreciated
that the “pattern” may take on virtually any desired appearance.

A variety of techniques may be used for applying the cationic polymer solution in the desired
pattern. For instance, the solution may be applied using rotogravure or gravure printing, either direct
or indirect {offset). Gravure printing encompasses several well-known engraving technigues, such as
mechanical engraving, acid-etch engraving, electronic engraving and ceramic laser engraving. Such
printing techniques provide excellent control of the composition distribution and transfer rate. Gravure
printing may provide, for example, from about 10 to about 1000 deposits per lineal inch of surface, or
from about 100 to about 1,000,000 deposits per square inch. Each deposit results from an individual
cell on a printing roll, so that the density of the deposits corresponds to the density of the cells, A
suitable electronic engraved example for a primary delivery zone is about 200 deposits per lineal inch
of surface, or about 40,000 deposits per square inch. By providing such a large number of small
deposits, the uniformity of the deposit distribution may be enhanced. Also, because of the large
number of small deposits applied to the surface of the substrate, the deposits more readily resolidify on
the exposed fiber portions. Suitable gravure printing techniques are also described in U.S. Pat. No.
6,231,719 to Garvey, et al., which is incorporated herein in its entirely by reference thereto for all
purposes. Moreover, besides gravure printing, it should be understood that other printing technigues,
such as flexographic printing, may also be used,

Still another suitable contact printing technique that may be utilized is "screen printing.”
Screen printing is performed manually or photomechanically. The screens may include a silk or nylon
fabric mesh with, for instance, from about 48 to about 120 openings per lineal centimeter. The screen
material is attached o a frame and streiched to provide a smooth surface. The stencil is applied to the
bottom side of the screen, i.e., the side in contact with the substrate upon which the formulation(s) are
to be printed. The formulation{s} are painted onto the screen, and transferred by rubbing the screen
{which is in contact with the substrate) with a squeegee.

ink-jet printing techniques may also be employed. Ink-jet printing is a non-contact printing
technigue that involves forcing the ink through a tiny nozzle (or a series of nozzles) to form droplets
that are directed toward the substrate. Two techniques are generally utitized, i.e., "DOD” (Drop-On-
Demand) or “continuous” ink-jet printing. In continuous systems, ink is emitted in a continuous stream
under pressure through at least one orifice or nozzle. The stream is perturbed by a pressurization
actuator to break the stream into droplets at a fixed distance from the orifice. DQD systems, on the

other hand, use a pressurization actuator at each orifice to break the ink into droplets. The
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pressurization actuator in each system may be a piezoslectric crystal, an acoustic device, a thermal
device, efc. The selection of the type of ink jet system varies on the type of material fo be printed from
the print nead. For example, conductive materials are sometimes required for continuous systems
because the droplets are deflected electiostatically.

In addition to the printing techniques mentioned above, any other suitable application
technigue may be used. For example, other suitable printing techniques may include, bui not limited
to, such as laser printing, thermal ribbon printing, piston printing, spray printing, flexographic printing,
etc. Stil other suitable application techniques may include bar, roll, knife, curtain, spray, slot-die, dip-
coating, drop-coating, extrusion, stencil application, etc. Such techniques are well known fo those
skitled in the art.

If desired, the fibrous web may be dried at a certain temperature to drive the solvents from the
solution and form a concentrate. Such solution concentrates generally have a very high stability in
storage. To use the fibrous web, water or an aqueous solution may simply be added. Drying may be
accomplished using any known technigue, such as an aven, drying rolis {e.g., through-air drying,
Yankee dryer), etc. The temperature at which the fibrous web is dried generally depending on the time
period over which it is dried, but is typically atleast about 20°C, and in some embadiments, from abaut
30°C to about 100°C. Drying may occur either before or after the solution is applied to the fibrous
web. The solvent content {e.g., water content) of the resulting concentrate is thus typically less than
about 5 wi.%, in some smbodiments less than about 2 wt.%, and in some embodiments less about 1
wt.%.

The solids add-on level of the solution on the fibrous web is typically from about 5% to about
100%, in some embodiments from about 10% to about 80%, and in some embodiments from about
15% to about 70%. The “solids add-on level” is determined by subtracting the weight of the untreated
substrate from the weight of the treated substrate {after drying), dividing this calculated weight by the
weight of the untreated substrate, and then multiplying by 100%. Lower add-on levels may provide
optimum functionality of the substrate, while higher add-on levels may provide optimum antimicrobial
efficacy.

In addition to being employed as a concentrate, the solution may also be in the form of a
fiquid. This may be accomplished by simply not dryving the solution after it is applied to the fibrous
web. While the solids add-on level of such “wet wipes” generally remain within the ranges noted
above, the total amount of the solution employed in such “wet wipes’ (including any solvents) depends
in part upon the type of web material utilized, the type of container used to store the wipes, the nature

of the solution, and the desired end use of the wipes. Generally, however, gach wet wipe conlains
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from about 150 wi.% to about 600 wt.%, and desirably from about 300 wt.% to about 500 wt % of the
solution based on the dry weight of the web or wipe.

As a result of the present invention, it has been discovered thal the cationic polymer may be
employed to capture and refain microorganisms, such as bacteria {including cyanobacteria and
Mycobacteria), protozoa, algae, and fungi{e.g., molds and yeast), viruses, prions, and other infectious
particles. For example, the cationic polymer may be employed to capture and retain several medically
significant bacteria groups, such as Gram negative rods {e.g., Enfereobacteria); Gram negative curved
rods {e.g., Helicobacter, Campylobacter, elc.); Gram negative cocci {e.g., Neisseria); Gram positive
rods {8.g., Bacilfus, Clostridium, efc.); Gram positive cocci (e.g., Staphylococcus, Streptecoccus, eic.),;
obligate intracellular parasites {e.g,. Riccketisia and Chlamydia); acid fast rods (e.g., Myobacterium,
Nocardia, etc.); spirocheles (e.g., Treponema, Borellia, efc.); and mycoplasmas {i.e., bacteria that lack
a cell wall). Particular species of bacteria that may be captured and/or retained with the cationic
polymer of the present invention include Escherichia colf (Gram negative rod), Klebsiella pneumoniae
{Gram negative rod), Strepfocaccus (Gram positive coccl), Salmonella cholerassuis (Gram negative
rod), Salmonella typhimurium (Gram negative rod), Sfaphyioccus aureus (Gram positive cocel), and P,
geruginosa {Gram negative rod). In addition to bacteria, other microorganisms of interest include fung
{e.q., Aspergillus niger) and yeasts (e.g., Candida albicans).

The present disclosure may be better understood by reference to the following examples.

The examples of the invention are given below by way of Hlustration and not by way of
fimitation. The following experiments were conducted in order to show some of the benefits and
advantages of the present invention.

In the examples, two cationic polymers were prepared. Polymer 1 and Polymer 2. Polymer 1
is.in a free acid form wherein the carboxyl group of the amino acid side group is presented as a
carboxylic acid. Polymer 2 is in an ester form wherein the carboxyl group of the amino acid side group
remains esterified, such as modified to provide a methyl group. Polymer 1 and Polymer 2 below were
synthesized using Monomer A and Monomer B,
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Polymer 1 was prepared by combining Monomer A and Monomer B with an initiator,

azobisisobutyronitrile, and a solvent, isopropanol. The contents were purified under nitrogen for 0.5

hours. Polymerization was conducted at a temperature of 70 °C for approximately 24 hours under a

nitrogen atmosphere and agitation. Then, to stop polymerization, 2 mL of tetrahydrofuran were added

to the mixture. The polymer mixture was poured into 200 mi of n-hexane allowing the polymer to

precipitate. The precipitate was separated via filiration under a reduced pressure. The precipitate was

combined with 5 mb of dichloromethane and 2 mL of trifluoroacetic acid in a round bottom flask

equipped with a liquid seal. The mixture was stirred at room temperature for 30 minutes. The solvent

was removed via rotary evaporation under reduced pressure. The residue was dissolved in § mi. of

tetrahydrofuran. The mixture was combined with 200 mL of n-hexane allowing the polymerto

precipitate. The precipitated product was filtered under reduced pressure, The final product was

collected and dried under vacuum.
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~ Polymer 2 was prepared by combining Monomer A and Monomer B with an initiator,
azobisisobutyronitrile, and a solvent, isopropanol. The contents were purified under nitrogen for 0.5
hours. Polymerization was conducted at a temperature of 70 °C for approximately 24 hours under a
nitrogen atmosphere and agitation. Then, to stop polymerization, 2 mL of tetrahydrofuran were added
to the mixture. The polymer mixture was poured into 200 mi of n-hexane allowing the pelymer to
precipitate. The precipitate was separated via filiration under a reduced pressure. The precipitate was
combined with 20 mL of anhydrous ethyl acetate in a three-necked round botlom flask equipped with a
liquid seal, thermometer, and an air duct. The flask was placed in an ice bath to keep the reaction
temperature below 0 °C and dry hydrogen chloride gas was passed through the vessel for 0.5 hours.
The precipitated product was filtered under reduced pressure. The final product was collected and

dried under vacuum.
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The binding capacily of the polymers in solution with lipopolysaccharide (LPS) of £ coif and

Salmonelia was determined. Sampies were prepared by mixing the lipopolysaccharide extract with a
polymer suspension (5 g/mb) at a ratio of 1:1. A control sample was prepared by mixing
lipopolysaccharide extract with phosphate buffered solution (PBS) at a ratio of 1:1. The samples were

incubated at ambient temperature for 10 minutes and then centrifuged for 5 minutes at 8000 rpm. The

supernatant was colfected and analyzed using an LAL (Limulus Amebocyte Lysate} Chromogenic

Assay kit from Thermo Scientific Pierce according to the manufacturer’s instructions.
The amount of LPS present in the supematant of the PBS control sample was compared to

the supernatant of the samples conlaining Polymer A or Polymer B. In comparison to the control

sample, the supemalant samples containing the cationic polymers contained at least 30% less LPS of

£. coli and LPS of Salmonella.

Table 1. Reduction of LPS by LAL Chromogenic Assay.

% reduction of measured LPS from the control

Polymer (& g/mL) {(mean = 8D, n=3)
LPSof E coli ) LPS of Saimonella
,,,,,,,,, - TR e
""""" 2 n7x150 T 441133
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The antimicrobial effect of the polymers was determined. Samples were prepared by mixing
50 ul of a cell suspension (1:10000 dilution of overnight culture) with a 50 ul polymer suspension or a
phosphate buffered solution control. The mixtures were incubated at room temperature for 5 minutes.
The suspensions were diluted 10-fold with 900 ul using maximum recovery diluents (MRD}. The
dilutions were plated onto a lysogeny broth (LB) agar plate using the spread plate method. The plates
were incubated at 37 °C for up to 48 hours. The colony forming units were counted and analyzed
based on ihe log reduction of the controt.

Table 2. Log reduction of £. coli and Salmonelia typhimurium colony forming units.

Log reduction against Log reduction aga'i'nst
E. coli Salmonella
Polymer (mean+8D,n=3) (mean+ 8D, n=3)
}}}}}} 5 mg/ml 10 mg/ml 5 mg/ml
1 0+0.1 01+01 | 0101
2 . Nottested | 01£01 | = Not tested

The ability of a fibrous web containing the cationic polymers to capiure and retain bacteria was
determined. Test cultures were prepared by incculating a single colony of bacteria into 10 ml of a
lysogeny broth (LB) and incubating at 37 °C and 200 rpm overnight. The overnight culture may be
washed by phosphate buffered solution twice, if necessary. Then a 1:10000 or 1:100 dilution in
phosphate buffer with 5% (v/v} fetal bovine serum is prepared.

VIVA® {Kimberly-Clark) paper towels were cut into 1 cm? and placed info a 24 well microplate.
Then, 20 ul of each polymer solution was added fo a respective sample. The samples were allowed
to dry at ambient temperature overnight. Then, 20 pl of each solution was added in a checkerboard
pattern over the surface of the respective sample. The samples were inoculated at ambient
temperature for 1 minute. The inoculated samples were placed in a separate 50 mL centrifuge tube
with 5 mL phosphate buffered solution. The mixtures were agitated gently by swirling the tubes for 10
seconds. Dilutions were prepared and enumerated using the spread plate method. The mixtures were
incubated at 37 °C for up 1o 48 hours. The colony forming units were counted and analyzed based on
the log reduction of the contral.

The following tables provide the colony-forming unit{CFU)mL. The colony-forming unitis an
estimate of viable bacteria. Additionally, the tables provide an indication of the amount of colonies
released and trapped within the cationic polymers. Accordingly, the tables provide the ability of the
webs containing the cationic polymers to reduce the amount of bacteria or microorganisms from a

surface or liquid.
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As shown, the web containing Polymer 4 was capable of trapping at least 80% while the web

containing Polymer 2 was capable of trapping at least 85% of the LPS of £. coli. As shown, the web

containing Polymer 1 was capable of trapping at least 80% of the LPS of Salmonefla. As shown, the

web containing Polymer 2 was capabie of trapping &l least 85% (with a sample concentration of 10

mg/ml) and at least 90% {with & sample concentration of 20 mg/ml) of the LPS of Salmonelia.

Table 3. Trapping Effect of Polymers 1 and 2 in VIVA® Towels Against £. coli

i Fe .
sznfznifatyg: r CFUin C%r;tgjoi @;&n;g? Reiiﬁe 4 Reiz;se d CFUTrap | % Trap '
AAAAAAAAAA (mglml) CFY s
noculum 8A0EX0S b b
PRS Controf 1 3.80Ex03 ¢ 1.83E+404
PBS Control 2 2.508+03 | 1.46E+04 1.680E+04
PRS Control 3 280E403 | 141EsC4 [
Unfrested VIVA® 1 | 3.20E+03 1.60E+04 | 100.10% | 0.00E+03 | -0.10%
Untreated VIVA® 2 | 2.60E+03 1.30E+04 | 81.33% i 299E+C3 | 18.67%
| Unteated VIVA®3 | 2308403 | 1 LABE+D4 | 71.95% | 4.49E+03 | 28.05%
| Polymer 1-1(20) | 2708402 | 135E+03 | BASY% | 146E+04 | 91.55%
Polymer 1-2(20) | 2.10E+G2 1056403 1 657% | 1A9E+D4 | 9343%
Polymer 1-3(20) | 1.308+02 8516402 | 407% 1 153E+04 | 95.93%
Polymer 21 (20) | 4.70F+402 3356403 | 1470% | 1.36E404 | 8530%
Polymer 22 (20) | 4.00E+02 200E+03 | 1251% | 140E+04 | 87.49%
Polymer 23020y | 450Es02 | 225E+03 | 14.08% | 1.37E+04 | 85.90%
Table 4. Trapping Effect of Polymer 1 in VIVA® Towels Against Salmonelia
S:Z:ff:ﬁfiéf: r CEUlmi ng;iém 2?:::'%? Reg:ée d Reie?:ge d CFUTrap | % Trap
{mgfmb} CFU
""" ~ Inoculum 5 00E+05 T
PBS Control 4 2.D0E+03 | 1.02E+C4
PES Control 2 2008403 | 1.01E+04 | 1.0BE+04
PBS Control 3 2.30E+03 { 1.14E+04 » T T
| Untrsated VIVA®1 | LI0E#03  5E0E+03 | 5205% | 5.07E+03 | 47.95%
Untreated VIVA®2 | 1.10E+(3 5E0E+03 | 5205% | S.U7E+03 | 47.95%
Unfreated VIVA®3 | 1.00E+03 SO0E+03 | 47.32% | 567E+03 | 5268%
Polymer 1-1(20) | 450E+01 22564027 | 243% | 1.03E+04 | 97.87% |
Polymer 1-2 20y | 1.80E+02 QD0E+02 | 852% | 967E+03 | 9148% |
Palymer 1-3(20) | S.C0E+Q0 250E+01 | 0.24% | 1.05E+04 | 99.76%
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Table 5. Trapping Effect of Polymer 2 in VIVA® Towels Against Saimonella
| Sj;?:fﬁ:;;f;z?: g CFUImI ; Control | Said SRR %Trap
(mgiml) Rl CFU | Released Reieased3 el
noculum | 4408405 | _ |
PBSControl1 | 210E+03 | 1.06E+(4
PES Control 2 | 1.70E+03 | 8.28E+03 i 9.27E+03
| PBSContol3 | 180E+03 | 8.94E+03 | )
| Untreated VIVA® 1 | 9.00E402 | | ABDE403 | 4B.63% 51.47%
| Untreatsd VIVA®2 | 1.10E+03 | | S50E403 | 59.31% | 40.69% |
Untreated VIVA®3 | 1.00E+03 5002403 | 5390% 46.08% |
Polymer 2-1 (10) | 1.90E+02 | Q0E+02 | 10.24% | Ba76% |
Polymer 2-2(10) | GE0E+01 A25E402 | 3.50% 9.50% |
Polymer 2-3(10) | 1.30E+02 | BSUEH02 | 7.01% 9299% |
Polymer 241 (20) | 1.80E+02 | | GO0EHD2 | 9.71% 90.29% |
Polymer 2-2{20) | 3.508+01 | | 17sER02 | 1.89% | 98.41% |
Polymer 2-3(20) | 5.00E401 | 2508402 | 2.70% | graom |

These and other modifications and variations of the present invention may be practiced by

those of ordinary skill in the art, without depariing from the spirit and scope of the present invention. In

addition, it should be understood that aspects of the various emboediments may be interchanged both

inwhole or in part. Furthermore, those of ordinary skill in the art will appreciate that the foregoing

description is by way of example only, and is not intended to limit the invention so further described in

such appended claims.
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CLAIMS

1. A fibrous web for use in removing microorganisms, the web comprising a
cationic polymer having an affinity for the negatively charged cell walls of bacteria, the cationic
polymer comprising:

a cationic monomer, and

a hydrophobic monomer wherein the hydrophobic monomer comprises a
functional group comprising a Cs-C 20 alkyl group, a Cs-C 20 alkylene group, an aryl group, or a
heteroaryl group,

wherein the molar ratio of the cationic monomer to the hydrophobic monomer is
greater than about 1:1.

2. The fibrous web of claim 1, wherein the molar ratio of the cationic monomer to
the hydrophobic monomer is from greater than about 1:1 to about 15:1.

3. The fibrous web of claim 1 or claim 2, wherein the cationic monomer comprises
a protonated amine.

4. The fibrous web of claim 1 or claim 2, wherein the cationic monomer comprises
an imidazolyl group, a pyridyl group, or a pyrazolyl group.

S. The fibrous web of claim 1 or claim 2, wherein the cationic monomer comprises
an ammonium group.

6. The fibrous web of any one of claims 1 to 5, wherein the functional group of the
hydrophobic monomer comprises an aryl group.

7. The fibrous web of any one of claims 1 to 6, wherein the cationic monomer or
hydrophobic monomer is an acrylamide monomer or a methacrylamide monomer.

8. The fibrous web of any one of claims 1 to 7, wherein the cationic monomer or
hydrophobic monomer is an acrylate ester monomer or a methacrylate ester monomer.

9. The fibrous web of any one of claims 1 to 8, wherein an amino acid is used in
the synthesis of the cationic monomer, the amino acid comprising arginine, lysine, histidine, or a
combination thereof.

10. The fibrous web of any one of claims 1 to 9, wherein an amino acid is used in
the synthesis of the hydrophobic monomer, the amino acid comprising alanine, valine,
isoleucine, leucine, methionine, phenylalanine, tyrosine, tryptophan, or a combination thereof.

11. The fibrous web of any one of claims 1 to 10, wherein the cationic monomer
comprises a cationic functional group connected to a backbone of the cationic polymer by a first
spacer, wherein the first spacer has a length of from about 3 A to about 30 A.

12. The fibrous web of any one of claims 1 to 11, wherein the hydrophobic

monomer comprises a hydrophobic functional group connected to a backbone of the cationic

AH26(22707171_1):MBS
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polymer by a second spacer, wherein the second spacer has a length of from about 2 A to about
30A.
13. The fibrous web of any one of claims 1 to 12, wherein the cationic

polymer has the following structure:

R3 R4

e — — —

R1 (CH\C(CH\ /CHz\C/CHz\ R2
AR N L B

m

- RS - P = R6 .
wherein:

R1 and R2 are each independently hydrogen, a C;-Cj4 alkyl group, or a C;-Cy4
alkenyl group;

R3 and R4 are each independently hydrogen, a hydroxyl group, a Ci-C4 alkyl

group, or a C-C4 alkenyl group;
RS comprises a cationic functional group;
R6 comprises a hydrophobic functional group;
p is greater than 1;
q is greater than 1;
m and n are independently from 0 to 5; and

v and w are independently from O to 5.

14.  The fibrous web of any one of claims 1 to 12, wherein the cationic

polymer comprises an organic substituent having the following structure:

A

X
R8—R7—C
o—¢C

O-R9

wherein:

X is an amide (-C(O)NH- or -NHC(O)-) or a carboxylic ester (-C(O)O- or -

AH26(22707171_1):MBS
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0C(0)-);

R7 is a direct bond between the C and RS, a C;-C s alkyl group, or a Ci-C s

alkenyl group;

RS is an amino group having the structure -N(R13)(R14), an ammonium group
having the structure -N(R15)(R16)(R17), a N containing heteroaryl group, or a N containing
heterocyclyl group;

R9 is hydrogen, a C1-Ci9 alkyl group, or a C;-Cio alkenyl group;

R13 and R14 are each independently hydrogen, a C;-C s alkyl group, a Ci-C 5

alkenyl group, or -C(NRI18)N(R19)(R20);

R15, R16, and R17 are each independently hydrogen, a C-C 5 alkyl group, a C-

C salkenyl group, or -C(NR18)N(R19)(R20), wherein at least one of R15, R16, or R17 is
hydrogen; and

R18, R19, and R20 are each independently hydrogen, a C;-C s alkyl group, or a

Ci-C 5 alkenyl group.
15. The fibrous web of claim 14, wherein R8 is an amino group having the structure

- N(R13)(R14) and wherein R13 and R14 are hydrogen.

16.  The fibrous web of claim 14, wherein R8 is an ammonium group having the
structure -N(R15)(R16)(R17), wherein R15, R16, and R17 are hydrogen.

17.  The fibrous web of claim 14, wherein R9 is hydrogen or a C,-C 3 alkyl group.

18.  The fibrous web of any one of claims 1 to 12, wherein the cationic polymer

comprises an organic substituent having the following structure:

A

Y
C—R11——R12

(Ol

O-R10

wherein:
Y is an amide (-C(O)NH- or -NHC(O)-) or a carboxylic ester (-C(O)O- or -
0C(0)-);
R10 is hydrogen, a C;-Cio alkyl group, or a C;-Cjo alkenyl group;
R11 is a direct bond between the C and R12, a C;-C 5 alkyl group, or a C;-C s
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alkenyl group; and
R12 is a Ci-C 29 alkyl group, a C»-C 20 alkylene group, an aryl group,
or a heteroaryl group.
19.  The fibrous web of claim 18, wherein R12 is an aryl group and
wherein the aryl group comprises a phenyl group.

20. The fibrous web of claim 18 or claim 19, wherein R10 is hydrogen or a C-C3
alkyl group.
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