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(54) Title: FIBROUS WEB COMPRISING A CATIONIC POLYMER FOR CAPTURING MICROORGANISMS

(57) Abstract: A fibrous web that includes a cationic polymer that contains a cationic monomer comprising a cationic functional 
group having an affinity for the negatively charged cell walls of bacteria and a hydrophobic monomer comprising a hydrophobic 
functional group is provided. The molar ratio of the cationic monomer to the hydrophobic monomer is greater than about 1:1. The 
affinity of the cationic polymer for the bacteria allows the web to capture bacteria, thereby removing them from a surface or liquid, 
without the use of harsh chemicals, and also inhibiting their spread to other surfaces and liquids that may contact the web.
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FIBROUS WEB COMPRISING A CATIONIC POLYMER FOR CAPTURING MICROORGANISMS

Background of the Invention

The presence of various microorganisms such as bacteria, viruses, and fungi can put the 

population at risk ter developing numerous illnesses arte diseases. For instance, these 

microorganisms can be present on surfaces in hospitals, nursing homes, schools, restaurants, grocery

5 stores, kitchens, bathrooms, gyms, etc. as well as in liquids such as drinking water, One approach for 

killing and/or removing these microorganisms is by using solutions containing detergents, biocides, 

antibiotics, or other chemicals. These solutions may also be impregnated into fi brous webs, such as 

wipes and nonwovens, for delivery to a contaminated surface or for filtration. However, although these 

substances can besuccessiui in killing or removing the microorganisms, exposure to these chemicals

10 can be harmful, Further, increased use can lead fo the microorganisms having increased resistance to 

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 allergic or toxicolog ical reactions to chemicals and about the 

increasing resistance of bacteria to common chemicals and treatments, if has become more desirous

15 to avoid harsh chemicals while stilt providing a fibrous web for removing microorganisms. Thus, fo 

alleviate the aforementioned problems, another approach has been to attempt 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 generally limited to the application of metai cation solutions such as aluminum cations to the

20 surface of a web. First of all, these methods only utilize the cationic functionalities to interact with the 

negatively charged bacteria. Secondly, the metal cations aie capable of teaching from the web and 

contaminating the surface and/or liquid that is in contact with the web.

In light of the above, a need exists for a technique for capturing and retaining microorganisms, 

such as bacteria, without the use of harsh chemicals.

25 Summary of the Invention

in accordance with one embodiment of the present invention, a fibrous web for use in

removing bacteria is disclosed wherein the web comprises 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 moiar ratio of the cationic monomer to the

SO 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_l):MBS
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9 functional group comprising a C5-C 20 alkyl group, a C5-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.

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_l):MBS
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liquid with a Obrous web comprising a cationic polymer. The cationic polymer has an affinity for the 

negatively charged ceil 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 1:1.

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

Detailed Description of Representative Embodiments

Dehrirtipns

If 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 ot the present invention.

10 “Alkyl" refers to monovalent saturated aliphatic hydrocarbyi groups having from 1 to 10 carbon

atoms and, In some embodiments, from 1 to 5 carbon atoms. :‘Cx.y alkyl” refers io alkyl groups having 

from x to y carbon atoms. This term includes, by way of example, linear and branched hydrocarbyi 

groups such as methyl (CHs), ethyl (CH3CH2), π-propyl (CH3CH2CH2), isopropyl ((CHshCH), mbutyl 

(CH3CH2CH2CH2), isobutyl ((CH^CHCHa), sec-butyl ((CH3)(CH3CH2)CH), f-butyl ((CH^C), n-pentyi

15 (CHsCHaCHzCHsCHa), and neopentyl ((CH&CCHx).

■■'Alkenyl” refers to a linear or branched hydrocarbyi group having from 2 to 10 carbon atoms

and In some embodiments from 2 to 6 carbon atoms or 2 to 5 carbon atoms and having at least 1 site 

of vinyl unsaturation (>C=0<). For example, (Cx-Cy) alkenyl refers to alkenyl groups having from x to y 

carbon atoms and is meant io include for example, eihenyl, propenyl, 1,3-butadienyi, and so forth.

20 "Aryl” refers to an aromatic group of from 3 to 14 carbon atoms and no ring heleroafoms 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 the point of attachment is al 

an aromatic carbon atom (e.g., 5,6,7,8 tetrahydronaphthalene-2-yl is an aryl group as Its point of

25 attachment Is at the 2-posltion of the aromatic phenyl ring).

"Heteroasyl” refers to an aromatic group of from 1 to 14 carbon atoms and 1 to 6 heleroafoms

selected from oxygen, nitrogen, and sulfur and includes single ring (e.g. imidazolyl) and multiple ring 

systems (e.g, benzimldazoi-2-yl and benzirnidazol-8-yl), For multiple ring systems, including fused, 

bridged, and spiro ring systems having aromatic and non-aromatic rings, the term “heteroaryF applies

30 if there Is at least one ring heteroatom and the point of attachment Is at an atom of an aromatic ring 

(e.g. 1,2,3,4-tetrahydroquinoiin-6-yl and 5,67,8-ietrahydroquinolin-3-yl). In some embodiments, the 

nitrogen and/or the sulfur ring atom(s) of the heteroaryl group are optionally oxidized to provide for the 

N oxide (N-->0), sulfinyl, or sulfonyl moieties. Examples of heteroaryl groups Include, but are not

2
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limited to, pyridyl, furanyi, thienyl· thiazoiyl, isothiazoiyl, friazoiyl, imidazoiyl, imidazolinyi, isoxazolyi, 

pyrroiyl, pyrazolyl, pyridazlnyl, pyrimldinyl, purinyl, phthalazyl, naphthylpryidyi, benzofuranyl, 

tetrahydrobenzofuranyl, isobenzofuranyl, benzothlazolyl, benzoisothiazolyi, benzotrlazolyl, indoiyi, 

isoindolyi, indolizinyi, dihydroindoiyi, indazolyi, indolinyi, benzoxazoiyl, quinolyl, isoquinolyl, quinolizyl,

5 quianazolyl, qulnoxaiyl, tetrahydroquinofinyi, isoquinoiyi, quinazoltnonyl. benzimidazoiyl,

benzisoxazolyl, benzothienyl·, benzopyridazinyi, pterldinyl, carbazoiyi, carbolinyl, phenanthridinyl· 

acridinyl, phenanthrollnyl, phenazinyl, phenoxazinyl, phenothiazinyl· and phthalimidyl.

"Heterocyclic” cr “heterocycle" or “heterocycloalkyi" or “heterocyciyl" refers io a saturated or 

partially saturated cyclic group having from 1 to 14 carbon atoms and from 1 to 6 heteroatoms selected

10 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”, “heterocycle”, "heterocycloalkyi'’, or “heterocyciyl” apply when there Is at least 

one ring heteroatom and the point of attachment Is at an atom of a non-aromatic ring (e.g. 

decahydroquinolin-6-yi). In some embodiments, the nitrogen and/or sulfur atom(s) of the heterocyclic

15 group are optionally oxidized to provide for the N oxide, sulfinyl, sulfonyl moieties. Examples of 

heterocyciyl groups include, but are not limited to, azetidlnyi, ietrahydropyranyi, piperidinyl, N- 

methyipiperidin-3-yl, piperazinyl, N-methylpyrroiidin-3-yi, 3-pyrroiidlnyl, 2-pyrrolidon-l-yl· morpholinyi, 

thtomorphollnyl· imldazolidinyl, and pyrrolidinyi.

If should be understood that the aforementioned definitions encompass unsubstituted groups,

20 as well as groups substituted with one or more other functional groups as is known in the art. For 

example, an aryl, heteroaryi, or heterocyciyl group may be substituted with from 1 to 8, in some 

embodiments from 1 to 5, in some embodiments from 1 to 3. and In some embodiments, from 1 to 2 

substituents selected from alkyl, alkenyl, alkynyl· alkoxy, acyl, acylamino, acyloxy, amino, quaternary 

amino, amide, imino, amidino, aminocarbonylamino, arnidinocarbonylamino, aminothiocarbonyl,

25 aminocarbonylamino, aminothlocarbonyiamino, aminocarbonyloxy, aminosulfonyl, aminosuifonyioxy, 

aminosulfonyiamino, aryl, aryioxy, aryithio, azido, carboxyl, carboxyl ester, (carboxyl esterjarrsino, 

(carboxyl eslenoxy, cyano, cycloalkyl, cycloalkyioxy, cycloalkylthio, guanidino, halo, haioalkyi, 

haloalkoxy, hydroxy, hydroxyamino, alkoxyamino, hydrazine, heteroaryi, heteroaryioxy, heteroarylthio, 

heterocyciyl· heterocyclyioxy, heterocyclyithlo, nitro, oxo, thione, phosphate, phosphonate,

30 phosphinate, phosphonamidate, phosphorodiamidate. phosphoramidate monoester, cyclic

phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, sulfate, sulfonate, sulfonyl, 

substituted sulfonyl, sulfonyloxy, thioacyi, thiocyanate, thiol, alkyithio, etc., as well as combinations of 

such substituents.

3
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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.

5 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 

ceil walls of microorganisms, such as bacteria. The ability of the polymer to attract and retain these 

microorganisms may be further enhanced by also incorporating a hydrophobic monomer. For

10 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

15 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. 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 interact the other polymeric based

20 materials 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 to another 

liquid, surface, or surrounding environment.

Furthermore, the present inventors have also discovered that these interactions can be 

optimized when utilizing the cationic monomer and the hydrophobic monomer in a specific ratio, For

25 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 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 such as at about 3:1 

The present inventors have discovered that such molar ratio provides a cationic polymer that is

30 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 ceil wall an overall 

negative charge due to the presence of phosphodiester bonds between teichoic acid monomers.

4
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Gram negative bacteria, on the other hand., contain highly charged iipopolysaccharides that may 

confer an overall negative charge to the cell walk Regardless, the present inventors have discovered 

that utilizing a 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. Oi particular advantage, the polymer may help protect against the spread or Infection of 

pathogens without the use of chemicals, such as antiseptics or antibiotics.

Various embodiments of the present invention will now be described in more detail below,

I. 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 to 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 Coulombie 

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 liquids that may contact the fibrous web.

The cationic polymer may have the general structure as Identified In Formula I;
< -·

......... •.....8

·· ;> · »

Formula I

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 Io 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 to about 1000.

.As shown in Formula I, the cationic polymer contains a first monomer A end a second 

monomer B. Monomer A may be a cationic monomer 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 positive 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 generally at a physiological pH of 7,4. Without 

intending to be limited by theory, if 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 ceil walls.

5 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 aqueous solvents. If hydrophobic, 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

10 hydro phobic functional groups are also capable of interacting with the hydrophobic groups that are 

present in the cell walls of the microorganisms, such as bacteria.

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

15 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

20 hydroxyl groups, on the fibers, such as cellulose fibers, within a fibrous web. In addition, the 

hydrophobic functional groups and polymer backbone may interact 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 also provides 

functional groups for interacting with the fibers of the fibrous web.

25 Additionally, as shown in Formula I, p denotes the number of monomer units of monomer A

present in the cationic polymer while q denotes the number of monomer units of monomer B present In 

the cationic polymer. For instance, p and q 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

30 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 te interact with the 

negatively charged cell 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 more, 

and In another embodiment about 25,000 g/mol or more to about 500,000 g/mol or less, and in another

5 embodiment about 300,000 g/rnol or less. In a particular embodiment the polymer Is a water-soluble 

polymer having a molecular weight of from about 100,000 g/mol 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 te materials which form a latex or suspension of undissolved particles.

The respective cationic monomer and hydrophobic monomers may be any monomers known

10 in the art. 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 acrylate ester 

monomer may be produced from acrylic acid or an acrylate, methacrylic acid or a methacrylate, a

15 derivative thereof, or a combination thereof. 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 dees not. require further processing steps.

The monomers may be produced using any method known in the art. For instance, the 

monomers may be synthesized with a first constituent and a second constituent. In one embodiment,

20 the first constituent may be an acrylate monomer produced from an acrylic acid or an acrylate, 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. For instance, the carboxyl group of the first constituent may be reacted with the second 

constituent io form a carboxylic ester. In another embodiment, Use carboxyl group of the first

25 constituent 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 art may be utilized to produce the 

monomers for synthesis of the polymers. Additionally, the raw materials utilized to produce the 

monomers are commercialiy available from Sigma and whereby the monomers can be commercially 

synthesized by Lumigenix.

?C 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 constituent may be an amino acid, such as a natural 

amino acid. The amino acid may contain the desired cationic functional group or hydrophobic

7
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functional group. For instance, the second constituent may be arginine, lysine, histidine, alanine, 

valine, isoleucine, leucine, methionine, phenylalanine, tyrosine, and/or tryptophan. When it Is desired 

to provide 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 

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, 

in such embodiments, the pendant functional groups are extended or branched from the polymer

For instance, Formula II depicts a structure wherein the functional groups are present as 

pendant groups:

if
■C H -

..... %

Formula u20

.r ■;)

wneresn:

RI and R2 are each Independently hydrogen, a Ci-C-1 alkyl group, or a (UC 4 alkenyl group; 

R3 and R4 are each Independently hydrogen, a hydroxyl group, a Ci-Ci alkyl group, or a Ci-C

4 alkenyl group;

R5 Is an organic substituent containing a cationic functional group;

R6 Is an organic substituent containing a hydrophobic functional group; 

p 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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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 to about 1000: and

m, n, v, and w are each independently from 0 to 5, such as 0., 1, or 2.

As shown in Formula Ii, R1 and R2 are the terminal end groups of the cationic polymer. R1

5 and R2 may each Independently be hydrogen, a Ci-Ci alkyl group, or a Ci-Ci aikenyl group, in one 

embodiment, R1, R2, or both are a C1-C4 alkyl group, such as a methyl., ethyl, propyl, or butyl group.

In one embodiment, R1, R2, or both are a C1-C2 alkyl group. In a particular embodiment, R1, R.2, or 

both are a methyl group,

As shown in Formula I, R3 and R4 are pendant groups that branch from the polymer

10 backbone. R3 and R4 may each independently be hydrogen, 3 hydroxyl group, a C1-C4 alkyl group, or 

a C1-C4 alkenyl group. In one embodiment, R3, R4, or both are a C;-Ci alkyl group, such as a methyl, 

ethyl, propyl, or butyl group. In one embodiment, R3, R4, or both are a C1-C2 aikyl group. In a 

particular embodiment, R3, R4, or both are a methyl group.

Additionally, p and q are defined the same as with respect to the description of Formula l

15 provided above. For instance, p and q are greater than 1, such as from about 2 to about 2000, and in 

another embodiment from about 2 to about 1000. Additionally, 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.

20 Additionally, R5 is an organic substituent containing a cationic functional group and R6 is an

organic substituent containing a hydrophobic functional group. The formulae for R5 and R6 may have 

the general structures as Identified In Formula ill and Formula IV, respectively:

A
V

...i*» ·« \\.ί c -R11--------R

ΟΈ9

Formula III

O'RIO

Formula IV

wherein:

9
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X and Y are each independently an amide (-C(O)NH- or -NHC(O)-) or a carboxylic ester (-

C(O)C- or -0(1(0)-);

R7 Is a direct bond between the C and R8, a Ci-C 5 alkyl group, or a Ci-C 5 alkenyl group;

R8 Is an amino group having the structure -N(R13)(R14), an ammonium group having the

5 structure -N(R15)(R16)(R17), a N containing heteroaryl group, or a N containing heterocyclyl group;

RS and R10 are each independently hydrogen, 3 C1-C10 alkyl group, or a C1-C10 alkenyl group; 

R11 Is a direct bond between the C and R12, a Ci-C 5 alkyl group, or a Ci-C s alkenyl group:

RI2 is 3 Ci-C 20 alkyl group, a C2-C20 alkylene group, an aryl group, or a heieroaryi group;

R13 and R14 are each Independently hydrogen, a C1-C5 alkyl group, a C;-C«alkenyl group,

10 or -C(NR18)N(R19)(R20):

RI 5, RI6, and R17 are each independently hydrogen, a C1-C5 alkyl group, a C1-C5 alkenyl 

group, or -C(NR18)N(R19)(R2Q}, wherein at least one of RI5, RI8, or R17 Is hydrogen; and

RI 8, RI9, and R20 are each independently hydrogen, a C1-C5 alkyl group, or 3 C1-C5 alkenyl

group.

15 According to one embodiment, the cationic functional group may be contained within R8. For

instance, R8 may be an amino group having the structure -N(R13)(R14), an ammonium group having 

the structure -N(R15)(R.16)(R17), a N containing heteroaryl group, or a N containing heterocyclyl 

group. Accordingly, R8 may contain a N atom, in one embodiment, the N atom Is protonated such 

that die cationic functional group Is a protonated amine. As such, during protonation, the lone pair of

20 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 C1-C5 aikyl group, a C1-C5 alkenyl group, or -

25 C(NR18)N(R19)(R2Q). In one embodiment, R13, R14, or both are hydrogen, in another embodiment,

R13, R14, or both are a C1-C5 alkyl group, such as a Ci-C 3 alkyl group, such as a methyl group, in 

another embodiment, R13, R14, or both may be ~C(NR18)N(R19j(R20). In such embodiments, when 

R13 or R14 Is -C(NR18iN(R19)(R20); the other may be hydrogen. In these embodiments, R8 contains 

a guanidine group.

30 When R8 is an ammonium group, the ammonium group may have the structure -

N(R15)(R.16)(R17). RI5, R16, and R17 are each independently hydrogen, a C1-C5 alkyl group, a Ch-C 

5 alkenyl group, or -C(NR18)N(R19)(R20), wherein at least one of R15, RI 6, or R17 is hydrogen. In 

one embodiment, R15, R16, RI 7, or all three are hydrogen. In another embodiment, any one or two of

10
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Rl 5, RI 6, or R17 is g Ci~C 5 aikvi group, such as a C1-C 3 aikyl group, such as a methyl group, in 

another embodiment, any one of R15, R16, or R17 is -C(NR18)N(R19)(R20). to such embodiments,

R8 contains a guanidino group.

When R8 contains a guanidino group, R18, R19, and R20 are each independently hydrogen, a

5 Ci-C 5 aikyl group, or a Cr-C 5 alkenyl group. In one embodiment, RI 8, R19, R20, or ail three are 

hydrogen. In one embodiment, the guanidino group may be protonated. 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 structure - 

C(NR18R21)N(R19)(R2O) wherein R21 Is hydrogen.

10 When R8 contains a N containing heteroaryl group, the heieroaryl group may be any N

containing heteroaryl group capable of providing a cationic functional group, For instance, the N 

containing heieroaryl group may be an imidazolyl group, a pyridyl group, a purlnyl group, a pyrazolyl 

group, or a combination thereof. In one embodiment, the N containing heteroaryl group is an 

imidazolyl group.

15 As mentioned above, generally the N within R8 group Is protonated to provide a protonated

amine and thereby a cationic functional group. However, prior to protonation, 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 oniy one of the hydrogens is replaced by an alkyl group or an aromatic 

group. A secondary amine Is referred to as an amine where only two of the hydrogens are replaced by

20 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 alky! group and/or an aromatic group, in one particular 

embodiment, a primary amine is protonated to provide the protonated amine and the cationic 

functionality to the cationic monomer.

According to one embodiment, the hydrophobic functional group may be contained within R12.

25 For instance, R12 may be a C1-C ?o alky! group, a C2-C 20 alkylene group, an ary! group, or a heteroaryl 

group, in one embodiment, R12 is a C1-C 20 alky! group, such as a Cs-C 20 aikyl 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 a 

multiple fused ary! ring system, comprising two or more ring systems. In one embodiment, the ary!

30 group is a single aryl ring such as a phenyl ring, in another embodiment, the ary! group is a fused ary! 

ring such as a naphthyl group or an anthryl group, in another embodiment, the aryl group is a 

heteroaryl group. For instance, the heteroaryl group may be a multiple fused heteroaryl ring system

11
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such as an indoiyi group or an isoindoiyi group, hi one particular embodiment, the aryl group and/or 

heteroaryl group comprises a 6-membered carbon ring, such as a 6-membered aromatic carbon ring.

As shown in Formula III, R7 is connected to R8 which contains the cationic functional group. 

R7 is a direct bond between the 0 and R8, a C i-C 5 alkyl group, or a C;-C 5 alkenyl group, in one

5 embodiment, R7 is a Ci-C 5 alkyl group, such as a C1-C 4 alkyl group, such as a butyl group.

As shown In Formula IV, R11 rs connected to R12 which contains the hydrophobic functional

group. Rl 11s a direct bond between the C and R12, a C1-C 5 alkyl group, or a C1-C 5 alkenyl group, in 

one embodiment, R11 is a C1-C5 alkyl group, such as a C1-C3 alkyl group, such as a methyl group.

Referring to Formulae Hi and IV, RS and RfO, respectively, are each Independently hydrogen,

10 a Ci-C io alkyl group, or a CrC 10 alkenyl group. R9 arte R10 may be the same or they may be 

different, In one embodiment, R9, RIO, or both are hydrogen, in another embodiment, R9, RIO, or 

both are a Ci-C10 alkyl group, such as a CrC 5 alkyl group, such as a CrC 3 alkyl group, such as a 

methyl or ethyl group.

When R9 or RIO is hydrogen, the respective monomer is in a free acid form wherein the

15 carboxylic acid is not reacted or esterlfied. However, when IR9 or RIO contains an alkyl group or an 

alkylene group, the monomer may be considered esterlfied. As such, the carboxylic acid is reacted to 

form an ester. When in an ester form, the monomers may be esterlfied using any esterification 

reaction known in the art.

Without Intending to be limited by theory, It is believed that the ester form of monomers further

20 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 tree acid form wherein the carboxylic 

acid of the amino acid Is not esterlfied, the hydrogen of the hydroxyl moiety of the carboxylic acid may 

be released thereby forming a negatively charged carboxyiate. Accordingly, the negatively charged 

carboxyiate may not interact with the negatively charged cell walls of bacteria and may in fact result In

25 repulsion of such bacteria. On the other hand, when the carboxylic acid is esterlfied 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 shewn Ir? Formulae III and IV. X and Y, respectively are each independently an amide (- 

C(O)NH- or -NHC(O)-) or a carboxylic ester (-C(O)O- or -OC(O)-). When X or Y Is an amide (-

30 CfCjN'H- or -NHC(O)·), the respective monomer may be referred to as an acrylamide monomer, As 

used herein, an acrylamide monomer may constitute an acrylamide, a methacrylamide, a derivative 

thereof, or a combination thereof. When X or Y Is a carboxylic ester (-0(0)0- or -00(0)-), the 

respective monomer may be referred to 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 capable of interacting with microorganisms, such as

5 bacteria. As shown in Formula II, 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 length. In general, the spacer arm length is the 

distance of the cationic functional 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

10 the second constituent, such as the amino acid.

For Instance, for the cationic monomer, the spacer arm length Is the distance from R3 to X.

The spacer length of the cationic functional group of the cationic monomer may be from about 3 A to 

about 30 A, in another embodiment from about 4 A to about 20 A, and in a particular embodiment from 

5 A to about 15 A. Similarly, for the hydrophobic monomer, the spacer arm length Is the distance from

15 RI 2 ίο Y. The spacer length of the hydrophobic functional group of the hydrophobic monomer may be 

from 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

II. Fibroys.We.bs

In order to capture and retain microorganisms, such as bacteria, the cationic polymer may be

20 applied to a fibrous web prior to use, Such fibrous webs may be used to reduce microbial or viral

popuiations on a hard surface (e.g., sink, table, counter, sign, and so forth) or surface on a user/pailent 

(e.g., skin, mucosal membrane, such as In the mouth, nasal passage, stomach, vagina, etc., wound 

site, surgical site, and so forth). The fibrous web may also be used to reduce microbial or viral 

popuiations by acting as a filter. The fibrous web may provide an increased surface area to facilitate

25 contact of the cationic polymer with microorganisms. In addition, the fibrous web may also serve other 

purposes, such as providing ‘water absorption, barrier properties, etc. 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 

tissue, paper towels, napkins, absorbent articles, covers, wraps, and so forth. These webs may be

30 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 

softwood fibers having an average fiber length of greater than 1 mm and particularly from about 2 to 5
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mm based on a length-weighted average. Such softwood fibers can include, but ere 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 available from Kimberly-Clark Corporation under the trade

5 designations "L.onglac-19". 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 structure of the web to increase its wicklng ability. Moreover, If desired, secondary 

fibers obtained from recycled materials may be used, such as fiber pulp from sources such as, for

10 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, algae, 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 io 

form a composite. Synthetic thermoplastic fibers may also be employed In the nonwoven web, such

15 as those formed from polyolefins, e.g., polyethylene, polypropylene, polybutylene, etc.;

polytetrafluoroefhyiene; polyesters, e.g., polyethylene terephthalate and so forth; polyvinyl acetate: 

polyvinyl chloride acetate; polyvinyl bufyral: acrylic resins, e.g., poivacrylate, polymeihylacrylate, 

polymethylmethacrylate, and so forth, polyamides, e.g., nylon: polyvinyl chloride; poiyvinylidene 

chloride; polystyrene; polyvinyl alcohol: polyurethanes; polylactic acid: polyhydroxyaikanoate;

20 copolymers thereof; and so forth. Because many synthetic thermoplastic fibers are inherently 

hydrophobic (I.e., non-wettable), such fibers may optionally be rendered more hydrophilic (i.e., 

wettable) by treatment with a surfactant solution before, during, and/or after web formation. Other 

known methods for Increasing wettability may also be employed, such as described in U.S, Patent No. 

5,057,361 to Sayovltz, et al„ which Is incorporated herein in Its entirety by reference thereto for all

25 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 wi.% to about 50 wt.%, and in some embodiments, 

from about 10 wt.% to about 40 wi.% synthetic polymeric fibers. The composite may likewise contain 

from about 40 wt.% to about 99 wt.%, in some embodiments from 50 wt.% to about 95 wi.%, and in

30 some embodiments, from about 60 wt.% to about 90 wt.% absorbent fibers.

Composites, such as described above, may be formed using a variety of known techniques,

For example, a nonwoven composite may be formed that Is a “coform material'’ that contains a mixture 

or stabilized matrix of thermoplastic 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 meitbtown 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 not limited to, fibrous organic materials such as woody or non-woody pulp such 

as cotton, rayon, recycled paper, pulp fluff and also superabsorbent particles, inorganic and/or organic

5 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, et 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

10 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. Hydraulically entangled nonwoven composites of continuous 

filaments (e.g., spunbond web) and natural fibers (e.g., pulp) are disclosed, for example, in U.S, Patent 

Nos. 5,284,703 to Everhart, et al. and 6,315,864 to Anderson^ ef_ aL which are Incorporated herein in

15 their entirety by reference thereto for all purposes. Hydraulically entangled nonwoven composites of 

staple fiber blends (e.g., polyester and rayon) and natural fibers (e.g., pulp), also known as 

“spuniaced” fabrics, are described, for example, in U.S. Patent No, 5,240,764 to Hald, et ah, which is 

incorporated herein In Its entirety by reference thereto for ail purposes.

In addition to coform webs, hydroentangied webs can also contain synthetic and pulp fibers,

20 Hydroentangied webs refer to webs that have been subjected to columnar jets of a fluid that cause the 

fibers In the web to entangle. Hydroerstangiing a web typically increases the strength of the web, in one 

embodiment, pulp fibers can be hydroentangied Into a continuous filament material, such as a 

spunbond web, The hydroentangied 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,

25 Commercially available hydroentangied 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 ail purposes.

In addition to the above, other fibrous webs may be used. For example, the cationic polymer

30 may be incorporated into synthetic webs such as a meltblown web, a spunbond web, and laminates 

thereof.

As used herein, “meitbiowr. 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 Into
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converging high velocity, usually hot, gas (e.g. air) streams which attenuate the filaments of 

thermoplastic material to reduce their diameter, which may be to microfiber diameter. Thereafter, the 

meltbiown fibers are carried by the high velocity gas stream and are deposited on a collecting surface 

to form a web of randomly disbursed meltbiown fibers. Such a process is disclosed, for example, in

5 U.S, Patent No. 3,849,241 io Butin, et at,, 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 tacky when deposited on 

a collecting surface.

As used herein, "spunbond fibers” refers to small diameter fibers which are formed by

18 extruding molten thermoplastic material as filaments from a plurality of fine, usually circular capillaries 

of a spinneret with the diameter ef the extruded filaments then being rapidly reduced as by, for 

example, in U.S. Patent No. 4,340,563 to Appel, ef al., U.S, Patent No, 3,892,618 to Derschner, et al., 

U.S. Patent No. 3,802,817 to Matsuki, etal., U.S. Patent No. 3,338,992 to Kinney, U.S. Patent No. 

3,341,394 to Kinney, U.S. Patent No, 3,502,763 to Hartman, and U.S. Patent No, 3,542,615 to Debo,

15 et al,. which are incorporated herein 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 ef at least 10) larger than 7 microns, 

and more particularly, between about 10 and 40 microns.

Laminates containing meltbiown webs and spunbond webs include, for Instance,

20 meltblown/spunbond laminates and spunbend/mellblown/spunbond (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 onio a moving, forming belt first a spunbond 

web, then a meltbiown web, and then a spunbond web and bonding the layers. These layers may be 

bonded by thermal point bonding, adhesive bonding, bydreentangelment, needling, ultrasonic bonding,

25 and the like. Such processes are disclosed, for example, in U.S. Patent No. 4,041,203 to· Brock et al,, 

U.S. Patent No. 5,189,708 to Collier, ef at., U.S, Patent No. 4,374,888 to Bornslaeqer, U.S, Patent No. 

5,597,647 to Powers, U.S. Patent No. 5,688,157 to Bradley, et al., U.S. Patent No. 5,883,028 to 

Reader, ef al., U.S. Patent No. 6,936,554 to Singer, etal., and U.S, Patent Application Publication No. 

2004/0000313 to Gaynor, et at,

30 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 to about 100 gsm. Lower basis weight products may be particularly 

well suited for light duty uses, while higher basis weight products may be better adapted for heavy duty
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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 Irregularly shaped. In one embodiment, the web may 

be-} presented In the form of a wipe wherein the web is substantially saturated with a solution containing

5 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 o-feided, z-foided, quarter-folded configurations and so forth. For 

example, the wipe may have an unfolded length of from about 2.0 to about SO.O centimeters, and In 

some embodiments, from about 10,0 Io about 25.0 centimeters. The wipes may likewise have an

10 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 between each wipe and 

which may be arranged in a stack or wound Into a roll for dispensing. Various suitable dispensers,

15 containers, and systems for delivering wipes are described In U.S. Patent Nos. 5,785,179 to

Buczwinskl, el al.; 5,984,351 to Zander: 8,030,331 to Zander: 6,158,614 to Haynes, etal.; 6,269,969 to 

Huang, et al.: 6,269,970 to Huang, et al.; and 6,273,359 to Newman, et al.. which are incorporated 

herein In their entirety by reference thereto for all purposes.

HI· Catlonlo Polymer Application and Incorporation

20 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 variety 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 0.01 wt. % to about 20 wt. % and In some embodiments from 

about 0.1 wt, % Io about 10 wt. %.

25 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 fibrous 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 io the fibrous web by dipping, 

spraying, or printing. If desired, the solution may be applied In a pattern that covers from about 5% to

30 about 95%, In some embodiments from about 10% to about 90%, and In some embodiments, from 

about 20% Io 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, tor example, any arrangement of
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stripes, bands, dots, or other geometric shape. The pattern may include Indicia (e.g., trademarks, text, 

and logos), floral designs, abstract designs, any configuration of artwork, etc. It should be appreciated 

that the "pattern" may fake on virtually any desired appearance.

A variety of techniques may be used for applying the cationic polymer solution in the desired

5 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 techniques, 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 rale. Gravure 

printing may provide, for example, from about 10 to about 1000 deposits per lineal inch of surface, or

10 from about 100 to about 1,000,000 deposits per square inch. Each deposit results from an individual 

cell on a printing roil, so that the density of the deposits corresponds to the density of the ceils, 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

15 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 entirety by reference thereto for all 

purposes. Moreover, besides gravure printing, it should be understood that other printing techniques, 

such as flexographic printing, may also be used,

20 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 40 to about 120 openings per lineal centimeter. The screen 

material is attached to a frame and stretched to provide a smooth surface. The stencil Is applied to the 

bottom side of the screen, he,, the side in contact with the substrate upon which the formuiation(s) are

25 to be printed. The formuiation(s) are painted onto the screen, and transferred by rubbing the screen 

(which is In contact with the substrate) with a squeegee.

Ink-let printing techniques may also be employed. Ink-let printing is a non-contact printing 

technique 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 utilized, i.e., “DOD” (Drop-On-

30 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. DOD 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 piezoelectric crystal, an acoustic device, a thermal 

device, etc. The seieciion of the type of ink jet system varies on the type ef material io be printed from 

the print head. For example, conductive materials are sometimes required for continuous systems 

because the droplets are deflected electrostatically,

5 In addition to the printing techniques mentioned above, any other suitable application

technique may be used. For example, other suitable printing techniques may include, but not limited 

to, such as laser printing, thermal ribbon printing, piston printing, spray printing, flexographic printing, 

etc, Still other suitable application techniques may include bar, mil, knife, curtain, spray, slot-die, dip- 

coating, drop-coating, extrusion, stencil application, etc. Such techniques are well known to those

10 skilled 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 technique, such as an oven, drying roils (e.g., through-air drying,

15 Yankee dryer), etc. The temperature at which the fibrous web is dried generally depending on the time 

period over which if is dried, but is typically at least about 20°C, and In some embodiments, from about 

30nC 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 wt.%, In some embodiments less than about 2 wt.%, and In some embodiments less about. 1

20 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 ef the treated substrate (after drying), dividing this calculated weight by the

25 weight of the untreated substrate, and then multiplying by 100%. Lower add-on levels may provide 

optimum functionality ef the substrate, while higher add-on levels may provide optimum antimicrobial 

efficacy.

In addition fo being employed as a concentrate, the solution may also be in the form of a 

liquid. This may be accomplished by simply not drying the solution after it is applied to the fibrous

30 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 Io store the wipes, the nature 

of the solution, and the desired end use of the wipes, Generally, however, each wel wipe contains
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from about 150 wt.% to about 800 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 that the cationic polymer may be 

employed to capture and retain microorganisms, such as bacteria (including cyanobacteria and

5 Mycobacteria), protozoa, algae, and fungi (e.g., molds and yeasl), viruses, prions, and other infectious 

panicles. For example, the cationic polymer may be employed to capture and retain several medically 

significant bacteria groups, such as Gram negative rods (e.g., Enfereofeacfena); Gram negative curved 

rods (e.g., Helicobacter, Campylobacter, etc.); Gram negative cocci (e.g., Neisseria): Gram positive 

rods (e.g., Bacillus, Clostridium, etc.): Gram positive cocci (e.g., Staphylococcus, Streptococcus, etc.):

10 obligate intracellular parasites (e.g,. Ricchetisia and Chlamydia}·, acid fast rods (e.g., Myobectarium, 

Nocarela, etc.): spirochetes (e.g., Treponema, Boreliia, etc.); 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 coli (Gram negative rod), Kiebsieiia pneumoniae 

(Gram negative rod), Streptococcus (Gram positive cocci), Saimoneiia cholersesuis (Gram negative

15 rod), Saimoneiia typhimurium (Gram negative rod), Siaphyioocus aureus (Gram positive cocci), and P. 

aeruginosa (Gram negative rod). In addition to bacteria, other microorganisms of Interest Include fungi 

(e.g., Aspergillus niger) and yeasts (e.g., Candida albicans).

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

EXAMPLES

20 The examples of the Invention are given below by way of illustration and not by way of

limitation. 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 Use amino acid side group is presented as a

25 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, 

azobisisobutyronitriie, 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

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

to the mixture. The polymer mixture was poured Into 200 mL of n-hexane allowing the polymer to 

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

combined with 5 mL of dichloromethane and 2 mL of trifiuoroacetic acid in a round bottom fiask 

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

10 was removed via rotary evaporation under reduced pressure. The residue was dissolved in 5 mL of 

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

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, 

azobisisobiityronitrile, and a solvent, isc-propanol. 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

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

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

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

combined with 20 rnL of anhydrous ethyl acetate in a three-necked round bottom flask equipped with a 

liquid seal, thermometer, and an air duct. The flask was placed in an Ice bath to keep the reaction

0 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 capacity of the polymers In solution with iipopolysaccharide (LPS) of £ co// and 

Sa/mone//a was determined. Samples were prepared by mixing the lipopoiysacchande extract with a 

polymer suspension (5 g/mL) at a ratio of 1:1. A control sample was prepared by mixing

5 Iipopolysaccharide extract with phosphate buffered solution (PBS) at a ratio of 1: l. The samples were 

incubated at ambient temperature for 10 minutes and then centrifuged for 5 minutes at 9000 rpm. The 

supernatant was coitected and analyzed using an LAL (Ltmulus Arnebocyte Lysate) Chromogenie 

Assay kit from Thermo Scientific Pierce according to the manufacturer's instructions.

The amount of LPS present in the supernatant of the PBS control sample was compared to

10 the supernatant of the samples containing Polymer A or Polymer ET in comparison to the control 

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

£. co// and LPS of Sa/mone//a.

Table 1. Reduction of LPS by LAL Chromogenic Assay.

Polymer (5 g/mL)

% reduction of measured LPS Pom the control

(mean ± SD n~3)

LPS of fc. co/f LPS of Sa/mone/fa

1 50.8 ± 6.0 37,4 + 17.4

2 31.7 ± 15.0 44.1 + 13.3
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The antimicrobial effect of the polymers was determined. Samples were prepared by mixing 

50 μί.. of a cell suspension (1:10000 dilution of overnight culture) with a 50 pL 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 μ!.. using maximum recovery diluents (MRD), The

5 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 the log reduction of the control.

Table 2. Log reduction οί E. coli and Salmonella typhimurium colony forming units.

Polymer

Log reduction against
E. coli

(mean ± SD, n~3)

Log reduction against 
Salmonella 

(mean ± SD, n=3)

5 mg/ml 1(5 mg/ml 5 mg/ml
1 0±0.1 0.1 ±0.1 0.1 ±0.1
2 Not tested 0.1 ±0.1 Not tested

10 The ability of a fibrous web containing the cationic polymers to capture and retain bacteria was

determined. Test cultures were prepared by Inoculating a single colony of bacteria Into 10 mL of a 

lysogeny broth (LS) 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 1:10() dilution In 

phosphate butter with 5% (v/v) fetal bovine serum is prepared.

15 VIVA® (Kimberly-Clark) paper towels were cut into 1 cm2 and placed Into a 24 well microplate.

Then, 20 ut. of each polymer solution was added to 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 oi 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

20 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 UC for up to 48 hours. The colony forming units were counted and analyzed based on 

the log reduction of the control.

The following tables provide the colony-forming unit(CFU)/mL. The colony-forming unit is an

25 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 1 was capable of trapping at least 90% while the web

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

containing Polymer 1 was capable of trapping at least 90% of the LPS of Salmonella. As shown, the

web containing Polymer 2 was capable of trapping at least 85% (with a sample concentration of 10

5 mg/mL) and at least 90% (with a sample concentration of 20 mg/mL) of the LPS of Salmonella.
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Table 3. Trapping Effect of Polymers 1 and 2 in VIVA© Towels Against £. coil

Sample polymer 
concentration 

Οΐ'ίβ
CFU/mi

I Control 
CPU

Average
Control

CPU

CPU
Released

%
Released CPU Trap % T rap

Inoculum 8.10E+05

PBS Control 1

PBS Control 2

PBS Control 3

3.90E+03

2.90E+03

2.80E+03

1.93E+04

1.46E+04

1.41E+04

1.80E+04

Untreated VIVA ® 1

Untreated VIVA® 2

Untreated VIVA ® 3

3.20E+03

2.60E+03

2.30E+03

1.60E+04

1.30E+04

: 1.15E+Q4

100,10%

81.33%

71.95%

0.00E+03

2.89E+03

4.49E+03

-0.10% :: 
18.67% I

28.05%

Polymer 1-1 (20) 

Polymer 1-2 (20) 

Polymer 1-3 (20)

2.70E+02

2.1GE+02

1.30E+02

1.35E+03

1.05E+03

6.51Ε·ί·02

8.45%

6.57%

4.07%

( 1.46E+04

1.49E+04

1 53E+04

91.55%

93.43%

95.93%

Polymer 2-1 (20) 

Polymer 2-2 (20) 

Polymer 2-3 (20)

4.70E+02

4.00E+02

4.50E+02

2.35E+03 
i; 2.QQE+03

2.25E+03

14.70%

12.51%

14.08%

1.36E+04

1.4QE+04

1.37E+04

85.30%

87.49%

85.92%

10 Table 4. Trapping Effect of Polymer 1 In VIVA© Towels Against Salmonella

Sample polymer 
concentration 

(mg/mL)
CFU/ml Control

CPU

Average
Control

CFU

CFU
Released

%
Released CFU Trap % Trap

Inoculum 5.S0E+05

P8S Control 1

PBS Control 2

PBS Control 3

. 2.00E+03

2.0QE+03

2.30E+03

1.02E+04

1.01E+04

1.14E+04

1.06E+04

Untreated VIVA© 1

Untreated VIVA© 2

Untreated VIVA® 3

1.10E+03

1.10E+03

1.00E+03

5.50EO3

5.50E+03

5.00E+03

52.05%

52.05%

47.32%

5.07E+03

5.07E+03

5.57E*03

47.95%

47.95%

52.68%

Polymer 1-1 (20)
1 Polymer 1-2 (20)

Polymer 1-3 (20)

4.50E+01

1.80E+02

5.00E+00

2.25E+02

9.0QE+02

2.50E+01

2.13%

8.52%

0.24%

1.03E+04

9.67E+03

1.05E+04

97,87%

91.48%

99.76%
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Table 5. Trapping Effect of Polymer 2 in Vi VA©Towels Against Ssimon&ia

Sample polymer 
concentration 

(mg/mL)
CFU/ml Control

Average
Control

CPU

CPU
Released

%
Released

....................

CPU Trap % Trap

Inoculum 4.10ES05

PBS Control 1

PBS Control 2

PBS Control 3

2.10E+03

i 7QE+C3

i 80E+03

1.Q6E+04

8 28EJ03

8.94E+03

9.27E+03

Untreated VIVA® 1

Untreated VIVA® 2

Untreated VIVA® 3

9,0QE*Q2

1.10E+Q3 
' 1.00E+Q3

4.50E+03

5.50E+03

5.G0E+03

48.53%

59.31%

53.92%

4 77E+03

3.77E+03

4.27E+03

51.47%

40.69%

46.08%

Polymer 2-1 (10)

Polymer 2-2 (10) 

Polymer 2-3 (10)

1.90E+02

6.50E+01

1.30Et02

9.50E+02

3.25E+-02

6.5QE+Q2

10.24%

3.50%

7.01%

8.32ErO3

8.95E+03

8.62E+03

89.76%

96.50%

92.99%

Polymer 2-1 (20) 

Polymer 2-2 (20) 

Polymer 2-3 (20)

1.80E+02

3.50E+01

5.00E+01

9.00E+02

1.75E+02

2.5QE+02

9.71%

1.89%

2.70%

8.37E+03

9.10E+Q3

9.02E+03

90,29%

98.11%

97,30%

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

those of ordinary skill In the art, without departing from the spirit and scope of the present Invention, in

5 addition, it should be understood that aspects of the various embodiments may be Interchanged both

in whole 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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9 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 C5-C 20 alkyl group, a C5-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.

5. 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_l):MBS
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9 polymer by a second spacer, wherein the second spacer has a length of from about 2 A to about 

30 A.

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

polymer has the following structure:

R3 R4

R5 p R6

wherein:

R1 and R2 are each independently hydrogen, a C1-C4 alkyl group, or a C1-C4

alkenyl group;

R3 and R4 are each independently hydrogen, a hydroxyl group, a C1-C4 alkyl 
group, or a C1-C4 alkenyl group;

R5 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 0 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

R8------ R7--------C

OR9

wherein:

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

AH26(22707171_l):MBS
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9 OC(O)-);

R7 is a direct bond between the C and R8, a Ci-C 5 alkyl group, or a Ci-C 5

alkenyl group;

R8 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-C10 alkyl group, or a C1-C10 alkenyl group;

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

alkenyl group, or -C(NR18)N(R19)(R20);

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

C 5 alkenyl 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 Ci-C 5 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 Ci-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

C----- R11--------R12

C=O

O-R10
wherein:

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

OC(O)-);

RIO is hydrogen, a C1-C10 alkyl group, or a C1-C10 alkenyl group;

Rl 1 is a direct bond between the C and R12, a Ci-C 5 alkyl group, or a Ci-C 5

AH26(22707171_l):MBS
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9 alkenyl group; and

R12 is a Ci-C 20 alkyl group, a C2-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 Ci-C 3 

alkyl group.
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