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METHOD FOR REDUCING ODOR USING COORDINATED POLYDENTATE
COMPOUNDS

Background of the Invention

Odor control additives have been conventionally incorporated into
substrates for a variety of reasons. Forinstance, U.S. Patent No. 6,225,524 to

Guarracino, et al. describes a substrate having an odor control composition that

includes an absorbent gelling material and silica. Likewise, U.S. Patent No.

6,376,741 to Guarracino, et al. describes a substrate having an odor control

composition that includes silica and a zeolite (i.e., crystalline aluminosilicate). For

instance, one type of silica said to be preferred in Guarracino, et al. (524 patent)

is amorphous silica having a particle size of 4-12 microns and a pore volume of 1-
2 g/ml. Another type of preferred silica is said to be a silica gel having a medium
pore diameter of from 90 to 110 angstroms, a surface area of from 250 m?/g to
350 m?/g, and an average particle size of from 63 to 200 microns. Unfortunately,
conventional odor control compositions, such as described above, have proven
ineffective in obtaining the full level of odor control desired in many applications.
As such, a need exists for an odor control composition that may exhibit
improved odor control properties, particularly when applied to a substrate.

Summary of the Invention

In accordance with one embodiment of the present invention, a method for
reducing odor is disclosed. The method comprises forming a coordination
complex between a transition metal and a polydentate compound, and contacting
the coordination complex with an odorous compound, such as mercaptans,
ammonia, amines, sulfides, ketones, carboxylic acids, aldehydes, terpenoids,
hexanol, heptanal, pyridine, etc. The transition metal provides one or more active
sites for capturing the odorous compound. In some embodiments, the transition
metal is selected from the group consisting of scandium, titanium, vanadium,
chromium, manganese, iron, cobalt, nickel, copper, zinc, silver, gold, and
combinations thereof.

The polydentate compound may vary depending on the desired application.
For instance, the polydentate compound may be water-soluble and possess
positively charged ligands to facilitate its application to certain types of substrates.

The polydentate compound may contain one or more primary amines, secondary
1
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amines, tertiary amines, or combinations thereof. For example, the polydentate
compound may be a polyalkylimine, such as polyethyleneimine,
polypropyleneimine, or a dendrimer thereof. If desired, the polydentate compound
may also be crosslinked. For example, a crosslinking agent selected from the
group consisting of polyhydric alcohols, polyaziridines, epoxies, haloepoxies,
polyaldehydes, polyisocyanates, and combinations thereof, may facilitate
crosslinking.

In accordance with another embodiment of the present invention, an odor
control composition is disclosed that comprises a coordination complex formed
between a transition metal and a polydentate compound. The transition metal is
selected from the group consisting of scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, silver, gold, and combinations
thereof. The transition metal provides one or more active sites for capturing an
odorous compound.

In accordance with still another embodiment of the present invention, a
substrate for reducing odor is disclosed that is applied with an odor control
composition that comprises a coordination complex formed between a transition
metal and a polydentate compound. The transition metal is selected from the
group consisting of scandium, titanium, vanadium, chromium, manganese, iron,
cobalt, nickel, copper, zinc, silver, gold, and combinations thereof, the transition
metal providing one or more active sites for capturing an odorous compound. In
one embodiment, the substrate may be incorporated into an absorbent article. For
instance, the absorbent article may include a liquid-transmissive liner, a liquid-
transmissive surge layer, a liquid-absorbent core, and a vapor-permeable, liquid-
impermeable outer cover, where the substrate forms at least a portion of the liner,
surge layer, absorbent core, outer cover, or combinations thereof. In another
embodiment, the substrate may be incorporated into a paper product, such as a
facial tissue, bath tissue, paper towel, etc., or a facemask.

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

Detailed Description of Representative Embodiments

Definitions

As used herein, a “coordinate bond” refers to a shared pair of electrons
2
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between two atoms, wherein one atom supplies both electrons to the pair.

As used herein, a “covalent bond” refers to a shared pair of electrons
between two atoms, wherein each atom supplies one electron to the pair.

As used herein, the term “zeta potential” refers to the potential gradient that
arises across an interface. Zeta potential measurements may be taken using, for
instance, a Zetapals instrument available from the Brookhaven Instrument
Corporation of Holtsville, New York. For example, zeta potential measurements
may be conducted by adding one to three drops of a sample into a cuvet
containing 1 millimolar KCI solution, using the instrument’s default functions preset
for aqueous solutions.

As used herein, an “absorbent article” refers to any article capable of
absorbing water or other fluids. Examples of some absorbent articles include, but
are not limited to, personal care absorbent articles, such as diapers, training pants,
absorbent underpants, adult incontinence products, feminine hygiene products
(e.g., sanitary napkins), swim wear, baby wipes, and so forth; medical absorbent
articles, such as garments, fenestration materials, underpads, bandages,
absorbent drapes, and medical wipes; food service wipers; clothing articles; and
so forth. Materials and processes suitable for forming such absorbent articles are
well known to those skilled in the art.

As used herein the term "nonwoven fabric or web" means a web having a
structure of individual fibers or threads which are interlaid, but not in an identifiable
manner as in a knitted fabric. Nonwoven fabrics or webs have been formed from
many processes such as for example, meltblowing processes, spunbonding
processes, bonded carded web processes, etc.

As used herein, the term "meltblowing” refers to a process in which fibers
are formed by extruding a molten thermoplastic material through a plurality of fine,
usually circular, die capillaries as molten fibers into converging high velocity gas
(e.g. air) streams that attenuate the fibers of molten thermoplastic material to
reduce their diameter, which may be to microfiber diameter. Thereafter, the
meltblown fibers are carried by the high velocity gas stream and are deposited on
a collecting surface to form a web of randomly disbursed meltblown fibers. Such a
process is disclosed, for example, in U.S. Pat. No. 3,849,241 to Butin, et al., which

is incorporated herein in its entirety by reference thereto for all purposes.
3
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Generally speaking, meltblown fibers may be microfibers that may be continuous
or discontinuous, are generally smaller than 10 microns in diameter, and are
generally tacky when deposited onto a collecting surface.

As used herein, the term "spunbonding" refers to a process in which small
diameter substantially continuous fibers are formed by extruding a molten
thermoplastic material from a plurality of fine, usually circular, capillaries of a
spinnerette with the diameter of the extruded fibers then being rapidly reduced as
by, for example, eductive drawing and/or other well-known spunbonding
mechanisms. The production of spun-bonded nonwoven webs is described and
illustrated, for example, in U.S. Patent Nos. 4,340,563 to Appel, et al., 3,692,618
to Dorschner, et al., 3,802,817 to Matsuki, et al., 3,338,992 to Kinney, 3,341,394
to Kinney, 3,502,763 to Hartman, 3,502,538 to Levy, 3,542,615 to Dabo, et al.,

and 5,382,400 to Pike, 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 onto a collecting surface. Spunbond fibers may sometimes
have diameters less than about 40 microns, and are often between about 5 to
about 20 microns.

Detailed Description

Reference now will be made in detail to various embodiments of the
invention, one or more examples of which are set forth below. Each example is
provided by way of explanation, not limitation of the invention. In fact, it will be
apparent to those skilled in the art that various modifications and variations may
be made in the present invention without departing from the scope or spirit of the
invention. For instance, features illustrated or described as part of one
embodiment, may be used on another embodiment to yield a still further
embodiment. Thus, it is intended that the present invention cover such
modifications and variations.

In general, the present invention is directed to an odor control composition
that includes a transition metal, such as scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, silver, gold, etc. Single metallic, as
well as dimeric, trinuclear, and cluster systems may be used. Without being
limited by theory, it is believed that the transition metal provides one or more

active sites for capturing and/or neutralizing an odorous compound. For example,
4
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the transition metal may be effective in removing odorous compounds, such as
mercaptans (e.g., ethyl mercaptan), ammonia, amines (e.g., trimethylamine
(TMA), triethylamine (TEA), etc.), sulfides (e.g., hydrogen sulfide, dimethyl
disulfide (DMDS), etc.), ketones (e.g., 2-butanone, 2-pentanone, 4-heptanone,
etc.) carboxylic acids (e.g., isovaleric acid, acetic acid, propionic acid, etc.),
aldehydes, terpenoids, hexanol, heptanal, pyridine, and combinations thereof. If
desired, more than one type of transition metal may also be utilized. This has an
advantage in that certain metals may be better at removing specific odorous
compounds than other metals. For example, copper may be more effective in
removing sulfur and amine odors, while manganese may be more effective in
removing carboxylic acids.

In accordance with the present invention, a polydentate compound is also
employed that acts as a chelating agent for complexing with the transition metal.
“Polydentate compounds” are macromolecular compounds having multiple ligands
that may sometimes be ionizable when dissolved in a suitable solvent (e.g., water,
alcohols, etc.). These macromolecular compounds may be, for instance,
polymers, hyperbranched polymers, dendrimers, oligomers, etc. The molecular
weight of the compounds may be from about 1,000 daltons to about 1 million
daltons, in some embodiments from about 3,000 to about 200,000 daltons, and in
some embodiments, from about 5,000 to about 50,000 daltons.

The polydentate compound may contain one or more ligands that are
positively charged (cationic), negatively charged (anionic), and/or neutral. For
instance, water-soluble polydentate compounds having one or more basic reactive
ligands, such as amine or imine ligands, may be used. For instance, examples of
suitable basic reactive ligand-containing polydentate compounds may include, but
are not limited to, polylysine, polyvinylamine, polyallylamine, polyalkylimine, etc.
Polyalkylimines, for example, are water-soluble, hydrophilic, polyamines evolved
from aziridine and azetidine monomers, such as 1-unsubstituted imines, 1-
substituted basic imines, activated imines (1-acyl substituted imines), isomeric
oxazolines/oxazines, and so forth. Polyalkylimines may be linear or highly
branched, thereby possessing primary, secondary, and tertiary amine groups. In
one particular embodiment, the polyalkylimine is polyethyleneimine, which can be
either linear or branched. Linear polyethyleneimine may be prepared via

5
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hydrolysis of poly(2-ethyl-2-oxazoline), while branched polyethyleneimine may be
prepared by cationic chain-growth polymerization, either alone or with other
monomers suitable for copolymerization with ethyleneimine.

Other suitable polyalkylimines include, but are not limited to,
polypropyleneimine, as well as dendrimers, such as polypropyleneimine
tetraamine (available from Aldrich Chemical under the name Generation 1.0, DAB-
Am-4, contains 4 amino end groups), polypropyleneimine octaamine (available
from Aldrich Chemical under the name Generation 2.0, DAB-Am-8, contains 8
amino end groups), polypropyleneimine hexadecaamine (available from Aldrich
Chemical under the name Generation 3.0, DAB-Am-16, contains 16 amino end
groups), polypropylene dotriacontaamine (available from Aldrich Chemical under
the name Generation 4.0, DAB-Am-32, contains 32 amino end groups), and
polypropyleneimine tetrahexacontaamine (available from Aldrich Chemical under
the name Generation 5.0, DAB-Am-64, contains 64 amino end groups). Still other
suitable examples of polydentate compounds include, but are not limited to,
epichlorohydrin-functionalized polyamines and/or polyamidoamines, such as
poly(dimethylamine-co-epichlorohydrin); polydiallyldimethyl-ammonium chloride;
cationic cellulose derivatives, such as cellulose copolymers of cellulose derivatives
grafted with a quaternary ammonium water-soluble monomer; polysaccharides;
chitosan; and so forth.

Still other examples of suitable polydentate compounds include, but are not
limited to, polyacrylic acids, such as poly(ethylene-co-methacrylic acid, sodium
salt). It should also be understood that other polydentate compounds may also be
utilized in the present invention, such as amphiphilic polydentate compounds (i.e.,
having polar an non-polar portions). For instance, some examples of suitable
amphiphilic polydentate compounds include, but are not limited to, poly(styryl-b-N-
methyl 2-vinyl pyridinium iodide) and poly(styryl-b-acrylic acid). Other suitable
examples of polydentate compounds that may be used in the present invention
are described in U.S. Patent Nos. 5,807,636 to Sheu, et al. and 6,060,410 to

Gillberg-LaForce, et al., which are incorporated herein in their entirety by reference

thereto for all purposes.
In some instances, the polydentate compound selected for a particular

application may vary depending on the nature of the substrate to which it may be
6
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applied. For example, the distributed charge of a polydentate compound may
allow it to bind to substances having an opposite charge. Thus, polydentate
compounds having positively charged ligands may bind more readily to substrates
that are negatively charged, while polydentate compounds having negatively
charged ligands may more readily bind to substrates that are positively charged.

In one particular embodiment, for examplie, a polydentate compound having
positively charged ligands is able to readily bond with a cellulosic fibrous substrate,
which possesses a negative charge due to the hydroxy and/or carboxyl groups
contained on its surface. The cellulose may also provide multiple hydrogen
binding sites for bonding with the polydentate compound.

Regardless of the polydentate compound selected, the transition metal may
be combined with therewith in a variety of ways. For instance, water-soluble
polydentate compounds, such as polyethyleneimine, may simply be dissolved in
water, and then mixed with a solution containing the appropriate transition metal in
the form of a salt, such as those containing a copper ion (Cu+2), silver ion (Ag"),
gold ion (Au® and Au*®), iron (I} ion (Fe™), iron (lll) ion (Fe™), and so forth. If
desired, surfactants may be utilized to disperse the polydentate compound in
water or another solvent. For example, suitable surfactants may include, but are
not limited to, Triton® X100, a nonionic surfactant available from Union Carbide,
and Tergitol® 15-S40, an ethoxylated alcohol surfactant available from BASF.

When mixed with a transition metal, chelating moieties of the polydentate
compound may form coordinate bonds with the transition metal and thus form a
coordination complex. The chelating moieties may include, for instance, hydroxyl,
carboxy, imino, amino (e.g.. primary amines, secondary amines, or tertiary
amines), carbonyl, phosphines, etc. The ratio of the polydentate compound to the
transition metal may be selectively varied to achieve the desired results. In most
embodiments, for example, the ratio of the polydentate compound to the transition
metal is from about 0.1 to about 50, in some embodiments from about 0.5 to about
5, and in some embodiments, from about 1 to about 2.

In one embodiment, for example, polyethyleneimine is complexed to the
transition metal. Polyethyleneimine contains multiple primary, secondary and
tertiary amino groups that act in concert to coordinate transition metal ions. These

compounds possess the ability to coordinate one metal ion per repeat unit, and
7
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thus may provide a high density of coordinated transition metal ions. One
example of the coordination complex formed between polyethyleneimine and

copper (derived from copper chloride) is set forth below:

T

CU.Clz

Cl

Cl
\
LCu,
N N
R\ /R
n

5 ~ where R is either a hydrogen atom or continuation of the polymer chain.
One particular benefit of the present invention is that the coordinated
polydentate complex may have a positive charge, which may be due to the
positive charge on the polydentate compound, the positive charge of the transition
metal, or both. By possessing a positive charge, the coordinated polydentate
10 compound complex may be easily affixed to substrates that carry a negative
surface charge through ionic attraction. Cellulosic fibrous materials, for instance,
often contain hydroxy and/or carboxyl groups that result in a negative surface
charge. Thus, the coordinated polydentate compound complex may form an
electrostatic bond with these materials, and thus remain affixed thereto without the
15 need for chemical binders or other attachment structures.
Despite being able to form a relatively strong bond with a substrate based
on electrostatic attraction, water-soluble polydentate compounds sometimes
become removed from a substrate when contacted with water. This may be

problematic in applications where the presence of free metals is particularly
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disruptive. Thus, the polydentate compound may be crosslinked using various
well-known techniques to render it water-insoluble and thus more resistant to
removal from a substrate.

In some embodiments, for example, a chemical crosslinking agent may be
used to facilitate crosslinking of the polydentate compound. The amount of the
crosslinking agent may generally vary as desired. In some embodiments, the ratio
of the crosslinking agent to the polydentate compound is from about 0.001 to
about 5, in some embodiments from about 0.05 to about 1, and in some
embodiments, from about 0.01 to about 0.25. The polydentate compounds may,
for instance, be crosslinked with crosslinking agents, such as polyhydric alcohols
(e.g., glycerol); polyaziridine compounds (e.g., 2,2-bishydroxymethyl butanoltris[3-
(1-aziridine) propionate]); epoxy compounds; haloepoxy compounds (e.g.,
epicholorhydrin); polyaldehyde compounds (e.g., glutaraldehyde, glyoxal,
malonaldehyde, succinaldehyde, adipaldehyde, and dialdehyde starch);
polyisocyanate compounds (e.g., 2,4-toluene diisocyanate); etc. Still other
suitable crosslinking agents are described in U.S. Patent Nos. 5,102,597 to Roe;
5,308,641 to Cahalan, et al.; 5,536,254 to Hsueh, et al.; 6,339,714 to Huang, et

al.; and WO 01/27368 to Smith, et al., which are incorporated herein in their

entirety by reference thereto for all purposes.
In one particular embodiment, a polyalkylimine, for instance, may be
crosslinked using an epoxy crosslinking agent having two or more epoxide groups
per molecule. For example, the epoxy crosslinking agent may be a resin having
end groups of the following formula:
Iil | AN/
TR e o '{3\ "

| ]

g g H

wherein, the end groups are directly attached to atoms of carbon, oxygen,

nitrogen, sulfur or phosphorus, and mixtures thereof. For example, R may be
bisphenol-A. At elevated temperatures, the epoxy crosslinking agent may
crosslink the polyalkylimine between amino groups. The crosslinks are formed

through attack by the amine proton at the epoxide rings, which opens the epoxide
9
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ring and forms an --OH group, thereby covalently crosslinking the amine (or
amide) and terminal epoxide carbon. The resulting crosslinked network of the
polyalkylimine is water-insoluble and may thus adhere tightly to the substrate even
when contacted with water.

5 Examples of some suitable epoxy crosslinking agents include, but are not
limited to, polyglycidyl ethers obtainable by reaction of a compound containing at
least two free alcoholic hydroxyl and/or phenolic hydroxyl groups per molecule with
epichlorohydrin under alkaline conditions. These polyglycidyl ethers may be made
from acyclic alcohols, such as ethylene glycol, diethylene glycol, and higher

10 poly(oxyethylene) glycols; cycloaliphatic alcohols, such as cyclohexanol and 1,2-
cyclohexanediol; alcohols having aromatic nuclei, such as N,N-bis(2-
hydroxyethyl)aniline; mononuclear phenols, such as resorcinol and hydroquinone;
and polynuclear phenols, such as bis(4-hydroxyphenyl)methane, 4,4'-
dihydroxydiphenyl, bis(4-hydroxyphenyl) sulphone, 1,1,2,2-tetrakis(4-

15 hydroxyphenyl)ethane, and 2,2,-bis(4-hydroxyphenyl)propane (otherwise known as
bisphenol A). In one particular embodiment, the epoxy crosslinking agent is a
bisphenol-A glycidyl ether terminated resin.

In another particular embodiment, a polyalkylimine may be crosslinked
using another polyalkylimine that is substituted with an epichlorohydrin group.

20 One example of such a compound is commercially available from BASF under the

trade name of “Lupasol SC-86X”, and has the structure shown below:

R
—eCHZCHZI\‘ICHZCHgl\IIaﬁ—
CH,
éHOH
(IiHZX

X=Cl, OH
R =H or continuation of polymer

Once the crosslinking agent is applied, the polydentate compound may then
be cured at elevated temperatures. For instance, curing may be initiated by

25 heating the polydentate compound and crosslinking agent to a temperature of

10
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from about 25°C to about 150°C, in some embodiments from about 50°C to about
120°C, and in some embodiments from about 70°C to about 100°C, for a period of
time of from about 1 minute to about 12 hours, in some embodiments from about 5
minutes to about 5 hours, and in some embodiments, from about 10 minutes to
about 1 hour.

Besides using chemical crosslinking agents, the polydentate compound
may also be crosslinked using other well-known techniques. For example,
crosslinking may be induced with ionizing radiation, which is radiation having an
energy sufficient to either directly or indirectly produce ions in a medium. Some
suitable examples of ionizing radiation that may be used in the present invention
include, but are not limited to, electron beam radiation, natural and artificial radio
isotopes (e.g., a, B, and y rays), x-rays, neutron beams, positively charged beams,
laser beams, and so forth. Electron beam radiation, for instance, involves the
production of accelerated electrons by an electron beam device. Electron beam
devices are generally well known in the art. For instance, in one embodiment, an
electron beam device may be used that is available from Energy Sciences, Inc., of
Woburn, Massachusetts under the name “Microbeam LV.” Other examples of
suitable electron beam devices are described in U.S. Patent Nos. 5,003,178 to
Livesay; 5,962,995 to Avnery; 6,407,492 to Avnery, et al., which are incorporated
herein in their entirety by reference thereto for all purposes.

Regardless of the technique utilized, crosslinking is believed to render the
polydentate compound water-insoluble, and thus enhance its adherence to the
surface of a substrate when contacted with water. In some embodiments,
however, it may be desired to also bond the polydentate compound to a substrate.
This further enhances the strength of the bond formed with the substrate, and thus
reduces the likelihood that any free metal will be present during use. For instance,
one method for bonding the polydentate compound to a substrate is to chemically
“graft” the polydentate compound to a molecule on the substrate, thereby forming
a covalent bond. One method of chemical grafting a polydentate compound onto
cellulosic fibers (or derivatives thereof) may, for instance, involve nucleophilic

displacement reactions as described in Carbohydrate Polymers, Biermann and

Narayan, 12, 323-327 (1990), which is incorporated herein in its entirety by

reference thereto for all purposes. For instance, polyethyleneimine may be
11
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grafted to mesylated cellulose acetate through a second order nucleophilic
displacement reaction of mesylate groups by the primary amine groups of the
polyethyleneimine.

The coordination complex of the present invention is believed to achieve
high levels of odor reduction. For example, in some embodiments, the complex
contains one or more free active sites capable of adsorbing an odorous
compound. The complex, however, does not necessarily require the presence of
free active sites. For example, one or more of the occupied active sites may be
weak enough so that they are replaced by an odorous molecule when contacted
therewith. Sulfur-based ligands, for instance, are normally weaker in their binding
abilities than nitrogen and phosphine ligands, and thus, may sometimes be
replaced by an odorous molecule.

Although the coordination complex of the present invention is capable of
achieving high levels of odor reduction, it is sometimes desired to further enhance
the level of odor reduction through the use of high-surface area particles as a
carrier for the complex. When utilized, the high surface area of such particles may
provide a further method of reducing odor. The particles may be formed from a
variety of materials, including, but not limited to, silica, alumina, zirconia,
magnesium oxide, titanium dioxide, iron oxide, zinc oxide, copper oxide, organic
compounds such as polystyrene, and combinations thereof. The particles may
have a surface area of from about 50 square meters per gram (mzlg) to about
1000 m?/g, in some embodiments from about 100 m?g to about 600 m?/g, and in
some embodiments, from about 180 m%/g to about 240 m?/g. Surface area may
be determined by the physical gas adsorption (B.E.T.) method of Bruanauer,
Emmet, and Teller, Journal of American Chemical Society, Vol. 60, 1938, p. 309,
with nitrogen as the adsorption gas.

The particles may possess various forms, shapes, and sizes depending
upon the desired result. For instance, the particles may be in the shape of a
sphere, crystal, rod, disk, tube, string, etc. The average size of the particles is
generally less than about 500 microns, in some embodiments less than about 100
microns, in some embodiments less than about 100 nanometers, in some
embodiments from about 1 to about 50 nanometers, in some embodiments from

about 2 to about 50 nanometers, and in some embodiments, from about 4 to
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about 20 nanometers. As used herein, the average size of a particle refers to its
average length, width, height, and/or diameter. If desired, the particles may also
be relatively nonporous or solid. That is, the particles may have a pore volume
that is less than about 0.5 milliliters per gram (ml/g), in some embodiments less
than about 0.4 milliliters per gram, in some embodiments less than about 0.3 mi/g,
and in some embodiments, from about 0.2 ml/g to about 0.3 ml/g. Without
intending to be limited by theory, it is believed that particles having such a small
size and high surface area may improve the adsorption capability for many
odorous compounds. Moreover, it is believed that the solid nature, i.e., low pore
volume, of the particles may enhance the uniformity and stability of the particles,
without sacrificing their odor adsorption characteristics.

Regardless of the material used to form the particles, the particles often
possess a “zeta potential” that is opposite to the coordination complex. Although
not required, the use of particles having an opposite zeta potential to the complex
may facilitate the binding of the particles to the complex through ionic interaction.
For example, in some embodiments of the present invention, the particles may
have a negative zeta potential of about O millivolts (mV) or less, in some
embodiments about -10 mV or less, and in some embodiments, about -20 mV or
less. By possessing a negative surface charge, the particles are well suited for
being affixed to polydentate compounds and/or transition metals that carry a
positive charge. Depending upon the difference in charge, this attraction may be
relatively permanent and substantive.

In one particular embodiment, for example, the particles are formed from
silica particles having a negative zeta potential. Commercially available examples
of silica nanoparticles, such as described above, include Snowtex-C, Snowtex-O,
Snowtex-PS, and Snowtex-OXS, which are available from Nissan Chemical of
Houston, Texas. Snowtex-OXS particles, for instance, have a particle size of from
4 to 6 nanometers, and may be ground into a powder having a surface area of
approximately 509 square meters per gram.

Silica particles possess units that may or may not be joined together.
Whether or not such units are joined generally depends on the conditions of
polymerization. For instance, the acidification of a silicate solution may vield

Si(OH)4. If the pH of this solution is reduced below 7 or if a salt is added, then the
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units may tend to fuse together in chains and form a “gel.” On the other hand, if
the pH is kept at a neutral pH or above 7, the units may tend to separate and
gradually grow to form a “sol.” Silica particles may generally be formed according
to any of a variety of techniques well known in the art, such as dialysis,
electrodialysis, peptization, acid neutralization, and ion exchange. Some
examples of such techniques are described, for instance, in U.S. Patent Nos.
5,100,581 to Watanabe, et al.; 5,196,177 to Watanabe, et al.; 5,230,953 to

Tsugeno, et al. and 5,985,229 to Yamada, et al., which are incorporated herein in

their entirety by reference thereto for all purposes.

For exemplary purposes only, one embodiment of an ion-exchange
technique for forming a silica sol will now be described in more detail. Initially, an
alkali metal silicate is provided that has a molar ratio of silicon (SiO;) to alkali
metals (M20) of from about 0.5 to about 4.5. For instance, sodium water glass
may be utilized that has a molar ratio of from about 2 to about 4. An aqueous
solution of the alkali metal silicate is obtained by dissolving it in water at a
concentration of, for instance, from about 2 wt.% to about 6 wt.%. The alkali metal
silicate-containing aqueous solution may then be contacted with one or more ion-
exchange resins. For instance, the solution may first be contacted with a strong-
acid to ion-exchange all the metal ions in the aqueous solution. Examples of such
strong acids include, but are not limited to, hydrochloric acid, nitric acid, sulfuric
acid, and so forth. The contact may be accomplished by passing the aqueous
solution through a column filled with the strong acid at a temperature of from about
0°C to about 60°C, and in some embodiments, from about 5°C to about 50°C.
After passing through the column, the resulting silicic acid-containing aqueous
solution may have a pH value of from about 2 to about 4. If desired, another
strong acid may be added to the silicic acid-containing aqueous solution to convert
the impurity metal components into dissociated ions. This additional strong acid
may decrease the pH value of the resulting solution to less than about 2, and in
some embodiments, from about 0.5 to about 1.8.

The metal ions and the anions from the strong acid may be removed from
the solution by consecutive application of a strong acid (i.e., cation-exchange
resin) and strong base (anion-exchange resin). Examples of suitable strong bases

include, but are not limited to, sodium hydroxide, potassium hydroxide, and so
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forth. As a result of this consecutive application, the silicic acid-containing
aqueous solution may have a pH value of from about 2 to about 5. This acidic
aqueous solution may then be contacted with one or more additional strong bases
to stabilize the solution at a pH value of from about 7 to about 9.

The stabilized silicic acid-containing aqueous solution is then fed to a
container in which the liquid temperature is maintained at from about 70°C to
about 100°C. This process results in an increase in concentration of the silica to
from about 30 wt.% to about 50 wt.%. The stable aqueous silica sol may then be
consecutively contacted with a strong acid and strong base, such as described
above, so that the resulting aqueous silica sol is substantially free from
polydentate metal oxides, other than silica. Finally, ammonia may be added to the
aqueous sol to further increase its pH value to from about 8 to about 10.5, thereby
forming a stable aqueous silica sol having a silica concentration of from about 30
wt.% to about 50 wt.%, a mean particle size of from about 10 to about 30
nanometers, and that is substantially free from any polydentate metal oxides,
other than silica.

When utilized, the amount of particles may generally vary in relation to the
transition metal and polydentate compound. For example, the ratio of the particles
to the polydentate compound may be from about 10 to about 10,000, in some
embodiments from about 50 to about 5,000, and in some embodiments, from
about 100 to about 1,000. Generally speaking, the order in which the particles,
polydentate compound, and transition metal are mixed may be varied as desired.
In some instances, the order of mixing may actually affect the characteristics of
the particles. In some embodiments, for example, it may be desired to first mix the
polydentate compound with the transition metal, and then mix the resulting
coordination complex with the particles.

If desired, the odor control composition of the present invention may be
applied to a substrate. The substrate may provide an increased surface area to
facilitate the adsorption of odorous compounds by the complex. In addition, the
substrate may also serve other purposes, such as water absorption. Any of a
variety of different substrates may be incorporated with the odor control
composition in accordance with the present invention. For instance, nonwoven

fabrics, woven fabrics, knit fabrics, wet-strength paper, film, foams, etc., may be
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applied with the odor control composition. When utilized, the nonwoven fabrics
may include, but are not limited to, spunbonded webs (apertured or non-
apertured), meltblown webs, bonded carded webs, air-laid webs, coform webs,
hydraulically entangled webs, and so forth.

In some embodiments, for example, the odor control composition may be
utilized in a paper product containing one or more paper webs, such as facial
tissue, bath tissue, paper towels, napkins, and so forth. The paper product may
be single-ply in which the web forming the product includes a single layer or is
stratified (i.e., has multiple layers), or multi-ply, in which the webs forming the
product may themselves be either single or multi-layered. Normally, the basis
weight of such a paper product is less than about 120 grams per square meter
(gsm), in some embodiments less than about 80 gsm, in some embodiments less
than about 60 grams per square meter, and in some embodiments, from about 10
to about 60 gsm.

Any of a variety of materials can also be used to form the paper web(s) of
the product. For example, the material used to make the paper product may
include fibers 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 mm based on 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 for
the present invention include those available from Kimberly-Clark Corporation
under the trade designations "Longlac-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 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 in the present

invention, such as abaca, sabai grass, milkweed floss, pineapple leaf, and so
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forth. In addition, in some instances, synthetic fibers can also be utilized. Some
suitable synthetic fibers can include, but are not limited to, rayon fibers, ethylene
vinyl alcohol copolymer fibers, polyolefin fibers, polyesters, and so forth.

If desired, the substrate may form all or a portion of an absorbent article. In
one embodiment, for instance, the absorbent article includes a liquid-transmissive
bodyside liner, a liquid-transmissive surge layer below the bodyside liner, a liquid-
absorbent core below the surge layer, and a moisture vapor permeable, liquid
impermeable outer cover below the absorbent core. A substrate treated with the
odor control composition of the present invention may be employed as any one or
more of the liquid transmissive (non-retentive) and absorbent layers. An
absorbent core of the absorbent articie, for instance, may be formed from an
absorbent nonwoven web that includes a matrix of hydrophilic fibers. In one
embodiment, the absorbent web may contain a matrix of cellulosic fluff fibers.
One type of fluff that may be used in the present invention is identified with the
trade designation CR1654, available from U.S. Alliance, Childersburg, Alabama,
U.S.A., and is a bleached, highly absorbent sulfate wood pulp containing primarily
soft wood fibers. In another embodiment, the absorbent nonwoven web may
contain a hydoentangled web. Hydroentangling processes and hydroentangled
composite webs containing various combinations of different fibers are known in
the art. A typical hydroentangling process utilizes high pressure jet streams of
water to entangle fibers and/or filaments to form a highly entangled consolidated
fibrous structure, e.g., a nonwoven fabric. Hydroentangled nonwoven fabrics of
staple length fibers and continuous filaments 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.
Hydroentangled composite nonwoven fabrics of a continuous filament nonwoven
web and a pulp layer are disclosed, for example, in U.S. Patent Nos. 5,284,703 to
Everhart, et al. and 6,315,864 to Anderson, et al., which are incorporated herein in

their entirety by reference thereto for all purposes.

Another type of suitable absorbent nonwoven web is a coform material,
which is typically a blend of cellulose fibers and meltblown fibers. The term
"coform" generally refers to composite materials comprising a mixture or stabilized

matrix of thermoplastic fibers and a second non-thermoplastic material. As an
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example, coform materials may be made by a process in which at least one
meltblown 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 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.

if desired, the absorbent nonwoven web may also contain a superabsorbent
material. Superabsorbents have the ability to absorb a great amount of fluid in
relation to their own weight. Typical superabsorbents used in sanitary napkins
may absorb anywhere from about 5 to about 60 times their weight in blood.
Superabsorbent materials are produced in a wide variety of forms including, but
not limited to, particles, fibers and flakes. Superabsorbents having a high
mechanical stability in the swollen state, an ability to rapidly absorb fluid, and
those having a strong liquid binding capacity, typically perform well in absorbent
articles. Hydroxyfunctional polymers have been found to be good
superabsorbents for this application. For example, a hydrogel-forming polymer,
such as a partially neutralized cross-linked copolymer of polyacrylic acid and
polyvinyl alcohol, may be utilized. After the polymer is formed, it is mixed with
about a 1% anhydrous citric acid powder. The citric acid has been found to
increase the ability of the superabsorbent to absorb menses and blood. This is
particularly beneficial for use in a sanitary napkin or other feminine pads. The
finely ground, anhydrous citric acid powder, which is void of water, along with trace
amounts of fumed silica, is mixed with the polymer that may have been screened
to an appropriate particle size. This mixture may also be formed into a composite
or a laminate structure. Such superabsorbents may be obtained from Dow
Chemical and Stockhausen, Inc., among others. This superabsorbent is a partially
neutralized salt of cross-linked copolymer of polyacrylic acid and polyvinyl alcohol
having an absorbency under load value above about 25. Some suitable
éuperabsorbents are described in U.S. Patent Nos. 4,798,603 to Meyers, et al.,
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Re. 32,649 to Brandt, et al. and 4,467,012 to Pedersen, et al., 4,604,313 and
4,655,757 to McFarland, et al., 6,387,495 to Reeves, et al., as well as in published
European Patent Application 0,339,461 to Kellenberger.

As indicated above, the odor control composition may also be applied to a
liquid transmissive layer of the absorbent article, such as the bodyside liner or
surge layer. Such liquid transmissive layers are typically intended to transmit
liquid quickly, and thus generally do not retain or absorb significant quantities of
aqueous liquid. Materials that transmit liquid in such a manner include, but are not
limited to, thermoplastic spunbonded webs, meltblown webs, bonded carded
webs, air laid webs, and so forth. A wide variety of thermoplastic materials may be
used to construct these non-retentive nonwoven webs, including without limitation
polyamides, polyesters, polyolefins, copolymers of ethylene and propylene,
copolymers of ethylene or propylene with a C4-Cx alpha-olefin, terpolymers of
ethylene with propylene and a C4-Cy alpha-olefin, ethylene vinyl acetate
copolymers, propylene vinyl acetate copolymers, styrene-poly(ethylene-alpha-
olefin) elastomers, polyurethanes, A-B block copolymers where A is formed of
poly(vinyl arene) moieties such as polystyrene and B is an elastomeric midblock
such as a conjugated diene or lower alkene, polyethers, polyether esters,
polyacrylates, ethylene alkyl acrylates, polyisobutylene, poly-1-butene, copolymers
of poly-1-butene including ethylene-1-butene copolymers, polybutadiene,
isobutylene-isoprene copolymers, and combinations of any of the foregoing.

The amount of the odor control composition present on the substrate may
vary depending on the nature of the substrate and its intended application. In
some embodiments, for example, the dry, solids add-on level is from about
0.001% to about 20%, in some embodiments from about 0.01% to about 10%, and
in some embodiments, from about 0.1% to about 4%. 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 absorbency or other characteristics of the substrate, while higher
add-on levels may provide optimum odor reduction.

The odor control composition may be applied to a substrate using any of a

variety of well-known application techniques. Suitable techniques for applying the
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composition to a substrate include printing, dipping, spraying, melt extruding,
solvent coating, powder coating, and so forth. The odor control composition may
be incorporated within the matrix of the substrate and/or applied to the surface
thereof. For example, in one embodiment, the odor control composition is coated
onto one or more surfaces of the substrate.

The percent coverage of the odor control composition on the surface may
be selected to achieve the desired odor reduction. Typically, the percent coverage
is greater than about 50%, in some embodiments greater than about 80%, and in
some embodiments, approximately 100% of the area of a given surface. The
present inventors have discovered that, even when applied uniformly (e.g., about
100% coverage) onto a surface of the substrate, the resulting substrate may still
remain porous. For instance, the porosity of the coated substrate may enable it to
still be used in application where liquid permeability is required, such as in
absorbent articles. Also, the porosity of the coated substrate allows gaseous
odorous compounds to flow therethrough, exposing the underside of the odor
control composition (surface facing the substrate) to the odorous compound. In
this manner, the entire surface area of the odor control composition is more
effectively utilized for reducing odor. In most embodiments, the coated substrate
exhibits a porosity such that about 20 cubic feet of air or greater may flow through
1 square foot of the substrate in 1 minute under an air pressure differential of 125
Pascals (0.5 inches of water). In other words, such a substrate is said to have an
air permeability of about 20 cubic feet per minute (cfm) or greater. In some
embodiments, the air permeability ranges from about 20 cfm to about 500 cfm, in
some embodiments from about 50 c¢fm to about 400 c¢fm, and in some
embodiments, from about 75 c¢fm to about 300 cfm, under an air pressure
differential of 125 Pascals. Air permeability (volumetric air flow per square foot of
material under an air pressure differential of 125 Pascals) may be measured in a
variety of ways. For example, “Frazier Air Permeability” is determined according to
Federal Test Standard 191A, Method 5450 with a Frazier Air Permeability Tester
(Frazier Precision Instrument Co., Gaithersburg, Md.), and is reported as an
average of 3 sample readings.

The odor control composition of the present invention is versatile and may

also be used with other types of articles of manufacture. For instance, the odor
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control composition may be used in air filters, such as house filters, vent filters,
disposable facemasks, and facemask filters. Exemplary facemasks, for instance,
are described and shown, for example, in U.S. Patent Nos. 4,802,473; 4,969,457;
5,322,061; 5,383,450; 5,553,608; 5,020,533; 5,813,398; and 6,427,693, which are
incorporated herein in their entirety by reference thereto for all purposes. In one
embodiment, a substrate coated with the odor control composition of the present
invention may be utilized as a filtration layer of the facemask. Filtration layers,
such as meltblown nonwoven webs, spunbond nonwoven webs, and laminates
thereof, are well known in the art.

In another embodiment, the odor control composition may be applied to
walls, wallpaper, glass, toilets, and/or countertops. Forinstance, the odor control
composition may be used in a restroom facility. Other uses include, without
limitation, refrigerator mats and fabric softener sheets.

The odor control composition may also be applied to water treatment
systems for removing sulphurous compounds from well water or in toilet tanks to
reduce the odors resulting from urine. The odor control composition may also be
used in liquid detergents and household cleaners to remove odors. In another
embodiment, the odor control composition is used as aerosol odor
neutralizers/deodorants. The odor control composition is packaged with a
propellant that allows spraying the odor control composition into the air for removal
of gases and odorous compounds. The odor control composition may be used in
a household air freshener or be used in combination with a mist emitted from a
vaporizer or humidifier.

The effectiveness of the odor control composition of the present invention
may be measured in a variety of ways. For example, the percent of an odorous
compound adsorbed by the odor control composition may be determined in
accordance with the headspace gas chromatography test set forth herein. In
some embodiments, for instance, the odor control composition of the present
invention is capable of adsorbing at least about 25%, in some embodiments at
least about 45%, and in some embodiments, at least about 65% of a particular
odorous compound. The effectiveness of the odor control compaosition in
removing odors may also be measured in terms of “Relative Adsorption

Efficiency”, which is also determined using headspace gas chromatography and
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measured in terms of milligrams of odor adsorbed per gram of the odor control
composition. It should be recognized that the surface chemistry of any one type of
odor control composition may not be suitable to reduce all types of odors, and that
low adsorption of one or more odorous compounds may be compensated by good
adsorption of other odorous compounds.

The present invention may be better understood with reference to the
following examples.

Test Methods

Quantitative and qualitative odor tests were used in the Examples.
Quantitative odor adsorption was determined in the Example using a test known
as “Headspace Gas Chromatography.” Headspace gas chromatography testing
was conducted on an Agilent Technologies 5890, Series Il gas chromatograph
with an Agilent Technology 7694 headspace sampler (Agilent Technologies,
Waldbronn, Germany). Helium was used as the carrier gas (injection port
pressure: 12.7 psig; headspace vial pressure: 15.8 psig; supply line pressure is at
60 psig). A DB-624 column was used for the odorous compound that had a length
of 30 meters and an internal diameter of 0.25 millimeters. Such a column is
available from J&W Scientific, Inc. of Folsom, California.

The operating parameters used for the headspace gas chromatography are
shown below in Table 1:

Table 1. Operating Parameters for the Headspace Gas Chromatography

Device.
Headspace Parameters
Oven 37
Zone Temps, °C Loop 42
TR. Line 47
GC Cycle time 10.0
Vial eq. Time 10.0
. . Pressuriz. Time 0.20
Event Time, minutes Loop fill ime 0.20
Loop eq. Time 0.15
Inject time 0.30
First vial 1
Vial Parameters Last vial 1
Shake Joff]
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The test procedure involved placing 150 milligrams of paper towels (or
other substrates) coated with coordinated polydentate compound complex in a 20-
cubic centimeter headspace vial. Using a syringe, an aliquot of the odorous
compound was also placed in the vial. The vial was then sealed with a cap and a
septum and placed in the headspace gas chromatography oven at 37°C. After
two (2) hours, a hollow needle was inserted through the septum and into the vial.
A 1-cubic centimeter sample of the headspace (air inside the vial) was then
injected into the gas chromatograph.

Initially, a control vial with only the aliquot of odorous compound was tested
to define 0% odorous compound adsorption. To calculate the amount of
headspace odorous compound removed by the sample, the peak area for the
odorous compound from the vial with the sample was compared to the peak area
from the odorous compound control vial. Testing was done with 1 microliter of
ethyl mercaptan (EtSH), 1 microliter of isovaleraldehyde (3-MB), 1 microliter of
triethylamine (TEA), 28% ammonia hydroxide (NH3), and/or ammonia generated
by 10 microliters of urea and 100 microliters of urease. In some cases, the pure
odorous compounds were dissolved in a solvent with a ten-fold dilution, and two or
three microliters of the diluted solution was used as the odor in the headspace GC
tests. Suitable solvents are ethyl alcohol, hexane, etc. Each sample was tested in
triplicate.

Qualitative odor reduction was also assessed against common odors, such
as garlic, cigarette and urine.

EXAMPLE 1

The effectiveness of the odor control composition of the present invention
to adsorb odorous compounds was demonstrated. A polyethyleneimine solution
was initially prepared by dissolving 3.3 grams of branched polyethyleneimine
(obtained from Polyscience, MW = 10,000 daltons) in 900 milliliters of deionized
water. Thereafter, 335 milligrams of copper chloride (obtained from Aldrich, 97
wt.%) was added to the polyethyleneimine solution. Upon addition of copper
chloride, the solution turned deep blue, indicating the formation of a coordination
complex. A piece of a Scott® paper towel was then immersed in the solution for 1
minute and allowed to dry in air. The solids add-on level was 5.8%. The product

was tested for odor adsorption using 1 microliter of ethyl mercaptan (0.839
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milligram) as described above. The % odor reduction was determined to be
85.4%. In a parallel test, a control sample (piece of untreated Scott® paper towel)
reduced only 11.0% odor.

EXAMPLE 2

The effectiveness of the odor control composition of the present invention
to adsorb odorous compounds was demonstrated. A polyethyleneimine solution
was initially prepared by dissolving 132.5 milligrams of branched
polyethyleneimine (obtained from Polyscience, MW = 1,800 daltons) in 105
milliliters of deionized water. 5 milliliters of this solution was mixed with 300
milliliters of 2% aqueous solution of Snowtex-O particles, which are colloidal silica
nanoparticles commercially available from Nissan Chemical America of Houston,
Texas. The particles have an average particle size of between 10 to 20
nanometers and a surface area between 180 to 240 square meters per gram.
Thereafter, 275 milligrams of copper chloride (obtained from Aldrich) was added to
the polyethyleneimine/silica suspension. Upon addition of copper chloride, the
solution turned deep blue, indicating the formation of a coordination complex.

To test the effectiveness in which the copper chloride and
polyethyleneimine were able to bind to the silica particles, the zeta potential of the
silica particles was determined by increasing the amount of the combined volume
of copper chloride and polyethyleneimine (“titrant”) from 0 to about 75 milliliters.
Prior to addition of the titrant, the silica particles had a zeta potential of about -60
millivolts (mV). At about 27 milliliters of total titrant volume, the zeta potential of
the silica particles became positive (above 0). Finally, at about 75 milliliters of total
titrant volume, the zeta potential of the silica particles was about +40 mV. The
significant increase in zeta potential indicated a strong adherence of the
polyethyleneimine and copper chloride to the surface of the particles.

Odor reduction effectiveness was also determined. Specifically, an
aqueous suspension containing 2 wt.% of the Snowtex-O particles, 0.002 wt.% of
the polyethyleneimine, 0.067 wt.% copper chloride, and water, and was coated
onto a Kleenex® paper towel. The treated towel was then dried in air and under
vacuum. The solids add-on was 7.5%. This product was tested for odor
adsorption using 3 microliters of the diluted ethyl mercaptan solution in ethyl

alcohol (net weight of ethyl mercaptan was 0.23 milligram) as described above.
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The % odor reduction was determined to be 92% and the relative adsorption
efficiency was 32 milligrams of ethyl mercaptan adsorbed per gram of the
substrate.

EXAMPLE 3

The effectiveness of the odor control composition of the present invention
to adsorb odorous compounds was demonstrated. A polyethyleneimine (PEI)
solution was initially prepared by dissolving branched polyethyleneimine (obtained
from Polyscience, MW = 10,000 daltons) in deionized water to obtain solutions
with varying polyethyleneimine concentrations. Thereafter, a metal salt was
combined with the polyethyleneimine solution. Various metal salts were tested,
including iron (l11) chloride (FeCls), zinc sulfate (ZnSO4), copper chloride (CuClyz),
and silver sulfadiazine (AgSDZ) along with sodium benzoate (NaBZ) and sodium
salicylate (NaSC). The salts were tested at various concentrations.

The PEIl-metal complexes (copper, iron (lll), and zinc) were prepared by
simply dissolving the corresponding metal salts in the PEI solution. To prepare the
PEI-Ag complex, 500 milligrams of AgSDZ, 1 gram of NaBZ, and 1 gram of NaSC
were added to 1 liter of water. 10 grams of PEI (obtained from BASF, MW =
25,000 daltons) were then slowly added to the mixture. After stirring for 24 hours,
a PEI-Ag complex was obtained. Such a method for preparing the PEI-Ag
complex is described in WO 02/30204 to Kim, which is incorporated herein in its
entirety by reference thereto for all purposes. Unlike most unbound soluble silver
salts, the PEI-Ag complex has excellent color stability.

Odor reduction was then tested as described above. For comparison,
activated carbon particles were also tested. The activated carbon particles were
placed in a headspace GC vial along with a piece of a Scott® paper towel. The
paper towel weight was 150 milligrams and the amount of the activated carbon
was approximately 4.5 milligrams. In addition, a plain Scott® paper towel was
also tested without any odor-reducing compounds. The results are shown below
in Table 2.
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Table 2: Odor Reduction Results

Sample Color % Solids % EtSH % 3-MB % TEA
Add-On Removed Removed Removed
Level

Towel Only | White 0 7.5 5.6 29.4

Activated Black 3.0 82.7 96.4 100
Carbon '

0.16 wt. % Deep 3.2 8.1 29.2 68.6
PEI, 0.09 Brown :
wt. % FeC|3

0.16 wt. % White 13.7 44 6 10.0 100
PEI, 0.14
wt. %
ZnSO4

0.66 wt.% | Blue 9.4 90.1 24.3 34.4
PEI, 0.36 :
wt. % CuCl,

0.33 wt. % Biue 5.8 85.4 22.0 Not _
PEI, 0.18 determined
wt. % CuClp

1 wt.% PEI, | Slightly 11.0 14.2 92.1 16.6
0.05wt. % | Brown
AgSDZ, 0.1
wt.% NaBZ,
0.1 wt.%
NaSC

Thus, for these particular tests, the copper-containing samples had the best
odor ad sorption of ethyl mercaptan, but had a lower odor adsorption for the other
odorous compounds. However, the silver-containing samples provided excellent
odor ad sorption for isovaleraldehyde, and the zinc-containing samples provided
excellent odor adsorption for triethylamine. Because the samples had different
amount of add-on levels, the results obtained may not necessarily be indicative of
the selectivity for adsorbing odors in all cases.

A further qualitative test was also conducted on these samples.
Specifically, a freshly cut piece of garlic was placed in separate glass jars
containing approximately 200 milligrams of Scott® paper towels coated with the
PEI-Cu, PEI-Fe, PEI-Zn, and PEI-Ag samples. These samples had solids add-on
levels as shown above in Table 2. An additional piece of garlic was also placed in
a glass jar containing approximately equal portions of Scott® paper towels coated
with the PEI-Cu, PEI-Fe, PEI-Zn, and PEI-Ag samples, with the total weight
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equaling 200 milligrams. A plain paper towel was also tested for comparative
purposes. The jars were sniffed by five (5) individuals and ranked based on odor-
reduction. The glass jar containing the mixture of paper towels was observed to
have the best odor reduction. All of the samples were determined to possess
better odor adsorption than the control sample.

EXAMPLE 4

The effectiveness of the odor control composition of the present invention
to adsorb odorous compounds was demonstrated. Polypropyleneimine
hexadecaamine (0.125 millimoles, 211 milligrams) (available from Aldrich
Chemical under the name Generation 3.0, DAB-Am-16, contains 16 amino end
groups) was initially dissolved in 150 milliliters of distilled water. The resulting
solution was transferred to a 500-milliliter round bottom flask containing a stir bar.
Copper nitrate (2 millimoles, 375 milligrams) was also separately dissolved in 50
milliliters of water. The copper nitrate solution was then added dropwise to the
polypropyleneimine hexadecaamine solution under vigorous stirring. The solution
turned a deep blue color, and was then allowed to stir for 24 hours at room
temperature.

A Scott® paper towel was treated with the resulting solution by submerging
it for 1 minute in the solution with agitation. The treated sample was dried under
vacuum overnight at room temperature. The average solids add-on level was
3.44%. The product was then tested for odor adsorption of ammonia. Ammonia
was generated by adding urease (10 microliters of a 10 milligram per milliliter
solution at a pH of 7.4) to the sample and then soaking it with urea (100 microliters
of a 4 molar urea solution at a pH of 7.4). The sample was then incubated at 31°C
for 2 hours and analyzed for ammonia content. A control sample was also tested
that did not contain the copper-dendrimer complex. Based on the above, it was
determined that the sample containing the copper-dendrimer complex had an odor
reduction of approximately 99%.

EXAMPLE 5

The effectiveness of the odor control composition of the present invention
to adsorb odorous compounds was demonstrated. The same experimental
procedures of Example 3 were used, except that the molar ratios of the PE| to the

transitional metal were kept equal for each solution. Specifically, to obtain PEI-
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metal complexes with the same PEl/metal molar ratios, the metal salt was added

in the following respective quantities:

CuCly — 74 milligrams
ZnS04.7H,0 — 228 milligrams
AgNO3 — 94 milligrams
FeClz — 90 milligrams
The PEI-Ag complex was prepared by dissolving silver nitrate directly into
the PEI solution. Specifically, 165 milligrams of PEI (obtained from Polyscience,
MW = 10,000 daltons) was dissolved in 500 milliliters of deionized water. Odor
reduction was then tested as described above. The results are shown below in
Table 3.
Table 3: Odor Reduction Results

Sample % Solids % EtSH % 3-MB % TEA
Add-On Removed Removed Removed
Level
0.033% PEl, 2.9 13.4 27.2 76.3
0.018 % FeCls
0.033% PEl, 3.1 17.0 17.0 47 4
0.046 % ZnS0O, “
0.033% PEl, 2.9 31.3 16.0 51.5
0.018 % CuCl,
0.033% PEl, 3.0 39.5 26.6 447
0.019 % AgNO3
EXAMPLE 6

The effectiveness of the odor control composition of the present invention
to adsorb odorous compounds was demonstrated. 3.3 grams of PEI (obtained
from Polyscience, MW = 10,000) were dissolved in 500 milliliters of water. A PEI-
Cu complex was formed by adding 1.8 grams of CuCl; to the PEI solution. A
piece of a Scott® paper towel was immersed in the above solution for 1 minute
and allowed to dry in the air. The treated paper towel was tested for odor
reduction as described above in 1 microliter of 28% ammonia hydroxide. It was
determined that the treated paper towel removed 92.7% of the odor.

EXAMPLE 7
The effectiveness of the odor control composition of the present invention

to adsorb odorous compounds was demonstrated. 250 milliliters of an aqueous
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solution containing 1.33% PEI (obtained from BASF, MW = 25,000 Daltons) and
0.36% CuCl; were mixed with an ethanol solution containing 10% of 1,4-
butanediol diglycidyl ether. The resulting solution contained 0.18% CuCl,, 0.66%
PEI, and 5% of the diepoxide. A piece of a Scott® paper towel (3318.1
milligrams) was immersed in the above solution, which was heated to boil (80-
85°C) for approximately one hour. The paper towel was subsequently washed
with three portions of 200 milliliters of ethanol, followed by three portions of
deionized water. The towel was then allowed to dry in air for 24 hours. The
weight of the paper towel after treatment and drying was found to be 3436.4
milligrams, and therefore the solids add-on level was 3.6%.

150 milligrams of the paper towel was tested for odor reduction as
described above using 1 microliter of ethyl mercaptan. It was determined that the
paper towel had an odor reduction of 39.2%.

EXAMPLE 8

The effectiveness of the odor control composition of the present invention
to adsorb odorous compounds was demonstrated. A treating solution was
prepared by dissolving 1 gram of PEI (Lupasol WF from BASF, MW = 25,000
Daltons) and 500 milligrams of CuCl; in 200 milliliter of water, followed by adding
50 milliliters of a crosslinking agent (Lupasol SC-86X from BASF). A piece of a
Scott® paper towel was soaked in the treating solution for 1 minute and hung in
the fume hood for ten minutes to allow the liquid to drip. The wet towels were then
transferred to an oven with a set temperature of 95°C. The towels were kept in
the oven for approximately one hour, and were then washed with deionized water
three times, followed by drying in air for 24 hours. The solidé add-on level was
18.5%

150 milligrams of the treated paper towel were tested for odor reduction as
described above using 1 microliter of ethyl mercaptan. It was determined that the
paper towel had an odor reduction of 19.5%. The Scott® paper towel was also
subjected to qualitative sniffing tests against common odors, such as garlic,
cigarette and urine.

Garlic Odor: A piece of the treated Scott® towel (approximately 200

milligrams) was placed in a jar containing a piece of freshly cut garlic and the jar
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was covered. The control contained a piece of untreated Scott® towel of the
same size and the garlic. In approximately three hours, the garlic odor in the jar
containing the treated towel was nearly eliminated, whereas the control still
smelled strongly.

Cigarette Odor: A similar test was carried out with cigarette odor. A square

of a Scott® towel was placed in a jar containing three used cigarettes for 24 hours.
The towel was transferred to an empty jar, and a piece of the treated Scott® towel
(approximately 200 milligrams) was placed on top. In approximately 5 hours, the
cigarette odor was found to have diminished (but not completely disappeared),
while the control still had a strong odor.

Urine Odor: A piece of the treated Scott® paper towel (approximately 200
milligrams) was inserted into an incontinence pad (a Poise® pad available from
Kimberly-Clark Corporation) on which 60 milliliters of freshly collected urine was
applied. The same amount of the urine sample was also applied to a control pad
that did not contain the treatment. Both pads were incubated at 32°C for 24
hours, and a sniffing test was then conducted. It was determined that the pad with
the insert had reduced odor compared with the control.

EXAMPLE 9

A piece of Scott® paper towel of the same size as described in Example 8
was immersed in 0.1 wt% CuCl, solution for 1 minute and allowed to dry in air.
The add-on level was 2.8%. Another piece of Scott® paper towel was immersed
in an aqueous solution containing 0.1% CuCl; and 0.66% PEI (from BASF, MW =
25,000 Daltons). The paper towel was allowed to dry in the air. The paper towels,
along with those obtained in Examples 6 and 7, were immersed for 24 hours in
separate beakers, each containing 30 milliliters of deionized water. The
approximate weight of each paper towel was 870 milligrams. The supernatants
were filtered to remove fibers detached and analyzed for the content of the
leached copper. The content of copper was determined by ICP-Optical Emission

Spectroscopy. Table 4 below summarizes the test results.
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Table 4. Leaching of Copper and Nitrogen

Sample Copper Content in Supernatant
(mg/L)
CuCl; coated Scoti® towel 37.00
PEI-Cu coated Scott® towel 15.00
PEI-Cu of Example 6 0.37
PEI-Cu of Example 7 2.70
EXAMPLE 10

The effectiveness of the odor control composition of the present invention
to adsorb odorous compounds was demonstrated. A treating solution was
prepared by dissolving 1.8 grams of PEI (Lupasol WF from BASF, MW = 25,000

- Daltons) and 1.08 grams of CuCIgvin 300 ml water, followed by adding 2.0 milliliters

of a crosslinking agent (Lupasol SC-86X from BASF). A piece of a Scott® paper

towel was soaked in the treating solution for 1 minute, and hung in a fume hood

- for ten minutes to allow the liquid to drip. The wet towels were then transferred to

an oven with a set temperature of 95°C. The towels were kept in the oven for
approximately one hour and were washed with deionized water three times,
followed by drying in air for 24 hours. The add-on level was 4.3%.

150 milligrams of the treated paper towel was tested for odor reduction as
described above using 1 microliter of ethyl mercaptan. It was determined that the
paper towel had an odor reduction of 68.1%.

EXAMPLE 11

The effectiveness of the odor control composition of the present invention
to adsorb odorous compounds was demonstrated. A treating solution was
prepared by dissolving 1.8 grams of PEI (Lupasol WF from BASF, MW = 25,000
Daltons) and 1.08 grams of CuCl, in 300 milliliters of water, followed by adding 1.0
milliliter of a crosslinking agent (Lupasol SC-86X from BASF). A piece of a Scott®
paper towel was soaked in the treating solution for 1 minute, and hung in a fume
hood for ten minutes to allow the liquid to drip. The wet towels were then
transferred to an oven with a set temperature of 95°C. The towels were kept in
the oven for approximately one hour and were washed with deionized water three
times, followed by drying in the air for 24 hours. The add-on level was 4.2%.

150 milligrams of the treated paper towel was tested for odor reduction as

described above using 1 microliter of ethyl mercaptan. It was determined that the
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paper towel had an odor reduction of 78.8%.

While the invention has been described in detail with respect to the specific
embodiments thereof, it will be appreciated that those skilled in the art, upon attaining
an understanding of the foregoing, may readily conceive of alterations to, variations
of, and equivalents to these embodiments. Accordingly, the scope of the present
invention should be assessed as that of the appended claims and any equivalents

thereto.
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WHAT IS CLAIMED IS:

1. A method for reducing odor, said method comprising:

forming a coordination complex between a transition metal and a
polydentate compound; and

contacting said coordination complex with an odorous compound, said
transition metal providing one or more active sites for capturing said odorous
compound.

2. A method as defined in claim 1, wherein said transition metal is selected
from the group consisting of scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, silver, gold, and combinations
thereof.

3. A method as defined in claim 1 or 2, further comprising applying said
coordination complex to a substrate.

4. A substrate for reducing odor, said substrate being applied with an odor
control composition that comprises a coordination complex formed between a
transition metal and a polydentate compound, said transition metal being selected
from the group consisting of scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, silver, gold, and combinations
thereof, wherein said transition metal provides one or more actives site for
capturing an odorous compound. 4

5. The method or substrate of claim 3 or 4, wherein said substrate
comprises a nonwoven, woven, or paper web.

6. The method or substrate of any of claims 3 to 5, wherein said substrate
comprises cellulosic fibers.

7. The method or substrate of any of claims 3 to 6, wherein said
coordination complex is chemically grafted to one or more molecules present on
said substrate.

8. The method or substrate of any of claims 4 to 7, wherein the solids add-
on level of said odor control composition is from about 0.001% to about 20%.

9. An odor control composition comprising a coordination. complex formed
between a transition metal and a polydentate compound, said transition metal
being selected from the group consisting of scandium, titanium, vanadium,

chromium, manganese, iron, cobalt, nickel, copper, zinc, silver, gold, and
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combinations thereof, wherein said transition metal provides one or more active
sites for capturing an odorous compound.

10. The method, substrate, or odor control composition of any of the
preceding claims, wherein high-surface area particles act as a carrier for said
coordination complex.

11. The method, substrate, or odor control composition of claim 10,
wherein said particles have an average size of less than about 100 nanometers
and a surface area of from about 50 to about 1000 square meters per gram.

12. The method, substrate, or odor control composition of claim 10 or 11,
wherein said particles have a negative zeta potential.

13. The method, substrate, or odor control composition of any of the
preceding claims, wherein said polydentate compound is water-soluble.

14. The method, substrate, or odor control composition of any of the
preceding claims, wherein said polydentate compound contains positively charged
ligands.

15. The method, substrate, or odor control composition of any of the
preceding claims, wherein said polydentate compound contains one or more
primary amines, secondary amines, tertiary amines, or combinations thereof.

16. The method, substrate, or odor control composition of any of the
preceding claims, wherein said polydentate compound is a polyalkylimine.

17. The method, substrate, or odor control composition of any of the
preceding claims, wherein said polydentate compound is polyethyleneimine,
polypropyleneimine, a dendrimer of polyethyleneimine, a dendrimer of
polypropyleneimine, or combinations thereof.

18. The method, substrate, or odor control composition of any of the
preceding claims, wherein said polydentate compound is crosslinked.

19. The method, substrate, or odor control composition of any of the
preceding claims, wherein said odorous compound is selected from the group
consisting of mercaptans, ammonia, amines, sulfides, ketones, carboxylic acids,
aldehydes, terpenoids, hexanol, heptanal, pyridine, and combinations thereof.

20. An absorbent article, paper product, or facemask that comprises the

substrate defined in any of claims 4 to 19.
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