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HIGH SURFACE AREA MATERIAL BLENDS FOR ODOR REDUCTION, ARTICLES
UTILIZING SUCH BLENDS AND METHODS OF USING SAME

FIELD OF THE INVENTION

This invention relates to high surface area materials useful in neutralizing (i.e
reducing or removing) gases and/or odorous compounds. The high surface area
materials, such as nanoparticles, may be utilized in their unmodified state or modified by
being associated with metal components, which high surface area materials can bind with
gas molecules and/or odorous compounds by adsorption onto their surfaces.

BACKGROUND OF THE INVENTION

Many attempts have been made to formulate effective odor removal systems and
various consumer products are now available for combating odorous compounds. Some
products are designed to cover up odors by emitting stronger, more dominant odors.
Examples of such consumer products include scented air freshener sprays and candles.

Another means for combatting malodorous compounds, includling ammonia, methyl
mercaptan, trimethylamine, and other various sulfides and amines, is to remove these
compounds from a medium by deodorizing agents that will absorb these compounds. In
this regard consumer products may also include activated charcoal and sodium
bicarbonate, two compounds commonly used to absorb odors. However, activated
charcoal typically has a low deodorizing ability, especially for ammonia odors and when in
the presence of moisture. Furthermore, the black color of charcoal lacks aesthetically
pleasing characteristics and often is prohibitive for its usage in visually exposed product
applications.

Sodium bicarbonate, and other white odor absorbents such as silica gel and
zeolites, generally have a lower absorbency than activated charcoal and are therefore less
effective. Titanium oxide particles are also useful in removing a few odors such as
ammonia. It has been recognized that adding zinc oxy or silicon oxy compounds to the
titanium oxide broadens the titanium oxide deodorizing capabilities. However, this
approach is still limited by the photocatalytic nature of the titanium dioxide, which requires
light in order to convert odorous compounds into non-odorous compounds.

In addition to the need to remove foul smelling compounds, there is also a need for
products capable of removing gases that, while not necessarily malodorous, still might

cause a negative effect. There is a further need for a gas and/or odor removal/neutralizing
1
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compound that is effective both dry and in solution. There is still a further need for an
effective odor removal/neutralizing compound that can be used in various industrial and
consumer products and that can be easily applied to various surfaces and materials.

In this regard, it has been determined that malodors may often be caused by
numerous chemistries from a product manufacturing environment, and that methods that
are somewhat effective for removing or reducing certain odors, are incapable or not well
suited for the removal of others. There is therefore a need for targeted compositions for
removing multiple odors.

Finally, with the addition of certain chemistries in the manufacturing processes of
packaged products, such as packaged tissue or paper products, it is not uncommon for
consumers to detect chemical odors upon the opening of such products prior to use of the
product. Odors may accumulate in the headspace of such product packaging prior to use.
For the purposes of this application, the term “headspace” shall refer to the empty space
within a product packaging that does not contain the product itself, such as that empty
space which lies between the product itself and the packaging, or that empty space
between multiple products in a package. For example, for bathroom tissue and towel
products, the headspace will include the space inside the hollow tissue or towel core rolls.
There is therefore a need for a composition and method for removing such odors from
product packaging, and in particular product packaging headspace, so as to provide
consumers with a more satisfying experience in using such products. It is to such needs
that the current invention is directed.

SUMMARY OF THE INVENTION

A method for neutralizing odor contained within the headspace of a product
packaging includes the steps of formulating a blend of differently modified high surface
area materials; and applying the blend of differently modified high surface area materials
to the inside of a product packaging. For the purposes of this application, the phrase
‘inside of a product packaging” shall mean anywhere inside a package, such as for
example, along the inside surface of a package, on a separate insert within the package,
or alternatively, on a portion of a product contained within the package.

In an alternative embodiment, the method includes the step of sealing the
product packaging so as to maintain the environment inside the product packaging.

In a further alternative embodiment, the method step of applying the blend is
conducted by applying the blend to an insert which is then placed within the product
packaging.
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In still a further alternative embodiment, the method step of applying the blend is
conducted by applying the blend to an inside surface of the product packaging.

In still a further alternative embodiment, the method step of applying the blend is
conducted by applying the blend to a portion of the product contained in the product
packaging.

In still a further alternative embodiment, a method for neutralizing odor
contained within the headspace of a product packaging includes the steps of formulating
a blend of modified and unmodified high surface area materials; and applying the blend of
modified and unmodified high surface area materials to the inside of a product packaging.

In still a further alternative embodiment, a method for neutralizing odor contained
within the headspace of a product packaging includes the steps of formulating a blend of
unmodified and at least two differently modified high surface area materials; and applying
the blend of modified and unmodified high surface area materials to the inside of a product
packaging.

In still a further alternative embodiment an insert for inclusion within product
packaging includes a coating of a blend of differently modified high surface area materials.

In still a further alternative embodiment an insert for inclusion within product
packaging includes a coating of a blend of modified and unmodified high surface area
materials.

In still a further alternative embodiment, a method for producing a packaged
product which neutralizes head space odors contained between the product and the
product packaging includes the steps of providing a product to be packaged; packaging
said product within a packaging material along with a blend of either modified and
unmodified high surface area materials or a blend of differently modified high surface area
materials; and enclosing said product within the packaging material.

In still another alternative embodiment, a method for neutralizing odor contained
within the headspace of a tissue/towel/or other rolled paper product packaging enclosing
at least one tissue/towel or other rolled paper product having a core, includes the steps of
formulating a blend of either modified and unmodified high surface area materials or
differently modified high surface area materials; providing a core containing roll paper
product; applying the blend of high surface area materials to the inside surface of the core
containing rolled paper product; enclosing the core containing rolled paper product within
a product packaging.

In still a further alternative embodiment, a package containing a product includes
a product; packaging material which encloses the product within an enclosure formed by
the packaging material; and a blend of differently modified nanoparticles contained within
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the packaging material enclosure, whereby as odor or gas is generated within the
enclosure, it is adsorbed onto the surfaces of the nanoparticle blend.

In still a-further alternative embodiment, a package containing a product includes
a product, packaging material which encloses the product within an enclosure formed by
the packaging material; and a blend of modified and unmodified nanoparticles contained
within the packaging material enclosure; whereby, as odor or gas is generated within the

enclosure, it is adsorbed onto the surfaces of the nanoparticle blend.

In still a further alternative embodiment a method for neutralizing odor contained
within the headspace of a product packaging includes the steps of formulating a blend of
differently modified high surface area materials, modified and unmodified high surface
area materials, different unmodified high surface area materials or a combination thereof;
applying the blend of high surface area materials to the inside of a product packaging.

In still a further alternative embodiment a package containing a product
includes a product; packaging material which encloses the product within an enclosure
formed by the packaging material, and a blend of either modified and unmodified
nanoparticles, differently modified nanoparticles, different unmodified nanoparticles or a
combination thereof with blend contained within the packaging material enclosure. As
odor or gas is generated within the enclosure, it is either adsorbed or absorbed by the
blend.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a drawing of a modified high surface area material, specifically a
nanoparticle of the inventive composition, in accordance with one embodiment of this
invention.

Fig. 2 is a perspective drawing of one use of an inventive composition in
accordance with one embodiment of this invention, and in particular, a bathroom tissue
roll.

Fig. 3 is a perspective drawing of bathroom tissue packaging including the various

placement of the inventive composition.

DETAILED DESCRIPTION OF THE INVENTION

No one odor absorbing agent can handle all the chemical components across
the many different odorous categories. Therefore, by using a blend of high surface area

materials, particularly nanoparticles, and desirably silica nanoparticles in product
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packaging, various odor causing chemicals can be adsorbed/absorbed on the nanoparticle
surfaces, resulting in reduced product odor. In particular, by blending unmodified
nanoparticles with metal modified nanoparticles, or alternatively, blending various different
metal modified nanoparticles, a targeted odor reducing composition can be formulated.
For the purposes of this application, the terms “unmodified” and “nonmodified” are used
interchangeably to mean a nanoparticle that has not been modified to have at least one
metal component (such as metal ions) associated with it. Also for the purposes of this
application, the terms “metal maodified” and “metallized” are used interchangeably to mean
a nanoparticle that has been modified to have at least one metal component (such as
metal ion) associated with it. By being “associated” the metal component is in close
proximity fo the nanoparticle such as through charge attraction or other more secure
bonding methods. In a desirable embodiment, such metal component is not easily
dislodged from its association with the nanoparticle.

Often, product odors are not caused by single odor causing chemicals, but
instead are caused by combinations of multiple odor causing chemicals. Therefore, by
using a blend combination of different modified metallized nanoparticles and/or metallized
nanoparticles and unmodified nanoparticles, targeted odor reduction can be achieved for
specific product applications. For example, the metal modified nanoparticles would be
effective for neutralizing bathroom odors (sulfides and amines) whereas, unmodified
nanoparticles would be more effective for neutralizing tobacco odor (aliphatic acids and
aldehydes). Further still, a blend of modified and unmodified nanoparticles would be a
desirable composition for cooking food (kitchen) odors (aldehydes, sulfides and amines).
Such blends may be essentially used to optimize removal of unwanted odors entrapped
within a product packaging or in a surrounding environment.

By reacting various transition metals onto the surface of the nanoparticles, the
affinity for adsorbing various odor causing chemicals can be changed. The blended
nanoparticles may then be added to the product packaging, either as an insert, as part of
a product structure, or as part of the inside of the packaging itself (packaging structure), to
eliminate or reduce incidence of perceived headspace odor upon opening a product
packaging.

In particular, with the addition of tissue manufacturing chemistry into tissue and
paper products for the ultimate purposes of providing improved strength, softness and
other attributes to the tissue products, there are often odors associated with the chemistry
that can build up within the headspace of a product packaging, that result in a negative
consumer impression upon opening the product. This build up of odors is most evident

upon opening a new package, but may also occur upon the opening of resealable product
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packaging. These odors may also result from the chemistry of the polymer packaging
itself, the glues which are utilized in making the packaging or final product for the
consumer, the product itself and any plasticizing agents that may have been employed
during product manufacture, or treatments that have been applied to the product. Such
build up of odor may occur for example in a bathroom tissue (toilet tissue) package
following tissue manufacture and packaging. In this regard, it has been found that the use
of blended high surface area materials, and in particular, nanoparticles, applied to either
an insert within the package, the product within the package or to the inside of the
package itself, assists in reducing the perceived odors which are encountered upon
opening a paper product package. Such odor removing compositions can be added to for
example bath, facial, towel, toilet or other tissue containing packages having a space
(headspace) for accumulation of odor, in order to remove/reduce such odors. It shouid be
recognized that while such odor removing compositions are desirably used in conjunction
with rolled paper product packaging (such as bathroom tissue or paper towels), such odor
removing compositions may also be used in the packaging of other more durable goods,
such as but not limited to, shoes storage cases (i.e. shoe boxes), polymeric containers,
and luggage. While the blends of this invention may be used in a wide variety of
packages containing goods, the blends of the invention are desirably useful in packaging
material that entraps gases or odors (i.e. a packaging material that would not provide
sufficient breathability to allow the passage of malodors on its own). Such packaging
materials include films, coated papers, cardboard, and tight knit woven materials, as well
as certain tightly formed nonwoven materials.

In a desirable embodiment, this invention specifically relates to high surface area
materials, such as nanoparticles, which have been modified with at least one metal ion.
Blends of the differently modified nanoparticles, or modified nanoparticles and unmodified
particles may then be used to adsorb odors in product packaging headspace. It has been
discovered that the modified high surface area materials of this invention are particularly
useful in removing certain gaseous compounds and /or odorous compounds, while the
unmodified high surface area materials are useful in removing other gaseous or odorous
compounds.

For the purposes of this application, the terms “gaseous compound” or “gas”
includes any molecule or compound that can exist as a gas or vapor. For the purposes of
this application, the terms “odorous compound” or “odor” refers to any molecule or
compound detectable to the olfactory system. Odorous compounds can exist as a
gaseous compound and can also be present in other media such as liquid. The odors
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may also volatilize from the product over time, upon exposure to heat, light or other
environmental conditions.

The blend of such high surface area materials of this invention have at least one
high surface area material having a metal component (such as a metal ion) present on the
material surface. The metal component creates an active site that binds with at least one -
gaseous compound and/or odorous compound, thereby entrapping the compound,
effectively removing it from the surrounding environment. High surface area materials can
also absorb certain gaseous compounds and/or odorous compounds from the surrounding
environment by adsorption directly onto the surface area of the high surface area
materials themselves. Therefore, as previously indicated, the blend may include either
unmodified and modified materials or alternatively a variety of differently modified
materials, or a combination thereof.

High surface area materials useful in this invention have a large surface area due
to the smali size of the individual particles of the high surface area material. High surface
area materials useful in this invention have a suitable surface area of at least about 200
square meters/gram, more suitably at least about 500 square meters/gram, and even
more suitably at least about 800 square meters/gram.

As previously indicated, “nanoparticles” are examples of high surface area
materials useful in this invention. For the purposes of this application, the term
“nanoparticle” refers to a high surface material having an effective particle diameter of less
than about 500 nanometers. While the invention will be described hereinafter with
particular reference to nanoparticles, it will be understood that the invention is useful with
various high surface area materials.

Fig. 1 shows a modified nanoparticle 10 according to one embodiment of this
invention, useful as a gas and/or odor removing particle. The modified nanoparticle 10
includes a nanoparticle 15 and metal ions 20. While Fig. 1 shows a plurality of metal ions
20, modified nanoparticle 10 can have various amounts of metal ions 20 and will have at
least one metal ion 20. The modified nanoparticle 10 is useful for removing various
gaseous compounds and/or odorous compounds. The specific compound to be removed
is generally dependent on the specific metal ions 20 used and the type of nanoparticle 15.
The modified nanoparticle may adsorb odors or gas by attraction of odor or gas materials
30 to the metal ions, or alternatively, directly to the surface of the nanoparticle 40.
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Nanoparticles useful in this invention include, without limitation, silica, alumina,
magnesium oxide, titanium dioxide, iron oxide, gold, zinc oxide, copper oxide, organic
nanoparticies such as polystyrene, and combinations thereof. Nanoparticles are not
generally ionic yet still have an overall electric Zeta Potential. “Zeta Potential” refers to
the electrical potential, or electrokinetic potential, that exists across the interface of all
solids and liquids. Nanoparticles with either positive or negative Zeta Potentials are
known. Naturally occurring chemical reactions on the surface of a nanoparticle result in
the Zeta Potential of that nanoparticle. For example, silica nanoparticles are tetrahedral
complexes of silicon dioxide molecules. On the surface of the silica particles the silicon
dioxide molecules can undergo chemical reactions forming silanol groups (SiOH) the
silanol groups reacting with other silanol groups to form siloxane bonds (Si-O-Si bonds).
The dehydration reactions of the silanol groups to form the silanol bond and the reverse
reactions result in a negative Zeta Potential and allow positively charged metal ions to
adsorb onto the silica. Such metal ions are therefore closely associated with the silica
nanoparticles, not easily removed from such particles.

The nanoparticles useful in this invention will typically have a first Zeta Potential
and a second Zeta Potential after adsorption of the metal ion onto the nanoparticle due to
the addition of the oppositely-charged metal ions. The Zeta Potential change of the
nanoparticle is related to the amount of metal ions adsorbed onto the nanoparticle. This
relationship provides a measurement for determining the amount of adsorbed metal ions
and a method for controlling the amount of adsorption. For instance, the addition of a
dilute solution of copper chloride drop-wise to a silica nanoparticle solution until the Zeta
Potential of the silica suspension changed from -25 millivolts to a higher Zeta Potential,
such as in the range of about -5 millivolts to -15 millivolts, was found to be provide a
sufficient concentration of metal ions adsorbed onto the nanoparticles to remove particular
odorous compounds. In one embodiment of this invention the nanoparticle has a
difference between the first and second Zeta Potential of at least about 1.0 millivolt and
suitably at least about 5.0 millivolts.

The modified nanoparticles of this invention are modified in one embodiment with
metal ions that ionically bond with compounds such as gases and odorous compounds.
“Metal ion” refers to salt ions and/or ion complexes/complexes of transition metal elements
designated as IB through VIIIB on the periodic table. Other ions can be used in the
invention as well. Metal ions are adsorbed onto the high surface area materials due to
differences in electric potential. Positively charged metal ions are adsorbed onto a
negatively charged surface of a nanoparticie and vice versa. Examples of metal ions
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useful in this invention include, without limitation, copper ion (Cu*?), silver ion (Ag*™), gold
ion (Au™ and Au™®), iron (1) ion (Fe*?),and iron (lll) ion (Fe*®) and combinations thereof.

In one embodiment of this invention a modified nanoparticle useful in this invention
has a negative Zeta Potential and adsorbs positively charged metal ions. One suitable
modified nanoparticle has a negative Zeta Potential of about -1 to -50 millivolts and
suitably about -1 to -20 millivolts. In one embodiment of this invention the modified
nanoparticle having a negative Zeta Potential is a silica hanoparticle. Silica nanoparticles
useful in this invention are available from Nissan Chemical Industries, Lid., Houston,
Texas, under the name SNOWTEX, and have a particle size range of about 1-100
nanometers. The silica nanoparticles can be modified with a positively charged metal ion
such as copper ions, silver ions, gold ions, iron ions, and combinations thereof.

In another embodiment of this invention the modified nanoparticle useful in this
invention has a positive Zeta Potential and adsorbs negatively charged metal ion
complexes. One suitable modified nanoparticle has a positive first Zeta Potential of about
1 to 70 millivolts and suitably about 10 to 40 millivolts. In one embodiment of this
invention the modified nanoparticle having a positive Zeta Potential is an alumina
nanoparticle. Alumina nanoparticles are also available from Nissan Chemical Industries,
Ltd., Houston, Texas, under the name ALUMINASOL, and SNOWTEX- AK (Alumina
coated silica) and have size ranges of about 1-300 nanometers. The alumina
nanoparticles can adsorb negatively charged metal complexes such as permanganate
(MnO™M).

In an alternative embodiment of the invention, the modified nanoparticles can
include metal components that are associated with them, but which association is not
entirely reliant on charge differentials as with the ionic bonding described above. For
instance, it is also possible to bond metal and silica particles to form a “coordinate” and/or
“covalent bond.” This may have a variety of benefits, such as reducing the likelihood that
any of the metal will remain/become free during use (e.g., after washing). Strong
adherence of the metal to the silica particles also optimizes odor adsorption effectiveness.

Numerous techniques may be utilized to form a stronger bond between the
transition metal and nanoparticles. Silica sols, for example, are generally considered
stable at a pH of greater than about 7, and particularly between a pH of 9-10. When
dissolved in water, salts of transition metals are acidic (e.g., copper chloride has a pH of
approximately 4.8). Thus, when such an acidic transition metal salt is mixed with a basic
silica sol, the pH is lowered and the metal salt precipitates on the surface of the silica
particles. This compromises the stability of the silica particles. Further, at lower pH

values, the number of silanol groups present on the surface of the silica particles is
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reduced. Because the transition metal binds to these silanol groups, the capacity of the
particles for the transition metal is lowered at lower pH values. In order to ameliorate the
pH-lowering affect caused by the addition of an acidic transition metal salt (e.g., copper
chloride), certain embodiments of the present invention can employ selective control over
the pH of the silica particles during mixing with the transition metal. The selective control
over pH may be accomplished using any of a variety of well-known buffering systems
known in the art.

Other techniques may also be utilized to further enhance the strength of the bonds
formed between the transition metal and the silica particles. Coupling agents in an
effective amount may be used to link the transition metal to the silica particle, for example.
Such coupling agents may be employed with or without the pH adjustment discussed
above. In some cases, an organofunctional silane coupling agent may be used to link the
transition metal to the silica particles. Some examples of suitable organofunctional silane
coupling agents that may be used include, but are not limited to, vinyltrichlorosilane,
vinyltrimethoxysilane, vinyltriethoxysilane, vinylmethyldichlorosilane,
vinylmethyldimethoxysilane, vinylmethyldiethoxysilane, 5-hexenyltrimethoxysilane, 3-
glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethoxysilane, 3-
glycidoxypropylmethyldimethoxysilane, 3-glycidoxypropylmethyldiethoxysilane, 3-
(meth)acryloxypropyltrimethoxysilane, 3-(meth)acryloxypropyitriethoxysilane, 3-
(meth)acryloxypropylmethyldimethoxysilane, 3-(meth)acryloxypropyimethylidiethoxysilane,
4-vinylphenyltrimethoxysilane, 3-(4-vinylphenyl)propyltrimethoxysilane, 4-
vinylphenylmethyltrimethoxysilane, 3-aminopropyltrimethoxysilane, 3-
aminopropyltriethoxysilane, 3-aminopropylmethyldimethoxysilane, 3-
aminopropylmethyldiethoxysilane, 3-(2-aminoethyl)aminopropyltrimethoxysilane, 3-
mercaptopropyltrimethoxysilane, 3-mercaptopropyltriethoxysilane, 3-
mercaptopropylmethyldimethoxysilane, 3-mercaptopropylmethyldiethoxysilane, and partial
hydrolyzates thereof. Of these coupling agents, organofunctional alkoxysilanes, and
particularly aminofunctional alkoxysilanes (e.g., 3-aminopropyltriethyoxysilane), are
desirable. Generally speaking, the silane coupling agents may be covalently linked to the
silica particles through the silanol groups (Si-OH) present on the surface thereof.
Specifically, the silicon atom of the silane coupling agent may form a covalent bond with
the oxygen of the silanol group. Once the silane coupling agent is covalently linked to the
silica particles, the organofunctional group may form a coordinate bond with the transition
metal. Copper, for example, may form a coordinate bond with different amino groups
present on aminopropyltriethoxysilane coupling agents. Such alternative bonding is
further described in Attorney Docket Number KCX-694 (19340) filed October 16, 2003,

10
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titled Method For Reducing Odor Using Metal-Modified Silica Particles, and in the names
of Bao T. Do et al. under Express Mailing Number EV 342689978 US and such
Application is hereby incorporated by reference in its entirety.

The unmodified nanoparticles are merely the previously described nanoparticle
materials without the addition of metal components along their surfaces. The
unmodified nanoparticles may have predispositions themselves to the adsorption of
particular odors. For instance, in blending such materials, the predisposition of
unmaodified alumina particles to adsorb acid-based odors/gases and the predisposition of
silica nanoparticles to adsorb aldehyde-based odors/gases is desirably considered.
Unmodified nanoparticles are further described in described in Attorney Docket Number
KCX-665 (19232) filed October 16, 2003, titled Method For Reducing Odor Using
Colloidal Particles, and in the names of John Gavin MacDonald et al. under Express
Mailing Number EV 342689964 US and such Application is hereby incorporated by
reference in its entirety.

Current odor control materials such as activated charcoal or sodium bicarbonate
rely on the surface area to absorb certain odors. Using these materials is not as effective
at odor removal than the modified high surface area materials of this invention. The
addition of a metal ion adsorbed onto the surface of a nanoparticle, as in this invention,
provides an active site for capturing and neutralizing gases and odorous compounds. In
addition, the modified nanoparticles of this invention stiill have the large surface area that
is useful in absorbing other odorous compounds. The metal component active sites of the
modified nanoparticles are particularly useful in removing odorous compound such as
mercaptans, ammonia, amines, and mono- and di-sulfides. Other odorous compounds
such as aliphatic ketones, carboxylic acids, aliphatic aldehydes, and aliphatic terpenoids
can be removed by adsorption onto the large surface area of the nanoparticles. Modified
nanoparticles are useful in removing odors caused by sulfides, disulfides, trisulfides, thiols,
mercaptans, ammonia, amines, isovaleric acid, acetic acid, propionic acid, hexanal,
heptanal, 2-butanone, 2-pentanone, 4-heptanone, and combinations thereof. Modified
nanoparticles can also remove gases such as ethylene gas, carvone, dienals, and
terpenoids.

More than one type of metal ion can be coated onto a single nanoparticle or
multiple nanoparticles . This has an advantage in that certain metal ions may be better at
removing specific gases and/or odorous compounds than other metal ions even on
individual nanoparticles. In one embodiment of this invention, more than one type of metal
ion are adsorbed onto different nanoparticles that are then blended together, for removing
at least two gaseous compounds or odorous compounds from an environment.. In this
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fashion, modified nanoparticles of this invention can be used in combination with other
modified nanoparticles for efficient (or targeted) removal of various gases and odors.

For instance, In one embodiment of this invention copper ion modified silica
nanoparticles are used in combination with permanganate ion modified magnesium oxide
nanoparticles. By using the two different modified nanoparticles in combination, numerous
odorous compounds can be removed. For example, the modified silica nanoparticle is
useful for removing sulphur and amine odors and the modified magnesium oxide
nanoparticle is useful in removing carboxylic acid odors. Combining modified
nanoparticies of this invention therefore allows for removal of a broader range of odors.

In a second embodiment, the modified nanoparticles as previously described, may
be combined with the unmodified nanoparticles for a broad range of adorption options.
For instance, in one embodiment, at least one type of modified nanoparticle is blended
with at least one type of unmodified nanoparticle. In still another alternative embodiment,
at least two types of modified nanoparticles are blended with at least one type of
unmodified nanoparticle.

Typically, the nanopatrticles described are in either colloidal form or suspensions.
“Colloidal” nanoparticles refer to nanoparticles that may exist as a stable liquid dispersion.
The nanoparticles of the present invention may possess various forms, shapes, and sizes
depending upon the desired result. For instance, the nanoparticles may be in the shape of
a sphere, crystal, rod, disk, tube, string, etc. The average size of the nanoparticles is
generally 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 about 20 nanometers. As used herein, the average size of
a particle refers to its average length, width, height, and/or diameter.

The nanoparticles may have a surface area of from about 50 square meters per
gram (m%g) 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. In addition, the nanoparticles may also be relatively nonporous or
solid. That is, the nanoparticles 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 ml/g, and in some embodiments, from about 0.2
mi/g to about 0.3 ml/g. Without intending to be limited by theory, it is believed that
nanoparticles having such a small size and high surface area may improve the adsorption
capability of the nanoparticles for many odorous compounds. Moreover, it is believed that
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the solid nature, i.e., low pore volume, of the nanoparticles may enhance the uniformity
and stability of the nanoparticles, without sacrificing its odor adsorption characteristics.

As previously stated, the nanoparticles 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. For example, alumina nanoparticles may be used for odor
reduction in accordance with the present invention. Some suitable alumina nanoparticies
are described in U.S. Patent No. 5,407,600 to Ando, et al., which is incorporated herein in
its entirety by reference thereto for all purposes. Further, examples of commercially
available alumina nanoparticies include, for instance, ALUMINASOL 100, ALUMINASOL
200, and ALUMINASOL 520, which are available from Nissan Chemical Industries Ltd.
Alternatively, silica nanoparticies may be utilized, such as SNOWTEX-C, SNOWTEX-O,
SNOWTEX-PS, and SNOWTEX-OXS, which are also available from Nissan Chemical.
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. Also, alumina-coated silica particles may be used, such as SNOWTEX-
AK available from Nissan Chemical.

The nanoparticles, such as referenced above, may 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, when forming silica nanoparticles, the
acidification of a silicate solution may yield Si(OH),. If the pH of this solution is reduced
below 7 or if a salt is added, then the units may tend to fuse together in chains and form a
“silica 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 “silica sol.” Such silica nanoparticles 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 fo Tsugeno, et al. and
5,985,229 to Yamada, et al., which are incorporated herein in their entirety by reference
thereto for all purposes.

In one particular embodiment, a silica nanoparticle sol is formed using an ion-
exchange technique. For exemplary purposes only, one such ion-exchange technique 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 (M,O) 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
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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 fo
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 forth. As a resuilt 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 agueous 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 polyvalent 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 polyvalent metal oxides, other than silica.

Modified nanoparticles are made from unmodified nanoparticles by several
methodologies. In one desirable method, they are made by mixing unmodified
nanoparticles with solutions containing metal ions. Such solutions are generally made by
dissolving metallic compounds into a solvent resulting in free metal ions in the solution.
The metal ions are drawn to and adsorbed onto the nanoparticles due to the electric
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potential differences. The Zeta Potential of a nanoparticle changes after the adsorption of
metal ions according to this invention. Thus the Zeta Potential can be used to monitor the
adsorption of metal ions onto the nanoparticle. The formation of such modified
nanoparticles is described in detail in US Patent Serial Number 10/137052 entitled Metal
lon Modified High Surface Area Materials for Odor Removal and Control, filed April 30,
2002 to John Gavin MacDonald, which is incorporated by reference hereto in its entirety.

Unmodified and modified high surface area material blends according to this
invention are versatile and can be used alone or in combination with other odor
reducing/masking tools, for effective odor removal and control. Unlike activated charcoal
deodorants, the unmodified and modified nanoparticle blends of this invention maintain
their odor neutralizing effects in solution. It should be recognized that use of the phrase
unmodified and modified nanoparticle blend is meant to encompass either blends of
modified and unmodified high surface area materials, blends of differently modified high
surface area materials, blends of different unmodified high surface area materials or
combinations of each. The unmodified and modified nanoparticle blends of this invention
also maintain odor neutralizing properties when dry and in aerosol form. This versatility
allows for uses in various commercial product applications. Other advantages of the
unmodified and modified nanoparticle blends are that they are colorless in solution and
white in powder form (activated charcoal is typically black).

As previously stated, the unmodified and modified nanoparticle blends can be used
to reduce/eliminate headspace odor from product packaging. For instance, the unmodified
and modified nanoparticle blends of this invention can be applied to various materials for
insertion into product packaging. In one embodiment of this invention the unmodified and
modified nanoparticle blends are held onto a surface of a material for insert, by the
electrical potential differences between the unmodified and modified nanoparticle blends
(Zeta Potential) and the material surface (Streaming Potential).

As an example, the unmodified and modified nanoparticle blends of this invention
can be applied as a solution to a surface and dried, resulting in a surface that absorbs gas
and/or odors. In one embodiment of this invention the unmodified and modified
nanoparticle blends are coated onto inserts to be piaced inside product packaging. Such
inserts may be of fabric, film or fibrous based construction. For instance, such inserts may
be constructed from woven or nonwoven fabric materials. 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 the like. In an alternative embodiment, such inserts

may be produced from injection molded polymers. In a further alternative embodiment,
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such inserts may be crystalline and/or amorphous polymers such as a polymer wafer (for
example a packing “peanut”). In still another alternative embodiment, such insert may be
produced from other more durable materials, such as wood, ceramic, metallic or glass
inserts, depending on the nature of the product that is contained within the product
packaging.

The amount of the nanoparticles present on the insert may vary depending on the
nature of the insert 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 insert
from the weight of the treated insert (after drying), dividing this calculated weight by the
weight of the untreated insert, and then multiplying by 100. Higher add-on levels may
provide optimum odor reduction.

The nanoparticies may be applied to an insert using any of a variety of well-known
application techniques. Suitable techniques for applying the blend composition to an
insert include printing, dipping, spraying, melt extruding, solvent coating, powder coating,
and so forth. The nanoparticles may be incorporated within the matrix of the insert and/or
applied to the surface thereof. For example, in one embodiment, the nanoparticles are
coated onto one or more surfaces of the insert. When coated onto the insert, the resulting
thickness of the coating may be minimal so that it is almost invisible to the naked eye. For
instance, the thickness of the coating may be less than about 1 micron, in some
embodiments from about 2 to about 500 nanometers, and in some embodiments, from
about 4 to about 200 nanometers.

The percent coverage of the nanoparticles on the surface of the insert 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.

In another alternative embodiment, such insert may be placed (such as adhesively
applied) on the inside surface of a product packaging. Alternatively, the nanoparticle
blend may be coated onto a portion of the inside surface of the product packaging itself,
and especially a portion of the inside surface that would not likely be exposed to product
abrasion during product transport or sale. For instance, such blend application could be to
the inside surface of a product package contained in the headspace area which is not in
contact with the product. In still another alternative embodiment of this invention, the
nanoparticle blend may be placed/coated on a portion of a product itself to be contained in

the product packaging, but that would not be worn off during product transport or use. For
16



10

15

20

25

30

35

WO 2005/039657 PCT/US2004/032936

instance, the blend may be placed on the outer tissue layer (s) of the product. However, it
is desirable that if the nanoparticle blend is placed on a product itself, it is placed in such a
location that it does not impact a consumer's ultimate use of the product.

Unmodified and modified nanoparticie blends can be coated in various amounts
depending on need. Suitably, unmodified and modified nanoparticle blends are coated on
fabrics, films, or fibers in an amount of about 0.001 to 10.0 grams per square meter and
more suitably about 0.1 grams per square meter.

In a desirable embodiment, a nanoparticle blend is directly associated with a tissue
product by being applied to the paper rolis (core) which support toilet/bathroom tissue in
packaging. As can be seen in Figure 2, which illustrates a perspective view of a bathroom
tissue roll 45 including a hollow, cylindrical cardboard core 50, a blend of different metal
modified silica nanoparticles have been applied as a coating to the inside surface of the
roll core 50. Such nanoparticles may be applied prior to bathroom tissue packaging
(during manufacture), such as while the core is being assembled with the tissue, or
alternatively, during placement of the rolls within their final packaging, such as in the
polymeric film packaging. The rolls 45 are wrapped (i.e enclosed) in packaging 55, as can
be seen in Fig. 3. Desirably, in certain embodiments, such packaging is sealed so as to
maintain some environment within the package and to eliminate or limit exposure of the
product to humidity and other external environmental conditions. In this fashion, any odor
which accumulates in the headspace 60 between the rolls 45 and packaging 55, can be
adsorbed by the nanoparticle blends of the inventive composition. As can be seen in Fig.
3, the blends of nanoparticles can be positioned on a disc insert 51 contained in the
package, on an inside surface 52 of the product package itself, or alternatively, on a
portion of the product 50, contained within the package.

In an alternate embodiment, the nanoparticie blends can be added to the core,
insert or packaging in conjunction with additional chemistries to absorb odor. For
instance, such particles may be added with activated carbon, diatomaceous earth, baking
soda, zeolites, ceramics, glass wool, clay, resins or other odor absorbent chemical. In still
another alternative embodiment, a masking chemical agent may be added to the core,
insert or packaging along with such blended nanoparticles.

It should therefore be recognized that methods for removing odor from a product
packaging (and the headspace of a product packaging) inciude the steps of formulating a
blend of either differently modified high surface area materials or modified high surface
area materials and unmodified high surface area materials, and applying such formulated
blend to the inside of a product packaging. Desirably the product packaging is then

sealed so as to maintain a relatively closed environment inside the packaging. In one
17



10

15

20

25

30

35

WO 2005/039657 PCT/US2004/032936

embodiment, the application of the formulated blend is applied by coating the blend onto
either the product packaging inside surface itself, an insert contained within the product
packaging, or a portion of the product contained within the product packaging.

The unmodified and modified nanoparticle biends are exemplified by the
following demonstrated nanoparticle/odor affinities and the foliowing product example.
Each of the formulated nanoparticle types can be blended in either dry or wet form
following formation, prior to blend application. It is desirabie that such blends be achieved
in one of two ways. The blends may be accomplished by mixing water suspensions of at
least two different modified nanoparticles with stiring, or alternatively mixing water
suspensions of modified nanoparticles with unmodified nanoparticles. The mixtures can
then be applied to a desired substrate. Alternatively, the desired substrate can be
treated/coated with a first nanoparticle suspension and then treated/coated with a second
nanoparticle suspension. While the examples are meant to further describe the inventive
compositions and product configurations, they are not meant to be limiting.

Nanoparticle Affinities

In evaluating the affinities of unmodified and modified nanoparticles for
adsorbing particular odors/gases, testing was conducted on the nanoparticles and
odors/gases in question. Testing was in accordance with the following procedure:

Test Methods:

Gas chromatography (GC) headspace test method:

Odor absorption was determined using headspace gas chromatography testing
conducted on an Agilent Technologies 5890, Series Il gas chromatograph with an Agilent
Technology 7694 headspace sampler, both available from Agilent Technologies,
Waldbronn, Germany. Helium was used as the carrier gas (injection port pressure: 12.7
psig (188.9 kPa); headspace vial pressure: 15.8 psig (210.3 kPa); supply line pressure: 60
psig (515.1 kPa)). A DB-624 column that had a length of 30 m and an internal diameter of
0.25 mm was used for the odorous compound (available from J&W Scientific, Inc. of
Folsom, California).

The operating parameters used for the headspace gas chromatography are shown
below in Table 1.
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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
Event Time, minutes Pressuriz. Time 0.20
Loop fill time 0.20
Loop eq. Time 0.15
Inject time 0.30
First vial 1
Vial Parameters Last vial 1
Shake [off]

The test procedure involved placing 0.005-0.006 g of a sample containing the odor
absorbing agent in a 20 cubic centimeter (cc) 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 a headspace gas chromatography oven at 37°C. After ten
minutes, a hollow needle was inserted through the septum and into the vial. A 1 cc
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 initially done with 5 pl of 2,3-butanedione, 5 pl of acetaldehyde, and 5 pl of 3-
methyl butanal. Each sample was tested in duplicate. Testing was done on additional
materials as noted below.

Solid Phase MicroExtraction (SPME) test method

This method is commonly used to collect and analyze volatile components of
products or odors or air pollution as described in Application of a SPME method for the
Rapid Determination of VOC's. A. Bene, J-L. Luisier and A. Forrnage. Chimia. 56, 289-291
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(2002). It uses a specialized fiber (85micron Carboxen / PDMS StableFiex fiber assembly
(Supelco, Bellefonte, PA)) to collect the volatile components over a period of time and
then release them into the gas chromatography (GC) inlet port for analysis, and in addition
identification, when coupled with a Mass Spectrometer (MS).

With the COTTONELLE® with Aloe and E bath tissue (available from Kimberly-
Clark Corporation), the odor was collected by inserting the SPME fiber probe into the
package of bathroom tissue (4 pack) for 30 minutes. The SPME fiber was then removed
and placed into the intake of the GC unit. The volatiles were then released and analyzed
by GC followed by MS. A quantitative measurement of odor causing chemical reduction
was determined by comparing the area of the chemical odor component of the control
package (no treatment) to that of the nanoparticle treated package. Thus % odor reduction
was expressed in this manner.

The data suggests that for optimal odor removal, nanoparticles with the proper
metal modification should first be determined, or aiternatively, the proper unmodified
nanoparticles should be identified. In such a fashion, a blend of appropriate odor reducing
nanoparticles may be compiled in accordance with specific product needs. The blending
technology offers the versatility of being able to design the correct metal ion type or
unmodified type and concentration for the specific target application and odorous
compounds.

For example, the chemical composition (content as %) of the target odor in
question and also the confribution (%) each chemical has on the overall odor should first
be reviewed. The contribution is derived from the concentration of the odorous chemical
(in parts per million or billion) versus the human threshold value (lowest concentration that
the human nose can detect). By determining this information one can then design the
nanoparticle blend that would remove all the chemical components of the odor most

eficiently.

An examples for illustration is as follows:
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[Chemical Measured 7Content FContribution
(Ppb) (%) (%)
Threshold
(ppb)
Ammonia 1980 1500 198.1 0.9
n-Butyric Acid [2.4 0.19 [1.2 87.3
Trimethyl 0.33 0.03 |- 7.3
IAmine

The designed nanoparticle blend for the cat odor would comprise metal modified

nanoparticles (amine odor removal) as the major component with the minor amount being

the unmodified alumina nanoparticle ( for acid removal). This ratio is due to the amines

giving rise to over 98% of the odor content compared to the acid component (900 times

less in concentration). The human nose is more sensitive to the acid odor and hence the

contribution of the acid is higher. One would only require a small amount (100 times less)

of the alumina nanoparticles in the blend in order to remove the low concentration
(2.4ppb) of the acid odor.

In the second example one can design a very specific odor absorbing nanoparticle

blend that would work on removing sock odor.
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Sock odor can be broken down into the following components:

ODOR Threshold IMeasured 7Content Contribution
(ppb) (ppb) (%) (%)

lIso-Valeric 0.078 1.4 15.7 65.4

acid

N-Valeric acid }0.037 0.1 1.3 11.3

Hydrogen 0.41 0.7 8.1 6.4

Sulfide

The specific nanoparticle blend would be a mixture of alumina and metal modified
silica nanoparticles. The alumina nanoparticles would be in twice the concentration
compared to the metal modified silica nanoparticles of the blend. There is twice the acid

odor in the “sock odor” as there is sulfide odor.

UNMODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION EXAMPLE 1

The effectiveness of the unmodified nanoparticles to adsorb odorous compounds
was demonstrated. Three types of silica nanoparticles were tested. Specifically, the silica
nanoparticles were SNOWTEX-PS, SNOWTEX-O, and SNOWTEX-C, all of which are
commercially available from Nissan Chemical America of Houston, Texas. The particles
had an average particle size of between 10 to 20 nanometers, a surface area between
180 to 240 square meters per gram, and were present at approximately 20 wt.% solids in
the solution. The SNOWTEX-C suspension was diluted to a 5 wt.% solids solution by
adding deionized water while stirring for 10 minutes. The suspension was then poured
into a shallow dish. A KIMWIPES® wiper, which is a 1-ply cellulosic tissue wiper available
from Kimberly-Clark Corporation, was dipped into the dish and then allowed to air dry on
the sash of a fume hood. After drying, the add-on level on nanoparticle solids was
approximately 2.4% wt/wt based upon the weight of the tissue.

The samples were then tested for odor adsorption as described above. The

results are shown below in Tables 3-4 in terms of milligrams of the odorous compound
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removed.
Table 3: Removal of 2,3 Butanedione
Sample Relative Adsorption Efficiency (mg % Odor
odor causing chemical removed / g causing
sample) chemical
removed
SNOWTEX-C 372 78
Table 4: Removal of 3-Methyl Butanal
Sample Relative Adsorption Efficiency (mg % Odor
odor causing chemical removed / g causing
sample) chemical
removed
SNOWTEX-C 90 22

The samples were then tested for various odor adsorption as described above. The
results are shown below in Tables 5-7 in terms of milligrams of the odorous compound
removed per gram of sample, i.e., relative adsorption efficiency, and percent odor

removed.
Table 5: Removal of Acetaldehyde
Sample Relative Adsorption Efficiency (mg % Odor
odor causing chemical removed / g causing
sample) chemical
removed
SNOWTEX-PS 35 46
SNOWTEX-O 36 65
SNOWTEX-C 90 22
Table 6: Removal of 2,3 Butanedione
Sample Relative Adsorption Efficiency (mg % Odor
odor causing chemical removed / g causing
sample) chemical
removed
SNOWTEX-C 372 78
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Table 7: Removal of 3-Methyl Butanal

Sample Relative Adsorption Efficiency (mg % Odor
odor causing chemical removed / g causing
sample) chemical

removed

SNOWTEX-C 90 22

As indicated, the unmodified silica nanoparticles were capable of effectively
adsorbing aldehyde and ketone odors when contained on a fibrous substrate.

UNMODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION EXAMPLE 2

The effectiveness of the unmodified nanoparticles to adsorb other malodorous
compounds was demonstrated. Two types of nanoparticles were tested. Specifically, the
nanoparticles were SNOWTEX-C and SNOWTEX-AK, all of which are commercially
available from Nissan Chemical America of Houston, Texas. The particles had an
average particle size of between 10 to 20 nanometers, a surface area between 180 to 240
square meters per gram, and were present at approximately 20 wt.% solids in the solution.
10 milliliters of the silica nanoparticles were dried at 80°C to form powders that were then
ground to a surface area of 220 square meters per gram. The powders were coated onto
a KIMWIPES® wiper as described in Example 1. After drying, the add-on level was
approximately 2% wt/wt based on Tissue.

The samples were then tested for odor adsorption as described above using 1.96
milligrams of pyridine. The results are shown below in Table 8 in terms of milligrams of
the odorous compound removed per gram of sample, i.e., relative adsorption efficiency,

and percent odor removed.

Table 8: Removal of Pyridine

Sample Relative Adsorption Efficiency (mg % Odor causing
odor causing chemical removed / g chemical
sample) removed

SNOWTEX-C 105 78

SNOWTEX-AK 84 68

As indicated, the unmodified silica nanoparticles were capable of effectively
adsorbing the pyridine odor when contained on a substrate.
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MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION
EXAMPLE 3

A dilute suspension of modified silica nanoparticles was made by adding 1 milliliter
of SNOWTEX C, available from Nissan Chemical Industries, Ltd., Houston, Texas, to 9
milliliters of deionized water. The suspension was pipetted in equal portions into four
cuvets. Solutions of 0.01 percent by weight of each of copper chloride (CuCly), silver
nitrate (AgNO3), and zinc chloride (ZnCl,), all from Aldrich Chemical Company, Milwaukee,
Wisconsin, were prepared and one drop of each was added to a separate cuvet. The Zeta
Potential of all four suspension was then measured by a Zetapals Unit, available from
Brookhaven Instruments Corp., Holtsville, New York. The Zeta potential of the SNOWTEX
C control suspension was measured to be -25 millivolts. The Zeta potential of both the
SNOWTEX C/copper chloride suspension and the SNOWTEX Csilver nitrate suspension
were measured to be -11 millivolts. The Zeta potential of the SNOWTEX C/zinc chloride
suspension was measured to be -8 millivolts. The difference in Zeta Potential between the
solutions was evidence that the metal ions had adsorbed onto the silica nanoparticle.

A furfuryl mercaptan solution was prepared for testing the odor removal properties
of the modified silica nanoparticles. A stock solution of 0.001 percent by weight furfural
mercaptan solution, available from Aldrich Chemical Co., Milwaukee, Wisconsin, was
made in distiled water. The solution had a strong odor. High performance liquid
chromatography (HPLC) was used to measure concentration changes. A Zorbax Eclipse
XDB-C18, 4.6 by 150 millimeter, 5 micron column was used along with 100 percent
acetonitrile eluent. One microliter of the furfuryl mercaptan solution was injected into the
HPLC column with a flow rate of 0.25 milliliters/minute. The generated HPLC
chromatogram demonstrated a furfuryl mercaptan peak to have an area of 16918
milliabsorption units.seconds (maus).

One drop of the SNOWTEX C/copper ion suspension was then added to 10
milliliters of the furfuryl mercaptan solution. The furfuryl mercaptan odor rapidly
disappeared and one microliter of this furfuryl mercaptan solution was injected into the
HPLC column with a flow rate of 0.25 milliliters/minute. The generated HPLC
chromatogram showed the furfuryl mercaptan peak to have an area of 188 milliabsorption
units.seconds (maus) . The concentration of the furfuryl mercaptan was greatly reduced,

and the detectable odor as well, with the addition of the modified nanoparticles.
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MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION
EXAMPLE 4

The SNOWTEX C/copper ion suspension was tested on human urine to determine
the effectiveness in odor reduction. HPLC, as described in Example 3, was used to
measure the components of urine (obtained from the inventor). One drop of the
SNOWTEX C/copper ion suspension from Example 3 was tested against 0.1 gram of
Purite Micronet MN-150 latex particles, available from Purolite Company, Philadelphia,
Pennsylvania, and 0.1 gram of activated charcoal, available from Aldrich Chemicai Co.,
Milwaukee, Wisconsin. Each of these were added to a separate 3 grams of urine. The
urine odor of the sample with the SNOWTEX C/copper ion suspension was almost
completely eliminated after 3-5 seconds, compared to about 10 minutes for the activated
Table 9 summarizes the

charcoal. The latex particles never did remove the odor.

comparison of the HPLC peaks for the 4 samples. The modified silica nanoparticles
performed substantially better in removing the urine components than other materials.

Table 9-Urine component HPLC peaks (peak retention time (minutes))

Area of Area of Areaof | Areaof | Areaof | Area of
Sample peak at peakat | peakat | peakat | peakat | peak at
3.87 min. | 4.04 min. 477 5.64 5.88 6.23
min. min. min. min.
Urine 024 345 50 17 829 228
maus maus maus maus maus maus
Urine + Modified 0 0 12 0 701 2 maus
Silica maus maus
Nanoparticles
Urine + Purite 773 300 0 17 820 156
Latex Particles maus maus maus maus maus
Urine + Activated 900 0 50 17 820 10
Charcoal maus maus maus maus maus
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MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION
EXAMPLE 5

The odor removal properties of a modified nanoparticle when dry and coated on a
surface was tested by coating a 10.16 centimeter square one-ply HI-COUNT® paper
towel, available from Kimberly-Clark Corporation, Neenah, Wisconsin, with the SNOWTEX
Clcopper ion suspension of Example 3 further diluted by 50 percent. The paper towel was
coated by dipping the paper towel sample into the suspension. The wet paper towel was
air-dried on a sheet of glass. The dried towel was placed over the mouth of a 100 milliliter
beaker and held by a rubber band. The beaker contained 20 milliliter of the 0.001 percent
by weight furfuryl mercaptan solution. A second untreated control HI-COUNT® paper
towel was placed over an identical beaker as a control. The odors from the furfuryl
mercaptans penetrated the untreated paper towel. However, no odors penetrated the
paper towel treated with the modified nanoparticles for about three hours. After three
hours the modified nanoparticies were saturated and the odors were detectable. The
treated paper towel developed a dark area over the beaker during testing resulting from
the binding of the furfuryl mercaptans.

MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION
EXAMPLE 6

The odor removing properties of modified nanoparticles as an invisible coating on
a bathroom tile was tested by treating a standard bathroom tile (15 centimeter x 15
centimeter) from Home Depot with copper modified silica nanoparticles of Example 3. The
suspension of copper modified silica nanoparticles was applied to a KIMWIPES® wiper.
The moist KIMWIPES® wiper was used to wipe the bathroom tile surface and a second
dry KIMWIPES® wiper was used to wipe off any excess liquid. 3.6 microliters of
ammonia, 28 percent ammonia in water, available from Aldrich Chemical Co., Milwaukee,
Wisconsin, was introduced to a laboratory desiccator via syringe and after 10 minutes an
aliquot of the airflodor was sampled and analyzed to determine the concentration of
ammonia in the desiccator. The experiment was repeated three times; once with no tile in
the desiccator, once with an untreated control tile in the desiccator, and once with the
modified nanoparticle treated tile in the desiccator. The ammonia gas was measured by
use of a Drager tube, available from SKC, Inc., Pennsylvania, which could measure
ammonia in air concentrations from 2 to 30 parts per million. A volume of 60 milliliters of

the air/odor was pulled out of the desiccator by means of a syringe. The Drager tube was
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connected by Tygon tubing between the desiccator and the syringe. The ammonia
concentration in the desiccator was measured at 20 parts per million with no tile and with
the untreated tile. The ammonia concentration in the desiccator with the modified
nanoparticle treated tile was measured at less than 2 parts per million. The modified
nanoparticles on the standard bathroom tile were effective in substantially reducing

ammonia gas and odor.

MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION
EXAMPLE 7

To demonstrate the odor removing properties of modified organic nanoparticles of
this invention copper ions were adsorbed onto polystyrene nanoparticles. A dilute
suspension of modified polystyrene nanoparticles was made by adding 1.0 milliliter of
polystyrene nanoparticle suspension, the nanoparticles having a particle diameter of 64
nanometers, available from Polysciences, Inc., Warrington, Pennsylvania, to 9.0 miililiters
of deionized water. The polystyrene nanoparticle suspension had a Zeta Potential of -49
millivolts, as measured by the Zetapals Unit as in Exampie 3. Two drops of 0.01 percent
by weight copper chloride (CuCl,) solution was added to the polystyrene nanoparticle
suspension. After the addition of the 2 drops of copper chloride solution the Zeta Potential
of the polystyrene solution was measured at -16 millivolts, thus confirming copper ion
adsorption onto the polystyrene nanoparticles. One drop of the modified nanoparticle
solution was added to a 2.0 milliliters of 0.001 percent by weight solution of furfuryl
mercaptan. High performance liquid chromatography as described in Example 3 was
used to measure furfuryl mercaptan presence before and after adding the modified
nanoparticles. The area of the furfuryl mercaptan peak before the addition of the modified
nanoparticles was 193 milliabsorption units and after the addition of the modified
nanoparticles was 14 milliabsorption units. The copper modified polystyrene nanoparticles

proved useful in removing sulphurous compounds.

MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION
EXAMPLE 8

A dilute suspension of modified silica nanoparticles was made by adding 1 milliliter
of SNOWTEX C, available from Nissan Chemical Industries, Ltd., Houston, Texas, to 9
milliliters of deionized water. The suspension was pipetted in equal portions into three
different cuvets. Solutions of 0.01 percent by weight of each of copper chioride (CuCly),
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iron (Il) chloride (FeCl ), and iron (lll) chloride (FeCls), all from Aldrich Chemical
Company, Milwaukee, Wisconsin, were prepared and one drop of each was added to a
separate cuvet. The Zeta Potential of all three suspensions was then measured by a
Zetapals Unit. The Zeta potential of the SNOWTEX C control suspension was measured
to be -22 millivolts. The Zeta potential of the SNOWTEX C/copper chloride suspension
was measured at -10 millivolts, the SNOWTEX Cfiron(ll) chioride suspension at -13
millivolts, and the SNOWTEX Cliron (lll) chloride suspension at +13 millivolts. One drop
of each of the modified nanoparticle solutions was added to a separate 2.0 milliliter
solution of 0.001 percent by weight furfuryl mercaptan. High performance liquid
chromatography as described in Example 3 was used to measure furfuryl mercaptan
presence before and after adding the different modified nanoparticles. The results are
summarized in Table 10. Each of the modified nanoparticles were successful in removing
furfural mercaptan from the solution.  Additionally, iron (lil) ion modified silica
nanoparticles had a positive Zeta Potential which can allow application to fabrics made
from materials such as polypropylene, polyethylene, nylon, cotton, cellulosics, polyester,
silk and wool, which have negative value streaming potentials.

Table 10
Sample Zeta Potential Area of furfuryl Percent of odor
mercaptan peak removed
SNOWTEX C/Cu* -10 3.2 maus 97%
SNOWTEX C/Fe*? -13 38 maus 67%
SNOWTEX C/Fe*® +13 3.4 maus 97%

In the following Table 11, the adsorption of ammonia by various metal modified
nanoparticles was comparatively evaluated. In particular, the analysis of dried modified
nanoparticles confirmed that the nanoparticles are effective in removing triethylamine
(TEA) odors. In conducting the review, a small amount of metal modified nanoparticle
suspension was placed in a vial and allowed to air-dry at ambient conditions. A small dot
of solid was left at the bottom of the vial. The Headspace test method as previously
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described was utilized in the analysis. Specifically, in conducting the analysis, the
following procedure was followed.

1.0 mi of 0.01% by wt. of each of copper chloride (CuCly), iron (ll) chioride (Fe (1)
Clp), iron (ll) chloride (Fe (Ill) Cls), silver nitrate (AgNO3) and zinc chloride (ZnCly), all from
Aldrich Chemical Company (Milwaukee, W) were prepared and added to separate vials
containing 1 ml of SNOWTEX-O (Nissan Chemical America, Houston TX). The vials were
stirred 5 minutes. 10 mg of each of the solutions were then placed separately into GC
headspace vials and the water allowed to evaporate over 2 days to leave a dry powder on
the bottom of the vial. These vials were used to determine the amount of TEA absorbed
using the GC headspace method. As controls, small amounts of activated carbon powder
from MeadWestvaco (Covington, VA) and Calgon were placed into separate GC
headspace vials and also subjected to headspace testing. The unmodified silica
(SNOWTEX-0) was also placed inot a GC headspace vial and allowed to air dry. The

results in Table 11 show amine absorption.

Table 11
Sample Sample Weight % Removed Mg Odor Causing
(grams) Chemical
Removed/gram
sample
Silica 0.0055 13.0 50.7
Copper/Silica 0.0045 87.3 424.9
Iron(ll)/Silica 0.0039 74.4 417.2
fron(l1l)/Silica 0.0049 83.0 371.8
Activated Carbon 0.0031 66.3 470.8
(Westvaco)
Activated Carbon 0.0034 36.8 234.7
(Calgon)

It can be observed from the data that the TEA is efficiently removed by both the
Copper and Iron Il modified nanoparticles, while unmodified nanoparticles do a much less
efficient job of TEA removal. For other chemistries, as illustrated in the following Tables
12, 13, and 14, other metals proved to be more efficient in removing the odors caused by
other chemistries. For instance, ammonia adsorption experiments with metal modified
silica nanoparticles demonstrated a high capacity of the modified nanoparticles for
ammonia gas. Experiments with 1000 ppm ammonia did saturate the nanoparticies as

can be seen in Table 12 below.
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Table 12
Sample Ammonia Gas Detected % Removed
(ppm)

Control 1000 0

Iron (1) Silica 220 78
Copper/Silica 210 80
Silver/Silica 160 84
Zinc/Silica 700 30
KIMWIPES® Control 900 10

It can be observed from the data that zinc modified nanoparticles have little

5 ability to remove ammonia gas, while silver modified nanoparticles have a very strong

ability to remove ammonia gas.

The data in Table 13 below indicates a situation in which unmodified silica

nanoparticles were optimal for removal of a specific chemical odor. For this study Silica,

10  Silica/Copper and Silica/iron (lil) nanoparticle coated KIMWIPES® were analyzed for their

ability to remove ketone and aldehyde odors. The results demonstrate that unmodified

silica nanoparticles perform better for ketone odor removal than do copper or iron(lil)

modified silica nanoparticles. Specifically, the samples were tested for removal of 2,3-

Butanedione.

15
Table 13
Sample % Removed Mg Odor Causing Chemical
Removed/gram sample
Silica (0.01g) 78.16 372
Silica/Copper (0.01g) 18.85 99
Silica/lron (111)(0.01g) 17.33 82
Similarly, unmodified silica nanoparticles performed better for odor removal in
removing aldehyde odors (3-methyl-butanal )as can be seen in Table 14 below.
20
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Table 14
Sample % Removed Mg Odor Causing Chemical
Removed/gram sample
Silica (0.019g) 21.52 90
Silica/Copper (0.01g) 1.66 0 (approximately)
Silica/lron (1i1)(0.01g) 0.99 0 (approximately)

MODIFIED NANOPARTICLE AFFINITY FOR ODOR ADSORPTION
EXAMPLE 9

This example illustrates the method of preparing a copper ion coating on a
nanoparticle that has a high surface area (508mz2/g)

The potential to deposit copper hydroxide as an insoluble layer onto silica
nanoparticles was successfully demonstrated. SNOWTEX-OXS (Nissan Chemical
America, Houston, TX) a commercial 10% wt/wt suspension of 4-6nm diameter
nanoparticles was adjusted to pH 8.7 and a solution of copper chloride added with high
shear mixing (10,000rpm). The pH, Zeta potential and particle size were all monitored
during addition of the copper salt. When a positive Zeta Potential was obtained the
addition of copper salt was stopped. A control sample of copper hydroxide suspension
was also prepared in a similar manner and the analytical results of the two studies shown
in the Table 15 below.

Table 15
SAMPLE pH Zeta Potential (mV) Particle Size (nm) Surface Area
(m2/g) BET
SN-OXS 8.7 -55 9 509
SN-OXS/Cu(ll) 8.6 38 43 508
Cu(OH)2 8.5 -8 36,735 Not determined
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The above results demonstrate a coating of the copper hydroxide onto the
SNOWTEX silica surface resulting in a positively charged particle having a good size
(diameter). In contrast, the copper hydroxide formed in solution by itself formed large
particles and remained negatively charged. The copper hydroxide coated silica sample

retains the high surface area of the silica nanoparticle starting material.

In practicing blends of the current invention, it may be desirable, depending upon
the specific product application, to apply the blends as part of a durable coating to a
substrate (such as an packaging insert), which resists abrasion. The methodologies as
described in the following examples, may be used to create such a coated insert.

MODIFIED NANOPARTICLE AS PART OF DURABLE COATING EXAMPLE 10

Base sheet preparation: A dilute suspension of modified silica nanoparticles was
made by adding SNOWTEX-AK nanoparticles from Nissan Chemical Industries to
deionized water to produce a 2 weight percent solution. A solution of 5 weight percent
copper chloride (CuCly) from Aldrich Chemical Company in an amount of 120 milliliters
was added to 1120 ml of the 2 weight percent nanoparticle solution.  Approximately
28.75 grams of Acid Blue 45, also from Aldrich Chemical Company was added to the
above solution. A SCOTT® paper towel from Scott Paper Company of Mississauga,
Ontario, Canada, was coated with the solution by dipping and allowed to dry in air at room
temperature to produce an odor control sheet.

Durable coating: A solution containing 1 weight percent KYMENE 625 LX binder
from Hercules Incorporated, Wilmington, DE, USA, was prepared. The base sheet was
dipped in the KYMENE binder solution, passed through a nip to remove excess liquid and
cured at 80 °C for one hour.

Durability Testing: Five repetitions of each sample of odor control base sheet and
KYMENE binder treated sheet were tested according to the 30 second clean room
standard testing protocol.

The 30 second clean room protocol is carried out in a room that meets class 100
clean room quality or better. A 23 cm by 23 ¢cm sample is clamped between two holders
that have a flexing stroke of 119.8 mm with a twist of 180 degrees at a rate of 60
cycles/minute. The stroke is affixed to the base of a Gelbo Flex unit, available from US
Testing Co., Inc. of Hoboken, NJ, USA. The Flex unit is enclosed in a 1 cubic foot (28317
cm?®) box. An airflow of 1 cubic foot per minute flows through the box to a laser particle

counter as the test proceeds. Laser particle counters include Model 200 L from Met One,
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Inc., of Grants Pass, OR, USA and Model C1-7350 from Climet Instrument Co. of
Redlands, CA, USA.

The resuits, in Table 16 below, show a decrease in the shedded particle counts
after binder treatment, such as, for example, from 57,841 counts to 8557 counts for 0.5

micron size particles.

Table 16 Particle Count

Particle Size Base Sheet Binder Treated Sheet
10 microns 100 108

5 microns 417 174

1 micron 18194 2465

0.7 microns 35230 4813

0.5 microns 57841 8557

0.3 microns 78019 13362

MODIFIED NANOPARTICLE AS PART OF DURABLE COATING
EXAMPLE 11

A dilute suspension of modified silica nanoparticles was made by adding
SNOWTEX-O nanoparticles from Nissan Chemical Industries to deionized water to
produce a 2 weight percent solution. A second solution was prepared by adding 132.5 mg
of polyethyleneimine (PEI) (Polysciences Inc.) having a molecular weight of about 1800, to
110 mi of deionized water. A 0.5 ml amount of the PEI solution was added to 300 ml of
the nanoparticle solution with the further addition of CuCl, (Aldrich Chemical Company) in
a sufficient amount to make a 0.067 weight percent solution of CuCl,.

A SCOTT® HI-COUNT® paper towel was dipped in the resulting solution for 1
minute, passed through a nip to remove excess liquid and dried at room temperature.
Durability Testing: The treated SCOTT® HI-COUNT ® iowel, and a SCOTT® HI-COUNT
® towel treated in a like manner but without PEI, were hung on a line and blown by an HT-
800-19 series fan, manufactured by Honeywell of Southborough, MA, USA at half speed
for 24 hours. The fan-blown towels were analyzed by furnace elemental analysis to
determine the silicon content before and after blowing. It was found by the analysis that
the sample without PE! had lost about 9 percent of its Si content as a result of the fan
blowing. The sample with PEI lost no silicon, indicating that the silica nanoparticles were
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well bonded to the towel. The odor removal capability was also tested and found to be
essentially the same for each sample.

Product Application Example

In order to demonstrate the efficacy of including a blend of odor reducing
nanoparticles within a product packaging, a small gauge hypodermic syringe was used to
inject 1 ml of iron modified nanoparticle silica (20 % active) into a cardboard roll core of a
KLEENEX® COTTONELLE® Aloe and E 4 pack bathroom tissue package. After injection,
tape was placed over the hole to seal the headspace. By utilizing SPME GC/MS on the
headspace of the 4-pack, it was determined that the odor causing peak decreased by over
80 percent compared to a control in which distilled water was injected into the core. The
same method of injection was used to add both unmodified and iron modified silica
nanoparticles to KLEENEX ® COTTONELLE® Aloe and E 4 pack bathroom tissue.

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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Claims:

What is claimed is:

1. A method for neutralizing odor contained within the headspace of a product

10

15
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25
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35

packaging comprising the steps of:
a) formulating a blend of differently modified high surface area materials;
b) applying the blend of differently modified high surface area materials to the
inside of a product packaging.

. The method of claim 1 further including the step of sealing the product packaging

so as to maintain the environment inside the product packaging.

. The method of claim 1 wherein the differently modified high surface area materials

comprise metal modified nanoparticles.

. The method of claim 1 wherein the step of applying is comprised of applying the

blend to an insert which is then placed within the product packaging.

. The method of claim 1 wherein the step of applying is comprised of applying the

blend to a portion of the product contained in the product packaging.

. A method for neutralizing odor contained within the headspace of a product

packaging comprising the steps of:
a) formulating a blend of modified and unmodified high surface area materials;
b) applying the blend of modified and unmodified high surface area materials
to the inside of a product packaging.

. The method of claim 6 further including the step of sealing the product packaging

s0 as to maintain the environment inside the product packaging.

. The method of claim 6 wherein the modified and unmodified high surface area

materials comprise unmodified and modified nanoparticles.
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9. The method of claim 6 wherein the step of applying is comprised of applying the

10.

11.

blend to an insert which is then placed within the product packaging.

The method of claim 6 wherein the step of applying is comprised of applying the

blend to an inside surface of the product packaging.

The method of claim 6 wherein the step of applying is comprised of applying the
blend to a portion of the product contained in the product packaging.

12. A method for neutralizing odor contained within the headspace of product

13.

14.

15.

16.

packaging for a rolled paper product containing a core, comprising the steps of:

a) formulating a blend of either modified and unmodified high surface area
materials or differently modified high surface area materials;

b) providing a core containing rolled paper product;

c) applying the blend of modified and unmodified high surface area materials
to the inside surface of the core containing rolled paper product;

d) enclosing the core containing rolled paper product within a product
packaging.

A package containing a product comprising:

a product;

packaging material which encloses said product within an enclosure formed by
the packaging material; and

a blend of differently modified nanopatrticles contained within said packaging
material enclosure;

whereby as odor or gas is generated within said enclosure, it is either adsorbed
or absorbed by said blend.

The package of claim 13 wherein said blend is contained on an insert which is
positioned within said enclosure.

The package of claim 13 wherein said enclosure has an inside surface and an
outside surface, and said blend is applied to the enclosure inside surface.

The package of claim 13 wherein said blend is applied to a portion of said
product contained in said enclosure.
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17. A package containing a product comprising:

a product;

packaging material which encloses said product within an enclosure formed by
5 the packaging material; and

a blend of modified and unmodified nanoparticles contained within said

packaging material enclosure;

whereby as odor or gas is generated within said enclosure, it is either adsorbed

or absorbed by said blend.

10
18. The package of claim 17 wherein said blend is contained on an insert which is
positioned within said enclosure.
19. The package of claim 17 wherein said enclosure has an inside surface and an
15 outside surface, and said blend is applied to the enclosure inside surface.

20. The package of claim 17 wherein said blend is applied to a portion of said

product contained in said enclosure.
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