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ABSTRACT

The present disclosure relates to a mixture for producing
chlorine dioxide gas provided in an enclosure comprising an
impregnate comprising a chlorine dioxide precursor impreg-
nated in a porous carrier and a proton-generating species,
wherein the impregnate and proton-generating species are
intermixed to produce a stable mixture and the mixture is
provided in an enclosure. The present disclosure also relates
to methods for producing chlorine dioxide gas.
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Figure 1. Chlorine Dioxide Gas Production Over Time, Graphed from Table 1
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Figure 2: Impact of Using a Water-Retaining Substance, Graphed from Table 2
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Figure 3: Impact of Using Different Membrane Materials, Graphed from Table 3
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Figure 4. Impact of Concentration of Sodium Chlorite, Graphed from Table 4
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Figure 5: Impact of Choice of Proton-Generating Species, Graphed from Table §
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MIXTURES FOR PRODUCING CHLORINE
DIOXIDE GAS IN ENCLOSURES AND
METHODS OF MAKING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to
U.S. Provisional Patent Application No. 61/750,965 filed Jan.
10, 2013, the disclosure of which is incorporated herein by
reference in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to a mixture for pro-
ducing chlorine dioxide gas provided in an enclosure com-
prising an impregnate comprising a chlorine dioxide precur-
sor impregnated in a porous carrier and a proton-generating
species, wherein the impregnate and proton-generating spe-
cies are intermixed to produce a mixture and the mixture is
provided in an enclosure. The present disclosure also relates
to methods for producing chlorine dioxide gas.

BACKGROUND

[0003] Chlorine dioxide gas is useful for food preservation,
laboratory research, disinfecting drinking water and a variety
of other applications. There is a need in the art to provide a
composition for producing chlorine dioxide gas that remains
stable during storage at varied storage times until itis ready to
be used to produce chlorine dioxide and exposed to environ-
mental humidity. Furthermore, there is a need in the art to
provide a composition for producing chlorine dioxide gas that
provides consistent production of chlorine dioxide regardless
of the relative humidity it is exposed to after storage.

SUMMARY OF THE DISCLOSURE

[0004] The present disclosure relates to a mixture for pro-
ducing chlorine dioxide gas provided in an enclosure com-
prising an impregnate comprising a chlorine dioxide precur-
sor (e.g., metal chlorites, metal chlorates, chloric acid, and
hypochlorous acid) impregnated in a porous carrier (e.g.,
zeolite, diatomaceous earth, silica, alumina, porous polymer,
clay, or a mixture thereof) and a proton-generating species
(e.g., an organic acid, an inorganic acid, or a salt thereof),
wherein the impregnate and proton-generating species are
intermixed to produce a stable mixture and the mixture is
provided in an enclosure. In some embodiments, the amount
of chlorine dioxide gas produced in 24 hours when the enclo-
sure is opened after 27 days of storage is 90% or greater of the
amount of chlorine dioxide produced in 24 hours when the
enclosure is opened after 0 days of storage. In some embodi-
ments, the amount of chlorine dioxide produced in 24 hours
when the enclosure is open and exposed to a temperature of
70° F. and 50% relative humidity (% RH) is 90% or greater of
the amount of chlorine dioxide gas produced in 24 hours
when the enclosure is opened and exposed to a temperature of
70° F. and 99% RH. In some embodiments, the amount of
chlorine dioxide produced in 24 hours when the enclosure is
opened and exposed to a temperature of 70° F. and 35% RH is
85% or greater or 90% or greater of the amount of chlorine
dioxide produced in 24 hours when the enclosure is opened
and exposed to a temperature of 70° F. and 99% RH.

[0005] Insomeembodiments,the impregnateis dried to 5%
water or less. In some embodiments, the impregnate is treated
with a base (e.g., potassium hydroxide, sodium hydroxide,
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calcium hydroxide, or a blend thereof). In some embodi-
ments, the mixture further comprises a water-retaining sub-
stance (e.g., calcium chloride, magnesium sulfate, potassium
chloride, and mixtures thereof). In some embodiments, the
water-retaining substance is impregnated in a porous carrier.
In some embodiments, the proton-generating species is pro-
vided in excess of the stoichiometric amount. In some
embodiments, the proton-generating species is impregnated
in a porous carrier. In some embodiments, the enclosure is a
humidity-activated sachet and the mixture is enclosed within
a membrane (e.g., a polyethylene or paper filter).

[0006] The present disclosure also relates to methods of
producing chlorine dioxide gas by providing a mixture dis-
closed herein in an enclosure and opening the enclosure. The
present disclosure also relates to methods of limiting the
production of bio-organisms in a food package by providing
a mixture disclosed herein in an enclosure.

BRIEF DESCRIPTION OF THE FIGURES

[0007] FIG. 1 depicts a graph of the shelf-life comparison
data of Table 1, shown in the examples.

[0008] FIG. 2 depicts a graph of the water-retaining sub-
stance comparison data of Table 2, shown in the examples.
[0009] FIG. 3 depicts a graph of the membrane comparison
data of Table 3, shown in the examples.

[0010] FIG. 4 depicts a graph of the sodium chlorite con-
centration comparison data of Table 4, shown in the
examples.

[0011] FIG. 5 depicts a graph of the proton-generating spe-
cies comparison data of Table 5, shown in the examples.
[0012] FIG. 6 depicts a graph of the conversion efficiency
comparison data of Table 6, shown in the examples.

DETAILED DESCRIPTION

[0013] The present disclosure includes methods and com-
positions for producing chlorine dioxide that is based on
chlorine dioxide precursors that react with protons to produce
chlorine dioxide.

[0014] The chlorine dioxide precursor can be chosen from
any composition capable of producing chlorine dioxide gas
when mixed with a proton-generating species. In some
embodiments, the chlorine dioxide precursor includes a metal
chlorite, metal chlorate, chloric acid, hypochlorous acid, or
mixtures thereof. In some embodiments, the metal chlorites
and chlorates are in the form of alkali metal or alkaline earth
metal chlorites and chlorates. Exemplary metal chlorites
include, but are not limited to, sodium chlorite, barium chlo-
rite, calcium chlorite, lithium chlorite, potassium chlorite,
magnesium chlorite, and mixtures thereof. Exemplary metal
chlorates include, but are not limited to, sodium chlorate,
lithium chlorate, potassium chlorate, magnesium chlorate,
barium chlorate, and mixtures thereof.

[0015] The chlorine dioxide precursor can be provided in
any form that allows it to react with protons to produce
chlorine dioxide. In some embodiments, the chlorine dioxide
precursor is in the form of a powder. In some embodiments,
the chlorine dioxide precursor is provided in an aqueous
solution. In some embodiments, the chlorine dioxide precur-
sor is impregnated in a porous carrier. In some embodiments,
the porous carrier is inert. In some embodiments, the porous
carrier has pores, channels, or the like located therein. Exem-
plary porous carriers include, but are not limited to, silica,
pumice, diatomaceous earth, bentonite, clay, porous polymer,
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alumina, zeolite (e.g., zeolite crystals), or mixtures thereof. In
some embodiments, the porous carrier can have a particle size
of from 0.02 mm to 1 inch (e.g., 0.125 inch, 0.25 inch, 0.50
inch, or 0.75 inch), in their largest dimension. In some
embodiments, the porous carrier can have dimensions sub-
stantially equal to 0.25 inch by 0.167 inch, 0.125 inch by 0.10
inch, 0.25 inch by 0.125 inch, 0.125 inch by 0.50 inch, or 0.50
inch by 0.75 inch. In some embodiments, the porous carrier is
uniformly impregnated throughout the volume of the porous
carrier via the pores, channels, and the like, with the at least
one chlorine dioxide precursor.

[0016] Insome embodiments, the porous carrier is impreg-
nated with the chlorine dioxide precursor by using a porous
carrier that has a low moisture content. In some embodiments,
the low moisture content is 5% or less (e.g., 4% or less, 3% or
less, 2% or less, or 1% or less) by weight. In some embodi-
ments, the porous carrier has an initial moisture content above
5% and thus can be dehydrated to produce a moisture content
of 5% or less. In some embodiments, the dehydrated porous
carrier is then immersed in or sprayed with an aqueous solu-
tion of the chlorine dioxide precursor at an elevated tempera-
ture (e.g., in the range from 120° F. to 190° F.) and the
resulting slurry is thoroughly mixed. In some embodiments,
the mixed slurry is then air-dried to a moisture level of from
0% 10 20% (e.g., from 2% to 18%, from 4% to 16%, from 6%
to 14%, from 8% to 12%) by weight to produce the impreg-
nate (i.e., chlorine dioxide precursor impregnated in a porous
carrier) disclosed herein. In some embodiments, the impreg-
nate disclosed herein can be prepared without a drying step by
calculating the amount of the aqueous solution of the chlorine
dioxide precursor needed to achieve the desired final moisture
level (e.g., from 0% to 20%, from 2% to 18%, from 4% to
16%, from 6% to 14%, from 8% to 12% by weight) and
adding this amount of the aqueous solution to the dehydrated
porous carrier to impregnate the porous carrier. In some
embodiments, the porous carrier include from 1% to 50%
chlorine dioxide precursor (e.g., from 5% to 45%, from 1%to
35%, from 10% to 30%), from 0% to 20% water (e.g., 15% or
less, 10% or less, 5% or less), and from 50% to 98.5% porous
carrier (e.g., from 55% to 95%, from 60% to 90%, from 65%
to 85%) by weight. In some embodiments, the porous carrier
can include from 1% to 35% chlorine dioxide precursor, less
than 5% water, and from 65% to 94.5% porous carrier by
weight. In some embodiments, the chlorine dioxide is
impregnated in zeolite crystals as described above and as
described in U.S. Pat. Nos. 5,567,405, 5,573,743, 5,730,948,
5,776,850; 5,853,689; 5,885,543; 6,174,508; 6,379,643;
6,423,289;7,347,994; and 7,922,992, which are incorporated
by reference in their entirety.

[0017] Insome embodiments, the chlorine dioxide precur-
sor is impregnated into a porous carrier and treated with a
base. In some embodiments, the base is any suitable base that
can reduce the available protons and inhibit the reaction until
the proton-generating species overcomes the base and reacts
with the chlorine dioxide precursor, to enhance shelf stability
and slow the reaction rate once the mixture is activated.
Exemplary bases include, but are not limited to, potassium
hydroxide, sodium hydroxide, calcium hydroxide, or a blend
thereof.

[0018] In addition to the chlorine dioxide precursor, the
mixtures disclosed herein can include a water-retaining sub-
stance. In some embodiments, the water-retaining substance
is a deliquescent or other compound capable of absorbing or
retaining either liquid water or water vapor from air or other
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moisture-containing fluids. Exemplary water-retaining sub-
stances include, but are not limited to, calcium chloride, mag-
nesium sulfate, potassium chloride, potassium hydroxide,
and mixtures thereof. The water-retaining substance can be
provided in any form that allows it to retain liquid water, water
vapor from air, or other moisture-containing fluids. In some
embodiments, the water-retaining substance is in the form of
a powder. In some embodiments, the water-retaining sub-
stance is provided in an aqueous solution. In some embodi-
ments, the water-retaining substance is impregnated in a
porous carrier. In some embodiments, the porous carrier is
inert. In some embodiments, the porous carrier has pores,
channels, or the like located therein. Exemplary porous car-
riers include, but are not limited to, silica, pumice, diatoma-
ceous earth, bentonite, clay, porous polymer, alumina, zeolite
(e.g., zeolite crystals), or mixtures thereof. In some embodi-
ments, the porous carrier can have a particle size of from 0.02
mm to 1 inch (e.g., 0.125 inch, 0.25 inch, 0.50 inch, or 0.75
inch), in their largest dimension. In some embodiments, the
porous carrier can have dimensions substantially equal to
0.25inch by 0.167 inch, 0.125 inch by 0.10 inch, 0.25 inch by
0.125 inch, 0.125 inch by 0.50 inch, or 0.50 inch by 0.75 inch.
In some embodiments, the porous carrier is uniformly
impregnated throughout the volume of the porous carrier via
the pores, channels, and the like, with the at least one water-
retaining substance.

[0019] Insome embodiments, the porous carrier is impreg-
nated with the water-retaining substance by using a porous
carrier that has a low moisture content. In some embodiments,
the low moisture content is 5% or less (e.g., 4% or less, 3% or
less, 2% or less, or 1% or less) by weight. In some embodi-
ments, the porous carrier has an initial moisture content above
5% and thus can be dehydrated to produce a moisture content
of 5% or less. In some embodiments, the dehydrated porous
carrier is then immersed in or sprayed with an aqueous solu-
tion of the chlorine dioxide precursor at an elevated tempera-
ture (e.g., in the range from 120° F. to 190° F.) and the
resulting slurry is thoroughly mixed. In some embodiments,
the mixed slurry is then air-dried to a moisture level of from
0% 10 20% (e.g., from 2% to 18%, from 4% to 16%, from 6%
to 14%, from 8% to 12%) by weight to produce an impregnate
(i.e., chlorine dioxide precursor impregnated in a porous car-
rier), which may also include the water-retaining substance.
In some embodiments, the impregnate disclosed herein can
be prepared without a drying step by calculating the amount
of the aqueous solution of the chlorine dioxide precursor
and/or water-retaining substance needed to achieve the
desired final moisture level (e.g., from 0% to 20%, from 2%
to 18%, from 4% to 16%, from 6% to 14%, from 8% to 12%
by weight) and adding this amount of the aqueous solution to
the dehydrated porous carrier to impregnate the porous car-
rier. In some embodiments, the porous carrier include from
1% to 50% chlorine dioxide precursor (e.g., from 5% to 45%,
from 1% to 35%, from 10% to 30%), from 0% to 15% water-
retaining substance (e.g., 12% orless, 10% or less, 8% or less,
6% or less, 4% or less, 2% or less), from 0% to 20% water
(e.g., 15% or less, 10% or less, 5% or less), and from 50% to
98.5% porous carrier (e.g., from 55% to 95%, from 60% to
90%, from 65% to 85%) by weight. In some embodiments,
the porous carrier can include from 1% to 35% chlorine
dioxide precursor, from 1% to 8% water-retaining substance,
less than 5% water, and from 65% to 94.5% porous carrier by
weight.
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[0020] In some embodiments, the porous carrier impreg-
nated with the chlorine dioxide precursor can also be impreg-
nated with the water-retaining substance, for instance,
through the use of an aqueous solution containing both the
chlorine dioxide precursor and the water-retaining substance.
In some embodiments, a porous carrier separate from the
porous carrier containing the chlorine dioxide precursor can
be provided that is impregnated with the water-retaining sub-
stance and can be prepared in the manner described above.
The water-retaining substance can be provided in any amount
that controls the rate of release of chlorine dioxide by con-
trolling the rate at which protons are produced, e.g., by a
proton-generating species as discussed below, and thus can
control the rate at which chlorine dioxide is produced. In
some embodiments, the rate at which the chlorine dioxide is
produced can, for example, be controlled by varying the rela-
tive amounts by weight of the chlorine dioxide precursor and
the water-retaining substance.

[0021] A proton-generating species as disclosed herein can
be any composition capable of generating protons to react
with the chlorine dioxide precursor. In some embodiments,
the proton-generating species is an inorganic acid, an organic
acid, or a salt thereof. In some embodiments, the proton-
generating species is in the form of an aqueous acid or a metal
salt. Exemplary acids include, but are not limited to, acetic
acid, citric acid, phosphoric acid, hydrochloric acid, propi-
onic acid, sulfuric acid, and mixtures thereof. In some
embodiments, proton-generating species comprises a metal
salt. In some embodiments, the metal salt is a chloride, sul-
fate, phosphate, propionate, acetate, or citrate that combines
with water to produce an acid, i.e., protons. In some embodi-
ments, the metal is an alkali metal, alkaline earth metal, or a
transition metal. Exemplary metal salts include, but are not
limited to, ferric chloride, ferric sulfate, CaCl,, ZnSO,,
ZnCl,, CoSO,, CoCl,, MnSO,, MnCl,, CuSO,, CuCl,,
MgSO,, sodium acetate, sodium citrate, sodium sulfate,
sodium bisulfate, hydrogen phosphate, disodium hydrogen
phosphate, and mixtures thereof. In some embodiments, the
proton-generating species is a metal salt that can also actas a
water-retaining substance (e.g., CaCl,, MgSO,). In some
embodiments, the acid is provided in the form of zeolite
crystals impregnated with the acid and are produced by any
suitable method.

[0022] In some embodiments, the proton-generating spe-
cies is activated to produce protons by contacting the proton-
generating species with a moisture-containing (or water-con-
taining) fluid. In some embodiments, the metal salt is ferric
chloride, ferric sulfate, or a mixture thereof, and these iron
salts can absorb water in addition to functioning as a proton-
generating species. In some embodiments, the moisture-con-
taining fluid is liquid water or an aqueous solution. In some
embodiments, the moisture-containing fluid is a moisture-
containing gas such as air or water vapor. In some embodi-
ments, the protons produced by the proton-generating species
react with the chlorine dioxide precursor to produce chlorine
dioxide. The proton-generating species can also be activated
other than by exposure to a moisture-containing fluid. In
some embodiments, the proton-generating species can be
activated and can release protons upon exposure to the water
in the powders or impregnated porous carrier containing the
chlorine dioxide precursor.

[0023] The proton-generating species can be provided in
any form that allows the release of protons. In some embodi-
ments, the proton-generating species is in the form of a liquid.
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In some embodiments, the proton-generating species is in the
form of a powder. In some embodiments, the proton-gener-
ating species is provided in an aqueous solution. In some
embodiments, the proton-generating species is impregnated
in a porous carrier. In some embodiments, the porous carrier
is inert. In some embodiments, the porous carrier has pores,
channels, or the like located therein. Exemplary porous car-
riers include, but are not limited to, silica, pumice, diatoma-
ceous earth, bentonite, clay, porous polymer, alumina, zeolite
(e.g., zeolite crystals), or mixtures thereof. In some embodi-
ments, the porous carrier can have a particle size of from 0.02
mm to 1 inch (e.g., 0.125 inch, 0.25 inch, 0.50 inch, or 0.75
inch), in their largest dimension. In some embodiments, the
porous carrier can have dimensions substantially equal to
0.25inch by 0.167 inch, 0.125 inch by 0.10 inch, 0.25 inch by
0.125 inch, 0.125 inch by 0.50 inch, or 0.50 inch by 0.75 inch.
In some embodiments, the porous carrier is uniformly
impregnated throughout the volume of the porous carrier via
the pores, channels, and the like, with the at least one proton-
generating species.

[0024] Insome embodiments, the porous carrier is impreg-
nated with the proton-generating species by using a porous
carrier that has a low moisture content. In some embodiments,
the low moisture content is 5% or less (e.g., 4% or less, 3% or
less, 2% or less, or 1% or less) by weight. In some embodi-
ments, the porous carrier has an initial moisture content above
5% and thus can be dehydrated to produce a moisture content
of 5% or less. In some embodiments, the dehydrated porous
carrier is then immersed in or sprayed with an aqueous solu-
tion of the proton-generating species at an elevated tempera-
ture (e.g., in the range from 120° F. to 190° F.) and the
resulting slurry is thoroughly mixed. In some embodiments,
the mixed slurry is then air-dried to a moisture level of from
0% 10 20% (e.g., from 2% to 18%, from 4% to 16%, from 6%
to 14%, from 8% to 12%) by weight to produce an impregnate
(i.e., proton-generating species impregnated in a porous car-
rier). In some embodiments, the impregnate disclosed herein
can be prepared without a drying step by calculating the
amount of the aqueous solution of the proton-generating spe-
cies needed to achieve the desired final moisture level (e.g.,
from 0% to 20%, from 2% to 18%, from 4% to 16%, from 6%
to 14%, from 8% to 12% by weight) and adding this amount
of the aqueous solution to the dehydrated porous carrier to
impregnate the porous carrier. In some embodiments, the
porous carrier include from 1% to 50% proton-generating
species (e.g., from 5% to 45%, from 1% to 35%, from 10% to
30%), from 0% to 20% water (e.g., 15% or less, 10% or less,
5% or less), and from 50% to 98.5% porous carrier (e.g., from
55% t0 95%, from 60% to 90%, from 65% to 85%) by weight.
In some embodiments, the proton-generating species is pro-
vided in excess of the stoichiometric amount required to
produce chlorine dioxide gas when reacting with the chlorine
dioxide precursor.

[0025] In some embodiments, the porous carrier impreg-
nated with the proton-generating species is separate from the
porous carrier that is impregnated with the chlorine dioxide
precursor. In some embodiments, the porous carrier impreg-
nated with the proton-generating species is separate from the
porous carrier that is impregnated with the chlorine dioxide
precursor and is separate from the porous carrier that is
impregnated with the water-retaining substance. In some
embodiments, the porous carrier impregnated with the pro-
ton-generating species is separate from the porous carrier that
is impregnated with the chlorine dioxide precursor and water-
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retaining substance. In some embodiments, zeolite crystals
are formed through the use of an aqueous solution of the
proton-generating species in the manner described above
with respect to the chlorine dioxide precursor.

[0026] The proton-generating species (whether impreg-
nated in a porous carrier or not) and the chlorine dioxide
precursor (whether impregnated in a porous carrier or not)
can be mixed or otherwise combined. In some embodiments,
the mixture is sprayed or coated on a surface. In some
embodiments, the mixture is absorbed into a material such as
a sponge, pad, mat, or the like. In some embodiments, the
mixture can be placed in a reservoir, container, box, sachet, or
the like.

[0027] In some embodiments, the proton-generating spe-
cies is provided in the same enclosure with an impregnate
comprising the chlorine dioxide precursor impregnated in a
porous carrier. In some embodiments, the enclosing material
can include any enclosing material that is substantially imper-
vious to liquid water. In some embodiments, the mixture is
placed in a humidity-activated sachet and enclosed within an
enclosing material such as a membrane. Exemplary mem-
branes include, but are not limited to, a polyethylene or paper
filter. Exemplary commercially available enclosing materials
include, but are not limited to, TYVEK® and GORTEX®. In
some embodiments, the enclosing material allows water
vapor to enter the enclosure. In some embodiments, the
enclosing material allows chlorine dioxide gas to be released
from the enclosure and enter the atmosphere. In some
embodiments, the enclosing material is a sachet comprising
three layers of membrane material forming a two-compart-
ment sachet to separate the proton-generating species
(whether impregnated in a porous carrier or not) from the
chlorine dioxide precursor (whether impregnated in a porous
carrier or not). In some embodiments, the multiple layers of
membrane material can be chosen from different membrane
materials, wherein the permeability of the outer membrane
can determine how fast humidity can enter the sachet to
activate the precursor and the proton-generating species. In
some embodiments, the multiple layers of membrane mate-
rial can be chosen from different membrane materials,
wherein the center membrane can determine how fast the
protons from the proton-generating source can pass to the
precursor to react and generate chlorine dioxide.

[0028] In some embodiments, the system comprising the
mixture and the enclosure is scalable for the production of
chlorine dioxide. In some embodiments, the system is con-
figured to produce milligrams of chlorine dioxide. In some
embodiments, the system is configured to produce several
hundred grams of chlorine dioxide. In some embodiments,
the system is configured to produce kilograms of chlorine
dioxide.

[0029] Chlorine dioxide gas can be produced, for instance,
by contacting the mixture with a source of humidity. In some
embodiments, the mixture is in an enclosure disclosed herein,
wherein the mixture produces chlorine dioxide gas when the
enclosure is opened.

[0030] In some embodiments, the proton-generating spe-
cies and chlorine dioxide precursor are provided in the same
package, while maintaining stability during storage until
exposed to and activated by a source of humidity. In some
embodiments, the rate of reaction and the release of chlorine
dioxide are controlled by factors including, but not limited to,
choice of chlorine dioxide precursor, choice of proton-gen-
erating source, whether the chlorine dioxide precursor is
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impregnated into a porous carrier, whether the proton-gener-
ating source is impregnated into a porous carrier, use of a
water-retaining substance, physical properties of the porous
carrier, enclosure membrane properties, and combinations
thereof. In some embodiments, the rate of reaction is varied
through choosing the physical properties of the porous carrier
including, but not limited to, particle size, pore diameter,
dilution of the relative particle mixture with inert properties.
[0031] In some embodiments, the rate of reaction and the
release of chlorine dioxide are controlled by any factor
capable of controlling the influx of humidity into the package.
In some embodiments, the enclosure material is any material
capable of allowing chlorine dioxide gas to escape ata desired
rate.

[0032] The chlorine dioxide producing composition is
stable during storage such that it maintains its ability to pro-
duce chlorine dioxide after a period of storage time. In some
embodiments, the amount of chlorine dioxide produced in 24
hours when the enclosure is opened after 27 days of storage is
90% or greater (e.g., 91% or greater, 92% or greater, 93% or
greater, 94% or greater, 95% or greater, 96% or greater, 97%
or greater, 98% or greater, or 99% or greater) of the amount of
chlorine dioxide produced in 24 hours when the enclosure is
opened after 0 days of storage. In some embodiments, the
amount of chlorine dioxide produced in 48 hours when the
enclosure is opened after 27 days of storage is 90% or greater
(e.g., 91% or greater, 92% or greater, 93% or greater, 94% or
greater, 95% or greater, 96% or greater, 97% or greater, 98%
or greater, or 99% or greater) of the amount of chlorine
dioxide produced in 48 hours when the enclosure is opened
after O days of storage.

[0033] The chlorine dioxide producing composition can
produce chlorine dioxide at similar rates regardless of the
humidity it is exposed to after it is removed from its storage
enclosure. In some embodiments, the amount of chlorine
dioxide produced in 24 hours when the enclosure is open and
exposed to a temperature of 70° F. and 50% relative humidity
(% RH) is 90% or greater (e.g., 91% or greater, 92% or
greater, 93% or greater, 94% or greater, 95% or greater, 96%
or greater, 97% or greater, 98% or greater, or 99% or greater)
of the amount of chlorine dioxide gas produced in 24 hours
when the enclosure is opened and exposed to a temperature of
70° F. and 99% RH. In some embodiments, the amount of
chlorine dioxide produced in 24 hours when the enclosure is
open and exposed to a temperature of 70° F. and 35% relative
humidity (% RH) is 85% or greater (e.g., 86% or greater, 87%
or greater, 88% or greater, 89% or greater, 90% or greater,
91% or greater, 92% or greater, 93% or greater, 94% or
greater, 95% or greater, 96% or greater, 97% or greater, 98%
or greater, or 99% or greater) of the amount of chlorine
dioxide gas produced in 24 hours when the enclosure is
opened and exposed to a temperature of 70° F. and 99% RH.
[0034] Insomeembodiments, the chlorine dioxide produc-
ing composition can be provided in food packaging, for
example, in a sachet. The composition can be used to control
food spoilage and destroy food safety pathogens on food
products in a variety of foods including meats, vegetables,
fruits, grains, nuts, and mixtures thereof. In some embodi-
ments, the composition is provided in a food package that
includes a fruit, a vegetable, or a mixture thereof.

[0035] The chlorine dioxide gas can also be useful, for
instance, for killing biological contaminants (such as bio-
organisms, mold, fungi, yeast, and bacteria) and for oxidizing
volatile organic chemicals that can contaminate fluid. In some



US 2014/0193522 Al

embodiments, the system is highly portable. In some embodi-
ments, the system is simple to use, allowing minimally
trained personnel to use the produce in a wide variety of
applications including, but not limited to, eliminating odor,
sterilizing medical devices, decontaminating systems, and
neutralizing chemical and biological threats.

[0036] The disclosures herein can be used for a variety of
additional applications involving solid, liquid, and/or gaseous
environments. Exemplary uses for chlorine dioxide gas
include, but are not limited to, treating solids such as those
having metal surfaces, wood surfaces, plastic surfaces, fabric
surfaces, or combinations thereof. Further exemplary uses for
chlorine dioxide gas include, but are not limited to, uses for
animal waste, pet and livestock litters; medical devices
including bandages, ostomy devices and medical instru-
ments; fabric items including drapes, wall hangings, uphol-
stery, and clothing. Exemplary liquids that can be treated with
chlorine dioxide gas include, but are not limited to, liquid
waste and water including potable water. Exemplary gaseous
environments that can be treated with chlorine dioxide gas
include, but are not limited to, those containing noxious and/
or objectionable gases such as animal environments, smoke-
laden environments (e.g., tobacco smoke), and exhaust sys-
tems from noxious gas producing facilities (e.g., chemical
plants). Another exemplary use for chlorine dioxide gas
includes, but is not limited to, use in ice machines to prevent
incorporation of unwanted substances into the ice.

[0037] By way of non-limiting illustration, examples of
certain embodiments of the present disclosure are given
below.

EXAMPLES

[0038] In the examples provided below, diatomaceous
earth was impregnated with sodium chlorite. The final con-
centration of the sodium chlorite in the impregnate was 5% by
weight. The final concentration of calcium chloride in the
impregnate was 5% by weight. The impregnate was com-
bined in equal parts by weight with the sodium bisulfate,
citric acid, or disodium hydrogen phosphate and placed in
packages made of Dupont 1073B TYVEK or Glatfelter mem-
brane (filter paper/membrane) SS-H-121/8/C. The packages
were sealed in poly bags to protect them from humidity for 0
days to 27 days. Samples were removed at varying time points
and profiled for chlorine dioxide gas production over time,
ranging up to 48 hours, as shown in Table 1 and graphed in
FIG. 1.

TABLE 1

Chlorine Dioxide Gas Production over Time
Humidity Activated Sachet - Shelf-Life Comparison

Time (Hrs)

0 1 3 5 24 48

Chlorine Dioxide (mg ClO,/gram impregnate)
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rine dioxide produced was determined by dual neutral/acid
titration—a procedure taken from Standard Methods 14%
Edition, lodometric Method for Determination of Chlorine
Dioxide, Chlorite and Chlorine. Samples placed in a sachet
and suspended over potassium iodide solution without a pro-
ton source did not produce any detectable chlorine dioxide
after 5 days of exposure and capture.

[0040] The impregnate was combined with calcium chlo-
ride to observe the change the rate of reaction by changing the
availability of humidity to initiate the reaction. Samples were
removed at varying time points and profiled for chlorine
dioxide gas production over time, ranging up to 48 hours, as
shown in Table 2 and graphed in FIG. 2.

TABLE 2

Impact of Using a Water-Retaining Substance
Humidity Activated Sachet - Water-Retaining Substance Comparison

Time (Hrs)

0 1 3 5 23 48

Chlorine Dioxide (mg ClO,/gram impregnate)

No 0 0.91 5.56 1374 22.68  22.68
Deliquescent

Deliquescent 0 6.22 2177 2455 2462  24.62
[0041] The sachet system was constructed with differing

membranes, which can regulate the rate of influx of humidity
and change the reaction rate through differing permeability of
the sachet. A comparison of the chlorine dioxide production
when using a Glatfelter membrane (filter paper/membrane)
and TYVEK® is reflected in Table 3 and FIG. 3.

TABLE 3

Impact of Using Different Membranes
Humidity Activated Sachet - Membrane Comparison

Time (Hrs)

0 1 3 5 23 48

Chlorine Dioxide (mg ClO,/gram impregnate)

Glatfelter membrane 0 091 3556 13.74 22.68 22.68
(filter paper/membrane)

TYVEK 0 044 1.98 427 1793 18.89
[0042] The rate of the reaction was modified by adjusting

the chemical concentrations of sodium chlorite in the diato-
maceous earth, the results of which are shown in Table 4 and
FIG. 4.

TABLE 4

Impact of Concentration of Sodium Chlorite.
Humidity Activated Sachet - Concentration Comparison

Day 0 0 105 351 634 2355 2488 Time (His)
Day 7 0 087 N/A 600 2207  23.62
Day 17 0 08 337 614 2390  27.27 0 1 3 5 23 48
Day 27 0 058 275 6.05 21.52 24.67 Chlorine Dioxide (mg ClO,/gram impregnate)
L . 2% Imp 0 0.41 121 2.01 5.65 6.19
[0039] Samples were humidified by placing them over 5% 5% Imp 0 0.91 3.46 730 2444 25.33

potassium iodide solution to collect the chlorine dioxide as it
was produced (relative humidity >90%). The amount of chlo-
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[0043] The rate of the reaction was modified using various
proton-generating species. The impact of using different pro-
ton-generating species is reflected in Table 5 and FIG. 5.

TABLE §

Impact of Choice of Proton-Generating Species
Humidity Activated Sachet - Proton Donor Comparison

Time (Hrs) 0 5 24 48
Chlorine Dioxide (mg ClO,/gram impregnate)
Disodium phosphate 0.00 n/a 0.09 0.14
Citric Acid 0.00 2.39 8.79 11.92
Sodium Bisulfate 0.00 6.34 23.55 24.88
[0044] The system was found to be highly efficient at con-

verting the chlorine dioxide precursor to chlorine dioxide
(e.g., exceeding 90% of the theoretical conversion, approach-
ing 100% of the theoretical conversion). The theoretical
100% conversion of sodium chlorite produces 597 milligrams
of chlorine dioxide for each gram of pure sodium chlorite.
Seven samples having 5% sodium chlorite impregnated into
diatomaceous earth were measured for their conversion effi-
ciency, as reflected in Table 6 and FIG. 6.

TABLE 6

Comparison of Conversion Efficiency
Humidity Activated Sachet - Conversion Efficiency Comparison

5% chlorite Theoretical Conversion (mg/gm) 29.83

impregnate by weight Actual Conversion (mg/gm) % Conversion
Sample #1 30.02 101%
Sample #2 29.50 99%
Sample #3 31.31 105%
Sample #4 34.67 116%
Sample #5 29.96 100%
Sample #6 30.62 103%
Sample #7 2741 92%

Effect of Storage on Reactivity of Media

[0045] Sachets were suspended in containers at 70° F. over
5% potassium iodide (KI) solution (99% RH) for 24 hours
then moved to fresh containers at 70° F. over 5% KI solution
(99% RH) for 24 additional hours. Each KI solution was
titrated using Standard Methods Iodometric Titration tech-
nique to determine the C1O, concentration at each time point.
Results for each sample were totaled to determine 48 hour
ClO, production. The CIO, production for both storage times
were substantially equal during both time periods indicating
that the storage for 27 days does not impact the ability of the
sachet to react, as shown below in Table 7.

TABLE 7

Effect of Storage on Reactivity of Media

Day 0 Day 27 % Production on

Hours (Ave mg ClO,) (Ave mg ClO,) Day 27 vs. Day 0
24 23.47 21.52 92%
48 24.15 24.67 102%

Effect of Varying Relative Humidity at 70° F. on Reactivity of
Media

[0046] Sachets were suspended in containers at 70° F. at the
indicated % RH and left for 3 hours. Sachets were moved to
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containers at 70° F. over 5% potassium iodide (KI) solution
(99% RH) for 21 hours and the ClO, captured in the KI
solution. KI Solution was titrated using

[0047] Standard Methods Iodometric Titration technique to
determine the C10, concentration after 21 hours. The results
indicate that the sachets were substantially equally reactive
during the 21 hour time period indicating that the % RH does
not impact the ability of the sachet to react, as shown in Table
8 below.

TABLE 8

Effect of Varying Relative Humidity
at 70° F. on Reactivity of Media

Glatfelter Membrane Glatfelter Membrane
(filter paper/membrane) (filter paper/membrane)
% RH (Ave mg ClO,) (Relative % Conversion)
35 17.54 96.8%
99 18.11 100.0%

Effect of Varying Relative Humidity at 70° F. on Reactivity of
Media

[0048] Sachets were suspended in containers at 70° F. at the
indicated % RH and left for 3 hours. Sachets were moved to
containers at 70° F. over 5% potassium iodide (KI) solution
(99% RH) for 21 hours and the ClO, captured in the KI
solution. The KI Solution was titrated using Standard Meth-
ods Iodometric Titration technique to determine the ClO,
concentration after 21 hours. The results indicate that the
sachets were substantially equally reactive during the 21 hour
time period indicating that the % RH does not impact the
ability of the sachet to react, as shown in Table 9 below.

TABLE 9

Effect of Varying Relative Humidity
at 70° F. on Reactivity of Media

Glatfelter Membrane Glatfelter Membrane
(filter paper/membrane) (filter paper/membrane)
% RH (Ave mg ClO,) (Relative % Conversion)
50 16.85 93.1%
99 18.11 100.0%

Effect of Deliquescent on Reactivity of Media at Varying %
RH

[0049] Sachets were suspended in containers at 70° F. at the
indicated % RH and left for 3 hours. Sachets were moved to
containers at 70° F. over 5% potassium iodide (KI) solution
(99% RH) for 21 hours and the ClO, captured in the KI
solution. KI Solution was titrated using the Standard Methods
Iodometric Titration technique to determine the C10, concen-
tration after 21 hours. The results indicate that the sachets
were significantly more reactive during the 21 hour time
period when a deliquescent (CaCl,) was added to the sachet,
as shown in Table 10 below.
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TABLE 10

Effect of Deliquescent on Reactivity of Media at Varying % RH
Reactivity with Deliquescent

TYVEK ™ % increase
% RH TYVEK ™ & CaCl2 with CaCI2
35.00 6.91 14.00 202%
50.00 5.11 15.01 294%
99.00 8.08 18.08 224%

Effect of Packaging Material on Reactivity of Media at 70° F.
and Varying % RH

[0050] Sachets were suspended in containers at 70° F. at the
indicated % RH and left for 3 hours. Sachets were moved to
containers at 70° F. over 5% potassium iodide (KI) solution
(99% RH) for 21 hours and the ClO, captured in the KI
solution. KI Solution was titrated using the Standard Methods
Iodometric Titration technique to determine the C10, concen-
tration after 21 hours. The results indicate that the sachets
were significantly more reactive during the 21 hour time
period when the Glatfelter paper was used versus porous
polyethylene (TY VEK™) as the sachet membrane, as shown
in Table 11 below.

TABLE 11

Effect of Packaging Material on Reactivity
of Media at 70° F. and Varying % RH
Reactivity Thru Differing Membrane Barriers

% Increased Reactivity
Glatfelter Membrane
(filter paper/membrane)

Y ‘7EK ™
% (Average

Glatfelter Membrane
(filter paper/membrane)

RH mg ClO,) (Average mg ClO,) v. TYVEK ™
35 6.91 17.54 254%
50 5.11 16.85 330%
99 8.08 18.11 224%

[0051] Asshown in Table 12 below, additional testing with
TYVEK at varied relative humidities (e.g., 35%, 50%, and
99%) was conducted to show that the sachet operates inde-
pendent of humidity after 24 hours.

TABLE 12

TYVEK testing at varied relative humidities

% RH TYVEK ™ % of control @ 99% RH
35 6.91 86%
50 5.11 63%
99 8.08 100%
[0052] As reflected in the examples above, a proton-gener-

ating species can be mixed in the same enclosure with an
impregnate comprising a chlorine dioxide precursor impreg-
nated in a porous carrier to form a mixture capable of pro-
ducing chlorine dioxide gas when exposed to a source of
humidity. Further, the examples provide exemplary data
regarding various factors that can be modified to adjust prop-
erties of the mixture and/or the rate at which chlorine dioxide
is produced.

[0053] The compositions and methods of the appended
claims are not limited in scope by the specific compositions
and methods described herein, which are intended as illustra-
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tions of a few aspects of the claims and any compositions and
methods that are functionally equivalent are intended to fall
within the scope of the claims. Various modifications of the
compositions and methods in addition to those shown and
described herein are intended to fall within the scope of the
appended claims. Further, while only certain representative
composition materials and method steps disclosed herein are
specifically described, other combinations of the composition
materials and method steps also are intended to fall within the
scope of the appended claims, even if not specifically recited.
Thus, a combination of steps, elements, components, or con-
stituents may be explicitly mentioned herein; however, other
combinations of steps, elements, components, and constitu-
ents are included, even though not explicitly stated. The term
“comprising” and variations thereof as used herein is used
synonymously with the term “including” and variations
thereof and are open, non-limiting terms. Although the terms
“comprising” and “including” have been used herein to
describe various embodiments, the terms “consisting essen-
tially of” and “consisting of”” can be used in place of “com-
prising” and “including” to provide for more specific embodi-
ments of the invention and are also disclosed.

1. A mixture for producing chlorine dioxide gas provided
in an enclosure, comprising:
an impregnate comprising a chlorine dioxide precursor
impregnated in a porous carrier; and
a proton-generating species;
wherein the impregnate and the proton-generating species
are intermixed to produce a mixture and the mixture is
provided in an enclosure; and
wherein the amount of chlorine dioxide produced in 24
hours when the enclosure is opened after 27 days of
storage is 90% or greater of the amount of chlorine
dioxide produced in 24 hours when the enclosure is
opened after 0 days of storage.
2. A mixture for producing chlorine dioxide gas provided
in an enclosure, comprising:
an impregnate comprising a chlorine dioxide precursor
impregnated in a porous carrier; and
a proton-generating species;
wherein the impregnate and the proton-generating species
are intermixed to produce a mixture and the mixture is
provided in an enclosure; and
wherein the amount of chlorine dioxide produced in 24
hours when the enclosure is opened and exposed to a
temperature of 70° F. and a relative humidity of 50% is
90% or greater of the amount of chlorine dioxide pro-
duced in 24 hours when the enclosure is opened and
exposed to a temperature of 70° F. and a relative humid-
ity of 99%.
3. The mixture according to claim 2, wherein said impreg-
nate is dried to 5% water or less.
4. The mixture according to claim 2, wherein the porous
carrier is zeolite, diatomaceous earth, silica, alumina, porous
polymer, clay, or a mixture thereof.

5. (canceled)
6. The mixture according to claim 2, wherein said impreg-
nate is treated with a base.

7. The mixture according to claim 5, wherein said base is
potassium hydroxide, sodium hydroxide, calcium hydroxide,
or a blend thereof.
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8. The mixture according to claim 2, further comprising a
water-retaining substance selected from the group consisting
of calcium chloride, magnesium sulfate, potassium chloride,
and mixtures thereof.

9. (canceled)

10. The mixture according to claim 8, wherein the water-
retaining substance is impregnated in a porous carrier.

11. The mixture according to claim 2, wherein the chlorine
dioxide precursor is selected from the group consisting of
metal chlorites, metal chlorates, chloric acid, hypochlorous
acid, and mixtures thereof.

12. (canceled)

13. (canceled)

14. (canceled)

15. The mixture according to claim 2, wherein the proton-
generating species is an inorganic acid, an organic acid, or a
salt or mixture thereof.

16. (canceled)

17. The mixture according to claim 2, wherein the proton-
generating species comprises a metal salt selected from the
group consisting of sodium bisulfate, disodium hydrogen
phosphate, ferric chloride, ferric sulfate, CaCl,, ZnSO,,
ZnCl,, CoSO,, Co(Cl,, MnSO,, MnCl,, CuSO,, CuCl,,
MgSO,, sodium acetate, sodium citrate, and mixtures
thereof.

18. (canceled)

19. The mixture according to claim 2, wherein the proton-
generating species is in the form of a powder or crystals.

20. The mixture according to claim 2, wherein the proton-
generating species is impregnated in a porous carrier, and
wherein porous carrier is zeolite, diatomaceous earth, silica,
alumina, porous polymer, clay, or a mixture thereof.

21. (canceled)

22. The mixture according to claim 2, wherein the proton-
generating species is provided in excess of the stoichiometric
amount.

23. The mixture according to claim 2, wherein the enclo-
sure is a humidity-activated sachet and the mixture is
enclosed within a membrane.

24. (canceled)
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25. The mixture according to claim 2, wherein the impreg-
nate comprises sodium chlorite impregnated in a diatoma-
ceous earth carrier and the proton-generating species com-
prises sodium bisulfate.

26. A mixture for producing chlorine dioxide gas provided
in an enclosure, comprising:

an impregnate comprising a chlorine dioxide precursor
impregnated in a porous carrier; and

a proton-generating species;
wherein the impregnate and the proton-generating species

are intermixed to produce a mixture and the mixture is
provided in an enclosure; and

wherein the amount of chlorine dioxide produced in 24
hours when the enclosure is opened and exposed to a
temperature of 70° F. and a relative humidity of 35% is
85% or greater of the amount of chlorine dioxide pro-
duced in 24 hours when the enclosure is opened and
exposed to a temperature of 70° F. and a relative humid-
ity of 99%.

27. The mixture according to claim 26, wherein the amount
of chlorine dioxide produced in 24 hours when the enclosure
is opened and exposed to a temperature of 70° F. and a relative
humidity of 35% is 90% or greater of the amount of chlorine
dioxide produced in 24 hours when the enclosure is opened
and exposed to a temperature of 70° F. and a relative humidity
0f 99%.

28. A method for producing chlorine dioxide gas, compris-
ing the steps of:

providing the mixture in an enclosure according to claim 2;
opening the enclosure.

29. A method of limiting the production of bio-organisms
in a food package, comprising providing the mixture in an
enclosure according to claim 2, and wherein the food package
includes a fruit, a vegetable, or a mixture thereof.

30. (canceled)



