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The present invention relates generally to nethods of using a biocidal
conposition that rel eases chlorine 5 di oxi de upon bei ng acti vat ed.
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hazard to humans. Meier et al. studied the effect of -subchronic and acute

oral adm nistrati oBa@ikgsBhafal 82 +88! Phi&&e fiOxi de, sodiumchlorite and
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hi ghly reactive hypdchisingt e bésuifell composiaiopatidt welefadsest chorine

nut ageni ¢ pot enti alg; o geobpgé ngﬂguggﬁivéggéuding chl ori ne di oxi de and
sodiumchlorite, farled to nduce’ any chronosonal aberrations 25  or

i ncreased numbers of ni EPEREERE AiAxi6e HoMe ) ndSr SwSYPeKieE. oXifhgines et

al. attribute the ragjedti weBgly used as a bleach, disinfectant, fumigant or
deodorizer. It can penetrate the cell wall or membrane
and cytoplasm of mold spores, bacteria and other

10 microbiological contaminants at concentrations below one
part per million and destroy them.

The incorporation of chlorine dioxide or sodium
chlorite in food packaging has prompted studies to
determine whether residual levels of such preservatives

15 result in a significant genetic or carcinogenic hazard
to humans. Meier et al. studied the effect of
subchronic and acute oral administration of chlorine,
chlorine dioxide, sodium chlorite and sodium chlorate on
the induction of chromosomal aberrations and spermhead

20 abnormalities in mice [Environ. Mutagenesis, 7, 201
(1985)]. Only the highly reactive hypochlorite resulted
in a weak positive effect for mutagenic potential. The
other compounds, including chlorine dioxide and sodium
chlorite, failed to induce any chromosomal aberrations

25 or increased numbers of micronuclei in the bone marrow
of mice. Vilagines et al. attribute the relatively
innocuous effect of chlorine dioxide to its inability to
produce halomethanes, unlike hypochlorite and chlorine
[Proc. AWWA Disinfect. Semin., 24 pp. (1977); Chem. 2abs.

30 93, 173513f]. Recently, Richardson et al. reported that
an extensive study of the reaction of chlorine dioxide
with water borne organics by the Environmental
Protection Agency confirmed this observation [Environ.
Sci. Technol., 28, 592 (1994)].
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descri be deodorants containing chlorine dioxide incorporated in a pol yner,

ceram c beads, or calciumsilicate wapped in Bonwoven cloth, 5
respectlvely Cel's that _generate chlorine dioxide for use as topical
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gel containing lactic_acid prior prermet u
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use as topical applications for disinfection are
disclosed by Kenyon et al., Am. J. Vet. Res., 45(5),
1101 (1986). Chlorine dioxide generating gels are
generally formed by mixing a gel éontaining suspended

10 sodium chlorite with a gel containing lactic acid
immediately prior to use to avoid premature chlorine
dioxide release. Chlorine dioxide relea31ng gels have
also been used in food preservatlon

Encapsulation processes have also been used in

15 preparing sources of chlorine dioxide. Canadian Patent
No. 959,238 describes generation of chlorine dioxide by
separately encapsulating sodium chlorite and lactic acid
in polyvinyl alcohol and mixing the capsules with water
to produce chlorine dioxide.

20 Tice et al., U.S. Patent No. 4,585,482 describe
gradual hydrolysis of alternatlng poly(vinyl methyl
ether-ma1e1¢ anhydride) or poly(lactic-glycolic acid) to
generate acid that can release chlorine dioxide from
sodium chlorite. A polyalcohol humectant and water are

25 “encapsulated with the polyanhydride or polyvacid in a
nylon coating. After sodium chlorite is diffused into
the capsule through the nylon wall, an impermeable
polystyrene layer is coacervated around the nylon
capsule. Solvents are required for reaction and

30 application of the capsules. The capsules can be coated
onto surfaces to release chlorine dioxide. Although the
capsules are said to provide biocidal action for several
days to months, chlorine dioxide release begins
immediately after the capsules are prepared. The

35 batchwise process used to prepare the capsules also
involves numerous chemical ;eactions and physical



15 _preparing sources of chlorine dioxide. Canadian Patent No. 959,238
describes generation of chlorine dioxide by separately encapsul ating sodi um
chlorite and lactic acid in polyvinyl alcohol and m xing the capsules with

wat er to produce chlorine dioxide. 20 Tice et al., U S. Patent No.
4,585, 482 descri be gradual hydrolysis of alternatin ol y(vi

et her - nal ei ¢ ¥RAREPT8e) or pol y(lactic-glycolic acig)ptoyéeng¥§p55§@¥hzthat
can rel ease chlorine dioxide fromsodiumchlorite. A polyal cohol hunectant
and water are 25 encapsul ated with the pol yanhydride or polyacid in a
nyl on coating. After sodiumchlorite is diffuged into the capsul e through
the nylon wall, an inperneable polystyrene |ayer is coacervated around the

nyl on capsul e. Sol pentesaes,requérefl wiaich etrrtdlore nyi3enmensppl diapoonl of
the capsules. The %ggighgg can be coated onto surfaces to rel ease chlorine
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only FDA approved substances, or those generall
recognized as safe, is particularly needed for food
packaging and other applications where the substances
can be. ingested by or in contact with humans.

10 Summary of the Invention
Among the objects of the invention, therefore, may

be noted the provision of a composition that releases a
concentration of chlorine dioxide sufficient to
eliminate bacteria, fungi, molds and viruses; the

15 provision of such a composition that releases such
chlorine dioxide concentrations after activation for a
period of up to several months; the provision of such a
composition that can be easily blended with other
ingredients prior to application; the provision of such

20 a composition that increases the release rate of
chlorine dioxide in proportion to increased temperature
which promotes mold and bacteria growth; the provision
of such a composition that only releases substances
approved for human exposure or ingestion; and the

25 provision of an inexpensive composition that does not
adversely affect the appearance cr mechanical properties
of a substrate to which it is applied.

The present invention is directed to a method of

retarding bacterial, fungal, and viral contamination and

30 growth of molds on the surface of a material and/or
deodorizing the material by exposing a surface of a
material to a composite that does not release chlorine
dioxide in the absence of moisture, and exposing the
surface to moisture to release chlorine dioxide from the

35 composite into the atmosphere surrounding the material
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Another embodiment of the present invention is
directed to method of inhibiting fungal infection and
10 growth on a surface of a human foot or fingernail by
contacting a surface of a human foot, a human fingernail
or an artificial fingerndil with a composite that does
not release chlorine dioxide in the absence of moisture,
and exposing the surface to moisture to release chlorine
15 dioxide from the composite into the atmosphere
surrounding the surface to inhibit fungal infection and
growth on the surface. _
Another embodiment of the invention is directed to
a method of retarding bacterial, fungal, and viral
20 contamination and growth of molds on a surface of meat,
poultry or seafood by exposing a surface of meat,
poultry or seafood to a composite which does not release
chlorine dioxide in the absence of moisture, and
exposing the composite to moisture to release chlorine
25 dioxide from the composite into the atmosﬁhere
surrounding the surface of the meat, poultry or seafood
to reduce bacterial, fungal, and viral contamination and
growth of molds on the surface and within the meat,
poultry or seafood.
3Q Another embodiment of the invention is directed to
a method for retarding mycotic growth on seeds by
exposing a surface of a seed to a composite that does
not release chlorine dioxide in the absence of moisture,
planting the seed in soil after the seed has been
35 exposed to the composite, and exposing the composite to
mois;ure to release chlorine dioxide from the composite



The. present invention is directed to a nethod of retarding bacterial,
fungal, and viral contam nation and 30 growm h of nolds on the surface of
a material and/or deodorizing the material by exposing a surface of a
material to a conposite that does not release chlorine dioxide in the
absence of noisture, and exposing.the surface to noisture to rel ease
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rel ease chl orine chlorine dlox1de in the absence of moisture, and
exposing the carpeting to moisture to release chlorine
dioxide from the composite into the atmosphere
surrounding the carpeting to deodorize the carpeting.

10 Yet another embodiment of the invention is a method
of sterilizing a medical device, instrument or supply by
applying a first composition to an outer surface of a
first component, the first composition being inert in
the absence of moisture, applying a second composition

15 to an inner surface of a second component, the second
composition being inert in the absence of moisture, and
contacting the first and second compositions on the
surfaces of the first and second components to form a
composite. When the composite is exposed to moisture,

20 the release of chlorine dioxide is initiated from the
composite into the atmbsphere surrounding the medical
device, instrument or supply to sterilize the medical
device, instrument or supply.

Other objects and advantages of the invention will

25 be apparent from the following detailed description.

Brief Description of the Drawings

FIG. 1 is a schematic that illustrates conversion
of an amine precursor to an iminium chlorite;

FIG. 2 illustrates hydrolysis of an acid anhydride

30 in a hydrophobic phase and migration of hydronium ion to

the iminium chlorite to release chlorine dioxide gas;

FIGS. 3a, 3b and 3c are echematics of multilayered
composites for providing sustained release of chlorine
dioxide;



15 di oxide fromthe conposite into the atnosphere surrounding the
surface to inhibit fungal infection and growth on the surface. Another
enbodi ment of the invention is directed to a nethod of retardi ng bacterial,
fungal, and viral 20 contam nation and growm h of nolds on a surface of

nmeat , poultry Wb o38dpp0d by exposing a surface of meat, poul t pgrRkssaRsf200d
to a conposite which does not release chlorine dioxide in the absence of

noi sture, and exposing the conposite to noisture to rel ease chlori.ne 25
di oxide fromthe conposite into the atnnsphere surroundlng t he surface of
the neat, poultry or seafood to reduce bacterl , fungal, and viral

contam naton_and o Sut gl PLE oniecat Fﬁsﬁe—%?’d%%{‘# FSNRE aces

directed to a nEthOﬂOfoseVQﬁ&&(DQKﬁQQﬂQNND@SQEQWOH,OH seeds by exposing a

surface of a seed to a CPI’?’OSS s P P1A0RE Eﬁ&o'&%@a&f‘oﬁﬁé’rfé!@eﬂé%a@%s‘ n
t he absence of noisture B antlng t he seed in soil after the seed has been

35 exposed to t hE®E ing the conposite to noisture to
rel ease chl ori Be di oxi deF:tG.onS tie & @imas iofe chloWin8648820fe release rates

PCT/ US96/ 09202 5 in relation to atmospheric temperature and humidity;
| FIG. 7 is a plot of chlorine dioxide release rates
for a layered composite;
FIGS. 8 and 9 are plots of chlorine dioxide release
10 rates in relation to atmospheric temperature and
humidity; FIG. 10 is a plot of maximum chlorine
dioxide concentration as a function of leakage from a
container; and '
FIG. 11 is a plot of chlorine dioxide concentration
15 as a function of time.

Detailed Description of the Preferred Embodiments
In accordance with the present invention, it has

been discovered that sustained release of chlorine
dioxide can be generated from a composite containing

20 chlorite anions when the éomposite is exposed to
moisture. The composite comprises a hydrophilic
material and a hydrophobic material. The composite may
be, for example, a dispersion composed of hydrophilic
and hydrophobic phases, or a mechanical combination of

25 the hydrophilic and hydrophobic materials, such as
powders and adjacent films. The powder has a
hydrophobic core embedded with chlorite containing
particles. Adjacent films comprise separate layers of

) the hydrophilic or hydrophobic materials.

30 Preferably, the composite comprises between about
5.0 wt.% and about 95 wt.% hydrophilic material and
between about 5.0 wt.% and about 95 wt.% hydrophobic
material, more preferably between about 15 wt.% and
about 95 wt.% hydrophilic material and between about 15

35 wt.% and about 95 wt.% hydrophobic material. If the
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the dispersed phase constitutes between about 5 wt.% and
about 50 wt.¥% of the dispersion. |

10 The hydrophobic material of the composite can be
composed entirely of an acid releasing agent or can
comprise the acid releasing agent in combination with a
diluent and/or a plasticizer. Any acid releasing agent
that is capable of being hydrolyzed by ambient moisture

15 is acceptable for purposes of the present invention.
Preferably, the acid releasing agent does not react with
the hydrophilic material, and does not exude or extract
into the environment. The hydrophobic material
comprises between about 10 wt.$% and about 100 wt.% of

20 the acid releasing agent, up to about 80 wt.% diluent,
and up to about 60 wt.% plasticizer, and preferably,
between about 40 wt.% and about 100 wt.% of the acid
releasing agent, between about 20 wt.% and about 80 wt.%
diluent, and up to about 20 wt.% plasticizer.

25 The hydrophilic material of the composite can be
composed entirely of a source of chlorite anions or can
comprise the chlorite anion source in combination with
another hydrophilic material. The hydrophilic material
preferably contains an amine, amide or an alcochol, or a

30 compound containing amino, amido or hydroxyl moieties
and having a high hydrogen bonding density. A source of
chlorite anions is incorporated in the hydrophilic
material and preferably constitutes between about 2 wt.$%
and about 40 wt.% of the hydrophilic material in the

35 form of chlorite anions and counterions, and more
preferably, between about 8 wt.% and about 10 wt.% of
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FIGS. 3a, 3b and 3c are schematics of nultilayered conposites for providing
sustai ned rel ease of chlorine dioxide; WD 96/ 39200

PCT/ US96/ 0920 VR0 4 is a pl ot of chlorine dioxide r el eas€ FAIRYOPEH
several powder conpositions; FIG 5 is a plot of chlorine dioxide, release
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of tine. composite will include chlorite anions and counterions.

5 However if the hydrophilic material is an amine and the
chlorite source is chlorine dioxide gas, the chlorine
dioxide reacts with the amine to form iminium chlorite
in situ, if the oxidation potential of the amine is
sufficiently low for the amine to be oxidized.

10 It has been found that the acid releasing agent
within the hydrophobic material is hydrolyzed by
adsorbed moisture, releasing acid and hydronium ions
that diffuse from the hydrophobic material to the
hydrophilic material containing chlorite anions. The

15 hydronium ions react with the chlorite anions in the
hydrophilic material, releasing chlorine dioxide gas
that diffuses out of the composite into the surrounding
atmosphere for a period of up to about six months in
order to prevent the growth of bacteria, molds, fungi

20 and viruses on a treated surface.

The hydrophobic and hydrophilic materials are ,
substantially free of water to avoid significant release
of chlorine dioxide prior to use of the composite. For

- purposes of the present invention, a hydrophilic

25  material, a hydrophobic mhterial, or a dispersion
thereof is substantially free of water if the amount of
water in the composite_does'not provide a pathway for
transmission of hydronium ions from the hydrophobic
material to the hydrophilic material. Generally, each

30 of the hydrophilic and hydrophobic materials can include
up to about 0.1 wt.% water without providing such a
pathway for interdiffusion between the materials.
Preferably, each material contains less than about 1.0 X
10?7 wt.% water, and, more preferably, between about 1 X

35. 107 wt.% and about 1 X 10 wt.% water. Insubstantial
amounts of water can hydrolyze a portion of the acid



Det ail ed Description of the Preferred Enbodi nents In accordance with the
present invention, it has been discovered that sustained rel ease of

chl ori ne di oxi de can be generated froma conposite containing 20

chlorite ani ons when the conposite is exposed to noisture. The conposite
conprises a hydrophilic material and a hydrophobic material. The conposite
may be, for &u@b§isdes a di spersion conposed of hydrophilic angciusbsapieebi c
phases, or a mechanical conbination of 25 t he hydrophilic and

hydr ophobi ¢ materials, such as powders and adjacent filns. The powder has a
hydr ophobi ¢ core enbedded with chlorite contajining particles. Adjacent
films conprise separate l-ayers of the hydroph?lic or hydrophobic materi al s.

30 Prefera co si,te rises.he about 5.0 . % and
about 95 wt. % hydrIg%)##{c}?%aaf%é?‘%aIt?aﬁggggfﬁegﬁlgbéﬁge%ﬁp%}% alr?d'l\g[about 95
Wt . % hydr ophobi ¢ et driml therstaanasditer-abMpepbydeenivbolens s hawewemd dgbout
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PCT/ US96/ 09202 7 cohpostaesy slsatp%'eeér?&’:\s/\i?&%?tEFPﬁgPrFra?ErF‘%ﬁ‘r%’éﬂ}F‘? o MSthe
cont isnuous- phase. The cBm ichimwiyshasdonsngeneraddy do not react with the
hydrophilic material, but are surrounded by hydrogen
bonds contributed by the nitrogen or hydroxide within
the hydrophilic material. Suitable chlorite sources
that can be incorporated into the composite of the
10 present invention include alkali metal chlorites such as
sodium chlorite or potassium chlorite, alkaline-earth
metal chlorites such as calcium chlorite, or chlorite
salts of a transition metal ion or a protonated primary,
secondary, tertiary or quaternary amine. Many chlorite
15 sources, such as sodium chlorite, are stable at
processing temperatures in excess of about 100 °C,
allowing for processing at relatively high temperatures.

FIG. 1 illustrates preparation of a composite
containing iminium chlorite. The amine hydrophilic

20 material is in contact with a hydrophobic acid releasing
agent (both hydrolyzed P-0-Si and maleic anhydride are
shown in FIG. 1). Chlorine dioxide (Cl0,) is reduced'by
extrécting an electron from the amine, forming an
aminium radical cation (not shown) and a chlorite

25 counterion (Cl0,"}). The aminium cation quickly converts
to an iminium cation by loss of a proton from an
adjacent carbon atom and oxidation by another chlorine
dioxide molecule. The mechanism for above reaction in
an aqueous system is described by Rosenbatt et al., dJ.

30 Org. Chem., 28, 2790 (1963); J. Amer. Chem. Soc. 83(5),
1158, 1163 (1967).

High chlorine dioxide to chlorite conversions are
obtained if the chlorite anion and/or iminium cation
that is generated by the initial electron transfer from

35 the amine are rapidly complexed and stabilized by a |
hydrophilié molecule. In some formulations, uncomplexed



bet ween about 15 wt. % and about 95 wt.% of the dispersion and the di spersed
phase constitutes between 5 about 5 wt.% and about 85 wt.% of the

di spersion, and preferably, the continuous phase constitutes between about
50 wt. % and about 95 wt. % of the dispersion and the di spersed phase
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FIG. 2 illustrates the mechanism for release of
10 chlorine dioxide from iminium chlorite when moisture
contacts the composite. Hydrolysis of the acid
releasing agent provides hydronium cations (H;0) that
react with iminium chlorite to release chlorine dioxide
gas. The decomposition products of the reaction are an

15 aminium cation (shown as “~~"¥2' in FIG. 2), a

carboxylate (CO0-, not shown in FIG. 2), and Cl-. These
products are retained within the'composite.
It has been found that, in some instances, iminium
chlorite may decompose if the composite is exposed to
20 temperatures exceeding about 60 °C, reducing the
available chlorite concentration for conversion to
chlorine dioxide. 1In order to maximize chlorine dioxide
release from the composite, it has been discovered that
the chlorite source can be omitted from the composite
25 until the composite is applied to a surface when the
hydrophilic material in the composite is an amine.
After application, the composite is exposed to chlorine
dioxide gas that either reacts with the amine to form
iminium chlorite in situ or dissolves in the amine to
30 provide chlorite anions. The composite is then
activated in the presence of moisture to release
chlorine dioxide. This method enables the composite to
be exposed to elevated temperatures during processing,
storage and application as compared to the temperatures
35 at which the iminium chlorite decomposes, because the



30 conmpound contai ni ng am no, am do or hydroxyl noieties and having a

hi gh hydrogen bondi ng density. A source of chlorite anions is.incorporated
in the hydrophilic material. and preferably constitutes between about 2 wt. %"
and about 40 wt.% of the hydrophilic material in the 35 formof chlorite

ani ons and co and nore preferably, between about 8 wt_. % and about
10 wt. % of %%6)6%520 PCT/US96/09202

PCT/ US96/ 09202 8 the hydrophilic material. Wien the chlorite source is a
chlorite salt, the salt dissociates i.n the hydrophilic material such that
the hydrophilic material in the conposite wlliinclude chlorite anions and
counterions. 5 However 'if the hydrophilic nmaterial is an am ne and the
chlorite source i s bhvepheliic ordtierips dadwe notl conteidi tminkumecttleritig h

the amne to formiginhn CRIGEILS ddicid U drle baerBHl daLhop g0t catd al of

the amne is sufficientl gEFOMI or am ne to be ox |t

has been found that PERB2LEFR ?%}%%Eﬁrﬂfzﬁﬂ%ﬂr¥HQ:ﬂlﬁxﬂﬁé AyeRopR®bi ¢
material is hydrol yzenipbyitesordislbomiries tdirexidee lcaas begpaeviided domysH waisym

o v oy S5 PESLRE T SORBBL bl Lo chaBe N gRlLag et
chlorite anions in gRBerator. _ .

Conventional chlorine dioxide generators generate

an atmosphere of chlorine dioxide that is saturated with
- water. Chlorine dioxide that comes into contact with
10 the composite of the invention must first be dissolved

into a material that does not absorb water such as a low
melting hydrocarbon wax or chlorohydrocarbon wax.
Alternatively, chlorine dioxide is dried with a
desiccant. Chlorine dioxide is thus delivered from a

15 wet industrial process into the composite without

' exposing the composite to water.

In order for an amine to form iminium chlorite in
neat form or in the presence of a plasticizer, the amine
must be sufficiently electron rich and the amine

20 nitrogen must be locally mobile. Electron withdrawing
groups should be separated from the amine center by at
least two methylene groups in order for the chlorine
dioxide to extract an electron from the amine. Movement
of the bonds about the nitrogen center of the amine is

25 required for aminium formation. If the amine is frozen
into a glassy matrix, the amine nitrogen will not be
mobile and the amine will not convert to iminium
chlorite. A glassy amine can be softened to increase
mobility by adding at least about 10 wt.% of a

30 plasticizer, such as a low molecular weight amide, to
the amine to lower glass transition temperature below
the reaction temperature. Other suitable plasticizers

 are well known in the polymer art.

The rate of chlorine dioxide release from a

35 composite can be altered by changing the viscosity of
the hydrophilic and hydrophobic materials, changing the



_ hydrophiIic material, releasing chlorine dioxide gas that diffuses out of
t he -conposite into the surroundi ng at nbsphere for a period of up to about

six nmonths.in order to prevent the growh of bacteria, nolds, fungi 20

and viruses on a treated surface. The hydrophobic and hydrophilic materials
are substanti W0 96/32ae of water to avoid significant rel ease raff/ushémzone

di oxi de prior to use of the conposite. For purposes of the present

i nvention, a hydrophilic 25 material, a hydrophobic nmaterial, or a

di spersion thereof is substantially free of er if the amount of water in
t he conposite does not provide a pathway for transm ssion of hydroniumions

fromthe hydrODhObliEsFEE'QibﬁilthQ dhaHy HeRBbhi ¢ i FRLRKT Byard@iad | v, each

30 of the hydro rophobhi.c materials can_include up to about

0.1 w. % wat er mﬁtﬁBEFrb?€§fd? §§eb§FWR§§aFHFe|ﬂFe? fF YR BH Yet ween
the materials. Pretbaaging EhehcmnnGHUnﬂtymnnbﬁlaSLHeseleésﬁng&Egﬁntlﬁh X

10ferr] wt. %Waterthgn iséftg Y % R2eReRe BV hurdect st to tHor!]
10[ err Avva ter .

wt . % and about 1 X nsubst ant |a anounts of water can
hydrol yze a pérti oROBPOBRES akP (FONtIR3 Gisleeseoof chlorine dioxide from
PCT/ US96/ 09202 9 r eheasomgosieatonse prrodisc expoisédand fhylsom ¢ nadwoNs

changing the volume fractions of the hydrophilic and
hydrophobic materials to produce continuous or discrete °
phases within a dispersion.

i0 Maximum chlorine dioxide release from a composite
can also be achieved by stabilizing the chlorite anion.
Iminium chlorite is unstable to nucleophilic attack by
the chlorite anion. It has been discovered that the
room temperature lifetime of chlorite anion is

15 substantially extended when a strong base, such as a
metal alkoxide, is present in the hydrophilic material
containing the iminium chlorite. The mechanism of
alkoxide stabilization of the chlorite counterion is
shown below.

R"ONa
20 [ R'yN=CRy; J° C€10," ———s R',N-CR,-OR" =+ NaClO,

wherein R’, and R, are groups that correspond to those of
the selected amine and R’ is an alkyl or hydrogen group.
In the absence of water, the iminium ion is immediately
decomposed into an G-amino ether and a more stable

25 sodium chlorite salt. If water is present during the
oxidation of the tertiary amine, an unstable o-amino
alcohol is formed that can attack the chlorite anion
unless the chlorite anion has been effectively complexed
by the hydrophilic solvent. Addition of water after

30  solvation of the chlorite ion is not as deleterious.

Acceptable strong bases for use in stabilizing the

chlorite include metal alkoxides such as sodium,
potassium or calcium methoxides, ethoxides, propoxides
or butoxides, metal oxides such as aluminum oxide, or



within the conposite. The hydroniumions, however, do not diffuse into the
hydrophilic material until enough free water is present for transport of
hydroni umions. 5 The chlorite anions generally do not react with
the hydrophilic material, but are surrounded by hydrogen bonds contributed
by the nitrogen or hydroxide within the hydrophilic material. Suitable
chlorite sourWeSsEAEP can be incorporated into the conpositePEFUEHO9%
present invention include alkali netal chlorites such as sodiumchlorite or
potassiumchlorite, alkaline-earth metal chlorites such as cal cium
chlorite, or chlorite salts of a transition nefal ion or a protonated
primary, secondary, tertiary or quaternary amne. Many chlorite 15
sour ces, f sugh as seddfnmchkids  aretatle isinabl euah pesoNessitng aléyieaatmonésmi n
excess of about 10Q_ feLrle gl | f :QCessk E | hi gh
t enper at ures. FIG.QT ?%I%ét?aI%%M%ggbéggfggﬁﬁbgagggo%%oé?%gi%%ﬁégjning
i mini um chlorite. FRELARPRESHTRIFHHIFIUDECELatE o FRRFCHEUTRA RFRERS th a
hygrgphgbl c aCIﬁ re!r_eaﬁlélag ﬂ%)@é&ié(b?tﬁhdtywdcfﬂlﬁzgénBr@t& aastirong ehasic
anhydri de are_shown _in . r.ine .di_oxj de eLk] ).is: reduced by
extratting an 5eI ecfﬁaﬁtf‘?ﬁmt?h%t%%yﬁgt,ﬂ glrlrﬁ n egnc(ae%tﬁgfuéngr%m%ﬁﬁcat I on
(not shown) and a chilorite.25 ~counterion (A err]-). The am nium
gg_t ; on gw cklby CO{‘VertSéﬁoaaﬂ dtif'&ﬁthﬁm@aﬂdt%”ri@l :c@%_%aQﬁiﬁgpé.Ot@ﬁtiéﬁn an
j acent carbon atom.an xidation anot,her, otJ ne, di oxi nok ec -
The mechani sm for 28408 #g&@??ﬁ%f 136acrylam1é§}, N-metgy?acggamlég éﬂf
urea, an o-amino ether and chlorite salt is formed when
10 the iminium chlorite is stabilized. Any monomeric or
oligomeric amide substituced plasticizer, such as '
succinamide, formamide, or N-methyl formamide, can be
substituted for N-methylacetamide in order to soften the
amine. Formamide and N-methyl formamide are toxic and
15 would not b
I

contact.

e preferred in applications involving human

f the amine center is sufficiently mobile,
the addition of a plasticizer is unnecessary. Urea
improves the chlorine dioxide uptake and release
efficiency of the hydrophilic material because it has a

20 high hydrogen bonding density and will not react with
the acid releasing agent. Compounds having a high amide
concentration can also be used to improve hydrophilic
material efficiency. Preferably, the composite
comprises between about 5 wt.% and about 95 wt.% of the

25 hydrophilic material and between about 5 wt.% and about
95 wt.% of the hydrophobic material. The hydrophilic
materiazl comprises between about 5 to about 30 wt.% of
an amine and between about 70 and about 95 wt.% of a
hydrophilic solvent including between about 35 and about

30 55 wt.% urea, between about 35 wt.% and about 55 wt.%
plasticizer and about 10 wt.% base. It has been found
that not more than about 0.5 moles of chlorine dioxide
per mole of amine should be added to the hydrophilic
material or the stability of the material could be

35 compromised.



an aqueous systemis descri.bed by Rosenbatt et al., J. 30 O g. Chem,

28, 2790 (1963); J. Amer. Chem  Soc. 89(5), 1158, 1163 (1967). High
chlorine dioxide to chlorite conversions are obtained if the chlorite anion
and/or imniumcation that is generated by the initial electron transfer

from 35 t hegayd re rapidly conpl exed and stabilized by g Felel TG
nol ecule. In sone Pgﬁﬁulatlons unconpl et ed WD 96/ 39200 cRARSARH:

PCT/ US96/ 09202 10 chlorite anion nay be depl eted by subsequent regctions
with the imniumcounterion at tenperatures above about 60 [err]C

Chlorites are al so subject. to disproportionatildn into chlorlde and
chlorate. An amine with preferred bec 'W%Ee reacts nore

rapidly with chlorine d|€§?%é&%§ﬁgéﬂﬁQ?§a§°§ H5Pea8f FRE] Qﬁ%ﬁ? si nk,
mai nt ai ni ng the basmatpthabqpn¢lnﬂé(ﬁonmwmudeteacnylama@e+|ty FIG 2

[ lustrates the meohgsbaght fhehplfRsk Oleckymett! B! Boplirdd Srd om

imniumchlorite wh ure_contacts osit ysis of the
aci d rel easi ng agenBCEY b3PHIR - FSRRXARYIIAEAE Pﬁ‘ﬁge( HFE@r‘]’@Oinﬁ%&rsr efct with

i m nium chl ori e toatetantdel Didpropitlaorytagdde dPENRaRETIREldrieon

products of the reaB&EQQr@iEhfﬁb and a primary amine or a secondary amine.
Such amides can be useful vehicles for film casting
prior to exposure to chlorine dioxide, which does not
react with polymerizable, electron deficient alkenes

10  such as acrylamide.

Suitable amines for use as the hydrophilic material
include primary amines, secondary amines, and tertiary
amines having pendant hydrogen bonding groups. An amine
substituted with electron donating groups that donate

15 electrons to convert-chlorine dioxide to chlorite 1is
preferred. Electron withdrawing groups concentrate
electron density at such groups such that it is
difficult for the chlorine dioxide to extract an
electron from the amine. ' Tertiary amines having non-

20 - hydrogen bonding pendant groups that are dissolved in a
hydrophilic solvent are also acceptable. Representative
amines include: alkanolamines; copolymers of
aminoalkanes and alkene bisacryiamides;
alkylaminopyridine; alkene diamines; alkylamino

25 cycloalkanes; alkylamino-carboxyamido alkanes dissolved
in a diluent; amines having the formula R, NH,;
R,R,NCH,CH,C (O)NH,; solubilized N(CH2CH,OH), H,,

RyN (NCH,CH,C (O)NH,};, (CH,),N(CH,) ,N(CH,),,
RsR,N (CH,) ,NHC (O) NH,,

. [ﬂ‘—CHa-—Cﬂz—-lC!—-NH}CHz
30 N(CH:CHzNHC(O)NHz)g, 2 ¢ O

0 0
{ 1 / \
NH=—C CH_) sNH=—~ CH,CH,C—NHCH,NHCCH,CH, HN . NH
n \—/ H



15 am nium cation (shown as [err] in FIG 2), a carboxylate (COO, not
showmn in FIG 2), and (err]. These products are retained within the
conposite. It has been found that, in some instances, imniumchlorite may
deconpose if the conposite is exposed to 20 t enper at ures exceedi ng about
60 [err]C, reducing the available chlorite concentration for conversion to
chl orine di oxiwe.9skmeor der to maxi m ze chl ori ne di oxi de r el eapeTfuseseszine
conposite, it has been discovered that the chlorite source can be omtted

fromthe conposite 25 until the conposite is applied to a surface when
the hydrophilic material in the conposite is am ne. After application,
the conposite is exposed to chlorine dioxide that either reacts with

the amine to formimniumchlorite in situ ?L_QFssolves in the amne to 30
provide chlorite anions. The coppas¢ée,,is s hemwacddnysd-ednj n the presence
of noisture to release chlorine dioxide. Th\s_wet hod enabl es; t he conposite
to be .exposed to el evated tenperatures during processing, storage and

application as conpared to the tenpergjures 35 at which the imnium
chl orite deconposes, because t

e 'WQ 96/ 39200
PCT/ US96/ 09202 11 hydrophi | i ¢ TetEFqr “adbs (bR <6meat s 5fmymi um chl ori te

m; or -

H_N

N
o}_ "\

HoN

wherein: R substituents are,

independently, -{(CH,CH,0),H,
5 -C(CH,;),(CH,),0H, -{CH,) NH(CH,CH,0),H, -CH(CH,),,

_CCHgna_N =={CHZJ s—N NH
C. \—/ , alkyl, cycloalkyl,

benzyl, acrylamide, or pyridvl; R;, R;, Rs, and Rg are
alkyl; R; is straight chain C¢ to C;, alkyl; R, is
cycloalkyl or benzyl; m is 1-100; n is 2 or 3; x is 0, 1

10 or 2; vy is 1 or 2; and z is 1-6. Generally, the above
compounds can be solubilized in formamide,
isopropylacrylamide-acrylamide or other conventional
plasticizers.

Preferred amines include monoethanolamine,

15 diethanolamine, triethanolamine, a copolymer of 1,3-
diaminopropane or 1,2-diaminocethane and N,N-methylene
bisacrylamide, 4-dimethylaminopyridine, tetramethylene
ethylene diamine, N,N-dimethylamino cyclohexane,
solubilized 1-(N-dipropylamino) ~-2-carboxyamido ethane or

20 1-(N-dimethylamino)-2-carboxyamido ethane, a primary
amine having the formula R,NH,, a secondary amine having
the formula R,R;NH, N(CH,CH,OH)j,



or any chlorite anions. The method also precludes premature rel ease of

chl orine dioxide fromthe conposi te. Chlorine dioxide can be provided on
site by 5 passi ng the conposite through a chlorine dioxi de generator.
Conventional chlorine dioxide generators generate an atnosphere of chlorine
di oxi de t hat ated with water. Chlorine dioxide that %ﬁ% '

contact with }%ﬁﬁ#‘i}e conposite of the invention nust first be |9§I£%szed
ilnto a material that does not absorb water such as a |ow nelting

hydr ocar bon wax or chl orohydrocarbon wax. Alternatively, chlorine dioxide

is dried with a desiccant. Chlorine dioxide i¥6thus delivered froma 15
wet industrial process into the conposite vm'thout exposing the conposite to

water. In order for an amine to formi i ytoxite in neat formor in
the presence of a plasticizer, the an ne Nbe s iciently electron rich
and the anmine 20 ni trogen must be | ocal I'ECtI'OI’l wi t hdr awi ng
groups shoul d be separated fronyttg am ne center by at b two net hyl ene
groups in order for the chlori d| B%i de to extract an e,l,ectron fromthe
am ne. Movenent of the bonds ab thei ni trogen center ?)f theiamne is 25
required for amniumformation. |If the amne is frozen into a gl assy '
matrix, the amne nitrogen will not be nobile and the amne wll not

convert to imniumchlorite. A glassy am ne _can be softened to increase
HoN—C CHy) 3—N N—(C CHy) 5—NH,
A V4

.
7

solubilized NRGRGR,, (CH,),NCH,CH,N(CH,),, RyRyNCH,CH,C (O}NH,,
RION (NCHZCHZC (o) NH: ) 2r R11R12N (CHZ ) 3NHC(O) NHZ ’
5 N (CH,CH,NHC (O} NH, ) ;,

0
» Ll
[n,-—cn,—cua—c—uu CH,
: 2

0 0
' | |
-(NH-—C CsznNH—-CHaCHzC—_NHCHaNH'CCHZCHz
’ n

. or
I
-écn,cﬂ%c—w—cuzcnzcnzn-—ccn,;2»'
. ’ m 1
wherein: R, is -CH,CH,OCH,CH,0H, -C (CH,),CH,0H,
—CCHz) ;=N >
10 -CHzCHzNHCHzCHzOH, -CH‘CH3)21 “‘CH2CH20H, s OX

—CCHy) =--.M NH
/

; R, and Ry are, independently, hexyl,

benzyl, n-propyl, isopropyl, cyclohexyl, acrylamide, or
~CH,CH,0H; R, is cyclohexyl or benzyl; Rs and R, are
methyl; R, is cyclohexyl or 4-pyridyl; R, and R, are,

15 independently, methyl, n-propyl or isopropyl; R;, is n-
C¢H,; or n-C,;H,;; R;; and R,, are, independently, methyl,

*



mobi lity by adding at |east about 10 wt.% of a 30 pl asticizer, such as a
| ow nol ecul ar wei ght am de, to the amine to | ower glass transition
tenperature bel ow the reaction tenperature. Qther suitable plasticizers are
wel |l known in the polymer art. The rate of chlorine dioxide release froma
35 conposite can be altered by changing the viscosity of the hydrophilic
and hydr ophobiywg s5&i96d al s, changi ng the WO 96/ 39200 PCT/US96/09202

PCT/ US96/ 09202 12 dlsper3|b|I|ty of the hydrophilic and hydrophobic
materials, changing the tenperature of the conposite, changing the
concentration of acid releasing agent in the conp05|te addi ng a desi ccant
or hunectant to the 5 conposite to control el ease of chlorine dioxide

fromthe conposite S exp osed.to noistu cha the vol
fracti ons of the hyAHSh M-PLaRY Lot SERBEPRY kit 151 Caes, cdon' T £8°
continuous or discridils gndses i@ Bhiom 3.di Spetabdba. dinents inclvge num

chlorine dioxide reécﬁ%%@nﬂdé)@raa@:maﬁhaé saapa&ﬁpl b@cﬁﬂ*’&nﬁ\&d by
stab|f|2|ng t he chlqute ani on. gén um, ch Ite Is unstable

nucl eophi | i ¢ at t acOXFFIE 36h 5 PPEYRRT Of. s??oﬂ‘é%%ewrb‘?%&w‘é’reé:&efihﬁf’ t he
room t enper at s e | idetylamicle substitetedi bartsary amines by Michael

reaction with acrylamides are also suitable because the
amide gfoup does not react with the acid releésing
agent. |

Hydroxylic compounds, including ethylene glycol,

10 glycerin, methanol, ethanol, methoxyethanol,
ethoxyethanol or other alcohols, can be used as the
hydrophilic material. However, chlorine dioxide release
can occur very rapidly when a hydroxylic compound is
incorporated in the composite and can limit the

15 applications for such composites to rapid chlorine
dioxide releasing systems.

Suitable acid releasing agents include carboxylic
acids, esters, anhydrides, acyl halides, phosphoric
acid, phosphate esters, trimethylsilyl phosphate esters,

20 dialkyl phosphates, sulfonic acid, a sulfonic acid
esters, sulfonic acid chlorides, and phosphosilanes of
glycerol based esters. Examples of such acid releasing
agents include an anhydride or phosphate ester blended
with or grafted to polypropylene, polyethylene or

25 polystyrene, or trimethylsilyl phosphate esters of the
- formulae
—E -
I__B‘\o}/—/
o/ %‘ o_ /
szx\ S
—51-0 O —51-0 O



15 substantially extended when a strong base, such as a netal al koxi de,
Is present in the hydrophilic nmaterial containing the imniumchlorite. The
nmechani sm of al koxi de stabilization of the chlorite counterion is shown
below. [err] wherein Rlerr] and Rerr] are groups that correspond to those

of the sel ect agoagnoae and Rlerr] is an alkyl or hydrogen groUyerniddebddfs
absence of water, the imniumion is imedi ately deconposed into an a-am no

ether and a nore stable 25 sodiumchlorite salt. |If water is present
during the oxidation of the tertiary amine, an unstable a-amino al cohol is
formed that can attack the chlorite anion uni*éss the chlorite anion has

' hi | L c. sol t. Additi f..wat er
arter 30 ol vat Rorar EoREOL 0K HHeRBEn: £°HEte e b PR B R ot b
strong bases for ugEcwR. Ay} iof @Fvtlhe chlorite include nmetal al koxi des

such as sodium potassihédr GY GraP MTRKRO¥N d88me st NPXi S .2 RHiYANI6S kar
but oxi des, net al OXIﬁ%S%fUCh. m 96/ 39200

s al,um.nu I de, or
PCT/ US96/ 09202 13 %9 X %&1&1@ Hﬁgisﬁﬂﬂ AsPTR™ST (9958 ey ISUSHN BRI 8m
salts of al koRi desphosmingsidamnmlafs aofglyiclerrildbased ester, are preferred
acid releasing agents because they can be melt- or
solvent- processed with the option of being crosslinked
after processing to provide film stability. A preferred’
phosphosilane of a.glycerol based ester is known as
10 LPOSI and has the formula
_ 0
l
GO—P—0G
| i
o—Jsi-o—P'—oc
0—P— 0 lol
és o;-él-o-p-os
bobem, ¢

(o]

°—J\/\/\/\/\/\/\/\/\
EOH

wherein G has the formula OH

A free radical polymerizable alkéne or condensible group
on the terminal end of a lipid is a representative
15 oligomer. , ‘ ' .

Acid anhydrides are also preferred acid releasing
agents and include organic acid anhydrides, mixed
organic acid anhYdrides, homopolymers of an organic acid
anhydride or a mixed inorganic acid anhydride, and

20 copolymers of an organic acid anhydride or a mixed
inorganic acid anhydride with a monomer containing a
double bond. Preferred mixed inorganic acid anhydrides
contain a phosphorus-oxygen—silicon bond. Preferred
anhydrides include copolymers of maleic anhydride,



acetates such as sodium acetate, substituted acetates, or other ma erials
that woul d generate a strong basic 5 reaction to attack the nitrogen
center of imniumchlorite. In a hydrophilic material containing a tertiary
am ne (di methyl am noacryl am de), N-nethyl acetam de and urea, an [err]-am no
ether and chlorite salt is formed when 10 the imniumchlorite is
stabilized. Agpogmepeseric or oligoneric am de substituted pl 2ETUSY6E/9202
such as succinarnide, formam de, or N-nethyl formam de, can be substituted
for N-nethylacetamde in order to soften the ami ne. Formam de and -N-net hyl
formam de are toxic and 15 woul d not be preferred in applications

I nvol vi ng human contact. |I.f the amne center i's sufficiently nobile, the

addition of a plastj e ry

di oxi de upt ake and I?Cl?gaér@} SJTC?%%% ncy%(?f' t%g% dro ﬁaf?%é ngafgrt}lgdl%gcause
it has a 20 hi greMpRBs 9 EUEG 18 s PR Yﬁﬁél W | 2R o iREac 5 WHER S RE
acid rel easing agen&n élk&ﬁéuukhdhawmngwaehbghnhyﬁﬂﬂdeegcﬁréﬂéucapmhymenslso

be used to inprove dr ophi i al e P

conposi te conpr | s DaTTs dishec eyt sastaReFugh I ff%bﬂﬁy%e*l%?es'
hydrophi i ¢ maber i apolyethtenssy &t}”omOlB’S\‘r'oVr%'l&ﬁd abenelysexg of Fcid

hydr ophobi c materi aéthd‘ﬁldfé’éjré}Ri“ést(érréﬁer lalkteenpei §E§c<bmmcnbmsn 5to

about 30 wt.% of an_ am ne and_bet n ahqut and g 3
hydr ophilic solventp?ﬁ%+%ﬁl$gF?Ri 45 uthigréﬁa §§§x§a Pledte
followed by a slow release rate.
The hydrophobic material can further include a

10 diluent such as atactic polypropvlene, hydrocarbon wax,
chlorinated wax, polyethylene wax, low molecular weight
polyolefins, polyesters, derivatized polyolefin
copolymers, oOr mixtures thereof. Diluents can be
included in the hydrophilic material as well.

15 Plasticizers can also be incorporated in either the
hydrophobic or hydrophilic materials as is known in the
art. Generally, formamide and isopropylacrylamide-
acrylamide are acceptable plasticizers.

A moisture scavenger, such as sodium sulfate,

20 calcium sulfate, silica gel, alumina, zeolites, and
calcium chloride can be added to the composite to
prevent premature hydrolysis of the acid releasing
agent. Conventional film forming additives can be added
to the hydrophobic and hydrophilic materials as needed.

25 Such additives include crosslinking agents, flame

" retardants, emulsifiers and compatibilizers. |
The composites of the present invention can be
formulated in various ways to accommodate a wide range
of end use applications. The composite can be

50 formulated as an extrudate, such as a film or pellets,
or as a powder using conventional extrusion and spray
drving methods, respectively. When the composite is
formulated as a powder, chlorite containing particles
are formed by dissolving a chlorite source in a

35 hydrophilic solvent and extruding the solution'through
nozzles of a spray dryer. Once the solution is



30 55 wmt. % urea, between about 35 w.% and about 55 wt.% pl asticizer and
about 10 wt. % base. It has been found that not nore than about 0.5 nol es of
chl orine di oxi de per nole of am ne should be added to the hydrophilic

material or the stability of the material could be 35 conprom sed. WO

96/ 39200 WO 96/39200 o _ - PCT/ US96/ 09202 pariisedintdsred
am des for use as the hydrophilic material include formam de, acryl am de-

i sopropyl acryl am de, copol yners of formam de and .

acryl am de-i sopropyl acryl am de, and copolyners of 5 acryl am de,

i sopropyl acryl ami de or N, N-net hyl ene bi sacryl @8fi de and a prinmary amine or a
secondary am ne. Such anj des can be usefu I cles, for filnlcasthgggrior

l._ve
to exposure to chl oriaRE HHTIEdH S PEMN PPR 085 RAt P ESET LS 1 IFSoRATEAC25BI e,
el ectron deficient ecdakdmesrdited touahcgslaneysepadaEtoSuid dldcd ade sealfior
use as the hydrophil.l [ 'éygh e k qAr 1 NESe angi
and tertiar yyam' gesii%/@%ﬁfgnt ;'A/Lgr ggg%ﬁgo%d% groﬁjggs_ n%%nngb%é
substituted with el %c@rf%rﬁg?ﬁﬂfatlin“@Fé'ﬁﬁ@t haie bt eches cangtdeny 88s to

convert chlorige digxbsed tin chldry a@mospheeter refice Bioe tdilivniitehgaavitles
groups concentrate ., made, they are fed into a fluidized bed. The
hydrophobic material containing the acid releasing agent
is aerosolized by passing the material through small
diameter nozzles into the chamber of the. fluidized bed
10 where it can impinge upon the fluidized chlorite
containing particles. Upon contact with the fluidized
particles, the chlorine dioxide releasing powder is
formed as the hydrophobic material solidifies to form a
hydrophobic core having a layer of chlorite particles
15 embedded in the outer surface thereof. Aggregation is
minimized because the chlorite particles are hard
inorganic materials. The particles can then be packaged
in a dry sealed container. '
In forming the chloriﬁe dioxide releasing powder,
20 anhydrous particles, such as anhydrous sodium sulfate,
calcium sulfate, magnesium sulfate, or a moisture
depleted silica gel, can be included in the fluidized
bed to form a mixture of chlorite particles and
anhydrous particles. The anhydrous particles delay
25 release of chlorine dioxide that is catalyzed by
atmospheric moisture. The anhydrous particles can also
be post-mixed with the chlorine dioxide releasing powder
to delay chlorine dioxide release.
Although the hydrophilic and hydrophobic materials
30 can be formulated as described above for the composite,
it is preferred that the chlorite powder contains an
alkali or alkaline-earth chlorite. The hydrophobic
material breferably contains a low melting hydrocarbon
wax, chlordhydrocarbon wax, atactic polypropylene,
35 polyethylene wax, ‘a low molecular weight polyolefin,
'~ derivatized polyolefin copolymer, or mixtures thereof.



el ectron density at such groups such that it is difficult for the chlorine
di oxide to extract an electron fromthe amne. Tertiary am nes having non-
20 hydr ogen bondi ng pendant groups that are dissolved in a hydrophilic
solvent are al so acceptable. Representative am nes include: al kanol am nes;
copol ynmers of am noal kanes and al kene bi sacryl am des; al kyl am nopyri di ne;

al kene di ami n®¥3 9&39R8P ani no 25 cycl oal kanes; al kyl ani no- caﬁ‘ﬂé&}élﬂ?zﬂb

al kanes di ssolved in a diluent; am nes having the forml a R[err]NH
Rlerr]Rerr]NCH err]CH err] C (C»NH[err] solubilized

N(CH err]CH err]OH[err]Herr], R[err]N(NCH[eii]C}{err]C (0) NHerr])[err],
(CH[err])[err]N(CH[err])[err]N(CH[err])[err]

Rl err] R err] N(CH emnl hketr Laiee bl wik)] . sddt 1ds a WWBr8ea2B8A0solution of

PCT/ US96/ 09202 15 .
(CHerr]CHerr] O] %rerPH;! Wg‘°ryﬁ'aiegz ugl?és }%Tuegrrnt]]s r(aerae%tg:dpde[p_gnde&(:gn

-(CH err])[err] NH @lkexipes] bor pOpfare | xedCHNE| daride] PRRFS1i[ BRRfisbek2yl ,
gtcg! aLnt dgh or pyrlp@éfer%ar Bk, tﬁ"éﬁﬁ drophébid mavdiBherrrase akkyl; R3 is
1- 1009 n |sa£ E; ugg §]su1tg le ac13 céﬁéégﬁngywax fg%né L nlls

preparlng the chlorine dioxide releasing powder.

If the acid releasing wax is extruded at-a
viscosity between about 10 and about 1000 cP through
nozzles of between about 1 and about 10 mil diameter, a

10 fine spray of molten wax between about 5 and about 400
microns in diameter is generated.-

In addition to formation of powdered composites,
the composites of the present invention can be
formulated in solvents to allow for film casting or

15 other application methods. The composite can be applied
as a film by using well known hot melt, dip coat, spray
coat, curtain coat, dry wax, wet wax, and lamination

processes.
The composites can also be provided as a layer 12
20 composed of a microdispersed hydrophobic and hydrophilic

material as shown in FIG. 3b, or as a multilayered
composite 14 including a separate hydrophobic layer 16
and a separate hydrophilic layer 18 as shown in FIG. 3a.
The hydrophobic and hydrophilic layers can be applied by

25 casting the hydrophilic layer onto a substrate 20 and
then casting the hydrophobic layer onto the hydrophilic
layer, as illustrated in FIG. 3a. The multilayered
composite or single layer can be applied in conjunction
with moisture regulating layers 22 to control the rate

§0 of moisture ingress into the hydrophilic material or
hydrophobic material to control chlorine dioxide release
from the multilayered composite when activated by
moisture.

In order to generate chlorine dioxide in a

35 controlled fashion it is useful to limit the access of

water to the hydrophobic layer containing the acid



10 or 2, yislor 2; and z is 1-6. GCenerally, the above conpounds can
be solubilized in formam de, isopropylacrylam de-acrylam de or other
conventional plasticizers. Preferred anmines include nonoethanol am ne, 15

di et hanol am ne, triethanol anne, a copolymer of 1,3- diam nopropane or

1, 2- di ami noet WM& N, N- et hyl ene bi sacryl ami de, 4-di met hy|rarruseggezéai ne,
tetranet hyl ene et hyl ene di am ne, N, N-di net hyl am no cycl ohexane, solublllzed
- 1- (N-di propyl am no) - 2- car boxyam do et hane or 20

1- (N-di met hyl am no) - 2- car boxyam do et hane, agyimary am ne haV|ng t he
formula Rlerr]NH err], a secondary am ne having the formula Rerr]Rerr] NH
N(CH err] CH err] OHrpeeasing adMAO@NIMO2Q0 control the surface area of
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[err]NCH err] CH| er%?ﬁl %ﬂfer?ﬁ ﬁ%ﬁ%?ﬁ!]%ﬁ kglf ﬁ]’? é%[%orr]‘é&% ng

NH err], R[err] N Nerfethedry lepfear cpntpénihg chlorite. Suc

Rlerr] R[ err] N(CH| eebht rbB1&d M‘Qéé@é\'ﬂa@{ ol ogtalnéb(%'[iim—l NHC (0)
7]

NH er.ein r err]| CH [err CH
-C[?EL%QrLf;r%err]E¥%E¥$? Jﬁﬁgei 4§%§§Hl [ [Q§¢qqaqra

(CHerr])[err], -CHeeers GHP& rgrH, 1r;t&2[nad1]atanboﬁ{1éar§' Bayeer i2¢dapandent |y,
hexyl, benzyl, n- pi‘@&‘iiaté§Wd}fﬁﬂlmﬂi@n‘)lﬂ%}‘xgpo?Erﬂém&? tHY materials
as shown in FIG 3c. :

The layered composites of the present invention are

i0 intended to maintain a desired rate of chlorine dioxide
release (moles/sec/cm® of film) in the presence of
atmospheric moisture at a surface for a length of time
required for ¢hlorine dioxide to absorb onto the surface
and kill bacteria or other microbiological contaminants.

15 However, léakage from a container or exposed surface
reduces the chlorine dioxide concentrations at the
surface because of chlorine dioxide diffusion into the
atmosphere. The chlorine dioxide concentration released
from the film for a chosen time period can be calculated

20 given the leakage rate and the rate of absorbance at a
surface. Thus after measuring the leakage rate, the
composite is formulated so that it contains a large
enough reservoir of chlorite reacting at a speed
sufficient to compensate for the leakage rate for the

25 desired time period of sustained release.

Therefore, design of a chlorine dioxide releasing
composite suitable for controlled release and biocidal
action within a container must take into account several

) aspects, namely, the chlorine dioxide production rate
39 - from the controlled release film, the partitioning of
chlorine dioxide between the phases within the container
(e.g. gas, liquid and solid phases) in a reversible
(absorbed) or irreversible (reacted) fashion, and the
leakage rate of gas from the container. Design of such
35 a composite is described in Example 15.



-CH err]CHerr]OH Rerr] is cyclohexyl or benzyl; Rerr] and Rerr] are
nmethyl; R err] is cyclohexyl or 4-pyridyl; R err] and Rerr] are, 15

i ndependent |y, nethyl, n-propyl or |sopropyl Rlerr] is n- Cerr]Herr] or
n-Clerr]Herr]; Rerr] and R err] are, |ndependently, met hyl , WO

96/ 39200 PCT/ US96/ 09202 17 et hyl,
n-propyl or isWPP6RAY mis an integer from1l to 100; and n i BCRUS6/B202
Sui tabl e diluents include formam de or acryl am de-i sopropyl acryl an de.

A igoneric or polyneric secondary am nes converted to 5 acryl am de
substituted tertiary amnes by Mchael reactig ? wi th acrylam des are al so
sui tabl e because the anmide group does -not reaCf with the acid rel easing

agent. Hydroxylic conmpoungsrefieitleddieRgeniib! pECLY COlstdl) of He) pRielsnt
met hanol , et hanol, et hoxyet hanol, ethgg etgﬁnol or ot her_ al cohol s, can be

used as the hydroph’r?‘f%‘%%ﬁ%‘lserﬁafe PHIFRTFIUF Y Sa&td
occur .very rapidly sémies df dreaipidic podpedndelsaseasorpueditted qcn.rtdwle

conposite and can Iy 6H53é5§pect%ﬂpkhﬁé5'8@5b£8£e§£§f GATROS idreSun@aniapi d
chl orine di oxi de rel easi ng systens Eylta e _acid relea3|ng agents I ncl ude
car boxylic acids, e%?%ﬁ%?fhﬂﬁ%ﬂﬂ’Fﬁé§ SAEYPLRaL | HREUPHIRID HoRS the

biological of interest. The system design can be
optimized to maintain the desired kill concentration for
the requisite time at the atmospheric chlorine dioxide
leakage rates imposed by the specific application.

10 A typical controlled release multilayered composite
includes water swellable films A and B of a thickness of
about S mil with a hydrophobic layer A and a hydrophilic
layer B as described above for the composite. The
hydrophobic layer A contains an acid releasing agent

15 such as an anhydride and hydronium ions generated by
anhydride hydrolysis. The hydrophilic layer B contains
chlorite anions as provided, for example, by dissolving
sodium chlorite or another chlorite source in a
hydrophilic solvent. The hydrophobic and hydrophilic

20 layers are separated by a water swellable intermediate
layer C having a thickness 1 (typically about 5 mil) and
diffusion constant, D. The effective ion concentrations
applied to the boundaries of intermediate layer C by the
layers A and B are a strong function of the water

25 transport properties of layer C.

The intermediate layer C can be composed of a wide
variety of materials since chlorine dioxide can diffuse
equally well in both hydrophobic and hydrogen bonded
matrices. Such materials include polyionomers such as

_50 protonated and neutralized, sulfonated, or
phosphorylated oligo- or poly-alkenes such as
polyethylene, polypropylene, alkyl acrylates and
copolymers thereof. Lipid substituted polyhydroxy
alcohol phosphates and phosphosilicates and their

35 mixtures with alkene polymers and oligomers are also
preferred. Finely divided anhydrous salts or desiccants



aci d, phosphate esters, trinethylsilyl phosphate esters, 20 di al kyl
phosphates, sulfonic acid, a sulfonic acid esters, sulfonic acid chlorides,
and phosphosil anes of glycerol based esters. Exanples of such acid

rel easi ng agents include an anhydride or phesphate ester blended with or

grafted to pol pol yet hyl ene or 25 pol ystyrene, S96/09202
trimethylsily ‘wgégg%hate esters of the fornulae [err] WO Jgﬁgézoo

PCT/U896/09202 18 (CHerr])[err]SiOP(0) (OR)[err] wherein Ris a -

non- hydrogen bondi ng group, alkyl or aryl. Linear or star |ike oligoners
(e.g., amicelle like nolecule with a Iipid weé!l and a P-0-Si core), such
as a 5 phosph05|lane of a %Iécerol bas ester, are pre ed a

rel easi ng agents b&@xude f B%Yn%ﬁtt ?Nl§¥ﬂrFeﬁP rﬁFSEésgga ﬁ??ék%?ﬂa
option of being crqsskmnkednafdéoxpdecehamrmptaaanymedeby|Waterab|I|ty{ A

e FanCenanespnon,! e ¥ \AadbUehr Bl sborrhe ity coppotctan s o LPOS
pol ymeri zabl e a|kem@ﬂépjéﬁﬁggﬁspgmgog;ggﬁwhereln the arrangement of the
5 layers in the composite is defined by the formula
C(ACB),C (wherein n represents the desired number of
pulses) provides periodic pulsed release of high
concentrations of chlorine dioxide over several weeks or
months. Such pulsed release can be coordinated to the
.10 . growth, incubation and contamination of viruses, molds,
fungi and bacteria. The cycle time and peak
concentrations of chlorine dioxide would be controlled
by the layer thickness, chlorite and anhydride loading,
and the water and ionic permeation characteristics of
15 layers A, B and C. Pulsed release occurs as each layer
(ACB); is successively penetrated by water vapor and
hydronium ions. Structures of type CDC can also be made
where D is a mixture or emulsion of A and B of a phase
size of between about 0.2 and about 100 microns. The
20 materials of construction for the CDC composites can be
the same as those used in making the C(ACB),C composites.
Additionally, a multilayered composite C(DCD),C can be
made in order to prov1de pulsed release as descrzbed
above. .
25 Pulsed releases of chlorine dioxide that vary from
about one day to over about 200 days can be achieved for
S mil thick A, B and C films by separating the
hydrophobic layer A containing the acid releasing agent
from the hydrophilic layer B containing chlorite anions
30 by an intermediate layer C capable of supporting varying
hydronium ion transport rates.
The pulsed release capabilities of a multiple
layered f£ilm can be calculated as provided in Example
16. |
35 Applications for the composites are numerous. The
composites can be used in most any environment where



on the termnal end of alipidis a representative 15 ol i gomer. Acid
anhydrides are also preferred acid rel easi ng agents and include organic
aci d anhydri des, m xed organic acid .anhydri des, honmopol yners of an organic
acid anhydride or a m xed inorganic acid anhydride, and 20 copol yners of
an organi c acid anhydride or a m xed inorganic acid anhydride with a
nonomer cont aiwPRg3IRRoubl e bond. Preferred m xed i norgani c aeCvasswei des
contai n a phosphorus-oxygen-silicon bond. Preferred anhydrides include
copol ynmers of nal ei ¢ anhydri de, WO 96/ 39200 o

PCT/ US96/ 09202 19 net hacrylic anhydri de, acetéc anhydri de, propionic
anhydride, or succinic anhydride, and vinyl, Pyrene or an al kene, such as

mal ei ¢ anhydri de- Sty RNe,,CORY YIREEurer wii @f bechier eple ldrqUligflsNgaRUpl as
pol ypropyl enes, 5 po“yeth | enes, - or polystyrenes., Copolyners of aci
anhydri des and est 1%bftQ é’d%"@nﬁr ”;BFyggPY’gha F dmordty priaige v TugSsgand
initial chlorine dimagterielomather auefhiokl ofed hytersdbvendicasieodairézeThe
hydr ophobic materi %h&%ééirita*l%g Rekyde g e su9'£+&§'l,}]iﬁ%’ci‘ c%%gg%ﬁ%i ¢
pol ypropyl ene, hydrocarbon wax, hIorlna? d wax, polyethyl'ene wax, T[ow
nol ectl ar wei ght that does not release chlorine dioxide 'in the absence of
moisture, and exposing the treated surface to moisture
to release chlorine dioxide from the composite into the
atmosphere surrounding the material. The treated '
surface is generally a portion of a container or is part
10 of a substrate placed within the container.

The biocidal atmosphere generated within the
container can be used in stdring food products including
blueberries, raspberries, strawberries, and other
produce, ground beef patties, chicken filets, and other

15 meats, enhanced foods, pet foods, dry foods, cereals,
grains, or most any food subject to bacterial
contamination or mold growth. Bar soap, laundry
detergent, stored paper documents, clothing, paint, and
seeds can be protected from mold growth. Medical

20 instruments, devices and supplies as well as disposable-
or nondisposable personal care products can be
sterilized to prevent microbial contamination. Medical
or biological waste can also be sterilized to kill
microbials within the waste. Odors from athletic shoes,

25 disposable footwear, and refuse can also be minimized
when they are contained within a treated container.

Conventional containers can be used such as
paperboard or containerboard boxes, corrugated,

. nonwoven, plastic, or polymeric multilaminate

30 containers, cellulosic, plastic or paper bags, seed
packets, or waste containers.

The treated surface can be a reusable or disposable
mat or sheet including a dental tray covering, a
surgical tray covering, a shower mat, nonwoven bandage

35 material, a meat cutting board, a liner for drawers or
shelves, an insert for athletic bags or gym lockers, a




pol yol efi ns, polyesters, derivatized polyolefin copolyners, or mxtures
thereof. Diluents can be included in the hydrophilic material as well. 15
Pl asticizers can al so be incorporated in either the hydrophobic or
hydrophilic materials as is known in the art. Cenerally, fornmam de and

i sopropyl acr yhyussemeacr yl am de are acceptabl e pl astici zers. pérRdsidonsze
scavenger, such as sodium sulfate, 20 calciumsulfate, silica gel

al um na, zeolites, and cal ciumchloride can be added to the conposite to
prevent premature hydrolysis of the acid rel easing agent. Conventional film
form ng additives can be .added to the hydropﬁﬁ%ic and hydrophilic materials

as needed. 25 Such.additives Jinclude _¢rosslkioking, nts,
retardants, enul si ?%?swxé?ﬁp%%’nﬁatrblaa 5 .glreg.% %hg %u%%%%‘latﬁei 1'(l){ iﬁ?eﬁr esent
i nvention can be fpabties e imeatatankagings trayacadnoverpeuch dukh @gnge of

end use applicati opfiosdNesE@ MO HdckaAMP LneRavenbis WA £th Arelih fruit
extrudate, such as a filmor I'lets, or as a u5|£gfconve Flonal

N owder
extrusi on and spra§BR¥RNYT ,1HQ§§be€Pi9?E9¥g9%Enp? e o e R
formul ated as5a pomdet, sé&ifood eorErciutengopaehi ebesrbert flayed floxr use

the-sol ut 'on throullh SoEeTes, of e opPasy O Ehostn £rF pVElie i, witld ol
paper, cellulosic,. polymeric, woven fabric or nonwoven
materials.

Such a method can also be used to coat the surface
10 of a seéd to protect the seed from molds and fungi
during storage and to protett against mycotic growth
when the seed is planted. The coating, when activated
by moisture, creates a microatmosphere of chlorine
dioxide in the soil in the vicinity of the seed and
15 inhibits mycotic growth that normally would impede seed
germination. This coating has no effect upon the
germination of the seeds. Seeds in storage do not have
to be physically coated to be protected but rather can
be in a closed container containing the active material
20 as a packet, “tea bag" or coating on the container.
Paper impregnated with the composite generates
sufficient chlorine dioxide to protect the seeds.
Although any seeds can be protected by the coating,
edible seeds such as corn kernels, sunflower seeds, or
25 soybeans, remain f£it for human consumption once they are
coated. Thus, the coated seeds can be provided for
planting or for human consumption after they have been

coated.
The surface can be treated with any of the
30 composites of the present invention by conventional

coating, extrusion, lamination and impregnation methods

well known in the art.
Another embodiment of the invention is a method of
preventing the growth of fungi, bacteria or molds on a
35 surface and/or deodorizing the surface by treating the
surface with a composite that does not release chlorine
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transforned into spray dried particles, the particles can be routed to a
cyclone separator to isolate small particles preferably having a dianeter
of between about 5 and about 150 microns. The particles can then be 5
stored in a dry atnosphere. Once the chlorite particles are made, they are
fed into a fl uwdiege2obed. The hydrophobic materi al contai ni ngPCHESHEOZ2

rel easing agent is aerosolized by passing the material throtgh snall

di anmeter nozzles into the chanber of the fluidized bed 10 where it can

i npi nge upon the fluidized chlorite containing,particles. Upon contact with
the fluidized particles, tthe chlorine dioxide releasing powder is fornmed as

t he hydrophobi c mat®fdsedasald dHd @bskfckobr AolY¥EhseNoE SYBihyYichg a

| ayer of chlorite particles 1 predde in the outer syrface thereof.
Aggregation is m nifrﬁ"zaetoe‘ﬁ & & DRRGFICE SrF?g?ﬁea‘F HF G IHRi ¢
mat eri.al s. The partixdeslaarcarpesite patkagbd abtmasphersenlmbwdling tée. | n
form ng the chloring,diHxd de rel easi ng powder, 20 anhydrous particles,
such as anhydrous sodi um sul f calciun1sulfate,%gggnesh$n1sulf te, or a

te,
moi st ure depl e?ed silicd Q}E‘?faec’:}ﬁdo@pﬂjr&FG&éani AnE ? R F RN &0 £P8r m
a mxture of chlorigeeyenting exdet edshfdoauangaotherefundghe artey drooder

particles delay can be applied directly on the surface of the foot or
can be incorporated into a shoe insert. The composite
can be applied between the cloth covering and foam pad

10 of the shoe insert, impregnated within the foamed pad,
or impregnated or coated on a shoe counter or upper
lining. Chlorine dioxide generated from moisture within
the shoe diffuses from the composite into the atmosphere
to kill fungus and deodorize the shoe. The powder can

15 be blended with conventional ingredients such as talc,
cornstarch, fragrance, miconazole nitrate, tolnastate
silica, boric acid, aluminum chlorhydrate, salicylic
acid, and cellulcse. The powder can also be blended
with other ingredients and used in bath powders or

20 vowders used in treating jock itch.

The powder can also be applied to carpeting to
remove odors from the carpet. Ingredients commonly
incorporated in powdered carpet decdorizers or cleaners
can be blended with the powder of the present invention.

25 The composite can also be formulated in microcapsules
that break after being stepped on and are then activated
by moisture. Such microcapsules can be impregnated in
floor, shower or bath mats or can be used in carpet
deodorization. '

30 Another use for the composites is in providing self
steriliziné packaging, which is particularly useful in
the medical industry. The composite can be coated onto
tubing, connectors, fitments or other components as
separate layers of the hydrophobic or hydrophilic

35 material on separate components that are activated upon
being pressure fitted together. Tubing fitments used



25 rel ease of chlorine dioxide that is catal yzed by atnospheric

noi sture. The anhydrous particles can al so be post-m xed with the chlorine
di oxi de rel easi ng powder to delay chlorine dioxide rel ease. Al though the
hydr ophi li ¢ and hydrophobic materials 30 can be fornul ated as descri bed
above for thewowgposute, it is preferred that the chlorite ppotiesssmorizai ns
an alkali or alkaline-earth chlorite. The hydrophobic material preferably
contains a |low nelting hydrocarbon wax, chlorohydrocarbon wax, atactic

pol ypr opyl ene, 35 pol yet hyl ene wax, a IOM/@DIecuIar wei ght pol yol efi n,
derivatized pol yol efin copol ynmer, or mi xt ur e€% her eof . WO 96/ 39200

~ PCT/US96/ 09202 21 ﬁi‘tﬂ%&fa"x}&fbﬁié‘%ﬁ%& f%HCQ & fe NV, %a%%'d“%b%ﬂ of
a phosphoryl ated |1 poglycerol reacted w t sT1icon: al Koxides to produce
n xed anhydride P-tha} dowuefages qfr oner tugeafitmentyhy GSRE wikbed al |
o epar | ng t he chl o s o | Tl e o I 2 g vax
o Bkt ruded at a VPSERRTE PhARRHTABONE 16 CRRAE abOUCTD R B ough
nozzl es of beBweenhydoerhil g f idipowonteimingdrhherete, and the ttineatedray of
nol ten wax bEt“Bens§$¥&@e§5éi"%ﬁ%bQHknéQQs are interconnected in the
| presence of moisture to initiate the release of chlorine
dioxide from the treated surfaces into the atmosphere
surrounding the material. Fitments for in-dwelling
10 catheters, needles, peritoneal'dialysis, percutaneous
devices, percutaneous access, colostomy bags and other
medical devices can also be treated in accordance with
this method. Additionally, closures on a package can be
so treated to provide self sterilizing packaging for
15 medical devices, instruments and supplies.

The composite of the present invention was expected
to kill bacteria on the surface of meats. However, it
was not expected to penetrate a ground beef patty. It
has been discovered that chlorine dioxide evolved from

20 paper treated with the composite can effectively
penetrate the full thickness of a patty and kill
bacteria such as E. coli and Salmonella that result from
contamination during meat processing. E. coli 0157:H7
in tainted meat has caused death and severe illness and

25 appears to be especially resistant to cooking,
fermenting and drying. In a typical operation producing
meat patties for commercial consumption, meat is ground,
extruded and formed into patties that are separated by
sheets of coated paper that prevent adhesion of the

30 individual patties. After packaging, the ground meat
can be exposed to chlorine dioxide over a period of time
when in refrigerated storage to kill and inhibit the
growth of the bacteria. '

The following examples are presented to describe

35 preferred embodiments and utilities of the present
invention and are not meant to limit the present



mcrons in dianmeter is generated. In addition to formation of powdered
conposites, the conposites of the present invention can be fornulated in
solvents to allow for filmcasting or 15 ot her application nmethods. The
conposite can be applied as a filmby using well known hot nelt, dip coat,
spray coat, curtain coat, dry wax, wet wax, and |am nation processes. The
conposi tes carw@l968%926@ provi ded as a | ayer 12 20 conposed BET/EHSI6/09202

m cr odi spersed hydrophobi c and hydrophilic material as shown in FIG 3b, or
as a nmultilayered conposite 14 including a separate hydrophobic | ayer 16
and a separate hydrophilic layer 18 as shown iy FIG 3a. The hydrophobic
and hydrophilic |ayers can be applied by 25 casting the hydrophilic

| ayer onto a substrahferddi il GRHeRE sEhetAydaophobie di1vels Apfpenidae

hydrophilic layer, as_illustrated in FIG 3a. The multil ayered conposite or

singl e layer can beP&PE¥Ped in conjunction with noisture regul ating |ayers

22 to-.control the rate 30 of noisture | BYAMBBEi hto the hydrophilic
material or hydrophobic Mfdf&dhﬂl‘i&%@’e‘}&aﬁhmé' neadi @ &e c!cﬁrlteaélsrfeé RO
t he nultllayergd cqggoglégxyhen act%é} ¥6n?|seur§ In order to generate
chl ori‘ne dioxide in 5 et 1S s GRARYEES; 10 2R 1AM 4) BEXHYES he
access of water to tbepdyeld aphdd owd.@y dormantideni By whet cadiylamide, and
33 wt.% isopropylacrylamide. A hydrophobic material
consisting of a 40% solution of a copolymer composed of
33 mole% maleic anhydride and 66 mole% styrene in
10 ‘ethylbenzene plasticizer was then made. The hydrophobic
material was vortex mixed with the hydrophilic material.
The resultant white mixture of the two disperse
materials started a sustained release of chlorine
dioxide in the absence of added water within five
15 minutes at room temperature. Interphase diffusion of
water within the dispersion initiated hydrolysis of the
anhydride. Hydronium ions formed during hydrolysis
reacted with chlorite anions to release chlorine
dioxide. The release rate could be slowed by coocling
20 the mixture to 0°C or by increasing the viscosity of the
materials. '
EXAMPLE 2
1- (N-dipropylamino) -2~-carboxyamidoethane (DPACAE)
was made by reacting 0.2 mole di(n-propyl)amine with 0.1
25 "mole acrylamide in the presence of a small amount of
acetic acid as a 10 wt.% solution in methanol. The
reaction was carried out for 3 hours at 70°C. After
vacuum evaporation of the excess amine and
crystallization in the presence of pentane, a white low
30 melting solid was obtained (T, = 60°C) which tended to
lose amine and form acrylamide upon prolonged heating
above the melting point.
1-{N-Dimethylamino) -2-carboxyamidoethane (DMACAE)
was made by reacting 0.2 mole dimethylamine (as a 40
35 wt.% solution in water) with 0.1 mole acrylamide as a 10
wt.%$ solution in methanol. The reaction was carried out
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rel easi ng agent and to control the surface area of contact between the

| ayer releasing the hydroniumion and the hydrophilic |ayer containing
chlorite. Such controlled rel ease can be obtained by casting the 5

hydr ophobi c 3gd okiygbPrhi lic materials 16, 18 as separate | ayPCHUSY6OSROAN

I nt ermedi ate boundary | ayer 24 that regul ates hydroniumion transport
between the materials as shown in FIG 3c. The |ayered conposites -of the
present invention are 10 i ntended to maintain a desired rate of chlorine
di oxi de rel ease (nDIes/sec/ch of film in ti presence of atnospheric

noi sture at a surface for | ed di oxide to
absorb onto the su C%n%nlao bac%“etrr'l ;mBg%gg é m&g%eo ﬁiﬁal

cont am nants. 15 ev&mve%xon|@%m@@5fsr@mlaeeomﬁﬁhm@lo¢n%ﬂﬁ§% $Bef ace

reduces the chiori paa@iexise CONGERHY dtl ARENPLehBOCRLS! 08, MR writh
chl orine dioxide diffusion into E The_c Ior|r¥i(% X
concentration rel 3R Yh ?‘Hefaftﬁ rﬁnfgg'sz? Eﬁsgeﬁst? NPT odt ng 1‘8

cal cul ated 205 g4Seq) tedtesdamies rstlddand the rate of absorbance at a

surface. Thus after rreaggtr_hnlgpgéﬁldgﬁ(mc@@t gngglggg@@%ﬁglgd‘m@mahat ed

so that it contains a | arge_eno £eservo
speed thus cogld be éL éled in the Equlgréégtrquthg‘at a

temperature. Neither neat liguid formed iminium
chlorite. However, 10-30% wt.% solutions in formamide

10 or acrylamide-isopropyl acrylamide readily formed
iminium chlorite when exposed to chlorine dioxide.
EXAMPLE 3

The amine-chlorine dioxide reaction was studied by
layering the requisite amount of 6.0X10°° molar solution
15 of chlorine dioxide in pentane'onto about 3.0X10" mole
of amine, either in neat form or dissolved 10-30 wt.% in
formamide or isopropyl acrylamide-acrylamide melt. The
chlorine dioxide-pentane solution was prepared by
reacting stoichiometric sodium chlorite with potassium
20 persulfate in a small amount of water in the presence of
pentane with vortex stirring in ice water. The
supernatant pentane layer was then removed and kept dry
in a sealed container over magnesium sulfate.
The formation of chlorite was detected by
25 acidification of the reaction product and the
observation of the odor and color of chlorine dioxide by
UV/Vis spectroscopy after exposure to dilute HCl. 1In
some cases the presence of chlorite was further verified
by observation of the IR spectrum. Characteristic IR
30 absorbance of chlorite at 830 cm™! verified its presencé.
The following neat primary amines formed chlorite
when exposed to chlorine dioxide:
H,NCH,CH,OCH,CH,0H, H,NC(CH,),CH,0H, H,NCH,CH,NHCH,CH,0H,
H,NCH(CH,),, H,NCH,CH,OH,



sufficient to conpensate for the | eakage rate for the 25 desired tine
peri od of sustained rel ease. Therefore, design of a chlorine dioxide

rel easing conposite suitable for controlled rel ease and biocidal action
within a container nust take into account several aspects, nanely, the

chl orine di oxi de production rate 30 fromthe controlled release film
the partiti onW@9@®2®h! ori ne di oxi de between the phases w t hi RCT/HS96/09202
container (e.g. gas, liquid and solid phases) in a reversible (absorbed) or

irreversible (reacted) fashion, and the | eakage rate of gas fromthe
cont ai.ner. Design of such 35 a conposite ifldescribed I n Exanpl e 15.
WD 96/ 39200 PCT/ US96/ 09202 23 A

preferred extended rel ease system of pr esent inveQPFQQ conserves the
chlorite reservoir by em ttiH}gtazsg-HN:?es 0f pencodix—pul sednr el eases tined
to coincide with the suspected tines acterial, vinar ,fandal 5
contam nation or the typical incubation tinme for the biological of

i nterest. The system design can be optim ze mai ntain the desired kil
concentration for the requisite HaNmeEcapl #-he€ at poepise-neilal ori ne di oxi de
| eakage rates inposed by the specific appli on. 10 . A typical

controlled release nultilayered conposite
Chlorite was also formed by neat secondary amines

having the formula R,R;NH wherein R, and R, are,

5 independently, hexyl, benzyl, n-propyl, isopropyl,
cyclohexyl, acrylamide, or -CH,CH,0H. These amines also
formed chlorite whern the amine was in formamide solvent.

The following secondary amines yielded chlorite
when plasticized with formamide or isopropylacrylamide-
10 acrylamide:

i
[94--cn,—cu.‘,—- c--m-n}-cw2
2

benzyl, and

wherein R, is cyclohexyl or

0
' 1 ]
-—(NH—-(CH2)nNH——CHZCHEC-NHCHQNHCCHzCHz
" wherein n is 2 or

3. The isopropylacrylamide-acrylamide and amine were
is also prepolymerized and film formed by heating to 60-70°
C in the presence of about 0.01% azobisisobutyronitrile
initiator,.providing chlorite so long as the £film
temperature exceeded the glass transition temperature.
) A hydrogen bonded amine having the formula
20 RgR,NCH,CH,C (O)NH, wherein R, is methyl and R, is n-propyl
. when in formamide or isopropylacrylamide-acrylamide
solvent yielded chlorite. However, when R, and R, were
isopropyl groups, the neat amine did not yield chlorite.
A neat hydrogen bonded amine of the formula N(CHgﬂgOH);
25 vielded chlorite, which was also formed when the amine
was in formamide or isopropylacrylamide-acrylamide
solvent.



i ncludes water swellable films A and B of a t hi ckness of about 5 nil with a
hydrophobic I'ayer A and a hydrophilic layer B as described above for the
conposite. The hydrophobic | ayer A contains an acid rel easi ng agent 15

such as an anhydride and hydroni umions generated by anhydride hydrolysis.

The hydrophi | {4 deR¥sp B contai.ns chlorite anions as provi dedpcrasesnszorpl e,
by di ssolving sodiumchlorite or another chlorite source in a hydrophilic

sol vent. The hydrophobic and hydrophilic 20 | ayers are separated by a
water swellable internediate [ayer C having a,}hickness 1 (typically about
5 ml) and diffusion constant, D. The effect i ¥ ion concentrations appl i ed

to the boundaries of int,lerregrﬁifg_;nq_n@%g%tgepyh%&@oééy.q{og-d&ngnq,ag are a

strong function of the va St sport ‘properties of 'l ayer C. The
internedi ate | ayer TGaRAPHY cAYEsEgeds adAhk e \RIFIASP (‘ﬂasm’%ﬁﬁsi 5Ps since
chlorine dioxide caprdifddiee rRAliloy peblutt &DtI-dyaspenendihird landntlydiogen

bonded matri . S ' i ncl ud i |
pr ot onat ed aﬁgsneugfgﬁéﬁzlcgﬁsfﬁﬁgt%&a% %ﬁi%}?osgh@g@%?éﬂ %Fiég? product
pol y- al kenes slich adidpaigetiereray pydypospyberding|and téf@rﬂigtrééeand

copol yners thereof . ,4ipi sh ssstidiyt @180l Y hpdlaxyeplwahalotphastgiatieatand
phosphosilicates and their 35

ol i goners are al so %?%ﬁ%ﬁ?%xﬁtaqiéaﬁég%ggFS%%Q%n %egg sOLa %§8?ngg§iccants
amine solvated in formamide was exposed to chlorine T
dioxide. The nitrile group blocked formamide so that

10 the chlorite back attacked the amine and decomposed the
chlorite into a form that could not be reconverted to
chlorine dioxide. Thus, it was discovered that amines
in apolar environments.react with chlorine dioxide but
the chlorite ion is unstable in such an environment.

15 Non-hydrogen bonded tertiary amines of the formula
NR;R(R, wherein Rs-and R, are methyl and R, is cyclohexyl
or 4-pyridyl were solubilized in formamide or
isopropylacrylamide-acrylamide and formed a stable
chlorite. Amines wherein R; is benzyl, Rg is cyclohexyl

20 and R, is dodecyl or wherein Rs, R¢ and R, are n-butyl or
ethyl groups were insoluble in formamide and could not
form any chlorite. (CH,),NCH,CH,N(CH;), was soluble in
formamide and yielded chlorite, but did not yield
chlorite in isopropylacrylamide-acrylamide although it

25 was solubilized by the solvent; the amine when neat or
in acetonitrile did not yield chlorite.

Thus, it was discovered that an amine having a
nitrogen of sufficiently high pK, solvated by a
hydrophilic material or substituted by hydrogen bonding

30. groups, such as hydroxylic, amide, primary amine or
secondary amine substituents, forms chlorite by reaction
with chlorine dioxide.

The amine-chlorine dioxide reaction as described
above was repeated wherein the amine was dissolved in

35 various solvents to determine the effect of the solvent
on reaction efficiency. All chlorine dioxide was
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added to any of the layers to retard the reaction to chlorine dioxide that
is catal yzed by water. It has been discovered that construction of a

mul til ayered conposite wherein the arrangenent of the 5 | ayers in the
conposite is defined by the formula C(ACB)[err]C (wherein n represents the
desired nunberWOf6B&es) provi des periodic pul sed rel ease of PATAR96/09202
concentrations of chlorine dioxide over several weeks or nonths. Such

pul sed rel ease can be coordinated to the 10 growt h, incubation and
contam nation of viruses, nolds, fungi and bagkeria. The cycle tine and
peak concentrations of chlorine dioxide wuld be controlled by the | ayer

t hi ckntess CEI ori Ee:éwtas%mmgxr iivdeekoadiaage amlofm% V@icﬁlec)iﬁl"'@laJso&lefleased
pernmeation characteristics a s_A, u gease
occurs as each | ayet™ (TR P §t§’ﬁ@§3§s?€%‘f€lg§ﬁﬁ rited ef?vapor
and hydroni um i ons. netdignalt.uesetonitypdecDUethoxye thanel metdhanedr ©xD i s a
m xture or emul si onetq{o:&y M3 10f @h@héﬁeessﬁpeﬁa@@ta@ms@wﬂe&ﬁ and

about 100 mi crons. terialsg of con uct| for the

conposites car be ttWéf%"é%é’ Fﬁd?&lﬁiedaFn nﬁki’r‘ub t ‘;ﬁ‘fB)l[”e(rgrgﬁ ene or
conposites. Additi dveidene,a and texdpopedetocohposine T PP Ceazartede witile in
order to provide puliprd 6l A% 488CbhP§dreleased a minor amount of

chlorine dioxide when acidified. Many of these
solvents, such as ethanol, will not retain chlorite

10 "counterion for long term storage unless iminium chlorite
is stabilized with a strong base to retain the chlorite
counterion. '

EXAMPLE 4

Amines that.are monosubstituted with short apolar
15 groups, such as (CH,;),NCH,CH,C(O)NH,, (n-
C;H,) ,NCH,CH,C {O)NH,, and (i-C,H,),NCH,CH,C(O)NH,, formed
stable chlorite in formamide. Amines that were
substituted with short apolar groups, namely
(CH, ) ,NCH,CH,C (O)NH(i-C3H,), (n~C;H,)NCH,CH,C(O})NH(i-C;H,)
20 and i-C,H,N(CH,CH,C(O)NH,),, did not form stable chlorites.
However, those with linear alkane lengths greater than
or equal to six, such as n-C¢H,;N(CH,CH,C (O)NH,}, and
n-C,,HyN (CH,CH,C (O)NH,) ;, did form stable chlorite in
formamide. It is possible that once the apolar chain
25  length had achieved a certain length, a microphase
separation into micelles with discreet hydrophobic
regions surrounded by continuous hydrophilic regions
took place. The destabilizing apolar pha'sé was thus
removed from the reaction environment.
30 EXAMPLE 5
The following polymers were synthesized,
characterized using NMR. techniques, and evaluated to
determine physical properties and ability to uptake (and
release) chlorine dioxide:
- 35 {-CH,CH,N (CH,CH,CH.) -1,
{-OCH,CH(CH,N(CH;),) -],



above. 25 Pul sed rel eases of chlorine dioxide that vary from about
one day to over about 200 days can be achieved for 5 ml| thick A) B and C
films by separating the hydrophobic |ayer A containing the acid rel easing
agent fromthe hydrophilic |ayer B containing chlorite anions 30 by an

I ntermedi ate | ayer. C capabl e of supporting varying hydroniu port
rates. The qué"(TB?@Ioease capabilities of a nultiple | ayereg]P }ﬁs;&@%be

I''mcan
cal cul ated as provided in Exanple 16. 35 Applications for,the
conposites are nunmerous. The conposites can be used in nost any
envi ronnment where WD 96/ 39200 34

PCT/ US96/ 09202 25 exposure to noisture will occur. The conposites can be
used to prevent the growtfHSH RAHSH.N (G¥gh ;) isr uses and bacteria on the
surface of a material andégjcylednN (21 cibercatie(cr)) by treating the surface
of oy sturo. and oxposi B4 ERSSE: BRrEIELEy Mhe 18 tnBodPtes bas e atoddsence
chl ori ne dioxi de ffdexibdecomppei centainint s ifemaroner anduexbibited thr
material. The g reat@iiSwiFaeecht G8FEKS!dnd ¥ dI¥alse0BEOEhA0EONE ARIGRIQE i15
part formamide that is a substantial improvement over that
demonstrated with in-chain amines. The polymer was also
soluble in molten urea. ' '
EXAMPLE 6
10 The following compounds containing an N-amido
linkage and a tertiary amine center were synthesized in
pure form from the corresponding primary or secondary
amine, sodium cyanate, and hydrochloric acid as
described by J. March, "Advances in Organic Chemistry:
is Reaction Mechanisms and Structure, 4th E4., John Wiley,

N.Y., p. 903 (19%92).

Me,N (CH,),NHC (O) NH,
HENMR: 1.5, 2.1, 2.2, 2.95, 5.5, 6.2

_ N {CH,CH,NHC (O) NH, ) ,
20 ENMR: 2.4, 3.0, 5.65, 6.25

“=">7. \

N N

o ' \_/ _\—NH
HoN

HNMR: 2.35, 3.2, 5.6, 6.05 ppm

Each of these compounds reacted with chlorine dioxide
and later released it upon acidification in formamide, -
25 indicating that tertiary amine compounds with N-amido
substitution of their primary and secondary amines can
complex chlorine dioxide, when dissolved in a suitable
hydrophilic solvent. Addition of urea to the formamide
clearly improved the uptake and release efficiency. -



10 of a substrate placed within the container. The biocidal atnosphere
generated within the container can be used in storing food products

i ncludi ng bl ueberries, raspberries, strawberries, and other produce, ground
beef patties, chicken filets, and other 15 nmeat s, enhanced foods, pet
foods, dry foods, cereals, grains, or nost any food subject to bacterial
cont am nati on VWD 9688200 gr owt h. Bar soap, |aundry detergent, stpBCEUSIsS®RMSL
docunents, clothing, paint, and seeds can be protected fromnold growh
Medi cal 20 i nstrunments, devices and supplies as well as di sposable or
nondi sposabl e personal care products can be shgrilized to prevent m crobial
contam nation. Medical or-biological waste can~also be sterilized to kil
mcrobials within the waste. Gdors from at I1Ge Shoes, 25 di sposabl e
footwear, and refuse can al so_be mnim.ze en they are contained within a
treated container. Conveiitéhal Wen#aPheklechrbtatsaMfiRh as paper board

or contai nerboard hibteshylemingaicetland@eOVEMAAD| wss iadded teohydRbbhilic
mul tilam nate 30 6¥U2ﬁ¥ @%5§?ﬁ%§b%uges sur#?éélgngr %Rpr ngs seed

packets, or waste containers ace can reusable or
di sposabl e mat5 or SREwliasatamide dNHBAt aPlveRy %’év%‘?‘?cthnda udckilyaroplag
covering, a shower g@trodidteayeiatandageThe solWBisH i Pdmaihd®3inglkt phase
board, & liner for JrANasn,Se V8om elnbBRELA-L 0" ML SHS HeBdTiSE BT
noted for the addition of 20 wt.% DMAA to a solvent ]
containing 33 wt.% urea, 33 wt.% NMA and 33 wt.% sodium
10 acetate, a solvent containing 35 wt.$% urea, 55 wt.% NMA
and 10 wt.% sodium methoxide, and a solvent containing
70 wt.% urea and 30 wt.% sodium acetate.
The above mixtures were exposed to a solution of
chlorine dioxide in pentane and were observed to rapidly
15 uptake (one minute) one chlorine dioxide for every two
amine groups before the reaction slowed substantially.
The final pH of the hydrophilic material remained on the
basic side. A slight cloudiness was seen in the 50 wt.%
urea/50 wt.% NMA-DMAA mixture and the 33 wt.% urea/33
20 wt.% NMA/33 wt.% sodium acetate - DMAA mixture while the
' DMAA - 35 wt.% urea/55 wt.% NMA/10 wt.% sodium methoxide
nixtures remained clear.
Upon acidification by 0.1N HC1l (pH<5), complete
release of chlorine dioxide from all three mixtures was
25 observed up to 30 minutes after formation of the
chlorite salt. The release of chlorine dioxide was
estimated by referring to the color of solutions
containing known amounts of chlorine dioxide. After
this time different behavior was observed. For example,
50 after two hours, the 50 wt.% urea/50 wt.% NMA - DMAA
mixture released no chlorine dioxide. The 33 wt.%
urea/33 wt.% NMA/33 wt.% sodium acetate completely
released chlorine dioxide after two hours at room
temperature. However, only one third of the chlorine
35 dioxide was released after 24 hours at 5°C, with no
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wr apper, a paper sheet for separating hanburger patties, a neat packagi ng
tray, an overpouch such as those used in packagi ng i ntravenous bags, a
fresh fruit separator or box liner, an absorbent pad for poultry, 5

meat, seafood @pJghedsiCe, or an absorbent |ayer for use in di popwssendah
mats or sheets are typically nmade from paper, cellulosic, polyneric, woven
fabric or nonwoven materials. Such a nethod can al so be used to coat the
surface 10 of a seed to protect the seed frgﬂ1nnlds and fungi during
storage and to protect agalnst nycotic gromﬁh en the seed is planted. The

coating, when activ I S Qnﬁi hbgri ne
di oxide in the soil %Plﬁmf]f% \rﬁ)cf%ﬁ S bgfq'hga%féjég %é)%rg}? iy 1% sa(irr?got iC
grow h t hat nornalIhowmﬁnaﬁ|ﬂﬂ@§d¢e@@GGa§érﬁwnatlon Thi s coatlng has no

ﬁ‘; f Sﬁty S:J(rgolnl t he gter(rjn tnat:i)swf.of% td}g%azggdﬁc @eﬁﬁﬁ/w it OF aglﬁ.ldﬁ} &@télb&‘iﬂet 0
ally coate rqt ected_bu can be in.a.close
cont ai ner cont ai nin {hﬁEﬁé) % §€£°r15§ %?% e et A e

coating on theScpnte@mm&gté%qﬁieasmpmegnabéddmnfherh@htgﬂwﬁﬁmse;ngnaﬁaaés
sufficient chlorineséd oXi@gd ey HeAChskhGaseeSo noticed after 24 hours

at room temperature. The presence of a strong inorganic
base greatly improves the stability of the chlorite salt’
in urea based solvents. _ _

10 A 20% DMAA - 35 wt.% urea/55 wt.% NMA/10 wt.%
sodium methoxide melt was examined at 60°C for up to one
hour in 300 MHz proton NMR to see if any DMAA
decomposition occurred. From the toxicological point of
view any decomposition of the DMAA into secondary amine

15 and toxic acrylamide would be highly undesirable.

No decomposition was observed over the one hour
heating period. Acrylamide alkene resonances were
expected between 6-4 ppm yet none were seen. Some
polymerization of the urea was revealed by the broad

20 band under a sharp urea band at 6-7 ppm. The NMR
obtained after heating at 120°C for two hours, much
above the 50°C at which the DMAA was mixed into the urea
based solvent, revealed extensive polymerization of the
urea that was evident from the increase in line width

25 and the complication in the urea resonance between 8 and
6 ppm. However, no alkene acrylamide resonances were
seen. Thus, the 20% DMAA - 35 wt.% urea/55 wt.% NMA/10
wt.% sodium methoxide system produced no toxic alkene
products.

30 To avoid variability in chlorite stability from
incomplete dryving of the solvent, 40 wt.% of carefully
dried urea (vacuum dried: B0°C, 18 hours, 0.1 torr) and
60 wt.% NMA (CaQ overnight reflux and distilled) were
mixed and heated for 18 hours at 120°C. Alkoxides were

35 first isolated as dry powders by reacting the required
amount of clean sodium metal with the alcohol and



Al t hough any seeds can be protected by the coating, edible seeds such as
corn kernels, sunflower seeds, or 25 soybeans, remain fit for human
consunption once they are coated. Thus, the coated seeds can be provided
for planting or for human consunption after they have been coated. The
surface can be treated with any of the 30 conposites of the present

i nvention byWw?s@a940 onal coating, extrusion, |anmination andPGER¥96%482i on
met hods well known in the art. Another enbodi ment of the invention is a
met hod of preventing the growth of fungi, bacteria or nolds on a*35
surface and/or deodori zing the surface by trﬁzging the surface with a
conposite that does not release chlorine 96/ 39200

PCT/ US96/ 09202 271dbo%tdfgi fhé hersdiseN R, HagHingt With dDEtBXDOStHér | he
treated surface tg Tnhs§ure to relégse ChkPrE@%rdEPXIQE Lronlthe conposite
into the at rmspher&!,i sUH ?jﬁﬂd‘i’?@ T3 Js‘?ﬁ f4ce ¥ ry nif B?%?erred 3
appl Lcati on i ncl udsmogphese. polrrdrying M dist urgadiiMhemixtureoresnttest her

fungi . The powder jgapoB8f eeRberskEhé antdpi 0ty RE thel 2menPhmt Be1dLDEe OF can

be incorpora%ed intg a §hoe nfert. The conposite
] salts For at least one week at room temperature.

The desired amount of alkoxide was then dissolved
in the urea/NMA solvent using minimal heating followed
by DMAA to form a clear viscous liquid at room
temperature. The results of the chlorine dioxide uptake

10 and release of several urea/NMA/DMAA/sodium alkoxide
hydrophilic material cbmposites-are presented in Table
1. Release characteristics are based on a relative
scale ranging from excellent (9) to poor (1).



can be applied between the cloth covering and foam pad 10 of the shoe
I nsert, inpregnated within the foanmed pad, or inpregnated or coated on a
shoe counter or upper lining. Chlorine dioxide generated from noi sture
within the shoe diffuses fromthe conposite into the atnosphere to kil
fungus and deggpédmseet e shoe. The powder can 15 be bl endeg¢risbéioozoz
conventional ingredients such as talc, cggnstarch, fragrance, m conazol e
nitrate, tolnastate silica, borlc aC|d alun1nun1chlorhydrate salicylic
acid, and cellulose. T A Lok B (SR R AR ® h ot her ingredien
ugedtint trleatling jock itch. Th
enpvel odorg fromthe carpet.
d-£arpotl ddodori zers or

he| presgnt i nvention. 25
ceaysal es| tdja [break after being
t urje. Subh rocapsul es can be

pomder can al so be appl
I ngredi ents comonly i
cl eaners can be bl ended
conposite can also be f
stepped on and are the

i npregnated in floor, can d in carpet
deodori zation. 30 thF,onpg§i§ S is in providing
sel f sterilizing packag i ¢z Iy | in the nedica

hntlo trubingl _dondectors, “fitnents
ot her conponents as seph j
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bei ng pressure fitted together. Tubing fitments used WD 96/ 39200

PCT/ US96/ 09202 28 with i ntravenous bags, for exanple, can be treated such
that a surface of one tube fitnent is coated with a hydrophobic film
containing acid rel easing agent, a surface of another tube fitnment is
coated with a 5 hydrophilic filmcontaining chlorite, and the treated
surfaces of tH¥OPFBIMAts are interconnected in the presence oFCRESMINRE to
initiate the rel ease of chlorine dioxide fromthe treated surfaces into the
at nosphere surrounding the material. Fitments for in-dwelling 10

catheters, needles, peritoneal dialysis, percuj@neous devices, percutaneous
access, colostony bags and ot her nedical devices can also be treated in

accordance with this netirhd. pAddencenst |an allaniGes prendtpackage tarmbe so
e e Py 0o SRibsShethloelog onketisp (oo B Raly SRt cE2
expected to kill bade&e shen fhe Bake chl ofingfioxidanpesr mole afsambre
R A e ey G AT LR T
gffgct'i vel y pe%et rate thgxf:ﬁﬁ‘e?ﬁi %%lﬁig%e%? Sgtta%)a]tqtivytwyar’f’&s‘kieflc’?lgrdrpg%I rSor?

: temperature for the phases containing 23% so@ium
ethoxide, 31% sodium isopropoxide or 30% sodium t-
butoxide, in that at least 60% of the chlorine dioxide
was released upon acidification of the phase after three

10 weeks storage in dry, dark conditions. Since no change
in the chlorine dioxide release was noted after one
week, these phases were considered indefinitely stable
after one week.

. EXAMPLE 8

15 In order to make a hydrophobic acid releasing wax,
hydrocarbon wax (T, =60°C) or atactic polypropylene (APP)
was first melted at 70°C under nitrogen with stirring.
An quivaiént weight of glycerol monostearate or _
glycerol distearate was then dissolved in the moltern wax

20 or APP. Two equivalents (based upon phosphorous) of
powdered phosphorous pentoxide per three equivalents of
glycerol compound hydroxyl functions was slowly added to
the melt to avoid clumping. After stirring the melt an
additional two hours at 80°C, one eguivalent of

25 tetraethylorthosilicate was added and the immediate
evolution of ethanol was detected. Stirring was
continued for an additional four hours while slowly
raising the temperature to 100°C and purging the mixture
of ethanol with a 10cc/minutes flow of nitrogen. The

30 reaction flask was subsequently evacuated at 100°C to
remove any remaining ethanol or tetraethoxysilicate,
filled with nitrogen and cooled. Softening of the wax-
acid releasing agent (LPOSI) started at about 60-70°C.
The viscosity of the wax was 100 cP at 100°C.



bacteria such as E. coli and Salnonella that result from contam nation
during neat processing. E. coli 0157:H7 in tainted neat has caused death
and severe illness and 25 appears to be especially resistant to cooking,
fernenting and drying. In a typical operation producing neat patties for
comerci al conworsedaed, neat is ground, extruded and forned | REBUBW00203s
that are separated by sheets of coated paper that prevent adhesion of the
30 i ndi vidual patties. After packaging, the ground neat can be exposed
to chlorine dioxide over a period of tine mhe$%'n refrigerated storage to
kill and inhibit the growh of the bacteria e follow ng exanples are

presented to describe 35qne ?ES&@ééefbf”ﬁ%éﬁa&&ﬁbsL@@QIUEhh'Eée§uﬂﬁaﬁiﬁéd

present invention and m.t t WD, 96/ 39200
PCT/ USO6/ 09202 29 | AFeAPLIM¥ENI 6 eg"gh ol tgcﬁﬁﬁo?h@l% 2 hfended
heret o. EXAVPLE 1 Aphpdpbphibid aneefdomiedvas nade which contained a 7 5
wt. % solution of sodiumchlorite in an am de m xture conposed of 33 w. %
formam de, 33 w.% acrylam de, and 33 wt. % i gopropyl acryl am de. A

hydr ophobi ¢ materi al 0
PO4p + 3 [EEOH
OH

1 60-60C

”°"||3“'° —U\/\/\/\/\/\/\/\/\
}

QH

S1C0C,Hgd,

100°C

0
-CoHgOH

I
GO—P—0G

I
0—S1-0—P—0G
Lo

0=pP—0 0 0

cno;,-g-ou + S10,

5 Chlorite powder was prepared by first dissolving
commercial sodium chlorite in dry methanol at 3% by
weight filtering and the resultant solution to remove



consisting of a 40% sol ution of a copolyner conposed of 33 nol e% mal eic
anhydri de and 66 nol e% styrene in 10 et hyl benzene pl asticizer was then
made. The hydrophobic material was vortex mxed with the hydrophilic
material. The resultant white m xture of the two disperse materials started
a sustained release of chlorine dioxide in the absence of added water
within five 190963810Qut es at roomtenperature. |nterphase diPCEHSPEI20%
water within the dispersion initiated hydrolysis of the anhydride.

Hydroni umions fornmed during hydrolysis reacted with chlorite anions to

rel ease chlorine dioxide. The release rate coy{d be slowed by cooling 20
the mxture to O[err]C or- by increasing the viscosity of the materials.

EXAMPLE 2 1- (N-di prs@,raxha.nba%oaaeymwm oetm@%ﬂw&%&ommmdm@y
reacting 0.2 nole d|

nole.acrylagide in the
presence of a smal[F Qﬁﬁéacé?FE %El?P dﬁf:ﬁ?RﬂV Qf%SFu¥Po§1
met hanol . The reacmummouaa aarlD@ﬂCouhr¢mghEhrﬂRkﬁ;Sﬂ@hbﬂpegrPGIrW§¥@m

vacuum evapor at i ony od | %tﬁxessaxmnelml £ S dd e i£9Bwl. N Ah.eepresence
of pentane, a white solid was aobtaln

whi ch- t ended t% Io§é’“é\'—rh“ﬁet8n6 %Fﬁ?’gﬁrﬁ?%?ﬁ%%"ﬂﬁ& 31%%935“"‘?12 %?éb bove
the melting point. chidiibenphlryhatinodE 2alksem ok ywi whost RandifPRAEAE) thes

made by reacting 0.g ml.e AdismetByLam s (35, Saéhbsphere.

Neat sodium chlorite powder or mixtures of sodium

chlorite powder and anhydrous sodium sulfate in a ratio

10  of 1:1 and 1:2 by weight was fluidized in the bottom of
a nitrogen filled container. A stream of acid releasing
wax was then directed into the fluidized bed through a
nozzle of 7 mil in diameter with a nitrogen back
pressure of 30-80 1lbs/in? to produce wax particles

15 encapsulated with chlorite and sulfate particles
(indicated as 1:1 pre and 2:1 pre in FIG. 4). The
freely flowing powders were then stored in a dry
atmosphere. In some cases anhydrous sodium sulfate was
postmixed with the chlorite-wax particles (i.e., 1:1

20 post and 2:1 post in FIG. 4).

FIG. 4 shows the chlorine dioxide release rate from
200mg of several powder composites placed in a Petri
dish of approximately 62cc volume with a leakage of 2X10°
 moles/sec. Controlled releése over several days is

25 accomplished at about 75°F and 40% relative humidity.
EXAMPLE 9 '

A hydrophobic acid releasing wax was made as
described in Example 8. The controlled release layer
for an immediate release system was formulated by melt

30 coating approximately 5 mil of acid releasing wax in a
low melting hydrocarbon wax (60°C=T,) onto both sides of
a piece of paperboard. Next, approximately a 5 mil
thick layer of 10% by weight, methanol recrystallized,
sodium chlorite in the low melting wax was melt coated

35 onto the acid releasing layer. Another acid releasing
layer of about 5 mil thickness was then coated onto the



35 Ww.%solution in water) with 0.1 nole acrylamde as a 10 wt. %
solution in nethanol. The reacti-on was carried out WO 96/ 39200

PCT/ US96/ 09202 30 for one hour at roomtenperature. After vacuum
evaporati on of excess am ne, nethanol and water, the DVACAE was taken up in
met hyl ene chl oayb@grmedéi ed Wi t h magnesi um sul fat e and i sol at edperyuspslossoz
nmelting (Tm=5 45[ err] C) hydroscopi c solid. Both DPACAE and DMACAE
crystallized only slowly and thus could be studied in the liquid state at
room tenperature. Neither neat Inwidfowmdi ] nium chl orite. However,
10-30% wt . % sol uti ons in f-or mam-de 10 o] | am de-i sopropyl acryl am de

;
readily formed i iy gkgr&&%%mvgxl%geﬁgl eg‘hgahlt%rth@evgi&‘ﬁ%d@f EXAVPLE 3

The am ne-chl orine e_reac ering the requisite
amount of 6. 0X10[ er CpntsPaledoreteaie materigl @ﬁﬁoplﬁ 8Foxi de i n pent ane
onto about 3.0X10[err] noke ehlérime,driity ndaswedhngt sensorsdiesD igsh

1030 k. % | OF MR 4o 08 0GB PP S AV RAG/N dEniiBlLy JlEpar

chl ori ne di oxi de- peﬁp repare orchi one
sodi um chl ori t & w t Ithlorasei dihprdde C?ﬁ#@ﬂﬂ#&ﬂk@ﬂlwaﬁ §E§Prdaﬁnaﬁtaof mater-

in the presence of fynction of time over a two week period automatically

along with humidity and temperature. Both sensor ends
were exposed to the chlorine dioxide atmosphere in a
closed Petri dish through two small holes drilled into

10 the top cover of the Petri dish. The humidity and
temperature in-the room were close to that measured in
the Petri dish because the Petri dishes were of the
"breathable" type where the cover made contact with the
base at a serrated edge and no effort was made to

15 insulate the Petri dish from its surroundings.

In this configuration, the acid releasing layer was
placed in direct contact with the chlorite containing
phase and immediate release of chlorine dioxide was
observed as soon as the film was placed in the Petri

20 dish. The chlorine dioxide gas concentration dropped
from a high of 13 ppm to 1 ppm at 5-6 days in an
exponential fashion as shown in FIG. 5 (note that
detector error of £ 0.5-1.0 ppm resulted in less than
zero concentration). However, surprisingly, the

25 concentration peaks that were superimposed upon this
exponential behavior, were correlated with the
temperature and not the relative humidity as shown in

FIG. 6.
Three mold species, Chaetomium globosum (CG),
30 Aspergillus terreus (AT), and Aspergillus niger (AN),

were grown in mineral lcaded, but nutrient free agar

slants using paperboard as a nutrient. All growth

studies were carried out in accord with TAPPI standard

method T 487 pm-85 entitled *Fungus Resistance of Paper
35 and Paperboard."



pentane with vortex stifring in ice water. The supernatant pentane |ayer
was then renoved and kept dry in a seal-ed container over nagnesi um sul f ate.
The formation of chlorite was detected by 25 acidification of the
aeactgon product and the observation of the odor and color of chlorine

I oxi de by UV/Vis spectroscopy after exposure to dilute HCL. | me _cases
t he presence WP%‘@P&"i te was further verified by observation PS&"%%@”P&
spectrum Characteristic IR 30 absorbance of chlorite at 830 cnjerr]
verified its presence. The followi ng neat primary amines formed chlorite
when exposed to chlorine dioxide: Herr]NCH eag] CH err] OCH err] CH err] OH,
Herr]NC(CH err])[err]CH err]OH, Herr]NCH err]CH err] NHCH err] CH err] OH,
Herr]NCH (CH err])|[ err |SixHsermple€Hwere] Oefeed | £+ funom® I&s3gre6Ce over:

PCT/ US96/ 09202 31 [igtd Leddl L et go\gﬁst@}nﬁgrggﬁg@dlpyqutca%@condary am nes
having the formula Rerr]Rerr whereln R2
i ndependent |y, hexyFHoRgrARhL CBWQS§P50P§O§P?WE¢ c?ﬁﬁﬂ@ﬂﬁéaﬁe 9XeWPani de,
or fCI—I[ err ]dCH[ elr r] Gftethas® andekes oal shef oonedor hiamp s Wedrilleh@cagirnetihas
in formam de sol ve ol k. ow a | d chlorite when
pl asticized with fgéhn%gné]%eénoréh%sgp%rglgjigﬁggg ?¥l@%ge§lm£ e

effectiveness of c orlne dioxide in killing these three

molds was evident from the two week study.

EXAMPLE 10
In a delayed release system one side of a piece of
10 paperboard was coated with an acid releasing layer

separated from a chlorite layer by an intermediate wax
layer. The S mil thick hydrophilic phase in the
chlorite layer was a transparent blend containing 10
wt.% sodium chlorite, 50 wt.% (NH,C(O)CH,CH,0CH,CH;),0 and

15 40 wt.% formamide. The chlorite layer was separated
from the acid releasing LPOSI wax of about 5 mil
thickness by an unmodified wax layer of about 5 mil
thickness. The total volume of controlled release
material was about 0.25 cc. '

20 A delay in chlorine dioxide release was noted when
the acid releasing layer was separated from the chlorite
containing layer by an intervening wax layer. In this
case, a peak in the release was noted after one day as
shown in FIG. 7. Individual concentration peaks

25 superimposed on the averaged behavior were again
correlated with the temperature and not with the
humidity as shown in FIG. 8.

The three mold species tested for in Example 9 were
grown in mineral loaded, but nutrient free agar slants

30 using paperboard as a nutrient in accord with TAPPI
standard method T 487 pm-SS;

Six samples were tested for fungus resistance over
two weeks at room temperature in duplicate. The results
are presented in Table 2. Photographic comparisons

35 showed considerable growth after two weeks on the
control samples, while most of the controlled release



10 acrylamde: [err] wherein Rerr] is cyclohexyl or benzyl, and [err]

3. The isopropyl acryl am de-acryl am de and am ne were 15 al so

prepol ynerized and filmforned by heating to 60-70[err] Cin the presence
of about 0.01% azobi si sobutyronitrile initiator, providing chlorite so |ong
as the filmtg g@ Ghoblr € exceeded the gl ass transition tenperpattrusps/08202

hydr ogen bonded am ne having the fornula 20 '
Rlerr]RRerr]NCH err]CH err] C(O NH err] wherein Rerr] is nethyl and R err]
i's n-propyl when in formam de or isopropyl acry| am de-acryl am de sol vent

yi el ded chlorite. However, when R err] and R[‘é*r] wer e isopropyl groups,

th t ' di d_not hi dr,
(he neat am e o d ol vy 8 deSTUT4I G 153 SU0eReRBODEHLATOA Pl
formed when the angmewwas thefmmmbﬂee%rrﬁlﬁ@eo@ﬂméﬁypahfd% Hrgdsani de

sol vent . WO 96/ 39298us was respon31ble Invarlably, this nucleus was a
PCT/ US96/ 09202 32 To determ ne gh gg dro n bond necessary
M chael addition pr8E8&sChHERP SR ¥ %E?aé?ﬂ nsm?gdﬂf?t%ﬁtl

2-propenenitrid e aedfect was generated by the aggregate structure.

TABLE 2

¢G Mold AT Molad AN Mold
Growth Growth Growth

Lawns! |Growth from |[No growth |[No growth
single mold
spore

Soak? Growth from |[No growth |Growth from single
single mold mold spore (trial 1),
spore : No growth (trial 2)

20 ! Agar covered with mold spores

? paper soaked in mold spores

EXAMPLE 11
The porous paper used throughout these examples had
one untreated side and one side that appeared glossy.

15 The chlorine dioxide release coatings were applied to
the untreated side of the paper with the chlorine
dioxide releasing composite sheets assembled with the
glossy side out. Consequently, only the glossy side of
the paper had contact with the meat. Sheets

20 approximately 3 ft. x 8 in. were cut to facilitate
handling during the coating process. The original paper
weight was 5 mg/cm?®.

LPOSI acid releasing wax was applied to the porous
substrate paper in a nitrogen filled dry box containing

25 a large dish of stirred phosphorus pentoxide using a wax
‘coater operating at approximately 190 °F. If multiple
coatings were used, the paper was allowed to cool prior



Cerr]JHerr])NHCH err](err]H err] such that the amne portion of the -
product 5 did not have any hydrogen bonding and the nitrile portion was
very polar. Polarity was not sufficient to generate stable chlorite when
the neat am ne or the am ne solvated in formam de was exposed to chlorine

di oxi de. The nytyd roup bl ocked formam de so that 10 th |
back attacked é*é%?ﬁe and deconposed the chlorite into a fo?ﬁ?@%%%mgguld

not be reconverted to chlorine dioxide. Thus, it was discovered that am nes
in apol ar environnments react with chlorine dioxide but the chlorit’e ionis
unstable in such an environnent. 15 Nots hydr ogen bonded tertiary
amines of the fornula NRlerr]Rlerr]Rerr] wherein Rlerr] and R err] are
methyl and R[err] i §°c7ePéyvieRg| suhsenygnt dplvemsr.e Socebthezpapen was nani de
or isopropylacryl ancdatag) yianse seuhdprined aryt abhesphbeti L1t 91 defor
wherein R err] is benzyl, Rerr] is cyclohexyl 20 and R7 is dodecyl or
wherein Rlerr], R er foéﬁgeR[err] are n-butyl or ethyl groups were insol uble
in formam de and coul d nBhef chhenie oddnhdingng paper was applied from

CH . e ; d
o i) ert e kst LG gk 1) o bl g o

n .
i sopropyl acryl ani de*§PPEFARPHEE" al ? Ho(RAFE ooRting,$OLUELAR; VRS R PRA TS bY
sol vent; the am ne #iestndassolvimg aZ®tqmns idfe pdilgg Netvinyyzl gyehdbbidirone

b ah pKlerr] sol vt on he’arhydiopt Tl aht seponll of MEthiiof SPnTheRl b 13
bondi ng 30 gr oupravgc REaSCRYUR SHA R Loy fit@ehnicalapradm ne Bhe
10 homogeneous solution was used immediately. If multiple
coatings were desired on a single substrate, the coating
was. allowed to dry between applications. The chlorite
containing paper was then sealed in dry atmosphere for
storage.
15 Immediately prior to use, the chlorite containing
film was compression molded at room temperature with the
LPOSI containing f£ilm to form a chlorine dioxide
releasing bilayer composite. Pressures under 10,000
lbs/in? were sufficient to induce cold flow and adhesion
20  of the wax to the chlorite containing f;lm.

Samples of each individual sheet of coated
substrate bilayer were randomly set aside during the
pressing operation in order to quantify the chlorite and
wax loadings. These sheets were cut, measured and

25 weighed, then compared with data obtained from uncoated
paper as shown in Table 3. Calculations of the
theoretical acid output based on phosphorous pentoxide
and the relation:

5Cl0, + 4H = 4Cl0o, + 2 HO0 + CI-

30 indicate a ratio of approximately 0.l4g NaClO,/g wax for
optimum Cl0, utilization.



secondary am ne substituents, forms chlorite by reaction wth chlorine
di oxi de. The am ne-chl ori ne di oxi de reaction as descri bed above was

repeated wherein the anmine was dissolved in 35 various solvents to
determ ne the effect of the solvent on reaction efficiency. Al chlorine
di oxi de was  wW6B62089200 PCT/US96/09202

PCT/ US96/ 09202 33 released in water. Mre chlorine dioxide was rel eased in
glycerin or ethylene glycol than was rel eased in nethanol, acetonitrile,
met hoxyet hanol, ethanol or ethoxyethanol. Chlojgte suspended or dissolved
inab hydr ophobic material, as a dilute solution in toluene or benzene,
and exposed to chlorine dioxide reacted w t heagueo@i ne dioxi de but only

rel eased a m nor anount of chlorine.dioxide mhen acidi fied. Nhny of these
sol vents, such as etharet—-tt+—rot rbta.” Uﬂ or-t+te—16 cotmt gy
long term storage unfliSes®lien] Marmadhi d LN 9 ed WY 2 s@v—ﬁ%&-gé e
to retain the chlorilt C¥xun &lp@hPVE)AWQIZE“\g) Ami B t hatlmgyem’) | g Wax
nmonosubstituted with ettt hpoRbings groups?osnéhgas

(CHerr])[err] [ erprt-SHert Ny = =
Cerr]Herr])[e r]NCHIE‘?' Cl-lj[;r C(b)NH éf}’f} and:L 2.3 0.15
(i-Cerr]Herr])[err] Neklger Jm[eerr]q“(Oleier ], formed 6.3 | 0.25

2:4 4 1 2 5 0.21

2:2 2 0.45 2 4.7 0.096

The chlorine dioxide concentration released from
10 the films along with humidity and temperature was
monitored in a Petri dish under atmospheric conditions
using the sensor system and gas leakage rate previously
described in Example 9. Samples were monitored over
several days. FIG. 9 shows a typical plot generated
15 from data acquired from a sample composed of sheets with
two coats of each phase (2:2). Samples were monitored
at several different loading levels. All samples showed
an immediate maximum release of 10-20 ppm chlorine
dioxide within the first 2-3 hours followed by a very
20 gradual reduction in release over the next several days.
Higher loadings served to increase the maximum initial
concentration and prolong the release.
EXAMPLE 12
2:2 loaded papers were used as separators between
25 ground meat patties packed to different densities that
were loaded initially with high loadings of colony
forming units (CFU) of E. coli bacteria. Substantial
reductions in bacterial growth were noted as shown in
Table 4. In loosely packed patties, the chlorine
30 dioxide gas had access to the interior of the patty,
resulting in a more complete kill throughout.



stable chlorite in formam de. Am nes that were substituted with short
apol ar groups, nanely (CHerr])[err]NCH err]CH err]C(ONH(i-Clerr]Herr]),
(n-Cferr]Herr])NCH err]CH err] (O NH(i -Clerr]Herr]) 20 and
i-Clerr]Herr]N(CH err]CH err] (O NH err])[err], did not formstable
chlorites. However, those with linear al kane I engths greater than or gqual
to six, such évhélbi?ﬁ/@{mi'rr]H[err]N(CH[err]CH[er-r]C(O)NH[err])[erpr':i'r":‘;ﬁ’fﬁ‘1922
n-Clerr]Herr]N(CH err]CH err] CCO NH[err])[err], did formstable chlorite
in formamde. It is possible that once the apolar chain 25 | engt h had
achieved a certain Iength, a mcrophase separation into mcelles with

di screet hydrophobi ¢ regions surrounded by continuous hydrophilic regions

took place. The destabilizing apolar phase TABLE s renoved fromthe
reaction environnent. 30 : ' EXAMPLE 5 The

fol | owi ng pol ymers wer i{ NPT

que,
and eval uated to deter i %EE d
rel ease) chlorine diox ? Haa L or N dolL péedtial

(CHerr]CHerr]CH err]jLodsely pa@It{darF]-Ci:lLl(.(Z}ﬂ[Le?r]N CH[ e~9P). 9B&r r])
-]lerr] WO 96/ 39200 USIGOp202

34 (-CH err]CH(OCH err erp o ert] |-CﬁE§#?|CH Q)
%erriﬁ -iierri

(ONHCH err]CH err]
5 ’ EXAMPLE 13

Escherichia coli ATCC (American Type Culture
Collection) #26 was grown in Tryptic Soy Broth (Difco
0370-17-3) to a log phase activity with an optical
density of 0.8 at 600nm containing one billion colony

10 forming units per ml of culture. The concentration was
verified using plate counts on three separate dilutionms.

Uniform dispersal of the bacteria was assured in
densely packed meat by the following inoculation method.
Chili-ground sirloin purchased six hours before use and

15 stored at 8°C weighing two kilograms was placed in a pan
and pressed down into an even sheet. Five holes were
punched into the meat with a glass rod, and 0.1 ml of
the bacterial culture was pipetted into each hole. The
meat was then kneaded to disperse the bacteria evenly.

20 This was repeated three more times, with at least a
minute of vigorous kneading each time€. Since the two ml
of an inoculum with a culture concentration of 10° cfu
per ml was added to the meat, a concentration of one
million cfu/gram was introduced into the meat.

25 The meat was then reground to a fine texture on a

’ bench-mounted, hand-cranked sausage grinder and formed
into patties by replacing the meat in the pan and
cutting patties out with a piece of tubing to form
positive control (i.e., added E. coli bacteria) patties.

30 The negative control (i.e., no added bacteria) ground
sirloin from the same source was ground first in the
uncontaminated grinder to prevent its own contamination.




O these polynmers, the last polynmer has the nost flexible am ne containing
side group and exhibited the 5 nost efficient uptake and rel ease of
chlorine dioxide in formam de that is a substantial inprovenent over that
denonstrated with in-chain am nes. The pol yner was al so soluble in nolten

urea. EXAVPLE Q03839200 The fol |l ow ng conpounds cont ai ni ngpEMUSLYsasToL O
linkage and a tertiary amne center were synthesized in pure formfromthe
correspondi ng primary or secondary am ne, sodium cyanate, and hydrochloric
acid as described by J. March, "Advances in Cr%anic Chem stry: 15

Reacti on Mechani sns and Structure, 4th Ed. n Wley, NY. . 903

(1992) . Vel ot 1IN (CHher ) phad gt Bhalbbess) gffifacs o sfedzop
5.65, 6.25 [err] HNMiEan% cgntxols 6es§e95app9n #ad b6 Ofhaursye REGHSGNRdS

reacted with chloripgngiexé deestikd lat! @, ugl 8asgefai 60 URAIrACIid iteadli on in
formam de, 25 i ndicating, fhat terti.ary am ne

substitution of theFf™B ?ﬁaf’y Sd %&ﬁ&aﬁifpgﬁ?ﬂgg@%ﬁw oy é;;‘ﬁ?%‘nrdldﬁe
di oxi de, when &i ssoketdasing &iim aiff aheygdrephinti tnvehtvion) axddi.t idon 24f andea
to the formam de cl ggrhyutgproved the uptake and rel ease efficiency.

The patties were placed between either unmodified
paper or the papers coated with a 2:2 chlorine dioxide
releasing film (as described in Example.ll) in 10 cm

10 diameter plastic. Petri dishes with covers. Two Petri
dishes containing duplicate samples were then put in
recloseable plastic bags and stored for the required
time at 4°C in a common refrigerator.

Two samples were taken from each patty, one from

15 the upper surface, T,'contécted either by the unmodified
paper or by the test baper with the chlorine dioxide
releasing film, or from the middle one third of the
patty, M. Samples were obtained with angle tipped
forceps by either pinching across the surface to obtain

20 a small scraping of the meat, or by digging down and
exposing the middle third thickness region. The forceps
were sterilized between samples by dipping'in
isopropanol and flaming.

Ten ml sterile water blanks in screw capped test

25 tubes were tared to zero on a sensitive electronic
scale, and roughly one gram samples added to the tubes
and the weights redorded. The tubes were then capped
and shaken vigorously to disperse the meat and release
the bacteria.

30 0.1 ml of the supernatant was plated onto Tryptic

o Soy Agar (Difco 0369-17-6) in duplicate and spread with
a glass triangle on a turntable. The glass spreader was
sterilized between platings with isopropanol and flamed.
The viable bacterial content of the samples was

35 visualized by inverting the plates after 24 hours
incubation at 37°C. '



WD 96/ 39200 PCT/ US96/ 09202 35 EXAMPLE
7 Up to 50 wt. % of the tertiary am ne di net hyl am noacryl am de ( DVMAA) was
added to hydrophilic solvent containing 50 wt.% urea and 50 wt.%n- 5

nmet hyl acet am de (NMA) solvent at 50[err]C and quickly cooled to room

tenperature.‘wﬁgﬁgﬁkytlon remai ned single phase '”def'”'telyrégg&ﬁﬂﬁ%z
W, o

t enper at ure. he sanme behavior was noted for the addition o

to a. solvent containing 33 wt.%urea, 33 wt.% NVA and 33 wt. % sodi um 10

acetate, a solvent containing 35 w.%urea, 55 wt.% NVA and 10 wt. % sodi um
met hoxi de, and a sol vent containing 70 wt.% u¢®a and 30 wt. % sodi um

acetate. The above m xtures were exposed to a solution _of chlorine dioxide

in pentane and were obsEP%EBCPBaFﬁ$|%ﬁ%ﬂ%E¥e CORfdE EHRYSR hie Syoumrl
chl orine di oxi de famoewer gft bacosti® @irmaslybefadre 1tnhgrbeﬁatsoﬁ1<sim\w1th

substantially. The fi g~on the
basic side. A sli gﬁlt %ﬂ gsﬁﬁgggimgsg%g%?&néé e 50 Wt &Y %%uﬁ(rggg# gc %
NMVA- DVAA i xt ure aR@ocHdagedyposd bive/ Sntapls sAxowm\lwgs Wo%l%%dfl’ium
acetate - DVAA m xbaceetiblegtBRtPMYY -aBb timdé WitH Foryt miadMV 10 wt.

sodi um met hoxi de nhﬁ%%%%%néggabeggegﬁeghe top and middle samples. If the
unmodified paper had an antimicrobial effect, it was
minor. _

When the colony counts of chlorine dioxide exposed

10 test samples were compared, a 50-100X kill was noted for
the surface sample as compared to the interior test
sample and the positive control samples, except for the
reduced surface kill on the sample contacted with the
weakly releasing film. As for the four hour exposed

15 test samples, surface colony growth was 50-100X less
than the interior test sample or the positive controls.
The surprising observation made on .the 60 hour sample
was the high kill in both the interior and surface
sections of the exposed samples when compared to the

20 positive control samples.

Because the positive control plates were expected
to be overlcaded, a direct comparison for gquantitation
purposes was not accurate, although a rough count
revealed anywhere between 50-200 fold reduction in

25 colony count. As an alternative the test plate counts
were compared to the confirmed inoculum titer instead.

A rough comparison may be made between the Ccfu and
the inoculum figure (corrected for sampling dilution).
‘This is termed the ratio to inoculum (RTI), which is

30 intended to compare the viability of the treated sample
and the maximum possible cfu count. RTI's were
calculated for the 60 hour plates on the basis of the
Ccfu count. _

The average RTI for the top samples of the plates

35 for the patties that were exposed to chlorine dioxide
and tested for 60 hours was roughly 170, which would



Upon acidification by O 1N HCl (pH<5), conplete release of chlorine dioxide
fromall three m xtures was 25 observed up to 30 mnutes after fornmation
of the chlorite salt. The rel ease of chlorine dioxide was estinmated by .
referring to the color of solutions containing known anounts of chlorine

di oxi de. AfterWOfi65920Pne different behavi or was observed. For PERER$H0820230
after two hours, the 50 wt.% urea/50 wt.% NVA - DMAA m xture rel eased no
chlorine dioxide. The 33 wt.% urea/33 wt.% NV 33 wt. % sodi um acet-at e

conpl etely rel eased chlorine dioxide after twasdours at room tenperature.
However, only one third of the chlorine 35 di oxi de was rel eased after 24
hours at 5[err]C, wrbraeeent ¥ 96/ 8D WHecrease in viability. The average

PCT/ US96/ 09202 36 ¢ ri | QX} el i,el ded_after an_additi.onal_24
hours at room terrpe?{gt&usgs ggg\/\}g@?’%réepa%% r:hg b 1§58, E%‘@ﬁ% ¢
met hoxi de exhi bited the §te&beboursi ovwaverl tlagigebiredugtions hiw the
conpl ete rel ease wapakekedadf {eabi QL AT IR¥NRES B Phe'pdty Graplete

rel ease was al S0 noticed aftey.24 hours at, roomtenperature. Jhe presence
of a strong in gan?@eﬂaseéﬁ?gé??yt'?wﬁ?ﬁﬁ%?% a§tg§FFiF§Pﬁ?e@rﬁ9cﬁﬂ¥ﬂ#%4§

salt in urea based sidbwddesand tested for 60 hours yielded a normal looking
hamburger with no unusual odors being noted.

] EXAMPLE 14
Loosely packed 0.75 inch thick, ground sirloin
10 patties with approximately 25 cm? top surface area were

formed by hand immediately after mixing and grinding in
of E. coli ATCC #26 broth (105-10° cfu/gram). The
initial inoculum was grown up to a slightly lesser
extent than the inoculum used in Example 13. The loose
15 packing was employed to help the penetration of chlorine
dioxide through interconnected air passages.
 The patties then were placed between either 2:4 or
3:6 chlorine dioxide releasing papers as described in
Example 11, and covered with a Petri dish cover that was
20 enclosed in a recloseable plastic bag. The samples were
then stored at.4°C for 3.5 days. After this exposure
time the meat in contact with the 3:6 papers showed no
bacterial growth from either a surface or interior
sample when plated as described in Example 13. The
25 interior of the patty exposed to the lower chlorine
dioxide concentration (2:4) showed no bacterial growth
from either surface or middle samples when plated.
When compared to the results of Example 13, these
) results confirm the deep penetrating biocidal action of
30 chlorine dioxide when released in a controlled fashion
over 2.5-3 days at 4°C. Clearly, the biocidal action is
more effective for a porous meat structure.
An additional experiment using chicken breasts was
also performed. A filet of chicken breast was
35 repeatedly dipped in undiluted E. coli ATCC #6 broth
{10%-10° cfu/ml), placed between 2:2 chlorine dioxide



10 A 20% DVAA - 35 wt. % urea/55 wt. % NVA 10 wt . % sodi um et hoxi de
nmelt was exam ned at 60[err]C for up to one hour in 300 MHz proton NMR to
see if any DMAA deconposition occurred. Fromthe toxicological point of
vi ew any deconposition of the DMAA into secondary am ne 15 and toxic

acryl am de woyl d I ghly undesirable. No deconposition was ver
t he one hour W@a%ﬁ?’ﬁ@%peri od. Acrylam de al kene resonances W"?@%ﬁ@?gﬁ

bet ween 6-4 ppm yet none were seen. Sone pol ynerization of the urea was
reveal ed by the broad 20 band under a sharp urea band at 6-7 ppm The
NVR obt ai ned after heating at 120[err]C for t® hours, nuch above the
50[err]C at which the DMAA was mi xed into the urea based sol vent, reveal ed
ext ensi ve pol yneri zaeless g thidmsr aad: khenwaiosed dbrtide gmRetel fdsdasBatn
l'ine lelo dth 25 arﬁaé fl?l&@é?'iirgﬁ 1@ 108 ebBEe Up Bas £ £6 Ahd Gt i lered &g/laﬁd 6
ppm wever, no al kepe, acryl am de r, nange re s t DVAA
- 35 Wwt.%ureal/ 55 w® /Em%ﬁ?ﬁ\ﬁa. 6% 6= ﬁﬁ?’h%%l%é g@@? e#%faochggd%%oeo

t oxi ¢ al kene producheat 3¢as then swabbed dandapilabedi tg get can dmdicadign Oft y

frominconpl etg dryhog: of;4 nei £0! V@(%;‘ain“?xo""ba%@i‘i&ﬁr@fw:dry WwHd efbreea
(vacuumdried: 80[err]C, 18 hours, 0.1 torr) and 60 wt.% NVMA (CaO over ni ght
reflux and distill eBf ®Br A Ahrd heated for 18 hours at 120[err]C.

Al koxides were 35  first isolated as dryEXpMRI® 950y reacting the required
amount of cl ean sodi um NBL&l g & 4 &1 aRROkiBRIde releasing film Co

~ suitable for controlled release and biocidal action

10 within a container is described herein. The eqguation
describing the concentration of chlorine dioxide in a
‘coating of thickness, e, (0<x<l) which is covering the
inside of a permeable container of total thickness ¢ +
a, where ‘a’ is the gas space thickness (8<x<l+a), above

15 the coating is shown below. Chlorine dioxide is
generated by means of.a completely permeable thin £ilm
of infinitesimal thickness that lies on top of the
coating at x=0.

' t
20 e Qm 2ecos (0,x) feP™he traA
Ci(x,t) =1L 0
n=0 [&(h-k’'0,%) %+ (8+k’), *+h]lcos(e,Q)

where,
b=D°0,2, k’=4¢/P, h=D9/(1D°)

25 The terms, a,, in the infinite series above are
~roots of the equation:
otan(of ) =h-k‘a?
D°= Diffusion constant of chlorine dioxide (cm®/sec) in
coating
30 D= Diffusion constant of chlorine dioxide (cn@[sec) in
gas phase
Phenomenological length (cm) of leakage pore

v k-
"

Ceone (X=1) /C,ps (X=1) =Henry’'s law constant for
partition of the chlorine dioxide between the
35 coating and the gas phase
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I sol ati ng the product by washing with diethyl ether. Al mxing was carried
out under dry nitrogen atnosphere. Predrying of the urea/ NMA m xture
resulted in roomtenperature stability of the imniumchlorite 5 salts
for at | east owmwembeoat room tenperature. The desired anount pefrnsbémzede
was then dissolved in the urea/ NVA sol vent using mninal heating foll owed
by DVAA to forma clear viscous |iquid at roomtenperature. The results of
the chlorine dioxide uptake 10 and rel ease ?5 sever al

ur ea/ NMA/ DVAA/ sodi um al koxi de hydrophilic matefial -conposites are presented

in Table 1. Rel ease ghar aghigyislel @ioﬁﬁ.&ebgéﬁ@r%&x r&ridleat® $¢8he ranging
fromexcellent (9) to pooro (tl olled \:{.‘Dlgg/eg o](.)m (mole/cm?/sec?)
PCT/ US96/ 09202 38 [err] ©°R ed re.ease Iiim (mole

k =

a, the total thickness of the gas layer

s = inverse of the time of maximum release rate of
5 _ chlorine dioxide from the controlled release film

C({x,t) is evaluated fo: a given set of diffusion
constants, leakage rate, h, phase partitioniﬁg and
dimensional constant, k’ chlorine dioxide release rate,’
Q, and inverse relaxation time for release, s, by

10 plotting C(0) vs @ at t=s"!, As an example, C{l,t) is
calculated for a Petri dish of 62 cm? cross-sectional
area of lcm total thickness which includes 0.8cm gas
space and 0.2cm Agar. Since the biologicals .are
introduced at x=0 and grow in the Agar it is important

15 to calculate this concentration. This calculation is
necessitated by the strong partitioning of chlorine
dioxide into the liquid phase once it is generated by
the controlled release film. At the release rates
generated by a test film the gas phase concentration was

20 so low (<0.1 ppm) it could not be measured by the
detector.

In order to complete the calculation Q, s, P, D9, D¢
and 1 must be assigned or measured. Since Agar is 90%
water it is assumed that P=40 can be used [J.J. Kaczur

25  and D.W. Cawlfield, Kirk-Othmer Encycl. Chem. Tech. (4th
Ed.), 5, 971 (1993)]). Df=1.5 x 105 cm?®/sec and D%=0.12
cm?/sec are reported in the Handbook of Chem. and Phys.,
52nd Ed., F47 (1971). 1In actuality D' appears in the
model only in conjunction with 1 since for the purposes

30 of the calculation C? is assumed to be uniform in
0 <x<l +a. , _

The leakage flux constant, D9/1, is evaluated by
injecting a small qguantity (about 10 ppm) of chlorine
dioxide into the Petri dish containing no Agar and

35 measuring the chlorine dioxide concentration as a
function of time. The Petri dish employed will leak
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presence of an al koxi de pronotes long termimniumchlorite stability.
However, the addition of nore than 0.5 nole chlorine dioxide per nole of
am ne substantially decreased imniumchlorite stability. 5 : ] ]
Excel l ent |on tability was found at roomtenperature for the ases
cont ai ni ng 2385%%%% et hoxi de, 31% sodi um i sopropoxi de or 3C¥FFEESA6/0AI0Z -
but oxi de, in that at |east 60% of the chlorine dioxide was rel eased upon
acidification of the phase after three 10 weeks storage in dry, dark
conditions. Since no change in the chlorine ggoxide rel ease was noted
after one week, these phases were considered indefinitely stable after one
week. EXAMPLE 8 15 relativelyn repdddyt becauee aofyithe Hedrat edl iedigesl edsthg

wax, hydrocarbon wayeHtbre dilsh-eRher &L%ﬁiﬁé&%é Caé)é%lﬁ@:?%? 938 E%Eﬁ%m\g%@s

first nelted at 70[err]C und nytrogen stirring. Af equival € ght
of gl ycerol m)nost&her Chai i ?Pfcbf‘ﬁ&gﬂ?'g? 58 Ras then dissolved in the
nol ten wax 20 or APP.(DPfid) eqlii 154 emi/segdbased upon phosphoro&s) of |
owder ed phosphorous pe ' p e f val ent f rok conmpoun
IElydroS(yI Punclto?ons was sm‘l 0 Q?lgd%%gE?% t xZ“';wrr:i\éﬁ)'(rt@ 0 %/egifci’qj@?/ %ei ng.lgAfter
stirring the melt a‘rP%ﬁﬁﬁattiet%§F°f“\/\B EBuiBLIRIBY[MMS.C, one equi.val ent of 25
tetraethyl orthosilicateeswas added and the inmediate

. Qte™®*dt = Q/b? = total moles of chlorine dioxide

0 available

10 For the purposes of the calculation the controlled
release film of density 0.8 gram/cm’ and total volume
0.315 cm’ contains 15 wt.% sodium chlorite of molecular
weight 90.44 g mole or 3.35 x 10* mole available chlorine
dioxide (assuming complete reaction of 5 moles of Cl0,!

15 to 4 moles chlorine dioxide) and shows a maximum release
rate at one day or s!=86,400 sec. This release maximum
is typical of an acid releasing film separated from the
chlorite containing film by an intermediate wax layer.

Q is thus calculated as 7.23 x 107! mole/cm?/sec?

20 over a 62 cm’ base area Petri dish where the area release
rate is assumed to have no lateral dependence over the
‘entire surface of the dish. This is a valid assumption
since, even though the controlled release patch occupies
a smaller area than the total cross-sectional area of

25 ‘the dish, both the gas and Agar diffusion rates of the
chlorine dioxide are large in comparison to the time

' scale of the release rate.
The concentration in the gel phase C(2,t) as a
function of time is then calculated for a range of

30 leakage rates, h as shown in Fig. 10. At fast leakage
rates (10°<h<10°! cm!), the release rate maximizes at t=s-
! and the maximum concentration is proportional to h. 1In
essence the concentration at any time significantly
greater than the half time for leakage is simply some

35 constant factor multiplied times the source generation
rate. However as the leakage rate decreases 10-'<h<10°%,



evol ution of ethanol was detected. Stirring was continued for an additi onal
four hours while slowy raising the tenperature to 100[err] C and purging
the m xture of ethanol with a 10cc/ m nutes flow of nitrogen. The 30
reaction flask was subsequently evacuated at 100[err]C to renove any
remai ni ng et hawmobeamoa et r aet hoxysilicate, filled with nitrogdCTAR60%E8? ed.
Softening of the wax- acid rel easing agent (LPOSI) started at about

60-70[ err]C. The viscosity of the wax was 100 cP at 100[err]C. WO
96/ 39200 54 PCT/US96/09202 40 The
process -for preparing LOPSI can be summarized as foll ows. When

hydrol yzed, siliconggibombhdemandeendditspitdlonpiigd geget@ts@donlyerad ||

o5 um o or C1o! b GeOAdBkaey PLERE! Sy Kool Eoly itk S il
solution to renove occMEs96EtBO2GHximum concentration is approached
PCT/ US96/ 09202 41 asymptotically, and a total of 3.36 x 10" moles chlorine
5 dioxide (e.g. Qs?x62 cm?) is distributed between the 0.2
cm thick gel phase and the 0.8 cm thick gas phase.

For the purposes of estimating how closely the h=0
concentration is approached at h=8.31 x 10" cm?, the
concentration in the gel phase at t=6.0 x 10° sec, x=({

10 (2.4 x 105 mole/cm®) is used to calculate the total
amount of chlorine dioxide in the Petri dish.

[0.8cm(62cm?)8 /40)+(0.2cm) (62cm?) ) (2.4 x 10°
mole/cm’) =
3.27 x 10 *mole

15 This value is very close to that expected for h=0.
For the leakage rate measured for the Petri dish in
which the biological growth experiments are carried out,
a maximum concentration of 2.5 ppm is expected in the
gel phase at x={ with a concentration of 0.06 ppm in the
20 gas phase. About 0.25 ppm is required to kill mold
spores.
A slightly more complicated environment would be a
box of the same dimension as the Petri dish but with its
gas space filed with absorbing particles packed with a
25 volume fraction, €=0.5 cm’/cm’. The diffusion of gas
through such a composite media has been studied [R.M.
Barrer and D.M. Grove, Trans. Far. Soc., 47, 826, 837
{(1951); R. Ash and D.M. Grove, Trans. Far. Soc., 56,
1357 (1960)]. '
30 The diffusion constant D’ of a gas flowing through a
porous media must be replaced by:
D%, =D/ [1+(2K,/r) ]



sodi um carbonate inmpurity. The chlorite solution was then extruded into an
anhydro spray drier in dry nitrogen at 100[err]C through a self siphoning
extrusion head with co-axial fluid and nitrogen flow. After 5 routing to
a cyclone separator to isolate small sodiumchlorite particles of about 5
mcrons in di W b&Son0d he powder was stored in a dry atnosphergrHh@ghesedi um
chlorite powder or m xtures of sodiumchlorite powder and anhydrous sodi um
sulfate in a ratio 10 of 1:1 and 1:2 by weight was fluidized in the.
bottomof a nitrogen filled container. A stream of acid releasing wax was
then directed into the fluidized bed through &ozzle of 7 ml in dianmeter

with a nitrogen back pressure of 30-80 | bs/in[ferr] to produce wax particles
15 encapsul ated with EﬂFB?i%é‘§H6f§GFf§F§r%é§ti?Weﬁg%éEiﬁ¥ﬁﬁﬁe&ng§Lf:1

pre and 2:1 pre in keCatddnsHiye freely fl owi ng powders were then stored in
a dry atnosphere. In song cgsgs anhydrous sodium sul fate was postm xed with
the chlorite-wax particlés (i*.e., 1:1 20 post and_2:1 post in FIG, 4).

FIG 4 shows the chWBPFReCdi b8 F&e sMEReE PAt BOIRHNPROTRR) RS UBRS/ gm er

f:onEosi tefs 2lxzilged | BugfRekr andi oh i@f tdpeppasi phasktycbReentrdtion Wi h a
jgekae of 20, L HphaTRRE 2% LAl adche sase s A glivse 3
hydr ophobi ¢ aci d repxisihy Aaxeorsd ngarilklaries within a solid having
porosity € and internal surface, A (cm?/cm’), r=2€/A.
For the purposes of the calculation of surface
10 concentration of chlorine dioxide within the porous
media, the particles are considered to be small enough
so that the concentration of chlorine dioxide throughout
the particles’ thickness is equilibrated with the gas
concentration. For the purposes of this calculation,
15 the entire particle concentration is concentrated in the
particle surface. N
In this case the surface Henfy's law coefficient is
related to the bulk coefficient, X,, by
CP(1-€) /A=C,’=[(1-€) /AJK,C?
20 K;=(1-e)K,/A
D9,=D%/[1+(1-&/8)K;]
At a porosity of 0.5 and a partition coefficient of
40 into the particles, the diffusion constant for flow
through the absorbing porous media would be reduced by a
25 factor of 0.0244. This substantial reduction of
| apparent gas phase diffusion constant proportionally
reduces the leakage rate, h, resulting in a proportional
increase in the concentration expected at any time.
The amount, placement and controlled release
30 characteristics required for a biocidal film are
estimated where the film is protecting a small 62 cm’
particle filled box that is assumed to leak at the same
rate as the Petri dish, h=8.3 x 10® em! (a rather good
assumption for a typical loosely sealed box). A pallet
35 of well packed, folded (unpacked) boxes might be an
analogous case. Since mold spore kill is guaranteed at



described in Exanple 8. The controlled rel ease |ayer for an i medi ate

rel ease systemwas fornmul ated by nelt 30 coating approximately 5 m| of
acid releasing wax in a |ow nelting hydrocarbon wax (60[err]C=T.) onto both
si des of a piece of paperboard. Next, approximately a 5 m| thick |ayer of
10% by wei ght , W@6A32398| recrystallized, sodiumchlorite in t hBCT/HSI6MNEIR| ng

wax was nmelt coated 35 onto the acid releasing |ayer. Another acid
rel easing | ayer of about 5 m | thickness was then coated onto the - WO
96/ 39200 5g°CT/ US96/ 09202 42 chlorite

containing |ayer. The total volune of controlled release material was 0.25
cc. Two chlorine di axi deposaserofigl seprs @t ok@nz0dppridadf Or 19 0Ff ap minBies ,

interfaced with a ¢ u . l.ar Loe,dL Qxi ge: £O ' was
recorded as a funct ?g% %EQ??%%&(?\%sréag‘et?m%%\%%eE@p%g%gg gﬁ %n%%%ﬁ%é%%&ng
with humdity and t&Rp8rBedfed RIepsRAdoMmodsds rRgienaxpbser thox he

chlorine dioxide at geepbeablynafté&t cfaﬁéﬂée_t lajaygi aalth ﬁ%%%ﬁ@a%$0| es
Cenperat ure i n %t he PoginR, BOLE cReifes, Bl 050205, WP LR (1M oh
because the Petri dminuseder eThe destrustdanhaffl shet gpewthenechdre oy erf made
contact with the the cell is so complete that strains with a natural
immunity to chlorine dioxide cannot develop.
Conveniently, these concentrations are below the human
10 olfactory detection limit of about 10 ppm.

Practically, since such a short exposure is
required, a f£ilm that released chlorine dioxide in a
pulsed fashion would be the ideal system. Of course,
depending on the storage environment, this behavior

15 would assure that the initial mold spore infection
(originating inside and outside the box) and any
subsequent infections (originating outside the box) were
destroyed before any growth could occur. A continuous
release of 1 ppm thus wastes about 98% of the available

20 chlorite. The preparation of such a film is discussed
in Example 16.

Figure 11 shows the release characteristics
expected for a controlled release film with a maximum
release at 10 days, 3.35 x 10" mole available chlorine

25 dioxide (0.33 cm® f£ilm, 15% wt.% sodium chlorite), placed
in a 0.5 porosity box with a bulk Henry’s law
coefficient of 40 vs air leaking with h = 202.76 cmt.

A maximum concentration of 10.4 ppm is reached

. after 10 days and at least 1 ppm is generated for 0.4

30 day<t<46 days. Approximately 0.31 cm® of controlled
release material is needed for this purpose. At a

‘materials cost of $1.00/1b, the controlled release
material cost required to do the job would be about
0.056 cents. Thus, a box containing 1.1 liters of

35 material could be protected for 1 cent with the above

listed parameters. ' '



base at a serrated edge and no effort was nade to 15 i nsul ate the Petri

dish fromits surroundings. In this configuration, the acid rel easing |ayer
was placed in direct contact with the chlorite containing phase and

i medi ate rel ease of chlorine dioxide was observed as soon as the fil mwas

pl aced in the di sh. The chlorine dioxide gas CONSSAS
dropped from v’;':%I“{dr?zof 13 ppmto 1 ppmat 5-6 days in an exponentslrga 26

fashion as shown in FIG 5 (note that detector error of 0.5-1.0 ppm
resulted in |l ess than zero concentration). However, surprisingly, the 25
concentration peaks that were superinposed updY this exponential behavior
were correlated with the tenperature and not the relative humdity as shown
in FIG 6. Three nold species, Chaetoni um¥F8FI&ME co, 30 Aspergi | | us

terreus (AT), and Asper gThéusulsgrrdlddse wapabdldwiesnofi aemaltimiaded, but
Ctudi 5 ver 6 carri eqhares Sbiifd W&?""%%p%%%ﬁgﬁé ol e i’ﬁ%%“pm 85
entitled "Fungus ReSpEeHRtReofhelhpy the compegibgpwibdapaovide S3FE60
PCT/ US96/ 09202543 sustained release rates for a particular appllcatlon.
The time required for complete cation exchange can be
predicted from the mobile ion concentration in each
layer, C;, wherein i is A, B, or C. In order to
determine such a time period, hydronium ion transport

10 across the intermediate layer C is considered to be the
rate controlling step, and the diffusion constant and
effective mobile ion concentration for hydrogen ion are
considered the same in layers A, B and C. Chlorite ion
is considered to be relatively immobile and the reaction

15 of chlorite to chlorine dioxide is considered to occur
instantaneously once a hydrogen ion enters the
hydrophilic layer B.

Hydronium ion mobility in intermediate layer C can
be estimated by using experimental data reported by J.L.

20 Crowley et al., J. Poly. Sc., Poly. Phys. Ed., 14, 1769
{1976). Crowley et al. studied the ionic mobility in a
graft copolymer of low density polyethylene (79 wt.%)
and sulfonated polystyrene (21 wt.%) as a function of
ion type, water content and temperature. Sodium,

25 potassium and silver ions travel along polymer bound
sulfonate groups by exchange with hydronium cations. At
high water contents of 3-6 wt.$% phase separation of ion
clusters in a hydrophobic matrix is likely. The
reported silver ion mobility and mobile ion

30 concentration is quite high under these conditions (H =
3.0X10"* cm?/StatV-sec, C = 3.3X10™ mol/cc). However, in
*dry* films both the mobility and mobile ion
concentration decrease substantially (p = 1.4X10°¢
cm?/StatV-sec, C = 8.3X10"" mol/cc). The ion diffusion

35 constant D can be calculated from the reported ion
mobility using the equation D = (kTu)/q, where k is




Si x sanples were tested for fungus resistance over two weeks at room
tenperature in duplicate. Photographic conparisons showed consi derabl e
grow h after two weeks on the control sanples, while no growth 5 showed
on the controlled release filns. The effecti-veness of chlorine dioxide in
Killing these Wore392001 ds was evident fromthe two week studyPCEXSIRIE210
In a del ayed rel ease system one side of a piece of 10 paper board was
coated with an acid releasing | ayer separated froma chlorite |ayer by an
intermedi ate wax layer. The 5 m | thick hydrop@%lic phase in the chlorite
| ayer was a transparent bl-end containing 10 wt~% sodiumchlorite, 50 w. %

(NH err] (O CH er r ] @dhezmeQ@El ebhttbhe! ro [£S rdHe aMichdce téRpbtatbire, U is

formam de. The chlorite .aﬁer was _separ ated fromthe acid éeleasin LPOS
wax of about 5 mi| tHAcFRSIIIEY aRALRAnbR §F R dhaFge - of THBoGR I GuHRFed
t hi ckness. The t ot aliomldirffusfiononbnstams raateeds.@ Ixanet ical /swes abd . BRAD-

ce. 20 A delsdin Ll B0 adl OthdSuLe! PR PR 8GR, he acid

rel easi ng | ayer_was separate ,Chlorite containing’layer By an
i nt erveni ng waxd | ayéounteriens leaded £ilpairesPaatdviedVease was noted after
one day as shown in Fl G The megphollogy PN ratdopdlpmelkswdbld be very

Cehper atur e and not e AtnaohCHE (ERb AR &AM S SeOhRE PLiDehb
invention in that both include partially connected ion
clusters localized at spherulite boundaries within the

10 hydrophobic layer.
The total amount of hydronium ion that has diffused
across boundary AC (moles/cm?) in time t is represented

by the function Q:

15 Q(t)/1C, = (Dt/1%) - 1/6 - 2(®) 2L (-1)"n"2exp (-Dn?nt/1%)
n=1

Breakthrough of hydronium ion into hydrophilic
layer B will occur at (Dt/1?)=0.1 (t=10.4 min, 1=5 mil or
1.27X10"%cm) and steady state diffusion is reached at

20 (Dt/1%)=0.45 (t=46.9 min, 1=5 mil). The first two terms
in the above equation dominate after steady state is
reached. Thus under *wet" conditions (6 wt% water),
Q(t) = 1C, [(Dt/1%) - 1/6] = 5.72x10°° mole/day-cm® at 5
mil thickness. The hydronium ion in a 1 cm? area film

25 and 1.27X10°? cm thickness (1.65X10° mole hydronium jon
initially) should be almost completely reacted in the
chlorite layer in 7 hours. In the "dry" film, which is
typical of polyethyvlene contaminated with ions, Q(t) =
DtC,/1 = 6.83X10® mole/day-cm? at 5 mil thickness.

30 Because of the much lower mobile ion concentration, 247
days are required for the hydronium ion to completely
diffuse into the hydrophilic layer B. Thus, a multiple
layered composite providing from about one day to about
247 days of chlorine dioxide release can be formulated

35 using the two layered composites of the present
invention.



The three nold species tested for in Exanple 9 were grown in m neral

| oaded, but nutrient free agar slants 30  using paperboard as a nutrient
in accord with TAPPI standard nmethod T 487 pm 85. Six sanples were tested

for fungus resistance over two weeks at roomtenperature in duplicate. The

results are pr n i n Tabl e 2. Phot ographi ¢ conpari sons 35

consi der abl e d&%&ﬂ%sg¥ter two weeks on the control sanples, mﬂqvgggﬁgﬁgof
the controlled release - WD 96/ 39200

PCT/ US96/ 09202 44 films showed no growth. In the few cases where rold did
grow on the controlled release filns, only a gl e nucl eus was

responsi ble. Invariably, this nucleus was a |arge clunp of nold spores
where some sel f prot ect|'ivbe5ch1@f:rre%tdmdgerr@ﬂ-aaeg botehes agrpetpily

structure. TABLE 2 EgpMal ¢hen cﬁﬂbf&ﬁé’dlox1de r@elBed; SOTH{ O] atROWA a
G owt h G owt h Lawns nol d spore

Soak2" Groveh frontORBORTER FORHHRIRS Aty B RGPEaLArS) LovE ecause

mol d spore (trial 1fhlorine decomposition is a function of pH. A minimum
5 concentration of hydronium ion is transferred before
chlorite decomposition into chlorine dioxide occurs due
to the buffering action of the hydrophlllc 1ayer
containing the. chlorite. _
The effect of v1scosity on reaction rate, the rate

10 of hydration of the film required to produce the minimal
amount of free water necessary for catalysis of chlorine
dioxide production, and the changing mobile ion
concentration and diffusion constant supported by the A,
B and C layers can affect hydronium ion transport.

15 An amount of water must be present in intermediate
layer C for transport of hydronium ion. Water is
transported through a hydrocarbon matrix as single
molecules, except at higher water activities where some
tendency to form clusters is noticed. The permeation

20 rate of water through a 5 mil thick high density
polyethylene film of 1 cm?® face area would be 6.89X10 -°
mole/day/cm?/Smil (90% RH, 38 °C) as reported by Wessling
et al., Encycl.Poly.Sci.Eng., 17, 510 (1989%9). This
permeation rate is significantly less than that seen for

25 polyethylene ionomers which typically contain 3.35x10 ¢
mole/cc ionic groups at a minimum (4.08x10 -°
mole/day/cm?/5 mil) [Zutty et al., Encycl.Poly.Sci.Tech.,
6. 425 (1967)]. The latter ionic content is suitable
for layers A, B and C, each of which has the potential

30 to absorb 3.3X10 " mole/cc x 10 moles of water
(assuming 10 H,0/H,0* ion) or 4.2X10 -°* mole water/cm?/5
mil (6 wt% water). Therefore, 5 mil A and B layers would
regquire about 1 day to saturate to 6% water from an
initially dry state. At most, an additional day would

35 then be required to saturate the intermediate layer C.



spore ' No growth (trial 2) 10 1 Agar covered with
nol d spores 2 Paper soaked in nold spores EXAMPLE 11 The porous paper used
t hroughout these exanpl es had. one untreated side and one side that appeared
gl ossy. 15 The chlorine dioxide release coatings were applied to the

unt reat ed si dev@P6/3%200 paper with the chlorine dioxide rel easi Hg/CBBE?t e
sheets assenbled with the gl ossy side out. Consequently, only the gl ossy
side of the paper had contact with the neat. Sheets 20 approxirately 3
ft. x 8in. were cut to facilitate handling dgp ng the coating process. The
ori gi nal paper weight was '5 ng/cnferr]. LPCSI acid rel easi ng wax was
applied to the porous suﬂﬁlattﬂuqaa.m’rreﬂtlioa mst sugeeptibledarvadicous

cont ai ni ng 25 a Jn@ 981 (‘E’aiéﬂ: %gra?g§9FOEH Qer%&gﬂq&;m ng a wax
coater operating at prOX|nat y 19 er e coatlngs were
used, the paper was i@we begp shpwm i) way of example in

PCT/ US96/ 09202 45 tehap@fa/w:ngg§t&iﬁiema&rét bbaneHEscBnBedtm@rmpe&rn Wt adQat ed,
L L |5n a gEysﬁoQPcf heeruen ers d ngeéggragﬁat it is not
intended to limit the invention to the particular form
disclosed, but on the contrary, the intention is to
cover all modifications, equivalents and alternatives
falling within the spirit and scope of the invention as
10 defined by the appended claims.



The chlorite containing paper was applied from5 met hanol sol ution using
a coater“mm“u“ujmm mtenperature. A typical coating solution was

pr epar ed ; ing 25 granms of poly N-vinyl pyrrolidinone (PVNP
1. 7x10[erf] M W) 1n®500 n "of methanol followed. by .15 grams of sodium

chlorite (techni rade). The 10 hptygengous S akelifon
i medi atel y. fg%rgﬁbﬁopi pl e coatings werje desiepdamm a singl eW?E g%fég({gé?z t he
coating was allowed to dry between ap[gsi © orite containing

paper was then sealed in dry atnosphere for storage. 15 | medi ately
prior to use, the chlorite containing filmwaélconpression nolded at room
tenperature with the LPOSI containing filmto forma chlorine dioxide

rel easing bilayer AR Pressures under 10,000 |bs/in2 were sufficient
to induce cold flow and RdRasidd o0 reta@BihfebyexetDal hefwrigal,i tad viral

containing film Sanpl.es of eaché%gfivid |l _sh f e r
bi | ayer were r andonff Eﬁﬁlﬁﬁﬁ%ﬁP H§°W§§,B?e§§%%§ %%g?% %%ﬁ“?%khrng to
quantify the chl orimaterihlvand/oxlidegdorinéne theeratswral amPrEadgred and
25 weighed, then conpaggskMd b dalr#aebt 8ENg0mk £ 8F1 AN CORTL LMY tRS
shown in Tabl e_3. Cﬁ%guhﬁglons of the thegﬁethal acid oq%gq} based on
phosphor ous pefit oxi BRAGFIPEHdQe RaYeGse FELPFIRE 410%i0f ¢ e%%ﬁe&c& of
approxi mat el y 0. l4gmda&t @ er rdrudy wax for :
exposipg the surface to moisture to release

chlorine dioxide from the composite into the atmosphere

surrounding the material to retard bacterial, fungal,

10 and viral contamination and growth of molds on the
surface of the material and/or deodorize the material,
the material being pet foods, dry foods, cereals,
grains, laundry detergent, bar soap, medical supplies,
paper documents, paint, shoes, disposable footwear, or

15 disposable or nondisposable personal care products.

2. The method of claim 1 wherein the material is

exposed to chlorine dioxide by a composite that is a

portion of a container or a composite that is placed

within the container, and the material is stored within
5 the container. |

3.  The method of claim 2 wherein the container is a

paperboard box, containerboard box, corrugated

container, nonwoven container, plastic container,

polymeric multilaminate container, a cellulosic, plastic
S or paper bag, or a waste basket.

4. .The method of claim 1 wherein the material is
exposed to chlorine dioxide by a composite that is _
applied to a disposable or nondisposable mat or sheet.

[
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opti mnum Cl tion.

P / US 9 h“*% 3 Sanpl of Wax
NaCICIe qerr] (my/cnferr])

g Wax va coat i ngs. ' : 1 0.44

1 9 WO 9639280 3: 6 '6-"""’ 1.6 3 PCT/US96/09202 25
2: 4. 4 1 ' 2 5 : 0.21 2:2 2 0. 45
2 4.7 0. 096 The chlori ne di oxi de concentration rel eased from 10

the filnms along with hum dity and tenperature g¥as nonitored in a Petri dish
under at nospheric conditions using the sensor systen1and gas | eakage rate

previously descri beé N WA hGY oPrERLER \@’eﬁﬁe@?ﬁtﬁ{§%&v%& %ﬁ\é%ga&s
days. FIG 9 shows égl calq}ﬁl ot generated rom dat a a%gw red_ froma

sanpl e conposed of @ﬁ% 15 2o PUEGL R hHEIRY (SOVEEInganF §ROWEF e
noni t ored at sever ahatlj faebamrlade),ad: Ad.nleev bs. dAdvessimgt echedlvasgd aan

| mredi ate maxi mum r £§é§€ £y ]egc‘r?l% Wg;%g%%&:”gséﬂ DL M ta“'f'?:o‘d*%r“ab@:%&

2-3 hours foll owed y a very tion In r'el'ease over
next several days. PRgREPTPHRERNEF %@é@BSpﬁciéﬁéé f9% ‘*F@(l%tﬂ’ﬂaﬁleifﬁal

6. The method of claim 4 wherein the mat or sheet is
made from paper, cellulosic, polymeric, woven fabric or’
nonwoven materials.

7. The method of claim 1 wherein the material is a
shoe, and the composite is applied between a cloth
covering and a foam pad of a shoe insert, is impregnated
within the foamed pad, or is impregnated or coated on a

5 shoe counter or upper lining to deodorize the shoe and
retard fungal growth in the shoe or on a foot.

8. A method of inhibiting fungal infection and growth
on a surface of a human foot or fingernail comprising:
contacting a surface of a human foot, a human
fingernail or an artificial fingernail with a composite
S that does not release chlorine dioxide in the absence
of moisture; and
exposing the surface to moisture to release
chlorine dioxide from the composite into the atmosphere
surrounding the surface to inhibit fungal infection and
10 growth on the surface.

9. The method of claim 8 wherein the composite is
applied to an artificial fingernail or is a formulated
as an adhesive for adhering the artificial fingernail to
a finger to inhibit fungal infection and growth.

10. A method of retarding bacterial, fungal, and viral
contamination and growth of molds on a surface of meat,
poultry or seafood comprising:

Sheet Has Been Replaced
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concentration and prolong the rel ease. EXAMPLE 12 2:2 | oaded papers were
used as separators between 25 -_ground neat—patttes packed to different

densities that were loaded initially with hi di ngs of col ony form ng
units (CFU) of E. coli bacteria. f“ml n Eﬂi&ﬂﬂtions in bacterial growth
1

were noted as shown in Table 4. patties, ' 30
di oxi de gas ha¥0262%8L to the interior of the patty, resulti ngcf'ﬂgé:m ﬂ_’?e

conplete kill throughout. . WD 96/ 39200
PCT/ US96/ 09202 47 TABLE 4 Bacterial Load % Reduction in G ound Meat

(CPUrREE EMRET Has grencpPl | bacteria Loosely packsd 1. 7X10[ err.
>99Fs§90/ %E“Sp. Hfd 5. OX10[ err] 99.5% 5 Lerrl
EXAMRLE o r ISChI a cekpoARG o Anarfiacan ofy peatul pandt vl decs¢afgoH1® Ras
grown in Tryptic So 3 |
on opti cal 5 X?Jﬁ%é?%i‘t% Qg{)% Wy hbedkreh@ale eﬁlePﬁﬁé LSk Vdd YinnitHe

denSity O nn1conta|n|ng one billion colony 10
formng units per nebeenes| e meisteic@ntrati on was verified using

pl ate counts on three sepgposingliths icodposite to moisture to release
chlorine dioxide from the composite into the atmosphere
surrounding the surface of the meat, poultry or seafood
10 to reduce bacterial, fungal, and viral contamination and
growth of molds on the surface and within the meat,
poultry or seafood.

11. The method of claim 10 wherein the meat, poultry
or seafood is a ground patty or a filet, and bacterial,
fungal, and viral contamination and growth of molds is
reduced on the surface and throughout the patty or

5 filet.

12. The method of claim 11 wherein bacterial, fungal,
and viral contamination and growth of molds is reduced
by at jeast about 50 fold on the surface and throughout
the patty or filet.

13. The method of claim 11 wherein bacterial, fungal,
~and viral contamination and growth of molds is reduced

by at least about 99.5% on the surface and throughout
the patty or filet.

14. The method of claim 10 wherein the composite
comprises a sheet for separating patties or filets
during storage, the sheet being in contact with the
surface of the meat, poultry or seafood.

15. The method of claim 10 wherein the composite is
applied to a meat cutting board, a paper sheet for
separating hamburger patties, a meat packaging tray, or
an absorbent pad. R

S
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Unifo | he bacteri
g
bef or e's s  s5tored at
a pan and pressed down into an even s | es were punched into the
meat with a gwasssaszm, and 0.1 ml of the bacterial cul ture weeTpispedsked

I nto each hole. The neat was then kneaded to di sperse the bacteria evenly.
20 This was repeated three nore tinmes, with at least a mnute of
vi gorous kneadi ng each time. Since the two n16 f an inoculumw th a culture
concentration of 10[err] cfu per m was added“to the nmeat, a concentration
of one mllion cfu/gfam ' 0 ed. 4 : qmn,?cg:-. : meat
was t hen reground1%?%1f?ﬁgm%géFu?gsoﬁe%Q%gﬁ%ﬂ- untéﬁ%§ﬁgﬁ -g?aﬁgggs
sausage grinder andFIETHEF%ito patties by replacing the neat in the pan
and cutting patties out espdsiagpaeserpicée ubf ng deed &romape&inbbseteloahael

| .e., added E. colj ri t] . negative ntro i.e.,
go-added bacteria)(%?%€%%E3fgkggggf?§§$¥%é?é%ﬁ%ng%hﬁgbkaésaéggéﬁa Prrst in
t he uncont ani nat ed #p3td&®/t 0 prevent its own contanination. WO 96/ 39200

PCT/ US96/ 09202 48 The paillantin¢etRePEeedrHfl sdildyHdetattheaBdedORssSheEn Of
exposed to the composite; and
exposing the composite to moisture to release
chlorine dioxide from the composite into the atmosphere
10 surrounding the seed to retard myotic growth on the
surface of the seed.

“W§s~assuLag“Lg densel y packed neat by the
“ met hod. ﬁﬁ ggrf‘iﬁﬁrﬁ'd-,'/.\;s' B’:E}Q‘h pur chased six hours
err @fﬂ%ﬁﬂgﬁ!ng' yo kilograns was placed in

17. A method of deodorizing carpeting comprising:
contacting carpeting with a composite that does not
release chlorine dioxide in the absence of moisture; and
exposing the carpeting to moisture to release
5 chlorine dioxide from the composite into the atmosphere
surrounding the carpeting to deodorize the carpeting;

18. A method of sterilizing a medical device,
instrument or supply comprising: '
applying a first composition to an outer surface of
a first component, the first composition being inert in
5  the absence of moisture;
applying a second composition to an inner surface
of 'a second component, the second composition being
inert in the absence of moisture; and
contacting the first and second compositions on the
10 surfaces of the first and second components to form a
composite;
exposing the composite to moisture to initiate the
release of chlorine dioxide from the composite into the
atmosphere surrounding the medical device, instrument or

15 supply to sterilize the medical device, instrument or
supply.
T




—_
negative controls tested at 0 and 60 hours e controls tested at O,
4, 24 and 60 hours, dt-est ‘*[: |. e. ”m@m,m to a chlorine
di oxide 5 rel easi nyTHIS B‘HB&T Hﬁ' slent 4, 24 and 60
hours. The patties vefe plaeéﬂﬁbé@meen ki t her. unnDdlfled paper or the
papers coat ed P—0—tNI"GF T e di oxi de rel easing film (as Se5 G4 in
Exanple. 11) in Saﬁﬁwﬁo di aneter plastic Petri dishes with cové?@ﬁﬂszn
Petri dishes containing duplicate sanples were then put in recloseable
pl astic bags and stored for the required time at 4[err]Cin a comon
refrigerator. Two sanples were taken from eacthatty, one from 15 t he
upper surface, T, contacted either by the unnodified paper or by the test
paper with the chl otPre dFfeRimrthed &fsicigim 1§ whereisntha L tdia@dbne
third of the patty, sbboSanpbfisonets Giicniint@redohheatghe tulpged forceps by
ei ther pinching across the surface to obtain 20 a small scraping of the
meat, or by digging down and exposing the mddle third thickness region.
The forceps were st@Pi|iFoe Bethedrk shsias 18y wiessingthe fioyr cuwhsiecond
Ilamdn? Ten steEbﬁ@oitdeheg éofetnﬁsméh@scrf;bw @ﬁpﬂﬁdrﬁeﬁflo@é bagttabeamelre
ared to zero on a Lye ctronic scale oughl y_one gram sanpl es
added to the tubes P’i@g ?%ﬁ %% e &5k ﬁne?ﬁegfﬁggggﬁer%e?ﬂ'e pﬂ?ed and
shaken vi gorously tdeunspersner¢M¢¢n§gu3uﬁtqe§Seage a colostomy bag.

21. The method of claim 18 wherein the first component
is a tube, and the se_cond component is a needle.

22. The method claim 18 wherein the first and second
components are closures on a package to provide a self
sterilizing package. '
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the bacteria. 30 0.1 m of the supernatant was plated onto Tryptic
Soy Agar (Difco 0369-17-6) in duplicate and spread with a glass triangle on
a turntable. The gl ass spreader was sterilized between platings with

i sopropanol and flamed. The viable bacterial content of the sanples was 35
visualized by inverting the plates after 24 hours incubation at 37[err]C.
WO 96/ 39200 wo 96/39200 ~ PCT/ US96/ BER0D6# 9202

Uni nocul at ed negative controls showed the normal anmount of bacteria
commonly seen in ground sirloin with no substantial growh noted-over 60
hours at 4[err]C. Inocul ated positive controls showed | arge anounts of 5
bacterial growh for all -times with very m nor giyffrfnces bet ween the top
and m ddl e sanples. If the unnodified paper had an anti-m crobial effect, it
was mnor. \Wen the colony counts of chlorine dioxide exposed 10 t est
sanpl es were conpared, a 50-100X kill was noted for the surface sanple as
conpar ed topiﬁri test sanple and the positive control sanples, _
except for the ed Surface kill on the sanple contacted with the weakly
rel easi ng fiH m As for the four hour exposed

210
2 HYDROPHILIC
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|
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15 test sanples, surface colony growh was 50-100X | ess than the
interior test sanple or the positive controls. The surprising observation
made on the 60 hour sanple was the high kill in both the interior and
surface sections of the exposed sanpl es when conpared to the 20 positive
control sanples. Because the positive control plates were expected to be.
over| oaded, awei9%6Be200conpari son for quantitation purposes wafCTOSRME at e,
al t hough a rough count reveal ed anywhere between 50-200 fold reduction in
25 colony count. As an alternative the test plate counts were conpared
to the confirmed inoculumtiter instead. A rougQ conparison nmay be nade
between the Ccfu and the inoculumfigure (corre Ldlibr sanpling dilution).
This is termed the ratio to inoculum (RTI), which is 30" i ntended to
conpare the viability of the treated sanple and the maxi mum possible cfu
count. RTI's were calculated for the 60 hour plates on the basis of the
Ccfu count. The average RTlI for the top sanples of the plates 35 for the
patties that were exposed to chlorine dioxide and tested for 60 hours was
roughly 170, which would WD 96/ 39200

PCT/ US96/ 09202 50

FIG.2
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represent a 170 fold decrease in viability. The average RTI for the
interior of these patties was roughly 50. At 60 hours, however, | arge
reductions in the bacterial viability in the center of the patty were 5
seen. Cooking the patties that were exposed to chlorine dioxide and tested
for 60 hours yielded a normal | ooking hanmburger with no unusual odors being
not ed. EXAMPh{p dghshgosel y packed 0. 75 inch thick, ground sirpSifsokitozoz
patties with approxinmately 25 cnierr] top surface area were fornmed by hand
imedi ately after mxing and grinding in of E. coli ATCC #26 brot.h
(10[err]-10[err] cfu/gram. The initial inoculumwas grown up to a slightly
| esser extent than the inoculumused in Exan‘B!z i3 The | oose 15 packing
was enpl oyed to help the penetration of chlorife dloxide t hr ough

i nterconnected air passages. The patties then were placed between either
2:4 or 3:6 chlorine dioxide releasing papers as described in Exanple 11,
and covered with a Petri dish cover that was 20 enclosed in a

recl oseabl e plastic bag. The sanples were then stored at 4[err]C for 3.5
days. After this exposure tinme the neat in contact with the 3:6 papers
showed no bacterial growth fromeither a surface or interior sanple when

pl ated as described in Exanple 13. The 25 interior of the patty exposed.
to the I ower chlorine dioxide concentration (2:4) showed no bacteri al
growmh fromeither surface or nmiddle sanpl es when pl at ed.

FIG.3a p
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When conpared to the results of Exanple 13, these results confirmthe deep
penetrating biocidal action of 30 chl orine di oxi de when released in a
controlled fashion over 2.5-3 days at 4[err]C. Clearly, the biocidal action
is nore effective for a porous nmeat structure. An additional experinent
usi ng chicken breasts was al so perforned. A filet of chicken breast was 35
repeat edly di VO3990 undi | uted E. coli ATCC #6 broth (10[err PCTOUR##¥19202

-~ cfu/m), placed between 2:2 chlorine dioxide WO 96/ 39200

PCT/ US96/ 09202 51 releasing filns and then closed inside a Petri -di sh that
was placed in a recl oseable plaaelc bag and placed in a refrigerator at
4[err]C for 3.5 days. The surfa /ol 1he neat was then swabbe and pl at ed

. to get an indication of 5 bacteria kill. Again nog bac er| grow h was
noted after incubation. EXAMPLE 15 Design of a chlor| relea5|ng
filmsuitable-for controlled rel ease and bi oci dal L\Qymthln a
container is described herein. The equation descrlbl g the centratlon
of chlorine dioxide in a coating of thickness, [err], (Csz[ ' which is
covering the inside of a perneable container of total thlrkne§s [err] +

N

o+

-

!/ FRE

b4

(188) Z358/ 3576/ 764/ 5964/ /64! B384/ 9558/
TImE (SEC)
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a, where 'a' is the gas space thickness ([err]<x<[err]+a), above 15 t he
coating is shown below. Chlorine dioxide is generated by neans of a
conpletely perneable thin filmof infinitesimal thickness that lies on top
of the coating at x=[err]. [err] where, [err] 25 The terns, [err],
inthe infinite series above are roots of the equation:
[err]tan([erwlogemetdoerr] Dierr]= Diffusion constant of chl AGTASYIB de

(cmerr]/sec) in coating 30 Derr]= Diffusion constant of chlorine
dioxide (cnferr]/sec) in gas phase 1 = Phenonenol ogical length (cm of

| eakage pore P = (err] (x=l)/(err](x=l)=Henry's.|law constant fog
partition of the chlorine d|05|¢e1bptmeen the 35 coatinﬁ ggp t he
gas phase WO 96/ 39200 ' .

PCT/ US96/ 09202 52 Q = chl orine di oxi de generation constant fromcontrolled

release film(nole/cnferr]/sec[err]) k = a, the total thickness oftghe gas
| ayer
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S = inverse of the time of maxi numrel ease rate of 5 chl orine
dioxide fromthe controlled release filmC(xt) .is evaluated for a given set
of diffusion constants, |eakage rate, h, phase partitioning and di mensi onal
constant, k' chlorine dioxide release rate, Q and inverse relaxation time
for release, s, by 10 plotting C([err]) vs a at t=s[err]. As an

exanpl e, C([#Q96/9300i s cal cul ated for a Petri dish of 62 cn{RGTVYS96/09202
cross-sectional area of Icmtotal thi CkBZﬁS whi ch includes 0.8cm gas space
and 0.2cm Agar. Since the biologicals a ntroduced at x=[err] and grow in
the Agar it is inpogtant 15 to calculate this concentre{ion. This
calculation is nece*| tated by the strong partitioning of | ori ne di oxide
into the liquid phadeyonce it is generated by the control Xd release film
At the rel ease rat es&'tgenerat ed by a test filmthe gas phaSg cdycentration
was 20 so low (<01 ppm it could not be neasured by t Mg PeRyector. In
order to conplete t cal cul ati on\Q, s, P, Derr], Derr] Qand‘“l) must be
assi gned or measurecb( Since Agar\'s 90% water it is assumd fhat P=40 can
be used [J.J. Kaczur\y and D\W field, Kirk-ohme®Ehcycl. Chem
Tech: (4th Ed.), 5, &7 err]=1.5 x 10[err] cnﬁr_’_] sec and
Derr]=0.12 cnferr]/xe in the Handbook of Chgnl ~&hd Phys.,
52nd Ed., F47 (1971)% err] appears in the dgl only in
conjunction with 1 si

es 30 of the ca@u ation Clerr]
is assuned to be unify{rmin N\ Q
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[err]<x<[err]+a. The | eakage flux constant,
injecting a snall
Petri dish containing no Agar and 35 measuring the chlorine di
concentration as a function of time. The Petri dish enployed wll

Derr]/l,

i s eval uated by
quantity (about 10 ppm of chlorine dioxide into the

oxi de
| eak

WD 96/ 39200 PCT/ US96/ 0
relatively rwpiodi3g2obecause of the serrated edges of the bot Fg?ﬁ%g’%éqg;qzhat IS
enpl oyed to assure good gas exchange necessary for biol ogical growh.
(Dlerr]/1)= 0.154 cmsec 5 When the source function of the form
Qe[err] is integrated fromO to infinitg,t/'rie | Qe[err] dt = Qb[err] =
total noles of chlorine dioxide o 1 avai l abl e 10 For the
pur poses of the calculation the controlled release film of densi t&o. 8
gramcnferr] and total volune 0.315 cnferr] contains 15 wt. % sod¥
chlorite of nolecular weight 90.44 g nole or 3.35 x 10[err] nole Mai | abl e
chl oti ne dioxide (assum ng conplete reaction of 5 noles of Cl(efr] 15
to 4 noles chlorine dioxide) and shows a naxi num r €f@ese rate at}one day or
s-1=86, 400 sec. This release maximumis typical of -#F acid releaging film
separated fromthe
-L%
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chlorite containing filmby an internmedi ate wax layer. Qis thus cal cul ated
as 7.23 x 10[err] nole/cnferr]/sec[err] 20 over a 62 cnferr] base area
Petri dish where the area release rate is assuned to have no |atera
dependence over the entire surface of the dish. This is a valid assunption
since, even though the controlled rel ease patch occupies a sqﬁéﬂ [ é{ga
than the tot O¥Y3W-sectional area of 25 the dish, both ¥ %8’88 d
Agar diffusion rates of the chlorine dioxide are large in conparison to the
time scale of the release rate. The concentration in the gel phase
C([err],t) as a function of tinme is then ciggplated for a range of 30

| eakage rates, h as shownh in Fig. 10. f ]llakage r at

(10[err]<h<10[err] cnferr]), the release rate maximzes at s- | and the
maxi mum concentration is proportional to h. In essence the ncentratlon at
any tinme signifi tIy greater thag the half tinme for is sinply
soner 35 const factor multipli tinmes the source g tion r@ate.
However as the | age rate decrea\\s 10[err] <h<lO[err], 96#é§?00
PCT/ US96/ 09202 5 he maxi mum conc ration is generated
consi derably |on time. O coursaNat h=0, no | eakage o , thg maxi mum-
concentration is ptoached QQ Q L~. :
N N \“‘t
W }? 2 %
N N NES
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asynptotically, and a total of 3.36 x 10[err] noles chlorine 5 di oxi de
(e.g. s[err]x62 cnferr]) is distributed between the 0.2 cmthick gel phase
and the 0.8 cmthick gas phase. For the purposes of estinmating how closely
the h=0 concentration is approached at h=8.31 x 10[err] cnferr], the

concentration_in the gel phase at t=6.0 x 10[err] sec, x=[err] 10 (2.4 x
10[ err] nol e/ is used to calculate the total anount oPCEH$%6/0PI02
dioxide in the Petri dish. 9/11

[0.8cm(62cn{err])[err]/40)+(0.2cnm (62cnferr ))(2 4 x 10- nole/cnerr]) =
3.27 x 10[err] nole 15 his value is very close to t.hat "éxpected for
h=0. For the |eakage rat e’ll%asured for the Petri dish in which the

bi ol ogi cal growth experindgis are carrie ut, a maxi mum concentration of

2.5 ppmis expected in th‘“gel phase at err] with a concentration of
0.06 ppmin the 20 gas Rhase. About S ppmis required toXRn I nold
spores. A slightly nore ¢ l'icated envirgnnent woul d be a box of§the sane
di mrension as the Petri di but with its s space filed with ab®prbing
particles packed with a 2 volume fracyon, e=0.5 cnjerr]/cni{®er]. Theé
di ffusion of gas thr ough ch a conpositexnedi a has been studie .M
Barrer and DM G ove, s. Far. Soc., %7, 826, 837 (1951); R h and
DM Gove, Trans. Far. , 56, 1357 ( 0)]. 30 The "dNf f usi on
constant Derr] of a gas %I ow ng through fa
3
1 K
4
g x’ |
8 2R S S S 5 nos
W N9 W Y 8 N DD
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porous nedia nmust be replaced by: Dierr] =Derr]/[1+(2K /r)1 WO 96/ 39200
PCT/ US96/ 09202 55 where Klerr]= Surface Henry's_law coefficient in the
relationship Cerr]=Kerr]Cerr] where CJerr] is the nunber of noles of gas
absorbed/cniferr] of 5 surface and CJerr] is the gas phase concentration
in nmole/cnferr], r is the equivalent pore radius for a set of axial
directed capWO2¥392% within a solid having porosity e and i m@mw%ﬁ?face,
A (crerr]/cnmerr]), r=2e/A For the purﬁﬁ?ﬁs of the cal culation of surface

10 concentration of chlorine dioxide wthin the porous. nedia, “the
particles are considered to smal | enough so that the concentration of
chl ori ne di oxi de throughout e particles' thickness is!equi |ibrated with
t he gas concentration. For t pur poses of this calculation, 15 t he
entire particle concentrati OR_is concentrated in the particle surface. In
this case the surface Henry' @l aw coefficient is related to the bulk
coefficient, K err], by (Jermk(1l-e) /A=C 1=[ (1-E) AlKlerr]([err] 20
Klerr]= (1-E) Kerr]/AN" ¥ -
N ] I [ 0
1~
N
X
N
1 S
N
—
i
—®™
!
| | | | | l
~
. 9 A3 ~N N

Log(PM C10y)
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D[err]=Derr]/ [1 (1-EXE) Klerr]] At a porosity of 0.5 and a partition
coefficient of 40 into the particles, the diffusion constant for flow

t hrough t he absorbi ng porous nedia woul d be reduced by a 25 factor of
0.0244. This substantial reduction of apparent gas phase diffusion
constant prog j |1y reduces the | eakage rate, h, resulti
proportionalgﬁ%%kégge|r1the concentration expected at any gQﬁgk@qﬁ@m
anount, placenent and controlled rel ease 30 characteristics required for
a biocidal filmare estimated where the filmis protecting.a small 62
cnerr] particle filled box that is assunmed to_leak at the sane rate as the
Petri dish, h=8.3 x IO[err] cnferr] (a ratheﬂ-éoédlaksunption for a typica

| oosely seal ed box). A pallet 35 of well packed, folded (unpacked) boxes
m ght be an anal ogous case. Since nold spore kill is guaranteed at WO
96/ 39200 PCT/ US96/ 09202 56 an
exposure of 1 pp wzg: e d|0X|de for a few m nutes, any strategy nust
generate at least this concentration in a pul sed rel ease in noi st regi ons
of the box preferably after several days delay. Destruction of 5 grow ng
nold requires only 0.1-0}5 ppm a few mnutes. The destruction of the

grow h nechani sns of

/2

/o, PPM
/0

4

) | | | | |
/ Z 3 & 5

FImE (X10%5£2)
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the cell is so conplete.that strains with a natural inmmunity to chflobitwet - ¥
di oxi de -cannot devel op. Conveniently, these concentrations are bel ow the e
huiman 10 ol factory detection Timt of about 10 ppm Practically, si ncd

such a short exposur e e il mthat; rel eased chlorine dioxide in
a pul sed fashion m_ul_-H!lm[lgﬁHI"ﬂﬂﬂllmstem Of—ctour se,—dependi-ng-on t he
storage environnent, thI s bahawi Ok §€U|q assure that the initial nold
spore infection (originating inside and olt'si de the box) and any subsequent
i nfections (OrﬁﬁiEﬁkiﬂg outside the box) were ldestroyed before any growth
coul d occur. A'Continuodus release of 1 ppmthus wastes about 98% of the
avai l abl e 20 1.chl&rmethodThE petpuding odpacterimh, afvngali sagdsvisadd in

Exanpl e 16. Fi gdhahinaPoup hha §BbReRCoENREBES €5k Sh| SareXeECHEInEQE 2
controlled release filmwth_a naxi numrel ease at 10 days, 3.35 X 10[err]

nol e avai | abl ePEHLEFYner25eafofoRPHRT {8183 cnjerr] film 15% wt . % sodi um
chlorite), placed i axpoBihgpar 8arEscBosf Wwédt o pohkeHignoy' sehfvogoedf kei ent
of 40 vs air Ieaking.gﬁthhh i §§2.76 gn%eir%; A‘h Xi_mum oncegtratigg of
10. 4 ppm Ps reSCHBESAFPe 16447 aH" af ©1 BART i"%ﬁms eREHGPed™t 57€0. 4
30 day<t <46abagace éafipmoisbatrelyafid31l cnierr] of controlled rel ease
material is needed a| p b terl o] 0/1b, the
control |l ed rel ease %%Fg%?gé gg%teﬁe 8?%%% ggxﬁéiékéréogémg%}gégg about

chlorine dioxide from the composite into the atmosphere

surrounding the surface of the meat, poultry or seafood

10 ‘to reduce bacterial, fungal, and viral contamination and
growth of molds on the surface and within the meat, :
poultry or. seafood.

2. A method of retarding bacterial, fungal, and viral
contamination and growth of molds in meat, poultry or
seafood comprising:
exposing a surface of meat, poultry or seafood to
S chlorine dioxide gas for a period of time sufficient to
reduce bacterial, fungal, and viral contamination and
growth of molds on the surface of and within the meat,
poultry or seafood.

3. A method of retarding bacterial, fungal, and viral
contamination and growth of molds on a surface of meat,
poultry or seafood comprising:
placing meat, poultry or seafood between sheets
5 which do not release chlorine dioxide in the absence of
moisture; and
exposing the sheets to moisture to release chlorine
dioxide from the sheets onto the meat, poultry or
seafood to reduce bacterial, fungal, and viral
10 contamination and growth of molds on surfaces of and
within the meat, poultry or seafood.
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0.056 cents. Thus,- a box. containing 1.1 liters of 35 e REPLADEMENT SHESE
protected for 1 cent wth<the above [1sted paraneters. 967 39200

PCF/ US96/ 09202 57 EXAMPLE ase capabili tji gs 7 plie
| ayered conposite can be céﬂ !ﬂgﬂ“ﬂmwv\s to determin v%ét‘?‘wﬁt
conposite will provide the e5|¢e ssust ai ned rel ease s—+-of '

particul ar application. The time required %Qr conpl ete cqtlon exchange can
be predicted fromthe nobile ion concentralTon in each |ayers L{err]

wherein i is Ay B, o nielﬂhéﬁdc?f d1 ¢ Srﬁtler 3 e %U%ﬁhe%ﬁt ir] TR HRE Il LY

hydr oni um i on transport acr oss e'intermediate l'ayer C1s con5|dered
to be the ratePROEH [AhEerfqed dift a It PRtéyY @hst afﬁ-tleénd a1 ecti ve

mobi | e i on congRMdeti AN fAndWEr QERD oM AR rERREIEARMh R tH) d@ayers
A, Band C. Chloritejonis co sidered to be re%?n el |nnnb| e and the

reaction 15  MoLd&h i i%eAUes tﬂrbr‘?h?esd’r e ttt;leo
instantanepuslpnmﬂxiéttwdrogen ion enters the hydrophilic |ayer B.
Hydroniumion nobility in internediate | ayer C can be estimated by u5|ng
experinmental data reported by J.L.

5. The method of claim 4 wherein bacterial, fungal,

and viral contamination and growth of molds is reduced
by at least about 50 fold on the surface and throughout
the patty or filet. |

6. The method of claim 4 wherein bacterial, fungal,
and viral contamination and growth of molds is reduced
by at least about 99.5% on the surface and throughout
the patty or filet.

7. The method of claim 1 wherein the composite
comprises a sheet for separating patties or filets
during storage, the sheet being in contact with the
surface of the meat, poultry or seafood.

8. The method of claim 1 wherein the composite is
applied to a paper sheet for separating hamburger
patties, a meat packaging tray, a food wrapper, a food
container, or an absorbent pad.

9. The method of claim 2 wherein the surface of the
meat, poultry or seafood is exposed to chlorine dioxide
gas for at least about 60 hours.

10. The method of claim 3 wherein the sheet is a paper
sheet for separating patties or filets of the meat,

poultry or seafood.

11, A method of sterilizing a medical device,

instrument or supply comprising:
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20 © Crowl ey et al. Pe+4y—5€—PeJ—y— Phys. Ed. ﬁﬁﬁg@gﬂ@ﬁﬁ)s;{gﬂ
Crow ey et al. studled the | nobi | |n a graft co orynap— +-ow—1"
density pol yethylene (79 wt. liﬂ.‘iﬂ lsl poI ystyrene , /Q|99als ;
function of ion type, water rature. So iLmZQSJAN
pot assium and silver ions travel along polyner bound sulif dnat e groups b
exchange wi th hydroni um cations. At high er contents jof 3-6 wt. % phase
separation of ion clusters in a hydrophobic matrix is |ilkely..The-+eperted
silver ion mbilitysapdymol f#’é@% SEARAS Y 0] d&éku'étfrﬂﬁég' dginder
t hese conditions ([e?’?li1 8)6(1 T err]/St at V-sec, = 3. 3X10[ err]
nmol /cc). HoweRe£inst 'companents B%'{%ft% isleCE RS rhﬁam% jngrt in
concentratgi on geer %‘gérﬁ;l&%t@.rﬁdlégd%d[err] = 1.4X10[err]
cnferr]/StatV-sec, C =.8.3X10[err cc). .. The ion diffusion 35 -
constant D can be c &%4%&?‘:&; Yokt FRELSHF R
equation D = (Iof[errde)dcmd \mmqm'rien'ts thé/\@mwanposmlon being

PCT/ US96/ 09202 o lﬁggﬁy t lute tenperature, [err]
is ion nDb|I|t§§§h e ectron c%ﬁ'ég e dalcu ated ion diffusion

constants are 1. 21xx@[mqtmq drhe /ﬁs@tstarad@ BRG] aupasiteiany st the a
dry and wef (6 irfh &9 tHd VE'rst and® YR %tﬂ;ﬁﬁ'ﬂﬁ'&g iddNform a

respectlvely

kS
¥
p

composite;

exposing the composite to moisture to initiate the
release of chlorine dioxide from the composite into the
atmosphere surrounding the medical device, instrument or

15 supply to sterilize the medical device, instrument or
supply.
12. The method of claim 11 wherein the first and

second components are interconnecting tubes.

13. The method of claim 11 wherein the first and second
components are fitments for an intravenous bag, an in-
dwelling catheter, peritoneal dialysis, percutaneous
devices, percutaneous access, or a colostomy bag.

14. The method of claim 11 wherein the first component
is a tube, and the second component is a needle.

15. The method claim 11 wherein the first and second
components are closures on a package to provide a self
sterilizing package.

16. A method for retarding mycotic growth on seeds
comprising: '
exposing a surface of a seed to a composite that
does not release chlorine dioxide in the absence of
5 moisture;
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The ‘-rmfphol ogy of such.a, copgl_me,r_mm—d——be—ve%y simlar {O _
REFLAGEVEN] (SYEET

mat er.ial - system of the present inven Iﬁ in that both inc
L M

n
connected ion clusters | ocal iE HI Humu& boundaries]wthin the 10
umion that haszd;' Uhes1B97

in tinme bd

hydr ophobi ¢ | ayer. The total
across boundary AC (noles/cnferr] IS represent by thé functijon
Q 15 Qt)/ICA=(Dt/1[err]) - 1/6 2 err])-2[err](- ) [EerTiT

[err]exp(-Dn[err], [err]t/l [err]) n=1 Breakthrough of hydrpni umion i nto
hydrophilic | ayer a [ ) ( 0 | or
1.27X10[ err]cm and gléllg&%%gttglteetsgﬁg &él %Er?&%lsa?téégh%gé Séggl Has %IZ) =0. 45
(t=46.9 nin, 1expesed tPné'—hlei COMpOgd teer 84 n t he above equat i on dom nat e

after steady state ik CRAGRE thelidfpbadee tweioigeidit t@n%eﬂ.éa%% wat er),

O Lnesst et ch it Hikhesad! ﬁr)amitgﬁf ehmpbgibh TRER 88% SThEbhete © M

1. 27X10[ eor ] cmundromk:masg thebéed eor retawdempptddongrowchnonnthieal | y)
shoul d be al mog LME%I%I %tfelt)ﬁe %aé](ét d in the chlorite layer in 7 hours. In

the "dry” film IS typi of pol yethyl ene contam nated with ions,
Qt) =Diderr]/l 6.83X10[err] nole/day-cnferr] at 5 m | thickness. 30
Because of the chh | ower nobile ion concentration, 247 days are required
for the hydroniumion to conpletely diffuse into the hydrophilic |ayer B.
Thus, a nultiple | ayered conposite providing . fromabout one day to about
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247 .days of chlorine dioxide release can be fornul ated 35 uA NG LR + W

layered compusites of the present invention. WO 96/ 39200 (

PCT/ US96/ @i i-ne dioxide release rate is generally rabpﬂf&hen
chlorine amﬂiHm;lmﬂmﬂL initiated in g; conpogiresEEATt di ni ng an

i nternmedi a cay ecause chl ori ne decofp@sit+ea-is—a-furicti on of pH A
mnimum5 - concentration of hydroniumjon is transferrjeq before chlorite
deconposition into chlorine dioxide occufs ddéDJHNfﬁﬂsbuffeffn - & BEEN
the hydrophilic |ayer containingghe chlbrite. The effedt lof &Hé@é‘% éggn
reaction rate, the rate 10 ofF—hydrati pn of the filmrequilred_t ce ..
the mni mal anopunt of free water necessa i chl ori ne :

di oxi de production, and the changi ng nobile ion concentrétioh and diffusion

constant suppory @dch¥dt e Lec BB Gako¥Lis Caumbiechndyein umion
transport. ddntaminaticAaadUgnawdll obamolds i maatpl esaelbtry lor rHeafised at e

| ayer C forcdmmmisgogt of hydronium ion. Water Is transported through a
hydr ocar bon_nat [©€xpogangj agSuringe @ meat oxpeihtt oyt o gRetoe@tto oidoring es
where sonme d :!l.f-'.:._ das n“ O F B e P me, a -g-;.g‘ 1lenk o =-Hok FRHS ie cterial

fungal, and viral contamination and growth of molds on the surface
of and within the meat, poultry or seafood.

2. The method of claim 1 wherein the meat, poﬁlt:zﬁor seafood is
exposed to chlorine dioxide gas for at least about 60 hours.

3. The method of claim 1 wherein the meat, poultry or seafood is
placed between sheets which do not release chlorine dioxide gas in
the absence of moisture, and the sheets are exposed to moisture to
release chlorine dioxide gas from the sheets onto the meat,
poultry or seafood.

4. The method of claim 1 wherein the meat, poultry or seafood is
a_ground patty or a filet, and bacterial, fungal, and viral
contamination and growth of molds is reduced on the surface and
throughout the patty or filet,

5. The method of claim 4 wherein bacterial, fungal, and viral
contamination and growth of molds is reduced by at least about 50
fold on the surface and throughout the patty or filet.

6. The method of claim 4 wherein bacterial, fungal, and viral

gontamination and growth of molds is reduced by at least about
99.5% on the surface and throughout the patty or filet.

7. The method of claim 1 wherein the meat, poultry or seafood is
in contact with a sheet for separating patties or filets during
storage, wherein the sheet does not release chlorine dioxide gas

until contacted with molsture.

8. The method of claim 7 wherein the sheet is a paper sheet for
separating patties or filets of the meat, poultry or seafood.

9., The method of claim 1 wherein the meat, poultry or seafood
is exposed to a composite that does not release chlorine dioxide

gas until contacted with moisture.

10. The method of claim 9 wherein the composibé ils applied to a
paper sheet for separating hamburger patties, a meat packaging
tray, a food wrapper, a food container, or an absorbent pad.

11. A method of sterilizing a medical device, instrument or
Supply comprising:
applying a first composition to an outer surface of a first

component, the first composition being inert in the absence of

moisture;
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20 < rate of wa'te'r through a 5 mi| thick high density polyethylene film of
}cnferr] face area vvould be 6.89X10 [err] nole/day/cnferr]/5m | (90% RH,
38 [errfC—as reported—by—Wessling et al., Encycl.Poly.Sci.Eng., 17, 510

(1989). te is significantly less than that seen for 25
pol yet hyl Mﬂlﬂl hm ijgh typically contain 3 H NCE lonic
groups, at 10[err] nuol e/ day/cni eLr ,ﬁﬁlﬂﬁ Eg[q et al .,
Encycl . Pol y. Sci . Tech., .6, 425 (1967E] The | at t €r—ioni LACRV - iq sui tabl e
for layers A, B and C each of WhICh has the potenti al to absorb
3.3X10 [err] npls 1@e h cHpdiatebn (A5 i lage;w Hf‘%{c@ YetbekeLhd on)
or 4. 2X10 Jgbbhe®! = I Se oA &6 W Bt € 't ST HEEBFRE, ob

and “F\,Vt'-s'_'-‘ol s aou day to saturate o 6% wat er from an
initially dry sbatactifig mhet f.wst ot seoonad ctaposdbiidng Son tktehsnrlﬁeces
required tof theufFixst fang geehmponensy et

ret ar dl ng baC :' -:‘:'5 & e i = -5 Sl - t —Nehd -., ] = 0 as I n

rane 18 pospne
meat, poutd: RER 3 e E? ) ry or
seaf 0od t H HRA ; 5 i me
suffici ent—to reduce pacteriar, |ungai, A ‘al contam nati on and growt h

of nol ds am@.t hegheundtdesl of abdiwi 1hiwhetrbennelsd fipeul ang sscawaf ood. 2.
The met hoebomt:onéatsnaﬂre/\kw:ternonmwtry or seafood is exposed to

chlorine dioxide gas for at |east about 60 hours.
13. The method of claim 11 wherein the first and second

components are fitments for an intravenous bag, an in-adwelling
catheter, peritoneal dialvsis, percutaneous devices, percutaneous
access, or a colostomy bag.

14. The method of claim 11 wherein the first component is a tube,
and the second component is a needle. :

15. The method of claim 11 wherein the first and second
components are closures on a package to provide a self sterilizing
package.
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3. The
bet ween sh

Yherein t at.__poultry or seafood i -
el ease chTHIS SHEEY AxSHEENaE i n the abgé‘ﬁ%c\glggf 1

noi st ur e, e sheets arje |exposed fo rrmﬁgpgp w0 rellease chlorine PSS
di oxi de gas\fifo 1989t s{ oht 0 t he Meat— puu.?%_nr jeaf ood. 4. Tr\e
met hod of cliai _thelneat, pouléory or seafood is a ground patty or
a filet, anq RHaete , and viral contam nation and growth of nolds
IS reduced O —anet hr oughout the patty of filet. 5. The

net hod ofy, cl kg @f@étﬁtdﬁ'fgﬁ;a@rfeﬁalz ﬁufg@gﬂdvﬁamdnmﬁoﬁmm' of, aroldsrifl
growm h of —mpbrds 15 reduced by_at Ieast about 0 on the surface and
t hr oughout t hangahtpopiterortseafepd comprisinghe net hod of claim 4 wherein

g;cg erial, TUngRlsndlthick 8F b halirh 3 Lo cloRfE Bicklao Pk diring T educed

| east a $tr-Fate—ano—througy 5r filet.
7. The et hefligefatioh forra of time sufficient &t red ac fupgelfanddvitat i n

contact with a shee dur ] n storq"e,
i the theat, ouity or

ror separatin attjes qr filefs.
wherein the s feBtamimAtion;por efowth ¢ mioids n the arfrog of 4
with noisture.gd,q The nethod of claim?7 wherein the sheet is a paper

sheet for sepatet+fg patties or filets of the neat, poultry or seafood. 9.
The met h@l of Theanethdd ofwlaiei hwhereimthe meat) ponltny\or seafeertis saposed teshloringl t o a

conposite that,.dqges not rel ease ri ne di oxide gas until contacted with
moi sture. 10. m°’?&%g?¥%’ﬁ§§e?§?§lbq“g?hﬁguﬂﬁhe_rei n the conposite is applied to a
paper shegt fofheSRAR6ESS El8inl'BWAEFelifthe Ridat, ipBltryor BBHbodRPlared barween gheets f 0od
wrapper, a food container, or an absorbent pad. 11. A net hod of

sterilizing a which danotreleasschloninerdionidegasdn th ghsence of meisturead the phegtsage o

ot o e e 9 OB o e

or seafood.

4. The method of claim 1 wherein the meat, poultry or seafood is a ground patty or a filet,
and bacterial, fungal, and viral contamination and growth of molds is reduced on the
surface and throughout the patty of filet.

5. The method of claim 4 wherein bacterial, fungal, and viral contamination and growth of

" molds is reduced by at least about 50 fold on the surface and throughout the patty or filet.

6. The method of claim 4 wherein bacterial, fungal, and viral contamination and growth of
molds is reduced by at least about 99.5% on the surface and throughout the patty or filet.

7. The method of claim 1 wherein the meat, poultry or seafood is in contact with a sheet for
separating patties or filets during storage, wherein the sheet does not release chlorine
dioxide gas until contacted with moisture.

8. The method of claim 7 wherein the sheet is a paper sheet for separating patties or filets of
the meat, poultry or seafood.

9. The method of claim 1 wherein the meat, poultry or seafood is exposed to a composite
that does not release chlorine dioxide gas until contacted with moisture.

10.  The method of claim 9 wherein the composite is applied to a paper sheet for separating
hamburger patties, a meat packaging tray, a food wrapper, a food container, or an
absorbent pad.

11. A method of sterilizing a medical device, instrument or supply comprising;
applying a first composition to an outer surface of a first component, the first |

composition being inert in the absence of moisture;

_— .
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"REPI'ACEMENT SHEET 61 1 A nethod of retarding bactorial, fungal, and Tl pd - Y
contami nation and growh of nolds in poul try or seaf ood conpri si ng:wv((;
exposing a surface of neat, poul try osite rel easing
chlorine dioxide gas during refriger of time sufficient

to redu uangal.,, and vir al A=Al grow h of nolds on

t he surface of .he meat, poultry or seaf ood wherein the

conp05|t “Mlmm the chlorine dioxide gas in the absence of

noi st ure of claim1 wherein thg 2l %tu éHE’ Or seaf ood

S exposed to clorine dioxide gas for at | east b(ﬁ E; The

met hod of claim 1 wherein the meat poultgy or seffiood is placed bétvveen
sheets which do not release chlorine dioxide gas|ijn fheAE8sEPLe {of
noi sture, and the sheets are exposed to noisturel tjo rel ease chl qrijne

di oxi de gas fromthe sheets onto the nmeat, poul tfy or seafood. 2. The
nmet hod of claim 1 wherein the neat, poultry or skafood j; | patty or
a filet, and bacterial, fungal, and viral cont am nation and growth of nolds

d d t t t
o hen o ki e BRI g Snd i olaribefs g
growt h of nmdlids in meét?@bOdeeafooH%ﬂiperui 50 fold on the surface and

t hroughout the patty or filet. 6. The net hod of claim4 wherein
bacterial, fungal, and viral cont am nation and growth of nolds is reduced

by at |east abowkpé) ?%(%Qﬁaéé‘@fﬁlééf 9@mt@wséahea®al¢bntpts§u@?é|éas.ﬁg filet.

7. The net hod of aim1 wherein the nmeat, poultry or seafood Ts in

contact wi tchlosingi¢iedide gas @w@mgﬂja*mfpré@eaed Pﬂ"@?§uﬁiﬁﬁnﬁ@ mdyeage,
wher ein thg, ‘ faRe Mvnfa?b&ﬁﬁﬁmﬁﬁbﬁfaha \Rﬂh@ﬁf%l én‘tﬁgéﬁrfm Yriged

W th noi sture alm 7 erein t sheet 1s a paper
sheet for ¥éihin ttte meatp awltrﬁ or seafppd wherein theneompagite qooa Inot teleasestberf ood.

chlorine dioxide gas in the absence of moisture.

2. The method of claim 1 wherein the material is exposed to chlorine dioxide by a
composite that is a portion of a container or a composite that is placed within the
container, and the material is stored within the container.

3. The method of claim 2 wherein the container is a paperboard box,
containerboard box, corrugated container, nonwoven container, plastic container,
polymeric multilaminate container, a cellulosic, plastic or paper bag, or a waste
basket. '

4, The method of claim 1 wherein the material is exposed to chiorine dioxide by a
composite that is applied to a disposable or nondisposable mat or sheet.

T
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The et hod of claim9 wherein the conposite is applied to a paper sheet for

separ ati ng ‘hanbur ger, patties, a meat packaging tray, a food wapper. a food
container, or an absorbent pad. 10. A met hod of sterpplisCEMENR JrEETChl
IS+

device, instrunent or supply conprising; applying ajf coRpesHpnit o an
outer surface of a first [ﬁ“ﬂirst conpogi i on being ineftiin
t he absence of i sture; mmuﬁmw HEET 6 2 appllyi hd AUGd¥¥nd

conposition to an inner surfdcetof"a Second conponent | the second
conposition being inert in the absence of noisture: {and contacting th
first and second conpositions on the surfacesedf thefi+rst—and-second
conponents to forma conposite; exposing the conposite to noisture to
initiate the rel edse ofThehimathed difoxiladm davhereint Rhecmapoort shiegto issha
at mosphef ere surr iuyiaNd cidds RAlexdnglew eArigiTalURRAY ebvewRRYY &0 shower

sterilize the nmedi cal deyice, instruqent or., supply. 11. Th t hod of claim
11 wherein the fi r’%act'ar?d\ﬁ?é&?r?(f'c dREF: £OX c%%%é?cSﬁn@EFﬁ&sfuﬁé’s. 12.
The nethod of cl aiimskronferiathliesiid bagsasd svoddckerponantoods wrappeamncs
for an intrawgnousy, @R drisdiitdl,! idd a@@h‘ﬂﬁb@‘ben‘&eﬁ'a}&%eﬁbrdhééyihsdiaﬂ?gs.

per cut aneous devi ces, percutaneous access or a colostony bag. 13
nmet hod of claim 11 wherein the first conponent is a tube.

6. The method of claim 4 wherein the mat of sheet is

made from paper, cellulosic, polymeric, woven fabric or’
nonwoven materials.

D"

7. The method of claim 1 wherein the material is a
shoe, and the composite is applied between a cloth
covering and a foam pad of a shoe insert, is impregnated
within the foamed pad, or is impregnated or coated on a

5 shoe counter or upper lining to deodorize the shoe and
retard fungal growth in the shoe or on a foot.

8. A method of inhibiting fungal infection and growth
on a surface of a human foot or fingernail comprising:
contacting a surface of a human foot, a human
fingernail or an artificial fingernail with a composite
5 that does not release chlorine dioxide in the absence
of moisture; and -
exposing the surface to moisture to release
chlorine dioxide from the composite into the atmosphere
surrounding the surface to inhibit fungal infection and
10 growth on the surface.

9. A method of retarding bacterial, fungal, and viral
contamination and growth of molds on a surface of meat,
poultry or seafood comprising:
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and the second conponent is a needle. 14. The net hod
the first and second, conponents are closures on a p %ﬁ@eﬁﬂﬂEﬁﬂbBHﬂH sel f

sterilizing package ace of neat,

to a5  conposite whi chf"ﬁmmm“umﬂmn ¢hl ori ne [di
of noisture; and exposing the¢cohpdsit®e o noisture tﬁ
di oxi de fromthe conposite into the atnosphere surrqu
the neat, poultry or seafood 10 to reduce S83acterifal , fungal
contani nati on and growt h of , nol ds on t he syrface and W T NI tire—neeat
poul try or seafood. 102X¥POFHRI Rt RSEERFS PLi MEEB wRRREERY RE ﬁ@étfo"ﬁjod:lc’tlay
or seafood iS a gcompdspuetyhichadbes enot andlbastechbbrifiengdboxiaed ivi rtdle
fho patty or 5 oPPpREd O A, R e m 11 wher of n bact or i Al
fungal , and viral contSﬁPﬂ§%P%nt%ﬁdF%W%ﬂfht8ftﬁDWGESFQrPeEQC€Gl§9%§: | east
about 50 fold on throsinéadiozide t framgthet cohpopitéyintof thet athdsphére

method of claim 14, 0060858 0n2ChE $£adli"GR! the meat, poultry or seafood
10 to reduce bacterial, fungal, and viral contamination and
growth of molds on the surface and within the meat,
poultry or seafood.

10. The method of claim 10 wherein the meat, poultry
or seafood is a ground patty or a filet, and bacterial,
fungal, and viral contamination and growth of molds is
reduced on the surface and throughout the patty or

5  filet.

. 11. The method of claim 11 wherein bacterial, fungal,
and viral contamination and growth of molds .is reduced

by at least about 50 f£o0ld on the surface and throughout
the patty or filet.

12. The method of claim 11 wherein bacterial, fungal,
and viral contamination and growth of molds is reduced
by at least about 99.5% on the surface and throughout
the patty or filet.

“13.. The method of claim 10 wherein the composite
comprises a sheet for separating patties or filets
during storage, the sheet being in contact with the

| surface of the meat, poultry or seafood.

14, The method of claim 10 wherein the composite is
applied to a meat cutting board, a paper sheet for
separating hamburger patties, a meat packaging tray, oOr
an absorbent pad.

—_—
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and viral contapi nation anrd—grewh—ef—metds-is red
99. 5% on the surface:and. t ﬁﬁnﬁ mmﬁ ﬂ tty or fifl é{EPLﬂEEMENTTS‘éEﬂet hod of

cl aim 10 wherein the conp sheet foy parating pafjtijes or

filets during storage, th cont act n r e loff t he
nmeat, poultry or seafood. 14. The met hod of cl ai D aﬂﬁéggﬁb?ie

conposite is applied to a neat cutting board, a papgrilsheet—f-e+r—-separjati ng
hanburger patties, a meat packaging tray, or &t abs rbent pad. 64 15.

A nmethod for retarding cotlﬁpgromﬁh on seeds conpr-stng—eXpPosi ng

surface of a seed t% a ggnﬁﬁ% Fﬁﬁtr853§dﬁ69 W@F@EES EﬁPUFFnE“dFGﬁﬁGe in
the absence of 5 comprisdng;: planting the seed in soil after the seed has
e L 0 e o OTaRpblsingaATs6¥RABLG ! B°s6AHDOS: O bRl BE! Ehak

rel ease chlorine dioxide Tromthe congos
surrounding the seé@eSonPét Xedeays: FRlgraRendsnxide éGrFBEeabﬁepﬁé &ded.
16. A net hog of gwddeura;ng carpeting conpri sing:

planting the seed in soil after the seed has been
exposed to the composite; and
exposing the composite to moisture to release
chlorine dioxide from the composite into the atmosphere
10 surrounding the seed to retard myotic growth on the
surface of the seed.

Hf_"

16. A method of deodorizing carpeting comprising:
contacting carpeting with a composite that does not
release chlorine dioxide in the absence of moisture; and
exposing the carpeting to moisture to release
5 chlorine dioxide from the composite into the atmosphere
surrounding the carpeting to deodorize the carpeting.

17. A method of sterilizing a medical device,
instrument or supply comprising:
applying a first composition to an outer surface of
a first component, the first composition being inert in
5 the absence of moisture;
applying a second composition to an inner surface
of 'a second component, the second composition being
inert in the absence of moisture; and
contacting the first and second compositions on the
10 surfaces of the first and second components to form a
composite;
exposing the composite to moisture to initiate the
release of chlorine dioxide from the composite into the
atmosphere surrounding the medical device, instrument or

15 supply to sterilize the medical device, instrument or
supply.
hxx\\N\_\““\““\~_
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~contacting carpeting w [T
di oxi de in-the absence
to release 5 “chloring
surroundi ng the carpetihg
sterilizing a nmedical dgv

' B SHRY
i de from tthg conmp nospher e
t 4 faugogoee It e car iﬂ"lﬁﬂm]"ﬂmr"mm hod of
rumentt for suppl ycohprt sisng* appl ying a

first conposition to anfo ace of fa first conponent, the fir'st
conposition being inert t he _absenice of 6Boi sture; applying a second
conposition to an inner surface of ‘a second conponent, the second
conposi tion being ibert iTHhe e Re kaim L8 whereiny Wwifiststh@ndie
first and second cof@esnd i comparert e dfe intedsaffctding uddg st and second
conponents to forma conposite; exposing the conposite to noisture to
initiate. the release of chlorine dioxide fromthe conposite into the
at nosphere surroundiflg tThe mehhed ofe\glaim i whensin dhel £irstsgnd yseaond

sterilize the nedi codmpstnvermes dsifitire S £ Y Yint rav@dhACEENT a3 BEL 65

16 THESHErhod ot Cave fﬁ%“@&%ﬁ% eé}“%ééfé%né§¥jdialysis, percutaneous

devices, percutaneous access, or a colostomy bag.

-

-

20. The method of claim 18 wherein the first component
is a tube, and the second component is a needle.

21. The method claim 18 wherein the first and second

components are closures on a package to provide a self
sterilizing package. B

\\\
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second conponents are intercannecting tubes.- 19. Th REEWMGNT(SHEE% | 8

wherein the first and second conponents are fitnent avehols
bag,- an in- d lum peritoneal dialysis, |p4 i ges,
pel cut aneous Hmmmm“ ﬁlustorry bag. 20. The netlh dc@?%}ﬂﬁ. 18_ wher ei n
the first conpdneht i s" fub®, and the second conpoile aReodlel PI1.

The nethod claim 18 wherein the first ar@o" second co onents are cl osufes on

ter

a package to provide a self . ackage. .
P J P A method of retar mLactgnﬂ ﬁl and viral contammatxon and

growth of molds in meat, poultry or seafood compnsmg_

gt_gosmg a surface of meat poultey or seafood to a compositc releasing
chlorine dioxide gas duri ggﬁre rigeration for a period of ime sufficient to reduce
‘bacterial, fungal, and viral contamination and growth of molds on the surface of
_and within the meat, poultry or scafood wherein the composite does not release
“the chlorine dioxide gas in the absence of moistuce.

The method of claim 1 wherein the meat, poultry or seafood is exposed to chlonne

C dxoxxde gas for at least about 60 hours.

'\\/‘. 3‘.. ) ..

10.

The method of claum 1 wherem the meat, poultry or seafood is placed between sheets
wlnch do not releass chlorme dnoxzde gas in the absence of moisture, and the sheets are
exposed to moisture t6’ release chlonne d:oxxde gas from the sheets onto the meat, poultry

forkeafood.

The method of claim 1 wherein the meat, poultry or seafood is a ground pattyora ﬁlet, '
and bactenal fungal, and viral contamination and growth of molds i 1s reduced on the -
surfacé and throughout the patty of filet.

The methdd of claim 4 wherein bacterial, fungal, and viral contamination and growth of
molds is reduced by at least about 50 fold on the surface and throughout the patty or filet.
The method of claim 4 wherein bacterial, fungal, and viral contamination and growth of
rrlolds is reduced by at least about 99.5% on the surface and throughout the patty or filet.
The method of claim 1 wherein the meat, poultry or seafood is in contact with a sheet for
separating patties or filets dunng storage, wherem the sheet does not release chlorine

" dioxide gas until contacted with moisture.
. The method of claim 7 wherein the sheetisa paper sheet for separating patties or filets of
_the meat, poultry or seafood.
‘The method of claim 9 wherein the composito is applied to a paper sheet for separating

hamburger patties, a meat packaging tray, a food wrapper, a food container, or an

absorbent pad. _
A method of sterilizing a medical device, instrument or supply comprising;

applying a first composition to an outer surface of a first component, the first

composition being inert in the absence of moisture;
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Apglying a second composition €92 an inner syrfaga of a sacopnd
camgornent, the second composition being inerz in che absence of
moiscure: and

contacting the firast and second compositions on the surfacas
of che first and second components to form a composite;

exposing the composite to moiscure to initiate the release of
chlorine dioxide gas from the composite into the atmosphere
suzrroundang the medicalL qevice, instrument or supply to sterilize
the medical device, instrument or supply.

11. The method of claim 11 wherein the first and second
components are 'znt:erco_nnecng.ng tubes.

components ara fitments £or an irncravenous Dag, an in-dwelll

'~

catheter, peritonea. dialiysis, Perclitiheots devices, "qe_rcut:aggéus

accesdss, or a ¢olostomy bag.

‘_ 12. _The method of claim 11 wherein the first and second

13, The wmethod of claim 11 wherein the first comvonent is a tube. .
and the setond component is a needle. . I ]

14, The method of claim 11 whe,_rei_n the first and segond.
components are closures on a package to provide a self sterilizing
package. ' N
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