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Relate App. ationg
This application is a continuation-in-part

application of provisional U. 8. Serial No. 60/000,144
filed June 12, 199S5.

The present invention relates generally to an
optically transparent or translucent biocidal composition
that releases chlorine dioxide upon being activated, and
methods of using the composition. .

Chlorine dioxide (Cl0,) is a superior oxidizing
agent widely used as a bleach, disinfectant, fumigant or
deodorizer. It can penetrate the cell wall or membrane -
and cytoplasm of mold spores, bacteria and -other
microbiological contaminants at concentrations below one
part per million and destroy them. _

Chlorine dioxide or sodium chlorite have also
been incorporated in food packaging. Studies have shown
that residual levels of such preservatives do not result
in a significant genetic or cafcinogenic 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 chromoscmal aberrations and spermhead
abnormalities in mice [Environ. Mutagenesis, 7, 201
(1885)]. Only the highly reactive hypochlorite'resuited
in a weak positive effect for mutagenic potential. The
other compounds, including chlorine dioxide and sodium
chlorite, failed to induce any chromosomal aberrations or
increased numbers of micronuclei in the bone marrow of
mice. Vilagines et al. attribﬁte the relatively -
innocuous effect of chlorine dioxide to its'ipabi;ity to
produce halomethanes, unlike hypochlorite and chlorine
[Proc. AWWA Disinfect. Semin., 24 pp. (1977); Chem. Abs.
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93, 173513f]. Recently, Richardson et al. reported that

‘an EPA study of the reaction of chlorine dioxide with

water borne organics confirmed this observation [Environ.
Sci. Technol., 28, 592 (1994)]. |

Japanese Kokal Nos. 63/296,758, 63/274,434, and
57/168,977 describe decodorants containing chlorine
dioxide incorporated in a polymer, ceramic beads, or
calcium silicate wfapped in nonwoven'cloth, respectively.
Gels that generate chlorine dioxide for use as topical
applications for disinfection are disclosed by Kenyon et
al., Am. J. Vet. Res., 45(5), 1101 (1986). Chlorine
ledee generating gels are generally formed by mixlng a

gel containing suspended sodium chlorite with a gel

containing lactic acid immediately prior to use to avoid

premature chlorine dioxide release. Chlorine dioxide

releas:ng gels have also been used in food preservation.
Encapsulation processes have also been used in

‘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 alcchol end'mixing the capsules with water
to produce chlorine dioxide.

Tice et al. U.S. Patent No. 4,585,482 describes
gradual hydrolysis of alternating poly(vinyl methyl
ether-maleic anhydride) or poly(lactic-glycolic acid) to-
generate acid that can release chlorine dioxide from
sodium chlorite. A polyalcohol humectant and water are
encapsulated with the polYanhgdride'or polyacid in a

- nylon coating. After sodium chlorite is diffused into

the capsule through the nylon wall, an impermeable
polystyrene layer is coacervated arocund the nylon capsule
to retain water within the oapsule. 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 immedlately after the capsules are prepared. The



WO 96/41526 PCT/US96/09178

10

15

20

25

30

35

3

batchwise process used to prepare the capsules also
involves numerous chemical reactions and physical
processes, some of which involve env;ronmental disposal
problems. - L :
_ Wellinghoff et al. have formulated composites

that include a hydrophobic phase containing an acid

releasing agent and a hydrophilic phase containing
chlorite anions. The composite is substantially free of
water until it is exposed to moisture. Once exposed to
moisture, acid and hydronium ions are generated in the

- hydrophobic phase. The hydronium ions migrate to the

hydrophilic phase and react with chlorite anions to
release chlorine dioxide from the composite. These

'compOlltes are composed of and generate only FDA approved

substances or substances generally recognized as safe.

~ The comp081tes can be used for food packaging and other

applications where the substances can be ingested by or
in contact with humans. These composites are described
in U.S. Patent No. 5,360,609 and copending U.S. patent
application serial nos. 08/465,358, 08/465,086,
08/462,164, 08/461,716, and 08/461,304.

Welllnghoff et al. U.S. patent applicatlon
serial no. 08/462, 039 discloses a. composite formulated
for maximum chlorine diocxide release in which the
hydrophilic material contains an a- -amino ether and a
chlorite salt formed by reaction of an iminium chlorite
and a base. Iminium chlorite is unstable to nucleophilic
attack by the chlorite anion. When the iminium chlorite
iz reacted with a base, however, the more stable a-amino

ether and chlorite salt are formed.

Wellinghoff et al. U.S. patent applicatlon
serial no 08/461,706 describes a method for max;m:zing
chlorine dioxide release from an amine- -containing -
composite by omitting the chlorite'source until the
composite is applied to a surface. After applicationm,
the composite is e#posed to chlorine dioxide gas that
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either reacts with the amine to form iminium chlorite in
situ or dissolves in the amine to provide chlorite
anions. The composite is then activated in the presence
of moisture to release chlorine dioxide. The composite
can be exposed to elevated temperatures during
processing, storage and application because the
hydrophilic material does not contain iminium chlorite or
any chlorite anions that could decompose at such
temperatures. The méthod'also precludes premature
release of chlorine dioxide from the composite.
Barenberg et al. U.S. patent application no.

' 08/465,087 describes numerous methods of using composites

such as those disclosed by Wellinghoff et al. to retard
bacterial, fungal, and viral contamination and growthféf
molds on food, produce, meat, and other materials and to
deodorize carpeting'and_the like. ' '
Although the Wellinghoff et al. composites
are effective biocides, there is a need for biocidal
compositions in which the acid releasing component and
the chlorite containing component form an optically
transparent or translucent, single-phase mixture.

Summary of the Invention

Among the objects of the invention, therefore,
may be noted the pro#ision of an oﬁtically transparent or
translucent composition that releases a concentration of
chlorine dioxide sufficient to eliminate bac¢teria, fungi,
molds and viruses; the 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 increases the
release rate of chlorine dioxide in proportion to
increased temperature and humidity which promote mold and
bacteria growth; the provision of such a composition that
only releases substances approved for human exposure or
ingestion; and the provision.of an inexpensive
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composition that does not adversely affect the appearance
or mechanical properties of a substrate to which it is
applied. :
The present invention is directed to a
composition for retarding bacterial, fungal and viral
contamination and mold growth containing an acid
releasing polymer, a'hydrophilic material and chlorite
anions as components. Each component of the composition
has a particle size of not more than about 1,000
angstroms, and is substantially free of water and capable
of releasing chlorine dioxide upon hydrolysis of the acid
releasing polymer.

Another embodiment of the present invention is
directed to a ccmp051tion for retarding bacterial, fungal
and viral contamination and mold growth comprising an
amide, chlorite anions, and an acid releasing terpolymer
formed from poly?inylpyrrolidone, lactic acid and
glycolic acid. Each cdmponent of the composition has a
particle size of not more than about 1,000 angstroms, and
is substantially free of water and capable of releasing
chlorine dioxide upon hydrolysis of the acid releasing
polymer. _

Another embodiment of the invention is directed
to a terpolymer having the formula:

0 0 CHa 0

Ho{%pvnp-cuag-o—ayécnzc—-o-}(—CH-c-)on

wherein PVNP has the formula:

CHy- CH

g

and R is a lower alkyl.group_or a lower alkyl ester, n is
from 5 to 500, x is from 1 to 5,000, y is from 0 to

’
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5,000, and z is from 0 to 5,000, provided that either y
or z must be at least one. |

Another embodiment of the invention is directed
to a multilayered composite for providing sustained
release of chlorine dioxide. The composite contains a
water-soluble layer comprising an acid releasing polymer,
a hydrophilic material and chlorite anions, an upper

" moisture requlating layer in contact with an upper

surface of the water-soluble layer, and a lower moisture
regulating layer in contact with a lower surface of the
water-soluble layer. The water-soluble layer is
substantially free of water and each component of the
layer has a particle size of not more than about 1,000
angstroms. The moisture regulating layers are water
insoluble, such that moisture permeating either of the
moisture regulating layers hydrolyzes_the écid releasing
polymer to initiate release of chlorine dioxide from the
multilayered composite.

Yet another embodiment of'the invention is
directed to a procesé'for preparing a composition by
mixing a hydrophilic material, a chlorite salt, an acid
releasing polymer and an organic solvent to form a
mixture in which each component has a particle size of
not more than about 1,000 angstroms, the mixture being
substantially freé of water and capable of releasing
chlorine dioxide upon hydrolysis of the acid releasing
polymer. '

Another embodiment of the invention is directed
to a process of preparing an acid releasing polymer by
mixing a polyvinylpyrroiidane oligomer, lactic acid,
glycolic acid and water, and heating the mixture in the
presence of an esterification catalyst to form a
polyvinylpyrrolidone-lactic acid-glycolic acid terpolymer
having acid end groups. The terpolymer is dissolved in
an organic solvent, and neutralized to esterify acid end
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groups of the'terﬁolymer to form the acid releasing
polymer. | . o . é

Another embodiment of the invention is a method |
of retarding bacterial, fungal, and viral contamination
and growth of molds on a surface and/or deodorizing the :
surface by txeating a surface of a substrate with a 2
composition that does not release chlorine dioxide in the
absence of moisture, and exposing the treated surface to
moisture to release chlorine dioxide from the composition
into the atmosphere surrounding the surface. Each
component of the composition has a particle size of not.
more than about 1,000 angstroms. .

Yet another embodiment of the invention is a’
method of retarding bacterial, fungal, -and viral
contamination and growth of molds on a surface of a
material and/or deodorizing the material by exposing a
surface of a material to a composition that does not
release chlorine dioxide in the absence of moisture, and
exposing the composition to moisture to release chlorine
dioxide from the composition into the atmosphere
surrounding the material. Each component of the
composition has a particle size of not more than about
1,000 angstroms. _ _ _ :

Yet another embodiment of the invention is a
method of retarding bacterial, fungal, and viral -
contamination and growth of molds on a material and/or
deodorizing the material by incdrporating a composition
that does not release chlorine dioxide in the absence of
moisture in a material, and exposing the material to
moisture to release chlorine dioxide from the composition
into the atmosphere surrounding the material. Each
component of the composition has a particle size of not
more than about 1,000 angstroms. '

Other objects and advantages of the invention
will be apparent from the following detailed description.
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FIG. 1 is a schematic of a multilayered
composite for providing sustained release of chlorine

‘dioxide.

'In accordance with the present invention, it
has been discovered that sustained release of chlorine
dioxide can be generated from a.solntion containing
chlorite anions when the solution is exposed to moisture.
Although chlorine dioxide releasing compositions are
known, this solution is unique because it is optically -
transparent or translucent and is essentially
unnoticeable when applied to a substrate. When the
gsolution has been applied to a substrate; the substrate
can clearly be seen through the film,formed on the
subgtrate. If the solution, for example, is coated onto

a containerboard box printed with graphics, the graphics

remain clearly visible through the coating. Although the
coating releases chlorine dioxide oxidant, the coating
does not alter the graphics or effect the color of the
graphics. The solution can also be coated on a surface
of a transparent or translucent substrate to provide
biocidal action while maintaining the "see-through®
quality of the substrate. If the solution is coated onto
a clear plastic food container, for example, a consumer

can see the food within the container before

purchasing the food. The biocidal solution protects the
food from microblal contamination while allowing

“consumers to inspect the food without opening the

container. The solution, therefore, allows visual
inspection of a material while releasing chlorine dioxide
to sterilize, deodorize) or’piotect the material from
contamination or infestation.

- For purposes of the preeent-in&ention, a
solution is a mixture of components that each have a
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particle size of not more than about 1,000 angstroms,
preferably not more than about 500 angstroms, and more

‘preferably not more than about 100 angstroms as measured

by microscopy or light scattering methods that are well
known in the polymer art. A solution of the present
invention can also be a mixture comprising components
that each have a particle size of not more -than 2,000
angstroms when the index of refraction of each component
of the mixture is the same or substantially gimilar. A
solution 1nclud1ng components having any of the above
particle sizes is optically transparent or translucent in

 appearance and v1sua11y appears to'be a single-phase

mixture because its phase microstructure is of a diameter .
well below the wavelength of visible light. A solution
is optically tranSparent for purposes_of_the invention
when at least'ahout 80% of 1ight,_preferahly at least
about 90%, is transmitted through the solution. The
solution does not'scatter light and is stable to
crystallization that would produce particles larger than
1000 angstroms. The particle size of the solution is
preferably small enough for the components_to be

uniformly dispersed.

Chlorine dioxide is released from the
composition when an acid relea51ng polymer within the
composition is hydrolyzed_by_adsorbed moisture, and
releases acid and hydronium ioms. The hydronium ions

‘diffuse from the polymer to react with the chlorite

anions in the composition to release chlorine dioxide
gas. The chlorine dioxide gas diffuses out of the
composition into the surrounding atmosphere for a period
of up to about six months in order to. prevent the growth
of bacteria, molds, fungi and viruses on a material The
single-phase compositions provide more complete _
conversion to chlorine dioxide than is provided by two-
phase compositions because the acid releasing polymer and
chlorite anions are in a closer proximity to each other '
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than in a two-phase composite. Compositions that release
at least about 1.0 X 10° mole chlorine dioxide/cm® for a
period of at least one week, one month or six months can
be formulated by the processes of the present invention
for a variety of end uses.

Preferably, the camposibion cqmprises between
about 0.1 wt.%¥ and about 20 wt.%¥ of chlorite anions and
counterions, between about 10 wt.% and about 70 wt.% of a
hydrophilic material, and between about 1.0 wt.% and
about 50 wt.% acid releasing polymer, more preferably
between about 10 wt.% and about 20 wt.% chlorite anions
and counterions, between about 10 wt.%¥ and about 50 wt.¥%
hydrophilic material, and between about 10 wt.% and about
30 wt.% acid releasing polymer. .

Any acid releasing polymer that forms a°
solution with the chlorite anions and counterions and the
hydrophilic material and is capéb;e of being hydrolyzed
by ambient moisture is acceptable for purposes of the
present invention. Pteferably, the acid releasing
polymer does not exude or extract into the environment.
The acid releasing polymer preferably has a number
average degree of polymerization of between about 10 and
about 10,000, more preferably between about 50 and about
1000, and most preferably between about 100 and about

" 300.

The acid réleasing polymer is preferably
copolymerized with a hydrophilic oligomer to
compatibilize the acid releasing polymer with the
chlorite anions and the hydrophilic material. A
preferred acid releasing polymer is a copolymer of a
phase compatibilizing oligomer such as
polyvinylpyrrolidone, polyvinyl alcohol, polyanhydride,
or polyacrylamide, and an acid such as lactic acid,
glycolic acid, or other a-hydroxy acids or mixtures of
these acids. Preferred polyanhydrides have the formula:
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wherein R is:

| ~CHa— | .
| _gcnz);'_oo{%}m__._' ,

Hj
mis 1 or 2, n is an integer from 4_!:0 12, and X is O or

5 N-CE;.

OO

-\ partic‘ulafly prefer’re’d _a'cid_- re'lleas_'i'ng:polymer
is a terpolymer of polyvinylpyrrolidone, lactic acid and
glycolic acid. Each of the lactic aéid, glycioii_é_ acid
and polyvinylpyrrolidone portions of the te_rpolme_r '

10 preferably has a number average degree of polymerization

" of between about 1 and about 5,000, more preferably
between about 5 and about 50 and, most preferabiy,
between about 10 and about 30. .

The most preferred acid releasing polymer has
15 the formula:

o] :
3
|

R . . CH ] -
HO-L-PVNP— cuzlcl—o—)—ecuag—o—)-é-cn——lé;)on
: x z

Y

wl_lei:ein PVNP has the formula:

CH,-CH

[ I e2?
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and R is a lower alkyl éroup or a lower alkyl ester, n is

- from 5 to 500, x is from 1 to 5,000, y is from 0 to

5,000, and z is from 0 to 5,000, provided'that either y
or z must be at least one. R is'preferably'a methyl
group, n is preferably 5 to 100, and x, y and z are
preferably 1 to 1,000. The optimum proportions of lactic
acid, glycolic acid and polyvinylpyrrolidone in the
terpolymer are selected based upon the adhesiveness,
stiffness, or other properties required for a desired
application of the Composition. One of ordlnary skill in
the polymer art would known how to optimize the
proportions of lactic acid, glycolic ac1d and ~
polyvinylpyrrolidone in the copolymer to obtain des;red
propéerties in the composition :

Any hydrqphilic material that forms a solutlon
with the chiorite anions and counterions and the
hydrophobic material is acceptable for purposes of the
present invention. The hydrophiiic material is
preferably an amide, an amine, or a polyhydric alcohol.
When the chlorite source is a chlorite sait, the salt
dissociates in the hydrophil;c material to form chlorite
anions and counterions. However if the hydrophzllc
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:aufficiently low for the amine
to be oxidized.

' The composition of the present 1nvention
preferably includes an amide as the hydrophilic material
to provide adhesive properties to the composition. The
amide is preferably selected from the group consisting of
urea or oligomeric amides. Urea is most preferred
because its high hydrogen bonding density improves the
chlorine dioxide uptake and release efficiency of the
composition, it dissolves in and plasticizes
polyvinylpyrrolidohe, it will not react with the acid
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releasing polymer, and it'provides greater tackiness in
the composition The cOmposltion can include up to about
30 wt.% amide, preferably between about 5 and about 20
wt.% amide and, more preferably, between about 10 and
about 15 wt % amide. . :

The chlorite anions generally do not. react with
the hydrophilic material or the acid. releasing polymer,
but are surrounded by . hydrogen bonds contributed by the
nitrogen or hydroxzde within the hydrophilic material or
acid relea51ng polymer. Suitable'chlorite sources that
can be 1ncorporated into the composition of the present
invention include alkali metal chlorites such as sodium
chlorite or potassium chlorite, alkaline earth metal
chlorites such as calcium chlorite,;chlorite salts of a
transition metal ion or a protonated primary, secondary,
tertiary or quaternary amine or iminjum chlorite salts.
Many chlorlte sources, such as sodium chlorite,. are
stable at processing temperatures in excess of about 100
°C, allowing for processing_at relatively high
temperatures. - .

" The componentl of the ccmposztlon are
substantially free of water to avoid significant release
of chlorine dioxide prior to use of the composition. For
purposes of the present invention, the composition is
subetantially free of water if the amount of water in the
composition does not provide a pathmay for transmission
of hydronium ions from the acid releasing polymer to the
chlorite anions. Generally, the components of the
composgition can include up to a total of about 1. 0 wt. %
water without prov1ding such a pathmay for transmission
of hydronium ions. Preferably, each component contains
less than about 0.1 wt.% water, and, more preferably,
between about 0.01 wt.% and about 0. 1 wt.¥ water.
Insubstantial amounts of water can hydrolyze a portion of
the acid releasing. polymer to produce acid and hydronium
ions within the composition. The hydronium ions,
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however, do not diffuse to the chlorite anions until
enough free water is-preéent for transport'of hydronium
ions. - |

A preferred composition of the present
invention includes between about 10 wt.% and about 30
wt.% of a polyvinylpyrrolidone-lactic acid-glycolic acid
terpolymer, between about 10 wt.% and about 30 wt.% urea,
between about 10 wt.% and between about 20 wt.% chlorite
anions, and between about 10 wt% and about 30 wt.%
polyvinylpyrrolidone homopolymer. '

The composition can also include a
compatibilizexr to compatibilize the acid releasing

- polymer with the hydrophilic material &dnd chlorite anions
-within the composition. A compatibilizer is preferably

added when the acid releasing polymer .does not include a
significant hydrophilic oligomer portion to compatibilize
the polymer to the remainder of the composition.
Preferred compatibilizers include polyvinYlpyfrdlidone
homopolymer, or its copolymers with alkene oligomers.
Polyvinylpyrrolidone is a preferred compatibilizer and
also serves to increase the mechanical strength of the
composition. The polyvinylpyrrolidone preferably has a
number average degree of polymeriéation between about 1
and about 10,000, more preferably between about 100 and
about 10,000 and, more preferably between about 300 and
about 5,000. ' ' L

A plasticizer can be added to the composition
to soften the acid releasing polymer. The plasticizer is
preferably any monomeric or oligomeric amide generally
known in the polymer art as a plasticizer, such as
succinamide, formamide, N-methyl formamide; and N-
methylacetamide, and isopropylacrylamide-acrylamide.
Formamide and N-methyl formamide are toxic and would not
be preferred in applications involving human contact. If
the polymer amine center is suffiéiently mobile, the
addition of a plasticizer is unnecéssary., A glassy
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| polymer can be softene_.d to increase mobility by adding at

least about 10 wt.%, preferably between about .10 and
about 30 wt.¥ of a plasticizer to the polymer to lower
glass transition temperature below the reaction
temperature. Other amides that can be used as
plasticizers for the acid releasing polymer of the
invention include H,NC(0) (CH,CH;0),CH,CH,C(0O)NH, wherein n is
1 to 10, HMNC(O) (CH,CH,0),CH( (OCH,CH,),C (0)NH,), wherein n is
1to5and mis 1 to 5, and N(CH,CH,O),CH,CH,(O)NH,), wherein
n is 1 to 10.

A moisture scavenger, such as sodium sulfate,
calcium sulfate, silica gel, alumina, zeolites, and
calcium chloride can be added to the composition to
prevent premature hydrolysis. of the acid releasing
polymer. Humectants can be added to render the
compogition more hydrophilic and increase the rate of
hydrolysis of the acid releasing polymer. Conventional

- £film forming additives can also be added to.the

composition as needed. Such additives include
crosslinking agents, flame retardants, emulsifiers and
compatibilizers. These additives must be hydrophilic and
soluble within the composition if the composition is to
be optically transparent or translucent.

Preferred amides for use as the hydrophilic
material include urea, formamide, acrylamide-
isopropylacrylamide, copolymers of formamide and
acrylamide-isopropylacrylamide, and copolymers of
acrylamide, isopropylacrylamide or. N,N-methylene
bisacrylamide 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, electrcn deficient alkenes such as
acrylamide.

Suitable amines for use as the hydrophil:l.c
material include primary amines, secondary amines, and
tertiary amines having pendant hydrogen bonding groups.
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An amine substituted with electron donating groups that
donate electrons to convert chlorine dioxide to chlorite
is 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-hydrogen bonding
pendant groups that are dissolvedlin a hydrophilic
solvent are also acceptable. Representative amines
include: alkanolamines; copolymers of aminoalkanes and
alkene bisacrylamides; alkylaminopyridine; alkene
diamines; alkylamino cycloalkanes; alkylamino-
carboxyamido alkanes dissolved in a diluent; amines
having the formula R, NH; R,R,NCH,CH,C(O)NH,; solubilized
N(CH2CH,0H) 5 ,H,, RgN(NCH,CH,C(O)NH;),, (CH;),N(CH,) N (CH;),,
RsRgN (CH,) NHC (O) NH,,

N (CH,CENHC (O)NH,);, or

' —(r‘m——cw 3, NH—CH en nHen neden, cn _>, HN‘. 'NH
a/pNtTT LR 2 2+N2 \ /
HaN—(CHy) ;—N N—CCH,)5—NH,
0 } }
-éCH.‘,m-:{c----Nl-l--—(m-tzn,,l\n---a:m-i:,,)2
m,; or

R,N

M\
27_ AN

wherein: R substituénts are,

independently, - (CH,CH,;0)H,
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-C(CHy),(CH,) OH, - (CH,) NH(CH,CH,0),H, -CH(CH),,

——(CH,) ;=N —CCHy) y—N NH
@ \—/ , alkyl, eycloalkyl,

’

benzyl, acrylamide, or pyridyi; R, Rz, Rs, and Ry axe
alkyl; R; is methyl or ethyl; m is 1-100; n is 2 or 3; x
5 is 0, L or 2; y is 1 or 2; and z is 1, 2 or 3.
Generally, the above compounds can be solubilized in
formamide, isopropylacrylamide- acrylam:.de- or other
conventional plasticizers. .
Preferred amines include monoethanolamine,

10 diethanolamine, triethanolanu.ne, a: copolymer of 1,3~
diaminopropane or 1,2- diam:.noethane and N, N-methylene .t
bisacrylamide, 4-dimethylaminopyridine, tetramethylene
ethylene diamine, N,N-dimethylamino cyclohéxane,
solubilized 1- (N-’dipropylamino) -2-carboxyamido ethane or

15 1-(N-dimethylamino)-2-carboxyamido ethane, a primary
amine having the formula R,NI-I,,' a secondary amine having
the formula R,R,NH, N(CH,CH,0H),,

Hzn}—N N
7 L

HN NH

~e
-e

Hzt.«-ccnz)a—n N—(C CH,) 5—=NH, .
20 eolubilized NRRgR,, (CH,),NCH,CH,N(CH,),, RsR;NCH,CH,C(O)NH,,
Ry RN (CH,) JNHC (O) NH,, N(CH,CH,NHC (O)NH;)3,

0 0 .
] I
—{NH—-( CHp) sNH—CH,CH,C—NHCH,NHCCH, CH,
n
ox

r

0

TN '
-{~CH2CH~€C-——NH—-—CH2CH2CH2N—( CH) 5
m

’
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wherein: R, is -CHCH,0CH,CH0H, -C(CH,),CH,0H,

_ _ —{CHz) ;—N >
'CHzCH'.'NHCHﬁHzOHa 'CH_(CHa)za ‘CHQCHzo.H: i s O

—CCH) p—N NH - _
- '; R, and R; are, independently, .n-propyl,

isopropyl, acrylamide, or -CHQCHQ'OH; Rs and Ry are methyl;
R, is 4-pyridyl; Ry and R, are, independently', methyl, n-
propyl or isopropyl; R, and R,, are, independently,
methyl, ethyl, n-propyl or isopropyl; m is an integer
from 1 to 100; and n is 2 or 3. Suitable diluents
include formamide or acrylamide-isopropyl acrylamide. -
Oligomeric or polymeric secondary amines converted to
acrylamide substituted tertiary amines by Michael-
reaction with acrylamides are also suitable because the
amide group does not react with the acid releasing agent.

Polyhydric compounds, including glycerol,
sorbitol, polyvinyl alcohol, and polyhydric alcohols, can
be used as the hydrophilic material. However, chlorine
dioxide release can occur more rapidly when a hydroxylic
compound is incorporated in the composition and can limit
the applications for such compositidns to rapid chlorine
dioxide releasing systems. |

The compositions of the present invention are
prepared by mixing the hydrophilic material, a chlorite
gsalt, the acid releasing polymer and an organic solvent
to form a mixture having a particle size of not more than
about 1,000 angstroms. The mixture is substantially free

- of water and capable of releasing chlorine dioxide upon
~hydrolysis of the acid releasing polymer.

The acid reieasing polymer is prepared by
mixing an oligomer, a carboxylic acid and water to form a
mixture. The mixture is heated in the presence of an
esterification catalyst to form a copolymer having acid
end groups. The copolymer is dissolved in an organic
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solvent and neutralized to esterify the acid end groups
to form the acid releasing polymer. A.preferred acid
releasing terpolymer is formed by mixing a
polyvinylpyrrolidone cligomer, lactic acid, glycolic acid
and water to form a mixture, heating the mixture in the
presence of an esterification catalyst to form a
polyvinylpyrrolidone-lactic acid-glycolic acid terpolymer
having acid end groups, dissolving the terpolymer in an
organic solvent, and neutralizing the terpolymer to
esterify acid end groups of the terpolymer to form the
acid releasing polymer. The preparation of this
terpolymer is described in Example 2.

The eSterifiéatiqn catalyst is preferably )
selected from the group consiéting:of-p-toluene sulfonip
acid, or other strong protic acids (i.e., acids that make
an agueous selution having a pH not greater than 1).

An organie solvent is suitable for preparing
the compositions of the invention if the chlorite salt is
substantially soluble in the organic solvent and the
solvent is substantially free of water. The organic
solvent is preferably methanol or ethanol, and is most
preferably methanol,

A.preferred solution includes between about 10
wt.% and about 30 wt.% of a polyvinylpyrrolidone lactic
acid-glycolic acid terpoiymer, between about 10 wt.% and
about 30 wt.% urea, between about 10 wt.% and between
about 30 wt.% chlorite anions, between about 10 wt¥ and
about 30 wt.% polyvinylpyrrolidone homopolymer, and
between about 30 wt.% and about 60 wt.% methanol. The
methanol in the solution evaporates when the solution is
cast as a film or formed into some other end product.

Chlorine dioxide is releaeed,,fer example, from
this preferred composition by exposing the composition to
moisture. The moisture hydrolyzes the aciad releasing
terpolymer, forming polyvnnylpyrrolidone oligomer, lactic
acid and glycolic acid within the ccmposition. The
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1act1c acid and glycolic acid react with water to form .
hydronium ions. The hydronium ions react with a chlorite
‘salt to form chlorine dioxide and metal salts of lactic
or glycolic acid. The hydrolysis is illustrated below:

0 0" CHy o

] 1] |
HO(%PVNP-—CHZC——O-%>4ECHZC-O CH——CJ>OCH3
y

Hzol G2YS ~» Weeks

n i -
x HO—PVNP-—CH,COH  + y HOCH,C——OH s+ z HO

l- M"*CC10,7,

N
C10, + M*0"CCH,OH + M*0"CCHOH
' ' CHy

The rate of chlorine dioxide release from a
composition can be controlled when preparing the
composition by changing the viscosity of the composition,
changing the concentration of acid releasing polymer'in
the composition, changing the crystallinity of the
components in the composition, and by adding a desiccant
or humectant to the composition to control release of
chlorine dioxide from the composition once it is exposed
to moisture. The rate of chlorine dioxide release can be
controlled during-use'by changing the temperature or
mozsture content of the composition.

The compositions of the present invention that
contain an amine can form iminium chlorite rather than
dissolved chlorite anions. Iminium chlorite is formed
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when'thé amine hydrophiiic material is in contact with
the hydrophobzc ac;d releasing ‘polymer. Chlorine dioxide
(Clo,) is reduced by extractmng an electron from the

'amine, forming an aminium radical cation and a chlorite

counterion (ClQ,). The aminium cation quickly converts
to an iminium cation by loes 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., J. Org. Chem.,
28, 2790 (1963); J. Amer. Chem. Soc. §2(5), 1158, 1163
(1967) .

High chlorine dioxide to chlorite conversions

' are obtained if the chlorite anion and/or iminium cat;on
- that is generated by the initial electron transfer from

the amine is rapidly complexed and stabilized by a
hydrophilic molecule. In some formulations, uncomplexed
chlorite ahion may be depleted by subsequent reactions
with the iminium counterion at temperatures above about
60 °C. Chlorites are also subject to disproportionation
into chloride and chlorate. An amine with a high pK, is
preferred because it reacts more rapidly with chlorine

‘dioxide and acts as a more effective proton sink,

maintaining the basic pH required  for chlorite ion
stability. . , _ : :
Chlorine dioxide is released from iminium
chlorite when moisture contacts the composition.

 Hydrolysis of the acid releasing polymer provides

hydronium cations (H;0*) that react with iminium chlorite
to release chlorine dioxide gas. The: decomposition
products of the reaction are aminium chloride salts and
organic carboxylates. These products are retained within
the composition. :

It has been found that, in some instances,
iminium chlorite may decompose if the composition is
exposed to temperatures exceeding about 60 °C, reducing
the available chlorite concentration for conversion to
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chlorine dioxide. In order to maximize chlorine dioxide
release from the ccmposite, it has been discovered that
the chlorite source can be cmitted fram ‘the cempositlon
until the composition is applied to a surface when the
hydrophilic material in the composition is an amine.
After application, the composition is exposed to chlorine
dioxide gas that either reacts with the amine to form
iminium chlorite in situ or dissolves in the amine to
provide chlorite anions. The composition is then
activated in the presence of moisture to release chlorine
dioxide. The composite can be exposed to elevated
temperatures during processing, storage and application
because the hydrophilic material does not contain iﬁinium )
chlorite or any chlorite anions that could decompose at
such temperatures. The method also precludes premature
release of chlorine dioxide from the composite. Chlorine
dioxide can be provided on site by pa-sing the
composition through a chlorine dioxide generator.

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

' 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
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 eoftened to increase

‘mobility by adding at least about 10 wt.% of a

plasticizer, such as a low molecular welght amide, to the
amine to lower glass transition temperature below the
reaction temperature. Other suitable plasticizers are
'well known in the polymer art.
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_ Maximum chlor:l.ne diox:.de release from a
composition can be achieved by stabilizing the chlorite
anion. Iminium ch_].orite is unstable to nucleophilic
attack by the chlorite anion. It has been discovered
that the room temperature Ilifetime of chlorite anion is
substantially extended when a strong base, such as a
metal alkoxide, is present in the hydrophilic material
containing the iminium chlorite. The mechanism of i
alkoxide stabilization of the chlorite counterion is
shown below. |

R"ONa
[ AR 'aN=CR; }° CI0," ———» 'R';N-CR,-OR" '+ NaCigQ, -

wherein R'g and R, are groups that correspond to those b.f.'
the selected amine and R’ is an alkyl or hydrogen group.
In the absence of water, the iminjum ion is immediately
decomposed into an o-amino ether and a more stable 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 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 _alun_iinum oxide, or sodium
oxide, metal ioms such as Na*, trialkyl ammonijum salts of
alkoxides, ammonium salts of ‘alkoxides, acetates such as
sodium acetate, substituted acetates, or other materials
that would generate a strong basic reaction to attack the

nitrogen center of iminium chlorite.

‘The compo_sn.t_ions of the preeent invention can
be formulated in various ways to accommodate a wide range
of end use applications. The composition can be
formulated as an extrudate, such as a £ilm or pellets, or
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as a powder using conventional extrusion and spray drying
methods, respectively. |

The composition of the invention can be
formulated as a powder. Although the powder is not
optically transparent; it provides a slow rate of release
of a low concentration of chloriné dioxide as compared to
chlorite particles coated with a hydrophdbic material.
To prepare the powder, anhydrous particles are fed into a
fluidized bed. A solution of the acid releasing polymer,
the hydrophilic material and chlorite anions in an
organic solvent as described above is aerosolized by
passing the material through small diameter nozzles into
the chamber of the fluidized bed where it can impinge
upon the fluidized anhydrous particies. Upon contact
with the fluidized particles, the chlorine dioxide
releasing powder is formed as the solution'sdlidifies to

form an-acid releasing core having a layer of anhydrous

particles embedded in the outer surface thereof.
Aggregation is minimized because the anhydrous particles
are hard inorganic materials. The particles can then be
packaged in a dry sealed container.

In forming the chlorine'dioxide releasing
powder, the anhydrdus particles delay release of chlorine
dioxide that is catalyzed by atmospheric moisture.
Suitable anhydrous materials include anhydrous sodium
sulfate, calcium sulfate, magnesium sulfate, and a
moisture depleted silica gel. Additional anhydrous
particles can also be postlmixed with the chlorine
dioxide releasing powder to delay chlorine dioxide
release. _ .

In addition to formation of powdered
composites, the composition of the present invention can
be formulated in solvents to allow_for Eilm casting or
other application methods. The composition can be
applied as a film by using well known hot melt, dip coat,
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spray coat, curtain coat, dry wax, wet wax, coextru91on
and lamination processes.

The compositions can also be used in forming a
multilayered composite 10 including_a.water soluble,
optically transparent or translucent layer 12 comprising
an acid releasing polymer, chlorite anions, and a
hydrophilic material as shown in FIG. 1. The water-
soluble layer 12 is cast onto a mpistnre regulating layer
14 on a substrate 16, and a moisture regulating layer 18
is then cast onto the water-soluble layer 12. The
moisture regulating layers 14 and 18 are water-insoluble,
water-permeable f£ilms, that prevent the water-soluble
layer 12 £rom degrading in the presence of moisture.

This arrangement enables a chlorine dioxide atmosphere to -
be provided over a period of days, weeks or months. The
moisture regulating layers also control thé rate of
moisture ingress into the water-soluble layer to control
chlorine dioxide release from the multilayered composite
when activated by moisture. Suitable water insoluble,
water-permeable films can be composed of poly(ethylene-
propylene) or poly(acryllc -ester acrylate) copolymers or
ionomers thereof such as sulfonated salts of _

poly (ethylene-propylene). Hydroxyethylmethacrylate,
methoxyethyimethacrylate, copolymers of at least ome
hydrophilic component and at least one hydrophobic
component, and other water-insoluble, water-permeable
films well known in the art are also snitable.

' The layered composites of the present invention
are intended to maintain a desired rate of chlorine
dioxide release (moles/sec/cm® of £ilm) in the presence of
atmospheric moisture at a surface for a length of time
required for chlorine dioxide to absorb onto the surface
and kill bacteria or other microbiological'contaminants.
However, leakage from a container or exposed snrface
reduces the chlorine dioxide concentrations at the
surface because of chlorine dioxide diffusion into the
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atmosphere. The chlorine dioxide concentration released

 from the film for a chosen time period can be calculated

given the leakage rate and the rate of absdrbance at a
surface. Thus after measuring the leakage rate, the
composite is formulated so that it contains a large
enough reservoir of chlorite réacting at a speed
sufficient to compensate for the leakage rate for the
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 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 a composite is described in Example 15 of

- copending U.S. patent'appiication serial no. 08/461,304.

A preferred extended release system of the
present invention comserves the chlorite reservoir by
emitting a series of periodic pulséd releases timed to
coincide with the suspected times of bacterial, viral or
fungal contamination or the typical incubation time for
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.

A typical controlled release multilayered
composite includes water-soluble layers A that are each
formed from a composition of the invention. The layers
typically have a thickness of about 5 mil, and are
separated from each other”by a watér-swellable
intermediate layer c. | _ .

'The intermediate layer CLcan be composed of a
wide variety of materials since chlorine dioxide can



WO 96/41526 PCT/US96/09178

10

15

20

25

30

35

27

diffuse equally well in both hydrophobic and hydrogen
bonded matrices. Such optically.transparent or
translucent materials_include'capolymers of at least one
hydrophilic monomer or oligomer and at least one
hydrophobic monomer or oligomer, polyionomers such as
protonated and neutralized, sulfonated, or phosphorylated
oligo- or poly-alkenes such as polyethylene,
polypropylene, alkyl acrylates, hydroxyethylmethacrylate,
methoxyethylmethacrylate and copolymers thereof. Lipid
substituted polyhydroxy alcohol phosphates and
phosphosilicates and their mixtures with alkene polymers
and oligomers can be used but will not form an optically
transparent composite. Finely divided anhydrous salts.or
desiccants may be added to ani of the layers to retard -
the reaction to chlorine dioxide that is catalyzed by
water. _ _ , L

It has been discovered that construction of a
multilayered composite wherein the arrangement of the
layers in the composite is defined by the formula C(ACA),C
(wherein n represents the desired number of pulses)
provides pericdic pulsed release of high concentrations
of chlorihe dioxide over several weeks or months. Such
pulsed release can be coordinated to the growth,
incubation and contamination of viruses, molds, fungi and
bacteria. The cycle time and peak concentratioms. of
chlorine dioxide would be controlled by the layer
thickness, chlorite and acid releas;ng polymer loading,
and the water and ionmic permeatlon characteristics of
layers A and C. Pulsed release occurs as each layer
(ACA); is successively penetrated by water vapor and
hydronium ions.

Pulsed releases of chlorine dioxide that vary
from about one day to over about 200 days can be achieved
for 5 mil thick A and C films by separatlng the A layers
by an intermediate layer C capable of supporting varying
hydronium ion transport rates.
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The pulsed release capabilities of a multiple
layered film can be'caidulated as provided in Example 16
of copending U.S. patent appllcation ser1a1 no.
08/461 304.

Applications for the campositione ‘of the
invention are numerous. The water-soluble compositions

- can be used in most'any environment where exposure to

moisture will occur so long as the compoeitlons are
protected from degradation by a water- insoluble, water-
permeable material or are incorporated as a component of
a material. The com9051tions can be used to prevent the
growth of molds, fungi, viruses and bacteria on the
surface of a material, deodor;ze the material or 1nh1b1t .
infestation by treating a surface of a substrate with a
composition that doeegnot release chlorine dioxide in the
absence of moisture, and exposing the treated surface to

‘moisture to release chlorine dioxide from the composition

into ‘the atmosphere surrounding the surface. The release
of chlorine dioxide retards bacterial, fungal, and viral
contamination and growth of molds on the surface,
deodorizes the surface, and inhibits infestation. Each
camponent of the compoe;tion has a particle size of not
more than about 1, 000 angstroms

The surface can be treated with a composition
of the present invention by conventional coatlng,
extrugion, lamination and 1mpregnation methods well known
in the art. The treated surface is generally a portion
of a container, a part of a suhstrate placed within a
container, or a packaging film or other type of
packaging. When an'optically traneparent composition of
the invention has been applied to a substrate, the
substrate surface can clearly be seen through the f£ilm
formed on the surface.  If the composition, for example,
is coated ‘onto a containerboard box prlnted with

.graphics, the graphics:remain,clearly visible. A

container or substrate can be protected with a coating of
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the biocidal composition although the composition is
transparent and v:rtually unnoticeable to a consumer.
The biocidal atmosphere generated within the
container or other packaging can be used in storing food
products including blueberries, raspberries,
strawberries, and other produce, ground beef patties,
chicken filets, and other meats, enhanced foods, pet
foods, dry foods, cereals, grains, or most any food
suhject to bacterial contaminaticn or mold growth. Bar
soap, laundry detergent, stored paper documents,
clothing, paint, seeds, footwear, and packaging therefor
can also be protected frcm.mold growth, mildew, fungus
and algae. Medical instruments, devices and supplies,,
disposable or nondisposable personal care products, and
soil can be sterilized to prevent microbial
contamination. Medical, biological or biohazardous waste

_'in hospitals, laboratories, and clinics can also be

sterilized to kill microbials within the waste. . Odors
from athletic shoes, disposable footwear, and refuse can
also be minimized when they are contained within a
treated container.

Electronic or photographic equipment and
supplies, such as VCRs, video tapes, audio tapes, audio
components, cameras, phctographic film,,camera lensges,
lenses within medical equipment, and medical monitors and

‘other med1cal equipment, can also be treated with the

composition or exposed to the composition to prevent
growth of mold, moldew, fungus and algae. The biocidal

_ composition can be incorporated into a polymer melt used

to make a portion of the equipment and supplies, such as
the video tape cartridge or equipment housing The
cartridge or housing can also include a film of the
composition adhered to the interior thereof. The
biocidal composition can replace silica gel packs
typically used in shipment and storage of electronic and

photographic equipment.
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The compositions of the invention are
especially‘suitableffOr'application to or incorporation
in transparent or translucent products. The compositions
can also be coated on a surface of a transparent or
translucent substrate to provide biocidal action while
maintaining the "see-through" quality of the substrate.
If the solution is coated onto a clear plastic food
container, for example, a consumer can see the food
within the container before purchasing the food. The
biocidal solution protects the food from microbial
'contamination'while'allowing'consﬁmers to inspect the
food without opening the container. The solution,
therefore, allows visual inspection of a material while
releasing chlorine dioxide to sterilize, deodorize, or
protect the material from contamination or infestation.
When the ccmpositions are applied to clear surgical
bandages, the wound is sterilized by the chlorine dioxide
and is visible through the bandage, allowing for
inspection of the ‘wound without removing the bandage and
exposing the wound to contamination.

Transparent or translucent products that can be
treated with the compositions of the invention include
clear packaging such as "clam-shell® containers, clear
packaging films such as plastic wrap for food, disposable
eating utensils, plates and cups, food serving products,
food wrappings, containers for food storage, and other
food packaging, pcrtable water filters for treating water
during camping, boating, trips or emergencies, waste
containers or bags for medical or bichazardous waste.
Packaging can be treated with the composition to preserve
food products hav1ng a long -term shelf life, such as
"fresh® shelf-stable processed foods kept at room
temperature including soft tortillas, cakes or other
baked goods, energy bars, candy, snack foods, and the
like. Clear biodegradable and non-degrading sutures for
use in humans and animals can be treated to prevent
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infection at the site of use, maintain sterility of the
sutures during storage, and to sterilize the sutures for
use as an altermative to steam, ethylene oxide, and gamma

irradiation. Clear "see-through" bandages, band-aids and

surgical dressings-can_also be treated with the
multilayered composites'described.abcve to reduce
microbial contamination and infection..

~ The compositions of the invention are also
especially suited'for providing a clear, invisible
coating on products such as fnrniture and floors used in
settings prone to microbial contamination such as .
hospitals. The compositions can also be incorporated or
coated onto filters and ducts_for_heacing, ventilation

"and air conditioning to prevent microbial contaminationm,

alleviate "sick building syndrome, " and prevent the
outbreak of Legionnaires"disease resulting from
Legionella premophilia bacterium. L

o Conventional containers can be used such as
paperboard or containerboard boxes,:corrugated,,nonwoven,
plastic, foamed or'polYmeric-multilaminate containers,
"clam-shell" containers commonly used in the fast food
industry, cellulosic, plastic or paper bags, seed
packets, or waste containers. :

The treated surface can also he a reusable or
disposable mat or sheet including a dental tray covering,
a surgical tray covering, a shower mat, nonwoven bandage
material, a meat cutting hoard a liner for drawers or
shelves, an insert for athletic hags_or_gym lockers, a
food wrapper, a paper sheet for separating hamburger
patties, a meat packaging tray, an overpouch such as
those used in packaging intreVenous bags, a fresh fruit
separator or box liner, an absorbent pad for poultry,
meat, seafood or'produce, or an'absorbent laYerxfor use
in diapers. Such mats or sheets are typically made from
paper, cellulosic, polymeric, woven fabric Oor nonwoven
materials.
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Such a method can also be used to coat the

‘surface of a seed to protect the seed from molds and

fungi during storage and to protect against m&cotic
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 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 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 geeds, or soybeans, remain fit
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. An optically
transparent composition of the inrention_can be applied
to the seeds to ensure that the appearance of the seeds
will not be altered by the composition.

Another embodiment of the invention is a method
of preventing the growth of fungi, bacteria or molds on a
surface and/or deodorizing the surface by treating the
surface with a composition that does not release chlorine
dioxide in the absence of moisture, and exposing the
treated surface to moisture to release chlorine dioxide
from the camposition into the atmosphere surrounding the
surface. | | | |

a preferred application includes a foot powder
for preventing athlete’s foot and other fungi.. The
powder can be applied directly on the surface of the foot
or can be incorporated into a shoe insert. The powder
can be applied between the cloth covering and foam pad of
the shoe insert, impregnated within the foamed pad, or
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impregnated'or'coated on a pnge.ceunter-or upper;lining.
Chlorine dioxide generated from moisture within the shoe

_diffuses from the ccmposite into. the atmosphere to kill
fungus and deodorize the shoe. The powder can be blended

with conventional ingredients such as talc, cornstarch,

'fragrance, miconazole nitrate, tolnastate silica, boric.
‘acid, aluminum chlorhydrate, salicylic acid, and

cellulose. The powder can also be blended with other
ingredients and used in bath powders or powders 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 deodorizers or cleaners
can be blended with the powder of the present invention.
The composite can also be formulated in microcapsules
that break after being stepped on and are'then activated
by moisture. Such microeapsnles_can be impregnated in
floor, shower or bath mats or cam be used in carpet
deodorization. The powders can also be packaged in a
sachet and placed in marine environments, such as the
deck, sump or storage areas on boats, to prevent mildew
and mold growth in these areas..

Another use for the compositions is in
providing self sterilizing packaging, which is .
particularly useful in the medical industry. The
composition can be coated onto tubing, connectors,
fitments or other components . Fitments for in-dwelling
catheters, needles, peritoneal dialysis, percutaneous
devices, percutaneous access, intravenous bags, colostomy
bags and other medical devices can also be treated in
accordance with'tbis metbbd to sterilize the devices and
to prevent insertion site infections, sinus track

-infections, and the 1ike.'_Additiona11y, cloeures_on a

package can be so treated to provide self sterilizing
packaging for medical devices, instruments and supplies.
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The camposition of the present invention was
expected to kill bacteria on the surface of meats.
However, it was not expected to penetféte a ground beef
patty. It has been discovered that chlorine dioxide
evolved from paper treated with the composition can
effectively penetrate the full thickness of a patty and
kill bacteria such as E. coli and Salmonmella that result
from contamination during meat processing. E. coli
0157:H7 in tainted meat has caused death and severe
illness and 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
geparated by sheets of coated paper.that prevent adhesion
of the 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 preferred embodiments and utilities of the
present invention and are not meant to limit the present
invention unless otherwise stated in the claims appended
hereto. ‘

EXAMPLE 1

A polyvinylpyrrolidone oligoﬁer was prepared by
polymerizing vinyl pyrrolidinone in water using a free
radical initiation with hydrogen peroxide and ammonia
catalyst as described by E.S. Barabas, Encyl. Poly. Sci.
Eng., 17, 198 (1989). Three grams of vinyl pyrrolidinone
were dissolved in seven grams of water and polymerized
with 0.03 ml of 30% hydrogen peroxide and 0.3 ml
concentrated ammonium water for five hours at 55 °C. The
reaction products were polyvinylpyrrolidone oligomer and
2-pyrrolidone. At the_énd of the reaction an additional
two ml of 30% hydrogen peroxide was added to oxidize any
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terminal aldehyde groups to carboxylic acid.groups.
After solvent was pumped off and the product was vacuum
dried at 60 °C, a clear, hard polyvinylpyrrolidone
oligomer terminated by hydroxyl and carboxyl groups was
recovered. The reaction is illustrated below:

CHy=CH HO-C CHo= CHO— CH,COOH
2= 50°C, H,0, < e e
N_ _.0

N Qo 0
~ \ A + o
[ C/I/ NH,OH [ CI “ [ CI -

: l'Vacuum dry at ED'C-

4 o

I
HO—PVNP—CH,COH

wherein PVNP represents polyvinylpyrrolidone, which has
the formula:

CHE—(’:H '
N
: \C//o
n

wherein n = 5 to 500.

EXAMPLE 2

A multiblock, polyester copolymer of
polyvinylpyrrolidone was prepared by mixing 0.46 g of the
polyvinylpyrrolidone oligomer prepared in Example 1, 0.23
g glycolic acid and 0.225 ml of 85% lactic acid with 1.5
ml water and 0.005 g p-toluene sulfonic acid
esterification catalyst. The mixture was slowly heated
over 20. hours to 120 °C under dynamic vacuum to remove
the water of esterification. A multiblock terpolymer
having acid end groups was recovered. To esterify the
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acid end groups, the copoiymer was dissolved in a large
excess of methanol and neutralized with ammonia.
Alternatively, the acid end groups can be esterified with
excess methanol. End groups -OR — rather than the CH,O-

5 end group shown in the reaction scheme below — can be
formed by dissolving the polymer in an excess of an
alcohol or by dissolving the polymer in an alcohol and
neutralizing with ammonia. The alcohol has the formula
ROH wherein R is ethyl, n-propyl, or isopropyl. The

10 resultant polyvinylpyrrolidone-polylactate-glycolate
(PVNP-PLGA) terpolymer contained 34 mole %
polyvinylpyrrolidone, 32 mole % glycolate and 24 mole" % .
lactate. The preparation of the PVNP-PLGA terpolyﬁer is
shown below: |

0 " CcHy O

1 i |
x HO—PVNP—CH,COH + y HOCH,C—OH + 2z HOCH—C—OH

] Toluene sulfonic acid
-H,0 '

CHy ©

g
Ho& pVNP-—cH.‘,c—o%cazc-—o% b ot

y

‘Methano)

0 tH3 O

HO{-PVNP—CHJC‘—O—)—QC 2c---o%-é—cn-—- c-)ocua

is5

EXAMPLE 3
A 30 wt.% solution of'the PVNP-PLGA terpolymer
prepared according to Example 2 in methanol was
neutralized with triethylamine and added to a methanol
20 solution (10 wt.¥ total solids) of sodium chlorite
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polyvinylpyrrolidone (360,000 MW) so that the total
solids mixture contained 51 wt.¥ PVNP-PLGA terpolymer, 34
wt. % polyv1ny1pyrrolidone homopolymer, 9 wt.% urea and 6
wt.¥ sodium chlorite, The solution was cast into a f£ilm
and remained'uniformly dispersed and transparent
indefinitely.

 EXAMPLE 4 |

A solution of the PLGA hopolymer.in chioroform . |
was added to a methanol solution (10 wt.% total solids)
of sodium chlorite (recrystallized from methanol), urea
(10 wt.% total solids) and polyvinylpyrrolidone (360,000
MW). The solution remained cloudy and separated into a
PLGA phase and a polyvinylpyrrolidone-urea- chlorlte phase
when cast into a £film. :

While the invention is susceptible to various
modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings
and have been described herein in detail. It should be
understood, however, that it is not intended to limit the
invention to the particular form disclosed, but on the
contrary, the intention is to cover all modificatioms,
equivalents and alternatives falling within the spirit
and scope of the invention as defined by the appended
claims.
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1. A composition for retarding bacterial, fungal and
viral contamination and mold growth camprising an acid
-releasing polymer, a hydrophillc material and chlorite
anions, each camponent of the compos;tlon having a
5 particle size of not more than about 1,000 angstroms, and
the composition being substantially free of water and
capable of releasing chlorine dioxide upon hydroiysis of
" the acid releasing polymer. '

2. A composition for retarding bacterial, fungal and
viral contamination and mold growth comprising an amide,
chlorite anions, and an acid releasing terpolymer formed.
from polyvinylpyrrolidone, lactic acid and glycolic aciaqg,

5 each component of the composition having a particlé size

' of not more than about 1,000 angstroms, and the '
composition being substantiaiiy free of water and capable
of releasing chlorine dioxide upon hydrolysis of the acid
releasing polymer.

3. The composition of claim 1 or 2 wherein the
composition is optically transparent. '

4. ' The composition of claim 1 or 2 wherein the
composition is a single phase.

5. The composition of claim 1 or 2 whereln the
composition 1s a film. '

6. The composition of claim 1 wherein the hydrophilic
material is an amide, an amine or a polyhydric alcohol.

7. The camposition of claim 2 or 6 whereln the amlde is
urea or an ol;gamerlc amide.

8. The composition of claim 7 wherein the composition
includes polyvinylpyrrolidone.

i
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9. 'The cdmposition of claim 8 wherein the .
polyvinylpyrrolidone has a nnmber average degree of
polymerization of between about 1 and about 10,000.

10. The composition of claim 7 wherein the composgition
includes a hydrophilic or oligomeric plasticizer selected
from the group consisting of succinamide, formamide, N-
methyl formamide, and N-methylacetamide, and
isopropylacrylamide—aorylamide.

11. The composition of claim 2 or 6 wherein the chlorite
anions are provided by an 1m1n1um chlorite or a chlorite
salt selected from the group consisting of alkali mgtal
ohlorites, alkaline'éarth metal chlorites, and chlorite
salts of a transition metal ion, or a protonated primary,
secondary, tertiary or quaternary amine..

12. The composition of claim 1 whereia the acid
releaging polymer has a number average degree of
polymerization of between about 10 and about 10,000.

13. The composirion of claim 2 wherein the acid
releasing polymer has a number average degree of
polymerization of between about 10 and about 10,000.

14. The cqmposition of claim iz'wﬁerein the acid
releasing polymer is a copolymer formed from
polyvinylpyrrolidone, polyvinyl alcohol, polyanhydride,
or polyacrylamide and at least one a-hydroxy acid.

15. The composition of claim.14 wherein the copolymer is
formed from polyv1ny1pyrrolidone, lactic acid and
glycolic acid.

16. The composition of_claim'z or 15 wherein each of the
lactic acid, glycolic acid and polyvinylpyrrolidone

This Sheet Has Been Reﬂla

N




WO 96/41526

gy

PCT/IS96/09178

40

portions of the copolymer preferably has a nurber average
degree of polymerization of between about 1 and about
5,000.

17. The composition of claim 2 or 16 wherein the
copolymer has the formula: '

o 3

CH 0
] 1 | |
HOL-PYNP— CH,C—0—3-L CHp C— 0 CH—C—)OR
. % y z

wherein PVNP has the formula:

cuz-cl:u
N_ .0
f
n

and R is a lower alkyl group.or a lower alkyl ester, n is
from 5 to 500, x is from 1 to 5,000, y is from 0 to
5,000, and z is from 0 to 5,000, provided that either y
or z must be at least one.

14

18. The composition of claim 1 or 2 wherein at least
about 1.0 X 10° mole chlorine dioxide/cm’ is released from
the composition for a periocd of at least one week.

19. The composition of claim 1 or 2 wherein at least
about 1.0 X 10° mole chlorine dioxide/cm’ is released from
the composition for a period of at least one month. .

20. The composition of claim 1 or 2 wherein at least
about 1.0 X 10° mole chlorine dioxide/cm’ is released from

the composition for a périod of at least six months.

21. A terpolymer having the formula: "

/.

e

"M
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0. 0 CH,

I I | '
Ho-epvnp—cnzc—o-%-(-cn-lac—o CH——C-%OR
z

y

wherein PVNP has the formula:

Cha-CH
f__t/o

5 and R is a lower alkyl group or a lower alkyl ester, n is
from 5 to 500, x is from 1 to 5,000, y is from 0 to

5,000, and z is from 0 to 5,000, provided that either y
or z must be at least one.

[

22, A.multiiayefed composite for pfcviding sustained
release of chlorine dioxide comprising:
a water-soluble layer comprising an acid releasing
polymer, a hydrophilic material and chlorite aniohs, the
5 layer being substantially free of water and each
component of the layer having a particle size of not more
than about 1,000 angstroms; and _ _
an upper moisture regulating layer in contact with
an upper surface of_the water-soluble layer, and a lower
10 moisture regulating layer in contact with a lower surface
of the water-soluble layer, the moisture regulating
layers being water insoluble, such that moisture
permeating either of the moisture regulating léyers
hydrolyzes the acid releasing polymer to initiate release
15 of chlorine dioxide from the multilayered composite.

23. A multilayered composite for providing time pulsed
release of chlorine dioxide comprising:
at least two water-soluble layers comprising an acid
releasing polymer, a hydrophilic material and chlorite
5 anions, the layers being substantially free of water and

This Sheet Has Been Re; ﬂ
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each component of the layers having a particle size of
not more than about 1,000 angstroms; and
at least three water-insoluble, water permeable
barrier layers to control the diffusion of water or the
10 diffusion of hydronium ions produced by hydrolysis of the
acid releasing polymer into the water-soluble layer,
the arrangement of the layers in the composite being
defined by the formula C(ACA),C wherein C is a barrier
layer, A is a water-soluble layer, and n is an integer
15 ranging from 1 to 10.

24. A process for preparing a composition comprising:
mixing a hydrophilic material, a ghlorite salt, an

acid releasing polymer and an organic solvent to form a
mixture in which each component has a particle size of

.5 not more than about 1,000 angstroms, the mixture being
substantially free of water and capable of releasing
chlorine dioxide upon hydrolysis of the acid releasing
polymer,

25. A process of preparing ah acid releasing polymer
comprising: | o

mixing a polyvinylpyrrolidone oligomer, lactlc acid, -
glycolic acid and water;

5 heating the mixture in the presence of an
esterification catalyst to form a polyvinylpyrrolidone-
lactic acid- glycolic acid terpolymer having acid end
groups;

dissolving the terpolymer 1n an organic solvent; and
10 neutralizing the :erpolymer to esterify acid end
groups of the terpolymef to form the acid releasing
polymer. K

26. The process of:élaip 24 further including the step
of preparing the acid releasing polymer by mixing a
polyvinylpyrrolidone oligomer, lactic acid, glycolic acid
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and water; heat:mg the mxture in the presence of an

5 esterification catalyst to form a polyvinylpyrrolidone-
‘lactic acid- -glycolic acid terpolymer having acid end
groups; diesolv:mg the terpolymer in an organic solvent;
and neutraliz:.ng the terpolymer to esterify acid end
groups of the terpolymer to form the acid releasing

10 polymer.

27. The process of claim 25 or 26 wherein the
esterification catalyst is p-toluene sulfonic acid.

28. The process of claim 25 or 26 wherein the organic .
solvent is selected from the group consisting of methanol .
and ethanol.

29. The proées_s of claim 24 further includ'i_ng the step
‘of applying the composition to a substrate to form a
£ilm.

30. The process of claim 29 :E_urr_.her including the step
of exposing the f£ilm to moisture to hydrolyze the acid
releasing polymer and release chlorine dicxide £rom the
compoiticn.

31. The prbcess of claim 29 wherein the coniposition is
- applied as a tacky hot melt at a temperature below that
at which chlorite within the composition will decompose.

32. The process of claim 29 wherein at least about 1.0 X
10° mole chlorine dioxide/cm’ is released from the film
for a period of cne week.

33. The process of claim 29 wherein at least about 1.0 X
10® mole chlorine dioxide/cn? is released from the film
for a period of one month.
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34. The process of claim 29 wherein at least about 1.0 X
10° mole chlorine dioxide/cm? is released from the film
for a period of six months.

35. A process for preparing a composition comprising:

mixing an amine and an acid releasing polymer to
form a mixture; and

exposing the mixture to chlorine diaxlde that reacts

5 with the amine to form iminium chlorite within the

mixture, the mixture having a particle size of not more
than about 1,000 angstroms and being capable'of releasing
chlorine dioxide upon hydrolysis of the acid releasing
polymer, '

36. The process of claim 35 wherein the mixture includes
a base and, when exposed to chlorine dioxide, the
chlorine dioxide reacts with the amine to form iminium
chlorite which is decomposed by the base to form a

5 chlorite salt within the mixture.

37. The process of claim 35 wherein the chlorine dioxide
dissolves within the amine to form chlorite anions in the
mixture.

38. A method of retarding bacterial, fungal, and viral
contamination and growth of molds on a surface and/or
deodorizing the surface comprising: _
treetihg a surface of a substrate with a composition
5 that does not release chlorine dioxide in the absence of
moisture, each component of the composition having a
particle size of not ﬁore than about 1,000 angstroms; and
exposing the treated surface to moisture to release
chlorine dioxide from the composition into the atmosphere
10 surrounding the surface to retard bacterial, fungal, and
viral contamination and growth of molds on the surface
and/or deodorize the surface.

-

i
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39. A method of fetarding bacterial, fungal. and viral
contamination and growth of molds on a surface of a
material and/or deodorizing'the material comprising:

exposing a surface of a material to a composgition
that does not release chlorine dioxide in the absence of
moisture, each component of the composition having a
particle size of not more than.-about 1,000 angstroms; and

exposing the composition to moistu:e to release
chlorine dioxide from the compoéition into the atmosphere
surrounding the material to retard bacterial, fungal, and
viral contamination and growth'of molds on the surface of
the material and/or deodorize the material.

40. A method of retarding bacterial, fungal, and viral
contamination and growth of molds on a material and/or
deodorlzlng the material comprlszng.

incorporating an optically transparent ccmposition
that doee not release chlorine dioxide in the absence of
moisture in a material;

exposing the material to moisture to release
chlorine dioxide from the composition into the atmosphere
surrounding the material to retard bacterial, fungal, and
viral contamination and growth of molds on the material
and/or deodorize the material.

41. The method of claim 38 wherein the substrate is
flooring, furniture, a seed, biodegradable sutures, non-
degrading sutures, a bandage, a surgical dressing, an in-
dwelling catheter, a disposable éating utensil, plate or
cup, a food serving product, a food wrapping, a container
for food storage, packaging, a portable water filter, a
waste container or bag for medical or biohazardous waste,
a filter for heating, ventilation and air conditioning,
soil, footwear, or phdtographic or electronic equipment
or supplies. '

ﬁiiiiiﬂi‘iilfﬁfi‘ 1
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42. The method of claim 38, 39 or 40 wherein the
composition is optically transparent.

43, The method of claim 38, 39 or 40 wherein the
composition is a packaging film.

44. The method of claim 38, 39 or 40 wherein the
composition is comprised of an acid releasing polymer, a
hydrophilic material, and chlorite anions.

45. The method of claim 39 wherein the material is a
seed, meat, poultry, seafood, fresh foods, or processed
foods, a disposable eating utensil, plate or cup, soil,
footwear, or photographic or electronic. equipment or

5 supplies.

46. The method of claim 45 wherein the meat, poultry or
' peafood 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.

47. The method of claim 40 wherein the material is
biodegradable sutures, non-degrading sutures, a bandage, -
a surgical'dressing, an in-dwelling catheter, a
disposable eating utensil, plate or cup, a food serving

5 product, a food wrapping, a container for food storage,
packaging, a portable water filter, a waste container or
bag for medical or biohazardous waste, a filter for
heating, ventilation and air conditioning, soil,
footwear, or photographic or electronic equipment or

10 supplies. :
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