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SU'S'l'AD1BJ> RBLBASB, TRDSPARBR't BIOCID.AL COMPOSI'l'IORS 

Bef erence to Belated Appligatigns 

This application is a continuation-in-part 
application of provisional u. S. Serial No. 60/000,144 

5 filed June 12, 1995. 

Backcrromid pf the Znyentipn 
The present invention relates generally to an 

optically transparent or translucent biocidal composition 
that releases chlorine dioxide uponbeing activated, and 

10 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 

15 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 

20 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 

25 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 chromosoma.l.aberrations or 

30 increased numbers of micronuclei in the bone marrow of 
mice. Vilagines et al. attribute the rel.atively · 
innocuous effect of chlorine dioxide to its inabi,lity to 

produce halomethanes, unlike hypochlorite and chl~rine 
[Proc. AWWA Disinfect. Semin., 24 pp. (1977); Chem. Abs. 
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ii, 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., 3, 592 {1994) l. 

Japanese Kokai Nos. 63/296,758, 63/274,434, and 

57/168,977 describe deodorants containing chlorine 
dioxide incorporated in a polymer, ceramic beads, or 
calcium silicate wrapped in nonwoven cloth, respectively.· 
Gels that generate chlorine dioxide for use as topical 

10 applications for disinfection are disclosed by Kenyon et 
al., Am. J. Vet. Res., j,5_(5), 1101 (1986). Chlorine 
dioxide generating gels· are genera:lly formed by mixing a . . . 
gel containing suspended sod~um chlorite with a gel 
containing lactic acid immediately prior to use to avoid 

15 premature chlorine dioxide release. Chlorine dioxide 
releasing 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 

20 separately encapsulating sodium chlorite and lactic acid 
in polyvinyl alcohol and mixing the capsules with water 
to produce chlorine dioxide. 

Tice·et al. o.s. Patent No. 4,585,482 describes 
gradual hydrolysis of alternating poly(vinyl methyl 

25 ether-maleic anhydride) or poly(lactic-glycolic acid) to 
generate acid that can reiease chlorine dioxide from 
sodiU111. chlorite. · A polyalcohol humectant and water are 
encapsulated with the polyanh~dride or polyacid in a 
nylon coating. After sodium chlorite is diffused into 

30 the capsule ~hrough the nylon wall, an impermeable 
polystyrene layer is coacervated around the nylon capsule 
to retain water within the capsule. The capsules can be 
coated onto surfaces to release chlorine dioxide. 
Althaugh the capsules ~re said to provide biocidal action 

35 for several days to months, chlorine dioxide release 
begins immediately after the capsules are prepared. The 

.. 
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batchwise process used to prepare t~e capsules also 
involves numerous chemical reactions and physical 
processes, some of which involve environmental disposal 
problems. 

Wellinghoff et al. have fO%'lllUlated 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 

10 moisture, acid and hydronium ions are genera~ed in the 
hydrophobic phase. The hydron.ium ions migrate to the . 
hydrophilic phase and react with chlor,ite anions to 
release chlorine dioxide from the composite. _These 
composi~es are composed of and generate onl.y FDA approved 

l.S substances or substances generally recognized as safe. 
The composites can be used for food packaging and other 
applicatio~s 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 copencling U.S. patent 

20 application serial nos. 08/465,358, 08/465,086, 

08/462,164, 08/461,716, and 08/461,304. 

Wellingho:ff et al. U.S. patent application 
serial no. 08/462,039 d.iscloses a composite formulated · 
for maximum chlorine ~ioxide release in.· which the 

25 hydrophil.ic mate;Cial contains an O!-am,.no ether and a 
chlorite salt formed by reaction of an iminiwn.chlorite 
and a base. Iminium chlorite is unstable to nucleophilic 

. . ' . . . . 

attack by the chlorite anion. When the iminium chlorite 
is reacted with a base, however, the more stable a-amino 

30 ether and c~lorite salt are formed. 
Wellinghoff et al. U.S. patent application 

serial no. 08/461,706 describes a method for maximizing 

chlorine dioxide.release from an amine-containing 
composite by omitting the chlorit~ source until the 

35 composite is applied to a surface. After appl~cation, 
the composite is ex.pOsed to chlorine dioxide gas that 



W096/41526 
·,,.:· 

,; .;: 
. :·· 
•/: PCr/US96/09178 

4 

either reacts with the amine to form iminium chlorite in 
situ or 9issolves in the amine to provide chlorite 
anions. The composite is then activated in the presence 
of moisture to release chlorine dioxide. The composite 

s 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 method ·also precludes premature 

10 release of chlorine dioxide from the composite. 
Bcl.renberg et al. U.S. patent application no. 

08/465,087 describes numerous methods of using compos~tes 
such as those disclosed by Wellinghoff et al. to retard. 
bacterial, fungal, and viral contamination and growth'of-

1s 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 relea~ing component and 

20 the chlorite containing component form an Optically 
transparent or translucent, single-phase mixture. 

S11•ary of the J:nyeption 

Among the objects of the invention, therefore, 
may be noted the provision of an optically transparent ~r 

25 translucent ccnqposition that releases a concentration of 
chlorine dioxide sufficient to eliminate bacteria, fungi, 
molds and viruses; the provision of such a composition 
that releases such chlorine dioxide concentrations after 
activation f_or a period of up to several months; the 

30 provision of such a composition that increases the 
release rate of chlorine dioxide in proportion to 
increased temperature and h'Umidity which promote mold and 
bacteria growth; the provision of such a composition that 
only releases substances approved for human exposure or 

35 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 
s composition for retarding bacterial, fungal and viral 

contamination and mold growth.containing an acid 
releasing polymer, a hydrophilic material and chlorite 
anions as components. Bach component of the composition 
has a particle size of not more than about 1,000 

10 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 composition for retarding bacterial, fungal 

15 and viral contamination and mold.growth comprising an 
amide, chlorite anions, and an acid releasing terpolymer 
formed from polyvinylpyrrolidone, lactic acid and 
glycolic acid. Each component of the composition has a 
particle size.of not more than about 1,000 angstroms, and 

20 is substantially free of water and capable of releasing 
chlorine dioxide upon hydrolysis of the acid releasing 
polymer. 

25 

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

0 0 CH 0 
II II 1 3 11· .. 

HO-E-PVNP-CH2c-o--7:fcH2C-o-7.:E-cH-C~OR 
x y z 

wherein J?VNP has the formula: 

1CH2-fH?r 
O

N ,..-:0 
c" 

n 

and R is a lower alkyl group or a lower alkyl ester, n is 
from 5 to soo, x is from l to 5,000, y is from o to 
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s,ooo, and z is from o to s,ooo, provided that either y 

or zmust be at least one. 
Another embodiment of the invention is directed 

to a multilayered composite for providing sustained 
5 release of chlorine dioxide. The composite contains a 

water-soluble layer comprising an acid releas~ng_polymer, 
a hydrophilic material and chlorite anions, an upper 
moisture regulating layer in contact with an upper 
surface of the water-soluble layer, and a lower moisture 

10 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. 'l'he moisture regulating layers are water 

15 insoluble, such that moisture permeating either of the 
moisture regulating layers hydrolyzes the acid releasing 
polymer to initiate release of chlorine dioxide from the 
Dnlltilayered composite. 

Yet another embodiment of the invention is 
20 directed to a process for preparing a composition by 

mixing a hydrophilic material, a chlorite sa1t, 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 

25 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 process of preparing an acid releasing polymer by 

30 mixing a polyvinylpyrrolidone oligomer, lactic acid, 
glycolic acid and water, and heating the mixture in the 
presence of an esterif ication catalyst to form a 
polyvinylpyrrolidone-lactic acid-glycolic acid terpolymer 
having acid end groups. The terpolymer is dissolved in 

35 an organic solvent, and neutralized to es~erify acid end 
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groups of the terpolymer to form the acid releasing 
polymer. 

Another embodiment of the invention is a method 
of retarding bacterial, fungal~ and viral contamination 

5 and growth of molds on a surface and/or deodorizing the 
sur_face by treating a surface. of a substrate 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 composition 

10 into the atmosphere surrounding the surface. Bach 
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 

15 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 

20 dioxide from the composition into the atmosphere 
surrounding the material. Bach component of the 
composition has a particle size of not more than about 
1,000 angstroms. 

Yet another embodiment of the invention is a 
25 method of retarding bacterial, fungal, and viral 

contamination and growth of molds on a material and/or 
deodorizing the material by incorporating a composition 
that does not release chlorine dioxide in the absence of 
moisture in a material, and exposing the.material, to 

30 moisture to ~elease chlorine dioxide from the composition 
into the atmosphere surrounding the material. Bach 
component of the composition has a particle size of not 
more than about 1,000 angstroms. 

Other objects and advantages of the invention 
35 will be apparent from the following detailed description. 
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Brief l)esgription of t;ha ])rawi:p.gs 

FIG. 1 is a schematic of a multilayered 
composite for providing sustained release of chlorine 
dioxide. 

5 Detailed, Deagripticm. of th9 ;preferred Bmbodimenta 
. . . 

In accordance with the present invention, it 
has been discovered that sustained release of chlorine 
dioxide can be generated from a solution containing 
chlorite anions when the solution is exposed to moisture. 

10 Although chlorine dioxide releasing compositions are 
kn.own, this solution is unique because i~ is optically . 
transparent or translucent and is essentially 
unnoticeable when applied to a substrate. When the 
solution has been applied to a substrate, the substrate 

15 can clearly be seen through the film·formed on the 
substrate. . If the solution, for example, is coated onto 
a containerboard boX printed with graphics, the graphics 
remain clearly visible through the coating. Al though the 
coating releases chlorine dioxide oxidant, the coating 

20 does not alter the graphics or ef f ec~ the color of the 
graphics. The solution can also be coated on a surface 
of a trailsparent or translucent substrate to provide 
biocidal action whi:Le maintaining the "see-through" 
quality of the sub~trate •.. If the solution is coated onto 

25 a clear plastic food container, for example, a consumer 
can see the food within the container before 
purchasing the food. The bioci~l solution protects the 
food from microbial contamination while allowing 
consumers to. inspect the food without opening the 

30 container. The solution, therefore, allows visual 
inspection of a material while releasing chlorine dioxide 
to sterilize, deodorize, or protect the material from 
contalilination or infestation. 

For purposes of the present invention, a 
35 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 tharl about 500 angstroms, and more . . . .· 

·preferably.not more than about 100 angstroms as measured 
by microscopy or light scattering methods that are well 

5 lmown in the .polymer art. A solution qf 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 su))stantially similar. A .. ·. . . 

10 solution including components having any of the above 
. . 

particle sizes is optically transparent or translucent in 
. . 

· appearance and visually appears to· :be a single-pha~e. 
mixture because its phase microstructure is of a diame~_er 
well below the wavelength of visible light. A soluti~n 

15 is optically transparent for purposes of the invEµition 
when at least about sot of light, preferably at least 
about 90t,· is transmitted through the solution.. The 
solution does not scatter light and is stable to 
crystallization that. would produce particles larger than 

20 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 releasing polymer within the 

25 composition is hydrolyzed :by ci.dsorbed moisture, ,and 

releases acid and hydronium ions. The hydronium ions 
·diffuse from the polymer to react with the chlorite 
anions in the composition to release chlorine dio?dde 
gas. The chlorine·. dioxide gas diffuses out of the 

30 composition.;nto the Surrounding atmosphere for.a.period 
of up to about six months in oider to prevent tl'le growth 
of bacteria, :ritolds, fungi and viruses on a, mate.rial. The 
single~pbase compositions pro~ide more c~lete 
conversion to chlorine dioxide than is pravided by two-

35 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. o X 10"' mole chlorine dioxide/cm2 for a 
period of at least one week, one month or six months can 
be formulated by the processes of the present invention 

5 for a variety of end uses. 
Preferably, the composition comprise~ between 

about 0.1 wt.t and about 20 wt.% of chlorite anions and 
counterions, between about 10 wt.%.and about 70 wt.tr of a 
hydrophilic material, and between about 1.0 wt.% and 

10 about so wt.t 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. 

15 Any acid releasing polymer that fo:cms a· 
solution with the chlorite anions and counterions and the 
hydrophilic material and is capable of being hydrolyzed 
by ambient moisture is acceptable for purposes of the 
present invention. Preferably, the acid releasing 

20 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 

25 300. 
The acid releasing polymer is preferably 

copolymerized with a hydrophilic oligomer to 
compatibilize the acid releasing polymer with the 
chlorite anions and the hydrophilic material. A 

30 preferred ac~d 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 

35 these acids. Preferred polyanhydrides have the formula: 
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0 0 
- II II 

-(R-c-o-C-7-

wherein R is: 

-fcH2~ ~ 

~cH2);-o-©-o-EcH2);--

~CH2~CH2);-
2 x -2 

PCTJUS96/09178 

m is 1 or 2, n is an integer from 4 to 12, and X is O or 
5 N-CB,. 

A particularly pref erred acid releasing polymer 
is a terpolymer of polyvinylpyrrolidone, lactic acid and 
glycolic acid. Bach of the lactic acid, glycoli~ acid 
and polyvinylpyrrolidone portions of the terpolymer 

10 preferably has a number average degree of polymerization 
of between about l and about 5,000, more preferilbly 
between about s and about 50 and, most preferably, 
between about 10 and about 30. 

The most pref erred acid releasing polymer has 
15 the formula: 

wherein PVNP· has the formula: 

1CH2-fHJ1 
O

N /0 
- c:.--

- - n , 
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and R is a lower alkyl group or a lower alJcYl. ester, n is 
from 5 to 500, x is from 1 to 5,000, y is from O to 
5,000, and z is from~ to s,ooo, provided that either y 

or z l1DlSt be at least one. ·R is preferably a methyl 
5 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 select.ed based upon the adbesi veness, 
stiffness, or other properties required for a desired 

10 application of the composition. one of ordinary skill in 
the polymer art would known bow to optimize the 
proportions of lactic acid, glycolic acid and 
polyvinylpyrrolidone in the copolymer to obtain desired. 

15 

properties in the composition: 
Any hydrophilic material that forms a solution 

with the chiorite anions and counterions mid the 
hydrophobic material is acceptable for purposes of the 
present invention. The hydrophilic material is 
preferably an amide, an amine, or a polyhydric alcohol. . . 

20 When the chlorite source is a chlorite salt, the salt 
dissociates in the hydrophilic material to form chlorite 
anions and coUn.terions. However if the hydrophilic 
material is an amine and the chlorite source is chlorine 
dioxide gas, the chlorine dioxide reacts with the amine 

25 to form iminium chlorite in situ, if the oxidation 
potential of the amine is sufficiently low for the amine 
to be oxidized. 

The composition of the present invention 
preferably includes ~ amide as the hydraphilic material 

30 to provide ~dhesive 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 

35 composition, it dissolves in and plasticizes 
polyvinylpyrrolidone, it will not. react with the acid 
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releasing polymer, and it provide~ greater tackiness in 
the composition~ 'J'he composition can includeup to about 
30 wt.% amide, preferably between about 5 and about 20 
wt.%' amide·· and, more. preferably, between about 10 and 

s 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 b~nds contributed by the 
nitrogen or hydroxide within the hydrophilic material or 

10 acid releasing polymer. Suitable chlorite sources that 
can be incorporated into the composition of.the present 
invention include alkali metal chlorites such as sodium 

. 
chlorites such as calcium chlorite, chlorite salts of a 

15 transition metal ion or a protonated primary, secondary, 
tertiary or quaternary amine or imin,ium chiorite salts. 
Many chlorite sources, such as sodium chlorite,, are 
stable at processing temperatures in tµtcess of about 100 
°C, allowing for processing at relatively high 

20 temperatures. 
· The components of the composition 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 · 

25 substantially free of water if the a.mount of water in the 
composition does not provide a pathway. for transmission 
of hydronium ions from the acid releasing polymer to the 
chlorite anions. Generally, the components of the 
composition can include up to a total of about 1.0wt.% 

30 water withou~ providing such a pat~way 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 

35 the acid.·releasing polymer to produce acid and hycironium 
ions within the composition. The hydronium ions, 
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however, do not diffuse to the chlorite anions until 
enough free water is·present for transport of hydronium 
ions. 

A preferred composition. of the present 
5 invention includes between about 10 wt.% and about 30 

wt.% of a polyvinylpyrrolidone-lact~c acid-gly~olic acid 
terpolymer, between about 10 wt.% and about 30 wt.% urea, 
between about 10 wt.t and between about 20 wt.% chlorite 
anions, and between about 10 wtt and about 30 wt.It 

10 polyvinylpyrrolidone homopolymer. 
The composition can also include a 

compatibilizer to compatibilize the· acid releasing 
polymer with the hydrophilic material and chlorite anions 
within the composition. A compatibilizer is preferably 

15 added when the acid releasing polymer.does not include a 
significant hydrophilic oligomer portion to compatibilize 
the polymer to the remainder of the composition. 
Pref erred compatibilizers include polyvinylpyrrolidone 
homopolymer, or its copolymers with alkene oligomers. 

20 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 polymerization between about 1 

and about 10,000, more preferably between about 100 and 
25 about 10,000 and, more preferably between about 300 and 

about 5,000. 
A plasticizer can be added to the composition 

to soften the acid releasing polymer. The plasticizer is 
preferably any monomeric or oligomeric amide generally 

30 known in th~ polymer art as a plasticizer, such as 
succinamide, formamide, N-methyl formamide, and N­
methylacetamide, and isc)propylacrylamide-acrylamide. 
Formamide and N-methyl formamide are toxic and would not 
be preferred in applications involving human contact. If 

35 the polYiner amine center is sufficiently mobile, the 
addition of a plasticizer is unnecessary. A glassy 
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polymer can be softened t~ increase mobility by. adding at 
least about 10 wt.t, preferably between about.10 and 
about 30 wt.\' of a plasticizer to the polymer to lower 

glass transition temperature below the reaction 
5 temperature. Other cunides that can be .used as 

plasticizers for the acid releasing polymer of the 
invention include 11,NC (0) <°'2CH,O) .CB2CB2C (0) ~ wherein n is 

1 to 10, ~C(O) (~~O)nCH((O~CH,).C(O)NH:a), wherein n is 
1 to 5 and m is 1 to 5, and N(ClliCB,0) .. ~~(0)~) 3 wherein 

10 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 

15 polymer. Bumectants can be added to render the 
composition 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 

20 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. 

Pref erred amides for use as the hydrophilic 
25 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. 

30 Such amides ~an be useful vehicles for film casting prior 
to exposure to chlorine dioxide, which does not react 
with polymerizable, electron deficient alkenes such as 
acrylamide. 

Suitable amines for use as the hydrophilic 
35 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 conVE!rt chlorine dioxide to chlorite 
is preferred. Electron withdrawing groups concentrate 
electron density at such groups such that it is difficult 

5 for the chlorine dioxide to extract an electron from the 
amine. Tertiary amines having non-hydrogen bonding 
pendant groups that are dissolved in a hydrophilic 
solvent are also acceptable. Representative amines 
i~clude: alkanolamines; copolymers of aminoalkanes and 

10 alkene bisacrylamides; alkylaminopyridine; alkene 
diamines; alkylamino cycloalkanes; alkylamino­
carboxyamido alkanes dissolved in a diluent; amines 
having the formula Rs-A; Ri~CH.z~C(O)~; solubili_zed 

N ( CH2CH.z0H) S-A, R,N (NCH.zCH.zC ( 0) N1'2h, (CH,) :zN ( ~) r.H ( CBsh I 
15 ~~(C!Ji)zNHC{O)NBz, 

. 
I 

T\ 
HN NH 
\_/ 

20 wherein: R substituents are, 

indepeildently, - (ClliC~O),H, 

; 
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- (~)JVH(CHzCHzO)JI, -CH(CH,}i, 

.r-\ 

PCT/US96/09178 

-(CH 2) 2-N Nii 

\__/ , alkyl, cycloalkyl, 

benzyl, acrylamide, or pyridyl; R1, ~, Rs, and Rt are 
alkyl; R, is methyl or ethyl; m is 1-100; n is 2 or 3; x 

s is o, 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-acrylamide or other 
conventional plasticizers. 

Preferred amines include monoethanolamine, 
10 diethanolami.ne, triethanolamine, a·copolymer of 1,3-

diaminopropane or l,2-diaminoethane and N,N-methylene 
bisacrylamide, 4-dimethylaminopyridine, tetramethylene 
ethylene diamine, N,N-dimethylamino cyclohexane, 
solubilized 1-(N~dipropylamino)-2-carboxyamido ethane or 

15 1-(N-dimethylamino)-2-carboxyamido ethane, a primary 
amine having the formula R.1~, a secondary amine having 

the formula ~. N (CltzCHzOB) s• 

r\ 
HN NH 
\_./ ; 

. 
I 

20 solubilized ~. (Clf,):zNCH2CJ'2N(CH,h, RaRgNClt_zCHzC(O)~, 

RuR1:zN ( °'2) ,NBC ( 0) NHz, N ( CHiCH:zNHC (0) ~) s, 

I 
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wherein: R1 is -CH2CH20CH2~0H, -C(CH,)iCBzOH, 

-~R, ·-CR(CR,J,, -CR,C!JPR, -(CH,),-0, or 

r-\ 
-(CH2) 2-N NH 

· \__/ ; ~ a.iid Rs are, independently, .n-propyl, 

isopropyl, acrylamide, or -CHzCH20H; Rs atld ~ are methyl; 
s ~ is 4-pyridyl; Rs and ·R, are, independently, methyl, n­

propyl or isopropyl; R11 and R12 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 fo:rmamide or acrylamide-isopropyl acrylamide. · 

10 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, 
15 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 compositions to rapid chlorine 

20 dioxide releasing systems. 
The compositions of the !?resent invention are 

prepared by mixing the hydrophilic material, a cblorite 
salt, the·acid releasing polymer and an organic solvent 
to form a mixture having a particle size of not more than 

25 about 1,000 angstroms.· The mixture is substantially free 
of water an~ capable of releasing chlorine dioxide upon 
hydrolysis of the acid releasing polymer. 

The acid releasing polymer is prepared by 
mixing an oligomer, a carboxylic acid.and water to form a 

30 mixture. 'l'he mixture is heated in the presence of an 
esterif ication catalyst to form a copolymer having acid 
e:rid groups. The copolYiner 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 foaned by mixing a 
polyvinylpyrrolidone oligomer, lactic acid, glycolic acid 

s and water to form a mixture, h~ating the mixture in the 
presence of an esterif ication 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 

10 esterify acid end groups of the terpolymer to form the 
acid releasing polymer. The preparation of this 
terpolymer is ciescribed in Example 2 .• 

The esterif ication catalyst is preferably 
selected. from the group consisting of· p- toluene sulfol'li_c· 

15 acid, or other strong protic acids (i.e., acids that make 
an aqueous solution having a pH not greater than 1). 

An organic solvent is suitable for preparing 
the compositions of the invention if the chlorite salt is 
substantially soluble in the orga.;iic solvent and the 

20 solvent is substantially free of water. The organic 
solvent is preferably methanol or ethanol, and is most 
preferably methanol. 

A pref erred solution includes between about 10 
wt.t and about 30 wt.t of a polyvinylpyrrolidone-lactic 

25 acid-glycolic acid terpolymer, between about 10 wt.t and 
about 30 wt.t urea, between about l.O·wt.t and between 
about 30 wt.t chlorite anions, between about 10 wtt and 
about 30 wt.t polyvinylpyrrolidone h,omopolymer, and 
between about 30 wt.t and about 60 wt.%. methanol. The 

30 methanol in ~he solution evaporates. when the solution is 
cast as a film or formed into some other end product. 

Chlorine dioxide is released,. for example, from 
this preferred composition by exposing .the composition to 
moisture. The moisture hydrolyzes the acid rele~sing 

35 terpolymer, forming polyvinylpyrrolidone oligomer, lactic 
acid and glycolic acid within the composition. The 
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lactic acid and glycolicacid 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 
II 

x HO-PVNP-CH2 COH + 

"•o l "".'" - ••••• 
a 
II 

y HOCH2 C-OH 

CH 0· 
I 3 II' 

+ z HOCH-C-OH 

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 

10 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 

15 controlled during use by changing the temperature or 

moisture content of the composition •. 
The compositions of the present invention that 

contain an amine can form iminium chlorite rather than 

dissolved cblorite anions. ·:rminilim chlorite is formed 



W096/41526 PCT/US96!09178 

21 

when the amine hydrophilic material is in contact with 
the hydrophobic acid releasing polymer. Chlorine dioxide 
(Cl~) is reduced by extracting an electron from the 

amine, forming an aminium radical cation and a chlorite 
s counterion (Cl0£). 'l'he 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 R.osenbatt et al. , J. Org. Chem. , 

10 as,, 2790 (1963); J. Amer. Chem. Soc. J.i(S), 1158, 1163 
(1967) . 

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

15 the amine is rapidly complexed and stabilized by·a 

hydrophilic molecule. In some formulations, uncomplexed 
chlorite anion may be depleted by subsequent reactions 
with the iminium counterion at temperatures above about 
60 °C. Chlorites are also subject to disproportionation 

20 into chloride and chlorate. An amine with a high PK. is 
pref erred 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. 

25 Chlorine dioxide is released· from iminium 
chlorite when moisture contacts the composition. 
Hydrolysis of the acid releasing polymer provides 
hydronium c;:ations (~o+) that react with iminium chlorite 
to release chlorine dioxide gas. The decomposition 

30 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 

35 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 composite, ·it has been discovered that 
the· chlorite source can be omitted from the composition 
until the composition is applied to a surface when the 

5 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 ani0ns~ The composition is then 

10 activated in the presence of moisture to release chlorine 
dioxide. The ccimposite can be exposed to elevated 
temperatures during processing, storage and application 
because the hydrophilic material does not contain iniin~um 
chlorite or any chlorite anions that could decompose at 

15 such temperatures. The method also precludes premature 
release of chlorine dioxide from the composite. Chlorine 
dioxide can be provided on site by passing the 
composition through a chlorine dioxide generator. 

In order for an amine to form iminium chlorite 
20 in neat fo%lll or in the presence 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 iD order for the chlorine 

25 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 gl~ssy matrix, the amine nitrogen will not be 
mobile and. the amine will not convert to iminium 

30 chlorite. ~ glassy amine can be softened to increase 
mobility by adding at least about 10 wt.t of a 
plasticizer, such as a low molecular weight amide, to the 
amine to lower glass transition temperature below the 
reaction temperature. Other suitable plasticizers are 

35 well kn.own in the polymer art. 
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Maximum chlorine dioxide release from a 
composition can be achieved by stabilizing the ~lorite 
anion. Iminium chlorite is unstable to nucleophilic 
attack by the chlorite anion. It has been dis~overed 

5 that the room temperature lifetime 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 
alkoxide stabilization of the chlorite counterion is 

10 shown below. 

CIO -2. 

R"ONa 

+ Ne.CI 0 2 • 

wherein R'2 and ~ are groups that correspond to those ot; · 
the selected amine and R" is an alkyl or hydrogen group. 
In the absence of wate~, the iminium ion is immediately 

15 decomposed into an a-amino ether and a more stable sodium 
chlorite salt. If ~ter is present during the oxidation 
of the tertiary amine, an unstable a-amino alcohol is 
formed that can attack the chlorite anion unless the 
chlorite anion has been effectively complexed by the 

20 hydrophilic sol;.vent. Addition of water after salvation 
of the chlorite ion is not as deleterious. 

Acceptable strong bases for use in stabilizing 
the chlorite include metal alkoxides such as ~odium, 
potassium or calcium methoxides, etho~ides, propoxides or 

25 butoxides, metal oxides such as aluminum oxide, or sodium 
oxide, metal ions such as Na+, trialkyl ammonium 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 

30 nitrogen center of iminiumchlorite. 
The compositions of the present 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 film 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 

5 optically transparent, it provides a slow rate of release 
of a low concentration of chlorine dioxide as compared to 
chlorite particles coated with a hydrophobic material. 
To prepare the powder, anhydrous particles are fed into a 
fluidized bed. A solution of the aci~ releasing polymer, 

io 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 impi~ge 
upon the fluidized anhydrous particles. Upon contact 

15 with the fluidized particles, the chlorine dioxide 
releasing powder is formed as the solution solidifies 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 

20 are hard inorganic materials. The particles can then be 
packaged in a dry sealed container. 

~n forming the chlorine dioxide releasing 
powder, the anhydrous particles delay release of chlorine 
dioxide that is catalyzed by atmospheric moisture. 

25 Suitable anhydrous materials include anhydrous sodium 
sulfate, calcium sulfate, magnesium sulfate, and a 
moisture depleted silica gel. Additional anhydrous 
particles can also be post·-mixed with the chlorine 
dioxide releasing powder to delay chlorine dioxide 

30 release. 
In addition to formation of powdered 

composites, the composition of the present invention can 
be fo~lated in solvents.to allow for film casting or 
other application methods. The composition can be 

35 applied as a film by using well known hot melt, dip coat, 
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spray coat,· curtain coat, dry wax, wet wax, coext_rusion 
and lamination processes. 

The compositions can also be used_ in fprming a 
multilayered composite 10 including a water-soluble, 

5 optically transparent or translucent layer 12 comprising 
an acid releasing polymer, ch1orite anions, ~ a 
hydrophilic material as shown in Pl:G. 1. The water­
soluble layer 12 is cast onto a moisture regulating layer 
14 on a substrate 16, and a moisture regu,lating layer.18 

10 is then cast onto the water-soluble layer 12. The 
moisture regulating layers 14 and 18 are water-.insoluble,_ 
water-permeable films, that prevent the water-soluble 
layer 12 from degrading in the presence of moisture. 
This arrangement enables a chlorine dioxide atmosphere to 

15 be provided over a period of days, weeks or months. The 
moisture regulating layers also control the 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, 

20 water-permeable films can be composed of poly(ethylene­
propylene) or poly{acrylic-ester acrylate) copolymers or 
ionomers thereof such as sulfonated salts of 
poly(ethylene-propylene). Hydroxyethylmethacrylate, 
methoxyethylmetha.crylate, copolymers of at least _one 

25 hydrophilic component and at least one h~ophobic 
component, and other water-insoluble, water-permeable 
films well known in the art are also suitable. 

The layered composites of the present invention 
are intended to maintain a desired rate of chlorine 

30 dioxide rele~se (moles/sec/ad- of film) in the presence of 
atmospheric moisture at a surface for a length of time 
required for chlorine dioxide to absorb onto the ~urface 
and kill bacteria or other microbiological contaminants. 
However, leakage from a container or exposed surface 

- -

35 reduces the chlorine dioxide concentrations at the 
surface because of chlorine dioxide diffusion into the 



. ~. . . . 
:.····... .. 

WO 96141526 PCT/US96/09178 

26 

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 absorbance at a 
surface. Thus after measuring the leakage rate, the 

5 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 

desired time period of sustained release. 
Therefore, design of a chlorine dioxide 

10 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 

15 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 application serial no. 08/461,304. 

20 A pref erred extended release system of the 
present invention conserves the chlorite reservoir by 
emitting a series of periodic pulsed releases timed to 
coincide with the suspected times of bacterial, viral or 

fungal contamination or the typical incubation time for 
25 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 

30 composite irl;cludes water-soluble layers A that are each 
formed from a composition of the invention. The layers 

typically have a thicknes~ of about 5 mil, and are 
,. 

separated from each other by a water-swellable 
intermediate layer c. 

35 · The intermediate layer C can be composed of. a 
' ' . 

wide variety of materials since chl·orine dioxide can 
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diffuse equally well in both hydrophobic and hydrogen 
bonded matrices. such optically.transparent or 
translucent mat~rials include copolymers of at least one 
hydrophilic monomer or oligomer and at least one 

5 hydrophobic monomer or oligomer, polyionomers such as 
protonated and neutralized, sulfonated, or phosphorylated 
oligo- or poly-alkenes such as polyethylene, 
polypropylene, alkyl acrylates, hyd.roxyethylmethacrylate, 
methoxyethylmethacrylate and copolymers thereof. Lipid 

10 substituted polyhydroxy alcohol phosphates and 

phosphosilicates and their mixtures with alkene polymers 
and oligomers can be used but will not· form an optica~ly 
transparent composite.· Finely divided anhydrous ealts.~r 
desiccants may be added to any of the layers to retard 

15 the reaction to chlorine dioxide that is catalyzed by 
water. 

rt 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 

20 (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 growth, 
incul:>ation and contamination of viruses, molds, fungi and 

25 bacteria. The cycle time and peak concentrations. of 
chlorine dioxide would be controlled by the layer 
thickness, chlorite and acid releasing polymer loading, 
and the water and ionic permeation characteristics of 
layers A and C. Pulsed release occurs as each layer 

30 (ACA) 1 is suqcessively 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 achieyed 
for 5 mil thick A and C films by separating the A layers 

35 by an i:i:itermediate layer Ccapable of supporting varying 
hydronium ion transport rates. 
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The pulsed release capabilities of a multiple 
layered film can be.calculated as provided in Example 16 
of copending U.S. patent .. application serial no. 
08/461;304. 

Applications for the compositions ·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 compositions are 
protected from degradation by a water-insoluble, water-

10 permeable material or are incorporated as a component of 
a material. The compositions can be used to prevent ~he 
growth of molds, fungi, viruses and bacteria on the 
surface of a material, deodorize the material or in.hibi.t 
infestation by treating a surface of a substrate with a 

15 composition that does not release chlorine dioxide in the 
absence of m6isture, and exposing the treated surface to 
moisture to release chlorine dioxide from the composition 
into ·the atmosphere· surrounding the surface. 'l'he release 
of chlorine dic>xide retards bacterial, fungal, and viral 

20 contamination and growth of molds on the surface, 
deodorizes the surface, and inhibits infestation. Each 
component of the composition has a particle size of not 
more than about 1,000 angstroms. 

The surface can be treated with a composition 
25 of the present invention by conventional coating,. 

eXt:rusion, lamination and impregnation methods well known 
in the art. The treated surface is generally a.portion 
of a container, a part of a sub.str~te placed within a 
container, or a packaging film or other type of 

30 packaging. .When an optically transparent composition of 
the invention has been applied to a substrate., the 
substrate surface.can clearly be. seen through the film 
farmed on the surface. ; If the composition., for example, 
is coated onto a containerboard box printed with 

35 . 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 virtl.lally lµUloticeabl~ to a consumer. 

'l'he biocidal atmosphere generated within the 
container or other packaging ~an be used in storing .food 

s products including_blueberries, rasp])erries, 
strawberries, and other produce, ground beef p~tties, 
chicken filets, and other meats, en:hanc~d foods, pet 
foods, dry foods, cereals, grains, or most any food 
subject to bacterial contaminatiOD: or mold growth. Bar 

10 soap, laundry detergent, stored paper documents, 
clothing, paint, seeds, footwear, and packaging therefor 
can also be protected from mold growth, mildew, fungus . 
and algae. Medical instruments, devices and- supplies;. 
disposable or nondisposable personal care pro4ucts, and 

15 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 

20 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, photographic film,.camera lenses, 

25 lenses within medical equipment, and medical monitors and 
other medical 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 

30 to make a p~rtion 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 

·35 typically used in shipment ~nd storage of electronic and 
photographic equipment. 
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The compositions of the invention are 

especially· suitable· for application to or incorporation 

in transparent or· translucent products. The compositions 

can also be coated on a surface of a transparent or 

5 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 

10 biocidal solution protects the food from microbial 

contamination while allowing consumers to inspect the 

food without opening the container. The solution, 

therefore, allows visual inspection of a material whil~ 

releasing chlorine dioxide to sterilize, deodorize, or 

15 protect the material from contamination or infestation. 

When·the compositions are applied to clear-surgical 

bandages, the. wound i·s sterilized by the chlorine dioxide 

and is visible through the bandage, allowing for 

inspection of the wound without removing the bandage and 

20 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 

25 eating utensils, plates and cups, food serving products, 

food wrappings, containers for food storage, and other 

food packaging, portable water filters ~or treating water 

during camping, boating, trips or emergencies, waste 

containers or bags for medical or biobazardous waste. 

30 Packaging~ be treated.with the composition to preserve 

food products having a long-term shelf l~fe, such.as 

Afresh• shelf-stable processed foods kept at room 

temperature including soft tortillas, cakes or other 

baked.goods, energy bars, candy, snack foods, and. the 

35 like. Clear biodegra~le 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, :ma.int•in sterility of the 
sutures during sto~ge, aiid to sterilize the sutures for 
use as an alterna.tive to steam, ethy~ene oxide,. and gamma 

· irradiation. Clear •see-throughn bandages, band-aids and 
s surgical dressings can.also be treated with the 

mu.ltilayered composites described above to reduce 
microbial contamination and infection •.. 

The composit-ions of the invention are also 
especially suited. for providing a clear, .invisible 

10 coating on products such as furniture and floors used in 
settings prone to microbial contamination such as 
hospitals. The compositions can also be incorporated ~r 
coated onto filters and ducts for heating, ventilat~on 

·and air conditioning to prevent microbial contamination, 
15 alleviate •sick building synd.rome,n and prevent the 

outbreak of Legionnaires' disease resulting.fr~ 
Legionella premophilia bacterium. 

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

20 plastic, foamed or polymeri~-mu,ltilaminate containers, 
nclam-shell" containers commonly used in the fast food 
industry, cellulosic, plastic or paper bags, seed 
packets, or waste containers •. 

The treated surface can also be a reusable or 
25 disposable mat or sheet including a dental tray covering, 

a surgical tray covering, a shower mat, nonwoven bandage 
material, a meat cutting board, a liner for drawers or 

.. . . . 

shelves, an insert for athletic bags or.gym lockers, a 
food Wrapper, a paper sheet for separating hamburger . 

30 patties, a m!!at Pa.ckaging tray, an overpouch such as 
those used iri packaging intravenous bags, a fresh fruit 
separator or box liner, an absorbent pad for poultry, 
meat, s~afood or produce, or an absorbent layer :eor use 
in diapers. Such mats or sheets are typicaliy made from 

35 paper; cellulosic, polymeric, woven fabric or nonwoven 
materials. 
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Such a method can also be used to coat the 
surf ace of a seed to protect the seed from mo~ds and 
fungi during storage and to protect against mycotic 
growth when the seed is planted. The coating, when 

5 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 bas no effect upon the 
germination of the seeds. Seeds in storage do not have 

10 to be physically coated to be protected but rather can be 
in a closed contaill"er containing the active material as a 
packet, •tea bag• or coating on the container. Pa~er .. 
impregnated with the composite generates sufficient· 
chlorine dioxide to protect the seeds. Although any . 

15 seeds can be protected by the coating, edible seeds such 
as corn kernels, sunflower seeds, or soybeans, remain fit 
for human consumption once they are coated. Thus, the 
coated seeds can be pravided for plan~ing or for human 
consumption after they have been coated. An optically 

20 transparent composition of the invention 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 

25 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 composition into the atmosphere surrounding the 

30 surface. 
A preferred application.includes a foot powder 

for preventing athlete's _foot 8.lld other fungi •. The 
powder can be applied directly on the surface of the foot 
or can be incorporated ~nto a shoe insert. The powder 

35 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 shoe counter·or upper lining. 
Chlorine dioxide gen~r~ted ~rpm moistur~ within the shoe 
diffuses from the composit~ into.the atmosphere to kill 
fungus and deodorize tbe. sho~. The powder can be blended 

s with conventional ingredients such as talc, ·cornstarch, 
fragrance, miconazole n.itrate, tolnastate· sili_ca, boric. 
acid, aluminum chlorhyd.rate, •alicyli.c acid,. and 
cellulose. The powder can ~lso be blended with other 
ingredients and used in bath powders or powders used in 

10 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. 

15 The composite can also be f 9rmulated 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. The powders can also be packaged in a 

20 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 

25 partiCU.larly useful in the medical industry. The 
composition can be coated onto tubing, _,c~nnectors, 
fitments or other components. Fitments for in-dwelling 
catheters, needles, peritoneal dialysis, percutaneous 
devices, percutaneous access, intravenous bags, colostomy 

30 bags and other medical devices can also be treated in . ·. . . . 

accordance with·t~is method to sterilize the devices and 
to prevent insertion site .infections, sinus track 
infections, and the like. Additionally, closur.es.on a 
package can be so trea.ted to provide ·self sterilizing·. 

35 packaging for medical devices, instruments and. supplies. 
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The composition 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 

5 evolved from paper treated with the composition can 

effectively penetrate the full thickness of a patty and 

kill bacteria such as B. coli and Salmonella that result 

from contamination during meat processing. B. coli 

0157:H7 in tainted meat has caused death and severe 

10 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 fo:cmed into patties that are 

separated by sheets of coated paper.that prevent adhesion 

15 of the individual patties. After packaging, the ground 

meat can be exposed to ch1orine 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 

20 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. 

25 

UUIPLB 1 

A polyvinylpyrrolidone oligomer was prepared by 

polymerizing vinyl pyrrolidinone in water using a free 

radical initiation with hydrogen peroxide and ammonia 

catalyst as described by B.S. Barabas, Bncyl. Poly. Sci. 

Eng., ll, 19.8 (1989). Three grams of vinyl pyrrolidinone 

30 were dissolved in seven grams of water and polymerized 

with 0.03 ml of 30t 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 end of the reaction an additional 

35 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 

5 recovered. The reaction is illustrated below: 

+ 

lvacuum dry at sa•c 

wherein PVNP represents polyvinylpyrrolidone, which has 
the formula: 

10 wherein n • 5 to 500. 

BXUIPLB 2 
A multiblock, polyester copolymer of 

polyvinylpyrrolidone was prepared by mixing 0.46 g of the 
polyvinylpyrrolidone oligomer prepared in Example l, 0.23 

15 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 

20 having acid end groups was recovered. To esterify the 
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acid end groups, the copolymer was dissolved in a large 
excess of methanol and-neutralized with anmonia. 
Alternatively, the acid end groups can be esterified with 
excess methanol. End groups -OR - rather than the Cllg0-

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 anmonia. The alcohol has the formula 
ROB wherein R is ethyl, n-propyl, or isopropyl. The 

10 resultant polyvinylpyrrolidone-polylactate-glycolate 
(PVNP-PLGA) terpolymer contained 34 mole t 

polyvinylpyrrolidone, 32 mole % glycolate and 24 mole .. t -

lactate. The preparation of the PVNP-PLGA terpolymer is 
shown below: 

15 

0 
II 

x HO-PVNP-CH2 COH 

· CH 0 
I 3 II 

+ 2 HOCH-C-OH 

-1 Toluene _sulfonlc acid 
-H20 

BXUIPLB 3 

A 30 wt.t 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.t total solids) of sodium chlorite 
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{recrystallized frcim methanol), urea and 
polyvinylpyrrolidone (3E)O,OOO MW) so that the total 
solids mixture contained 51 .wt.t PVNP-PLGA terpolym.er, 34 
wt.t polyvinylpyrrolidone homopolymer,. 9 wt.t urea and 6 

5 wt.t sodium chlorite. The solution was cast into a film 
and remained uniformly dispersed.and transparent 
indefinitely. 

BDMPLB 4 

A solution of the PLGA copolymer in chloroform 
10 was added to a methanol solution (10 wt.t total solids) 

of sodium chlorite (recrystallized from methanol), urea 
(10 wt.t total solids) and polyvinylpyrrolidone .(360,000 

MW}. The solution remained cloudy and separated into a 
PLGA phase and a polyvinylpyrrolidone-urea-chlorite phase 

15 when cast into a film. 

While the invention is susceptible to various 
modifications and alternative forms, specific embodiments 
thereof ~ve been shown by way of exall\Ple in the drawings 
and have been described herein in detail. It should be 

20 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 modifications, 
equivalents and alternatives falling within the spirit 
and scope of the invention as defined by the appended 

25 claims. 
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l. A composition for retarding bacterial, fungal and 

viral contamination attd. mold growth comprising an acid 

releasing polymer, a hydrophilic material, and chlorite 

anions, each component of the composition having a 

s 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 hydrolysis of 

the acid releasing polymer. 

2. A composition for retarding bacterial, fungal and 

viral contamination and mold growth comprising an amidef 

chlorite anions, and an acid releasing terpolymer fo~d· 

from polyvinylpyrrolidone, lactic acid and glycolic acid, 

s each component of the composition having a 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 h~rolysis 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 isa single phase. 

s. The composition of claim 1 or 2 wherein the 

comi;>osition is a film. 

6. The composition of claim 1 wherein the hydrophilic 

material is ~ amide, an amine or a polyhydric alcohol. 

7. The composition of claim 2 or 6 wherein the amide is 

urea or an oligomeric amide. 

8. The composition.: of claim 7 wherein the CQllll>osition 

includes polyvinylpyrrolidone. 
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9. The composition of clai~ B.where~n the 
polyvinylpyrrolidone ~s a number average degree of 
polymerization of be~ween 8.bcw.t l and about 10,000. 

10. The composition ~f clai~ 7 wherein the composition 
includes a hydrophilic or oligameric plasticizer selected 
from the group consisting of succinamide, formamide, N­

methyl formamide, and N-methylacetamide, and 
5 isopropylacryla.mide-acrylamide. 

11. The composition of claim 2 or 6 wherein the chlorite 
anions are provided by an iminium chlorite or a chlorite 
salt selected from. the group consisting of alkali ~tal 
chlorites, alkaline earth metal chlorites, and chlorite 

5 salts of a transition metal ion, or a protonated primary, 
secondary, tertiary or quaternary amine. 

12. The composition of claim l wherein the acid 
releasing polymer.bas a number average degree of 
polymerization of between about 10 and a.bout 10,000. 

13. 'l'he composition of claim 2 wherein the acid 
releasing polymer has a number average degree of 
polymerization of between about 10 and about 10,000. 

14. '1'he composition of claim 12 wherein the acid 
releasing polymer is a copolymer formed from 
polyvinylpyrrolidone, polyvinyl alcohol, polyanhydride, 
or polyacrylamide and at least one ~-hydroxy acid. 

15. The composition of claim 14 wherein the copolymer is 
formed from polyvinylpyrrolidone, lactic acid and 
glycolI:c acid. 

16. The composition of claim 2 or 15 wherein each of the 
lactic acid, glycolic acid and polyvinylpyrrolidone 

1iiil0f 
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portions of the copolymer preferably has a number average 

degree of polymerization of between: about 1 and about 

5 5,000. 

5 

17. The composition of claim 2 or 16 wherein the 

copolymer has the formula: 

wherein PVNP has t~e formula: 

1CHz-fHf1 
O

N ,,a 
c;...o-

n , 

and R is a lower alkyl group.or a lower alkyl ester, n is 

from s to 500, x is from 1 to s,ooo, y is from o to 

5,000, and z is from 0 to 5,000, provided that either y 

or z must be at least one. 

18. The composition of claim l or 2 wherein at least 

.about 1. 0 X 10"' mole chlorine dioxide/~ is released from 

the composition"for a period of at least one week. 

19. The composition of claim 1 or 2 wherein at least 

about 1.0 X 10"' mole chlorine dioxide/cml is released from 

the composition for a period of at least one month •. 

20. The composition of claim l or 2 wherein at least 

about 1.0 X ·10-6 mole chlorine dioxide/cur is released from 

the composition for a period of at least six months. 

21. · A terpolymer having the formula: 
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wherein PVNP has the formula: 

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

22. A multilayered composite for providing sustained 
release of chl.orine dioxide comprising: 

a water-soluble layer comprising an acid releasing 
polymer, a hydrophilic material and chlorite anions, 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 i~ 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 layers 
hydrolyzes the acid releasing polymer to initiate release 

15 of chlorine dioxide from the·multilayered composite. 

23. A multil.ayered composite for providing time pulsed 
release of chlorine dioxide comprising: 

at least two water-soluble layers comprising an acid 
releasing polYiner, a hydrophilic material and chlorite 

5 anions, the layers being substantially free of water and 
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each component of the layers having a particle size of 

not more than about 1 ~·ooo 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) 8 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 chlorite 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 an acid releasing polymer 

comprising: 
mixing a polyvinylpyrrolidone oligomer, lactic acid,­

glycQlic acid and water: 
5 heating the mixture in the presence of an 

esterification catalyst to fo:rm a polyvinylpyrrolidone­

lactic acid-glycolic acid terpolym.er having acid end 
groups; 

dissolving the terpolymer i_n an organic solvent; and 

10 neutral~zing the terpolymer to esterify acid end 

groups of the terpolymer to f o:rm the acid releasing 
polymer. 

26. The process of cla~ 24 further including the step 

of preparing the acid releasing polymer by mixing a 

polyvinylpyrrolidone oligamer, lactic acid, glycolic acid 
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and water; heating ~he mixture in the presence of an 
5 esterification cataly~t to fo:cm a polyvinylpyrrolidone­

lactic acid-glycolic acid terpolymer having acid $nd 

groups; dissolving the terpol~r in an organic solvent; 
and neutralizing 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 me~han~l 
and ethanol. 

29. The process of claim 24 further including t~e step 
of applying the composition to a substrate to form a 
film. 

30. The process.of claim 2~ further including the step 
of exposing the film to moisture to hydrolyze the acid 
releasing polymer and release chl.orine dioxide from the 
composition. 

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

32. '1'he process of clainl 29 wherein at least about 1. o x 
10-6 mole chlC?rine dioxide/cm2 is released .from the. film 
for a period of one week. 

33. Th~ proc::ess of claim 29 wher.ein at least about 1. o x 
10~ mole chlorine dioxide/cm2 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/cm2 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 dioxide 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: 

treating a surface of a substrate with a composition 

5 that does not release chlorine dioxide in the absence of 

moisture, ea~h component of the composition having a 
particle size of not more 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 surf ace 

and/or deodorize the surface. 
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- ' 39. A method of reta~ing bacterial, fungal, and viral 
contamination and growth of molds on a s~rf ace of a 
material and/or deodorizing the material c~rising: 

exposing a surface of ill material to 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 more than. ·about 1, 000 angstroms; and 

exposing the composition to moisture to release 
chlorine dioxide from the composition into the atmosphere 

10 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 
deodorizing the material comprising: 

incorporating an optically transparent composition 
5 that does not release chlorine dioxide in the absence of 

moisture in a material; 
exposing _the material to moisture to release 

chlorine dioxide from the c~osition into the atmosphere 
surrounding the material to retard bacterial, fungal, and 

10 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 disposal:>le eating utensil, plate or 

5 cup, a food ~erving 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 

10 or supplies. 

lii1iiifiHlr 

I .. 
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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 m~thod 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 processe~ 

foods, a disposable eating utensil, plate or cup, soil,·. 

footwear, or photographic or electronic.equipment or 
s supplies. 

46. The method of claim 45 wherein the meat, poultry or 
seafood is a ground patty or a filet, ~d 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 foo~ 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. 


