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The present invention relates generally to an
optically transparent or translucent biocidal composition
that releases chlorine dioxide upon being 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 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

25 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

30 increased numbers of micromuclei in the bone marrow of
mice. Vilagines et al. attribnte the relatively -
innocuous effect of chlorine dioxide to its inability to
produce halomethanes, unlike hypochlorite and chlorine
[Proc. AWWA Disinfect. Semin., 24 pp. (1977); Chgm. Abs.
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Chl orine dioxide or sodiumchlorite have al so been incorporated in food
packagi ng. Studi es have shown that residual |evels of such preservatives
do not result 20 in a significant genetic or carcinogenic hazard to

humans. Mei er tudi ed the effect of subchronic anpCrosyene19s al
i strati oM OPERES

adm nistratio rine, chlorine di oxi de, sodiumchtorite and

sodi um chl orate on the i nduction of chronbsomal aberrations and
spermhead 25 abnormalities in mce [Environ. Mitagenesis, 7, 201

(1985)]. Only the highly reactive hypochlorife resulted in a weak
positive effect for nmutagenic potential. The ot her conpounds, including

chil orine di oxi dedﬁ)d 1313%'113 . néééﬁ)éi e Rifchar@88ohOet NlLIC Srejjbited erREONE

aberrations or m cranu t e row of

m ce. Vil agines t® %Pngﬁgnpﬁ é&ﬁ%ﬁ°n 4% %LE riﬁ%d@ﬁ%ﬁgﬂﬁﬁgght

chl orine di oxi de waﬁ¢nsbqnmsbpr9a91@% °°nf¥ﬁN9@u@§ RaPbRRTYREED [Favi Fén'

hypochl orite and s&&(nguhnal,,[Egpcsgzmﬂﬂbgm)slnfect Semn., 24 pp. (1977); )

SC?’?]USQEISOQNBI’ WO 96/ 41308 nese Kokal Nos. 63/29§, 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

10 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

15 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 generetion of chlorine dioxide by

20 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

25 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 polyanhydrxde or polyaoid in a

- nylon coating. After sodium chlorite 18 diffused into

30 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 -

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



93, 173513f]. Recently, Richardson et al. reported that an EPA study of -
the reaction of chlorine dioxide with wat er borne organics confirned
this observation [ Environ. Sci. Technol., 28, 592 (1994)]. 5
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in a NYbornméiwiine]. abitcand atydrondmoLohe arfe ddridiatdd phocrd t he
capsul e thr 0“9&&%1{8&1%?9&%&: a’ﬂaé Wi’%eions migraﬁe ‘to the
' o hydro_phiiic phase and react with chlorite anions to
release chlorine dioxide from the composite. These
'compoit.,es are c_:dmpos_ed of and generate only FDA a_'pproved
15 substances or substances generally recognized as safe . i
 The composites can be used for f_oqd_packaging and other ,
appiica._tiox_zs where the substances can be ingested by or
in contact with humans. These co:hp_qs,ites are described
in U.S. Patent No. 5,360,609 and copending U.S. patent
20 application serial nos. 08/465,358, 08/465,086,
' 08/462,164, 08/461,716, and 08/_46_]_..304. _ C
Wellinghoff et al. U.S. patent application :
serial no. 08/462,039 discloses a composite formulated -
for maximum chlorine diocxide release in which the ‘
25 hydrophilic mat_e;:'ial_'_ contains an a-amino ether and a
' chlorite salt formed by reaction of an iminium chlorite
and a base. Iminium chlorite is unmstable to nucleophilic
attack by the chlorite anion. When the iminium chlorite
is reacted with a base, however, the more stable o-amino
30 ether and chlorite s'alt__are:fome'd. _ e
' Wellinghoff ét al. U.S. patent application
serial 'no. 08/461,706 describes a mét_:_hod for maximizing
chlorine dioxide release from an amiﬁe-conta_:'.ning c
composite by omitting the chlorite source until the
35 composite is ap'pliéd' to a surface. After applicationm,
the composite is éjipbséd to chlorine dioxide gas that
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3: bat chwi se process used to prepare the capsul es al so i nvol ves
nuner ous chem cal reactions and physical frocesses, sone of which

i nvol ve environnental disposal probl ens. 5 Vel | i nghoff et al
have fornul ated caagiesy reacts with tielaninen tioy doemhixiieiynnatd cxdeeatini ng

i onee o coy BBy OO Mo Bifuce 1
exposed to ni stLﬁfé'lOnsG)ncg'hngQEB@P *éFl q@s%#évaéﬁﬁﬁd@%ﬁ?ﬁéﬁpﬁﬁl i ons
are generated in éfapoisture to release chlorine dioxide. The composite
" 5 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
10 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 retardf
bacterial, fungal, and viral contamination and growth-:of

15 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

20 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 provision of an optically transparent or
25 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
30 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
35 ingestion; and the provision.of an inexpensive
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10 angstroms, and is substantially free of water and capable 1
of releasing chlorine dioxide upon hydrolysis of the acid |
releasing polymer. _ . _ _
Another embodiment of the present invenﬁidn,is
directed to a camPoSition for retarding bacterial, fuﬁgal
15 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
20 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 CH,

] il 1 L.
HO-L-PVNP— cuac-o—};(-cnzc—o—)yé— CHm— c-)zon

wherein PVNP has the formula:

25

CHy~CH—
_ :‘."\ &
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

’ _ — :: |
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4 either reacts with the amne to formimniumchlorite in -situ or
di ssolves in the amine to provide chlorite anions. The conposite is
then activated in the presence of noisture to rel ease chl g9y de.
The conpositevwgw%ﬂﬁmbe exposed to el evated tenperatures durlng i
processi ng, storage and application because the hydrophilic nmateri al
does not contain imniumchlorite or any chlorite anions that could
deconpose at such tenperatures. The nethqd al so precludes premature 10
rel ease of chlorine dioxide fromthe conposite. Bar enber g et

al. U S patent apdogaan@nzngs from AB/t6F,000, dppevides thuteleithereiyhods
of using conposites % §h gg %eo e dlsclosed y Wellinghoff et al. to
retard bact erfal® "4 g B %&n B&ont ani nati on and growt h of 15

mol ds on food, produce meaAnpthex embnﬂlmanteDfatheahmvention igeddrecked
carpet i ?9 and thegd '%(]?mltt:l.layered composi@et BRYIBrbY |§1{H—fﬂiﬁfnﬁeaie} al .
M i G e b
cont ai ni ng conporeater-eoiubheopayen | ¢ogmprisingaaspacitdt releasing m@ms,r,
si ngl e- phase m Xtd'fydrophilic 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. The moisture regulating layers are water
15 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
20 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
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 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
35 an organic solvent, and neutralized to esterify acid end



Summary of the Invention Anong the objects of the invention,

t herefore, may be noted the provision of an optically transparent or 25
transl ucent conposition that releases a concentration of chl orine '

di oxide sufficient to elimnate bacteria, fungi, mol ds and viruses; the
provi si on Oﬁnﬁuﬁ g conposition t hat rel eases such chperisvensir®xi de
concentrations after activation for a period of up to several nonths;
the 30 provision of such a conmposition that increases the rel ease rate *
‘of chlorine dioxide in proportion to increased tenperature and hUﬂldIty
whi ch pronote nold and ~ bacteria growth; the provision of such a

conposi tion that only rel eases substances approved for human exposure

or 35 ingestiomgroaps dfietine Merpolymet om foraxrhesavid releasing\O 96/ 41526
PCT/U896/09178p°1ymer conposi tion that does not adversely affect the |

appear ance
Another embodlment 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
surface by txeating 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 i
moisture to release chlorine dioxide from the composition
10 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
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. Each component of the
composition has a particle size of not more than about
1,000 angstroms. : i
Yet another embodiment of the invention is a i
25 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
30 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
35 will be apparent from the following detailed description.
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or nmechani cal properties of a substrate to which it is appl i ed.

The present invention is directed to a 5 conposition for retarding
bacterial, fungal and viral contam nation and nold growt h containing an
acid releaS|n ol a.hydrophilic material and chlori pbgrusosigi7@nNS as
conponents. @@ﬂ%onent of "t he conposi tion has a particle size of
not nore than about 1,000 10 angstrons, and is substantially free of water
and capabl e of releasing chlorine dioxide upon hydrolysis of the acid
rel easi ng pol yner. Anot her enbogi ment of the present invention
is directed to a conposition for retardin bacterial, fungal 15 and

vi‘Tal contam nati gps &4 todldl,0 > am de, chlorite
anions, and an aci0

“J:(,

QLA a L)

Teleasing tarne TR 6Fned from .
pol yvi nyl pyrrol i done, Iact|§£§ﬂzﬂd Qn% 9°hiﬂ%ﬁiﬁ|Q§ écpﬂgklkﬁﬂﬁn%%nponent of
t he conposition heempositedian cplrevidingoéuminmi aefllbageabbuthllioiGEe
angstrons, and 20d£§x§ﬁgstant|ally free of water and capabl e of releasing
chl orine dioxi de upon ydrolysis of the acid rel easing. pol ymer.
Anot her enbodi nent of the invention is directed  to a terpolyner havi ng
the formula: & pte ' forred/\E '
formul a:

‘In accorkﬁﬁée 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

known, this solution is unique because it is optically
transparent or translucent and is essentially
unnoticeable when applied to a substrate. When the i
gsolution has been applied to a substrate, the substrate
15 can clearly be seen through the fllm,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
20 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
25 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
30 container. The solution, therefore, allows visual
inspection of a material while releasing chlorine dioxide
to steriligze, deodorize, or’protect the material from
contamination or infestation.

o For purposes of the preaent-in&ention. a

35 solution is a mixture of components that each have a



and Ris a lower alkyl group or a |ower alkyl ester, nis from5 to 500;

x is froml1lto 5000, yis fromO to WO 96/ 41526

PCT/ US96/ 09178 6 5,000, and.z is-
~fromO to 5,000, provided that either y or z nust be. at |east one.

Anot her gg' nhfof the invention is directed to a muhym@awﬁmed

conp05|te f ’%ﬁ ding sustained 5 rel ease of chlorine dioxide. The

conposite contains a wat er - sol ubl e | ayer conprising an acid relea5|ng

pol ymer, a hydrophilic material and chlorite anions, an upper

noi sture regul ating layer in contact witlg an upper surface of the

wat er - sol ubl e I ayer, and a | ower noisture 10 regul ating layer in cont act !
with a | ower %&ﬁﬁ%ﬁeOEifzbeof 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
5 known in the polymer art. A solution of the present

invention can also be a mixture comprising components 3
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

10 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

15 is optically tranSparent for purposes_of_the invention
when at least'about 80% of 1ight,_preferably at least
about 90%, is transmitted through the solution. The
solution does_hot'scatter light and is stable to
crystallization thathwould produce particles larger than

20 1000 angstroms. The particle size of the solution is
preferably small enough for the oomponents_to be
uniformly dispersed. |
: Chlorine dioxide is released from the
composition when an acid relea51ng polymer within the

25 composition is hydrolyzed by adsorbed moisture, and
releases acid and hydronium 1onl. .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

30 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-

35 phase compositions because the acid releasing polymer and
chlorite anions are in a closer proximity to each other '



wat er -sol ubl e layer. The water-soluble |ayer is substantially free of
wat er and each conponent of the | ayer has a particle size of not- nore

t han about 1, 000 angstrons. The noisture regulating |layers are water 15
i nsol ubl e, sugh that noisture perneating either of the - nySiutoéoorrs
regul ating IaV@*%m% rolyzes the acid rel easing polymer to initiate

rel ease of chlorine dioxide fromthe mul tilayered conposite.

preparing a conposition by * mixing a hydi@phl|l0 faterial, a chlorite
salt, an acid rel easi ng polymer and an organic sol vent to forma

WLthri bgo“h|0hfméﬁhiﬁ0ﬁp@66 hdids cdmpbitel € Congso téﬁtlons &thn?éﬁeiﬁﬁn q

Capabl ¢ of rel cadtngeast Shot i h roea?&a moTs SRS SokigeiEel egtth” "

rel easi ng polperdod of at least oneAweeker opeimehticdr cn’intnenthsemmon is

directed to ‘i:eorf%%ﬁia:?éd%fﬂﬁ{é 'iﬁ'o%@aﬁﬁbdof %ﬁé%ﬁ&eﬁ%‘ }iﬁ%néifoﬁo

m xi ng a pol yvi ny. rroli done lactic acid glycolic acid and

wat er, and heéilﬁ%g¥ﬁe VA XY ° 8. presence of an esterification

cat al yst to forma pol 9vefgtq1;ﬂry,oluh@onempasittomcnompgdipesl betweéxn

terpol yner hay agl. 4 % Qdﬁ'%ouEhQOt%W'&ﬂ%hlo%i‘i‘es&%&ﬁg aRg 35 an

organic solvent, ang NeYLna! 'Beleen Bt 18 38 ¢ & avout 70 we.% of a
hydrophilic material, and between about 1.0 wt.% and

10 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.

15 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. 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 réleasing 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 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

35 these acids. Preferred polyanhydrides have the formula:
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7 groups of the terpolyner to formthe acid rel easing pol ynmer.

Anot her enbodi ment of the invention is a nethod of retarding bacterial,
‘fungal , and viral contamnation 5 and growth of nolds on a surface and/or
deodori zi ngwidWuisze SUrface by treating a surface of a suRSiwakGoryd th a
conposition that does not release chlorine dioxide in the absence of
noi sture, and exposing the treated surface to noi sture to rel ease
chlorine dioxide fromthe conposition 10 into the atnosphere surroundlng
the surface. Each conponent of the g@nposition has a particle size of
not . . nmore than about 1,000 angstrons. : Yet anot her ‘
enbodi nent of the invention is a met hed of retardlng bacteri al, fungalg
-and viral 15 contam nation and gro Roﬂd, on a surface of a . ?
material and/or deodorizing the material by éxposing a ‘surface of a -
material to a GROPORL tﬂ 3_@ L hat does not rel ease chlorine dioxide in the
absence of noisture, exposi ng the conposition to noisture to release
chl orine 20 dioxide fr t he conposition into the atnobsphere

surtoundi ng the materi‘al 2/&ach conponent of the conposition has a

particle size of not nore than_a _

QO
o Stonyy

mis 1 or 2, n is an integer from 4 to 12, and X is O or :
B A particularly preferred acid releasing polymer
is a terpolymer of polyvinylpyrrolidone, 1actic acid and
glycolic acid. Each of the lactic acid, glycolic acid
and polyvinylpyrrolidone portions of the terpolymer
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 preferably,
between about 10 and about 30. - ,
The most preferred acid releasing polymer has
15 the formula:

ﬁ : o t|:H3 o
Ho-epvm:-—cuzc—o—)-ecu._,c—o—)-é-cu-c——c-)on
y
wherein PVNP has the formula:

CH,-CH

N_ 0

[: el



1, 000 angstrons. Yet anot her enbodi nent of the invention is a

25 nmet hod of retarding bacterial, fungal, and viral contam nation and
growth of nolds on a material and/or deodorizing the material by

I ncor porating v@oﬁé}mi tion - t hat does not rel ease chlori ﬁeyd'sg_mbﬁe in
t he absence of ‘nmol sture in a material, and exposing the.material to 30
noi sture to release chl orine di oxi de fronlthe conposition into the

at nosphere surrounding the material. Each conmponent of the conposition
has a particle size of not nmore than abgyt 1,000 angstrons.

QG her objects and advantages of ‘the-invention 35 will be apparent fromthe

foll ow ng det ai | egndlescid R 1o¥er alkyl gﬁ@;ﬂﬁiﬂ%iﬁwer alkyl ester, n is
PCT/ US96/ 09178 crlptlon

of the Draw ngs Erom 5 to 500, & iﬁ ol L4 tolog'oy %\srru#ﬁlqé_‘ered
conposite for pro%i@@hg %@aﬂﬁe&%l ’éa%% 500fh| provdded hatiedither vy

or z must 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 selected based upon the adhesiveness,
stiffness, or other properties required for a desired
10 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 :
15 Any hydrophilic 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 polyhydrlc alcohol.
20 When the chlorite source is a chlorite salt, 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
25 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
30 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
35 composition, it dissolves in and plasticizes
h polyvinylpyrrolidohe, it will not react with the acid



5 Detailed Description of the Preferred Enbodi nents In

accordance with the present invention, it has been di scovered that

sust ai ned rel ease of chlorine di oxi de can be generated froma sol ution
cont ai ni ng chlorite anions when the solution is exposed to.noisture. 10 -
Al't hough chw“npsz@ll oxi de rel easing corrp05| tions are kpenrsoshdirs
solution is unique because it is optically transparent.- or translucent -
and is essentially unnoticeabl e when applied to a substrate. Wen the
sol ution has been applied to a substrate, the substrate 15 can clearly be
seen through the filmformed on the ggbstrate. If the solution, for
exanple, is coated onto a. contai nerboard box printed wth graphics, the
gr aphi cs r eebeasigige polymer sidid ith proyhdedcgrentidmgachinhbssigint he '

coating rel eas cégng; oXi cagmﬁ;g,g e Ouflo @2l ter
t he graphics o?ﬁee dﬁa%ésiclol 0'?& ieib] cﬁﬁaﬂa%ﬂ% g Fut I on can al so
‘be coated on a>@u¥f @""i €, oPrg ?F%p%ﬁ&?{?eg a‘?ﬁ’%é @08 ebeYBsG ate to
provi de bi wt:x’tieam:iaia and, whote pree fieirabiiyp gbétweds eboukr 00 gatid qual ity
of the subskrafgond f1d RR . §0hMiQN is coated onto 25 a clear plastic food !
contai ner, for exarrp]l coni nf% can see the food within the

cont ai ner before | GRS geRRrat I 40ROk oFRREE Wikt ect s |
t he f ood ftbmhjdrunﬂniiéhccmtewﬂaiatomhhméﬁdafémaigg polgmasuners to:

| nspect. e oggl vid Gl BARAAAY 15rclol A baNAE oo Qﬁbﬁ%&tiﬁf% nd herefore,

al | ows vi sual i nspect e releasin orlne d|0X|de
‘to sterilize, BLLARITLE h}?’aﬁ?ﬁ' tW tﬁ’é"w&?@r’i‘ﬂ”% ic Eﬁﬁ% iFation or|

i nfestati o0 acid relea51ng polymer. Suitable chlorite sources that g
can'be incorporated 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

15 transition metal ion or a protonated prlmary, secondary, :
tertiary or quaternary amine or iminjum chlorite salts. E
Many chlorlte sources, such as sodium chlorite,. are |
stable at processing temperatures in excess of about 100
°C, allowing for processing_at relatively high
20 temperatures. . .
' " The componentl of the composztlon 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 amount of water in the

' composition does not provide a pathmay for transmission
of hydronium ions f£rom 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. %

30 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

35 the acid releasing. polymer to produce acid and hydronium
ions within the composition. The hydronium ions,



For purposes of the present invention, a 35 solution is a m xture of
conponents that each have a WO 96/ 41526

PCT/ US96/ 09178 . 9 particle size of
not nore than 15;!6000 angst rons, preferably, not nore pppisodamduis S00
angstrons, and preferably not nore than about 100 angstrons as
nmeasur ed by m croscopy or light scattering nethods that are well 5 known
in the polyner art. A solution of the present i nvention can also be a
m xture conpri sing conmponents that eachqave a particle size of not
nore than 2, 000 angstrons when the index of refraction of each
conponent of hbrevex! @k ot HHEFGAEELO It sildatitel Ayionsidmyil A 10

opti cal 1y transpabBRtoRteet SbRt if PRéscin £15 B3Rioors POE AVIRAALS °
to be a single-ph&@®S8. nixture because its phase microstructure is of a
di anet er wel | bel ow .t he avgrirersbl ebmyosidich lofgkhe pPes@titi on
5 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.%

10 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

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.
Preferred compatibilizers include polyvinYlpyfrdlidone
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 polymeriéation 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 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

35 the polymer amine center is suffiéiently mobile, the
addition of a plasticizer is unnecéssary., A glassy



15 is optically transparent for purposes of the invention when at | east:
about 80% of |ight, preferably at | east about 90% is transmtted
“through the sol ution. The sol ution does not scatter light and is ,
stable to crystallization that woul d produce particles.larger than 20.

1000 angstrwgsgmls;pe particle size of the solution is pd¥rGdoctald y snal |
enough for the conponents to be uni form y di spersed. =

Chlorine dioxide is released fromthe conposition when an acid
rel easing polyner within the 25 conposition is hydrolyzed by adsorbed
noi sture, and rel eases acid and hydrggi umions. The hydroniumions
diffuse fromthe polyner to react with the chlorite anions in the
G TTuses out op e OO o o e e o oepher o or o
p:ari od of %?)A%]g aQ’gE:t qgi ﬁtrr%h%éﬁe%a%? e?é!{%gé#%\?e%ﬁtt 'ﬁ'ﬁg%g#ovw h of
bacteria, nol daPoytuf “n& Of ralaahici2axt beithe pplymer tg MWL phase
oo ST e ok apersnepes i carokan e 01 0 Lo
:ogl Sirg\r“ aﬁd5 yt%r& ?}rglqamag%%?;%ﬁe% gﬂ%f:o‘gge‘?ﬁer c%#% ?% to eachsot ﬁer
WO 96/ 41526  Plasticizers for the acid releasing pglymeysos/ the7s
: invention include H,NC(0) (CH,CH;0),CH,CH,C(0O)NH, wherein n is
1 to 10, HNC(O) (CH,CH,0),CH( (OCH,CH,) ,C (O)NH,), wherein n is
1 to5and m is 1 to 5, and N(CH,CH,0) ,CH,CH,(0)NH,); wherein
10 n is 1 to 10. :
A moiéture 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. 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
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. -
Preferred 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 can be useful vehicles for film casting prior
to exposure to chlorine dioxide, which does not react
with polymerizable, electron deficient alkenes such as
acrylamide. o _ : '
Suitable amines for use as the hydrophilic
35 material include primary amines, secondary amines, and
tertiary amines having pendant hydrogen bonding groups.



10 than in a two-phase conposite. Conpositions that rel ease at
| east about 1.0 X 10[err] nole chlorine dioxide/cnferr] for a peri od of
at | east one week, one nonth or six nonths can be formul ated by the

processes of the present invention 5 for a variety of end us 0178 '
Preferably,  tWO I'tion conprises between about 0.1 ﬁr% andl about

20 wt.% of chlorite ani ons and counterions, between about 10 wt. % and
about 70 wt. % of a hydrophilic nmaterial, and between about 1.0 wt. % and
10 about 50 wt.% acid rel easi'hg pol yrmer, mge pr ef erably bet ween about
10 wt. % and about 20 wt. % chlorite anions and counterions, between about

W % and about  MaguRe, PubsfYEAtes uith WaBhrsh GO AR RYR

. /0 . % B . 1! ]

rel easi ng pol ynerd99aie £3ertrgns tod "ﬂ‘?qr%n %ﬁi{‘ﬁed%‘?ﬁ’cﬂ? {2 zfr'l'ﬁl&’%égﬁnd
counterions and time prefexyedophElectron orditdidramwing sgxowed| congfentratg
hydr ol yzed by, j%gg ' re i %,ggl (@ RaTl '

present inventi one. ref&g}ragpb?E#hét aécu%frel easi %‘éagot po p%erq%dgggfggglgxude
or extract int® tFR¥ i@ P&]rﬁéﬁ?.e di°xiﬁﬁe txeftreg Ea%’i‘n%l%?}’rﬁﬂ?etfrﬁ%f: fabl y
has a nunber avirienge Tergiary cdmbmds ihanviingt non-hfdbegeve doredimgt 10 and

Pl it 3 bt o A RBELT SR ELE ot Wt du k Hparopn gl and
rel easi ng pol yner8elventefEe,fil§o acceptable. Representative amines
include: alkanolamines; copolymers of aminoalkanes and
10 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) g H,, RsN(NCH,CH,C (O)NH,;),, (CH;),N(CH,),N(CH;),,
15 Ry R,N(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,
' H
0 } }
—éCH.‘,CH{C-—-NH——( CH, ) N~—(CCHg),
| m,; or

R,N

S
I\
. H2N>=°

20 wherein: R substituénts are,

independently, - (CH,CH,;0)H,



copolynerized with a hydrophilic oligoner to conpatibilize the acid

10

15

.rel easing polyner with the chlorite anions and the hydrophilic
material. A 30 preferred acid releasing polyner is a copolyner of a

phase conpati bilizing oligoner such as pol yvi nyl pyrrolidone, polyvinyl
al cohol , pohxﬁgpﬁggide, or polyacrylam de, and an acigemusoads | actic
aci d, gl'ycolic acid, or other a-hydroxy acids or m xtures of 35 these
acids. Preferred pol yanhydri des have the formul a: WO 96/ 41526
PCT/ US96/ 09178 11

[err] wherein R is: " [eri%

-C(CH,),(CB,) OF, - (CH,) NH(CH,CE,0),H, -CH(CHy),,

——(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
is 0, 1 or 2; yis 1 or 2; and z is 1, 2 or 3.
Generally, the above campounds can be solubilized in
formamide, isopropylacrylamide- acrylamlde-or other
conventional plasticizers.

Preferred amines include monoethanolamine,
diethanolamine, triethanolamlne, a: copolymer of 1,3-
diaminopropane or 1,2- diamlnoethane and N, N-methylene .t
bisacrylamide, 4-dimethylaminopyridine, tetramethylene
ethylene diamine, N,N-dimethylamino cyclohéxane,
solubilized 1-(N4dipropylamino)-2—carboxyam1do ethane or
1- (N-dimethylamino) -2 -carboxyamido ethane, a primary
amine having the formula Rﬂﬁh,'a secondary amine having
the formula R,R,NH, N(CH,CH,0H),,

Hzn}—N N
7 L

HN NH

~e
-e

HgN—( CHp) y—N N—( CHy) 5—NH,
) o/

.
’ .

20 eolubilized NRRGR,, (CHy),NCH,CHN(CH,),, R,RNCH,CH,C (O)NH,,

RyR;,N (CH,) JNHC (O) NH,, N(CH,CH,NHC (O)NH,);,

r

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

0

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

’



[err] . [err] or mis 1 or 2, nis an integer

from4 to 12, and Xis 0 dr 5 N-CH err]. A particularly-
preferred aci d rel easi ng pol yner is a terpolyner of
polyvihylpyrrogggﬁﬁﬁsmlactic acid and gl ycolic acid. Eachpeafosobeobsctic
acid, glycolic and pol yvinyl pyrrolidone portions of. the terpol yner
10 preferably has a nunber average degree of pol ynerization of between
about 1 and about 5,000, nore preferably bet ween about 5 and about 50
and, nost preferably, bet ween about 10 anglg about 30. The
nost preferred acid rel easing polynmer has 15 the formul a:

[err] Mereiwheli‘émﬁgha,s ilshe CRECHOCH,CH,0H, -C(CH;),CH,0H,
| , .._. R —_KCHZDE_-“<:::>
'CHzCH'.'NHCHﬁHzOHa 'CH_(CHa)za ‘CHQCHzo.H: : s O

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

isopropyl, acrylamide, or -CHQCHQ'OH; Rs and Ry are methyl;
5 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.

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 compositidns to rapid chlorine

20 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

25 about 1,000 angstroms. The mixture is substantially free

- of water anq'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. 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



[err] WO 96/ 41526 , _

-PCT/ US96/ 09178 12 and Ris a | ower
al kyl group or a lower alkyl ester, nis from5 to 500, x is from1lto
5,000, yis fromO to 5, 000, and z is fromO to 5, 000, .provided that

either y Wb odq183¢St be at least one. Ris preferably a p@i-,hmﬁﬁroup, n
Is preferably 5 to 100, and x, y and z are preferably 1 to 1,000. The

opti mum proportions of lactic acid, glycolic acid and

pol yvi nyl pyrrol i done in the terpol ymer are selected based upon the
adhesi veness, stiffness, or other propggyties required for a desired 10
~application of the conposition. One of ordinary skill in the polyner

art would knowwoguantoamdnneutmaluhed to esuqrmtyhene atid osrdd @ ta i
exC [
ggglc(r);ic aci d ;g; rfﬁ:;ggﬂ% iwlg.‘%im%?glitg?ﬁjf%rt A Bpgké/%iﬁ ﬁ?‘;& ophi | i ¢
mat eri al that GrfRes 41#”9 formed by mixing a
- polyvinylpyrrolidone cligomer, lactic acid, glycolic acid
5 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 |
10 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
15 acid, or other strong protic acids (i.e., acids that make
an agueous selution having a pH not greater than 1).

An orgenie solvent is suitable for preparing
the compositions of the invention if the chlorite salt is
substantially soluble in the organic solvent and the

20 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

25 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

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

Chlorine dioxide is releaeed,,for example, from
this preferred composition by exposing the composition to
moisture. The moisture hydrolyzes the aciad releasing

35 terpolymer, form;ng polyvnnylpyrrolidone oligomer, lactic
acid and glycolic acid within the cemposition The



with the chlorite anions and counterions and the hydr ophobi ¢ material is
acceptabl e for purposes of the present invention. The hydrophilic
material is preferably an ami de, an amine, or a polyhydric alcohol. 20
When the chlorite rce isa.chlorite salt, the salt dipggassoebor™ i N

t he hydrophi |W&%@?§?I al to formchlorite ani ons and counterions.
However if the hydrophilic material is an amne and the chlorite source
is chlorine di oxi de gas, the chlorine dioxide reacts with the am ne 25
to formimniumchlorite in situ, if the oxjgation potential of the
amne is sufficiently low for the am ne to be oxidized.

The ﬁomﬁogi ti on Aadcie Bbﬁlaeg%diﬂﬁﬂfﬁﬂi@acig pesterwaitly warerudestermani de
as the hydrophilic materia t rqvigde es ertd.es _t :
conposi tion. The hl’d}% ipgspr g{"‘gﬁ g’éﬁ‘i}"ggﬁcféﬁfﬁ%ﬁ}t ﬁJé{tglr ughg'gﬁls'tl:est i ng
of urea or olsajamtoi foxmi dhlorinediioxidesangrwetal snlts ofedagsicits

hi gh hydrogen borgl @g.y%&ibt ¥l 8P MRS HydolysiSieriTrustiatedebepbrke and
rel ease efficiency of "'the 35 conposition, it dissolves in and plasticizes
pol yvi nyl pyrrolidone, it wll not reagt W th thg acid o, 4 WO 96/ 41526

' _ _— — : — 0 CH-—C—)OCH
HO-(—-PVNP CH,C o—-};écezc o—-))-ﬁ— . .)z )
Hzol days ——» weeks

o 0 _
. ) : i 5
x HO—PVNP—CH,COH + y HOCH,C—OH + z HO

l- M"Ce10,7,

0

I : LG :
C10, + M'0OCCH,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

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 chlorite anions. Iminium chlorite is formed



13 rel easing polyner, and it provides greater tackiness in t he
conposition. The conposition can include up to about 30 w. % am de,
"preferably between about 5 and about 20 . % am de and, nore ;
preferably, betmeen about 10 and 5 about 15 mﬁ % am de. - The-

chlorite a eral |y do not react with t he hydroﬁar,ﬁggmgmerl al or
the acid re aS|ng polyner but are surrounded by hydrogen bonds -
contributed by the nitrogen or hydroxide within the hydrophilic
material or 10 acid releasing polyner. Suitable chlorite sources that

can be incorporated into the conpositionaogf the present I nvention

i nclude al kali metal chlorites-such as sodium chlorite or potassium
~chlorite, al kawhef-thé tainire azhrdrophtiﬂ.cﬁrniatmiamchsaﬁncé&nﬂm wlit:nri te,

hl ori I
econdary. - the, FydsopGit, et SEI Gladil oRliviel " (AR 1 0F

Many chlorite d6&Pdeds §Géﬁc%é %mﬁmsl R elgckron fxomprhe at
processing tem&.ﬁéprasmeemeamﬁimah&aicmocauoﬁeéﬁd<a cmbemteg for

processing e onponenfs
of the conp05|t| n %%%?ﬁl{Efngstaiﬁéiﬁaﬁ%ﬂﬂh gag? ?%&cﬁ%X gsﬂvﬁggfgnlflcant
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provide a pathway for_transms
system is described by Rosenbatt et al., J. Org. Chem.,

10 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
15 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
20 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. . , _ : .
25 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
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



of hydroniumions fromthe acid rel easing polyner to the - chlorite
anions. Generally, the conponents of the conposition can include up to
a total of about 1.0 wt.% 30 water w thout providing such a pathway for

t ransm ssi on J¥°38§ droniumions. Preferably, each conpong@iusssib@sns

| ess than about™ . % wat-er, and, nore preferably, bet ween about
0.01 wt.% and about 0.1 wt. % water. | nsubstantial anobunts of water can
hydrol yze a portion of 35 the acid releasing polynmer to produce acid and
hydr oni um lons Wi thin the conposition. gskhe hydroniumions, WO
96/ 41526 _ : PCT/ US96/ 09178

14 however, dehr&t‘irfﬁ fd:rmata? t e elrder it masiimige uchidrine eliwxdlief r ee
water is present m n

preferred CONMpPosi |on %P%seg¥gégp#%e |ghg|§gﬁudess%PY%E%% out 10

. % and about 30the- thomcrre a%ecgwmllpg/rmqteenerpecthe m@w ic
aCI d ter pol yn%ntﬂﬁtﬁ&%?fboﬂ@%hiitignvls Oappricd ed adBuptade Wiksh the

5 hydrophilic material in the composition is an amine.

- After application, the compositioﬂ 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

10 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

15 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

20 in neat form 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 in 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 glassy matrix, the amine nitrogen will not be
mobile and the amine will not convert to iminium

30 chlorite. A glassy amine can be softened 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 plast1c12ers are

35 'well known in the polymer art.



bet ween about 10 w. % and between about 20 wt.%chlorite ani ons, and
bet ween about 10 w % and about 30 wt. % 10 pol yvi nyl pyrrol i done honopol yrer.

The conposition can al so include a conpatibilizer to conpatibilize the
acid rel easing pol ymer with the hydrophilic material and chlorite :
.anions Wg%}“fh& he conposition. A conpatibilizer is praHoisbbarsl> adde
when the acid releasing polynmer does not include a significant
hydrophilic oligomer portion to conpatibilize t he.pol yner to the :
remai nder of the conposition. . Preferred conpatibilizers include
pol yvi nyl pyrrol i done honopol yner, or st s copolyners with al kene

ol i goners. 20 Pol yvinylpyrrolidone is a preferred conpati bilizer and :
al so serves to increase Maxdimmcbhborie sioxigehraledde £rom @onposition. The

pol yvi nyl pyrr ol,| ; ' ) ; - ' d .
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bet ween about #B8°Rnd TElndyeychigrer i ynskabiepkefmainophiddgeen about
300- and  -abauta&k(fp.the chlorite anich.pl a8t haszbées alideovagded to the
conposi tion ' t:?&m& . (6] l¢cLzer 1S
preferably gnythrr%go‘?rﬂééri.c or Q%@éggﬁéf%%eggmge%%?;% %%g\%% % t he
pol yner art asSHPgrarkially.extepded ehen a EXepgpRsR, Sustnasi de, N net hyl
formam de, andmbtal alleetide,adstprésent and theohyapoplirid aatdeiacryl am de.:

 Formani de and NeELiwlad Uit ThRh el fBtsk o2 SHRULLHIOls am o2D® P eferred

I n applications mvg Vi gabtirran ont act . il 35t he pol yrer. am ne center is
‘sufficiently ngbkpEide grab %GH&?FO?F dihe; chiLazire| sumterigindgessary. A |
gl assy 10 shown below. _ : |

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

wheréin 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 iminium ion is immediately

15 decomposed into an o-amino éthe: and a more stable sodium
chlorite salt. If water 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 solvent. Add_ition' 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

25 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

30 nitrogen center of iminium chlorite. _ _
' The compositions of the preéent 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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15 . polyner can be softened to increase nobility by addi ng at | east
about 10 w.% preferably between about 10 and about 30 wt.% of a
pl-asticizer tq the polynmer to | ower glass transition te el ow
the reaction ‘B’ot’@ﬂﬁ%ﬂrature.:;-.a her am des that can.-be used ggéf-@&d&foﬁ?b

pl asticizers for the acid rel easing polyner of the I nvention include
H:err]NC(O (CH err]CH err]Oferr]CHerr]CH err]C(O NH err] MHmnnls

1 to 10, Herr]NC(O (CH[err]CH[err]O)[err]gi(

(OCH err]CH err])[err]C(ONH err])[err] wherein nis l1tob5 and n1|s 1
to 5, and N(CH[erabcéﬂﬁﬁwdéQ[ﬂﬁmhbcébﬁbéhékiﬁﬁi]éﬂE&NE&%hfLﬁﬁedﬁ ng 10
nis 1to 10 I,st yre scavenger, such as so un1su|fate

cal cium sul fate, QFFP%QPgﬁﬁe'3595“W? *zeolites, and cal ci um chl ori de
can be added to the corrpos|'rhe:)rucupositzpnewéruhq3r:iewmienh;zdndbqsi s of the

aci d rel easing 15f°£ﬂﬁy a adﬂé gEs Qﬂf$§5héghyﬂi bgmﬁgﬁdfg ﬁgga
conposition nDre Pé rqg I c and mcreait #i%qn 1 gdro yS| of the
aci d rel easi ng®po RRARSP3TERt, 1t POV Pn§LUATEFS e EFTSR% be
added to the of a low concentration of chlorine 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,
10 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
15 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
20 are hard inorganic materials. The particles can then be
packaged in a dry sealed container.

In 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 postlmixed with the chlorine
dioxide releasing powder to delay chlorine dioxide

30 release. _ .

In addition to formation of powdered
composites, the camposition of the present invention can
be formulated in solvents to allow for £ilm casting or
other applicatlon methods. The composition can be

35 applied as a fllm by using well known hot melt, dip coat,



conposition as needed. Such additives include 20 crosslinking agents,
flame retardants, enulsifiers and conpati bilizers. These additives nust
be hydrophilic and soluble within the conposition if the conposition is
to be optically transparent or translucent. . Preferred

am des for w8ee@@d he hydrophilic 25 material include ur aI/isosuveTs de,
acryl am de- | sopropyl acryl am de, copol yners of formam de and

acryl am de-i sopropyl acryl am de, and copol yners of acryl am de,

i sopropyl acryl am de or N, N-net hyl ene bi sacryl am de and a primary anlne
or a secondary anine. 30 Such am des capgbe useful vehicles for film ;
-casting prior to exposure to chlorine dioxide, which does not react
with pol ymeri zegstay celagGt contatid iagagnt daykeaes waiclvaxs coextxusgiami de.

Sui t abl e an1ne§nécyaﬂﬁgatggntﬁgb&gggégphlI|c 35 material include primary ;

ggnngeﬁg ;(raglcjggary am ne%hﬁ%r:]gWQE%tégt I ar 2 so%e Qlas\éldngnpenzqn?ft haydrogen

PCT/ US96/ 09178mltilayered composite 10 including a water- -soluble, '

5 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 mpisttxe regulating layer
14 on a substrate 16, and a moisture regulating 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 degreding in the presenceé of moisture.

This arrangement enables a chlerine dioxide atmpspheie to -

15 be provided over a period of days, weeks or months. The
moisture regulating layerl also control the rate of
moisture ingrels into the water-soluble layer to contrel
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(acryllc -ester acrylate) copolymers or
ionomers thereof such as sulfonated salts of _
poly (ethylene-propylene). Hydroxyethylmethacrylate,
methoxyethyimethacrylate, copolymers of at least ome

25 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 composltes of the present invention
are intended to malntain a desired rate of chlorine

30 dioxide release (moles/sec/cm® of f£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 sﬁrface

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



16 An anine substituted with el ectron dOnatihg groups that donat e

el ectrons to convert chlorine dioxide to.chlorite . is preferred. Electron
wi t hdraw ng groups concentrate el ectron density at such groups such that
it is dlffICU|t #g the chlorine dioxide to extract an elReigs9gesifsom t he
am ne. Tertla s havi ng non-hydrogen bondi ng pendant groups that
are dissolved in a hydrophilic sol vent are al so accept abl e.

Represent ative am nes i ncl ude: al kanol am nes; copol yners of

am noal kanes and 10 al kene bi‘'sacryl am des; gkkylan1nopyr|d|ne al kene

di am nes; aIkyIan1no cycloalkanes al kyl am no- car boxyam do al kanes
dissolved in a digd e3ei.NePhe chlvMinyd dib&iaerauh@eﬁﬁﬁﬂdﬂ*&eaehased

EbEa s Cott i et ey gl

(CH[err])[err]N(Gtﬁeurkppeie?kﬂgk{zatq)qnd:mpe rate of absorbance at a
Rierr] R err] N(CH &{ 8Okt Giiddsuring the leakage rate, the

Fﬁft%err]CH[err]Nﬂ%&&%ﬁﬁggrr]%gerriat 4 so that it coniaxns 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'appiication serial no. 08/461,304.
20 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
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 iqcludes 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. | .
35 'The intermediate layer C. can be composed of a
wide variety of mater;als since chlorine dioxide can



[err] 20 wherein: R substituents are,

I ndependently, -(CHerr]CHerr]OJ[err]H, WO 96/ 41526
PCT/ US96/ 09178 17

-C(CH err])[err](CHerr])[err]OH, -

(CH err eol err]CHerr]OJferr]H -CH(CHerr er rger err
,(al[kyl])g:ycloggyl_{ﬂ_{[ 1CHerr]Qerr] (CH err]) [ er rdcrisosmorfser 1]

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

5 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

10 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 -

15 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

20 (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

25 bacteria. The cycle time and peak concentrations. 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

30 (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

35 by an intermediate layer C capable of supporting varying
hydronium ion transport rates.



benzyl, acrylamide, or pyridyl; Rerr], Rerr], Rerr], and Rerr] are
al kyl; Rerr] is nmethyl or ethyl; mis 1-100; nis 2 or 3; x 5is 0, 1 or

2; yis lor 2; and zis 1, 2 or 3. Gbnerally, t he above conpounds can
be sol ubilized f or mam de, isopropylacrylanrde-acrylanh@? er
conventi onal pwgﬁfmﬁzﬁers Preferred am nes inc ﬁ%gw‘ﬁﬁ
monoet hanol am ne, 10 di et hanol ami ne, triethanol ani ne, a copol ynmer of 1, 3-
di.am nopropane or 1, 2-di am noet hane and N, N-net hyl ene bi sacryl am de,

4- di met hyl ami nopyri di ne, tetranethyl ene cﬁghylene'diam'ne, N

N- di met hyl am no cycl ohexane, sol.ubilize

NG B a0 2 e ot bt Ssscien o6 s maste,
fosmil o P or 1] NH SPrPred EEIE Han pescalouratedias Bravided) Tn fxmiple té
R[err]R[err]NH N@GHbepe#dlﬁngJS}ﬂqawenh appllcation serial no.

[err] 8/4f%$i [err] 20 solublllzed
gFgfr{LFgfr{L e;rl]CH[err] err]NCH[err]CH er éfﬁ nJ err
R[err]R[err]N(CH[dmw?p@ton]&télﬁﬁdﬂﬂbasn] The water-soluble compositions

N(CH[ err] CH err] NdobOhbH 5641 21 %iddt 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 incorpdrated as a component of
a material. The cam9051tions 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

15 composition that doesgnot 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

20 contamination and growth of molds on the surface,
deodorizes the surface, and inhibits infestation. Each
campcnent of the compos;tion 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 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

30 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

35 .graphlcs, the graphlcs remain clearly vigible. A
container or substrate can be protected with a coating of



[err] , or
[err] WD 96/ 41526

PCT/ US96/ 09178 18 wherein: Rerr] is

-CH[err]Ch[err]CCH[err]CH[err]CH -C(CH err])[err]CH err] OH,

[err] CH err]NHCH err] CH err] OH, CI-l(CI-l[err]P&m'sgd,o,l-,s

-CI—|[err]CI—|[egs$’ [err], or [err] ; Rlerr]
~and R err] are, |ndependently, n- propyl , |sopropyl, acrylam de, or

-CH err]CHerr]OH Rerr] and R err] are nethyl; 5 Rerr] is 4-pyridyl;

Rlerr] and Rlerr] are, independently, mejgyl, n- propyl or isopropylw

Rlerr] and Rl err] are, independently, :
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
5 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
10 soap, laundry detergent, stored paper documents, '
- clothing, paint, seeds, footwear, and packaging therefor :
can also be protected'fromfmold growth, mildew, fungus
and algae. Medical instruments, devices and supplies,,
disposable or nondisposable personal care products, 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, videc tapes, audio tapes, audio
components,'cameras,'phctographic 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 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

'35 typically used in shipment and storage of electronic and

photographic equipment.



nethyl, ethyl, n-propyl or isopropyl; mis an integer from1l to 100;
and nis 2 or 3. Suitable diluents i'ncl ude formam de or )
acryl am de-i sopropyl acrylam de. 10 A igoneric or polyneric secondary

am nes conver&gﬁwb? acrylam de substituted tertiary am rpexnsyendsimhael
reaction with i des are al so suitable because the .-am de' group
does not react with the acid rel easing agent. Pol yhydri c
conpounds, inc| uding glycerol 15 sorbitol, polyvi.nyl alcohol, and

pol yhydric al cohols, can “be used as thgdeFOphl|lC materi al . However ,
chl orine diogide rel ease can occur nore rapidly when a hydroxylic
ceonpound is incorporated iThéfucmpbﬁneibhsomtéthb(invehtibn are the

applications for _s 0 ] [
Syst ers. eBBE0L S0P WlseaBid 8r SBbIIGNA 16 88, thB¥Eperaciges! no
prepared by nixi A§ transpakenhiqn transiucent Etr@ﬂ%-t eThe compesitipns:; g
rel easi ng -pol ynmelgadngd1 86 19¢ Gitited &nVaNburfacéd cof & Brandpikent daving a

particle size of not fore t ha about re i's
substanti al | y % r &8 S?n\'?va? ?té:r‘?& B%%‘Qg& %e]’fb?as#? acﬁ}[§§| ﬁiéf T oxi de
upon hydrolysadnbalnﬁngaﬁhaiWaﬁee&brnggbblquﬁ%ity of the substragp. 5cid
rel easi ng pol yners ghar 86BhELtbrd s coameal Bftana ki plastieaEbodyl i c acid

o " esterif i cAoRbAtReTy St ‘SR m”‘ax%§%€#}%e“°ea§%€s%ﬁg@gg‘§°9&ese“ce o
groups. The copeiighén thedcentainet bnfaweopgemhasing the food. The

10 biocidal solution protects the food f£rom microbial .
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

‘15 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

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, pcrtable water filters for treating water
during camping, boating, trips or emergencies, waste
containers or bags for medical or bichazardous waste.

30 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

35 1like. Clear biodegradable and noﬂ-degrading sutures for
use in humans and animals can be treated to prevent_
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219 sol vent and neutralized to esterify the acid end groups to form
the acid rel easing polyner. A preferred acid rel easing terpolymer is
formed by mxing a pol yvi nyl pyrrol i done oligomer, |actic acid, egcoI|C'

acid 5 aanNgMﬁngo forma m xture, heating the n1xtureydhm$@mwm
presence of an esterification catalyst to forma

pol yvi nyl pyrrolidone-lactic acid-glycolic acid terpolyner havi ng aC|d
end groups,. dissolving the terpolynmer in an organi ¢ sol vent, and
neutralizing the terpolymer to 10 estergiy acid end groups of t he | .
‘terpolynmer to formthe -acid-rel easing pol yner.  The preparation of this

terpolymer is Hefemtiloadat Nt asdtee of. use, maintain stBrdlesyeof fimati on :
catalyst 1S PrElHA YuringSELERIGY] WbATbNGOE LS UE)] §{1%£59e£ffd}t0| uene

sul fonic 15 acid, stron t!orotlc acl at nmeke

an aqueous sol'#% @® ﬁ&v?ﬁﬁe‘a'niﬁi‘fﬁ)t QY PESRBY _ﬂgﬁleﬁe oxide,. and gammg
organi c solvenirradiamubableclesrrnsqeamhngugh" hdnﬂagompobaﬁdcﬂﬁdsﬂsnﬂhe

invention ig s&%%%ydf’ ES§§£% ggggalsgug eﬂ%éee o %ﬂ} ypke in the organlo

sol vent and th ent tanti a mater The organic
‘solvent is prefe aYeﬁEf’hsﬂ'BP%*rteét ReRerL %cﬁ-‘?@’em‘}?t reduce

microbial contamination and infection..
~ The compositions of the invention are also |
especially suited'for providing a clear, invisible '
10 coating on products such as forniture 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 microbiel contamination,
15 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,
20 plastic, foamed or'polYmeric-multilaminate containers,
~ uclam-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 !
25 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 hambnrger
30 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'pro&uce, or an'absorbent laYerxfor use
in diapers. Such mats or sheets are typically made from
35 paper, cellulosic, polymeric,'woven fabric Oor nonwoven
materials.



preferably nethanol. A preferred sol-ution includes between
about 10 wt. % and about 30 wt.% of a pol yvinyl pyrrolidone-lactic 25
acid-glycolic acid terpolyner, bet ween about 10 w. % and about 30 w.%

urea, between %9&}“&}0 . % ahd between about 30 ‘Wt . % chl gfrASoe@i78NS,
bet ween about and about 30 wt. % pol yvi nyl pyrrol i done

honopol yner, and bet ween about 30 wt.% and about 60 wt. % net hanol. The
30 nethanol in the solution evaporates when the solution is cast as a
filmor fornmed into sone other end product. Chl ori ne di oxi de

Is rel eased, for exanple, from this prePerred conposi tion by exposing
the conposition to nDi Shidkea Eé%wiédwrﬁdw%ohiéestéh@oﬁiﬂzd el easi ng

30 copy ROLYIET L R RO P BELER0E Ol U0, robRhdfae ' ¢
PCT/ US96/ 09178  fungi during storage and to prot@@t agaiaetimyeatiie and
glycolic acid reagkowth il the! 8eb@'{% 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 has 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 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
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 provided for planting or for human
consumption after they have been coated. An optically
20 transparent composition of the inrenticn_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 campositicn into the atmbsphere surrounding the

30 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

35 can be applied between the cloth covering and foam pad of
the shoe insert, impregnated within the foamed pad, or



hydr oni um i ons. The hydroniumions react wwth a chlorite salt to form.

chlorine dioxide and netal salts of lactic or glycolic acid. The
hydrolysis is illustrated bel ow [err] [err]
X HOPVNP-CH err]COH + y HOCHerr]CGOH + z HOCH C OH _
err | [err] Aderr] +  pcrusssnsrs
R{erl]O[errT@fﬁfﬁ?ﬁ]CH + Merr]O[err]CCHOH 5
“[err] The rate of chlorine dioxide release froma
conposition can be controll ed when preparing the conposi tion by

changing the viscosity of the conp05|t|og3

1mpregnated or coated on a shoe counter ‘oY upper: 11n1ng.
Chlorine dioxide_Senergted ﬁrom moisture within the shoe
diffuses from the cchosite into.the atmosphere to kill
fungns and deodorize the shoe. The powder can be blended
5 with conventional ingredlents 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 pcwders 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 formulated in microcapsules
that break after being stepped on and are'then activated
by moisture. Such microcapsnles_can be impregnated in
floor, shower or bath mats or cam be used in carpet
deodorization. The powders can also be packaged in a.

20 sachet and placed in marine env;ronments, 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
providlng self sterilizing packaglng, which is

25 particularly useful in the medical industry. The
composition can be coated onto tubing, connectors,
fitments or other components . Fitmentc for in-dwelling
catheters, needles, peritoneal dlalysis, percutaneous
devices, percutaneous access, intravenous bags, colostomy

30 bags and other medical devices can also be treated in
accordance with this method to sterilize the devices and
to prevent insertion site infections, sinus track
-infections, and the 1ike.'_Additi0na11y, closures on a
package can be so treated to provide self sterilizing

35 packaging for medical devices, instrnmentsdand_supplies.



changi ng the concentration 6f'acid el easi ng polyner in 10 the

conposi tion, changing the crystallinity of ‘the conponents in the
conposi tion, and by addi ng a desi ccant or hunectant to the conposition
to control rel‘gﬁg@u?& "~ chlorine dioxide fromthe conposi t POTIOSHOKITEL | S
exposed to sture. The rate of chlorine dioxide release can be 15
controlled during use by changing the tenperature or noi sture cont ent
of the conposition. s The conpositions of: the present invention
t hat contain an anmine can formimniumaeghlorite rather than

di ssolved chlorite anions. Imniumchlorite is formed WO 96/ 41526
PCT/ US96/ 09178 The composition of the pr@gent inmwantiidne wasi ne

Do | o ccbAiedtd b M Chall e oo By MiceRBE ue ek o oSl
el ectron from t heHowevax.ndt Waenpal eFPested &R P&HFEé?t%a?iQﬁP_‘H%d%fef
chlorite.5 count epatty ( C1€ &as] beedh@iseovened chatochliorine ydimrde t s
5 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
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 formed into patties that are
geparated by sheets of coated paper.that prevent adhesion
15 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
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. ‘

EXAMPLE 1

25 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

30 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
35 two ml of 30% hydrogen peroxide was added to oxidize any



to an imniumcation by loss of a proton from an adj acent carbon atom -
and oxi dation by another chlorine dioxide nmol ecul e. The nechani sm for,
above reaction in an agueous systemis described by Rosenbatt et al.

J. Og. Chem, 10 28, 2790 (1963); J. Aner. Chem Soc. 89(5), 1158, 1163

(1967) . 96/41 Hi gh chlorine dioxide to chlorite cpfmedssionns are
obtained if tohe csﬁfori te anion and/or imniumcation that is generated

by the initial electron transfer from15 the amine is rapidly conplexed .

and stabilized by a hydrophilic nolecule. In some fornul ations, ;
unconpl exed chlorite anion may be degketed by subsequent reactions |
with the i mniumcounterion at tenperatures above about 60 [err]C '|
Chlorites ar e aémnaﬂbjaadehydedgsmpq)md lcamhbxplu.&(hcid\tgroubborl de and

chl orate. 1 %’81%11% %ghﬁﬁ@;d IJe# a_nd thé’a?o'iﬂ&d tr eacté

nor e rapldlyvvl hiorine a nore ef Ive proton
si nk, mai n8x f'?f? t80e *GasfcChrt e rfie&"?-lﬁ’l’?:ﬂr%@ stability.
25 - Gm.@cumene tirgnineeed sby diyelroxylf and) carboiyh grouphlw.ste when :

moi sture cogt agksod: &orrpmgl +588tion iﬂ?g?ﬂ/%ée@fgéﬂﬁaam d rel easing

pol ymer provi des ydroni um cati ons err react with
imniumchlorite to rel ease chlorine dioxjde gas. The deconposition 30

products of the redbE are ni,um 8 6!“1 rsii1C80ind Horganl c
th M ned WINt hi la the cq;rpo tion.

carboxyl ates. These prig
It has been found that, ¥ serpH nstances[ 5! i m ni um chforT¥e may :
deconpose if the conpe ion.is 35 expos t enper at ur ceedi ng about
.60 [err]C, reducing the available chlorite concentration for conversion
to 1

: l'Vacuum dry at ED'C-

I
HO-—PVNP—-CHECOH

wherein PVNP represents polyvinylpyrrolidone, which has
the formula:

CH,p- CH

o

10 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
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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22 chlorine dioxide. In order to nmaxi m ze chlorine di oxi de rel ease
fromthe conposite, it has been discovered that the chlorite source can
be omtted fron1the onposi tion until the conposition is pppikasein 2
surface when t¥ drophilic material in the conposition Is an am ne.

Af ter applicatlon the conposition is exposed to chlorine di oxi de gas
that either reacts with the amne to form imniumchlorite in situ or

di ssolves in the amineto  provide chloritg anions. The conposition is
then 10 activated in the presence of noisture to release chlorine

dioxi de. The conpaeid erkPydpdlPeaedeé gowm disb6Ived ainreatge ng

processi ng, storag and plicati ?F g g g@&é mat eri a
does not contain %P %ﬁ%ﬁ&?gtgngr %ﬁ%%? o € A%%al coul d
deconpose at 15 sm;henaqjereeluurebe Enbdmmarmcpnebauqebelpx@mﬁ wikh
rel ease of chloriggedk® it t BRacerasd t-OR Chirathae than dimicigocan be
provi ded on S|te bx passi ng.t he
d 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 terpolymer is
shown below:

i o i
x HO—PVNP—CH,COH + y HOCH,C—OH + 2 HOCH—C—OH

] Toluene sulfonic acid
-H,0 '

?Ha 0

g
Ho& pVNP-—cH.‘,c—o%cazc-—o% b ot

y

l Methano|
CH3 0

)
HO{-PVNP—CHz'cl—o—a-an-izc—o%CH-—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



conposition through a chlorine di oxi de generator. I n order
for an amne to formimniumchlorite 20 in neat formor in the presence of

a plasticizer, the am ne nust be sufficiently.electron rich and the

am ne nitrogen nust be locally nmobile. Electron w thdraw ng groups -
shoul d be sgﬁggﬁé g fromthe am'ne center by at | east pbpasdtRbiy! €ne
groups in or or the chlorine 25 dioxide to extract an electron fromthe
am ne. Movenent of the bonds about the nitrogen center of the amine is *
required for,aminiumformation. If the amne is frozen into a glassy -

matrix, the anmine nitrogen will not be 3, nobile and the anine will not |
convert to imnium30 chlorite. A glassy am ne can be softened to increasg
‘mobility by addmﬁgrghthrmﬁﬁedﬂrmum ﬁﬁtnanamxﬁ utea analast|0|zer such as a

| ow nol ecul ar 9@, e ass . transition

tenperature be\leg?JI Ft'in9 reagosag (?e eratu go(leﬁglé’ gh? fta pI asti ci zers
are 35 wel | kn&f fiﬁ PiEtyEs \Repraiped 51 wt.¥ PVNG- BBEA 1texpolymer, 34
PCT/ US96/ 09178 wt . & polyv1ny1pyrro;idone_homppolymer, 9 wt.% urea and 6

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

nxm:.s 4
A solution of the PLGA copolymer in chloroform . |
10 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
15 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

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 modificatioms, |
equivalents and alternatives falling within the spirit
and scope of the invention as defined by the appended

25 claims.
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Maxi mum chl ori ne di.oxi ase froma conposi tion

can be achi eved by stabili zi ”ﬂ’"ﬂﬂﬂm anion. Imniumchlorite is
unstabl e to nucl eophilic ﬂ MI orite anion. It has been
e

di scovered 5 that the roomfe ertat Mresl i

time of chlori tgearEegnrs

subst ant i al | yWO6MHF8d when a strong base, such as.a netal al koxi de,
present in the hydrophilic materi al containing the imniumchlorite.

The mechani sm of
10 shown bel ow.

al koxi de- stabilization of the ehlorite counterion |s

"ON[ err] [
+ ddgerr] [err] R[errT?\l-CR[err] OR" + Nad err]

i's

Rlerr] N=CRl err]]

‘M“ffe't ndR[ err] a&g R &I EbmBb: §119I&L'F!§::t fi@ta&aiﬁgmfﬁn heuagall and t he f
sel ected anine and R nce o
wat er, the imni %r%ncpgt?ﬂﬁ%’;/’aqlbl egﬁﬁﬂ%g%ompﬁié Q‘ﬁ FS 4 igm no

et her and a nor e rtishlséngogolymer, a:mmcpbiiabtmam#i&htén‘i f‘rhépé‘éﬁﬁt
during the oxidatjARng, eQEht Sridrita o %ﬁh%cm_?@si@f&rﬁbia@nh@r &l - am no

al cohol is forme hat . ca tack the . chlo
chlorite ani orP h&® eP?‘ﬁEt?ge‘F ﬁ'bo't‘ﬁa{ldgn) Lgh&% and
sol vent. Additi cnhe)fcambsd.t:hbnebe-’mg \anhmntialbf free Of Gﬁtteéf P§ﬁ i s not

as del eterious.
stabi | i zi ng

pot assi um or cal c‘?

| al koxi des such as sodi um

Gap pable of relé&&ﬂ?e aénﬂé]i%;&fnéoﬂﬁloﬂféé&;ﬁoﬁ Hy@rolysis of

as Na[err], trialxyl aMyppdEiedohSEGF 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,
each component of the composition having a particlé size
of not more than about 1,000 angstroms, and the '
composition being substantiaily 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 where:.n 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 composition of claim 2 or 6 where:.n the am:.de is
urea or an ol:.gomerlc amide.

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

i

chl
&W&%h %tm propoxi des or 25 butoxi des,

netal oxi des such as al um num OXI de, or SOdI um oxi de, nmetal ions such



al koxi des, ammoni um sa etates such as sodi um

acetate, substituted ac mat eri al s t hat woul d generate a
strong basic reaction t ﬁ u&guﬂ , u nitrogen center of imnium ;

chlorite. .of the present invention can

be formul at%é%%rl ous vvays to accorrrmdate a wi de rangepcrusssfos@gd use .
appl i cations. e conposition can be . fornul ated as an extrudate, such
-as a filmor pellets, or WD 96/ 41526 :
PCT/ US96/ 09178 ' 24 as a powder u3|ng
conventional extrusion and spray drylng 39 met hods, respectively.

The conposition of the invention.can be - fornulated as a ‘powder. Althou¢h

the powder is ot The opingR¥itiohr 60SERIRNS, wherBiaViles a slow rate of

rel ease e red to
chlorite part|gPe2¥&é¥§é¥¥¥°qﬂ§bgg R%?ophggbggng%gfé T é§§ éﬁg%%repare the
powder , anhydrﬁeéYﬂﬁfiﬁ%ﬂ%ﬁ?'&FebPEHe¢¥nﬁ?qyt 1 P?Gl%PQHﬁjlﬂb&ooA sol ution of
‘the-acid reIeaS|ng pol ymer,

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

5 isopropylacrylamide-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 cdnsiéting of alkali mgtai
chlorites, alkaline'éarth 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 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 comp051tion of claim 2 or 15 wherein each of the
lactic acid, glycolic acid and polyv1ny1pyrrolidone

This Sheet Has Been Reﬂlac
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10 the hydrophilic material and chlorite S in an or gani ¢ sol vent

as descri bed above is aeros I ' imy PessSi Nng the material through small
di aneter nozzles into t A ”mlmﬁ fluidized bed where it can

I mpi nge upon the fluidized anttydPous particles. ‘Upon conicaniseddmiyd t h
the fluidized 'i’l‘es, t he chl orine di oxi de rel easi ng powder is
fornmed as the solution solidifies to forman acid rel easing core having
a |l ayer of anhydrous particles enbedded in the.aouter surface thereof.
Aggregation is mininzed becduse the anhydrgus particles 20 are hard

I norganic materials. The particles can then be packaged in a dry seal ed
cont ai ner . portions &f i HopolyRerchreréxubly tuisda nakbesianerage

powder, the anhydrous pagticl es del rel e of . % n de t hat
i's catal yzed by ﬁﬁ@ﬁh%fi?? 3.¥‘°§5°§$?%‘g4%§ 5 4,2 age o
I ncl ude anhydmsous,90dL um sul fate, calciumsul fate, magnesi um sul fate,

and a noi sture depleted silica gel. Additional anhydrous particles
can al so be post-m xed with the chlorine OXi

[ rel easi powder to
del ay chlorine didxi dEPSO°THEP on of claim g °:|]gaeé'(§‘tﬁrte_|g ngﬁ?) f or mati on
of powder ed coppiyineeshas Heher Fippowilaion of the present invention can
be formulated in solvents to allow for film casting or ot her

application nethods. The conposition cﬁan be 35 ﬁipp| [ edl-.rgs ﬁa filmby using
wel | known hot nelt, dip cqlgge_.pv!\",___c“zc_o )xécﬂzc__o )yéw.__cezon

wherein PVNP has the formula:

CH,-CH

|
:N\c,/E)
5 n.,
and R is a lowe_r'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.

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 period of at least six months.

21. A terpolymer having the fbtmula: "

/.

e

"M
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25 spray coat, curtain coat, dry wax, wet wax, coextrusion and

| am nati on processes. ositions can al so be used in
forming a  multilayered um ll Hmml uding a water-soluble, 5
optically tm@nt or Ar anst uctentw | aye¥ 12 conprisi ng pcr®esing _
rel easi ng polynmer, chlorite anions, and a hydrophilic material as shown
in FIG 1. The water- soluble layer 12 is cast onto a noisture :
‘regul ating layer 14 on a substrate 16, and a noisture regulating |ayer
18 10 is then cast onto the water-sol ublgg |ayer 12. The noi sture

regul ating |l ayers 14 and 18 are . water-insol.uble, ~ water - per meabl e fllnsj
that prevent the water-soluble Iayer 12 foon1degcmynng i.n the presence .

of noi sture. Thi s arrangavancq bea;ak nge : ge at nosphere to.
S or nt hs. ;

15 be provided over a perrod of days zThe noi sture
regul ating |l ayers also control the rate of noi sture ingress into the
wat er - sol ubl e wWhexein PWBEhhasl the £ddmmliane di oxi de rel ease fromthe
multilayered conposite when activated by noisture. Suitable

wat er -i nsol ubl e, 20 wat er - per neabl H#ﬂﬁ be conposed of poly(ethylene-
propyl ene) or poly(acrylic-ester ac yIa _6 pol yners or

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 - _ - i
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
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i ononmers thereof such as s

ed sal't s -of

pol y( et hyl ene- propyl ene) .

Hydr oxyet hyl net hacryl at e, met hoxyet hyl net Crylate copol yners of at

| east one 25 hydrophi lic cf’lﬁme east one” hydr ophobi c
conmponent, SNQPQ vvat er - ”m 'per neabl e f i beFussslod17E NOWN
in the art ar ) $.i t abl e S » The | ayered conposites of the
present invention are intended to nmaintain a desired rate of chlorine
30 dioxide release (nmoles/sec/cnferr] of film in the presence of

at nospheric noisture at a surface for a lengh of tine required for

chl orine dioxide to absorb onto the surface and kill bacteria or other

nt cr obi ol ogi cal
exposed surface
surface because
PCT/ US96/ 09178

eachagompdrient of tHeweuyerslanngafpamtac&ensiZQemfor

r"g g Ip o [ Qﬁmﬁgn trations at the
ggt Iori ne dIOXI&é&dPPPU§$ nintd t WD 96/ 41526
at least three water-insolublqy;waterapﬁﬁgﬁﬁg}% The

chlorine dioxi deb&?ﬂﬁéﬁtiﬁéﬁl telcontedl théraittditidn b Wates ehosion tine
period can be cali¥ ated

15

10

fusion 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
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
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;

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

neutralizing the :erpolymer to esterify acid end
groups of the terpolymef to form the acid releasing
polymer. K

26. The process of claim 24 further 1nc1uding the step
of preparing the acid relealing polymer by mixing a
polyvinylpyrrolidone oligomer, lactic acid, glycolic acid
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gi ven the | eakage rate of absorbance at a surface. Thus
after measurlngthelem M‘, corrp03|te|sforrmlated so that it
contains a large notighe res .. chlorite reacting at a speed S
sufficient to conpensate for the | eakage rate for the desired tinme

period of syslhagkmsd rel ease. '- : Therefore, desipmnsbe@rmhl orine
diroxi de 10 releasing conposite suitable for controlled rel ease and

bi ocidal action within a container nust take into account sever al
aspects, nanely, the chlorine dioxide production rate fromthe

~controlled release film the partitioning of chlorine dioxide between i
the phases within the 15 contai-ner (e.g. gas, liquid and solid phases) inia
reversi bl e (alamdr hadérprheaunmgethebhhdﬁumdtnedthefpsésmce of aand t he '

| eakage ratg %fsteﬁftemc;ﬁwca%a&gatn% 2457 0Boryvih gepgRoSi te is.

described in Exan'g g U r% | cat 1on serial no.
08/ 461, 304. 2@actic ac fa’ -AYGoIie, pg e‘%‘f’&?ﬂiéfale ePaYing Ackd@nd t he :
pr esent i nventgronpspndisaaciyimge thel terpel ynexedwnoan byganic aulvenbg a series

of peri odic PusiefehErePRAfhg kiBdcbBoolymd0ihe ekt ygpected tines

“of bacterial, vira coht am nation or  t I.C I ncubati on ;
time for 25 tgl’FQuBFo?%g’?l&%tlt %im“@?e"s? forp, the aciq, E%‘s%/{ﬁf-”@an be s
optim zed X® mpeilymern the desired kill c_oncent ration for the requisite
time at the atnospheric chlorine dioxide Ieakage rat es inposed by the;
. specific appli at| pi c ntr d rel ease i
mul til ayered ﬁﬁ%sﬁ”f%c?q’?cpﬁdgéaMt%g %bf"geFﬁ %\ that are each |
fornmed from aets&nplbﬁmammfcatthéyshvmtpmlu'éhe Bu;lémsic acidupi cal |y have a
t hi ckness of about 5 m |, and are separated from each other by a =

‘vater-swel | ablz% The process of claim 25 or 26 wherein the organic .

solvent is selected from the group consisting of methanol .
and ethanol.

29. The proees_e of claim 24 further inelud'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 diexide £rom the e.
compoitien. N : |

31. The prbce’ss of claim 29 wherein the contposition 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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|Pterned|at§ | ayer C. 3? \\\*‘““*Tﬁé‘rﬁ%eLaedlate Iayer C can be conposed
of a W de variety o Mﬂ chl ori ne di oxi de can
96/ 41526 ”BI[ ”ﬁ, l‘n@ﬂ L PCT/ US96/ 09178

b|

27 di ffus 8%%’?45@/ vel | i n°both ¢ and hydr ogenperusssnven
matrices. Suc ally transparent or transl ucent material s include

copol ynmers of at |east one hydr ophi i ¢ nononmer or oligonmer and at | east
one 5 hydrophobi ¢ nonomer or oligoner, polyiononers such as pr ot onat ed
and neutralized, sulfonatedy:or phosphoryl aygd ol'i go-. or pol y-al kenes
such as pol yet hyl ene, pol ypr opyl ene, al kyl acryl at es,

hydr oxyet hyl met hasz.v' m rocasﬁhaﬂy@latm 29t hergint £t arshsmranqam:easo X

t hereof. Lipid 1 tit I I p S

phosphosi | i cat es & SlFﬁ%?g%ﬁ 3933%4%7%F§é%§q%6°§§§§3995ﬁ tégl gomer s
can be used but vimi anperiodnofinstpimenths, transparent conposite.

Fi nely divided anhydrous salts or

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, E

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: _
treatihg 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.

-
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desiccants may be added to any of the Tayers to retard 15 the reaction to

chlorine dioxide that is ter It has been,
di scovered t hat construct ﬂ" MI I,“"""nﬁayered conposite wherein the -
arrangenent of th | ayers ¢n t her cenpesite is defined by the formula - °

'C(ACA)[err]‘Qoggﬂgy\herel n n represents the desired nunber rfryseémems)

provi des periodic pul sed rel ease of high concentrations of chlorine

di oxi de over several weeks or nonths. Such pul sed rel ease can be
coordi nated to the grow h, i ncubation and contam nation of viruses, :
mol ds, fungi- and 25 bacteria. The cycledinme and peak concentrations of i
chl orine di oxide would be controlled by the |ayer . t hi ckness, chlorite!
and aci d rel essi.ngapmeyhed dbamitayding baackitizd ,WEuagaipdandriicrafer neat i on

character i st Goibminac} &Y S éx%@thof PHbRE gflegseegEo e s each | ayer

-30 (ACA)[err] |s success enetr % ter vapor hydr oni um:
i ons. materia ?é*%%gﬁéz g cHQ MateTdAdx cOBPFIEANG A y from
about one day to oea:poaimglta M faapsof an mxtearialeeda compasitiom | t hick A

and C fil msg by13epanak attf@le%aea&ﬁiarﬁée bt B0 gl BRE! Meedd @ C

capabl e of supporting varyin niumion transport rates
P lﬁ%zstur eadh é%mponenx 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
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
deodorlzlng the material comprlszng. :
incorporating an optically transparent composition
5 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
10 wviral 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
5 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
10 or supplies. '
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VO 96/ 41526 — _ PCT/US96/09178
28 The pul sed hﬁ'ease capabilities of a multiple | ayer ed

filmcan be calculated as p "ﬂm,e 16 -of copending U.S.
pat ent appl i cg{# r| al n ’ AppaTeEses/onss f or
S

t he conpositi |nvent|on "ar& ntimerous. The water-soluble
conposi tions can be used in nost any environment where exposure to
npi sture will occur so long as the conpositions are protected from
degradation by a water-insokuble, water- 1Qg ernmeablieé material or are
i ncorporated as a conponent of a material. Thé conpositions can be used
to prevent the 429r ophe ma‘tnml 9F, ciabgi 38 vizoues saandhbeeisrtiee on t he

surface of a mater t nhi bi t i nfestation by
treating a surfasms:'atq: gtér §§5&§?}ﬁ @ﬁi@é 3?%%&“% t hat does not

rel ease chlorine dioxide in the absence of noisture, and exposing the
treated surface 49, Tﬁ@lnféﬂﬂoa be ezaﬁassas £chioigmeodivBsirden f t1an t he
conposition into t her e su ng the surface. The rel ease
of chlorine di oxPEEP? a@t?FFg?g éﬁ# and viral 20 contami nation
and growt h of nolds on the surf ace, " deodori zes the surface, and

i nhi bi ]ES ' ?f est ajghon. '{'fél%t&odt %m&g%tsg{ jdoratpeberefh tRe a part}cl e
size of no mor e t han ahou n ro S ace
can be treated wCPIPSE °8H'Pfé°8§ ?ﬁe“b aécsléintrelﬁ\a/‘gn?go%o%' d

convent i onal coahyéygephilic materlal, 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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extrusion, lam nation and inpregnation nethods well known in theart..-
The treated surface is generally a portion . of -a container, a part of a -
substrate placed within a cont ai-ner,. or a packagrng fllntor ot her ‘type

of 30 packagi ng. Wen an optically transparent conposition of =~ ~the . '
invention has b¥@%415}f i ed to a substrate, the = substrate REH¥HEMIZEN
.clearly be seen through the film formed on the surface.  |If the -
conposition, - for exanple, i's coated onto a containerboard box prlnted

with 35 graphics, the graphics remain clearly visible. A - - container or :
substrate can be protected with a coating of WD 96/ 41526 ' o
PCT/ US96/ 09178 - - 1LY t he bi oci dal

conposi tion although the conposrtron ii's ~ transparent and virtually

unnoti ceabl e to a consuner. The bi-oci dal'. at npspher e generated
within the - container or other packaging can be used in storrng food 5
products including-blueberries, raspberrles :

FIG.1
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and] of her neats, enhanced foods, pet foods, d grains,
or jrokt gy 7 ubj ect to bacterial contam r OV .
Bar| 1 soap, |aundyy} detergent, stored paper docunents, = . clothlng,

pai pit b= ; , and packagi ng t heref or can also be protected
from nol d growt h, mldew, fungus and af$ae. |\/de ﬂllllmﬂ“mmnlmm
dev a g égg' . di sposabl e or nondi sposabl e

products, and ¥: can be sterilized to prevent mi ¢robial
contanination.l.N@dAcabmpbsbtbgncﬁbrorebaﬂaangrHaUSenaaﬂe fungal kosdital s,
| abor at ori es, | i.nl o] z crohial s
wthin the wastbial BpEant e 2ha et mora*bbuth” Eonbating BLARRL g
refuse can 20 ralsasbegnpolymerd ahbndrhppléng vohexindd withiohlerite
treated consaigfons each com ?onQ‘LECBEOEh@ BbmBBeL PYBAPRLG sEguiPTENt and

supplies, such as VCRs, v apes, audi o tapes, audio nponent s,
caneras, phot o@?ﬁ%h%efﬂﬁ? feér@% Tergeshansabpuhisés 0ROt ﬁPHSﬁeramtsm and

equi pnent andtHEdbﬁxﬂﬂ)ogi)ﬂiéﬂr_EeQﬂQ subseahe&a!mgh cebecyi pERRl, RN al SO

be treated with the 05|t|on to.the co ltion.to
prevent grSﬁPab%? ﬂ%lﬂ ﬁﬁfﬁﬁﬂgcﬁéﬁ gea a°§F8§euP?H”%¥aaﬂkxﬂls of
conposi tion caﬂhéeacndorebeasEﬂgipbmymepolyner nelt used 30 to nake a

| is Shee e 701203-3
strﬁ@&xﬁﬁﬂ'ﬁm&mﬁﬂ r produce ground beef pattrlSSh tHaSBeenRiﬁ%d qu| eipOS
r

portion of the equi pnent and supplies, such as t he video tape cartridge
or equi pnent housing. The cartridge or housing can also include a film
of the conpesi t Aorompbet eilonofoherehasding baectevfial, THungal @nski dal

conposi tion Ca@lfgpléaﬁtﬁlhihﬁé‘lﬁﬁl aB8CKS1 35grbitPhCabnprisead Brd ARl and
storage of electronic an ot ographi ¢ equi pne

chlorite anions, and an acid relea31ng terpolymer formed

from polyv1nylpyrr011done, lactic acid and glycolic acid,

5 each component of the composition having a particle size

of not more than about 1,000 angstroms, and the

composition being substantlally 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 wherein the
composition is a film.

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

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

: o —— .D-REPQAQENEEHTSHEETS SG
REPLACED SHEETS  SG mp?on paged ;o paged .-
- S
[ Description : paged ..==... to paged ..7w.... O Drawing(s) : I;P:g:g ..... ttg p:geg ié
[ Claim(s)  :paged _3_2 to paged . %6.. O Abstract : paged — 1o paged .7
[3 Drawing(s) : paged....... to paged ..7.... paged .7
_ D-Abstr_act.'. : paged .7... to paged "' DATE OF RECEIPT 29 / f / 47




w0 of EHBRGEVENT SHEET W

30 i cpnpositions of the |nvent|on al

sui t b,e r cajipn to or incorporation mmﬂut

tran |yceH?J$@§§@? he conpositions can also be coa L rface

of a; tkaa&paLanL_QL_B translucent substrate to provide b|00|dal action
nalntalnlng the "see-through" qualdty of the substrate. If the

70Tt a clear plastic food: contai ner, for exanple, a

consumer can see tTE (GEPOSIEFeMmiof (P2 HBN( AFReFebRf BRe FAFERSILAGT he

food. The 10 hirflids 550108y DwEes1 Bdéhe. f ood from m crobial -

contam nation while allow ng consuners to inspect the food w t hout

openi ng the container. The solution, therefore, allows visual

i nspection of % neiley icimpdeiteion of etbasmng wiheoeimetbeoxi de to sterilize,

deodori ze, orF%ﬁ r oTuskiofelai o] nf.@st ati on.
When the conp 51t 0 é?ggif %E%#%ﬁéi%ﬁ%l%ar su%Plgg%Pgéé g ﬁ%géeé% t he wound
is sterlI|zedHﬂﬂxmﬂikﬁﬂﬁquupﬁnbﬁ@ﬁﬁﬁn about 1 and about 10,

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

5 isopropylacrylamide-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 metal
chlorites, alkaline earth metal chlorites, and chlorite

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

=12, 12. The composition of claim 1 or 2 wherein the acid
releasing polymer has a number average degree of
polymerization of between about 10 and about 10,000.

Zliy  13. The composition of claim 12 wherein the acdid
releasing polymer is a copolymer formed from '
polyvinylpyrrolidone, polyvinyl alcohol, polyanhydride,
or polyacrylamide and at least one oO-~hydroxy acid.

=\ 14. The combbsition of claim 13 wherein the copolymer is
formed from polyvinylpyrrolidone, lactic acid and
glycolic acid.

=6 15. The composition of claim 2 or 14 wherein each of the
lactic acid, glycolic acid and polyvinylpyrrolidone
portions of the copolymer preferably has a number average

—_—
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he bandage and 20 exposing t W

eV ng proauces,

conposition to preserve

st or age,

f ood wr appi ngs, containers faor food
f oodlegaEea Gitn O LyBaraas 1R S fgtmsen Tag?m’ttr e"ata}fﬁg ALY
during cangi ng, olp@ating, trips or emnergencies, waste
for medi cal or biohazardous waste.

he bandage, allowi ng for frEZBEEFraﬁ*of~$he\\

! Transparent or transluce li’lﬂﬂlﬂcan
-fconposi tions of the invention include u " r

¥sshel | " containers, clear packagi ng films such
. disposable 25 é&&8ting utensils, plates and cups,

and

cont ai ners or bags
30 Packaging can be treated with the
food products having a long-termshelf life,

such as " flise s h'rhesh eloinpetsaltl iorp rodfc edseioh foads e ptheateiorhe
tenperat ur@ ingluding soft taortidl cakes or other baked goods,
energy bars, 5§ﬁ5§¥“%ﬁé%ﬁ' 5%{5#%£§§%%k335 | i ke. Cl ear biodegradable and

non- degr adi ng sutures for
prevent
PCT/ US96/ 09178

wherein PVNP has the formula:

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, v 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.

=ty 17. 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 week.

17

4 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 period of at least one month.

=2 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 six months.

=2( 20. A terpolymer having the formula:

: 0 ' 0
[l [l | [
HO(}PVNP——CHZC——O—€>4sCHZC——O CH—C—)OR
X

//

i

use in humans and animals can be treated to
WD 96/ 41526 0 ﬁ

_ CHy O
I
HO--PYNP—CH,C—0—) CH, 6—0—{—CH—C—)OR
X y z



31 RERkA&Kﬁ@E% SHEEE site of use, maintain sterility of

during|sforage, and to erilize the sutures for use as an al ternati

to ste €2 QAN 9997 :ie and gamma drradiation. d ear . aﬂmwm mjﬁ“‘“\
bandagés} band-aids anfd p surgical dressings can also be tre

mul til @y - ' descri bed above to reduce m crobi al *

contamynation and infect]on. 4the conpositions of the invention
are al so lally suited. for prOV|d|ng a clear, invisible 10 coating
on products swg’ﬁr@émf FVAR diae &he gdrdaised in settings prone to

m crobi al contam nation such as hospitals. The conpositions can al so
"be incorporated or coated onto FietCy ducts for heating,

ventil ation and air condltlonlng to rey m crobi al contam nation, 15
al l eviate "sick building syndroneg, " pr 7o t t he out br eak of

Legi onnai res' disease resulting fro gi gnel I a prenophilia bacterium
Conventional containers can be used Such as aper board or .cont ai ner board

boxes, corrugated, nonwoven, 20 plastic, foamed or polynmeric-nultilamnate
containers5 and ® dm shdldwe1t @ritkyi In o um T I8 ylayswd adkyrheester, foods

i ndustry, cel 'flijo?r?'SC’tomSi‘ﬂrhgc Qfg 3% .5 SRRA v iPaEkGhSe ©6 waste

cont ai ners. e treate sur ace can also be a reusable or 25

di sposabl e mat5 ®00shaerd izndisudinan £ dent®l 08¢ apriidedthat ehtReF gy cal

tray covering, 2 ;Shus gBlayr NUNEY edhdandage material, a meat cutting
board, a liner for drawers or shel ves, an insert for athletic bags or

gym | ockers, a ,
;112 21. A multilayered composite for providing sustained

release of chlorine 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 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 rqgulating layers
hydrolyzes the acid releasing polymer to initiate release
15 of chlorine dioxide from the multilayered composite.

223 22. 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
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

—_—
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f 6od \J gppetr-—a~ heet for separating hanburger 30 patties, nmeat

packagi g ar pouch such as t hose used in aﬁ Huw“mul
intra eﬂoééb@g%ff esh fruit separator or box Ilﬁe 'mm |II|
pad f¢r Lpoullry refit, seaf ood or produce, ‘or an absor bent Iayer for
use i n diapers. Such mats or sheets are typically nade from 35 paper,
cel | ultesimes—petyrerie—hoven fabric or nofdoven materi al s. WO
96/ 41526 PCT/ US96/.09178

32 10 Qiffgpiemn q#ethmr%mmans@qomgd&?% Ry drRlysig pfatheof a

seed to prot e(‘écitdmcél% “fr{gnr@dna}rﬁ@r atto tﬁélwtesiwsdtgml@rweﬁnd to
prot ect agai nst nycqt c rom h (%én t he seed I.s pl.ant ed The cpating,
when 5 activated by Jement @ GPOSLLR BEiid
di oxi ﬂe ihn' t helesfided Ibyt Mheummuya af (Ad'ﬁe) rls:eeztlereinartd isnlai Boarscimpcotic
gr owt tatnrrrallywauldl e ' ' Thi s. g has
no effect upogL lgigerm% ngIgns% u %dlsagg%‘g) r‘%g% ls %{tlo%lgge&%g not
‘have 15 ranglng from 1 to 10. '

24  23. 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 24. A process of preparing an acid releasing polymer
comprising: '
mixing a polyv1nylpyrrolldone oligomer, lactic 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 in an organic solvent; and

10 neutralizing the terpolymer to esterify acid end
groups of the terpolymer to form the acid releasing
polymer.

—26 25. A process for preparing é 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

heet Has Been Reﬂlaced
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10 t Wﬁ@@m}ﬁ BHEET ted to be protected " in a
cl osgd jcont al ner confaijni ng the active nmat emﬂmm!wnl“m&nﬁket "tea bag"
edL W 3

or cdatfi nggayANggzxont ai ner. Paper i mpr egna @ conposite
genenjatles suffici ent chl orine dioxide to protect the seeds. Although
any 15 rgtected by the coating, edible seeds such as corn
kerndl s, sunflower seegls, or soybeans, reddin fit for human consunption
once they are coated.  _Thus,.the coated seeds can be, provjded, for

pl anting or fehlenime dioxdéiswaan dydalesishaf ik =GR %N
optically 20 tyARsRarent conposition of the invention can be applied to
the seeds to énsure that the appearance of the seeds w ll not be
altered by the conposition. Anot her enbodi ment of the

invention is agret @ procdsprelertding 2hefgrdwirh ofcwiing taetetén or
nol ds on a 25 rface _and/ qr,_ deodori zi . f t ing,the
surface with éﬁgc?rﬁ?c?s“"i]?1nc9nq:tl'f'neata%'oéasIZ?nloQ%.a érlg}e%%%l}%ﬁﬁ%%%eﬁﬁaﬁ%i %xi de in
the absence ofpainivsinyrley el islqpusialgadrer, lagtea aridr fateceblaorsidre
to rel ease Chla(}fdsg&xtcgrq-x & ting FTRINANE GUPAS I HHOH i dnddeoft gRSPher e
surroundi ng the surface. A preferred, appl |'catirog I ncl udes
a foot powder estenidiqatdmhtGataMsh di@ OIHGR MY BYREPYIRGH1O9RE"
powder can be jpiieddid-eftydoPit t4e & Wdasslaler Neat Doy acidoendan be

i ncorporated into a shpe insert. 1:ll'he owder 35 can be ag Iiigd Qﬂ’tyﬁer’] t he
cloth coveri ng?‘%ﬂlrﬂ’sf"oa@rﬁﬁfégl‘b‘fng thg Hsert 2 npt %Wa e8 W THrh the
foanmed pad, orand neutralizing the terpolymer to esterify acid end o

' groups of the terpolymer to form the acid releasing -

10 polymer.

;ij 27. The process of claim 24 or 26 wherein the
' esterification catalyst is p-toluene sulfonic acid.

«:Qg 28. The process of claim 24 or 26 wherein the organic
solvent is selected from the group consisting of methanol
and ethanol.

Zﬂ 29. The process of claim 23 or 25 further including the
step of applving the mixture to a substrate to form a
£ilm. '

) 30. The process of claim 29 further including the step
of exposing the film to moisture to hydrolyze the acid
releasing polymer and release chlorine dioxide from the

composition.

L)’§/31. The process of claim 23 wherein the composition is
applied to a substrate to form a film at a temperature
below that at which chlorite within the composition will
decompose.

This Sheet Has Been Replaced
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ated on a shoe counter Ilmm;““mmﬂm |
ed fromlnﬂsture\Mthinﬂl fuses from

t rosphere to kill fufigus and "eddor’i ze the
_ . blended 5 with conventional ingredients such as
talc, ‘cornstarch fagrance, niconazol4 nitrate, tolnastate silica,

borlc ——geidr—atumum chl or hydr ate, sallcyllc cel | ul ose.

cid,
The powder cadZal s@hse BFQaRisH G tHlakhetd o FHgH @lﬂsa%njoe%%tedal?‘ﬁulﬁath
powders or powdey % ygee ﬂldﬂ.é—ocﬁl@ﬁimé\gdi@ﬁkdé}l@ﬁ% is released frdheclipowder

can al so be, agglled to car et(£ %- nove odors fromthe carpet.
| ngredi ent’s ¢ 4%&9 dt t%ﬂFlW\ wder ed carpet deodorizers or
cl eaners can be bl ended with the powder of the present invention. 15 '

The conposi te ?{l seglp%g%c{qece)srémé %ir@ 44 Cé%%”'é’%&?em hﬁéaé’f egkoatt er

bei ng st P N~ ac ture m cr ocapsul es
can be irp egr]atOe(X i1 m01¢o©hlosh@&/e@l@xl@at'@“nﬂt% Eﬁlﬁﬁ%ef%cﬂ?‘h

car pet deqdai] ZRfd Y pPfoPWEESSe GRvh@h SO be packaged in a 20 sachet

and placed in marine enV|ronnents such as the deck, sunp or storage
areas on boats, t.o prevent m | dew

3L[ 34. The process of claim 25 or 29 whereln at least about
1.0 X 10°® mole chlorine dioxide/cm? is released from the
film for a period of six months.

< 35. The prdcess of claim 25 wherein the mixture includes
a base and, when exposed to chlorine -dioxide, the
chldrine dioxide reacts with the amine to form iminium
chlorite which is decomposed by the base to form a
5 chlorite salt within the mixture.

36 36. The process of claim 25 wherein the chlorine dioxide
dissolves within the amine to form chlorite anions in the

mixture.

\j 37. A method of retarding bacterial, fungal, and viral
contamlnatlon and growth of molds on a surface and/or
deodorizing the surface compr1s1ng

treating 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 moré than'about_l,OOO angstroms; and
exposing the treated surface to moisture to release
chlorine dioxide f£rom the éomposition into thé atmosphere
10 surrounding the surface to retard bacterial, fungal, and
viral contamination and growth of molds on the surface
and/or deodorize the surface.

Thls Sheet Has Been Replaced




and mERLACEMENT §
coNposi T omE™ 8™ rﬁ"”” roviding self sterilizing pac which is 25
' l‘ ?(?/ng iin jt he medi cal industry. The jmﬂﬁﬂa umﬂ,"”
I Ng, qornectors, fitments or othe m rrents
S LT datihet ers, needl es, peritoneal dialysis, perc‘ut dneous

percutaneous ccess, intravenous %gs col ost ony 30 bags and
an also be treated in . accordance with thlf

met hod to stedfd zé MREhpd Gl sretarding (Rpghekiat: | H¥gat orPRf ¥lra
i nfections, sidy#tdriddtion arﬂi egtdvils . oRNfbIde dn ke. sulehltéi opaal y,

cl osures on a acka e e 0 freate rovi sel f ster|I|Z|ng 35
packagi ng formﬁﬁﬁéiﬁl(égﬁ £% q% qg compriSingynn
96/ 41526 exposing a surface of a matéKﬂ&lE@@/@Qddﬂpos1tlon

3
Lo ki1l badk efMRooRatit Rk ratioafe daer LiE gt ie i Mt tineenEdPEE. o

t o penetrate angrstunce bemfch component of the compos1tion having a

e areas. ~ Anoth

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 sufface of
the material and/or deodorize the material.

3. 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 composition 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. '

40. The method of claim 37 wherein the substrate is
flooring, furniture, a seed, biodegradable sutures, non-
degrading sutures, a bandage, a surgical dressing, an in-
dwelling catheter, a disposable eating utensil, plate or
5 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 photographic or electronic equipment
10 or supplies.

This Sheet Has Been

Do m?iu



pattBEPLACEM&N}P; ?’Lcovered that cnl orine CII oxi de 5 evol ved from paper
treqgted with the cobpg S|t|on penetrate the ful
i dkes29aJAN 198 t mlm IIHIII as B. coli and Sal nonel | a

esul t fromc tam nat 1on cduli ng neat* processing. E coli
F-Tarntea t has caused death aﬂafd severe 10 illness and appears
e especially resis$tant to cooking,” fernenting and drying. In a

LypICRToper algan e RIASNE W TERLiP1 50 10N RORT( clal & SOHSHIPELGR.

meat is ground, extru ore sépar at ed
by sheets of d@aredisaddy tth@ngpasentt. adhesi on 15 of the | nd| vi dual
patties. After packagi ng, the ground nmeat can be exposed to chlorine
di oxi de over a perlod of time when in refrigerated storage to kill and

inhibit the 42.grofie grethed Rict@aia 37, 38 or 39 whewein|thai ng
- exanpl es are @r&mleﬁdxp 120 LU NB Yy efﬂrﬁed enbodi nents and utilities

of the present invention and are not neant to limt the present

i nvention unless otherwise stated in the cl ains appended her et 0.
EXAMPLE 1 25 43. The me%mﬁi)o/ﬂ reyll iy 30 1 dima')mbggo/vmérmhs hepar ed by
pol ymeri zing v I s t |

“initiation wt 5 o ogé)(r?f1 lgér(r)é)::C e J‘arls‘ne\ggalao‘r?’rfm;gaap('gl(fl Ité aa}s ?gaég%}g@c]ﬂ b2d by
E. S. Barabas, lﬂmyzlphll.ﬂ.(yq/ma&grlal, aEr‘i;)ChllCYrIQQ&I(nCQSQ) Three grans of
vinyl pyrrol i di none 30 were dissolved in seven granms of water and

pol yneri zed with 0.03_m_of 30% hydrogen peroxide and 0, 3 ni
concentrat ed &tvoniThe Wmatdod Gf iGA\alhAf Svheresm [tde @atenirl is @eaction

products wer e geeldyVvinddtly goulitdane sud el Sekh foods, or processed
foods, a disposable eating utensil, plate or cup, soil,

footwear, or photographic or electronic equipment or
5 supplies.

45, The method of claim 44 wherein the meat, poultry or
seafood is a ground patty or a filet, and bacterial,
fungal, and viral contamination and growth of molds is
reduced on the surface and throughout the patty or filet.

46. The method of claim 39 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 of electronic equipment or
10 supplies.

This Sheet Has Been Reﬁaced
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ABSTRACT

R 10 S8ERRR sighouPs

A composition for retarding bacterial, fungal and viral contamination and mold
growth containing an acid releasing polymer, a hydrophilic material, and chlorite
anions (12). Each component of the composition has a particle size of nof more
than about 1,000 angstroms. The composition is substantially free of water and
capable of releasing chlorine dioxide upon hydrolysis of the acid releasing polymer.
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thefornﬂ’\gEOG

V\,herel n PVNP represent s_pol yvi nyl pyrrol i done, which has
This is the replacems}

[err] 10 wher &hi Slwet'HaSBeeo
A mul tibl ock, pol yest pol yvi nyl pyrroli don s prepar ed
by . mX|ngo4690f t pyrrolidone O|I§{;E

and 0.225 nl of 8% Iactlc Cld W|th 1.5

Exanmple 1, 0.23 15 g gI yco |c aC|
m water and 0.005 g p-toluene sulfonic¢ acid esterification! catalyst.
over 20 Md&irs to 120 [err] C under dynam c

The m xture was slowy heated
of esterification. A multiblock terpolyrrer 20

vacuumto renove t he wat er
R GbIME was recovered. To esterify the

1. A composition for retarding bacterial, fungal and
viral contamination and mold growth comprising an acid
releasing polymer, a hydrophilic material, and chlorite

5 anions, 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 hydrolysis of

the acid releasing polymer.

havi ng aci d

2. A composition for retarding bacterial, fungal and’
: viral contamination and mold growth comprising an amide,
At chlorite anions, and an acid releasing terpolymer formed
from polyvinylpyrrolidoﬁe, lactic acid and glycolic acid,
5 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 hydrolysis of the acid

releasing polymer.

-—'—__:__;:_

3. The composition of claim 1 or 2 where::.n the l@l
composition is optically transparent. . o .u ,u

‘o . . /A

4. The composition of claim 1 or 2 wherein the gge

AN s . .

k./ composition is a single phase. E '%g'l

. @ ¢t

| . £ 3%

5. The composition of claim 1 or 2 wherein the a g L

composition is a film. 8 o A

o < 2 _ B

' i8S

6. The composition of claim 1 wherein the hydrophilicjd QE z

: ' N o 8 |

material is an amide, an amine or a polyhydric alcohol. a0 5

. DQEH

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

urea or an oligomeric amide.

REPLACEMENT SHEETS ~ SG

* O Description : paged =, to paged ==
B Clains) :paged 35 to paged 46

- £1 Drawing(s) : paged o to paged e - .
RN 0 RRRD 0 afe1re3-3
. [ L M S * | \g [ﬁ:‘




WD 96/ 41526 . _ PCT/ US96/ 09178
acid end groupdis ShizeHz s di ssol veghik s thd ASptifcemerspest Of

36 s ShinHis Bpa Replided
.met hanol and neutraliz a.  Aternatively, the acid end
groups can be esterifiﬁmmmmm ess nethanol. End gr % % - rather
than the CHerr]O 5 end group _ in the reactiDatesche géii w - can be
formed by dissolving the polyner in an excess of an al cohpl or by

di ssol ving the polynmer in an alcohol and 39neutralizing with amonia. The .
al cohol has the formul a ROH wherein R is ethyl, n-propyl, or isopropyl.
The 10 resul& antThe| gomppsigion icforel pbmyVavhereig vt acemposition

( PVNP- PLGA) tfﬁémmaggrpggpgqh?q%yygdliabﬁg. pol yvi nyl pyrrolidone, 32
nol e % gl ycolate and 24 nole % | actate. The preparation of the

PVNP- PLGA terpolymer is shown bel ow: [err]

X HO- PVNP- CH%r r | Ti compos@Ehioty IdfC-¢Xaimz8 HoREreigHthe

[err] 1b|uen%&%ﬁ&fﬂ?fpﬂ?kglidone has a number.average degree of
polymerization of between about 1 and about 10,000.

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

S isopropylacrylamide-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 metal
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 1 or 2 wherein the acid
releasing polymer has a number average degree of.
polymerization of between about 10 and about 10,000.

13. The composition of claim 12 wherein the acid
releasing polymer is a copolymer formed from
polyvinylpyrrolidone, polyvinyl alcohol, polyanhydride,
or polyacrylamide and at least one o-hydroxy acid.

14. The composition of claim 13 wherein the copolymer is
formed from polyvinylpyrrolidone, lactic acid and
glycolic acid.

1S. The composition of claim 2 or 14 wherein each of the
lactic acid, glycolic_acid and polyvinylpyrrolidone
portions of the copolymer preferably has a number average

—_—
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-Herr]O
Met hanol
A 30 w.

[err] [err]

% sol uti on of

, This Sheet § Been Replaced i e 4b Jedaldnk Bhaet
: c?erpolymer 'B?%ﬁﬁpﬁﬁrg%cording to
Exanpl e 2 in methanol lized with trlethylan1 dded to a
met hanol 20 sol ution sol i ds)  of sodlggkphlél ? ‘T

40

degree of polymerization of between about 1 and about
5,000. |

16. The composition of claim 2 or 15 wherein the
copolymer has the formula:

m:-(-s'vm-—cu,:!—»ca%—écm2 o-—){—!:n—-cl-)

wherein PVNP has the formula:

cu,—cu

ag

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, v 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.

17. The composition of claim 1 or 2 wherein at least
about 1.0 X 10°® mole chlorine dioxide/cm? is reléased
from the composition for a period of at least one week.

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 period of at least one month.

19. The comp051t10n 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 six months.

AU
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37 (recrystalllzed fromne 0l ), urea and ThisP®lyy rdMh I‘ﬂﬂﬁe
(360, 000 M\ so the total solids m xture contalned{ﬁg1&%&&(@é

" PVNP- PLGA t er pol yire

1&@p0|yV|nyIpyrroI|done h
urea and 6 5 wt: “siiﬁasmﬂm fite. The solutlonﬂifsc p?ﬁlgeamm

and remai ned unlfo and t ranspar ent I ndefi ely.

EXAMPLE 4 u I on. of the PLGA copol yner in chloroforn110
was added to a nethanol solution (10 wt.% ygtal solids) of sodi um
chlorite (recrystallized from nethanol), urea (10 wt.% total solids)
and pol yvi nyl pyrrolidone (360, 000 MA . The sol ution renai ned cl oudy and

separated i n2g.a A mitdlapesedacdmposdite i fyt pyroviddage susraihedrite
phase 15 “he?eigﬁgé'gf)éh16£ goxide ??%R?%¥%% ,the invention is

suscepti bl e To various rons an fve forns, specific
enmbodi nent s t hér eﬁteﬁv@bﬁbhesmmrbpqmnmmml aciid tteleaainggs

and have beeiod?ﬁéﬁ ,bed K&?dfbﬁhiﬂléeﬁﬁ'tbrﬂél sé‘x?&"&nf@r§9eu'&‘ilﬁf&%§°dthe

however, é i'nt.ended t I nventi on
a

Parti cui o THRHPE DEIGIE FUBRESBRLARLY 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
W of the water-soluble layer, the moisture regulating

layers being water insoluble, such that moisture

permeating either of the moisture rqgulating layers

hydrolyzes the acid releasing polymer to initiate release
15 of chlorine dioxide from the multilayered composite.

.21, 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
each component of the layers having a particle size of
. not more than about 1,000 angstroms; and
N at least three water-insoluble, water-permeable
barrier layers to control the diffusion of water or the

* [4 L M S *




contrary, .the intention is to cover all nodificati ONPhis is th@géma@rﬁemss‘mw
alternatives falling Wthimthe—spirit and scope o? the invention as

defined by the appended 25 cl ai ns. ' 38 V\E
' CLAIM 1. A g'ﬁ lage¢t ar di ng bacterial, Dhtmga‘l?ér?joﬁ vi ral
contam nati on and nh I’rrpr:i sing an acid rel easin ol yner, a

" hydrophilic materi'ar te .5 anions, each conponent of the
conposi tion having a particle size of @ nore than about 1,000
angstrons, and t he conposition being substantially free of water and

capabl e b0 rdié&Lsisigrr v Hrhydranbuindd omspigyducéd sby hizdroly=iscofi the
rel easi ng po r. ; Skt r JoJ terd f ungal
and vi ral L'%gﬁt arﬁlneaafsl'%%g aéi?jfﬁg?g a'bot%h&g%nvf)%% n%ggﬁgg% 3.&3'%?:, chlorite
ani ons, and an acitée AxangrmeRt pofyshe flayews infthen composite being

pol yvi nyl pyrgelidede by atié cEgemalane (Aot whatledn T £4c8 pa¥Rqernt of
t he conposi tion havi n%i a £art icle S!L%x% . .
ayver, A 1is water-so le layer, and n is an integer
15 ranging from 1 to 10.

29, 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.

23. 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

R
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of not more than about 1,000 angstrons, and the cdimp& theaeplacemgnt sheet
substantially free of watér and capabl e of rel easing chlorlne'd|OX|de

.upon hydrolysis of _th a reIeaS|ng pol yner . sition of
claim1 or 2 wherel @jﬂl“l % on is opticall yqqxﬁms

The conp05|t|on of erein the conposition is a S|ngle
phase. . The c Iain11 or 2 wherein the conposition is

ca film 6. The conp05|t|on of claim lggherein the hydrophilic
material is an am de, an ami ne or a polyhydric al cohol. 7. The
conposi ti on cfhbbdrine2dioxidehapam hyndrelyydds of thieeadidapredieagdryic
am de. polymer.

24. The process of claim 23 further including the step
of preparing the acid releasing polymer by mixing a
polyvinylpyrrolidone oligomer, lactic acid, glycolic acid
and water; heating the mixture in the presence of an

5 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 énd
groups of the terpolymer to form the acid releasing -

10 polymer.

25. The process of claim 24 or 26 wherein the
esterification catalyst is p-toluene sulfonic acid.

.26, The process of claim 24 or 26 wherein the organic
solvent is selected from the group consisting of methanol
and ethanol. :

27, The process of claim 23 or 25 further including the
step of applying the mixture to a substrate to form a
£ilm.

v

:28. The process of claim 29 further including the step
of exposing the film to moisture to hydrolyze the acid
releasing polymer and release chlorine dioxide from the
composition. ™

29. The process of claim 23 wherein the composition is
applied to a substrate to form a film at a temperature
below that at which chlorite within the composition will

decompose.
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8. The conposition_of claim7 wherein t he conposi tion | N ent sheet
pol y:vi nyl pyrrol i doMrpvsr tion of claff H\Sgs\kﬁ\%?éﬂ%é‘?ﬂe
.ponV|nyIpyrroI|done er average degree of polyne i zpti on of
bet ween about 1 and a glﬂ'f'” aced 10. The conpogy ) ﬁt
sticizer

wherein the conpositi a hydrophlllc or |goner

sel ected fromthe group g of succi nam de, formam de,

met hyl formam de, and N—nethylacetanrde a4l 5

i sopropyl acryl am de-acryl am de. 11. The conposition of claim2 or 6

wherein the cbbori'rhe praniesssoﬁre:]mmiZiﬁdobyzanwh@r@ﬂﬁnathl dease @bcut

chlorite ot f t { N | kal i

chlorites, al%li (f i'ne gar fi%ler %IHJ'J% or |§gg§98§({s g?l t& ‘?ngﬁs‘“ the
transition mdiiakmifer arparped: ofatne weeksy, secondar y, tertiary or
guat er nary anine 12. The conposition of claim1 or 2 wherein the acid

r el easi ng p yner nunber average degree of pol ynerizati on of
bet ween abo éﬂaeagggpe§§ gépoclaim 25 or 29 wherein at least about

1.0 X 10°° mole chlorine dioxide/cm® is released from the
film for a period of one month.

32. The process of claim 25 or 29 wherein at least about
1.0 X 10°° mole chlorine dioxide/cm? is released from the
£film for a period of six months.

33. The process of claim 25 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. |

: 34, The process of claim 25 wherein the chlorine dioxide
dissolves within the amine to form chlorite anions in the
mixture.

35. 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, -each 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 sﬁrrounding the surface to retard bacterial, fungal, and
viral contamination and gfowth of molds on the surface
and/or deodorize the surface.

_‘—-______________’_-———-———-
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13. The canposijtion of claim 12 wherein the acid Thiséasé!s@renjamwaéhem a

copolyner formed— ﬂg&ﬁpyrrolldone pol yvi nyl h

_pol yanhydri de, e éHeetEinéeXm de and at | east ﬂgte[eri]'f y aci d.

14. The comnpositio erein the copol yner is for d from
pony|nyIpyrroI|do and gl ycolic acid. 15. The
conposition of claim2 or 14 wherein each of the | actic acid, glycolic
acid and pol yvinyl pyrrolidone portions 48 the copol yner preferably has a
nunber aver age 40 degree of

pol ymeri zat i @ .of &mmﬁthmda@buretamdinﬂKERCSeﬁ;ﬂDD fungal, and viral

10

10

10

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 composition
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
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.
37. 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
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 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.

38. The method of claim 37 wherein the substrate is
flooring, furniture, a seed, biodegradable sutures, non-
degrading sutures, a bandage, a surgical dressing, an in-
dwelling catheter, a disposable eating utensil, plate or
cup, a food serving product, a food W;apping, 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 supplies.
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16. The conposjtion of claim2 or 15 wherein the 3'Bkﬁoi§y‘hﬁrrenl§§e?'ﬁ8t shaet

for mul a: [err] wher ei n PVNP has a? or mul a:
[err] isjS, eeaH%tS(Bm:r deyy| group or a Iovver P 1*\

fron15 to 500 n 000 y is fromO to 000 Zis from
0 to 5,000, prOV|d ' or z must be at Ieast one 17. The
eonposition of- claim1 or ereln at least -~ about 1.0 X 10[err] nole

chl orine di oxide/cnierr] |s rel eased froget he conposition for a period of
at | east one week. 18. The conposition of claiml1l or 2 wherein at |east

about 1.0 X 14§ er r Theohethiddrohecthimi 32/ on] 88 whex ¢ ixh eghed comom t 1en
conposition foL gopeEbedyPl Andfi@singne month.

40, The method of claim 37, 38 or 39 wherein the
composition is a packaging film.

| 1. The method of claim 37, 38 or 39 wherein the
composition is comprised of an acid releasing polymer, a
hydrophilic material, and chlorite anions.

42. The method of claim 38 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 oxr

S supplies.

43, The method of claim 44 wherein the meat, poultry or
seafood is a ground patty or a filet, and bacterial,
fungal, and viral contamination and growth of molds is
reduced on the surface and throughout the patty or filet.

44, The method of claim 39 wherein the material is
biodegradable sutures, non-degrading sutures, a bandage,
a surgical dressing, an in-dwelling catheter, a
U 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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19, ﬁ'be co Pf‘ ed ;w1ere| n at L.
mol e chljold S@Wfpggﬂ%%g ed‘ﬂSe peed - fromffie ig?hr??édlééé?ﬂeﬁtcghe%t

per.i od- gf

41 * . 2@ Deawingls) | ppeaded- & ,e for providing susta rel ease of
chl-ori nel di awistiactc ormpaged g to pag ----- a water-sol bt 1B% ﬁf?rprl sing an
aci d relfasing pol ynmer, drophllic-nateria and c te anions, the
5 layer bebRQESGPSRECEM'P/%@ wat er Hhd each onent of the

| ayer hal-Ae¢=f ie—stze of not nor e t han about 1 000 angstroms
and %%@ noi sture regulating |ayer in cont act W th
upper surfacd of thecmapesisﬁnbnblferl aetrardimg abaoveriadl ,niwigak and

| at | t bl
aver - the mudat ??‘Sﬁéﬁﬁgﬁamgﬂ A HL G 85, oRprasialy 8 E8dTS,
noi st ure Felazaing @P%mer@f at hwdmm;&ncrmguemaag landrehlorite
hydrol yzeg t a4l '@AEASEORPBANIRLE GHd tombSsiBLBAS Rt &Nl orine

dioxide fromthe mutil ayered conposite.
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

'i) viral contamination and mold growth comprising an amide,

_ chlorite anions, and an acid releasinghterpolymer formed

— from polyvinylpyrrolidorie, 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 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 wherein the
composition is a film.

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

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

* ¢ L M s *

QA ket 2,03 -3
2yt



21. © A nultilayered conposite for providing time pul sed rel ease of
chl orine di oxi de conprising: - at |least two water-soluble |ayers

conprising an acid rel easi ng pol yner, a hydrophThhdsﬁhge¢9@@eﬁﬁﬁﬁSheet
chlorite 5 anions, the |ayers being substantially free of water and each
conponent of the |layers having a particle size of not an about

1, 000 angstrons; and at least three mater-Pﬁghlubﬁﬁﬁ Tﬁp

wat er - per neabl e barrier layers to contB8® the diffusio f water or the
42 10 diffusion hydr oni um | ons prodquced by q¥drplysis of the, , acid
rel easi ng poPyne ent‘i?“f‘?%sh%%‘é?-ggl Goeam Jyherein the coppasitiRRent of

the | ayers i incladesmsiyeifelpgrrolidehneed by the fornula C(ACA)[err]C
wherein Cis a barrier | ayer, Ais a water-soluble layer, and n is an

integer 15 ranging from1l to 10. .
9. The composition of claim 8 wherein the

polyvinylpyrrolidone has a number'average degree of
polymerization of between about 1 and about 10,000.

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

O

— 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 metal
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 1 or 2 wherein the acid
releasing polymer has a number average degree of
polymerization of between about 10 and about 10,000.

13. The composition of claim 12 wherein the acid

W . releasing polymer is a copolymer formed from
polyvinylpyrrolidone, polyvinyl alcohol, polyanhydride,
or polyacrylamide and at least one o-hydroxy acid.

14. The composition of claim 13 wherein the copolymer is
formed from polyvinylpyrrolidone, lactic acid and
glycolic acid.

15. 'The composition of claim 2 or 14 wherein each of the
lactic acid, glycolic acid and polyvinylpyrrolidone '
portions of the copolymer preferably has a number average

A O D R



22. A process for preparing a conposition conprising: m Xi ng a

hydrophilic material,

organic solvent to forma

a chlortte salt, an aci d rel easi ng polyner and an
m xture in which eBhig is thepweplanenment sheghrti cl e

size'of 5 not nore than about 1,000 angstroms, the mxture being
substantially free of water and capabl e of rele65|qgl} a ori ne di oxi de

upon hydrol ysis of the acid rel easing pol yne ate:

A process for

preparing a conposition conprising: m xi ng an am ne and an acid

rel easing polyner to
chl orine di oxi de that

forma m xture; ango

reacts 5

within the d@gi@éeoftbglgmg
ein

exposing the mxture to
with the amne to formimniumchlorite

il 4 N fabbeivden avduie Dfanat apeie  than
g capabl e of releasing

about 1, O %?qéé ons and
43 orTh f oxi de upon hydrolysis of the acid rel easing pol ymer.

)

C U

16. The composition

copolymer has the formula:

uo-(-pvu'n—'-cu,ﬁ—oﬁ:‘écﬁzﬁ—o*iza—-ﬁ-)zon

wherein PVNP has the

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

or z must be at least one.

17. The composition
about 1.0 X 10°° mole
from the composition

18. The composition
about 1.0 X 10°° mole
from the composition

19. The comp051t10n
about 1.0 X 10-¢ mole
from the composition

_of claim 1 or 2 wherein at least

of claim 2 or 15 wherein the

formula:

C_J

0 to 5,000, provided that either y

chlorine dioxide/cm® is released
for a period of at least one week.

of claim 1 or 2 wherein at least
chlorine dioxide/cm? is released
for a period of at least one month.

of claim 1 or 2 wherein at least
chlorine dioxide/cm® is released
for a period of at least six months.

A



‘24. " The process of claim?22 further including the step of preparing
the acid rel easing polyner by mxing a {%ﬂyV|nylp rrolkg R ol i goner,

|l actic acid, glycolic acid and wat er; Hdus isthet 169 8NPt t he
presence of an 5 esterification catalyst to forn1a ponV|nyIpyrroIidone-

| actic acid- glycolic racid terpol ymer haVIan%@ 2 groups; dissolving
the terpolyner in an organic solvent; neutrfal'f zi'lng the terpol yner

to esterify acid end gr oups of t he terpolymer to formthe acid

rel easing 10 pol yner. 25. The procesd41of claim 24 wherein the

esterification catalyst is p-toluene sulfonic acid. 26. The process

of claim 24 wher ei_n the organic solvent is selected fromthe group

consi sting of20vet Baf@ltil aiéﬂﬁe@t fampPsite fonpranidingcsysterinedi m 22

or 23 furtheéleacsle%mgcﬁr@rme aiaﬁ:.a&e HoMpH i Ade nixture to. a
substrate to forn1a rocess of clalg|27 further
h

i ncl uding the stef ™ t?ﬁ %éiﬁg}ﬁgl?ﬁsrT q#ﬁ?f%ﬁﬂ%ﬂ%ﬂea?b FEISRNY he
aci d r el padymerpolay hyrdeophi kieamaterial rndlichdobei €eoamtioms, the

CONMpOSi tign. 1 aver 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
U 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.

.21, 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
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

L/ barrier layers to control the diffusion of water or the

R




+29. ‘The process of claim 22 wherein the conposition is applied to a

substrate to forma filmat a tenperature _bel o eithsta®chl orite
withi.n the conposition wll deconpose. Thisist o YBhcéth

44 - 30. The process of claim?23 or 27 wherein at,| gast about 1.0
x 10[err] nole chlorine dioxide/cnferr] is rq# gsle} 3 gﬂhe filmfor
a period of one week. 31. The process, of“claim rt 27 wherein at

| east about 1.0 X 10[err] nole chlorinéidioxide/cn[err] is rel eased from

1 o HA™ 0 U 8 255G B e o REGER IS B

rel eased froactike relddsing polyperi ddtal thex watghssoluble3dayBw, process

of claim 23 whereighd N FAdddhént "6EUE%% 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.

29 . 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

*t) 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.

23, 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

* ¢ L ®B § *




‘a base and, when exposed to chlorine dioxide, tﬂlﬁ‘ststbéllfeﬁ‘a?@“a hec?('a

reacts with the amne to.formimnium chlorite which is deconposed by

the bgse to forma 5 chlorite salt within the n1xtu % g 34. The
i;z 3es

process of claim23 wherein the chlorine dioxi ddate: within the
am.ne to formchlorite anions in- the m xture. 5. A nethod of
retardi ng bacterial, fungal, and viral contam nation and grow h of

nol ds on a surface and/ or deodori zi ng 3he surface conprising:

treating a sunf.ac th oONposi oes. not

rel ease chl ofitHS %rg’rrg%‘gﬁgﬂga%hgb%‘s c%‘a%fyg}?s ﬂ’g gﬁﬁr g‘c’fé g%%bﬁgnt of
t he conposit ipmlymwed ng a particle size of not nore than about 1,000
angstrons; and eéxposing the treated surface to noisture to rel ease

chlorine dioxide fromthe conposition into the atnosphere 10 surrounding
the surface 24.retThe DEREesFaPf £dag®m 24nfurthey inrludingithe i 3hernd

growt h of nolgds giregdwing tAECacid ded/cds He9dosigRet NByS wibaiGy a
polyvinylpyrrolidone oligomer, lactic acid, glycol:.c acid
and water; heating the mixture in the presence of an

S 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 -

10 polymer.

25, The process of claim 24 - ° - wherein the
esterification catalyst is p-toluene sulfonic acid.

-26. The process of claim 24 ° -~ wherein the organic
solvent is selected from the group consisting of methanol
and ethanol. :

.27. The process of claim22. or23 further including the
step of applying the mixture to a substrate to form a
3 - £ilm.

. ’ 28. The process of claim 27 further including the step
N of exposing the film to moisture to hydrolyze the acid
releasing polymer and release chlorine dioxide from the

composition.™

29. The process of claim 22 wherein the composition is
applied to a substrate to form a film at a temperature
below that at which chlorite w1th1n the compos:Lt:Lon will
decompose.

A




‘45 - 36. A nethod of retarding bacterial, fungal, and viral
contam nation and growm h.of nolds on a surfa%'so{s e replacaiment ahesdnd/ or

deodor. zing the material conprising: exposi ng, a surface of a :
material to a conposition 5 that does not rel easge g? di oxide in the
absence of noi sture, each conponent of t@ateonposiifti havr ng a
particle size of not nore than about 1,000 angstrons; and exposi ng
t he conposition to noisture to rel ease 44hl orine dioxide fromthe
conposition into the at rmsghere 10 syrroundin he material to retard
bacterial, fudgal TRHPTOCeHFQf CALALRatFHALarvnOE8Mh &% 1AASE dRouke

su[ Lage ;)f 1. (Idhe 10t embdk ahdb&flnb[(tﬂmxi@_e?bnlﬂz g e¥éBbased frow. tbge
met hod o re r | and vira contam nati-on an
growt h of rm %a‘b?étéé*é+daﬂg/ %% eg%‘odori zing the material

conpri si ng: i ncorporating an optically transparent conposition 5
that does ngy,rel %?éﬁ%@éé@eoﬂ' exhdf 'ikté}e ?P%ﬁ’z‘&f 9% at 1rH¥sls°€ Whohe @
material; - oSl ng mat er I at—t-0 & t0 a]

chlorine di oki-8e ¥ rltﬂngtmleoﬁl?é?i’-‘tl% dr#ﬂ’é’-@?técﬁ’t mﬁsm@lgased ﬁmm ng

the material gian oy th heetEod2bE bHaIAontad 10 viral contam nation and
grom h of nolds on the materi al and/ or deodorize the material. 38.

The nmethod of claim35 wherein the substrate is flooring, furniture, a
seed, bi odegBadabiThe wroesss nofi- claindkdr adiziy whereidn atbdedaseabout

surgical dregsigng 13*siflsle chlorine dioxide/cm’ is released from the
) £ilm for a period of six months.

. 33. The process of claim 23" wherein the mixture includes
— a base and, when exposed t; 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.

: 34, The process of claim 73 wherein the chlorine dioxide
dissolves within the amine to form chlorite anions in the
mixture.

.35. 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, -each 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 surface
and/or deodorize the surface.
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‘dwel’ling catheter, a disposable eating utensil, plate or 5 cup, a food
serving product, a food w apping, a container {ﬂg’ébﬁﬁ@n&ﬁmmhget

packagi ng, a portable water filter, a maépg conta|ner or bag for
rmedical or biohazardous waste, a filter for heating, ventilation and
ai t condi tioning, soil, footwear, or 'photpgreaphié}%r ?él ectronic

equi pnent 10 or supplies. ' 46
39. The nethod of clainB5 or 36 mherein t 4 conposition S
optically transparent .. The nethod of claim35 ,36  or_ 37

wherein the 36. m%*d?%s‘??lﬁﬁt%d&%d?@é‘gﬁwah rfungal, and vgralkhe
net hod of cl abmedminit idn ?a?ndv@ebﬁtn OF molds on &£05ReFhkiOd % conprised

orians 214 TR RSB adodorizing "WHE Wil et fa [PEGTpE s 3! oM 0111 C

exposing a surface of a 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.

o

— 37. 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 composition into the atmosphere
surrounding the material to retard bacterial, fungal, and
10 wviral contamination and growth of molds on the material
':) and/or deodorize the material.

" 38. The method of claimggé_wherein the substrate is
flooring, furniture, a seed, biodegradable sutures, non-
degrading sutures, a bandage, a surgical dressing, an in-
dwelling catheter, a disposable eating utensil, plate or
5 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 photographic or electronic equipment
10 or supplies.
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‘42. 'The method of claim 36 wherein the materjal is a seed spoul try,
seaf ood, fresh foods, or.processed FBEU@}EﬁraP@ﬁ%@gﬁfgﬁ%%ting
utensi.l, plate or cup, soil, f oot wear, or phqtographic or
el.ectroni ¢ equi pnent or 5 supplies. pae: (3 Z Tﬁe met hod of
claim42 wherein the neat, poultry or Seaf 0o a ground patty or
a filet, and bacterial, fungal, and_viral contam nation and growth
of nolds is reduced on the $urface4§nd t hroughout the patty or
filet. 44. Th t hod of, claim 37 erein the material i,s .

bi odegr adabl e3%ut uFBE, mﬁ&ﬁ‘pgé’rhécﬁ]rﬁg“gﬁfurﬁg, 39 whergjd the Fgregsition
dressing, an is-dpeitaddycatrimisparent. di sposabl e eating utensil

pl ate or cup, a food serving 5 product, a food wapping, a container

for food storage, packaging, a portable water filter, a waste
contai ner or .40, Theagetdodafl calaim 3bi pBszardodd wistweim theter for

—

heat i ng, venté$ﬁb+g§t§8ﬂ gigl ac%ga’&ﬁwgfifq}i |, f oot wear, or
phot ographi ¢ or ‘el ectroni c equi pnment™ or 0 supplies.
41. The method of claim 35, 36 or37 wherein the
composition is comprised of an acid releasing polymer, a
hydrophilic material, and chlorite anions.

42, The method of claim 36 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.

(NP,

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

44 . The method of claim 37 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

)

C

10 supplies.

————’_’_’—‘_—’—’_—._4_—_—___
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