o432 Tros
-2- 5... A conposition according to claim2 or claim3 mhereQQh;hea qcoh®TISH!*
S §e|ected from net hanol.,, glycerine, ethylene glycol, or ethoxyethanol -
S. A conposition accordlng to any one of clains 1 to 5 wherein the i
chlorite salt is derived froma protonated primary am ne, a protonated
secondary amne, a protonated tertiary amne, a quaternary am ne, an al kal
metal, an alkaline earth metal, or a transition netal. 7. A conposition
accordlng to any one of clainms 1 to 6 wherein the anhydride is blended with
or grafted to pol ypropyl ene, polyethylene or polystyrene. 8. A
conposition according to any one of clains 1 to 7 wherein the anhydride is
a copol yner- of nal ei ¢ anhydride and styrene. 9. A conposition according
to any one of clains 1 to 8 wherein the second phase contains atactic
pol ypr opyl ene, ethyl benzene, or an olefin. 10 A nethod of disinfecting,

reduci ng bacterial and fungal CHLORINE DIOXIDE GENERATING
' POLYMER PACKAGING FILMS

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to a composition for reducing

7}

bacterial and fungal growth and repelling insects, and more particularly to
an ionomeric'-composition having biocidal or insect repelling releasing agent
and method _fbr makihg same.
BACKGROUND OF THE INVENTION
| Chlorine Dioxide ("CIO,") has been incorporated in polymer [JP
10 63,296,758, NOK Corp, 1988; CA 111 P120181s] and ceramic beads [JP
63,274,434, Enkler Busin.K.K.., 1988; CA 111 P1i975h], and in a calcium
silicate wrapped in non-woven cloth [JP 57,168,977, Enkler Busin.K.K.,
1982; CA 98 P77552] to be used as a deodorant. Food preservation is an
~application where a gel form is preferred [JP Patent, Diamaru Kogyo
15 Kaishi, Ltd., 1982; CA 97 22409]. Chlorine dioxide generating gels have
also been used as topical applications for disinfection [A.J. Kenyon, S.G.
Hamilton and D.M. Douglas, Am.J.Vet.Res., 45(5), 1101 (1986)].
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growth, gepelling insects fromand/or deodorizing a substrate conprising:
exposing a substrate to a conposition according to any one of claims 1 to
9; and exposing the substrate to noisture to rel ease chl-orine dioxide
fromthe conposition into the atnosphere surrounding the substrate. 11. A
nmet hod according to claim10 wherein the substrate is coated with the
conposition and the coated substrate is exposed to noisture to rel ease

chl ori ne di oxi de. REPLACEMENT SHEET
12. A nmethod according to claim1l wherein the substrate is coated with a
filmconprised of the conposition. -2-

Most attempts to generate chlorine dioxide involve acidification (and

or chlorination) -of an agueous solution of chlorite, acidification

(and/or reduction) of chlorates ["Comprehensive Inorganic Chemistry, The
Halogens", Vol 3, R.C.Brasted, D. Vafl Nostrand Co., New York, 1954,

5 - p134-142] or reduction of a chlorite solution with aldehydes [US 2,323,594,
Mathieson Alkali Works, 1943). Typically the preparation involves mixing
component A (gel with suspended NaClO,) with component B (gel with

lactic acid) immediately prior to use. a-hydroxy carboxylic acids (citric,
tértaric, malic, glycolic) are especially useful for generating ClO, by the

10 reaction:

H* + NaClO, --> HCIO, + Na*
1)
SHCIO, > 4CIO, + HCI + 2H,0
15
[Ger.Offen. 2,817,942, H.Allinger, 1979; PCT Int. Appl. WO, J. Mason,
1988, CA 110 P98205h]. Alternatively, NaClO, and lactic acid have been
separately encapsulated in polyvinyl alcohol and then mixed with water to
generate ClO, [Can. 959,238, Chemical Generators, 1974]. Formulations
20 involving sulfonic acids are also available [Eur‘pp. Pat. Appl. EP 287,074,
Alcide Corp., 1987; CA 111 P45299f].
Another method for the production of chlorine dioxide employs

acetic anhydride in the reaction:

25 2NaClO, + (MeCO),0 + H,0 --> CIO, + NaCl + MeCOOH + H*
2)
+MeCOONa + O, (The unbalanced proton takes part in reaction 1)



13. A precess for preparing a conposition conprising: di ssolving a
chlorite salt in a first material containi ng a hydrogen-bonded nmatrix to

forma first phase;

and then m xing the first phase with an apol ar

second phase contai ning an anhydride and a diluent, the first and second

rel easi ng chl ori ne

al cohol, or a poly

phases being inconpatible with each other, the first phase being capabl e of
di oxi de. upon hydrol ysis of the anhydri de. 14. A
process according to claim 13 wherein the first phase contains an am de, an
nmeri zabl e hydrogen- bonded epoxi de or am ne. 15. A
Ing a composition conprising: di ssolving a chlorite

process for prepar

salt in a first material containing a hydrogéefi-bonded matrix to forma

first phase, the hydrogen-bonded matri x being selected froman am de, an
meri zabl e hydrogen-bonded epoxi de or am ne; and t hen
m xi ng the first phase with an apol ar second phase containing an anhydri de,

al cohol, or a poly

the first and secodutepéstingly peshydrolysiv mbahe bdmhydridh teastetist heid, ptite t6 i thet

phase bei ng capabl e

Bnnyaride. 16, AspRuincel G Rs: edbes Ay 6%5e BRReRY Diraed EalNer ot n

the second phase | BRioHESith shilydRidle IAShE Prefbult AwiaEr BTG Bhrkdit i

atactic pol ypropyl ene, ethylberizene, and'an olefin

]

10

15

20

25

the reaction [W. Masschelein, I and EC Prod Res. and Dev., 6(2), 137
(1967)).

This work sugéests the possibility of storing chlorite in a complex
with an acid anhydride in a stable form until reaction with moisture
liberates the chlorine dioxide [US 2,482,134, R.Aston, 1949). F o o d
packaging with the incorporated disinfectant, chlorine dioxide, brings up an
important public health question pertinent to this practice: Does chronic
ingestion of residual levels of disinfectants result in a significant genetic or
carcinogenetic hazard to the human population? It is clear from published
pharmacokinetic studies aided by incorporation of a chlorine radioisotope
(3%Cl) that skin patch (Alcide gel) administration of chlorine dioxide and
chlorite result in prolonged systemic residence of chlorine containing
residues [J. Scatina, M. S. Abdel-Rahman, S.E. Gerges, Y. Khan and O.
Gona, Fund.Appl.Tox., 4, 479 (1984)].

Meier et.al. published a report on the effect of subchronic and acute
oral administration of chlorine, chlorine dioxide, sodium chlorite, and
sodjum chlorate on the induction of chromosoinal aberrations and sperm-
head abnormalities in mice [J.R. Meier, R.J. Bull, J.A. Stober and M.C.
Cimino, Environ. Mutagenesis, 7, 201 (1985)]. Only the highly reactive
hypochlorite resulted in a weak positive effect for mutagenic potential. The
disinfectants failed to induce any chromosomal aberrations or increased
numbers of micronuclei in the bone marrow of mice. Other hazards which
have been associated with chlorine dioxide but were not incorporated in the
published study include hemolytic anemia and hypothyroidism. One of the

reasons for the relatively innocuous effect of ClO, is its inability to produce



17. A process according to any one of clainms 13 to 16 further includincg
the Step of exposing the conposition to noisture to hydrolyze the anhydride
and rel ease chlorine dioxide fromthe conposition. 18. A process
according to any one of clains 13 to 17 further including the step of
applying the conposition to a substrate to forma filnr- 19. A process
according to claim 18 wherein the conposition is applied to the substrate
at a tenperature below that at which chlorite within the first materi al

wi | | deconpose. 20. A process according to any one of clains 13 to 19
further including the step of changing the vigcosity or dispersibility of
the first and second phases, or changi ng the tenperat.uure of the conposit.ion
to control release of '

halomethanes, unlike hypochlorite and chlorine [R. Vilagines et al.,, Proc.
AWWA Disinfect. Semin. 1977, paper 3, 24pp; CA 93 173513f].
U.S. Patent No. 4,585,482 describes the gradual hydrolysis of
alternating poly (vinyl methyl ether—malefc anhydride) or poly (lactic-glycolic
5  acid) to .generate acid which can release chlorine dioxide from sodium
chiorite. In the process a solution process is used to encapsulate a -
_polyalcohol humectant and water with the polyanhydride or polyacid in a
nylon coating. After sodium chlorite is permitted to diffuse into the
capsule through the nylon wall, an impermeable - polystyrene layer is
10 coacervated around the nylon capsule. The capsules can be coated onto
surfaces to release chlorine dioxide and provide biocidal action for several
days to months. _
Despite the many advantages of the 482 patent, there are some
limitations. First,-a large number of processing stepé involving numerous
1§  chemical reactions and physical processes with disposal problems are
required. Second, the chemistry is limited to batch processes. Third, a
clear film cannot be produced. Finally, chlorine dioxide release starts
immédiately.
SUMMARY OF THE INVENTION
20 The object of the present invention is tq improve over the prior art
by a method which is continuous, safer and has minimal number of
preparation steps.
The more specific objects of the invention are: to provide a low
cost, chlorite containing oligomer or polymer that can be coated onto .
25 surfaces as a film prior to chlorine dioxide release. In addition, the
invention provides a chlorite loaded film which will release chlorine dioxide
over an extended period of time by exposure to moisture.and both disinfect

and repel insects from the surface onto which it is coated.



chl orine, di oxide fromthe conposition once it is exposed to noisture. 21.
A process according to any one of clainms 13 to 2a wherein the chlorite salt
is derived froma protonated primary, secondary, tertiary or quaternary
amne, an alkali nmetal, an alkaline earth nmetal, or a transition netal

- 5- In the presence of water the local pHin the polyner
filmis reduced, rel easing the chl orine dioxide.

The present invention disclosed herein conprises a nmethod for

maki ng a conposition which |iberates a biocidal and/or insect repelling 5
agent conprising the steps of dissolving a chlorite salt into a hydrogen
bonded matrix to create a chlorite containinéiphase. The chlorite
cont ai ning phase is then mxed with an inconpatibl e phase having a
hydr ol yzabl e anhydri de conponent therein to create a m xture having an

In the presence of water the local pH in the polymer film is reduced,
releasing the chlorine dioxide.

The present invention disclosed herein comprises a method for
making a composition which liberates a biocidal and/or insect repelling

5§ ' agent comprising the steps of dissolving a chlorite salt into a hydrogen
bonded matrix to create a chlorite containing. phase. The chlorite
containing phase is then mixed with an incompatible phase having a
hydrolyzable anhydride component therein to create a mixture having an
ionomeric polymer. By exposing this mixture to the atmospheric moisture

10 the ionomeric polymer liberates a chlorine dioxide compound to in effect
act as a biocidal agent or an insect repelling agent.

In addition, the present inventibn discloses a composition which
liberates a biocidal and/or insect repelling agent when exposed to a water
source in accordance with the method of making as described above.

15  DETAILED DESCRIPTION _

The preferred constituents of the apolar phase are styrene - maleic
anhydride copolymers and their grafts with olefins. The monomers are
cheap, commercially évailable and will form charge transfer complex that
will polymerize thermally in the presence of small amounts of oxygen.

20 Maleic anhydridé contents between 0-50 mole {7 are available. At maleic
anhydride concentrations below 33% the copoiymers are soluble in apolar
aromatic plasticizers.

In a preferred process an equimolar styrene-maleic anhydride
monomer mix at 60°C is added to a melt of plasticized, low

25 molecular weight olefin such as, atactic polypropylene or other olefine in
a Brabender Plasticorder equipped with a twin screw extruder. The styrene
maleic-anhydride will spontaneously polymerize to a macroradical which will
graft to the base polymer [N. Gaylord, ACS Adv.Chem.Ser., 129, 209



i ononeric polyner. By exposing this mixture to the atnospheric noisture 10
the’iononeric polynmer liberates a chlorine dioxide conpound to in effect
act as a biocidal agent or an insect repelling agent. In
addition, the present invention discloses a conposition which

liberates a biocidal and/or insect repelling agent when exposed to a water
source in accordance with the nethod of naking as descri bed above. 15

" DETAI LED DESCRI PTI ON , The preferred constituents of the
apol ar phase are styrene - naleic anhydri de copolyners and their
grafts with ol efins. The nononers are cheap, commercially

avail able and will form charge transfer conptéex that, wl |

polymerize thermally in the presence of small anobunts of oxygen. 20

Mal ei ¢ anhydride contents between 0-50 nole % are available. At nmaleic
anhydri de concentrations bel ow 33%the copol ynmers are soluble in apolar
aromatic plasticizgr$13);, Z. Kopicova, J Nérﬁlcaarm Meﬁ@lﬁvapr@mESGze&hoﬂquOmahﬁr
styrene-nmal ei c anhydri de oner mx at 60[err]Cis added to a
melt of plasticizefommun4l, 459 (19mecul ar weight olefin such as, atactic
ol ypropy ene or. other fhidifialile method to pibdikd AR ERireRlaARAGEE gﬁfsﬁnged

equi pped with a twin screw ex

wi || spontaneously pphmydtess ae t@pcﬁymnz@rmdtm{rylichanhydmidd with hydrop}gnbadt
to the base poI yrrer N. Gayl ord, ACS Adv. Chem SeL 129, 209
~ aliphatic or aromatic vinyl monomers. Linear polymers that incorporate

anhydride in the backbone generally require that the anhydride be included
in mole percentages less than 6% [J.C.H. Hwa and L. Miller, J. Poly. Sci.,
55, 197 (1961)). |
The apolar phase may also contain components which may be
10 induced to crosslink after film coating in order to stabilize the mechanical
properties of. the coating. These components include mixtures of
hydrophobic epoxides and amines. ,
The gradual hydrolysis of the anhydride component in the presence
of atmospheric moisture will generate acid functionality and ionomer
15 formation. This will promote interphase compatiblization between the
| chlorite containing hydrogen bonded phase and the apolar phase containing
the anhydride.
The preferred constituents of the hydrogen bonded- .phase include
sodium chlorites or other chlorites where the cation may be an alkali,
20 alkaline earth metal or transition metal ionjor a protonated primary,
secondary, tertiary amine or quaternary amine. The hydrogen bonded
phase which solubilizes the chlorite can be monomeric or polymeric amides
(e.g. formamide, isopropylacrylamide-acrylamide mixture) or monomeric or
polymeric alcohols (e.g. methanol, 2-(2-ethoxyethanol). The amides are
25 especially preferred since the amide functionality does not react with the
anhydride below 150°C. In addition, chlorites, such as sodium chlorite
rémain stable in amides, such as formamide, up to 100°C.
The hydrogen bonded phase may also contain components which

may be induced to polymerize after film coating in order to stabilize the



- 6- (1973); Z. Kopicova, J. Nemc and M Protiva, Coll
Czechosl ov. Chem Commun. 41, 459 (1976)]. An
alternative nethod to produce the desired anhydride substituted

polymer is to copolynerize nethacrylic anhydride with hydrophobic, 5

al i phatic or aromatic vinyl nononers. Linear polyners that incorporate
-anhydride in the backbone generally require that the anhydride be included
in nmole percentages |less than 6% [J.CH Hwa and L. MIler, J. Poly. Sci.
55 197 (1961)1. The apol ar phase may al so contain conponents
whi ch may be 10 I nduced to crosslink afteg_filmcoating in order to
stabilize the nechanical properties of the coating. These
conmponents include m xtures of hydr ophobi ¢ epoxi des and am nes.
The gradual hydrolysis of the anhydride conponent in the presence

of atnospheric noisture \NI|| nera acid .functionality and. ipno
formation. This wiI"PEHISHE ‘?Rﬁ"@?ﬁg L& COHpe:t %F?EZW 8‘% {Iﬁgrogcn
chlorite containi n%&m@a%&g@ggchm%e and the apol ar phase cont ai'ni ng
t he anhydri de. he preferred constituents of the hydrogen

bonded phase i ncl ude The ﬁnalscmatmg eithpesitiens iomade Heyr miting the hgdmmpblct he

cation nmay be an alk ne ear r transition net

ion or a protonated f@rhﬁ%{ cn bonded phaég%(gg]dg?dm Fgﬁl"t s£c§s1%aﬁete81rperatures
quaternary ang ne. ﬂb@o@ygf@gﬁ@omgiﬁ@n tem eraturléh%fetlf%'cﬁi@)rﬁ@ éﬂekitﬁfﬂ ithe
chlorite can be nononeric or polymeric am des e.g. m de .

i sopropyl acryl an deempeyitanésdesnibenG08(. crhereratingris ¢ha applled as a hpbl'rgcﬂieﬂq C

al cohol s (e.g. -nmethanol oxyet hanol The a S
especi al |y preferrédg® s?'ﬁt&‘émg' %4:1 Dy Eﬁnc‘f’fl%‘fﬁgl itPy S @5@@ r%t cpélg& ®i fR%The
anhydri de bel ow 15Qkgf; ge}ﬁuré.” addition, chlorites, such as sodiumchlorite

remain stable in amd such as formam de, up to 100C. The
~hydrogen bonded phase rmIs,i dthophases aira mmeﬂofmmlmrt'vl’umtts at high viscosity little
10 reaction of the anhydride with the chlorite occurs. However, if the

dispersion is very fine, the .phase compatibility very high (similar solubility
parameters for the apolar phase and hydrogen bonded phase) and the
viscosity of the phase is low extensive production of chlorine dioxide is
observed even in dry films.

15 Exposure of the solid, unreacted film to water will hydrolyze the
anhydride groups, compatiblize the phases and induce chlo-rine dioxide
release. Thus chlorine dioxide release éan be controlled by phase
dispersion, phase viscosity, and exposure to atmospheric moisture.

The present invention is further illustrated by the following example.

20 A 7 wt% solution of sodium chlofite was made in 33wt%
formamide:33wt% acrylamide:33wt% isopropylacrylamide (hydrogen
bonded pHase). Next a 40% solution of a 33moleZmaleic
anhydride:65%moles styrene copolymer solution in ethylbenzene plasticizer
(apolar phase) was vortex mixed with the hydrogen bonded, chlorite

25 containing phase. The resultant white blend of the two disperse phases
started a sustained release of chlorine dioxide in the absence of added
water within five minutes at room temperature due to interphase diffusion

and reaction.



may be i nduced to polynerize after filmcoating in order to stabilize the

-7- mechani cal properties of the coating. These conponents
i ncl ude hydrogen bonded epoxi des and am nes. The
final coating conmposition is made by m xi ng the hydrophobic and

hydr ogen bonded phases to the desired dispersion at tenperatures 5
bel ow t he deconposition tenperature of the chlorite, preferably at
tenperatures less than 60[err]C. The coating is then applied as a hot nelt

to the substrate and then is induced to solidify by cooling to room
t enper at ur e. I f both phases are m xed for short tines at
high viscosity little 10 reacti on of the-&hydride with the chlorite
occurs. However, if the di spersion is very fine, the phase
conpatibility very high (simlar solubility paranmeters for the
apol ar phase and hydrogen bonded phase) and the viscosity of the
phase is | ow extensive p‘[‘Hé":'é?lTehéE“raQé c6llaobd alawéaoay Eling the mixture IWLCVEd
even in dry films. 15 Exposure of the solid, unreacted filmto

wat er will hydrol yZe mneeasmg the visgpgityonf the p@ﬁWpsWammtdhé’oﬁV@é to hydpyzee s
and induce chlori nethgI g anhydride to maleic acid and increase the rate of chlorine

dioxide release. .

5 While the preferred embodiments of the invention and their
advantages have been disclosed in the above detailed descriptjon, the
invention is not limited thereto but only by the Spirit and scope of the

appended claims.



rel ease. . Thus chlorine dioxide release can be controll ed by phase

di spersi on, phase viscosity, and exposure to atnospheric noisture.

The present invention is further illustrated by the foll ow ng exanple. 20
A7 w% solution of sodium chlorite was made in 33wt %

f or mam de: 33wt % acryl am de: 33wm % i sopropyl acryl am de (hydrogen

bonded phase). Next a  40% solution of a933npl e%ml eic
anhydri de: 66%ol es styrene copol ymer solution in ethyl benzene pl astici zer
(apol ar phase) was vortex m xed with the hydrogen bonded, chlorite 25
cont ai ni ng phase. The resultant white blend of the two di sperse phases
started a sustai ned Tisd €oltowing pdriagraphs siimimiadise i soniehémportant deathiresd of dhe
water within five mnutes at roomtenperature due to interphase diffusion
and reaction. invention: - 8-

The rel ease rate could be slowed by cooling the m xture to OC or by

I ncreasing the viscosity of the phases. Water was observed to hydrolyze the
mal ei ¢ anhydride to maleic acid and increase the rate of chlorine dioxide

rel ease. : . : - s
5 - The method for making the composition which liberates a

repelling or biocidal agent comprises the steps of:
dissolving a chlorite salt of a cation into hydrogen bonded
matrices to create an amine confaining phase; and
| * mixing said amine containing phase with an incompatible phase
10 having a hydrolyzable anhydride component therein to create a mixture having
an ionomeric polymer; and
exposing said mixture to atmospheric moisture such that said
ionomeric polymer releases chlorine dioxide when exposed to said moisture in

order to liberate a repelling or biocidal agent.

15
The chlorite cation may comprise an alkali, alkaline earth,
transition metal, protonated primary amine, protonated secondary amine,
protonated secondary amine, protonated tertiary amine, quaternary monomeric
amine, quaternary polymeric amine or a mixture thereof. |

20

The method may further include the step of selectively forming
a film of said composition on a substrate. This step may comprise the step of
applying said ionomeric polymer as a tacky hot melt to the substrate;

controlling the operating temperature to avoid the decomposition



\

Wil e the preferred enbodi nents of the invention and their advantages have
been di sclosed in the above detail ed description, the invention is not
limted thereto but only by the spirit and scope of the appended cl ai ns.

-9 - The foll owi ng paragraphs sumari se sone i nportant features
of the I nventi on: 5 The met hod for making
the conposition which |liberates a +&del i ng or biocidal agent

conprises the steps of: > . di ssolving a chlorite salt
of a cation into hydRBREAuEPlany chlorite presenti@pdi ces to create an anine
cont ai ni ng phase; and ' m xi ng said am ne contai ni ng
phase wi th an inconpati bichangimgs ¢he viscosity and phase dispersion of the composition to

control the reaction of the anhydride with the chlorite to release chlorine

dioxide.

The method may further comprise the step of lowering the pH

of said ionomeric polymer to less than 8.0.

' Thé composition which liberates a repelling or biocidal agent
10 when exposed to a water source may be said to comprise:
a cation;
a chlorite salt of said cation in a hydrogen bonded matrix; and
an incompatible phase having a hydrolyzable acid anhydride component
therein mixed with said hydrogen bonded matrices to fofm an ionomeric
15 composition having a chlorite compound contained therein such that said
ionomeric composition releases chlorine dioxide when exposed to the water

source for acting as a repelling or biocidal agent.

The chlorite salt may be derived of protonated primary amine,

20 protonated secondary amine and protonated tertiary amine.

The cation may comprise an alkali, alkaline earth, transition
metal, protonated primary amine, protonated secondary amine, protonated

tertiary amine, quaternary monomeric amine, quaternary polymeric amine or



10 .having a hydrol yzabl e anhydri de conmponent therein to create a

m xt'ure havi ng an i ononeric polyner; and

exposing said mxture to atnospheric noisture such that said

i ononmeri c polyner rel eases chlorine di oxi de when exposed to said noisture

I n order to liberate a repelling or biocidal agent. 15

The chlorite cation nmay conprise an al kal i, alkal ine earth,

transition netal, protpnateﬂ rimary am ne, protonated secondary am ne,
prot onat ed secondar \? BHitHE ¢ E}F)‘bétonat ed tertiary amne, quaternary nononeric
am ne, quaternary polyneric amne or a mxture thereof. 20

The nmethod may further include the step of selectively formng a
filmof said conposition on a substrate. This step may conprise the step of
appl yi ng said iononeric polynFhedisnomemciiypdsition'mby bt medltablestolrstataaefilm on
controlling the operating tenperature to avoid the deconposition

a substrate.

In the abévé ﬁethod and composition, ti:e matrices may comprise aliphates
amid;es, aromatic amides, aliphatic alcobol, aromatic alcohol br a mixture
thcréof and may be selected from formamide, acrylamide-isopropylacrylamide
mixtures or their polymerized products, neat primary or secondary amines and
10 their polymerization products with acrylamide, isopropylacrylamide and N,N
methylene bisacrylamide, and glycerine, ethylene glycol, or poly hydroxylic

alcohols or mixtures of the above.

The incompatible phase with the hydrogen boﬁdcd phases may

15 consist of grafted anhydride styrene copolymer of a concentration between
approximately 5 weight percent and approximately 50 weight percent blended

with or grafted to hydrocarbons such as polypropylenes, polyethylenes, or

polystyreneé.



-10 - . tenperature of any chlorite present; and

changi ng the viscosity and phase di spersion of the conposition to .

cont rol the reaction of the anhydride with the chlorite to release chlorine
The nethod may further conprise the

glt g)p()i gfe Iowerl ng tt{e“"“”“l“l“““lmnw sal d i ongneric poI ymer to less than

8. 0. i t Td® Wwhich |bﬂﬁsamaee<masneerpned lal:eﬂ
or biocidal agent 10 vvhen exposed to a water sourc
conpri se: a cation; ac
said cation in a hydrogen bonded matrix; and _
I nconpati bl e phase having a hydrol yzabl e aci d anhydri de conponent
CLAIMS
1. A method for making a composition which liberates a repelling
5 - or biocidal agent comprising chlorine dioxide and which comprises

mixing (a) the product of dissolving a chlorite salt into hydrogen
bonded matrix with (b) an incompatible phase comprising a polymer

containing hydrolyzable anhydride component.

10 2. A method as claimed in Claim 1, wherein said chlorite salt
comprises a salt of an alkali metal, alkaline earth metal, transition metal,
protonated primary amine, protonated secondary amine, protonated tertiary

amine, quaternary monomeric amine, quaternary polymeric amine or a mixture

thereof.
15
3. A method as claimed in Claim 1 or Claim 2, wherein said
matrix comprises aliphatic amide, aromatic amide, aliphatic alcohol, aromatic
alcohol or a mixture thereof.
20 4. A method as claimed in Claim 1 or Claim 2, wherein said

hydrogen bonded matrix comprises formamide, acrylamide—
isopropylacrylamide mixtures or their polymerized products, neat primary or
secondary amines or their polymerization products with acrylamide,

isopropylacrylamide and N,N methylene bisacrylamide, glycerine, ethylene



therein mxed with said hydrogen bonded ITB.tI’ICES to forman | i onopmesc 15
corrp05|t|on having a chlorite conpound contained therei A—-stch t hat sai,\ taced
i ononeri c conmpos | ori ne di oxi de when expogggkted

source for acti nLﬂHWMFmE ﬂﬂ!] or biocidal agent. \\ \ \
The chlorite salt*may be |sve of protonated primary am n\%\

protonated secondary amine and protonated t&rtiary am ne.

Th t ris ne earth, nsition
matealCa :o(r)gt gﬁzt ggnp yﬂgrgagﬁ]yh@xybpgicgﬁgft%a%m ?céi’f’ﬁ% pr ot onat ed

tertiary am ne, quaternary nononeric am ne, quaternary polyneric am ne or
a m xture thereof.

S. A method as claimed in any one of Claims 1 to 4, further

comprising the step of lowering the pH of said polymer to less than 8.0.

6. A method as claimed in any one of Claims 1 to 5, further
‘comprising the step of selectively forming a film of said composition on a

-substrate.

10 7. The method as recited in Claim 6, wherein said step of forming
a ﬁlxﬁ comprises the steps of:
applying said polymer as a tacky hot melt to the substrate;
controlling the operating temperature to avéid the decomposition
temperature of any chlorite present; and |
15 changing the viscosity and phase dispersion of the composition
to control the reaction of the anhydride with the chlorite to release chlorine

dioxide.

8. A composition which liberates a repelling or biocidal agent

20 comprising chlorine dioxide when exposed to a water source, said composition
comprising

a chlorite salt in a hydrogen bonded matrix and, mixed

therewith, an incompatible phase, preferably comprising - polymeric

material, and having a hydrolyzable acid anhydride component therein.



The i onaner corrp05|t|on may be neltable to create a filmon a
substrate. This Shedt Had Been Rdplaved et hod and corrpthh&naLr&s
may conpri se allphate des aromati c am (e tic
aI cohol, aronatic alc t her Eﬁ"mmmi’ﬂm)wu

el ect ed from formam de, opropyl acryl am:d l
or their polynerized products neat pr| mary-dﬂ -secondary am nes and 10
their polynerization products wth acryl am de, isopropyl acryl am de and N, N
met hyl ene bi sacryl ani de,%-and e/ euppositionasclaimed i Clabn 8, whersin aidsaltds gl i c
al cohol s or m xtures of the above. The
i nconpati bl e phase saltt ¢f ahealkaliimoejaln abkatisie degptha seetal,tmnsifibn  metal; opretomntitedf
grafted anhydride styrene copol ynmer of a concentration between
approximately 5 veipgitharpeaméit] protbnaRar SecoBirg! ¥mdft, Welofhhatede tiifly Rhimged
with or grafted to hydrocarbons such as pol ypropyl enes, pol yet hyl énes, or

quaternary monomeric amine, quaternary polymeric amine or a mixture

5 - thereof.

10. A composition as claimed in Claim 8 or Claim 9, wherein said

composition is meltable to create a film on a substrate.

10 11. A composition as claimed in any one of Claims 8 to 10, wherein
said hydrogen bonded matrix comprises formamide; an acrylamide—
isopropylacrylamide mixture or polymerized product thereof; neat primary or
secondary amine or a polymerization product thcrcdf w1th acrylamide,
isopropylacrylamide and N,N methylene bisacrylamide; glsrcerine; ethylene

15 glycol; polyhydroxylic alcohol or mixture thereof.

12. A composition as claimed in any one of Claims 8 to 12 where
said incompatible phase comprises a polymcﬁc material, for example grafted
anhydride styrene copolymer of a concentration between approximately 5

20 weight percent and approximately 50 weight percent blended with or grafted

to a hydrocarbon such as polypropylene, polyethylene or polystyrene.

13. A method for the release of a repelling or biocidal agent

comprising chlorine dioxide, over an extended period of time, said method



pol ystyr enes.

H 111111111H1111 11rhis Sheet Has Been Re r
maki ng a conposi ti onommmlM s a repel l'i ng H“m\mﬂ“ﬁ ﬁ (m l
agent conprising chi [ nd whi ch conpri ses M *

m xing (a) the product g a chlorite salt |nto hydrogen

bonded matrix with (b) an inconpatible phasel8enprising a pol yner

cont ai ni ng hydrol yzabl e anhydri de conponent. 10 2. A
met hod as cl ai med CAMEFSing SKposipg a SORPositign @ (ciaimed it any one of Claims 8 to 12
conprises a salt of an alkali netal, alkaline earth netal, transition
met al , or obtained by the method of any one of Claims 1 to 7 to atmospheric

moisture.



protonated primary am ne, protonated secondary am ne, protonated tertiary
am’ne, quaternary nononeric ami ne, quaternary polyneric anine or a mxture

thereof. 15 3. A nmethod as claimed in Claim1l or Claim
2, wherein said matri x conprises aliphatic am de, aromatic am de,
al i phatic al cohol, aromatic al cohol _or a m xture thereof. 20
4. A nethod as claimed in Caim1l or Card2; wherein said

hydr ogen bonded nat ] (i ses formam de, acryl am de-
i sopropyl acryl am dM or their polynerized products, neat primry or

secondary am nes or their polynerization products with acrylam de,
| sopropyl acryl am de and NN net hyl ene bi sacryl am de, gl ycerine, ethylene

CHLORINE DIOXIDE GENERATING

POLYMER PACKAGING FILMS

A composition incorporating a cl;lorine dioxide generating compound
such as sodium chlorite into a polymer or oligomer film is coatable onto
various substrates. Controlled release is accomplished by absorption of
moisture from the environment. The chlorine dioxide so released acts as a

10 biocide and a fumigant. To form the composition, the chlorite is dissolved
into a hydrogen bonded phase containing a monomeric or polymeric amide or
a monomeric or polymeric alcohol. This hydrogen bonded phase is then mixed
with an incompatible apolar phase consisting of anhydﬁée such as a polymer
such as a maleic anhydride copolymer w1th olefin, or :-:1 grafted maleic

15 anhydridc—polyﬁropylgne polymer. Chlorine dioxide is released by direct
reaction of the anhydride or hydrolzed anhydride with the chlorite anion across
thc_phasé boundary. Incxlcasing the molecular weight of the phases, increasing
the phase incompatibility an_d decreasing the concentration of anhydride will
all decrease the chlorine dioxide release rate.

20



S : : : TOMHIE-2
5. A method as clainmed in any one of Clainms 1 to 4, further ;Ls

conprising the step of lowering the pH of said polyner to | ess than 8.0.
5 .= . 6. A nmethod as clainmed in any one of Clainms 1 to 5,
further conprising the step of selectlvely form filmof said ..
conposition on. a substrate. 10 - : he e

as recited in Caim6, wherein said step of forn1ngii
conprises The steps of: ;

S IR o socomonrion Tl l,g;:;; .....

any chlorite {preaseht; éhanglﬁg thé“vTScos
and phase di spersion of the conpositiéabﬁnﬂ§ a7,

1. A compogition for disinfection, reducing bacterial and
fungal growth, and repelling insects comprising: _

a first phase containing a chlorite salt dissolved in a
hydrogen-bonded matrix; and

an apolar second phase containing an anhydfide and a
diluent, the first and second phases being in intimate
contact and incompatible with one another, and the first
panase being capable of réleasing chlorine dioxide upon
hydrolysis of the anhydride. :

2. A composition according to claim 1 wherein the first
phase contains an amide, an alcohol, or a polymerizable
hydrogen-bonded epoxide or amine.

3. A composition for disinfection, reducing bacterial and
fungal growth, and repelling insects comprising:

a first phase containing a chlorite salt dissolved in a
hydrogen-bonded matrix selected from an amide, an alcohol,
or a polymerizable hydrogen-bonded epoxide or amine; and

an apolar second phasa containing an anhydride, the
first and second phases being in intimate contact and
incompatible with one another, and the first phase being
capable of releasing chlorine dioxide upon hydrolysis of the
anhydridé.

4. A composition according to claim 2 or claim 3 wherein
the amide of the first phase is selected from formamide,
acrylamide-isopropylacrylamide, a copolymer of formamide.and
acrylamide-isopropylacrylamide, and a copolymer of
acrylamide, isopropylacrylamide or N,N-methylene
bigacrylamide and a2 primary amine or a gecondary amine.



to control the reaction of the anhydride with the chlorite to re
chlorine- . di oxi de. : ,,,Areﬁnp6§TfTBﬁaaﬁ;ch

| i berates .a repelling or biocidal agent 20 conprls

di oxi de when exposed to a water source, said conp03| @f!

conpri sing a chlorite salt | gen %onded
matri x and, m xed therewith, -2an |nconpat|51e phase, preferably
conpri sing polyneric material, and having a hydrol yzable acid
anhydri de conponent therein.

- 14- 5. A coaposmm@ £EBRRAS Q:iaQLnab”Bg Efafh ru@er rein

said salt is a | kal’ i ne,earth
transition et ZFe ﬁ%ﬁ?gﬂﬁtgﬁ se{eCteéig< ﬁEF& &ﬁ}negigFﬁfiﬁﬁueﬁF@%k%ﬁﬂary
am ne, protonagddcedst oar gtlxomysshanol.

6. A composition according to any one of claims 1L to 5
wherein the chlorite salt is derived from a protonated
primary amine, a protonated secondary amine, a protonatad
tertiary amine, a quaternary amine, an alkali metal, an
alkaline earth metal, or a transition metal,

7. A composition according to any one of claims 1 to §
wherein the anhydride is blended with or grafted to
polypropylene, polyethylene or polystvzene.

8. A composition according to any one of claims 1 to 7
wherein the anhydride is a copolymer of maleic anhydride and
atyrerne.

9. A composition according to any one of claimsg 1 to 8-
wherein the second phase contains atactic polypropylene,
ethylbenzene, or an oclefin.

10. A method of disinfecting, reducing bacterial and fungal
growth, repelling insects from and/or deodorizing a
substrate compriging:
exposing a substrate to a composition accordlng to any
one of claims 1 to 9; and
exposing the substrate to moisturs to release chlorine
- dioxide from the composition into the atmosphere surrounding
the substrate.

11. A method according to claim 10 wherein the substrate is
coated with the compositicn and the coated substrate is
exposed co moisture to release chlorine dioxide.

REPLACEMENT SHEET

12 SEP 1997




guat er nary rmnorrerl c am ne, quaternary polyneric amne or a mxture 5

t hereof. * 10. A conposition as clainmed in Caim8 or
Claim9, wherei n said conposition is neltableto-create a filmon
a substrate. 10 11. A conmposition as, clainmed in any one of
Clains 8 to 10, wherein sai d hydrogen bondeﬂwﬂjmumﬂﬁwmm
formam de; an acryl am de- | sopr®pyl acryl am

- pol yneri zed product thereof; neat prinmary or secondaPy dmhe or a

pol ymeri zati on product thereof with acryl am de,
| sopropyl acryl am de and NN net hyl ene bi sacryl am de; gl ycerine; ethylene 15
gl ycol ; pol yhydiaxylA cnetned odcesrdiing toeclBemetl. wherein the subgtratelig

A COmpos {100 ago£k ke Ty 4 P sGell BF BnbOclipllEL 6 sai d

i nconpati bl e phase conprises a polyneric nater xanﬁ?e grafted
anhydri de. styrene copol yner of a concentration betmeen approximately 5

13. A process for preparing a composition comprising:

dissolving a chlorite salt in a first material
containing a hydrogen-bonded matrix to form a first phase;
and

then mixing the first phase with an apolar aecond phase
containing an anhydride and a diluent, the first and second
Phases being incompatible with each other, the first phage
being capable of releasing chlorine dioxide upen hydrolysis
of the anhydride.

14. A process according to claim 13 wherein the first phase
containsg an amide, an alcohol, or a polymerizable hydrogen-
bonded epoxide or amine.

15. A process for preparing a composition comprising:

disgolving a chlorite salt in a2 first material
containing a hydrogen-bonded matrix to form a first phase,
the hydrcgen~bonded matrix being selected from an amide, an
alcohol, or a polymerzzable hydrogen-bonded epoxide or
amzne, and

then mixing the first phase with an apclar second phase
containing an anhydride, the firat and second phases being
incompatible with each other, the first phase being capable
of releasing chlorine dioxide upon hydrolysis of the
anhydride.

1l6. A process according to any one of claims 13 to 1S
wherein the asecond phase includes a diluent selacted from
the group consisting of atactic polypropylene, ethylbenzene,
and an olefin.

REPLAGEMENT SHEET

12 SEP 197




20 me}ghf percent and approxi mately 50 wei ght percent bl ended with or
grafted-~ . to a hydrocarbon such as pol ypropyl ene, polyethyl ene or
pol ystyrene. 13. A nethod for the release of a repefling

or biocidal agent conprising chlorine dioxid t ed
period of tinme, said nethod ﬂ"l'{!ﬂﬁlﬂﬂﬂ“@i‘ﬁ"ﬁ - 15-
conpri sing exposing a conposition as chkFed I n any one uITb's 12
or obtained by the nethod of any one of aims 1 to 7 to atnospheric
noi st ure.

17. A process accofding to any one ¢of claima 13 to 16
further including the scep aof exposing the ccomposition to
moisture to hydrolyze the anhydride and release chloripe
dioxide from che compogition.

138. A procass according to any one of claims 13 to 17
further iacluding che step of applying the composition ko a
substrate to form a film.

19. A process accordiag to claim 18 wherein the composition
is applied to the substrated at a2 temperature bhelow that at
which chlorite within che first matexrial will decompcse.

20. A process accordiag to any one of claims 13 to 19
further including the step of changing che viscosity or
dispersibility of the firat and second phases, or changing
the temperatuxe of the composition te contzol release of
chlorine dioxide from the composition once it is exposged to
moisture.

2l. A process acccrding to any one of claims 13 te 20
wherein the chlorite salt is derived from a protonated
Primary, secondary, tertiary or quaternary amine, an alkali
metal, an alkaline earth metal, or a transition metal.
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