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A composite for retarding bacterial, fun-
gal and viral contamination and mold growth
includes a hydrophilic material containing an
a-amino ether and a chloride salt, and a hy-
drophobic material containing an acid releas- HYI&-'\!TOE%%G
ing agent. The hydrophilic and hydrophcbic
materials are adjacent and substantially free of
water, and the hydrophilic material is capable
of releasing chlorine dioxide upon hydrolysis
of the acid releasing agent.
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(1985)3. Only the highly reactive hypochlorite resulted in a weak positive
effect for nutagenic potential. The 25 ot her conpounds, including
chl orine di oxide and sodiumchlorite, failed to i nduce any chronosonal

aberrations or increased nunbers of mcronuclei in the bone marrow of m ce.

Vilagines et al. attribute the relatively innocuous effect of chlorine
dioxide to its inability to 30 produce hal onet hanes, unli ke hypochlorite
and chlorine [Proc. AWM Disinfect. Sdmn., 24 pp. (1977); Chem Abs. 93,
173513f 3. "Recently, Richardson et al. reported that an extensive study of

t he reaction of chlorine dioxide 2 with water borne organics by the

Envi ronnmental Protection Agency confirmed this observation [Environ. Sci.
Technol ., 28, 592 (1994)]. Japanese Kokai Nos. 63/296, 758, 63/274, 434, and
5 57/ 168,977 descri be deodorants containing chlorine .dioxi.de incorporated
in a polynmer, ceramic beads, or calciumsilicate wapped in nonwoven cloth,
respectively. CGels that generate chlorine dioxide for use as topical
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applications for disinfection are disclosed by Kenyon et 10 al., Am a.
Vet. Res., 45(5), 1101 (1986). Chlorine dioxide generating gels_are
generally formed by m xing a gel containing suspended sodiumchlorite with
a gel containing lactic acid Imediately prior to use to avoid premature

chl ori ne di oxide rel ease Chlorine dioxide 15 rel easi ng gels have al so
been used in ervation. Encapsul ati on processes have ) used
in preparing §@E§%§§ﬁ§f chl ori ne di oxi de. Canadi an Pat ent hb? @@?@ggﬂ
descri bes generation of chlorine dioxide by separately encapsul ati ng sodi um
chlorite and lactic acid 20 I n pol yvinyl alcohol and m xi ng the capsul es
with water to produce chlorine dioxide. Ticelet al., U S. Patent No.

4,585, 482 descri be gradual _hydrolysis of alternating cﬂggvinyl met hyl
et her - mal ei ¢ aunhydri de) OFUEH#%M%%@EPFP%i G&q EXIONSyener at e

acid that can release chlorine dioxide fromsodiumchlorite. A polyal coho

huneet ant and watgfe @S uhat | he pol yanhydride or polyacid in
a nylon coating. er_sodlu i ffused into the capsul e through

m
the nmylon wall, an inpg&eh&xeeensoinvention yedatepagenerallyfeaat ed ar ound
the hyl on capsul éidedldadnicompositoni itk fryleagast cRlofite dioxide. The

5 invention particularly relates to such a composite
including an amine-containing hydrophilic material having
improved long term storage stability.

Chlorine dioxide (Cl0,) is a superior oxidizing agent
widely used as a bleach, disinfectant, fumigant or
10 deodorizer. It can penetrate the cell wall or membrane
and cytoplasm of mold spores, bacteria and other
microbiological contaminants at concentrations below one
part per million and destroy them.
The incorporation of chlorine dioxide or sodium
i5 chlorite in food packaging has prompted studies to
determine whether residual levels of such preservatives
result in a significant genetic o:~carcinogenic hazard to
humans. Meier et al. studied the effect of subchronic
and acute oral administration of chlorine, chlorine
20 diexide, sodium chlorite and sodium chlorate on the
induction of chromosomal aberrations and spermhead
abnormalities in mice [Environ. Mutagenesis, 7, 201
(1985)]. Only the highly reactive hypochlorite resulted
in a weak positive effect for mutagenic potential. The
25 other campounds, including chlorine dioxide and sodium
chlorite, failed to induce any chromosomal aberrations or
increased numbers of micronuclei in the bene marrow of
mice. Vilagines et al. attribute the relatively
innocucus effect of chlorine dioxide to its inability to
30 produce halomethanes, unlike hypochlorite and chlorine
[Proc. AWWA Disinfect. Semin., 24 pp. (1977); Chem. Abs.
. 23, 173513£f]. Recently, Richardson et al. reported that
an extensive study of the reaction of chlorine dioxide
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application of the capsules. The capsules can be coated onto surfaces to
rel ease chlorine dioxide. Al though the capsules are-said to provide

bi oci dal action for several 35 days to nonths, chlorine dioxide rel ease
begins imedi ately after the capsul es are prepared. The 3 batchw se
process used w@ogdgespr € t he capsul es al so invol ves nuner ous PCVES9609179
reactions and physical processes, sone of which involve environnental

di sposal problens. 5 There is a need for an inert conposition that
can be easily activated to initiate chlori di oxide rel ease in use. A
conposition that is conposed of and generates only FDA approved substances,

or L hose gengralﬁﬂtﬂe\%laad iSE‘n&Sofgéﬂ : %htgl tﬁﬂbﬁi—éh&ﬁmecbzwec{agﬁblo
R Cont act it h ARARSEE SRt AFRPY SHLY | bAdRTaR LS DRRERE TN S cots of Che
i nvention, thercfeshnolvay 2Be ﬁ@?eGIQQﬂilprOV|S|on of a conposition that
rel eases a Japanese Kokai Nos. 63/296,758, 63/274,434, and
5 57/168,977 describe decdorants containing chlorine
dioxide incorporated in a polymer, ceramic Beads, or
calcium sillicate wrapped in nonwoven cloth, regspectively.
Gels that generate chlorine dioxide for use as topical
applications foxr disinfection are disclosed by Kenyon et
10 al., Am. J. Vet. Res., 45(5), 1101 (1986). Chlorine
dioxide generating gels are gensrally formed by mixing a
gel containing suspended sodium chlorite with a gel
containing lactic acid immediately prior to use to aveid
premature chlorine dioxide release. Chlorine dioxide
15 reieasing gels have also been used in food preservation.

Encapsulation processes have also been used in
preparing scurces of chlorine dioxide. Canadian Patent
No. 959,238 describes generation of chlorine dioxide by
separately encapsulating socdium chlorite and lactic acid

20 in polyvinyl alcohol and mixing the capsules with water
to produce chlorine dioxide.

Tice et al., U.S. Pateant No. 4,585,482 describe
gradual hydrolysis of alternating poly(vinyl methyl
ether-maleic anhydride) or poly(lactic-glycolic acid) to

25 generate acild that can release chlorine dioxide £rom
scdium chlorite. A polyalcchol humectant and water are

' encapsulated with the polyanhydride or polyacid in a

nylon coating. After sodium chlorite is diffused into
the capsule through the nylon wall, an impermeable

30 polystyrene layer is coacervated arocund the nylen
capsule. Solvents are required for reaction and
application of the capsules. The capsules can be coated
onto surfaces to relsase chlorine dioxide. Although the
capsules are gsaid to provide biocidal action for several

35 days to months, chlorine diocxids release begins
immediately after the capsules are prepared. The
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15 concentration of chlorine dioxide sufficient to elimnate bacteri a,
fungi, nolds and viruses; the provision of such a conposition that rel eases
such chl orine di oxide concentrations for a period of up to several nonths;

t he provision of such a conposition that can be stored for a 20 prol onged
period and then activated prior to use; the provision of such a conposition

t hat i ncreasewddsoigl ease rate of chlorine dioxide in propopﬁ,gggsﬁogng
i ncreased tenperature and hum dity which pronote nold and bacteria growh

and the provision of such a conposition 25 that only rel eases substances
approved for human exposure or ingestion-and is relatively inexpensive. The
present invention is directed to a conposite3for retardi ng bacterial,

fungal and viral oA ' r i_n dj hydr.ophobi c
nmat gri al containip 0 %E&ggfggﬁﬁgg‘f% a Ie;‘rzfte g%% ggg?%%%tff hd a
hydr ophi | i ¢ mat erfHoiVe® RPReRguenrhericaly reaassiongeandpywical and

hydr ophobi ¢ mat erprdcnsares, adprecof whikls Uficive ahiirbhiventdl Widiogand t he
hydrophi lic material jia.gCaPabl e of releasing chlorine dioxide upon

hydrol ysis of_the acl 5 ° rel easi ng agent. , .
. 5 There is a need for an inert composition that can be

easily activated to initiate chlorine dicxide release in
use. A composition that is composed of and generates
only FDA approved substances, or those generally
recognized as safe, is particularly needed for food

10 packaging and other applications where the substances can
be ingested by or in contact with humans.

s e ention .

Among the objects of the invention, therefore, may

be noted the provision of a'campoaitioﬁ that releases a

15 concentration of chlorine dioxide sufficient to eliminate
bacteria, fungi, molds and viruses; the provision of such
a composition that releases such chlorine dioxide
concentrations for a period of up to several months; the
provision of such a composition that can be stored for a

20 prolonged period and then activated prior to use; the
provision of such a composition that increases the
release rate of chlorine dioxide in proportion to
increased temperature and humidity which promote mold and
bacteria grawtﬂ; and the provision of such a composition

25 that only releases substances approved for human exposure
or ingestion and is relatively inexpensive.

The present inventicn is directed to a composite for
retarding bacterial, fungal and viral contamination and
mold growth including a hydrophobic material containing

30 an acid releasing agent and a diluent, and a hydrophilic
material containing chlorite anionas. The hydrophilic and
hydrophobic materials are adjacent and substantially free
of water, and the hydrophilic material is capable of
releasing chlorine dioxide upon hydrolysis of the acid

35 releasing agent.

SUBSTITUTE SHEET (RULE 26)



4 Anot her enbodi ment of the invention is directed to a conposite for
retardi ng bacterial, fungal and viral contam nation and nold growth that
contai ns a hydrophobic nmaterial containing an acid rel easing agent, and a 5
hydrophilic material containing chlorite anions and an ami ne, an amd., an

al cohol , or a\wsgﬂggwwd contai ning a4-no, um do or hydroxyl pOT/E§9688179 The
hydr ophi I i ¢ and hydrophobic materials are adjacent and substantially free
of water, and the hydrophilic material is capable of 10 rel easi ng

chl ori ne di oxi de upon hydrolysis of the acid rel easing agent. Anot her
enbodi nent of the invention in directed to a dispersion for retarding

bacterial, fungal andauil saRbaThAR I iy 1E9bAEGR D difaeeantal s 2

hydr ophobi ¢ 15 phase contalining an acid rel easing agent,. and a

hydr ophi | i ¢ phastempatidienifey Tararding d?ﬁ%.i‘%hefﬁw?%;ﬁﬂq izt

910 B s s s st et

IC2)0a'serIelsegggoﬁg ang'g'é%iz.'h}etc° ﬁg?'ﬁgf'ae o‘oélirf@)r%fqgru?ﬁg [ é/%érz't i)soﬂr?slas directed

5 hydrophilic material containing chlorite anions and an

amine, an amide, an alcohol, or a compound containing

amino, amido oxr hydroxyl moieties. The hydrophilic and

hydrophébie materials are adjacent and substantially free

of water, and the hydrophilic material is capable of

10 releaging chlorine dioxide upon hydrolysis of the acid
releasging agent.

Another embodiment of the invention is directed to a
dispersion for retarding bacterial, fungal and viral
contamination and mold growth that contains a hydrophobic

15 phase containing an acid releasing agent, and a
hydzrophilic phase containing chlorite anions. The
hydrophilic and hydrophobic phases are substantially free
of water, and the hydrophilic phase is capable of '
releasing chlorine dioxide upon hydrclysis of tha acid

20 releasing agent. '

Yet another embodiment of the invention is directed
to a composite for retarding bacterial, fungal and viral
contamination and mold growth that contains a hydrophobic
material containing an acid releasing agent selected from

25 the group consiiting of phosphoric acid, a trimethylailyl
phosphate ester, a dialkyl phosphate, sulfonic acid, a
sulfonic acid chloride, a homopclymer of a mixed
inorganic acid anhydride, a copolymer of an organic acid
anhydride or a mixed inorganic acid anhydride with a

30, monomer containing a double bond, and a mixed inorganic
acid anhydride containing a phosphorus-oxygen-silicon
bond, and a hydrophilic material containing chlorite
anions. The hydrophilic and hydrophobic materials are
adjacent and substantially free of water, and the

35 hydrophilic material is capable of releasing chlorine
dioxide upon hydrolysis of the acid releasing agent.

SUBSTITUTE SHEET (RULE 26)



to a conposite for retarding bacterial, fungal and viral contam nation and
nold grom h that contains a hydrophobic material containing an acid

rel easi ng agent selected from 25 t he group consisting of phosphoric acid,
a trinmethylsilyl phosphate eater, a dialkyl phosphate, sulfonic acid, a

sul fonic acid chloride, a honopol yner of a m xed inorganic acid anhydride,

a copol yner of nic acid anhydride or a m xed i norgani @cegissk/oo179
anhydri de mﬁtﬂ”ggggﬁgﬁnnoner cont ai ning a doubl e bond, and a m xed

i norgani ¢ acid anhydri de contai ning a phosphorus-oxygen-silicon bond, and a
hydrophilic material containing chlorite anions. The hydrophilic and
hydr ophobi ¢ materials are adjacent end subst®ntially free of water, and the

hydrol ysi o of 1t he aci (L PERERRE Coerreide’ 5 30a8 BLEgRESR 0,31 o 1070 5o

directed to a conguapcsdtieoforeratardipnd dmaterdal,f Gugakl cand Wixdl

contam nati on antedi£hida®Wol hAd! HIEE Frdwtd 2RRBLLEES "RIRFdAdpKONEAI Ni Ng an

a’a”‘no et her E”“Lé%égyéywc%gtggLihg an «-amino ether and a chlorite salt,

5 and a hydrophobic material containing an acid releasing
agent. The hydrophilic and hydrophobic materials are
adjacent and substantially free of water, and the
hydrophilic material is capable of releasing chlorine
dioxide upon hydrolysis of the acid releasing agent.

10 Another embediment of the invention is directed to a
composite for retarding bacterial, fungal and wviral
contamination and mold growth includes a hydrophilic
material formed by reaction of an iminium chlorite and a
base, and a hydrophobic material containing an aeid

15 releasing agent. The hydrophilic and hydrophobic

| materials is adjacent and substantially free of water,
and the hydrophilic material is capable of releasing
chiorine dioxide upon hydrolysis of the acid releasing
agent.

20 Yet another embodiment of the invention is directed
to a hydrophiliec compesition including urea, a
plasticizer selected from the group consisting of N-
methylacetamide, formamide, succinamide, N-

_ ethylacetamide, N-methylformamide, N-ethylformamide, and

25 amido substituted alkylene oxides, and a base selected
from the group consisting of a metal alkoxide, an
ammonium alkoxide, a trialkylammonium alkoxide, a metal
oxide, an acetate, and a metal ion, such that iminium
chlorite is tranasformed to a stable chlorite salt in the

30 presence of the composition.

Other cbjects and advantages of the invention will
be apparent from the following detailed description.

Brief Descriggiqn of the Drawings
35 FIG. 1 i3 a schapatic that illustrates conversion of

an amine precursor to an iminium chlorite;

SUBSTITUTE SHEET (RULE 26)



5 and a hydrophobic material containing an acid releasing agent. The
hydr ophi Il i ¢ and hydrophobic materials are adjacent and substantially free
of water, and the hydrophilic material is capable of releasing chlorine
di oxi de upon hydrolysis of the acid rel easing agent. 10 Anot her

enbodi nent of Q?“g%oention is directed to a conposite for rg Sdetd170
bacterial, fun viral contam nation and nold growth includes a

hydrophilic material formed by reaction of an imniumchlorite and a base,
and a hydrophobic nmaterial containing an acid 15 rel easing agent. The
hydr ophi I i ¢ and hydrophobic materials is adjfcent and substantially free of

0 oxi de- upon ydt of yoi 161 4 i Lnstrarap o BRRRRIYRHEE 35 2004 ‘ankgridey her
enbodi ment of theinnaechydrophicbidi phasedand mign;:hmufi bydoopixsh tic) to
including urea, a RLaﬁ&ixgi&:?rchi%'ﬂ%eg féﬁf&i{kﬁ cﬁfl%%n%og§b§lagggaog N-

nmet hyl acet am de, or- nal succl nam

N-net hyl f or mani de, N- XF84 Adradbiandafa 3ze Sm iggnofi rul kilayeaadne
oxi des, and asbasecEpbsites Hoz0ProRtdingUpustdtried redeabedofeill orideXi de,

an annDniun1aIkoxagg*iibtrialkylannoniun1alkoxide, a netal

FIG. 4 i8 a plot of chlorine dioxide release rates
for several powder compositions;

FIG. 5 is a plot of chlorine dioxide release rates

10 for a layered composite; .

FIG. 6 is a plot of chlorine dioxide release rates
in relation to atmospheric temperature and humidity:;

FIG. 7 is a plot of chlorine dioxide release rates
for a layered composita;

15 FIGS. 8 and 9 are plots of chlorine dioxide release
rates in relation to atmospheric temperature and
humidity;

'FIG. 10 is a plot of maximum chlorine dioxide
concentration as a function of leakage from a container;
20 and
FIG. 11 is a plot of chlorine dioxide concentration
as a function of time.

Detailed exrd eferr odiments
In accordance with the present invention, it has
25 Dbeen discovered that sustained release of chlorine
dioxide can be generated from a composite containing
chlorite anions when the composite is exposed to
meisture. The composite comprises a hydrophilic material
and a hydrophobic material. The composite may be, for
30 example, a dispersion composed .of hydrophilic and
hydrcphobic phases, or a mechanical combination of the
hydrophilic and hydrcphcbic materials, such as powders
and adjacent films. The powder has a hydrophobic core

SUBSTITUTE SHEET (RULE 25)



oxi de, an acetate, and a netal ion, such that imniia chlorite is
transforned to a stable chlorite malt in the 36 presence of the

conposition. Qher objects and advantages of the invention will be apparent
fromthe follow ng detail ed gesesipti-on--Briell¢scrintion of the Draw nas
35 FIG 1 is a schenafy F+Hiha[HAEAT Uk pedeff conversion of an amine

precursor to an imniumchlofjteRéppeei! G 2 illl ustrates hydrol ysis of an
aci d anhydri dé“??ﬁ""aoqqydropho 'pﬁasegdm i on of hydroﬁ%ﬂﬁ%‘@ﬁr’?o t he
imniumchlorite to rel ease chlorine dioxide gas; FIGS. 3a, 3b and 3c are
schematics of nultilayered 5 conposites for providing sustained rel ease of

. chlorine dioxide; FIG 4 is a plot of chlorime dioxide release rates for
several powder conpositions; FIG 5 is a plot of chlorine dioxide rel ease
rates 10 for a dxbedded witbochlerits @ongaipingppartidlesdd odidjacendxi de

rel ease rates films comprise separate layers of the hydrophilic or
' hydrophobic materials.
Preferably, the composite comprises between about
. 5 5.0 wt.% and about 95 wt.% hydrophilic material and
between about 5.0 wt.% and about 95 wt.% hydrophobic
material, more prefexrably between abocut 15 wt.% and about
95 wt.% hydrophilic material and between about 15 wt.%
and about 95 wt.% hydrophobic material. If the composite

10 is a dispexysion, either material can form the continuous
phase. The continuous phase constitutes between about 15
wt.% and about 95 wt.% of the dispersion and the
dispersed phase constitutes between about 5 wt.% and
about 85 wt.% of the dispersion, and preferably, the

15 continuous phase constitutes between about 50 wt.% and
about 95 wt.% of the dispersion and the dispersed phase
constitutes between about 5 wt.% and about 50 wt.% of the
dispe.z-sian.

The hydrophobic material of the composite can be

20 composed entirely of an acid reliesasing agent or can '
comprise the acid releasing agent in combination with a
diluent and/cr a plasticizer. Any acid releasing agent
that is capable of being hydrolyzed by ambient moisture
is acceptable for purposes of the present invention.

25 Preferably, the acid releasing agent does not react with
the hydrophilic material, and does not exude or extract
into the envircoment. The hydrophobic material comprises
between about 10 wt.% and about 100 wt.% of the acid

) releasing agent, up to about 80 wt.% diluent, and up to

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

The hydrophilic material of the composite can be

35 composed entirely of a source of chlorite aniona or can

comprise the chlorite anion socurce in combination with

lis Sheet Has Been Replaced
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in relation to atnospheric tenperature and hndidity; FIG 7 is a plot of

chlorine dioxide release rates for a | ayered conposite;

15

and 9 are plots of chlorine dioxide release rates in relation to

at nospheric tenperature and hum di t#A

FIG 11 is a

FIGS. 8

S $\; i‘Ulé::\%,Bg‘" fpt of maxi mum chl ori ne
di oxi de concegr.at.i as a function 6AIS S &fiYa|| cont ai ; 79 and
g%ﬁgkgggchlorine di oxilde coﬁ@?hgpgpion ) a fuﬁgﬁﬁgﬁ%%g time.

Det ai | ed Description of the Preferred Enbodi nents In accordance with the
present invention, it has 25 been di scovered that sustained rel ease of

chl orine di oxi de can be generated froma coﬁposi te containing chlorite
ani ons when the o]

hydrophilic materi g?ﬁg%gﬁgéﬁgpgﬁ}%ﬁég%ﬁrggr ?jéﬂ gt& ﬁyeé?r(?%%pggglg![’tle‘gﬁgg I S?ira

30 exanple, a Breferably eantirinead apf anjae opanide: amanhadeobddbier phases,
ceBBbial bnidile RMIREPhahido 3 HPsdbRPIORbLe e 4R S

or a nechani cal
such as powders

5

10

15

20

25

30

35

209139 29En Tydigen Boh Ol E adiay 5.V AT SBH2EL Co£ O ©
chlorite anions is incorporated in the hydrophilic
material and preferably constitutes between about 2 wt.%
and about 40 wt.% cof the hydrophilic material in the form
of chlorite anions and counterions, and more preferably,
between about 8 wt.% and about 10 wt.% of the hydrophilic
material. When the chlorite source is a chlorite salt,
the salt disscciates in the hydrophilic material such
that the hydrophilic material in the composite will
include chlorite anions and countericns. EHowever if the
hydrophilic material is an amine and the chlorite source
is chlorine dioxide gas, the chlorine dicxide reacts with
the amine to form iminium chlorite in situ, if the
oxidation potential of the amine is sufficiently low for
the amine to be oxidized.

It has been found that the acid releasing agent
within the hydrophobic material is hydrolyzed by adsorbed
moisture, releasing acid and hydronium ions that diffuse
from the hydrophobic material to the hydrophilic material
containing chlorite anions. The hydronium ions react
with the chlorite anions in the hydrophilic material,
releasing chlorine dioxide gas that diffuses out of the
composite into the surrounding atmosphere for a period of
up to about six months in order to prevent the growth of
bacteria, molds, fungi and viruses on a treated surface.

The hydrophobic and hydrophilic materials are
substantially free of water to avoid significant release
of chlorine dioxide prior to use of the composite. For
purposes of the present inventicn, a hydrophilic
material, a hydrophobic material, or a dispersion thereof
is substantiallx free of water if the amount of water in
the composite does not provide a pathway for transmission
of hydronium ions from the hydrophobic material to the

1is Sheet Has Been Replaced
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7 enbedded with chlorite containing particles. Adjacent filns conprise
separate |layers of the hydrophilic or hydrophobic materials. Generally, the
conposite conprises between about 5.0 5 w. % and about 95 wt.%
hydrophilic material and between about 5.0 w.% and about 95 wt. %

hydr ophobi c material, preferably between about 15 wt.% and about 95 wt.%
hydr ophi | i ¢ rs0ee/3%80 and bet ween about 15 wt. % and about 95PaE/UB6/0917%

hydr ophobic material. If the conposite is a 10 di spersion, either

material can formthe continuous phase. The conti nuous. phase constitutes
bet ween about .15 wt. % and about 95 wt. % of st he di spersion and the

di spersed phase constitutes between about 5 "wt.% and about 85 wt.% of the

di spersi on, andﬁgy&é&;mﬂ% malt@rial. COBALIUIMS maaaeoeowéiﬂﬁ&%ﬂ}@fs}]@e”

about 50 wt.% a %39 . % of the dis er,si(in and the %H!’S ersed phase
constitutes bet V\E’é% Pia" .%aéﬁﬁiﬁﬁﬂu‘fg%d'% V8o P RE %“g‘érosn’on. The
hydf ophobi ¢ mat ewt &% witethaithopssprevidindhoaskh a patpwsedfemtirely of an
acid rel easi ng aggpbrditfifllon between the materials. Preferably, each
. 5 material contains less than about 1.0 X 107 wt.% water,
and, more preferably, between about 1 X 10 wt.% and
about 1 X 103 wt.% water. Insubstantial amounts of water
can hydrolyze a portion of the acid releasing agent to
produce acid and hydronium ions within the composite.

10 The hydronium ions, however, do not diffuse into the
hydrophilic material until enough free water is present
for transport of hydronium ions.

The chlorite anions generally do not react with the
hydrophilic material, but are surrounded by hydrogen

15 bonds contributed by the nitrogen or hydroxide within the
hydrophilic material. Sultable chlorite sources that can
be incorporated into the composite of the present
invention include alkall metal chlorites such as sodium
chlorite or potassium chlorite, alkaline-earth metal

20 chlorites such as calcium chlorite, or chlorite salts of
a transition metal lon or a protonated primary,
secondary, tertiary or gquaternary amine. Many chlorite
sources, such as sodium chlorite, are stable at
processing temperatures in excess of about 100 °C,

25 allowing for processing at relatively high temperatures.

FIG. 1 illustrates preparation of a compositae
containing iminium chlorite. The amine hydrophilic
material is in contact with a hydreophebic acid releasing
agent (both hydrolyzed P-0-Si and maleic anhydride are

30 shown in FIG. 1). Chleorinae dioxide (Cl0,) is reduced by
extracting an electron from the amine, forming an aminium
radical cation (not shown) and a chlorite counterion

. (C10,") . The aminium cation quickly converts to an
iminjum caticn by loss of a proton from an adjacent

35 carbon atom and oxidation by another chlorine dioxide
molecule. The mechanism for above reaction in an aqueous
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conprise the acid rel easing agent in conbination with a diluent and/or a

pl asticizer. Any acid releasing agent that is capable of being hydrolyzed
by ambi ent noisture is acceptable for purposes of the present invention. 25
Preferably, the acid releasing agent does not react with the hydrophilic
materi al, andw@dQg8sRept exude or extract into the environnentPcTiises/09179 -
hydr ophobi ¢ naterial conprises between about 10 wt. % and about 100 wt. % of
the acid rel easing agent, up to about 80 wt.% diluent, and up to 30 about
60 wt. % pl asticizer, and preferably, bet wegn about 40 wt. % and about 100
wt.% of the acid rel easi ng agent, between about 20 wt. % and about 80 w.%

di | uent, and unypavabOls dcinlapbghédickibe TEcallyfrOpIDldC cRR, ol of

of can Compr | sAEheA TS ISR 4nTo maty (ha,Bafn; BAIEEn TagH LI rher
hydrophi lic mat ¢1$6%). The hydrophilic material can contain an am ne, an
o1 eti o5 and_havi ng S4H S%hﬁ%y@%?*énéﬁsﬁ%‘%%i%%&ﬁ???ﬁ;ﬁ%"&%‘%‘%%ﬂw'
5 obtained if the chlorite anion and/or nium cation that
is generated by the initial electron transfer frem the
amine are rapidly complexed and stabilized by a
hydrophilic molecule. In seme formulations, uncomplexed
chlorite anion may be depleted by subsequent reactions
10 with the iminium counterion at tempsratures above about
60 °C. Chlorites are also subject to disproportionatiocn
into chloride and chlorats. An amine with a high pXK, is
preferred bodauso it reacts more rapidly with chlorine
dioxide and acts as a more effective proton sink,
15 ' maintaining the basic pE required for chlorite ion
stability. :

FIG. 2 illustrates the mechanism for release of
chlorine dioxide from iminium chlorite when moisture
contacts thes composite. Hydrolysis of the acid releasing

20 agent provides hydronium cations (H,0°) that react with
iminium chlorite to release chlorine dioxide gas. The
decompositicn products of the reaction are an aminiunm

_cation (shown as ~SAA~NHT in #T6. 2), a carboxylate

(CO0-, not shown in FIG. 2), and €Cl°. These products are
25 retained within the composita.

It has been found that, in some instances, iminium
chlorite may decompose if the composite is exposed to
temperatures exceeding about 60 °C, resducing the
available chlorite conceantration for conversion to

30 chlorine dicxide. In order to maximize chlorine dicxide
release from the composits, it has been discovered that
the chlorite source can be omitted from the composite
until the composite is applied to a surface when the
hydrephilic material in the coxposite iz an amine. After

35 application, the composite is exposed to chlorine dioxide
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5 chlorite anions is incorporated in the hydrophilic material and can
constitute between about 2 w.% and about 40 w. % of the hydrophilic
material in the formof chlorite anions and counterions, and preferably,
bet ween about 8 wt. % and about 10 wt.% of the hydrophilic 10 mat eri al .
When the chlorite source is a chlorite salt, the salt dissociates in the
hydr ophi | i ¢ nat@sé/shsosuch that the hydrophilic material in tReTawssspas®t e
will include chlorite anions and counterions. However if the hydrophilic
material is an am ne and the chlorite source 15 i's chlorine dioxide gas,
the chlorine dioxide reacts wwth the amne tQq formimniumchlorite in
situ, if the oxidation potential of the aniﬁ& S sufficiently | ow for the

am ne to be oxidi e d [ t 20
within the hydr op %l%ﬂérfa[%??g? QEL t&'}% ISQOF = %ﬁéﬂ
rel easing aci d ant® "tﬁn’ﬁ’rn’ﬁ-&ﬁs#h %s%ﬁ "f%énf FS‘M P-Hénﬁyﬁ?

material to the hqhtd#ﬁhéiahﬂﬁ&berimhecewﬁgbﬁmﬁugﬂ&hhhbhtecaﬂVQﬂﬁd ﬂHKthe

T (B S Y SRR TR

25 “relea3|ng ori1ne di0x ses ou C
the Surroundi Rg aRethehanaklies & ﬁeFPW!)#thpf-q degezprasdxtapatenated or der
to prevent the gresidesdtures during processing, storage and application

as compared to the temperatures at which the iminium
chlorite decomposes, because the hydrophilic material
does not contain iminium chlorite or any chlorite anions.
10 The method also precludes premature release of chlorine
dioxide from the composite. Chlorine dioxide can be
provided on site by passing the composite through a
chlorine dioxide generator.
Conventional chlorine dioxide generators generate an
15 atmosphere of chlorine dioxide that is saturated with
water. Chlorine dioxide that comes into contact with the
composite of the invention must first be dissolved into a
material that does not absork water such as a low melting
hydrocarbon wax or chlorchydrocarbon wax. Alternatively,
20 chlorine dioxide is dried with a desiccant. Chlorine
dioxide is thus delivered from a wet industrial process
into the composite without exposing the composite to
water.
In order for an amine to form iminium chlorite in
25 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 leasat two
methylene groups in order for the chlorine dioxide to
30 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
glagsy matrix, the amine nitrogen will not be mobile and
the anine will not convert to iminium chlorite. A glassy
35 amine can be softened to increase mobility by adding at
least about 10 wt.% of a plasticizer, such as a low
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bacteria, nolds, fungi and viruses on a treated surface. The hydrophobic
and hydrophilic materials are 30 substantially free of water to avoid
significant rel ease of chlorine dioxide prior to use of the conposite. For
pur poses of the present inventio hydrophilic material, a hydrophobic

mat eri-al , or awdisspes3ei on t her eof| irsySUnNSLantraky—free of w@CTFUSHGO9NDE
amount of water in 35 the conpgsi ‘ Hé@ Beemvijde a pat hway for
transm ssi on of hydroni umions f rem=th bic material to the 9

hydrophilic material. Generally, each of thghydrophilic and hydrophobic
materials can include up to about 0.1 wt.% water w thout providing such a
pat hway for intemodlséulas wdigghtcanitdbe tat tlié alrdnePrefl 2owbt ygleseh 5

Crererably bot wiEaiaRel R bautheled Balld e YiRhits ERpetRife.
| nsubst anti al anfbhes spitahle RlastAgizery are yadd: kB3RS iR ehe polymer

rel easi ng agent f@etproduce acid and hydroni.umions within the conposite. 10
The hydroni uns"l I ons, h,gﬂ/gvrear“ do% nc ogiyeuéfo*:meo z:[eligase from.a .
composite can be altered by changing the viscosity of the
hydrophilic and hydrophobic materials, changing the
digpersibility of the hydrophilic and hydrophobic
naterials, changing the toni:crature of the composite,

10 changing the concentration of acid releasing agent in the
coxmposite, adding a desiccant or humectant to the
composite to control release of chlorine dioxide from the
composite once it is exposed to moisture, or changing the
volume fracticns of the hydrophilic and hydrophobic

15 matexrials to produce continuous or discrete phases within
a dispersion.

Maximum chlorine dioxide release from a compesite
can also be achieved by stabilizing ths chlorite anicn.
Iziniuxm chlorite is unstable to nucleophilic attack by

20 the chlorite anion. It has been discovered that the room
tamperature lifetime of chlorite anion is substantially
extended when a strong base, such as a metal alkoxide, is
present in the hydrophilic material containing the

" iminium chlorite. The mechanism of alkoxide
25 stabilization of the chlorite counterion is shown below.

R"ONa
[ R'agN=CR; 17 C€10," ——=——s R',N-CR,~OR" =+ NaCl0,

wherein R', and R, ars groups that correspond to those of
the melected amine and R° is an alkyl or hydrogsn group.
In the absence of water, the iminium ion is immediately
30 decomposed into an a-amino ether and a more stable sodium
chlorite salt. If water is present during the oxidaticn
of the tertiary amine, an unstable «-aminc alcohol is
formed that can attack the chlorite anion unless the

1is Sheet Has Been Replaced
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hydrophilic material until enough free water is present for transport of
hydroni umions. The chlorite anions generally do not react wth the
hydrophilic material, but are surrounded by hydrogen 15 bonds contri but ed
by the nitrogen or hydroxide within the hydrophilic material. Suitable
chlorite sources that can be incorpersted into the conposite of the present
I nvention i ncl wo®éasasml i—r such as sodi um chl orHOTAIS96/69179
potassiumchlorite, al e~ deoetal RO chlorites such as cal ci um
chlorite, or chlorite ¢ LA FSTiion netal ion or a pr ot onat ed
prinmary, secondary, ter¥Fary or quaternary apdne. Many chlorite sources,
such as sodiumchlorite, are stable at processing tenperatures in excess of

about 100 [err]C, cBlorigk! onidty Hay Weacessbaeiﬁw eiﬁ;u\éedeu Bi98ne

t t | t

L um chl or i to.  PYRECRRERES RATVAHIT | adntEReR of vil¥ eaﬁ?” Frfig

hydr dphobi ¢ aci d e&l thei el #ﬁ@oﬁh Rptir a8 ydelietexdatis.and mal ei c
anhydride are 30  shojBcépediias ér)mngcbhaahneoﬂlm%(&Lﬂhihhéeéﬂaed by

(hot “shown) “afd ?%«h?%#%ii‘%#&m a1 albeeded it A Bael i on qui ckl'y

converts to an potassium or calciu:n methoxides, ethoxides, propoxides or
butoxides, metal oxides such as aluminum oxide, or sodium
oxide, metal ions such as Na*, trialkyl ammonium salts of
alkoxides, ammonium salts of alkoxides, acetates such as

10 sodium acetate, substituted acetates, or other materials
that would generate a strong basic reaction to attack the
nltrogen center of iminium chlorite.

In a hydrophilic material containing a tertiary
amine (dimethylaminoacrylamide), N-methylacetamide and

15 urea, an o-amino ether and chlorite salt is formed when
the iminium chlorite is stabilized. Any monomeric or
oligomeric amide subsatituted plasticizer, such as.
auecinamide, formamide, or N-methyl formamides, can be
substituted for N-methylacetamide in order to soften the

20 amine. Formamide and N-methyl formamide are toxic and
would not ke preferred in applications invcolving human
contact. If the amine ceanter is sufficiently mobile, the
addition of a plasticizer is unnecessary. Urea improves
the chlorine dioxide uptake and release efficiency of the

25  hydrophilic material because it has a high hydrogen
bonding density and will not react with the acid
raeleasing agent. Compounds having a high amide
concentration can also be used to improve hydrophilic
material efficiency. Preferably, the composite comprises

30 between about 5 wt.% and about 95 wt.% of the hydrophilic

. material and batween about 5 wt.% and about 895 wt.% of
the hydrophobic material. The hydrophilic material
. comprises bestween about 5 to about 30 wt.% of an amine

and between about 70 and about 95 wt.% of a hydrophilic
35 solvent including between about 35 and about 55 wt.%
urea, betwsen about 35 wt.% and about 55 wt.% plasticizer

1is Sheet Has Been Repl
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I mniumcation by loss of a proton from an adjacent 35 carbon atom and
oxi-dation by another chlorine dioxide nolecule. The nechani sm for above
reaction in an aqueous 10 systemin described by Rosenbatt at al., O.
Og. Chem, 2U, 2790 (1963)S J. Anmor. Cham Soc. 89(S), 1158, 1163 (1967)
Hi gh chl ori newdjdssbede to chlorite conversions are 5 obtai nedarusyées179
chlorite anion and/or imniumcation that is generated by the initial

el ectron transfer fromthe amno are rapidly cnplexed and stabilized by a
hydrophilic- nolecule. In some fornulations, Enconplexed chlorite anion may
be depl eted by subsequent reactions 10 tha imnium counterion at

t enperatures abovgh@h®dutbPocwt. mﬁate.&.:amsabmsmttm et or
di sproportionati i ntg chl r|de r.at e wth a ﬁ R
preferred becausetrl}"‘cn F&Q 38n§r€° ‘b{] °F nehaﬁ?ﬂfge cﬁﬂ&i‘”&é’aﬁg acts as
a nore effective sminieo mhoull, bé5add¢m|tm &he hgdrbphilit matdriadubeednéor
chlorlto ion st ab&éiﬁi&ity- of the material could be compromised.

5 Preferred amides for use as the hydrophilic material
include formamide, acrylmido-iuopropylacrjrlamide,
copolymers of formamide and acrylamide- '
iscpropylacrylamide, and ccpolymers of acrylamide,
isopropylacrylamide or N,N-methylene bisacrylamide and a

10 primary amine or a secondary amine. Such amides can be
useful vehicles for film casting prior to exposure to
chlorine dioxide, which does not react with
polymerizable, electron deficient alkenes such as
acrylamide.

15 Suitable amines for use as the hydrophilic material
include prixary amines, secondary amines, and tertiary
amines having pendant hydrocgen bonding groups. An amine
substituted with electron donating groups that donate
electrons to convert chlorine dioxide to chlorite is

20 preferred. Electron withdrawing groups ccncentrate -
electron density at such groups such that it is difficult
for the chlorine dioxide to extract an electron £rom the
amine. Tertiary amines having non-hydrogen bonding
pendant groups that are digsolved in a hydrophilic

25 solvent are also acceptable. ﬁepresentativc amines
include: alkanolamines; copolymers of amincalkanes and
alkene bisacrylamides; alkylamincpyridine; alkene
diamines; alkylamino cycloalkanes; alkylamino-

: carboxyamido alkanes dissolved in a diluent; amines

30 having the formula R, NH,; R,R,NCH,CH,C(O)NH,; solubilized
N (CH2CH,0H),_H,, R;N(NCH,CH,C(O)NH,},, (CH,),N(CH,) N(CH,),,
ReR(N (CH,) ,NEC (O) NE,, |
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FIG 2 illustrates the echanismfor release of chlorine dioxide from
Imniumchlorite when noi sture contacts the conposite. Hydrolysis of the
acid rel easing 20 agent provides hydroniumcations ([err]) that react
with izniumchlorite to rel ease chlorine dioxide gas. The deconposition
products of the reaction are an am niumcation (shown as ,[err] in
FIG 2), a caW%e (COO-, not shown in Flg. 2), and. QO .pctb&sRe179
products are 25 retained within the conposite. It has been found that, in
sone instances, imniumchlorite may deconpose if the conposite is exposed
to tenperatures exceeding about 60 [err]C, reducing the available chlorite
concentration for conversion to 30 chl ortBe dioxide. In order to
maxi m ze chl orine dioxide release fromthe conposite, it has been

di scovered that the chlorite sourc can be onmtted fromthe conposite until

the conposite is applied to a surface n the hydr@phil{c material in the
conposite in an Ain e. After 35 appli a;i_m,z_tdmg-ﬁxmo}idﬁg i s exposed to

chlorine dioxide 111’(CH,.C33NEC(0)833):: 2 , or

0 o] .
—(NH—-CCH J NH CH,CH lCl NHCH NH'C|CH CH -)— HN NH
2 aNRTm LR LRV ‘2 2v"2
n s \__/ s

HaN—(C CHy) =N Ne=( CHy) 5~NH,
N

0
-an,w%lcl-nu—c CH) ;N=—( CHy) ,}—)-
: my

H2N>—N N
7

HoN

|

or

wherein: R substituents area,

independently, -(CH.CH,0)H,
-C(CH,),(CH,),0H, -(CH,) NH(CH,CH,0)H, -CH(CRH,);,

@, o
~—(CCHg) p=—N ~—(CHp) g=N NH
‘ \—/ , alkyl, cycloalkyl,

benzyl, acrylamide, or pyridyl; R,, R, R;, and R, are

10- alkyl; R, is straight chain C; to C,, alkyl; R, is
cycloalkyl or benzyl; m is 1-100; n is 2 or 3; x is 0, 1~
or 27 y is 1 or 2; and z ia 1-6. Generally, the above
compounds can be sclubllized in formamide, )
isopropylacrylamide-acrylamide or other conventiocnal

15 plasticizers.
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gas that either

reacts with the amne to formimniumchlorite in situ or

di ssolves in the amne to provide chlorite anions. The conposite is then
activated in the presence of npisture to release chlorine dioxide. This 5

net hod enabl es

the conposite to be exposed to el evated tenperatures during

processing, SyPlggsand application as conpared to the tenpeeiugidmpt

which the imni
does not cont ai
al so precl udes

um chl orite deconposes, because the hydrophilic materi al
n imniumchlorite or any chlorite anions. 10 The net hod
premature rel ease of chlori,ne dioxide fromthe conposite.

Chl ori ne di oxide can be provided on site l} passi ng the conposite through a
chlorine di oxi de genprgi@ired amig 28Giudd xniceenahaxadingener at or s

generate an 15

wat er. Chlori ned{'IFB?FH

atm)s ere ori ne. di oxi de t hat |s satyurated with
°'c6'ﬁ2'§ Lﬂ@%’rﬂ‘act‘ GPPRLYFER Te of the

i nvention must mmnbpzcbwlmd,nnabmmmml anﬂan,llemthmle:ﬁ)sor b

wat er such as
Al ternativel y,

R AR e R A S e T

di oxi de i s Bhusethylensdizning,; N.Nr-dinethylanino,c¥edekexaRe, t he conposite
Wi t hout exposi ngoilBiloLe@sid N-dippebelanine) -2-carboxyanido ethane or

10

15

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

HaN
: b-"/ N
T\
/\ >=o
HN NH H-N
o/ 3 2 . H
HaNe=( CH,) 3==N Ne=( CH ) 3= NH,

;

solubilized NR.R.R,, (CH,),NCH,CE.N(CE,),s RyRsNCH,CH,C(O)NE,,
RyoN (NCH,CH,C(O)NH,) 2, Ry3R,,N(CH,) ,NEC (O)NH,, '
N (CH,CE,NEC (0) NE,) 5,

| i
[R4— CHy=—CH,— c-—nn}-cn.‘,
2 14

0 o]
| I
—{NH—-CCsznNH—-CHZCHzé—-NHCHzNHCCHzCHz
n
or

’

0

]|
—éCHZCH€C—NH_CH2CH2C'HzN—-( CHyd,
m
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In order for an amine to formimniumchlorite in 25 neat formor in the
presence of a plasticizer, the am ne nust be sufficiently electron rich and
the ami no nitrogen nust be locally nobile. Electron withdraw ng groups
shoul d be separated fromthe am ne center by at |east two nethyl ene groups
in order for the chlorine dioxide to 30 extract an electron fromthe
am ne. Movenewdoghoobdie bonds about the nitrogen center of tpeTARbéR119S
required for &iniumformation. if the amne is frozen into a gl assy
matrix, the amne nitrogen will not be nobile and the am ne will not
convert to imniumchlorite. A glassy 35 am ne can be softened to
I ncrease nobility by adding at | east about 10 wt.%of a pl astici zer, such
as a |l ow 12 nol ecul ar weight am de, to the amine to | ower gl ass
transition tenperature bel ow the reaction tenperature. O her suitable
pl astici zers ar e"RRF9in Ranip n- CREELRTR.FE;ORyr t-C (GBy) :CH,0B,The rate of
chl orine dioxide release froma conposite can be altered by c I ng the
viscosity of the “—CCHp) =N g

- CH,CH,NECH,CH,CH, -CH(CH,),, -CH,CE,0H,

¢ OF®

-—CCHajz—N. NH . .
3} R, and R, are, independently, hexyl,

benzyl, n-propyl, isopropyl, cyclohexyl, acrylamide, or -
5 CH,CH,OR; R, is cyclohexyl or bLenzyl; R, and R, are methyl;
R, is cyclohexyl or 4-pyridyl; R, and R, are,
independently, methyl, n-propyl or isopropyl; R,, is n-
CelHl;s or n-C,,H..; R,, and R,; are, independently, methyl,
ethyl, n-propyl or igopropyl:; m is an integer from 1 to
10 100; and n is 2 or 3. Suitable dilusnts include
formamide or acrylamide-iscpropyl acrylamide. Oligomeric
or polymeric secondary amines converted teo acrylamide
substituted tertiary amines by Michael reaction with
acrylamides are also suitable because the amide group
15 does not react with the acid releasing agent. -
Hydroxylic cempounds, including ethyléne glycol,
glycerin, methanol, ethanol, methoxyethanol,
ethoxysthanol or other alcchols, can be used as the
hydrophilic material. However, chlorine d:l.dxide ralease
20 can occur very rapidly when a hydroxylic compound is
incorporated in the composite and can limit the
applications for such composites toc rapid chlorine
dioxide releasing systems.
Suitable acid releasing agents include carboxylic
25 acids, esters, anhydrides, acyl halides, phosphoric acid,
phosphate esters, trimethylsilyl phoaphate esters,
dialkyl phosphates, sulfonic acid, a sulfonic acid
eaters, sulfonic acid =hla:1d§a, and phosphosilanes of
glycerol basad esters. Examples of such acid releasing
30 agents include an anhydride or phosphate ester blended
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hydr ophi Il i ¢ and hydrophobic materials, changing the dispersibility of the
hydr ophi I i ¢ and hydrophobic materials, changing the tenperature of the
conposite, 10 changi ng the concentration of acid rel easing agent in the
conposite, adding a desiccant or hunectant to the conposite to control

rel ease of chiyeydsReyagli 0xi de fromthe conposite once it is epoyamdk/doprs

noi sture, or changing the volune fractions of the hydrophilic and

hydr ophobic 15 materials to produce continuous or discrete phases within a
di spersion. Maxi mum chlorine dioxi de rel eage froma conposite can also be
achi eved by stabilizing the chlorite anion. In1n|un1chlor|te IS unstable to

nucl eophilic at{aek By &gtwq;gcgbitp potl.yehnﬁlheerbﬂl scover ed
XE:E%#

that the roomtenperature |i n IS aIIy
ext ended when angYBF@’ﬁ%%EF% &8 °|§é% e2€ 8% n the

hydr ophi | i ¢ nmat €srablaent ai ning the i m nium chI or| te. The nechani sm of

al koxi de 25 stabilization of the chlorite counterion is shown bel ow.
[err] wherein R and R are groups that Ycorrespond to those of the selected
amne and R is an al kyl or hydrogen griQup. In the absence of water, the
imniumion is imrediately

I QuemS i
0\ / I 0\ 7
P& /p\\
_5..o, 0 —Si=0 o
] l ? or

5 (CH,) ,S10P(0) (OR), wherein R is a non-hydrogen bonding

group, alkyl or aryl.
Linear or star like oligomers (e.g., a micelle like

molecule with a lipid wall and a P-0-S8i core), such as a
phoasphosilane of a glycercl based ester, are preferred

10 acid releasing agents because they can be melt- or
solvent- processad with the option of being crosslinked
after p:occising to provide £ilm stability. A preferred
phosphosilane of a glycercl based ester is known as LPOSI
and has ths formula

15’ 0

wherein G has the formula —0OH .
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30 deconposed into an a-amno ether and a nore stable sodiumchlorite
salt. If water is present during the oxidation of the tertiary am ne, an
unstabl e a-am no al cohol is fornmed that can attack the chlorite anion

unl ess the . REPLACEMENT SHEET chl orite anion has been effectively
conpl exed by the hydrophilic solvent. Addition of water after salvation of
the chlorite iwo9639030t as del eterious. Acceptabl e strong ba®€tUsW918e i n
stabilizing the 5 chlorite include netal al koxi des such as sodium KT

pot assi um or cal ci um net hoxi des, et hoxi des, propoxi des or butoxides, netal
oxi des such-as al um num oxi de, or sodium oxi,de, trialkyl ammoniumsalts of
al koxi des, ammoni um salts of al koxi des, acetates such as sodium acetate, 10

substituted acet ahefre® rddiital gangﬁggiﬁagignanugugdogeegﬁaéﬁgfbggrgyy%@pasic
reaction to attacgntéé?r¥é£#¥¥% ggate#_of sgkﬁlun1chlor|te. In, a _ .
hydrophi lic materiral “contai ni 3 ef |%w%# ﬁ@ deﬁBFﬂ??%ﬁ?ﬁBﬁ%rylan1de),
N- et hyl acet ani dechdaome®e. urea, an a-amino ether and chlorite salt is
formed when Acid anhydrides are also preferred acid releasing
i 5 agents and include organic acid anhydrides, mixed organic
acid anhydrides, hecmopolymers of an organic acid
anhydride or a mixed inorganic acid anhydride, and
copolymers of an organic acid anhydride or a mixed
inorganic acid anhydride with a monomer containing a
10 double bond. Preferred mixed inorganic acid anhydrides
contain a phosphorus-oxygen-silicon bond. Preferred
anhydrides include copolymers of maleic anhydride,
methacrylic anhydride, acetic anhydride, propionic
anhydride, or succinic anhydfide, and vinyl, styrene or
15 an alkene, such as maleic anhydride-styrene copolymers,

' or grafts thereof with olefins such as polypropylenes,
polyethylenes, or polystyrenes. Copolymers of acid
anhydrides and esters of lactic or glycolic acidéwcan
provide a rapid initial chlorine dioxide release rate

20 followed by a slow release rate.

The hydrophobic material can further include a
diluent such as atactic peolypropylene, hydrocarbon wax,
chlorinated wax, polyethylene wax, low molecular weight
polyoclefins, polyesters, derivatized polyolefin

25 copolymers, or mixtures thereof. Diluents can be

| included in the hydrophilic material as well.
Plasticizers can also be incorporated in either the
hydrophobic or hydrophilic materials as is known in the
art. Generally, formamide and isopropylacrylamide-

30 acrylamide are acceptable plasticizers.

A moisture scavenger, such as sodium sulfate,
calcium sulfate, silica gel, alumina, zeolites, and
calcium chloride can be added to the composite to prevent
premature hydrolysis of the acid releasing agent.

35 Conventional film forming additives can be added to the
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the imniumchlorite in stabilized. Any nononeric or oligonmeric am de
substituted plasticizer, such as succi nam de, fornmam de, or N-nethyl
formam de, can be substituted for N-nethylacetanide in order to soften the
20 am ne. Formam de and N-nethyl formam de are toxic and woul d not be

preferred in apbddogdel ONS i nvol ving human contact. If the amdGuwResd ey | s
sufficiently mobile, the addition of a plasticizer is unnecessary. U ea

i nproves the chlorine dioxide uptake and rel ease efficiency of the 25
hydrophilic material because it has a high tr;xdro'gen bondi ng density and
will not react with the acid rel easi ng agent” Conpounds having a high am de

i ' idJ Lal ekllgiency.
Preferably. the Claioppesidcita Byl o Tudt anluls fad Hela). | ThubE O Y
wt . % of the hydr tlves, {BrLuge frp RIaBEERES, \Hlaneametasdantas w . %
of the hydrophobimuwghah.aiﬁee@giﬁ;ﬁﬂﬂﬂze:mteriaI COITD;I ses gﬁi\/\ggnm "
of 5 hydrophi i c 3 Teé Scmfiefild pe MhelpruRen: Mitnnda d0aT8R 20" it
urea, betweer? abdfFY3akedodn RTARNA WAYS, Looppremrodataa wide range of .

end use applications. The composite can be formulated as
an extrudate, such as a film or pellets, or as a powder
using conventional extrusion and spray drying methods,
respectively. When the compomite is formulated as a

10 powder, chlorite containing particles are formed by
dissolving a chlorite source in a hydrophilic solvent and
extruding the solution through nozzles of a spray dryer.
Once the solution is transformed into spray dried
particles, the particles can be routed to a cyclone

15 separator to isolate small particles preferably having a
diameter of between about 5 and about 150 microns. The
particles can then be stored in a dry atmosphere. Once
the chlorite particles are made, they are fed into a
fluidized bed. The hydrophobic material containing the

20 acid releasing agent is aerosolized by passing the

| material through small diameter nozzles into the chamber

of the fluidized bed where it can impinge upon the
fluidized chlorite containing particles. Upon contact
with the fluidized particles, the chlorine dioxide

25 releasing powder is formed as the hydrophobic material
solidifies to form a hydrophobic core having a layer of
chlorite particles embedded in the ocuter surface thereof.
Aggregation is minimized because the chlorite particles
are hard inorganic materials. The particles can then be

30 Packaged in a dry sealed container.

In forming the chlorine dioxide releasing powder,
anhydrous particles, such as anhydrous sodium sulfate,
caleium sulfate, magnesium sulfate, or a moisture .
depleted silica gel, can be included in the fluidized bed

35 to form a mixture of chlorite particles and anbydrous
particles. The anhydrous particles delay releass of
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14 and about 10 wt.% bas. It has been found that not nore than about 0.5
nol es of chlorine dioxide per nole of amine shoul d be added to the
hydrophilic material or the stability of the material could be conprom sed.
5 Preferred am des for use an the hydrophilic material include
formam de, acryl am de-i sopropyl acryl am de, copol ynera of formam de and
acryl am de- i gpdeppdspacr yl ami de, and copol yners of acryl am deCT/US96/09179

i sopropyl acryl am de or N, N-net hyl ene bi sacryl m de and a 10 primary am ne
or a secondary am ne. Such amd.. can be useful vehicles for filmcasting
prior to exposure to chlorine dioxide, whickh does not react with

pol yneri zabl e, electron deficient al kenes stUch an acrylanide S

Sui t abl e ami ne. g-iﬁeaﬁiBJEEdQVéﬁﬁo lbscmeaa% didipReRibMBr Y am nes,

secondary anlnes tertirary am nes aV|n en ant hydr 0 an bondi n
groups. An an1ne“§ﬂH§PFPuteﬂh 1?P¥9§8HPrBH’ ??rﬂfiu%%ﬁk hBP’Bdﬁé*%d
el ectrons to conwdth cheoshheriha dideaciide chleasing ippowlibr tor dedayed.

El ectron w t hdr ay u £9, eggiggg;.electron density at such groups
Such that 1t is GEPPragp otokide | ]

) 5 Although the hydrophilic and hydrophobic materials
can be formulated as described above for the composite,
it is preferred that the chlorite powder contains an
alkali or alkaline-earth chlorite. The hydrophobic
material preferably contains a low melting hydrocarbon

10 wax, chlorohydrocarbon wax, atactic polyp;opylene,
polyethylene wax, a low molecular weight polyolefin,

derivatized polyolefin copolymer, or mixtures thereof.
An acid releasing wax, such as a hydrocarbon sclution of
a phosphorylated lipoglycerol reacted with silicon

15 alkoxides to produce mixed anhydride P-0-8i bonds, is
preferred as the hydrophobic material. LPOSI is a
particularly suitable acid releasing wax for use in
prepﬁring the chlorine dioxide releasing powder.

If the acid releasing wax is extruded at a viscosity

20 between about 10 and about 1000 cP through nozzles of
between about 1 and about 10 mil diameter, a fine spray
of molten wax between about 5 and about 400 microns in
diameter is generated.

In addition to formation of powdered composlites, the

25 composites of the present invention can be formulated in
solvents to allow for film casting or other application
methocds. The composite can be applied as a f£ilm by using
well known hot melt, aip coat, spray coat, curtaln coat,
dry wax, wet wax, and lamination processes.

30 The composites can also be provided as a layer 12
composed of a microdispersed hydrophobic and hydrophilic
material as shown in FIG. 3b, or as a multilayered
composite 14 including a separate hydrophobic layer 16
and a separate hydrophilic layer 18 as shown in FIG. 3a.

35 The hydrophobic and hydrophilic layers can be applied by
casting the hydrophilic layer onto a substrate 20 and
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for the chlorine dioxide to extract an electron fromthe am no.

Tertiary

am ne. havi ng non- hydrogen bondi ng pendant groups that are dissolved in a

hydrophilic 25

solvent are al so acceptable. iepresentative am nes

i ncl ude: al kanol am nes; copol ymers of ami noal kanes and al kene
blsacrylan1de
cycl oal kanes;

am nes 30
acryl madde,

haV|ng_the fcrmula [err]; solubilized [err] 15 [err] benzyl,
or pyridyl; [err] are 10 al kyl

‘Tf"”?w psam opyridine; al kene di am nes; al kyl arBQTaUs96/09179
a

am no- car boxyam do al kanes dlssolved in a diluent;

Rlerr] is straight chain

[err] is cycloal kyl or benzyl min 1-100; ﬁzls 2 or 3 xis 0, 1' or 2,

is 1 or 2; and z j

i n foanam de,
pl asti ci zers.

10

15

20

25

30

35

i SO

ot her co t
ayer, as illustrated in rIG. 3a. The mui¥f¥L§é¥l@ 15

composite or single layer can be applied in conjunction
with moisture regulating layers 22 to coatrol the rate of
moisture ingress into the hydrophilic material or
hydrophobic material to control chlorine dioxide release
from the multilayered ccmposite when activated by
neisture. -

In order to generate chlorine dioxide in a
controlled fashion it is useful to limit the access of
water to the hydrophobic layer containing the acid
releasing agent and to control the surface area of
contact between the layer releasing the hydronium ion and
the hydrophilic layer containing chlorite. Such
controlled release can be obtained by casting the
hydrophobic and hydrophilic materials 16, 18 as separate
layers with an intermediate boundafy layer 24 that
reguiates hydronium ion transport between the materials
as shown in FIG 3c.

The layered composites of the presant invention are
intended to maintain a desired rate of chlorine dioxide
release (moles/sec/cm® of £ilm) in the presence of
atmospheric mcistu:e at a surface for a length of time
required for chlorine dioxide to absorb onto the surface
and kill bacteria or other microbiclogical contaminants.
However, leakage from a container or exposed surface
reduces ths chlorine dioxide concentrations at the
surface because of chlorine dioxide diffusion into the
atmosphere. The chlorine dioxide concentration released
from the £ilm for a chosen time periocd can be calculated
given the leakage rate and the .rate of absorbance at a
surface. Thus after measuring the leakage rate, the
composite is formulated so that it contains a lazrge
enough reservoir of chlorite reacting at a speed
sufficient to compensate for the leakage rate for the
desired time pericd of sustained release.

SUBSTITUTE SHEET (RULE 26)
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16 Preferred am nox include onoet hanol am ne, di at hanol am ne,
triethanol mm ne, a copolyner of 1,3- diam nopropane or 1, 2-diuai noet hane
and N, N-net hyl ene bi 4 acryl am de, 4-di nat hyl am nopyri di ne, tetramethylene 5
et hyl ene di-ntmm, N, N-di net hyl am no cycl ohexans, sol ubilized

1- (N-di propyl am no) - 2- car boxyam do et hane or 1- (N-di nethyl am no)
-2-carboxydai ¢ypsddedne, a primary am no having the fornul a [PCT{se6/09179
aecondary am ne having th. formula [err] [err] 17 [err] benxyl, -

p- propyl, isopropyl, cyclohexqgl, acrylamde, or - [err] is cyclohezyl or
benzyl; [err] are methyl; Rlerr] is cyclohexy or 4-pyridyl; [err] are,

I ndependently, nmethyl, n-propyl or isopropyl; Rerr] is n- [err], are,

i ndependent |y, nethyl, Therefore, design of a chlorine dioxide releasing

composite suitable for centrolled release and biocidal
action within a container must take into account several
aspects, namely, the chlorine dioxide production rate

5 from the controlled release f£film, the partitioning of
chlorine dioxide between the phases within the container
{e.g. gas, liquid and sclid phases) in a reversible
(absorbed) or irreversible (reacted) fashion, and the
leakage rate of gas from the container. Design of such a

10 composite is described in Example 15.

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

15 contamination or the typical incubation time for the
biclogical of interest. The system design can be
optimized to maintain the desired kill concentration for
the requisite time at the atmespheric chlorine dioxide
lesakage rates imposed by the specific application.

20 A typical controlled release multilayered composite
includes water swellable £ilmp A and B of a thickness of
about 5 mil with a hydrcphobic layer A and a hydrophilic
layer B as described above for the composite. The
hydrophobic layer A containag an acid releaming agent such

25 as an anhydridé and hydronium ions generated by anhydride
hydrolysis. The hydrophilic layer B contains chlorite
anions as provided, for example, by dissolving sodium
chlorite or another chlorite scurce in a hydrophilic
solvent. The hydrophobic and hydrophilic layers are

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

35 trangsport propefties of layer C.
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ethyl, n-propyl or isopropyl; ain an integer from1l to 10 100; and nis
2 or 3. Suitable diluents include formam de or acryl am de-i sopropyl
acrylam de. digoneric or polyneric secondary nmanes converted to acryl am de
substituted tertiary ammes by M chael reaction with acryl azides are al so
sui tabl e bec ? mai de group 15 does not react with tlpeTagogho179

rel easi ng agen roxylic conmpounds, including ethylene glycol, glycerin,
met hanol , et hanol, met hoxyet hanol, ethoxyathanol or other al cohols, can be

used as the hydr oph| | ~ material . However, Lcg%ori ne di oxi de rel ease 20 can
occur very rapidly when a hydroxylic conpo i's incorporated in the
conposite and can |i Mgl t gp_@! 0 e8SokOal

chl ori ne di oxi de rel easi nl_gg JS&Q?a%IEe: %%lgt?re ea5|sng ag ent{saPl%cl ude

carboxylic 25 &ardetyes mteﬁﬁ%ﬂjrﬁi&és chloF %I%d"pﬁ%pﬁéﬁ'@%m d,
phosphat e est ers,ecfuraumjrt I RIEEY bdﬁmaﬁh&b hBB:Béeiﬁd Kiﬂchﬂobph bbﬁdaaat es,

Bﬁl)ggm)gl ?glngs of“ggﬁ’%’&m a%‘ééj}éaSt 0 ﬂ% '?A:& suc gg? ?grea5| ng 30
agents include apratopatedcand mmidu@desanlfmm or phosphorylated
oligo- or poly-alkenes such as polyethylene,
polypropylene, alkyl acrylates and copolymers thereof.
Lipid substituted polyhydroxy alcohol phosphates and
phosphosilicates and their mixtures with alkene polymers
10 and oligomers are also prefe:rad.' Finely divided
anhydrous salts or desiccants may be added to any of the
layers to retard the reaction to chlorine dioxide that is
catalyzed by water,
It has been discovered that construction of a
15 multilayered composite wherein the arrangement of the
layers in the composite is defined by the formula C(ACB).C
{(wherein n represents the desired number of pulses)
provides periocdic pulsed release of high concentrations
of chlorine dioxide over several weeks or months. Such
20 pulsed release can be cooxrdinated to the growth,
incubation and contamination of viruses, molds, fungi and
bacteria. The cycle time and peak conce_ntrations of
chlorine dioxide would be controlled by the layer
thickness, chlorite and anhydride loading, and the water
25 and ionic pemeation characterigtics of layers A, B and
C. ©Pulsed release occurs as each layer (ACB); is
successively penetrated by water vapor and hydronium
ions. Structures of type CDC can also be made where D is
a mixture or emulsion of A and B of a phase size of
30 between about 0.2 and about 100 microns. The materials
of construction for the CDC composites can be the same as
those used in making the C(ACB),C composites.
Additionally, a multilayered composite C(DCD).C can be
made in order to provide pulsed release as described
35 above.
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18 with or grafted to pol ypropyl ene, polyethylene or polystyrene, or
trimthyl silyl phosphate euteru of the fornmulae [err] 5 [err]. wherein R
i s a non-hydrogen bondi ng group, alkyl or aryl. Linear or star like
oligoners (e.g., a mcelle like nolecule with a lipid wall and a P-0-si
core), such as a phosphosilane of a glycerol based ester, are preferred 10
aci d reIeaS| because they can be nelt- or sol vent- wth
t he option of Bel ng crosulinked after processing to provide P?ﬁﬁ% s‘fﬁ%l lity.
A preferred phosphosilane of a glycerol based enter is known as LPO8l and
has the fornmula [err] 19 A free radical polynerizable al kene or
condensi bl e group 25
Pulsed releases of chlorine dioxide that vary from
about one day to over about 200 days can be achieved for
5 mil thick A, B and C films by separating the
hydrophocbic layer A containing the acid releasing agent
5 from the hydrophilic layer B containing chlorite anions
by an intermediate layer C capable of supporting varying
hydronium ion transport rates.
The pulsed release capabilities of a multiple
layered £ilm can be calculated as provided in Example 15.

10 Applications for thes composites are numerous. The
composites can be used in most any enviroament where
exposure to moisture will occur. The composites can be
used to prevent the growth of molds, fungi,'viruses and
bacteria on the surface of a material and/or decdorize

15 the material by treating the surface with a composite
that does not release chlorine dicxide in the absence of
moisture, and exposing the treated surface to moisture to
release chlorine diocxide from the composite into the
atmosphere aurfounding the material. The treated surface

20 is generally a portion of a container or is part of a

' substrate placed within the container.

The bioccidal atmosphere generated within the
container can be used in storing food products including
blueberries, raspberries, strawberries, and other

25 produce, ground beef patties, cﬁicken £ilets, and other
meats, enhanced féods, pet foods, dry foods, cereals,
grains, oxr moast any focod subject to bacterial
contamination or mecld growth. Bar soap, laundry

_ detergent, stored paper documents, clothing, paint, and

30 Seeds can be protected from mold growth. Medical
instruments, devices and supplies as well as disgposable
or nondisposable perscnal care products can be sterilized
to prevent microbial contamination. Medical or
biclogical waste can also be sterilized to kill
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on the termnal end of alipidis a representative oligoner.

Aci d- anhydrides are also preferred acid releasing 5 agents and incl ude
organi ¢ aci d anhydrides, mixed organic acid anhydri des, honopol yners of an
organi ¢ acid anhydride or a m xed inorganic acid anhydride, and copol yners

of an organic _acid anhydride or a m xed inorganic acid anhy ] a
nmononer cont aiYf? PRPE%%E%0  doubl e bond. Preferred nixed ino?%%lglﬁ%gwg%l?%
anhydri des contain a phosphorus-oxygen-silicon bond. Preferred anhydrides
i ncl ude copol ynmers of nal ei ¢ anhydride, nethacrylic anhydride, acetic
anhydri de, propionic anhydride, or succinic2&nhydride, and vinyl, styrene
or 15 an al kene, such as nal eic anhydri de-styrene copol yners, or grafts
thereof with ol ef PHeraRisls wishin Ehp\Veske, Qdorat fyPRA&hlesic shoes,

pol ystyrenes. Cop@lapedsbld fooittedplyshid dastuded cast 8160 Be I20i%iind z@H
gl ycolic acids ca\%lgro‘_égde a ragingr %ﬂi [ a% hi Qr itne gi‘?xiglet r.el ease rate 20
followed by a slo ) e &8 &°°7h Héo’l’ 'ﬁﬁ@m c “RBREPT F %aﬁ‘?’nﬁfr't her
i nclude a diluent sucitonventionad pchypingxd ©ap beyused sugh amx,
chlorinated wax, pPoleidndEe WaktalRbrBEdRL HotesChsbiuddied) SonWoven,
pol yesters, deri vgi;ﬂzgfic’pcg,}/ %log.];:lngric aultilaminate containers,
cellulosic, plastic or paper bags, seed packets, or waste
containers.

The treated surface can be a reusable or dispcsable

10 mat or sheet including a dental tray covering, a surgical
tray covering, a shower mat, nonwoven bandage material, a
meat cutting board, a liner for drawers or shelves, an
insert for athletic bags or gym lockers, a food wrapper,
a paper sheet for separating hamburger patties, a meat

15 packaging tray, an overpouch such as those used in
packaging intravenous bags, a fresh £fruit sepafator or
box liner, an absorbent pad for poultry, meat, seafood or
produce, or an abgorbent layer for use in diapers. Such
mats or sheets are typically made from paper, cellulosic,

20 polymeric, woven fabric or nonwoven materials.

Such a method can also be used to coat the surface
of a seed to protect the seed from molds and fungi during
storage and to protect against mycotic growth when the
seed is planted. The coating, when activated by

25 meisture, creates a microatmosphere of chlorine dioxide
in the soil in the vicinity of the seed and inhibits
mycotic growth that normally would impade seed
gexrmination. This cocating has no effect upon the

. germination of the seeds. Seeds in storage do not have

30 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

35 seeds can be protected by the cocating, edible seeds such
as corn kernels, sunflower seeds, or scybeans, reamin fit
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25 copolynmers, or mxtures thereof. Diluents can be included in the
hydrophilic material as well. Plasticizers can also be incorporated in

ei ther the hydrophobic or hydrophilic naterials as is known in the art.
General ly, formam de and i sopropyl acryl am de- 30 acrylam de are
acceptabl e plasticizers. A noisture scavenger, such as sodium sulfate,

cal ci um sul f atve968%6 ca gel, alum na, zeolites, and cal ci umPCHlUSPé/a$879can be
added to the conposite to prevent premature hydrolysis of the acid

rel easi ng agent. 35 Conventional filmform ng additives can be added to

t he 20 hydrophobi c and hydrophilic naterjfls an needed. Such additives

I ncl ude crosslinking agents, flanme retardants, enulsifier. and

conpat i bi | i zers. shBenGRRR Osddfinpth ochNenbl CORLY AL @dhlkeR Caﬁé&& %ne
formul ated in various.ways.to ac¢conmodat de range of end Us, :
applications. TR&® Bﬁpﬁéﬁ% %gﬁepfwﬁ‘g?‘itﬁf é’é"aﬁ’i‘g@ﬁt PHIEPE hURAT an a
filmor pellets, consuspbiopwfiteruthey bave drdemmiated.r usi on and spray
dryi ng nethods, The surface can be treated with any of the
.5 composites of the present inventiocn by conventional

coating, extrusion, lamination and impregnation methods

well known in the art.

Another embodiment of the invention is a method of
preventing the growth of fungi, bacteria or molds on a

10 surface and/or deodorizing the surface by treating the
surface with a composite that does not release chlorine
dioxide in the absence of moisture, and exposing the
treated surface to meoisture to release chlorine dioxide
from the composite into the atmosphera-aurrcunding'the

is surface.

A preferred application includes a foot powder for
prevepting athlete’s foot and other fungi. The powder
can be applied directly on the surface of the foot or can
be incorporated intd.a shoe insert. The composite can be

20 applied between the cloth covering and foam pad of the
shoe insert, impregnated within the foamed pad, or
impregnated or coated ocn a shoe counter or upper lining.
Chlorine dioxide generated from moisture within the shcoe

“ diffuses from the composite into the atmosphere to kill

25 fungus and deodorize the shos. ‘The powder can be blended
with conventional ingredients such as tale, cornstarch,
fragrance, miconazole nitrate, tolnastate silica, boric
acid, aluminum chlorhydrate, salicylic acid, and
cellulose. The powder can also be blended with other

30 ingredients and used in bath powders or powders used in
treating jock itch.

The powder can also be applied to carpeting to
remove odors from the carpet.’ Ingredients commonly
incorporated in powdered carpet deodorizers or cleaners

35 can be blerded with the powder of the present invention.
The composite can also be formulated in microcapsules
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respectively. When the conposite is fornulated ama 10 powder, chlorite
containing particles are fornmed by dissolving a chlorite source_in a
hydrophilic sol vent and extrudi ng the solution through nozzles of a spray
dryer. Once the solution is transforned into spray dried particles, the
particles can gf r? Bed to a cyclone 15 separator to isol 79
particles prew 98@ havi ng a di aneter of between about 5 and about 150
m crons. The particles can then be stored in a dry atnosphere. Once the
chlorite particles are nmade, they are fed into a fluidized bed. The
hydr ophobi ¢ material containing the 20 ac?® rel easing agent in
aerosolized by passin terial, throu mal | dj anete nozzlfs iq;o t he
vate

t he gh
cha-zer of the fIG@&i gﬁﬂ‘ﬁe'g?m&“intg BEAPPARI 7Ry Hife F2ep 8fh
chlorite contai nbygmpadstueee. . Sudinmicrocaptules hedr dbd |limpdegedtedrincl es,

the chlorine di oxdg.25 h&&eﬂfliﬁ%ﬁo | ar o;.sc;_xﬁrg@q‘&% r,_gegrg*g?(gphobi c

material solidifies to forma c core having a lay chlorite
particles embedd@®coPRrimREd%Rer surface thereof. Aggregation is nininized
because the @hl orite pastheérassdrforadhe cofpaeites b dn providiiagpeslis cl es

can then be 30 . SRREE38EHRL bl b2 VR 600 Pl sodld Y bl N

chl ori ne di oxi de reléasin s
the medical industry. -The composite can be coated onto

tubing, connectors, fitments or other components as
separate layers of the hydrophobic or hydrophilic
10 material on separate components that are activated upon
being presaure fitted together. Tubing fitments used
with intravenous bags, for example, can be treated such
that a surface of one tube fitment is coated with a
hydrephobic f£ilm containing acid releasing agent, a
15 surface of another tube fitment is ccated with a
hydrophilic film containing chlorite, and the treated
surfaces of the fitments are interconnected in the
prenince of moisture to initiate the release of chlorine
dioxide from the treated surfaces intc the atmosphere
20 surrounding the hatcéial. Pitments for in-dwelling
catheters, needles, peritoneal dialysis, percutanecus
devices, percutaneocus access, colostomy bags and other
medical devices can alsc be treated in accordance with
this method. Additicnally, closures on a package can be
25 80 treated to provide self sterilizing packaging for
medical devices, instruments and sﬁpplies.
The composite of the present invention was expected
to kill bacteria on the surface of meats., Howsver, it
_ was not expected to penetrate a ground beef patty. It
30 has been discoverad that chlorine dioxide evolved from
paper treated with the composite can effectively
penetrate the full thickness of a patty and kill bacteria
such as E. coli and Salmonella that result from
contamination during meat processing. 2. coli 0157:E7 in
35 tainted meat has caused death and severe iliness and
appears to be especially resistant to cocking, fermenting
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anhydrous particles,

such asnanhydrous sodi um sul fate, cal cium sulfate,

magnesi um sul fate, or a noisture depleted silica gel, can be included in

the fluidized bed 35
anhydrous particl es.
chl ori ne di oxi de that

to forma mxture of chlorite particles and
The anhydrous particles delay rel ease of 21

I's catal yzed by atnospheric noisture. The anhydrous
oPost-m xed with the chlorine dioxideée rectashigmowder

particles can ﬁkﬁﬁg
to delay chlorine dioxide release. 5 Al t hough the hydrophilic and
hydr ophobi ¢ materials can be fornul ated as descri bed above for the

conposite, it is pref
al kal i ne-earth chl ori

erred that the chlorite powder contains an al kali or
te. The hydrophobic mat 8Pial preferably contains a | ow

nmel ti ng hydrocarbon 10,  wax, cmtw(ﬂgggocarbon wax, atactic pol ypropyl ene,

pol yet hyl ene wax, 3P4 SF¥id€ectPaft HWEP

1 SRSFALEPRPTORNGIRG aRE BBLFIREf i n

copol ymer, or m xtforsdumaredal donsmumipbiol,camabgiscgromid) extriided and
hydrocarbon sol utia-s 3aRR0RRELL NS Attt |dROGeyGRhOba SR Crihel b2 Silicon
coated paper that prevent adhesion of the individual
5 patties. After packaging, the ground meat can be exposed
tc chlorine dioxide over a period of time when in
refrigerated storage to kill and inhibit the growth of

the

bacteria.
The following examples are presented to describe

10 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. ’

15

EXAMPLE 1
A bydrophilic material was made which contained a 7

wt.% solution of sodium chlorite in an amide mixture
composed of 33 wt.% formamide, 33 wt.% acrylamide, and 33
wt.% isopropylacrylamide. A hydrophobic material
consisting of a 40% solution of a copolymer composed of
20 33 mole% maleic anhydride and 66 mole% styrene in
ethylbenzene plasticizer was then made. The hydrophobic
material was vortex mixed with the hydrocphilic material.

The

resultant white mixture of the two disperse materials

started a sustained release of chlorine dioxide in the

25 absence of added water within five minutea at room
temperature. Interphase diffusion of water within the
digspersion initiated hydrolysis of the anhydride.
Hydronium ions formed during hydrolysis reactaed with
chiorite anions to release chlorine dicxide. The release

30 rate could be slowed by cooling the mixture to 0°C or by
increasing the viscosity of the materials.
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15 al koxi des to produce m xed anhydride P-OSi bonds, is preferred as the
hydr ophobic material. LPOSZ is a particularly suitable acid rel easi ng wax
for use in preparing the chlorine dioxide releasing powder. If the acid

rel easing wax i s extruded at a viscosity 20 bet ween about 10 and about
1000 cP throu%s{)@g&bes of between about 1 and about 10 m | prAaneéeiTe a
fine spray of noltéen wax between about 5 and about 400 m crons in dianeter
is generated. In addition to formati on of powdered conposites, the 25
conposites of the present invention can be fornulated in solvents to all ow
for filmcasting or other application metho#®. The conposite can be applied
as a filmby using well known hot nelt, dip coat, spray coat, curtain coat,
dry wax, wet wax, and |am nation processes. 30 The conposites can

al so be provided as a | ayer 12 conposed B¥AMPLE & odi sper sed hydr ophobi ¢ and

hydrophi lic material as GlauRrbyfitingiis-ShrBbxpaiiliddituiy qpraeaRys! te 14
i ncluding a separate -hydrop | ayer 16 gnd separ at.e hydro ILIC | ayer
18 as shown in Flwas madesdy reagting e acie Qgémf%‘?%ﬁﬁ%q g{l& s%¢an be
appl i ed by casti ngoldaad¥ydamibel is tie premshceacs ubssmalle ad@uatd of
5 acatic acid as a 10 wt.% solution in methanol. The
reaction was carried out for 3 hours at 70°C. After
vacuum evaporation of the excess amine and
crystallization in the presence of pentane, a white low
melting solid was obtained (T, = 60°C) which tended to
10 lose amine and form acrylamide upon prolonged heating
above the melting point.

1- (N-Dimethylamino) -2-carboxyamidoethane (DMACAE)
was made by reacting 0.2 mole dimethylamine (as a 40 wt.$%
solution in water) with 0.1 mole acrylamide as a 10 wt.%

15 solutiocn in methanol. The reaction was carried out for
one hour at roem temperature. After vacuum evaporaticn
of excess amine, methanol and water, the DMACAE was taken
up in methylene chloride, dried with magnesium sulfate
and isclated as a low melting (T, = 45°C) hydroscopic

20 solid. : ‘

Both DPACAE and DMACAE crystallized only slowly and
thus coculd be studied in the liguid state at room
texperature. Neither neat liquid formed iminium
chlerite. Howaver, 10-30% wt.i solutions in formamide or’

25 acrylamide-iscprepyl acrylamide readily formed iminium
chlorite when exposed tc chlorine dioxide.

EXAMPLE 3

The amine-chlorine dioxide reaction waas studied by

layering the regquisite amount of 6.0X10°° molar solution
30 of chlorine dioxide in pentane onto about 3.0X10"* mole of

amine, either in neat form or dissolved 10-30 wt.% in
formamide or isopropyl acrylamide-acrylamide melt. The
chlorine dicxide-pentane solution was prepared by
reacting stoichiometric sodium chlorite with potassium
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22 then casting the hydrophobic |ayer onto the hydrophilic |ayer, as
illustrated in FIG 3a. The nultilayered conposite or single |ayer can be
applied in conjunction with noisture regulating layers 22 to control the
rate of 5 noisture ingress into the hydrophilic material or hydrophobic
material to control chlorine dioxide release fromthe multil ayered

conposi t e whenvwixe639ed0ed by noisture. In order to generate chcEisseosiroxi de
ina 10 controlled fashion it in useful to limt the access of water to

t he hydrophobic | ayer containing the acid rel easing agent and to control
the surface area of contact between the Iay? rel easing the hydroniumion
and the hydrophilic layer containing chlorite. Such 15 control |l ed rel ease

can be obtained Bergalitate LHecaami00hekherags W@k@&bﬂ |t'm b8bhabSo£6, 18
as separate |aye th a nt er medi at.,e _houn at regul at es
hydr oni um i on tré’ﬁ#&ﬁ' HEP&EWE% '?Fﬁ'l’E pg| &2 g g & 3c.
The l‘ayer ed conpesipssnashnthpeptane kayeary vnsi bhe:armcved and kept dz-y

in a sealed container over magnesium sulfate.

5 The formation of chlorite was detected by
acidification of ths reaction product and the observation
of the odor and color of chlorine dioxide by UV/Vis
spectroscopy after exposure to dilute ECl. In some cases
the presence of chlorite was further verified by

10 observation of the IR spectrum. Characteristic IR
absorbance of chlorite at 830 em™ verified its presence.
The following neat primary amines formed chlorite
when exposed to chlorine dicxida: '
H,NCH,CH,OCH,CH,08, ENC(CE,),CH,0R, H,NCH,CH,NECH,CH,OR,
15 H,NCH(CH,),, H,NCH,CH.CH,

HzN(Cszz-—N: > H NCCH,) =N NH
’ N/ , and

HaN=—C CHa) y~=N Ne=( CHy)3—NH,
N/

“

Chlorite was also formed by neat sscondary amines
baving the formula R,R,NH wherein R, and R, are,
20 independently, hexyl, beanzyl, n-propyl, isopropyl,
cyclohexyl, acrylamide, or :
-CH,CH.OH. These amines also formed chlorite when the
amine was in formamide solvent.
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intended to maintain a desired rate of chlorine dioxide rel ease

(rmol es/sec/cn2 of film in the presence of atnospheric noisture at a
surface for a length of time required for chlorine dioxide to absorb onto
the surface 25 and kill bacteria or other mcrobiol ogical contam nants.
However, | eakageodangam a contai ner or exposed surface reducespdimgsssdiog i ne
di oxi de concentrations at the surface because of chlorine dioxide diffusion
into the atnosphere. The chl ori ne dioxi de concentration rel eased 30 from
the filmfor a chosen tinme period can be cghcul ated given the | eakage rate
and the-rate of absorbance at a surface. Thus after neasuring the |eakage
rate, the conposite Mhef Eolléwing ssrcrdary sminas griwldad shierite ugiben

reservoi r of chéq_r#i'tﬂfrﬁ%ggt%??m%dpgas?égé}g%e%&gégﬁggnpensate for

t he | eakage rat or esire I'me period O el ease. : 23
Theref ore, - desi dv¢xylazideitori ne di oxi de rel easi ng conposite suitable for
control |l ed rel ease and biociglal action within a container nust take into
o C _
account sever al R‘—CHz—-CHz-—-IC-NH cH,

2 wherein R, is cyclohexyl or benzyl,
5 and

I H
—(NH——(cnznnm-a-—e:u.‘,rmac—-m-u:z-lzmuccHzcmz
" wherein n is 2 or

3. The isopropylacrylamide-acrylamide and amine were
also prepolymerized and f£ilm formed by heating to 6§0-70°
C in the presence of about 0.01% azobisiscbutyronitrile

10 initiator, providing chlorite sc long as the film
temperature exceedsd the glass transition temperature.

A hydrogen bonded amine having the formula

R R,NCH,CH,C (O) NE, wherein Ry is methyl and R, is n-propyl
when in formamide or isopropylacrylamide-acrylamide

15 solvent yilelded chlorits. However, when R, and R, were
isopropyl groups, the neat amine did not yield chlorite.
A neat hydrogen bonded amine of the formula N(CH,CH,0H),
yvielded chlorite, which was also formed when the amine
was in formamide or isopropylacrylamide-acrylamide

20 solvent. '

To determine whether hydrogen bonding was necessary,

a Michael addition process was used to provide a reaction
product of 2-propenenitrile and (i-C,H,)NHCH,CH, such that
the amine portion of the product did rot have any

25  hydrogen bonding and the nitrile portion was very polar.
Polarity was not sufficient to generats stable chlorite
when the neat anine or the amins sclvated in formamide
was exposed to chlorine dioxide. Tha nitrile group
blockad formamide so that the chlorite back attacked the

30 anine and dscomposed the chlorite into a form that could
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aspects, nanely, the chlorine dioxide production rate S fromthe
controlled release film the partitioning of chlorine dioxide between the
phases within the container (e.g. gas, liquid and solid phases) in a
reversi ble (absorbed) or irreversible (reacted) fashion, and the | eakage
rate of gas fromthe container. Design of such a 10 conposite is

descri bed i n RowgHeezpl5. A preferred extended rel ease syst enr?@HUS9KBET esent
i nvention conserves the chlorite reservoir by emtting a series of periodic
pul sed rel eases tined to coincide with the suspected tinmes of bacterial,
viral or fungal 15 contam nation or the té i cal incubation tinme for the
bi ol ogi cal of interest. The system design c be optimzed to naintain the

desired kill "conceli il iAldchderkll (64N ind Witxilial NOrRISD I Yokt
chl orine di oxi de Teakage rates i1 nposed by the specific application. 20
A typical control #48po¥aress Shat ARIBSR Y ARG SPELFATPRRER TRASH with
swellable filnms Akrskfholdivxidsckaesshefckimaittes innl ini thstalifel iap sakhc
| ayer A and a hyd p&“’tﬁnm%r. B as described above for the conposite. The
hydr pphobi c | ayer contalrns an acid rel easing agent such_25 as an
anhydri de andShydr oni Nea-hydzgessr herded tentiasy a8inea of ythe fopmla
hydrophil'ic | ayery@reRkbeReifhRQdrddE R, are methyl and R, is cyclohexyl or
4-pyridyl were solubilized in formamide or
isopropylacrylamide-acrylamide and formed a stable
chlorite. Amines whersin R, is benzyl, R, is cyclohexyl
10 and R, is dodecyl or wherein R,, R; and R, are n-butyl or
ethyl groups were insoluble in formamide and could not
form any chlorite. (CH,),NCH,CH,N(CH,), was goluble in
formamide and yielded chlorite, but did not yield
chlorite in’ isoprcpylac:ylaﬁide-acrylanide although it
15 was solubilized by the golvent; the amine when neat or in
acetonitrile did not yield chlerite. '
' Thus, it was discovered that an amine having a
nit:égan of sufficiently high pK, solva.tj.ed by a
hydrophilic material or substituted by hydrogen bonding
20 groups, such as hydroxylic, amide, primary amine oxr
secondary amine substituents, forms chlorite by reaction
with chlorine dioxida.
The amine-chlorine dicxide reactiocn as described
above was repeated wherein the amine was dissolved in
25 various solvents to determine the effect of the solvent
on reaction efficiency. All chlorine dioxide was
released in water. More chlorine dioxide was released in
- glycerin or ethylene glycol than was released in
- methanol, acetonitrile, methoxyethanol, ethanol oxr
30 ethoxyethanol. Chlorite suspended or dissolved in a
hydrophobic material, as a dilute solution in toluene or
benzene, and exposed to chlorine dioxide reacted with
chlorine dioxide but only released a minor amount of
chlorine dioxide when acidified. Many of these sclvents,
35 such as ethancl, will not retain chlorite counterion for
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ani ons as provided, for exanple, by dissolving sodiumchlorite or another
chlorite source in a hydrophilic solvent. The hydrophobic and hydrophilic
| ayers are 30 separated by a water swellable internediate |ayer C having
a thickness 1 (typically about 5 nil) and diffusion constant, D. The

ef fective ionweogswsy ati ons applied to the boundaries of i nper/ussdiostre

| ayer C by the layers A and B are a strong function of the water 35
transport properties of layer C. - 24 The internediate | ayer C can be
conposed of a wide variety of materials sinég chl orine dioxi de can diffuse
equal ly well in both hydrophobic and hydrog bonded matrices. Such

material s incl udq%gﬁ%{%&%;?ﬂcgnﬁaé iﬂﬂiﬂhﬂﬂi@f’i@é‘(:ﬂ]%h ?Eyl ene,

sul f onat ed, or pho enes as polye
pol ypr opy! ene, aﬂar‘!ﬁréi“gs &HG 1185, Whé?éﬁ? t¢ i RuRteFEORt ut ed
pol yhydr oxy al cohol phosphat es and phospERaMPLE & es and their m xtures with

al kene polymers 10 300k Qld YRYE" §r8" KodkaibatithEbl SWich R agloybged
5 groups, such as (CH,),NCE,CH,C(O)NH,, (n-CH,),NCH,CE,C(O}NE,,
and (i-C,H,),NCH.CH,C(O)NH,, formed stable chlorite in
formamide. Amines that were substituted with short
apolar groups, namely (CH,),NCH,CE.C(O)NH(i-C,H,)}, (n-
C,H,) NCH,CH,C (O)NB(i-C,H,) and i-C,HN(CH,CH.,C(O)NH,),, did
10 not form gtable chlorites. However, those with linear
alkane lengths greater than or squal to six, such as
n-CH,,N(CH,CE,C (O)NH,), and n-C,,H,,N(CH,CE,C(O)NE,),, did
form stable chlorite in formamide. It is posasible that
ocnce the apolar chain length had achieved a certain
15 length, a microphase separation into micelles with
digscreet hydrophobic regions surrounded by continuocus
hydrophilic regions took place. The destabilizing ipolar
pha.sé was thus removed from the reaction environment.
_ EXAMPLE 5
20 The following p'oly:nerl were synthesized,
characterized using NMR techniques, and evaluatad to
determine physical propertiss and ability to uptake (and
release) chlorine dioxide:
[-CH,CE,N (CH,CH,CH,) -1,
25 [-OCH,CH (CH,N(CH,),) -1,
' [-CEB,CH(OCH,CHR,N(CH,),) -1,
{-CH,CR(C(O)N(H) CH,CH,CH.N(CH,),) -],
Of these polymers, the last polymer has the most
flexible amine containing side group and exhibited the
30 most efficient uptake and release of chlorine dioxide in
formamide that is a substantial. improvement cver that
demonstrated with in-chain amines. The polymer was also
soluble in molten urea.
EXAMPLE 6
35 The following compounds containing an N-amido
linkage and a tertiary amine center were synthasized in

SUBSTITUTE SHEET (RULE 26)



anhydrous salts or desiccants my be added to any of the layers to retard

the reaction to chlorine dioxide that is catalyzed by water.

It _has been

di scovered that construction of a 15 mul til ayered conposite wherein the
arrangenment of the layers in the conposite is defined by the formula
C(ACB) . C (wherein n represents the desired number of pulses) provides

periodi c pul sedq fho@

f high concentrations of chlorine digpfiEiosemMey

e o
several weeks or m)ntE . Such 20 pul sed rel ease can be coordinated to the

grow h, incubation and containation of viruses, nolds, fungi

and bacteri a.

The cycle time and peak concentrations of chl orine di oxi de woul d be
control |l ed by the |ayer thickness, chlorite d anhydrlde | oadi ng, and the
wat er 25 and |on|c rnea i on haracter|8t|£§ of ers A B a

Pul sed rel ease océﬁﬁ" §:§a FoR SRe SOx=8PPORE

C.
Bk 7 BERSRRATEY by

wat er vapor and hyriguei,usoddus. cBinate,urcad hirdtq@eloim @auidahsodbecnhHOd

where Dis a thwaoruﬁEuLS'% a4 Br Lnécpémaa%

a Qionbet vveen

about 0.2 and about” 100 . m cron e nateria cocﬂ’é;[r ctlon or t he
conposi tes can be‘ﬁﬁ%‘agé:ﬁ@‘agn H%"s’e“q.}"é‘?& o A% ?ﬁ’ng @Ei 8. orrszMes.

Addi tional ly, 32 msos3i [{apéeed conposite C(DCD).C can be

Me,N (CK,) ,NHC (O) NE,
ENMR: 1.5, 2.1, 2.2, 2.95, 5.5, 6.2

N (CH,CE,NHC (O) NH,) ,
HNMR: 2.4, 3.0, 5.65, 6.25

N
?_ "/ \L..
10 HzN#O

HENMR: 2.35, 3.2, 5.6, 6.05 ppm

Each of these compounds reacted with chlorine dioxide and
later releagsed it upon acidification in formamide,
indicating that tertiary amine compoﬁnds with N-amido

15 substitution ¢f their primary and secondary amines can
complex chlecrine dioxide, when diassolved in a suitable
hydrophilic solvent. Addition of urea to the formamide
clearly improved the uptake and release efficiency.

EZAMPI:E7

20 Up to 50 wt.% of the te:t:l.ary amine dimethyl-
aminocacrylamide (DMAA) was added to hydrophilic solvent
containing 50 wt.% urea and 50 wt.% n-methylacetamide
(NMA) solvent at 50°C and quickly cooled to room

_ temperature. The solution remained single phase

25 indefinitely at room temperature. The same behavior was
noted for the addition of 20 wt.% DMAA to a solvent
containing 33 wt.% urea, 33 wt.% NMA and 33 wt.% sodium
acetate, a solvent containing 35 wt.% urea, 55 wt.% NMA
and 10 wt.% sodium methoxide, and a solvent containing 70

30 wt.% vrea and 30 wt.% scdium acetate.
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made in order to provide pul sed rel ease as described 35 above. 25

Pul sed rel eases of chlorine dioxide that vary from about one day to over
about 200 days can be achieved for 5 m| thick A, Band C filns by
separating the hydrophobic |ayer A containing the acid rel easing agent 5
fromthe hydrogglbbﬁmaayer B containing chlorite anions by apctabsroed ate
| ayer C capabl e of supporting varying hydroniumion transport rates. The
pul sed rel ease capabilities of.a nmultiple |ayered filmcan be cal cul ated as
provi ded in Exanple 16. 10 Appllcatlons for the conposites are.

nuner ous. The conposites can be used |n nnst‘%ny envi ronment where exposure

to noisture wll OCCUT C Eiﬁﬁﬂ pre owt h of
nol ds, fungi, viruses an%r%acterl a an hgg"é.%r ce #Qo %atxgjr&}la# and/ or
deodori ze 15 théhﬁatéﬁﬁaﬂiwdﬁé@tpﬁgtme and (epre ReeR=Yed b AR Ighat
does not rel ease ghtakeNeorl Adintte) N ohkecBhofie diloxiidies Eot cevartifl twP0SI Ng

the treated surfag_git Y rmél%’u rbeeitore the reaction slowed substantially.

5 The final pE of the hydrophilic material remained on the
basic side. A slight cloudiness was seen in the 50 wt.%
urea/50 wt.% NMA-DMAA mixture and the 33 wt.% urea/33
wt.% NMA/33 wt.% sodium acetate - DMAA mixture while the
DMAA - 35 wt.% urea/55 wt.% NMA/10 wt.% sodium methoxide

10 mixtures remained clear.

Upon acidification by 0.1N HCl (pH<5), complete
release of chlorin. dioxide frem all three mixtures was
cbserved up to 30 minutes after formation of the chlorite
salt. The release of chlorine dioxide was estimated by

15 referring to the color of solutions containing known
amounts of chlorine dioxide. After this time different
behavior was cbserved. For example, after two hours, the
50 wt.% urea/50 wt.% NMA - DMAA mixture released no
chlorine dioxide. The 33 wt.% urea/33 wt.% NMA/33 wt.%

20 sodium acetate completely released chlorine dioxide aftex
two hours at room temperature. However, only one third
of the chlorine dioxide was released after 24 hours at
§°C, with no chlorine dioxide being yielded after an
additional 24 hours at room temperature.

25 35 wt.% urea/55 wt.% NMA/10 wt.% scdium methcxide
exhibited the greatest chlorite salt stability in that
complete release was noted after three days storage at
5°C. Conmplete release was also noticed after 24 hours at
room temperature. The presence of a strong inorganic

30 base greatly improves the stability of the chlorite salt
in urea based solvents. :

A 20% DMAA - 35 wt.% urea/55 wt.% NMA/10 wt.% sodium
methoxide melt was examined at §0°C for up to one hour in
300 MHz proton NMR to see if any DMAA decomposition

35 occurrad, From ths toxicological point of view any

SUBSTITUTE SHEET (RULE 26)



rel ease chlorine dioxide fromthe conposite into the atnosphere surroundi ng
the material. The treated surface 20 Is generally a portion of a
container or is part of a substrate placed within the container. The

bi oci dal at nosphere generated within the container can be used in storing
food products including blueberries, raspberries, strawberries, and ot her
25 produce, waydedsude beef patties, chicken filets, and ot herrCrasbago179
enhanced foods, pet foods, dry foods, cereals, grains, or nost any food
subject to bacterial contamnation or nold growth. Bar soap, |aundry
detergent, stored paper docunents, clothin%%a pai nt, and 30 seeds can be
protected fromnold growh. Medical instru '%ts, devi ces and supplies as

L oD BB G BRI, Wit i el s

sterilized to prevent mcro contam nat1 on
can al so be ster @cFydamige woyld b highly padeaizghlid-n the waste. Qdors
fromathletic shoes, Hosfesaipssitivn\was, observed tm@rczheabse heuwi ni m zed

heating period. Acrylamide alkene rescnances were

5 expected between 6-4 ppn yet none were seen. Scome
polymerization of the urea was revealed by the broad band
under a sharp urea band at 6-7 ppm. The NMR obtained
after heating at 120°C for two hours, much above the 50°C
at which the DMAA was mixed into the urea based solvent,

10 revealed extensive polymerization of the urea that was
evident from the increase in line width and the
complication in the urea resonance between 8 and 6 ppm.
However, no alkene acrylamide resonances were seen.

Thug, the 20% DMAA - 35 wt.% urea/55 wt.% NMA/1O0 wt.%

15 sodium methoxide system produced no toxic alkene
products. '

To avoid variability in chlorite stability f£rom
incom'plete dzying of the solvent, 40 wt.% of carefulily
dried urea (vacuum dried: 80°C, 18 hours, 0.1 torr) and

20 60 wt.% NMA (CaO overmight reflux and distilled) were
mixed and heated for 18 hours at 120°C., Alkoxides were
first isolated as dry powders by reacting the required
amount of clean sodium metal with the alcochol and
isolating the product by washing with diethyl ether. All

25 mixing was carried out under dry nitrcgen atmosphere.

’ Predrying of the urea/NMA mixture resulted in room
temperature stability of the iminium chklorite salts for
at least one week at room temperature. '

The desired amount of alkoxide was then diassolved in

30 the urea/NMA solvent using minimal heating followed by
DMAA to form a clear viscous ligquid at room temperature.
The results o¢f the chlorine dioxide uptake and release of
several urea/NMA/DMAA/scdium alkoxide hydrophilic
material composites are presented in Table 1. Release

35 characteristics are basad on a relative scale ranging
from excellent (9) to poor (1).
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when they are contained within a treated contai ner. Conventional containers
can be used such as 5 paperboard or contai nerboard boxes, corrugated,
nonwoven, plastic, or polyneric multilam nate containers, cellulosic,

pl astic or paper bags, seed packets, or waste containers. The treated
surface can beyd dsBs8abl € or disposable 10 mat or sheet i necudssgpotrs
dental tray covering, a surgical tray coveriﬂg, a shower mat, nonwoven
bandage material, a neat cutting board a liner for drawers or shelves, an
i nsert for athletlc bagS=fi—g r, a paper sheet for
separating hamburger ps tflay, an overpouch such
as .those used in packagi hesfiruit separator or box
liner, an absorbent pag [ or fproduce, or an
absorbent |ayer for usg¢ | n[di dpefs.] Slich] gt s{or} sijeefls are typically nade
from paper, cellulosicl ‘20 PR VIS bt PYRMed f'b&lc r nonwoven materials.
Such a nethod can al so bk Used tp doaff the|suff of |a seed to protect the
seed from nol ds. and f ufpeR—duiaghstiordgel-add.1a prffﬂ t agai nst nycotic
growt h when the seed i § wpl gnted. | The &oatirg, whien Jac ivated by 25

kagj ng

% Alkoxide |% Ami
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in the soil in the vicinity of the seed and inhibits nycotic growth that
normal |y woul d i npede seed germi nation. This coating has no effect upon the
germ nation of the seeds. Seeds in storage do not have 30 to be
physically coated to be protected but rather can be in a cl osed contai ner
containing the active material as a packet, *tea bag" or coating on the
cont ai ner. Papeiodenspgaegnated with the conposite generates sufHdTaIse619179

chl orine dioxide to protect the seeds. Al though any 35 seeds can be
protected by the coating, edible seeds such as corn kernels, sunflower
seeds, or soybeans, remain fit 27 for hungg consunption once they are
coated. Thus, the coated seeds can be provid for planting or for human

consunption after t heyﬂgvsfgfgﬁgcgo@f oh alkex3Hb! promsadl Aonly fakRd W Lh

any of the 5 conpaosites 0O present 1 nvention by convenfiqnal coating,
ext r usi on, Ian1rwu#qi¥iﬁﬁd°PﬁﬁF%§ﬂaﬁ??ﬁ?%ﬁ%ﬂhod§°ﬂé??’kré%ﬁ1§q¢iﬁﬁ€nan;
Anot her enbodi mentmecafe thani 0VEnhoDbe cilcorimet Bhdxbfe per mole of amine

substantially decreased iminium chlorite atability.

5 Excellent long term stability was found at room
temperature for the phases containing 23% sodium
ethoxide, 31% sodium iscpropoxide or 30% sodium t-
butoxide, in that at least 60% of the chlorine dioxide
was released upon acidification of the phase after three

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

EXAMPLE 8

15 In order to make a hydrophcbic acid releasing wax,
hydrocarbon wax (T, =60°C) or atactic polypropylene (APP)
was first melted at 70°C under nitrogen with stirring.

An eéuivalent weight cf glycerol monostearate or glycerol
distearate was then dissolved in the molten wax or APP.

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

25 tetraethylorthosilicate was added and the immediate
evolution of ethanol was detected. Stirring was continued
for an additional four hours while slowly raising the
temperature to 100°C and purging the mixture of ethanol
with a l0cc/minutes flow of nitrogen. The reaction flask

30 was subsequently evacuated at 100°C teo remove any
remaining ethancl or tetraethoxysilicate, £filled with
nitrogen and coocled. Softening of the wax-acid releasing
agent (LPOSI) started at about 60-70°C. The viascosity of
the wax was 100 cP at 100°C,
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preventing the growh of fungi, bacteria or nolds on a 10 surface and/ or
deodorizing the surface by treating the surface wwth a conposite that does
not rel ease chlorine dioxide in the absence of noisture, and exposing the
treated surface to noisture to release ¢hlorine dioxide fromthe conposite
into the at noslmisAasglr rounding the 15  surface. A preferredcarbdiddpis on
i ncludes 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 shoo insert. The corrposiote can be 20 appl i ed between
the cloth covering and foam pad of the shoe 1nsert, inpregnated within the

foaned pad, or inpregggg :%eﬁo%id QB srfold L.0PRY nEﬂﬁ Pé sEREdriidd G
Chl ori ne di oxi de gfgeratedfrom ure W|t nth ggadlf uses fromthe

conposite into tfELLPHBsphdfReR & P 1’25 dBF* 2 the shoo.
The powder can bphbhphdbtbﬂdtdro:tmmﬂl.onal i ngr edl ents such as talc,
cornstarch, fragrance, mconazole nitrate, tolnastate silica, boric acid,

al um num chl orhydrate, salicylic acid, ang cellul ose. The powder can al so
be bl ended with other 30 i ngredi ents aﬁW/ri or powders
used in treating jock itch.’ 0 '

P04 + 3 E

OH
OH

l 60-80C

”°"|;"° —U\/\/\/\/\/\/\/\/\
Ny e ITRRARNS

OH

S1C0CHg),
100°C, .
0
GO—FI’—OG
o 0
| ]
0—Si~0=FP=00G
| ]
0= P==0 cIJ 101
clm tl)-lsn-o—:ls—os
) : (GO),—P OC,Hs QG
1
Ha0 0
o]
|°| ' c’_'l\/\/\/\/\/\/\/\/\
(RO) ,—P=0H + S10, G = Eon '
OH
5 Chlorite powder was prepared by f£irst dissolving

‘commercial sodium chlorite in dry methanol at 3% by
weight and filtering ths resultant soluticn to remove
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The powder can al so be applied to carpeting to renove odors fromthe
carpet." Ingredients comonly incorporated in powdered carpet deodorizers
or cleaners 35 can be bl ended with the powder of the present invention.
The conposite can also be fornmulated in mcrocapsules =~ 28 that break
after being stepped on and are then activated by noisture. Such

m crocapsul es werssbasd npregnated in floor, shower or bath naPCTESIEENe
used in carpet deodorization. 5 Anot her use for the conposites is in
providing self sterilizing packaging, which is particularly useful in the
medi cal industry. The conposite can be coatgd onto tubing, connectors,
fitments or other conponents as separate |ayers of the hydrophobic or

hydrophilic 10 ssdiihadarbonatedifperLOPDOoNHy &hubaﬁ.garegmii&gtm upon
For exanpl o, can bRt SEARAIE 1atl R RaltdRS ebeld*Brlst i Yl kR aen 0
coated with a hydrbph®dt¢ thiomghont aehf r‘@ﬁ-mllseps&ﬂﬂgondmﬁd with co-

axial fluid and nitrogen £low. After routing to a

5 eyclone separator to isolate small sodium chlorite
particles of about 5 microns in diameter, the powder was
stored in a dry atmosphere.
Neat sodium chlorite powder or mixtures of sodium

chlorite powder and anhydrous sodium sulfate in a ratio

10 of 1:1 and 1:2 by weight was £luidized in the bottom of a
nitrogen f£illed container. A sgtream of acid releasing
wax was then directed into the fluidized bed through a
nozzle c¢f 7 mil in diameter with a niﬁrogen back pressure
of 30-80 lbs/in® to produce wax particles encapsulated

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

20 FIG. 4 shows the chlorine dioxide release rate from
200mg of several powder composites placed in a Petri dish
of approximately 62cc volume with a leakage of 2X10°°
moles/sec. Controlled release over several days ls
accomplished at about 75°F and 40% relative humidicty.

25 EXAMPLE 9

A hydrophcbic acid releasing wax was made as
described in Examples 8. The controlled release layer for
an immediate release system was formulated by melt
coating approximately 5 mil of aclid releasing wax in a

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

35 about 5 mil thickness was then coated onto the chlorite
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15 surface of another tube fitnment is coated with a hydrophilic film
containing chlorite, and the treated surfaces of the fitnents are

i nterconnected in the presence of noisture to-initiate the rel ease of
chlorine dioxide fromthe treated surfaces into the atnosphere 20
surroundi ng t hWoeB®s®al . Fitnents for in-dwelling cathet er SCTHSWMILRY
peritoneal dialysis, percutaneous devices, percutaneous access, col ostony
bags and ot her nedi cal devices can also be treated in accordance with this
met hod. Additionally, closures on a packageggan be 25 so treated to
provi de self sterilizing packaging for nedical devices, inatrunents and
supplies. The coneestaénihgthxyeresdaiie itotalt YoTume o oatroll1éd Xéldase

bacteria on the S%EQEEanwi‘Faé.sz However, it was not expected to penetrate
a ground beef patty. %een di scovered that chlorine dioxide

evol ved from paper treEY’@ddB\}‘P‘FP% SioFiges peasuring fansorec §- b rpnm st t he
full thickness. of 0a1pat ppmpndere | interdacedawsts ha donPuterakoagrySal nonel | a

35" fainted fear Aactind MM ddibe TR Ty BLE NS bborfina Sy o e on |
especi al |y resi st 8ft t1Becovar My tWeMasik pagiod automatically along with
humidity and temperature. Both sensor ends were exposad
to the chlorine dioxide atmosphere in a closed Petri dish
through two small holes drilled into the top cover of the
10 Petri dish. The humidity and temperature in the room
were close to that measured in.the Petri dish because the
Petri dishes were of the "breathable" type where the
cover made contact with the base at a serrated edge and
no effort was made to insulate the Petri dish from its
15 surroundings.
In this configuration, the acid releasing layer was
placed in direct contact with the chlocrite containing
'ph_a.aé and immediate release of chlorine dioxide was
observed as soon as the £ilm was placed in the Petri
20 dish. The chlorine dioxides gas concentration dropped-
from a high of 13 ppm to 1 ppm at 5-6 days in an
exponential fashion as shown in FIG. 5 (note that
detector error of i+ 0.5-1.0 ppm resulted in less than
zZero concentration). However, surprisingly, the

25 concentration peaks that were superimposed upon this
exponential behavior, were correlated with the
temperature and not the relative humidity as shown in
FIGQ. 6.

Three mcld species, Chaetomium globosum (CG),

30 Aspergillus terreus (AT), and Aspergillus niger (AN),
were grown in mineral loaded, but nutrient free agar
slants using paperboard as a nutrient. All growth
studies were carried out in accord with TAPPI standard
method T 487 pm-85 entitled "Fungus Resistance of Paper

35 and Paperboard."
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29 and drying. In a typical operation producing neat patties for comercial
consunption, neat is ground, extruded and forned into patties that are
separated by sheets of coated paper that prevent adhesion of the individual
S patties. After packaging, the ground meat can be exposed to chlorine
di oxi de over a period of tinme when in refrigerated storage to kill and

inhibit it theyglogdee Of the bacteria. The foll owi ng exanpl ePCEUSIHRBent ed
to describe 10 preferred enbodi nents and utilities of the present

invention and are not neant to limt the present invention unless otherw se
stated in the clainms appended hereto. EXAMPLE 1 15 A hydrophilic
mat eri al was made which contained a 7 w. % sdl ution of sodiumchlorite in

an aside mxture COWPO%EE piuhﬂ}afwwe%bf %Heaadfo: ?e%nvgﬁ;s%-asuhmdewaﬁd 33

wt . % i sopropyl acryl am rophobi ¢ materi a cor i n 40%
sol ution of a cop&W n’éFeJEBr&)%s’Té{P“gft%“aE%’ﬁtﬁ’b%% é’ia °agh§%? %%6

mol e% styrene in cocmparisons showed considerable growth after two weeks on
the control samples, while no growth showed on the
5 controlled release films. The effectiveness of chlorine
dioxide in killing these three molds was evident from the
two week study.

EXAMPLE 10

In a delayed release system ocne side of a piece of

10 paperboard was ccated with an acid releasing layer
separated frem a chlorite layer by an intermediate wax
layer. The 5 mil thick hydrephilic phase in the chlorite
layer was a transparent blend containing 10 wt.% sodium
chlorite, 50 wt.% (NH,C(O)CH,CH,OCH,CH,),0 and 40 wt.%

15 formamide. The chlorite layer was separated from the
acid releasing LPOSI wax of about 5 mil thickness by an
unmodified wax layer of about 5 mil thickness. The total
volume of controlled ralease material was about 0.25 ce.

A delay in chlorine diocxide release was noted when

20 the acid releasing layer was separated from the chlorite
containing layer by an intervening wax layer. In this
case, a peak in the release was noted after one day as
shown in FIG. 7. Individual concentration peaks
superimposed on the averaged behavior were again

25 correlated with the temperature and not with the humidity
as shown in FIG. 8.

' The three mold species, tested for in Example $ wezTe
grown in mineral loaded, but nutrient free agar slants
using paperboard as a nutrient in accord with TAPPI

30 standard method T 487 pm-85.

Six samples were tested for fungus resistance ovexr
two weeks at roocm temperature in duplicate. The results
are presented in Table 2. Photographic comparisons showed
considerable growth after two weeks on the contzol

35 samples, while most of the controlled release f£ilms
showed no growth. In the few cases where mold did grow
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et hyl benzene pl asticizer was then nmade. The hydrophobic material was vortex
m xed with the hydrophilic nmaterial. The resultant white m xture of the two
di sperse materials started a sustained rel ease of chlorine dioxide in the
25 absence of added water-within five mnutes at roomtenperature.

| nt er phase di f'wogésmozcf water within the dispersion initiateBChysisobirgi s of
t he anhydride. Rydroniumions fornmed during hydrolysis reacted with
chlorite anion. to rel ease chlorine dioxide. The rel ease 30 rate coul d be
sl owed by cooling the mxture to o[err]C or ﬁy i ncreasing the viscosity of
the materi al s. 30 EXAMPLE 2 1-(N-di propyl’am no) - 2- car boxyam doet hane

(DPACAR) was nadeclythé€addrdttdiled Fahgads (MIULPOHMFTRNG1NEIH Ludidlly ©
ic acid as. a 10 wt. %

acrylamde in the_presence aof .a smgll _a t of 5 acCe

solution in net ha‘ﬁgf.r%%sgﬁ’&ﬁ’o%grg%?‘f'e&% DEGLeYS RS 2 faTEF err | C.
After vacuum evapeiunp o?f glolh#poxeeswhene necomn el fy pratectire csffery he
presence of pent aggy gendddted BY the aggregate structure.

5 TABLE 2
CG Mold AT Mold AN Mold
Control |Grewth Growth Growth
Lawns® [Growth from [No growth [No growth
single mold
H spore
Soak? Growth from [No growth |Growth from single
single mold mold spore (trial 1),
HASPOTe N0 _growth (trial 2)

! Agar covered with mold spores

10 ? Paper soaked in mold spores

_ EXAMPLE 11
The porous paper used throughout these examples had
one untreated side and cne sida that appeared glossy.
The chlorine dioxide release ccatings were applied to the
15 untreated side of the paper with the chlorine dioxide
releasing composite shests assembled with the glossy side
out. Consequently, only the glossy side of the paper had
contact with the meat. Sheets approximately 3 ft. x 8
in. were cut to facilitate handling during the coating
20 process. The original paper weight was 5 mg/cm®.
LPOSI acid releasing wax was applied to the porous
substrate paper in a nitrogen filled dry box containing a
large dish of stirred phosphorus pentoxide using a wax
cocater operating at approximately 190 °F. If multiple
25 coatings were used, the papai was allowed to cool prior
to applying subsequent layers. Once the paper was.
coated, it was sealed in a dry atmosphare suitable for
storage.
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melting solid was obtained (T, = 60[err]C) which tended to 10 | ose am no
and form acryl am de upon prol onged heati ng above the nelting point. 1-

(N-Di net hyl am no) - 2-carboxyam doet hane (DMACAE) was nade by reacting 0.2
nol e dinethylamne (as a 40 wt. % solution in water) with 0.1 nole
acrylamde as a 10 wt. % 15 solution in nethanol. The reaction was carried
out for one hGypogdsesgPom tenperature. After vacuum evapor ati per/éesR¥E6SS
am ne, nethanol and water, the DVMACAE was taken up in nethylene chloride,
dried with magnesium sulfate and isolated as a low nelting (T[err] = 450
hydroscopic 20 solid. Both DPACAZ and DRACU crystallized only slowy and
thus could be studied in the liquid state at45r oom tenperature. Neither neat

liquid formed imnium hIorlte Howevg -30% Wt . % sol u s_in formam de
ARER REbed

or 25 acryl anide-iso |?‘§P%|"ﬁ€dal’ X orite
when exposed to chhbham@l ohmi:d-@n BXANE & Codtmxr Dperatdihfoat meosh oxi de

reaction was st udteﬂpbyawe/@r' @Q%Echﬁ%ééﬁz?g qmmaoaf wﬁs %%&ﬁéﬁ)

sol ution 30 ﬁglorl ent an to_ab
amine, either | n heEBE¢ §§I a4 o2 G’ Y v ”'Yl Pm°1"d’-n°ne
: 5 (PVNP, 1. 73:10‘ M.W.) in 500 ml of methanol followed by 15

grams of sodium chlorite (technical grade). The
homogensous solution was used immediately. If multiple
coatings were desired on a single substrate, the coating
was allowed to dry between applications. The chlorité

10 containing paper was then sealed in dry atmosphere for
storage. ' '

Immediately prior to use, the chlorite containing
£ilm was compression molded at room temperature with the
LPOSI containing £film to form a chlorine dioxide

15 releasing bilayer composite. Pressures under 10,000
lbs/in? were sufficient to induce cold flow and adhesion
of the wax to the chlorite containing f£ilm.

ISamplel of each individual sheet of coated substrate
bilayer were randemly set aside during the prassing

20 operation in order to quantify the chlorite and wax
loadings. These sheets were cut, measured and weighed,
then compared with data obtained from uncoated paper as
.8hown in Table 3. Calculations of the theoretical acid
output-based on phosphorous pantoxide and the relation:

25 5C0, + 4B - 4Cl0o, + 2 HO0 + Cl

indicate a ratio of approximately 0.l4g NaClo,/g wax for
optimum C1l0, utilizatien.
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formam de or isopropyl acrylam de-acrylam de nelt. The chlorine

di oxi de- pent ane sol uti on was prepared by reacting stoichionetric. sodium
chlorite with potassium 31 persulftate in a snmall anount of water in the
presence of pentane with vortex stirring in ice water. The supernat ant

pent ane | ayer wo9ssden renoved and kept dry in a seal ed cont BCHUI6AILEY
magnesi-um sul fate. 5 The forzation of chlorite was detected by
acidification of the reaction product and the observation of the odor and
col or of chlorine dioxide by 1U Via spectrosggpy after exposure to dilute
HCl . In sone cases the presence of chlorite was further verified by 10
observation of the ZR spectrum Charact eriggfamg 3R absorbance of chlorite at
830 cnt'' verified its presence. The followi ng neat prinmary um nes fored

chl orite when expgsed—to—hi-ottidt—ihi-8¥i-eeE—reiilt—Cht-pitt-e—ras—al-so—onned
by neat secondary |f#mRi® hdA-n@%t he F8CHYU d NPeref vher¥tR R|Hdla8L0 e,

(C10,: | C10,/2VP | (ng/ox®) | Wax | (mg/em’)| g Wax

Wax) coatings coatings :

5 1s1 1 0.44 1 2.9 0.15

3:6 6 1.6 3 6.3 0.25

2:4 4 1 2 5 0.21

2:2 2 0.45 2 4.7 0.096

The chlorine dipﬁ:ide concentration released from the
10 films along with humidity and temperature was monitored
in a Petri dish under atmospheric conditions using the
sengsor system and gas leakags rate previocusly described
in Example 9. Samples were monitored over several days.
. FIG. 9 shows a typical plot generated from data acquired
15 from a sample composed of sheets with two coats of sach
phase (2:2)., Samples were monitored at several different
loading levels. All samples showed an immediate maximum
release of 10-20 ppm chlorine dioxide within the first 2-
- 3 hours followed by a very gradual reduction in release
20 | over the next several days. EHigher loadings served to
" increase the maximum initial concentration and prolong
the release. '
EXAMPLE 12
2:2 loaded pipers ware used as separators betwsen
25 ground meat patties packed to different densities that
were loaded initially with high loadings of colony
'forming units (CFU) of E. coli bacteria. Substantial
reductions in bacterial growth were noted as shown in
Table 4. In loosely packed patties, the chlorine dioxide
30 gas had access to thes interior of the patty, resulting in
a more complete kill throughout.
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20 I ndependent |y, hexyl, benyl, n-propyl, isopropyl, cyclohexyl,
acrylamde, or -[err]. Thene am nus also forned chlorite when the am ne was
in formam d. sol vent. 32 The follow ng secondary am nes yielded chlorite
when plasticized with forma-ide or isopropylacrylam de- acrylam des [err]

3. The isopropyl acryl am de-maryl azi de and am ne were al so prepol yneri szd
and filmforngedgsegigati ng to 60-70[err] Cin the presence eicTaizosidsid 01%
azobi si sobutyronitrile 10 initiator, providing chlorite so long as the
filmtenperature exceeded the glass transition tenperature. A hydrogen
bonded am no having the fornula [err] wherin Rerr] in nmethyl and Rerr] is
n- propyl when in fo-nma-1de or iaopropylacry?%nide-acrylanide 15 sol vent
yiel ded chlorite. However, when R and R were isopropyl groups, the neat
amne did not yield chlorite. A neat hydrogen bonded a-ine of the fornula
Nt ( C2CVBO) , TABLE 4

. Bacterial Load |% Reduction in
Ground Meat {CFU/patty) E. coll bacteria
Loosely packed 1.7%107 >99.99% "
5.0X10’ 99.5%:

Densely packed

5 EX2AMPLE 13
Escherichia coli ATCC (American Type Culture
Collection) #26 was grown in Tryptic Soy Broth (Difco
0370-17-3) to a log phase activity with an optical
densgity of 0.8 at 600nm containing one billion colony

0 forming units per ml of culture. The concentraticn was
verified using plate counts ocn three separate dilutions.

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

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

20 was repeatad three more times, with at least a minute of
vigorous kneading each time. Since the two ml of an
inoculum with a culture concentration of 10’ cfu per mi

~was added to the meat, a concentration of one million
cfu/gram was intrcduced into the meat.

25 The meat was then reground to a £ine texture on a
bench-mounted, hand-cranked sausage grinder and formed
into patties by replacing the meat in the pan and cutting
patties out with a piece of tubing to form positive
contzrel (i.e., added E. coli bacteria) pattiea. The

30 negative control (i.e., no added bacteria) ground sirloin
from the same source was ground first in the
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yi el ded chlorite, which was also forned when the am ne was in fornmam de or
I uopropyl acryl am de-acryl am de 20 solvent. To determ ne whet her hydrogen
bondi ng was necessary, a M chael addition process was used to provide a
reaction product of 2-propenenitrile and [err], such that the am no portion
of the producwabessesot have any 25- -hydrogen bondi ng and trﬂSTﬁﬁ”’Pﬁlg’
portion was very polar. Polarity was not sufficient to generate stable
chlorite when the neat am ne or the ami no solvated in formamide was exposed
to chlorine dioxide. The nitrile group bl ockgd formam de so that the
chlorite back attacked the 30 am no and deconposed the chlorite into a
formthat could uncohtiGiinateBcgein@es ctb iprevioner u.ae Sind xdottamidgiohl Was

but the chior te T Hatehed Yefe SRVRLERIT Bybiaghed fah Huallistiatoex! O°
Non- hydr ogen bondeagatiue soptagilactested [at loand 60 bouss s popditdvexyl or
controls tested at 0, 4, 24 and §0 hours, and test
5 samples (i.e., patties exposed to a chlorine dioxic;e
relesasing film of the present invention) at 0, 4, 24 and
60 hours.
The patties were placed between either unmodified
paper or the papers coated with a 2:2 chlorine dioxide

10 releasing £ilm (as described in Example 11) in 10 em
diameter plastic Petri dighes with covers. Two Petri
dishes containing duplicate samples were then put in
recloseable plastic bags and stored for the required time
at 4°C in a common refrigerator. :

15 Two samples were taken from each patty, one from the
upper surface, T, contacted either by the unmodified
paper or by the test paper with the chliorine dioxide
releising £ilm, or from the middle one third of the

- patty, M. Samples were obtained with angle tipped

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

25 Ten ml sterile water blanks in screw capped test
tubes were tared to zero on a sensitive electronic scale,
and roughly one gram samples added to the tubes and the
weights recorded. The tubes were then capped and shaken
vigorously to disperss the meat and release the bacteria.

30 0.1 ml of the supernatant was plated onto Tryptic
Soy Agar (Difco 0369-17-6) in duplicate and spread with a
glass triangle on a turntable. The glass spreader was
sterilized batween platings with isopropanol and flamed.
The viable bacterial content of the samples was

35 visualized by inverting the plates after 24 hours
incubation at 37°C.
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4-pyridyl were solubilized in formaide or isopropylacrylam de-acrylam de
and fornmed a stable chlorite. Am nes wherein R is benzyl, Rs is cycl ohexyl
10 and Rlerr] is dodecyl or wherein [err] are n-butyl or ethyl groups
were insoluble in formam de and could not formany chlorite. [err]Ws
soluble in formam de and yielded chlorite, but did not yield chlorite in

i sopropyl acryly@goéismacr vl am de al though it 15 was sol ubi | | eethuséndire
sol vents the am ne en neat or in acetonitrile did not yield chlorite.

Thus, it was discovered that an am ne having a nitrogen of sufficiently
high [err] solvated by a hydrophilic material or substituted by hydrogen
bondi ng 20 groups, nuch as hydroxylic, anftfe, prinmary amne or secondary

am ne substituents, fo&m %QEE&G g%aé&aegtéﬁggg thﬁ&&ilﬁg (L Qxi g_e. The

ai 4-e-chl ori ne d|0X|de reactlon as ove wasS repea Sharein t he
ami ne was di ssol vaepunt of bagserdascoampelyt seep dnt grovned Q#kl%‘f-’# adthof the

sol vent on reactigy fAidduEntial. géuggmuaum%ﬂgosodaowg aelegsed in water.
R
5 bacterial growth for all times with very minor
differences between the top and middle samples. If the
unmedified paper had an antimicrobial effect, it was
minor.

When the colony counts of chlorine dioxide exposed
i0 teat samples were compared, a 50-100X kill was noted for
the surface sample as compared to the interior test

sample and the positive control samples, except for the
reduced surface kill on the sample contacted with the
weakly releasing £ilm. As for the four hour exposed test
15 samples, surface coleny groewth was 50-100X less than the
interior test sample or the positive controls. The
surprising cbservation made on the 60 hour sample was the
high kill in both the interior and surface sections of
the exposed samples when compared to the positive control
20 samples.

Because the positive control plates were expected to
be overloaded, a direct comparison for gquantitation
purposass was not accurate, although a rough count
ravealed anywhere betwean 50-200 fold reduction in colony

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

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

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

The average RTI for the top samples of the plates

35 for the patties that were exposed to chlorine dioxide and
tested for 60 houra was roughly 170, which would
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30 ethoxyothanol. Chlorite suspended or dissolved in a hydrophobic
material, as a dilute solution in toluene or benzens, and exposed to
chl orine dioxide reacted with chlorine dioxide but only rel eased a ni nor
anount of chlorine dioxide when acidified. Many of these solvents, 35
such as et hanglgp osdodo not retain chlorite counterion for BAT/USAGHIX7R 1 m
storage unioss imniumchiozite in stabilized with a strong base to retain
the chlorite counterion. EXAMPLE 4 Ami ne. that are nonoubstituted with
short apolar 5 groups, such as [err] and [ggrr] foened stable chlorite in
formadde. Am nes that wer. substituted with short apolar groups, nanely
[err] (n- [err], fégkddbnt ROL7D0ESLA bdresEd dhi vRabilibyeVerhe td%&agw th

e o e LS SHabiateg of Wilad Bakbipe YL, Ay kot (o1
At 60 hours, however, large reductions in the
bacterial viability in the center of the patty were seen.
5 Cooking the patties that were exposed to chlorine dioxide
and tested for 60 hours yielded a normal looking
hamburger with no unusual odors being noted.
EXAMPLE 14
Loosely packed 0.75 inch thick, ground sirloin
10 patties with approximately 25 cm’® top surface area were
' formed by hand immediately after mixing and grinding in
of E. coli ATCC #26 broth (10°-10° cfu/gram). The initial
inoculum was grown up to a slightly lesser extent than
the inoculum used in Example 13. The loose packing was
15 employed to help the penetration of chlorine dioxide
through interconnected air passages.
The patties then were placed between either 2:4 or
3:6 chlorine dioxide releasing papers as described in
Example 11, and covered with a Petri dish cover that was
20 enclosed in a recloseable plastic bag. The samples were
then stored at 4°C for 3.5 days. After this expoasure
time the meat in contact with the 3:6 papers showed no
bacterial growth f£rom either a surface or interior sample
" when plated as described in Example 13. The interior of
285 the patty exposed to the lower chlorine dioxide
concentration (2:4) showed no bacterial growth from
either surface or middle samples when plated.
When compared to the results of Example 13, these
results confirm the deep penetrating biocidal action of
30 chlorine dicxide when released in a controlled fashion
over 2.5-3 days at 4°C. Clearly, the biocidal action is
more effective for a porous meat structure.
An additional experiment using chicken breasts was
also performed. A filet of chicken breast was rapeatedly
35 dipped in undiluted E. coli ATCC #6 broth (10%-10°
cfu/ml), placad between 2:2 chlorine dioxide releasing
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once the apolar chain |Iength had achieved a certain 15 | ength, a

m cr ophase separation into mcelles with discreet hydrophobic regions
surrounded by continuous hydrophilic regions took place. The destabili zing
apol ar phase was thus renoved fromthe reaction environnment. EXAMPLE 5 20
The foll ow ng polyner. were synthesized, characterized using NWVR

techni ques, ango®¥ados@t ed t o determ ne physical properties apdr@bsedooi?s to
upt ake (and rel ease) chlorine dioxides [err] O these polyners, the |ast

pol ymer has the nost flexible am ne containing side group and exhibited the
30 nost efficient uptake and rel ease of chl.orine dioxide in formm de
that is a substantial inprovenent over that nonstrated with in-chain

anine.. The pol ynﬂlﬂ’ﬁsaﬁéséhq%)'éi%%d' 3alP4d & it - aEnlfEhie Sl laced
The follomnng congoun S ntainin N-snido |'j nkage and a ter &
center were synth g; 26599 seable lastic bag a.nd pla.ced in a refrigera.f:or

at 4°C for 3.5 days. The surface of the meat was then
swabbed and plated to get an indication of bacteria kill.
5 Again no bacterial growth was noted after incubation.
: EXAMPLE 15 _
Design of a chlorine dioxide releasing f£ilm suitable
for controlled release and biocidal action within a
container is described herein. The equation describing
10 the concentratiocn of chlorine dioxide in a coating of
thickness, ¢, {(0<x<f) which is covering the inside of a
permeable container of total thickness { + a, where ’a’
is the gas space thickness (f<x<{+a), above the coating
is shown below. Chlorine dioxide is generated by means
15 cf a completely permeable thin £ilm of infinitesimal
thickness that lies on top of the coating at x=f.

£
' o Qalecos (o x) feP* e " a\
20 n=0 [f(h-k’a?)?+(f+k’)a *+h]lcos(a,l)

where, _
baD%x,?, k’=4£/P, haD9/(1D%)

The terms, «,, in the infinite series above are roots
of the equaticn:

25 atan(af)sh-k’o?
D°= Diffusion constant of chlorine dioxide (em?/sec) in
‘coating - ' '
D%= Diffusion constant of chlorine dioxide (cm?/sec) in
) gas phase
30 1 = Phencmenological length (cm) of leakage pore
P = C,y(x=1) /C,,,(x=]l) =Henry’s law constant for partition

of the chlorine dioxide between the coating and the
gas phase
. Q@ = chlorine diocxide generation constant from controlled
35 release film (mole/cm*/sec?)
k = a, the total thickness of the gas layer
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35 pure formfromthe corresponding primary or secondary am ne, sodi um
cyanate, and hydrochloric acid as descri bed by a. March, "Advances in
Organi c Chem stry: Reaction Mechani sns and Structure, 4th Ed., John WI ey,
NY., p. 5 903 (1992). [err] HNWR 2.35, 3.2, 5.6, 6.05 ppm Each of these
compound. reagigyésddsbh chl orine di oxide and |ater rel eased iFCTNE96109179
acidification in formam de, indicating that tertiary am ne conpounds wth
N-am do 15 substitution of their primary and secondary am nes can conpl ex
chl orine di oxi de, when dissolved in a suit e hydrophilic solvent.
Addition of urea to the formam de clearly inproved t he uptake and rel ease

et ani peai s T 483y, of U0 Wlaae il Whddige BEeE TS i ng
i met hy amncacrya adde rophiJlic sqlven

50 wt. % urea and 50 wf ﬁg‘%t%ﬁﬁ% %ﬁPﬁeggﬂlr\% q\)‘é’\‘?{ 5&535&1" }& and
qui ckly cooled to room(xeh))eiatwaé.uaﬁod forut igdvercramtned dififusiqghase 25
indefinitely at @g gerﬂ& °'g;&.sage DRASY 43 oRehgdaher the

fo a sol vent
addition of 20 Wy :!.nenaional constant, k’ chlorine dioxide releasme rate,

Q. and inverse relaxation time for release, s, by

plotting Clax) vs « at t=s, As an example, C(Z,t) is

calculated for a Petri dish of 62 cm® cross-sectional area
. of lcm total thickness which includes 0.8cm gas space and

10 0.2cm Agar. Since the biologicals are introduced at x={
and grow in the Agar it ig important to calculate this
concentration. This calculation is necessitated by the
strong part:ltiohing of chlorine dioxide into the liquid
phase once it is generatsd by the controlled release

15 film. At the release rates generated by a test £ilm the
gas phase concentration was sc low {<0.1l ppm) it could
not be measured by the detsctor.

In order to complete the calculation Q, s, P, D%, D°
and 1 must be assigned or measured. Since Agar is 90%

20 water it is assumed that P=40 can be used [J.J. Kaczur
and D.W. Cawlfield, Kirk-Othmer Encycl. Chem. Tech. (4th
Ed.), 5, 971 (1993)]. D°=1.5 x 10°°* em?/sec and D9=0.12
cm’/sec are reported in the Handbook of Chem. and Phys.,
52nd Ed., F47 (1971). In actuality DY appears in the

25 model only in conjunction with _l since for the purposes

. of the calculation C¥ iz assumed to be uniform in f<x<f+a.
The leakage flux constant, Df/1l, is evaluated by
injecting a small gquantity (about 10 ppm) of chlorine
dioxide into the Petri dish containing no Agar and

30 measuring the chlorine dioxide concentration as a
function of time. The Petri dish employed will leak
relatively rapidly because of the gserrated edges of the
bottem dish that is employed to assure good gas exchange
nagcessary for bilological growth.

35 . (D%/1)= 0.154 cm/sec
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containing 33 w.%urea, 33 w.% NVA and 33 wt.% sodi um acetate, a sol vent
containing 35 wt.%urea, 55 wt.% NMA and 10 wt. % sodi um net hoxi de, and a
solvent containing 70 30 w.%urea and 30 w. % sodi um acet at e. 36 The
above m xtures were exposed to a solution of chlorine dioxide in pentane:
and were observed to rapidly uptake (one m nute) one chlorine dioxide for
every two am ngo@ésdepe before the reaction sl owed substanti akPCyusgso917%he
final pH of the hydrophilic nmaterial renained on the basic side. A slight

cl oudi ness was seen in the 50 wt. % urea/50 wt.% NVA- DVMAA m xture and the 33

wt. % urea/ 33 wt. % NMA/ 33 wt. A sodi um acetate..- DNAA m xture while the DVAA
- 35 w.%urea/55 wt. % WA/ I O w.%sodi um hoxi de 10 m xt ures renai ned
clear. Upon acidifi catgon, Jb%ro‘i:]rc cggm.@{&br& 3€ £8 CBJ:Q“ g di oxi de
fromall three mxtures was m nutes after formation of

serve
the chlorite sal tintsgratad from,0 &R gg? &8 HdMPe was estimated by 15
referring to the col oreof sol utions containi ng known

J ote™dt = Q/b* = total moles of chlorine dioxide
5 0 available
For the purposes of the calculation the controlled
release film of density 0.8 gram/cm® and total volume
0.315 cm® contains 15 wt.% sodium chlorite of molecular
weight 90.44 g mole or 3.35 x 10* mole available chlorine

10 dioxide {(assuming complete reaction of 5 moles of cio;‘
to 4 moles chlorine dioxide) and shows a maximum release
rate at one day or 8'=86,400 sec. This release maximum
is typical of an acid releasing £ilm separated from the
chlorite containing £film by an intermediate wax layex.

15 Q is thus calculated as 7.23 x 107 mole/cm’/sec?
over a 62 cm’ base area Petri dish where the area release
rate is assumed to have no lateral dependence over the
entire surface of the dish. This is a valld assumption
since, even though tha controlled release patch occupies

20 a smaller area than the total cross-secticnal area of the
dish, both the gas and Agar diffusion rates of the
chlorine dioxide are large in comparison to the time
scale of the rslease rate. '

The concentration in the gel phase C({f,t) as a

25 function of time is then calculated for a range of
leakage rates, h as shown in Pig. 10. At f£fast leakage
rates (10%°<h<10°! em?), the release rate maximizes at t=s?
and the maximum concentration is proporticnal to h. In
essence ths concentration at any time significantly

30 greater than the half time for leakage is simply some
congtant factor multiplied times the source generation
rate. However as the leakage rate decreases 10-'<h<l0°%,
the maximum concentration is generated only at
congiderably longer time. Of course at h=0, nc leakage

35 cceurs, the maximum concentration is approached
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anounts of chlorine dioxide. After this tinme different behavior was
observed. For exanple, after two hours, the 50 w.%urea/l 0 w.% NVA - DVAA
m xture rel eased no chlorine dioxide. The 33 w. urea/33 wt A% NVA/ 33 wt A%
20 sodi um acetate conpletely rel eased chlorine dioxide after two hours at
room t enper at ugggsspdgver, only one third of the chlorine di permdsssmwasy

rel eased after 24 hours at 5@, wth no chlorine dioxide being yielded
after an additional 24 hours at roomtenperature. 25 - 35 wt.%ureal/ 55
wt. % NMA/ 1O wt. % sodi um net hoxi de exhi bited g‘ge greatest chlorite salt
stability in that conplote rel ease was noted”after three days storage at

5C. Conplete rel eais?%t%ﬁﬁgmiﬁq el &4 .‘h%%& Hlg-¢ %Tetseréﬂié?igl ity

The presence of a I nor y |rrproves t he

base gre
of the chlorite sé‘t‘”ﬁ’ﬁ"‘ur(eagbag%gx§%l%?lt is gﬁ- betweep the Q& 55
. % NMAV/ 10 wt A% saflichidcRe e Xphifs étdrd whe 0x8némecthidk @ae phasdp to one

our 11 300 W pr ot o pMRCLY S68odded b WRGLLERNAN 1303} endCRLET o0

From t he toxi col ogi cal
5 concentration is approached at ha8.31 x 10" cm?, the

concentration in the gel phase at t=6.0 x 10° sec, x=¢
(2.4 x 10°° mole/cm’) is used to calculate the total
amount of chlorine dioxide in the Petri dish.

[0.8cm(62¢m?) £/40) +(0.2cm) (62cw®) ] (2.4 x 10
10 Smole/cm’) =
3.27 x 10"'mole

This value is very close to that expected for h=0.
For the leakage rate measured for the Petri dish in
which the bioclcgical growth experiments are carried out,
15 a maximum concentration of 2.5 ppm is expected in the gel
phase at x»f{ with a concentratiocn of 0.06 ppm in the gas
phase. About 0.25 ppm is :'.quired to kill mold spores.
A slightly moré complicated environment would be a
box of the same dimensicn as the Petri dish but with its
20 gas space filed with absorbing particles packed with a
volume fraction, e¢=0.5 cm’/em’. The diffusion of gas
through such a composite media has been studied [R.M.
Barrer and D.M. Grove, Trans. Far. Soc., 47, 826, 837
(1551); R. Ash and D.M. Grove, Trans. Far. Soc., 56, 1357
25 (1560)].
The diffusion constant D’ of a gas flowing through a
porous media must be replaced by:
D%,=D*/ [1+(2K,/2)]
where K,» Surface Henry’s law coefficient in the
30 relationship
C,’ =K C?
where C,’ is the number of mocles of gas absorbed/cm’ of:
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37 deconposition of the DMAA into secondary am ne and toxic acryl am de
woul d be highly undesirable. No deconposition was observed over the one
hour heating period. Acryl ani de al kene resonances were 5 expected between
6-4 ppmyet none were seen. Sonme polynerization of the urea was reveal ed by
the broad band under a sharp urea band at 6-7 ppm The NWVR obtai ned after

heating at 12Q{gbéddpse fOr two hours, nuch above the 50[err] Ceat/usdsiogirot he
DVAA was mi xed into the urea based solvent 10 reveal ed extensive

pol ynmeri zati on of the urea that was evi dent fromthe increase in line width
and the conplication in the urea resonance b% ween 8 and 6 ppm However, no
alkene acryl ai de resonances were seen. Thus he 20% DXAA - 35 wt. % ureal/55

. % NV 10 wt . % d '
pr oducts. To av0| 1?%\?ar ?gb @éﬁ;ﬁgoéhg ? sta ‘%ﬂl&ﬁ Fg%i%%cqg?rp?&tﬁ?%&ryl ng

of the sol vent, 8. shere Jmtymrﬁeaa%% %caulﬂﬂthi e8*xiadly, 18
hours, 0.1 torr) aﬂdeaeed E8piiParies WdChancansghid riefving pododisyi & | &l

wer e n1xed and he S 2t es were first isolated
e e

as dry povvders by rea e req UI
For the purposes of the calculation of surface

concentration of chlorine dioxide within the porous
media, the particles are considered to be small enough so
that the concentration of chlorine dioxide throughout the
particles’ thickness is equilibrated with the gas

10 concentration. For the purposes of this calculation, the
entire particle concentration is concentrated in the
particle surface.

In this case the surface Henry’s law coefficient is
related to the bulk coefficient, X,, by

15 CP(1-¢) /A=C,'=[(1-¢€) /A]IKCT

K,=(1-¢)X,/A

DY =D%/[1+(1-¢/c)} K] _

‘At a porosity of 0.5 and a partition coefficient of
40 into the particles, the diffusion constant for flow

20 through the absorbiﬁg porous media would be reduced by a
factor of 0.0244. This substantial raduction of apparent
gas phase diffusion constant proporticnally reduces the
leakage rate, h, resulting in a proportiocnal increase in
the concentration expected at any time.

25 The amount, placement and controlled release
characteristics required for a biocidal £film are
estimated where the £ilm is protecting a small 62 om’
particle f£filled box that is assumed to leak at the same
rate as the Petri dish, h=8.3 x 10° em™* (a rather good

éo assumption for a typical loosely sealed box). A pallet
of well packaed, folded (unpacked) boxes might be an
analogous case. Since mold spore kill is guaranteed at
an exposure of 1 ppm chlorine dioxide for a few minutes,
any strategy must generate at least this concentration in

35 a pulsed release in moist regions of the box preferably
after several days delay. Destructicn ¢f growing mold
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anount of clean sodiumnetal with the al cohol and isolating the product by
washing with diethyl ether. Al 25 m xi ng was carried out under dry
nitrogen atnosphere. Predrying of the urea/ NVA m xture resulted in room
tenperature stability of the iminiumchlorite salts for at |east one week
at room t enpervedsg/mozoThe desired anount of al koxi de was t henPER/ESA6/09E8 i n
30 the ureal/ MXA sol vent using mninmal heating followed by DMAA to forma
clear viscous liquid at roomtenperature. The results of the chlorine

di oxi de uptake and rel ease of several urea/ YN DMAA/ sodi um al koxi de
hydrophilic material conposites are presented in Table 1. Rel ease 35

characteristics areqbbses dﬁlyaor.al-atsvppﬁcﬂ;earmgi fgntted exmad lent (9) to
poor (1) e r gtk sUh° ¥ £ §609n HacasVihd®ol" AR ST 409 oL ™
complete that strains witk a natural immunity to chlorine
dioxide cannot develop. Conveniently, these
5 concentrations are below the human olfactory detection
limit of about 10 ppm.
Practically, since such a short exposure is
required, a f£ilm that released chlorine dioxide in a
pulsed fashion would be the ideal system. Of course,

10 depending on the storage environment, this behavior would
asgsure that the initial mold spore infection (originating
ingide and outside the box) and any subsequent infections
(originating ocutside the box) were destroysd before any
growth coculd occur. A continuous release of 1 ppm thus

15 wastes about 98% of the available chlorite. The
preparation of such a film is discussed in Example 16.

Figure 11 shows the release characteristics expected
for a controlled relaase £ilm with a maximum release at |
10 days, 3.35 x 10" mole available chlorine dioxide (0.33

20 com’® £ilm, 15% wt.% sodium chlorite), placed in a 0.5
porosity box with a bulk Henry’s law coefficient of 40 vs
air leaking with h = 202.76 cm™. '

A maximum concentration of 10.4 ppm is reached after
10 days and at least 1 ppm is generata& for 0.4 day<t<46

25 days. Approximately 0.31 cm’® of controlled release
material is needed for this purpose. At a materials cost
of $§1.00/1b, the controlled release material cost
required to do the job would be about 0.056 cents. Thus,
a box containing 1.1 liters of material could be

30. protected for 1 cent with the above listed paramsters.

EXAMPLE .16
The pulsed release capabilities of a multiple
layered composite can be calculated as follows to
determine whether the composite will provide the desired
35 sustained release rates for a particular application.
The time rsquired for complete cation exchange can be

SUBSTITUTE SHEET (RULE 26)



imniumchlorite stability. However, the addition of. nore than 0.5 nole
chl orine dioxide per nole of am ne substantially decreased imniumchlorite
stability. 5 Excellent long termstability was found at room
tenperature for the phases containing 23% sodi um et hoxi de, 31% sodi um

i sopropoxi de or 30% sodiumt- butoxide, in that at |east 60% of the

chlorine di oxi Ggo9&esee! eased upon acidification of the phasepéf/ii§ignbirsee
10  weeks storage in dry, dark conditions. Since no change in the

chl orine dioxide rel ease was noted after one week, these phases were
considered indefinitely stable after one week. EXANPLE 8 15 I n order
to make a hydrophobic acid reI easi ng wax, 570car bon wax (T. —60[er] [© or

atactic pol ypropylﬁg@diﬁ I d at._70 i trogen
with stirring. An’equiva ent Wei gh%sé‘?gﬁl ygg’r 0F°ﬁ5%%éf%§r gi cerol

di stearate was t hetPXA%ys G ctbeneimd Hfﬂl AenBneoE F+ AR oxder fwodetermine
equi val ents (basedsugloma rﬁmpbei-m) Widnikiar Qenpbﬁiﬂg%ﬁﬁad%%&%hﬂe per

to the el t to avitpeimisals SRPREE 4 MEnpbpredlEs K eniTaker ! tvio
hours at 80[er$] chquGMaFEﬂP- ofind the diffusion ccnﬂtant and

effective mocbile ion concentration for hydrogen ion are
considered the same in layers A, B and C. Chlorite ion
is considered to be relatively immobile and the reaction
of chlorite to chlorine dioxide is considered to occuxr

10 instantanecusly once a hydrogen ion enters the
hydrophilic layer B.

Hydronium ion mobility in intermediate layer C can

be estimated by using experimental data reported by J.L.
Crowley et al., J. Poly. Sc., Poly. Phys. Ed., 14, 1769

15 (1976) . Crowley et al., studied the ionic mobility in a
graft copolymer of low demsity polyethylene (79 wt.%) and
sulfc_:na.ted polystyrene (21 wt.%) as a function of ion
type, water content and temperature. Sodium, potassium
and silver ions travel along polymer bound sulfonate

20 groups by exchange with hydronium cations. At high water
contents of 3-6 wt.% phase separation of ion clusters in
a hydrophobic matrix is likely. The reported silver ion
mobility and mobile ion concentration is quite high under
these conditions (g = 3.0X10"* cm®*/StatV-sec, C = 3.3X10"*

25 mol/cc). However, in "dry" £ilms both the mobility and
mobile ion concentration decrease substantially (u =
1.4X10™* cm?/StatV-sec, C = 8.3X10"7 mol/cec). The ien
diffusion constant D can be calculated £rom the reported

) ion mobility using the equation D = (kTu)/qg, where k is=s

30 Boltzman’s constant, T is the absolute temperature, u is
ion mobility and g is electron charge. The calculated
ion diffusicn constants are 1.21X10"° cm*/sec and 2.58X10°*
cm®/gsec for a dry and wet (6 wt.% water) silver counterion
loaded £ilm, respectively.
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25 tetraethylorthosilicate was added and the i nmedi ate evol uti on of

et hanol was detected. Stirring was continued for an additional four hours
while slowy raising the tenperature to 10J err]C and purging the m xture
of ethanol with a | Occ/mnutes flow of nitrogen. The reaction flask 30
was subsequenylasspygpguat ed at 100[err] C to renove any renai rROTUSs6AMTO| or
tetraethoxysilicate, filled wth nitrogen and cool ed. Softening of the -
wax-aci d rel easi ng agent (LPOSI) started at about 60-70[err]C. The
viscosity of the wax was 100 cP at 100[err] 8 40 The procoes for .
preparing LOPSI can be sumarizsed as follo When hydrol yzed, silicon

dioxi de and a phospholir thelpiel 8EFTEs b la Zopolymez RbEId W RAUGEr Vs
prepared by first s.sol Vi n conerci al

lu ch or| n dr t hanol at 3%
by weight and fil® s VP MRt %’5’&% i eR P%nﬁbﬁ present ’

:.nvention :l.n that both include partially connected ion
clusters localized at spherulite boundaries within the
5 hydrophobic layer.
The toctal amount of hydronium ion that has diffused
across boundary AC (moles/cm?) in time t is represented by
the function Q:

-]
10 Q(t)/1C, = (Dt/1%) - 1/6 - 2(m)? Z{-l)‘n"exp(-Dn’w’tll’)
b} ]

Breakthrough of hydronium ion into hydrophilic layer
B will cccur at (Dt/1%)=0.1 (t=10.4 min, la5 mil or
1.27X10%cm) and steady state diffusion is reached at

15 (Dt/1%) =0.45 (t=46.9 min, l=5 mil). The £irst two terms in
the above eguation dominate after steady state is
reached. Thus under *"wet® conditions (6 wt% water), Q(t)
= 1¢, [(Dt/1?) - 1/6] = 5.72x10°° mole/day-cm’ at 5 mil
thickness. The hydronium iocn in a 1 cm? area £ilm and

20 1,27X10°% cm thickness (1.65X10°° mole hydronium ion
initially) should be almost completely reacted in the
chlorite layer in 7 hours. In the "dry® £ilm, which is
typical of polyethylene contaminated with ions, Q(t) =
DtC,/1 = 6.83X10* mole/day-cm® at 5 mil thickness.

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

30 using the two layered composites of the present
invention. '

The chlorine dioxide release rate is generally rapid
when chlorine dioxide release is initiated in a composite
containing an intermediate layer because chlorine

35 decomposition is a function of pH. A minimum
concentration of hydronium ion is transferred before
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41 sodi um carbonate inpurity. The chlorite solution was then extruded into
an anhydro spray drier in dry nitrogen at 1000C through a self siphoning
extrusion head with co- axial fluid and nitrogen flow After routing to a 5
cyclone separator to isolate small sodiumchlorite particles of about 5
mcrons in dianmeter, the powder was stored in a dry atnosphere. Neat sodium
chlorite powdeyoQksdpait ures of sodiumchlorite powder and ankpyggskoosmdi um
sulfate in a ratio 10 of 1:1 and 1:2 by weight was fluidized in the
bottomof a nitrogen filled container. A stream of acid rel easing wax was
then directed into the fluidized bed through_a nozzle of 7 ml| in dianmeter
with a nitrogen back pressure of 30-80 | bs/iTfto produce wax particles

and 21 proin i Cistieh Qebbpait ol uakE BRLMLAS Wil 8Bl Eern " ©
dry atmosphere. I %9 buftering ARten §%dghm hydxophi Jigs 1p¥srni xed with
the chlorite-wax peohtaihtétg(thé. chlbrigeqst and 2:1 post in FIG 4).. 20

e oai Soowe e 1 O g, SERdddIod ARG S [T AR ALY TalE, SBUS AL RO
) 5 of hydration of the £ilm required to produce the minimal
amount of free water necessary for catalysis of chlorine
dioxide preduction, and the changing mocbile ion
concentration and diffusion constant supported by the A,
B and C layers can affect hydronium ion transport.

10 An amcunt of water must be present in intermediate
layer C for transport of hydronium ion. Water is
transported through a hydrocarbon matrix as single
molecules, except at h‘igher'wator activities where some
tendency to form clusters is noticed. The permeation

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

20 polyethylene iocnomers that typically contain 3.35x10 -*

' mole/cc ionic groups at a minimum (4.08x10 -3
mole/day/cm’ls mil) [Zutty et al., Encycl.Poly.Sci.Tech.,
£, 425 (1967)]. The latter icnic content is suitable for
layers A, B and C, each of which has the potential to

25 absorb 3.3X10 * mole/cc x 10 moles of water (assuming 10
H,0/E,0* ion) or 4.2X10 "* mole water/cm?/5 mil (6 wt%
water). Therefore, 5 mil A and B layers would regquire
about 1 day to saturate to 6% water f£rom an initially dry

. state. At most, an additional day would then be reguired

30 to saturate the intermediate layer C.

While the invention is susceptible to various
modifications and alternativ_e forma, specific embodiments
thereof have been shown by way of example in the drawings
and have been described herein in detail. It should be

35 understocd, however, that it is not intended to limit the
invention to the particular form disclosed, but on the
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of approximately 62cc volune with a | eakage of 2X10- noles/sec. Controlled
rel ease over several days is acconplished at about 75[err]F and 40%
relative humdity. 25 - EXAMPLE 9 A hydr ophobi c
acid rel easing wax was nade as described in Exanple 8. The controlled

rel ease | ayer worssasn3dnmedi ate rel ease system was founul at ed BEIH26/49179
coating approximately 5 m| of acid releasing wax in a 30 | ow nel ting
hydr ocarbon wax (60 C=T,) onto both sides of a piece of paperboard. Next,
approximately g 5 m| thick |ayer of 10% by wgi ght, nethanol

recrystallized, sodiumchlorite in the low nelting wax was nelt coated onto
the aci d rel easi ngedxtrary, Athehintentibn digcas egveaysll acliodi¥icarions, > M|

Lotal vol une of hﬁ?‘fﬁ@‘ﬂ%ﬁ%?te?’%égﬁﬂ%ﬂém’ 2285158 WA g XBL 1 £
di oxi de measuri ng 3hfscpe of 1the pinventien 69 §sﬁ'}-nﬂérh¥|#h%mdedn th a

conputer so that %)aimy. ne di oxi de concentration was recorded as a
function
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of time over a two week period automatically along with humdity and
tenperature. Both sensor ends were exposed to the chl O“Umu”ﬂ m
atmosphere in a closed Petri di :_....-----v""ﬁ‘;"‘. mal | hol e ﬂ”mwm—r
top cover of the 10 Petri difgst he Hum\alht“y' ad temperature® i the §0

were close to that neasured “t%q:,r?etw Yish Because the Petri dishes were
of the "breat hqjpRabagspe Wher g _t b e made contact wth thedyasesmira
serrated edge and no effort was nade to insulate the Petri dish fromits 15
surroundings. In this configuration, the acid releasing | ayer was placed in
direct contact with the chlorite containing phase and i medi ate rel ease of
chl orine di oxi de was observed as soon as thefTilmwas placed in the Petri
20 dish. The cikogtaendi oxi de gas concentration dropped froma high of

13 ppmto 1 ppm at 5-6_days an exponent i fashion as shown_in FIG 5
(note that det ect%ﬂ’ er?o?g’fﬁ n’"‘i? §°I'p6 bﬁ‘?i%%tﬂﬂ"éifrl’ﬁll'eggnﬁﬂarﬁ%ro

concéntration) -Hém!teconm#na@mghpﬁ nbdd growtic ecmprisdngpeaks t hat
R R N e R i e
agent and a diluent: and
5 a hydrophilic material containing chlorite anions,
the hydrophilic and hydrophobic materials being adjacent
and substantially free of water, the hydrophilic material
being capable of releasing chlorine dioxide upon

hydrolysis of the acid releasing agent.

2. A composite for retarding bacterial, fungal and viral
contamination and mold growth comprising:
a hydrophobic material containing an acid releasing
agent; and
5 a hydrophilic material containing chlorite anions
and an ‘amine, an amide, an alcohol, or a compound
containing amino, amido or hydroxyl moieties; the
hydrophilic and hydrcphobic materials being adjacent and
substantially free of water, and the hydrophilic material
10 being capable of releasing chlorine dioxide upon
hydrolysis of the acid releasing agent.

3. A composite for retarding bacterial, fungal and
viral contamination and mold growth comprising:
a hydrcphobic material containing an acid releasing
agent selected from the group consisting of phosphoric
5 acid, a trimethylsilyl phosphate ester, a dialkyl
phosphate, sulfonic acid, a sulfonic acid chloride, a
homopolymer of a mixed inorganic acid anhydride, a
copolymer of an organic acid anhydride or a mixed
ineorganic acid anhydride with a monomer containing a
10 double bond, and a mixed inorganic acid anhydride
containing a phosphorus-oxygen-silicon bond; and
a hydrophilic material containing chlorite anions,
the hydrophilic and hydrophobic materials being adjacent
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Three nol d speci es, Chaetom ui sum (CG) 30 Aapergillua terreud (AT),
and Aspergilzus mger (AN), vvere Ioaded but nutrient free
agar slants using paperboard as a ovvth studi es were carried
out in accord with TAPPI standard rre od T"48$’ pm85 entitled "l ungun

Resi st ance of Wap&39%3b  and Paper jpard: Liice:, 43 \§ "s?rrpl es Pperesdemsired for
fungus resistance over two weeks a oorrﬁtEenpeLgt TFl I'n duplicat.e.

Phot ogr aphi ¢ conpari sons showed consi der 1ter two weeks on the
control sanples, while no growth showed on tghe 5 controll ed rel ease
films. The effectiveness of chlorine dioxide in killing these three nolds
was evi dent fromamk substantialiydfred)gt/Miatet) thechpdtapioll iccmazeeia)yst em

one side of pi q.g@ng aper rel easi ng
| ayer separ a?sed f.rom cja%%’rligt ggl pgﬂgﬁyﬁirﬁﬁ%%grgn&l%@m&g&ayer The 5
m u thick hydropH¥dxeiyedse o ntPHea’E#oF?Jt%“ ng agent.

4. The composite of claim 1, 2 or 3 wherein at least
about 1.0 X 10°° mole chlorine dicxide/cm® is released
from the composite for a period of at least one week.

5. The composite of claim 1, 2 or 3 wherein at least
about 1.0 X 10°° mole chlorine dioxide/cm®’ is released
from the composite for a pariod of at least cne month.

6. The éompoaito of claim 1, 2 or 3 wherein at least
about 1.0 X 10°¢ mole chlorine dioxide/cm® is released
from the composite for a pericd of at least six months.

7. The composite of claim 1 wherein the hydrophilic
material is selected from the group consisting of an
amide, an amine, an alcchol, a compound containing amino
- moleties, a compound containing amido moieties, and a
5 compound containing hydroxyl moieties.

8. The composite of claim 3 wherein the hydrophilic
material is selected from the group consisting of an
amide, an amine, an alcohol, a compound containing amino
moisties, a cempound containing amido moieties, and a

5 compound containing hydroxyl moieties.

9, The composite of claim 2, 7 or 8 wherein the amide
is selected from the group doasisting of formamide,
acrylamide-isopropylacrylamide, a copolymer of formamide
and acrylanida-iscpropylac:glmide. and a cecpolymer of

5 acrylamide, isopropylacrylamide or N,N-methylene
bisacrylamide and a primary amine or a secondary amine.
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| ayer was a transparent blend containing 10 wt.% sodiumchlorite, 50 wt. %
[err] and 40 wt. % 15 formaide. The chlorite |ayer was separated fromthe
acid rel easing LPOSI wax of about ) ' s by an umuodi fi ed wax

| ayer of about 5 nil thickne! | of controlled rel ease
materi al was about 0.25 cc. % d@? di oxi de rel ease was not ed
when 20 t he VR P@39%93 easi ngii ed fromthe chPOTB®%/09179
containing layer by an intervening wax layer. In this case, a peak in the
rel ease was noted after one day as shown in FIG 7. |ndividual
concentrati on peaks superinposed on the aveggaged behavi or were again 25
correlated with the tenperature and not with the humdity as shown in FIG"~
8. The three nol d0spefhesconpesite faff dlaibxdnpVecd Swrhexpimvthienaikcokon!

| oaded, but nutrijenigelile@eeddffom G %“Qgﬂ@@ﬁ%@@iréjf% ldr,i ent i n

: 3
accord with TAPPI 30 st andard thodq T 48 m 85.7 SI x sanples were tested
for fungus resi st SovePe ok qto&ﬁ?BﬁﬁﬁEﬁ%ﬂ?ﬁ%ai n duplicate. The

results are presented in Table 2. Phot ographic conpari sons showed

consi derabl e growa) Ahe! olifodPEk oL b1ale 9N 8k &N the Rhlfe ™S!
of the controlled rel ease T11ns
is selected from the group consisting of a primary amine,

a secondary amine, a tertiary amine having pendant
hydrogen bonding groups, and a tertiary amine having non-

5 hydrogen bonding pendant groups dissolved in a
hydrophilic solvent.

e.ctotals BERN
cEGHEb ori n

12. The composite of claim 11 wherein the amine is
selected from moncethanolamine, diethanolamine,
triethanolamine, a copolymer of 1,3-diaminopropane or
1l,2-diamincethane and N,N-methylene bisacrylamide, 4-

5 dimethylamincpyridine, tetramethylens ethylene -diamine,
N,N-dimethylamino cyclchexans, 1l-(N-dipropylamino)-2-
carboxyamido ethane and 1-(N-dimethylamino)-2-
carboxyamido athane.

|
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showed no growt h. u w cases where nol d did gr ow 44 on the
controll ed rel eas "l"l ” ” Iﬂml ngl e nucl eus was responsi bl e.
| nvari ably, this ntcleus of nold spores where sone self

protective effect was generated by tms@g@g@c@as@f{;uttur e. 5

TABLE 2 CB Molwlo 96/3903AT Mbl d ANREBI Alckiont 1 ol | Gr owmt hPCT/US96/09139 oWt h
Gowmh Lawmmsl Gowh from No grd nol d sporeé Soak[err]
Gowh from No gromh Gowh from single S|ngle nol d nol d
spore (trial 1), - ~spore 64 No growth (trial 2) 1 Agar
covered with nold spores 10 2 Paper soaked in nold spores EXAMPLZ 11

The porous paper 1sedThir eogguniite fselaiand) € dmd wherednr thecsminale and
one side that appear ggaghggﬁdla R,..NE; R,R,NCH,CH,C (O)NH,; solubilized

N (CH,CH,0H) ,.,K,, R,N(NCH,CH,C (0)¥H,),, (CB,) ;N (CE,) N(CE,),,

R,R,N (CH,) NEC (0) NH,, N(CH,CH,NHC(O)NH,),,

i
‘:n‘---cnz--t:l-iz—(:—m-q}—c:wz
2

5 or

0 0 P——
NHeew( CH,)  NH==CH,CH lCl—-NH(:M NH!CICH CH —)— HN NH
2 2 2 \ ’
2<n 2 2 n . ;

HaN—C CHz) 3—N Ne=( CHy) 3—NH
i
p B
-éCHzl:H(-C—NH—CCszzN—(CH3)z>—)v .

mn 3 ox

H",Nb—N/_.\N .
I\ \_w

wherein: R substituents are,

10 independently, - (CH,CH,0) R,
-C(CH,), (CR,) 08, - (CH,) NE(CH,CH,0).K, -CE(CH,),,

e CHyJ) g==N —(CCHy) g=N NH
e C> , \—/ , alkyl, cycloalkyl,

benzyl, acrylamide, or pyridyl; R,, R;, R,, and R, are
alkyl; R, is straight chain C; to C,;, alkyl; R, is

15 cycloalkyl or benzyl; m is 1-100; n is 2 or 3; x is 0, 1
or 2; yis 1l or 2; and z is 1-6.
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The chl orine di oxide rel ease coatings were applied to the 15 unt r eat ed

side of th ' hl ori ne di oxi de rel easing conposite_sheets
assenbl ed mnﬂmmmmlmumrde out . lently, only the gl ossy side of
t he paper had contact with t he nea segppfoxi mately 3 ft. x 8 in.
were cut to facilitate handl i} &, coat i\\ng 20 process. The

ori gi nal paperwQ2473M30 was 5 ny aet-d=Fel easi ng wax REEUSKSHIPI7TRd to
t he porous substrate paper in\la=smFerogen filled dry box containing a |arge
di sh of stirred phosphorus pentoxi de using a wax coater operating at
approximately 190 OF. If nultiple 25 coat igggs were used, the paper was
allowed to cool prior to applying subsequent |ayers. Once the paper was.
coated, it was sepd £d THe aohppsdtensphel£ins ui,t 2bbe 8 owhetedmiOthe 45 The

chlorite contai ni%&i\@h@%%%%dﬂ+ﬂaﬁmagggfﬁﬁ+uéﬁf&m'ng a coater

operating at roomte ure. i cal coating on was prepared by
first dissolving 25 grans of poly N-vinyl pyrrolidinone
15. The composite of claim 1 or 2 wherein the acid

releasing agent is selected from the group consisting of
a carboxylic acid, an ester, an anhydride, an acyl
halide, phosphoric acid, a phosphate ester, a ,

5 trimethylsilyl phosphate ester, a dialkyl phosphate,
sulfonic acid, a sulfonic acid ester, and a sulfonic acid
chloride. "

16. The compoasite of claim 15 wherein the acid releasing
agent is an anhydride or phosphate ester blended with or
grafted to polypropylene, polyethylene or polystyrene.

17. The composite of claim 15 wherein the trimethylsilyl
phosphate ester is (CR,),8i0P(0) (OR), wherein R is a non-
hydrdgea bonding group, alkyl or aryl.

18. The composite of clain 15 wherein the anhydride is
selected from the group cc:naisting of an organic acid
anhydride, a mixed organic acid anhydride, a homopolymer
©f an organic acid anhydride or a mixed inorganic acid

5 anhydride, and a copolymer of an organic acid anhydride
or a mixed inorganic acid anhydride with a monomer
containing a double bond.

15. The composite of claim 18 wherein the mixed
inorganic acid anhydride contains a phosphorus-oxygen-
silicon bond.

20. The composite of claim 18 wherein the anhydride is a
copolymer of maleic anhydride, methacrylic anhydride,
acetic anhydride, propilonic anhydride, or succinic
anhydride, and vinyl, styrene or an alkene,
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5 (PVNP, 1.7xl E“m “I of nethanol followed by 15 grams of sodium
chlorite (techni I IH(IB" om)geneous sol ution was used i mmedi ately.
If multiple coatings were"desir®ed on a single substrate, the coating was

allowed to dry between appli cat iffol

then seal ed | WOR6@E¥®Pnosphere fdr "§’lso$'agﬁ ~hoeedjajel y prior

chlorite contain
the LPOSI cont ai
cowposite. Press

cold fl ow and adhesion of the wax to the chlorite containin

ing filmwas coffpressi:an.mol:ded atiiroomtenperature w t h
ning filmto forma chi orFre=diedde 15 rel easing bil ayer
ures under 10,000 I bs/in[eré§ were sufficient to induce

of each indivi du#it-shébe 8PTRRALtR af ginin: 3 whergin %ecﬁanaehysm

asi de during theagsaasii.agaZ&pcwﬁwfoﬂalaierdﬁydﬂmawhactbmehI orite

F::hgé?al né a?%’?ﬁ unc "%Hé'pngg shomﬁ%&g‘%éb?t "

Cal cul ati ons of snecmégrmhmi%l @nduvparlbasww mmspheﬂ-besepent oxi de

and wax | oadi ngs
conpared with da

and the rel ati on:
for optimum [err

[err] indicate a ratio of approxinmately O 14g [err] wax
]2 uti anat i on

2. e composite of claim 1 wherein the diluent is
selected from the group consisting of atactic
polypropylene, hydrocarbon wax, chlorinated wax,
polyethylene wax, polyolefins, and derivatized polyolefin
copolymers. :

23. The composite of claim 2 or 3 wherein the
hydrophobic material contains a diluent selected from the
group consisting of atactic polypropylene, hydrocarbon
wax, chlorinated wax, polyethylene wax, polyclefins, and

~ derivatized polyoclefin copolymers.

24. A dispersion for retarding bacterial, fungal and
viral contamination and mold growth comprising:

a hydrophobic phase containing an acid releasing
agent; and

a hydrophilic phase containing chlorite anions, the
hydrophilic and hydrophobic phases being substantially
free of'wate:._thc hydrophilic phase belng capable of
releasing chlorine dioxide upon hydrolysis of the acid
releasing agcnt:;

25. The dispersion of claim 24 wherein the hydrophobic
phase .:l.a a continuous phase and the hydrophilic phase is
a dispersed phase.

26. The dispersion of claim 24 wherein the hydrophilic
phase is a continuous phase and the hydrophobic phase is
a dispersed phase.
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46 TABLE 3 Sanpl e : [err] No. of Wax - [err] (102[err]

S e e
- AS BEEN

1 2

5 0. 21 2:2 0. 096 The

chl orine di oxW@ePG/BQm&ent ration reI fil o PETEISHEARTN
hum dity and tenperature was nonit di sh under at nospheric
conditions using the sensor system and gas | eakage rate previously
described in Exanple 9. Sanples were nonitoged over several days. FIG 9
shows a typical plot generated fromdata acquired 15 froma sanple
conposed of sheet§.w Thet dbspersicmwiofcadaiphaScot 28 wheSnipl et least

nmoni tored at sev disf -¢| A5t p&gnp S %@g?
I medi at e maxi rrum%?;g:ugag'ebg?eg% 20 r%lrﬁ?gﬁaﬁgigﬁ%é? ':I.E fﬁft irst 2-

3 hours fol | owed f5§=ather ¢ & PSRiPq ?%I’éhéé’“t one week.

28. The diapergion of claim 25 or 26 wherein at least
about 1.0 X 10°° mole chlorine dioxide/cm® is released
from the dispersion for a period of at least one month.

29. The dispersion of claim 25 or 26 wherein at least
about 1.0 X 10°° mole chlorine dioxide/cm’® is released
from the dispersion for a period of at least six months.

30. The dispersion of claim 25 or 26 wherein the
hydrophilic material is selected from the group
conasisting of an amide, an amine, an alcchol, a compound
containing amino moietiss, a compound containirg amido

5 moieties, and a compound containing hydroxyl moiéties.

31. The dispersion of claim 25 or 26 wherein the acid
releasing agent 1s selected from the group conslsting of
a carboxylic acid, an ester, an anhydride, an acyl
halide, phosphoric acid, a phosphate ester, a

5 trimethylsilyl phosphate ester, a dialkyl phosphate,
sulfonic acid, a sulfonic acid ester, an&'a Sﬁlfonic acid
chloride. ' |

32. A composite for retarding bacterial, fungal and
viral contamination and mold growth comprising:

a hydrophilic material containing an a-amino ether
and a chlorite salt; and :

5 a hydrophobic material containring an acid releasing
agent, the hydrophilic and hydrophobic materials being
adjacent and substantially free of water, the hydrophilic
material being capable of releasing chlorine dioxide upon
hydrolyais of the acid releasing agent.
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20 over the n | days. Hi gher |oadings served to increase the
maxi muminitial Eﬂg!ﬁ@m u m]d prol ong the rel ease. EXAPLE 12 2: 2 | oaded
papers were useds»dSg et \ t patties packed to

different densities that were IOad"‘dTH!ﬁiSﬁ_%lTl’if_\_W%%Nh gh | oadi ngs of col ony
form ng unit swoGRsdes®f E. coel bacileri a. REGBYYEAL | al i educt PomasIans1?e

bacterial growh were noted as sho ablfe 4. In | oosely packed patties,
the chl orine dioxide 30 gas had access to the interior of the patty,
resulting in a nore conplete kill throughou.éts. 47 TABLE 4 Bacterial Load
% Reduction in G ound Meat (CPU patty) E. call bacteria Loosely
packed 1.7%9, a composit@9£99%Ledifing Backefial, sihddilGha

99. 5 _ ' EXAPLE 1314\lscher chl a c&li ATCC (Ameri can
Type Cul ture viral contaminaticn and mold growth comprising:

a hydrophilic material formed by reaction of an
iminjum chlorite and a base; and .

5 a hydrophobic material containing an acid releasing
agent, the hydrophilic and hydrophobic materials being
adjacent and subsgtantially f£free of water, the hydrophilice
mataerial being capable of releasing chlorine dioxide upon
hydrolysis of the acid releasing agent. '

34. A composite for retarding bacterial, fungal and
viral contamination and mold growth comprising:
a hydrophllic material containing:
an a-amino ether and a chlorite salt formed by
5 reaction of a matal alkoxide with an iminium chlorite,
the imipium chlorite being formed by reaction of
dimethylaminocacrylamide with chlorine dioxide, and the
metal alkoxide being an ethoxide, propoxide or butoxide;
urea; and '
10 n-methylacetmiaa; and
a hydrophobic material containing an acid releasing
agent, the hydrophilic and hydrophcbic materials being
adjacent and substantially free of water, the hydrophilic
material being capable of releasing chlorine dioxide upon
15  hydrolysis of the acid raleasing agent. - :

35. The composite of claim 32 wherein the a-amino ether

and the chlorite salt are formed by reaction of an

iminium chlorite and a base selected from the group

consisting of a metal alkoxide, an ammonium alkoxide, a
5 metal oxide, a metal acetate, and a metal ion.

36. The composite of claim 32 or 33 wherein the
hydrophilic material further includes an amide.

37. The composite of claim 36 wherein the amide is urea.

1is Sheet Has Been Replaced

svesruteswereeze) [N




Col l ection) #26 was grown in Tryptic Soy Broth (Difco 0370-17-3) to a |l og

phase adiyimmi : tical density of 0.8 at 600mm contai ni ng one

billi onclmmmmuuﬂmnm}ﬂfng unit . . The concentration was
verified usingtpl it es counts on tihrpe seper Be8 BEENUi ons. Uni f or m di sper sal
of the bacteria was assured i n densel waFackE® meat liby the foll ow ng

i nocul ati on newbee3%&hi | i - gr oundisd ; Grchased si X hour s POEUSYs@st®e and
15 stored at 8C weighing two kil ograms was placed in a pan and pressed
dow3 into an even sheet. Five holes were punched into the neat with a gl ass
rod, and 0.1 nml of the bacterial culture warsgoi petted into each hole. The
nmeat was then kneaded to di sperse the bacteria evenly. This 20 was

repeated three mosg, tifiEs cdiobite bEA8iasn 4 YibsEiny LER iBakEAY NO each

time. Since the t m . of an inocul umwt ure concenptration of 10
cfu per M was adetRE¥FaRF Aelectad SRem thegraPoFeBRRSHIRY i ¥ ¥t u/ gr am
was i ntroduced i nhethylacamnidah formamidée smatinamideheN-reground to a

fine texture on 5 d, ah Aoked saqus ' f Qred
into. patties by (ragpigam n tﬁtg'%r'reg{]ilggh?%e pan a%n%d ggtgttlgﬁégpaﬁt.l es 'o%tbrgvavi th
a piece of tubBi ngW?oﬁ’gﬁﬁfdﬁ"t‘i’\‘i‘e‘&Gﬂm 9¥ides. sdded E. col | bacteria)

patties. The

39. The composite of claim 32 wherein the chlorite salt
is selected from the group consisting of sodium chlorite,
potassium chlorite, calcium chlorite, ammonium chlorite,
trialkylammonium chlorite, and quaternary ammonium

5 chlorilte.

40. The composite of claim 32 or 33 wherein the
hydrophilic material further includes urea and a
plasticizer selected from the group consisting of N-
methylacetamide, formamide, succinamide, N-

5 ethylacetamide, N-methylformamide, N-ethylformamide, and
amido substituted alkylene oxides.

41. The composite of claim 32, 33 or 34 wherein the acid
releasing agent ;a selected from the group congisting of
carboxylic acids, esters, anhydrides, acyl halides,
phosphoric acid, phosphate esters, trimethylsailyl

5 phosphate asters, dialkyl phosphates, sulfeonic acid, a
sulfonic acid esters, sulfonic acid chlorides, and
phosphosilanes of glycerol based esters.

42. The composite of claim 41 wherein the hydrophobic
material further includes a diluent selected £rom the
group consisting of atactic polypropylene, hydrocarben
wax, chlorinated wax, poclyethylene wax, polyolefins,

5 pelyesters, and derivatized polyolefin copolymers, and a
Plasticizer selected £from thes group consisting of
formamide and isopropylacrylamide-acrylamide.
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30 negative added bacteria) ground sirloin fromthe
sane source wa lmm)mllmlulﬂutl“m t he 48 uncont am nated grinder to prevent
its own contanifatfort. Thes pattleﬁ wer e arepared in duplicate and consi sted
of negative controls tested at O M ve con ed at
0, 4, 24 and Y¥®%%80%, and test 3 Q‘g‘rﬁ)g k%g@f% Iiltles ex%@g{’%s}tu§§%
chlorlne di oxi de releasing film “Lﬁﬁnﬁf Lnvemwtion) at 0, 4, 24 and
60 hours. The patties were placed between either unnodified paper or the
papers coated with a 2:2 chlorine dioxide 1M releasing film (as described
in Exanple 11) in_10 cm di arreter plastic Petri dishes with covers. Two
Petri dishes conf&r ni Feerpmesite efnplaidniil o idh wherein Fbe| oseabl e
plastic bags andh?&ﬁéﬁﬂo!faﬂﬁ ﬁiﬁfiﬁq.ubbﬁﬂrlhﬁ m«m aBoRtCOUTRE. % and

refrigerator tak m_each patt ne from
t he upper surfacg‘bm‘?’t %%d:tvé%'t%égﬂel gfﬂ#ﬂﬁilaﬁe@ 4 ?'{b a?D‘B'EFthe
test paper with BRewthkoof e ctﬂlmqnte and uP to about 60 wt. ’6

5 plasticizer.

44, The composite of claim 43 wherein the acid releasing
agent is selected from the group consisting of carboxylic
acids, esters, anhydrides, acyl halides, phosphoric acid,
phosphate esters, trimethylsilyl phosphate esters,

5 dialkyl phosphates, sulfonic acid, a sulfonic acid
esters, sulfonic acid chlorides, and phosphosilanes of
glycerol based esters; the diluent is selected from the
group consisting of atactic polypropylene, hydrocarbon
wax, chlorinated wax, polyethylene wax, polyolefins,

10 polyesters, and derivatized polyolefin ccpolymers; and
the plasticizer is selected from the group consisting of
formamide and isopropylacrylamide-acrylamide.

45. The composite of claim 43 wherein the hydrophcbie

material comprises between about 40 wt.% and about 100

wt.% of the acid releasing agent, bestween about 20 wt.%

and about 80 wt.% of the diluent, and up to about 20 wt.%
5 of the plasticizer.

46. The composite of claim 33 wherein the base is
selected from the group comnsisting of a metal alkoxide,
an ammonium alkoxide, a metal oxide, a metal acetate, and
a metal ion.

47. A hydrophilic composition .comprising urea; a
plasticizer selected from the group consisting of N-
methylacetamide, formamide, succinamide, N-
_ ethylacetamide, N-methylformamide, N-ethylformamide, and
5 amido subsatituted alkylene oxides; and a base selected
from the group consisting of a metal alkoxide, an

ais Sheet Has Been Replaced Tl

AEAMET

SUBSﬂTUTE SHEET (RULE 26)




releasing film or fromthe mddl e one third of the patty, M Sanples were
obtained with angl, tipped 20 forceps by either pinching across the
surface to obtain a small scraping of the meat, or by diggi ng dowmn and
exposing the mddle third thickness region. The forceps were sterilized

bet ween sanpl es by dipping in isopropanol and flam ng. 25 Ten m
sterile wat erwg@gRlgoei N screw capped test tubes were tared tRET/ER960UIP a
sensitive electronic scale, and roughl'y one gram sanpl es added to the tubes
and the weights recorded. The tubes were then capped and shaken vi gorously
to di sperse the nmeat and rel ease the bacteria. 30 0.1 m of the
supernatant was plated onto Tryptic Soy Agar™ (D fco 0369-17-6) in duplicate

and spread Wi th gulsagem amgﬂi&e Oy acﬂuambhﬁoniﬁm ammraaseewas
sterilized between. ,plating. wt soc{;3 arég apd fla ewa%le
bact eri al content"""a‘ﬁet'hé“s':!ﬁ’rfﬁ’%%e‘We?gfI mefal 4PRy AP Phe
plates after 24 khleogitecibatramsforn@d ¢or o chldgite salt in the

10 presence of the composition.

48. The hydrophilic composition of claim 47 including
between about 35 and about 55 wt.% urea, between about 35
and about 55 wt.% of the plasticizer, and about 10 wt.%
of the base.

UL
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Uni nocul at ed negative controls showed the normal anmount of bacteria
comonly seen in ground sirloin with no substantial growth noted_over 60
hours at 40C. |nocul ated positive controls showed | arge anounts of 5
bacterial growh for all tines with very mnor differences between the top

and m ddl e sawplog@9e3zsf t he unnodified paper had an antimcr OP&%SQI@BSL it
was mnor. Wien the colony counts of chlorine dioxide exposed est

sanpl es were conpared, a 50-100X kill was noted for the surface sanple as
conpared to the interior test sanple and the positive control sanples,
except for the reduced surface kill on thd/%anple contacted with the weakly

releasing film As for the four hour exposed test 15 sanpl es, surface
colony growth was 50-100 Iless than the interior test sanple or the
positive controls. The surprising observation nade on the 60 hour sanple
was -t he hi ghﬁl]l@ bo‘]h the interior and surface sections of the exposed
sanpl es when conpared to the positive control 20 sanpl es. Because the
positive cogﬁ'rol pl ates were expected to be overl oaded, a direct conparison
for '"quantitation purposes was not accurate, although a rough count
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reveal ed anywhere between 50-200 fold reduction in colony 25 count. As
an alternative the test plate counts were conpared to the confirmed
inoculumtiter instead. A rough conparison my be rmade between the Ccfu and
the inoculumfigure (corrected for sanpling dilution). This in terned the
ratio to i nocuiveresibdsb), which is 30 i ntended to conpare thgcwbsyeipbithy of
the treated sanple and the maxi num possible cfu count. RTlI's were
calculated for the 60 hour plates on the basis of the Ccfu count. The
average RTI for the top sanples of the _plates 35 for the patties that
wer e exposed to chlorine dioxide and t§2¥%d for 60 hours was roughly 170,
whi ch woul d 50 represent a 170 fold decrease in viability. The average
RTI for the interior of these patties was roughly 50. At 60 hours, however,
| arge reductions in the bacterial viability in the center of the patty were
seen. 5 Cooking the patties that were exposed to chlorine dioxide and
tested for 60 hours yielded a normal | ooking

FIG.2
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hi mburger with no unusual odors being noted. EXAMPLE 14 Loosely packed 0.75
inch thick, ground sirloin 10 patties with approximtely 25 cnferr] top
surface area were forned by hand inmediately after m xing and grinding in
of B. coll ATCC #26 broth (10'-10 cfu/gramy. The initial inoculumwas grown
up to a slighiwowshager extent than the inocul umused i n Exaqiessd®179 The

| oose packing was 15 enpl oyed to help the penetration of chlorine dioxide
t hrough interconnected air passages. The patties then were placed between
either 2:4 or 3:6 chlorine dioxide releasing papers as described in Exanple
11, and covered with a Petri dish coves/ibhat was 20 enclosed in a

recl oneabl e plastic bag. The sanples were then stored at 4[err]C for 3.5
days. After this exposure tinme the nmeat in contact with the 3s6 papers
showed no bacterial growth fromeither a surface or interior sanple when

pl at-ed as described in Exanple 13. The interior.of 25 the patty exposed
to the I ower chlorine dioxide concentration (2:4) showed no bacteri al
growh fromeither surface or m ddl e sanpl es when plated. Wen conpared to
the results of Exanple 13, these results confirmthe deep penetrating

bi oci dal action of
- 14
FIG.3a Y-
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30 chl orine di oxi de when released in a controlled fashion over 2.5-3 days
at 4[err]C Cearly, the biocidal action is nore effective for a_porous
meat structure. An additional experinment using chicken breasts was al so
performed. A filet of chicken breast was repeatedly 35 di pped in
undi | uted E. #6 broth [err] cfulm ), placed betwee ' i ne
di oxi de releagg%gﬁ‘é§ ilms and then closed inside a Petri digﬁﬁpﬁgﬁakzg
placed in a recl oseable plastic bag and placed in a refrigerator at 4C for
3. S days. The surface of the nmeat was then swabbed and plated to get an

i ndi cation of bacteria kill. 5 Aggin no bacterial growth was noted after
i ncubation. EXAMPLE 15 Design of a chlorine dioxide releasing %l m suitable
for controlled rel ease and biocidal action within a cQgutai ér iQ described
herein. The equation describing 10 the concentrati ontof IR ne di oxide

in a.coating of thickness, [err], [err] which is coverfing eynsi de of a
per meabl e contai ner of total thickness [err] + a, wher 'a"\'iQ&ihe gas
space thickness [err] above the coating ~
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is showmn below. Chlorine dioxide is generated by neans 15 of a conpletely
pernmeable thin filmof infinitesimal thickness that |ies on top of the
coating at [err] [err] The terns, [err] in the infinite series above are

roots of the equationm 25 [err] Derr] D ffusion constant of
chlorine di oxivdggg(,gpéoerr]/.ec) in coating Dlerr]- D ffusion
chlorine dioxide (cnlerr]/sec) in gas phase 30 1= Phenong%gﬁ%g?%éfg

|l ength (cn) of | eakage pore P = C[err] law constant for partition of the

chl ori ne di oxi de. between the coating and the gas phase Q = chl ori ne_dl oxi de
generation constant from controll ed 5351 release filmf[err]k a, the
total thickness of the gas |ayer 52 s = inverse of the tinejof Xi mum
rel ease rate of
M)
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chlorine dioxide fromthe controlled release filmC(x,t) is evaluated for a
gi ven not of diffusion constants, |eakage rate, h, phase partitioning and 5
di nensi onal constant, k' chlorine dioxide release rate, Q and inverse

rel axation tinme for release, a, by plotting Co(a) vu a at tun.. An an
exanpl e, [ererbgdgﬂbEulated for a Petri dish of 62 cml cros®ecrasbé/mrl
area of lcmtotal thickness which includes 0.8cm gas space and 10 0.2cm
Agar.- Since the biologicals are introgyried at xil and grow in the Agar it
in inportant to calcukqte this concentration. This calculargpn is
necessitated by the s%&ong partitioning of chlorine dioxidginto the liquid
phase once it is gene ed by the controlled rel ease 15 Im At the
rel ease rates generat by a test filmthe gas phase concelratQon was so
low [err] ppm) it coul T

not be neasured by the detector. |- to

brider
conpete the calculatign Q s, P, s, D and 1 nust be assi nbdNor
D can be used

X4
r Encycl. Chenlsfeﬁ (4th Ed.),
§§n

nmeasured. Since Agar
[J.J. Raczur and D.W
5, 971 (1993)3. [err]
Handbook of Chem and
in the

90% 20 wYer it is assuned that
field, RN
sec and
52nd

t he
appear s

.12 cn/sec are repords
[

747 (1971). In actu

 CHLOCNE D

QA
IR
1

\n

N

- QS E§
X

N

I \

V=%

1 kS
¥ 1 T

gTs R LY TR

SUBSTITUTE SHEET (RULE 26)



25 nmodel only in conjunction with 1 since for the purposes of the
calculation C[err][ is assuned to be uniformin [err] The | eakage fl ux
constant, [err] is evaluated by injecting a small quantity (about 10 ppm
of chlorine dioxide into the Petri dish containing no Agar and 30
neasurlng thevﬁy 4y di oxi de concentration as a function ofpciriusBsesife
Petri - oye mAII | eak relatively rapidly because of the serrated
edges of the bottomdish that is enployed to assure good gas exchange
necessary for biological growh. 35 [err]154 cnl sec 53 When the
source function of the formJ[err] is intggimrted fromO to infinite tine,
[err] - total noles of chlorine dioxide 5 0

avai l abl e For the purposes of the calculation the controlled rel egs® film
of density 0.8 gramicni and total volune 0.315 cnB contains 15 wt.{%%odi um
chlorite of nolecular weight 90.44 g nole or 3.35 x 104 nol e avai ljabl e

chl orine

13

20

30
TIME, HoveSs

I
[N
k\\g
1
* I I S e e
d 8 8 9 9§ 9. 9 S )

CHLORINE DIOXIOF coNe., PPN

SUBSTITUTE SHEET (RULE 26)



10 di oxi de (assum ng conplete reaction of 5 noles of Cl02-" to 4 noles

chl orine dioxide) and shows a maxi numrel ease rate at one day or _ s-1=86, 400
seC. This release maxi-nmis typical of an acid releasing fil m separated
fromthe chlorite containing filmby an internmedi ate wax | ayer. 15 Q
is thus cal C“'@b@?ﬂﬁﬁo 7.23 x 10"1 [err] over a 62 cnz base argern@khd1réli sh
where the area release rate is assuned to have no | ateral dependence over
the entire surface of the dish. This is a valid assunption since, even

t hough the controlled rel ease patch occ%@%fs 20 a smaller area than the
total cross-sectional area of the dish, h the gas and Ag di ffusion
rates of the chlorine dioxide are large in conparison to thegy ne scal e of
the rel ease rate. The concentration in the gel phase C(f,t) a 25
function of time i'f\then calculated for a range of |eakage rafes, h am
shown in Fig. 10. gi fast |eakage r'}bs [err], the releasény e nmaxim zes
at [err] and the i mum concentrati®nh is proportional to®Q \un esselke the
concentration at agy tine significa\\fy 30 greater than hal f |{t\Qre for
| eakage is sinply me constant factlQ nultiplied tines t
generation rate. Heyewer as the lea rate decreases [e
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t he maxi num concentration is generated only at considerably longer tinme. O
course at h=0, no | eakage 35 occurs, the maxi num concentration is

appr oached 54 asynptotically, and a total of 3.36 x 10' noles chlorine
dioxide - (e.g. [err]) is distributed between the 0.2 cmthick gel phase and
the 0. 8 cmthiyglo phase. For the purposes of estimating t he
h=0 5 concéntraf?gﬁoin approached at h-8.31 x [err] concenpgg?ﬁ%ﬁ&ﬁhythe
gel phase at t=6. 0 x 10[err] (2.4 z 109/¥Mole/cnR) is used to calculate the
total amount of chlorine digxide in the Petri dish. [err] This value is
very close to that expectedhLor h-O For the | eakage rate neasured for the
Petri dish in which the biotggical growt h experiments are carried out, 15

a maxi mum concentrati on of 5 ppmis expqled in the gel phase at [err]
with a concentration of 0.08%ppmin the g phase. About 0.25 ppiR\s
requi.red to kill nold sporeﬁs A slightly e conplicated enviro nt woul d
be a ¥ - 63 N
\S: N O
‘ A N
§ N NS
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gas space

box of the sane d-nmension au the Petri dish but with its 20
The

filed with absorbing particles packed wwth a volune fraction, [err]

di ffusion of gas through such a conposite nedia has been studied [R M
Barrer and DM G ove, Trans. War. Soc., 47, 826, 837 (1951); R Ash and
DM Gove, Tr . Soc., 56, 1357 25 (1960)]. The diffuysion constant
D of a gas fl‘gd\?\n %%Jﬁt rough a porous negiym nust be repl aced tfﬁ"‘%&?’?’%%ere
[err] Surface Henry's |aw coefficient in the 30 rel ati onship where [err]
is the nunber of noles of gas sor bed/ cn2 of 55 surface and C is the
gas phase concentration in nol®/ cnB, r is the equivalent pore radius for a
set of axially directed capillggies within a solid having porosity e and

internal surface, A [err]. 5 For the purposes of the calculation of-
surface concentration of chlorﬁﬁe di oxi de within the porous N .
’
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media, the particles are considered to be small enough so that the
concentration of chlorine dioxide throughout the particles' thickness is
equilibrated with the gas 10 concentration. For the purposes of this
calculation, the entire particle concentration is concentrated in the
particle surfaggg ,[lz dbag hi s case the surface Henry's |aw coef figd@idosiosnro
related to the bulk coefficient, [err] by [err] At a porosity of 0.5 and a
partition coefficient of 40 into the particles, the diffusion constant for
flow 20 t hrough t he absorbi ng porous nedia woul d be reduced by a factor
of 0.0244. This substantial reduction of gfarent gas phase diffusion
constant ‘proportionally reduces the Ieakgg rate, h, resulting in a
proportional increase in the concentration expected at any tine. 25

The amount, placenent and controlled rel ease characteristics required for a
bi oci:dal filn1are éﬁgg'g’ ere the filmis protecting a small 62 cn8B
particle filled box t assuned to leak at the sane rate as the Petri
dlShh h=8.3 x 10[err] (a rather good 30 assunption for a typical |oosely
sealed box). A-pallet of hell p d, folded (unpacked) boxes m ght be an
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anal ogous case. Since nol dJ&re0ktHS s guaran

chlorine dioxide for a few m nutes, any strateg

this ntration in 35 ‘gqﬁulsed rel ease in f ot A

prefe f,@ ﬂ“ﬂﬂm days del ay. Destructiop D‘QWB%E( f BREe --:-tozmsed -----

requir "apm for a few mnutes. Th,g@eﬁbsﬁfﬂgt i orPaB¢dt-I=}éogpa§wlh-

nmechani sns of the Scel'l is so conplete thagistra ps with a natural nity
]Erfbns

to chlorine dioxide cannot devel op. CbnvenlentlV}[mmﬂymnfiuu]apm 2o

)

are bel ow t hewRuppaTml:factory detection limt ol -apout I0 ppnr—Practitarty;

si nce such hor t d f

i oxi do i n a Bulsed FRRPERCRoAPA BE ARG dearCLba ks EFASES, 8B ("
dependi ng on theadt evageménationnent, mphdsgbewahlG@mmnmsﬂngssure t hat the
nitial mold spore sl BLAGHEAT (A hlkaglLIdchAEL R A daAlkShiignbhechey) and

any subsequent i nf 8¢ or| I nat1 ng out sl e box wer e destroyed
bef ore any grem@hacG@ﬂ@IG@Guﬁa tA é@ﬁtlnuous rel ease of . ppm t hus

5 a hydrophobic material containing an acid releasing
agent, the hydrophilic and hydrophobic materials being
adjacent and substantially free of water, the hydrophilic
material being capable of releasing chlorine dioxide upon

hydrolysis of the acid releasing agent.

2. A composite for retarding bacterial, fungal and
viral contamination and mold growth comprising:

a hydrophilic material formed by reaction of an
iminium chlorite and a base; and

5 a hydrophobic material containing an acid releasing

agent, the hydrophilic and hydrophobic materials being
adjacent and substantially free of water, the hydrophilic
material being capable of releasing chlorine dioxide upon

hydrolysis of the acid releasing agent.

3. A composite for retarding bacterial, fungal and viral
contamination and mold growth comprising:
a hydrophilic material containing:
an o-amino ether and a chlorite salt formed by
5 reaction of a metal alkoxide with an iminium chlorite,
the iminium chlorite being formed by reaction of
dimethylaminoacrylamide with chlorine dioxide, and the
metal alkoxide being ‘an ethoxide, propoxide or butoxide;
urea; and
10 n-methylacetamide; and
a hydrophobic material containing an acid releasing
agent, the hydrophilic and hydrophobic materials being
adjacent and substantially free of water, the hydrophilic

material being capable of releasing chlorine dioxide upon

15 hydrolysis of the acid releasing agent.
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15 * ‘wastes about 98% of the available chlorite. The preparation of such a
filmis discussed .in Exanple 16. Figure 11 shows the rel ease
characteristics ex for a controlled release filmw th a nmaxi mum

rel ease at 10 days @! m (ﬂmu nol e avai |l abl e chlorine dioxide (0.33 20
cn2 film 15% wt , placed in a 0.5 porosity box with a
bul k Henry's Iam/coeff|C|ent of 4 0 vs air geaking with h = 202.76 cnf. A
maxi mum concentration of 10.4 ppmis reached after 10 days and at least 1
ppm i s generated f orhd.donfpssife 25 clbairs.1 vAmremn netel - &uxio catloér

control led rel £ase i g gl i & QoRded d ol ® RPLAOSE: 1A GenBLerials cost

of $1.00/1 b, tHe con release eria required the job
woul d be aboutlmmﬁﬁn ceinterithuand aa Boa(Se:(ﬁﬂbﬂCmEr@ firam|thergrofip mt eri al

coul d be 30. dﬁ@gef&f & fed wm&me awearhrh&&ﬁﬂnp@maﬂ&és

EXAMPLE 16 The | ease capabilities of a I'tiple |ayered corrp05| te
can be cal%ul dﬂ%‘éﬁhrﬁ#%ﬁq?ov% m%t%%tw%%@m%e&r ek okPRsite will
provi de the desired 35 sustained rel ease rates for a particular

application. TEt;.e t"ﬁ?e %nésejg_itéogfcg lete g@t vﬁie%(ecfgngg can be

hydrophilic material further includes an amide.
6. The composite of claim 5 wherein the amide is urea.

7. The composite of claim 5 wherein the amide is a

plasticizer selected from the group consisting of N-

methylacetamide, formamide, succinamide, N-

ethylacetamide, N-methylformamide, N-ethylformamide, and
5 amido substituted alkylene oxides.

8. The composite of claim 1 wherein the chlorite salt
is selected from the group consisting of sodium chlorite,
potassium chlorite, calcium chlorite, ammonium chlorite,
trialkylammonium chlorite, and gquaternary ammonium

5 chlorite.

9. The composite of claim 1 or 2 wherein the hydrophilic
material further includes urea and a plasticizer selected
from the group consisting of N-methylacetamide,
formamide, succinamide, N-ethylacetamide, N-

5 methylformamide, N-ethylformamide, and amido substituted
alkylene oxides. '

10. The composite of anyone of claims 1-9 wherein the
acid releasing agent is selected from the group
consisting of carboxylic acids, esters, anhydrides, acyl
halides, phosphoric acid, phosphate esters,

5 trimethylsilyl phosphate esters, dialkyl phosphates,
sulfonic acid, sulfonic acid esters, phosphosilicates,
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57 predicted fromthe nobile ion concentration in each layer, C,, wherein i
rs A, B, or C In order to determ ne such a tinme period, hydroniun1ion

transport across the internediate layer Cis conside lnmw
controlling step, and the diffusion constant and eff J{m
concentration for hydrogen ion are considered the same in ltayerss and

C. Chlorite ion is considered to be relatigely i mMmobile and the reaction of
chlorite to chlorine dioxide is considered to occur 10 i nst ant aneousl y

once a hydr ogedul fsh £t £4 5d L diEL by AN dh€ playEshEe i T OnbENGLPBesdhi | ity
I n internediat.e Ia er C can be estimated by using experinental data
reported by J.725%9 %#%S* 2t al., J. Poly. Sc., Poly. Phys. Ed., 14, 1769 15
(1976). Crowl ey et al. studi ed the ionic nDbiIity in a graft copolyner of

| ow density polyet ilensolIseite e andy sl ' gpaled ol ysiy e (2L phe¥) as

a function of Ton era ur e odi u ota55|um
and silver |ori$yd:r<mmba¢ ongteoiyhefubbiex wlmﬁeaz@llugnbugglbyted

exchange wi th fyds o £84H0ASnsi A iRy IBe Wt £t ic polypropylene,
hydrocarbon wax, chlorinated wax, polyethylene wax,
5 polyoclefins, polyesters, and polyolefin copolymers, and a
plasticizer selected from the group consisting of
formamide and isopropylacrylamide-acrylamide.

12. The composite of anyone of claims 1-11 wherein the
hydrophobic material comprises between about 10 wt.% and
about 100 wt.% of the acid releasing agent, up to about
80 wt.% of a diluent, and up to about 60 wt.%

5 plasticizer.

13. The composite of claim 12 wherein the hydrophobic
material comprises between about 40 wt.$%$ and about 100
wt.% of the acid releasing agent, between about 20 wt.$%

and about 80 wt.% of the diluent, and up to about 20 wt.%
5 of the plasticizer.

14. The composite of claim 2 wherein the base is
selected from the group consisting of a metal alkoxide,
an ammonium alkoxide, a metal oxide, a metal acetate, and
a metal ion.

15. A hydrophilic composition comprising urea; a
plasticizer selected from the group consisting of N-
methylacetamide, formamide, succinamide, N-
ethylacetamide, N-methylformamide, N-ethylformamide, and

5 amido substituted alkylene oxides; and a base selected
from the group consisting of a metal alkoxide, an
ammonium alkoxide, a trialkylammonium alkoxide, a metal
oxide, an acetate, and a metal ion.
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contents of 3-6 w.% phase separation of ion clusters in a hydrophobic
matrix is likely. The reported silver ion nobility and nobile -ion -

concentration is quite high under these conditions / - , C-
3.3X10'4 25 nol/cc). However, in dry” filns b mﬁﬂﬁﬂimﬁmt“m;nd
nmobi l e ion concentration decrease substantially ([ — EoARL0s e

cmd/ Stat V-sec, C a 8.32107 nol/cc). The iogy di ffusion constant D can be

cal cul ated fromthe reported ion nmobility using the equation D -
(kT[err])/q, where thé Shp@ropBolignedmsos00séandt didsmtii® BRSDhALRy

t enper at ur e, IS ion. MR an I S, electron charge. The cal cul at g I on

di f f usi on con %HY%e%r%BQPE1§%Oangc%?885 %ﬁdwﬁtggii er eE%?%%ca?ﬁPtag ry

and wet (6 w.ahdedlesnt S§6vet . sodafit eheopliésaileilzér) nand eslpect | velyt . % 58

The nor phol ogyon 1§%ch‘_=lgecopolymar woul d be very simlar to the two

materi al system o T hd présent invention in that both include partially

connected ion clusters localized at spherulite boundaries within the 5

hydrophobic | ay@r. a composite for retarding bacterial, fungal and
viral contamination and mold growth comprising:

a hydrophobic material containing an acid releasing

agent; and

5 a hydrophilic material containing chlorite anions
and a tertiary amine having non-hydrogen bonding pendant
groups; the hydrophilic and hydrophobic materials being
adjacent and substantially free of water, and the
hydrophilic material being capable of releasing chlorine

10 dioxide upon hydrolysis of the acid releasing agent.

18. The composite of claim 17 wherein at least about 1.0
X 10°° mole chlorine dioxide/cm? is released from the

composite for a period of at least one week.

19. The composite of claim 17 wherein at least about 1.0
X 10°° mole chlorine dioxide/cm? is released from the

composite for a period of at least one month.

20. The composite of claim 17 wherein at least about 1.0
X 10°° mole chlorine dioxide/cm? is released from the
composite for a period of at least six months.

21. The composite of anyone of claims 17-20 wherein the
hydrophilic material includes an iminium chlorite.

22. The composite of anyone of claims 17-21 wherein the
acid releasing agent is selected from the group
consisting of a carboxylic acid, an ester, an anhydride,
an acyl halide, phosphoric acid, a phosphate ester, a

5 trimethylsilyl phosphate ester, a dialkyl phosphate,
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The total anount of hydroni umion that has diffused across boundary AC

Br eakt hrough of hydroniumion into hydrophlllc | ayer

(moles/cnferr]) intime t is represented by the function @H E
(Dt/1[err])-O1 (t-10.4 min, 1-5 m| or 1.27X0 2cm) a ll Bu

di ffusion is reached at 15 (Dt/1)=0.45 (tt46 9 mn, 1- 5 nil). The f|rst
two terns in the above equation dom nate agger steady state i s reached.

Thus under *wet conditions (6 w%water), Qt) [err] m| thickness. The
hydroni um i ou kll8chienheLid] arEﬁlfbhﬂbaadlaOestérZ7%1ﬁhaspﬁbhﬁﬂdbaees

(1. 65X10[err]

st conpl etely

reacted in the® cﬁﬁSF%gég? %gkl?%nénhg%ﬁikg%ﬁctﬁgl 610FF M which is

typi cal of polyethylene contami nated with ions, CXt) [err] DiCJerr]./Il -
83X1- ol e/ day-gmi %@ éR%QEEKBﬁsélagé 228$§8¥é§n EhEhSSEHPthgﬁﬁf

nobil e ion concentra
conpl etely dlfagsetlmﬁoanhénhyérééﬁlprcphayphaBe FRbST hlﬁnﬁ?ﬁpwétmaYEWed

are require ronrumion

conposi te provigghRrgefir e/ ﬁBQPgrBB‘;lQﬁE t9o§99%y2éﬁeda¥spe&y§f&weln@e

di oxi de rel easé can be fofrnu

t he present

24. The composite of claim 22 wherein the trimethyisilyl
phosphate ester is (CH,;),S8iOP(0) (OR), wherein R is a non-
hydrogen bonding group, alkyl or aryl.

25. The composite of claim 22 wherein the anhydride is
selected from the group consisting of an organic acid
anhydride, a mixed organic acid anhydride, a homopolymer
of an organic acid anhydride or a mixed inorganic acid
anhydride, and a copolymer of an organic acid anhydride
or a mixed inorganic acid anhydride with a monomer
containing a double bond.

26. The composite of claim 25 wherein the mixed
inorganic acid anhydride contains a phosphorus-oxygen-
silicon bond.

27. The composite of claim 25 wherein the anhydride is a
copolymer of maleic anhydride, methacrylic anhydride,
acetic anhydride, propionic anhydride, or succinic
anhydride, and vinyl, styrene or an alkene.

28. The composite of anyone of claims 17-27 wherein the
hydrophobic material contains a diluent selected from the
grbup consisting of atactic polypropylene, hydrocarbon
wax, chlorinated wax, polyethylene wax, polyolefins, and
polyolefin copolymers.

29. The composite of anyone of claims 17-28 wherein the
composite is a dispersion, the hydrophobic material is a
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i nvention. ‘The chlorine dioxide release rate is generally rapid when
-chlorine di oxide release is jnitiated in a conposite containing an
internediate | ayﬁ“mlam ‘“\HMH“L% 35 deconposition is a function of pH
A mini mum concentilBAll M fumion is transferred before 59
chlorite deconposition into chlorine dioxide occurs due to the buffering
action of the hydrophilic layer containinggthe chlorite. The effect of
viscosity on reaction rate, the rate 5 of hydration of the filmrequired to
produce the niphrah,auBUBhagk bhEe thet eydrephiddey mhterdalaligsias of

chl ori ne di oxide production, and the changing nobile ion concentration and
di ffusion congﬁéﬁ?r§ﬁﬂpﬁbﬁéﬁ'by the A B and C | ayers can affect hydroni um

:on tran?port. 10 An anount of water nust be present in internediate
ayer C faor transpgrt of hydr.oni umiqn I S i@ 6fL Y

. ARSROl QUG A
hydr ocar bdn ng rlx%ﬁf §A glgfﬁégtﬁég?ngiggpflgﬁ i ﬁer wat er activities
wher e sone composite is a dispersion, the hydrophilic material is a

continuous phase and the hydrophobic material is a

dispersed phase.

31. A method of retarding bacterial, fungal, and viral
contamination and growth of molds on the surface of a
material and/or deodorizing the material comprising:
exposing a surface of a material to a composite that
5 does not release chlorine dioxide in the absence of
moisture, the composite being comprised of a hydrophobic
material containing an acid releasing agent, and either:
a hydrophilic material containing chlorite anions and a
tertiary amine having non-hydrogen bonding pendant groups
10 dissolved in a hydrophilic solvent; a hydrophilic
material containing an a-amino ether and a chlorite salt;
or a hydrophilic material formed by reaction of an
iminium chlorite and a base;
and exposing the surface to moisture to release
15 chlorine dioxide from the composite into the atmosphere
surrounding the material.

32. The method of claim 31 wherein the surface is coated
with the composite, and the coated composite is exposed
to moisture to release chlorine dioxide.

33. The method of claim 32 wherein the surface is coated
with a film comprised of the composite.
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“t,endency to formclusters is noticed. The perrreatlFEPMCEMENﬂ'eSHEEMater

through a 5 mul thick high density pol yethyl ene fi |

‘waul d- be 6.89X10 nol e/day/cnierr]/5m 1 (90% RH, 3 C ppried b
)0 ¥h gﬁaggieat on r

| |t pat

Wessling et al., Encycl.Poly. Sci.Eng., 17, 510 (198

is-significantly I ess than that seen for 20 pol yeth

typically contain 3.35x10 [err] nple/cc |on+c groyps at a nlnlnun1(1 08xI

[err] nDIe/day/cn[err]IS ml) [Zutty et al., Encyc+—Pety—Ser—Fecthr—'6, 4

(1967)]. The | n 0 r B Q teac
aa b&tﬂt @hggh’:—%b%%g?ag%é% dAVLEBebl Aaadc n

of which has t entlal err nole/
of water (assﬁmsmomrﬂ]sel gspayate. layeyef the mﬁ%’@hé?ﬂia PF/5 mI

(6 wt % wat er) .hJ@psghebec §aEbEi61%nd B Iayers woul d require about 1 day
saturate to 6% water from n|n tially dry state. an_ad
day woul d then be r@gheradiyo o°§ 9?t7ﬂ99¥£éﬁ%g§?ﬁvﬁePa %am
the invents on we. %uaﬁdphbbluﬁ: 196 war. %0 by drupti ixt i matsenhal akhdr bau:mn
o aeP o, RS- Bo gL AL AR S € Y Bl b BRE
under st ood, haeeeferablyt betweenngbouk dfiatt i% andiabonut PHyWh:fon to th
particularf(wﬁ&dfgﬁhgig@ materddll R®d between about 15 wt.% and about
95 wt.% hydrophobic material. If the composite is a
10 dispersion, either material can form the continuocus
N phase. The continuous phase constitutes between about 15
- wt.% and about 95 wt.% of the dispersion and the
dispersed phase constitutes between about 5 wt.% and
about 85 wt.% of the dispersion, and preferably, the
15 continuous phase constitutes between about 50 wt.% and
about 95 wt.% of the dispersion and the dispersed phase
constitutes between about 5 wt.% and about 50 wt.% of the
dispersion.
The hydrophobic material of the composite can be
20 composed entirely of an acid releasing agent or can

comprise the acid releasing agent in combination with a

diluent and/or a plasticizer. Any acid releasing agent

that is capable of being hydrolyzed by ambient moisture
:) is acceptable for purposes of the present invention.

25 Preferably, the acid releasing agent does not react with
the hydrophilic material, and does not exude or extract
into the environment. The hydrophobic material comprises
between about 10 wt.% and about 100 wt.% of the acid
releasing agent, up to about 80 wt.% diluent, and up to

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

The hydrophilic material of the composite can be

35 composed entirely of a source of chlorite anions or can

comprise the chlorite anion source in combination with
This is the reptacement sheet
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60 contrary, the iltention in to cover all zodifications,. egiuvalents an
altenatives falling wwthi'n the spirit and scope of the invention as defingd
by the appended cl ai ns. 1. A conposite for retarding bacterial, fung
and viral contami nation and nold growth congrising: a hydrophilic nateria
containing an a - anmino ether, a - anmno ester, or a - amino alcohol, andfa

chlorite salt;af@€narhnga 1119 TRatd P aLON i) | MEAASPREL Hcr Rlataiind
agent, the hydrophili nd hydrqphobic nmaterials bein dj acent and
substantial |y ‘F?ge"SFEﬁgf‘eF,n %Wdr’dbtﬂ‘ﬂé‘ r@ﬁﬂ&?gﬁé‘%g'caﬁaﬂl e of
rel easi ng chl c¢émpodhadxcontainingy didine, amidd her dtydrorytamoietiew tand
Tt hayihd o B BiroYen BEHnd Werd &y ©°X" 851236 82 2"
5 chlorite anions is incorporated in the hydrophilic
material and can constitute between about 2 wt.% and
about 40 wt.% of the hydrophilic material in the form of
chlorite anions and counterions, and preferably, between
about 8 wt.% and about 10 wt.% of the hydrophilic
10 material. When the chlorite source is a chlorite salt,
é@ the salt dissociates in the hydrophilic material such
that the hydrophilic material in the composite will

include chlorite anions and counterions. However if the

hydrophilic material is an amine and the chlorite source
15 is chlorine dioxide gas, the chlorine dioxide reacts with
the amine to form iminium chlorite in situ, if the
oxidation potential of the amine is sufficiently low for
the amine to be oxidized.
It has been found that the acid releasing agent

20 within the hydrophobic material is hydrolyzed by adsorbedh
moisture, releasing acid and hydronium ions that diffuse
from the hydrophobic material to the hydrophilic material
containing chlorite anions. The hydronium ions react

4 with the chlorite anions in the hydrophilic material,

25 releasing chlorine dioxide gas that diffuses out of the
composite into the surrounding atmosphere for a period of
up to about six months in order to prevent the growth of
bacteria, molds, fungi and viruses on a treated surface.

The hydrophobic and hydrophilic materials are

30 substantially free of water to avoid significant release
of chlorine dioxide prior to use of the composite. For |
purposes of the present invention, a hydrophilic
material, a hydrophobic material, or a dispersion thereof
is substantially free of water if the amount of water in

35 the composite does not provide a pathway for transmission
of hydronium ions from the hydrophobic material to the
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a hydroph|||c material formed by reaction of an ininﬁ E&AGHMENJESHﬁEI “}

base; and a hydrophobic material containing an acid rg t e
hydrophilic and hydrophobic materials being adjacent 3 %wgl r
of water, the hydrophilic material being capable of r: 10171 nle

di oxi de upon hydrolysis of the acid relea5|n% agent .
claiml wherein the a - am no ether, 0 ester am no al co
and the chlorite_sal are foroed by.reacti 0 n i msamrcht TS and a
base sel ected PPHAS Qﬁwﬂ?gé?hg 8fg§°n§F§P°al o YT (H%. ni um
al koxi de, a netmannmtkmnamdmmametureabeﬁaWEthA reatitd cxopmsepexatirel ai

a -

or 2 wherein tpgihydr 'HJﬂfé[E?fﬁéf%iLuEEhQEe'Q@&idﬁﬁﬁwaziﬂ ?gPO}Y;FE

conposi te of cIa|n14 erern 'S urea e conpos
wherein the and®&. s a plasticizer selected fromthe group consisting of

met hyl acet gm de, f orfRdi¥ifre SOUE BT ERe BiBkiWe2cRL AL fxom a
N- et hyl f ormam de, N-ethyl form

i sopr opyl acr yl SomResite can Re %ﬂﬁeﬁﬂﬁdéysngPgﬁﬁﬁé&hﬁ HhasRBLky o€ the
The conposite giyddophilioieidi ydhephbbiti mateatialies; sHagging fthe t he

group CO”SiSti%ié¥;éﬂléﬂff%} gftéﬁe hydrophilic and hydrophobic
materials, changing the temperature of the composite,
10 changing the concentration of acid releasing agent in the
(” composite, adding a desiccant or humectant to the
) composite to control release of chlorine dioxide from the
composite once it is exposed to moisture, or changing the
volume fractions of the hydrophilic and hydrophobic
15 materials to produce continuous or discrete phases within
a dispersion.
Maximum chlorine dioxide release from a composite
can also be achieved by stabilizing the chlorite aniom.
Iminium chlorite is unstable to nucleophilic attack by
20 the chlorite anion. It has been discovered that the room
temperature lifetime of chlorite anion is substantially
extended when a strong base, such as a metal alkoxide, is
present in the hydrophilic material containing the
iminium chlorite. The mechanism of alkoxide
25 stabilization of the chlorite counterion is shown below.

R ONa
L R',N=CR, ]~ C€l10,° ———s R ',N-CR,-OR” =+ NaClO,

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

m 1

mm




"or a quaternary am ne. 8. The conposite of clainflfop {2 APrENeN |t He

chi or'.i te, an alkaline-earth netal chlorite, and a.' ,BEEJFAGEME!T SHEEIIt ofd

transition metal ion, a protonated primary, secondprly, or tertiary gm ne,

hydrophilic material further includes urea and a p|apticizer seledtgd frg
t he group consisting of N nethylacetam de, formam ger—succrmantte;
N- et hyl acet am de, N-nethyl formam de, N et@ﬂ‘fornaTide acryl am de,

i sopropyl acryl ani de - acrylam de, and anmi do substituted alkyl ene oxrdes.
The conposi t e ehlemybacapion hass beeng efifeatively %‘F‘HIFﬁPéa?ﬁ’né‘hfﬂgent i

sel fCLeld_ ;r OMH; EﬂmiéOBSIth%g O%ﬁﬁ@m&yt o€ ?ﬁtdﬁtﬁglﬁéelr &f:lwh B&B# ?E
acyl halides, p osphat e este ri yl silyl phosphat g
esters, dialk %pﬁéi@gi i@ é’(ﬂtd,a%tfi?%?l ge B esters, sul fonid
acid chlorides, andwbepphba.ld amugf balgeerfor basediﬂsseabilieingﬂtﬂm
conposite on f e roph terial
'ﬁ%lud@gy rgtg iﬁ i G§thﬂfron1 {hég s&gﬂ QB.Q?hiuﬂP

further ushr Se e gr oup consi strng 6f atactic
pol ypropyl ene,potassium or calcium methoxides, ethoxides, propoxides or

butoxides, metal oxides such as aluminum oxide, or aodiwq
oxide, trialkyl ammonium salts of alkoxides, ammonium
salts of alkoxides, acetates such as sodium acetate,
10 substituted acetates, or other materials that would
(t. generate a strong basic reaction to attack the nitrogen
center of iminium chlorite.
In a hydrophilic material containing a tertiary
amine (dimethylaminocacrylamide), N-methylacetamide and
15 urea, an a-amino ether and chlorite salt is formed when
the iminium chlorite is stabilized. Any monomeric or
oligomeric amide substituted plasticizer, such as
succinamide, formamide, or N-methyl formamide, can be
substituted for N-methylacetamide in order to soften the
20 amine. Formamide and N-methyl formamide are toxic and
would not be preferred in applications involving human
contact. If the amine center is sufficiently mobile, the
addition of a plasticizer is unnecessary. Urea improves
the chlorine dioxide uptake and release efficiency of the
25 hydrophilic material because it has a high hydrogen
bonding density and will not react with the acid
releasing agent. Compounds having a high amide
concentration can also be used to improve hydrophilic
material efficiency. Preferably, the composite comprises
30 between about 5 wt.% and about 95 wt.% of the hydrophilic
material and between about 5 wt.% and about 95 wt.% of
the hydrophobic material. The hydrophilic material
comprises between about 5 to about 30 wt.% of an amine
and between about 70 and about 95 wt.% of a hydrophilic
35 solvent including between about 35 and about 55 wt.%
urea, between about 35 wt.% and about 55 wt.% plasticizer




b
hydf ocarbon wax, chlorinated wax, pol yet hyl ene wax, ,poﬂﬂﬁ)\éo‘m%he

pélysester ) nd pol yol efin and a plast|C|ze a SB&mRﬁlmmd
gr oup’ consi stifjng of . N- net hg mlﬁ m de, sucm
NHet hyl ag Q%(‘,{L M-NT met hyl f f or mam de, acryj a

acfr yla

Taopropyl f de- gcryl?n1ﬁe and an1do substltuted al kyl ene OX|des

The conmp ¢/fof} anyone of ,clajns 1j- whey e the hydr.o bi I

tqnpri se tMeen ﬁ@%9°%ﬁﬁdk?50r%\fargﬂﬂ? f’ gff" I'g é‘é‘@g wﬂﬁ; t{o

80 wt. %lof} @ Qm#mathﬂﬂ %E t@°€§ GFOWSRFIEPFLRIBE: 12 The cqnposi te

Ef Gl.ai my11 Jmm hydrophii bhAobat ﬁﬁ@érFaPtéeﬁﬁﬁgsé§ Seﬁmﬁﬂ?zﬁF T o ant
o'w. o desEéEasongaagmﬁnp Bicaboh, 2end¢a whdexige dalts of tHe

diluent5T6u1 0 20 wt. %of the ﬁlast|0|zer 13. | The cofposite of clailin

2 lwherei i thellbabe,ig aebﬁﬁbaslcf haBLEha1 0EeHRas AARS BN G cdfd 2l ing
conposi te {prageRay 3@&@@ 4L85n331Bvhak Ayldapnesd cAnERicY1 sl it ing 14
growt h conp} i BHBCER % Ind2shbk Eg ¢169792k 20 o%'h%ké&onkﬂa'ﬁydfsbﬁiﬂlanld
‘ g Frla being capable:of relea31ng chlorine dioxide upon
T rolysls of the ac1dire1ea51ng agent . :
I .
~A! compos:.te for r?tard:.ng bacterlal fu.ngai and viral

:aminat;on and mold growth comprlsldg- |
‘ai hydrophlllc material formed by qeactlon q
'nium chlorite and a base; and !
‘a hydrophoblc materlal containing 'an acid relea51ng
1t,.the hydrophilic; and hydrophobic materials being
jacent and substantlTlly free of water, the hydrophlllc |
erial being capable of releasing chlorine ledee upon
oly91a of the ac;d releasing agenti i'

v |
: The composite of Llalm 1 wherein the a- adiﬁo ether,
ji-amino ester or o- am;ho alcohol and the chlorlte salt are.
‘flormed by reaction of an iminium chlorite and !a base
:elhcted from the group consisting ‘of é metallalkox1de, an

gmmonium alkoxide, a metal oxide, and a metal acetate.

>f an

4, 'The composite of claim 1ior 2 whe ein thd hydrophlllc
‘material further includes an am;de. !
:. : ‘ ! i
T P ; I U
F ;Tpe composite of blaim 4!wherein ;he amide:is urea.
: ] . : . |

!Thé composite of flaim 4 whereln the amide)is a
astibmzer selected from the group consistin of N-

‘et ylacetamlde, formamide, succ1nam1de, N- ethylacetamlde,
thy formamide, N-ethylformamide, acrylaml

'sopropylacrylamide-acrylamide, and am#do subét;tuted
1dylene oxides, '

!
P !

LT he composite of tlaim 1 wherein ?he chldrite salt is
e &ted from the group consisting of an alkali. metal
¢hl tite, an alkaline-earth metal chlo#ite, and a chlorite ||

61
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dro

Ia%hyd
n

“ m I containing an acid rel easi ng agent; 'and a

aﬂl “ "ﬂl"mmnl"ﬂ kntalnlng chlorite anions and. a tertﬂary am ne havi
n- hydrodeanohdlﬁg *pendant groups; and hydrophili¢ and hydrophobic
material s
hydr o
hydroP@sis
wherei n at
conposite
wher ei n -at
conposi te
14 wherein
fromtse'c
of anyoné

10

|T1n|unltm
t he aC|d o
carboxylic

eghyt agifageiraniad £35S mathlalibn, f aepreft omitRid mdnatﬂe
%ﬁﬁaakygepgggggp &g aﬁuh«al ee? rahqqmt%rf Ay g, upon

e ac 'ent

Egriag rurghe rmi-lné’ S5 %e adiagd e RARAS LG A %??Bﬁgt he

ofFa §hﬁo§r@ﬂlpathn§a§tt1@§e qﬁ)m-methylacht@r%

ashkt aaamid@,xN}(ﬁté!yrl]aqﬁﬂa@m,orN-rmm}d)ﬁmd és Nel eased

NPRYLEckmamd qesr st ydfandide e dstopyiop

18hide,- hhdMIIRE dB%t*l\tdﬂ:@dlléllléyle{@rd:é\ideé\C| udes an

. e "The conp03|t of anyone of cliais 14 - 18 wherein

qg. a%%% Is%.t‘.seelo of&xro faé Q:%.ag.tl OSUp.L Cé)’l%é}éﬂg Qltxe acid
St ar an s agyl

€asing agent 1is s cted e group con51st1ng of

rhoxyllc acids, estefs, anhydrides, acyl halldea,

o phorlc acid, phosphate esters, trlmethylsllyl

(o} phate esters, dialkyl phosphates, sulfonlc.a01d,

1 onic acid esters, sulfonic acid chlorldes,'and

(o} phosxlanes of glycerol based estere. l

. The composite of ényone of claims 1 9 wheEeln the
drophoblc material further 1ncludes a dlluent ‘'selected
£ om the group consxstlng of atactic polypropylene,

i drocarbon wax, chlorinated wax, polyethylene wax,

I'_l olefins, polyesteri and polyolefln copolymers, and a
a tlcizer selected from the ‘group con51st1nd of N-

. ylacetamlde, formahlde, succ1nam1dé N-ethylacetamide,
N-m thylformamide, N- ethylformamlde, acrylamide,

so ropylacrylamlde acrylamlde, and amldo substltuted

:k lene oxides. ! ; ;

_ The composite of enyone of claims 1 10 whereln the
vd ophoblc material coémprises between: 10 wt. % and 100

t.% of  the acid releasing agent, up to 80 wt.% of a

ilnént, and up to 60 wt.% plast1c12er1
b | J

. lThe composite of ¢laim 11 whereln the hy rophoblc
,térlal comprises between 40 wt.% ‘and : 100 wt % of the

| cid_releasing agent, between 20 wt.% énd 80 wt.% of the
jﬁiluent; and up to 20 wt.% of the plast1c1zerx :

yB. The composite of ¢laim 2_where1n the base is selected

,;E'rom the group consisting of é. metal.l aikox:.de, fan ammondium
’Hlkoglde, a metal oxide, and a metal aietate. i

g
34, jA_pomp051te for retardlng bacter1 1 fungal and viral
dqontamination and mold growth compr1s1ng

|
! .
| : I

|t Sooh ! 62 . ! i
; his Sheet Has Been 1 Replace !

T

| 5 AR 149
P . - Date: 01 i

This is the replacement sheet

] |
E . ! ' ! !

€ conrposi t'e claim14
stj,. 1.0 x_10. §C|Q“3£ e/cnB i %se&el om t he
o | BB 88‘“8P9 &2-’ 16" exr %eé
eemamideai m

anlid JThe conp03|tzi

-
~




3 B | ;

?hLI i r\“ﬂ d, a phosphatle ester, a trinethylsilyl phosphate
estery hate sul fonilc acid, a sulfonic acid ester, a 3
phosp ne, "Yand a sulfonic acid chloride. 20. The conposite of claim

wher ei n thee a i d reelaiiophaigian tmdterialardoynta e iy qabasebdt eebeasingl end
W th or,grafh:'ﬁkp ggkypropylene p Iyethylene or polystyrqne 21. The

composte ¢ iff a%gr&né ,;]r%lt %ée Y4 ROARIGELeESARLORS GHE) |
Si OP (0):: ((dr'%gwg .S &no.n % ggggp ggg or aryll
22. The'! cqnposi fromthe
group consilsSFAFRS g ?’Z}%ﬁ f‘}' éEla%? eingg
anhydri de, |a 3 & rand cﬁ\%ﬁﬁlﬂﬂ Je‘)!afﬁ'%e aﬁﬁ])ﬁiﬁﬂ-%r o’ ﬁhﬁed i nor gani
atid anHydrhwld id isopeatgrtabibeingreppakleaceti xebsasing chlesine a
ni xed | nor Jaxiioideled vpdry diydieolyd is o frtiveresacbdnteleasming dgente bond. 2
The conposltejof clai m 24 wherein the nixed i norganic aC|d!anhydr|de
cont ai nsjja pfi&s h@ﬂi& -COnSeEt e | d£ MDA 4 wherein at least 1.0 X 106
? chiorlne dioxide/¢m® is released from the'composite
a perlod of at least one week. ; ;
| : I
The composite of ¢laim 14 wherein 'at leas% 1.0 X 10
%.chlorlne dloxlde/onﬁ is released from the| composite
a perlod of at lea%t one month
, The composite of ¢1alm 14 whereln;at leaetfl.o X 10§
'ole -chloxrine dioxide/¢ém® is released from the composite

:Eyrga perlod of at least six months

il8.| ‘The composite of anyone Af clalms 114-17 Jhereln the

; drophillc material includes 'an 1m1n1um chlo 1te

The composite of anyone of claims | 14 18 dherezn the
‘i_relea51ng agent li selected from the group con51st1ng
B icarboxylic acid, an ester, an anhﬁdrlde, an acyl
lalide; | phosphoric acid, a phosphate ester, a
:iEethylsllyl phospha e ester, a dlalkyl phosphate,
ulfonic acid, a sulfonic acid ester, a phosph051lane, and
2 sulfonic acid chloride. ; i :
JThe composite of ¢laim 19 whereln the acid. relea51ng

is an anhydride ¢r phosphate ' ester blended with or
]

&ed to polypropylene, polyethylene

or polystyrene. o

2 The composite of claim 19 wherein-the trimethylsilyl
ho phate ester is (CH)) SlOP(b)(OR)2 wherein R is a non-

: i ] I : . i

The compos1te of 'lalm 1§ wherein the andydride is

el cted from the grouy conS1st1ng'of n orga 16 acid

: nh dride, a mixed organic acid anhydr de, a omopolymer
af n organic acid anhydride or a mixe inorgdnic acid

nh! drlde, and a copolymer of an organlc acid lanhydride or
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thacrylic anhydride, abetlc anhydri de, jpropionic -

anhydrlde or SVCCInIC anhydride, gnd vinX reng or an |al kene., 25. The
conposi te pfajmixed brorgahks agid anhyas éﬁnwﬁ B RyBP | ComtEdming
cpntain$‘a.ch dguivlecbended from tHe group consistihg of atlattic
,pplypropylen Mdnocarbon wax, chliorinated wax, polyethyl gne wax
pf' yol efL ,4n 3 8nd *Pﬂéyeb bB1EAPEEYETRSm 26. wh’é&éiﬁommﬂchﬁcgiaﬂﬁhﬂé
c] ai ns S

terial i;;l.%%n gﬁé %hgggegg jtﬁeﬁﬁégg EG%|E£§Gﬁerlal |§ﬂp di sper sef
phase. 27.1| The donp05|te of anyaqgnel_of, cl ai 14 - 25 whereiin, th conpositg
‘g a dispe Ian Thé ﬁ?ﬂPSEHFPlE Simg 22 ¥ r@&ﬁtFﬁﬁb the
‘hldr ophdbi ¢ lymeru ofaralsper sallysrise, methacryldico @nydetde ding
ibpcterial, | fapey ic anbydicide , c progdiondic emhydd igleowar ¢fu on the
’s rface 3f A n»&tuab aedd/ vinydsoaduyraney dxhanrelders . co Hlsing: §
lekpbsi nd| als f cb 'of a material tof a conposite:thai does rel ease ;
lchl ori nel dfo TRe! RBNRREARES ¥ AMicHe!IE I neP N 4 sk n coRr i sefl |

of a hydro?hﬂ h%ogﬁbgrla QP3N

10

15

|

f claim22 wherlein the anhydride is a dopolyner of

A A 1 diahfaR e

group consisting of atactic polypropylene, hyd:ocarbon
w x; chlorinated wax, olyethylene wax, polyoleflns, and

p-l olefln copolymers. | i ; :
w&éreln the

.
ré-. The composite of ‘nyone Jf clalms '14-25

‘¢bmposite is a dlspers#on, the hydrophobic mat fial is a
Ionilnuous phase and the hydrophlllc material id a

di spersed phase. | i

l .

2 . The composite of
éom osite is a disgpers
Einuous phase and tﬁe hydrophoblc material is a

%nyone of clelms:14 25 w&ereln the
on, the hydrophilic materlal is a

! ula

$Fsmersed phase. ; l-

5. A method of retarding bacterial, fungal nd viral
;-n-aminatlon and growth of molds on the surface of a

-terlal and/or deodorizing the materlal comprising:

Tl .exposing a surface of a material éo a coﬂposlte that

:m-e not release chlorine dioxide in the absence of

f-1 ture, the composité being’ comprised of a hydrophoblc

.Y at r;al containing an!acid releaelng égent, and either: a
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contamination and mold growth comprising

o -am
and

agent,

a hydrophilic material containing an o - amino ether,

ino ester, or o - amino alcohol, and a chlorite salt;

a hydrophobic material containing an acid releasing
the hydrophilic and hydrophobic materials being

adjacent and substantially free of water, the hydrophilic
material being capable of releasing chlorine dioxide upon
hydrolysis of the acid releasing agent.

2.

A composite for retarding bacterial, fungal and viral

contamination and mold growth comprising;

a hydrophilic material formed by reaction of an

iminium chlorite and a base; and

agent,

a hydrophobic material containing an acid releasing
the hydrophilic and hydrophobic materials being

adjacent and substantially free of water, the hydrophilic
material being capable of releasing chlorine dioxide upon
hydrolysis of the acid releasing agent.

3.
o -am

The composite of claim 1 wherein the o - amino ether,
ino ester or o - amino alcohol and the chlorite salt are

formed by reaction of an iminium chlorite and a base
selected from the group consisting of a metal alkoxide, an
ammonium alkoxide, a metal oxide, and a metal acetate.

4,

The composite of claim 1 or 2 wherein the hydrophilic

material further includes an amide.

5.
6.

The composite of claim 4 wherein the amide is urea.

The composite of claim wherein the amide is a

plasticizer selected from the group consisting of N-
methylacetamide, formamide, succinamide, N-ethylacetamide,
N-methylformamide, N-ethylformamide, acrylamide,
isopropylacrylamide-acrylamide, and amido substituted
alkylene oxides.

7.

The composite of claim 1 wherein the chlorite salt is

selected from the group consisting of an alkali metal
chlorite, an alkaline-earth metal chiorite, and a chlorite
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8. The composite of claim 1 or 2 wherein the hydrophilic
material further includes urea and a plasticizer selected
from the group consisting of N-methylacetamide, formamide,
succinamide, N-ethylacetamide, N-methylformamide, N-
ethylformamide, acrylamide, isopropylacrylamide —
acrylamide, and amido substituted alkylene oxides.

9. The composite of anyone of claims 1- 8 wherein the acid
releasing agent is selected from the group consisting of
carboxylic acids, esters, anhydrides, acyl halides,

phosphoric acid, phosphate esters, trimethylsilyl

phosphate esters, dialkyl phosphates, sulfonic acid,

sulfonic acid esters, sulfonic acid chlorides, and
phosphosilanes of glycerol based esters.

10.  The composite for anyone of claims 1 — 9 wherein the
hydrophobic material further includes a diluent selected

from the group consisting of atactic polypropylene,

hydrocarbon wax, chlorinated wax, polyethylene wax,
polyolefins, polysesters, and polyolefin copolymers, and a
plasticizer selected from the group consisting of N-
methylacetamide, formamide, succidnamide, N-ethylacetamide,
N-methylformamide, N-ethylformamide, acrylamide,
isopropylacrylamide-acrylamide, and amido substituted
alkylene oxides.

11.  The composite of anyone of claims 1 — 10 wherein the
hydrophobic material comprises between 10 wt. % and 100
wt. % of the acid releasing agent, up to 80 wt. % of a

diluent, and up to 60 wt. % plasticizer.

12.  The composite of claim 11 wherein the hydrophobic

material comprises between 40 wt. % and 100 wt. % of the

acid releasing agent, between 20 wt. % and 80 wt. % of the
diluent, and up to 20 wt. % of the plasticizer.

13. The composite' of claim 2 wherein the base is selected
from the group consisting of a metal alkoxide, an ammonium
alkoxide, a metal oxide, and a metal acetate.

14. A composite for retarding bacterial, fungal and viral
contamination and mold growth comprising:
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a hydrophobic material containing an acid releasing
agent; and

a hydrophilic material containing chlorite anions and
a tertiary amine having non-hydrogen bonding pendant
groups; and hydrophilic and hydrophobic materials being
adjacent and substantially free of water, and the
hydrophilic material being capable of releasing chlorine
dioxide upon hydrolysis of the acid releasing agent.

15. The composite of clalm 14 wherein at least 1.0 x 10°
mole chiorine dioxide/cm?® is released from the composite
for a period of at least one week.

16. The composite of clalm 14 wherein at least 1.0 x 10
mole chiorine dioxide/cm?® is released from the composite
for a period of at least one month.

17. The composite of clalm 14 wherein at least 1.0 x 10®
mole chlorine dioxide/cm? is released from the composite
for a period of at least six months.

18. The composite of anyone of claims 14 —17 wherein the
hydrophilic material includes an iminium chlorite.

19. The composite of anyone of cliams 14 — 18 wherein the
acid releasing agent is selected from the group consisting

of a carboxylic acid, an ester, an anhydride, an acyl

halide, phosphoric acid, a phosphate ester, a

trimethylsilyl phosphate ester, a dialkyl phosphate,

sulfonic acid, a sulfonic acid ester, a phosphosilane, and

a sulfonic acid chloride.

20. The composite of claim 19 wherein the acid releasing
agent is an anhydride or phosphate ester blended with or
grafted to polypropylene, polyethylene or polystyrene.

21.  The composite of claim 19 wherein the trimethylsilyl
phosphate ester is (CH3) 3 SiOP (O) (OR) 2where|n R is a non-
hydrogen bonding group, alkyl or aryl.

22. The composite of claim 19 wherein the anhydride is
selected from the group consisting of an organic acid
anhydride, a mixed organic acid anhydride, a homopolymer
of an organic acid anhydride or a mixed inorganic acid
anhydride, and a copolymer of an organic acid anhydride or
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a mixed inorganic acid anhydride with a monomer containing
a double bond.

23. The composite of claim 24 wherein the mixed inorganic
acid anhydride contains a phosphorus-oxygen-silicon bond.

24. The composite of claim 22 wherein the anhydride is a copolymer
of maleic anhydride, methacrylic anhydride, acetic anhydride, propionic
anhydride, or succinic anhydride, and vinyl, styrene or an alkene.

25. The composite of anyone of claims 14 — 24 wherein the
hydrophobic material contains a diluent selected from the
group consisting of atactic polypropylene, hydrocarbon

wax, chlorinated wax, polyethylene wax, polyolefins, and
polyolefin copolymers.

26. The composite of anyone of claims 14 — 25 wherein the
composite is a dispersion, the hydrophobic material is a
continuous phase and the hydrophilic material is a

dispersed phase.

27. The composite of anyone of claims 14 —25 wherein
the composite is a dispersion, the hydrophilic material is a
continuous phase and the hydrophobic material is a
dispersed phase.

28. A method of retarding bacterial, fungal, and viral
contamination and growth of molds on the surface of a
material and / or deodorizing the material comprising:

exposing a surface of a material to a composite that
does not release chlorine dioxide in the absence of
moisture, the composite being comprised of a hydrophobic
material containing an acid releasing agent, and either: a
hydrophilic material containing chlorite anions and a
tertiary amine having non-hydrogen bonding pendant groups
dissolved in a hydrophilic solvent; a hydrophilic material
containing an a - amino ether, a - amino ester, or o - amino
alcohol and a chlorite salt; or a hydrophilic material
formed by reaction of an iminium chlorite and a base;

and exposing the surface to moisture to release
chlorine dioxide from the composite into the atmosphere
surrounding the material.
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29. The method of claim 28 wherein the surface is coated
with the composite, and the coated composite is exposed to
moisture to release chilorine dioxide.

30. The method of claim 29 wherein the surface is coated
with a film comprised of the composite.
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