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I nvention The present invention relates generally to a 5 process for
preparing a hiocidal conposition that rel eases chlorine dioxide upon being
activated. The invention particularly relates to a process for preparing an
i mproved hy QP92 phase containing a stable chlorite sal RCT/US96/09475
Chlorine dioxide (Cderr]) is a superior oxidizing agent widely used as a
bl each, disinfectant, fum gant or deodorizer. It can penetrate the cel
wal | “or menbrane and cytoplasm of nold spore3, bacteria and ot her

m cr obi ol ogi cal contam nants at concenthgthggingﬁ$8$$one 15 ~part pgr
mllion and destroy them The i 0 MWENRD oxi de or sodi um
chlorite in food packagi ng has BICCHOALSCOMPORITIGHSIe whet her

residual |evels of such preservatlves result in a significant genetic or
cargci nogeni ¢ hazaB8 Ly v studied the ef fect of

subchroni c and acute‘oTﬁé éﬁgﬁiﬁyédyldgfrgggegénﬁe dj oxi de,

sodi um chl orite and sodi um chl orate on r nnsona
aberrations and sBEPHERS D RISRATING 2 m°ﬁF9é1[EﬂW?%ht1%tt&%eS| s, 7,

201 releases chlorine dioxide upon being activated. The
invention particularly relates to a process for
preparing an improved hydrophilic phase containing a
stable chlorite salt.

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

15 part per million and destroy them.

' The incorporation of chlorine dioxide or sodium
chlorite in food packaging has prompted studies to
determine whether residual levels of such preservatives
result in a significant genetic or carcinogenic hazard

20 to humans. Meier et al. studied the effect of
subchggnic'and acute oral administration of chlorine,
chlorine dioxide, sodium chlorite and sodium chlorate on
the induction of chromosomal aberrations and spermhead
abnormalities in mice [Environ. Mutagenesis, 7, 201

25 (1985)]. Only the highly reactive hypochlorite resulted
in a weak positive effect for mutagenic potential. The
‘'other compounds, including chlorine dioxide and sodium
chlorite, failed to induce any chromosomal aberrations

' or increased numbers of micronuclei in the bone marrow

30 of mice. Vilagines et al. attribute the relatively
innocuocus effect of chlorine dioxide to its inability to
produce halomethanes, unlike hypochlorite and chlorine
[Proc. AWWA Disinfect. Semin., 24 pp. (1977); Chem. Abs.
83, 173513f]. Recently, Richardson et al. reported that

35 an extensive study of the reaction of chiorine dioxide
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Japanese Kokali = 6%%\%@ f58,_d€3/§97 nd 5 57/ 168 977 descri be
deodor ant s contalnlng chlori ox1 de |ncor orated in a nmer, ceramec .

beads, or cal ci um si | Japares® Hpkai NP BAdRI6 2681 h63 (2 e& 4yand Gels
that generatse chkqyigs, 97 Pxd&ectBe Wdbdbran®e eohtabRihg RSSO

di sinfection ared%gxldedincéggg¥géghk@nyon q&m%k, cégémfc Qggdsfés 45(5),
calcium silicate wrapped in nonwoven cloth,
respectively. Gels that generate chlorine dioxide for
use as topical applications for disinfection are

10 disclosed by Kenyon et al., Am. J. Vet. Res., 45(5),
1101 (1986). Chlorine dioxide generating gels are
generally formed by mixing a gel containing suspended
sodium chlorite with a gel containing lactic acid
immediately prior to use to avoid premature chlorine

15 dioxide release. Chlorine dioxide releasing gels have
also been used in food preservation.

Encapsulation processes have also been used in
preparing sources of chlorine dioxide. Canadian Patent
No. 959,238 describes generation of chlorine dioxide by

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

Tice et al., U.S. Patent No. 4,585,482 describe
gradual hydrolysis of alternating poly(vinyl methyl

25 -ether-maleic anhydride) or poly(lactic-glycolic acid) to

' generate acid that can release chlorine dioxide from
sodium chlorite. A polyalcohol humectant and water are
encapsulated with the polyanhydride or polyacid in a
. nylon coating. After sodium chlorite is diffused into

30 the capsule through the nylon wall, an impermeable
polystyrene layer is cqacervated around the nylon
capsﬁle. Solvents are required for reaction and
application of the capsules. The capsules can be coated
onto surfaces to release chlorine dioxide. Although the

35 capsules are said to provide biocidal action for several
days to months, chlorine dioxide release begins
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and water are en h ‘gg,&[ a nylon
coating. After sg' I um chl o%gg}l% gh%%és%g?%é a%t(ané%?apsape t hr ough
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nyl on capsuls. Sqlnedllemasare required for reaction and application of the
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for several days dﬁmﬂqﬁstochnbtihbe#mmq aliendisidhawilease in-use.
Such a composite that can be prepared by performing
relatively few chemical reactions and physical processes
10 without the use of solvents that may pose safety hazards
or disposal problems would be advahtageous.

Summary of the Invention
Among the objects of the invention, therefore, may

be noted the provision of a process for preparing a

15 biocidal composition that requires few reactions or
physical processes to provide sustained release of
chlorine dioxide; the provision of such a process that
allows for high temperature processing and application
of the composition without resultant chlorite

20 decomposition; the provision of such a process that
utilizes relatively inexpensive starting materials to
minimize applications cost; the provision of such a
process that does not result in equipment corrosion
caused by chlorine dioxide; and the provision of such a

25 process that reduces manufacturing hazards and disposal
requirements as compared to most conventional processes
for preparing chlorine dioxide releasing compositions.

The present invention is directed to a process for

preparing a composite that provides sustained release of

30 chlorine dioxide which includes mixing a hydrophilic
material containing an amine and a base with a
hydrophobic material containing an acid releasing agent,
the hydrophilic and hydrophobic materials being adjacent
-and substantially free of water, to form a mixture. The

35 mixture is exposed to chlorine dioxide that reacts with
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Another embodiment of the present invention is a

process for preparing a composite'that provides
sustained release of chlorine dioxide that includes
mixing a hydrophilic material containing an amine, an

10 amide and a base with a hydrophobic material containing
an acid releasing agent, the hydrophilic and hydrophobic
materials being adjacent and substantially free of
water, to form a mixture. The mixture is exposed to
chlorine dioxide that reacts with the amine to form

15 iminium chlorite that is decomposed by the base to form
a chlorite salt within the hydrophilic material. The
hydrophilic material is capable of releasing chlorine
dioxide upon hydrolysis of the acid releasing agent.

Another embodiment of the invention is directed to

20 a process for preparing a composite which provides
sustained release of chlorine dioxide by mixing a
hydrophilic material containing an amine with a
hydrophobic material containing an acid releasing agent
to form a mixture, and exposing the mixture to chlorine

25 dioxide which . dissolves within the amine to form
chlorite anions therein. 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

30 acid releasing agent.

The present invention is also directed to a process
for preparing a corposite for preventing the growth of
bacteria, molds, fungi and viruses by dissolving a
chlorite salt in a hydrophilic material, and then mixing

35 the hydrophilic material with a hydrophobic material
containing an acid releasing agent. The hydrophilic and



m ni m ze applications cost; the provision of such a process that does not
result in equipnent corrosion caused by chlorine dioxide; and the provision
of such a 25 process that reduces manufacturing hazards and di sposal
requi rements as conpared to nobst conventional processes for preparing

chl orine di oxi de rel easi ng conpositions. The present inventi ' | Lected
to a processWPERMWeparing a conposite that provides sustaiﬁ@%wbéwggﬁg of
30 chl orine dioxide which includes m xing a hydrophilic nmateri al

contai ning an amne and a base with a hydrophobic material containing an
aci d rel easi ng agent, the hydrophilic and hydtophobic materials being

adj acent and subs J Lr : e t 1 Xt 5%&3

m xture is exposeg@a?oghkgrl%ng‘g&géi%g% % gtgéje%%@vﬁi él.{ ,%329
PCT/ US96/ 09475 4 txeeaREnwaEgTs ofA| iR Bvideephilie BagRrial dét GARF:RAE® by
t he base to form afcHedeabengathlorihendibeidy dupphi hydroBisis @f tHee

hydrophi lic materi_al. 4 | easi ng chl orine di oxi de upon
hydr ol ysi s of theagépd§§iggggé§e§é$%g'agent. Anot her enbodi ment of the

present inverftion is a¥Ysktognothesr epbegameny of cthpobnventinn im diixessed
to a method of retarding bacterial, fungal, and viral
contamination and growth of molds on the surface of a
material and/or deodorizing the material by exposing a
surface of a material to a composite that does not
10 release chlorine dioxide in the absence of moiéture, and
exposing the surface to moisture to release chlorine
dioxide from the composite into the atmosphere
surrounding the material.
Another embodiment of the invention is directed to
15  a method of retarding bacterial, fungal, and viral
contamination and growth of molds on a surface and/or
deodorizing the surface by coating a surface of a
substrate with a composite that does not release
chlorine dioxide in the absence of moisture, and
20 exposing the coated surface to moisture to release
chlorine dioxide from the cqmposite into the atmosphere
surrouhding the surface.
Other objects and advantages of the invention will
be apparent from the following detailed description.
25
Brief Description of the Drawings .
FIG. 1 is a schematic that illustrates conversion
of an amine precursor to an iminium chlorite;
FIG. 2 illustrates hydrolysis of an acid anhydride
30 in a hydrophobic phase and migration of hydronium ion to
the iminium chlorite to release chlorine dioxide gas;

: FIGS. 3a, 3b and 3¢ are schematics of multilayered
composites for providing sustained release of chlorine
dioxide;

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



sustai ned rel ease of chlorine dioxide that includes mxing a hydrophilic
mat erial containing an am ne, an 10 a—=ggse W th a hydrophobic
materi al containing an acid rel easi ng_agef ;Bﬂyﬂﬂ philic and

hydr ophobi ¢ materials being adj acel %bgﬁtlallg free of water, to
forma m xt uwese3degs M xture is exp _o=we—dr oxi de PERUSPERITSS Wi t h
the amne to form 15 I m ni um chly '
forma chlorite salt within the hydrophilic material. The hydrophilic
material is capable.of releasing chlorine di éxi de upon hydrol ysis of the
acid rel easi ng agent. Anot her enbodlnent of .the invention is_directed to 20
a process for prepari nE@ nigdd Rickick M%%G%‘PQFnE&lFEFBaEQt%‘F

chl orine di oxi de pyrnaxidgered bmpusites material containing an amne wth
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m xture, and exposing ?ﬁ% nﬁaxlt r%qal éﬁ' € %1%9:3@% %g%ﬁgéﬁ HPERR) ves
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hydrophilic mat erkal s caé)]ae(#e o re.l eaS| ng chl ori ne di oxi de upon

hydrol ysi s of the*$ ®gent. The present invention is also
directed to a process FESS pré&pnd iy aa:a:cmmts tof fohdopriaeedionjgdehreyease h

of bacteria, noldgapbsngh FEtheddn'TS Mﬁ&@ﬂe Rmperature and

humidity;

10 FIG. 10 is a plot of maximum chlorine dioxide _
concentration as a function of leakage from a container;
and

FIG. 11 is a plot of chlorine dioxide concentration
as a function of time.

15 Detailed Degscription of the Preferred'gggggiggngs
In accordance with the present invention, it has

been discovered that sustained release of chlorine
dioxide can be generated from a composite containing
chlorite anions when the composite is exposed to
20 moisture. The composite comprises a hydrophilic
material and a hydrophobic material. The composite may
be, for example, a dispersion composed of hydrophilic
and hydrophobic phases, or a mechanical combination of
the hydrophilic and hydrophcbic materials, such. as
- 25 - powders and adjacent films. The powder has é )
hydrophobic core embedded with chlorite containing
particles. Adjacent films comprise separate layers of
" the hydrophilic or hydrophébic materials.
. Preferably, the composite comprises between about
30 5.0 wt.% and about 95 wt.% hydrophilic material and
between about 5.0 wt.% and about 95 wt.$% hydrophobic
material, more preferably between about 15 wt.% and
about 95 wt.% hydrophilic material and between about 15
wt.% and about 95 wt.% hydrophobic material. If the
35 composite is a dispersion, either material can form the
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chlorite salt in a hydrophilic material, and then m xing 35 t he
hydrophilic material with a hydrophobic material containing an acid
rel easi'ng agent. The hydrophilic and .
PCT/ US96/ 09475 .hydr ophobi ¢ mat er
water, and the hydrophilic materi
di oxi de uporw@PERWRYsi s of the aci 5 CTUNS{094 ot her
enbodi ment of the invention is dir 0 a nmethod of retarding bacterial,
fungal, and viral contami nation and growth of nolds on the surface of a

mat eri al and/or deodorizing the naterlal by ®xposing a surface of a
material to a co 03|te t hat .does ng rel ease chlorine dioxide in the

absence of noi st (FECLARPUS RAGSRy ¢ ebGPFSEEu?BShBP%ﬁ?HQPQ%F%@Htéﬁke
chl ori ne di oxi de tﬁemﬁah:mq)(tﬁ wE J¥ntandt aboat N5 plier € efirthmindi ng t he

mat eri al. Anot hereﬁ?’@ﬁg n{q{ thtéed %%F‘Eban?hﬁsg %&%&c{:&d&sl l,1‘1,\,e%]nrn=3t hod

of fetardi ng bact Ion an | ds

on a surface and/‘i‘PméFeosddYq ﬁé‘dc I‘Pé"’é’&r Bacutpd Ega‘ﬁli‘?lgdi'épﬁﬁﬁlét!’e &ndy
substrate wish a prefasblsy,t tlie dottinubuscphase chbhstitiecel MetdRenn t he

absénce of nD'StLgﬁbuéngb 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

10 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-uydrol?zed by ambient moisture
is acceptable for purposes of the present invention.

15 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,

20 and up to 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

25 composed entirely of a source of chlorite anions or can
comprise the chlorite anion source in combination with
another hydrophilic material. The hydrophilic material
preferably contains an amine, amide or an alcohol, or a
compound containing amino, amido or hydroxyl moieties

30 and having a high hydrogen bonding density. A source of
chlorite anions is incorporated in the hydrophilic
material and preferably constitutes between about 2 wt.%
and about 40 wt.% of the hydrophilic material in the
form of chlorite anions and counterions, and more

35 preferably, between about 8 wt.% and about 10 wt.% of

" the hydrophilic material. When the chlorite source is a

substantially free of
ea5|ng chl ori ne
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20 exposing the coated surface to noisture to release chlorine dioxide
fromthe conposite into the atnosphere surroundi ng the surface. O her

obj ects and advantages of the invention will be apparent fromthe foll ow ng
detail ed description. 25 Brief Description of the Drawings FIG 1 is a
schemati ¢ t hgypgghdaast r at es conversi on of an ami ne precur sor PEGUSHAMISHi um
chlorite; FIG 2 illustrates hydrolysis of an acid-anhydride 30 in a
hydr ophobi ¢ phase and migration of hydroniumion to the imniumchlorite to
rel ease chlorine dioxide gas; FIGS. 3a, 3b afd 3c are schematics of

mul til ayered conposites for providing sustained rel egse of chl.orine_,

di oxi de; 35 chipratesspity Ebﬁtg%}t BT @R EhPeh¥ETePRat ES for
several powder comatertiadnsuch thaG tie ilydrgpinlief materiateidi bhede

rel ease rates for %F

rel ease rates in I~ g{%l\‘é g%gg ‘6’@??%@%%‘2?? Eérﬁéoréedre;tagxrj%h%tn&ﬁ ﬁu%ﬁhlﬁ%ﬁfgﬂg X (,je
FIG 7 is a plot d&owsvesr ifetheokydsophibicanaterialf ds an| apanedasdnpbeite;
5 chlorite source is chlorine dioxide gas, the chlorine
dioxide reacts with the amine to form iminium chlorite
in situ, if the oxidation potential of the amine is
sufficiently low for the amine to be oxidized.
It has been found that the acid releasing agent

10 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

15 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.

20 The hydrophobic and hydrophilic materials are
substantiaily free of water to avoid significant release
of chlbrine dioxide prior to use of the composite. For
purposes 0f the present invention, a hydrophilic
material, a hydrophobic material, or a dispersion _

25 thereof is substantially 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 hydrophilic material. Generally, each
of the hydrophilic and hydrophobic materials can include

30 up to about 0.1 wt.% water without providing such a

o pathway for interdifquion between the materials.
Preferably, each material contains less than about 1.0 X
107 wt.% water, and, more preferably, between about 1 X
10?2 wt.% and about 1 X 10 wt.% water. Insubstantial

35 amounts of water can hydrolyze a portion of the acid
releasing agent to produce acid and hydronium ions



FIGS. 8 and 9 are plots of chlorine dioxide release rates in relation to
at nospheric tenperature and humdity; 10 FIG 10 is a plot of

maxi mum chl ori ne di oxi de concentration as a function of |eakage froma
~container; and.FIG 11 is a plot of chlorine.dioxide concentration as a
function of & %Igi é? Detai |l ed Description of the Preferrggrishindiszent s
I n accordanc <t he present invention, it has been discovered that
sustai ned rel ease of chlorine dioxide can be generated froma conposite

containing chlorite anions when the conpositg is exposed to 20 " noisture.
The conposite conprises a hydrophilic material and a hydrophobic mat eri al .
The conposite ”HYuBthhOEhexéﬁﬁbéslaed' cﬁﬁﬁmpieﬁsthBMQGEPhlaéC and

yelr ophobi ¢t er figts A1 EEERS AEHES tné 3&&@9@*@3 L2 4RICLRREL Liogls
powder has a hydr@ﬂmbwateurasem foxt H:namsmarﬂ:eOGthanngmpaanscl es.
Adj acent fil ms CO”F’“ S&'héeEﬁiéi-ftéaé[x?iéné)f é&&ém@r %hhbtcrﬂéceyﬂieﬁhﬂ%c
mat eri al s. General site co ses bet ween _aho . %
and about 95 %t . mgjl’tfPBBFrF FolmBeEraLy r@%fd%\ﬁé’é’ﬁ%‘ﬁéﬁg 51!0 Mﬂr%ﬁﬂd about
95 Wt . % hydr ophobibon@ist eoheribptef chyhtlye heivseaent beuhy8zont e wbthihout 95
the hydrophilic material. Suitable chlorite sources
that can be incorporated into the composite of the
present invention include alkali metal chlorites such as
10 sodium chlorite or potassium chlorite, alkaline-earth
metal chlorites such as calcium chlorite, or chlorite
salts of a transition metal ion or a protonated primary,
secondary, tertiary or quaternary amine. Many chlorite
sources, such as sodium chlorite, are stable at
15 processing temperatures in excess of about 100 °C,
' allowing for processing at relatively high temperatures.
FIG. 1 illustrates preparation of a composite
containing iminium chlorite. The amine hydrophilic
material is in contact with a hydrophobic acid releasing
20 agent (both hydrolyzed P~0-Si and maleic anhydride are
shown in FIG. 1). Chlorine dioxide (Cl10,) is reduced by
extracting an electron from the amine, forming an
aminium radical cation (not shown) and a chlorite
counterion {(Cl0,”). The aminium cation guickly converts
25 to an iminium cation by loss of a proton from an
adjacent carbon atom and oxidation by another chlorine
dioxide molecule. The mechanism for above reaction in
an aqueous system is described by Rosenbatt et al., J.
Org. Chem., 28, 2790 (1963); J. Amer. Chem. Soc. 83(5),
30 1158, 1163 (1967).
High chlorine dioxide to chlorite conversions are
obtained if the chlorite anion and/or iminium cation
that is generated by the initial electron transfer from
the amine are rapidly complexed and stabilized by a
35 hydrophilic molecule. In some formulations, uncomplexed
chlorite anion may be depleted by subsequent reactions



wt. % hydrophilic material and between about 15 wt.% and about 95 w. %

hydr ophobi ¢ nmaterial. |If the conposite is 35 a di spersion, either
material can formthe 7 continuous phase. The.continuous phase
constitutes between about 15 wt.% and about 95 wt. % of the dispersion and
the di sper segolkbasme constitutes between about 5 wt. % and abPCH/USENOM?S % of
the dispersion, and 5 preferably, the continuous phase constitutes

bet ween about 50 wt.% and about 95 wt.% of the dispersion and the dispersed
phase constitutes between about 5 wt.% and abwut 50 wm. % of the dispersion.
The hydrophobic material of the conposite can be 10 conposed entirely of
an aci d rel easi ngwagbnther ininieogeyntenion ati §ermppratings sakone iabout

conbi nation with godiepuentndsedeés daré afldd isidectN¥od8l Spf GHEASI dHa At
that i s capabl e of, bEInﬁ h¥daol%ﬁgd Q{ anbi ent,. noi sture,is a_c%giable,for
purposes of the prBEENFAIATEAR; TRd qRiorats.or An,Amine; with 3 Nigh &y 4§
agent does not reprieferrbdt becéysie obthifeactmmarearapddlly dwith nehloxdnge or
extract intogthe LG . [ ' rg bet ween
CEL o O3 o EASIANTERA. n30E ' BIL B ShunboGO 4, UtV
80 Wt.%diluent, maintaining the basic pH required for chlorite ion
: stability.
FIG. 2 illustrates the mechanism for release of
chlorine dioxide from iminium chlorite when moisture
10 contacts the composite. Hydrolysis of the acid
releasing agent provides hydronium cations (K,0*) that
react with iminium chlorite to release chlorine dioxide

gas. The decomposition products of the reaction are an

aminium cation {shown as >~ ' in F1g. 2), a

15 carboxylate (COO-, not shown in FIG. 2), and Cl-. These
' products are retained within the composite.

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

20 available chlorite concentration. for conversion to

. chloripe dioxide. In order to maximize chlorine dioxide

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

25 hydrophilic material in the composite is an amine.
After application, the composite is exposed to chlorine
dioxide gas that either reacts with the amine to form
iminium chlorite in situ or dissolves in the amine to
provide chlorite anions. The composite is then

30 activated in the presence of moisture to release
chlorine dioxide. This method enables the composite to
be exposed to elevated temperatures during processing,
storage and application as compared to the temperatures
at which the iminium chlorite decomposes, because the

35 hydrophilic material does not contain iminium chlorite



20 and up to about 60 wt. % pl asticizer, and preferably, between about 40
wt. % and about 100 wt. % of the acid rel easing agent, between about 20 w. %
and about 80 w.%diluent, and up to about 20 w. % pl astici zer. The
hydrophilic mat-erial of the conposite can be 25 conposed entirely of a-
source of ¢ lol nions or can conprise the chlorite anion _source in
conbinationhkﬁf g%%ther hydrophilic material. The hydrophi FCYR¢M7% can
contain an amne, an am de or an .al cohol, or a compound contai ni ng am no,
am do or hydroxyl noieties 30 and havi nggf hi gh hydrogen bondi ng
density. A source of chlorite anions is incorporated in the hydrophilic
materi al ‘and cancgoaaii thleries vaelomdoutThe Wetho @13 PretQ udes? of the

hydr ophi | i c mat er| ' ofeC e i ons,.and count eri ons, and
preferably, betmég%hgggr&hgﬁ%%%g%.%ﬁ.%%éﬁ# %ﬁﬁﬁi°¥ﬁ?ﬁdgiﬁFb?EFhe hydrophilic
material . \Wen t ReMpRPdER: ¢ Galexine dipxide\gays ep@rpvided on site by

PCT/ US96/ 09475 chhggihg SR !compesiuvd (tKESERS Al dridd @slaxdaephi | i c
mat eri al su%h t hat _the h¥dr0philic material in the conposite will include
chlorite anions 2A8E8ERteri ons. However if the hydrophilic material is an

amne and the 5 chConvert tonal cchborine dimxidie dahergiorst lgenerabei ne
: an 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
io0 into a material that does not absorb water such as a low
melting hydrocarbon wax or chlorohydrocarbon wax.
Alternatively, chlorine dioxide is dried with a
desiccant. Chlorine dioxide is thus delivered from a
wet industrial process into the composite without .
15 exposing the composite to water.

In order for an amine to form iminium chlorite in
neat form or in the presence of a plasticizer, the amine
must be sufficiently electron rich and the amine
nitrogen must be locally mobile. Electron withdrawing

20 groups should be separated from the amine center by at
least two methylene groups in order for the chlorine
dioxid® to extract an electron from the amine. Movement
of the bonds about the nitrogen center of the amine is
required for aminium formation. 1If the amine is frozen

25 into a glassy matrix, the. amine nitrogen will not be
mobile and the amine will not convert to iminium

_ chlorite. A glassy amine can be softened to increase
mobility by adding at least about 10 wt.% of a
plasticizer, such as a low molecular weight amide, to

30 the amine to lower glass transition temperature below
the reaction temperature. Other suitable plasticizers
are well known in the bolymer art.

_ The rate of chlorine dioxide release from a
composite can be altered by changing the viscosity of

35 the hydrophilic and hydrophobic materials, changing the
dispersibility of the hydrophilic and hydrophobic



di oxi de reacts with the amine to formimniumchlorite in situ, if the

oxi dation potential of the amne is sufficiently low for the amne to be
oxidized. It has been found that the aC|d rel easi-pg—agent 10 within the
hydr ophobi ¢ material is hydrol yzeqFs ads mEEst re rel easing acid and
hydr oni um i Giyosisbgab di ffuse fromt ) rC mat @ri al tRCIVIIRY6/0947S
hydrophilic material containing chf : ! Fire—hydr oni um i ons react
with the chlorite anions in the 15 ~”ﬁ76?6ph|||c material, releasing
chlorine di oxide gas that diffuses out of tie conposite into the
surroundi ng atnnosphere for a period of up to about six nonths in order to
prevent the gr owmhtefislsi cchanging dthe fuemperatare ofssheongompesdbeed

surface. changbﬁghwé%&%&z&ﬁa&wﬁoe@ﬂa ¢eTeh8ih |§ﬁéﬁ€ in

substantlally free of water to J d srgg f,i cant re ase o | or

di oxi de prior totheeCEPPHitey ¢ 2 FeE@nF
i nvention, a hydeomposite ned exdrtiroh ﬂa&c&aqdmkfi chrmurdmeaa:.oa&de @remer si on

25 theregf is b y 'f e ter in the
conposite dges n ?& %ﬂ o‘{af?elé)f oér/%nésr% g"gl g\%@%ﬁﬁk drgg?um i ons

fromthe hydrophgbaégﬁﬁge%hﬁlvqmmefmw quctﬁiﬁtbb’ﬂapp cdherandy, each
of the hydrophi |h9d26§hbuﬁé GRS fa TR ipicdued conelindeusdOor diBcterabout

?hé vn\gtz/?:/vg][gr Wlhaggg Q{&)ﬁﬁjlé‘l% ébcél'ﬁo%a.t hway for interdiffusion between
Maximum chlorine dioxide release from a composite

10 can also be achieved by stabilizing the chlorite anion.
Iminium chlorite is unstable to nucleophilic attack by
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

15 metal alkoxide, is present in the hydrophilic material
containing the iminium chlorite. The mechanism of
alkoxide stabilization of the chlorite counterion is
shown below.

A“ONa :
[ R'zN=CR, 3* €10 —— A N-CR,~0R" + NaCiO,

20 whereif 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
decomposed into an a-amino ether and a more stable
sodium chlorite-salt. If water is present during the

25 oxidation of the tertiary amine, an unstable «-amino
alcohol is formed that can attack the chlorite anion
unless the chlorite anion has been effectively complexed
by the hydrophilic solvent. Addition of water after
solvation of the chlorite ion is not as deleterious.

30 Acceptable strong bases for use in stabilizing the
chlorite include metal alkoxides such as sodium,

This Sheet Has Been Re[ilaced '
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Preferably, each material contains |ess than about 1.0 X 10[err] wt.%

wat er, and, nore preferably, between about 1 X 10-2 wt.% and about 1 X
10[err] wm.%water. Insubstantial 35 anounts of water can hydrolyze a
portion of the acid rel easi ng agen 0_produce_aci.d and hydroniumions
WD 96/ 39029 ' neEET HAS BeenPdT/ US96/ 09475 9 wit hin
t he conposi two séhs2sydr oni um i ons, gg\}\%\%@fpﬁg%gsmot dif fuse PETYSIHNE47S
hydrophilic material until enough free—vwater—is—present for transport of
hydroni umions. The chlorite anions generally do not react with-the 5
hydrophilic material, but are surrounded by ¥ydrogen bonds contri buted by
the nitrogen or hydroxide within the hydrophilic material. Suitable
chlorite sources RORASTHM IRX (GGG Mekoxides: hethexides + PrAraNides: esent

i nvention includepgl il dxithis mdtialr ickddesUslicASas OalumEdsh Wiy, 00t e or
potassium chlorite, ;al kal i.ne-e tal chlorites,.syuch_as,cakcium .
Chlori e o ohl oRoEu AR, UechiThells Chulh B8 NEHC TR pitbaum
pri mary, secondarsaltsref alkaxidesat ammeniumnsadts afiyalkperdess sour ces,

such as sodi gm chl @étdes FR @ |BARuml Acetalb)CEABS D NEIP UH LA, N

excess of about 100 rr]C, all.ow ng.for progessing at rel ati vel i gh
t enper at ur es. or ééﬁeg materials %hat w%uiﬁ generate a strong ﬁéglég

reaction to attack the nitrogen center of iminium
chlorite. ,
In a hydrophilic material containing a tertiary

10 amine (dimethylaminocacrylamide), N-methylacetamide and
urea, an o-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

is substituted for N-methylacetamide in order to soften the
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

20 improves the chlorine dioxide uptake and release
efficiency of the hydrophilic material because it has a
high h§drogep bonding density and will not react with
the acid releasing agent. Compounds having a high amide
concentration can also be used to improve hydrophilic

25 material efficiency. Preferably, the composite
comprises 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

30 an amine and between about 70 and about 95 wt.% of a
hydrophilic solvent including between about 35 and about
55 wt.% urea, between about 35 wt.% and about 55 wt.%
plasticizer and about 10 wt.% base. It has been found
that not more than about 0.5 moles of chlorine dioxide

35 per mole of amine should be added to the hydrophilic

AR
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FIG 1 illustrates preparation of a conposite containing imniumchlorite.
The amine hydrophilic material is in contact wi'th a hydrophobic acid

rel easi ng 20 agent (both hydrolyzed P-O Si and nal ei c anhydride are
shown in FIG 1), Chlorine dioxide (CJerr]) is reduced by extracting an
el ectron fromygdessag@ene, -formng an amniumradical cation (rrgTnssemaswysand
a chlorite counterion (Cderr]). The am nium cation quickly converts 25
to an imniumcation by loss of a proton from an adjacent carbon atom and
oxi dation by another chlorine dioxide nolecul®4 The mechani smfor above.
reaction in an aqueous systemis described by Rosenbatt et al., J. Og. °
Chem, 28, 2790 (1g8®erial snetheChbabibity @D (HRe ma@er;allseplﬁlbe (1967).
H gh chlori ne di oXicdmpremeBkqrite conversions are obtained if the chlorite

ani on and/ or |n1n|un1cat|o that is, gene ated by th n|t|aI electron
transfer fromthe anine 5?' e¥Lpf grYi %?rpf%‘?(él?eaﬁ& fwarephplig 35
hydrophi i c nol ecumateriialsaneltdenfiboahamide, Wtrglahdded chlorite ani on may

Do et coab 1o SRS Ghtee, WRORRNLe orvemide 8yc about
acrylamide-isopropylacrylamide, and copolymers of
acrylamide, isopropylacrylamide or N,N-meghylene
bisacrylamide and a primary amine or a secondafy amine.
Such amides can be useful vehicles for film casting

10 prior to exposure to chlorine dioxide, which does not
react with polymerizable, electron deficient alkenes
such as acrylamide.

Suitable amines for use as the hydrophilic material
include primary amines, secondary amines, and tertiary

15 amines having pendant hydrogen bonding groups. An amine
substituted with electron donating groups that donate
electrons to convert chlorine dioxide to chlorite is
preferred. Electron withdrawing groups concentrate
electron density at such groups such that it is

20 difficult for the chlorine dioxide to extract an
electron from the amine. Tertiary amines having non-
hydrogén bonding pendant groups that are dissolved in a
hydrophilic solvent are also acceptable. Representative
amines include: alkanolamines; copolymers of

25 aminoalkanes and alkene bisacrylamides:;
alkylaminopyridine; alkene diamines; alkylamino
cycloalkanes; alkylamino-carboxyamido alkanes dissolved
in a diluent; amines having the formula R; ,NH,;
R,R,NCH,CH,C (O)NH,; solubilized N(CH2CH,OH),_H,,

30 R,N (NCH,CH,C (O)NH,),, (CH,),N(CH,),N(CH,),,

RsRN (CH,) ,NHC (O) NH,, ' '

' 0

' [R,,—ci-iz—-cuz—lci—un}-cnz
2

N(CH,CH;NHC(O)NH;);: ¢ OT



60 [err]C. Chlorites are also subject to disproportionation into chloride
and chlorate. An amine with a high PK[err] is preferred because it reacts
nore rapidly with chlorine 5 di oxi de and acts as a nore effective proton
sink, maintaining the basic pHrequired for chlorite ion stability. FIG 2
illustrates the mechanismfor release of chlorine dioxide fr J
chlorite whavoa@9%92Ure 10 contacts the conposite. Hydr t?)gp%%lg? 7?he

aci d rel easi ng agent provides hydroniumcations (Herr]Qerr]) that react
with imniumchlorite to release chlorine dioxide gas. The deconposition
products of the reaction are an ami ni um cat$9n (shown as [err] in.
FIG 2), a 15 carboxylate (COO, not shown in FIG 2), and dferr].

These products are reyained within the @onposm } hgs beeryToynd that,

in some instances, iTCMFoTRGH R HHEH ity M&W@"a?“ar}e 0Si 'ﬁ‘ is
exposed to tenperatures exceedi ng about 60 [err]C, reduci ng i

avarl abl e chlorite concentration f.or conversion to chlorine d|0X|de. In
order to maxim ze chlorine dioxide rel ea omthe conposite, it has been -
di scovered that the chlorite s¥rceHgogrNHe om-+e@PI§BHrt he conposite until
the conposite is applied to a surface whe e 25  hydrpphilic materi al
in the conposite is an amne. After application, the conposite is exposed
to chlorine di OXIde gas that eithergreacts with the amine to form

CH3CH-<-¢!—NH—-( CHg) N—CCHy) 5
h. or

wherein: R substituents aré.

5 independently, -(CH,CH,0),H,
~C(CH;);(CH,),0H, - (CH,) ,NH{CH,CH,0) ,H, -CH{CH,),,

—={CHy) = ==CCHZ) g~N NH .
D . \—/ ., alkyl, cycloalkyl,

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

10 cycloalkyl or benzyl; m is 1-100; n is 2 or 3; x is 0, 1

| or 2; vy is 1 or 2; and z is 1-6. Generally, the above
compounds can be solubilized in formamide,
isopropylacxylamide-acrylamide or other conventional
. plasticizers.

15 Preferred amines include monoethanolam:.ne,
diet_:hanolam:me, triethanolamine, a copolymer of 1,3-
diaminopropane or 1l,2-diaminoethane and N,N-methylene
bisacrylamide, 4-dimethylaminopyridine, tetramethylene
ethylene diamine, N,N-dimethylamino cyclohexane,

20 solubilized 1-(N-dipropylamino)-2-carboxyamido ethane or
1- (N-dimethylamino)-2~carboxyamido ethane, a primary



imniumchlorite in situ or dissolves in the amne to provide chlorite
anions. The conposite is then 30 activated in the presence of noisture
to rel ease chlorine dioxide. This nethod enables the conposite to be

exposed to el evated tenperatures during processing, storage and application
as conpar ed wo96/3982% enper at ures at whi ch the im ni um chl or iREER ses,
because the 35 hydrophilic material does not contain imniumchlorite
WD 96/ 39029 ) PCT/ US96/ 09475 or any

chlorite anions. The nethod al so precludes p6emature rel ease of chlorine
di oxi de fromthe conposite. Chlorine djoxide can be provided,on site by
passi ng the conp@®ifne pavingntiecFrerin RiNExi R spcondary.pRige having
Conventional chl ahen€otimaiadR,RyNHer N{OHCHOHE{,at e an at nosphere of chlorine
di oxide that is saturated with water. Q{ﬂ orine dioxide that conmes into

n

contact with the conposite of the inve 2Mon St\first be dissolved 10
into a material that does not absorb wat ch | ow nel ting
hydr ocar bon wax or chl orohydrocarbon wax9 Alt ati vetNt  chl ori ne di oxi de

is dried with a desiccant. ChlAriye dioxide is thus dell ed froma wet
i ndustrial process into the EW’-‘tq wi t hout HN

HaN—=CCHp) 3— N—(CH)g—NH,
/-

.
'

5 solubilized NR:R¢R;, (CH,;),NCH,CH,N(CH,;),, RyR,NCH,CH,C (O)NH,,
R‘mN (NCHQCHzc (O) NH:) a RuRggN (C}XQ) 3NHC (O) NH: ’
N (CH,CH,NHC (O)NH;) 5,

0
[m-cu,-—-cu,—'«!—nn}-cu,

) 0
—(NH——-C CHg) ,,NH—cH,cu,‘c‘-—uucu,un!:'cu,cn,—)—
n

L 4

6] .
. —écu,cu(—g—uu—cn,cn,cﬂzn—-c CH,) ,)-)—
10 ' m

Wherein : Rl is —CH;CH,OCH;CH;OH, 'C (CHJ ) 2CH20H ’

s OX

~~CCHg) g—N >
—CH;CH,NHCH;CH;OH ] -CH (CH3) Y} "CH:CHzOH ] s O

~~({CHp) ;=N NH _
; R, and R, are, independently, hexyl,

benzyl, n-propyl, isopropyl, cyclohexyl, acrylamide, or
15 -CH,CH,0H; R, is cyclohexyl or benzyl; R; and R, are
methyl; R, is cyclohexyl or 4-pyridvl; R, and R, are,



15 exposing the conposite to water. In order for an amne to form
imniumchlorite in neat formor in the presence of a plasticizer, the

am ne nust be sufficiently electron rich and the am ne nitrogen nust be

| ocally nobile.. El ectron withdraw ng 20 groups shoul d be separated from
the am ne center by at |east two nethylene groups in order for the chlorine
di oxi de to ewdpasp29an el ectron fromthe am ne. Mvenent of PCERUSASNE4ISabout
the nitrogen center of the amine is required for amniumformation. |If the
amne is frozen 25 into a glassy matrix, the amne nitrogen wll not be
nobile and'the amne will not convert to immiumchlorite. A glassy am ne
can be softened to increase nobility by adding at |east about 10 wt.% of a
pl asticizer, suchndepentently) evettlayl weoi-grdopyl de, isopROpyl;tRg d8ine to

Sul Lable pi ast | oo Oz EIHN2 RS BRAOW, Gfe) *EAALIMEILR) A iy e
chl orine di oxi de®FB¥&asB-PFRRYH o mMARREPYcdin Thé SaPleABYeEFT ARABI hgtPhe
viscosity of 35 100%han@ynrieh2 lox 3nd Suitahleoldiduentsr iatliudehangi ng t he
di spersibiligly ofotRgmiudr 8PP AEIMUMURYIC acrytamide.

Oligomeric or polymeric secondary amines converted to

acrylamide substituted tertiary amines by Michael

reaction with acrylamides are also suitable because the

amide group does not react with the acid releasing

10 . agent.

Hydroxylic compounds, including ethylene glycol,
glycerin, methanol, ethanol, methoxyethanol,
ethoxyethanol or other alcohols, can be used as the
hydrophilic material. However, chlorine dioxide release

15 can occur very rapidly when a hydroxylic compound is
incorporated in the composite and can limit the
applications: for such composites to rapid chlorine
dioxide releasing systems, '

Suitable acid releasing agents include carboxylic

20 acids, esters, anhydrides, acyl halides, phosphoric
acid, phosphate esters, trimethylsilyl phosphate esters,
dialkyl phosphates, sulfonic acid, a sulfonic acid
esters, sulfonic acid chlorides, and phosphosilanes of
glycerol based esters. Examples of such acid releasing

25 agents include an anhydride or phosphate ester blended
with or grafted to polypropylene, polyethylene or
polystyrene, or trimethylsilyl phosphate esters of the
formulae



material s, changing the tenperature of the conposite, changing the
concentration of acid releasing agent in the conposite, adding a desiccant
or hunectant to the conposite to control release of chlorine dioxide fromb5
the conposite gnce it is exposed to noisture, or changing the vol une

fracti ons ofwhbgadayslr ophilic and hydrophobic materials to pPOTEISESN09475

conti nuous or discrete phases within a dispersion. Mxinmum chl orine di oxi de
rel ease froma conposite 10 can al so be achieved by stabilizi-ng the
chlorite anion. Imniumchlorite is unstablego nucleophilic attack by the
chlorite anion. It has been discovered that the roomtenperature lifetimnme
of chlorite ani on{CH,)s8LOP&D}) (GR) y wheredtnc® Bhea nosthydrpders doriidly as a
15 netal al koxyd&upi Sa Y dRythe hydrophilic material containing the
i mnium chlorite.” The nppchani sm of "al koxi de ,stabilization of {he chlorite
counterion is shown bebiRPAT % |SLAY likfOldoRMRESAE-R- ard BREehLe the
correspond to thomeletuldeviih ertiipiainiwallaaadRa Psoagiakbéye) prsiivnlragen

Pho an o anbng. oongFoloet Bl of I diDdUalT aRel sblRE.  8HE drefCHlRe©r]
present during thacdd relepsing iagenits ecauset they aannbe melunstmbl e
a-am no al cohol igoipéned pFededsEa Aildf eHeepehbar beCradh§crossiinked
after processing to provide film stability. A preferred
phosphosilane of a glycerol based ester is known as
10 LPOSI and has the formula

0

GO~ F!-—OG

|
o—Lbi1-0—¥—oc
o=b—b

I (o]
LG O—L I-O——lg—-OG
(603 ,—h bc g dc

(o
0
°W
, _ EEOH
wherein G has the formula “—OH

A free radical polymerizable alkene or condensible group
on the terminal end of a lipid is a representative
15 oligomer. , _ '

Acid anhydrides are also preferred acid releasing
agents and include organic acid anhydrides, mixed
organic acid anhydrides, homopolymers of an organic acid
anhydride or a mixed inorganic acid anhydride, and

20 copolymers of an organic acid anhydride or a mixed
inorganic acid anhydride with a monomer containing a
double bond. Preferred mixed inorganic acid anhydrides
contain a phosphorus-oxygen-silicon bond. Preferred
anhydrides include copolymers ¢of maleic anhydride,

25 methacrylic anhydride, acetic anhydride, propionic



unl ess the chlorite anion has been effectively conplexed by the hydrophilic
solvent. Addition of water after solvation of the chlorite ion is not as

del eterious. 30 Accept abl e strong bases for use in stabilizing the
chlorite include.nmetal al koxides such as sodi um 13 potassi um or cal ci um
met hoxi des, et hoxi des, propoxides or butoxides, netal oxides such as

al uni num oxi W 96@90290di um oxi de, trial kyl anmoni um salts of BFUSe6QMIS
ammoni um sal ts of al koxi des, acetates such as sodium5 acet at e,
substituted acetates, or other materials that would generate a strong basic .
reaction to attack the nitrogen center of inml@ umchlorite. In a- ' _
hydrophilic material containing a tertiary am ne (di nethyl am noacryl am de),
N- met hyl acet ani de a@ydride, Qre§UCSANICANRYAEIRR, 2R CHIGY/ (SEvFsne oF
fornmed when the i mimialketel,osuth &8s Mhdbiti Z8ydAlJeraiarad Copolgmedeneric

For mam do. - can be BUBZRLES: SaoFsbt witn  UEEEIRE S5en ¥ TS o clegs '

15 ani ne. For medvethydenesme Ry POLYFR¥ReReS ar cCorpdymers] afo@cddhot be

preferred i n sappl ianyidaidelsN4alv eB8elEMBE CLBEIEor |f1YdWl G deeta®y | S

sufficiently rrDbllpefovide a rapid initial chlorine dioxide release rate
followed by a slow release rate.

The hydrophobic material can further include a
diluent such as atactic polypropylene, hydrocarbon wax,

10 chlorinated wax, polyethylene wax, low molecular weight
polyolefins, polyesters, derivatized polyolefin
copolymers, or mixtures thereof. Diluents can be
included in the hydrophilic material as well.
Plasticizers can also be incorporated in either the

15 hydrophobic or hydrophilic materials as is known in the
art. Generally, formamide and isopropylacrylamide-
acrylamide are acceptable plasticizers.

A moisture scavenger, such as sodium sulfate,
calcium sulfate, silica gel, alumina, zeolites, and

20 calcium chloride can be added to the composite to
prevent premature hydrolysis of the acid releasing
agent.” Conventional film forming additives can be added
to the hydrophobic and hydrophilic materials as needed.
Such additives include crosslinking agents, flame |

25 retardants, emulsifiers and compatibilizers.

The composites of the present invention can be
formulated in various ways to accommodate a wide range
of end use applications. The composite can be
formulated as an extrudate, such as a film or pellets,

30 or as a powder using conventional extrusion and spray
drying methods, respectively. When the composite is
formulated as a powder, chlorite containing particles
are formed by dissolving a chlorite source in a
hydrophilic solvent and extruding the solution through

35 nozzles of a spray dryer. Once the solution is
transformed into spray dried particles, the particles



the addition of a plasticizer is unnecessary. Urea inproves the chlorine

di oxi de upt ake and rel ease 20 efficiency of the hydrophilic materi al
because it has a high hydrogen bonding density and will not react with the
acid rel easi ng. agent. Conpounds having a high am de concentration can al so
be used to.g BRERY8s hydrophilic material efficiency. Prefergokasoddvers
conposite 2 conpri ses between about 5 wt.9% and about 95 wt. % of the
hydrophilic material and between-about 5 wt.% and about 95 wt. % of the

hydr ophobi ¢ material. The hydrophilic matera@l conprises between about 5 to
about 30 wt.% of an am ne and -between about 70 and about 95 wt.% of a 30
hydrophi lic sol vean bacrodted tetaceycldnstseparatorabouisdbahe. Smalka,

bet ween about 35&%&:%&:@89 Bhesér Y ndéia st 'dihﬁﬁ%e%ngfaﬁgﬁ%eég ¥bout base.

It has been foun of chlorine dioxide -

t han about 0.5 nol.e
per nole of anine &R F&B’é?ﬁi@e‘ﬁ“ﬁ’@‘ﬁw‘e W’&r?ﬁﬁ'tl"f: es c?l’) bBenobeg
PCT/ US96/ 09475 létowedr inl aodry hetmospherd.y Ohcehehenthlosliteopadtbeles

conpr omi sed5 Pr eGorl fdaa Phsy | fFe Uks Andd's BILEARGLNI BelBt ophg! | Nl ude

f or mam de, acrylam(j-
hydrophobic material containing the 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

10 containing particles. Upon contact with the fluidized
particles, the chlorine dioxide releasing powder is
formed as the hydrophobic material solidifies to form a
hydrophobic core having a layer of chlorite particles
embedded in the outer surface thereof. Aggregation is

15 minimized because the chlorite particles are hard
inorganic materials. The particles can then be packaged
in a dry sealed container.

In forming the chlorine dioxide releasing powder,

anhydrous particles, such as anhydrous sodium sulfate,

20 calcium sulfate, magnesium sulfaté, or a moisture
depleted silica gel, can be included in ‘the fluidized
bed td” form a mixture of chlorite particles and
anhydrous particles. The anhydrous particles delay
release of chlorine dioxide that is catalyzed by

25 atmospheric moisture. The anhydrous particles can also
be post-mixed with the chlorine dioxide releasing powder
'to delay chlorine dioxide release.

Although the hydrophilic and hydrophoblc materials

can be formulated as described above for the composite,

30 it is preferred that the chlorite powder contains an
alkali or alkaiine-ear;h chlorite. The hydrophobic
material preferably contains a low melting hydrocarbon
wax, chlorohydrocarbon wax, atactic polypropylene,
polyethylene wax, a low molecular weight polyolefin,

35 derivatized polyoclefin copolymer, or mixtures thereof.
An acid releasing wax, such as a hydrocarbon solution of



5 I sopropyl acryl am de, copol yners of formam de and

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

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

pol ymer i zabWe 968982t r on defici ent al kenes such as acryl ani Bet/USI§0PHH| o

am nes for use as the hydrophilic material include prinmary am nes,
secondary amines, and tertiary 15 am nes havi ng pendant hydrogen bondi ng
groups. An amine substituted with el ectro@ldonating groups that donate

el ectrons to convert chlorine djqgxide_ to chlorite is preferred. Electron

wi t hdr awi ng gr ouBsPReFRIRA¥ LAY ¥CEERLi Foagted R AL RUch that it
is 20 di ffi cublkéridédeca Ppmvdure chiiceddanhpdekde ap+0-a81 @ady,oisf romt he

am ne. Tertiar ) VA - ' e r s that are
di ssol ved in ayhgg%g% T%?cags]&ﬁ\gn%’ d?rbghgggg g‘%ggg?%ﬁoe%ﬁ glssce)rl ative
am nes include: BRRKEHGRIAFHeSuitaliey Acid spleasing Jmam kA% MfSs idnd al kene

bi sacryl ani ges; préyasimdahe idliltind @eokidearelessing dwddo
oyl oal kanes: o1 ! AT B RELINA YRR A HRR ShoaHLYEfed et o | VO
EEEL{LFL?EL%§$T¥Egzzgzzfzézizggezg?QQQF;lgoandiabqeu 1000 cP through
weetl about 1 and about 10 mil diameter, a
Rler I NG er ] €T L] L0 NEETIT O00) el Ghka Mbbbe™s S s 00
10 microns in diameter is generated.

In addition to formation of powdered composites,
the composites of the present invention can be _
formulated in solvents to allow for film casting or
other application methods. The composite can be applied

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

The composites can also be provided as a layer 12

composed of a microdispersed hydrophobic and hydrophilic

20 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.
The hydrophobic and hydrophilic layers can be applied by
casting the hydrophilic layer onto a substrate 20 and

25 then casting the hydrophobic layer onto the hydrophilic
layer, as illustrated in FIG. 3a. The multilayered
composite or single layer can be applied in conjunction
with moisture regulating layers 22 to control the rate
of moisture ingress_intp the hydrophilic material or

30 hydrophobic material to control chlorine dioxide release
from the multilayered composite when activated by
moisture.

In order to generate chlorine dioxide in a
controlled fashion it is useful to limit the access of
35 water to the hydrophobic layer containing the acid
releasing agent and to control the surface area of



Rlerr]Rerr]N (CH err])[err]NHC (O NHerr], [err] WO 96/ 39029

PCT/ US96/ 09475 15 [err] wherein: R substituents are, 5 | ndependent | vy,
-(CH err]CHerr]OJ[err]H -C (CHerr])[err] (CHerr])[err]OH, - (CHerr]) .
[err]NH(CH err]CH err]OJ[err]H -CH(CHerr])[err], [err] alkyl, cycloalkyl,
benzyl, acryweyvsdeneeor pyridyl; Rerr], Rerr], Rerr] and WEUSI/09478
alkyl; Rerr] is straight chain (Jerr] to (Jerr] alkyl; Rerr] is 10

cycl oal kyl or benzyl; mis 1-100;" nis 2 or 3; xis 0, 1 or 2; yis 1 or 2
and z is 1-6. Generally, the above conpoundgzcan be solubilized in '
formam de, isopropylacrylam de-acrylam de or other conventi onal

pl asticizers. 15 contact Hatefemnr eHeadaper realéasiongriuine thydrondninnton

o A AT AR 142 OB Bl oty BB oBBE o7
t et ranet hyl ene et fghtrelipdreleasr Ragi bet ehtained by Gastdngn&he20
sol ubi lized 1-(N gy@FeROLEE R Rya2bPRXY2S] Mo & 10 19, 18 as separate
5 layers with an intermediate boundary'layer 24 that
regulates hydronium ion transport between the materials
as shown in FIG 3c.
The layered composites of the present invention are
intended to maintain a desired rate of chlorine dioxide

10 release (moles/sec/cm* of £ilm) in the presence of -
atmospheric moisture at a surface for a length of time
required for chlorine dioxide to absorb onto the surface
and kill bacteria or other microbiological contaminants.
However, leakage from a container or exposed surface

15 reduces the chlorine dioxide concentrations at the
surface because of chlorine dioxide diffusion into the
atmosphere. The chlorine dioxide concentration released
from the film for a chosen time period can be calculated
given the leakage rate and the rate of absorbance at a

20 surface. Thus after measuring the leakage rate, the
composite is formulated so that it contains a large
enough’ reservoir of chlorite reacting at a speed
sufficient to compensate for the leakage rate for the
desired time period of sustained release. '

25 Therefore, design of a chlorine dioxide releasing
composite suitable for controlled release and biocidal
action within a container must take into account several
aspects, namely, the chlorine dioxide production rate
from the controlled release film, the partitioning of

30 chlorine dioxide between the phases within the container
(e.g. gas, liquid and solid phases) in a reversible
{(absorbed) or irreversible (reacted) fashion, and the
leakage rate of gas from the container. Design of such
a composite is described in Example 15.

35 A preferred extended release system of the'present
invention conserves the chlorite reservoir by emitting a



1- (N-di net hyl am no) - 2- car boxyam do et hane, a primary WO 96/ 39029
PCT/ US96/ 09475 16 am ne having the formula Rlerr]NH err], a secondary
am ne having the formula Rlerr]Rerr]NH, N(CHerr]CHerr]OH)[err], [err] 5
solubilized NRlerr]Rerr]Rerr],
(CHerr])[err]NCH err]CH err]N(CH err])[err],
Rlerr] R err]oghkmsyosd CH err] C(O NH err], R err] N(NCH err] CHPETUBS/PO)S
NH[ err])[err], HRerr]Rerr]N(CH err])[err]NHC (O NHerr],
N(CH err]CH err]NHC (O NH err])[err], [err] wherein: Rerr] is
-CHerr]CHerr]OCH err]CH err]OH, -C(CHerr]ogerr]CHerr]OH [err]
-CH err]CH err]NHCH err]CH err]OH, -CH(CH err])[err], -CHerr]CH err] OH,
, or [err] R esefiesdof{perijodice pulsicheeleatey, thmedltobeuimé;de
Rorr 15 cyol ohobypnots Hseerf hud O3 plbepdial, %ﬁ%ﬁ%r ré s
cyckohexyl or 4- pGPRESRLNALINT [o% Fhextamirass dncubabirncrine
PCT/ US96/ 09475 17pisvepieaeros Vinverdut. rmher ewteﬁrdeswnowh b&err] is
n- . 5 optimized to maintain the desired kill concentration for
the requisite time at the atmospheric chlorine dioxide
leakage rates imposed by the specific application.
A typical controlled release multilayered composite
includes water swellable films A and B of a thickness of
10 about 5 mil with a hydrophobzc layer A and a hydrophilic
layer B as described above for the composite. The
hydrophobic layer A contains an acid releasing agent
such as an anhydride and hydronium ions generated by
anhydride hydrolysis. The hydrophilic layer B contains
15 chlorite anions as provided, for example, by dissolving
sodium chlorite or another chlorite source in a
hydrophilic solvent. The hydrophobic and hydrophilic
layers are separated by a water swellable intermediate
layer C having a thickness.l (typically about 5 mil) and
20 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 water
transport properties of layer C.
The intermediate layer C.can be composed of a wide
25 variety of materials since chlorine dioxide can diffuse
egually well in both hydrophobic and hydrogen bonded
matrices. Such materials include polyionomers such as
protonated and neutralized, sulfonated, or
phosphorylated oligo- or poly-alkenes such as
30 polyethylene, polypropylene, alkyl acrylates and
copolymers thereof. Lipid substituted polyhydroxy
alcochol phosphates and phosphosilicates and their
mixtures with alkene polymers and oligomers are also
preferred. Finely divided anhydrous salts or desiccants
35 may be added to any of the layers to retard the reaction
to chlorine dioxide that is catalyzed by water.



Cerr]Herr] or n-Cerr]Herr]; Rerr] and R err] are, independently,

met hyl , ethyl, n-propyl or isopropyl; mis an integer from1l to 100; and n
is 2 or 3. Suitable diluents include 5 formam de or acryl am de-i sopropyl
acrylamde. digoneric or polymeric secondary am nes converted to

acryl am de supsésdors ed tertiary am nes by M chael reaction YVHS%OMIPani des
are al so suitable because the am de group does not react with the acid

rel easi ng 10 agent. Hydroxylic conpounds, including ethylene-glycol,

gl ycerin, methanol, ethanol, nethoxyethanol 24thoxyethanol or other

al cohol s, can be used as the hydréfhlllc mat erial . However, chlorine

di oxi de rel ease 15 Thhat ke dipgoxsted, thak,canstanskiss ©f dhpound i s
i ncorporated in tﬂaelebnwsréda ambasarté whieiretihe thpphtreahgenent osf sibeh

conposites to rap}‘%%ﬁgpéo“ :%%%%! § SI lﬁgat rghéuf Px@#fa acid

rel easi ng agents ude ca I'des, acyl
hal i des, phosphor€¢AGB) (pah@gphate @gpgegenwlmm@nqd rpurtngha e

esters, dial syl PHesses) Seroviddd Peérradie pm%uhf 2aL6ade! Ot sul f oni ¢
acid chl ori des, and hos OSI ane 0 er esters. Ies of
such acid rel ea5|ﬁ3n§ qsrfg? Fé'x’fndgﬁﬁg |8¥eﬁrs?fﬁ%§ a"( ’%’st"é'r
bl ended with or gmafhtks. toSIpt:l'Il)mxlq:gd gred easel wnhpEeqeondlwqétt;am or
trimethylsilyl phgsghehe H9d@SstUn (1 contamination of viruses, molds,
fungi and bacteria. The cycle time and peak
10 concentrations of chlorine dioxide would be controlled
by the layer thickness, chlorite and anhydride loading,
and the water and ionic permeation characteristics of
layers A, B and C. Pulsed release occurs as each layer
(ACB),; is successively penetrated by water vapor and
15 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 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.
20 Additionally, a multilayered composite C(DCD),C can be
made in order to provide pulsed release as described
above.’
Pulsed releases of chlorine dioxide that vary from
about one day to over about 200 days can be achieved for
25 5 mil thick A, B and C films by separating the
hydrophobic layer A containing the acid releasing agent
from the hydrophilic layer B containing chlorite anions
by an intermediate layer C capable of supporting varying
hydronium ion transport rates.
30 The pulsed release capabilities of a multiple
' layered film can be calculated as provided in Example
16.
_Applications for the composites are numerous. The
composites can be used in most any environment where
35 exposure to moisture will occur. The composites can be
used to prevent the growth of molds, fungi, viruses and




formul ae [err] WO 96/ 39029

PCT/ US96/ 09475 18 (CH err])[err]SIOP (O (OR)[err] wherein Ris a

non- hydr ogen bondi ng group, alkyl or aryl. Linear or star |ike oligoners
(e.g., amcelle like nolecule with a lipid wall and a P-OSi core), such
as a b phosphosi | ane of a glycerol based ester, are preferred acid

rel easi ng agrydeasbmdcause they can be nelt- or sol vent- procBESHESP6IP4M t he
option of being crosslinked after processing to provide filmstability. A
preferred phosphosil ane of a glycerol based ester is known as 16 LPCsI
and has the fornula [err] wherein G has the2Bornul a OH A free radical "’ _
pol yneri zabl e al kene or. condensible group on the terminal end of a lipidis
a representative bEEterig jogooe sngfacenafini seterial ArY/ 9x deqdaxizgi d

rel easi ng agents awl natdride ngweataﬁgdtnehydffd@é wmnsewl é&xﬁﬁhﬂ:eacn d

anhydri des, hono of _an ani.c 1. d, anh dr|d | nor gani c
acid anhydri de, th% es no r%&.gase cﬁfor:.ne 10X1 6\: e‘bsence %%
: ‘moisture, and exposing the treated surface to moisture
. 5 to release chlorine dioxide from the composite into the

. atmosphere surrounding the material. The treated
surface is generally a portion of a container or is part
of a substrate placed within the container.

The biocidal atmosphere generated within the

10 container can be used in storing food products including
blueberries, raspberries, strawberries, and other
produce, ground beef patties, chicken filets, and other
meats, enhanced foods, pet foods, dry foods, cereals,
grains, or most any food subject to bacterial

15 contamination or mold growth. Bar soap, laundry
detergent, stored paper documents, clothing, paiant, and
seeds can be protected from mold growth. Medical
"instruments, devices and supplies as well as disposable
or nondisposable personal cafe products can be

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

25 Conventional containers can be used such as
paperboard or containerboard boxes, corrugated,
nonwoven, plastic, or polymeric multilaminate
containers, cellulosic, plastic or paper bags, seed
packets, or waste containers.

30 The treated surface can be a reusable or disposable

' mat or sheet including a dental tray covering, a
surgical tray covering, a shower mat, nonwoven bandage-
material, a meat cutting board, a liner for drawers or
shelves, an insert for athletic bags or gym lockers, a

35 food wrapper, a paper sheet for separating hamburger
patties, a meat packaging tray, an overpouch such as



20 copol yners of an organic acid anhydride or a m xed inorganic acid
anhydride with a nononer containing a double bond. Preferred m xed

i norgani ¢ aci d anhydri des contain a phosphorus-oxygen- silicon bond
Preferred anhydr.i des include copolyners of mal ei ¢ anhydri de

met hacryl | wapdnpds de, acetic anhydride, propionic . 9%‘?‘39692@94"5

PCT/ US96/ 09475 19 anhydri de, or succinic anhydri de, and vinyl, styrene or
an al kene, such as nmal ei ¢ anhydri de-styrene copol yners, or grafts thereof

with ol efins such as polypropylenes polye?ﬁylenes or polystyrenes.
Copol ynmers of aci.d

f | lJ.c .acid
can provide a raﬁ}'f‘?f? ﬁ"rsﬁalll\rl‘cﬁfsgﬁslaﬂggal f::gég?rg?%% 3 qsa{t ea f%%lsgaeé&%d&.c:i. >
sl ow rel ease ratsepmmydarobm;bﬂ-cnmt eanadbsoxbént tpad ﬂqmlnmximzdi | uent

such as atact ¢ ioly PrLANHRRe or! Q'Bﬁaééb()?r"\%’aﬂébrberf@'lq et

pol yet hyl ene wax, ecul ar melg fins, po yesters erlvatlzed
pol yol efin copol%\ﬂf’ép%s ni BBGHe ﬁePEoF eﬁ-? (R SERIFEY maded£Fom t he
hydr ophi | i c5 mat gjdrmdr,aceldloskicgs polimeric s anowess Ofdisrid @f pivriovén N
either the 15 nép@¥{g¥gmnc or hydrophilic materials as is known in the

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 myctolnafotic

10 growth when the seed is planted. The coating, when
activated by moisture, creates a microatmosphere of
chlorine dioxide in the soil in the vicinity of the seed
and inhibits mycotic growth that normally would impede

_ seed germination. This coating has no effect upon the

15 germination of the seeds. Seeds in storage do not have
to be physically coated to be protected but rather can
be in a closed container containing the active material
as a packet, "tea bag" or coating on the container.
Paper impregnated with the composite generates

20 sufficient chlorine dioxide to protect the seeds.
Although any seeds can be protected by the coating,
edible’ seeds such as corn kernels, sunflower seeds, or
soybeans, remain fit for human consumption once they are
coated. Thus, the coated seeds can be provided for

25 planting or for humah'consumption after they have been
coated.. |

The surface can be treated with any of the
composites of the present invention by conventional
coating, extrusion, lamination and impregnation methods

30 well known in the art. '

' Another embodiment of the invention is a method of
preventing the growth of fungi, bacteria or molds on a
surface and/or deodorizing the surface by treating the
surface with a composite that does not release chlorine

35 dioxide in the absence of moisture, and exposing the
treated surface to moisture to release chlorine dioxide



art. Generally, formam de and isopropyl acryl am de- acryl am de are

accept abl e plasticizers. A noisture scavenger, such as sodium sul fate,
calciumsulfate, silica gel, alum na, zeolites, and 20 cal cium chl ori de
can be added tqQ the conposite to prevent premature hydrolysis of the acid
rel easi ng a%Fnt. Conventional filmform ng additives can ? t he
hydr ophobi c rophilic materials as needed. Such additives Include
crosslinking agents, flame 25 retardants, emulsifiers and
conpatibilizers. The conposites of the presszt i nvention can be’ fornul at ed
I n various ways to accommodate a w de range®o0f end use applications. The

composi e can be ¢l elnpdetBeC EIRE: atiitdbHid sunBudlatfel Lks 30

or as a powder using conventional extrusion yi ng net
respectively. W& Sconposite is fornul ated as a powder, chlorite
contai ning particles @& pretettddbspplicationdimenidey id €ovtupordep for

D oeh e oSl b atel Boegal SO WAL maCethBCl 2
t he, parti cl &5 can b mgged directly on the surface of the foot or
PCT/ US96/ 09475 2Qan be incorporated into a shoe insert. The composite
can be applied between.the cloth covering and foam pad
of the shoe insert, lmpregnated within the foamed pad
or impregnated or coated on a shoe counter or upper
10 lining. Chlorine dioxide generated from moisture within
the shoe diffuses from the composite into the atmosphere
to kill fungus and deodorize the shoe. The powder can
-be blended with conventional ingredients such as talc,
cornstarch, fragrance, miconazole nitrate, tolnastate
15  silica, boric acid, aluminum chlorhydrate, salicylic
acid, and cellulose. The powder can also be blended
with other ingredients and used in bath powders or
powders used in treating jock itch.
' The powder can also be applied to caxpeting to
20 remove odors from the carpet. Ingredients commonly
incorporated in powdered carpet deodorizers or cleaners
can be’ blended with the powder of the present invention.
The composite can also be formulated in microcapsules
that break after being stepped on and are then activated



can be routed to a cyclone separator to isolate small particles preferably
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 5

are made, they are fed into a fluidized bed. The hydrophobic materi al

cont ai ni ng type 9&890de r el easi ng agent is aerosolized by passiVFUSREOMEberi al
t hrough smal | dianeter nozzles into the chanber of the fluidized bed where
it can inpinge upon the fluidized chlorite 10 cont ai ni ng particles.
Upon contact with the fluidized particles, td& chlorine dioxide releasing
powder is fornmed as the hydrophobic material solidifies to forma _ |

hydr ophobi ¢ core R¥vPRYSERFeyerSHFh GHCEPPFBsBiFEi ERR PR nHRFERIRALES HE out er
surface thereof. gggoegashower v bath matisnozredahebauvased hin cddrpet e
particles are harﬁe?ﬁBEﬂﬁ@@ oﬁmuerialsj The particles can then be packaged
in a dry sealed contarner. Tn fornming the chlorine-dioxide rel easing
powder, anhydrous partARPEREr Jifeh £0r &hey EPBR9SEEES uS silm fREeviding self

cal ciumsul fate, gRepesizing Ppdaiayiny, whiehsis' padeptel#flPiddeulan can
be included in th f'“'giéﬁﬂ ed to forma nlxtuge of ghlorlte thl | es
and anhydr ous pargpﬁlﬂg. %ﬂékﬁﬁ%BUS COMRESHER o ?é?%ég%?{§ A5 i ne
di oxi de that is caublingedcdmnéors atfitmentsi ornotbenr eompdentenasir ous
particles can al sgeRarRPst1dessl d¥ lthed ByacbbRbbie 8t Oirgfodiei £aSI Ng powder
material on separate components that are activated upon
10 being pressure 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
‘hydrophobic £film containing acid releasing agent, a
surface of another tube fitment is coated with a
15 hydrophilic £ilm containing chlorite, and the treated
surfaces of the fitments are interconnected in the
presence of moisture to initiate the release of chlorine
dioxide from the treated surfaces into the atmosphere
surrounding the material. Fitments for in-dwelling
20 cathéters, needles, peritoneal dialysis, percutaneous
devices, percutaneous access, colostomy bags and other
medical devices can also be treated in accordance with
this method. Additionally, closures on a package can be
so treated to provide self sterilizing packaging for
25 medical devices, instruments and supplies.

The composite of the present invention was expected
to kill bacteria on the surface of meats. However, it
was not expected to penetrate a ground beef patty. It
has been discovered that chlorine dioxide evolved from

30 paper treated with the composiﬁe-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. E. coli 0157:H7
in tainted meat has caused death and severe illness and

35 appears to be especially resistant to cooking, .
fermenting and drying. In a typical operation producing



to delay chlorine dioxide release. Al though the hydrophilic and hydrophobic
materials can be fornul ated as descri bed above for the conposite, 30 It
is preferred that the chlorite powder contains an alkali or alkaline-earth
chlorite. The hydrophobic nmaterial preferably contains a |ow nelting

hydr ocar bon wax, chl orohydrocarbon wax, atactic pol ypropyl ene, polyethyl ene
wax, a | ow wolessem2ar wei ght polyolefin, 35 derivatized SGF%?W??

copol ymer, or mxtures thereof. An acid releasing wax, such as a

hydr ocar bon sol uti on of WD 96/ 39029 :

PCT/ US96/ 09475 21 a phasphoryl ated |ipoglyc®® ol reacted with silicon

al koxi des to produce m xed anhydride P-Q St bonds, is preferred as the

hydr ophobi ¢ . mat eFe&F. PREEEPS| £0% GRIFPeXSAa)y ISPISWIPLALE JReAt r &8 cFEPPRAMax
for use in 5 pepadedgahfefchned i hietalipattdes ¢hagsapg pepststed by he

1000 cp througn ThebPac8Ei E8aEed plodd NIl PkVERLTRRLERIS, oF gAg Pholt
fine spray of nofindividuabcpakehespoALtennackegingsobheogroundanedts in
di aneter issgenecahcde bRpoddd! toNchIv itdHiloNidel of@wUar gercoaresi ¢ ifie
when in refrigerated storage to kill and inhibit the
growth of the bacteria. o
- The following examples are presented to describe
preferred embodiments and utilities of the present

10 invention and are not meant to limit the present
invention unless otherwise stated in the claims appended
hereto.

EXAMPLE 1
A hydrophilic material was made that contained a 7
15 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
33 mole% maleic anhydride and 66 molet styrene ‘in

20 ethylbenzene plasticizer was then made. The hyérophobic
material was vortex mixed with the hydrophilic material.
The reSultant white mixture of the two disperse
materials started a sustained release of chlorine
dioxide in the absence of added water within five

25 minutes at room temperature. Interphase diffusion of
‘water within the dispersion initiated hydrolysis of the
anhydride. Hydronium ions formed during hydrolysis
reacted with chlorite anions to release chlorine
dioxide. The release rate could be slowed by cooling

30 the mixture to 0°C or by increasing the viscosity of the
materials. '

EXAMPLE 2
1- (N-dipropylamino) -2-carboxyamidoethane (DPACAE)

was made by reacting 0.2 mole di(n-propyl)amine with 0.1

35 mole acrylamide in the presence of a small amount of
acetic acid as a 10 wt.% solution in methanol. The



t he conposites of the present i'nvention can be fornulated in solvents to
allow for filmcasting or other application nethods. The conposite can be
applied 15 as a filmby using well known hot nelt, dip coat, spray coat,
curtain coat, dry wax, wet wax, and |am nation processes. The conposites
can al so be woeea2 as a | ayer 12 conposed of a nicrodi sperSEEHIW Bphobi ¢
and hydrophilic 20 material as shown in FIG 3b, or as a nultilayered
conposite 14 including a separate hydrophobic |ayer 16 and a separate
hydrophilic layer 18 as shown in FIG 3a. e hydr ophobi ¢ and hydrophilic

| ayers can be applied. t] r o | bR a rate 20
and 25 t hen c%s?ﬁ%gagﬁhggﬁyg%%%ﬁi%}y?a% Blorh%gﬁgehggrgbhﬁ#%é%ayer, as
illustrated i n FVGCUYR eYAROFRF1PR Q&' he iRReS 28ise 3Rdgl e | ayer can be

apltol i e]gi in c?nj Uelss ealmhafﬂ@itxﬁmraéé Qﬁéh_sl’ﬁ_ﬂd& d:apehleaaa,tg RDES giovb Eeb_
rate of noisture _ingress i e g ma or r ophobi c
material to cont P\?a%é'ﬂpo??ﬂégdﬁ"ﬁii%%t?e‘ﬁ)%%s@if Fohﬁég that %%@i%"
conposi te wen adoseaeminkyandi formeactyilamidlie upongprelangedhheatimg di oxi de
in a controlled F%%QEOEhEtméftEﬁEf#%iﬁP.'i”it the access of 35 water to

t he hydrophobi c I'ayer containing the, acid rel easing,agent and to control

was made by reacting 0.2 mole dimethylamine (as a 40
wt.% solution in water) with 0.1 mole acrylamide as a 10

10 wt.% solution in methanol. The reaction was carried out
for one hour at room temperature. After vacuum
evaporation of excess amine, methanol and water, the
DMACAE was taken up in methylene chloride, dried with
magnesium sulfate and isolated as a low melting (T, =

15 45°C) hydroscopic solid.

Both DPACAE and DMACAE crystallized only slowly and
thus could be studied in the liquid state at room
temperature. Neither neat liquid formed iminium
chlorite. However, 10-30% wt.$% solutions in formamide

20 or acrylamide-iscpropyi acrylamide readily formed
iminium chlorite when exposed to chlorine dioxide.
¢ . EXAMPLE 3
The amine-chlorine dioxide reaction was studied by
layering the requisite amount of 6.0X10° molar solution
25 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 dioxide-pentane solution was prepared by
_ reacting stoichiometric sodium chlorite with potassium
30 persulfate in a small amount of water in the presence of
' pentane with vortex stirring in ice water. The
supernatant pentane layer was then removed and kept dry
in a sealed container over magnesium sulfate.

The formation of chlorite was detected by

35 acidification of the reaction product and the
observation of the odor and color of chlorine dioxide by
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contact between the layer releasing the hydroniumion and the hydrophilic
| ayer containing chlorite. Such controlled rel ease can be obtained by
casting the hydrophobic and hydrophilic materials 16, 18 as separate 5

| ayers with an internedi ate boundary | ayer 24 that regul ates hydroni umion
transport bwtowseeo®he materials as shown in FIG 3c. The | ay SWHA4Ssi t es
of the present invention are intended to maintain a desired rate of

chl orine di oxide 10 rel ease (noles/sec/cnferr] of film in the presence
of atnospheric noisture at a surface for a 3ngth of time required for
chlorine dioxide to absorb onto the surface and kill bacteria or other

m crobi ol ogi cal E¥AVaf SRECETOSEARY B Lter Srnpsuney ¥oa didits HEL -or Iaxposed
Burface 1]{3 o reduﬁeScaBes C&lh@][ﬂ»f@séﬁéé(icﬁie cHlaate QiaiSOIfSJr%he&'thlsrlilffiaae
ecause of chlor X | on at no i ne

di oxi de concentr ﬁé %i%%ﬁ $¢E§H§rﬁg¥é§?#qiﬁm ?ﬁ%%@%tﬁga§‘§gr?§d can
be cal cul ated gi abao:henceamég@hl@met@mt 1830 remb wridiss Hos presences

surface. Thus after @BaSE61lGwi Aﬂ&(%ﬂa&ﬁﬁ antiffesC EERwd %Hl%r:.te

formul ated so that it conta ns a £ €en reservoir of chlorite
reacting at a spHgﬂn expose hfké&ne éié&ld e:

H,NCH,CH,OCH,CH,0H, H,NC({CH,),CH,0H, H,NCH,CH,NHCH,CH,OH,
H,NCH(CH,),, H,NCH,CH,OH, .

" HaNCCHg) g—N ) HaNCCHg);—N 'NH
’ \—J ¥} and

Y amaN
HaN=—=CCHp) y—N N—CCH ) g—NH,
10 - N/ .

Chlorite was alsoc formed by neat secondary amines
having the formula R;R,NH wherein R, and R, are,
independently, hexyl, benzyl, n-propyl, isopropyl,
cyclohexyl, acrylamide, or -CH,CH,0OH. These amines also

15 formed chlorite when the amine was in formamide solvent.

The following secondary amines yielded chlorite
when plasticized with formamide or isopropylacrylamide-
acrylamide:

0
1}
[n,—cu,—cu,—-c—-nu CH,
i2

20 benzyl, and

0 0
] !
-(Nu-ccua)nnn—-cnzcnaé—snncnznnkcnzcn,

" wherein n is 2 or

wherein R, is cyclohexyl or

3. The'isopropylaérylamide-acrylamide and amine were
also prepolymerized and film formed by heating to 60-70°
C in the presence of about 0.01% azobisisobutyronitrile
25 initiator, providing chlorite so long as the film
temperature exceeded the glass transition temperature.



sufficient to conpensate for the | eakage rate for the desired tinme period
of sustained rel ease. 25 Therefore, design of a chlorine dioxide
rel easi ng conposite suitable for controlled rel ease and bi oci dal action
within a container nmust take into account several aspects, nanel t he

chl ori ne di owbdesmesduction rate fromthe control |l ed rel eas®AYSHHONMFR:
partitioning of 30 chl orine di oxi de between the phases within the
container (e.g. gas, liquid and solid phases) in a reversible (absorbed) or
irreversible (reacted) fashion, and the | eaB2ge rate of gas fromthe

contai ner. Design of such a conposite _is described in Exanple 15. 35

A preferred extended Pel¥S¥egepsPeRASA aMEngrBa¥HRI | Rt Bnser ves the

chlorite reserVvoiR,RINCIECHIC (OINH; wheY@iAGRSEP dnethyl and R, is n-propyl
the suspected ¢ ML, FargBrsal be BHGEPoR] ECRo fanladhica iRl (0 ™ 11
typi cal incubati cokvent fielded chdbriteal Howewer eghhen The angs Rerwekesi gn
o fe 1190 LK) (B8 dABL gk g e i
the specific app|4 aaatyhydrogen bonded amine of the fo a N(CH,CH,0H),
yielded chlorite, which was also formed when the amine
was in formamide or isopropylacrylamide—acrylamide
solvent.
10 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,C,H; such that the amine portion of the product
did not have any hydrogen bonding and the nitrile
15 ‘portion was very polar. Polarity was not sufficient to
generate stable chlorite when the neat amine or the
amine solvated in formamide was exposed to chlorine
dioxide. The nitrile group blocked formamide so that
the chlorite back attacked the amine and decomposed the
20 chlorite into a form that could not be reconverted to
chlorine dioxide. Thus, it was discovered that amines
in apolar environments react with chlorine dioxide but
the chlorite ion is unstable in such an environment.
Non-hydrogen bonded tertiary amines of the formula
25 NRsR(R; wherein Rs and R, -are methyl and R, is cyclohexyl
or 4-pyridyl were solubilized in formamide or
isopropylacrylamide-acrylamide and formed a stable
chlorite. Amines wherein Ry is benzyl, R, is cyclohexyl
and R, is dodecyl or wherein R;, R; and R, are n-butyl or
30 ethyl groups were insoluble in formamide and could not
form any chlorite. (CH;),NCH,CH,N(CH,}, was soluble in
formamide and yielded chlorite, but did not yield
chlorite in isopropylacrylamide-acrylamide although it
was solubilized by the solvent; the amine when neat or
35 in acetonitrile did not yield chlorite.



A typical controlled release nultilayered conposite includes water

swel lable filnms A and B of a thickness of 10 about 5 ml| with a

hydr ophobi c | ayer A and a hydrophilic layer B as descri bed above for the
conposite. The hydrophobic | ayer A contains an acid rel easi ng agent such as
an anhydri de and hydroni umions generated by anhydride hydrolysis. The
hydr ophi | i cWa88028 cont ai ns 15 chlorite anions as proviPGEASIA7S
exanpl e, by dissolving sodiumchlorite or another chlorite source in a
hydrophilic sol vent. The hydrophobic and hydrophilic |ayers are separated
by a water swellable internmediate |layer C h3%ing a thickness 1 (typically
about 5 ml) and 20 di ffusion constant, D. The effective ion
concentrations appli e®bus, tHe VRIAAFFILRHA ithadr RadRRLBe| BY¥Ing dy. t he

: ayer sCA ?Rd B angt@ogbhodf SwHEid¢Denttly HiH\RIKG sbIvased By [ operties of
ayer C. e int . e,.Go a ety

of -materials si n@&ggﬁ#gé‘?héa%?%?(%%fg%’g sc}ﬁﬁg:z&%&ﬁ%ﬁ g}W&gﬁgg—? nb%%‘{%{d

hydr ophobi ¢ and Byeup§ensuchoes hydroxwkic,Samident primaryi Avinecor .

pol yi ononer & suclyepdnBaeyOanind SWEsPildid,Z ¥drmiallchaBaied. bl reaction

phosphoryl ated ol i.go- ol y-al kepes such as 30 pol yet hyl ene,
pol ypr opy! ene, aWRgg ﬁgi9$é?ésg%ﬂﬁl ®pol ymers thereof. Lipid substituted

pol yhydr oxy al cohol pfbspamine-cinlopins plicstidec ateestind ahedesoridvedes with
al kene polymers apdval W8 "BéSest &1 Miérein the amine was dissolved in
various solvents to determine the effect of the solvent
10 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 or
ethoxyethanol. Chlorite suspended or dissolved in a
15 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
solvents, such as ethanol, will not retain chlorite

20 counterion for long term storage unless iminium chlorite
is stabilized with a strong base to retain the chlorite
countetion. _

EXAMPLE 4

Amines that are monosubstituted with short apolar

25 groups, such as (CH,),NCH,CH,C(O)NH,, (n-

C;H,) ,NCH,CH,C (O)NH,, 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,CH,C (O) NH(i-C,H,) , (n-C,H,) NCH,CH,C (O} NH (i-C,H,)
30. and i-C,H,N{CH,CH,C(O)NH,),. did not form stable chlorites.

However, those with linear alkane lengths greater than

or equal to six, such as n-CiH,;N(CH,CH,C(O)NH;), and

n-C,,H,N(CH,CH,C(O)NH,),, did form stable chlorite in

formamide. It is possible that once the apolar chain
35 length had achieved a certain length, a microphase

separation into micelles with discreet hydrophobic



preferred. Finely divided anhydrous salts or desiccants 35 may be added
to any of the layers to retard the reaction to chlorine dioxide that is
catal yzed by water. WO 96/ 39029 '

PCT/ US96/ 0947‘50%1,3405 has been di scovered that construction of a

mul til ayered corrposﬁe wherein the arrangenent of the | ayer sPCTUS$689475
conposite is defined by the fornmula C(ACB)[err]C (wherein n represents the
desired nunber of 5 pul ses) provides periodic pulsed rel ease of high
concentrations of chlorine dioxide over sever4 weeks or nonths. Such

pul sed rel ease canré§iécwd'slirrd; h h,.i.ncubation and

cont am.nati on of véi???}?s]]? nol dﬁf::ﬁg gﬁgegé\%?%ﬁ |r§'é15ﬁﬁ§“@3k9 &egyensand
peak 10 concentrat | - c tabdligingmapalar phave wasegnag t he

| ayer thickness, crfmaved fuoh dhleydehadeibsaghwlrorihe he water and ionic

perneation characteristics of |ayers A, . Pul sed rel ease occurs$ as
each | ayer (Ag:B)[err] i sgccessi_vely en soy wat er vapor and 15
hydroni umions. St ructﬁ’fee odfowipg XS avexe lsynvhdgivkare Dis a

m xture or enmul si wharfackerdded Qﬁiﬁgpﬁ%@etéélﬁﬁtﬁfe}sbe egﬁ%@gut oond
about 100 1 cr ons.agHgmiTAk bhghtod] SUSLLUE O1g O Ve SEBEIRERBoSe! o5 can
o ity to uptake (and
release) chlorine dioxide: ' -
[-CR,CH,N( CH,CH,CH,) -] n
10 [-OCH,CH(CH;N(CH,):)-]..
{-CH,CH (OCH,CH,N (CH;),) -],
[-CH?C_H {(C{O)N(H) CH;CH,CH,N(CH;) 2)=]a
Of these polymers, the last polymer has the most
jflexible amine containing side group and exhibited thé
15 most efficient uptake and release of chloriné dioxide in
formamide that is a substantial improvement over that
demonstrated with in-chain amines. The polymer was also
soluble in molten urea. '
EXAMPLE 6
20 : The following compounds containing an N-amido
linkage and a tertiary amine center were synthesized in
pu.re form from the .corresponding primary or secondary
amine, sodium cyanate, and hydrochloric acid as
described by J. March, *Advances in Organic Chemistry:

25 Reaction Mech.anisms and Structure, 4th Ed., John Wiley
.N'Y" p. 903 (1992).

Me,N (CE,) ,NHC (O)NH,
HNMR: 1.5, 2.1, 2.2, 2.95, 5.5, 6.2
N (CH,CH,NHC (O) NH, )
HNMR: 2.4, 3.0, 5.65, §.25
HaN 0
}—N N
o \——/-_\—NH

30



the sane as those used in making the C(ACB)[err] C conposites. 20
Additionally, a nmultilayered conposite C(DCD)[err]C can be nade in order to
provi de pul sed rel ease as descri bed above. Pul sed rel eases of chlorine

di oxi de that vary from about one day to over about 200 days can be achieved
for 25 ck A, Band Cfilnms by separating the hygonal | ayer
A contalnln 9?ﬁ9ﬂé§(j rel easing agent fromthe hydrophilic Iayerg)@Mgs
containing chlorite anions by an internedi ate | ayer C capabl'e of. supporting
varyi ng hydroniumion transport rates. 30 3 The pul sed rel ease
capabilities of a multiple layered filmcan ge cal cul ated as provided in

Exanpl e 16. Applicati gigef.0n BRke gogpoglgesgaég‘ﬂégerous The conposites
expo

can be used in nost any envi ronment where’3 sure to noisture wll

occur. Thg conpaEddieof Ahdde donPoLBdBr eegted NELtH WHlbEhddidkideungi ,
Vi ruses an

9
bCTT Uo961 09475 SRR AENYE, Tl eAmeds it ¥Ran oReidfieatign A/ fSFaRads, i 2o
the material by tindkgatgnoh&hayr tessiaryhanine npempoundshaitdods-amddor el ease

chlorine diogi de gibdti AT eE @heir primary and secondary amines can
complex chlorine dioxide, when dissolved in a suitable
hydrophilic solvent. Addition of urea to the formamide
-clearly improved the uptake and release efficiency.
_ EXAMPLE 7

10 Up to 50 wt.% of the tertiary amine
dimethylaminocacrylamide (DMAZA) 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

15 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

20 70 wt.% urea and 30 wt.% sodium acetate.

t?e above mixtures were exposed to a solution of
chlorine dioxide in pentane and were observed to rapidly
uptake {(one minute) one chlorine dioxide for every two
amine groups before the reaction slowed substantially.

25  The final pH 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

30 mixtures remained clear.

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

35 estimated by referring to the color of solutions



noi sture, and exposing the treated surface to noisture 5 to rel ease
chlorine dioxide fromthe conposite into the atnosphere surroundi ng the
material. The treated surface is generally a portion of a container or is
part of a substrate placed within the container. The bioci ere
gener at ed WM 10 cont ai ner can be used in storing%?g%%&g?gﬂucts

I ncl udi ng bl ueberries, raspberries, strawberries, and other produce, ground
beef patties, chicken filets, and ot her neat enhanced foods, pet foods,
dry foods, cereals, grains, or nost any food subject to bacterial 15
contam nation or aahdamm& hcnovBﬁramm,s loZueHLYrige cdieXide St quEdzpaper

Nedi cal & nst rumenbais CevRe EERFRl herdVigk ol SEaEEyLA L AR el
nondi sposabl e peraﬁher tmehtp.tmud:m &dn wie 320rea/S0 awt | $ 28R to OWAdv ent

m crobi al contam QFe rdisd Y éﬂl@ﬁ%cahose@aée %%?Q«@
sterilized to kil n1 roblals mﬁtgln th waste. Cdors ron1ath|et|c shoes,

di sposabl e f 8ot wedFea 3&1W%f% E@dﬁFﬂlﬁFfEﬂ RAPRIRRPLY e
contai ned within ﬁelé&ﬂé&dcl\tmhtmmehoﬁlﬁe after twonhewis canlrammt ai ners

can be used such eanqp@ﬁ@pérd o ABILPRAETERPXE Sor CEHd W dHine

nonwoven, plastlc VIEeTi ¢ am nat e contar ner el Tulosic,
pl astic or paper 8agsi %é@%ﬁrﬁﬁ%&ﬁ%ﬁdtiftﬁgé?é BBHFﬁlﬂErg Cr ‘with no

chlorine dioxide being yielded after an additional 24
10 hours at room temperature. '

35 wt.% urea/55 wt.% NMA/10 wt.% sodium methoxide
exhibited the greatest chlorite salt stability in that
complete release was noted after three days storage at
5°C. Complete release was also noticed after 24 hours

15 ' at room temperature. The presence of a strong inorganic
base greatly improves the stablllty of the chlorite salt
in urea based solvents :

A 20% DMAA - 35 wt.3% urea/55 wt.% NMA/10 wt.%
sodium methoxide melt was examined at 60°C for up to one

20 hour in 300 MHz proton NMR to see if any DMAA
decomposition occurred. From the toxicological point of
view ahy decomposition of the DMAA into secondary amine
and toxic acrylamide would be highly undesirable.

No decomposition was observed over the one hour

25 heating period. Acrylamide alkene resonances were
expected between 6-4 ppm yet none were seen. Some
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

30 above the 50°C at which the DMAA was mixed into the urea

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



30 The treated surface can be a reusable or disposable mat or sheet
including a dental tray covering, a surgical tray covering, a shower mat,
nonwoven bandage material, a meat cutting board, a liner for drawers or
shel ves, an insert for athletic bags or gymlockers, a 35 food w apper,

a paper sheet for separating hamburger patties, a neat pac ' , an
over pouch sW&P6a802% WO 96/ 39029 PerDSbehb Y

PCT/ US96/ 09475 26 those used in packaging intravenous bags, a fresh fruit
separator or box liner, an absorbent pad fos poultry, neat, séafood or
produce, or an absorbent |ayer for use in dlgpers Such mats or sheets are

typically made frQmsb m&erthﬁebb*é' Bﬁhﬁwp?éyﬂ@r%cur&@)"ﬁ‘ &@bi Il@?gce of &

nonwoven -nateri al’s. Such

ﬁgp g be gés coat
seed to protect tfe b&ad "PF'OFPF o SnEYFEﬁ’le ‘l‘ﬁﬁgs’[‘%r%‘@fél%rﬁil F'Sr ot ect
agai nst nyct ol nafptoductid. growth when the seed is planted The coati ng,

when activated by noi S, %1 r %_g_gbglg\:g ggtgﬁfﬁpﬁg nga g* %ﬂom de

in the soil in the vicinit S nyco t hat
normal |y wou$d |r&ﬁ§RFQ%§§$ dngaptokheTRPAvenkt i 49 %ﬁs% 3bn the
) dried urea (vacuum dried: 80°C, 18 hours, 0.1 torr) and

60 wt.% NMA (Ca0 overnight reflux and distilled) were
mixed and heated for 18 hours at 120°C. Alkoxides were
first isolated as dry powders by reacting the required
10 amount of clean sodium metal with the alcohol and
isolating the product by washing with diethyl ether.
All mixing was carried out under dry nitrogen
atmosphere. Predrying of the urea/NMA mixture resulted
in room temperature stability of the iminium chlorite
15 salts for at least one week at room temperature.
The desired amount of alkoxide was then dissolved
in the urea/NMA solvent using minimal heating followed
‘by DMAA to form a clear viscous liquid at room
temperature. The results of the chlorine dioxide uptake
20 and release of several urea/NMA/DMAA/sodium alkoxide
hydrophilic material composites are presented in Table
1. Release characteristics are based on a relative
scale ranging from excellent (9) to poor (1).



15 germ nation of the seeds. Seeds in storage do not have 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. Paper inpregnated with the conposite generates 20 sufficient
chlorine di wogis28 protect the seedgy Although-any seeds E/BPMgE ect ed
by the coating, edible see sunfl ower seeds, or
soybeans, renmain fit ek : sy=mi € coat ed- Thus, the
coat ed seeds can be human consunpti on
after they have been ed wth any of the
conposi tes of the pr¢g gpbat i ng, extrusion,
n the art. Another

b o t he growt h of fungi
bacteria or nolds on i [ hej surface by treating
the surface with a cd
in the absence of noi
rel ease chlorine dioxf ge
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[ [ : ding the surface. A
m the conposite into the atnosphere surroun : /
SZe;;?red applrgation I ncl udes a footbpomde{.fgrdpiggfr;l2% ?LglgbszcLOSE
ther fungi. The powder 5 ~can be applie [ _
?Eg ?oot or cgn-be i ncorporated into a shoe insert. The conposite can be

[ WRiRda6 ' [ f the shoe insert,
bet - ctoth covering and foam pad o
?gglgggated Mﬁtﬂ&ﬁe?he f oamed pad, or- i npregnated or coated ¥fF/uSo6MaeESs

' i ni hi ori i OXi ted from nmoi sture
or upper 10 lining. Chlorine dioxide genera _
afgﬂgﬁrthe sﬁge di ffuses fromthe. conposite |gto the atnosphere to kL!Lna
fungus and deodori ze the shoe. The powder cad®be bl ended with conven

ingredi ents such as takhhe pReashakChe %ﬁ@%ﬁﬁ{éﬁﬁ?ﬁ%ﬁéﬁlﬁo&g i”%t@tgrgﬂ ¢ acid,
bnd" ool Lul ose. ThaTB5iRE 2BAREARE0SEaBLT bred Howewa harms ngedion! 6gand
and cel |l ul ose. The p0d 0 _ _ ) . T wder can
used in bath powd&eseothpondessmatedchlotife!diihidilbds! 3ecg:‘r%p§§qne
Thorearont? homod Por AR oodl can b TR ER gl cembc
LPgéﬁﬂlE”EanﬁmPe%dem herhel pagidtermfs tate utys evals ifawaEt afetnroc'ﬂggi i
conposite can al stepetatunéafed tﬁbrbﬁééééﬂﬁﬂﬂéﬁiﬂﬂgﬁizgﬁegodgumer g
st epped on and ar%thgﬁﬁd§9tﬁ¥§1§ghium isopropoxide 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 chlorine dioxide release was noted after one
week, these phases were considered indefinitely stable
after one week.
EXAMPLE 8 |
15 In order to make a hydrophobic acid releasing wax,
hydrocarbon wax (T, =60°C) or atactic polypropylene (APP)
was first melted at 70°C under nitrogen with stirring.
An equivalent weight of glycerol monostearate or
glycerol distearate was then diséolved in the molten wax
20 or APP. Two equivalents (based upon phosphorous) of
powdered phosphorous pentoxide per three equivalents of
glycerbl compound hydroxyl functions was slowly added to
the melt to avoid 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 10ce/minutes flow of nitrogen. The
30 reaction flask was subsequently evacuated at 100°C to
remove any remaining ethanol or tetraethoxysilicate,
filled with nitrogen and cooled. Softening of the wax-
-acid releasing agent (LPOSI) started at about 60-70°cC.
The viscosity of the wax was 100 cp at 100°cC.



WD 96/ 39029 PCT/ US96/ 09475 28 by
noi sture. Such m crocapsul es can be inpregnated in floor, shower or bath
mats or can be used in carpet deodorization. Another use for the conposites
is in providing self 5 sterilizing packaging, which is particularl
useful in thsows#iseal industry. The conposite can be coat ed PEH{USI¢/IRY %g,
connectors, fitnments or other conponents as separate |ayers of the
hydrophobic or hydrophilic material on separate conponents that are
activated upon 10 bei ng pressure fitted té@ether. Tubing fitments used
wi th intravenous bags or exang can be treated such that a surtacg of
one tube fitment is codt@JPRPFRSS FORIRYFRANING HORSIH AR RPn§UmpRYLZe

rel easi ng agent, assfollioasof aWhehehydrdlkyded,naifliiconcdiosddei ahdaals
hydrophilic film h d the treated surfaces of the
fitments are inte CO%%%BF@%;E 5?%eE§F%§§nce of noisture to initiate the
rel ease of chlorine dioxide fromthe treated surfaces into the atnosphere

surrounding the material. Fitnments for in- Illng 20 cat heters,
needl es, peritoneal dialysis, percutan e utan ou access,
colostony bags and ot her nedlpgl qeglcE% gan al'so b t edt e ccordance

0
with
l BD-BDC
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H .
HO—T—O [¢] [+]
OH 0 0 0 '
]
o OH O=—p=0
o é-\a
o]
o—lL/V\ANW\/\
S1C0C,H) ,
104+C
-CaHgO0H ]
GO~P—0G
'L H
c‘:r--| l-o—rla—os
0=p—0 t!: ﬁ
0G tl)—‘sl-o-f—oe
. €B0);—P  OC,H; 06
Hy0 ]
a
ﬁ O'—J\/\/WV\/W\
CRO) ,—P—0H + SI10, G = Eo“
' oH : .



this method. Additionally, closures on a package can be so treated to
provide self sterilizing packagi ng for 25 medi cal devices, instrunents
and supplies: The conposite of the present invention was expected to kill
bacteria on the surface of neats. However, it was not expected to penetrate

a ground beef patty. It has been discovered that chlorine g' | vol ved
from 30 ﬁ@ﬁgpmp¥eated~mﬁth the conposite can effectivel bﬁéﬁ%ﬁ?&@e.the
full thickness of a patty and kill bacteria such as E. coli and Sal nonel |l a

that result from contam nation during néat4wcmessing. E. coli -0157:H7 in
tainted meat has caused death and severe il4hess and 35 appears to be

especi al |y resi stant L, conld g, {8 YR 00,3004y PO o Naf ORISR

operati on producing \ A ] )
PCT/ US96/ 09475 2gommarcial tsedivm chionideciinl deynpebhbanoh ate3® by ground,

extruded and for gBdght ndail €sridiplehd Te38RRbALCHo DY SHELS Mmdnat ed
paper that prevent .adhesion of the Individugal patties. After packaging, the
ground meat 5 segﬁuﬁecﬁéﬁﬁﬁﬁﬁFt%FRHﬁ¥5M'neThFofggeer%rs%}¥R%94xF%ﬁ time
when in ref5i ger shed extruded tindo ldn amhyidrbi bprayhérjeovim dfy t he
bacteri a. nitrogen at 100°C through a self siphoning extrusion

head with co-axial fluid and nitrogen flow. After

routing to a cyclone separator to isclate small sodium

chlorite particles of about 5 microns in diameter, the

10 powder was stored in a dry atmosphere.

Neat sodium chlorite powder or mixtures of sodium
chlorite powder and anhydrous sodium sulfate in a ratio
of 1:1 and 1:2 by weight was fluidized in the bottom of
a nitrogen filled container. A stream of'acid releasing

15 wax was then directed into the fluidized bed through a
nozzle of 7 mil in diameter with a nitrogen back
pressure of 30-80 1lbs/in® to produce wax particles
encapsulated with chlorite and sulfate particles
(indicated as 1:1 pre and 2:1 pre in FIG. 4). The

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

FIG. 4 shows the chlorine dioxide release rate from

25 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 is
accomplished at about 75°F and 40% relative humidity.

EXAMPLE 9

30 A hydrophobic acid releasing wax was made as
described in Example 8. The controlled release layer
for an immediate release system was formulated by melt
coating approximately 5 mil of acid releasing wax in a
low melting hydrocarbon wax (60°C=T,) onto both sides of

35 a piece of paperboard. Next, approximately a 5 mil
thick layer of 10% by weight, methanol recrystallized,



The foll ow ng exanples are presented to describe preferred enbodi nents and

utilities of the present 10 I nvention and are not neant to limt the
present invention unless otherwi se stated in the clains appended hereto.
EXAMPLE 1 A hydrophilic material was made that contained a 7 15 . %

sol uti on of vemeéaszxchl orite in an am de ni xture conposed of C?@ngs
formam de, 33 wt.% acrylam de, and 33 wt. % i sopropyl acryl am de. A

hydr ophobi ¢ material consisting of a 40% sol ution of a copol ynmer conposed
of 33 nol e% nal ei ¢ anhydri de and 66 nol e% s4¥rene in 20 et hyl benzene

pl asticizer was then made. The hydrophobic material was vortex mxed wth
t he hydrophilic meddumichlpritecinl thatlowinaldng weg wastmeltveoakeder se

material s startegrtcstiednned releasengf16/dw0r i nRcthex deilnréleasdisgnce of
added water within five

di ffusion of wat er%f% r?fzapﬁgtg}ssﬂélf F%ﬁc r oos[rg %f%?d%wt trjrs%gﬁén%%?t\_}se
anhydri de. Hydr ordhioriidies cootaddidgr 1agehy driie sickalexoludewofh chlorite

ani ons 10 14 eaSedt 1138 dedxhde. miésr{)ﬁ%?gsed%tseceou' d be slowed by
cooling 30 the m xture ggsr err

i ncreasin he vi sco of the
material s. EXAVMPLE 2 EMONS B?Iéﬁ?ﬁbﬁeszﬁ?ﬁaﬁﬁaﬁl QFﬁaﬁg'%éﬂﬂéﬁ

and 0-100 ppm) were interfaced with a computer so that
chlorine dioxide concentration was recorded as a
function of time over a two week period automatically
10 along with humidity and temperature. Both sensor ends
were exposed to the chlorine dioxide atmosphere in a
closed Petri dish through two small holes drilled into
the top cover of the Petri dish. The humidity and-
temperature in the room were close to that measured in
15 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 surroundings. -

In this configuration, the acid releasing layer was

20 placed in direct contact with the chlorite containing
phase and immediate release of chlorine dioxide was
observéd as soon as the film was placed in the Petri
dish. The chlorine dioxide gas coneentratioh dropped
from a high of 13 ppm to 1 ppm at 5-6 days in an

25 exponential fashion as shown in FIG. 5 (note. that
detector error of * 0.5-1.0 ppm resulted in less than
zero concentration). However, surprisingly, the
concentration peaks that were superimposed upon this
exponential behavior, were correlated with the

30 temperature and not the relatlve humidity as shown in
FIG. 6. _

Three mold species, Chaetomium globosum (CG),
Aspergillus terreus (AT), and Aspergillus niger (AN),
were grown in mineral loaded, but nutrient free agar

35 slants using paperboard as a nutrient. All growth
studies were carried out in accord with TAPPI standard



was made by reacting 0.2 nole di(n-propyl)amne with 0.1 35 nol e
acrylam de in the presence of a small anount of acetic acid as a 10 wt.%
solution in methanol. The WD 96/ 39029

PCT/ US96/ 09475 .30 reaction was carried out for 3 hours at 70[err]C After
vacuum evaporation of the excess amne and crystallization in the resence
of pentane, WO %3929 | ow el ting solid was obtained (T[err]. BCEUP%OP478) t hat
tended to 5 | ose am ne and form acryl am de upon prol onged heatlng above
the nelting point. 1-(N-Dinethylam no)-2-carboxyam doet hane (DVACAE) was
made by reacting 0.2 nole dinethylantne (as4& 40 wt. % solution in water)
with 0.1 nole acryl am de as % solution in nethanol. The
reaction was car Mesgogut £87 B‘Heaﬁo%ﬁt’a‘ilq%o'rﬁ"%%rneﬁ%anm of Fapeum
evapor ati on of ehﬁﬁSSapétbeardB!hanO| and water, the DVACAE was taken up in

et iyl ene chl ori de, _dgsgdgtpliognaes! sl oMl AP AU liel ey
crystal | i zed onl gwol veeksantl reom temperaturetinliduwpliicates | i quid state at
room tenperafure PhRbbR&pnIE At ombalkd Sord ' sFslvdd dddVderable growth
after two weeks on the control samples, while no growth
showed on the controlled release films. The )
effectiveness of chlorine dioxide in killing these three
molds was evident from the two week study.

10 EXAMPLE 10

In a delayed release system one side of a piece of
paperboard was coated with an acid releasing layer
separated from a chlorite layer.by'an intermediate wax
layer. The 5 mil thick hydrophilic phase in the

15 chlorite layer was a transparent blend containing 10
wt.% sodium chlorite, 50 wt.% (NH,C(O)CH,CH,0CH,CH,),0 and
40 wt.% 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

20 thickness. The total volume of. controlled release
material was about 0.25 cc.

A'delay in chlorine dioxide release was noted when
the acid releasing layer was separated from the chlorite
containing layer by an intervening wax layer.. In this

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

30 The three mold species tested for in Example 9 were
grown in mineral loaded, but nutrient free agar slants
using paperboard as a nutrient in accord with TAPPI
standard method T 487 pm-85.



chlorite. However, 10-30% w . % solutions in formam de 20 or

acryl am de-i sopropyl acrylamde readily formed i mniumchlorite when
exposed to chlorine dioxide. EXAMPLE 3 The am ne-chl ori ne di oxi de reaction
was studied by |ayering the requisite anount of 6.0X10[err] nolar saolution
25 of chlwoissmeodd oxi de i n pentane onto about 3.0X10[ err] PAEUSI¥IM4 % ne,
either in neat formor dissolved 10-30 w.% in formam de or i sopropyl

acryl am de-acryl amide nelt. The chlorine di oxi de-pentane sol uti on was
prepared by reacting stoichionetric sodiumcédorite with potassium 30
persulfate in a snmall apount of water in the presence of pentane with -
vortex stirring in iceSikt3ATPReR WeIR LRALEA 0%, CYROUS, FEF1RERNERRVET
renoved and kept dwy weeks sl sobre drdmperatune inraypddicatres ulthet eesdbes

formati on of chlogiLe C I di L ' : eaction
product and the o%gér g??%%%‘? :{frﬁgr%ydloe?sza.n&%&o@égﬁﬁﬁgwﬁgigﬁgéi de by
WO 96/ 39029 showed considerable growth after tmormweels/ opavBel31 UV/ Vis

spect r oscopy saf t epofkPEE Us@mp Dedl) WHE1d1@ost HESUR CdmRTollleapreseqse of
chlorite was furt@ei verjfie ba/ obs‘&rvatllon (ﬂ‘ tpe | R spectrum
i n h. n the

Characteri stic | RE+1ms showe gro ew cases where mold did
grow on the controlled release films, only a single
nucleus was responsible. Invariably, this nucleus was a

large clump of mold spores where some self protective

10 effect was generated by the aggregate structure.
TABLE 2
ﬂ CG Mold AT Mold AN Mold H
ﬂControl Growth Growth  |Growth

Lawns! |Growth from |No growth |No growth
single mold
spore

Soak? Growth from |No growth |Growth from single i
. |single mold mold spore (trial 1), |
spore ‘

15 . ’aAgar covered with mold spores

? paper soaked in mold spores

EXAMPLE 11
The porous paper used throughout these examples had
one untreated side and one side that appeared glossy.

20 The chlorine dioxide release coatings were applied to
the untreated side of the paper with the chlorine
dioxide releasing composite sheets assembled with the
glossy side out. Consequently, only the glossy side of
the paper had contact with the meat. Sheets

25 approximately 3 ft. x 8 in. were cut to facilitate
handling during the coating process. The original paper
weight was 5 mg/cm?.



absorbance of chlorite at 830 cnferr] verified its presence. 5 The
follow ng neat primary am nes fornmed chlorite when exposed to chlorine
dioxide: Herr]NCH err]CH err]OCH err]CH err]OH, Herr]NC (CH err])
[err]CH err]COH,. Herr]NCH err]CH err] NHCH err] CH err] OH,
Herr] NCH(CH err])[err], Herr]NCH err]CH err]OH [err] [errL 10 Chlorite

was al so f orweasBs2heat secondary ami nes having the fornul a ﬁf@rs?ﬁ'q%f"érr] NH

wherein R err] and R err] are, independently, hexyl, benzyl, n-propyl,
i sopropyl, cyclohexyl, acrylamde, or -CH err]CH err] OH These am nes al so
15 formed chlorite when the anine was in $%drmani de sol vent. The

fol | ow ng secondary anj yi e hlarlte when pl.asti.ci,z th fornan1de
or isopropylacryl am de- E(g% ﬁ%ﬂ# er%sr:rr}g Jirer &9 ﬂf’ ﬁ?’fd §° S or
20 benzyl, andsfibstiabeecpaper rin @ nidrragenTifdlled dry box contamlng

i sopropyl aCfY' am Qeléfgé"&{%ﬁeo@r&?&é@ RIS ﬁEBkYHSrhéng a0 ydst | M
formed by heating to

err] Cin the presen about
azoblS|sobutyronlF??F%rzgpéraqiﬂ9|§ﬁ(ﬁppﬁé%iﬂqiéiy 3ﬁporfte 13 TQ#E}Q&?the
fllpltenperasure caatings wére gisad, (il pdapenn wamnmadiatedeto cool prior

to applying subsequent layers. Once the paper was
coated, it was sealed in a dry atmosphere suitable for
storage.
The chlorite contalnlng paper was applied from

10 methanol solution using a coater operating at room
temperature. A typical coating solution was prepared by
first dissolving 25 grams of poly N-vinyl pyrrolidinone
(PVNP, 1.7x10° M.W.) in 500 ml of methanol followed by 15
grams of sodium chlorite (technical grade). The

15 homogeneous solution was used immediately. If multiple
coatings were desired on a single substrate, the coating

. was allowed to dry between applications. The chlorite

containing paper was then sealed in dry atmosphere for
storage. _

20 ' Immediately prior to use, the chlorite containing
film was compression molded at room temperature with the
LPOSI tontaining £ilm to form a chlorine dioxide
releasing bilayer composite. Pressures under 10,000
1bs/in? were sufficient to induce cold flow and adhesion

25 of the wax to the chlorite containing film.

' Samples of each individual sheet of coated
substrate bilayer were randomly set aside during the
pressing operation in order to quantify the chlorite and
wax loadings. These sheets were cut, measured and

30 weighed, then compared with data obtained from uncoated
paper as shown in Table 3. Calculations of the
theoretical acid output based on phosphorous pentoxide
and the relation:

5¢10, + 4 H = 4ClOo, + 2 HO + Cl



WD 96/ 39029 PCT/ US96/ 09475 32 A

hydr ogen bonded am ne having the fornul a
Rlerr]RRerr]NCH err]CH err] C(O NH err] wherein Rerr] is nethyl and R err]
is n-propyl when in formam de or isopropylacryl am de-acryl ani de sol vent

yi el ded chl qyd s@3seddonever, when Rlerr] and Rlerr] were 5 PGEEHS

groups, the neat amne did not yield chlorite. A neat hydrogen bonded am ne
of the formula N(CH err]J]CH err]OH)[err] yielded chlorite, which-was al so
formed when the amine was in formam de or i4épropyl acryl am de-acryl am de
solvent. 10 To determ ne whet her hydrogen bondi ng was necessary, a
M chael addition brdieaie BaFalied ofoappeorimatele il éh ¢9 wpx for
2-propenenitrile itim QlogratifezdgddkiCHerr] Jerr]Herr] such that the
am ne portion of the product did not have any hydrogen bonding and the
nitrile 15 portion was very polar. Polarity was not sufficient to
generate stable chlorite when the neat anTABLBI3the am ne solvated in
formam de was exposed to chlorine dioxide. The nitrile group bl ocked

f ormam de so that rrea T T e 0] [ e he
20 chlorite i nt?;'?s%r %&? Fg gh ﬁc%ﬁver{e%)qr#:#%ne‘
di oxi de. Thu®, it i §Covaf et t g NaxX mg g Wax

Waxt) coatings coatings | _

1:1 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

10 2:2 2 0.45 2 4.7 0.096

The chlorine dioxide concentration released from
the films along with humidity and temperature was
monitored in a Petri dish under atmospheric conditions

' using the sensor system and gas leakage rate previously

15 described in Example 9. Samples were monitored over
several days. . FIG. 9 shows a typical plot generated
from data acquired from a sample composed of sheéts with
two cofits of each phase (2:2). Samples were monitored -
at several different loading levels. All'samples showed

20 an immediate maximum release of 10-20 ppm chlorine
dioxide within the first 2-3 hours followed by a very
gradual reduction in release over the next several days.
Higher lcadings served to increase the maximum initial
concentration and prolong. the release.

25 : EXAMPLE 12

2:2 loaded papers were used as separators between
ground meat patties packed to different demsities that
were loaded initially with high loadings of colony
forming units (CFU) of E. coli bacteria. Substantial

30 reductions in bacterial growth‘were noted as shown in



i n apol ar environments react with chlorine dioxide but the chlorite ionis
unstabl e in such an environnent. Non-hydrogen bonded tertiary am nes of the
formul a 25 NR[err]Rlerr]R err] wherein R err] and R err] are nethyl and
Rlerr] is-cyclohexyl or 4-pyridyl were solubilized in forman de or _

i sopropyl acryl am de-acryl ani de and formed a stable chlorite. Am nes wherein
Rlerr] is bemuy$ssslgerr] is cyclohexyl and R7 is dodecyl or RuUTArsséwssf err],
Rlerr] and Rlerr] are n-butyl or 30 et hyl groups were insoluble in
formam de and could not formany chlorite.
(CHerr])[err]NCH err]CH err] N(CH err])[err]4mas sol uble in fornan1de and
yiel ded chlorite, but did not yield chlorite in

i sopropyl acryl anmi qRatder J.anfde lapsaivigbatckediatinles)i itheedhiprihe sol vent
Lhe am ne when nealicHislgas hAd6e6esk ! nd!ihetliod Bledepll BLLLS,

96/ 39029 - PCT/ US96/ 7 Thus, |t
was .di scovered t hFeSMERGn&nha,PRTC ComRI ek kidd Hwonghedtlry high pK[err]
sol vated by a hydrophilic material or substituted by hydrogen bondi ng
groups, such as hydroxylic, anide, prinmary, A&ﬁhﬂ or 5 secondary ami ne
substituents, fornms chlorite by reaction with chlorine dioxide. The

am ne- chlorlne di oxi

Bacterial Load |% Reduction in

5 _ Ground Meat (CFU/patty) E. coll bacteria
Loosely packed 1.7x107 _ >99,99%
Densely packed . '5.0x107 ' 99.5%
EXAMPLE 13

Escherichia coli ATCC (American Type Culture
10 Collection) #26 was grown in Tryptic Soy Broth (Difco
0370-17-3) to a log phase activity with an optical
density of 0.8 at 600nm containing one billion colony
forming units per ml of culture. The concentration was
verified using plate counts on three separate dilutions.
15 Uniform dispersal of the bacteria was assured in
densely packed meat by the following inoculation method.
Chili-fyround sirloin purchased six hours before use and
stored at 8°C weighing two kilograms was placed in a pan
and pressed down into an even sheet. Five holes were
20 punched into the meat with a glass rod, and 0.1 ml of
the bacterial culture was pipetted into each hole. The
meat was then kneaded to disperse the bacteria evenly.
This was repeated three more times, with at least a
minute of vigorous kneading each time. Since the two ml
25 of an inoculum with a culture concentration of 10° cfu
per ml was added to the meat, a concentration of one
million cfu/gram was introduced into the meat.
The meat was then reground to a fine texture on a
bench-mounted, hand-cranked sausage grinder and formed
30 into patties by replacing the meat in the pan and
cutting patties out with a piece of tubing to form



above was repeated wherein the am ne was dissolved in various solvents to
determ ne the effect of the solvent 10 on reaction efficiency. Al
chlorine dioxide was released in water. Mdrre chlorine dioxide was rel eased
in glycerin or ethylene glycol than was rel eased in nethanol, acetonitrile,
met hoxyet hanwo 9s39m@nol or et hoxyet hanol. Chlorite suspende®C@USIHRMH ved
ina 15 hydr ophobic material, as a dilute solution in toluene or
benzene, and exposed to chlorine dioxide reacted with chlorine di oxi de but
only rel eased a mnor anount of chl orine di o#Bde when acidified. Many of

t hese sol vents, . such .as ethan W, .| _not %5%3«% chlorite 20 count erion

for |ong tern1stoﬁ§§@' e§?“|ﬁP%|6ﬁ18hro? PRFEETHA) hPEEELBYng
base to retain théﬂuhuuxﬁﬁev@ognnérpbn(1anmﬁngzaﬁdadnhagtehaa)ageound

monosubst i tuted widi1i9f terdROkRe 38me sgﬁféeswa§“§¥bdﬁﬁ first in the

CH NCH
g[e£${L%é£?{;%err}éﬁé%ﬂ£4ﬁiégkcér96% ﬁF{@?g?re¥ﬁﬂF its own contamination.
(i-derr]H ers]) [ ertid Mattdes| Welcer bi’-‘%@:é@[ﬂi rdupitatd andakbascBtediée in

e AR AR AL T @it S
(n-Clerr]Herr]) NG‘IF@M‘-]]-@H[‘:@FFFQ( a'—NPi(l rth! (%]1?018@. andntiest
i - Clerr] HN(CH er r ]daripargs GAORN 9atl;iésré:kpo§lédi tta f&ﬂmha.bhfoﬁﬂherl tes.

I |x
Such a5 n- ?:?Z?r]““HE%rlﬁaa?%q[ 33 1RCREFRY DEoRefl, Swabidp Tk 7 4, 28"
r1qu]WeﬂqMCﬁ m¢m%mrHXQNWeH]HeH] mdfownﬁaMecmonte
in The patties were placed between either unmodified
paper or the papers coated with a 2:2 chlorine'dioxide
releasing film (as described in Example 11) in 10 cm
diameter plastic Petri dishes with covers. Two Petri
15 dishes containing duplicate samples were then put in
recloseable plastic bags and stored for the required
time at 4°C in a common refrigerator.
Two samples were taken from each patty, one from
the upper surface, T, contacted either by -the unmodified
20 paper or by the test paper with the chlorine dioxide
releasing £ilm, or from the middle one third of the
patty,”M. Samples were obtained with angle tipped
forceps by either pinching across the surface to obtain
) a small scraping of the meat, or by digging down and
- 25 exposing the middle third thickness region. The forceps
were sterilized between samples by dipping in
isopropancl and flaming. .
Ten ml sterile water blanks in screw capped test
tubes were tared to zero on a sensitive electronic
30 scale, and roughly one gram samples added to the tubes
' and the weights recorded. The tubes were then capped
and shaken vigorously to disperse the meat and release
the bacteria.
0.1 ml of the supernatant was. plated onto Tryptic
35 Soy Agar (Difco 0369-17-6) in duplicate and spread with
a glass triangle on a turntable. The glass spreader was



formam de. It is possible that once the apolar chain 35 | engt h had
achieved a certain length, a m crophase separation into mcelles with
di screet hydrophobi c WO 96/ 39029
PCT/ US96/ 09475 34 regi ons surrounded by continuous hydrophilic regions took
pl ace. The destab|I|Z|ng apol ar phase was thus renoved fromthe reaction
envi ronnent . WBXARIRE 5 : The fol I owi ng pol yners wer ECI{HSPHWSTS od,
characterized using NNR t echni ques, and eval uated to determ ne physi cal
properties and ability to uptake (and rel ease) chlorine dioxide:-
[-CH err]CH err]N(CH err]CH err]CH err]) ][ r] 10 [-OCH err] CH

(

B e L e
CH  err] CH| er r] CH &he] Xi@rlerhaglenigl) content] off thresampdeynwas, the | ast

pol ymer has the rmsguai@xe@lw ARAVECtEY Hhe a%'eQeaQEEEpzanﬂoﬁi‘B' bited the
15 - nost efficient akezxégéﬁ%ease of chlorine dioxide in formm de
that is a substaangP %ﬁ?%V% ver that denonstrated with in-chain

anm nes. The Ppol yner waknsheoulafied|nedgativel conteods. showed the normal

amount of bacteria commonly seen in ground sirloin with
no substantial growth noted over 60 hours at 4°C.
Inoculated positive controls showed large amounts of
bacterial growth for all times with very minor

10 differences between the top and middle samples. If the
unmodified paper had an antimicrobial effect, it was
minor.

When the colony counts of chlorine dioxide exposed
test samples were compared, a 50-100X kill was noted for

15 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 samples, surface colony growth was 50-100X less

20 than the interior test sample or the positive controls.
The surprising observation 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 samples.

25 Because the positive control plates were expected
to be overloaded, a direct comparison for gquantitation
purposes was not accurate, although a rough count
revealed anywhere between 50-200 fold reduction in
colony count. As an alternative the test plate counts

30 were compared to the gonfirmed inoculum titer instead.

A rough comparisoq may be made between the Ccfu and
the inoculum figure (corrected for sampling dilution).
This is termed the ratio to inoculum (RTI), which is
intended to compare the viability of the treated sample



EXAMPLE 6 20 The foll ow ng conmpounds containing an N-am do |inkage
and a tertiary amne center were synthesized in pure formfromthe
correspondi ng primary or secondary am ne, sodium cyanate, and hydrochloric
acid as described by J. March, "Advances in Oganic Chem stry: 25

Reacti on Meglips¥se® and Structure, 4th Ed., John WIley, N YCI/{S960%35
(1992). Me[err]N (CH err]) [err]NHC (O NHerr] HNMR 1.5, 2.1, 2.2, 2.95,
5.5, 6.2 N(CH err]CH err]NHC(O NH err])[err] 30 HNVR: 2.4, 3.0,
5.65, 6.25 [err] WD 96/ 39029 50

PCT/ US96/ 09475 35 HNVMR 2.35, 3.2, 5.6, 6.05 ppm Each of these conpounds
reacted with chl @nchahs orxdaumnpopgibler efvceunt: R samegiefi cation in

formani de, indi caldailatadld ekt tAkY 60Th8Er COIROEE Usn H Yis3Y @F Bhe
substitution of té&eﬁ‘_{/é%ary and secondary am nes can conpl ex chlorine

di oxi de, when di . ‘a suitabl e hydrophilic solvent. Addition of urea
to the formam de cl earihe averagedROile fopt the top sahrhsse off ftha playes

5 for the patties that were exposed to chlorine dioxide
and tested fo: 60 hours was roughly 170, which would
represent a 170 fold decrease in viability. The average
RTI for the interior of these patties was roughly 50.

At 60 hours, however,'large reductions in the

10 bacterial viability in the center of the patty were
seen. 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

15 Loosely packed 0.75 inch thick, ground sirloin
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

20 extent than the inoculum used in Example 13. The loose
packing was employed to help the penetration of chlorine
dioxid® through interconnected air passages.

The patties then were placed between either 2:4 or

3:6 chlorine dioxide releasing papers as described in

25 Example 11, and covered with a Petri dish cover that was
enclosed in a recloseabie plastic bag. The samples were
then stored at 4°C for 3.5 days. After this exposure
time the meat in contact with the 3:6 papers showed no
bacterial growth from either a surface or interior

30 sample when plated as described in Example 13. The

| interior of 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
35 results confirm the deep penetrating biocidal action of
chlorine dioxide when released in a controlled fashion



EXAMPLE 7 10 Up to 50 wt. % of the tertiary am ne

di nmet hyl am noacryl am de (DMAA) was added to hydrophilic solvent containing
50 wt. % urea and 50 wt. % n- net hyl acetam de (NMA) solvent at 50[err] C and
qui ckly cooled to roomtenperature. The solution renai ned single phase 15
indefinitely at roomtenperature. The sane behavior was noted for the
addi ti on ofwQ06/39029%6 DMAA to a sol vent containing 33 wt. % uPEHUSHHMS on NVA
and 33 wt. % sodi um acetate, ‘a solvent containing 35 w. % urea, 55 wt. % NVA
and 10 wt . % sodi'um net hoxi de, and a sol vent containing 20 70 wt. % urea
and 30 wt. % sodi um acetate. The above m xt ®les were exposed to a sol ution

of chlorine dioxide in _pentane and re gbserved to rapid]y uptake (qne
m nute) one chl ®Yske 7d'|58>§| gaveoptedefy t Gbearive %u‘bg TJ’e‘i/%]r AR d5ct i on
sl oned subst ant irﬁﬁq.e%cuvﬁhéoﬁn aapopblusf meae syrucplrei c materi al

remai ned on the basi g e r}iﬁgs wis: %
ureal/ 50 wt. % NVA- ma%t% a'rt e lea& Eﬁgﬁggﬁv\# Eﬁ H\g/ %@fage% l%Owt

sodi um acet at e -2ls@performed.wnhA Eidpk mlcb@v@r%iﬁ S5 wt . % NI\/N 10
W . % sodi ung et eegaitetlly dippeduiasuhaitubed sl eathxrmcass ddoetat i on by

i xt ur e &Bfiﬁs@'@"‘ébet&%ﬁéﬁa‘se&%ce?‘&e{ WReplpTs: FRROERRR It aUS T o
salt. The rel eag@elﬁasﬂﬂg);ﬁlﬂg\sdm@ &bemaglosed 1ns:|.de a Petri dish that
was placed in a recloseable plastic bag:and placed in a
refrigerator at 4°C for 3.5 days. The surface of the
10 meat was then swabbed and plated to get an indication of
bacteria kill. Again no bacterial growth was noted
after incubation.

EXBMPLE 15
Design of a chlorine dioxide releasing film
15 suitable for controlled release and biocidal action

within a container is described herein. The equation
describing the concentration of chlorine dioxide in a
coating of thickness, &, (0O<x<l) that is covering the
inside of a permeable container of total thickness 1 +

20 a, where 'a’ is the gas space thickness (l{<x<t+a), above
the coating is shown below. Chlorine dioxide is
generated by means of a completely permeable thin £ilm
of infinitesimal thickness that lies on top of the
.coating at x=0.

25
oo Qa.,’ eoos (or.,,x) Ie"*?\.e“"‘d’:\.
C(x,t) =X
n=0 [ (h-k’@,*)* +(2+k )a,*+h] cos (ot )
where,
30 b=D‘a,,’, k*=42/P, h=D9/{1D%)

The terms, ¢,, in the infinite series above are
roots of the equation:
otan(of ) =h-k’c?
D°= Diffusion constant of chlorine dioxide (cm?/sec) in
35 coating



35 estimated by referring to the color of solutions WO 96/ 39029

PCT/ US96/ 09475 36 cont ai ni ng known anounts of chlorine dioxide. After this
time different behavior was observed. For exanple, after two hours, the 50
Wt . % urea/ 50 wt.% NVA - DMAA mixture rel eased no chlorine dioxide. The 33
w. %5 urye ?/?90?\9 . % NMA/ 33 W . % sodi um acet at e conpl et el perngdogasesl

chl orine d|0X|ae alter two hours at roomtenperature. However, only one
third of the chlorine dioxide was rel eased after 24 hours at 5[err]C W th
no chlorine dioxide being yielded after angadditional 24 10 hours at
roomtenperature. 35 wt.% urea/55 w. % NMY 10 wt . % sodi um net hoxi de

exhi bi ted the great espiffusiion eohakhntt 6Di thldrine tdizxidenyicat tsé€) ense was
noted after three day iasi§%ra%%e at 5[err]C. Conplete rel ease was al so
noticed after 24 hour roomtenperature. The presence of a strong

i norgani ¢ base gleat|Bhenemeppdogikalsiangtht (crf athdegkage perealt in urea
based sol vents. A 20% DMM—I)%’ -%O)uﬁﬁﬂ&?%"‘iav/o%%tjé}xﬁ"’tfo@ sodi um

g?é?gﬁlﬁﬁRnggtsggslfxanlne %bkﬁrthlorzne leXléL bé%ween tﬁr 'n 300 M
coating and the gas phase

chlorine dioxide generation constant from

controlled release film (mole/cm?/sec?)
k = a, the total thickness of the gas layer

10 s = inverse of the time of maximum release rate of

chlorine dioxide from the controlled release film
Ci{x,t) is evaluated for a given set of diffusion

constants, leakage rate, h, phase partitioning and
dimensional constant, k’ chlorine dioxide release rate,

15 Q, and inverse relaxation time for release, s, by
plotting C(a) vs o at t=s"!, As an example, C(,t) is
calculated for a Petri dish of 62 cm® cross-sectional
area of lcm total thickness that includes 0.8cm gas
space and 0.2cm Agar. Since the biologicals are

20 introduced at x=0¢ and grow in the Agar it is important
to calculate this'concentration. This calculation is
necessitated by the strong paftitioning of chlorine
dioxide into the liquid phase once it is generated by
the controlled release film. At the release rates

Q

25 generated by a test film the gas phase concentration was
so low (<0.1 ppm) it could not be measured by the
detector.

In order to complete the calculation Q, s, P, D%, D°
and 1 must be assigned or measured. Since Agar is 90%
30 water it is assumed that P=40 can be used [J.J. Kaczur
and D.W. Cawlfield, Kirk-Othmér Encycl. Chem. Tech. (4th
Ed.), 5, 971 (1993)). D°=1.5 x 10°° ecm?’/sec and D°=0.12
cm?’/sec are reported in the Handbook of Chem. and Phys.,
52nd Ed., F47 (1971). 1In actuality D° appears in the



deconposi tion occurred. Fromthe toxicological point of view any
deconposition of the DMAA into secondary am'ne and toxic acrylam de woul d
be hi ghly undesirable. No deconposition was observed over the one hour 25
heati ng period._. .Acryl am.de al kene resonances were expected between 6-4 ppm
yet none were seen. Sonme polynerization of the urea was revealed by the
broad band uM@963902harp urea band at 6-7 ppm The NVR obt aik W75
heating at 120[err]C for two hours, nuch 30 above the 50[err] C at which
the DVAA was mi xed into the urea based sol vept, reveal ed extensive

pol ymeri zation of the urea that was evident fromthe increase in line wdth

and the conplicatjpédel Nodlie i GonjemetdoacwithWeesiScanfod tHENpUIPHRER! . No
al kene acryl am de éeéﬁga‘r]]%ﬁ%sﬂ% VO, 96/;% . .
PCT/ US96/ 09475 37°% bR : %) 59 HRpdesumed o e Mriferm, dng, \\pw 10
mﬁ.?bspd!un1netho&#x&ﬁsgstenyproduced no.toxic al kene prodgcts. To avoi d
valr |'ab![I i Z% in 0c/hl ](c)l’l t-g.,?t;lpélg)éd & ﬁg.ﬁﬁinc'énstahﬂ(}oﬂ?;%t g.sdéég'aﬁ.ﬁae'%dt %g ]
sol vent , .% of ,cargfully dri.ed urea, (vacuum ed: rr].C, . ours,
51 tort) and 50 SEIORRARE (RS AR Ve ARERUB 0 PRE (9B SHARRIRe
) ~ dioxide into the Petri dish containing no Agar and
measuring the chlorine dioxide concentration as a
function of time. The Petri dish employed will leak
‘relatively rapidly because of the serrated edges of the
10 bottom dish that is employed to assure good gas exchange
' necessary for biological growth.
(D%/1)= 0.154 cm/sec
When the source function of the form Qte™ is
integrated from 0 to infinite time,

15 oo o
f Qte™dt = Q/b® = total moles of chlorine dioxide

o available
For the purposes of the calculation the controlled
release film of density 0.8 gram/cm’ and total volume
20 0.315 cm’ contains 15 wt.% sodium chlorite of molecular
~ weight 90.44 g mole or 3.35 x 10* mole available chlorine
dioxide (assuming complete reaction of 5 moles of clo,*
to 4 moles chlorine dioxide) and shows a maximum release
rate at one day or s-3=86,400 sec. This release maximum
25 . is typical of an acid releasing film separated from the
chlorite containing £film by an intermediate wax layer.
- 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
30 entire surface of the dish. This is a valid assumption
' since, even though the controlled release patch occupies
a2 smaller area than the total cross-sectional area of
the dish, both the gas and Agar diffusion rates of the
chlorine dioxide are large in comparison to the time
35 scale of the release rate.



m xed and heated for 18 hours at 120[err]C. Al koxides were first isolated
as dry powders by reacting the required 10 anount of clean sodi um net al
with the al cohol and isolating the product by washing with diethyl ether.
All mxing was carried out under dry nitrogen atnosphere. Predrying of the
urea/ NVA m xtwoessemul ted in roomtenperature stability of tHOT/USI6/B9478M
chlorite 15 salts for at | east one week at roomtenperature. The desired
anount of al koxi de was then dissolved in the urea/ NMA sol vent using

m ni mal heating foll owed by DMAA to form a 8fear viscous liquid at room

tenperature. The results of the chlorine'dioxideE&@take EO and rel ease
of several urea/ NV DIR®/ SBRFERFERREIR 7 HiRE G sgaldlr5) 2Bndosites
are presented in filmdtdoh oRetimecishehexwtcalailatediforbasednge afrel ati ve

S5 TN oA Lakal h 2 BRI g3, 19, ONORE i
PCT/ US96/ 09475 3Fates (10°<h<10°! cm™?), the release rate maximizes at t=s-
. 5 ! and the maximum concentration is proportional to h. In
essence the concentration at any time significanﬁly
greater than the half time for leakage is simply some
constant factor multiplied times the source generation
rate. However as the leakage rate decreases 10-'<h<10°3,
10 the maximum concentration is generated only at
considerably longer time. Of course at h=0, no. leakage
occurs, the maximum concentration is approached
asymptotically, and a total of 3.36 x 10™ moles chlorine
dioxide (e.g. Qs2x62 cm?) is distributed between the 0.2
15 cm thick gel phase and the 0.8 cm thick gas phase.

For the purposes of estimating how closely the h=0
concentration is approached at h=8.31 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

20 amount of chlorine dioxide in the Petri dish.

[D.8cm(62cm?) 8/40) +(0.2cm) (62cm?) ] (2.4 x 10°
*mole/cm’) =
3.27 x 107'mole

This value is very close to that expected for h=0.

25 For the leakage rate measured for the Petri dish in
which the biological growth experiments are carried out,
a maximum concentration of 2.5 ppm is éxpected in the
gel phase at x={ with a concentration of 0.06 ppm in the
gas phase. About 0.25 ppm is required to kill mold

30 spores. . _

A slightly more complicated environment would be a

box of the same dimension as the Petri dish but with its
gas space filed with absorbing particles packed with a
volume fraction, &=0.5 cm’/cm’. The diffusion of gas



The presence of an al koxi de pronotes long termimniumchlorite stability.
However, the addition of nore than 0.5 nole chlorine dioxide per nole of
am ne substantially decreased imniumchlorite stability. 5

Excel lent long .termstability was found at roomtenperature for the phases
cont ai ni ng 23% sodi um et hoxi de, 31% sodi um i sopropoxi de or 30% sodi um t -
but oxi de, i VPR | east 60% of the chlorine dioxide was FPEFHE¥O%MEpon
acidification of the phase after three 10 weeks storage in dry, dark
conditions. Since no change in the chlorine dioxide rel ease was noted
after one week, these phases were consi deretf i ndefinitely stabl e after one

week. 15 e | C eLeg
hydr ocar bon wax E*I"F ﬁ? é%ﬁew %ﬁg %8 y%)arggﬁ % a'{%i ﬁ%s first
mel ted at 70[err]3€?u‘nﬁ§e$n¢a|l¥f%gé?r%€t.h Tsnaintsr-l ﬁgr-AﬁOquﬂb eB26neBHht of

gl ycerol nonosteqiese) prrol vserana B M. eurdve, VaTahBeNFaLsSgbyed $6, the

nol ten wax 20 85 ARE ng equi val ent s (based upon phosphorou§7’of
powder ed phospho? Z 6 26 de per three equivalents of glycerol conpound

hydroxyl fuBctions wa¥heldif fusiilecanstant BBl of ta gai flawingitigyouaht er
stirring the nelj fauéqqé&ié’ﬁg\ﬁsé‘%%ﬁl acdlg gglerr] C, one equivalent of 25

tetraethyl ort h05| | cat e the 1 nmedi ate evol uti on of ethanol
was detected. Stirri nB ﬁé@f@d’n&KMES for an additional four hours while

slow y where K,= Surface Henry's law coefficient in the
relatlonshlp
10 C,' =K, 07 :
where C,’ is the number of moles of gas absorbed/cm® of
surface and C? is the gas phase concentration in
mole/cm®, r is the equivalent pore radius for a set of
axially directed capillaries within a solid having
15 porosity € and internal surface, A {cm?/cm’), r=2g/A.
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
20 the particles’ thickness is equilibrated with the gas
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
25 related to the bulk coefficient, K,, by
CP(1-e)/A=C,’={(1-€) /A]KC"?
Ke=(1-8)K,/A -
DS,=D%/[1+(1-&/€)K.]
At a porosity of 0.5 and a partition coefflc:v.ent of
30 40 into the particles, the diffusion constant_for flow
through the absorbing porous media would be reduced by a
factor of 0.0244. This substantial reduction of
apparent gas phase diffusion constant proportionally
reduces the leakage rate, h, resulting in a proportional
35 increase in the concentration expected at any time.



raising the tenperature to 100[err]C and purging the m xture of ethanol
with a 10cc/mnutes flow of nitrogen. The 30 reaction flask was
subsequent |y evacuated at 100[err]C to renove any remai ni ng et hanol or
tetraethoxysilicate, filled with nitrogen and cool ed. Softening of the wax-
aci d rel easwansngeet (LPOSI) started at about 60-70[err] C. PORAUSHAIEi ty of

the wax was 100 cP at 100[err]C WO 96/ 39029

PCT/ US96/ 09475 40 The process for preparing LOPSI can be summari zed as .
fol | ows. When hydrol yzed; silicon dioxi deS&nd a phospholipid are forned.
[err] -~ WD 96/39029 PCT/ US96/ 09475

41 Chlorite powder waSherapewnl. Blacerentand catgFaddmder&lerssodi um
chlorite in dry gphiRaBebrdétBds byeq®iid fov  Hiciaa tfian agel t ant

FoLution Lo Terous LD SARPETEA ATTNL Hugle P Lhaddl W' g v S
particle filled box that 1s assumed to leak at the same
5 rate as the Petri dish, h=8.3 x 10® cm? (a rather good
assumption for a typical 1oose1y sealed box). A pallet
of well packed, 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,
10 any strategy must generate at least this concentration
in a pulsed release in moist regions of the box
preferably after several days delay. Destruction of
growing mold requires only 0.1-0.5 ppm for a few
minutes. The destruction of the growth mechanisms of
15 the cell is so complete that strains with a natural
immunity to chlorine dioxide cannot develop.
Conveniently, these concentrations are below the human
olfactory detection limit of about 10 ppm.
Practically{ since such a short exposure is
20 required, a film that released chlorine dioxide in a
pulsed fashion would be the ideal system. Of course,
depending on the storage environment, this behavior
would assure that the initial mold spore infection
(originating inside and outside the box) and any
25 subseguent infections {originating outside the box) were
“destroyed before any growth could occur. A continuous
release of 1 ppm thus wastes about 98% of the available
chlorite. The preparation of such a film is discussed
in Example 16.
30 Figure 1l shows the release characteristics
| expected for a controlled release film with a maximum
release at 10 days, 3.35 x 10™ mole available chlorine
dioxide (0.33 cm® £ilm, 15% wt.% sodium chlorite), placed
in a 0.5 porosity box with a bulk Henry‘s law
35 coefficient of 40 vs air leaking with h = 202.76 cm’'.



nitrogen at 100[err]C through a self siphoning extrusion head wth co-axial
fluid and nitrogen flow. After routing to a cyclone separator to isolate
small sodiumchlorite particles of about 5 microns in dianmeter, the 10
powder was stored in a dry atnosphere. Neat sodiumchlorite powder or

m xtures of sodium chlorite powder and anhydrous sodi um sulqu?l.tnfs ? ratio
of 1:1 and WOP6E89028ei ght was fluidized in the bottomof a nitrogen filled
container. A streamof acid releasing 15 wax was then directed into the
fluidi zed bed through a nozzle of 7 ml in S%aneter with a nitrogen back
pressure of 30-80 | bs/in2 to produce wax part’icl es encapsulated W th

hl ori d | f
4. The 20 Troely M deai CRRetiEEan oe 18/ SRl £o plhdhed 0o

In some cases an@%ﬁ%s}l%dﬁ’iﬁnﬂ P&t dORgS fbo?Pﬁ\ %édgﬁﬁlﬁﬁa‘éﬁ@ €<PFFOQ+ e- wax
particles (i.e., 2 hppeoikimatEly 0431 EhGoft i1l
chlorine d|0X|de rel ease rate., on125 sever al conp05|tes
placed in a Petri® %*Pﬁis%fmaa r’ﬁft m%% %ggo%ﬁﬁ RPERO3 f\é\gg%l _
2X10[err] [e3r] roakeyiFds costt ofl 53d 00dLbasbheveontrobled deyeas%
acconpl i shed at ahoudrid &ddth raRphi4e¥ el abl Eﬁehﬁabdhéﬁld EB@‘%@ 30
A hydrophabi c aci ¢l &l SRS "ahalns iR 83ad83RENDeE 1 RETIS, S The
controll ed rel eas & ’ g
material could be protected for 1 cent with the above
listed parameters. '

10 | ' 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
sustained release rates for a particular application.

15 The time required for complete cation exchange can be
predicted from the mobile ion concentration in each
layer, C;, wherein i is A, B, or C. In order to
determine such a time period, hydronium ion transport -
across the intermediate layer C is considered to be the

20 rate controlling step, and the diffusion constant and
effective mobile 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 occur

25 instantaneously 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

30 {1976). Crowley et al. studied the ionic mobility in a
graft copolymer of low density polyethylene (79 wt.%)
and sulfonated polystyréne (21 wt.%) as a function of
ion type, water content and temperature. Sodium,
potassium and silver ions travel along polymer bound

35 sulfonate groups by exchange with hydronium cations. At
high water contents of 3-6 wt.% phase separation of ion



for an immedi ate rel ease systemwas fornulated by nelt coating
approximately 5 ml of acid releasing wax in a |low nelting hydrocarbon wax
(60C=T[err]) onto both sides of 35 a piece of paperboard. Next,
approximately a 5 ml thick layer of 10% by wei ght, nethanol

recrystalli 200 96/ 39029 ' ~ PCT/US96/09475 .
PCT/ US96/ 09 429 sodiumchlorite in the low nelting wax was nmelt coated

onto the acid releasing layer. Another acid releasing |ayer of about 5 m|
t hi ckness was then coated onto the chloritegontaining |ayer. The total
vol une of 5 controlled rel ease material was 0.25 cc. Two chlorine

di oxi de nmeasuri nglagvens s:.:ﬁ(h Ty dropraokd Omb@igpid - Wekely Nt eTheiced with a

conmput er so that BEQEﬁg erl‘pé(% %r?%ﬁﬁ‘c?t h§§ M@ﬁlfgc‘{)&ged as a function

of time over a tiw aut omat | cal W th humdlty and
t enper at ur e. BoFﬁn§%§§¢tms’-Wfé<}bégéduﬂée%?h%hem d¢¢nfb1’%ﬂ@§ dét =

?t nospher e Intﬁ slpotxgd 4P§ﬁzﬁsc$ms&r3c?h sw%)xfmlhohpd:@)s drﬁc%d{]éﬁtﬁ ntjg, t he
clbse o t gt mealtysqttiRe Dot he mekit s EPCahaBARELe Foh Pet (1 i ahes:
were of the "breabhabhttatigre démreaschsubstent katlky cOmtact.4X1014t he
' cm?/StatV-sec, C = 8.3X10"7” mol/cc). The ion diffusion
constant D can be calculated from the reported ion
_ mobility using the equation D = (kTi) /g, where k is
10 Boltzman’s constant, T is the absolute temperature, M is
ion mobility and q is electron charge. The calculated
ion diffusion constants are 1.21X10°® cm®/sec and 2.58X10°
® cm’/sec for a dry and wet (6 wt.% water) silver
counterion loaded film, respectively.
15 The morphology of such a copoly_mer would be very
similar to the two material system of the present
invention in that both include partially connected ion
clusters localized at spherulite boundaries within the
hydrophobic layer. |
20 The total amount of hydronium ion that has diffused
across boundary AC {(moles/cm®) in time t is represented
by the’ function Q:

. oo _
Q(t)/1C, = (Dt/1%) - 1/6 - 2(®m)2L(-1)"n"2exp({-Dn*nt/12)
25 : n=1
Breakthrough of hydronium ion into hydrophilic
layer B will occur at (Dt/1%)=0.1 (t=10.4 min, 1=5 mil or
1.27X10%cm) and steady state diffusion is reached at
_ (Dt/1%)=0.45 (t=46.9 min, 1=5 mil). The first two terms.
30 in the above equation dominate after steady state is
reached. Thus under “wet" conditions (6 wt$% water),
Q(t) = 1c, [(Dt/1?) - 1/6] = 5.72x10°° mole/day-cm® at 5
mil thickness. The hydronium ion in a 1 cm® area film
and 1.27X10" cm thickness (1.65X10° mole hydronium ion
35 initially) should be almost completely reacted in the
chlorite layer in 7 hours. In the "dry* f£ilm, which is



LW

base at a serrated edge and no effort was nade to insulate the Petri dish
fromits surroundings. In this configuration, the acid releasing | ayer was
20 pl aced in direct contact with the chlorite containing phase and

i mmedi ate rel ease of chlorine dioxide was observed as soon as the filmwas
pl aced in the Petri dish. The chlorine dioxide gas concentrati on dropped
froma high ¥99%39@9mto 1 ppmat 5-6 days in an 25 ex poREHUBAI9478s hi on
as shown in FIG 5 (note that detector error of 0.5-1.0 ppmresulted in

| ess than zero concentration). However, surprisingly, the concentration
peaks that were superinposed upon this exp ntial behavior, were

| at ed th the, 30 d t.th | h dj t
chown nFIG o tRidel of P ena SopEamthAEpBLutt feRs, SUrh: 1 1 us
terreus (AT), anbt@gsferif.lB3X10MYmoleApy-umt atgrSomili rtthmckaeas | oaded, but
t t f | ds Al wt h
nutrient free agﬁécé@se of' @K Su Q%v%%?}%g?% i H&ﬁ%ﬁgﬁn d479r°

studi es were carrlied out I n accor st an ard 39029
PCT/ US96/ 09475 4SaYigt A68 Heqitrefnfiey &he hivdyoprdnguiomet? stemrEet Rl YPaper
5 diffuse 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
using the two layered composites of the present
invention. '

10 ) The chlorine dioxide release rate is generally
rapid when chlorine dioxide release is initiated in a
composite containing an intermediate layer because
chlorine decomposition is a function of pH. A minimum
concentration of hydronium ion is transferred before

15 chlorite decomposition into chlorine dioxide occurs due
to the buffering action of the hydrophilic layer
containing the chlorite.

The effect of viscosity on reaction rate, the rate
of hydration of the film required to produce the minimal

20 amount of free water necessary for catalysis of chlorine
dioxide production, and the chaqging mobile ion
concentration and diffusion constant supported by the A,
B and C layers can affect hydronium ion transport.

An amount of water must be present in intermediate

25 layer C for transport of hydronium ion. - Water is
transported through a hydrocarbon matrix as single
molecules, except at higher water activities where some
tendency to form clusters is noticed. The permeation
rate of water through a 5 mil thick high density

30 polyethylene 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.Sci.Eng., 17, 510 (1989). This
permeation rate is significantly less than that seen for
polyethylene ionomers that typically contain 3.35x10

35 mole/cc ionic groups at a minimum (4.08x10 -5
mole/day/cm?/5 mil) [Zutty et al., Encycl.Poly.Sci.Tech.,



and Paperboard."” Six sanples were tested for fungus resistance over two
weeks at roomtenperature in duplicate. 5 Phot ogr aphi ¢ conpari sons
showed consi derable growh after two weeks- on the control sanples, while no
growt h showed on the controlled release filns. The effectiveness of
chlorine di qugokgsgesd kil ling these three nolds was evi dent fRCIVHSHEEI4TSAO week
study. 10 . EXAMPLE 10 In a del ayed rel ease system
one side of a piece of paperboard was coated with an acid rel easing | ayer
separated froma chlorite layer by an intergedi ate wax |layer. The 5 m |

t hi ck hydrophilic phase in the 15 chlorite | ayer was a transparent blend
contai ning 10 wt §% 433 UAPER) br i t Bhesiatkempionic content is suitable

(NH err] C(O CH erfrd:Clﬁh%&:lsCEH[ Bl &b &HE eréd ol & Mizhdhag E\he %beéneiade. The
chlorite | ayer was s tgd %iga the ac d re asrggﬁ1? wax of about 5

m | thickness by %h 2ﬁate t hi ckness.
The total vol une (@‘ssmnhgoﬂ.beﬂ,()/él;easmniatczr HaEXMs'sahoﬂre Vakértem?/A del ay
i n chlorinegdi ox r I €w ot e g%fg& h hd ar agl

separ at ed f;gnrt eqbéﬁorlﬁe %g%fglnrn 3ré §§§§h Ph?ggvgn?%ﬁé@gQ&?ayer
In this 25  cafequdirgeakonk %h@Ye‘F%a%%t%%&Peé%aWPEProﬁmﬂn as shown
in FIG 7. Indiviidiidliadogcapyr atave. pask meut)clanaddédional h@ayweswige d

behavi or mere.aga%&n be required to saturate the intermediate layer C.
' While the invention is susceptible to various
10 modifications and alternative ferms, specific
embodiments thereof have been shown by way of example in
the drawings and have been described herein in detail.
It should be understood, however, that it is not
intended to limit the invention to the particular form
15 disclosed, but on the contrary, the intention is to
cover all mocdifications, equivalents and alternatives
falling within the spirit and scope of the invention as
defined by the appended claims.



correlated wth the tenperature and not with thermﬁbddms easR lesdn in FI G

8. 30 The three nold species tested for i e gromn I n
m neral | oaded, but nutrient free agar slants u5|
nutrient in accord w th TAPPI standard method-T 4 . MD 96/39029

PCT/ US96/ 09475 44 Si x sanml

weeks at rowpdesspEerature in d’ttrtb$F’cJaE§' . Its are pr BCENSEMDHTS Tabl e
2. Phot ogr aphi ¢ conpari sons howed® gromth after two weeks on
the 5 control sanples, wh st of the controlled release-filns showed
"no growth. In the few cases where nold did grow on the controlled rel ease
films, only a single nucleus was responsible. Invariably, this nucleus was
a large clunp of WBDCHAZBoOr es where sone self protective 10 effect was

generated by thejaggr 808+Ecsds UEdAIN SEAS gghgg
AN Mol d Contr ol ]Growtggﬁ Scebd £ ;?rep 5 & pite comds Growth

from No growth mlﬁbﬂ%r%§§¥A%RRRﬁ¥%qnma§erlag contg¥n1£§réi amine

with a hydrophobic material containing an acid releasing
agent, the hydrophilic and hydrophobic materials being
5 substantially free of water, to form a mixture; and
exposing the mixture to chlorine dioxide that
reacts with the amine to form iminium chlorite within
the hydrophilic material, the hydrophilic material being
capable of releasing chlorine dioxide upon hydrolysis of
10 the acid releasing agent.

ungus resi stance over two

2. A process for preparing a composite comprising:
providing a hydrophilic material containing an
amine and a hydrophobic material containing an acid
releasing agent, the hydrophilic and hydrophobic
5 materials being adjacent and substantially free of
- water; and _
exposing the adjacent materials to chlorine dioxide
that reacts with the amine to form iminium chlorite
within the hydrophilic material, the hydrophilic
10 materifl being capable of releasing chlorine dioxide
upon hydrolysis of the acid releasing agent.

3. A process for preparing a composite which provides
sustained release of chlorine dioxide comprising:
providing a hydrophilic material containing an
amine and a base, and a hydrophobic material containing
5 an acid releasing agent, the hydrophilic and hydrophobic
: materials being adjacent and substantially free of
water; and
exposing the adjacent materials to chlorine leXLde
that reacts with the amine to form iminium chlorite
10 which is decomposed by the base to form a chlorite salt
within the hydrophilic material, the hydrophilic

AR



spore Soak[err] Growth from No growh Growth fligehcehbasBeenReplaced, )
nol d spore (trial 1), spore ' No | Htﬂ 2) 15
i

[err] Agar covered with nold spores 2 Paper soaked EXAMPLE 11
The porous paper used througho p€s had one untreated side and
one side thaiygagpeased gl ossy. |29His SHEET U&S_'GTL"IEH“E iidi oxi de r RGERAEIP6ABWAS | ngs
were applied to the untreated gj de oRePm&CESber willk h the chl orine dioxide
rel easi ng conposite sheets ass th the glossy side out. .
Consequently, only the gl ossy side of the paggr had contact-with the neat.
Sheets 25 approximately 3 ft. x 8 in. were cut to facilitate handling
during the coati npaperiaisbeihg capablelohapeleasingtchiasrimeglioider ] .

WD 96/ 39029 h 1vsi £ the acid releasin @EE&H§96/09475 45
LPCOSI acid reIeasFﬁSDMa¥d§gsyg%%I?ed t0't%e porous substrate paper in a

nitrogen filled dry box containing a |large dish of stirred phosphorus
pent oxi de using a4wax AOpreEesPefot | PPerPdr P Xddhiias it el Hhate priokridkk

mul tiple sustained release of chlorine dioxide comprising:
providing a hydrophilic material containing an
amine, an amide, and a base, and a hydrophobic material
5 . containing an acid releasing agent, the hydrophilic and
hydrophobic materials being adjacent and substantially
free of water; and '
exposing the adjacent materials to chlorine dioxide
that reacts with the amine to form iminium chlorite
10 which is decomposed by the base to form a chlorite salt
within the hydrophilic material, the hydrophilic-
material being capable of releasing chlorine dioxide
upon hydrolysis of the acid releasing agent.

5. A process for preparing a composite that provides
sustained release of chlorine dioxide comprising:
providing a hydrophilic material containing an
amine, and a hydrophobic material containing an acid
5 releasing agent, the hydrophilic and hydrophocbic
materials being adjacent and substantially free of
water; and
exposing the adjacent materials to chlorine dioxide
that dissolves within the amine to form chlorite anions
10 therein, the hydrophilic material being capable of
releasing chlorine dioxide upon hydrolysis of the acid
releasing agent.

6. A process for preparing a composite comprising:
dissolving a chlorite salt in a hydrophilic
material; and
then mixing the hydrophilic material with a
5 hydrophobic material containing an acid releasing agent,
the hydrophilic and hydrophobic materials being adjacent

—_-—______’____—;f
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5 coatings were used, the paper was all owed s gh s Been Replaced, app! yi ng
subsequent | ayers. Once the paper was coated, i lt H nadry
atmosphere suitable for storage. The chlorite c [ : r was applied

from 10 met hanol solutio operating at roomtenperature.
A typical coating solution n\AFﬁHmspaEeaAB;emw t dissolving 25 grans of
pol y N-vi nyW®9639839% di none (PVNP, REPLACEDer r W) in 500 W’H&Wﬂﬁanol
foll owed by 15 grans of sodilmserrte (tecnnical grade). The 15

honbgeneous sol ution was used imedi ately. _Lf nultiple coatings were °
desired on a single substrate, the coating fds all owed to dry between

applications. Th | Ok yl paper s then,sealed i.n dry

at nosphere for s?%%gggﬁs%gnggg&i& E?%ﬁe%?é?%géktnghﬁ q%é%ﬁéhl**ﬁechlorite
cont ai ni ng fil m maserdmdr ®singncappbte af rebeasinghilarineidioxide | POS|
contai ning film @pdOhParotPeesi B¢ Bhexaded ! Lérasd vy higaer conposite.
Pressures under 10,000 Ibs/in[err] were sufficient to induce cold flow and
adhesi on "25 of the wax to the chlorite containing film Sanples of each
i ndi vi dual sheet 7of cGhecproaessr afechaimykrfuetrler aimrinddimettissistepur i ng
the pressing operati [ r tifyat | 4y adplax 45034i ngs.
These sheets vvertﬁ:li%tbl%ggurqg% g‘gﬁgggg tév\%i%%é#}lﬁ%n&%onpar ed évxliq’t dat a

obt ai ned from unefore exposure to chlorine dioxide.

8. The process of claim 7 wherein the mixture is

applied as a tacky hot melt at a temperature below that
at which the mixture will decompose.

9. The process of claim 2 further including the step of
applying the hydrophilic and hydrophobic materials to a
substrate to form a film before exposure to chlorine
dioxide.

10. The process of claim-3} 4 or 5 further including
the step of applying the adjacent materials to a
substrate to form a film before exposure to chlorine
dioxide.

L4
11. The process of claim 6 further including the step
of exposing the composite to moisture to hydrolyze the
acid releasing agent and release chlorine dioxide from
the composite.

12. The process of claim 6 further including the step
of applying the composite to a substrate to form a film.

13. The process of claim 12 wherein the composite is
applied as a tacky hot melt at a temperature below that
at which chlorite within the hydrophilic material will
decompose.

-
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paper as shown in Table 3. Cal cul ations of the theﬁl(;)hlSShqeetH Been tput
based on phosphorous pentoxide and the relation: [err]
[err] 4 dJerr] + 2 Herr] +’“3*F—4@9

PCT/ US96/ 09475 46 indicate a rcthllS)Sriﬁpre&Bﬁﬂ\bl y O. 14g NaC1 Qerr]/g wax
for optlrrunwagggé ] utilizatidh, TABEPLACSEpl e [[No. of POMAISOEP?PS] No.

of g NaC Jerr] 5 toraerri err]/ PVP (ng/crr[err])
Wax (ng/qn{err]) g Wax Wax) - coatings coatings 1:1

0.44 1 2.9 0. 15 3 6 64 1.6 3 6. 3
0.25 2:4 . 4 1 5 0.21 10 2.2 2
0. 45 2 14. 4The prooe@saofrmalm G fe afl 3R wberehpehheafibm is

rel eased from t h%xgblss@a 2bOBH1¥E1Me hait ide/ ) &ontaResabUELReB$1ADRLERT ed
in a Petri dish under atnDs Qer | € gggdlﬁﬁgns usi ng the sensor system and
gas | eakage rat e pEEFLOHS| 18T 1N (LK qgééﬁﬁ ‘e 9. Sanples were
noni tored over several days. FIG 9 shows a typical plot generated from
data acquired frq@a $aEPLEoEEE80GE dim o Whe¥di®h the chiorine
dioxide is dissolved in an organic solvent that does not
absorb water before being exposed to the £ilm.

16. The process of claim 15 wherein the organic solvent
is selected from the group consisting of atactic
polyprop&lene; polyester, hydrocarbon wax, chlorinated
wax, polyethylene wax, polyolefin, and derivatized

5 polyolefin copolymer.

17. The process of claim 14 further including the step
of exposing the £ilm to moisture after the £ilm is
contacted with chlorine dioxide to hydrolyze the acid
releasing agent and release chlorine dioxide f£rom the

5 £ilm.

18. The process of claim 12 or 17 wherein at least
about 1.0 X 10°° mole chlorine dioxide/cm? is released
from the film for a period of one week.

19. The process of claim 12 or 17 wherein at least
about 1.0 X 10°° mole chlorine dioxide/cm® is released
from the £film for a period of one month.

20. The process of claim 12 or 17 wherein at least
about 1.0 X 10°® mole chlorine dioxide/cm® is released
from the film for a period of six months.

21. The process of claim 1, 2, 3, 4, or 5 wherein the
amine 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
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two coats of each phase (2:2). Sanples were nnmmkmm&dmam aeell di fferent

| oading levels. Al sanples showed 20 an |nned elease of
10-20 ppmchlorine dioxide within the firgt—2-3 h by a very
gradual reduction in rel eas§ .ﬁ¥§@*kﬁﬁtﬂﬁ¥8cﬁe era Ioadlngs

served to increase the nmaxi ffumin cgpncentjrati on and prol t he

rel ease. 25WO0 96/39029 hépaiéﬁmfﬁ—?‘-gz 2:2 Ioadecf ?’g’@ﬁare
used as separators between ground neat patties packed to dlfferent
densities that were loaded initially with hlgh | oadi ngs of col ony form ng
units (CFU) of E. coli bacteria. Substantiaﬁ reductions in bacteri al
grow h were noted _as_shown 029

PCT/ US96/ 09475 4 af'&ﬁ’lgenﬁ’.n"#‘xdFSSEQIé) ’c‘k%opii’aqat’itegrw‘i’ hegPiredaiByi de

gas had access t @ tysiriophddlior soivene. patty, resulting in a nore conplete

kill throughout. TABLE 4 Bacterial Load % Reduction in 5 G ound
Meat CFU/ pat.t erla Loos |y packed 7X10] err
>99.9996Eegselyp y)ghe progeggiBF % p Yetd 6 whereln tﬂe ]

acid releasing egent 1s 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.

23. The process of claim 1, 2, 3, 4, 5 or 6 further
including the step of changing the viscpsity of the
hydrophilic and hydrophobic materials, changing the
dispersibility of the hydrophilic and hydrophobic

5 ' materials, changing the temperature of the composite,
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

10 changing the volume fractions of the hydrophilic and
hydrophobic materials.

24. 'The process of claim 3, 4 or 5 wherein the amine is
a dialkylaminoacrylamide.

25. The process of claim 3, 4 or 5 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.

26. The process of claim 4 wherein the amide is urea.
27. The process of claim 4 wherein the amide is a

plasticizer selected from the group consisting of N-
methylacetamide, formamide, succinamide, N-

T




EXAMPLE 13 Escherichia coli ATCC (Anerican Type T S Re | ection)
#26 was grown in Tryptic Soy Broth (Difco 0370-17 ' hase
activity with an optical density of 0.8 at 600nm billion

colony formng units per n QTW centration was verified

usi ng plate ] n three | AR BaBR. j| 15 . pdrirbsv6m047s

di sper sal oﬁﬁggéﬁﬁggteria wa LAGERIensel packed neat by the
foll owi ng inocul ati on nmethod. Chi-li-grou in purchased six hours
before use and stored at 8[err]C weighing tyg kilograms was.placed in a pan
and pressed down into an even sheet. Five holes were 20 punched into the

neat with a gl asseiR@lacéthntide,iN-flethpd foembnida] NLéthyForaniidest had

i nto each hoée. The,geat Wﬂé.t e kq&g ed to désgerse the bacteria evenly.
This was rep@at ed®PHiRSTRT théésf &t OFA4EP - a ninute of vigorous
kneadi ng each tinme. -Since the two ml 25 of an inoculumw th a culture

concentration of g?[erfﬂe thdids Ws %iﬁﬂﬁ?d tgrtgfwﬁgiginz%qgancentration

of one mllion cfu 3ran1 S 1 ntroduced I nto the nea e neat was then

reground to a finbydesphilkiqand fudinophebiccphanas Bxe amkad SouFOF® §ri nder
and formed 30 nikoupaithas 1y @idsed 89 thEtofiné dliotide M) fwith eueting

patties out with &m ﬁf&% &héﬁbéen.g to form | _

29. The process of claim 6 wherein the hydrophilic
material is selected from the group consisting of an
amide, an amine, an alcohol, a compound containing amino
moieties, a compound containing amido moieties, and a

5 compound containing hydroxyl moieties.

30. The process of claim 6 wherein the hydrophobic

material includes a diluent selected from the group

consisting of atactic polypropylene, hydrocarbon wax,

chlorinated wax, polyethylene wax, polyolefins, and
5 derivatized polyolefin copolymers.

31. The process of claim 6 wherein the hydrophobic
materiadl includes a plasticizer selected from the group
consisting of N-methylacetamide, formamide, succinamide,
N-ethylacetamide, N-methylformamide, N-ethylformamide,

5 and amido substituted alkylene oxides.

32. The process of claim 6 wherein the composite
comprises between about 5-95 wt.% of the hydrophilic
material and about 5-95 wt.% of the hydrophobic
material. '

33. A method of retarding bacterial,. fungal, and viral
contamination a'nd_growth of molds on the surface of a
material and/or deodorizing the material comprising:
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WD 96/ 39029 This Sheet Has Bdef K¢ /09475 48
positive control (i.e., added E. coli bacter] he negative
control (i.e., no added bacteria) ground sirjl

ground first in the uncontam nated grinder to preven

contam nation. 5 The patti ed i
negative cowmO®igested at (| 3pgs SAEEPHAS siaRs| _
4, 24 and 60 hours, and test isanpl gEdilacen patiji es exposed to a chlorine
di oxi de releasing filmof thespresent—tnventowr at 0, 4, 24 and 10 60
hours. The patties were placed between eithl& unnodi fied paper or the
papers coated with a 2:2 chlorine dioxide releasing film (as described in
Exanpl e 11) in 10 cm €Xpegirg & awifaceraf @ maspsiaki to aampesibgo Petri
15 di sheg contakBi G8edUibt CPéXefrdUoriaecdiBRIdEUin | the e o
plastic bags and_stored for the required tine at 4[err]C in a comon
refrigerator. TmﬁbéaﬁﬁFSs WP e taken from each patty, one fromthe upper
surface, T, contactedexposing bthe reunfiaasditbi adigbure papeelernsey t he test
paper with the chhopirifedifokiife 'St ARTHY coinbBsite AN ke aﬁ‘.xﬁ}&g hetde

third of the patty, M _.Sanples were ,ohtained wth angle tippeo rceps by
ei t her pinching §¥‘F5§§nflﬁ’égsttﬂ? d??é:qxﬁ"agbt ain :

sane source was
t's own
duplicate and consi sted of
tive contr BFEUSBES at 0,

34. The method of claim 33 wherein the material is
exposed to chlorine dioxide by a composite that is a
portion of a container.

35. ' The method of claim 34 wherein the container is a
containerboard box.

3s6. A method of retarding bacterial, fungal, and viral
contamination and growth of molds on a surface and/or
deodorizing the surface comprising:
_ coating a surface of a substrate with a composite
S that does not release chlorine dioxide in the absence of
moisture; and _ .
exposing the coated surface to moisture to release
chlorihe dioxide from the composite into the atmosphere
surrounding the surface.

37. The method of claim 33 or 36 wherein the
composite is comprised of a hydrophobic material
containing an acid releasing agent and, optionally a
diluent or a plasticizer, and a hydrophilic material

5 containing chlorite anions and an amine, an amide, an
alcohol, or a compound containing amino, amido or
hydroxyl moieties.

38, The method of claim 36 wherein the surface is
coated with a film comprised of the composite.

| ) O U



a small scraping of the neat, or by digging dowm and 25 exposi ng the

m ddl e third thickness region. The forceps were sterilized between sanpl es
by di pping in isopropanol and flamng. Ten m sterile water blanks in screw
capped test tubes were tared to zero on a sensitive electronic 30 scal e,
and roughl y widesap0em sanpl es added to the tubes and the wei BETAIS6415ded.
The tubes were then capped and shaken vigorously to disperse the neat and
rel ease the bacteria. 0.1 m of the supernatant was plated onto.Tryptic 35
Soy Agar (Difco 0369-17-6) in duplicate and spread with a glass triangle on
a turntable. The gl ass spreader was WO 96/ 38064l 1

PCT/ US96/ 09475 49 sterilized between platings with isopropanol and flaned.
The vi abl e bacterial content of the sanples was visualized by inverting the
pl ates aft ours i ncubation at 37[err]C. 5 Uni nocul at ed
negative c Sqded the normal amount. of bacteria commonly seen in
ground sirloin mnth no substantial growh noted over 60 hours at 4[err]C
Inoculatedrpositive controls showed | arge anounts of

210 . |
2 HYDROPHILIC
MATERIAL

H

HYDROPHOBIC
MATERIAL MWW

SUBSTITUTE SHEET (RULE 26) -



bacterial growh for all tines with very mnor 10 di fferences between
the top and mddle sanples. If the unnodified paper had an antim crobi al
effect, it was minor. Wien the col ony counts of chlorine dioxide exposed
test sanples were conpared, a 50-100X kill was noted for 15 t he surface
sanpl e as conypglggeek® the interior test sanple and the posit perQsyidosf
sanpl es, except for the reduced surface kill on the sanple contacted with
the weakly releasing film As for the four hour exposed test sanples,
surface colony growh was 50-100X | ess 20 than the interior test sanple
or the positive controls. The surprising obse@tiop nade on the 60 hour |
sanple was the high kill in both the interior and surface sections of the
exposed sanpl es when conpared to the positive control sanples. 25

Because the positive control plates were expected to be overl oaded, a

di rect conmparison for quantitation purposes was not accurate, although a
rough count reveal ed anywhere between 50-200 fold reduction in col ony
count. As an alternative the test plate counts 30 were conpared to the
confikrmed inoculumtiter instead. A rough conparison nmay be nade between
the Ccfu and the inoculumfigure (corrected for sanpling dilution). This is
termed the ratio tﬂ:gpggyl (RTI), which is intended to conpare the
viability ofrfhe tre sdml e

o8

Clo

MW N = CH mwWA NH o MWW 2
| c o P
o H l02 0102 -
R3S|-O-SiR3
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WD 96/ 39029 PCT/ US96/ 09475 50 and

t he maxi mum possi ble cfu count. RTI's were calculated for the 60 hour

pl ates on the basis of the Ccfu count. The average RTI for the top sanples
of the plates 5 for the patties that were exposed to chlorine dioxide
and tested &asoddpdeours was roughly 170, which woul d repr eRaTUSI6/942 f ol d
decrease in viability. The average RTI for the interior of these patties
was roughly 50. At 60 hours, however, large reductions in the 10

bacterial viability in the center of the patty were seen. Cooking the
patties that were exposed to chlorine dioxid8 Anf ftested for 60 hours

yi el ded a normal | ooking hanburger with no unusual odors being noted.
EXAMLE 14 15 Loosely packed 0.75 inch thick, ground sirloin patties
Wi th approximately 25 cnjerr] top surface area were forned by hand

imedi ately after mxing and grinding in of E. coli ATCC #26 broth

(10T err]-10[err] cfu/gram. The initial inoculumwas grown up to a slightly
| esser 20 extent than the inoculumused in Exanple 13. The | oose
packi ng was enpl oyed to help the penetration of chlorine

FIG.3a '/“" 3

316
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Q222222227278

20

FIG.3b P

22
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24
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di oxi de through interconnected air passages. The patties then were placed
between either 2:4 or 3:6 chlorine dioxide rel easing papers as described in
25 Exanpl e 11, and covered with a Petri dish cover that was enclosed in
a recl oseabl e plastic bag. The sanples were then stored at 4[err]C for 3.5
days. After WO%/390290sure tinme the neat in contact with the BCHUSSSOMTS
showed no bacterial growh fromeither a surface or interior 30 sanpl e
when plated as described in Exanple 13. The interior of the patty exposed
to the | ower chlorine dioxide con&gztration-(2:4) showed no bacteri al
growh fromeither surface or m ddl %éhples when pl ated. When conpared to

the results of Exanple 13, these 35  results.confirmthe d penetrating
bi oci dal action of chlorine dioxide when rel eased i nha cqtro ed fashi on
WO 96/ 39029 PCRUSO&TORAXS 51 over

2.5-3 days at 4[err]C. Cearly, the biocidal action s mye¥pN ective for a
porous meat structure. An additional experinent using chitkeinhpreasts was
al so performed. A filet of chicken breast was 5 r epeat gdl I pped in
undi*luted E. coli ATCC #6 broth (10[err]-10[err] cfujm )/ pNgcefd between
2: 2 chlorine dioxide

]/ PRE
9558/
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releasing filnms and then closed inside a Petri dish that was placed in a
recl oseabl e plastic bag and placed in a refrigerator at 4[err]C for 3.5
days. The surface of the 10 nmeat was then swabbed and plated to get an
i ndi cati on of bacteria kill. Again no bacterial growth was noted after

i ncubati on. WQWBER15 Design of a chlorine dioxide rel easi REFFVINHOMIS
suitable for controlled rel ease and biocidal action within a container is
descri bed herein. The equation describing the concentration of ehlorine
dioxide in a coating of thickness,_[err], (O<x<[err]) that is covgring the
i nside of a perneabl & container of t/othl t hi ckness [err] + 20 --a{)mhere

‘a' is the gas space thickness ([er]<x<[err]+a), above the coatli nggi s shown.
bel ow. Chlorine dioxide is generated by means of a conpletely perneable
thin filmof infinitesinml thickness that lies on top of the cg t&yg at
x=[err]. 25~ ferr] where, 30 [err]
The terns, [err], in the infinite series above are roots of th@{eddation:
[err]tan ([err]) =h-k'[err] Derr]= Diffusion constant of chloffi{ne di oxi de
(cmerr]/sec) in 35 coating
73
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WD 96/ 39029 PCT/ US96/ 09475 52

Dierr]= Diffusion constant of chlorine dioxide (cnferr]/sec) in gas phase 1

= Phenonenol ogi cal length (cm of |eakage pore P =

Jerr](x=1)/err](x=1)=Henry's | aw constant for 5 ° partition of the

chiorine di oxXWoosBemaecen the coating and the gas phase Q = chktowisvenogisoxi de

generation constant fromcontrolled release film(nole/cnferr]/sec[err]) k

= a, the total thickness of the g fdyqr 10 s = inverse of the tinme of

maxi mum rel ease rateeQf chlorine dioxide fromthe controlked release film

C(x,t) is evaluated féhr a given set of diffusion constant% | eakage rate,

h, phase partitioni n@yand di nensional constant, k' chlori di oxi de rel ease

rate, 15 Q and imgerse relaxation time for rel ease, S\,PY gl ot ting

- C([err]) vs [err] at Q=s[err]. As an exanple, C([err],t) Mg %cul ated for

a Petri dish of 62 cegerr] crosswsectional area of 1cmtoQaI i ckness- t hat
i ncl udes 0.8cm gas sfdce and 0.2 Agar. Since the biologhals are 20

i ntroduced at x=[err d grow i ar it.is inportatho cal cul ate

t hi s*concentrati on. ifs cal cul at Q1

imﬁyéég’
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necessitated by the strong partitioning of chlorine dioxide into the liquid
phase once it is generated by the controlled release film At the rel ease
rates 25 generated by a test filmthe gas phase concentration was so | ow
(<0.1 ppm it could not be neasured by the detector. In order to conplete

t he cal cul aty@bedgozes. P, Dlerr], Derr] and 1 nust be assig?@ff-’%ﬁ’“?ﬂg sur ed.
Since Agar is 90% 30 water it is assuned that P=40 can be used [J.J.
Kaczur and DDW Cawl field, Kirk-Qhner Encycl. Chem Tech. (4th-Ed.), 5,
971 (1993)] . Derr]=1.5 x 10[err] cn{err]{ie and Derr]=0.12 cnferr]/sec
are reported in the Handbook of Chem and %1 I52nd Ed., F47 (1971). In
actuality Dlerr] appears in the WO 96/ 39029

PCT/ US96/ 09475 53 nodel only in conjunction with 1 since for the Qurposes
of the calculation CJerr] is assuned to be uniformin [err]<x<[«£r ] +ta. The
| eakage flux constant, Derr]/l, is evaluated by 5 injectingja small
quantity (about 10 ppm of chlorine dioxide into (TmeRgetri di shjcontaining
no Agar and neasuring the chlorine dioxide concentT®&tion as a fynction of
time. The Petri dish enployed will |eak =
J.\?‘
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relatively rapidly because of the serrated edges of the 10
is enployed to assure good gas exchange necessary for

t hat
gr owt h.

bottom di sh
bi ol ogi cal

(Dlerr]/1)= 0.154 cm sec Wen the source function of the formQe

[err] is integrated from O to infinite tine, 15 [err] Qe =
EE&h%@%PFEbIe For

Q Db[err]

t he purposes o

s[err] =86, 400 sec.

releasing film
i nternmedi ate wa
molfe/cnferr]/sec
rel ease rate i s
surface of the di
controll ed rel ea
cross-secti onal
the chlorine dio

Nal<y-4

TEMPERR.

SO

ofl es of chlorine
the calculation the controlled release filmof density.0.8
granicnferr] and total
chlorite of nol ecul ar wei ght 90.44 g nol
chl orine di oxi de (assum ng conplete reac
nol es chl ori ne dioxide) and shows a nmaxi numrel ease rate a
This rel ease maxi num 25

vol une 20

di oxide O

0.315 cnferr] contains 15 W. % sodi um

ggr 3,35 x 10[err] nole avail able
nlol 5 nol es OL\Qlo[err] to 4

one day or

is typical ofgan acid

arated fromthe chlorite containing fil y an
ayer. Qis thusf%%lculated as 7.,23 x (& ]
rr] over a 62 cdtfrr] base area Petri when he area
sumed to have noylateral dependence ovar fhe 3d entire
h. This is a vaN d assunption since, t hoygh t he
tch occupi es & |l er area than tIQ Pta
eafof the dish, h the gas and Agarqw usidrl rates of
def are large in arison to the tima §3
| TN v LN
NR IR EAL
N
VR
LD
X
N
N
®
N
N
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N
B
SI T T s s T
N9 M oy Wy N T

SUBSTITUTE SHEET (RULE 26)



35 scale of the release rate. WD 96/ 39029
PCT/ US96/ 09475 54 The concentration in the gel
of time is then calculated for a range of | eakage rates,

phase C(l,t) as a function
h as shown in Fig.

10. At fast |eakage rates (10[err]<h<i0[err] cnferr]), the release rate
maxim zes at WQA/8029 [err] and the maximum concentration i iR daponal
to h. 1In essence the concentration at any tinme significantly greater” than

the half tine for |eakage is simply sonme constant factor nultipljied tines
t he source generation raLQ. Howe8e¥ 3slthe | eakage rate decreases
10[ err] <h<l1Of[err], 10 &Qhe maxi mum concentration is generated only at -

no | eakage occurs, the maxi num

considerably longer time\gO course at <0,
concentration is approac
nol es chl orine di oxi de (
0.2-15 cmthick gel p
pur poses of estinmating

se and the 0.
closely the
he concentr

R

total 20 anount of ckMori ne dioxide"

!

<

L
T : ]

h=8.,31 x 10[err] cnferr]gNt
10[err] sec, x=[err] (2§x 10[ err] n'olakl

and a total of 3.36 x 10[err]

d asynptotic§§zy,
g. s[err]x6 nferr]) is distributed between the

cm thick gas phase. t he
=0 concentration is agdroached at
on in the gel phase af, t=6.0 x

cnfer]) is used to cigsulate t he
the Petri dish. §3

TIME

S X 8§ 8§

X N

\

o1

\
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[0.8cm(62cnferr])[err]/40)+(0.2cm (62cnferr])] (2.4 x 10[err]
[err]nmole/cnferr]) = 3.27 x 10[err]nole This value is very close to that
expected for h=0. 25 For the | eakage rate neasured for the Petri
dish in which the biological growth experinments are carried out, a nmaxi num
concent rat i @ dghoe3s > PPMis expected in the gel phase at xP{BUSYsNO8MIH a
concentration of 0.06 ppmin the gas p . About 0.25 ppmis required to
kill nmold 30 spores. A_slightl ylrﬁ)reaﬁinpl i cated environnent- woul d be a
box of the same di nension the Petri dish but with its gas space filed
wi th absorbing particles ked with a volunme fraction, [err]=0.5
cnjerr]/cnferr]. The diff on of gas WO 96/ 39029

PCT/ US96/ 09475 55 t hrough h a conposite nmedia has been studied [R M
Barrer and DM G ove, Trasg. Far. Soc., 47, 826, 837 (1951); R Ash and
DM Gove, Trans. Fag So¥, 56, 13@7 (1960)]. 5 The di ffusion
constant Dlerr] -of_a_gas £ MW ng through a_porous I%‘di a nust be rep‘l.)aced
by: Derr]=Derr]/ [131l (2K[er|r]/r)] ' ]

~14. 10

e
e

L
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where Klerr]= Surface Henry's |law coefficient in the relationship 10
Cerr]" =Klerr]Cerr] where CJerr]' is the nunber of noles of gas
absorbed/cnferr] of surface and (Jerr] is the gas phase concentration in
nole/cnerr], r.is the equivalent pore radius for a set of axially directed
capi | | ari eVQPE/R 3 sol i d -having 15 porosity [err] andPCA{USP§{eRe7S
surface, A (cnferr]/cnferr]), r=2[err]/A For the purposes of the

cal cul ation of surface concentration of chlorine dioxide within the porous
media, the particles are consideref to, be small enough so that the
concentration of chlorine dioxide I4re(u dut 20 the particles' thickness
is equilibrated with the gas concentratlon For the.purposes of this
calculation, the entire particle concentration is concentrated in the
particle surfac l/n hj s case the surface Henry's |aw coefficient is 25
rebated to thefgj—l@‘oz‘ iCi ent, Klerr], by err](1-[err])/A=Cerr]"
(1-[err]) /TAKerr](err] K[err]— (1- [err])K[err]/A
Derr]=D{err]/[1+(1-[egr]/[erpr) Kp] At a porosity of 0.5 and a partltlon
coéfficient of 30 4D intofthg particles, the diffusion constant for flow
t hrough t he absorbi ng porous/ nedya woul d be reduced by a factor of 0.0244.
This substantial reduction ¢gf appgrent gas phase diffusion constant

proportionally
/2

10, PPM
/o

-]

: L 1 | | B
! . 4 3 £ 5

' FIME (X /0%5£2)
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reduces the | eakage rate, h, resulting in a pr| +~~-oRat-—35 lncrease in

the cancentration expected at any tinme. WO EémxmﬂﬂWTSHEEHS SG
PCT/ US96/ 09475 hWiéI qdl acenment and c epertption|: pagal ..... to pa?cd
characteristics b| ocidal film iRt edpagﬁei(el l(,‘h%’; 4d
is protecting a particle fillled Bsswinga) : PSgealS SR @adat
| eak at the sane 5 rate as the Petri digh, hghA@ﬁmxio[epm}ﬂcn{§j£;7£e

rather good assunption for a typical |oos€ eal ed box). A pallet of> wel'

packed, fol _dedg% ?%ﬁ@d) boxes m ght be an a almgm@pmaxﬁn@&\t\w

spore kill is d at an exposure of 1 pp “foreex fe
m nutes, 10 1any & petcepssfXir gerepeatiagar lcompostities whdiede Protiidas in a

pul sed r el ease 4| r;qfn% rg\%qr%%o?;cf tétﬁoft%eoe%%& YcRfdr8lgisRMer al days

del ay. Destructlon requires only 0.1-0.5 ppmfor a few
m nutes. The destruﬁﬁ%@ngt?ew Ik aRiteRiads centaining @ | is so

gorm: ete tcgat %.tnrﬁiter%ﬂa tah padwt uarrﬂit d {H?di:l d]didiffdacﬁdrﬁaldldvﬁﬂﬁm&[g‘mt
evel op. Conveni ently ese concentrati.qns.ar t he ol.f act or
detection? i ni tarbfa‘%%lﬁiotﬁeqﬁ? Tt i c‘% %W?&qﬁlfct?rﬁi]% &%’0’5 rg

S materials being adjacent and substantlally free of

water; and
exposing the adjacent materials to chlorine dioxide
that reacts with the amine to form iminium chlorite
10 which is decomposed by the base to form a chlorite salt
' within the hydrophilic material, the hydrophilic
material being capable of releasing chlorine dioxide
upon hydrolysis of the acid releasing agent.

2. A process for preparing a composite that provides
sustained release of chlorine dioxide comprising:
providing a hydrophilic material containing an
amine, an amide, and a base, and a hydrophobic material
5 containing an acid releasing agent, the hydrophilic and
hydrophobic materials being adjacent and substantially
free of water; and
exposing the adjacent materials to chlorine dioxide
that reacts with the amine to form iminium chlorite
10 which is decomposed by the base to form a chlorite salt
within the hydrophilic material, the hydrophilic
material being capable of releasing chlorine dioxide
" upon hydrolysis of the acid releasing agent.

3. A process for preparing a composite that provides
sustained release of chlorine dioxide comprising:
providing a hydrophilic material containing an
amine and a base, and a hydrophobic material containing
5 an acid releasing agent, the hydrophilic and hydfephobic
materials being adjacent and substantially free of

water; and
ET HAS BEEN
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20 required, a filmthat released chlorine dioxide in a pul sed fashion
woul d-be the ideal system O course, depending on the storage environnment,

t hi s behavi or woulTis ok initial nold spore infe 2
(originating inside mi’ﬂﬁﬁ he box) and an r-/ -
i nf ecti ons (or|g|n he box) were detﬂkﬁ§§§; s ‘___jwromﬁh

coul d occur. A continuous release of 1 ppm.thus Wast esabow b of the
avai l able chlorite. The preparation of su a fil'mis discussed in Exanple
16. 30 Fi gu o] t S erLs e r a
controll ed rel ease %ﬁP&&lﬁg @ﬁe QS?%%%ﬁ?eﬁ%g§?{g¥é gb Eh58r§ﬁ§58£8%6F§rr]
mol e avalIabIethhtodlﬁeohvgﬁlﬁetb®n33h%n?m¥n? to| fprmsohherifeodnians
chloritejg plaggdrifnd Qhé gaeépﬁywexm&téblélbyékngieeaizsaﬁléaznyES
coeff|C|ent of 40 vs. air 76 WO 96/ 39029
PCT/ US96/ og475r°517e¢§#a9.ﬁhwﬁbﬂeeﬁ%%%@%nua?n1bY91r1a ¥pis plathedagitler 10
days and at Ieﬁéleaspﬁ?1a§egenerated for 0.4 day<t<46 days. Approxi mately
0.31 cnferr] of controlled release material is needed for this purpose. At
abs materials cost of $1.00/1b, the controlled rel ease .

4. A process for preparing a composite comprising:

mixing a hydrophilic material containing a tertiary
amine having non-hydrogen bonding pendant groups with a
hydrophobic material containing an acid releasing agent,
5 the hydrophilic and hydrophobic materials being
substantially free of water, to form a mixture; and
exposing the mixture to chlorine dioxide that
reacts with the tertiary amine to form iminium chlorite
within the hydrophilic material, the hydrophilic
10 material being capable of releasing chlorine dioxide
upon hydrolysis of the acid releasing agent.

5. A process for preparing a composite comprising:
providing a hydrophilic material containing a
tertiary amine having non-hydrogen bonding pendant
groups and a hydrophobic material containing an acid
5 releasing agent, the hydrophilic and hydrophobic
‘ materials being adjacent and substantially free of
water; and
exposing the adjacent materials to chlorine dioxide
that reacts with the tertiary amine to form iminium
10 chlorite within the hydrophilic material, the
hydrophilic material being capable of releasing chlorine
dioxide upon hydrolysis of the acid releasing agent.

6. . A process for prepafing a composite comprising:
. dissolving a chlorite salt in a hydrophilic
material containing a tertiary amine having non-hydrogen
bonding pendant groups; and

MR D O e e fhe replacement sheet
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‘material cost rec{ui red to do the job would be about 0.056 cents. Thus, a
box eontaining 1.1 liters of naterral coul d be protected for 1 cent mnth

t he above listed paraheﬁ elmmd = EEERANLEN16 The
pul sed rel ease capabi I t| ple layered Wi : yes
cal cul ated as foll ows s o eV 25

desired sustai ned reIease rates for ap ' g “The
time required for conplete cation exchange can be predicted frontthe nobi | e
ion congentration e%&%&tﬁqetdhe @tﬁ iV Glgtdrid Ayidh £1 C 10 order
to determ ne such a tine ro umlon transpor.t across t he

i nt er medi at e h¥greephobic d@r‘é‘?’@e@’ecFQflﬁaki’é’“tﬂﬁa arp aciq yeleamind| ageRt st ep,
and the di ffU@A@rhf&f@.é@mlar@h&fﬁﬁédp&ﬁwI:taﬁtéxqral@rwmg AHdPdedeF

hydrogen ion are considere he_sanme jin |aye Chlorite ion is
consi der ed tdarbcg ?@%ﬁ?@@%im? LhpY rtéfctl't cﬁrlr‘?ﬁh’c:lrﬂ‘brl te to
chl orine di oxhgleersal dbsingresbdll ®csfirreleasingdhdmiteoudlgxidee a

hydrog i on r dro r on nobility in
i nterne at e lfé&g ﬁ@rcg#’%%é {Iléﬂ A °§ Ifjegllengwlg{g tJ'nt al data reported
by J.L. Cowey et al. . Poly. Sc., Poly. Phys. Ed 14, 1769 .30

(1976). Orow ey e ?e%ré%%é ed gfamru Ceutd thd b G Aile CORGL YR Of
Y Q: yapp ying the mixture to a substrate to form a f£ilm

before exposure to chlorine dioxide.

8. The process of claim 5 further including the step of
applying the hydrophilic and hydrophobic materials to a
substrate to form a film before exposure to chlorine
dioxide. |

9. The process of anyone of claims 1-3 further
including the step of applying the adjacent materials to
a substrate to form a f£ilm before exposure to chlorine
dioxide.

10. The process of claim 6 further including the step
of exposing the composite to moisture to hydrolyze the
acid releasing agent and release chlorine dioxide from
the composite.

11. The process of claim 6 further including the step
of applying the composite to a substrate to form a £ilm.

12. The process of claim 11 wherein the composite is
applied to the substrate at a temperature below that at
which chlorite within the hydrophilic material will
decompose.

e

MO i o vt
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and sul f onat ed pofys%&#ene_Qzl_mL_QQ_gg a function of ion type, water

content "and tenperat Sodi um potassium and silver ions travel along

e.
pol ymer bound 35 sty cqdy exchange with hydroni um cations.
At high water contentsl : ase separ at i ga=¢ r V%%@QI‘QOZQ
PCT/ US96/ 09475 58 cl us 0 ' (

phobic matri ere
conditions ([err] = 3.0X10[err] cnjerr]/ 4atV—sec, . 3X10[ err] | /cc).
However, in 5 " " filns _both_the mobilify.and bile_ion ncentration
decr ease subs%ahtigb¥ypffgg?f §%léﬂ¥§ﬁfe?#]ci%f@?rf?%tgkﬁggée,gggz
8.3X10[err] nbilucis &xposed Hpftbldpwvaneodsozndelbyarohkactlingl bhed from
the reported E9inhbih' bYgHabBds! RAIEAUAL! a@oQiae(EEfng%;)k&ea. where k is 10

Boltzman's constant, T Is ol ute tenperature, IS ion nobility
and q is electron charge. The calculated ion diffusion constants are

1.21X10[ err] enferrhespeoars?oEdsiQimenn] whakein] £hecchabrandry and wet (6
w. % water) silver .coynterion.loaded fil respectively. ﬁS The
o1 phol gy, of SHAEHEE LB BLFRELVRGULE BB GEPIRIFNEPAVeR ERBL: ABeRaPeri al

system of theapsegbnvater before being exposed to the f£ilm.

15. The process of claim 14 wherein the organic solvent
is selected from the group consisting of atactic
polypropylene, polyester, hydrocarbon wax, chlorinated
wax, polyethylene wax, polyolefin, and a polyolefin

5 copolymer.

16. The process of claim 13 further including the step
of exposing the film to moisture after the film is
contacted with chlorine dioxide to hydrolyze the acid
releasing agent and release chlorine dioxide from the

5 film.

17._.The process of claim 11 or 16 wherein at least
about 1.0 X 10 mole chlorine dioxide/cm? is released
from the film for a period of one week.

18. The process of claim 11 or 16 wherein at least
about 1.0 X 10°° mole chlorine dioxide/cm? is released
from the film for a period of one month.

19. The process of claim 11 or 16 wherein at least
about 1.0 X 10°° mole chlorine dioxide/cm? is released
from the film for a period of six wmonths.

20. The process of anyone of claims 1-3 wherein the
amine 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

UMy e R e
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i nvention in that both“anLude—pa%%+a+ly connected ion clusters |ocalized

at spherulite boundarles MAt ydr ophobi ¢ | ayer. 20 ' The tota
anmount of hydroni um used across bog ]

(nol es/cnierr]) in ti “ nted by the fugfe]

Br eakt hr ough of hydro ydrophlllc | ayé

(Dt/I[err])=0.1 (t=10.4 mn, 1=5 ml or 7X10[er state

diffusion is reached at (EI/I[err]) =0. 45 .9 mn, =5 ml). rst
two ter 30 u a {
reachedngThushavéhg hBﬁ ﬁyggggéglg%ga?gsmpgg§%ﬁgr§&%gf§ @3@%8?%%9f15§
[(Dt/I[err]) & PVQFOEhsl?EXEQFEPPF -nol e/ day-cnferr] at 5 m| thickness. The
hydroniumion in a 1 cnierr] area f|In1and 1. 27X10[err] cm t hi ckness
(1.65X10[err] gn droniun1i02 ni t|$ &% houI be ,al npst

conpl etely redcred PR PRECERPOP; t@nVQQErOFnc af, reingthe ¢ m
which is Vﬁb&ﬂ/%&&%931ng agent is selected from the group

PCT/U896/0947 f nt h t) =
) US801 094 B3 UGGy BRLSRLNLETSHAT A RALES, Vil ok Bcs
an acyl hallde, phosphorlc acid, a phosphate ester, a
5 trimethylsilyl phosphate ester, a dialkyl phosphate,
sulfonic acid, a sulfonic acid ester, a phosphosilicate,

a phosphosilane, and a sulfonic acid chloride.

22, The process of ahyone of claims 4-6 further
including the step of changing the viscosity or
dispersibility of the hydrophilic and hydrophobic
materials, or changing the temperature of the composite

5 to control release of chlorine dioxide from the
composite once it is exposed to moisture.

23. The process of anyone of claims 1-3 wherein the
amine is a dialkylaminoacrylamide.

24, The process of anyone of claims 1-3 wherein the
base is selected from the group consisting of a metal
alkoxide, an ammonium alkoxide, a metal oxide, a metal
acetate, and a metallion.

25. The process of claim 2 wherein the amide is urea.

26. The process of claim 2 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.

27. The process of anyone of claims 1-3 wherein the
hydrophilic and hydrophobic phases are mixed to form a

VMR s o roeseemer =2
* ¢ L M 5 9« '
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Because of the nuch—tower—TobitTe ion concentration, 247 days are required

for bhe'hydroniuﬁ1h§ e gﬁggl Bl 5 diffuse. into the h¥gg£gﬁnlic
l-ayer B. Thus, a conposite prpv FQREERN (one day
Su Nﬂiﬂl ;ﬁﬂﬁvﬁlgde rel ease ¢ nﬁﬂg%ﬁa
e 0

to about 247 days o ebadEd ed usi ng the
two | ayered conposi nt invention —=—Fhe=thl ori ne

di oxide release rate is generally rapid vwhen chlorine dioxide release is
initiated in a conposite containing an internedi ate | ayer because chlorine
deconposi t i onmitarkURHaiton sofexPdsed Fon B¢ ABCBAbKAKEOROFoRMIERRI UM i ON
Is transferredq hefore ..chlorite deconposition into chlorine dioxide
occurs due t o fHBINY C&LFFt&cti on of ‘the hydrophilic layer containing the
chlorite. The effect of viscosity on reaction rate, the rate of hydration
of the filmregquir to_produce the nininal . moun f _free.water
necessary forsgata& $i§r§Fe@ﬁ|8FiﬁQW8P§kP ecég&gﬁcﬁi8ﬁ,géﬁdw¥ﬁ§eéﬁanging
mobi | e i on cokbenhysriophidid disfteadiadn fustdeantincdpdest ed byitlee An B and C
| ayers can af dr gni ' i : upt.iaf swat e t be
present in in%ggkgggét% 25 .dﬁag er %%?%?“ﬁfgﬁgggrﬁbS%Eﬁy fo%?gﬁ?ion.

Water is tranSeBPeEad soRteH ndng) dyeerarydn MedetieSas singl e nol ecul es,
except at higher water activities where sone tendency to formclusters is

noticed. The rmeation
, 8%. %&e process of anyone of claims 1-6 wherein the
hydrophobic material includes a diluent selected from

the group consisting of atactic polypropylene,
hydrocarbon wax, chlorinated wax, polyethylene wax,
5 polyolefins, and polyolefin copolymers.

30. The-process of anyone of claims 1-6 wherein the
hydrophobic material includes a plasticizer selected
from the group consisting of N-methylacetamide,
formamide, succinamide, N-ethylacetamide, N-

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

31. The process of anyone of claims 1-6 wherein the
composite comprises between about 5-95 wt.% of the
hydrophilic material and about 5-95 wt.% of the

- hydrophobic material. '
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rate of water.through a 5 m| thick high de sitﬂLEthﬂﬁENngﬁ?¥§ es&i | mf of
-1 cnferr] face area would be 6.89X10[err] Igﬂﬁ%&y@gﬁhara} 'hf@g 38

[err]C) as reported by VEssllng et al., Enc qktﬂng\SC|da%m na&;o

(1989). This perneation rate is significan uy[heggﬂhﬁa@?ggpt %g%g &pL"
pol yet hyl ene ionomers that typically contai [§ﬁ§§§%g[err E

|Fn|c groups at a minimum (4. 08x10[err] ggl /day/cn[err]fg m 1) Fﬁ tty"et
al ., Encycl.Poly. Sci. Tech. WO 96/ 390 )

PCT/ US96/ 09475 60 6, 425 (1967)]. The I att et PARECOF RECE] '<'§§r’r%' AL . f dr
layers A, B and CFIGach &8 \ﬁhPé-I‘P‘h&f t%%’t%t PX3CR FRURBES. ¥R F T err]
nol e/ cc X 10fgglgsla?eg@aeb ' 10 Herr]O Herr]Jerr] ion) or

A and B I ayer s woEEG- rréﬁa‘%?&i&ﬁ o ﬂ?ﬁerf%%“%r%’?%&ﬁ shedsecritRe ”
initially drynsrel.atidn tos@atmospiitis mmnpwumlwdhbﬁmbélwquu red to
saturatg the int e{-*;IEd' 3tgd %Vﬁ:’&o% i1 dbend NYESkiQe LEleHBecRatde tO

various 10 nodi fications a ternative forns, specific enbodi nents
thereof havef®Bed 3RYRNESy SRIPALtBanple in the dramnngs and have been

described herein pigget @i land to el diss uwfleslsi@oine hdiextde tedtesse i s

not rates in relation to atmospheric temperature and
humidity; '
10 FIG. 10 is a plot of maximum chlorine dioxide

concentration as a function of leakage from a container;
and

FIG. 11 is a plot of chlorine dioxide concentration
as a function of time.

15 Detailed Description of the Preferred Embodiments
In accordance with the present invention, it has

been discovered that sustained release of chlorine
dioxide can be generated from a composite contaiﬁing
chlorite anions when the composite is exposed to

20 moisture. The composite comprises a hydrophilic
material and a hydrophobic material. The composite may
be, for example, a dispersion composed of hydrophilie
and hydrophobic phases, oxr a mechanical combination of
the hydrophilic and hydrophobic materials, such as

25 powders and adjacent films. The powder has a
hydrophobic core embedded with chlorite containing
particles. Adjacent films comprise separate layers of
the hydrophilic or hydrophobic materials.

Generally, the composite comprises between about

30 5.0 wt.% and about 95 wt.% hydrophilic materxial and
between about 5.0 wt.% and about 95 wt.$% hydrophobic
material, preferably between about 15 wt.% and about 85
wt.% hydrophilic material and between about 15 wt.% and
about 95 wt.$% hydrophobic material. If the composite is

35 a diepersion, either material can form the
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|ntended to lLimt, the invention to the particular form 15 di scl osed, but
on the contrary, the intention is to cover all nodifications, equi val ent s
;and al ternatives falling within the spirit and scope of the invention as
defined by the appended cl ai ns. 61 WVE CLAIM 1. A process for
preparing a conposite which provides sustained rel ease of chlorine dioxide
conprising: providing a hydrophilic materig containing an am ne and a
base, and a hydrophobic material containing 5 an acid rel easi ng agent,

t he hydrophi | i contdniapdisophaisec mither icart ireioup ghamentomstli subesant i al |y

free of water; ggegﬁpg% tllgevﬁdj%a%g%]%?{ @%gﬂgq‘cgf Qi ge dioxide that

reacts with th am ne to rmimniumc which 1's deconposed by
t he base to fodispession taél%é'—lhe Wisperaet phareopenstitetes i hetvean

Eygr olohl lic ][r%ﬁb{ﬁ' SbWt”% %@i@@%tﬂzf @Imsa YE %ﬂ@rdfgpéiwﬁae sAan
Copos, T 6Bt hat PRPEEFABL o FOutiaTisns, That ATais (oe dESERRBRY s | ng:
provi di ng a hydbepki Isioc wiatierangl aboutaios gt 2 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
10 composed entirely of an acid releasing agent or can
comprise the acid releasing agent in combination with a

diluent and/of a plasticizer. Any acid releasing agent
that is capable of being hydrolyzed by ambient moisture
is acceptable for purposes of the present invention.

15 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,

20 and up to 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.

L The hydrophilic material of the composite can be

25 composed entirely of a source of chlorite anions or can
comprise the chlorite anion source in combination with
another hydrophilic material. The hydrophilic material
can contain an amine, an amide or an alcohol, or a
compound containing amino, amido or hydroxyl moieties

30 and having a high hydrogen bonding density. A source of
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

35 about 8 wt.% and about 10 wt.% of the hydrophilic
material. When the chlorite source is a
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ami vie. and a base, .and a hydrophobic material containing 5 an aci d
réleasing agent, the hydrophilic and hydrophobic materials being adjacent
and substantially free of water; and exposing the adjacent materials to
chlorine dioxide that dissolves within the anmne to formchlorite anions 10
therein, the hydrophilic material being capable of releasing chlorine

di oxi de upon hydrolysis of .the acid rel easiyg agent. 3. A process for
preparing a conposite conprising: mXxing a hydrophilic material containing
atertiary ami rmabariagsnoahaygﬂ.ngenhlaomémp@rpemimtoﬁJWScdmﬁd‘sfte,

I to forma
xture. the hySbakfig bkl eflcaRe ARk BTSN Hikacing AdeRT IRy 11 ee
of water; and e&b@s?ﬁ@P?ﬁétﬁyxﬁdﬂéHGOacﬁﬁgncﬁanal@wlmymﬂnﬂanuxnnstheth t he

tertiary anine é&nﬁ@éﬂté”t&' EBhERLY kbl eased & eNichilid ﬂﬂ?' 2
mat eri al mat eri,al being cap able of ea5|ng

dro )
Ch|OHIK3CéOXId %p ﬂmﬂ9ﬂF5FyQP§eoFttH§ &6P&sﬁéléﬁsﬂﬁ&
process for pregisanging thepositumecErREtIoNS: off Q‘hledmz%ﬂm%%omﬂdc

materi al Contajﬂygnghoblc materials to produce continuous or discrete
phases within a dispersion.
Maximum chlorine dioxide release from a composite
10 can also be achieved by stabilizing the chlorite anion.
- Iminium chlorite is unstable to nucleophilic attack by

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

15 metal alkoxide, is present in the hydrophilic material
containing the iminium chlorite. The mechanism of
alkoxide stabilization of the chlorite counterion is
shown below.

R ONa _
L R'3;N=CR, J* €10, —_— R'aN-CR,-OR" + NaClO,
20 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
decomposed into an a-amino ether and a more stable
sodium chlorite salt. If water is present during the

25 oxidation of the tertiary amine, an unstable a-amino
alcohol is formed that can attack the chlorite anion
unless the chlorite anion has been effectively complexed
by the hydrophilic solvent. Addition of water after
solvation of the chlorite ion is not as deleterious.

30 Acceptable strong bases for use in stabilizing the
chlorite include metal alkoxides such as sodium,
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tqriiary am ne havi ng non-hydrogen bondi ng pendant groups and a hydrophobic
materi,al containing an acid 5 rel easi ng agent, the hydrophilic and
hydrophoblc mat eri al s bei ng adj acent and substantially free of water; and
exposing the adjacent materials to chlorine dioxide that reacts with the

tertiary amne to formimnium 10 chlorite within the hydrophilic
material, the hydrophilic material being cagable of releasing chlorine
di oxi de upon hydrolysis of the acid rel easi ng agent. 5. A process for

preparing a compsisigssiwongr i cahgiuni sethokides, cethoktidesal priopoxides
nyarophi || ¢ Tl Al GRIAgY N e 41 | 61 880Y oA0h S BYLAGHIR HNORE |
bondi ng pendant groups; and eria
with a hydropmﬁQQiqﬁuQ#4Q§rC%EQ%AHthaENOEEHE ﬁélbaspﬁgaagemndeshe

hydr ophi |i ¢ an@:ﬁwﬁmﬁnq&ar«cmgrm&éxb&zegg aeéeseaé aaéhsugsts%qﬁﬁl ly free

Gioxi do 16 | BRSFARR FYARELGICed AGEFRLPBY casi ABh égeﬁéié?;%ai@r%&la&?ocess
of claim1 whemeiuld mﬁmm@m!sumgebasicafeacee?hatalsaieﬁaatmhg@ﬁ Lore
oL eees f rilich AN S0 CLyshige! U SERyC! aenL V0 T
In a hydrophilic material containing a tertiary
amine (dimethylaminoacrylamide), N-methylacetamide and
10 urea, an a-amino ether and chlorite salt is formed when
o the iminium chlorite is stabilized. Any monomeric or
i oligomeric amide substituted plasticizer, such as
succinamide, formamide, or N-methyl formamide, can be
substituted for N-methylacetamide in order to soften the
15 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
20 efficiency of the 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
25 comprises 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
30 hydrophilic solvent including between about 35 and about
55 wt.% urea, between about 35 wt.% and about 55 wt.%
plasticizer and about 10 wt.% base. It has been found
that not more than about 0.5 moles of chlorine dioxide
per mole of amine should be added to the hydrophilic
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63.8..~ The process of anyone of clains 1, 2 and 4 further including the
step of applying the adjacent maierials to a Substrate to forma film

:bef ore exposure to chlorine dioxide. 9. The process of claim5 further

i ncluding the step of exposing the conposite to noisture to hydrolyze the
acid rel easing agent and rel ease chlorine dioxide fromthe conposite. 10.
The process of claimb5 further including teg step of applying the conposite
to a substrate to forma film 11. The process of ' claim 10 wherein the
conposite is appE ICEAIMx the substrate at a tenperature bel ow t hat at which

chlorite mﬁthl t he h [ L.al . S of
anyone of clalns 7 or%gﬁﬁggéﬂé?{T§£§é§¥n é@@éﬁ@? %%?ang P%Q% e
cont acti ng thesmsuaandmnekﬁﬁﬂﬁngi<ﬂhknrxnscﬁxgxu@ea@qmnphexeg 13. The

process of claim 12 yhariihd e wpasp K‘ﬂﬂ‘: R Eeri §1 dESRCAYREnGNagAN OF gani c
sol vent that does noOt absorb mater before bei ng exposed o the film, 14.

The process of 3RS 2y 13RA F JuriroRRP ﬂtm?EeEe?ecFQHtPP-Bﬂ'Pﬁhe

group congi sti g @fcial andleagity Hagt £nche doydesplilidydndachyiigophobic

chl ori nat ed materials being adjacent and substantially free of

water; and .

exposing the adjacent materials to chlorine dioxide

that reacts with the amine to form iminium chlorite

(T% 10 which is decomposed by the base to form a chlorite salt

h within the hydrophilic material, the hydrophilic
material being capable of releasing chlorine dioxide
upon hydrolysis of the acid releasing agent.

2. A process for preparing a composite that provides
sustained release of chlorine dioxide comprising:

providing a hydrophilic material containing an
amine and a base, and a hydrophobic material containing

5 an acid releasing agent,'the hydrophilic and hydrophobic

materials being adjacent and substantially free of '
water; and .

exposing the adjacent materials to chlorine dioxide
that dissolves within the amine to form chlorite anions

10 therein, the hydrophilic material being capable of

releasing chlorine dioxide upon hydrolysis of the acid
releasing agent.

3. A process for preparing a composite comprising:
mixing a hydrophilic material containing a tertiary_

amine having non-hydrogen bonding pendant groups with a_

hydrophobic material containing an acid releasing agent
5 to form a mixture, the hydrophilic and hydrophobic

materials being substantially free of water; and

exposing the mixture to chlorine dioxide that
reacts with the tertiary amine-to form iminium chlorite

R AR AR e e e remtcement shes
* [ L M s *
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max,pbolyethxlene‘max, pol yol efin, and a polyolefin 5 copol ymer. 15. The
process of claim 12 further including the step of exposing the filmto
:mpi sture after the filmis contacted with chlorine dioxide to hydrolyze the
acid 64 rel easi ng agent and rel ease chlorine dioxide fromthe 5 film
16. The process of claim10 or 15 wherein at |east about 1.0 X 10[err] nole
chlorine dioxide/cnferr] is released fromghhe filmfor a period of one
week. 17. The process of claim 10 or 15 wherein at |east about 1.0 X
10[err] nol e chivhinetHeokydebphiidic] maserdladgs ddef hymdndphiiien for a

eriod one : .18 i L r ' east
gbout 1. OXZld@%Q% 1ﬁ%lgegﬂgogéﬁgsggo%?qg%h gﬁr. Fgé?€¥ggiggﬂ??%%%the film
for a period otpenxhygnehysisgofThleppsdss yedragipshagasmtcd ainms 1 or 2
wherein the amne is selected fromthe group consisting of a primary am ne,
a secondary amne, a tertiary_am ne havi,ng pendant hydrogen bondi ng groups,
and a tertiary?ani n® Brocegs, £Ry REEPRYF énq&ﬂﬂﬂﬁﬁfﬁxﬁaﬁﬁﬁliﬂQ%bs

di ssol ved in a hydrppbvidingohvhpdrophilic material containing a

tertiary amine having non-hydrogen bonding pendant
groups _and a hydrophobic material containing an acid

5 releasing agent, the hydrophilic and hydrophobic
materials being adjacent and substantially free of
(- water; and '

exposing the adjacent materials to chlorine dioxide
that reacts with the tertiary amine to form iminium
10 chlorite within the hydrophilic material, the
hydrophilic material being capable of releasing chlorine
dioxide upon hydrolysis of the acid releasing agent.

5. A process for preparing a composite comprising:
dissolving a chlorite salt in a hydrophilic_

material containing a tertiary amine having non-hydrogen
bonding pendant groups; and
5 then mixing the hydrophilic material with a

hydrophobic materi ind cid releasing agent,

the hydrophilic and hydrophobic materials being adjacent

‘and substantially free of water, the hydrophilic
hmaterial being capable of releasing chlorine dioxide

10 upon hydrolysis of the acid releasing agent.

6. The process of claim 1 wherein the hydrophilic_
material alsoc contains an amide.

7. The process of claim 3 further including the step
of applying the mixture to a substrate to form a film
before exposure to chlorine dioxide.

R AR O Thi fo he replacoment shaet
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20.. The process af anyone of clains 1-5 wherein the acid rel easing agent is
sel ected fromthe group consisting of a carboxylic acid, an ester, an
;anhydrlde an acyl halide, phosphoric acid, a phosphate ester, a 5
trimethylsilyl phosphate ester, a dialkyl phosphate, sul fonic acid, a
sulfonic acid ester, a phosphosilane, and a sulfonic acid chloride. 21. The
process of anyone of clains 3-5 further ingguding the step of changing the
viscosity or dispersibility of the hydrophilic and hydrophobic naterials,

or changi ng thg,tenpheaptioeedls dfc atyrsidfe dlaimd A cAtamd 4 efenthenf

chl orine di oxi de conpasite qnce . it i s.exposed t 1 65
22. The proces% 8§'u§f‘f§7gn§h5f ’Eg-_legl fpé’ﬁ'yf%}% P cear% %?éyﬁgls to

di al kyl am noacaybabstierata3 tolfenm e dsismwbefiommexgomlze Mgo Ichlio2inkerei n-
the base is sehggkggefron1the group consisting of a netal al koxi de, an
ammoni um al koxi netal oxide, and a nmetal acetate. 24. The process of
claim®6 wherein the amde is urea. 25. The process of claim®6 wherein the
anmide is a plagtici #ge pHRes I VDA DIAMEHONSIrdInding the step

of exposing the composite to moisture to hydfolyze the

acid releasing agent and release chlorine dioxide from
the composite.

( 10. The process of claim 5 further including the step,

of applying the composite to a substrate to form a film.

11. The process of claim 10 wherein the composite is
applied to the substrate at a temperature below that at

which chlorite within the hydrophilic material will

decompose.

12. The process of anyone of claims 7 or 8 wherein the

film is exposed to chlorine dioxide by contacting the

film with a gaseous chlorine dioxide atmosphere.

13. The process of claim 12 wherein the chlorine

dioxide is dissolved in an organic solvent that does not

abgorb water before being exposed to the film.

14. The process of claim 13 wherein the organic solvent

is selected from the group consisting of atactic
polypropylene, polyester, hydrocarbon wax, chlorinated
s

wax, polyethylene wax, polyolefin, and a polyolefin
5 .copolymer.

15. The process of claim 12 further including the step..
of exposing the film to moisture after the film is_
.contacted with chlorine dioxide to hydrolyze the acid,

. - . | t
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met hyl acet am de, formam de, succinam de, N ethylacetan de,

N net hyl f ormam de, N-ethyl formam de, 5 acryl am de,

‘i sopropyl acryl am de-acryl am de, and am do substituted al kyl ene oxi des. 26.
The process of anyone of clains 1 or 2 wherein the hydrophilic and

hydr ophobi ¢ phases are mxed to forma m xture that is exposed to chlorine
dioxide to formthe imniumchlorite. 27. éfhe process of anyone of clains
1-5 wherein the hydrophilic material further includes an am de, an al cohol,
a conpound corxeleasinantdentopndi seleane shiomivendioxids finom ke oxyl
noi eti es.g 28. g%gmprocess of anyone of clainms 1-5 wherein the hydrophobic
mat eri al 1 ncl di l uent selected fromthe group consisting of atactic
pol ypr opyl ene, hydrocarbon wax, chlorinated wax, polyethylene wax, 5

pol yol ef i ns, angl, poryel ptbeesspolEyataim 9. orhaspwbeesdirofatameyx of clains
1-5 wherein the h drgp I ¢ hg@at enial |ncnude%ra TSI GrZer SﬁjECfe from
the group cons hato t hCAE CRHOFdne 0 38 *E1EASEH

N- et hyl acet am fieomNehé f£idwmt pkf ar panidd, ol enley weeknan de, acryl am de,

S~

17. The process of claim 10 or 15 wherein at least

about 1.0 X 10°° mole chlorine dioxide/cm® is released

from the film for a period of one month.

18. The process of claim 10 or 15 wherein at least

about 1.0 X 10°° mole chlorine dioxide/cm® is released

from the film for a period of six months.

19. _The process of anyone of claims 1 or 2 wherein the

amine is selected from the group consisting of a primary

amine, a secondary amine, a tertiary amine having

pendant hydrogen bonding groups, and a tértiary amine

5 having non-hydrogen bonding pendant groups dissolved in

a hydrophilic solvent.

20. The process of anyone of claims 1-5 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, a phosphosilane,
and a sulfonic acid chloride.

21. The process of anyone of claims 3-5 further
including the step of changing the viscosity or
dispersibility of the hydrophilic and hydrophobic

materials, or changing the temperature of the composite
5 to control release of chlorine dioxide from the

composite once it is exposed to moisture. ‘
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i sopropyl acryl am_de-acryl am de, and ami do substituted al kyl ene oxides. 30.
The process of anyone of clains 1-5 wherein the conposite conprises between
cabout 5-95 w.% of the hydrophilic material and about 5-95 wt. % of the

hydr ophobi ¢ materi al .

65

22. The process of anyone of claims 1 or 2 wherein the

amine is a dialkylaminoacrylamide.

23. The process of anyone of claims 1 or 2 wherein the

base is selected from the group consisting of a metal

alkoxide, an ammonium alkoxide, a metal oxide, and a

metal acetate. . -

24. The process of claim 6 wherein the amide is urea.

Ci 25. The process of claim 6 wherein the amide is a

plasticizer selected from the group consisting of N-

methyvlacetamide, formamide, succinamide, N-

ethylacetamide, N-methylformamide, N-ethylformamide,

5 acrylamide, isopropylacrylamide-acrylamide, and amido

substituted alkylene oxides.

26. The process of anyone of claims 1 or 2 wherein the

hydrophilic and hydrophobic phases are mixed to form a

mixture that is exposed to chlorine dioxide to form the

iminium chlorite.

27. The process of anyone of claims 1-5 wherein the

hydrophilic material further includes an amide, an

alcohol, a compound containing amido moieties, and a
compound containing hydroxyl moieties.

28. The process of anyone of claims 1-5 wherein the
hydrophobic material includes a diluent selected from

the group consisting of atactic polypropylene,
hydrocarbon wax, chlorinated wax, polyethylene wax,
5 pelyolefins, and polyolefin copolymers.

29, Thé process of anyone of claims 1-5 wherein the
hydrophobic material includes a plasticizer selected
from the group consisting of N-methylacetamide,

___’_/_______._——4—-“— . [
'ﬂisstherepbcementsheei
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66

- formamide, succinamide, N-ethylacetamide, N-

methyl formamide, N-ethylformamide, acrylamide,

isopropylacrylamide-acrylamide, and amido substituted
alkylene oxides.

30. The process of anyone of claims 1-5 wherein the

composite comprises between about 5-95 wt.% of the

hydrophilic material and about 5-95 wt.% of the

hydrophobic material.
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