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POWNDERED BI OCI DAL COMPOSI TI ONS Background of the Invention

The present invention relates generally to a bi oci dal conposition that
rel eases chlorine dioxide. 5 The invention particularly relates to a
conposite formul ated as a powder. Chl ori ne di oxi de

(A gerr]) is &GwWRI0r oxi di zi ng agent widely used as PETRISEAER4

di si nfectant, fum gant or deodorizer. It can penetrate the cell wall
or nmenbrane 10 and cytoplasm of nold spores, bacteria and ot her

m cr obi ol ogi cal contam nants at concentrations bel ow one part per
mllion and destroy them The i ncorporation of chlorine dioxide

or sodium chlorite in foochgaee BIORIDAD OORbGSEBiaE es to 15
determ ne whether residual |evels of such preservatives result in a

significant geneticsgagﬁggﬁkp%&eghg Eﬁégﬁgion to humans. Meier et al
studi ed the effect 1 _ ute oral admnistration of
chl orine, chl ori néThi Puegentsdaventianoreiat ehdenedaddychPorat e on 20

the indu[ctE ion of ché@cs@mnalco’z&gsri%ti&aﬁnahaedrép@aéémaéhlonnﬁ aﬁasamialities
in mce nvi ron agenesi s, t he hi y
reacti've hypochl or:\%% e EF e par(gllcﬁlgr%aﬁeﬁ%%elﬁ i echoé“(? g

mut ageni ¢ pot enti al fompelated aspteh@owdempounds, including chlorine di oxide
and sodi um’ Chlorine dioxide (Cl0O,) is a superior oxidizing
agent widely used as a bleach, disinfectant, fumigant or
deodorizer. It can penetrate the cell wall or membrane
10 and cytoplasm of mold spores, bacteria and other
microbiological contaminants at concentrations below one
part per million and destroy them.
The incorporation of chlorine dioxide or sodium
chlorite in food packaging has prompted studies to
15 determine whether residual levels of such preservatives
result in a significant genetic or carcinogenic hazard
to humans. Meier et al. studied the effect of
subchronic and acute oral administration of chlorine,
chlorine dioxide, sodium chlorite and sodium chlorate on
20 the induction of chromosomal aberrations and spermhead
abnormalities in mice ([Environ. Mutagenesis, 7, 201
(1985)]. Only the highly reactive hypochlorite resulted
in a weak positive effect for mutagenic potential. The
other compounds, including chlorine dioxide and sodium
25 chlorite, failed to induce any chromosomal aberrations
or increased numbers of micronuclei in the bone marrow
of mice. Vilagines et al. attribute the relatively
innocuous effect of chlorine dioxide to its inability to
. produce halomethanes, unlike hypochlorite and chlorine
30 (Proc. AWWA Disinfect. Semin., 24 pp. (1977); Chem. Abs.
93, 173513f]. Recently, Richardson et al. reported that
an extensive study of the reaction of chlorine dioxide
with water borne organics by the Environmental
Protection Agency confirmed this observation [Environ.
35 Sci. Technol., 28, 592 (1994)].
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Kenyon et al aSA%%SM"‘“aBE%&EQEéO‘Qfséﬂéd Uee el ben or?inzcljﬁi?dgy
generating gel s ark@SPECtiyeh¥r al F9LS otlafd IBRaFaLen§hACHENe COHR%I IR

suspended 10 safei s tbphithe apphlaatgﬁdnswxaldalsagféaeim &cé d

| mediately prior 4.0 432 ek0ngVRLAyBRCIRIT & Gl O NFer . Res., 45(5),
1101 (19868). Chlorine dioxide generating gels are
generally formed by mixing a gel containing suspended

10 sodium chlorite with a gel containing lactic acid
immediately prior to use to avoid premature chlorine
dioxide release. Chlorine dioxide releasing gels have
also been used in food preservation.

Encapsulation processes have also been used in

15 preparing sources of chlorine dioxide. Canadian Patent
No. 959,238 describes generation of chlorine dioxide by
separately encapsulating sodium chlorite and lactic acid
in polyvinyl alcohol and mixing the capsules with water
to produce chlorine dioxide.

20 Tice et al.,, U.S. Patent No. 4,585,482 describe
gradual hydrolysis of alternating poly(vinyl methyl
ether-maleic anhydride) or poly({lactic-glycolic acid) to
generate acid that can release chlorine dioxide from
scdium chlorite. A polyalcohél humectant and water are

25 encapsulated with the polyanhydride or polyacid in a
nylon coating. After sodium chlorite is diffused into
the capsule through the nylon wall, an impermeable
polystyrene layer is coacervated around the nylon
capsule. Solvents are required for reaction and

30 application of the capsules. The capsules can be coated
onto surfaces to release chlorine dioxide. Although the
capsules are said to provide biocidal action for several
days to months, chlorine dioxide release begins
immediately after the capsules are prepared. The

35 batchwise process used to prepare the capsules also
involves numercus chemical reactions and physical
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other application where the substances can be ingested
by or in contact with humans.

10 Summa of the Invention

Among the objects of the invention, therefore, may
be noted the provision of a composition that releases a
concentration of chlorine dioxide sufficient to
eliminate bacteria, fungi, molds and viruses; the
15 provision of such a composition that releases such
chlorine dioxide concentrations after activation for a
period of up to several months; the provision of such a
composition that is free-flowing and can be easily
blended with other ingredients prior to application; the
20 provision of such a composition that can penetrate
porous surfaces; the provision of such a composition
that increases the release rate of chlorine dioxide in
proportion to increased temperature and humidity which
promote mold and bacteria growth; and the provision of
25 such a composition that only releases substances
approved for human exposure or ingestion and is
relatively inexpensive.
The present invention is dirécted to a biocidal
powder for sustained release of chlorine dioxide which
30 includes particles containing chlorite anions and a
hydrophobic core having the particles on a surface
thereof, the hydrophobic core containing an acid
releasing agent. The particles and the nydrophobic ccre
are substantially free of water, and the particles are



3 processes, sone of which involve environmental disposal

pr obl ens. There is a need for a conposite that can be easily
activated to initiate chlorine dioxide release in use. 5 A conposition
that is conposed of and generates only FDA approved sub r
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surfaces; the provi§SIon o PPhcreases the
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Yet another embodiment of the invention is directed
to a method of retarding bacterial, fungal, and viral
contamination and growth of molds on a surface and/or
15 deodorizing the surface by treating the surface with a
powder which does not release chlorine dioxide in the
absence of moisture, and exposing the treated surface to
moisture to release chlorine dioxide from the powder
into the atmosphere surrounding the surface. ' The powder
20 has a hydrophobic core containing an acid releasing
agent and has chlorite anions on a surface thereof.
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 anhydridé
in a hydrophobic phase and migration of hydronium ion to
30 the iminium chlorite to release chlorine dioxide gas;

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

FIG. 4 is a plot of chlorine dioxide release rates
35 for several powder_compositions;
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for preparing a powder providing sustained release of 5 chl ori ne

di oxi de which includes formng particles contai ning chlorite anions,
and sprayi ng a hydrophobic material cgntaining an acid rel easing
agent onto a . fluidized bed of the particles so as to forma powder
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Yet anot her enbo Ion is directed to a method of
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surroundi ng the surfagegsihe RAWOSrare plots of chlorine dioxide release
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 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 hydrophecbic phases, or 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.
Preferably, the composite comprises between about
30 5.0 wt.% and about 95 wt.% hydrophilic material and
. between about 5.0 wt.% and abouﬁ 95 wt.% hydrophokic
material, more preferably between about 15 wt.% and

. about 95 wt.% hydrophilic material and between about 15
wt.% and about 95 wt.% hydrophobic material. 1If the
35 composite is a dispersion, either material can fo*m the
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20 has a hydrophobi c core containing an acid rel easing agent and
has chlorite anions on a surface thereof. O her objects and
advant ages of the invention wll Taﬂﬁﬁﬂéﬁm fromthe foll ow ng

detail ed description. 25 Bri : gwlof t he EXa éK%

FIG 1 is a swhesea®e that illustfate e AYROR(E8724
precursor to an imniumchlorite; FIG. 2 |IIustrates hydr ol ysi s
of an acid anhydride i n a hydrophobi c phase and m gration of
hydroniumion to 30 the imniumchlorite to rel ease chlorine dioxide
gas; FIGS. 3a, 3b and 3c are schematics of nultil ayered

conposites for prewhdiAfogsspRased r?ﬂé*@ﬂ%tQEugngothEe constfﬁdﬁ@sde
FIG-4 is a plot %f chloripe dlfglde reIe s ratS % several powder
SI BE- o

conposi ti ons; etween anout it i ne di oxi de
rel ease rates d1sbersaohagederhexﬂﬁnpﬁnsed ohase const Bk e hetweepl ot of

chlorine d|0X|de a%bg@sg %?tgs nd abod g ggt@o ftghgt égﬁ}&htgﬂgprature

and hum dity Is ap chlorine rel ease rates
for a Iayere& con§6§¢F€ab1Y' the C°n¢ﬂﬁﬂ9us8P&ﬁé39capétbF%ﬁ%§(PeQHﬁ%ﬁw ne
di oxi de rel ease about 50 wt.% and about 95 wt.% of the dispersion and

the dispersed phase constitutes between about 5 wt.% and
about 50 wt.% of the dispersion. '
The hydrophobic material of the composite can be

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 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.

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 wi;h
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 chlorlte source is a
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rates in relation to atnospheric tenperature and hum dity; 10

FIG 10 is a plot of naxi mum chlorine dioxide concentration as a
function of |eakage from a contai ner; and FIG 11 is a
pl ot of chlorine dioxide concentration as a function of tine. 15
Detai |l ed Description of the Preferred Enbodi nents I n accordance
wi th the preggydspgpéention, it has been di scovered t hatcsasysosmd

rel ease of chlorine di oxi de can be generated froma conposite

cont ai ni ng chlorite ani ons when the conposite is exposed to 20

noi sture. The conposite conprises a hydrophilic material and a

hydr ophobi ¢ material. The conposite nmay 7 pe, for exanple a di spersion

conposed of hydrophi and, hydr pbi ¢ phases, hanj ¢al
conbi nati on of cphci"ﬁé:%fﬁrl& hpfcs ﬁﬁg ‘%ﬁﬁ % %t‘:&el gl?’ r°8}8&ﬁ’-%s 25
powders and adj acesttefidlmsuchThbaponderhydsophilic marerdplolbnctbere

enbedded with ChléHrhﬁ@sﬁ:%nRﬂ'l'i' E‘.ﬂclude @Hiéxlf']ftl.gsarh | GeR ct:'uhgﬁrﬁeﬁ@” se

separate | ayers of t r ro Ic nmaterials.
Geﬁerally, ¥he c&ﬂﬁﬁ%?%&ai%aﬁﬁFlgggrﬁ@%ikgﬁ @gﬁﬁﬁfgk)ls a5l @MineoRRAJERBout
95 Wt . % hydr®phi |clcl owritey isslurgedis chlbeineedi@hinid dzs) wheXchldraheut 95

.. % hydr ophobi ¢ asos LAy WBEE! EREDLLRENIE SR APIHe i nteapdeabout

Ic materi

95 Wt . % hydr ophobt® $dter il th@r °?<Fr gaEdRpoRPENE Akt the @mdper 4Fon,
either material canffirierdtly 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
substantially free of water to avoid significant release
of chlorine dioxide prior to use of the composite. For
purposes of the present invention, a hydrephilic
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
pathway for interdiffusion between the materials.
Preferably, each material contains less than about 1.0 X
107} wt.% water, and, more preferably, between about 1 X

. 102 wt.% and about 1 X 107 wt.% water. Insubstantial

35 amounts cf water can hydrolyze a portion of the acid

releasing agent to produce acid and hydronium ions



conti nuous phase. The continuous phase constitutes bet ween about 15
wt. % and about 95 wt. % of the di spersion and the dispersed phase .
cogstitutes bet ween about 5 wt. % and about 85 wt. % of the dispersion,
an 5 pr ef er abl t he conti nuous phase constitutes betwee out
50 wt. % and ab‘{ﬂl%’%g%vw .% of the dispersion and the di QSE’PS%" sﬁﬁase
constitutes between about 5 wt. % and about 50 wt. % of the dispersion.
The hydrophobic material of the conposite can be 10 conposed entirely of
an acid rel easi ng agent or can conprisa the acid rel easing agent in
conmbi nation wth a di l uent and/or a plasticizer. Any acid rel easing
agent t hat iwitdpakthe cbmbeshygehydfle ypettapiumoss: hewevew e do

i s acceptable for mg&(}sms%f ihB6 PRESEPhrdghANld dacelial Breleralbugn the
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salts of a transition metal ion or a protonated primary,
secondary, tertiary or qQuaternary 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 (Cl0O;) is reduced by
extracting an electron from the amine, forming an
aminium radical cation (not shown) and a chlorite
counterion (Cl0,”). The aminium cation quickly 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 aqueoué 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
cbtained 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. 1In some formulations, uncomplexed
chlorite anion may be depleted by subsequent reactions



chlorite anions is incorporated in the hydrophilic- mat eri al and can
constitute between about 2 wt. % and about 40 w. % 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. Wen the chlorite source is a

7 chl oriyd 8s/2d¢ , the salt dissociates in the hydrophi |IBCEI/US96/08724
material such that the hydrophilic naterial in the conposite will :
i nclude chlorite anions and counterions. However if the hydrophilic
material is an amne and the 5 chlorite source is chlorine dioxide gas,
the chlorine di oxide reacts with the anine to forn1ininiun1ch|orite
in situ, if the ox1 atlon pote I apin e | ow
for the amne to Be* xWﬁ urn{ %o“?&ewﬁl %E Le%d}g il t:ouurn at% t%%gégl d

rel easi ng agent 160 °®utrﬂhiQ2k§eﬁy@ﬂ@pﬁé§Pcsﬁhn%¢¢eﬂo|@%%ﬂRﬁQﬂf¥2€Ga5y°n
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chiori te an oo, FRetSEred andhe I =sactrodRrS reR Thh WAt AE AR Rons
the 15 hy@r ophdiosidatand @Gty elseds mgeclalféﬁcnevghmw gk,
* maintaining the basic pH requlred_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 (H,0") that
react with iminium chlorite to release chlorine dioxide
gas. The decomposition products of the reaction are an

aminium cation (shown as “~"32° in FI1G. 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
chlorine dioxide. 1In order to maximize chlorine dioxide
release 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 élevated 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



that diffuses out of the conposite into the surrounding at nosphere

for a period of up to about six nonths in order to prevent the growh
of bacteria, nolds, fungi and viruses on a treated surface. 20

The hydrophobi c and hydrophilic materials are substantially free of
wat er to avoi godsgmoki cant rel ease of chlorine di oxi dePqQEUEH6/08134 uSe
of the conposite. For pur poses of the present invention, a

hydr ophi lic material, a hydrophobic nmaterial, or a dispersion 25
thereof is substantially free of water if the amount of water in the
conposi te does not provide a pathway for 10 transm ssion of hydronium

ions fromthe hydr ngggfgphorhtdro gm 9 et ﬂgaﬁxgrg léﬁﬁéﬁg riaJ.

General ly, each |c and ro ho srials can
i ncl ude 30 up fac;ea%utreor&‘mS%%tCé?lqm@ﬁoG@om@euﬁr% Hikh a
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wat er. | nsubst ant ig@ne3Btor.anpbunts of water can hydrolyze a portion of the

gcid tLe|e?ﬁ'n9 a@%ﬁbeh@18ﬁQﬂLﬁﬁ16¥iﬂ$ @?gxgﬁnggggn%t6¥§;genera
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water. Chlorine dioxide that comes into contact with
the ccmposite of the invention must first be dissolved

10 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
dioxide to extract an electron from the amine. Movement
of the bonds about the nitrogen center of the amine is
required for aminium formation. If the amine is frozen

25 into a glassy matrix, the amine nitrogen will not ke
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 polymer 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



not diffuse into the hydrophilic material until enough free water is
present for transport of hydr The chlorite anions

generally do not react with t1¢HE§SHEE&Hr§6#?P| material, but are
surrounded by hydrogen bénds RERLAL By the nitrogen or hydroxi de
w thin t he hydrophilic terTal . Suitable chlorite sources

can be incorp¥Pa¢eR% nto t he conposite of the pr esent |Wéﬂ§9f5/8§724

i nclude al kali netal chlorites such as 10 sodium chl orite or potassium
chlorite, alkaline-earth metal chlorites such as calciumchlorite, or
chlorite salts of a transition metal i,qn or a protonated primary,
secondary, tertiary or quaternary amne. Many chlorite sources, such
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fornul ations, uncoipfekeW FEA® S SRRy Be iRt et®d by
subsequent react|§nbstant1ally 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“QNa’
[ A’gN=CRy J* CIQ;" —~e——p R ',N-CR,-OR" =+ NacCiq,

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-aminc 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,
potassium or calcium methoxides, ethoxides, propoxides
or butoxides, metal oxides such as aluminum oxide, or
sodium oxide, metal ions such as Na-, trlalkyl ammonlum
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9 with the imniumcounterion at tenperatures above about 60
[err]C. Chlorites are al so subject to disproportionation into chloride
and chlorate. An amine with a high pKlerr] is preferred because it
reacts nore rapidly with chlorine 5 di oxide and acts as a nore effective
proton sink, wo963928 nt ai ni ng the basic pH required for chl FQTU¢T24
stability. FIG 2 illustrates the nmechanismfor rel ease of
chlorine dioxide fromimniumchlorite when noisture 10 contacts the
conposite. Hydrolysis of the acid reheasi ng agent provides hydroni um
cations (Herr]3[err]) that react wth imniumchlorite to rel ease

chlorine dioxide sales &S 1xHMa*RGOERASHLLANSHIOLUH 2 1RbxtEes! eact i on are
an am ni um cati on '

on (shown as [err] in FIG 2 a._ 15 car boxyl at e
(G00 . ot “shown PROHHERs Sutthdd ecigim atdipte, Sssilogiza arBthPR

retai ned within tbe conposndterials that wouldhgendmessre faostdongabasia sone

i nstances, imniu : on C It dec ' MRQsiit,& | S exposed
to t enper at glﬁggtéa%e%%eg ag:b){orgt e6§EFg§§f%éérne%}gio%) thel%%

avai | abl e chPorit ER¢BHEePtrati on for conversion to

In a hydrophilic material containing a tertiary
amine (dimethylaminocacrylamide), N—methylacetamide and
urea, an o-amino ether and chlorite salt is formed when
the iminium chlorite is stabilized. Any monomeric ox

10 oligomeric amide substituted plasticizer, such as
succinamide, formamide, or N-methyl formamide, can be
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

15 contact. If the amine center is sufficiently mobile,
the addition of a plasticizer is unnecessary. Urea
improves the chlorine dioxide uptake and release
efficiency of the hydrophilic material because it has a
high hydrogen bonding density and will not react with

20 the acid releasing agent. Compounds having a high amide
concentration can also be used to improve hydrophilic
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

25 - 95 wt.% of the hydrophobic material. The hydrophilic
material comprises between about 5 to about 30 wt.% of
an amine and between about 70 and about 95 wt.% of a
hydrophilic solvent including between about 35 and about
55 wt.% urea, between about 35 wt.% and about 55 wt.%

30 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
material or the stability of the material could be
compromisead.



chlorine dioxide. In order to maxi m ze chlorine dioxide rel ease from
the conposite, it has been discovered that the chlorite source can be
omtted fromthe conposite until the conposite is applied to a
surface when the 25 hydrophilic material in the conposite is an am ne.
After application, the conposite is exposed to chlorine di oxi de gas
that either wmapesi3929si th the amine to form i mi ni um chl ECTUS937%4 t u or

di ssolves in the amne to provi de chlorite anions. The conposite is

t hen 30 activated in the presence of npisture to rel ease chl ori ne
di oxi de. This nethod enabl es the conposite ; be exposed to el evated
t enperat ures during processing, st or ge and application as conpared

to the te”peratureshy Fre fhlr%ted""@h&ﬁeéhfof%%%Cé”ﬂé)rﬁﬁd?:o%%’.%EoseS

because the 35 I'ic materi al  does not_contain imniumchlorite
10 or any cﬁﬂ%ﬁq%44 amicdide fREMABLABA 2FTH P8 Udes premat ur e
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bisacrylamide and a primary amine or a secondary amine.
Such amides can be useful vehicles for film casting
prior to exposure to chlorine dioxide, which does not
react with polymerizable, electron deficient alkenes

10 such as acrylamide.

Suitable amines for use as the hydrophilic material
include primary amines, secondary amines, and tertiary
amines having pendant hydrogen bonding groups. An amine
substituted with electron donating groups that donate

15 electrons to convert chlorine dioxide to chlorite is
preferred. Electron withdrawing groups concentrate
electron density at such groups such that it is
difficult for the chlorine dioxide to extract an
electron from the amine. Tertiary amines having non-

20 hydrogen bonding pendant groups that are dissolved in a
hydrophilié solvent are also acceptable. Representative
amines include: alkanolamines; copolymers of
aminoalkanes and alkene bisacrylamides;
alkylaminopyridine; alkene diamines; alkylamino

25 cycloalkanes; alkylamino-carboxyamido alkanes dissolved
in a diluent; amines having the formula R; NH.;
R,R,NCH,CH,C (0) NH,; solubilized N(CH2CH,0H);H,,

R,N (NCH,CH,C (O)NH,),, (CH;),N(CH,) ,N(CH,),,
RsR(N (CH,) .NHC (O) NH,

i [R4—CH2—CH2—|(:I—NH}-CH2
30 N (CH,CH,NHC (O) NH,) 4, 2 or
i [} ;5_ /N "
NH=——( CHZ3J nNH—-CHzCHzc-NHCHzNHCCHzCHz HN N

/""; | S— H



water. Chlorine dioxide that cones into contact with t he conposite of
the invention nust first be dissolved 10 into a material that does not
absorb water such as a | ow mel ti ng hydrocarbon wax or

chl or ohydroc : Al ternatively, chlorine dioxide gdegafiobd24M th a
desi ccant . Cﬁ&@?&ﬁﬁaﬁioxide is thus delivered froma wet |nddstr|al

process into the conposite wthout 15 exposi ng the conposite to water.
In order for an amine to formimniumchlorite in neat formor in the
presence of a plasticizer, the am ne mdst be sufficiently electron
rich and the am ne ni trogen nust be IocaIIy nobil e. El ectron
w t hdrawi ng 20 gr oups shoulg be s fron1the'3p1ne center by at
| east two mnet hyl ene groups |n(ﬂéﬁﬁ’? Q pﬂTBFHH di oxide to
extract an electron fromthe am ne. Myvene of the’bonds about the
nitrogen center of the amne is reqU|red for aminiumformation. If
the amne is frozen 25 into a gl,dssy matrix, the ari Re nitrogen will not
be nobil e and the am mzbh{ﬁum\cegizm—owq@ chlorite. A
gl assy am ne can be softened Mo indrease mobi |it . ggiding at | east
about 10 wt.% of a pl asticizer, such as a | ow mol ecul ar wei ght am de,
to 30 the amne to lower glass transition tenperature bel ow t he
reaction tenperatuupe. O sui tabl e pl asticizers are well known in
t he pol yner art. rate of chlorine dioxide release froma
conposite can be al red_m/ ch ing the viscosity of 35 t he hydrophilic
and hydrophobic material s, changin§=£@e di spersibility of the
hydr ophi |l i c and hydrophobic

wherein: R substituents are,

independently, - (CH,CH,0) H,
5 -C(CH,),(CH,) ,0H, - (CH,),NH(CH,CH,0) .H, -CH(CH,),,

@, @ '
——=CCHyJ g==N ~=CCHy) ;=N NH
' ' AN . .alkyl, cycloalkyl,

benzyl, acrylamide, or pyridvl; R,, R,, R;, and R, are
alkyl; R, is straight chain C, to C,; alkyl; R, is
cycloalkyl or benzyl; m is 1-100; n is 2 or 3; x is 0, 1
10 or 2; ¥y is 1 or 2; and z is 1-6. Generally, the above
compounds can be solubilized in formamide,
isopropylacrylamide-acrylamide or other conventional
plasticizers.
Prefer*ed amines 1nclude monoethanolamine,
13 diethanolamlne, triethanolamine, a copolymer of 1,3-
~ diaminopropane or 1,2-diaminocethane and N,N-methylene
bisacrylamide, 4-dimethylaminopyridine, tetramethylene
ethylene diamine, N,N-dimethylamino cyclohexane,
solubilized 1-(N-dipropylamino)-2—carboxyamido ethane or
20 1- (N~dimethylamino) -2-carboxyamido ethane, a primary
amine having the formula R,NH,, a secondary amine having
the formula R,R,NH, N(CH,CH,OH),,



material s, changing the tenperature of the conposite, changi ng t he
concentration of acid releasing agent in the conposite, adding a

desi ccant or hunmectant to the conposite to control rel ease of

chl orine dioxide from 5 the conposite once it is exposed to noisture,

or changi ng the volune fractions of the hydrophilic and

hydr ophobi ¢ n#WO26i3829%6 t o produce continuous or discrete PCENS8&B724i t hi n
a di spersion. Maxi mum chl ori ne di oxi de rel ease froma conposite
10 can al so be achieved by stabilizing the chlorite anion. [ m ni um
chlorite is unstable to nucleophilic attack by - the chlorite anion. It
has been di scovered that the roon1tenpe?ature lifetinme of chlorite
anion is substantial |y extended a strong base, such as a 15
metal al koxide, is present in the hydroph | i c/maneri al contai ning the
imniumchlorite. The nmechani sm of d{Lgy'Svggllization of the
chlorite counterion is shown bel ow.@ NH

[err] 20 wherein R and. R/ara Qroups t hat correspo@ﬂ:ﬁb t hose of

the selected amine and R' is aq_gyﬂ or hydrogen groups In the
absence of water, the iminiumionmis [ mediately deconposed into an
a-am no et her and a nore stable ~ sodiumchlorite salt. If water is
present during the 25 oxidation of the tertiary am ne, an unstable

a-am no al cohol is formed that can a k the chlorite anion

unl ess the chlorite anion has begn-@&fH,gct-Nvel YncQrpl pxedk, by the
hydr ophilic solvent. Addition of wat er aft &/ : ;

solubilized NRsRsR'} ) (CH; ) zNCH2CH3N (CH] ) 2 RgRgNCHzCHzc (0O) NH2 N
RION (NCHECHQC (O) NHZ ) 27 RIIRIZN (CHz) }NHC (o ) NH; ¢
5  N(CH,CH.NHC (O) NH,),,

| i
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)
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—<NH—( CHy) yNH——CH,CH,C—eNHCH,NHCCH CH,
n
or
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1
-AQCHZCH{-C—-NH-—CMCHECH,N—CCH33 2
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’

wherein: R, is -CH,CH,OCH,CH,OH, -C(CH,).CH,OH,
: —(CHy) ;=N )
1 O -CH2CH2NE{CH2CH20H ’ ‘CH ( CH3 ) 2 -CH2CH20H ? ’ or

——CCH,J ;=N NH
; R, and R, are, independently, hexyl,

benzyl, n-propyl, isopropyl, cyclohexyl, acrylamide, or
-CH,CH,OH; R, is cyclohexyl or benzyl; R; and R, are
methyl; R, is cyclohexyl or 4-pyridyl; R, and R, are,

1S independently, methyl, n-propyl or isopropyl: R, is n-
C¢H,; or n-C;;Hys: R;; and R, are, independently, methyl,



solvation of the chlorite ion is not as deleterious. 30 Accept abl e

strong bases for use in stabilizing the chlorite include netal

al koxi des such as sodi um pot assi um or cal ci um net hoxi des, et hoxi des,
pr opoxi des W 958? 9put oxides, netal oxides such as al um num&idens724

sodi um oxi de, r|a ?yI anmmoni um

12 salts of al koxi des, ammoni um salts of al koxi des, acet ates
such as sodium acetate, substituted acetates, or other materials that
woul d generate a strong basic reactionito attack the nitrogen center
of imnium5 chlorite. In a hydrophilic material containing a
tertiary anﬁhéY¥dimﬁnnﬂpx%ﬁcﬁbéépyrgﬁyge)m s mn Hyitegsraficd® ando

urea, an [err]-anipg; edf@rp and xyonit esgatipie APIuEtINGR1uce the
imniumchlorite i.s stagéllzed. Aq%mq%nonerlc or ollgoneric am de

10
substituted plast FEFBUPLAe R, &Y €3 EEPRARY HeACHY &e, or N et hyl
formam de, can beOligomesitsin tpetlethelrde Bemehlyhacatiamddednveetdar b0

f h Loe, j Neget byl f ' ' i d
soften the s  @EiPEamfld ;%{q&qt%re@d _t@@t;%lgﬁ &ﬁ{l}?né‘;n%%%%hgg&' ¢ an

woul d not be preferred,in a cations invo _ : contact. |If
the amne center FEaSHFPR St IAFwdErides are alsr wfdiallsh berayse the

pl asticizer is unami@ssgrgup does not react with the acid releasing
agent.

Hydroxylic compounds, inciuding ethylene glycol,

10 glycerin, methanol, ethanol, methoxyethanol,
ethoxyethanol or other alcohols, can be used as the
hydrophilic material. However, chlorine dioxide release
can occur very rapidly when a hydroxylic compound is
incorporated in the composite and can limit the

15 applications for such composites to rapid chlorine
dioxide releasing systems.

Suitable acid releasing agents include carboxylic
acids, esters, anhydrides, acyl halides, phosphoric
acid, phosphate esters, trimethylsilyl phosphate esters,

20 dialkyl phosphates, sulfonic acid, a sulfonic acid
esters, sulfonic acid chlorides, and phosphosilanes of
glycerol based esters. Examples of such acid releasing
agents include an anhydride or phosphate ester blended
with or grafted to polypropylene, polyethylene or

25 polystyrene, or trimethylsilyl phosphate esters of'the
formulae
“he
I omsi— ' 0
0.7 0.,/
A /E§
—5i-g 0 —si-g O

' ) , l , or



| nproves the chlorine dioxide uptake and rel ease efficiency of the
hydrophilic nmaterial because it has a hi gh hydrogen bondi ng density
and will not react with 20 the acid rel easing agent. Conpounds having a
hi gh am de concentration can al so be used to inprove hydrophilic

material efficie Preferably, the conposite conpri segrRRLNRSX
about 5 wt. @6gﬁﬁﬂéggﬁt 95 wt. % of the hydr ophi lic naterlal and

bet ween about 5 wt.% and about 25 95 wt. % of the hydrophobic material.
The hydrophilic material conprises between about 5 to about 30 wt.%
of an am ne and between about 70 and abput 95 wt. % of a

hydr ophili ¢ sol vent includi ng between about 35 and about 55 wt. %
urea, between aboUtCPBB;SMOP%Qa\ri@RathE@W\/tR %s38 nonphmérogen dpordihabout

10 wt . % base. éh%@pbegmk§gugg aryl t hat not nore than about 0.5 noles
of chlorine dIOXI per m ne shoul d be added to t
hydr ophi | i c natePFEF 5r°Fh§t§¥aﬁﬁ ¢ {QLIFONSTS - Griraf FPOEF *Eellke

conpt om sed. molecule with a lipid wall and a P-0-Si core) 18uch as a

Preferred amdles f&fogﬁ%saiaheeohygregbé aped ra%tc%rf aly Lr»agsrred
formam de, acryl am de- ogropg ners or mani de
and acid releasing agents be ause they e melt- or

solvent~ processed with the option of belng crosslinked
after processing to provide film stability. A preferred
phosphosilane of a glycerol based ester is known as

10 LPOSI and has the formula

0
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] ] ]
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] |
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wherein G has the formula —©H

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



acryl am de-i sopropyl acryl am de, and copol yners of 5 acryl am de,

i sopropyl acryl am de or N, N-methyl ene bi sacryl am de and a primary

am ne or a secondary am ne. Such am des can be useful vehicles for
filmcasting prior to exposure to chlorine dioxide, wh ot
react with poM539¥%4bl e, el ectron deficient al kenes 10 hgﬂmg%%%’ﬂ
acryl am de. Suitable am nes for use as the hydrophilic materia
i nclude primary am nes, secondary am nes, and tertiary am nes havi ng
pendant hydrogen bonding groups. An amine 18 sSubstituted with electron
donati ng groups that donate 15 el ectrons to convert chlorine dioxide to
chlorite is anhgaetd@ﬁ ol antaion cwenhghantag gm@upﬂndqneawmeaEeor

el ectron density gh gyEh, g O SHEhellBAle bbndSride-sediddd Gl gerthe

chl orine dioxide to ex tron rary
am nes havi ng non0~29raftﬁthQEﬁ9ftﬂﬁﬁﬁ méeééﬁéaﬁvcbr@%p@OlXQHOQMl?n§§$soIved

in a hydropbbhyétﬁﬁié&@éﬁ 36:9 ;fulg,cstmgatsabl Gop&ﬁﬁﬁ@ﬁ@r&ﬁitddi@
am nes i ncl ude : aIk ggfg%nes Ikanes d al kene

bi sacryl ani dés ’Fa?ﬁ“%o?) ? éslglcﬁéﬁeoﬁl 3;3' +C )yt am *Ro 25
cycl oal kanes; alkyraﬁtﬂg @artmm@wmﬂxﬁiaﬁ w@degldﬁséebxe@e releass rrage

di l uent; am nes hawingwb8 ogr@d@wf§é¥ga§g%&g&§]
RRerr]NCH err] CH err]

N(CH err]CH err] OH) [ er O) #er bn e ua%fé: ﬁNEW&fEP?TGnClUde a
(ONHerr])[err], d@¢Hpatr$w¢hra§Pﬁﬂ&#mm:k#ﬂaprpp&Eh@errmy@50¢q:bon wax,
[R[eﬂ]r] R6[ er r:l]O (CH[:ﬁrlBtlh g%&rl ‘M'f %H&éﬂg Nl-li[ - wa é?vrvljmolecular weight
or poly 1ns, tens,, e ivatiz lyolefin
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
preveht 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 cdntaining 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 sclution is
transformed into spray dried particles, the particles



14 [err] [err] [err]

wherein: R substituents are, | ndependent | vy,
-(CHerr]CHerr]OJ[err]H 5 -C(CH err])[err](CHerr])[err] OH,
-(CHerr]) [err]NH (CH err]CHO [err]H -CH(CHerr])[err], [err]
,al kyl, cycl %?65949296 benzyl, acrylam de, or pyridyl; osost el ]
R err], and err| are alkyl; R err] is straight chain err? to

Cerr] alkyl; Rerr] is

19

can be routed to a cyclone separator to isolate small
particles preferably having a diameter of between about
5 and about 150 microns. The particles can then be
stored in a dry atmosphere. Once the chlorite particles
5 are made, they are fed into a fluidized bed. The
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 f£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 sulfate, or a.moisture
depleted silica gel, can be included in the fluidized
bed to 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 hydrophobic materials
can be formulated as described above for the composite,
30 it is preferred that the chlorite powder contains an
alkali or alkaline-earth chlorite. The hydrophobic
material preferably contains a low melting hydrocarbon
wax, chlorohydrocarbon wax, atactic polypropylene,
polyethylene wax, a low molecular weight polyolefin,
35 derivatized polyolefin copolymer, or mixtures thereoZ.
An acid releasing wax, such as a hydrocarbon soluticn of



cycl oal kyl or benzyl; mis 1-100; nis 2 or 3; xis 0, 1 10 or 2; yis1l
or 2; and z is 1-6. Cenerally, the above conpounds can be
solubilized in formam de, . isopropylacrylanide-agrylanide orloéher
conventi onal | astici zers. Preferred am nes_incl ude
monoet hanol am™{R363P&% i et hanol ani ne, triethanol anine, a cbPEP§IEE ¢

1, 3- di am nopropane or 1, 2-di am noet hane and N, N- net hyl ene

bi sacryl am de, 4-di et hyl am nopyri di ne, tetranethyl ene et hyl ene

di am ne, N, N-di net hyl am no cycl ohexane, g Sol ubilized 1-
(N—dipropylanino)-2-carboxyanido et hane or 2%

1- (N- di net hyl ani n@ p&o@@hbwyaeédowgds@whe@m@eaewd mgnfétm'n{}ﬁ:rhavi ng the
LF;?F;%[ELE{&LNH[%Qﬁ%g%?F%}fg Si g%iﬁi%e \énﬁﬁdrlde P- 8 Slcgon S, 1s
15 preferred as the hydroplalyid material. LPOSI is a
' particularly suitable acid releasing wax for use in
5 preparing the chlorine dioxide releasing powder.

If the acid releasing wax is extruded at a
viscosity between about 10 and about 1000 cP through
nozzles of between about 1 and about 10 mil diameter, a
fine spray of molten wax between about 5 and about 400

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
compoéed of a microdispersed hydrophobic and hydrophilic

20 material as shown in FIG. 3b, or as a multilayered
composite 14 including a separate hydrophobic layer 15
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 hydroéhobic 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 into 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



[ solubilized NRlerr]Rerr]Rerr],
( rr])[err]NCH err]CH err]N(CH err])[err], Rerr]Rerr]NCH err]CH err]C
( [err], Rlerr]NONCH err]CH err]C (ONH err])[err],

Rlerr]Rerr]N(CH err])[err]NHC(O NH err], 5
N( ][err] [‘%Brg]mn%gO)NH[err])[err]

[err

r]
[ e
NH

ACEE

PCT/US96/08724
[err]

, [err] wherein: Rerr] is
-CH[err]CH[err]CCH[err]CHCH -C(CH err])[err]CH err] OH,

[err] -CH err]CHerr]NHCH err]CH err2H, -CH (CH err])[err],
-CHerr]CH err] CH, or [err]

Rlerr] and R[errkoamaptlbdeWeedehhéylaYEpQMQ1ea51ng the hydronium ion
and the hydrophilic layer containing chlorite. Such
controlled release can be obtained by casting the
hydrophobic and hydrophilic materials 16, 18 as separate
layers with an intermediate 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 film) 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 frcm 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, liguid 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.

wm

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



benzyl, n-propyl, isopropyl, cyclohexyl, acrylam de, or

-CHerr]CH err]OH Rerr] is cyclohexyl or benzyl; R err] and R err] are
methyl; Rl err] is cyclohexyl or 4-pyridyl; Rerr] and R err] are, 15

i ndependently, nmethyl, n-propyl or isopropyl; Rerr] is n-

Cerr]Herr] ¥OMP¥ rIHerr]; Rerr] and Rerr] are, indepe%cd'lémn?lﬁ/f}?n‘

nmet hyl , 16 et hyl,

n- propyl or isopropyl; mis an integer froml to 100; and nis 2 or
3. Suitable diluents include formam dexpr acryl am de-i sopropyl

acryl am de. A igoneric or polyneric secondary am nes converted to 5

acryl am de substi setrtdst eft pariodit nesldnd Mallzaaes timedr ¢actodncwde h
acrylam des are a spita SE; ) g dgoes eact
with the acid re|g§§Pn55E Q#§p§§£%¥."$é§i°f b?CtﬁggggiyPﬁggéoﬁﬁoﬁﬁgééf

i ncl udi ng et hyl enecgkgmdnation cr gt efyoicatetingviationhsase, for the

nmet hoxyet hanol ,  piolo8iBeXYSEham©ér&it Ot htHe Ayt Besizyn kanubed as the
hydr ophi lic teria '

et o Bip ARV D g DL 16 £ WSS 850 oA BECHE:
conposite and canthenrequieits timepptthe isymeSoirerircishdorpos désxider api d
chlorine di @Qgaflageehk-a885NIMSYSE&MBy the specificSdigpallatashd
rel easing agents InCluagtggggg{yéégtrolled release multilayered composite
includes water swellable films A and B of a thickness of
10 about 5 mil with a hydrophobic 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 1l (typically about 5 mil) and
20 diffusion censtant, 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
equally 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
alcohol 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.



acids, esters, anhydrides, acyl halides, phosphoric aci d, phosphate

esters, trinethylsilyl phosphate esters, 20 di al kyl phosphates, sulfonic
acid, a sulfonic acid esters, sulfonic acid chlorides, and
phosphosi | anes of gl ycerol based esters. Exanples of such acid

r el easi ng s include an anhydride or phosphate est

wth or graff%ggggﬁg | ypr opyl ene, pol yet hyl ene or 25 poly?F§$§%g@%%r
trimethyl silyl phosphate esters of the formul ae

[err] 17

(CHerr])[err]SIOP(O (OR)[err] wherein R is2& non-hydrogen bondi ng

group, al kyl or aryl. Linear or star like oligoners (e.g., a
mcelle like nmol ettl basi beer dipcovered tret adds®rSictdonedf such as a

S thSphbSi|anemﬁ&t§1g§¥ﬁ§éO&oﬂﬁ%@ﬁtgs&ﬁ%refﬂEEHE“Q??@H@gment oRCife
rel easi ng agents because’ they can be pelt: or |
layers in the compcsite is defined by the formula
C(ACB).C (wherein n represents the desired number of

pulses) provides periodic pulsed release of high

w

concentrations of chlorine dioxide over several weeks or
months. Such pulsed release can be coordinated to the
growth, incubation and 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 S 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 varving
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



sol vent- processed with the option of being crosslinked after

processing to provide filmstability. A preferred phosphosi | ane of a
gl ycerol based ester is known as 10 LPCSI and has the formul a

[err] [err] wherein G has the formul a A free radica
pol yneri zabl avabé@ass or condensi bl e group on the terni nEFTEWEHRS 5
lipidis a representative 15 ol i goner. Aci d anhydri des are

al so preferred acid rel easi ng agents and i nclude organic acid

anhydri des, m xed organic acid anhydréges honopol ynmers of an organic
acid anhydride or a m xed inorganic aCi'd anhydri de, and 20

copol ymers of an @lgaiisG a4 ¢nanbydebde 8¢ & :F&et;@f‘lal andAJ10IERRAT13e! d

anhydride with a monomer containi bond.. Preferred m xed

d
i nor gani ¢ aci d arftRRIMafesial by EE%FSFH%%%%%‘O?‘E% WERyéh SSRCSd ehond.

Preferred artiytd rdakes notc lredeasepehyorise odidsed & cimnthedrabdencaSor
met hacrylic anhyr%&{%%uégyﬂgaa %&B&Q&hgethBrQPégQé& surface to moisture
5 to release chlorine dioxide from the composite into ths

atmosphere surrounding the material. The treated
surface is generally a portion of a container or is parc
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 socap, laundry
detergent, stored paper documents, clothing, paint, and
seeds can be protected from mold growth. Medical
instruments, devices and supplies as well as disposable
or nondisposable pérsonal care 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, pléstic or paper bags, seed
packets, or waste containers.

3a 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
snelves, 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



18 anhydride, or succinic anhydride, and vinyl, styrene or an

al kene, such as nml ei ¢ anhydri de-styrene copol yners, or grafts thereof
with ol efins such as pol ypropyl enes, pol yet hyl enes, or pol ystyrenes.
Copol yners of acid 5 anhydrides and esters of lactic or glycolic acids
can provide a rapid initial chlorine dioxide release rate

fol | owed by aWQI%MPP&| ease rate. The hydr ophobi ¢ nECEUSY/08224,
further include a di luent such as atactic pol ypropyl ene, hydrocarbon
wax, 10 chl ori nated wax, polyethyl ene wax, |ow nol ecul ar wei ght

pol yol efi ns, polyesters, derivatized polyoleggn -copol yners, or

m xtures thereof. Diluents can be included in the hydrophilic material

as well. Pl aghicelez@s8dCcan aééraaeﬁm nﬁ@tfﬁé)sféﬁcﬁﬂs |th% t RerErkBa E5uic
hydr ophobi ¢ or hyd als_as

e o e EBeRERk of BB Bt hipeF e Setrndnd, 1y fov a¥hibey.
accept abl e pl asti oeagnsseafood or produnestor earscavanfmnt dayleragogodsem

sul fate, cali@l Wikpekkat eSuéhl &8s 96t skl NBre 28Q)idA%y MREe28rom
caIC|un1CM()gde can be adg d.to f osite to revent premature
odr ol St o off the ABST. r BPLLGHRGLC, POLUBRRIC, cifvam THEC F ReREENERG

additives can be s@dedials. to the hydrophobic and hydrophilic materials
as needed. Such add hvﬁiét*zeﬁ' Egﬁ SEQESx‘:ér&Kéé@ WYt dHPRirtace

retardants, enmulsifiers and co
: of a seed to protect the seed from molds and fungi

during storage and to protect against mycotic growth

10 when the seed is planted. The coating, when activated
by moisture, creates a microcatmosphere 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 human 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

35S dioxide in the absence of moisture, and exposing the



The conposites of the present invention can be formul ated in various

ways to acconmpdate a w de range of end use applications. The
conposite can be formul ated as an extrudate, such as a filmor
pellets, 30 or as a powder using conventional extrusion and spray

dryi ng met hoda,ogmctivel y. Wien the conposite is f orpthabeek1as a
powder, chlorite containing particles are formed by dissolving a
chlorite source in a hydrophil i c sol vent and extrudi ng the sol ution
t hrough 35 nozzles of a spray dryer. Once the solution is

transformed into spray dried particles, the particles

19 can be routed to a cyclone separator to isolate small o
particles preferafiiPareH ﬁ&rggﬁﬁaﬁﬁt@PgﬁFuﬁ%tﬁﬁmﬁF¥ﬂﬁﬁﬁ Cﬁi°rl§eaﬂa°§b6%t

150 microns. The pfamn clhes coaposhier beto the saumaesbheren simroatndaspghehe.

Once the chloritezégyﬁgﬁg es 5 are made, they are fed into a fluidized
bed. The hydrophobi‘c material containing the acid rel easing agent
i s aerosolized by passifn@referrefepPrlicatboRyhinchudes a Loty REWERTNERE| es

into the champer grdveatling dichedtled foot aME@rSchdr CRAIMGIPI MGe PBRBethe

fluidized chlorited0ye GONLAU"H10RR1Y! ShoEne HOORSOUATnELEC B
can be incorporated into a shoe insert. The composite
can be applied between the cloth covering and foam pad
-of the shoe insert, impregnated within the foamed pad,

10 or impregnated or coated on a shoe counter or upper
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,

15 cornstarch, fragrance, miconazole nitrate, tolnastate
silica, boric acid, aluminum chlorhydrate, éalicylic
acid, and cellulose. The powder can also be blended
with other ingredients and used in bath powders or
powders used in treating jock itch.

20 The powder can also be applied to carpeting to
remove odors from the carpet. Ingredients commonly
incorporated in powdered carpet deodorizers or cleaners
can be blended with the powder of the present invention.
The composite can also be formulated in microcapsules

25 that break after being stepped on and are then activated
by moisture. Such microcapsules can be impregnated in
floor, shower or bath mats or can be used in carpet
deodorization.

Another use for the composites is in providing self

30 sterilizing packaging, which is particularly useful in
the medical industry. The cocrmposite can be coated onto
tubing, connectors, fitments or other components as
separate layers of the hydrophobic or hydrophilic
material on separate components that are activated upon

35 being pressure fitted together. Tubing fitments used
with intravenous bags, for example, can be treated such



particles, the chlorine dioxide releasing powder is formed as the
hydr ophobi ¢ naterial solidifies to forma hydr ophobi ¢ core having a
| ayer of chlorite particles enbedded in the outer surface thereof.
Aggregation is 15 m ni m zed because the chlorite particles are hard

i norganic materials. The particles can then be packaged in a dry
seal ed cont ai may 96/39296 In form ng the chlorine di oxi de PEI/ES5{0834
powder , anhydrous particles, such as anhydrous sodium sul fate, 20
cal cium sul fate, magnesium sulfate, or a noisture depleted silica
gel, can be included in the fluidized 2 dto forma mxture of
chlorite particles and anhydrous partitfes. The anhydrous particles

del ay rel eaggQf o la%hﬁg Qhoéﬁgetzéﬂé‘tfié—l&% gﬁs\’%é@é %'gtn

at nospheri c noi sture. e anhydrous particles can pgst m xed
with the chlor|ne?quPPH@°P€Iéhéﬂnﬁoﬁaﬁﬂﬁ%ng acid (e lRASPT RIS tne adi oxi de

rel ezgsef | ated surfaicdeoughahbenbydtapbi Eitmemel 1y dtoxmbivdumpizeri al s
can be formnul ate ,
oo a1 AR B0  BROUEAL QLR NG ERIBPRLL S gl ene lrdatea

-or
al kal i ne- eart?lcﬂﬂiﬂﬁﬁﬁSesTﬁé ﬁ?@réﬁﬁ@@ﬁés are 1@%@%#¢Qﬂeﬁﬁﬁﬁeﬂﬁﬂﬂbﬁ cont ai ns
a low nelting hydrotydier of mmweﬁrecabombwé@@aﬁb@rrawaseatoafctdrgorme

R R e KL R R N T
rel easi ng wax, suchzroundipdr 6&gr meherdrdti ofiivhents for in-dwelling
catheters, needles, peritoneal dialysis, percutaneous

10 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
medical devices, instruments and supplies.

15 The compcsite 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
paper treated with the composite can effectively

20 penetrate the full thickness of a patty and kill
bacteria such as E. coli and Salménella that result from
contamination during meat processing. E. coli 0157:H7
in tainted meat has caused death and severe illness and
appears to be especially resistant to cooking,

25 fermenting and drying. In a typical operation producing
meat patties for commercial consumption, meat is ground,
extruded and formed into patties that are separated by
sheets of coated paper that prevent adhesion of the
individual patties. After packaging, the ground meat

30 can be exposed to chlorine dioxide over a period of time
when in refrigérated storage to kill and inhibit the
growth of the bacteria.

The following examples are presented to describe
preferred embodiments and utilities of the present

35 invention and are not meant to limit the present



20 a phosphoryl ated |ipoglycerol reacted with silicon
al koxi des to produce m xed anhydride P-O Si bonds, is preferred as
t he hydrophobic material. LPCSI is a particularly suitable acid

rel easing wax for use 5 preparing the chlorine dioxide relea3|ngg§omder
If the acid r@0oe%s929§ wax i s extruded at a Vi scosity b EHBER Ut 10

and about 1000 cP through nozzl es of between about 1 and about 10 m |

di aneter, a fine spray of nolten wax between about 5 and about 400 10
mcrons in dianmeter is generated. n addition to formati on of

powder ed conposites, the conposites of the present invention can be

formul ated in sol igRlesicti@nathP¥s§0bchéiNisasétdedlin the cQbAME appendédi on
nmet hods. The conqulte can be applied 15 as a filmby using well known

hot nmelt, dip coat’ coat, curtain coat, dry wax, wet wax, and
| am nati on processes THEXRMELE®D S t es can al so be provi ded

as a |ayer 12 coRPRSRdophi il fkedk20e T gedl AUl ARRRDIcORAdnea o 7

hydrophilic 20 mat er | as  shaown 1I.n , as a nultila ered
conposi te 14 3 ncl 0 1y S@1¥Ep8RaPE ﬁ9é?‘6ﬁ5h6¥3?-€r+%?e¥n @/ amide §'Pr CY4%€eparat e
hydrophilic | ayer ddinptseth@dn3BnwET& £f8amamide, Ihewthyklraoptydlaimddendand

Do L oY B U R B s A AN e
hydr ophi | i ¢ senAdsting iof| astPat éalpglm@f% cq%lmq igoRposEd ©
conposite or singl3s |nﬁﬂ€§% alehe appldeddenafia@ngenadien styrenenih noisture
yar ophi I o Fht er i SiabSRaRandE £ S k8r waporRep Tafton iy Hhfidphlblc! e
di oxi de rel ease matexiadmwaise vieattex mjxeddwishpebet by drrahiddq wateripy -
nol sture. The resultant white mixture of the two disperse
materials started a sustained release of chlorine
dioxide in the absence of added water within five
1s 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
20 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
25 mole acrylamide in the presence of a small amount of
acetic acid as a 10 wt.% solution in methanol. The
reaction was carried out for 3 hours at 70°C. After
vacuum evaporation of the excess amine and
crystallization in the presence of pentane, a white lcw
30 melting solid was obtained (T, = 60°C) that tended to
| lose amine and form acrylamide upon prolonged heating
above the melting point.
_1-(N-Dimethylamino) -2-carboxyamidocethane (DMACAE)
was made by reacting 0.2 mole dimethylamine (as a 40
35 wt.% solution in water) with 0.1 mole acrylamide as a 10
Wwt.% solution in methanol. The reaction was carried out



In order to generate chlorine dioxide in a controlled fashion it is

useful tolimt the access of 35 wat er to the hydrophobic |ayer
containing the acid rel easing agent and to control the surface area
of 21 contact between
the | ayer rel easing the hydroniumion and t he hydrophil

cont ai ni ng CHWQP@?§56Such controll ed rel ease can be obt??ﬁég&ﬁ@n24
casting the hydr ophobi ¢ and hydrophilic materials 16, 18 as separate 5
| ayers with an internedi ate boundary | ayer 24 that regul ates hydroni um
ion transport between the materi.als as shown in FI G 3c. The
| ayered conposites of the present invention are I ntended to naintain

a desired rate of fehl oriéngoght ot deodh) tempedagase .( nolfesLseatawherr] of
film in the pres . | i I t S e for a
engih of tine - SvaBofirion of MARPTAGIP ikERY ARt URLEEE X
surface andPHAFRAE hERs ef 2%e% runt He Mehgrissico cbgireanec o AT ARE ndhER |
Hﬁ}/\/év_er, Id_eakage fagn: aieAnsal fete w%@X'pm@ri{sa@e 1%5« meltﬁ:dfyCe'ﬁ,,i tshe
chlorine dioxide gepgeentrations at the. surface because of chlorine
i oxi de di 1 dsi onipnrd FREZOSCOPEG 3okither o, The chlorine dioxi do
concentration rel easedBoth DPACHE) am@ DNAGAB wrystelidsaed omdypeilowely camd be

cal cul at ed thus could be studied in the liguid state at room
temperature. Neither neat liquid formed iminium
chlorite. Eowever, 10-30% wt.% solutions in formamide

i0 or acrylamide-isopropyl 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
15 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
20 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
25 acidification of the reaction product and the
observation of the odor and color of chlorine dioxide by
UV/Vis spectroscopy after exposure to dilute HCl. 1In
some cases the presence of chlorite was further verified
by observation of the IR spectrum. Characteristic IR
30 apsorbance of chlcrite at 830 cm! verified its presence.
The following neat primary amines formed chlorite
when exposed to chlorine dioxide:
H,NCH,CH,OCH,CH,0H, H,NC(CH,),CH,0H, H,NCH,CH,NHCH,CH,0H,
H,NCH (CH,),;, H.NCH,CH,OH,



L3

given the | eakage rate and the rate of absorbance at a 20 surface. Thus
after neasuring the | eakage rate, the conposite is fornul ated so that
it contains a |large enough reservoir of chlorite reacting at a speed
sufficient to conpensate for the | eakage rate for the desired tine

period of susigispgshef el ease. 25 Theref ore, design of p@T@§§wgyﬂe
di oxi de rel easing conposite suitable for controlled rel ease and

bi oci dal action within a contai ner nust take into account several
aspects, nanely, the chlorine dioxide production rate fromthe
controlled release film the partitioning o030 chlorine di oxi de between
the phases within the container (e.g. gas, uid and solid phases)
in a reversible (absorbed) or/1rxeversible (r ac ed) fashi on, and

t he | eakage rate of "g4sMetani\t he/corteds Hier 2 A" of _such a
conposite is described in Exanple 15~ 353 A pre er t e ®xt ended

rel ease system of the present I nvention conserves the chlorite
reservoir by emtting a /~ \ 22
series of periodic pul sed rel ed8EsCttataT o cOrfdHadT "z with the
suspected tines of bacterial, viral or funga contam hation or the
typical incubation tine for the bi ol ogi cal of interest. The system
design can be 5  optiTH R %D RS ﬁ@éPanH@eﬁeEYr%ﬁakl??cQﬁﬁﬂﬁﬁnqqﬂﬁwﬁﬂ for

having the formula R,R,NH wherein R, and R, are,
=3 independently, hexyl, benzyl, n-propvl, isopropyl,
cyclohexyl, acxrylamide, or -CH,CH,0H. These amines also
formed chlorite when the amine was in formamide solvent.
The following secondary amines yielded chlorite
when plasticized with formamide or isopropylacrylamide-
10 ‘acrylamide:

| )
[m—caz—cnz—c—un-:'}-cuz
2

benzyl, and

l ]
..<Nu—ccnzyHNH—CH,CH.‘,c—Nch,NHccH,cH, _ .
n wherein n is 2 or

3. The isopropylacrylamide-acrylamide and amine were
15 also prepolymerized and film formed by heating to 60-70°
C in the presence of about 0.01% azobisisobutyronitrile
initiator, providing chlorite so long as the film
temperature exceeded the glass transition temperature.
A hydrogen bonded amine having the formula
20 RgR,NCH,CH,C (O)NH, wherein R, is methyl and Ry is n-propyl
: when in formamide or isopropylacrylamide-acrylamide
solvent yielded chlorite. However, when R, and R, were
isopropyl groups, the neat amine did not yield chlorite.
A neat hydrogen bornded amine of the formula N(CH,CH,OH),
25 vielded chlorite, which was also formed when the amine
~was in formamide or isopropylacrylamide-acrylamide
solvent.

wherein R, is cyclohexyl or



the requisite time at the atnospheric chlorine dioxide | eakage rates

| nposed by the specific application. A typical controlled rel ease
mul til ayered conposite i ncludes water swellable films A and B of a

t hi ckness of 10 about 5 m| with a hydrophobic |layer A and a hydrophilic

| ayer B as descri bed above for the conposite. The hydr ophobi c | ayer A
contai ns an woisdssmkeasi ng agent such as an anhydri de P&TARNYE&hi um

i ons generated by anhydri de hydrolysis. The hydrophilic |ayer B
contains 15 chlorite anions as provided, for exanple, by dissolving
sodiumchlorite or another chlorite source [n a hydr ophilic sol vent.
The hydrophobi ¢ and hydrophilic | ayer lare separated by a water

swel | abl e i nternedi at C pi cal |l y about
5 nil) and 20 dlffggl ﬁtﬁﬁméggﬁvhe€$' Q%%?#%%ﬁiéhg%éncentratlons
applied to the boegeasaey, ot Mn@@&ﬁhd&@@%ﬁi@ﬁmﬂrqyﬂﬁﬁ wee used tpayers A and
B are a strong ft':'%%@@ af réQ@tY\@ﬁeﬁroduct éf %%ﬂeﬂ&rﬁﬁ@:rﬂleeanaf (Layer C.

Th t di at
mterial & oi ne CHUNHGRGEe AR GHFGIAA,eine porEagn PP HFIPTofu b

hydr ophobi ¢ sand kiyjdr agenhbeadady hydrogemrmcmélnéiﬂﬁurﬂhaanuﬂnalenclude

pol yi ononers such3%;on waspQQ nﬁBQQrandPaféfi%y'ﬁéginéﬂﬂéﬂ%QQEQQntoEo
phosphoryl at ed ollgo- or enes, such ol yet | ene

pol ypr opyl ene, aﬂﬁﬁeré&ﬁyF&Pé%eaﬁﬁl°rlte EB%%I?%%r% O 5Pg
substitut ed poIyhmdmex;olvatedahnohokmpmmdghﬁassexmmb$mdsphﬂﬂmkuuates and

breferred. i nelyintis) I AECRELETBESEBLOLKER BRSSO cpat e
to any of tife | ayé¥ss G@’d-Qrétt&r afkeatEackpgnthe amineg W&qq@%séﬁ &bet hat
is catalyzed by wMi®rite 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.
15 Non-hydrogen bonded tertiary amines of the formula
NR;R¢R, wherein R; 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, Ry is cyclonexyl
20 and R, is dodecyl or wherein R,, R, and R, are n-butyl or
ethyl groups were insoluble in formamide and could not
form any chlorite. (CH,),NCH,CH,N(CH,), was soluble in
formamide and yielded chlorite, but did not yield
chlorite in isopropylacrylamide-acrylamide although it
25 was solubilized by the solvent; the amine whep neat or
in acetonitrile did not yield chlorite.
Thus, it was discovered that an amine having a
nitrogen of sufficiently high pK, solvated by a
hydrophilic material or substituted by hydrogen bonding
36 groups, such as hydroxylic, amide, primary amine or
secondary amine substituents, forms chlorite by reaction
with chlorine dicxide.
The amine-chloriné dioxide reaction as described
above was repeated wherein the amine was dissolved in
35  various solvents to determine the effect of the solvent
on reaction efficiency. Aall chlorine dioxide was



e e——.

\-s

e ———

23 It has been discovered that construction of a o
mul til ayered conposite wherein the arrangenent of the | ayers in the
conposite is defined by the formula C(ACB)[err]C (wherein n represents

t he desired nunmber of 5 pul ses) provides periodic pulsed rel ease of high
concentr ati onsyg@hssdberi ne di oxi de over several weeks or PaTIUSIREs8726UCh

pul sed rel ease can be coordinated to the grow h, incubation and

contam nation of viruses, nolds, fungi and bacteria. The cycle tine

and peak 10 concentrations of chlorine dioxide would be controlled

by the layer thickness, chlorite and anhydrié@ Ioading, and the mater

and ionic perneatign char cter |cs | Pul s
rel ease occurs as %%1 EF'las‘!ea@ Water %Bffe??}ofg ég\xsls(%/%“%% %éerjngFS ed by
wat er vapor and 15in glgaRwim @n uecshs' enst mhzcgletshan waspHeredBasedn ial so be

made - twhere Ené@h%dzm Xtatjtfe@g?x&tﬁ%gss'ﬁgfﬁéxfe%@ Ofecchaqitw%rl f
si ze of between abo and _abo m crons eri.als o
construction for tREECHELERNsi t eéﬁtﬁesuss’end?%e"%eﬁﬁés@é‘{a 8%d® fsed in

maki ng the C(ACB) [kyduinotpiosintateriaq, asAdddilmmaléqlu&ndnnﬂnIumﬁaeaé or
composite O DOD) [ epLdbetaN difs exposelUE LHIBEHRE ALoRIAY e RIS chel ease
above. 0

as descri bed ¢ ) eases orine oxlI de
that vary from ChlahHRe dirxigde bus ordy zBbdeesedor d&y?%eﬁﬁ“%’@ta@ﬁl eved
for 25 S ml therko¥ind digkiCe Wheh Ayidegaedt i N@akeot theserydrophobic

Layer A contai ni ng,b e ack 9 4EheaY WLANSE, wil1 nbt PRI MGRT ©

| ayer B contalnlng c e ani
counterlon ror 1ong term storage unless iminium chlorite

is stabilized with a strong base to retain the chlorite
counterion.
EXAMPLE 4
Amines that are monosubstituted with short apolar
15 groups, such as (CH,),NCH,CH,C(O)NH,, (n-
C,H,) ;NCH,CH,C (O}NK,, 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-C3H,), (n-C,H,)NCH,CH,C (O)NH (i~C,H,)
20 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-C.H,;N(CH,CH,C (O)NH,), and
n-C,;H,sN (CH,CH,C (O}NH,),, did form stable chlorite in
formamide. It is possible that once the apolar chain
25 length had achieved a certain length, a microphase
separation intc micelles with discreet hydrophobic
regions surrounded by continuous hydrophilic regions
took place. The destabilizing apolar phase was thus
removed from the reaction environment.
30 EXAMPLE 5
The following polymers were synthesized,
characterized using NMR technigues, and evaluated to
determine physical properties and ability to uptake (and
release) chlorine dioxide:
35 [ -CH,CH,N (CH,CH,CH,) -],
{-OCH,CH (CH,N{CH,),) -],



by an internmedi ate | ayer C capabl e of supporting varying hydr oni um

lon transport rates. 30 The pul sed rel ease capabilities of a

mul tiple | ayered filmcan be cal cul ated as provided i n Exanpl e

16. Applications for the conmposites are nunerous. The
conposites can be used in nost any environnment where 35 exposure to
moi sture wi | lw@oesses The conposites can be used to prBGEHBIGORES
grow h of nolds, fungi, viruses and

24 bacteria on the surface of a material and/or deodorize t he
material by treating the surface with a conpﬁflte t hat does not

rel ease chlorine dioxide in the absence of noi sture, and exposing the
treated surface to noi %téﬁ%}ﬁocméﬁm@xe? e ]chl orine dioxide fromthe
conposite into the duhdi

QQ t he naterlal The treated
surface is generally a[p%fi‘iq}UE(Qf)Na(HéGHt%H’ﬁgn Bl ) phr of a

substrate placed w thiQft tites®ndsiytRdrs, the last thgmbronhdathaumnsphere

generated withi nb%t_ﬂg }B%e arﬁfﬂ'éaé%?#aﬁ?ﬁé) w%err Zé%l Qgh.{?ﬁgec?r&gémts

I ncl udi ng res, ras I'T€S
produce, groé@nd b@@ﬁtpaﬁﬁlésen%h¢ﬁmﬁkﬁfﬁﬂiﬂ%ﬁl%%ﬁﬁ efhehlorine gipxide in

enhanced foods, pebringfdlge €kytfo90s, s @RS al improvement over that
demonstrated with in-chain amines. The polymer was also
soluble in molten urea.
EXAMPLE 6

10 The following compounds containing an N-amido
linkage and a tertiary amine center were synthesized in
pure form from the corresponding primary or secondary
amine, sodium cyanate, and hydrochloric acid as _
described by J. March, "Advances in Organic Chemistry:

15 Reaction Mechanisms and Structure, 4th Ed., John Wiley,
N.Y., p. 903 (1992).

Me;N(CH;) 2NHC (0) NHZ
HNMR: 1.5, 2.1, 2.2, 2.95, 5.5, 6.2

N (CH,CH,NHC (O) NH, ) 5
20 HNMR: 2.4, 3.0, 5.65, 6.25

. HaN
F] /—-\ .
°>7— "\l
o

HoN

HNMR: 2.35, 3.2, 5.6, 6.05 ppm

Each of these compounds reacted with chlorine dioxide
and later released it upon acidification in formamide,
25 indicating that tertiary amine compounds with N-amido
substitution of their primary and secondary amines can
complex chlorine dioxide, when dissolved in a suitable
rydrophilic solvent. addition of urea to the formamide
clearly improved the uptake and release efficiency.



grains, or nost any food subject to bacterial 15 contam nation or nold

grow h. Bar soap, |aundry detergent, stored paper docunents,

cl ot hing, paint, and seeds can be protected fromnold growth. Medical
i nstruments, devices and supplies as well as disposable or

nondi sposabl ewpasggeal care products can be 20 steril i zed PEHUSIZER4t

m crobi al contam nation. Medical or biological waste can al so be
sterilized to kill mcrobials within the waste. Odors fromathletic
shoes, di sposabl e footwear, and refuse,can al so be mnim zed

when they are contained within a treated conPainer. 25 Conventi ona
contai ners can be used such as pap gk @r containerboard boxes,
corrugat ed, nonwoven, glastlc or polyneric multilamnate

containers, cellulosicUPpltasePcWbr 3papernBalRr oy amine packets, or waste
contai ners. 3Q dlmethi;hemhheat:egllsmﬁacenmm héasn adAenltioe hgtrdbrpdsabl e

mat or sheet incl u%l Q:%n% %{ n'rir8§y Govgriiqgreala %nd 5(1 %r g6| Qlal tray

coveri ng, a ShOV\BI’ meat cutti ng
board, a |liné& f(nmaﬁﬂmh§Q§témlde (NMéheFVégen%uﬁﬁrﬁﬁﬁQ qnﬂ'Q3@ﬁkéV|§°9hg@ or
gym | ockers a 35 to doeed rema2pRaturad.papre S&BEEidorr&efiied isigghanbrager

patties, a meat pac@e%':.n%te z\iryatarz]'oove[:gr%ggyaéﬁj:ceh. Srme same behavior was
noted for the additicn of 20 wt.% DMAA to a solvent
containing 33 wt.% urea, 33 wt.% NMA and 33 wt.% sodium
10 acetate, a solvent containing 35 wt.% urea, 55 wt.% NMA
and 10 wt.% sodium methoxide, and a solvent containing
70 wt.% urea and 30 wt.% sodium acetate.
The abcve mixtures were exposed to a solution of
chlorine dicxide in pentane and were observed to rapidly
15 uptake (one minute) one chlorine dioxide for every two
amine groups before the reaction slowed substantially.
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
20 wt.% NMA/33 wt.% sodium acetate - DMAA mixture while the
DMAA - 35 wt.% urea/55 wt.% NMA/10 wt.% sodium methoxide
mixtures remained clear.
Upon acidification by 0.1N HCl (pH<5), complete
release of chlorine dioxide from all three mixtures was
25 observed up to 30 minutes after formation of the
chlorite salt. The release of chlorine dioxide was
estimated by referring to the color of solutions
containing known amounts of chlorine dioxide. After
this time different behavior was cbserved. For'exémple,
30 after two hours, the 30 wt.% urea/50 wt.% NMA - DMAA
mixture released no chlorine dioxide. The 33 wt.%
urea/33 wt.% NMA/33 wt.% sodium acetate completely
released chlorine dioxide after two hours at room
temperature. However, only one third of the chlorine



25 t hose used in packaging intravenous bags, a fresh fruit

separator or box liner, an absorbent pad for poultry, neat, seafood or
produce, or an absorbent |ayer for use in diapers. Such mats or sheets
are typically nade from5 paper, cellulosic, polyneric, woven fabric or

nonwoven natergals. Such a nethod can al so bﬁcﬁﬁﬁ:m&ﬁ4coat
the surface WOIF#%, seed to protect the seed fromnolds an

during storage and to protect against nycotic growh 10 when the seed is

pl anted. The coating, when activated by noisture, creates a
m cr oat nosphere of chlorine di oxi de inathe soil in the vicinity of the
seed and I nhibits nycotic gromh that normally woul d i npede seed

germination. Thi &ilcdaeitdéﬁgzaea&eneaeteaeettaeomtHsuzlé at 98¢ Mpaty @ of the
seeds. Seeds in

| t ed t b
prot ect ed but rat%ejrragﬁe alondﬁe%ﬁﬁng XFS%@E%%%’E% ;. ca Coaﬁgzt(r)\e ©

active material hours @& gosackemperagsarbag" or coating on t he cont ai ner.

Paper inpregnated withd hg GORRQ3I/ES aen@rmmowt %Ségéi&% H¥s Q! ne
dioxide to p OteCtlégf seed ough. any seéeds capn. be protected by
t he coati ng, € e §§’L§d§r§6€ﬁs§sc5& ﬁlkﬁrﬁ@z}% s bRk rins &&@s, or
soybeans r emai n donpfeire melmaseomwasmbted aﬁterthnyear&ays stonayﬁeui
Thus, the coated &qeds avéﬁﬁep&%ﬁbggg uQE ggso nB&f@eéanﬁglfig %éa

consunption after the Ceé can
be treated with dHy TfoR ﬁ@mperatue@npo?beegrwe{lﬁe Df & ot TOI SRATFRBF

conventi onal bas®adrterr lyedmprsives, thanspabiditandf i tips eghibd4 iade Eaffrods
30 wel | f@omm iﬁ'&%ﬁ%éﬂgsed so vents Anot her enbodi nent of the invention
is a nmethod o preventing t ow h of fungi, bacteria or nolds on a

surface and/or deodor i&idftp ¥ Asur f3a5ceftb3% ureayBAgwthe NMA/10 sutr fface with a
conposite that dogsaigh MHRASAL MR RBs examined at 60°C for up to one
hour in 300 MHz proton NMR to see if any DMAA
decomposition occurred. From the toxicological point of
i5 view any decomposition of the DMAA into secondary amine
and toxic acrylamide would be highly undesirable.

No decomposition was observed over the one hour
heating period. Acrylamide alkene resonances were
expected between 6-4 ppm yet none were seen. Some

20 polymerization of the ursa was revealed by the broad
band under a sharp urea band at 6-7 ppm. The NMR
obtained after heating at 120°C for two hours, much
above the 50°C at which 'the DMAA was mixed into the urea
based solvent, revealed extensive polymerization of the

25 urea that was evident from the increase in line width
and the complication in the urea resonance between 8 and
6 ppm. However, no alkene acrylamide resonances were
seen. Thus, the 20% DMAA - 35 wt.% urea/S55 wt.% NMA/10
wt.% sodium methoxide system produced no toxic alkene

30 products.

To avoid variability in chlorite stability from
incomplete drying of the solvent, 40 wt.% of carefully
dried urea (vacuum dried: 80°C, 18 hours, 0.1 torr) and
60 wt.% NMA (Ca0 overnight reflux and distilled) were

35 mixed and heated for 18 hours at 120°C. Alkoxides were
first isolated as dry powders by reacting the required



35 di oxide in the absence of noisture, and exposing the

26 treated surface to noisture to rel ease chlorine dioxide from
the conposite into the atnosphere surroundi ng the surface. A
preferred application includes a foot powder for 5 preventing athlete's
foot and ot hgyohigbg The powder can be applied di r ecPCTUSAS/08TI4
surface of the foot or can be incorporated into a shoe insert. The
conposite can be applied between the cloth covering and foam pad

of the shoe insert, inpregnated within the foanmed pad, 10 or inpregnated
or coated on a shoe counter or upper I?ﬁing Chlorine di oxi de
generated from noi_sture w.t hi t he e |ff h onposite
into the at m)sphel“ig1 ount °ft85'ﬁ?‘l1ls?d gusm%a d‘gté‘orl Ze tlﬁgms)?i gn8The powder
can be bl endsglatihgcbheeproduct Pngrashiing wishcdigshyd| ethex.

cornstarch, fragrmqems&ﬁen@aeléa&ié&t&ct@{&&st&sﬁmtrogeﬁlIlca bori c
aci d, alunlnun1chlorhyd at e,

sa | e,
powder can al so b&“BPSRRETS: §¥¥ﬁn%t%%r ?uﬂ?ﬁﬁéﬁﬁ%sm&ﬁﬁuﬁgeﬁeFﬁf%a?h
powders or 5 fowterm temgerattreastalgi] gk of ddhe ddinium chldhdteowder

can al so be appl'%%l%@ GRLPELI DEakP one wedEMDVE-RPteripe2aklbe . carpet.
| ngredi ents conmo
The desired amount of alkoxide was then dissolved
in the urea/NMA solvent using minimal heating followed
by DMAA to form a clear viscous liguid at room
10 temperature. The results of the chlorine dioxide uptake

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 (%) to poor (1).



I ncorporated in powldered carpet deodorizers or cleaners can be

bl ended with the powder .of the present invention. The conposite can
al so be formulated in mcrocapsul es 25 that break after being stepped on
and are then activated by noi sture. Such m crocapsul es can be
| mpregnated in floor, shower or bath mats or can be used in carpet
deodori zat i OWO 96/39296 Anot her use for the conposites is BGTEPHI7E ng
self 30 sterilizing packaging, which i sS’particularly useful in t he
medi cal industry. The conposite can QS coated onto t ubi ng,
connectors, fitnents —congongnt b as | rate |layers of the
hydr ophobi ¢ or hydro ol o JWhLerd fl- O |S&PaE Pl conmponents that are
activated upon 35 pf eslsurle fitfed tqgefhef. | Tubing fitnents used
wi th intravenous bags 3 earpa—earrertreaied h
27 that a surfafee off one fube fitnenk i|IS ¢oafediwth a
hydr ophobi ¢ fil m contfixgi ngd®ac? gdSiePeasi Ay fyett ,*° surface of another
tube fitment is coatefl Mitlh & hydr pphj I 'ilc fii | m cjpnt ai ni ng chlorite,
and the treated 5 spirfadesfof|thye flitfrents larg 1 ptefconnected in the
presence of noisture o;ri,t_-,izgaaha rak eabe [0k | Ghl @t { ne
. )
=]
q L
. Qo ot~y ]I O g
©
o F4
™ T
Sy ofolcoln~l | 0| o] ] 0} o %
©
a ©
2 g
™ o 5
. QOO x| =i~} O] ] O} O .
) 7] o [}
=) B A, -
Q f5)
3 w9
i o] ;::_4: (Tw]
- s, | o] v| < @] | @] o] ®f &} & 9 Uy ©
o
M a 2 fa g
= ~ Q8 -
- i 5 >,8 &
o S o]l v o] |l ] o ] oV} o] ;v & v T, o]
s 5 @ @
a 2 0% vl
E X3 o
L]
. 0 wao% o
>, ! 3] o =
H% 1w vl nl o] v v n] v o Y o
=o . . . . » . . . | [+)] ‘U"C Ko
O~ o] ©of @l © o]l ol o] of 1 G e %)
[ O Y -
a vy 3
) 2 e
al @ | Q g ]
Al Vol o] o el o) =~} o e} S o 5
E ol M N NF N N N : 9, =% 3
i g S o
it — "Um M~
s o ]
Q n © 3
T ot c+
el > Q@ 2]
é nf m| o o | w0} © ‘;"; o+ E’
2l =l Al o]l Qo] © 2 =% o ¢
—t ] Lt o] =]
oo o Ha A
n, & N
o0 o '] [} Q
c of o
T ®q & X
) 4 Q [
s o) ~ 88 o o
EE : =] L Nl e 8 8 8 8 ~ = U‘;‘é v u
Bl i[O o oAb tl8] 8 BE & &
g2 Aol Bl B Z = &€& o ©
Q~
u=——_ __——.J 3 a [3] <

5
10
15



di oxide fromthe treated surfaces into the atnosphere surroundi ng the
material. Fitnments for in-dwelling cat heters, needles, peritoneal

di al ysis, percutaneous 10 devi ces, percutaneous access, col ostony bags
and ot her medi cal devices can also be treated in accordance with

this method. veddissemeal |y, closures on a package can be PEHUSIEORT24d t o
provide self sterilizing packagi ng for medi cal devices, instrunents
and supplies. 15 The conposite of the present invention was

expect ed to kill bacteria on the surfa%% of neats. However, it

was not expected to penetrate a ground beef patty. It has been

di scovered that chlori nﬁléiiigpgs%cpevglfvgg BiRBkide proAPEss ISR e th the
conposite can effectjvel 0 .penetr t?,the full %hlck ess_ of. a patty and
kill bact eri h‘“%‘%?c‘ﬁxa%hlérl&ﬂ i“é%& 35V monBPYEVERat ‘E&?%sadf 1tf’1’°§‘m°f
contam nati on durimgreeetaprocesmileg chiordakl d0daidel/per mole roft amined neat
has caused death a e 4 Qﬁﬁﬁ s app b, : Lally
resi stant to cooki %gl?ég%r%lalflélr men ie%%%gnéméflz?ﬁgsﬁﬁrség?y%ag‘gll&%b €ration
producing - S5 neat paEx¢eklendr longhdecmaistebasikyt van, fawrd 3% THWund,
extruged and fﬁrwede:hﬁé@aw&imtdﬁ} p&{]a%e%eﬁah&hﬁgiby 2375 sodhaet s 011:
coat ed paper that ent_a I on,.Qf t.he L.ndi Vi les. After
packagi ng, the grogéggﬁ%%?'ggﬁé s?%ﬁ?ﬁx§§§ﬂ§8§8§198 gﬁlgy?n%&%%%iﬁée_oyer a
period of tine butoxitdei nin gfhdyartatlagsst 60&gett shri Fhlanine riwiids he

growth of the bact@abareleased upon E.didilcawiog efanBkephaée HfESCHIRRel O
descri be 0 preferLed enbodi nent s_and u&glltles.of thesgresent 5
i nventi on and%re HGEXReRR?T29° | T hdaFesoRAitions. nce no change

in the chlorine dioxide release was noted after one
‘'week, these phases were considered indefinitely stable
after one week.
EXAMPLE 8

i5 In order to make a hydrophobic acid releasing wax,
hydrocarbon wax (T, =260°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 dissolved in the molten wax

20 or APP. Two equivalents (based upon phosphorous) of
powdered phosphorous pentoxide per threé equivalents of
glycerol 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 tetrasthylorthosilicate 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 10cc/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°C.
The viscosity of the wax was 100 cP at 100°C.



28 i nvention unless otherwi se stated in the clains appended

her et o. EXAMPLE 1 A hydrophilic
material was nade that contained a 75 w.%solution of sodiumchlorite
in an am de m xture conposed of 33 wt.% formam de, 33 wt.% acryl am de,
and 33 wt. % i sopropyl acryl am de. A hydrophobic materi al

consi sting oWOPB8%sol| uti on of a copol yner conposed of PCIPSIOPES2

mal ei ¢ anhydri de and 66 nol e% styrene in 10 et hyl benzene pl astici zer was
then made. The hydrophobic material was vortex mxed with the
hydrophilic material. The resultant whistge m xture of the two disperse
materials started a sustained rel ease of chlorine di oxide in the

absence of added wat erpyd tdddrddsV Eokd prepdirAHECSORET I €A BE IR ZRd
| nt er phase di ff usi onfo{. ter wthin tge di.ff;’)ersi n inc;ti ar{?ed

hydrol ysis of the®S fOL1Mfy dr iWRER HYSFEAYERTY oRS ISP Rt FHIN IR & ol ysi s
reacted with chl cphesphmliimigl taxre doamed .chl ori ne di oxi de. The rel ease
rate coul d be sl owed by cooling 20 the m xture to O[err]C or by

i ncreasing the viscosity of the mat egi al s.

EXAMPLE 2 1- (N-di propyl am no -WACAE)
was ‘made by reacting 0.2 nole di(n-pr py? aw f ‘ | e
acrylam de in the presence of«Buosmal | nt of = acetic acid as a 10
wt. % sol ution in nmethanol. The r ion was carried out for 3 hours
at 70[err]C. After vacuum ?apor ation of the excess am ne and

crystallization in the presence ¢fé0p8®% ane, a white | ow '

0

0 .
do—F—o— o O'JJ\/\/\/\/\/\/\/\/\
b fodlod
0—r OH
o

1
0—fA—0

| (l)\a“'ﬁ\/\/\/\/\/\/\/\/\

S1COC,Hg),
' ‘400°C
o}
- CgHgOH il
GO0—P—0G
0
| il
0—SI1-0—P—0G
| |
0=p—0 O a

| I H
06 0—S§i-0—P—0G

i |
€GO 2-—‘11 0C,Hg OG
: H,0 o]

0

ﬁ OW
CRO),—F—0OH + S0, G = EOH
oM

Chlorite powder was prepared by first dissolving
commercial sodium chlerite in dry methanol at 3% by
weight and filtering the resultant solution to remove

(9}]



30 melting solid was obtained (T[err] = 60[err]C) that tended to

| ose am ne and form acryl am de upon prol onged heati ng above the

mel ti ng point. 1- (N- Di net hyl am no) - 2- car boxyam doet hane ( DMACAE)
was nmade by reacting 0.2 nole dinmethylamne (as a 40 35 wt. % solution in
wat er) with Owb sgBbmesacryl anmi de as a 10 W . % sol uti on iPETRISOHEBA
The reaction was carried out

29 for one hour at roomtenperature. After vacuum evapor ati on
of excess am ne, nethanol and water, the DMACAE was taken up in

met hyl ene chloride, dried with magnesi @t sul fate and solated as a

low nelting (T[err] = 5 45[ err]. hydroscapi c | : ot h
DPACAE and DVACAE %?%%H%uﬁﬁ%??&ggﬁ|bg%Pa§?%'an@Ré Cé&g%#ﬁﬁ;iﬁ%ﬁ%iogewggudied
in the liquid statehen extigrnded intpeppepahydeo $E¢§Ym#r#ﬁ§ulqid$ﬂ d forned
imnium  chl Oﬂiﬁfogéiipvﬁvqmgwéotﬁg%ph- &0 s&1 Bt & OfSord Thd WEHsd®nl0

or acryl am de-isopropyl™ acryl am de readily fgrned |n1n|u§|chlor|te
when exposed to chreard veith sa-@xtal fluid and nitrogen flow. Afterpya\PLE 3

The am ne-chl Bri nerchittigae g eacticloneasepvdted by isolateé agrelilngodiem
requi site amount ofy £ AX0LEL; UL S aHLEOS hEcrons’ s MR Rtsde 11
pent ane onto about 3. rr] nmole .

powder was stored in a dry atmosphere.

Neat sodium chlorite powder or mixtures of sodium

chlorite powder and anhydrous sodium sulfate in a ratio

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

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

20 post and 2:1 post in FIG. 4).

FIG. 4 shows the chlorine dioxide release rate from
200mg of several powder composites placed in a Petri
dish of approximately 62cc volume with a leakage of 2X10°
® moles/sec. Controlled release over several days is

25 accomplished at about 75°F and 40% relative humidity.
' . EXAMPLE 9

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

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

35 onto the acid releasing layer. Another acid releasing
layer of about 5 mil thickness was then coated onto the



of amne, either in neat formor dissolved 10-30 w.% in f or mam de or

| sopropyl acrylam de-acrylam de nelt. The chl ori ne di oxi de- pent ane
sol uti on was prepared by reacting stoichionmetric sodiumchlorite with
pot assi um 20 persulfate in a small anmount of water in the presence of
pentane with vortex stirring in ice water. The super nat ant pent ane

| ayer was theypsgimyged and kept dry in a seal ed cont ai FEIVUS6/08724
magnesi um sul f at e. The formation of chlorite was detected by 25
acidification of the reaction product and the observation of the
odor and col or of chlorine dioxide by UV/ Vi s spectroscopy after
exposure to dilute HO . In some casestk he presence of chlorite was

further verified y observatiqn of the IR s tru acteristic
R 500 " absor banERlOFLER GRS G IGYER or T BPERE GHOTHS Fbeance.
The fol | ow ng neaCOptrnhlqdamekﬁﬁsé(maharﬂﬂil@aste 25 cc. mhen exposed to
chl ori ne di oxi de: B1d fﬁ3{6¥6 eleak @eh rggigﬂfg o et rINC
(CH.err])[err]CH err] CH err err|{CH err NHCH err err
H[err]NCH (CH[err??FePr &%Qﬁ@j %ﬂ%jézj ute S° that
chlpeing dicxide concentration was recorded as a
function of time over a two week period automatically
along with humidity and temperature. Both sensor ends
were exposed to the chlorine dioxidelatmosphere in a
closed Petri dish through two small holes drilled into
193 the top cover of the Petri dish. The humidity and
temperature in the room were close to that measured in
the Petri dish because the Petri dishes were of the
"breathable" type where the cover made contact with the
base at a serrated edge and no effort was made to
15 insulate the Petri dish from its surroundings.

In this configuration, the acid releasing layer was
placed in direct contact with the chlorite containing
phase and immediate release of chlorine dioxide was
cbserved as soon as the film was placed in the Petri

20 dish. The chlorine dioxide gas concentration dropped
from a high of 13 ppm to 1 ppm at 5-6 days in an
exponential fashion as shown in FIG. 5 (note that
detector error of * 0.5-1.0 ppm resulted in less than
zero concentration). However, surprisingly, the

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

FIG. 6.
Three mold species, Chaetomium globosum (CG},
30 Aspergillus terreus (AT}, and Aspergillus niger (AN},

were grown in mineral loaded, but nutrient free agar

slants using paperboard as a nutrient. All growth

studies were carried out in accord with TAPPI standard

method T 487 pm-8S5 entitled "Fungus Resistance of Paper
35 and Paperboard."



[err] Chlorite was al so forned by neat secondary am nes
having the formula Rlerr]Rerr]NH wherein R err] and R err] are, 5

i ndependent |y, hexyl, benzyl, n-propyl, isopropyl, cycl ohexyl ,
acrylamde, or -CH err]CH err] OH. These am nes al so formed chlaorite
when the ami wegsss296n for mam de sol vent. The fol PEMURY/%Eondary
am nes yielded chlorite when pl asticized with formam de or

i sopropyl acryl am de- 10 acryl am de: [err]

benzyl, and [err]

wherein nis 2 or 3. The isopropyl acryl am de-acryl am de and am ne

were 15 al so prepo@&@?%h&@@e@”ﬁe%é'ﬂ%é@%dﬁﬁbﬂnfdﬁﬁﬁﬁ r@stiecefcd Opes |

Cin the presence of about 01% azobi si sobut yr onj initiator,
provi di ng chl ori t¥% 89 g TPRE FPFRPrature; '}rpcie“}pa%tlf%e éxceeded the gl ass

transition tenperthnagraphlc comparisbypsr siewed cratetl deradd ehgvpvght he
formila 20 R ea{fr.]é?[ & N@'éh%r Bh%@fékﬁf?%ﬂ'ﬂﬁﬂﬂﬂeww‘n&u@ Rbegtdwi®

met hyl and Rl err] prop or mam de or
i sopr opyl acr¥I ams'd'?é2 rﬁ%ﬁe“ntmléﬁﬁvﬁﬁ}e%%l%“%hl Jhete. However,
when Rlerr] and REEEédt:W%r&ss of chselalinaydh«gxms:,n tihid liegt theseetbiee not

n((ca::—lﬁe(r:ﬂ (C):Ir-ll[ te(ra'r] errviar%%%l%%: %nggﬁg ?%é‘%\% th&d\gsfglﬂsrtj)l ?ormed when
t he am ne

In a delayed release system one side of a piece of

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

15 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
thickness. The total volume of controlled release
material was about 0.25 cc. '

20 A delay in chlorine dioxide release was noted when
the acid releasing layer was separated from the chlorite
containing layer by an inter?ening wak layer. In this
case, a peak in the release was noted after one day as
shown in FIG. 7. Individual concentration peaks

25 superimposed on the averaged behavior were again
corrélated with the temperature and not with the
humidity as shown in FIG. 8. .

The three mold species tested for in Example 9 were
grown in mineral loaded, but nutrient free agar slants

30 using paperboard as a nutrient in accord with TAPPI
standard method T 487 pm-85.

Six samples were tested for fungus resistance over
two weeks at room temperature in duplicate. The results
are presented in Table 2. Photographic comparisons

35 showed considerable growth after two weeks on the
control samples, while most of the controlled release



was in formam de or isopropylacrylam de-acryl am de sol vent .

31 To determ ne whet her hydrogen bondi ng was necessary, a
M chael addition process was used to provi de a reaction product of
2-propenenitrile and (i- Cerr]JHerr])NHCH err]Cerr]H err] such that
the am ne portion of the product 5 did not have any hydrogen bondi ng
and the nitri W®©96/39296 portion was very polar. Polarity was n Cré‘ﬂﬁ”P’P{’F‘ént
to generate stable chlorite when the neat am ne or the am ne
solvated in formam de was exposed to chlorine di oxide. The nitrile
group bl ocked formam de so that 10 t he chl r|te back attacked the am ne
and deconposed the chlorite into a forﬁlthat could not be reconverted
to chiorine £ dhowblitio ot iﬁogﬁéeﬂe&:hé‘ésé‘é“»ﬂ?ér mold ia
apol ar environnments react Wt hl"ori_ne di oxi q‘h lorite ion
i s unstable in sucHeh Céh\ﬁ%ﬁr?ér‘h"c’ lisd releasenghlhgdrRlh doHdddertiary

am nes ﬁf | t hedf %{ nMukdleus waé\IR[eSIpro}nE[:.@lre] Rl enwrarnhsle ntﬂ:ermdclaaids Rlaer ]
are et hyl an e r r ed in
f or mam de or fég%pr o%@acry ld esporeg Wﬂegg Eg# ¥‘§i§ és%gatﬁ'lye

acryl amdé an forrre

chlorite. AmiPes vEFSH ﬁ%rqqna@t@@nbm thy| égg;eggtgygtme

TABLE 2
—————————— |
cG Mold AT Mold AN Mold
Control |Growth - Growth Growth

Lawns® |Growth from |No growth |No growth
single mold

spore
Soak?® Growth from [No growth |Growth from single
single mold mold spore (trial 1)},
spore ' No growth (trial 2)
10 ! Agar covered with mold spores

? paper soaked in mold spores

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

15 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

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

LPOSI acid releasing wax was applied to the porous
substrate paper in a nitrogen filled dry box containing

25 a large dish of stirred phosphorus pentoxide using a wax
coater operating at approximately 190 °F. If multiple
coatings were used, the paper was allowed to cool prior



20 and Rlerr] is dodecyl or wherein Rerr], Rerr] and Rlerr] are

n- butyl or et hyl groups were insoluble in formam de and coul d not
formany chlorite. (CHerr])[err]NCHerr]CH err]N(CH err])[err] was
soluble in formam de and yielded chlorite, but did not yield
chlorite in iwomsopssacryl ani de-acryl anide although it 25  Pik&/s96/08724

sol ubilized by the solvent; the am ne when neat or In acetonitrile
did not yield chlorite. Thus, it was discovered that an am ne
havi ng a nitrogen of sufficiently higg pK[err] solvated by a
hydrophilic material or substituted by hydro &n bondi ng 30 groups, such

as hydroxylic, amuJe, ' y ) §eggﬂggr AHl S tituents,
forms chlorite by‘%ﬁé%@?ggﬁ5 SGHEQ§F§ﬁtC%?%?f%e |0X|é§l EhB%r 4as The

am ne-chl ori ne di #aafed-cdtt W88 §8adedcitbrddry atmosphfre RuitpBpeafed
wherei n the am ne syaradjessol ved in 35 vari ous solvents to determ ne the

ef fect of the sol vent o c;y189;¢8a65heR; KL ShERRY vl apblial BRofl oxi de

was . _ ‘ rel'eased in
wat er. More chl orinmethdinedi golugdonehsingda coatex rpRABATANGN asr TePRy| ene

glycol than was reldgsgdture. A ciBibBaNOkoalf®s HBiUdildh waB! beryatBang)
et hanol or : e QPX g{hangb" Chlarite sus eq%fd Lvd'§§0|¥%glkgi§o
hydr ophobi ¢ mat eri ,s% 1Zs8vate gl P8R Ph R %éﬁe VL BY ne
(PVNP, 1.7x10°® M.W.) in 500 ml of methanol followed by 15
grams of sodium chlorite (technical grade). The
10 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.
is - Immediately prior to use, the chlorite containing
film was compression molded at room temperature with the
LPOSI containing film to form a chlorine dioxide
releasing bilayer composite. Pressures under 10,000
lbs/in? were sufficient to induce cold flow and adhesion
20 of the wax to the chlorite containing f£ilm.

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

25 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:

5Clo, + 4 H = 4Clo, + 2 H0 + Cl°

30 indicate a ratio of approximately 0.l4g NaClO,/g wax for
optimum ClO, utilization. '



benzene, and exposed to chlorine dioxide reacted with chl orine
di oxi de but only rel eased a m nor anount of chl ori ne di oxi de when
acidified. Many of these sol vents, such as ethanol, will not retain
chlorite 10 counterion for long termstorage unless imniumchlorite

Is stabilized with a strong base to retain the chlorite counterion.
EXAMPLE 4 W0 9639296 Anmines that are nonosubstituted with sREFAUSENET4r 15
groups, such as (CHerr])[err]NCH err]CH err]C(ONH err], (n-
Cerr]Herr])[err]NCH err]CH err] CCONH err], and (i
-C[err]H[err])[err]NCH[err]CH[err]CXO)NI—i[errlS f or med stabl e
chlorite in formam de. Am nes that were substituted with short
apol ar groups, nanely TABLE
(CH[err])[err]NCH[err]CH[err]CXC»NH[err](iFEFer?]H[err]),
(n-Cerr]Herr])N (i-Clerr]Herr]) 20 and
i-Clerr] H err] N(QHEempl €H[ &lor.] €E0) NHaCLd,) [lemNd)]., odi d |notwalor my gt BEECEO,
chlorites. Hoaeyer|, CLOOTVPM thgh tmbalr aWsane | emgybm?Of eat §axt han

"
or equal to six, pughx®s rbégégﬂdgierr]N(Ck[g@g&{%&grr]CXC»NH[err])[err
and n__qery;“:“e,;;||;|(g;||er_|;|(:|;||errlC]ﬂ\l\lH[nrr]\rprr] did faormstlabl e

chlorite in 3 flovkranti de. 11t i ¢ posstblle that onde thé appl aB.-thain 25
| engt h had achi eved—g remntarmemgti—amrcrophgse sepprat ot 0
mcelles with dis:reéhéhydropﬁobic 1.6 regi ons surrth&éd by o%%inuous
hydrophilic regiohs 2:4 toak pl ace. 1The dest abi [ 1 i ng sapol br phase \as

t hus r enov -he—react-ton—eidronment 30 :
EXAMPLE 5 2=2'Tﬂe f oRl owi hg Petynef s wére synt Hesh zed, 0.096

characterized usi M NVR TECNMTQUES, and evarvatred—tTo geter e

physi cal properties and ability to uptake (and rel ease) chlorine

di oxi de: 35 &h@*kﬁiﬁ%:ﬁea %Mcfg'&&iédngi[a%’iro]ncggﬁ%éhéd' Ecbfir ']
[-Ci}ﬂerr]C@%CH[eE%LNfg%ELegaong Sgti hﬁmléggy and tem =
perature was
monitored in a Petri dish under atmospheric conditions
using the sensor system and gas leakage rate previously
described in Example 9. Samples were monitored over
several days. FIG. 9 shows a typical plot generated
15 from data acquired from a sample composed of sheets with
two coats of each phase (2:2). Samples were monitored
at several different loading levels. All samples showed
an immediate maximum release of 10-20 pem chlorine
dioxide within the first 2-3 hours followed by a very
29 gradual reduction in release over the next several days.
Higher loadings served to increase the maximum initial
concentration and prolong the release.
EXAMPLE 12
2:2 loaded papers were used as separators between
ground meat patties packed to different densities that
were loaded initially with high loadings of coleny
forming units (CFU) of E. coli bacteria. Substantial
reductions in bacterial growth were noted as shown in

e

[\3]
w

Table 4. In loosely packed patties, the chlorine
30 dioxide gas had access to the interior of the patty,
resulting in a more complete kill throughout.



33 [ -CHerr]CH (CCH err]CH err]N (CH err])[err]) -][err]
[-CHerr]CH (C (O NHCHerr]CHerr]CH err]N(CH err]) [err])- ][err]

O these polynmers, the last polynmer has the nost fl exi bl e am ne
contai ning side group and exhibited the 5 nost efficient uptake and

rel ease of chiy@ydemezedi Oxi de in formam de that is a sub®Camusscasr24

| nprovenent over that denonstrated with in-chain am nes. The pol yner
was al so soluble in nolten urea.

EXAMPLE 6 10 The foll ow ng conpounds containing an N-amdo

| i nkage and a tertiary am ne center were syn tfesized in pure form
fromthe corresponding prinmary or secondar, E am ne, sodi um cyanate,
and hydrochloric acid as descrlbed ﬁhrch "Advances in Organic

Chem stry: 15 Re a Gi==eia=Nbelaiai-caE—0: Eh Sty ey,
N Y., p. 903 (1992). Me uaﬂé‘tiﬂ-l[waﬁ] )| % Bedhdkifon Qn NHjjer r ]
HAVR: 1. 5, 2.1, 2.2, |Brmnds5Meats. 2 (cm/pat:ty) CH[ epiliChhetedidif (O

NH err])[err] 20 HNVR. 2 2471 3. O, %Eﬁ 0. 45
HON Loosely pacﬁpgr,] 1. 0 >99.99%
Densely packed 5.0X107 99.5%
5 EXAMPLE 13

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

10 forming units per ml of culture. The concentration was
verified using plate counts on three separate dilutions.

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

15 stored at 8°C weighing two kilograms was placed in a pan
and pressed down into an even sheet. Five holes were
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.

. 20 This was repeated three more times, with at least a
minute of vigorous kneading each time. Since the two ml
of an inoculum with a culture concentration of 10° cfu
per ml was added to the meat, a concentration of one
million cfu/gram was introduced into the meat.

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

30 The negative control (i.e., no added bacteria) ground
sirloin from the same source was ground first in the
uncontaminated grinder to prevent its own contamination.



HNVR 2.35, 3.2, 5.6, 6.05 ppm Each of these conpounds reacted with
chlorine dioxide and later released it upon acidification in
formam de, 25 indicating that tertiary am ne conpounds with N-am do
substitution of their primary and secondary am nes can conpl ex

chl orine di oxi de, when dissolved in a suitable hydrophi |l i c sol vent.

Addi ti on of weae/s939d¢ he for mam de clearly inproved tﬁg&ﬁsgﬁgz“and
rel ease efficiency. 34

EXAMPLE 7 Up to 50 wt. % of the tertiary am ne
di met hyl am noacryl am de (DVAA) was added to49ydrophilic sol vent
containing 50 wt.% urea and 50 wt.%n- 5 net hyl acet am de (NMA) sol vent at

50[err] C and qui ; - t , '
fermi ned single gﬁg%éﬁ%gﬂfgélmfre 2eba2BH! EAPEEST ifte aH¥E coRkibLel of

behavi or was NS d-'l‘-’lnttﬂgllégélteg!t\éﬁaté?rggam eé}é) o us:,g'pgsggﬁyéﬁ?e
contai ning 33 wt.&onteals IesmtedoaiMB,add 33 and%dthurs, and test
' samples (i.e., patties exposed to a chlorine dioxide
5 releasing film of the present invention) at 0, 4, 24 and
60 hours.

The patties were placed between either unmodified
paper or the papers coated with a 2:2 chlorine dioxide
releasing film (as described in Example 11) in 10 cm

10 diameter plastic Petri dishes with covers. Two Petri
dishes containing duplicate samples were then put in
recloseable plastic bags and stored for the reguired
time at 4°C in a common refrigerator.

Two samples were taken from each patty, one from

15 the upper surface, T, contacted either by the unmodified
‘paper or by the test paper with the chlorine dioxide
releasing film, 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

20 a small scraping of the meat, or by digging down and
exposing the middle third thickness region. The forceps
were sterilized between samples by dipping in
isopropancl and flaming.

Ten ml sterile water blanks in screw capped test

25 tubes were tared to zero on a sensitive electronic
scale, and roughly one gram samples added to the tubes
and the weights recorded. The tubes were then capped
and shaken vigorously to disperse the meat and release
the bacteria.

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

35 visualized by inverting the plates after 24 hours
incubation at 37°C.



10 acetate, a solvent containing 35 w. % urea, 55 wt.% NVA and 10

wt . % sodi um net hoxi de, and a sol vent contai ni ng 70 wt. % urea and 30

wt . % sodi um acet at e. The above m xtures were exposed to a

sol uti on of chlorine dioxide in pentane and were observed to rapidly
15 upt ake woneagzbérut €) one chl orine di oxide for every twoPCT/US96/0823 ne
groups before the reaction slowed substantially. The final pH of the
hydrophilic material remained on the basic side. A slight cloudiness
was seen in the 50 wt.% urea/ 50 wmt. % - DMAA m xture and the 33 w.%

ureal/ 33 20 wt. % NMA/ 33 wt. % sodi um acetate™ DMAA mixture while the

DVAA - 35 wt. % ureal SSU%ng%]%%g#%gi%%;@i%diééglﬁgg%giﬁﬁ%d(tpl_& | XtYr es

remai ned cl ear. [ I cat1on g , conplete
rel ease of chl ori ABOURBXPEHELIFRR 1R | CAMBE YniSLEDr a8 FAUDSE Sirlgidemidd up
to 30 mnutes aftao tabseaholaDfgidwch notediveki 66 Rehis dheire) ease of

chl orine di oxi de est lat fierri t.0.the c r..of solutions
cont ai ni ng known \aﬁ@ﬁéﬁﬁg’gt%? %él%%%‘ﬁéej %ﬁot;’(ﬁeo&e. sk?’t?’eep‘ lagge %ﬁ‘lg)%m—tsl noeé)
di fferent belRavi oP2f&STdBL cFvRWtN HiRTr addnmimes3@ith wprgrmin®r hours, the 50

wt. % ur eal (E)SO W . YediiBere RYEE kgetweeréﬁﬁﬁé”t.oQ;ﬂ %g@amadmte §a:h191é§1]e Slislmdrfée
T o2t ot or e EBRF B e tp O R A SASRELTASY' BEFaETPLE LY
However, only one™Rmerd of the chlorine
When the colony counts of chlorine dioxide exposed
10 test samples were compared, a 50-100X kill was noted for
the surface sample as compared to the interior test
sample and the positive control samples, except for the
reduced surface kill on the sample contacted with the
weakly releasing film. As for the four hour exposed
15 test samples, surface colony growth was 50-100X less
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
20 positive control samples.

Because the positive control plates were expected
to be overloaded, a direct comparison for quantitation
purposes was not accurate, although a rough count
revealed anywhere between 50-200 fold reduction in

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

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

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

The average RTI for the top samples of the plates

35 for the patties that were exposed to chlorine dioxide
and tested for 60 hours was roughly 170, which would



35 di oxi de was rel eased after 24 hours at 5[err]C, with no

chl orine dioxide being yielded after an additional 24 hours at room

t enper at ur e. 35 wt. % urea/ 55 wt.% NMVA/ 10 wt . % sodi um net hoxi de
5 exhibited the greatest chlorite salt stability in that conpl ete
rel ease was noted after three days storage at 5[err]C. Conplete

rel ease was aveeeésmbé ced after 24 hours at roomterrper%ﬁ'ru"i’n%waf’ﬁ‘é

presence of a strong inorganic base greatly inproves the stability of
the chlorite salt 10 in urea based sol vents. A 20% DVAA - 35

wt. % urea/ 55 wt. % NMA/ 10 wt . % sodi uwt hoxi de nelt was exam ned at
60[err] C for up to one hour in 300 proton NMR to see if any DVAA

deconposi tion 000{’%@% Qa[“tfv"be fto@&;j‘&%'c%%%é'eiﬂ%{'ébﬁidﬂitﬁ. Thel 8VeRBYe

deconposition of t into secondary amn . an oxi ¢ _acryl am de
woul d be highly uRBEstembike interior of {heggcBaApbLES T vFé’é"gS‘l}é’eﬁ\Y)ed over
t he onedhgur headt ngp Iesured. hterean dergekesdudiesaEancesheer e f
expect e et ween {- : s n i.zation o
the urea was r eveg?é%gg{/gjgﬁé#gg%\@e ih %_ioaﬁai?g%ge%Qat%%%)Apt%gae%%and at
6-7 ppm TheSNVR seen. dhecking tdie aattdesi shaht wepe[ efr9ssd &0 CRS RIS,
nuch above 8hexb@t ednd Gt edifdy tere nBWPA yasidedesl ddvn@lt heokiag

based sol vent, reyeal ed extensive polyneri zation, 0 h urea that was
evident from the PR %ﬁg%ri"ﬁ{#l A5 Wt °%°r5n88§ﬁé %%'Fzrépﬁl'l cation in the

urea resonance between 8 and 6 pprFXA¥FI&/ &4 no al kene acryl ani de
resonances were _ B668ely Nbisckdéd &0 2G0iMAALthidk, Wrdand edilxdpint . %

0 1 i
products. 10" "bRCEL BT ELR Ao o Rt ATV OCHRE Lo dbhabelpsBR e
i nconpl et e dryi ngfotmetieby chanttimmediatSkwiafcgremiking and grinding in
of E. coli ATCC #26 broth (10°-10° cfu/gram). The
initial inoculum was gfown up to a slightly lesser
extent than the inoculum used in Example 13. The loose
15 packing was employed to help the penetration of chlorine
dioxide through interconnected air passages.
The patties then were placed between either 2:4 or
3:6 chlorine dioxide releasing papers as described in
Example 11, and covered with a Petri dish cover that was
20 enclosed in a recloseable plastic bag. The samples were
then stored at 4°C for 3.5 days. After this exposure
time the meat in contact with the 3:6 papers showed no
bacterial growth from either a surface or interior
sample when plated as described in Example 13. The
25 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
results confirm the deep penetrating biocidal action of
30 chlorine dioxide when released in a controlled fashion
over 2.5-3 days at 4°C. Clearly, the biocidal action is
more effective for a porous meat structure.
An additional experiment using chicken breasts was
also performed. A filet of chicken breast was
35 repeatedly dipped in undiluted E. coli ATCC #6 broth
(10%-10° cfu/ml), placed between 2:2 chlorine dioxide



dried urea (vacuumdried: 80[err]C, 18 hours, 0.1 torr) and 60 wt. %

NVA (CaO overnight reflux and distilled) were 35 m xed and heated for 18
hours at 120[err]C. Al koxi des were first isolated as dry powders by
reacting the required : : 36
amount of cl eqyp sgpdbgem netal with the al cohol and i sol atPCMIsp61as724
product by washing with diethyl ether. Al m xing was carried out
under dry nitrogen at nrosphere. Predrying of the urea/ NVA m xture
resulted 5 in roomtenperature stability of the imniumchlorite

salts for at |east one week at roon1tenperat§ e. The desired

anount of al koxi de S then dISSO| he ureal NWVA sol I.ng
m ni mal heating fol% filmsya hFB ?%ﬁ?ﬁéi %%ﬁ% ¥A5 5%5% %h

room 10 tenperaﬁaswplaéEhe1meaukésloéeahbec¢ﬂasuruahhgommdepmptaﬁeln a
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bacteria kill. Again no bacterial growth was noted
after incubation.
EXAMPLE 15

Design of a chlorine dioxide releasing film
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, &, (0<x<l) that is covering the
inside of a permeable container of total thickness ¢ +
a, where ‘a’ is the gas space thickness ({<x<l+a), above
the coating is shown below. Chlorine dioxide is
generated by means of a completely permeable thin film
of infinitesimal thickness that lies on top of the
coating at x=0. ' -

t
e  Qa,2e*cos (a,x) fePhe"raA
cix,t) =1 ;) ‘
n=0 [¢(h-k’'®,)*+(l+k’' ) *+n]cos (L")

where,
b=Da,?, k’=40/P, h=D9/(1D°)

The terms, O,, in the infinite series above are
roots of the equation:
. atan(od ) =h-k’a?
D°= Diffusion constant of chlorine dioxide (cm?/sec) in

coating

D9= Diffusion constant of chlorine dioxide (cm?/sec) in
gas phase

1l = Phenomenological length (cm) of leakage pore

P = Ceoar (X=1)/Cye(x=1)=Henry'’s law constant for

partition of the chlorine dioxide between the
coating and the gas phase



37 [err] 38 The

presence of an al koxi de pronotes long term imniumchlorite stability.
However, the addition of nore than 0.5 nole chlorine dioxide per nole
of am ne substantially decreased imniumchlorite stability. 5
Excellent long termstability was found at room tenperature for the
phases cont ai%gg:,,,g&% sodi um et hoxi de, 31% sodi um i soprensssdszor 30%
sodiumt - utoxide, in that at |east 60% of the chlorine dioxide

was rel eased upon acidification of the phase after three

51

Q = chlorine dioxide generation constant from
controlled release film (mole/cm®/sec?)
k = a, the total thickness of the gas layer
s = inverse of the time of maximum release rate of
5 chlorine dioxide from the controlled release film

C(x,t) is evaluated for a given set of diffusion
constants, leakage rate, h, phase partitioning and
dimensional constant, k' chlorine dioxide release rate,
Q, and inverse relaxation time for release, s, by

10 plotting C{a) vs @ 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 biclogicals are
introduced at x=0 and grow in the Agar it is important

15 to calculate this concentration. This calculation is
necessitated by the strong partitioning of chlorine
dioxide into the liquid phase once it is generated by
the controlled release £ilm. At the release rates
generated by a test f£ilm the gas phase concentration was

20 so low (<0.1 ppm) it could not be measured by the
detector.

In order to complete the calculation Q, s, P, D7, D°
and 1 must be assigned or measured. Since Agar is 90%
water it is assumed that P=40 can be used [J.J. Kaczur

25 and D.W. Cawlfield, Kirk-Othmer Encycl. Chem. Tech. (4th
Ed.), 5, 971 (1993)]). D=1.5 x 10°° cm?’/sec and D°=0.12
cm?/sec are reported in the Handbook of Chem. and Phys.,
52nd Ed., F47 (1971). In actuality D9 appears in the
model only in conjunction with 1 since for the purposes

30 of the calculation C? is assumed to be uniform in
?<x<0+a. '

The leakage flux constant, D9/1, is evaluated by
injecting a small quantity (about 10 ppm) of chlorine
dioxide into the Petri dish containing no Agar and

35 measuring the chlorine dioxide concentration as a
function of time. The Petri dish employed will leak



10 weeks storage in dry, dark conditions. Since no change in the

chl orine dioxide rel ease was noted after one week, these phases were
considered indefinitely stable after one week.

EXAMPLE 8 15 In order to make a hydrophobic acid rel easing wax,

hydr ocar bon wa@96392e6 r] =60[err]C) or atactic pol ypropyl ene ’(%59’7 08724 \nas
first nelted at 70[err] C under nitrogen with stirring. An equi val ent
wei ght of gl ycerol nonostearate or gl ycerol distearate was then

di ssolved in the nolten wax 20 or APP. Tw equival ents (based upon
phosphor ous) of powder ed phosphorous pent oxi de per three equival ents
of gl ycer ol re0apovaty hysb iy dedmiseoRE wae skovhyeddedges of the the

melt to avoid cluppipg. After .stirring t.he nelt an_ ditio '

hour s at 80[err]nggE§meah?@aﬁQﬁﬁ ot . ﬂ%yeﬁEFFégfﬁyrﬁrgﬁggi#%%agég%éggé
added and the i nmeéicaseary for dvigladigalofgromtinol was detected. Stirring
was continued forpén,adg hisanak/edr hours while slowy raising

the tenperatyre to 100]errTC and purgl the m xture of .ethanol wth
a 10cc/ninut&s flow of "RAFRY %n?°€%ﬁé%§¥LCtlﬁﬁh6?iGhefF8§W RES “subequent I y
evacuat ed at 100[ émtp@raved fromr@noweirafiynitendiimeng et hanol or
tetraethoxysilicate, 4 filled wth nitrogen and cool ed. Softening of

the wax- aci d rellegebmgingey/HLBOBbLast Aol 68 ot HIMHinROdi0keae] C.
The viscosity of the wax was 100 cP at 100tsrvale

10 For the purposes of the calculation the controlled
release film of density 0.8 gram/cm’ and total volume
0.315 cm® contains 15 wt.% sodium chlorite of molecular
weight 90.44 g mole or 3.35 x 10 mole available chlorine
dioxide (assuming complete reaction of 5 moles of ClO,™*

15 to 4 moles chlorine dioxide) and shows a maximum release
rate at one day or s7'=86,400 sec. This release maximum
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?

20 over a 62 cm® base area Petri dish where the area release
rate is assumed to have no lateral dependence over the
entire surface of the dish. This is a valid assumpticn
since, even though the controlled release patch occupies
a smaller area than the total cross-sectional area of

25 the dish, both the gas and Agar diffusion rates of the
chlorine dioxide are large in comparison to the time
scale of the release rate. |

The concentration in the gel phase C(l,t) as a
function of time is then calculated for a range of

30 leakage rates, h as shown in Fig. 10. At fast leakage
rates (10°<h<10! cm''}, the release rate maximizes at t=s-
! and the maxinmum concentration is proportional to h. In
essence the concentration at any time significantly
greater than the half time for leakage‘is.simply some

35 ' constant factor multiplied times the source generation
rate. However as the leakage rate decreases 107 !'<h<10°,



39 The process for preparing LOPSI can be sunmari zed as
fol | ows. When hydrol yzed, silicon dioxide and a phospholipid are

f or med.

[err]
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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. Qs™3x62 cm®) is distributed between the 0.2
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’i, the
concentration in the gel phase at t=6.0 x 10° sec, x=0
(2.4 x 10° mole/cm®) is used to calculate the total
amount of chlorine dioxide in the Petri dish.

[0.8cm(62cm?) 8 /40)+(0.2cm) (62cm?)} (2.4 x 10°
‘mole/cm’) =

3.27 x 10*mole

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

For the leakage rate measured for the Petri dish in
which the biological growth experiments are carried out,
a maximum concentration of 2.5 ppm is expected 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
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 packéd with a
volume fraction, €=0.5 cm’/cm®. The diffusion of gas
through such a composite media has been studied [R.M.
Barrer and D.M. Grove, Trans. Far. Soc., 47, 826, 837
(1951); R. Ash and D.M. Grove, Trans. Far. Soc., 56,
1357 (1960)1].

The diffusion constant D% of a gas flowing through a
porous media must be replaced by:

D9,=D/ [1+ (2K,/T) ]

where K,= Surface Henry's law coefficient in the
relationship



5 Chlorite powder was prepared by first dissolving commer ci al

sodiumchlorite in dry nethanol at 3% by wei ght and filtering the
resul tant solution to renove .
40 sodi um carbonate inpurity. The chlorite solution was t hen
extruded intoygleasgydro spray drier in dry nitrogen arCLUSY6HBTIHC
t hrough a sel f siphoning extrusion head with co-axial fluid and
nitrogen flow After 5 routing to a cyclone separator to isolate snal
sodi um chlorite particles of about 5 ngfrons in diameter, the

Cg’ =K, C®

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
5 axially directed capillaries within a solid having
porosity € and internal surface, A (cm®/cm®), r=2&/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

10 so that the concentration of chlorine dioxide throughout
the particles’ thickness is equilibrated with the gas
concentration. For the purpbses of this calculation,
the entire particle concentration is concentrated in the
particle surface. '

15 In this case the surface Henry‘s law coefficient is
related to the bulk coefficient, K,, by

CP(1-e) /A=C,’=[(1-€) /A]KC®

K,=(1-8)K,/A '

D%,=D?/(1+(1-e/&)K,]

20 At a porosity of 0.5 and a partition coefficient of
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

25 reduces the leakage rate, h, resulting in a proportional
increase in the concentration expected at any time.

The'amount, placement and controlled release
characteristics required for a biocidal film are
estimated where the film is protecting a small 62 cm’

30 particle filled box that is assumed to leak at the same
rate as the Petri dish, h=8.3 x 10 cm? (a rather good
assumption for a typical loosely sealed box). A pallet
of well packed, folded (unpacked) boxes might be an
analogous case. Since mold spore kill is guaranteed at

35 an exposure of 1 ppm chlorine dioxide for a few minutes,
any strategy must gernerate at least this concentration



powder was stored in a dry atnosphere. Neat sodiumchlorite

powder or m xtures of sodium chlorite powder and anhydrous sodi um
sulfate in a ratio 10 of 1:1 and 1:2 by weight was fluidized in the

bot t om of a nitrogen filled container. A streamof acid rel easing

wax was then directed into the fluidized bed through a nozzle of 7
ml in di arrew%%%gla a nitrogen back pressure of 30-8®dTinsvéoga4r]| to
produce wax particles 15 encapsul ated with chlorite and sulfate
particles (indicated as 1:1 pre and 2:1 pre in FIG 4). The

freely flowi ng powders were then stored in a dry at nosphere. In sone
cases anhydrous sodi um sul fate was poSBm xed with the chlorite-wax
particles (i.e., 1:1 20 post- and 2:1 post in FIG 4). FIG 4

shows the chlori rig di Gxlgedr spdgaser 4B emP} 8 region NIt Ro&eral powder
conposites pl aceqidEcdaAlf after sedbshl Ofap®pd@xdynt alestiRetivel wfe with a

| eakage of 2X10 . [err] .noles/sec. ntroll r ves . several days
is 25 acconpl i%‘f?é‘ﬂr%t “glégufeﬁgf'gff] ?ncgﬁdé ‘Ai)—o)??sell%rlg\ﬁ%%m%(ﬁwfy. g
EXAMPLE 9 minuteshy dMieh st ruck donep & athe gonpwt hvareghand s of

described ing Exange &11The eonicbableder ehe@ssttay®s with a frdcuaali medi ate
rel ease system was fornul ate coating %Qaégxinately 5 ml of .
e

| . d q nel t 30 .
aci d rel easi ng waX™M4pFY to Chl§ﬁlﬁglgﬁﬁﬁlﬂ§dF3%%? CRe0[err] C=T[err])
OR_t okblo;hefi gfeslgonvenie_m:lm.e(t@te@fe plapeenoaad.ionew-,'e appkexkitha dTumag 5 ni |
chlorite in the Tom tay T et LU L eTOE AR 80 DB, ¢ e el
rel easi ng | ayer. Anot?ﬁﬁcéiégiﬁﬁélé&?Fﬁgsucg a ?gﬁﬁF THPABHUT 5 il
t hi ckness wa8 t hernequited, entfilirhehat 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

15 subsequent 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 £ilm is discussed
in Example 16. '

20 . Figure 11 shows the release characteristics
expected for a controlled release £ilm with a maximum
release at 10 days, 3.35 x 10 mole available chlorine
dioxide (0.33 cm® film, 15% wt.% sodium chlorite), placed
in a 0.5 porosity box with a bulk Henry’s law

25 coefficient of 40 vs air leaking with h = 202.76 cm™.

A maximum concentration of 10.4 ppm is reached
after 10 days and at least 1 ppm is generated for 0.4
day<t<46 days. Approximately 0.31 cm’ of controlled
release material is needed for this purpose. At a

30 materials cost of $1.00/1lb, the controlled release
material cost required to do the job would be akout
0.056 cents. Thus, a box containing 1.1 liters of
material could be protected fcr 1 cent with the above
listed parameters.



41 chlorite containing |ayer. The total vol une of controlled

rel ease material was 0.25 cc. Two chl orine di oxi de neasuring
sensors (0-10 ppm and 0-100 ppm) were interfaced with a conputer so
that 5 chlorine di oxi de concentration was recorded as a function
of time over wotgep92eeek period automatically al ong wi t RCTVUR6AIT24 and
tenperature. Both sensor ends were exposed to the chlorine dioxide

at nosphere in a cl osed Petri dish through two small holes drilled
into 10 the top cover of the Petri dish. _The humdity and o
tenperature in the roomwere close to that me8&sured in the Petri dish
because the Petri dishes were of the exaMBigagpabl e” type where the

cover made contact with the base at a serrated edge and no effort was
made to 15 i nsul at e TR DPdsel grdRafpoRPPRRILIFFSUMEA mysultiple In

t hi s confi gurat i onlagdmedcddhposlieasicag bé)’CéJr.]&\@Bated as m%qwsi &o?i rect f

contact with the c C n se a |nne rel ease

chl ori ne di oxide 5@éﬁfﬁfie‘WNg%h%gdggg §8m38%§ T h& qMﬁé%a Ao fSPRT Fﬁ

Petri 20 dPsh. S%’é’fﬁdorrleﬁ@aéﬁo%E%Sgﬁgrc@rm@mcatlnm ayedped ion.

froma high of 13 Tipentimel Wl&bd5f6rda§ﬁpl@témcatlon é&@ﬁx’%’& il kashi on
e

TS e n oo R Yoo cng BBLEIAOLGE LOleBl Tk Tk B PO
25  concentrati obPYRBKk St hvheygir suberdnfbsed GponInhpsder to
exponential behavi @stemiire eUchehatefeWobPible hydronhEMSAH PRI LNOL
the relatlvelaun1déé¥6§§ %ﬁpggtkgmedlate layer C is considered to be the
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

15 of chlorite to chlorine dioxide is considered to occux
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.

20 Crowley et al., J. Poly. Sc., Poly. Phys. Ed., 14, 1769
(1976). Crowley et al. studied the ionic mobility in a
graft copolymer of low density polyethylene (79 wt.$%)
and sulfonated polystyrene (21 wt.%) as a function of
ion type, water content and temperature. Sodium,

25 potassium and silver ions travel along polymer bound
sulfonate groups by exchange with hydronium cations. At
high water contents of 3-6 wt.% phase separation of ion
clusters in a hydrophobic matrix is likely. The
reported silver ion mobility and mobile ion

30 concentration is quite high under these conditions (p =
3.0X10"* cm?/StatV-sec, C = 3.3X10" mol/cc). However, in
"dry" films both the mobility and mobile ion
concentration decrease substantially (g = 1.4X10-¢
cm?/StatV-sec, C = 8.3%X10°7 mol/cc). The ion diffusion

35 constant D can be calculated from the reported ion
mobility using the equation D = (kT{)/g, where k is



FIG 6. Three nol d species, Chaetom um gl obosum (CG), 30

Aspergillus terreus (AT), and Aspergillus niger (AN), were grown in

m neral | oaded, but nutrient free agar sl ants using paperboard as a
nutrient. All gromﬁh studies were carried out in accord with TAPPI
standard method T 487 pm 85 entitled "Fungus Resistance of Paper 35
and Paper boanglp 96739296 PQTIUS96/08724

Si x sanples were tested for fungus resistance over two weeks at room
tenperature in duplicate. Phot ogr aphi ¢ conpari sons showed consi derabl e
growt h after two weeks on the control Qyples while no growth 5
showed on the controlled release filns. The ef fectiveness of chlorine

a %Iyde in kilTing 4 Pesgnt O &hseant "%% 143 S8da0t el ERRHERECLID, Vol

a
rel ease system onécBi Bebdtity ARl ok /) eCtioap SPBSERd \AEE‘ECSQ?‘%‘&! #/ﬁc: an
acid rel easing | ayen dlrfusS&padEc&iﬁfhﬂtIS)ram dhl2ax10e? |owfésebyamd 2.58X10"

nuermediate Wax 1 et dedyebe INacs Lhh hh cfe hidreBhidd:s igsgln the

chlorite layer was a transparent al nin @6sod|um

chlorite, 505nt. %FPNHE@F%PQXE?Qﬂ?@r?}kE{EﬁﬁﬁRﬁquﬁﬁ%VCH[err])[err]O and 15
40 wt. % formam de. Thehehhetphelbgy &bt Vscls epafdticimer 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
10 hydrophobic layer.
The total amount of hydronium ion that has diffused
across boundary AC (moles/cm?) in time t is represented
by the function Q:

15 Q(e)/1C, = (Dt/1% - 1/6 - 2(m)2Y (-1)"n 2%exp (-Dn®nt/1?%)
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

20 (Dt/1%2)=0.45 (t=46.9 min, 1=5 mil). The first two terms
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 £ilm

25 and 1.27X10°% cm thickness (1.65X10® mole hydronium ion
initially) should be almost completely reacted in the
chlorite layer in 7 hours. In the "dry" film, which is
typical of polyethylene contaminated with ions, Q(t) =
DtC,/1 = 6.83X10°® mole/day-cm® at 5 mil thickness.

30 Because of the much lower mobile ion concentration, 247
days are required for the hydronium ion to completely
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

35 using the two layefed composites of the present
invention.



fromthe acid rel easing LPOSI wax of about 5 ml t hi ckness by an
unnodi fied wax | ayer of about 5 ml t hi ckness. The total vol une of
controll ed rel ease - material was about 0.25 cc. 20 A delay in
chl orine di oxi de rel ease was noted when the acid rel easing | aver was
separ at ed fr o 263829h! orite containing |ayer by an i nf&fF ﬁ?’?‘%zﬂmax
layer. In this case, a peak in the release was noted after one day as
shown in FIG 7. Individual concentration peaks 25 superi nposed on the
aver aged behavi or were again correlatgd with the tenperature and not
with the hum dity as shown in FIG 8. The three nold

spr! estt]gested for ilrwﬁéa@%%s:@nweaeoxide r%lréa@éd ifacd Aer genkealed, bUtd

nutrient free agar _slants usi ng. paper board as .a nutriept Jin_accord

with TAPPI r?tpdw‘?gé’}’&nnEPHSHl?e@‘?g’éﬁ%S?ealease 18 mltéFgegaﬁ%l%s wer e

tested for fungusammisitancentaéning an imcemmmkistat layem bespusature in

duplicate. The r |otr?.n§ deco SSPEF§En1§da'fh-@é3.|cﬁu of PROt OGr AR ffum
showe e

conpari sons 35 consi dera rowth after two meek% ggfggg

control sanptes, GARASREFSSE OB Of nBYEEARI 1| B0 it dggmsferTe

43 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

16 of hydration of the film required to produce the minimal
amount of free water necessary for catalysis of chlorine
dioxide production, and the changing mobile ion
concentration and diffusion constant supported by the A,
B and C layers can affect hydronium ion transport.

15 An amount of water must be present in intermediate
layer C for transport of hydronium ion. Water is
transported through a hydrocarbon matrix as single
molecules, except at higher water activities where some
tendency to form clusters is noticed. The permeation

20 rate of water through a 5 mil thick high density
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 (1889). This
permeation rate is significantly less than that seen for

25 polyethylene ionomers that typically centain 3.35x10 ¢
mole/cc ionic groups at a minimum (4.08x10 “*°
mole/day/cm?/5 mil) [Zutty et al., Encycl.Poly.Sci.Tech.,

" 6, 425 (1967)]. The latter ionic content is suitable
for layers A, B and C, each of which has the potential

30 to absorb 3.3X10 * mole/cc x 10 moles of water

. {assuming 10 H,0/H,0” ion) or 4.2X10 ~° mole water/cm?/5
mil (6 wt$ water). Therefore, 5 mil A and B layers would
require about 1 day to saturate to 6% water from an
initially dry state. At most, an additional day would

35 then be required to saturate the intermediate layer C.




films showed no growh. In the few cases where nold did grow on the

controlled release filns, only a single nucl eus was responsi bl e.

I nvariably, this nucleus was a | arge clunp of nold spores where sone
self protective 5 effect was generated by the aggregate structure.

TABLE 2 CG Mol d AT Mol d AN Mol d

Control G owWgip 9¢/39296 G oWt h G owt h Lawns[err] G optiru$gemsrz4No
growt h No grow h single nold spore

Soak[ err] Gowh from No 'growmh Gowh fromsingle single
nol d nold spore (trial 1), spore

No growth (trial 2) 10 Agar cover®8 with nol d spores

[err] Paper soaked in_pul d - EXAMPLE 11

The porous paper used %5 Suf'nl’ﬁEEéo%x?a?rp$‘é§°?%'éF-ble Eo SifF {AMS eat ed
si de and one si denddidfticappeascdndl aisgrndbive Thermd) osparei glicoxi de rel ease

coat i ngs wer e apRl x@gh&& c3, chekaBrURbIEAbEM, Ll Nepanele ) N

chl orine di oxi1 de rel easi ng osite sheets as

gl ossy si de out. SHRYERISy an nh9V?hBegno§§§/C§+la%dd1erem in Wletgdder had
contact withsthe IteaihOtﬂhEeieSuﬁGers&pﬁaQXhﬁﬁéﬁéy, 3cHde :x:-_ &d motiere cut to
facilitate ur t S .OI’I n aper
wei ght was 5 ng/clgﬁ ﬁé&; BULiRGe EEEP%EHQJ'%; (?e%%e vvalxcumll%'s a 61%} ed to
t he porous @mfslt Gsfe pHbePni khe ﬁpmﬁg@n,ftmeweﬁr;cm isoraai ni ng

cover all modifications, equivalents and alternatives
falling within the spirit and scope of the invention as
10 defined by the appended claims.



25 a large dish of stirred phosphorus pentoxi de usi qt er
operating at approximately 190 [err]F. If multiple nﬁ”@%_@f&g%?ﬁT

used, the paper was allowed to cool prior

44 to appl yi ng subsequent |ayers. Once the paper was at ed

it was seal edvom69206 y at nosphere suitable for storagel’CT’US%/"s'724

The chlorite containing paper was applied fromb5 nmet hanol - sol uti on usi ng
a coater operating at room tenperature. A typical coating solution
was prepared by first dissolving 25 grans of poly N-vinyl

pyrrolidi none (PVNP, 1.7x10[err] M W) 64 n 500 n " of nethanol foll owed
by 15 grams, o f ﬁggbun1chlor|te (technlcal grade). The 10

honbgeneous solutlon was used i nmedi at el If nultiple coatings were

desired on a single subsbiegidal mndsiradryizing paydesl Foresus e S bet ween

applications. Therghkeskt&f chlorixtididuia ra@a@h%ﬁg&hen sealed in dry
at nosphere for t he

storage. 15 e . lm |2 el rpor to.use,
chl orite containing part??*%?vﬁﬁ?%ﬁﬁﬂﬁﬂ%xfﬂi éagaP ro%ﬂ?tenperature
with the LPCSI centadnepigplbid neaxe fraving cslalldr pacticdesden a

rel easi ng bilxyer ¢eeRe8I Eﬁergéﬁssﬁﬁ@%%hoﬂco%re conthPsingl@irdciere

sufficient to i nduc‘ieasﬁjxg alagg\{'xgndsaa:{j epsal.*tlcles and said hydrophobic

core being substantially free of water, said particles
being capable of releasing chlorine dioxide upon
hydrolysis of the acid releasing agent.

2. The powder of claim 1 further including anhydrous
particles on the surface of the hydrophobic core.

3. The powder of claim 2 wherein the anhydrous
particles comprise sodium sulfate, calcium sulfate,
magnesium sulfate, or moisture depleted silica gel.

4. The powder of claim 1 wherein the particles contain
an alkali metal chlorite or alkaline-earth metal
chlorite; the hydrophobic core further comprises atactic
polypropylene, nydrocarbori wax, chlorinated wax,

5 polyethylene wax, polyolefin, polyester, a derivatized
polyolefin copolymer, or mixtures thereof; and the acid
releasing agent includes a carboxylic acid, an ester, an
anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trimethylsilyl phosphate ester, a dialkyl

10 phosphate, sulfonic acid, a sulfonic acid ester, a

sulfonic acid chloride, or a phosphosilane of a glycerol
based ester. )

5. The powder of claim 4 wherein the hydrophobic core
comprises an acid releasing wax.

g,
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20 of the wax to the chlorite containing film Sarrples of

each individual sheet of coated substrate bllayer~Mﬁ1c Tzt

asi de during the pressing operation in order to cﬁuﬂ’l‘ﬁlsw{ﬁ h%'%ﬁﬁgﬁ te
and wax | oadi ngs. These sheets were cut, neasurfed andt '
wei ghed, then conpared with data obtained from uncoat ed paper as
shown i n TablwO86/39224 cul ati ons of the 't heoretical aci dpmfﬂﬂosﬁased
on phosphorous pent oxi de and the rel ation: S adgerr]
+ 4 -> 4 dderr] + 2 Herr]O + dJerr] 30 indicate a ratio

of approximately 0.14g NaC Jerr]/g wax for 61
utilization.

IlaAng[ grr] Sgrrpl e hglo?o‘,pg% a@?‘-ﬂ%@é ]WP P‘in %e |peid %égeasir?g

(nmy/cnferr]) g ‘0’@36 has Vésgmulaoat i ngs . coati ngs

optimum d J err]
45

0
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0:!’—0 0 Q
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|
CG0)2-—ﬁ QC,Hg 0G

o

0_'k/\/\/\/\/\/\/\/\
EOH
wherein G has the formula OH

7. A process for preparing a powder providing
sustained release of chlorine dioxide, the process
comprising:
forming particles containing chlorite anions; and

5 spraying a hydrophobic material containing an acid
releasing agent onto a fluidized bed of the particles so
as to form a powder having a core containing the
hydrophobic material and a layer of the particles
containing chlorite anions on a surface of the core.

8. The process of claim 7 wherein the fluidized bed
includes anhydrous particles such that the layer of
particles on the surface of the hydrophobic core
includes the anhydrous particles.

9. The process of claim 8 wherein the anhydrous
particles comprise sodium sulfate, calcium sulfate,
magnesium sulfate, or moisture depleted silica gel.
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11 1 0.44 1 2.9 0. 1p THIS SHEET HASEBEEN
1.6 3 6.3 0. 25 2: 4 : 4 REPLACE@

5 0.21 2:2 2 0. 45 4T
0. 096 The chlorine di oxi de concentration rel e%&?ﬁlsﬂ?&%ﬂo
the filnms al WQP@IN hum dity and tenperature was nonitored in a
Petri dish under atnospheric conditions usi ng the sensor system and
gas | eakage rate previously described in Exanple 9. Sanples were
noni t ored over several days. FIG 9 slgows a typical plot generated 15
fromdata acquired froma sanpl e conposed of sheets with two coats of
each phase (2:2).1&anphes piices@obift eladim 7 whemizseukm aiard:iLfolasent | oadi ng

| evel s. Al sanpl es_showed \ | : ' 10=2Q1Pppm
chlorine di B o2 i thi alk[aﬁ.l ﬁekzgﬁmghgg %)tg?s S%i%agt\l}eri%
gradual reducti onchhoridtensdeoywdropachast PB@%r%‘Fr%% COmPrisqd gher

| oadi ngs served t gt hHEi €351 idID Y ENE Thirirbt&tbon wax £ ool irstties ward
prol ong the rel ease

2:2 | oaded paper SPW%trﬁPé]eﬂiea?aé‘éng%?gggf%et m%o%yﬁgewp%o%gnrdvﬁégtzfﬁat ties
packed to differenelviehefin exonciamer, or mékeureadedererfi A1 Whe i?

| oadi ngs of col Oni‘eleasméOe[g”ezng 1Uiam@e(sCEU):a@Boﬁzlﬁelacmpta&tleester, an

Subst ant i al ons i n bac er| d |n
Table 4. In Ioose?‘f}g}Sg T Pt 39S, tl} 8h| 8 oﬁgqé\g)%ig 39 %S( %} Q E
access to the intester.of thimethwlsilyl phospbate ﬁgteﬁ: aanéﬁ%l Iete
Kill throughgut. phosphate, sulfonic acid, a sulfonic acid ester, a

-sulfonic acid chloride, or a phosph_osilane of a glycerol

N O O1

based ester.

11. The process of claim 10 wherein the hydrophobic
material comprises an acid releasing wax.

12. fThe process of claim 11 wherein the acid releasing
wax has the formula

0
1l
GO—P=—0G
o 0
{ I}
clz—s:-o—p-oc
o:p—JJ cla ﬁ
b ?—sr-o—sla_—-os _
cc;t:oz---lpI 0C_Hg OG

°':i\/\wf\w/\v/\v’\/‘\/*\/“\
EOH

wherein G has the formula OH

13. A method of retarding bacterial, fungal, and viral
contamination and growth of molds on a surface and/or
deodorizing the surface comprising:

* c L M S *
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46 TABLE 4 FrT ——
Bacterial Load % Reduction in G ound Meat F&fﬁﬁ EET YIAS BEENH
coli bacteria Loosel y packed 1. 7X107 . BEPRACED -
Densel y packed 5. 0X10[ err] 99. 5% 5

EXAMPLE 13 Escherichia coli ATCC (Anerican Type CuI t

Col | ecti on) #abeemms9sgr own in Tryptic Soy Broth (Difco 9?’987?,3 to a
| og phase activity with an opti cal density of 0.8 at 600nn1conta|n|ng
one billion colony 10 formng units per m of culture. The

concentrati on was verified using pl at? counts on three separate

dil utions. Unifornldispersal of ﬁe bacteria was assured in

densely packed neat by%&rsfrg B B0-EBACULS L OPoREAhat does GBI | - or ouNd

sirloin purchased si X n ore use and tored a é | err]C V\Bh%hl ng
two kil ograng wasreleasl Ghdoxisen dioxideypg EP@S%E%IE%%WP
sheet. Five hol espyedér havmgowneisraiunmlbheoneacomammg|aasam@d and

0.1-m of he, b | |
T e o SR G SRR SE Sh oo i e

thereof; an
exposing the surface to moisture to release

10 chlorine dioxide from the powder into the atmosphere

surrounding the surface.

L
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20 This was repeated three nore tinmes, with at |east a m nut e of

vi gorous kneadi ng each tine. Since the two ml of an inoculumwth a
culture concentration of 10[err] cfu per mM was added to the neat, a
concentration of one mllion cfu/gramwas introduced into thS,l Er;

25 TheO 959896was t hen reground to a fine texture on FCT/USI6/087

bench- mount ed, hand-cranked sausage grinder and forned into pattl es
by replacing the neat in the pan and cutting patties out with a piece
of tubing to form positive control (i.e., added E. coli bacteria)
patties. 30 The negative control (i.e., no 1aqdqh1bact eria) ground
sirloin fromthe same source was ground first int uncont am nated

grl nder to pr event its own contam nation.

47 The patties were prepared in duplicate and consisted of

negative coln;rgﬁﬁ d at 0 and 60 hours, positive controls tested
at 0, 4, 24%an and test sarrpl es (i.e., patties exposed to a
chl orine digxide 5 reI easing filmof the present invention) at 0, 4, 24
and 60 hours. The patties were pl aced bet ween either
unnmodi fi ed paper or the papers coated w_ik e di oxi de

2C10,

HYDROPHILIC
MATERIAL

AMNWN:.:CHNVW\NHZMMNV
]
H
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releasing film (as described in Exanple 11) in 10 cm 10 di aneter plastic
Petri dishes with covers. Two Petri di shes contai ning duplicate _
sanpl es were then put in recl oseabl e plastic bags and stored for the
required time at 4[err]Cin a common refrigerator. Two
sanpl es wer gyd gérspaed r om each patty, one from 15 t he uppeRCRUNEQET34 T,
contacted either by the unnodified paper or by the test paper with

t he chl orine di oxi de releasing film or fromthe m.ddle one third of
t he patty, M Sanples were obtained with angle tipped forceps
by either pinching across the surface to obtagq/ZQ a small scraping of
the nmeat, or by digging down and exposing t é‘niddle third thickness
region. The forceps were sterilized between sanples by dipping in

i sopropanol and fl am ng. Ten m sterile water blanks in screw
capped test 25 tubes were tared to zero on a sensitive electronic

scal e, and roughly one gram sanpl es added to the tubes and t he

wei ghts recorded. The tubes were then capped and shaken vigorously to
di sperse the neat and rel ease t he bacteria. 30 0.1 m of the
supernatant was plated onto Tryptic : Soy Agar (Difco 0369-17-6) in
duplicate and spre¥¥i it h a glass triangle on a turntable. The gl ass
spreader was &I.i%d bet ween platings with isopropanol and fl aned.
The viabl e Kfacterial content of the sanpl es was 35 vi sual i zed by
inverting the plates after i ncubation at 37[err]C

Clo

R3Si- O - SiRg

OSi (Rl
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48 Uni nocul ated negati ve controls showed the nornal anount
of bacteria commonly seen in ground sirloin with no substantial growth
noted over 60 hours at 4[err]C | nocul ated positive controls showed

| arge anmobunts of 5 bacterial growh for all tines with very m nor

di fferences wowe9d he top and mddl e sanples. If the PCIisAdio872¢d
paper had an antimcrobial effect, it was m nor . When t he
col ony counts of chlorine dioxide exposed 10 test sanpl es were conpared,
a 50-100X kill was noted for . the surface sanple as conpared to the
interior test sanpl e and the positive c&y{;a{ sanpl es, except for the
reduced surface kill on the sanple contacted hii ke weakl y
releasing film As for the four hour exposed 15 test sanples, surface
col ony growt h was 50- 100X | ess than the interior.test sanple or the
positive controls. The surprising observation made on the 60 hour
sanpl e was the high kill in both the interior and surface

sections of the exposed sanples when conpared to the 20 positive control
sanpl es. Because the positive control plates were expected

to be overloaded, a direct conparison for quantitation pur poses was
not accurate, although a rough count reveal ed anywhere between 50-200
fold reduction in 25 colony count. As an alternative the test plate
counts were conpared to the confirmed inocul umiitér instead.

A rough conparison mayfed @eSe. {3ieggen the Ccfu %ga/u t he i nocul um
figure (corrected for sanpling dilution). is is termethphe ratio to
i noculum (RTl), which is 3 tntended o _conpare fhe v aDT—Ilty of the
treated sanple 16

1 18

77277777720

FIG.3b

22

70707027

FIG.3c

0 o
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and t he maxi mum possi ble cfu count. RTlI's were calcul ated for the 60
hour plates on the basis of the Ccfu count. The aver age
RTI for the top sanples of the plates 35 for the patties that were
exposed to chlorine dioxide and tested for 60 hours was roughly 170,
whi ch woul d wo 96/39296 48CT/US96/08724
represent a 170 fold decrease in viability. The average RTI for the
interior of these patties was roughly 50. At 60 hours, however,

| arge reductions in the bacterial viability in the center of the patty
were 5 seen. Cooking the pattiesqthat qwere exposed to chlorine

di oxi de and tested for 60 hours yielded a nornmal | ooking \_hambur ger

wi th no unusual odors being noted. | N
Loosel y packed 0.75 inch thick, ground sirloin 10 matt Wt h
approximately 25 cnferr] top surface area were or NE} hand
imedi ately after m xing and grinding in of E. “¢oliA #26 broth
(10[err]-10[err] cfu/gram. The initial inoculum wag g\kmm up to a
slightly | esser extent than the inoculum used i anp{sy 1B8. The

| oose 15 packi ng was enpl oyed to hel p the penetratj orn/of ch ofkne
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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 Exanpl e 11, and covered with a Petri dish
cover that was 20 enclosed in a recloseable plastic bag. The sangles
wer e t emoazioeséed at 4[err]C for 3.5 days. After this EEHOSIHES7
time the neat in contact wwth the 3:6 papers showed no bacteri al
growh fromeither a surface or interior sanpl e when plated as
described in Exanple 13. The 25 interior of the patty exposed tQ the
| ower chlorine . dioxide concentr@tyop {2:4) showed no bacterigl growth
fromeither surface or m ddl e sanpl es when pl at ed.. ermyonpar ed
to the results of Exanple 13, these results confirmthe deep
penetrating biocidal action of 30 chlorine dioxide when relepsed in a
~controlled fashion over 2.5-3 days at 4[err|C dearly, t égocidm
actiron is nore effective for a porous neat structure. T An
addi ti onal experinment using chicken breasts was al so perférnmed. A
filet of chicken breast was 35 repeatedly dipped in undilutef{fE. coli
ATCC #6 broth (10[err]-10[err] cfu/m) , placed between P}2 chlorine
di oxi de 50 | | &usi ng
films and then closed inside a Petri dish that :g
Q
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was placed in a recl oseable plastic bag and placed in a refrigerator
at 4[err]C for 3.5 days. The surface of the nmeat was then swabbed and
plated to get an indication of 5 bacteria kill. Again no bacteri al
growt h was not ed after incubation.

EXAMPLE 15 WO96/35296 Design of a chlorine dioxide rel easi nCGIYUS36/08724
suitable for controlled rel ease and bi osidal action 10 within a
container is described herein. The equation descri bing the
concentration of chlkqrine dioxide in a coating of t-h'kckness, [err],
(O<x<[err]) that isgdtovering the i nside of a perneakl'e container of
total thickness | +\v a, where 'a' is the gas space tQu ckness
([err]<x<[err]+a), ove 15 the coating is shown bel ow, orine
dioxide is gergrated by neans of a conpletely pernefpl hin film
of infinitesimal thi&kness t hat J_i\es on top of the @) g at
x=[err]. N [err] 20 ¥ wher e,
b=Dferr], k'=4[err]/ h:D[err]/§1 ) 25 The& rnms, [err], in
the infinite series roots of the equationQ

[err]tan ([err]) =hag'}err] err]= Diffusion constgnt @chlorine
di oxi de (cnR/sec) i 1 gl

Derr]= D i on const ant
gas phas% 1=
Jerr](x=1)/err](x=0=Henry"'s | \)-*)%tition of
the chl ori ne di oxi de bé¢tween the % ™~

L
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35 coating and the gas phase

51 Q = chlorine dioxide generation constant from

controlled release film (nole/cnjerr]/sec[err]) k = a, the total

t hi ckness of the gas |ayer S = inverse of the tinme of maxi numrel ease
rate of 5 wo963edskori ne di oxi de fromthe controll ed rel ea®€TMISPGH§8724
C(x,t) is evaluated for a given set of diffusion constants, | eakage
rate, h, phase partitioning and di mrensi onal constant, k' chlorine

di oxi de rel ease rate, Q and inverse relaxation tine for rel ease, s,
by 10 plotting C([err]) vs [err] at t=s[&].11As an exanple, C([err],t)
is calculated for a Petri dish of 62 cnferr] cross-sectional

area of lcmtotal thickness that includes 0.8cm gas space and\0. 2cm
Agar. Since the biologicals are i ntroduced at x=[err] and grjoy in the
Agar it is inmportant 15 to calculate this concentration. This
calculation is necessitated by the strong partigttani ng of chl orine
dioxide into the liquid phase once it is generated QR the controlled
release film At the release rates generated kewertest fil mjthe gas
phase concentrati on was 20 so low (<0.1 ppm Li~&8H+d not be ngasured by
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detector. In order to conplete the calculation Q s, P, Derr],
D err] and 1 nust be assigned or neasured. Since Agar is 90%
water it is assumed that P=40 can be used [J.J. Kaczur 25 and D. W

Cawl field, Kirk-Qhnmer Encycl. Chem Tech. (4th Ed.), 5 S%g&m 993)].
Derr]=1.5 wao§ae] cnierr]/sec and D err]=0.12 cnﬂlpgéu ported
in the Handbook of Chem and Phys., 52nd Ed., F47 (1971). In
actuality Dlerr] appears in the nodel only in conjunction with 1
since for the purposes 30 of the c cylftion Cerr] is assuned to be
uniformin [err] <x<[err] +a. 1 The Ieakag_gfl ux constant,
Derr]/l, is evaluated by injecting a small quantitgy(about 10 ppm
of chlorine dioxide into the Petri dish containing Agar and 35
measuring the cRhorine di oxide concentration as a f®hction of tine.
The Petri dish ghployed will |eakTQ: W
52 relativety rapidly becau of the serrated edg(%\%: the-'Q
bottom di sh thatgN s enployed to a re good gas exchange;( nege\&ary for
bi ol ogi cal growt. (DO ]/1)= 0.154 cm sec QTQ When t he
source function hefoer:e[erQ i S integrate% Qm tlo infinite
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[
[err] [err] = total noles of chlorine dioxide

avai l able 10 For the purposes of the calculation the controlled

rel ease filmof density 0.8 gramicnjerr] and total vol une 0. 315
cnferr] contains 15 wt. % sodium chlorite of nol ecul ar meight %9.44 g
nole or 3.3 c%%e;sgz{sv‘?”] nol e avail abl e chl ori ne di oxi BGT’(Ué T ng
conplete reaction of 5 noles of A Jerr] 15 to 4 noles chlorine dioxide)
and shows a nmaxi numrel ease rategAafl one day or s[err]=86, 400 sec.
This rel ease maxi num is typical of an acid releasing film separated
fromthe chlorite ntaining filmby an internedi ate wax | ayer.

Qis thus calculated as 23 x 10[err] le/cmerr]/sec[err] 20 over a
62 cnjerr] base area Pet{@ dish where t area rel ease rate is
assuned to have no later dependence oXer the entire suNace of the
dish. This is a valid asiynption ince, even though the ntroll ed
rel ease patch occupies ¥ a smal l er ea than the total crody-sectional
aréa of 25 t he di sh, th the gas anAgar diffusion rates of the

chl orine dioxide are |ar in conparisoriyto the tine scalegNof t he
rel.ease rate. he concentrati@n in the gel phase C(‘Brr],t) as a
function of tine is thenﬂgalculated for & range of 30 @ |eakag¥® rates, h

as shown in Fig. 10. At {fast | eakage rates (10[err]<h<l10]erg]

cnferr]), the release ratje nmaxi m zes at §=s and the max{ nu
concentration is proportifonal to h. In essence the conceptrfti on at
any tinme significantly greater tham the half tinme for |eaka i's
sinply some 35 constany factor nultipllied tines the source ggnefation
rate. However as the | eakhge rate decreasges 10[err]<h<lO[err], ]
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53 t he maxi mum concentration is generated only at consid

erably
| onger tine. OF course at h=0, no | eakage occurs, the maxi num
concentration is approached asynptotically, and a total of 3.36 X
10[err] noles chlorine 5 dioxide (e.g. Qs[err]x62 cnferr]) is
di stributed inesowemst he 0.2 cmthick gel phase and t h&@QUP¥PR7Ehi ck
gas phase. For the purposes of estinmating how closely the h=0
concentration is approached at h=8.31 xi0¥dferr] cnierr], the
concentration in the gel ph at t=6.0 x 10[err] sec, x=[err] 10 (2.4 x
10[err] nole/cnferr]) is us to cal cul ate the total anount of
chlorine dioxide in the Petrisdish.
[0.80r’r(620r’r{err])[err]/40)+Q20r‘r)(620r‘r{err])](2.4 x 10[err]
[err]mole/cnferr]) = 3.27 x 10[err]nole 15 This value is
very close to that expected r h=0. For the | eakage rate
measured for the Petri ¥ sh y WK ch the biol ogN\tal growth
experinents are carriedjout, } & TTEXT IO L,Enwnuqnhjn uf{?_ A S
expected in the gel phase at x=[err] with a concentratio 0] 06 ppm
in the 20 gas phase. About 0.25 ppmis required to kill d
spores. A slightly nore conplicated environnent Ayoul d beja
1™
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box of the same dinension as the Petri dish but with its gas space

filed with absorbing particles packed with a 25 vol une fraction,
[err]=0.5 cnferr]/cnerr]. The diffusion of gas t hrough such a
conposite nedia has been studied [R M Barrer and DDM G ove, Trans.
Far. Soc., 4WO %R28396837 (1951); R Ash and D.M G ov&CTHSAHE 24 |
Soc., 56, 1357 (1960)]. 30 The diffusion constant D err] of
a gas flow ng through a porous nedi a nmust be replaced by:
Dierr]=Dferr]/ [1+ (2Kl err]/r)] where Klerr]= Surface Henry's

| aw coefficient in the rel ati onship

54 Cerr]'= K err](err] \%&éalw]istMrmmm(ﬁ
nol es of gas absorbed/cnferr] of surface and CJerr] is the gas phase
concentration in nole/cnferr], r is the equivalent pore radius for a
set of axi ed capillaries within a solid having

porosity [err] amﬁdirz surface, A (cnjerr]/cnferr]), r=2[err]/A

For the purposes of the cal culation of surface concentration of

chl orine dioxide within ghe porgys media, the particles are
conSidered to be snmall ephough 10 so that the concentration of chlorine

di oxi de t hroughout

/2

< /1, PPM
/0

1 | | 1 |
/ 2 3 & 5

TIME (X 109552)
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the particles' "thickness is equilibrated with t
For the purposes of this cal ulatlon he
concerL{attnn l.s—concentrat 6 ‘

thi's da$S HEES HASABEEN-ENT Y
coef fijci ent REMIASED] , by

(1-[erTTTAT n[euu]ficr K[err%: (1

Derr]=D{err]/ [1+ (1-[err]/[err]) Klerr]] 90

and a partItIOQMEQEﬂiiﬁlent of 40 into th

constant for flOow through the absorbing porous nedla woul d be reduced
by a factbr ofA(bDeaidaThandsdbedani & ahgrpduder ofosf sustaingg@par ent
gas phase di ff%épéaggn&a@ﬁlawﬁgrawﬁﬁhéycgépnsiﬁguces the | eakage rate,
h, resulting in a proportional lncrease | n the concentration expected
at any tine. partiqhes /AsRheinphdceitAt BRd2ESARF oI FBE rel ease

characteristics requarggaiephebbtoebgdsl hbrinyaseiad partﬂ@léﬁ'&bﬂdavmere t he

filmis protectin article filled box that
hssumed L) eaktSrERRS Eheste” LA by dPoonoREELESHE GhhrETRRES A% GHE, )
cnferr] (a ratheelgaoing agentassanptpentiolea ayﬂlsahdlhyéebphebabed box) .

A pal | et @@e%ingagﬁsgtaagkggﬁy(fegaclsfdaqa e%esggaahba&?ﬁleﬂes

anal ogous case. | hce nofd spore S guarant ee an exposure of
.1 ppm chl ori ne BetRedeapable Péwrmlﬁaﬁé@g chloringndigkideeypohust generate

at least this CRPELHIFaLE0Bf the acid releasing agent.

2. The powder of claim 1 further including anhydrous
particles on the surface of the hydrophobic core.

3. The powder of claim 2 wherein the anhydrous
particles comprise sodium sulfate, calcium sulfate,

magnesium sulfate, or moisture depleted silica gel.

4. The powder of claim 1 wherein the particles contain
an alkali metal chlorite or alkaline-earth metal
chlorite; the hydrophobic core further comprises atactic
polypropylene, hydrocarbon wax, chlorinated wax,

5 polyethylene wax, polyvolefin, polyester, a polyolefin
copolymer, or mixtures thereof; and the acid releasing
agent includes a carboxylic acid, an ester, an
anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trimethylsilyl phosphate ester, a dialkyl

10 phosphate, sulfonic acid, a sulfonic acid ester, a -
sulfonic acid chloride, a phosphosilicate, or a
phosphosilane of a glycerol based ester.

5. The powder of claim 4 wherein the hydrophobic core
comprises an acid releasing wax.

6. The powder of claim 5 wherein the acid releasing
wax is a phosphosilane of a glycerol based ester.

I e
SO




55 °  in a‘'pulsed release in noist REPLACENEAITaBHEET
after severgal_d.a_)us—MWHA 3 ructi g Ird--r-eq-u-r-f-er-mﬁ-r-'yﬁ,
0.1-0.5 ppm: fliS & utes. | et Anehi| f tHhelgro

mechani sms qf 5 RERUAEERel | i so cf : s wcha@'thAHrEﬂ"’

i muni ty to lektorrme di oxl de cannot develop Cbnver|snily these
concentrations are bel ow t he human factory detectlion limt of abouf
10 ppm Practically, since sucha short exposue—+s—6

required, a f1bm Uhad e gotaaed oghlcatipe odimehdenl Brd acid aRuledrashi on

woul d be the ideéal sys dependi ng on the storage

envi ronnent, t ex b@ﬁa@h@rformﬂlamould assure that the initial nold spore

i nfection (originating inside and outside the box) and any 15
subsequent infections (originating outgi de the box) were destroyed
before any growth could occur. A contﬂhugﬁ rel ease of 1 ppmthus
wast es about 98% of the avail able Iorlte The preparation of such a
filmis discussed i n Exanpl e 16. 020 Figure 11 shows the rel ease
characteristics expected for %_gbprdLng release filmw th a nmaxi num
rel ease at 10 days, 3.35 x 10[err] nol g avali |l abl e chl ori ne di oxi de
(0.33 crferr] film 15% wt. % sodi 8mfchPorit®), aced ina0.5
porosity box with a bulk Henry's | awa25 o—-&@e%ﬂ+e0@nt of 40 vs air Ieakln

enoned > TV oT days ana o ST WREECD 2L 251|nulﬁﬁ||ﬂmﬂmllﬁll|
day<t <46 days. Approximately 0.31 cnferr]® of controlled * rel é

material is needed for this purpose. At a 30 materi al s cost of $1.00/Ib,

the controlled rel ease material cost required to do the job would be
about o
EOH
OH

8. The powder of claim 1 wherein the particles contain

wherein G has the formula

an alkali metal chlorite, alkaline-earth metal chlorite,
or a chlorite salt of a transition metal ion or a
protonated primary, secondary, tertiary or quaternary

5 amine.

9. The powder of claim 8 wherein the particles contain

sodium chlorite, calcium chlorite or potassium chlorite.

10. The powder of claim 1 wherein the hydrophobic core
further comprises atactic polypropylene, hydrocarbon
wax, chlorinated wax, polyethylene wax, a polyolefin,
polyester, a polyolefin copolymer, or mixtures thereof.

11. The powder of claim 1 wherein the acid releasing
agent includes a carboxylic acid, an ester, an
anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trimethylsilyl phosphate ester, a dialkyl

5 phosphate, sulfonic acid, a sulfonic acid ester, a

eet Has Been Replaced
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mat errr QL@H ISBEEﬂ

0.056 cents. Thus, a box containing 1.1 1|fprq Qf
: br g,

Egot_ect ed for 1 ﬁ‘IéLSH%ETI HAéI%EgN VEXA

| EPHAT I'hé f)ulzs?acu AR !
capabilities of|a muREPHAGED | ayer debrethe saa—pb talculated a .! |
follows to det erm ne whet her the corrp05|te will provtde t he destredd |
5 sustained release rates for a partlc%%?r application. > =w-..The tine |
required for conplete cation exchange can predi ct ed fromthe -
nobil e ion con 0 al I Rl er i is A B, or
C. In order to Sa1koA é" %crl% %Zﬁrs&tfclﬁie %‘%Sgrl o?ill \rggnl E:Jm%l on transport
10 across t phosphesidging @f @y&lYGQrSch&wﬁ@eﬁé&etro be the rate
controlling step, and the diffusion constant and effective nobile ion
concentration for h%d en ion are . considered the same in layers A B
and C. Chlorité2on® Procgss ORSRSF NG Fe PRRIASE POV bil e and the

reaction 15 sQfsteihed trelledasehlof ic otiimd did oixd. degnsitde padde@soccur

i nst ant aneousl Lnce a h drogen ion enters the hydrophilic |ayer B.
Hydr oni um i on D] ﬁsy P internmediate |ayer C can be estinmated by
usi ng experinental darmimgp@amddes].dontaining chlorite anions; and

5 spraying a hydrophoblc material containing an acid

releasing agent onto a fluidized bed of the particles so
as to form a powder having a core containing the
hydrophobic material and a layer of the particles
containing chlorite anions on a surface of the core.

13. The process of claim 12 wherein the fluidized bed
includes anhydrous particles such that the layer of
particles on the surface of the hydrophobic core
includes the anhydrous particles.

14. The process of claim 13 wherein the anhydrous
particles comprise sodium sulfate, calcium sulfate,
magnesium sulfate, or moisture depleted silica gel.

15. The process of claim 12 wherein the particles
contain an alkali metal chlorite or alkaline-earth metal
chlorite; the hydrophobic phase further comprises
atactic polypropylene, hydrocarbon wax, chlorinated wax,

5 polyethylene wax, polyolefin, polyester, a polyolefin
copolymer, or mixtures thereof; and the acid releasing
agent includes a carboxylic acid, an ester, an
anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trimethylsilyl phosphate ester, a dialkyl

10 phosphate, sulfonic acid, a sulfonic acid ester, a
sulfonic acid chloride, a phosphosilicate, or a
phosphosilane of a glycerol based ester

L ——
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20 . Crowley et al., J. Poly..Sc., Pely. Phys Ed., 14, 17@3=
CrowW ey et al.; 1 . l

densi'ty pol yet
as a function

pot assi um and silver ions travel along polyner bound
by exchange wi th hydronium cations. At hi gh wat er conté'
wt . % phase separation of ion clusterg in a hydrophobi g matrix is

i kely. The

concentration i S C]UI te

IgEENad nobi | ft
h i . X RQS-BO%‘.N : Ir%ﬁ /sty efe

fo = Wat el 6

diyip 1982 |
hat & groups g

%@ééé’q{f rélqpb.l.é Heraél%%rfci@ éfea31ng

under t ese conditions

3. 0X10[ err] cnia&reny S?tCH\%R}CJsQﬁ,S @ 2agi@xefeasingoia®c) . However, in
"dry" films both the nobility and nobile ion concentration decrease

substantially ([err] = 1.4X10

[/ StatV-sec, C = 8.3X10[err]

mol /cc). The i diTHHEHE erorg (,"olr?s"tl%lrfsrr[ﬂ’ W (e @Fid kel igie

reported ion

wax haxbidhd yfoksuila t he equation D = (kT[err])/q, where k is

57 Boltzman's constant, T is the absolute tenperature, [err] is
ion nobility and q is electron charge.oThe cal cul at ed i on di ffusion
constants are 1.21X10[err] cnferr]/secjjand 2. 58X10[err] [err]
cnferr]/sec for a dry and wet (6\MG®ﬁ?aﬂ@r) silver

10

0 0

I 1
T
0=pP—0

—0G

o]

|1
éc i- Q—T—OG
0

p
|
0
|
1
(GO),—P O

‘U—O

C,Hs OG

°—T\/\/\/\/\/\/\/\/\
EEOH

wherein G has the formula OH

18. A method-of retarding bacterial, fungal, and viral
contamination and growth of molds on a surface and/or
deodorizing the surface comprising:

exposing the surface to a powder that does not
release chlorine dioxide in the absence of moisture, the
powder having a hydrophobic core containing an acid
releasing agent and having chlorite anions on a surface
thereof; and

exposing the surface to moisture to release
chlorine dioxide from the powder into the atmosphere
surrounding the surface.
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5 counterion |oaded film respectively. The nor phol ogy of

such a copol yesésseesl d be very simlar to the two naterpetnsywqum(ﬁ

t he present i nvention i'n that both ﬁpdlude partially

clusters localized at spherulite boundaries within the 10 - Tmﬁosmmbmgaﬁm '
| ayer. The total anmount ofmbxgEpeiLUEmMsON that hgs di f REP,

across boundary AC ( nolresivesty @edigdrdtibnal Biifeaulon IGDIcRILB06{1092.56), :
function Q original claims 1-13 replaced by amended claim§ BIS (4 pddas)} Q(t)/ 1 er r]

= (Dt/l[err]) - 1/6 - 2([err])[err](-1)[err]n[err]exp(-Dn[err]t/I[err])

n=1 e Br Eﬁkﬁbéeyam Oéné!yéé@awmmg\ pcSWd)ef\}’ﬁEE@pélhétﬁlned | ayer

Bwll occur é[x/l err] éé % é?
1. 27X10[err]cn) %ﬁa§?eﬁﬁycg%%f i 4321 ?%W?%ﬁ%H@ﬁ at 20
(Dt/1[err])=0.45 (t=pgérOivies dohtaihing dhbofitestanivonseramsd in the

b t d t t d
Taete condi t1ons (6 at SYGEPERSBLE & IS said pdfORIRE I 9”1f%] -
5.72x10[ er5] nobetrflagecnheredfatthe hydr09h¢b1©|@Qﬁ%s@onqﬁbnhWQr%M|%mﬁ on
inalcnferr] ?éféaéiﬁg' g?ent a?? % BAPLOEBES | akdh s & kP SohHodbX10[ err]

nmol e hydroni um i1 on shoul d be_al nost cong#etel¥ reacted in
t he chl ofPEe Pajag shbst%ﬁ%%ll}'nfm% ofj yater; ppay parricles

té ygl3 ;iB[Of iool YBé}i‘%iéeﬂﬁpﬁﬁméaﬂfnﬁéEé'aﬂﬁ@ ¢1Emuﬁtalex1%e upo:E)tC[fe{ L 1/1 :h
err no) e/, da cKhess ecause o € nmuc
VubaluRibopEuRhe Bota  relbaglse odi

| ower nobile io € required for the

hydroniumion to conpletely diffuse into the hydrophilic | ayer B.
Thus, a nultipl d.go ) PEQYUE R A3 HEPHY BRQUANRRE-H3Y tO
about % dayshofbgﬁﬁéglﬁg g?%;* ¢ flgI\IIease tan éagrnulated 35

usi ng the two IH?Eté@lesnpbsth@ssbrf§ﬁ% %ﬁe%@%thYdrOPhOPHQeﬁ?F%n i

3. The powder of claim 2 wherein the anhydrous ’
particles comprise sodium sulfate, calcium sulfate,
magnesium sulfate, or moisture depleted silica gel.

4. The powder of claim 1 wherein the particles contain
an alkali metal chlorite or alkaline-earth metal
chlorite; the hydrophobic core further comprises atactic
polypropylene, hydrocarbon wax, chlorinated wax,

5 polyethylene wax, polyolefin, polyester, a polyolefin
copolymer, or mixtures thereof; and the acid releasing
agent includes a carboxylic acid, an ester, an
anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trimethylsilyl phosphate ester, a dialkyl

10 phosphate, sulfonic acid, a sulfonic acid ester, a
sulfonic acid chloride, or a phosphosilane of a glycerol
based ester.

5. The powder of claim 4 wherein the hydrophobic core
comprises an acid releasing wax.

6. The powder of claim 5 wherein the acid releasing
wax is a phosphosmlane of a glycerol based ester.

|mmm | R—
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58 The chlorine dioxide release rate is generally rapi d

when chl ori n&vaP@392086 rel ease is initiated in a conposi t pCTORYGISIENT
an internediate | ayer because chl ori ne ﬂgconposition is a functi.on of
pH. A m ni mum 5 concentration of hydroni@ fon is tran . . e '
chlorite deconposition into chlorine dioxide occurs due | THIS SHEETHAS BEEN
buffering action of the hydrophilic |ayer cont ai ni nf) 't he REPLACED e.

The effect of viscosity on reaction rate, the rate 10
the filmrequir8ulfenpeodaié ehtoridemed Phosphegsplitat?. 9% wat er

necessary for cghabphbsi®hneéhbpringlycerol dbagédeepteguction, and the
changing nobile ion . concentration and diffusion constant supported by

the A B and C |l ayers can affect hydroniumion transport. 15
An anount of wall2r nASprbeepsesentprapaning nedpovder providimy C for

transport of hy Lum i.on, r kS L Lr e r
hydr ocar bon nat g{lggg%ngfln’é?%ggég OEN% Jé%ﬁf%é,&lg?(’gg%%' grfﬁ%:i er %’iter
activities whereomprésing: tendency to formclusters is noticed. The

perneation 20 r at . yat h ) hi | LeNSih
pol yet hyl ene fiIn1of%EQ@%PQr?frégégggr%g?g%ﬂ$%n%eb%¥%€§§%[err] 4 ané :
nol e/ day/ c®{ err]/ 5ni BPESPIARIE REdrephl)c matepirl OBy IR 3Ry acid gt
al ., Encycl.Pol yebehsERg agdrht &5Afo(d982hidTPéa8 bed of PEHieBFATOICIES €sd S
significantly | ess thgn t hat seen fgr 25 golgethxéene.ioqggers t hat
typical ly contaffi §°35%%B] &rpPywaer having a core contalning the
hydrophobic material and a layer of the particles

containing chlorite anions on a surface of the core.

'13. The process of claim 12 wherein the fluidized bed
includes anhydrous particles such that the layer of
particles on the surface of the hydrophobic core
includes the anhydrous particles.

14. The process of claim 13 wherein the anhydrous
particles comprise sodium sulfate, calcium sulfate,
magnesium sulfate, or moisture depleted silica gel.

15. The process of claim 12 wherein the particles
contain an alkali metal chlorite or alkaline-earth metal
chlorite; the hydrophobic phase further comprises
atactic polypropylene, hydrocarbon wax, chlorinated wax,

5 polyethylene wax, polyolefin, polyester, a polyolefin
copolymer, or mixtures thereof; and the acid releasing
agent includes a carboxylic acid, an ester, an
anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trimethylsilyl phosphate ester, a dialkyl

10 phosphate, sulfonic acid, a sulfonic acid ester, a
sulfonic acid chloride, or a phosphosilane of a glycerol

based ester. D e e
% [ L L] S *
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nol e/ cc ionic groups at a mininum (4.08x10[err ' nnle/dav/céﬁék? /ggb’

m|) [Zutty et al., Encycl.Poly.Sci.Tech., REP %HQENF‘?%FT

is suitable for layers A,
30 to absorb 3.3X10 [err] nDI=/ C %ilo nDIes of wat er
(assumng 10 Herr]OHerr]err] ion) or 4.2XL0 [

ml (6 wt%water). Therefore, 5 ml| A and B | ayets._ would
about 1 day to saturate to 6% water from an
nost, an additional day would 35 t hen be rel

i ‘orti-e -cont ent
t he potenti al

The | @O&

i ch has

1841188

state. At
t he

initially dr

internediate layer Grg. 5 is a plot of chlorine dioxide release rates

VWhile the inven
alternative for
of exanple in

é%gn IS susc pt|b e to various nodi fi cati ons and
& kR Y?FE compegi&&iinent s t hereof have been shown by way
tFeG drawiisga pﬂldth&\fe d@ﬂ@"rﬁﬁesodiéueﬂdéereuews@ deitoéd . 5

It should be understoo ho St .jmt the
I nvention toiﬂﬁ?rﬁﬁ#%gﬁ?%rgﬁo %@o% e&iscl%ﬂﬁfrﬁﬁﬁr% %ﬁegg%ﬁéﬁ Py t he
intentionSis to FI®ve? &bl anpditi oft iohisrigwididehde zadeakbecmatiéses
falling Mnthlrlf3§3épdéyéréadcé&@ggleg the invention as 10 defined by the

appended cl ai ns

10
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FIGS. 8 and 9 are plots of chlorine dioxide release
rates in relation to atmospheric temperature and
humidity;

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

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

Detailed Desgscription 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 containing
chlorite anions when the composite is exposed to
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 hydrophobic materials, such as
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

5.0 wt.% and about 95 wt.% hydrophilic material and
between about 5.0 wt.% and about 95 wt.% hydrophobic
material, preferably between about 15 wt.% and about 95

wt.% hydrophilic material and between about 15 wt.% and
about 95 wt.% hydrophobic material. If the composite is
a dispersion, either material can form the

A7 N\ §
\3 | 8/



60 - WE CLAI M 1. A biocidal and deodori zing

sust ai ned rel ease of chlorine dioxide conprising: A EM
parficle$S containing chlorite anions; and a hygr ENL¢§EE§T
having said particles on a 5 surface thereof, the hydro hgg_ core
contai ning an acid rel easi ng agent, said particles @G 1999
hydr ophobi c core being substantially free of water, particles
bei ng capabl e of releasing chlorine dioxide gipon h dronS|s_of the
aci d rel easi ng agent. 2. The powder of clai m 1 forther—-acluding

anhydr ous

3. © The powder

sodi um sul f at e,

cOBt LhGbAS Phaldee SWH@C&&& JRHSquQBQBEOEb&s%%&tes .
of clalnbz wher e|n the anhydr o ticles conprise

bRLyePRnAOAUEa S, WE aﬁﬁmﬂk@?ﬁn?§uWFa?eOfthﬁnsture

depl eted silicadgepersion andAthe'HﬁngWEEd ﬁaﬁéabahétwh@MEéWBéEWeen

particles contajin

te_o aline-earth neta

chiorite: the hydf BBthwgn §a= netal S%E:%egfaEH E&SPer51°n' an

pol ypr opyl%ene,

10
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pyeferabbyn W@ﬁ,cdnumnuuusbease constitutes between
about 50 wt.% and about 95 wt.% of the dispersion and
the dispersed phase constitutes between about 5 wt.% and
about 50 wt.% of the dispersion.

The hydrophobic material of the composite can be
composed entirely of an acid releasing agent or can
comprise the acid releasing agent in combination with a
diluent and/or a plasticizer. Any acid releasing agent
that is capable of being hydrolyzed by ambient moisture
is acceptable for purposes of the present invention.
Preferably, the acid releasing agent does not react with
the hydrophilic material, and does not exude or extract
into the environment. The hydrophobic material
comprises between about 10 wt.% and about 100 wt.% of
the acid releasing agent, up to about 80 wt.$% diluent,
and up to about 60 wt.% plasticizer, and preferably,
between about 40 wt.%$ 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
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
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
about 8 wt.% and about 10 wt.% of the hydrophilic
material. When the chlorite source is a




5 pol yet hyl ene wax, polyol efin, polyester, a polyolefin copol yner,
or. m xtures thereof; and the acid rel easing agent in REEEA HME
carboxylic acid, an ester, an anhydri de, an acyl hal

acid, a phosphate ester, a trinethylsilyl phosphate as e I al kyl

10 - phosphate, sulfonic acid, a sulfonic acid ester, a itﬁf d3%cifd |
chloride, or a phosphosilane of a glycerol based esterL*_~_-~ 5.

The powder of claim4 wherein the acid rel epgi ng aggnt conprises an
acid rel easi ng wax. 6. The powder of claimb5 wherermthe-acid____ |

rel easing ma/t%ri&l@ pbnaagemgl ane Qfenaaa}malo@aﬂe@l €6inpbsite,

S ormia TERRES, O CLALMLR HOED the aCl O IR Sa5 00 oy W OO

the composite, adding a desiccant or humectant to the
composite to control release of chlorine dioxide from
5 the composite once it is exposed to moisture, or
changing the volume fractions of the hydrophilic and
hydrophobic 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
[ R'gN=CR, 1% Ci10,7 — R ,H-CR -C=" - Ma 10,
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,
potassium or calcium methoxides, ethoxides, propoxides
or butoxides, metal oxides such as aluminum oxide, or
~sodium oxide, trialkyl ammonium




wherein G has the formula 8. The powder of claim1l grein the

particles contain an al kali netal chlorite, alkaline-eanf

chloriteé, or achlorite salt of a transition nmetal ion, HEPERSHMENT SHEET
protonated primary, secondary, or tertiary amne, or a 5 atgiqﬁﬂx

am-ne. 9. The powder of claim8 wherein the particlfe 1399
sodiumchlorite, calciumchlorite or potassiumchlorite. .10. The
powder of claim 1l wherein the hydrophobic &ore further]conprises

atactic pol ypropyl ene, hydrocarbon wax, chlorinated wax—pelyethylene |

wax, a pol yol eNENnCLAIM: pol yester, a polyol efin copolyner, or n1xtures

h f 11. AThg '
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ester, a dialkyl 5 p.phaenhdl ordtd{@nhs aRidriBeSHhiBRLG agid ester, a

a hydrophobic core having said particles on a
5 surface thereof, the hydrophobic core containing an acid
releasing agent, said particles and said hydrophobic
core being substantially free of water, said particles
being capable of releasing chlorine dioxide upon
hydrolysis of the acid releasing agent.

2. The powder of claim 1 further including anhydrous
particles on the surface of the hydrophobic core.

3. The powder of claim 2 wherein the anhydrous
particles comprise sodium sulfate, calcium sulfate,
magnesium sulfate, or moisture depleted silica gel.

4. The powder of claim 1 wherein the particles contain
an alkali metal chlorite or alkaline-earth metal
chlorite; the hydrophobic core further comprises atactic
polypropylene, hydrocarbon wax, chlorinated wax,

5 polyethylene wax, polyolefin, polyester, a polyolefin

copolymer, or mixtures thereof; and the acid releasing
agent includes a carboxylic acid, an ester, an
anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trimethylsilyl phosphate ester, a dialkyl

10 phosphate, sulfonic acid, a sulfonic acid ester, a
sulfonic acid chloride, or a phosphosilane of a glycerol
based ester.

5. The powder of claim 4 wherein the acid releasing

agent comprises an acid releasing wax.

6. The powder of claim 5 wherein the acid releasing

wax is a phosphosilane of a glycerol based ester.
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62 - sulfonic acid chloride, or a phosphosilane of a gl ygep

based ester. 12. A process for preparing a powder pr 6 EAQEMENT SHEET
sust ai.ned rel ease of chlorine dioxide, the process conprisin

form ng particles containing chlorite anions; and 5 £rdj§n@“51“¥m
hydr ophobi ¢ material containing an acid rel easi ng agen nto a
fluidized bed of the particles so as té}'forn1a powder having a core
contai ning the hydr ophobi ¢ materi al a layer of thelparticles

containing chlgri teﬁ{gem&&aoft%igm 8f whil®eiX¥ &he hacdlrd 131288y OCeSS

of claim 12 wherein ui di zed I ncludes an ous partlc es
such that the wagehas the fopmula|es on the surface of the hydrophobic

core i ncl udes the anhydrous particles. 14. The process of claim
13 wherein the anhydrous particleg conprise sodium sul fate, cal cium
sul fate, ]
GO—?—OG
0 0
| 1
?—?uo—f—oc
TR S >
0G ?—?hO—?—OG
0
o)
O_J\/\/\/\/\/\/\/\/\
wherein G has the formula OH .

8. The powder of claim 1 wherein the particles contain
an alkali metal chlorite, alkaline-earth metal chlorite,
or a chlorite salt of a transition metal ion, a
protonated primary, secondary, or tertiary amine, or a

5 quaternary amine.

9. The powder of claim 8 wherein the particles contain
sodium chlorite, calcium chlorite or potassium chlorite.

10. The powder of claim 1 wherein the hydrophobic core
further comprises atactic polypropylene, hydrocarbon
wax, chlorinated wax, polyethylene wax, a polyolefin,
polyester, a polyoclefin copolymer, or mixtures thereof.

11. The powder of claim 1 wherein the acid releasing
agent includes a carboxylic acid, an ester, an
anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trimethylsilyl phosphate ester, a dialkyl

5 phosphate, sulfonic acid, a sulfonic acid ester, a

L



magneési um sul fate, or noisture depleted silica gel. 15. The process

of claim12 wherein the particles contain an al kal

al-kal i ne-earth netal chlorite; the hydrophobic phase EET
atacti c' pol ypropyl ene, hydrocarbon wax, chlorinated wax, 5 oryet hyl ene
wax; polyolefin, polyester, a polyolefin copol ynmer, dr nifgugﬂaigug
thereof; and the acid rel easing agent includes a carloxyl acid
ester, an anhydride, an acyl halide, phosphoric acid,| d-phespheate—
ester, a trinethylsilyl phosphate ester, g dialkyl 10 phasphat e, sulfonic_ﬂ
acid, a sulfonic acid ester, a sul fonic acid chlorides™or—=a

phosphosi | aneof fen 9t ys€i 8l chloridkgses @sifosphosilane of a glycerol
REPLACEMENT SHEET 63 16. The
process of cl ?ﬁQBeﬁB%Féln the acid rel easing agent conprises an acid
rel easi ng wax. 17. The process of claim 16 wherein the acid

releasing 15 WaXah3s,thgsf ebPbdeparing a powder providing [err]
gsustained release of chlorine dioxide, the process
comprising:
forming particles containing chlorlte anlons, and
5 ‘spraying a hydrophobic material containing an acid
releasing agent onto a fluidized bed of the particles so
as to form a powder having a core containing the
hydrophobic material and a layer of the particles
containing chlorite anions on a surface of the core.

13. The process of claim 12 wherein the fluidized bed
includes anhydrous particles such that the layer of
particles on the surface of the hydrophobic core
includes the anhydrous particles,

14. The process of claim 13 wherein the anhydrous
particles comprise sodium sulfate, calcium sulfate,
magnesium sulfate, or moisture depleted silica gel.

15. The process of claim 12 wherein the particles
contain an alkali metal chlorite or alkaline-earth metal
chlorite; the hydrophobic phase further comprises
atactic polypropylene, hydrocarbon wax, chlorinated wax,

5 polyethylene wax, polyolefin, polyester, a polyoclefin
copolymer, or mixtures thereof; and the acid releasing
agent includes a carboxylic acid, an ester, an
anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trimethylsilyl phosphate ester, a dialkyl

10 phosphate, sulfonic acid, a sulfonic acid ester, a
sulfonic acid chloride, or a phosphosilane of a glycerol
based ester.
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wheréi-n G has the formula 18. A method of retardi iREPRACEMENT, SHEET
fungal , and viral contami nation and growth of nolds dn fa—surface

and/ or deodori zi ng the surface conprising: exp hnaphhgqg
surface to a powder that does not 5 rel ease chlorine dicxide Fn v
absence of noisture, the. powder having a hydrophobi c jcdre—contairi-Rg-
an acid rel easi ng agent and havi ng chggiite ani ons onf a surface _

t hereof ; and exposi ng the surfac o at nospheri c=mot-sture—to ey

release 10 ch Or'?ﬁbm§¥%ég%$r851&fglﬂowge@héyéiﬁrghéugpfahgéﬁea31ng

surroundi ng t hé sur
agent comprises an acid releasing wax.

A
17. The procesé of claim 16 wherein the acid releasing
wax has the formula

wherein G has the formula OH

18. A method of retarding bacterial, fungal, and viral'
contamination and growth of molds on a surface and/or
deodorizing the surface comprising:
exposing the surface to a powder that does not
5 release chlorine dioxide in the absence of moisture, the
powder having a hydrophobic core containing an acid
releasing agent and having chlorite anions on a surface
thereof; and
exposing the surface to atmospheric moisture to release
10 chlorine dioxide from the powder into the atmosphere
surrounding the surface.
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