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MULTI LAYERED BI OCl DAL FI LM COMPOSI Tl ONS Background of the Invention
The present invention relates generally to a “bi oci dal conposition that
rel eases chlori-ne dioxide. The 5 invention particularly relates to a
conposite including separate hydrophobi c and hydrophilic |ayers that
forma WRPEI0He di oxi de rel easing fil mwhen-in contact PCT/US96/09199
Chlorine dioxide (ClO[err]) is a superior oxidizing agent ~ wdely used
as a bleach, disinfectant, fum gant or 10 deodorizer. It can penetrate
the cell wall or nenbrane and cytoplasm of nold spores, bacteria and
ot her m cr obi ol ogi cal contam nants at concentrati ons bel ow one .
part per million and dest MEJTIRANERED BIOCIDAL IRILM) COMPOSITIONSOf chl orine
di oxi de or sodium 15 chlorite in food packaging has pronpted studies to
determ ne whet heBackgircund oEVHe XHventdlonpr eservatives result in a
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potential . The chlorine dioxide releasing film when in contact.
Chlorine dioxide (Cl0,) is a superior oxidizing agent
widely used as a bleach, disinfectant, fumigant or
10 deodorizer. It can penetrate the cell wall or membrane
and cytoplasm of mold spores, bacteria and other
microbiological contaminants at concentrations below one
part per million and destroy them. '
The incorporation of chlorine dioxide or sodium .
15 chlorite in food packaging has prompted studies to
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
20 dioxide, sodium chlorite and sodium chlorate on the
induction of chromosomal aberrations and spermhead
abnormalities in mice [Environ. Mutagenesis, 7, 201
(1985)]. Only the highly reactive hypochlorite resulted
in a weak positive effect for mutagenic potential. The
25 other ccmpounds,-including chlorine dioxide and sodium
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
30 produce halomethanes, unlike hypochlorite and chlorine
[Proc. AWWA Disinfect. Semin., 24 pp. (1977) ; Chem. Abs.
23, 173513f]. Recently, Richardson et al. reported that
an extensive study of the reaction of chlorine dioxide



“ 25 ot her conpounds, including chlorine dioxide and sodi um chlorite,
failed to induce any chronosonmal aberrations or I ncreased nunbers of
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al., am. J. Vet. Res., 32(5), 1101 (1986) . Chlorine
dioxide generating gels are generally formed by mixing a
gel containing suspended sodium'chlorite with a gel
containing lactic acid immediately prior to use to avoid
premature'chlofine dioxide release. Chlorine dioxide
releasing gels have also been used in food preservation.
Encapsulation processes have also been used in
prepa;ing_soutCes Qf'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 chlorlne dioxide.

~Tice et al., U S. Patent No. 4,585, 482 describe
gradual hydrolysis ' of alternatlng poly(v1nyl_methyl
ether-maleic anhydfidel or poly(lactic-glycolic acid) to
generate acid that can release chlorine dioxide from
sodium chlorite. A polyalcohol humectant and water are
eqcapsulated with the polyanhydride or polyacid in a
nylon coating.' After sodium chlorite is diffused into
the.capsule through the nylon wall, an impermeable

'pplystyrene layer is coacervated around the nylon

capsule. Solvents are required for reaction and
application of the capsules The'capsules can be coated
onto surfaces to release chlorine dioxide. . Although the
capsules are said to prov1de bloc1da1 actlon for several
days to months, chlorine dioxide release begins
immediately after the capsules_are prepared. The

roc.
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rel easing gels have al so been used in food preservation.
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composite that generates only FDA épproved substances is

partlcularly needed for food packaglng and other
applications where the substances can be 1ngested by or

10 in contact w1th humans.

Summagz of tha Inwention

' Among the objects of the 1nventlon, therefore, may
be noted the prov131on of a composzte that releases a
concentratlon of chlorlne dlox1de suff1c1ent to eliminate
15” :bacterla, fungl, molds and v1ruses, the provision of such
" a composlte that releases such chlorlne dioxide
concentratlons for a period of up to several months; the
provision of such a comp051te that can be stored for a
‘prolonged period and then actlvated prlor to use; the
20 provision of such a composite that increases the release
B : rate of chlorine dioxide in proportion to increased
temperature and hum1d1ty that promotes mold and bacteria
growth, and the prov1s1on of such a compos1te that only
releases substances approved for human exposure oOr

25 ',1ngest1on and is relatlvely lnexpen31ve.

The present invention is directed to a multllayered
compos;te_for prov1d1ng_susta1ned release of chlorine
diokide includes a hydrophobic layer containing an acid
releasing'agent, and a hydrophiiic'layer containing

30 chlorite anions. The hydrophlllc and hydrophoblc layers

| ~are adjacent and substantlally free of water, and the
hydrophlllc layer is capable of releas;ng chlorlne
dioxide upon hydrolys1s of the acxd relea51ng agent.

Another embodlment of the present invention is

35 "dlrected to a multilayered composite for providing
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layer containing an acid releasing agent, at least one
hydrophilic layer containing chlorite anions, and at
leést three barrier layers to'control the diffusion of
water into the hydrophobic layer or the diffusion of
hydronium ions prdduced by hydrolysis of the acid
reléasing agent into the hydrophilic layer. The _
arrangement of the layers in the composite is defined by
the fornmla'C(ACBLﬁ:whérein C is a barrier layer, A is a
hydrophobic layer, B is a hydrophilic layer, and n is an
integer ranging from 1 to 10.

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

Brief Description of the Drawings '
FIG. 1 is a schematlc that lllustrates conversion of
- an amine precursor to an iminium chlorite;

FIG. 2 111ustrates hydrolys1s of an ac1d anhydride
in a hydrophoblc phase and migration of hydronium ion to
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; |
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of chlorine dioxide which inc |.aver having a hydrophobi c phase

A .
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for a layered composite;
FIGS. 8 and 9 are'plots of chlorine dioxide release
10 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 o . _

15 FIG._li is a plot of chlorine dioxide concentration
as a function of time. o

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

been discovered that_sustainéd release of chlorine
20 dioxide can be generated from a composite containing
chlorite anions when the cbmposite 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
25 hydrophobic phases, or a mechanical combination of the
_hydrophilic and'hydrqphobic materials, such as powders
and adjacent films. The powder has a hydrophobic core
embedded with chlo:ite containing particles. Adjacent
_ films comprise separate layers of the hydrophilic or
. 30 hydrophobic.materials. _
Preferably, 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, more preferably between about 15 Wt;% and about
35 95 wt.% hydrophilic material and between about 15 wt.%
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to atnospheric tgEBREABE fe M bt theldisfel¥ion, and preferably, the
continuous phase constitutes between about 50 wt.% and
about 95 wt.% of the dispersion and the dispersed phase
constitutes between about 5 wt.% and about 50 wt.% of the

10 dispersion.

The h?drophobic 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

15 that is capable of being hydrolyzed by ambient moisture
is acceptable for purposes of the present invention.
Preferably, the acid releas;ng agent does not react with
the hydrophilic material, and does not exude or extract
into the environment. The hydrophobic material comprises

20 ~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

25 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

30 preferably contains an amine, 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 preferably cbnsti;utes'between about 2 wt.%

35 and about 40 wt.% of the hydrophilic material in the form
of chlorite anions and counterions, and more prefefably,
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FIG 10 is a plot of maxi mum chlorine di oxide concentration as a

function of | eakage from a contai ner; and 15 FIG 11 is a plot

of chlorine dioxide concentration " as a function of tine.
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0,
wt . % 35 hydrophi chfaterl betmee

rine 1ox1 e gas, e (htorlne dlé#lde reacts with
the amine to form iminium chlorite in situ, if the
oxidaticn potentiél of the amine is sufficiently low for.
the amine to be oxidized.
It has been found that the ac1d releaszng agent

within the hydrophoblc material is nydrolyzed by adsorbed '

moisture, releaszng acid and hydronlum ions that diffuse
from the hydrophoblclmaterlal to the hydrophilic material
cohtaining chlorite anions. The hydroniﬁm ions react
with the chlorite anions in the hydrophilié material,
releasing chlorine dioxide gas that diffuses out of the -

composite into the surroﬁnding atmosphere for a period of

up to about six months in order to prevent the growth of
bacteria, molds, fungi and viruses on a treated surface.

' The hyd:ophobic 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 hydrophilic
material, a hydrophobic material, or_a'dispersion thereof
is substantially freé of water if the amount of water in
the composite does not provide a'pathway for transmission
of hydronium ions from the hydrdphobic material to the
hydrophilic material. Generally, each of the hydrophilic
and hydrophobic materials can include up to about 0.1
wt.% water without providing such a pathway for
interdiffusion between the métérials. Preferably, each
material contains less than about 1.0 X 107 wt.% water,
and, more-preferably}'between aboutil X 10?% wt.% and

about 1 X 107 wt.% water. Insubstantial amounts of water

can hydrolee a portion of the acid releasing agent to
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and about 95 wt. % hydrophobic material. If the conposite s a
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conposed entirel a soyrce qf chlorjte anions or can onpr,ise the
chlorite anign s Feki9n GGEBPHSt?Bha%&tWFtal chipaihes Py gphigqddum
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sources, such as sodium chlorite, are stable at
processing temperatures in excess of about 100 °C,

the form of g

allowing for processing at relatively high temperatures.
FIG. 1 illustrates preparation of a composite
containing iminium chlorite. The amine hydrophilic
20 material is in contact with a hydrophobic acid releasing
agent (both hydrolyzed P-O-Si and maleic anhydride are
shown in FIG. 1). Chlorine dioxide (C10,) is feduced by
extracting an electron from the amine, forming an aminium
radical cation (hot.shqwn) and a chlorite counterion
25 (C10,"} . The aminium cation quickly converts to an
iminium cation by loss'of a proton from an adjacent
carbon atom and oxidation by another chlorine dioxide
molecule. The mechanlsm for above reactlon in an agqueous
. system is described by Rosenbatt et al., J. Org. Chem.,
30 28, 2790 (1963); J. Amer. Chem. Soc. 89(5), 1158, 1163
o (1967).

High thorine dioxide to chlorite conversions are
obtained if the chlorite anion and/or iminium cation that
is generated by the initial electron transfer from the

35 amine are rapidly complexed and stabilized by a _
-hydrophilic molecule. 1In some formulations, uncomplexed
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from the hydrophop q_coé’rat &5"8% &&hce)ﬁt Qgehgféfpgﬂfe%tn@:%eﬁtg%ﬁ%gortJ.chl{gtﬁ'dﬂ ng

“chlorite anions. he™ hy ons~reac anions in
t he hydrophlllc ninke ichloride padegbletrtdl orAthamingxWathgashiFaP ffuses
out *of the OpPeséteed HeatBe SHI FAGEY nEbRs m@aheyewian éhperim of

up to about six ths i'n order._ to-pre rs cteria, -
nol ds, fungi andn&'?’ﬁ%qe% ad}ifchPeaﬁea '\éﬁfé écf?e&l‘?)@t Br8to *Hydr ophobi ¢
. and hydroph|||c nmazmtadn;ngw;he basic pH required for chlorlte ion
stability..

FIG. 2 1llustrates the mechanlsm for release of

v

10 chlorlne dlox1de from iminium chlorite when moisture
' contacts the comp051te Hydroly31s of the acid releasing
agent provldes hydronium cations (H;0') that react with
iminium chiorite to release chlorine dioxide gas. The
decompositicn_products of the reaction are an aminium

15 = cation (shown as ~~~M"2" in FIG. 2),'a carboxylate

(COO-, mnot ‘shown in FIG 2}, and Cl' These products are
retained w1th1n the compos1te
It has been found that, in some instances, iminium
chlorite may decompose if the composite is exposed to
20 temperatures exceeding about 60 °C, reducing the
' available chlorite concentration for conversion to
chlorine dioxide. In order to maximize chlorine dioxide’
release from the composite, it has been discovered that
the chlorite source can be omitted from the composite
25 until the compcsite is applied to a surface when the
hydrophlllc material in the composite is an amine. After
appllcatlon, the comp051te is exposed to chlorine dioxide
gas that either reacts with the amlne to form iminium
. chlorite in situ or dissolves in the amine to provide
30 chlorlte anlons The composite is then activated in the
presence of momsture to release chlorine dioxide. This
method enables the composite to be exposed to elevated
temperatures during processing, storage and application
as compared to the temperatures at which the iminium
35 chlorite decomposes, because the hydrophilic material



“substantially free of water to avoid significant rel ease of chlorine

1]

di oxi de prior to use of the conposite. For -pur poses of the present
invention, a hydrophilic 25 material, a hydrophobic material, or a
dlsperS|on t her eof S substantlally free of water if t s Of
water in WOREM¥Hposi te does not provide a pathway for transm ssion

of hydroniumions fromthe hydrophobic material.to the hydr ophi lic
material. GCenerally, each of the hydrophlllc 30 and hydr ophobi c
materials can include up to about 0.1 wt0% wat er wi t hout providing such
a pat hway for i nterdiffusion between tmwals Pref.era ach
material cont ai né‘?%é‘c’tth&ﬁnﬁﬁbﬁtuinﬁ'% 8?‘? ewp* O/a%tchloer ite ani!jtmg

preferably, "bet wethe atethidl aXsdOprecudas Wremdtgse redrase Pﬁ(CIJOPé'F-FF Wt .

water. |nsubstang 'aaéld%mf%hstﬂé c‘f@x\g&fsa.te. eRNoPYHE 0h ¥Rei e RRI RN Of the
acid rel easi ng agent to

PCT/ US96/ 09199 provided on site by passing the com3051te ﬁhﬁﬁﬂﬂ?e aC|d and
‘hydronium i ons deHmdrﬂﬂeedﬁORbdelgeneratofThe hydr oni um i ons, however, 'do

not diffuse into the g&ﬁﬂgi'éﬁdégﬁﬂa“di xgaglge é*%%?* éygggrahs

pr esent for transport 0 r onj Um0 r| t ani ons

general |y do not ?%Pl'\ﬁrleh%fhﬁh oring figride Ehaht é?l%ﬂtulEﬂfte
~surrounded by hydésmgan cChlbetfle ébmtiddwiat kpmebeints rogeracr my:chr tkiede

within the Y RYilde® oFPLAL Alventd drfthiSeC Bl PLL e SHU LSO dd'ahe 62D
- 10 - 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 exposing the composite to
- 15  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 groups

20 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 into a

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

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

30 transition témpe:atﬁre 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 the_
35 hydrophilic and hydrophoblc_materlals, changing the
dispersibility of the hydrophilic and hydrophobic



be incorporated into the conposite of the present 10 I nvention include

al kali nmetal chlorites such as sodi um chlorite or potassiumchlorite,
al kal i ne-earth net al chlorltes such as calciumchlorite, or chlorite

salts of a~transition‘metal it =Apbtonated primary,

secondary, or quate chlorite 15 - _sg. o= such
as sodlun1chﬁﬁ$%%§%mare st a8l ng tenperatures exg%ss of
about 100[err]C, allo ng at relatively high

t enper at ur es. FI §__L= FGst ) greparation of a conposite
cont ai ni ng i mi ni um chlorite- The am ne hydr philic 20 naterial s in

contact with a h |c acid re S _agent ( erIyzed
P-O-Si and maleic Xna rﬁ%ﬂ'& Sde” ganglng etq'é peﬁaﬂ"ge 8@1 5 1fSsxi de
(G gerr]) is redﬂﬁ%&guag the Ce&c¢%ﬂ%dﬂk?na@fehecdrnﬁléasnnqtaganh Ag, the
form ng an anini wamposlc@adaaaingaé ldéhl(d&htsawﬁhu@@@la& Y ad e

counterion 25 @ m_cat i |ckl onvert 0 a
i mi pi um cation b§/c mgos?lgp 5°p F%’i“%’ﬁo ro AF€a aggﬁ nd gﬁ?é?nsfé'f’ﬁ‘mtgﬁd
oxi dati on by JnotIfEPOSALST pneedit)xiwl@xposedrrbbemgieturerh@msm tbe

?bO\ére rerac]tlon lnroaﬁhn@qweauﬁlons o§Yt§{§Wd§—o§ﬁ§§ibb&§’d%89 2 ;lctl 5gt ?163
: g em
(1967). malrregﬁa&m | P RESTh o8 SRRt AGUDHP P 1 4 SRR FBsesapLthin
obtained if the eéhiddspessannon and/or ininiumcation that I s generated
by the initial el eCtrﬂBx&hﬁﬂ%l@IoHﬁ“&ﬂb@uﬁé ref8hEE ﬁf&n raal@ bs§egp! exed
and stablll;ﬁp by QZ hili % g ¢ [N sqn I ons, -

an also achieve s izing t e ch orlte anion.

unconpl exed
Iminium chlorite is unstable to nucleophlllc attack by

the chlorite anion. It has been dlscovered that the room
temperature lifetime of chlorite anidn_is'substantially'
extended when a strong base, such as a metal alkoxide, is
15 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=CRp, ]* C103" ————»  R',N-CR,-OR" ' + NaCl0,

wherein R', and R, are groups that correspond to those of
20 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 ahd,a more stable sodium
chlorite salt. 'If_water is present during the oxidation
of the tertiary amine, an unstable a-amino alcohol is
25 formed that can éttack the chlorite anion unless the
' chlorite'ani§n'ha$ been effectively_complexed by the
hydrophilic solvent. Addition of water after solvation
of the chlorite ion is not as deleterious.
Acceptable strong bases for use in stabilizing the
30 chlorite include metal alkoxides such as sodium,
potassium or calcium methoxldes, ethox1des, propoxides or
' butoxldes, metal oxldes such as alumlnum ox1de, or sodium

e

e
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9 chlorite anion may. be depleted by subseol-- L eacti ons with the
i m nirum counterion at tenperaturesr»wwwr—"' [err]C. Chlorites
are al so subject to di sproportlona Io i de and _chlorate. An

anine with aweisghmeK[err] is 5 =pt ----- r eact SCRESWORY; g v

wi th chlorine di oxi de and acts a nore effectlve prot on sink,

‘mai ntai ning the basic pH required for chlorite ion stability. '

FIG 2 illustrates the nechanismfor release of 10 <chlorine dioxide from
“imniumchlorite when noisturge contacts the c 05|te %Lk I s of
the acid rel easi R§ide, megahtighsoyisysh ﬁ?dN%nlﬁﬁFé Bn%mT?ﬁ P%

that react with alkoxwwj Usifim@d i 3 i tselttsoofeéfﬂémadéd,omlcmadesxsdehgis '
The deconpogl lﬁﬂcﬁégﬁﬁfd ah SEQ@ Egacéééggégéaga} %@h@k“ﬂhté§1a£§al'0n .

(shown as [err]
2), and C. Thega;apmqub@sgenerate a rséranaelqawct ReRatAenc §ppaktaek the

It has been fopungitRaheni BemdE® dﬂ‘sﬁtﬁﬁﬁﬁﬁm chﬂbfﬂ.t%n chlorite may

.d f th di b
G0 TorrTe, reduci ng TAB & rvdsGRISE sheefler SSIRLANY B cBIEFEA O 200

conversion to amipk| ¢dimethir puidwacryhanidel. tN-mashiviiacetamidei arddi oxi de
rel ease fromthee@BPOght @-athind'atHeeclndi shoyeI©s N is foriBa wheRrite

source can be omitted fromt 2 e _conpasite is
applied to a sur Fae? WﬁﬁﬁmPHg%' rz'}%’m}'&r Bﬁgf}tzﬁ%tef¥ﬁ1“F’ngﬁ5180ﬂ505|te is
an anine. Aer oligomeppti amidersubsitd tubegoplasticizemosudht aschl ori ne

di oxi de gas shlaaansﬁ 8! f&atdnial,! Br! RemaEhyt f&ntaefh@é MeBhUBR

‘chlorite in situ of dissolyes in the amne to rOVI

substituted for N-methylacetam1 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 densiﬁy and will not react with the acid
20 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 hydrqphilic
material and between about 5 wt.% and about 95 wt.% of
25 the'hydrcphobic material. The hydrophilic material
_coﬁprises between about 5 to aboﬁt 30 wt.% of an amine
and Between about 70 and about 95 wt.% of a hydrophilic
solvent inclﬁding between about 35 and about 55 wt.%

- urea, between about 35 wt.% and about 55 wt.3% plasticizer
30 - 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 compromised.

ThlS Sheet Has Been Replaced .
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30 chlorite anions. The conposite is then activated in the presence
of nmoisture to release chlorine dioxide. ~This met hod enabl es the
conposite to be exposed.to el evated - t.enperatures during processing,
storage and appticcation ° = - as 'conpared to the tenperatures at which the

I m nium 35 ctu,a%,gggzsdecorrposes because the hydr ophi | i ¢ mat peT/6$96/09199 WO
96/ 39028 ' PCT/ US96/ 09199 _ '
10 does not contain imniumchlorite or any chlorite anions. The
met hod al so precludes premature rel ease of gl | orine di oxi de fromthe
~conposite. Chlorine dioxide can be provi‘ded on site by passing the

conposite through a 5 ré%@r@eﬁnﬁmgaeé'ﬂgrgfé@ra%t he hydrophll@fh\&ﬁﬂl@la'
chl ori ne di oxi de generator g rate an at,nospher hl oLl ne di oxi de

that is saturat e RFIYE e, %%}W%'WP ﬁgfr% ‘?nto cont act
with the corrpespcﬂymérst € Eormanide an;ttadmrrlsttuﬂe di ssol ved into a 10

mat eri al that doe S t drocar bon -
wax or chl orohydr%c%&ﬂh%grglﬁﬁ?génaﬁ@e‘?‘%&%\%%kr{aﬁgyli{;;({jfe |s dr| ed

 with a desiccant . izgpraawacrylagigs| & ¥ N iRtYdens, Bisacry
i ndustrial procesgrimary iindnehercanpesondany tdndmie’.ex Sushngmides omarpdE te to

B oo 10 (HEpE S O EE BRI BB e
.chlorine dioxide, whlch does not react with .
polymerlzable,-electron def1c1ent alkenes such as

10 acrylam1de Co
Suitable amines for use as the’ hydrophilic material
include primary amlnes, secondary amines, and tertlary
amines having pendant hydrogen bondlng groups. An amine
substituted w1th electron donatlng groups that donate
‘15 electrons to convert chlorine dJ.ox:Lde to chlorite is
preferred. Electron w:.thdraw:.ng groups concentrate
- electron density at such groups such that it is difficult
'for the chlorine dioxide to extract an electron from the
- amine. Tert:.ary amines having non-hydrogen bonding
20 pendant groups that are dissolved in a hydrophilic
- 'solvent are ‘also acceptable. . Representative amines
include: alkanolamines; copolymers of aminoalkanes and
‘alkene b:.sacrylam:.des, alkylam:.nopyrld:l.ne, alkene '
-diamines; alkylamino cycloalkanes, alkylam:l.no-
25 carboxyamldo alkanes dn.ssolved in a dlluent, amines
having the formula R, NH,; RleNCH-.,CHzC(O)NHz, solubilized
N (CH2CH,0H) ;. H,, R3N(NCH2CH2C(O)NH3)2. (CH;),N(CH;) N(CH;),,

RsRsN(CHz):NHC(O)Nﬂzr ’ ) : .
e 9
|:|:'4--—c1-|2—cr~|i,—c—m-u}—cri2
2

N (CHchzNHC (O) NHz) kX4 . ! oxr

1 1] /N
NH=—C CHg) yNH——CH,CH, C—NHCHNHCCH, CHy HN NH
30 . . ’ n . \_/ ;
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‘muist be suffici ently electron rich and the am ne nitrogen must be
| ocally nobile. Electron withdrawi ng groups 20 should be separated from

the amine center by at |east two “met hyl ene groups in order for the
chlorine dioxide to extract an electron fromthe am ne %}35?35” of
t he ‘bond¥OEWA8 t he nitrogen-center of the amine is reﬁ‘a- for
amniumformation. |If the amine is frozen into a 25 glassy matrix, the
am ne nitrogen will not be nobile and ~the amine will not convert to
imniumchlorite. A glassy am ne can béd4softened to i'ncrease nobility
by addi ng at | east about 10 wt.% of g_pl asticizer, such as a | ow
nol ecul ar wei ght ami de, to the,guig. o \Nower, alaes 3Gx, transition
tenperature bel ow the reaction tenmpefaturg. / G'Rer Suitable
pl asticizers are well known in the polyner art. The rate of
chlorine dioxide release froma - ~ conposite can be altered by changi ng
the viscosity of the 35 hygr ophi i|°p and hydr ophobi c terials, changing
t he di spersibility of tiyecHay N*I‘-i—d%ﬁ"hyﬁ:ﬁ*bbb)gai'c
materials, changing the tenperature of the conposite, m.cleangi ng t he
concentration of acid releasing agent in the ‘conposite, adding a
desi ccant or hunectant to the conposite to control release of chlorine
di oxi de fromthe B2NconmpoS\te once it is exposed to noisture, or changing
t he vol ume frac of M=he hydrophilic and hydrophobic
: IRy varer
]
Hal wherein: R substituents are,

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

—(CHyd ;—N > —(CCHdg—N  'NH | :
- , - - \—/", alkyl, cycloalkyl,

benzyl, acrylamide, or pyridyl; R;, R;, Rs, 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; vy is 1 or 2; and 2z is 1-6. Generally, the above
| compounds can be solubilized in formamide,
isopropvlacrylamide-acrylamide or other conventional
plasticizers. , '
| Preferred amines include monoethanolamine,

15 diethanolamine, triethanolamine, a copolymer of 1,3-
diaminopropane or 1,2-diaminoethane and N,N-methiflene
biéacrYlamide, 4—dimethyl'aminopyridine, t_etramethylene
‘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,, & secondary amine having
the formula R,R,NH, N({CH,CH,0H),, '



.

materials to produce continuous or discrete phases wthin a di spersion.
Maxi mum chl ori ne di oxi de rel ease froma conposite 10 can also be achieved
by stabilizing the chlorite anion. Imniumchlorite is unstable to

nucl eophilic att ack by the chlorite anion. It has been discovered that
t he room ture lifetime of chlorite anion is sub

ext ended whell a?rggﬁ?gng base, such as a netal al koxi de, ??mg?czds’g%t in
the hydrophilic material containing the i m nium chl or| te. The nechani sm
of alkoxide stabilization of the chlorite counterion is shown bel ow.
[err] “wherein R and R are groups that clﬁ'respond to those of 20 the
selected amne and R' is an al kyl or hydrogen gr oup. In the absence of
water, the imniumion is i mediately degomosed into an a-amino et her
and a nore stable sodium chlorite sal f t_e‘\”.lﬂs present during the
oxi dati on of the tertiary am ne, an anta a-amfio al cohol is 25
formed that can attack the chl/AritYe anion unless the *hl orite anion has
been effectively conpl exed byN\{ he/"IH ., hydrophilic solugent. _Addi tion of

wat er after solvation of the chldrite ion is not as del‘eterious.

Accept abl e strong bases for use in stabilizing the 30 chlorite include

nmet al al koxi des such as sodi um pot assi um or cal ci um net hoxi des,

et hoxi des, propoxi des or but oxi des, oxi des such as al um num

oxi de, or sodium HaN—CCH)3—N  N—CCHa)3—NH,

.
[4

solubilized NR.R¢R,, (CH,),NCH,CH,N(CH;),, RsR;NCH,CH,C (O)NH,,
RION (NCH2CH2C (O) NHz) 2 R11R12N (CHz) 3NHC (O) NH2 ’
5  N(CH,CH,NHC(O)NH,);,

' I}
[n“—-cne—cua_—c—nu CH,
_ 1, 2

. o)
' H 1

—(NH-—C CHg) NH—=CH,CH,C-NHCH,NHCCH, CHo~—4-

. | . . . n

’ T, OX

0
-écn,cn{-g—uu—w,cri,cﬂ,u—c CHy) ,»
. m

Wherein . RI is -CH2CH20CH2CH20H, -C (CH3 ) 2CH20H "

L

. —CCHZ) z—N
10  -CH,CH,NHCH,CH,0H, -CH(CH,),, -CH,CH,OH, C , or

—CCHg =N Ny _ |
\_/ ; R, and R; are, independently. hexyl,

. o benzyl, n —propyl 1sopropy1 cyclohexyl acrylamxde, or -
| CH,CH,OH, R, is cyclohexyl or benzyl Rs and R; are methyl;
R, is cyclohexyl or 4-pyridyl; Ry and R, are,
15 independently, methyl, n-propyl or isopropyl; Ry, is n-
C¢Hy; or n-CyHys; Ry and Ry, are, independently, methyl,



12 oxi de, trialkyl amonium salts of al koxides, anmoni um salts of

4l

al koxi des, acetates such as sodi um acet at e, substituted acetates, or
other materials that would generate a strong basi c reaction to attack
the nitrogen -5 center of imniumchlorite. aPéJ‘y i C
material corW@APERMP a tertiary ~amine (dimethyl ani noacry am ﬁ%

N et hyl acet am de and urea, an a-amno ether and chlorite salt is
formed when the imniumchlorite is stabilized. Any nononeric or 10
ol i gomeric amide substituted plasticizer, $fch as- ~ succinanide,

f ormam de, or

d b
N- et hyl acet am o%n's? :}‘yoﬂf@F’P %?t’g%ol’?"??é)yl m ég 2}1' t# qdmzt qdro andtRI- nmet hyl

formam de are toki& amfl n is Qoor dB notSudd e dr-a.@qntﬁ Ippiudsat i ons

Vol ving human Afmd@derth: ack{(létﬂf‘d@f'ﬂé&r%%}&eéci%léﬁcié ci eNtilgkmarbil e,
t he addi ti on of astici-zer. 1.S unnecessar ves t he
chl orine di oxi deoﬂpﬂt‘él@%éﬁ& F@Fgﬁéﬁf?ﬁ“ﬁe@n&?n?%r’fﬁé to'dd 9&“8‘&% lic
mat eri al becBusesubistiasitadhicght bgdy cyeines by Manthel demstiion avidhwi |1 not
react with the 3&:’:1‘1&%9:11:15595%55990 Wable%@&ﬁuggstﬂ@vézﬁlﬂi@ JHcly am de

concentration cap al so be used o I nprove, materi al

iC
efficiency. Pref@%bmpt trﬁéchbeBgl? cﬂfrﬁﬁfr é,ggs:l.ng $IHeen about 5 wt. %
and about 95 w. %of Hyldroxyddopbohpounds, imetlediab etbybetevedycailout 5 wt. %
and about 95 wt . ghpledh, melifalusl! opbiobidr Metblbakecndiigy ydrophi li ¢
out 8 % 'of an _anine

mat eri al corrprl ses 'between about

and bet weenl3boRtBAIVEIRansd PT o8 RRY %Jtﬁd'%?]ﬁdeBBhp?l‘ésed as ddi& ent
| ncl udi ng bet weetyddupiilit madeabalit Sowdved, chlowvinme, dbmtidenrclease 35

. % and about 5 G as been
found t hat nch)t rr%?%wOC/&ﬁl Q’%gk Eé@%‘ti% %%Mﬁ’gﬁ or| n%a%&om esher nol e

of ~am ne shBRFRFRRFALEGednt BRE heOTRRF 1 iAance CARt diPbF ©he t he

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

Suitable. acid releasing agents include carboxylic
acids, esters, anhydrides, acyl halides, phosphoric acid,
phosphate esters, trimethylsilyl phosphate esters,
dialkyl phosphates, sulfonic acid, a.sulfonic acid

20 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
polystyrene, or trlmethy151lyl phosphate esters of the

25 formulae .
. 5\ j_f/
—Ff—
(l, 0

N
. | F
—sx-o o | —g1-d YO
’ ’, 0r
(CH,) ,SiOP(0) (OR), wherein R is a non-hydrogen bonding
group, alkyl or aryl.



stability of the material could be conprom sed. WD 96/ 39028

PCT/ US96/ 09199 13 Preferred
am des, for usé as the hydrophilic materi al - include formam de,

acryl am de-i sopropyl acryl am de, . copol yners of ‘formam de and
acryl am de- . sopropyl acryl am de, and copol yners of acrylam

i sopr opyl acrywm@zg N, N- met hyl ene bi sacryl am de and a CTISp ‘%?F%? ani ne
or a secondary am ne. Such am des can be useful vehicles for film
casting prior to exposure to - chl orine dioxide, which does not react
with pol ymeri zabl e, electron deficient Rl kenes such as 10

acryl am de. Sui tabl e ami-nes for use as the hydrophilic nateria

i nci ude prinary anm nesliBeRBrfarSFagmilise chhdomers | tg4g-. a migphds hike ng
pendant hydrogen bondcagegwbttpSa lifidamale and aSpHI3gi Woe@)W Elickl gstdon

donating groups t ﬁgg%far}%of e %ﬁ&rcggﬁ(]jt BaSORVEL e S NI QL g:%egegtxiege to

chlorite is . rre raw hg grougs con
el ectron density éFlguEﬁlgﬁ%’cﬂ% aéi?éﬁ-st kecapse; %h%tf fchfbthet melt- P5r the

chl ori nﬁ di oxisde ealeéhtacﬁrweﬁargmn Ehegbﬁthﬁon of b’ﬁ‘ﬂﬁ@ecrEeEMﬁké’d
am nes havi ng non o jiat
T e

I n a hydrophilic are al S0 aCcep *¥sen
o phosph0511ane of a glycerol based ester is known as LPOSI

and has the formula
GO—P—0G.

o ]
0—51-0—F—0G .
0=p—0
[ Lo
06 ?—? i -0—P—0G
.cco:,—-ﬁ OC,Hg b

Eo" _ _ .

10 wherein G has the formula ——OH

A free radical polymerizable alkene or condensible group
on the terminal end of a lipid is a representative
oligomer. -
Acid anhydrides are also preferred acid releasing
15 agents and include organic acid anhydrides, mixed organic
acid anhydrides, homopolymers of an organic acid
anhydrlde or a mixed inorganic ac1d anhydride, and
: copolymers of an organic ac1d anhydrlde or a mixed
inorganic acid anhydride with a. monomer containing a
20 double bond. Preferred mixed 1norgan1c acid anhydrldes
contain a phosphorus-~oxygen-~silicon bond. Preferred
anhydrides include copolymers of maleic anhydride,
methacrylic anhydride, acetic anhydride, propionic
anhydride, or succinic anhydride, and vinyl, styrene or
25 an alkehe; such as maleic'anhydride-styrene copolymers,
or grafts thereof with olefins such as polypropylenes;



“include: al kanol am nes; copol yners of am noal kanes and al kene
bi sacryl am des; al kyl am nopyri di ne; al kene di am nes; al kyl am no

_ cycl oal kanes; al kyl am no- 25 carboxyamni do al kanes dlssolved in a diluent;

Rlerr]Rerr] N@—'{‘@haw b t?;ﬁ[ Lﬂ]mél(%) E[H[e;]ri\lH[ ol ubi |1 z6d PCT/USI6/3159
N(CH2CH err]OH)[err]H err], Rerr]N(NCHerr]CHerr]C(ONH err])][err],
~(CHerr])[err]N(CH err]) N(CH err])[err],
Rlerr]Rlerr]N(CH err])[err]NHC(O NH err], 18 [err] WO 96/ 39028
PCT/ US96/ 09199 polyethylenes, or polystyrenes. -Cgﬁ%lymégg’%k acid
anhydrides and esters of lactic or glycolic acids can
provide a rapid initial chlorine dioxide'release rate
followed by a slow release rate. =
5 The hydrophobic material can further include a
diluent such as atactic polypropylene, hydrocarbon wax,
chlorinated wax, pblyethylene wax, low molecular weight
polyolefins, polyesters, derivatized polyolefin"
copolymers, or mixtures thereof. Diluents can be
10 included in the hydrophilic material as well.

. ‘Plasticizers can also be incorporated in either the
hydrophoblc or hydrophilic materials .as is known in the
art. Generally, formamide and isopropylacrylamide-
acrylamide are acceptable plasticizers.

15 A moisture scavenger, such as sodium sulfate;

.calcium sulfate, silica gel, alumina, zeolites, and
calcium chloride can be added to the composite to prevent
premature hydrolysis of the acid releasing agent.

. Conventional £ilm forming additives can be added to the
20 hydrophobic and hydrophilic materials as needed. Such
"~ additives include crosslinking agents, flame retardants,
emulsifiers and compatlblllzers ' '
The composites of the present 1nventlon can be
formulated in various ways to accommodate a w1de range of
25 end use applications. The composite can be formulated as
an ext;udate} such as a film or pellets, or as a powder
using conventional. extrusion and spray drying methods,
respectively. When the composite is formulated as a
powder, chlorite containing particles are formed by
30 'dissqlving a chlorite source in a hydrdphilié solvent and
' extruding the solution through nozzles of a spray dryer.

- Once the solution is transformed into spray dried
particles, the particles can be routed to a cyclone
Separator to isolate small particles preferably having a

35 diameter of between about 5 and about 150 m1crons. The
partlcles can then be stored in a dry atmosphere. Once



wherein: R substituents are, I ndependently, -(CH err]CH err])[err]H,
5 ~-C(CHerr])[err](CHerr])[err] OH,
-(CHerr])[err]NH(CH err]CH err]O [err]H -CH(CH err])[err], - Jerr]
benzyl, acrylam de, or pyridyl; Rerr], Rerr], Rerr], and R[err] are
alkyl; Rlerr] is straight chain (err] to (ferr] alkyl; qunc%

cycl oal kyl OIWQMZS“ mis 1-100; nis 2 or 3; xis 0, 1 10 ’B?”‘?’“?/ is 1

or 2; and z is 1-6. General |y, the above conmpounds can be sol ubilized
in formam de, i sopropyl acryl ami de-acryl ani de or other conventi onal

pl asti ci zers. Preferred am nes indlude nonoet hanol anine, 15

di et hanol ani ne, triethanol ani ne;- a copol yner of 1, 3- di am nopr opane or’

1, 2- di ani noet hanetBacchavive: BprEheles ag qwadey| sheyeare fed into a
4- d'”Ethy|a”‘nOpy{l&Hdﬂsed‘EbGQWETH¥|ﬁyﬂkophobﬁbhﬁheﬁeldlaﬁoﬁﬁalnlng the

TS O 8 S e it oy ssios e
f

- (N |
- (N-di met hyl anmi rdtexisdr sirpaghdemal hadiamsr g5 negeyes intg§he TRAMREF t he
EJT[“ a Rl errgNH &f rdne ¥130@ardar pedniiérdad kt@n impihbe fpswidiee RZR3NH,

err]CH[err]C%?&fa Jéd chlorite containing particles. Upon contact
w1th_the“fluld;zed_part;cles,,the chlorine dioxide
releasing:powder,is formed as the hydrophobic material
solidifies to form a hydrophobic core having a layer of
10 chlorite particles embedded-in the outer surface thereof.
| Aggregatlon is minimized because the chlorlte partlcles
are hard 1norgan1c materlals The partlcles can then be
'packaged in a dry sealed contalner.
In forming the chlorlne dioxide releas1ng powder,
15 anhydrous partlcles,_such as anhydrous sodium sulfate,
calclum sulfate, magnesium sulfate, or a molsture
depleted silica gel, can be included in the fluldlzed bed
to form a mixture of chlorite particles and anhydrous
. partioles The anhydrous particles delay release of
20 chlorine dlox1de that is catalyzed by atmospherlc
moisture. The anhydrous particles can also be post-mlxed
with the chlorine dioxide releasing powder to delay
| chlorine dioxide release.
_ Although the hydrophlllc and hydrophoblc materials
_25 can be formulated as described above for the composite,
it is preferred that the chlorite powder contains an -
alkali or alkaline-earth chlorite. The hydrophobic
material preferably contains a low melting hydrocarbon
wax, chlorohydrocarbon wax, atactic polypropylene,
30 polyethylene wax, a 1ow molecular weight polyolefin)
' derivatized polyolefin ‘copolymer, or mixtures thereof.
'_An acid releasing wax, such as a hydrocarbon solution of
a phosphorylated llpoglycerol reacted with silicon
alkoxides to produce nmixed anhydrlde P-0-Si bonds, is
35 preferred as the hydrophobic material. LPOSI is a

0
N(
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15 [err] ..solubilized NRlerr]Rlerr]Rerr],

(CH err])[err]NCH err]CH err'N(CH err])[err],

*Rlerr]RNCH err]€H err]CCONH err],

R[ er r] N( NCH eW@Pe3§0e8 ] C(O) NH err])[err], PCT/US96/09199
RlerrfRRerr]N(CH err])[err]NHC(O NH err], 5 N
(CHerr]CH err]NHC(O NH err])[err], - [err]z0

particularly suitable acid releasing wax for use in
preparing the chlorine dioxide releasing powder.
If the acid relea81ng wax is extruded at a viscosity
between about 10 and about 1000 cP through nozzles of
5 between about 1 and about 10 mil diameter, a fine spray
" of molten wax between about 5 and about 400 microns in
diameter is generated : '
In addition to formation of powdered comp051tes, the
~composites of the present invention can be formulated in

10 solvents to allow for film casting or other application
methods. The composite can be applied as a f£ilm 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

15 composed of a microdispersed hydrophobic and hydrophilic

' material as shown in FIG. 3b, or as a multilayered
composite 14 including a separate hydrophobic layer 16
and a separate hydrophilic layer'ls as shown :in FIG. 3a.
The hydrophobic and hydrophilicllayers can be applied by

20 casting the hydrophilic layer onto a substrate 20 and
then castlng the hydrophobic 1ayer onto the hydrophilic
layer, as illustrated in FIG. 3a. The multilayered
composite or singie'layer can be applied in cohjunction
with moisture regulating layers 22 to control the rate of

25 moisture ingress into'the hydrophilic material or _

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

| In order to generate chiorine dioxide in a

30 controlled fashion it is useful to limit the access of

' water to the hydrophobic layer containing the acid
releasing agent and to control the surface area of
contact between the layer releasing the hydronium ion and

_ the hydrophilic layer containing chlorlte. Such

35 ‘controlled release can be obtained by casting the

hydrophobic and hydrophilic materials'ls, 18 as separate



wherein: Rerr] is -CHerr]CHerr]OCH err] CH err] CH,

-C(CH err])[err]CH err] OH, 10 -CH err]CHerr]NHCH err] CH err] OH,
-CH(CH err])[err] -CHerr]CH err] OH, _ or [err]
benzyl, n-propyl,- isopropyl, cyclohexyl, acrylamde, or -

CH[err]CH[erQl err] is cyclohexyl or benzyl; Rierr] anﬁﬁ lsgre
nmet hyl ; é%%?r I s cycl ohexyl or 4-pyridyl; Rerr] an err ar e,

|ndependently, met hyl, n-propyl or isopropyl; Rerr] is n-

Cerr]JHerr] or n-Cerr]Herr]; Rerr] and F{err] are, independently,
nmet hyl , WD 96/ 39028 I
PCT/.US96/ 09199 yl pr opy
i sopropyl; mis éﬁyFﬁ eS%Fhf?%n%qF?rmedlathBQuﬁﬂﬁn% *%?%f(%; §ha§U|tabIe
di | uents i ncl ude regulpsPrahy deomiumdion &FraePPEYphetpydemthe maitdrials
Aigonmeric - omspehpwhris sBec@wlary am nes converted to acryl am de

The layered cdmposites of the present invention are
_'5 intended to malntaln a desired rate of chlorlne dioxide
' release (moles/sec/cm? of fllm) in the presence of
'atmospherlc moisture at a surface for a length of tlme
requlred for’ chlorlne ledee to absorb ‘onto the surface
and kill bacterla or other mlcroblologlcal contaminants.
10 'However, leakage from a contalner or exposed surface
reduces the chlorlne d10x1de concentratlons at the
surface because of chlorine dlox1de_dlffu51on into the
atmosphere. The chlorine'diOXide concentration released
from the film for a chosen t1me perlod can be calculated
15 glven the 1eakage rate and the rate of absorbance at a
' surface. Thus after measur;hg“the leakage rate, the
'cmeOSite is:formnlated se that'it contains a large
enough reserv01r bf chlorlte reactlng at a speed
suff1c1ent to compensate for the leakage rate for the
20 desired time period of sustalned release.

Therefore, ¢esigh of a ehlorine'dioxide releasing
composite suitable for controlled release and biocidal
action within a container must'take into account several
aspects, namely, the chlorine dioxide”preduction rate

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

' A preferred extended release system of the present
invention conserves the chlorite reservoir by emitting a
seriés of periodic pulsed releases timed_to coincide with
the suspected times of bacterial viral or fungal

35 contamination or the typical 1ncubat10n tlme for the
blologlcal of interest. The system design cah be

15

or



‘5 substituted tertiary am nes by Mchael reaction wth . acrylamdes are
al so sui tabl e because the -am de group does not react with the acid
-rel easing agent. Hydr oxyl i ¢ conmpounds, i ncluding ethylene glycol,
“glycerin, methanol, ethanol, nethoxyethanol, 10 ethoxyethanol or other
. al cohol s,  cawowssemed as the hydrophilic material. HowPEEUSIGEIEYr i ne
di oxi de rel ease can occur very rapidly when . a hydroxylic conpound is
i ncorporated in the conmposite and can Iimt the applications for such
conposites to rapid chlorine 15 dioxide Rl easing systens.
Suitabl e acid rel easi ng agents include carboxylic aci ds, esters,
anhydri des, acy¢ptiimiziss topheiphatnctheidesired khéddprameenisiation for
trimethylsilyl phosahipliaiest eifie at tid alddspplesphohbsrinalldiniicieaci d, a
sul fonic acid 2 esters, sul.fonic.acid.chlorid anlehos hosi | anes of

s
glycerol based t33%Ade TALLT,1RROFFA rFQﬁﬂ%FEFéEészﬂﬁ Catigents i nclude
an anhydride or phodphamd.cedt epnbrehtied releagiet hudtifprered gamposite

pol ypropyl ege, Dod iy WaR@rObwellalPPé YSLIMLAC andl Bt 6 Bt Wi Sideds RjFosphate
esters of the 2 f ormul,

(CH err])[err] Lok Gﬁ?‘[eé’riﬁ’ %&%&WW&C 23488 Ay ard o2 iRRR e

group, alkyl orlawed.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

10 hydrolysis. The hydrophilic layer B contains 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
15 having a thickness 1 (typically about 5 mil) and
- diffusion constant; D. The effective ion concentrations
applied to the boundaries of interﬁédiate layer C by the
layers A and B are a strong function of the water
transport properties of layer C.

20 . The intermediate layer C can be composed of a wide
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

_25 oligo- or pbly-alkenes such as polyethylene, _ '

' polypropvlene, 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

30, anhydrous salts or desiccants may be added to any of the
layers to retard the reaction to chlorine dioxide that is
.catalyzed by water. _

" It has been discovered that construction of a
~ multilayered composite wherein the arrangement of the

35 layers in the composite is defined by the formula C(ACB),C

(wherein n represents the desired number of pulses) '
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- 17 Linear or star like oligoners (e.g., a mcelle like
nolecule with a lipid wall and a P-OSi core), such as a phosphosi | ane
of a glycerol based ester, are preferred acid rel easi ng agents because
they can be grldemo 5 sol vent - processed with the Optlonp@&ﬂﬂﬁﬁﬁmbg
crosslinked after processing to prOV|de filmstability. A preferred
phosphosi | ane of a glycerol based ester is known as LPCSI - and has the
formul a ' 23 [err] :

- provides periodic pulsed release of high concentrations
of chlorine dioxide over several weeks or months. Such
pulsed release can be coordinated to the gréwtb;
incubation and contamination of viruses, molds, fungi and

5 bacteria. The cycle time and peak concentrations of
chlorine dioxide would be controlled by the layer
thickness, chlorite and anhydride loading, and the water

; and ionic permeation characteristice of layers A, B and

. €. Pulsed release occurs as each'laYer (ACB}, is

10  successively penetrated by water vapor and hydronium
ions. Structures of type CDC can also be made where D is
a mixture or emulsion of A and B of a phase size of
between about 0.2 and about 100 microns. The materials

: of construction for the-CDC comp051tes can be the same as
15 those used in making the C(ACB),C composites.
 Additionally, a multilayered composite C(DCD),C can be
made in order to prov1de pulsed release as descrlbed
above. ' '
Pulsed releases of chlorine dioxide thatlvary from

20 - about -one day to over'ébout'ZOO'days can be achieved for

'5 mil thick A, B and C films by separatlng the
hydrophoblc layer A contalnlng the acid relea31ng agent
from the hydrophlllc layer B contalnlng chlorite anions

by an intermediate layer C capable of supportlng varying

25 hydronium ion transport rates.

The pulsed release capabllities,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

30 exposure to moisture will occur. The composites can be
used to prevent the growth of molds, fungi, viruses and
bacteria on the surface of a material and/or deodorize
the material by treating the surface with a composite

' that does not release chlorine dioxide in the absence of

35 molsture, and exposing the treated surface to moisture to
release ‘chlorine dioxide from the ‘composite into the



"«10 wherein G has the formula A free radical polynerizable al kene or

condensi bl e group on the.termnal end of a lipidis a representative
~oligomner. Acid anhydrides are also preferred acid releasing 15
“agents and incloude organic.acid anhydrides, m xed: organic aci d
" anhydrides, hwowmpsdegsrers of an organic acid anhydri de BFT/HS6{02199
i norgani ¢ aci d anhydride, and ‘copol yners of an-organic acid anhydride
or a m xed i norgani ¢ acid anhydride with a nmononmer containing a 20
doubl e bond. Preferred m xed inorganic aci @4anhydri des contain a
phosphor us-oxygen-silicon bond. Preferred anhydri des incl ude

copol ymers of nal atmospliens istgroundingrethe @aperd adnhy e derealas isurtace

a[lhydri de, grSOPi Oi‘% Egeneral@@ﬂ)ﬁdbb?@io@roﬁl%](d;?ﬂt?iﬁéthSfi ﬂ&pﬂ‘ﬁlj of ryl ,
styrene or an al kene. such as maleic anhydride-styrene copol yners,
or grafts thereofswsttrr%eeﬂiﬁé:eauﬂ ha‘snp%ﬁ/pﬁ%‘ﬁ?ll@ﬁﬁs, . WD 96/39028

PCT/ US96/ 09199 The biocidal atmosphere genera8ed witlim y&henyl enes, or
-pol ystyrenes. 5 COPOLWERITe:0caqChd useq MWV d: 48y 3BaCsEEaSCS IRAULGNY

gl ycolic acids can rovi I Initial chlorine dioxide rel ease

e arapid
rate fol I owedPhyele %ﬁﬁ'r§P§B§€€F%E§x sfrawberriefe #0A XFhi c materia

can further incl upeoduce, ground beef patties, chicken filets, and other
meats, enhanced foods, pet foods, dry foods, cereals,
grains, or most any food subject to bacterial

10 contamination or mold growth. Bar soap, 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 personal care products can beé sterilized

15 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.

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

25 ‘The treated surface can be a reusable or disposable
mat or sheet including a dental tray covering, a surgical
tray covering, a shower mat, nonwoven bandage material, a
meat cutting board, a liner for drawers or shelves, an

_ insert for athletic bags or gym lockers, a food wrapper,

30 a papef sheet for separating hamburger patties, a meat

' packaging tray, an overpouch such as those used in
packaging intravenous bags, a fresh fruit separator or
box liner, an absorbent pad for'poultry, meat, seafood or
produce, or an absorbent layer for use in diapers. Such

35 mats or sheets are typically made from paper, cellulosic,
polymeric, woven fabric or nonwoven materials. '



di luent such as atactic pol ypropyl ene, hydrocarbon wax, chl ori nat ed

wax, polyethylene wax, |ow nolecul ar wei ght pol yol efins, polyesters,
derivati zed pol yol efin copol ymers, or mxtures thereof. Diluents can be
10 © included in-the hydrophilic material as well. Pl astici zers can

al so be incorporated in either the . hydr ophobi ¢ or hydrophilic
materials as WORBWHh in the art. Generally, formam dePERES6/09199

i sopropyl acryl am de- acryl am de are acceptabl e plasticizers. 15

A noi sture scavenger, such as sodi um sul fate, cal cium sul fate, silica
gel, alumna, zeolites, and cal cium chkeri de can be added to the
conposite to prevent premature hydrolysis of the acid rel easing agent.

Conventional film forfush adsethodscammplse hedvdedoto heodr) the drflacki ¢ and
hydr ophi |l i ¢ nat erdfalss s%%dnesdﬁﬁote&lcﬂhe seedaéilbfn' ¥&Bad f‘eﬁl&l%n%@%%k:&ﬂ&' ng

agents, flame ret ants Jiers a ati er
The conposites ofsq{%egﬁr 858&%%% r?g(?&ﬁsgewcg&? oqméi é@’qnn th&rious’
ways to accomodfaeda ig pdantede dThQ&Oatend,uwheap;ﬂ:tmueﬂmy The

conposi te Caﬁibenkﬁsﬁukéteeréétes a ﬁﬂbf%éEthﬁhSreS&ﬁrbﬁ¥bfi a5 &
pellets, or as a:po conventi o

usj a extrusion, gn spray arying
net hods, regﬁlevcé?ﬁ ey &PIL We‘f‘P?qﬁ'e"%ﬁgsP? the ?%?&n.ﬁnaﬂ dahidiy
powder, chlori t e Mygtacnongwphrthat emrmad 1f/owoetld bimd@éie slekol ving a

chiorite source igexhiRidionhi | i 5 doiing?ils no efKILidis: thg sof ution
t hr ough nozzl es of a,s e solution’is; transforned

er
into spray dried? rm1n8§i¥Pc?§ th?tﬁ?ﬁﬂﬁrt éF@g S ol $fPR3ER &9 Petahayel one
separat or told solta desphvsipally ctaated ¢bebabbyotented) ut3rathdiragehebe of

bet ween about ' 5 %&daaEQHse&5£bﬁEé¥ﬂE¥5conIQanng t R ddealveS iR i8N L8y

stored in a dry atnR g "tea égbﬁior coatlng on the container. Paper
1mpregnated w1th the compos;te generates sufficient
chlorine ledee to protect the seeds Although any

15 seeds can be protected by the coatlng, edlble seeds such
as corn kernels, sunflower seeds, or soybeans, remain fit
for human consumptlon once they are coated. Thus, the
coated seeds can be provided for plantlng or for human
consumption after they have been coated.

20 The surface can be treated w1th any of the
compos1tes of the present 1nventlon by conventlonal
coating, extrusion, lamination and 1mpregnatlon methods
well known in the art.

Another embodiment of the invention is a method of

25 preventing the growth of fungi, bacteria or molds on a

~ surface and/or deodorlzlng the surface by treating the
surface with a comp051te that does not release chlorine
dioxide in the absence of m01sture, and exposing the
treated surface to moisture to release chlorine dioxide

30 from the composite into the atmosphere sﬁrrounding the
surface. ' ' | '

'A'preferfed application includes a foot powder for
preventlng athlete’s foot and other fung1 The powder

_ can be applied directly on the surface of the foot or can

35 bé incorporated into a shoe insert. The compos;te can be

' applied between the cloth covering and foam pad of the
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19 the chlorite parti.cles are made, they are fed into a fluidized
~ bed. The hydrophobic material containing the ~acid rel easing agent S
aerosol i zed by passing the ° naterial through small di arreé,ﬁb nozzles into
t he chanber WO94390he f| ui di zed bed where it can inpinge u 9649199
fluidized chlorite containing particles. Upon contact - With the
fluidized particles, the chlorine dioxide rel easi ng powder is formed as
t he hydrophobic materi al solidifies tozﬁor m a hydr ophobi c core having a
| ayer of 10 <chlqrite particles enbedd éjr e t hereof.
Aggregation is ARG ASE e c LORESFHRE EEFt %?@% 2%af& hard
i nor gani ¢ nat er i algreghatedavki cbased aon tahesrhobecounteacéaagmbem landng.seal ed

cont ai ner . nlorid fd%mghégs?ous | e dine[{;e&ré%faa qﬁh%o%%, 15

anhydrous particle as an m su C|um
sul fate, magnesi@#A I'léh‘ﬁel‘s"atfém“o‘rfiha FMRQsite into ghg é?’éﬂskhﬁlf%écbé‘ll can be

included in she fdnyuﬁ z61d @eddorizetthd GHBeA NirkkUpowaér cdEDbd dleadielc! es
and anhydr ous ﬁaéo%v@n%gaplfehﬁgpéfé{[e%‘tss %% h' chegafig! aé’?xfrf‘ét%%%ﬁéo‘c 20

chlorine dioxide't I's ca
anhydr ous parti cfeagranees| @écﬁéaﬁﬁ%% #ﬁ%@ﬂfe: t°1ﬂP§ﬁaFﬁeS%%ﬂQﬁn|h9§&P0X|de

rﬁ|eﬁshng Eorderaéia(ﬂ%$ﬁm1num cﬁbbfﬁ&dﬁaﬁb(Dﬁddecyﬁhea§61d, and Although
fjegcr?/b(ragpalbol/g ‘?%fl"tq‘r?ésreggn%ggl pav gWasE ga'?t 2"1553 8%2 %ﬁg ﬁ@tcﬁg‘ Chiorite
powder cont 30ns ingrediendiskand uvsedl kalbath mldlershbnrpe‘edeﬂmemﬁdm@phobl c
treating jock itch.
' The powder can also be applied to carpetlng to
remove odors from the carpet. Ingredients commonly
incorporated in powdered carpet deodorizers or cleaners
15 can be blended with the powder of the present invention.:
The composite can also be formulated in microcapsules
‘that break after being stepped on and are then activated
by moisture. Such microcapsules can be impregnated in
floor, shower or bath mats or can be used in carpet
20 deodorization. ' o
' Another use for the composites is in providing self
sterilizing packaging, which is particularly useful in
the medical industry. The composite can be coated onto
tubing, connectors, fitments or other components as
25 separate layers of the_nydrophobic_or'hydrophilic
- material on separate components that are activated upon
- being pressure fitted together. Tubing.fi;ments used
with intravenous bags, for example, can be treated such
' that a surface of one tube fitment is coated with a
30 hydrophobic film containing acid releasing agent, a
' surface of another tube fitment is coated with a
hydrophilic'film containing chlorite, and the treated
surfaces of the fitments are interconnected in the
presence of molsture to initiate the release of chlorine
35 dioxide from the treated surfaces into the atmosphere
-surrounding the matefial. Fitments for in-dwelling



material preferably contains a | ow nelting hydrocarbon wax,
chl orohydrocarbon wax, atactic polypropylene, 30 polyethylene wax, a |ow

~nol ecul ar wei ght pol yol efin, derivati zed pol yol efin copol yner, or
m xtures thereof - An acid rel easi ng wax, such as a hydrocarbon
solution of .- -a phosphorylated |ipoglycerol reacted wt:
al koxi des t oW M08 ni xed anhydride P-O-Si bonds, is 35 gF%%%#&@ﬁgas t he
hydr ophobic material. LPOSI is a WO 96/ 39028
PCT/ US96/ 09199 . - 20 particularly
suitable acid rel easing-wax for use in Pfeparing the chlorine dioxide

rel easi ng powder . I f_the acid rel easin Is extruded at a
viscosity beﬂﬂé@?t&!?éutn%d]aﬁﬁi RRFICORGHH éF’thW’cﬁ!ngWIa8§°3F 5
bet ween about 1 arerizkeyt pébcutdnstiameiceessa tobestspmaybags amkl obheen wax

between about 5 %ﬁ%légguhe?ggeéaﬁ!ﬂigiéonbe trQaEQEtfH a&%d¥ﬁa%b%t%gth

In addition to formation nposi tes of the

a present. inventi ofbdgnmeeheds M@é’eﬁi’-qn@lﬂy °§8FV€?E s°‘!c? Qac&gﬁgﬁopanl P

: fcalsf l Bg or otger sa;pmlreaaeaoao proviRidieddf Theridbipirg tradaying dpplied as a
-filmby using

<BYRCLO! IRl Lyl oC9RE s ApgOal . CUrtain coat,

dry wax, wet max“wﬁﬁﬁa}an1na Ffon processes e conposites can
al so be provided -as aTthéﬁmRQS-TBe OfCCFr?&oi’eGSGFtalWY%‘F‘b’tﬂnsﬂ@rssééfpe‘:ted
hydrophobi ¢ and hyinanhi bheteria on the surface of meats. However, it

was not expected to penetrate a ground beef patty. It

10 has been discovered that chlorine dlox1de evolved from
paper treated with the composite can effectlvely
penetrate the ‘full thickness of a patty and kill bacteria
such as E. coli and Salmonella that result from
contamlnatlon durlng meat processmng E. coli 0157:H7 in

15 talnted meat has caused death and severe. illness and
appears to be especlally resistant to. cooking, fermenting
and drylng In a typlcal operation producing meat patties
for commerc1a1 consumptlon, meat is ground, extruded and
formed into patties that are_separated by sheets of

20 coated paper that prevent adhesion of the individual
patties. After paokaging, the gfound meat can be exposed
to chlorine dicxide over a period of time when in
refrigerated storage to kill and inhibit the growth of
the bacteria. o

25 The following examples are presented_to describe
preferred embodiments'and utilities of the present
invention and are not meant to limit the present
invention unless otherw1se stated in the claims appended
hereto. ,

30 - EXAMPLE 1 n

A hydrophilic material was made that contained a 7

wt.% solution of sodium chlorite in an amide mixture
composed of 33 wt.% formamide, 33 wt.%. acrylamlde, and 33
wt.% 1sopropy1acrylam1de. A hydrophoblc materlal

35 consisting of a 40% solution of a copolymer composed of
33 mole% maleic anhydride and 66 mole% styrene in .



« material as shown in FIG 3b, or as a nultilayered conposite 14
I ncl udi ng a separate hydrophobic | ayer 16 and a separate hydrophilic
| ayer 18 as shown in FIG 3a. " The hydrophobi ¢ and hydrophilic |ayers
" can be applied by 20 casting the hydrophilic layer onto a su?strﬁ}e 20
and t heWO@682R%g t he hydr ophobic |ayer onto the hydroBﬁH‘”ﬁ!‘m9 ?
| ayer, as illustrated in FIG 3a. The nultilayered conposite or
single layer can be applied in conjunction wi th noisture regul ating
| ayers 22 to control the rate of 25 noist@B8e ingress into the hydrophilic
material or hydr ophobi ¢ material to control chlorine ghgfid%lrelease
fromthe nmultil a§eRetbenARNSS PLESHAEHZIE (WA HPTade. T rephobic
I n order to genem&teridll efdasneotttexi mexéed witdD thec aptivophbli¢ asdtieriadlt. i s
useful to limt ' foay hydr.ophohi :
cont ai ning the a@lt}% Pgﬁ?&f‘aé’l%e ?llﬁe ﬁg’téﬁr%%f [E g‘ec)cé%) r g???%?esésﬁ}{ﬁecrelaérsea of
contact between sterted & w@égeggreh@ammfomh}mm@ﬁ dhecide i e

hydrophi i c bayespsénmdelidt @dedl fatbe. wititih FHve agnutes! &6 fedmwase can: be
obtai ned by cast] godfiS ure.,oJ48e2BHERL Ca APELINH 8RN bLE, T BALA ehd O 18
PCT/ US96/ 09199 dispersion initiated hydrolysis of the anhydri@gers with an
i nternmedi ate boupga@FyniaySlond? fbbAkd during hydrolysis reacted with '
chlorite anions to release chlorine dioxide. The release
‘10 rate could be slowed by cooling 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
15 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 low
20 melting solid was obtained (T, = 60°C) that tended to lose
" amine and form acrylamide upon prolonged heating above |
the melﬁing point. '
| l-(N-Diméthylamino)f2-carboxyamidoethane {DMACAE)
was made by reacting 0.2 mole dimethylamine (as a 40 wt.%
25 solution in water) with 0.1 mole acrylamide as a 10 wt.%
solution in methanol. The reaction was carried out for
' 6ne hour_at room temperature. After vacuum evapora;ion
of excess amine, methanol and water; the DMACAE was taken
_ up in methylene chloride, dried with magnesium sulfate
36 - and isolated as a low melting (T, = 45°C) hydroscopic
"~ solid. - | |
' ~ Both DPACAE and DMACAE crystallized only slowly and
thus could be studied in the liquid state at room
temperature. Neither neat liquid formed iminium
35 chlorite. However, 10-30% wt.% solutions in formamide or



regul ates hydroniumion transport between the materials as shown in
FI G 3c. The | ayered conposites of the present invention are 5

"intended to naintain a desired rate of chlorine di oxide: rel ease-

(ol es/sec/cnferr] of film in the presence. of at nospheric noi sture at
a surface- forwagk,gﬁggh of time required for chlorine dpexussmbmeabsorb
onto the surfaceée and kill bacteria or other m crobiological

contam nants. 10 However, | eakage froma container or exposed surface
reduces the chlorine dioxide concentr atlons t the surface because of
chl orine dioxide diffusion into the sphere. The chl orine di oxi de

concentration rele I n be
cal cul ated 15 catgﬁgfrﬂ' I é%ég%eﬁ%te é}i‘g‘}ﬁ'&e rEQ&§E? géfs%ét;grﬁdggﬂgﬁaa

~surface. Thus aquéprﬁéés&'b?ﬁgem%sq?‘éaﬂ&g’r@m&ﬂ&e Fﬁ%x" - conposite is

fornul ated so that it contains a Iarge ExaMen®Bgh reservoir of chlorite

reacting at a speed o SHEALCLRIL-Ife CABBANSALERLOIoA iad SRR B for

t he 20 desired time period of Sus tHlne er ef or e,
design of a chl orlayerdngxithe redebsitg am°untc8|§pésp¥%°su’i“?]a%¥ equdth:.on |
control | ed rel eassr aMldviael dabxide imGdnvans bhito abownt 0¥r0-hungile @ife

N0 acoount severdl e . itRRECEhaed Bl 18 ChborLger liggide igduct i on

rate 25 fromthaé“&)entrél release artl |on|ng
chl ori ne di oxi de fisomamdde B HREBEGPYH t%ﬁWltaHBdéoﬁFﬁY @pide melte Thg,s,

liquid and solid glixrasle dioriGeveestane solutlbabwasbﬁﬂépam‘ed rayever si bl e -

(reacted) f I on d t he er.
Ceoron ol Sobfl! oMeasSnl Brotpht pRAKARE dliGuP rdB8, L0 WA pSUURNAPT
preferred ext endemalrseﬂé@é;@ sys@eam@lltmtmteeénwater inp n%tmiﬁ?%ﬁs&fves
the chlorite resgiafignddyyi@nl irbrﬂéxast:.rr:.rﬁge&heicef waeétr odiTheul sed

e e Sehiein aebeane S MR el P 18
bi ol-ogi cal” of i ntisx @tsealﬁdecgygagneue@vgh n@megéum sulfate. .

s = The formation of chlorlte was detected by
ac1d1f1catlon of the reactlon product and the observatlon
of the odor and color of chlorine d10x1de by UV/Vis
spectroscopy ‘after exposure to dllute HCl1l. In some cases
the presence of chlorlte was further verified by _

20 observation of the IR spectrum. Characterlstlc IR
absorbance of chlorite at 830 cm™ verlfled 'its presence.

The follow1ng neat prlmary amines formed chlorite
when exposed to chlorlne dioxide: :
H,NCH,CH,OCH,CH,0H, H,NC (CH,) 2CHZOH, H,NCH,CH,NHCH,CH,0H,

25  HNCH(CH,);, HZNCHZCHZOH,

'HQNCCH,JE—-q > HoNC CHp) g—N 'NH
_ ' B \/ , and

HaN—CCHZJ g=—N_ " N=—CCHZ)3—NH,

Chlorite was also fomed- by neat secondary amj.nes
having the formula R,R,NH wherein R, and R; are,
30 .J.ndependently, hexyl, benzyl n-propyl, isopropyl,
cyclohexyl acrylamide, or -CH,CH,OH. These amines also
. formed chlorite when the amine was in formamide solvent.



“WD 96/ 39028 ] PCT/ US96/ 09199
22 optimzed to nmaintain the desired kill concentration for t he
requisite tinme at the atnospheric chlorine dioxide I eakage rat es

*inposed by the specific application. A typi cal Iease
mul til ayer ed W@ % e 5 includes water swellable filmns %%%93}39'%§

t hi ckness of © about 5 ml with a hydrophobic [ayer A and a hydrophilic
| ayer B as described above for the conposite. The hydr ophobi c | ayer A
contains an acid rel easi ng agent such axd an anhydri de and hydroni um.

I ons generated by anh dr| h droI The h hili

contains chlorite g%]réo F&\?P arYf?}PHé%Faﬁﬁ g‘% glgg%ﬁ“%l%en
sodi um chIoplastDC1zdeWKhh(ﬂﬂnmamnéesonr:sppnORYM@meQphnﬂEt

sol vent. The hydy 99 a@&hd hydrophilic layers are separated by a’
wat er swel | abl e |nterned|ate | ayer C 15 having a thickness 1 (typically
about 5 ml) and ' dlffusﬁbn nstant, D. The effective ion
concentrations Iﬂ —aqapl—rceid—-tce—m%::lﬂgundari es of internediate |ayer C by

t he | ayers and B are a st g fwneténnh Mf i5heydbdidxyl or beargRort
properties of layer C 20 -The internedi ate | ayer C can be conposed
of a wide - vari ety of materials since chlorine dioxide can diffuse
equal ly well 3 n B86h hydr ophobi ¢ and hydrogen bonded matrices. Such
materials include pol y| ononmers such @as . pgotonated and neutralized,
sul fonated, or phg Lﬁzt)?‘gH—CHzCHZIC!—NHCHaﬁchICHzCHz '
' " wherein n is 2 or

3. The isopropylacrylamide-acrylamide and amine were
also prepolymerized and film formed by heating to 60-70°
C in the presénce of about 0.01% azobisisobutyronitrile

10 initiator, providing chlorite so long as the film
temperature exceeded the glass transition temperature.
_ A hydrogen bonded amine having the formula
ReR,NCH,CH,C (O)NH, wherein R, is methyl and R, is n-propyl
when in formamide or iSopropylac:ylamide-acrylamide

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

20 solvent.

To determlne whether hydrcgen bonding was necessary,
a Michael addltlon process was used to provide a reaction
product of 2-propenenitrile and (i-C,H,)NHCH,C.H; such that
. the amine portion of the product did not have any

25 hydrogen bonding and the nitrile portion was very polar.
Polarity was not sufficient to generate stable chlorite
when the neat amine or the amine solvated in formamide
was exposed to chlorine dioxide. The nitrile group
blocked formamide so that the chlorite back attacked the

30 amine and decomposed the chlorite into a form that could



25 ol i go- or poly-al kenes such as pol yet hyl ene, pol ypr opyl ene, al kyl
acryl ates and copol yners thereof. - Li pid substituted pol yhydroxy

- al cohol phosphates and phosphosi licates and their mxtures with al kene
pol ymer s and oligomers are also preferred. Finely divided 30

anhydr ous sa esi ccants may be added to any of the . to
retard the rgégpﬁgﬁgto chlorine dioxide that is catalfgyys%ﬁ%@%

It has been di scovered that construction of a mul tilayered conp05|te
wherein the arrangenent of the 35 layers in the conposite is defined by
the formula C(ACB)[err]C (wherein n rééresents t he desired number of
IF;%/S?JZQG /09199 notvgegtye%%%%érted to chlorlne d10x1§§ Thus 'prltfvlwt?és

periodic pul sed ¢¥§QQ¥§¥a§fthﬁghamcmﬁﬂﬂﬂneﬂnqdns envirofimeri Hriesstdwaxhde

over several weekflHin®@iBkideWed the cHiWhried §6hessaunsdinie GeOkdi-Aat ed
to the grow h, an i ncubatlgn and contam nation of viruses, nolds, fungi

and, -5 bacteria. 8%time and peak concentrations’ of chlorlne
di oxi de woul® be conﬁb@lhydrbgenrhondgdﬂtertlaryhamkmessqfcﬁﬂenﬁdnmuaad

anhydride | oadi gy .ratl0whBSe¥RI®l and R, HHe h{éEh 1%1&&‘%@“9“ pag ghics
of layers A B FiCwhdge ad R g 'y ﬁé%f%ﬂ[err]

Pul’s rele curs each | ayer
is 10 success?{;éﬁyfl&gﬁeWFﬁFe%ﬁ&*/ﬁtzee%s Pnélﬁ’al‘i?/o‘?’f)m um i ons.
Structures of typﬂmmﬂabydanrzlsmldmrannyiaﬂhéeeaﬁdlﬁormed a stable

chlorite. Amines whereln Rg is. benzyl R, is cyclohexyl
10 and R, is dodecyl or wherein R;, R, and R, are n-butyl or
ethyl groups were insoluble in formamide and could not
form any chlorite. (CH,),NCH,CH,N(CH,), was soluble in
formamide and yielded chlorite, but did not yield
chlorite in isépropylacrylamide-acrylamide although it
15 was solubilized by the solvent the amine when neat or in
acetonitrile did not yield chlorlte
Thus, it was discovered that an amine having a
nitrogen of suff1c1ently h1gh pK solvated by a
hydrophilic material or- substituted by hydrogen bondlng
20 groups, such as hydroxylic, amlde, primary amine or
secondary amine substituents, forms chlorite by reaction
with chlorine dioxide. - o '
The amine-chlorine dioxide reaction as described
above was repeated wherein the amine was dissolved in
25 various solvents to determine the effect of the solvent
on reaction efficiency. All chlorine dioxide was
released in water. More chlorine dioxide was released in
glycerin or ethylene glycol than was released in
methanol, acetonitrile, methoxyethanol, ethanol or
- 30 ethoxyethanol{' Chlorite suspended or dissolved in a
hydrophobic material, as a dilute solution in toluene or
benzene, andfexpdSed*té chlorine dioxide reacted with '
chlorine dioxide but only released a minor amount of
- chlorine dioxide when acidified. Many of these ‘solvents,
35 such as ethanol, will not retain chlorite counterion for



*a mxture or enulsion of A and B of a phase size of bet ween about 0.2
and about 100 microns. The materials of construction for the CDC
conposites can be the same as 15 those used in making the C(ACB)[err]C
conposi tes. ~Additionally, a nultilayered conposite C( err] C can be
made in or dewaes39028vi de pul sed rel ease as descri bed @US96/09199

Pul sed rel eases of chlorine dioxide that vary from 20 about one day to
~over about 200 days can be achieved for -5 ml thick AL Band Cfilns
" by separating the hydrophobi c .l ayer A 82ntaining the acid rel easi ng
agent . fromthe hydrophilic layer B containing chlorite anions

an internedi ate |1p& t@r@aﬁéﬁF@%fu@Lﬁﬁﬁoﬁlﬂlﬁgu@a@}}?@l% 1%?&?@&@&%@%

transport rates. with a strodfecbse S5l vetladaseheaphbotite edudftexionl tiple
| ayered filmcan be calculated as provi dﬁ':%u& arrpl e 16.
Applications for the conposites are nung conposites can be
used in nost any envi RAoamest thmeraareaononoewpegmtbte@ Wittt s tslax twiapplascur .

The conposi tes cajrdips, sueﬁeﬂstm@nav@qtn Aed) Vwkhiﬁgﬁmhdﬁzcﬁz@@@bmz,
“viruses and bac erl l? e’S@%F?I é@m a_ne gA geodorl ze
the material by t g 3 C) 2p £OTY PRAES s not
rel ease chlorine ﬁﬂmﬁmga n Anénedsthate WEBSUbﬁ'QJ-Bumdz widid sdegbsi ng t he
treated surface tfdmRirSig¢blpt? namelg; elcansacatr/d (o9 Nt oxeds) from the
;(c):'rrr%gs;taleolg%g ek, New,cr,C )%?{(1- X)) and i-C,H,N{(CH,CH,C(O)NH,),, did
10 not form stable chlorites. However, those with linear
alkane lengths greater than or equal to six, such as
n-CeH, ;N {CH,CH,C (O)NH,), and n-C,,H,N (CH,CH,C (O)NH,),, did
form- stable chlorite in formamide. It is possible that
once the apolar chain length had achieved a certain
15 length, a microphase separation into micelles with
discreet hydrophqbie regions surrounded by continuous
hydrophilic regions took place. The destabilizing apolar
phase was thus removed from the reaction environment.
| . EXAMPLE 5
20_' The following polymers were synthesized,

- characterized using NMR techniques, and evaluated to
determine physical properties and ability to uptake (and
release) chlorine,dioxide:

[ -CH,CH,N (CH,CH,CH,)} ~],
25 [~OCH,CH(CH,N(CH,},) -1,
| [-CH,CH (OCH,CH,N(CHy) ;) -1, |
[-CH,CH (C (O) N{H) CH,CH,CH,N (CH;) ;) -1,
Of these polymers, the last polymer has the most
_ flexible amine.containing side group and exhibited the
30 most efficient ﬁptake ‘and release of chlorine dioxide in
S formamide that is a substantial improvement over that
demonstrated w:th 1n-cha1n amines. The polymer was also
soluble in molten urea. _
. EXAMPLE 6 .
35 The following.compoﬁnds containing an N-amido
linkage and a tertiary amine center were synthesized in



24 at nosphere surrounding the material. The treated surface IS

generally a portion of a container or is part of a substrate placed

wi t-hin the container. The bi oci dal at nbsphere generated within the
5 contai ner can-be used in storing food products i ncluding bl ueberries,
raspberries, _%mg%r ries, and ot her produce, ground -bepdT/sYs09198
chicken filets, and other - neats, enhanced foods, pet foods, dry foods,
cereal s, grains, .or nost any food subject to bacterial 10 contam nation
or nold grom h. Bar soap, |aundry 'deteg ent, stored paper docunents,

cl ot hing, paint, and seeds can be protéecCted fromnold growth. Medical

Instruments, deviges 2BomSEPHh!@te %:‘i@sboﬁ&iﬂbsﬁﬁ‘f@ﬂ&? or sec¥ndary
nondi sposabl e persqnal careaﬁroducts can bﬁ aterétlze 151%%ﬁprevent a

m crobi al cont amia¥3on SORLWR Granpte. and, hyprgehleorye ¢t SesgepRe
sterilized to kilby J. Mamthy obAdwranacmst Hinn OrganiasCemiGuns: Re@@tarh etic
~shoes, di speaRbG i ERSt ¥RAT st Ak, UdenCRa , al SehPevilidy Mwed, p. Wwhen
t hey are contai ne mntﬁln a treated.container. 20 Convent i onal
containers cah b@03sdd?9d¢h as paper board or contai nerboard boxes,
corrugat ed, nonwoven, = pl astic;, or-polyneric nultilam nate containers,
cel l ul osic, plastic oMepafid) PES(0)dEed packets, or waste: cont ai ners.
25 The treat ed HYMRE ateScahr be % ZredafBl eSo?r df shosabl-e mat or
sheet including a dental _tray ? fr'qg, a surgical - tray covering, a -
shower mat, nonwoven ggﬁgéﬂgﬁﬁé é §é33-§g g.z5Meat cutting board, a Iiner
for drawers or.shelves, an “°°' ITK*H%' Or é?ﬁletic bags or gym |l ockers, a
food wapper, 30 a paper sheet for,sgparating hanburger patties, a neat
packagi ng tray, an overpouch such a¥ tth%Lh§ed in packagi ng

i ntravenous bags, a fresh fruit sepa to&_gy'—“\; @ox |'i ner, an absor bent
pad for poultry, neat, seafood or pro uce, or'\an_absor bent | ayer for .
use in diapers. Such ' >=:°

10

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,

indicating that tertiary amine compounds with N-amido

15 substitution of their primary and secoﬂdary amines can

' complex chlorine dioxide, when dissolved in a suitable
hydrophilic solvent. Addition of urea to the formamide
clearly improved the uptake and release efficiency.

EXAMPLE 7 |

20 Up to 50 wt.% of the tertiary amine
dimethylaminoacrylamide (DMAA) was“added to hydrophilic
solvent containing 50 wt.% urea and 50° wt.% n-
methylacetamide (NMA) solvent at 50°C and quickly cooled
to room temperature. The solution remained single phase

25 indefinitely at room temperature. ‘The same behavior was
noted for the addition of 20 wt.% DMAA to a solvent
containing 33 wt.% urea, 33 wt.% NMA and a3 Wt,% sodiumn
acetate, a solvent containing 35 wt.% urea, 55 wt.% NMA
and 10 wt.$% sodium methoxide, and a solvent containing 70

30  wt.% urea and 30 wt.% sodium acetate. '



« 35 mats or sheets are typically nade from paper, cellulosic,

pol ynmeric, woven fabric or nonwoven nmaterials. WO 96/ 39028
PCT/ US96/ 09199 25 Such a

“ method can al so be used to coat the surface of a seed hé@t t he
seed from noWaS6BEME f ungi during storage and to prot eg 8%??
mycotic growth when the  .seed is planted. The coating, when activated
by 5 noisture, creates a m croatnosphere of chlorine dioxide - in the
soil in the vicinity of the seed and inhib34s nmycotic growth that

normal |y woul d i npede, seed . germ-nation. This coating has no_effect
upon the ger m naPPoRPBYS Wk#gﬂﬁﬁf Wergegﬁgo?ﬁs ‘bfh§§&35188t°ﬁave 10
to be- physicallyid@auaé tbokideriot eEntdneuandavére akeexwed to rapidlyl osed

cont ai ner ‘cont ai gt hsna%ie{&ésat&{a %mame dloxﬂﬁékﬁtr cie8d bag" or

coating on the contal ner. gna ed Wt ilte
gener at es ‘suf f i GTERE gr°uP§h]P%ﬁ‘?1Fﬂa td?eo%'eéé tenpPievrd § t?é‘@&? 1Y Al t hough

any 15 seetls ane KenplopBCHLHy Hyirophdliognateskidle. weedaedioh the as
corn kernel s, syfd;awgg ggeedsg, s%ﬁgﬁﬁpé¥%ﬁﬁiﬁe§§”@é§ ééén(% See%OBOhHQBQ

consunption once the are coa e s can be
provi ded for pIéﬁFFHé OoWts & NYATRMAA MiXtysgsaRdt b 3% vdr % NEPahade been
coated. 20 wt . EhaMaAUB S awe. € agodiaunt aeetadew t MAA midituree while the

DMAA - 35 wt.% urea/55 wt.% NMA/10 wt.% sodium methoxide
10 mixtures remained clear.

Upon aczdlflcatlon by 0. 1N HC1 (pH<5), complete
release of chlorine dioxide from all three mixtures was
observed up to 30 minutes after formation oflﬁhe chlorite
salt. The release of ¢hlorine dioxide was estimated by

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

20 sodium acetate completely released chlorine dioxide after

- two hours at room temperature. However, only one third
of the chlorine dioxide was released after 24 hours at

N 5°C, with no chlorine dioxide being yielded after an
additional 24 hours at room temperature.

- 25 ' 35 wt.% urea/55 wt.% NMA/10 wt.% sodium methox1de
exhibited the greatest chlorite salt stability in that
cdmplete release was noted after three days storége at
5°C. Complete release was also noticed after 24 hours at
room temperature. The presence of a strong inorganic

- 30 '_base greatly improves the stability of the chlorite salt

S in urea based solvents.

A 20% DMAA - 35 wt.% urea/55 wt.% NMA/lD wt.% sodium
methoxide melt was examined at 60°C.for up to one hour in
300 MHz proton NMR to see if any DMAA decomposition

35 occurred. From the toxi¢ological point of view any



o ——r -

.chl ori ne

‘preferred application includes a foot powde

conposites of the present invention by conventi-onal coating,

.extrusion, |am nation and inpregnation nethods well known in the art.

Anot her enbodi nent of the invention i's a nmethod of 25 preventing the
growt h of fungi,- bacteria or nolds on a surface and/ or deodori zing the
surface by trqg; surface with a conposite that @%ﬁh%?ﬁnﬁﬁ'ease
I 'OXI e |n t he absence of noisture, and exposing t
treated surface to nmoisture to rel ease chlorine dioxide 30 fromthe
conposite into the atnosphere surrounding t33= surface. A’
or preventing athlete's

foot and other fuggloupdie RS cne il B SRIEBAGLT SRLEY 80 Wic

surface of the foo I ncor por at ed nsert
conposite can be acﬁyl%ﬂﬁﬂq(ﬁ?“ﬁétﬂéehlgmkycHQQQ?%ﬁ§héﬁrng and foam pad of

t he WO 96/ 3900 decomposition was observed over the offTHd¥96/ 09199
26 oShoe I nsehly, LrEONaed MELDI Bulde J0ATRY B80nagtes weddP! eOnal el

or cpated on a shoe ¢co upper GF oXi e generated
from noi st ur edwi t ekPEEYRA Jiataween 5d4fpme$etf maNe WereoAPeRi t eSPMR 0 t he

atnosphere to Ki Ibo@:ﬁéﬂgs&lendo@eeﬂerusea Wil HeRRalEREHPOVEIEbiEsHE and

bl ended with conventi qQnal: in redi ents, s nst.ar.ch
fragrance, nlcond?3$% rﬁtéﬁﬂﬁ? g ?@I%F fquﬁfm-bokﬁﬁ futk "Soéd lka

after heatlng at 120°C for two hours, much above the 50°C
at which the DMAA was mixed into the urea based solvent,
10 revealed exten51ve polymerlzatlon of the urea_that was
evident from the increase'in line .width and the
compllcatlon in the urea resonance between 8 and 6 ppm.
" However, no alkene acrylamlde resonances were seen.
Thus, the 20% DMAA - 35 wt.% urea/55 wt.% NMA/10 wt.%
15 sodium methoxide system produced no toxic alkene
products. ' |
To avoid varlablllty in chlorlte stablllty from
incomplete drylng of the solvent, 40 ‘wt.% of carefully
dried urea (vacuum dried: 80°C, 18 hours, 0.1 torr) and
20 60 wt.% NMA (CaO overnight reflux and distilled) were
mixed and heated for 18 hours at 120bc; Alkoxides were
first 1solated as dry powders by reacting the required
amount of clean sodium metal w1th the alcohol and
isolating the product by washing with dlethyl ether. all
25 mixing was'carried out under 4ry nitrogen atmosphere.
Predrylng of the urea/NMA m1xture resulted in room
temperature stability of the 1m1n1um chlorlte salts for
at least one week at room temperature. '
The desired amount of alkox1de was then dissolved in
30 the urea/NMA solvent us1ng minimal heating followed by
DMAA to form a clear viscous liquid at room temperature.
The results of the'chiorine dioxide uptake and release of
several urea/NMA/DMAA/sodium alkoxide hydrophilic
. material composites are presented in Table 1. Release
35 characteristics are based on a relative scale ranging
from excellent (9) to poor (1).
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mixture at that stage and not the_final.composite.

‘Methyl and t-butyl alkoxides are commercial produdts.

Percentages are based on material already present in the
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Based on amine

¢ These experiments were done without predrying of the urea aﬁa
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27 cat heters, needles, peritoneal dialysis, percutaneous devi ces,
per cut aneous access, col ostony bags and other =~  nedical devices can al so
‘be treated in accordance with this nmethod. Additionally, closures on a

package can. treated to provide self sterilizing PHMAEoEEH19P
nmedi cal devi gg’s’fg?@gtrunent s and supplies. _ The conposi f}glg‘) t he

present invention was expected to kill bacteria on the surface of
nmeats. However, it - was not expected tS penetrate a ground beef patty.
It 10 has been discovered that chlorine d”dxi de evol ved from paper '

treated with the co site ffectivsl N : t hi ckness
of a patty and kil TTE}%&_ ngggcg.éﬁc_ﬁ_aa?]éxlggl ngﬁ%%%ﬁn%%glﬁféﬁ hat result
from cont am ¥eiiom ehdongtaeatalilbidessi fgwerereothe Addityrn of15

tai nt _edI Ims*at ha&n&@&eﬁndeashmand SEVerime |ldioxideapér mole appaatinet 0 be
especially resi st to. | . 4 nel. drvi ng.4 .0, a typical
‘operation pr oduc‘vﬂ‘%}t tr?é%tl%gg%’t ?ggrégéé@g' tééqug'(%lr%lgg?t%o%%% ﬁ%n , heat is
ground, extr@ided andExcellppEndeng ntermatabiditHavasr fourdAtat@®™y sheet's

z}t t 20 clczat ed pﬁ?ﬁfeﬁat%trepﬁafeehe agﬁﬁegﬁés)rtdﬁftaﬁ.hﬁn'gnﬂ?;%i Sl um patties.
er packagi ng, _the .qrou neat..can. be expos . 0 i.ne di oxide
over a period ofeQHQﬁgakheaqﬁnso R T FgFgglgfo?%%eﬁééEQﬁﬂ.' and i nhi bit
the growth of butatislehadnethat @f least 60fheff heodhherm@ufpicxddsr e

_pﬁgzent ed to des,eers't %masgdpﬁgsﬁra@mﬂmi@nb; end phasé tdMerofthiree
Do o N iR, So iy T PaeiEphl £ o pmgs
: - in the chlorine dioxide release was noted after one week,
these phaéesiwefe COnsideréd indefinitely stable after
one week. - -
. . EXAMPLE 8
15 In order to make a hydrophobic acid releasing wax,
hydrocarbon wax (T, =60°C) or atactic polypropylene (APP)
was first melted at 70°C under nitrogen with stirring.
An equivalent weight of glycerollmonostearate or glycerol
distearate was then dissolved in the molten wax or APP.
20 Two equivalents (based upon phosphorous) of powdered
phosphorous pentoxide. per three equivalents of glycerol
compound hydroxyl functions was slowly added to the melt
to avoid clumping. After stirring the melt an additional
two hours at 80°C, one equivalent of
25 tetraethylorthosilicate was added and the immediate
evolution of ethanol was detected. Stirring was continued
for an additional four hours while slowly_raising the
temperature to 100°C and purging the mixture of ethanol
7with a 1l0ce/minutes flow of'nitrogen. The reaction flask
30 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 (LPOST) startéd at about 60-70°C._'The viscosity of
' the wax was 100 cP at 100°C.



* 30 EXAMPLE 1 ; A hydrophilic material

was made that contained a 7 wt. % solution of sodiumchlorite-in an
am de m xture - conposed of 33 w.% fornmam de, 33 wt. %acryl am de, and

© 33 % t sOf g)yl acryl am de. A hydrophobic materi al 969(% %’[I ng of
a 40% sol utlYYﬁ9 903 copol ymer conposed of 33 nol e%ma S AN ydri de
and 66 nol e% styrene in | WD 96/ 39028
PCT/ US96/ 09199 28 et hyl benzene
pl asticizer was then rrade The hydr ophobi c38 -mat eri aI was vortex m xed

with the hydrophilic te Lat t wo
di sperse materials the'g Ef%ﬁ?%% for, §’§F§Fﬁéﬁg éﬁ%%% cac;’f cenl g%#ég gl oxiggele in
the 5 absence offcadded.watWremilyinelyzed, nehliesn digyge and atenperature.

~Interphase diffusi-@Bh81 i ¥ok eLraM dd¥nagt. he “dispersion.initiated
hydr ol ysi s of tlﬁse a%hydriigg% Hydroni umions forned during hydrolysis
reacted with chlorite anions to rel ease chl orine dioxide. The rel ease

10 rate could be slowed by cooling the mxture to O[err]C or by
increasing the viscosity of the mate

EXAVPLE 2 1- (N-dl,proo Yl ng A
was made byreactlng02m)le |(n g

2-car boxyam doet hane ( DPACAE)
|)amine with 0.1 15 nol e

acrylamde in the presence of snal unt of acetic acid as a 10
W .%solution in nethanol. Th 60-80C

Q ' o

| ; —LL/\/\/\/\/\/\/\/\
Ho--||=—-o _
OH h» -l 0
i
o—

P -0

S1C0C,He) ,
100°¢C
0
- T, HOH 1l
Go—F—os
0o o
[ I
0—51-0—F—08
O""l;’.—-o 0

I :
CRO),—P—OH + §10,

5 . Chlorite powder was prepa.z;ed by first dissolving
commercial sodium chlorite in dry methanol at 3% by
weight and filtering the resultant solution to remove



reaction was carried out for 3 hours at 70[err]C. After vacuum

evaporation of the excess am ne and crystallization in the presence of
pentane, a white | ow 20 nmelting solid was obtained (T[err] = 60[err]C)
that tended to |-ose am ne and form acryl am de upon prolonged heat i ng
above - the neltin oi nt .

1- (N-Di net hyl‘¥91 ﬂ%”)”?’z?cgr boxyam doet hane ( DMACAE) was ﬁ&'&@kﬁ?’?’éact I ng
0.2 nole dinmethylam ne (as a 40 wt. % 25 solution in water) with 0.1 nole
acrylamde as a 10 wt. % solution in nethanol. The reaction was carried
out for one hour at roomtenperature. ¥ ter vacuun1evaporation of
excess am ne, nethanol and water, the DVACAE was taken in met hyl ene

chioride, dried SPERTREHERINARS HMPHFAtE0 Tl&?ncFl}JsQﬂﬂéteeé%sltaopoWﬁel ting
(TLerr] = 45[errthpnhgttosdapiinto an anhydro spray drieBotih BEAGAR: Bdgen

DMVACAE cryst al I'i zed, ggby ﬁ%xoé'ﬁgﬁr angelf Rlé#?ﬁﬁlﬁé: )&l’.{&%l&}‘lﬁﬂ?gg Jv{]t]:ti hc_eo—

liquid state at room ure ornmed i n hium
35 . chlorite. Pﬁﬁé%eﬁluﬂﬁ)QRﬁ%RMFnﬂggﬂlG%?%ns AﬁFQFbFﬁH#PBQ 5p 2 WO
96/ 39028 . 5 cyclone separa;or to 1solate_smalﬂmgﬂdﬁﬂﬁﬁbﬂQ&QQte

P ori te ooy aPLAEELSPOL U il SO IEoh e Eh | i VIR LRE"pbber was
chlorite when exposée orine di oxi

EXAMPLE 3 stored in a dry atmosphere.

Neat sodium chlorite powder or mixtures of sodlum
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 fluidized bed through a
nozzle of 7 mil in diameter with a nitrogen back pressure
of 30-80 1bs/in? to produce wax particles encapsulated

15 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 atmoéphere. In some cases anhydrous
‘sodium sulfate was postmixed with the chlorite-wax
particles (i.e., 1:1 post and 2:1 post in FIG. 4).

20 FIG. 4 shows the chlorine dioxide release rate from
200mg of several powdef composites placed in a Petri dish
of approx1mately 62cc volume with a leakage of 2X10-?
moles/sec Controlled release over several days is
'accompllshed at about 75°F and 40% relative humidity.

25 _ - 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
coating approximately 5 mil of acid releasing wax in a

30, low melting hydrocarbon wax 1609C=T;) onto both sides of a
piece of paperboard. Next, approximately a 5 mil thick
layer of 10% by weight, methanol recrystallized, sodium
chlorite in the iow melting wax was melt coated onto the
acid releasing layer. Another acid releasing layer of

35 about 5 mil thickness was then coated onto the chlorite



* The am ne-chl orine dioxide reaction was studied by 5 | ayering the
requi site anount of 6.0X10[err] .nolar solution of chlorine dioxide in

~ pentane onto about 3.0X10[ert] nole of am ne, either in neat formor

7 di ssol ved 10- 30 W.%in formam de or isopropyl acryla Ccel_ <BEh %@m de
melt. The WO ine dioxi de- pentane sol ution was prep? g"sgé Q:E
reacting stoi Chl ometric sg mchlorite with potassium persulfate in a
smal | anount of water in t'he presence of pentane with vortex stirring
in.ice water. The ‘super nat ant peént an@layer was then renoved and kept

dry - in a seal ed, cont er nesi um sul f
formation of chFBPF?én%\ﬁ% Wgtaf ‘é@r‘ﬂﬁ‘? i ca:ftat SO ﬁrS}l?ﬂer?]é%ﬁ? on
product and t hemebseiahtwas 0. 25 cof. the odor and col or of chlorine dioxide

by WV s Spectmcawoﬁfdeeralwaéu §a§@rmd el (0LDoSHBR &apes

the presence of chlorite was fturther veri ob serv tion of the IR
spectrum  Char ct8Pi BPmt were 1nte§l§§8?9aﬂb'éhd? ?ﬂﬂ%ﬁelresat 3B cnjerr]
verified it$ prehtoctne dioxide cohentebtbwn negas esdcqrdednay anfwest iaon ned

chlorite
H err] NCH err] V(\:I@f%er rf%(]é-fer rf('ﬁge e&-lpgkﬁéém err [g%?fwg?rr:}a-l
H[ er r ] NCHf er r | CHugi gth CHEERT P¥PR$ ¢

H err] NCH err] Clﬁbeth]aC]:hlornieerdﬂoxlde atmosphere Ciﬂ & idleseds Patsd distned by

neat secondary lebgga Vl ng,J4 @é Fw% tieé rt]ﬂg[ q-:ry fN,leé@eéfifh err]

and Rlerr] are, en Iy, I sopropyl,

cycl ohexyl 1°acr§’|e&ﬁ’ﬂ-déls}6f '@W 1@F'-IF—¥r PP@J—Femmr@mlﬁe§h§I Zgom

formed chl orit ewstencibse ath Ncharp meaBuieaiA tite SPB4ENGish because the
Petri dishes were of the *breathable" type where the
cover made contact w:i._th the base at a serrated edge and
no effort was made to insulate the Petri dish from its

15 surroundings.

In_this_donfigﬁration, the acid releasing layer was
placed in direct contact with the chlorite containing
phase and immediate release of chlorine dioxide was
observed 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
exponent1a1 fashion as shown in FIG. 5 (note that
detector error of  0.5-1.0 ppm resulted in less than
zZero concentratlon) However, surprlslngly, the

25 concentration peaks that were superlmposed upon this
_exponent1a1 behavior, were correlated with the
temperature'and not the relative humidity as shown in
FIG 6. .

- Three mold speczes, Chaetomium globosum (CG),

30 Aspergillus terreus (AT), and Aspezyillﬁs niger (AN},

" were grown in mineral loaded, but nutrient'free agar
slants using paperboard'as a nutrient. Aall growth |
studies were'carried out in accord with TAPPI standard
method T 487 pm-SS entitled "Fungus Res1stance of Paper

'35  and Paperboard " '
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30 The foll ow ng secondary am nes yi el ded chlorite when

pl asti ci zed mnth fornan1de or isopropylacrylanide- acryl am de: : _
[err] 5 and - - 0 0 [err] 3. The
i sopropyl acryj qﬁkﬂ’ acrylan1de and am ne were al so pr epehussgoissed and
filmfornmed eating to 60-70[err] Cin the presence:of about 0.01% -
azobisisobutyronltrlle 10 initiator, providing chlorite so long as the
film tenperature exceeded the:gl ass trf{mition tenperature. A

hydr ogen bonded am ne having the formul a

R[err]R[err]NCH[err] L2 r
i s n-propyl : vvhengiﬂc or mam BH Elhsg%?oﬁ?}f] ?ﬁl{'gmf&%lggsﬁ# %R[ err]
sol vent yi el dedtWR| ¥eeke. at}{ﬂﬂgbéﬁmpﬁﬁéﬁuFfedq] %gi} &éF@grap 1c

i sopr opyl group&omphﬁlsmmﬁ shHoweal @bﬁsmderabbécbrﬂWuhwaﬂter two weeks on
: the control samples, while no growth showed on the
5 controlléd release fllms._ The effectlveness of chlorine
dioxide in kllllng these three molds was evident from the
' two week study. '
EXAMPLE 10

In a delayed release system one side of a piece of -

10 paperboard was coated with an ac1d releas1ng layer

" separated from a chlorlte 1ayer by an 1ntermed1ate wax
layer. The 5 mil thick hydrophlllc phase in the chlorite
layer was a transparent ‘blend contalnlng 10 wt.% sodium
‘chlorite, 50 wt.% (NHzC(O)CH2CH20CH2CH2)2O and 40 wt.%

15 formamide. The chlorite layer was separated from the
acid reléasing LPOSI wax of about S mil thickness by an
unmodified wax layer of about 5 mil:thickness. The total
volume of controlled release material was about 0.25 cc.

A delay in chlorine dlox1de release was ‘noted when

20 the acid releas1ng layer was separated from the chlorite
contalnlng layer by an 1nterven1ng wax layer. 1In this
case, a peak in the release was noted after one day as
shown in FIG. 7. Individual concentration peaks
superimposed on'the averaged behavior were again

25 correlated with the temperature and not w1th the humidity
as shown in FIG. 8. :

The three mold species tested:for'in Example 9 were
grown in mlneral loaded, but nutrlent free agar slants
using paperboard as a nutrlent in accord w;th TAPPI

30 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. Photographlc comparlsons showed

' considerable growth after two weeks on the control

35 samples, while most of the controlled release films

showed no growth. In the few cases where mold did grow



* A neat hydrogen bonded am ne of the formul a N(CH err]CH err]OH) [err]

yiel ded chlorite, which was al so forned when the anmne was in
f ormam de or isopropyl acryl am de-acryl an de 20 solvent. To
" det erm ne whet hier hydrogen bondi ng was necessary, a M chael addition
process was WR¥38¥8provi de a reaction product of 2- prESFEREHIEM | e and
(i-derr]Herr])NHCH err]Clerr]H err] such that - the am ne portion of
the product did not have any 25 hydrogen bonding and the nitrile portion
was very pol ar. Polarity was not suff#2ient to generate stable
.chlorite when the neat anine or the anine solvated in forman de

was exposed to @it dtiencoarseided nekeafe LillsSyrenpy 2 singls BMELledEnan de
so that the chl afdd edspelsablackerhidrally, arhie sucleles wgzosedatrhe

chlorite into a a u 6
PCT/ US96/ 09199 Jfﬂﬂﬁ %Q hoia éﬁbres where @th égggzéﬁetectlve effgct
reconverted to MASodeRerated B¢ thepagregatRastructuRscovered that ami nes

in apolar environnents react with chl orine dioxide but the chlorite
ilon is unstable in such an enV|ron éF Non- hydr ogen bonded
tertiary ammnes of the fornula . R eT &%

r]NeH]vmaewlmmT]am
Rlerr] are nethyl e o ==
solubilized in fo

nanide Ol CG uoldopr
a stable

Gontrol |Growth . |erowth Growth

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

|erowth from [No growth |Growth from single
single mold . fmold spore (trial 1),
No growth (trial 2)

! agar covered with mold spores

10 ’ 2 paper soaked in mold spores

EXAMPLE 11 :

" - The porous paper used throughout these exambles had

one untreated side and one side that appeared glossy.
The chlorine dioxide release coatings were applied to the
15 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 approximately 3 ft, x 8
1n were cut to facllltate handling during the coating
20 process. The original paper weight was 5 mg/cnﬁ.

' LPOSI acid releasing wax was applied to the porous
substrate paper in a nitrogen filled dry box containing a
large dish of stirred phosphorus pentoxide using a wax
‘coater operating at approximately 190 °F. If multiple

25  coatings were used, the paper was allowed to cool prior
to applying subsequent layers. Once the paper was
coated, it was sealed in a dry atmosphere suitable for
storage. ' '



chlorite. Amnes wherein Rerr] is benzyl, R6 is cyclohexyl 10- and
Rl err] is dodecyl or wherein R err], Rerr] and R err] are n-butyl or

et hyl groups were insoluble in formam de and coul d not form any
chlorite. (CH3)2NCH2CH2N(CH3)2 was soluble in . formam de and yiel ded "
chlorite, but did .not yield chlorite in isopropylacrylgg6esasby! am de
al t hough it PO 68 o) ubi | i zed by the sol vent; the anine %i‘en neat or in
acetonitrile did not yield chlorite. Thus it was di scovered that
an am ne having a ni trogen of sufficiently hi gh pK[err] sol vated by a

hydrophilic material or substituted by hyd?%gen bondi ng 20 groups, such
as hydroxylic, am-de,_ ri anm ne .qr. . Y. tltuents
" GRTEY: 88 R Hiping, pEBERRL adHTita TUBR

forms chlorite by re I oXide
am ne-chl ori ne ahecmadelr sabut bon awsings 6r chatier oPeEMARY ks rP@E‘eat ed

wherein the ani RemaRsadi,$80! VRGygicia coue&hgugomﬂaﬂtvest prépheedi bg t he
effect of the solvént tion efficl

n chl | de was
rel eased in-wat érlrsﬁbpésﬁﬂ?'ﬁ?'?%eza%%ﬁnﬁeo\ﬁag i% %a%’érﬂﬂl r?yr%r°1q%'ﬂ§%§§| n or
et hyl ene gl ygol (HvaIP,was7x0Eded )i Ain 500 metdfamethanodt GQH-@W@@ by 1

e howyetfanol | ek Sbudf el EaBhicaCluiade, smmaenicd o

di ssolved in a materi al a u%%[ sol \lijﬁtét gl uene
or benzene h%?@eéﬁﬁb}%ﬂq%t’t‘fﬂ dﬁ%é‘sﬁ 0)’(1“’83 125ered chI orine
di oxi de but onl yoaliagsedezeniesiratmme sfingle substrate dqh@xuceetmen
acidified.  Many,f a}lﬁ%@v@dseev Soet%%eé‘x %gﬁ'héﬁtféﬁ'@nm'ﬂhé’“dﬂlo&@ter etain

chlorite counterion
PCT/ US96/ 0949 containing paper was then sealed in dry atmosphere for

storage _

_ Immediately prlor to use, the chlorite containing
film was compre331on molded at’ room temperature with the
LPOSI contalnlng £ilm to form a chlorlne dioxide

15 releasing bilayer composite. Pressures under 10,000
1lbs/in? were sufficient to induce cold flow and adhesion
of the wax to the chlorite containing £ilm.

Samples of each individual sheet of coated substrate'
bilayer were randomly set agide during the pressing

20 operation in order to quantiﬁy the chlorite and wax
1oadings. These sheets were cut, measured and 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:

25 = 5Cloy + 4H - 4Clo, + 2 HO + CI

indicate a ratio_ of approximately 0.l4g NaClO,/g wax for
optinium Cl0, utilization.



32 | ong term storage unl ess imni umchl orite is stabilized

wWth a strong base to retain the chlorite counterion.

EXAMPLE 4 _ Am nes :that are nonosubstituted with short apolar 5
‘groups, such as (CH err])[err]NCH err]CH err]C(O NH[ err],

(n-Clerr]H erwo)989028 NCH err ] CH err ] C(O NH[ err], and PCT/US96/09199
(i-Cerr]Herr])[err]NCH err]CHerr]C(ONH err], formed stable chlorite in
formam de. Am nes that were substituted with short apol ar groups,
namely (CH err])[err]NCH err] CH err] C( O NH{4 - C[err]H[err]) (n-
Cerr]Herr])NCHerr]CH err]C(ONH(i-Clerr]Herr]) and’

i-Clerr]H err]N(CH err]CH err] C(O NH[ er /BABLE 8] , did 10 not form stable
chlorites. Fbwever those w th |inear alkane | engt hs greater than or

equal ‘to six, s@ ] 1)lerr]
d H 2
and -G er' ] of FLER e{si"%éf;% LR T

stabl e
l ength had achi ¢=v8’8x T2k | engt §,°RHPIPophase se

3%hdi n
m celles witd 1:dI screey hydf opnQqy ¢ [regions s rrpuglde(ﬂ by .ggnt ijnuous
hydr ophi l i c regi phasd was

)arati on ijnto

thus renoved fr¢m3I+e rleact Hon e1vii@ﬁnedt. 3 63 0.25
EXAMPLE 5 20 — ot owmg—potymers WL T byltne§|zef, 0.21.
characteri zed u$i n%:'q\II\/F tecﬁ‘nl ques, dnd dvaluated ko det €’ ng
physi cal properf{i ez;-zmd abibity to qupsakdg (ang Let eage)octdeorijne
di oxi de: oK er ] -CHl orr I NCCR-er ] CHf-e¥ + }-CH e+t —J-errH 25

OCH[err]CH(CH[err]N(CH[err])[err]) ]Ilerr]

1 G ) B LR R EReb A} oo from,

O these pol@rrerfsu,lntshalbastwptﬁxwumudla:y and hemperature fwasx imighd tamede
contai ning si de jgf QUpeRRY ax@nbaﬁ@& ta!l%xo%%herﬁ!?%oﬁéiﬂfdrfsnhs&%atﬁeand

rel ease of chlorine dioxide f or mam de t hat a subst ant] al
i npr overrent .overSSATEF Systemd%%rg%% Aezkage; Fars. Eﬁ%‘f’r?‘éﬁﬁynéafscfﬁ?eﬂol ymer

was al so in Example 9. Samples were monitored over several days.
FIG. 9 shows a typical plot generated from data acquired
15 from a sample composed of sheets with two coats of each
phase (2:2). Samples were monitored at sevéral different
loading levels. All samples showed an 1mmed1ate maximum
release of 10-20 pPpm chlorine dioxide within the first 2-
3 hours followed by a very gradual reduction in release
20 over the next several'days. Higher loadings served to

increase the max1nmn|1n1t1al concentration and prolong
the release.
_ _ EXAMPLE 12
2:2 loaded papers were used as separators between
25 ground meat patties packed to different densities that
were loaded initially with high loadings of colony
forming units (CFﬁ) of E. coli bacteria. Substantial
reductions in bacterial growth were noted as shown in
_ Table 4. In loosely packed patties, the chlorine dioxide
30 gas had adcess to the interior of the patty, resulting in
a more complete kill throughout.



soluble in nolten urea. . EXAMPLE 6 35

The fol l owi ng conpounds containing an N-am do | i nkage and a tertiary
am ne center were synthesized in WO 96/ 39028

PCT/ US96/ 09199 - - . 33 pure formfromthe
correspondin ri or secondary am ne, sodi um cyanat

hydr ochl or.i cqg‘g?ﬁﬁﬁisydescri bed by J. March, "Advances iﬁc@%g’ﬂ?leg

Chem stry: Reaction Mechani sms and Structure, 4th Ed., John WI ey,

NY., p. 5 903 (1992). Nb[err]N(CH[err])[err]NHC(C»NH[erM

HNVR 1. 5, 2.1, 2.2, 2.95, 5.5, 6.2

' N(CH[err]CH[err]NHC(C»NH[err])[err]

H2N [err]
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IMWR. 2.4, 3.0, 5.65, 6.25

TABLE
| - |Bacterial Load |% Reduction in
Ground Meat (CFU/patty) E. coli bacteria
Loosely packed 1.7X107 >99.99%
[pensely packed | s.0x10" 99.5%8 |
EXAMPLE 13

Escherichia coli ATCC (American Type Culture
Collection) #26 was grown in Tryptic Soy Broth (Difco
0370-17-3) to a log phase acthlty with an optical
density of 0. 8 at 600nm contalnlng one billion colony
forming unlts 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.
Chlll-ground sirloin purchased six hours before use and
stored at 8°C wexghzng 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. This
was reépeated 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. |
_ 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. The
negative control (ife.,eno added bacteria) ground sirloin
from the same source was ground first in the
uncontaminated grinder to prevent its own contamination.

-



- HNWVR: 2.35, 3.2, 5.6, 6.05 ppm Each of these conpounds reacted with

chl ori ne di oxi de and | ater rel eased it upon acidification in fornmam de,

i-ndicating that tertiary am ne conmpounds with N-amido 15 substitution of

“their primary and secondary am nes can conpl ex chl orine dioxide, when
di ssol ved i nwo ssse28bl e hydrophi | i ¢ sol vent. Additi orPCHUSISNMISY o t he

f or mam de clearly inproved the uptake and rel ease efficiency.

EXAMPLE 7 20 Up to 50.wt. % of the tertiary am ne

di met hyl ami noacryl am de (DVMAA) was added 4® hydrophlllc sol vent
containing 50 wt.% urea and 50 wt. % n- | acet am de ol vent

at 50[err]C anG‘hQuPéRFye%dﬁ?’iﬁj prepareg FBO%‘? e, e COnFH; t§6|<a€| on

remai ned si ngl aegagiee2bont Yl ivdsteldy ast 0r andn 6@ e, upesitine same

behavi or was d d|t| d sol vent
* contai ning 33 O ogégatéégférgi%>N Qg gédmfb ou@i te §gcetate a
sol vent cont ai 1$aM9Les Wi .6 urRALLIES RKPISRRNLO a CQ%R¥¥R§ R0 d8di um

nmet hoxi de, =sand ra188kYAGt £LDAtGE mnagpwsaﬁcmn%mmmm 30 ot 2asagaum
acet at e. 60 go %g/39028

PCT/ US96/ 09199 34 ' The above
m Xt ures were exposghetgagpggﬁlnqngqp@pced 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 required time
at 4°C in a common refrigerator. | o
. Two samples were taken from each patty, one from the
15 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 a
20  small scraping of the meat, or by digging down and
exposing the middle third thickness region. The forceps
were sterilized between samples by dipping in isopropanol
and flaming. | ' '
Ten ml sterile water blanks in.screw capped test
.25 . tubes were tared to iero 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.
0.1 ml of the supernatant was plated onto Tryptic
30 - 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
visualized by inverting the plates after 24 hours
35 1ncubatlon at 37°C.



chl orine dioxide in pentane and were observed to rapidly upt ake (one

m nute) one chlorine dioxide for every two am ne groups before the
reaction slowed substantially. 5 The final pH of the hydrophilic materi al
remai ned on the- - basic side. A slight cloudiness was seen in the 50 wt.%
urea/ 50 wt. % NVA- DMAA m xture and the 33 wt. % urea/ 33 wt.-% NMA/ 33 wt. %
sodi um acet atweo 96380#8A ni xture while the DMAA - 35 wt . %RETEPSPIR] o

NVA/ 10 wt . % sodi um et hoxi de 10 mi xtures renai ned cl ear. . Upon
acidification by 0.1N HO (pH<5), conplete rel ease of chlorine dioxide
fromall three m xtures was observed4up to 30 mnutes after formation
of the chlorite salt. The release of chlorine dioxide was estimated by -

15 referring to tWaicokulated swegatisies cophralai slowed e normadount s of

chi Or: ne d:c oxXi da%nou%?]:t ot bRkSetidEcstinidneReen 1n5§@é\mu/cgn\4@‘inoh&enved For
exanpl e, after two hours e DMVAA mi xt ure
rel eased no -~ 1O SWRsERREL ﬁEogi%thﬁ?g%oﬁr/gérlg%% ‘%é\l %NV 33 Wt . % 20
sodi um acet at e Toplletedy poelbive cantinnlisnshawesi kareg tasounts ofyo hour's at

roorh t enperat Ufﬁacééi%\iebroﬁehwal%ilhItrﬁhes wunfvéﬁe wiay i ne di oxi de was
rel eased after

4 [ dio ei ng
y| el ded after éﬁ'ftheren&&(‘fl PeEREEn zr}emt‘ﬂps gfl %gﬂ? per -aetsure)ﬁ:lf ghg
. % ur ea/ 55 wurttddiEitd papétr shad tan rentisicgebial e@@ﬂtbl tidd wel§e gr eat est

chI orite salt slﬁiq{chllty in that corrpl ete rel ease was noted after three
days storage at err] C Corrpl ete.re S |ced af %er 24
hours at room { Eheurelonh CPUE ﬁ%acg‘}oﬁlg?r%h forBEPE%30

base greatly i rmrsnlesampllesshmbelcolypaﬁed ha (SIGI-d_)ﬂDKeks?al twas nOtled fo&a based
sol vent s; the su>fal¥ g%ﬁ € bSO Brut l%%ﬁ({;é@k % sodi um
met hoxi de nmelt was exam he 60[err

t 300 MHz
proton NVR to s¥¥Rke and BRRAPERL s‘?cﬂtﬂfr?l3§ Ob%%ﬁre:gcgept %‘%mt

t oxi col ogi cal anducaﬂ smn@wcenyill on the sample contacted with the
weakly releasing film, Aas for the four hour exposed test
15 . '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 positive control
20 samples. | T
N Because the pos1tive control plates were - expected to
be overloaded, a direct comparison for gquantitation
purposes was not accurate, although a rough count
revealed anywhere between 50 200 fold reduction in colony
25 count. As an alternative the test plate counts were
compared to the confirmed inoculum titer instead.
A rough comparison may be made between the Ccfu and
the inoculum figure (corrected for sampling dilution)
This lS termed the ratio to inoculum (RTI), which is
30- intended to compare the v1ability of the treated sample
and the maximum pOSSlble 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 d: the plates
.35 for the patties that were exposed to chlorine dioxide and
tested for 60 hours was roughly 170, which would .
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35 deconposition of the DMAA into secondary am ne and toxic
acryl am de woul d be hi ghly undesirable. No deconposition was .
" observed over the one hour = heati ng peri od. Acrylan1de al kene
resonances wWHOS6B328 expected between 6-4 ppmyet none werc,fcg'@]éﬂ"“glgorre
pol yneri zati on of the urea was reveal ed by the broad band under a
sharp urea band at 6-7 ppm . The NVR obtained - after héating at :
120[err]C for two hours, nuch above. the 58err]C at which the DMAA was
“‘m xed into the urea based solvent reveal ed extensive polynerization
of the urea th&ePxasent a (ﬁﬁ%d1qaﬁﬁﬁﬁﬁ§ 1R CY AR Gty - |IHEeMF§?ﬁa%ﬁd t he

conplication imﬂtheoureherﬁﬁaaﬂnﬁec&EthBeé Battiles wazmroughlyHsoever , no

al kene acryl am de regso T. QN%A 35 wt.
ureal/ 55 wt . 96NN%/10g§¢E@H%§§ gmﬁﬁﬁgét xPa igﬁh?en1pro§ic no toxic

al kene pr dagtesial VlabllltYﬂ}na@BﬁdC?&F?éb? iGhe RRtEH WeFeeSSRRbI ity
from imcom@bﬁﬁagdtuer@aﬁlééwml weRk, edfodéa %d)fcmmhul ayoxme dried

urea (vacuun1dr| hQur s 1.torr . % NVA (CaO -
over ni ght refI&? ﬁagg%gtf+¥éﬁﬁqﬁEF' ie?dﬁ?x%dn3¥ﬁ¥¥1 %k&n 18 hour s at
120[err] C. Al lhambusgerevith no wjusyiali odpus cbeing dlql'-qﬁ)wders by reacting
the required ~amobunt of clean sodegaMpEkalg With the al cohol and

Isolating the prOduioos¥l¥w§ggﬁgh\M.9% dhehhyh; &t he rouﬁﬂ sirloin

10 patties with apprdximately'zs.cnﬁ top surface-area were
'~ formed by hand immediately after mixing and grinding in
of E. coli ATCC #26 broth (105-10"cfu/gram). The initial
inoculum was grown up to a slightly lesser extent than
the inoculum used in Example 13. The loose packing was
15 employed to help the penetration of chlorine dioxide
through interconnected air passages. '
The patties then were placed betwéen 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 interior of
25 - 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 breést was repeatedly
35 dipped in undiluted E. col; ATCC #6 broth (10°-10°
cfu/ml), placed between 2:2 chlorine dioxide releas1ng



25 m xi ng was carried out under dry nitrogen- atnosphere. Predryi ng

of the urea/NVA mixture resulted in room tenperature stability of the
imniumchlorite salts for at | east one week at roomtenperature.

Thle' desired anmount of al koxi de was then dissolved in 30 the urea/ NVA

sol vent using mnimal heating foll owed by DMAA to form.a clear viscous
liquid at rodWO68MW8r ature. - The results of the chlori VI YL upt ake
and rel ease of several urea/ NMA DMAA/ sodi um al koxi de” hydrophi lic
material conposites are presented in Table 1. Release 35 characteristics
are based on a relative scal e rangi ng - 49from excel lent (9) to poor (1).
WD 96/ 39028

,PCT/U896/09199f11ms and then closeq“;n51de a Pek¥}. dlSh that was placed
in a recloseable plastlc bag and placed in a refrlgerator
at 4°cC for 3. 5 days. The surface of the meat was then
swabbed and plated to get an 1nd1catlon of bacterla k111

5 Agaln no bacter1a1 growth was noted after lncubatlon
EXAMPLE 15 _
De51gn of a chlorlne dloxlde releaSLng film suitable
for controlled release and biocidal actlon within a
_ contalner is descrlbed hereln., The equatlon describing

10 'the concentratlon of chlorlne dioxide in a coating of

thickness, ¢, {0<x<t). that is covering the inside of a
_permeable_contalner of.total thlckness ¢ + a, where 'a’

is the gas space thickness (f<2§l+a),'above the coating

is Shown below. Chlorlne dioxide is generated by means

15 of a completely permeable thin fllm of infinitesimal

~ thickness that lies on top of the coatlng at x=0.

oo Qa, e""cos (a,,x) f e""?t.e""dl

. Cix,t) = X
20 _ n-O [Q(h-k o,%) +(¢+k )an+h]cos(0;!)
where, _
b=D%.?, k’'=40/P, h=D?/(1D")

The terms, 0,, in the infinite series above are roots
of'the equation:
25 ~ atan{od )=h-k’o?
D= Diffusion constant of chlorlne ledee (cm?/sec) in

coating
. D9= D1ffuszon constant of chlorlne lex1de (cnt/sec) in
_ i gas phase :
30 1 = Phenomenologlcal length (cm) of leakage pore
P = ”“(x-l)/cﬁ.h@JJ-Henry s law constant for partition
of the chlorine dlox1de between the coating and the
gas phase
O = chlorine dioxide generatlon constant from controlled
35  release film (mole/cmz/seczl

k = a, the total thlckness of the gas layer
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37 The presence of an aI koxi de pronotes long term I mnium
_chlorite stability. However, the addition of =~ - nore than 0.5 nole

chl orine di oxi de per nole of am ne substantially decr a%z[gs L. i um
chlorite staPfQ963)028 5 Excel l ent long term stabili tfr 9?'@?&% at
room tenperature for the phases containing 23% sodi um et hoxi de,
31% sodi um i sopr opoxi de or .30% sodi um-t - but oxi de, in that at | east

60% of the chlorine dioxide was rel e@8ed upon acidifi cat ion of the

phase after three 1Q weeks s ora%: jn %é% dar k con I tions. i jce no change
in the chlorine® di oXPYEYF8 QLsERGS ot “W@Pmo‘ﬁ% SR ret & t hese phases
were considered i ndeﬂ'lllmlx‘aabydso:abde frfdrethe conbneljwékrelease film

EXAMPLE 8 15 0 c | O T8l SRSiieg wax,
hydr ocarbon wax {T[ edr(r = g§ or@af{%gtl ng@%‘ E)éE 61? edr?'e AI%%)gl was
first melted. atcmﬁt]sc &ﬁéléﬁgﬁlﬁ'iﬁeﬁ‘ wiPh@s §t P?F dning equi val ent

wei ght of g¢$ycelinensionsilcabaseant, gt yatladrine dldkﬁdean‘@l&asm&‘altben

di ssol ved in the %%é(‘é%eoéeﬁffa%% uﬁ‘é‘)f‘éguk fLEOL S {1 d upon

phosphor ous) of f or.ous pent oxi e per eqw val ents
of gl ycerol P %ﬁé&lﬁd%yﬂﬁo%yﬂitfﬁﬂﬁ:h orff \AEs SXRBRLS - a@lb’ed’-’t 0% he nelt
to avoid cl unpidglclfdted Eokr & neti-hea:rmi lofagadflt tdrwsal-sectiohsd &oes s at

80[err]C, one e&u cﬁ%@ta&f tﬁ?ﬁano {A%gé%yln%rlhgggl gfl rre%gpmgaa eg ﬁnd t he

i mredi at e evo ion of ecte con |nued
for an addi®i ony2qmdgarour. §inAe| ehe | Rigipgisedsngrentntro uqeﬂfn?éra‘F re to

100[err] C and pakd@igiw He ghet Ng&r oft efdia@i@lortant to calculate this
concentration.  This calculation is necessitated by the
strong partitioning of chlorine dioxide into the liquid
prhase once it is generated by the controlled release
'15 film. At the release rates generated by a test film the
gas phase concentration was so low (<0.1 ppm) it could
not be measured by the detector.
_ In order to complete the calculation Q, s, P, D9, D°
and 1 must be assigned or measured. Since Agar is 90%
20 water it is assumed that P=40 can be used [J.J. Kaczur
and D.W. Cawlfield, Kirk-Othmer Encycl. Chem. Tech. (4th
Ed.), 5, 971 (1993)). Df=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). 1In actuality D° appears in the
25 model only in conjunction with 1 since for the purpbses
of the calculation C? is assumed to be uniform in @<x<l+a.
The leakage flux coﬁstant, D9/1, is evaluated by
injecting a small quantity (about 10 ppm) of chlorine
dioxide into the Petri dish containing no Agar and
30 measuring the chlorine dioxide concentration as a
' function of time. The Petri dish employed will leak
- relatively rapidly because of the serrated edges of the -
bottom dish that is employed to assure good gas exchange
necessary . for biological growth
.35 (D?/1)= 0.154 cm/sec



with a 10cc/ mnutes flow of nitrogen. The reaction flask 30 was

subsequent|ly evacuated at 100[err]C to renbve any remai ni ng et hanol or .
tetraet hoxysilicate, filled with nitrogen and cool ed. Softening of
t he max-aci? r et easi ng agent (LPCSI) started at about 60-70[err]C. The
vi'scosity o ' e wax was 100 cP at 100[err]C ' 8
PCT/ US96/ 0911‘5"s5”""'9‘;29 gs ! The 39??@2‘5’3’?%3

~ preparing LOPSI can be summarized as foll ows. When hydrol yzed, silicon

. - di oxide and a phosphol i pid are formsd.51 [err] '

" When the source function of the form Qlt:e"’t is

" integrated from 0 to infinite time,
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35

[- -] ) .
| Qte™dt = Q/b? = total moles of chlorine dioxide.
o) _ available L _

For the purposes of the calculation the controlled
release film of density 0.8_gram/cnP 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 Cl0,™

" to 4 moles chlorine dioxide) and shows a maximum release

rate at one day or s'=86,400 sec. This release maximum
is typical of an ‘acid releasing film separated from the
chlorite COntaininngilm?bY'an'intermediate wax layer.

Q is thus calculated as 7.23 x 107! mole/cm?/sec?
over a 62 cm? base area Petri dish where the area release
rate is assumed to have no lateral dependence over the
entire surface of the dish. This is a valid assumption
since,  even though the controlled release patch occupies
a smaller area than the total crosé-sectional area of the
dish, both the gas and Agar diffusion rates of the

chlorine dioxide are large in comparison to the time

scale of the release rate.

' The concentration in the gel phase C(f,t) as a
function of time is then calculated for a range of
leakage rates, h as shown in Fig. 10. At fast leakage
rates (105<h<10! cm!), the release rate maximizes at t=s
and the maximum concentration is proportional to h. In

. essence the concentration at any time significantly

greater than the half time for leakage is simply some
constant factor multiplied times the source genération
rate. However as the leakage rate decreases 10-'<h<10°3,
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



5 Chlorite powder Was prepared by first dissolving commer ci al
sodiumchlorite in dry nethanol at 3% by weight and filtering the
. resultant solution to renmove
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52
dioxide (e.g. Qséxéz 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™, the

concentration in the gel phase at t=6.0 x 10° sec, x=0
(2.4 x 10°® mole/cnP) is used to calculate the total
amount of chlorlne dlox1de in the Petri dish.

(0.8cm(62cm?) € /40) +(0.2cm) (_szcmz)]'(z.a= x 10-
‘mole/cm®) =
3.27 x 10"mole

Thi$ 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=0 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 ﬁith absorbing particles packed 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, Trams. Far. Soc., 56, 1357
(1960)7. '

The dlffu51on constant IP of a gas flow;ng through a

' porous media must be replaced by:

_D°/[1+(2K /x) 1
where K,= Surface Henry’s law coeff1c1ent 1n the
relationship
Cq’ =K,C*
where C,’ is the number of mples of gas absorbed/cnﬁ of
surface and c9 is the gas phase concentration in mole/cm?,
r is the equivalent pore radius for a set of axially
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39 ! sodi um carbonate inpurity. The chlorite solution was t hen
extruded into an anhydro spray drier in dry nitrogen at 100[err]C

t hrough a sel f siphoning extrusion head with co- axial fluid and
nitrogen flo routing to a 5 cyclone separator to i |1
sodi um chl Or}"vg’%%ﬁﬁs particles of about 5 mcrons in dianet Zrejr/%%ﬁ;e ip;%mder
was ~stored in a dry atnosphere. - Neat sodium chlorite powder
or m xtures of sodium - chlorite powder_and anhydrous sodiumsulfate in

aratio 10 of 1:1 and 1 2 by wei ght was F3 uidi zed in the bottomof a -
nitrogen filled.con str.eam Q aC|dr-.e-'in wax: was then
directed into tA&* ?%ﬁ? %?Elte}?r 8’&55‘13 ei’rfgj"fl"gngf PRTRPILY d'i“h‘ﬁeter
‘with a ni trogenlbéeknﬂe%lmﬁa@e. A (o /&!n380 re2¢/derr] to produce wax
particles encapsul atﬁéir léhe \Qédx%o%lélsobft @hé\rk@’eféﬂﬁa%tl%np?:&t bﬁi:?écé' ndi cat ed

Then st bred i n SONTSRETHIAh e LRz bt A Sk Foe pBRbE

sul f at e was Sposmefikad e paxtd cdlesoneecomsdidered rar tblecbmall.l eroygh :so post
and 2:1 post inghhG tHa - c&ﬁ:entratloﬁl @f éhfé‘ﬂ’iﬁe tcﬁ%x‘iﬁ@th?ﬁu&ﬁ&ﬁ

sever al sites placed |naPetr|

rel ease rate from
di sh of apB?BFﬂ“ﬁJa?%l f%e&?l &ﬁee%"t}ﬂ %th@%ét’@éhofzhEX%f err]
not es/ sec: Cont cohtentratiiense &Foer thevpurpposies off £his cadcubapiosherthet

about 75[err]F gpgi A9° éﬁﬂil‘ev%oﬁﬁghgkét’legis concentrated hré the

EXAMPLE 9 Ai hobi ¢ acid easi ng wax was m
10 particle ‘'surface.

In this case the surface Henry’s law coefficient is
related to the bulk coefficient, K,, by
Ccr{l- e)/A—C '-[(1 8)/A]KC°
-(1 e)K,/A

15 | DD/ [1+(1-e/e)K,]

' ) 'At a por051ty of 0. 5 and a partltlon coefficient of
40 into the_partlcles, ‘the dlffuslon constant for flow
through the abSorbing perous'media'wouid be reduced by a

‘factor of 0.0244. This substantial reduction of apparent

20 gas phase diffusion constant pfoportionaliy reduces the

' leakage rate, ‘h, resultlng in a proportlonal lncrease in
the concentratlon expected at any time.

The amount, placement and controlled release
characterlstlcs requlred for a b10c1dal £ilm are

25  estimated where the film is protecting a small 62 cm’
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

30+ analogous case. -Since mold spere kill'is guaranteed at
an exposure of 1 ppm chlorine dioxide for a few minutes,
any strategy must generate at least this concentration in
a pulsed release in moist regions of the box preferably

‘after several days delay. Destruction of'grOWing mold

35 requires only'O.l-b.S ppm for a few minutes. The

destruction of the growth mechanisms of the cell is so



*described in Exanple 8. The controlled rel ease | ayer for an i medi ate

rel ease systemwas fornul ated by nelt coating approximtely 5 m| of

acid releasing wax in-a 30 low nelting hydrocarbon wax (60[err]C=T[err])
“onto both sides of a pi ece of paperboard. Next, apprOX| mately a 5 m |

t-hi ck | w0e96/3002810% by wei ght, net hanol recryst al | i zed PCIOEOE/IML99

chlorite in the lownelting wax was nelt coated onto the acid

rel easing | ayer. Another acid releasing layer of .35 about 5 m | thickness

was then coated onto the chlorite 540 96/ 39028

PCT/ US96/ 09199 cont ai_ni ng | ayer.

The total vol ureomEleenthak| s'arwn%a@é:h a n#ﬁPEPP-a’rn%l‘{Y &p ghlorine
Two chlorine dl@@:&@m&nbtnaeser@rsc(d?:vieazaﬁelﬁndthese 0-100 ppm were

interfaced with_a cq er so_t hat hl rlne onGentr.ati on was
recorded as a f%‘ﬁngpﬁ +OnZ¢ af?ﬁ}%e]g%r% ?‘ gllk?%&é d actteoryr!f'ﬁ't%l cally
along with T tdiafy akoutt 26peprat ure. Both sensor ends wer e exposed '

to the chlogine di O@ﬁ%t@&-g@ ?heéfnéé] gehc_q.J gsggoggt gé.,@,l_cb 13 t hrough two
small holes drilled i o t e cover, of The

hunmidity and te‘F&%’rJd’t ’%ﬁe habmel eas\ﬁé’r é’hif”ééﬁet IT’FFa‘ie mh&ured in the
~Petri dish becams]esed]éashloﬁet:ouldllsé]etshe/ve:deadf sybeetibr e@f hahivse,t ype where

the cover r@éi?erfdl@fga%‘h %Ehséc?f‘aé@séiﬁtro%n\%ﬁ&r at £ s oIt AYE woulO

effort was madetoms%ate he Petr] dish fromi %
assure at the initial mol spore infection (originating

10 inside and outside the box) and any subsequent infections
(orlglnatlng outside the box) were destroyed before any
growth could occur. A continuous release of 1 ppm thus
wastes about 98% of the available chlorite. The
preparation of such a film is discussed in Example 16.

15 Figure 11 shows the release characteristics éxpected
for a controlled release film with a maximum release at
10 days, 3.35 x 10*_mole available chlorine dioxide (0.33
e’ £ilm, 15% wt.% sodium chlorite), placed in a 0.5
porosity box with a bulk Henry's law coefficient of 40 vs

20  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. Approx1mate1y 0.31 cm® of controlled release
. material is needed fqr this purpose. At a materials cost

25 of $1.00/1b, the controlled release material cost
required to do the job would be about 0.056 cents. Thus,
a box coﬂtaining 1.1 liters of material could be
protected for 1 cent with the above listed parameters.

| | EXAMPLE 16

30 1 The pulsed release capabilities of a multiple
layered composite”cah be calculated as follows to
determine whether the composite will provide the desired
sustained release rates for a particular application.

The time required for complete cation exchange can be

35 predicted from the mobile ion concentration in each

layer, C;, wherein i is A, B, or C. In order to determine



15  surroundi ngs. In this configuration, the acid rel easing

| ayer was placed in.direct contact with the chlorite containing

phase and i nmedi ate rel ease of chlorine dioxide was observed as soon as
the filmwas placed in the Petri 20 dish. 'The chlorine dioxide gas

concentration dropped froma high of 13 ppmto 1 ppm |n an
exponent i-al W’g% as showmn in FIG 5 (note that det ?‘i@sgggﬁ

[err] 0.5-1.0 ppmresulted in | ess than - zero concentration). Fbmever,
surprisingly, the 25 concentration peaks that were superinposed upon this

exponenti al behavior, were correl ated mntﬁsthe tenperature and not the
relative humdity as shown in ree nol d ﬁgeC|es

Chaet oni um gl o53%tn( E&re ggn%g,pé}ydr]qq}gmt é??eﬁ?;a?‘??ﬂrt QTFOBSpEPGi 11 us
ni ger (AN), intwemedgabanlayerridicrsalconsadededbud brittlieentatier ee agar

sl ants using p%ﬁz%ﬁﬁgnﬁss@e utardaerttne d/:élfh:ugiemaonstmstaw es were
carried out i nf%écor st andard n?orciqydro 487 pm 85 entitled’

"Fungus Resi st &TCECGEVRapRPE ioﬁuﬁ?qﬁﬁﬁéFBEéPﬁ genmbP§6F§§028
PCT/ US96/ 06199 considered the same in layers A, B andlC. Chlorite $om sanpl es

were tested forf ungusbessSEtSNGE MG ively immobile and the reaction

of chlorite to chlorine ledee_ls con51dered to occur
instantaneously once a Hydrogen ion enters'the
hydrophlllc layer B. |

10 _ Hydronlum 1on mobility in 1ntermed1ate layer C can
be est;mated by using experlmental data reported by J.L.
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 densxty polyethylene (79 wt.%) and

15 sulfo_nated polystyrene (21 wt.%) as a function of ion '
type, water COnteht_and temperature. Sodium, potassium
and silver ions travel along polymer bound sulfonete
groups by'exchange'with:hydroniumlcations. At high water

_ contents of 3-6 wt.% phase separation of ion clusters in

20 a hydrophobic matrix is likely. The reported silver ion
mobiiity and mobile ion concentration is quite high under.
‘these conditions (i = 3.0X10™* cm?/StatV-sec, C = 3.3%X10°
mol/cc). However, in "dry" films both the mobility and
mobile ion concentration decrease substantially (M =

25 1.4X10™ cm?/StatV-sec, C = 8.3X107 mol/cc). The ion
diffusion constant D'eah be calculated from the reported
ion mobility usihg the equation D= (kTu)/q. where k is
Boltzman’s constant, T is the absolute temperature, M is
ion mobility and q is electron charge. The calculated

30- ion diffusion constants are 1.21X10°° cm?/sec and 2.58X107
cm?/sec for a dry and wet (6 wt.3% water) silver counterion
loaded film} respectively. '



» two weeks at roomtenperature in duplicate. Photographic conpari sons:

showed consi derable growth after two weeks on the control sanples,
while no growth showed on the 5 ‘controlled release filnms. The

ef fectiveness of chlorine™ - dioxide in killing these three nolds was
evident frowa9ssses two week study. PCT/US96/0919%-x A\\PLE
10 In a del ayed rel ease system one side of a piece of 10

paper board was coated with an acid rel easing | ayer . separated froma
chlorite layer by an internedi ate wax 56 layer. The 5 ml thick
hydrophilic phase in the chlorite | ayer was trans arent bl end
contai ning 10 wt . %EsmeFphology phfuch aSG°RP1UPer would be very

" (NHerr] (O CH&ﬁﬁ:I]]a(}I[t@r theCHver md G i [syseem| 6Ff atide 4fredertth 15
formam de. The ¢ t‘S}{ dt Q.Ln' @KE& ﬂ@?hsﬁpcaf@éee%aﬁsizﬁfglgffco?ec@éq 1 Fne' easi ng

LPOSI wax of an ‘thi'ckness b er of about
5 ml thi cknes%luS':IEH-’i,S tl@tcélllzed a?&%‘«@t“@oﬁ?ﬂ@ﬁ?éﬁﬁ Sfidduia rial was
about 0. 255cc. hydrophoblc Aagekay in chlorine dioxide release was noted when '

20 the acid rele [_Was, S from h hl.orgt
contai ning | ayer bjﬁaen%oﬁ?ér %ﬂ?ﬂ% ‘t’r\g%qaéarg? |’.Lum Fﬁ;‘ ﬁhgt i ﬁffuseai peak in
the rel ease wedCTRATLAAMGETYoAE (M9les/cm®) imhpige ith i cepreseRtiedi Bval

concentration gpeakgunctions@Reri nposed on the averaged behavior were agar n
25 correlated with the tenperature and not with the hum dity

\?\2?2“ a EbG vrﬁ(t)n/lnqﬁneraPtggﬁdfagWEu ng,{)spgqr ree g‘z]al-rﬁn(3 aén/tlszganplﬁ |9ng
paperboard as a nutr| ent in accord with TAPPI standard net hod T 487
pm 85. - ted for, fun
two weeks at roomt r@trl? ﬁeﬁgdﬁ’b‘?’f%"é“ ifge L ﬁgguf’-‘t"@r g'ab'regsent ed

in Table 2. PhBtwithdar atpdPr4bhs0sAowed10.4 mmndraiemﬁl ergrowth after
two weeks on tihexrend-+&h) Ind s%@aayestawlchiefmbnoflst beaaeaarﬁled rel ease

filns 15Sho‘(@t?/ﬂ?:%r.gg't ?t:ig'g %J’e\&/éalsngf) . tm)rscé % erms in
the above equation dominate after steady state is
reached. Thus under -*wet® conditions (6 wt% water), Q(t)
= 1C, [(Dt/1%?) - 1/6) = 5. 72x10”* mole/day-cm’ at 5 mil
thickness. The hydronium ion in a 1 cm® area film and

20 1.27X10° cm thickness (1.65%10°® mole hydronlum ion
initially) should be almost completely reacted in the
chlorite layer in 7 hours. In the *dry" £ilm, which is
typical of polyethylene contaminated with ions, Q(t) =
DtC,/1 = 6.83X10"® mole/day-cm® at 5 mil thickness.

25 Because of the much lower mobii_e ion concentration, 247
days are required fér 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

30 . using the ltwo layered composites of the present
" - invention.



WO 96/ 39028 PCT/ US96/ 09199

42 on the controlled release filns, only a single nucl eus - was’
responsi ble. Invariably, this nucleus was a | arge clunp of nold spores
“where sone self protective effect was generated by the aggregate
structure. . - TABLE 2

Mol d AT MOVQOSR%Z8 Ay i g Control G owth g

G owt h- Lawmns[err] Gowh from No growth No growth

single nold spore Soak?2 Gowmh from No growh Gowh from
single | single nold 57 mold spore (trial 1),

spore vered wth
nol d spores 10 Th?f%hﬁ%ﬁlnfbgﬁgﬁlaﬁ ﬂ%&%?%ﬁuﬁ%&? is ggnera 1y rapid
EXAMPLE 11 when chlorine dioxide release is initiated in a comp051te

conta1n1ng an intermediate layer because chlorlne
decomp051t10n is a functlon of pH. A m1n1mum _
5 concentration of hydronium ion is transferred before
chlorite decomposltron into chlorine d1cx1de occurs due
‘to the buffering action of the hydrophilic 1ayer
contalnlng the chlorite.
The effect of v1sc051ty on reaction rate, the'rate
10 of hydratlon of the film required to produce the mihimal
amount of free water necessary for catalysis of chlorine
dioxide production, and the changing mobile ion
concentration and diffusion constant supportediby the A,
B and C layers can affect hydronium ion transport. e
15 . Ah'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 hlgh density.
polyethylene £ilm of 1 cm?® face area would be 6. 89X10 -6
mole/day/cm?/5mil (90% RH, 38 °C) as reported by Wessling
et al,, Encycl.Poly.Sci.Eng., 17, 510 (1989). . This
permeation rate is significantly less than the;jseen for
25 polyethylene ionomers that typically contain 3.35x10 -4
mole/cc ionic groups at a minimum (4.08x10 |
mole/day/cm?/S 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 to
30. 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 then be requlred
35 to saturate the intermediate layer C.



" The porous paper used throughout these exanpl es had one untreated side
and one side that appeared glossy. - The chlorine dioxide rel ease
_coatinngs were applied to the 15 untreated side of the paper with the

chl orine dioxide T el easi ng conposite sheets assenbled with the gl ossy

si de out wadsnse§uent |y, only the gl ossy side of the paRTI/YR609199
‘contact with the neat. Sheets approximtely 3 ft. x 8 in. were cut to
facilitate handling during the coating 20 process. The original paper
“weight was 5 ng/cnmferr]. - - LPCSI geid rel easi ng wax was applied to
t he porous substrate paper in a nitrogen filled dry box containing a
| arge di sh of stirr&digieospaotusepuinrpiisdisussenyiblene variausat er

?Egrag i 29 a; aﬁﬁ%&%&gbﬁslgﬂdLﬂiéﬁadﬂvemfbhnlﬁ' esﬁéclfbfde)aénwmméﬁeg used,
S SUpPsS
Oncept IEle paper% gt E‘aXSagﬁﬁg 'T‘l?o%?ysé’gp’eﬂ ﬁ;éadmﬂ} rfg?p?if Pt abl e

for st or agmd have been\\eS€fZ3%fPherein in detail. It should be

PCT/ US96/ 094.99 understood how ver, that J.t is Pot4].3.ntended to l-Eli’rﬁ.tCtEhgri te
cont ai ni ng paper rom met hano ution using a coater

plie
operating at rddi en 1°§‘eﬁBeFB?LP%rt’ﬁ?"tW é&mé&%ﬁ@%ﬁ lR‘itor?Wepr epar.ed
by first dissdranyy 2Begintentforpadlsy td vomgk aylrmddifiatdons, (PVNP,

1. 7x10[err] M Wciuijﬁl%g@.snhnﬁfaf@é:t}?é'{:‘?l.lvécsmflagﬁﬂgbs)iiét?in the spirit
and scope of the invention as defined by the appended
10 claims,. |



grans of sodiumchlorite (technical
was used i medi ately. If'nuItLpPe
substrate, the coating was alle tween applications. The
chlorite 10 containi ng papef ) dry at nosphere for
st or age. 1 mredi at el W '1 : €7 the chlorite containin

filmwas conpWOSERWR nol ded a\_reefitenperature with the FCTEEEOL
containing filmto forma chlorine dioxide 15 releasing bilayer conposite.

- Pressures under 10, 000 | bs/in[err] were sufficient: ow
- and adhesi on of the wax to the chlorit¥ containi ng “m”mmmﬂmlﬂlm
Sanpl es of each individual sheet of coated substrate : bid ayer xwes e *
randoml y set asPFBeCUdF¥hg the pressing 20 operation in order to quantify

the chlorite antdl.waxa multﬂxuyﬁmegscomﬁbs$eeshﬂem&ﬁwaﬂ&ngubusuaﬁw@med and

melghed -t gp€g d uncoat ed paper as
shown in Tabl e ggﬂ%a$cu at|g%%£§F akgxgﬁéore |c§{9%% ~_output based on
phosphor ous pent oxi d@ BWRFERebis) 4RYeR: containing an acFﬁdFBéf%S%PQeﬂw o of

approxi mately Oagdgt Negad) err]/g wax for optimum Cl err] utilization.
WD 96/ 390284 a hydrophilic layer containing c%§£49§865993§§ the .
hydrophlllc and hydrophoblc 1ayers belng adjacent and
substantlally free of water, the hydrophlllc layver belng'
capable of relea51ng chlorine ledee upon hydrolysis of
the acid releasing agent.

honbgeneous sol ution
B were desired on a single

2. A multilayered composite for providing sustained
release of chlorine dioxide comprising:
a layer comprising a hydrophobic phase containing an
acid releasing agent and a hydrophilic phase containing
5 chlorite anions, the hydrophilic and hydrophobic phases
being interdispersed and substantially free of water; and
' a moisture regulating layer in contact with a
surface of the layer, such that moisture permeating the
moisture regulating layer hydrolyzes the acid releasing
10 agent to initiate release of chlorine dioxide from the
multilayered_camposite. ‘

3. A multilayered composite for providing time pulsed
release of chlorine dioxide comprising:
at least one hydrophobic layer containing an acid
releasing agent, _ ' ' '
5 at least one hydrophilic. layer containing chlorite
anions, and ' '
at least three barrier layers to control the
, diffusion of water into the hydrophobic layer or the
diffusion of hydronium ions produced by hydrolysis of the
10 acid releasing agent into the hydrophilic layer,

" This Sheet Has Been RTla
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< 44 . TABLE 3 Sanpl e No. of

NaCl Jerr] No. of - WAX. gMi_ sef=tlerr] . GQeHUMP
(my/cnferr]) Vaix (ng/cn{err]) fﬂ&ﬁJEETHASWEEN _coatings
" coatings 5 101 REPLAI:ED -- 6909}’%
3:6 6 WO 96739025 3 e E JUS9
1 ' 2 5 .0.21 T 2

4.7 0. 096 The chl ori ne di oxi de concent dﬂl}liﬁ@i“mm#all
fromthe 10 filns al'ong with huni dlty bl terrperature

in a Petri dish undeL at nospheric c ons usin stem
~and gas | eakage rat ERfr %% e % b ayers; 5@551 n%?ﬁ% wer e
‘noni tored over defieed| bylaglse formulfl G(AGBk,tﬂ)\mél%ren-;apCcas ®larmisrer at ed
from data acquiyed,15 r {ﬁyﬂgb C e wo coats of
each phase 1 ?% A %é Qpﬂeﬁi re rrgn?tgg?gddaafissevera gl‘??é%ent

| oadi ng IeveIs1aKFFls§HﬁI%sl%rﬁﬂmﬁﬁﬁﬁganﬁﬁﬁgbﬁ% £em nly Y+ rel ease of
10- 20 ppn1ch|or|ne di oxide within the first 2- 3 hours foll onwed by a

very oradual rqduct iy bt sl aase 201010V e whlEDPY SRNEIA ofake H oher

| oadi ngs serve € nmaxi_imum I ni concentratlon and
prol ong -t Mydrepbidéc layer and a surface of the hydnophopig isver

2:2 | oaded papeire War eot&ét ASarke A hodzoles ieeand thlcgioendisradepat ti es
packed to d'ff%%ﬁ%%sgeggbﬁreéféegucontact“@Eethgagﬁrkéégé f@ %&d@'th hi gh

| oadi ngs of col'ony

5. The composite of claim 1 further including an
intermediate layer between the hydrophilic layer and the
hydrophobic layer to control diffusion of water into the
hydrophobic layer or the diffusion of hydronium ions

5 produced from the hydrolysis into the hydrophilic layer,
so as to control the rate of chlorine dioxide release.

6. The composite of claim 4 further including a
moisture regulating layer in contact with a second
surface of the hydrophobic layer to control the rate of
moisture ingress into the hydrophobic layer.

7. The composite of claim 5 further including a
moisture regulating layer in centact with a surface of
the hydrophoblc layer to control the rate of molsture
-1ngress into the hydrophoblc layer.

8. The composite of clalm 4 ‘further lncludlng a first
moisture regulatlng layer in contact with a second
surface of the hydrophoblc layer and a second moisture
regulating laYer in contact with a second surface of the
5 hydrophilic layer telcontrol the rate of moisture ingress
into the hydrophobic layer. .
T

e
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formng units (CFU) of E. coli bacteria. Substanti al reductions in
bacterial growth were noted as shomn in . Table 4. In |oosely packed
patties, the chlorine d|0X|de 30... . gas had agcb the. interior of the
. patty, resultlng‘1n y a.nureacy £ <11, - WO
96/ 39028 - :

i WO 96/39028 GpLRC '

Bacterial Load .% Reduction in ““Gound Meat

coli bacteria Loosel y packed @é 7X10[err]”| m:l "W'Hﬂ "W
Densel y packed 5.0X10[err]

EXAMPLE 13 rhsC GCs ( T uge

Col | ecti on) #269vvas -ggomnelgfﬁgéﬁtae tl c ﬁﬁr@{llfﬁfaqnc\i%%lgé:%% : 755) to a

| og phase acti viP}SHRER §%9%$QQ%HQ 1aY9r aénGQQSaQﬁ with & segfaaeceftai ni ng
one billion col @ay kPdropRcHAAdayEirt anAeh Becohd thl:ilsitﬁﬁ-e rEbalaemﬁgnt ration

was o verifieq yalng, PLakEa GO A" shiESEe SSPAY Gy Hdoghii 298 1ayer
5 to control the rate of moisture ingress into the
' hydrophobic 1ayer. o '

10. The compos1te of clalm 5 whereln the hydrophlllc
layer, the hydrophoblc 1ayer, or the intermediate layer
contain an anhydrous salt or a de51ccant to delay the

hydrolysis.

“ 11, The comp051te of cla1m 5 whereln the 1ntermed1ate
- layer comprlses a sulfonated or phosphorylated
oligoalkene or polyalkene polylonomer, a 11p1d
substituted polyhydroxy alcohol phosphate or’ _
5 phosphosilicate, or a mixture of a lipid substituted
polyhydroxy alcohol phosphate or phosphosilicate with an
alkene polymer or oligomer.

12. The composite of claim 1, 2 or 3 wherein the
hydrophilic layer or phase_further_compnises an amide, an
amine, glycerin, acetonitrile, ethylene glycol, or an
alcohol; the hydrophoblc 1ayer or phase further comprlses

5 atactlc polypropylene, hydrocarbon wax, chlorinated wax,
or polyethylene wax; and the acid releasing agent
includes a carboxylic acid, an ester, an anhydride, an
acyl hallde, phosphorlc acid, a phosphate ester, a
tr1methyls1ly1 phosphate ester, a dlalkyl phosphate,

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

This Sheet Has Been R
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- o1 densel y packed neat

* Uni f orm di of..t he bacterle;ﬂgé;____,_
by t ﬂm I“ lE gl ation meth: |
Si X nd 15 stgi.edi

SSHEEﬁmNSBEﬁh nd sirloin purchased
atgEherGEC wei ghi ng: two kil ograns was

'placed in a pan and pressed lown—i-Rto—Feve heet. Five holes were
punched i nt ovoB&390®t with a glass rod, and 0.1 m' of the PCT/USSSARIY, | 5
cul ture was pipetted into each hole.. The nmeat was t hen kneaded to

di sperse the bacteria evenly. This 20 was repeated three nore times, wth
at |east a mnute of vi gorous kneadi nég each tine. Since the tmo n1 of
an i noculumwi th a culture concentration of 10[err] cfu per was

added to the nmddt, Theprrmasite of stadheltivhexsin thecﬁﬂ}aﬁaﬂﬁvﬁﬁﬁ
i ntroduced int ﬂyﬂb@pﬁf‘ﬁic ¥yer or phabe f®adedatddEromeghaugtot a fine

texture on a nd- a or med
nto patties byoPERFRCIRE: AoNaRLaRt %%%%ﬁl%enﬁss%%?f’?%ﬂggl e P es ou
with a piece of cgbclxw¢z>qﬁnﬁﬂqmgmnﬂeVénd acrylamide- (i.e., added E. col
bact e& i a) leattusépra By a0,V anaoat E8polymer ,ocfnfeces}daﬁh.a?pterla)
ground sirloin e.s soyr r ou irst_in
uncontan1nated18??ﬁﬂ%¥£%?F4;459%%$°Ft ﬁmﬂmg%xé%ﬂﬁ %3§agﬁy ainflad "ha o
96/ 39028 primary amine or a secondary amingCT/ US96/ 09199

46 The patties were prepared in duplicate and consi sted of

negative cont r9I4$ t%ﬁéegox%os%ten%fesglggl%rfz xﬁ’?esxl‘etln ?:he alcohol of the

hydrophilic layer or phase is selected from the group
consisting of methancl, ethanol, methoxyethanol or
ethoxyethanol. '

15, The composite of claim 12 wherein the amine of the
hydrophilic layer or phase is selected from the group
consisting of a primary amine, a secondary amine, a
tertiary amine having pendant hydrogen bonding groups,

5 and a tertiary amine having non-hydrogen bonding pendant.
groups dissolved in a hydrophilic solvent.

16. The composite of claim 12 wherein the amine of the
hydrophilic layer or'phase is selected from
monoethanolamine, diethanolamine, triethanolamine, a
copolymer of 1,3-diaminopropane or 1,2-diaminoethane and

5 N,N-methylene bisacrylamide,'4-dimethyléminopyridine,
tetramethylene ethylene diamine, N,N-dimethylamino
cyclohexane, 1-(N-dipropylamino}-2-carboxyamido ethane
and 1-(N-dimethylamino)-2-carboxyamido ethane.

17. The comp051te of claim 12 wherein the hydrophlllc
layer or phase 1ncludes an 1m1n1um chlorite.

This Sheet Has Been Replaced
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con

4, 24 and.60 hours and test sanpl ee (i1.e

patti hl ori ne di oxi de 5
i nv\e\jmug;"ﬂﬂz ljrﬂm and P10 S
bet [ | ed W PR L Ol d

Mers coated with a 2:2

easing filmof the. preeent
1 The patties were placed

. ‘chl orine di oxi de rel easjtng_filmTas de J‘e ‘in Exanpl e 115) i n 10 cm
i 10  di anet eWQ9689028c Petri -di shes™ vmth covers. Two Petri
cont ai ni ng duplicate sanples were then put in recl oseabl e pI astl c bags

.and stored for the required tine

at 4[err]Cin"a common refrigerator.

Two sanpl es were taken from each patty, oﬁ& fromthe 15 upper surface, T,

cont acted either

by the unnodified er by the test D%ﬁper with the

chl orine di oxi d8. ~ Ther epmaeshee fof rﬁ‘laé-im f1 oWh?ﬁ%’-%‘ﬂ%ﬁ SWSHEPHLAE of the

pat E K" M Sa”D'l%%rhé&EbQ phhaknescndds aglaibeppeding thd Cﬁmm?.abﬁ,el ther -
pi nthing across the T, n ng the neat, or
iy SRR, s B NP

by di ggi ng dowf¥

forceps
and fl am ngs

tubes were tare

one gram sanpl es added to theftubes and thie 7 . weights recorded.

t ubes were then capped and shqRerrCHa—CHeyitior ¥

£ egi on.
WER:E(H@éiqﬂzﬁ:t‘émfbéhme@ﬂaéﬂﬁﬁﬂ}hézﬂi)ﬂm:ppl ng in isopropanol

ReReN (CH,) D1t (0) N8t £ {car,wainc (o) &mkys,, i n screw capped test 25
o? to zero on a sensitive electronic scale, - and roughly

The

The

S'I‘:yzto di sperse the neat and

rel ease t'he bacteri a. - 0.1 n of theSupernatmant was plated onto
Tryptic 30- Soy Agar (Difco 0369-17-6) in duplicate and spread with a
glass triangle on a turntable. The gl ass spreader vvas sterilized

bet ween pl atings w th isopropanol andﬁf | anmed. e vi abfe\pacteri al
content of the san‘p&émasrlz) NH—-\AHsGr&ICI-inWQCHy@’ra g tﬂUﬁes after 24
hours 35 i ncubation at 37[err]C

10

15

HgN~—(CCHp)y—N

0 ) _ |
-écuzch-é-'t‘!—NH—c CHZ) ;N=—=C CH3) .‘,H _
m

N—CCHa)g—NH,

; or
HoN —
TN\

_wherein: R substituents are,

independently, - (CH_,CH,O) vE
-C(CH,),(CH,) ,OH, -{(CR,) NH(CHK,CH,0),H, -CH(CH;),, -

—CCHyI ;=N = ) ~—(CH ) p—N NH _ :
' ' ' \—/_ » alkyl, cycloalkyl,

benzyl, acrylamide, or pyridyl; R,, R,, Rs, 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,

or 2; y is 1 or 2; and z is 1-6.
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MD 96/ 39028 PCT/ US96/ 09199

H“'“L“M‘ m ed negatlve controls showed the nornal armount of
bacter in groun'. ' ——ino substantial growh

noted overr 60 hburs at 4[err]C. '”ﬁsﬁﬁEETﬂﬁﬁ%ﬁﬁﬁﬂ) tive control s showed

| ar ge anpuntwoeéasazs bact eri al glfiowt h REFLAGED t | ped| with vePYT/H6H9199

di fferences between the top and m addl e sanplres. T1f the unnodi fi ed
paper had an antimcrobial effect, it was m nor . When t he

col ony counts of chlorine dioxide exposed4qlO test sanples were conpared,
a 50-100X kill was noted for the surface sanple as conpared to the
interior test 19. ‘Sherpd:mm:ruittehefpoiaimvbz oderedn $hephsbydeikdepts for t he
reduced surfacgﬁgé%£e§ 086&&&%%&&&‘&} %Beorganléeééid relea5|ng_'

film As for t our our exp, ose t est Surface col ony
growt h was 50- #pbxdrede; t?\éﬁ"ﬁ% °rgan1Fn?‘é¥¢ cﬂ'n d?anﬁl °’5?p‘?4'i€“?}b5| tive
controls. Theof an Sigdiicidtgd habydaitdenoiredeniced Iiao&‘r@ahburacsmrpl e was
t he hizgh Kj ot S o] t he
exposed sarpl eS8 HRLagshd & ot BF ot Ul o 85" Rinphrige
Because the poSFt Pv@lié%t#ftﬂr%nétce§09\érén’é¥<%@&%d’1tt@ a mong@epyer| oaded, a
direct conpari geathfhifgadtddu¥lieObond. Ppurposes was not accurate, although
a rough count . reveal ed anywhere between 50-200 fold reductlon in
col ony 25 count. As an alternative the test plate counts were
' . 20. The composite of claim 19 wherein the mixed
inorganic acid anhydrlde contains a phosphorus-oxygen-

silicon bond.

 21. The composite of claim 12 wherein the anhydride is a
copolymer of maleic anhydride, methacrylic anhydride,
acetic anhydride, propionic anhydride, or succinic
anhydride, and vinyl,_styrene or an alkene.

. 22. The composite of claim 12 wﬁerein the acid releasing
agent is an anhydride or phosphate ester blended with or
grafted to polypropylene, polyethylene or polystyrene.

23. The composite of claim 12 wherein the trimethylsilyl
phosphate ester is (CH,),;SiOP(0) (OR), wherein R is a non-
hydrogen bonding group, alkyl or aryl. '

24. The comp051te of claim 2 wherein a second surface of
the layer is in contact with a second moisture regulating
layer

25. The composite of claim 2 wherein the layer is a
dispersion having a phase size of between about 0.2
microns and about 100 microns. :

26. The ccmpoéite of claim 2 wherein the layer contains
an anhydrous salt or a desiccant to delay the hydrolysis.

| e
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ccm“par ed to the confirmed i noculumtiter i nstead A rough

de between the Ccfu, and ==\ the i nocul um figure
“mmﬂlm“mmn ng d| I ution) =" ',;gth:Esz termed the ratio to
; |noc RTI® , swhi*ch is _ gco the viability of the
- treated sanple and - the ' cfu count. RTI's were

cal cul ated fowQ%639®8 hour pl : _ e basis of the @CTISeHAML.
The average RTI for the top s |l es of the plates 35 for the patties that
wer e exposed to chlorine dioxide and tested for 60 hours was roughly
170, which woul d WO 96/ 39028 65

PCT/ US96/ 09199 r epr esent a 170

fol d decrease i RN aamla pympos:h@e amarceigem 3 whazlrem d:hQ feediear Lavess t hese

- patties was rOUQ‘Lh-ldé dently com rﬂe %Oskhcz%ﬁateaweghodpﬂc&guaeeactIons in
t he bacteri al |ty I n t he att seen. 5

Cooki ng the pattd lésg nﬁe?’é % nte p(?ﬁ?’b?f‘ﬂ‘é ]tfr? and test ed
for 60 hours vyi eatdzadtla-unednablﬂrmtngr alcohhénbhcmam tdr no unusual odors -

belEgdn8t$g 5 hl'iolsphos1llcatc(ej, or a mlxturgxékf%Elﬁﬁhd substltuteaose:y -
Eﬁfe?r] top sﬂff %yﬁgﬁgﬁgug SI{ 5 ﬁéﬂ%gg?ﬁﬁﬁﬁ %%PXI eﬂ¥X|ng
and grinding inalkeneopofymen| or ANGQMEE ; btbehhydiﬁmhxﬂ}duﬂamaﬂ futuhgran)
,~.The initial comprises an amide, an amine, glycerin, acetonitrile,
| ethylene glycol or an alcohol; the hydrophoblc layer
10 further comprises atactic polypropylene, hydrocarbon wax,
chlorinated wax, or polyethylene wax; and the acid
releasing agent includes a carboxYlic acid, an ester, an
anhydrlde, an acyl hallde, phosphorlc acid, a phosphate
ester, a trlmethy151lyl phosphate ester, a dialkyl
15 phosphate, sulfonic acid, _a_sulfonlc acid ester, a
sulfonic acid chloride, or a phosphosilane of a glycerol
based ester. '

28. The composite of claim 3 wherein the'hydrophilic

. layer, the hydrophobic laYe:_:, or the barrier layers
contain an anhydrous salt or a desiccant to delay the
hydrolysis.
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inoculumwas grown up to a slightly | esser extent than t he i nocul um
used in Exanple 13. The | oose packing was 15 enpl oyed to help the
penetration of chlorine dioxide - t hrough interconnected air passages.
The patties then were placed between either 2:4 or 3:6 chlorine

di oxi de rel S¥QPeP0apers as described in Exanpl e 11, BAHUBPRIRd with
a Petri dish cover that was 20 encl osed in a recl oseabl e plastic bag.
The sanpl es were then stored at 4[err]C for 3.5 days. After this
exposure time the neat in contact with th? 3: 6 papers showed no
‘bacterial gromh fromeither a surface or in i brl sanpl e when pl at ed
as described in Exanple 13. The interior of 25 the patty exposed to the
| ower chl orine di oxide concentration (2:4) showed no bacterial growth
from either _surface or mddl e sanpl es when pl ated. When
conpar ed tE:thesuﬂts of Exanple 13, these results confirmthe deep
penetrating biocidal action of 30 - chlorine dioxide when released in a
controll ed fashion over 2.5-3 days at 4[err]C. dearly, the biocidal
action is nore effective for a porous L An
addi ti onal} experinment using chicken breas per f ormed. A
filet of ghicken breast was R€i@at edl y”35 di pped in undilt™ed E. coli
ATCC #6 brjoth (10[err]-10[err] ¢fu/ M HYRRORHW4ACeen 2R chl ori ne
di oxi de r¢l easi ng : * 39028 = MATERIAL

PCT/ US96/ 9199 : '

e . @
/WW\NN=CH/WW\NH2MMNV
| )
H

/

o
- ‘HYDROPHOBIC I
MATERIAL MWW P

:
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49 films and then closed inside a Petri dish that was placed in a

recl oseabl e plastic bag-and placed in a refrigerator at 4[err]Cfor 3.5
.days. "'The surface of the neat was then . swabbed and plated to get an
i ndi cati on OfwBQ&idﬁEd a kill. 5 Again no bacterial growmh was noted after
i ncubati on. EXAMPLE 15 PETU§96/09199a
chlorine dioxide releasing film suitable for controlled rel ease and
‘bi ocidal action within a container is described herein. The equation
describing 10 the concentration of chlori nerg ))ﬁege in a coating of
thi ckness, [err], (O<x<[err]) that is coveri i nside of a X
. perneabl e container of total thickness [err] + a, where 'a' - is the gas
-spage thickness ([err]<x<[err]+a), above the coating i s shown bel ow.
Chl orine dioxide is generated by neans 15 of a conpletely pernmeable thin
filmof infinitesimal thickness that lies on top of the coating at
x=[err]. [err] where, [err] The terms, [err] in the
infinite series above are roots of the equation: 25
atan([err])=h-k'[err] . Dlerr]= D ffusion constant of chlorine dioxide
(cmerr]/sec) in oating D[err]— Di f fusi on constant of
chl ori ne di gri de (Frl{g% 2ec) in gas phase 30 1 =
Phenonmenol ogi cal |ength (cr‘r) of akage pore P =

Jerr](x=1)ferr](x ' ant for partition

O
| OSiR)
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+ of the chlorine dioxide between the coating and the gas phase
Q = chlorine dioxide generation constant fromcontrolled 35 rel ease
fiIn1(nole/cn{err]/sec[err]) k = a, the total thickness of the gas .
| ayer WO 96/ 39028 o ' .
PCT/ US96/ 09 M0 96/39028 - 50 PCHUSWIONTR] se of
the time of maxi mumrel ease rate of chl orine dioxide fromthe
controlled release film C(x,t) is evaluated for a given set of
di ffusiqn constants, |eakage rate, h, phase partitioning and 5
di mensi onal constant, k' chlorine dioxide rglfeasg rate, 'Q and inverse
rel axation tine for rel ease, s, by plotting C([err]) vs [err] at
t=s[err]. As an exanple, C([err],t) is calculated for a Petri dish of
62-cnferr] cross-sectional area of 1cmtotal thickness that includes
0.8cm gas space and 10 0.2cm Agar. Since the biologicals are introduced
at x=[err] and grow in the Agar it is inportant to calculate this
coricentration. This calculation is necessitated by the strong
partitioning of chlorine dioxide into the liquid phase once it is
generated by the controlled release 15 film At the release rates
generated by a test filmthe gas phase concentration was so |l ow (<0.1
ppm it could not be_neasured by the detector—I14 In order to
conpl ete the cal cul atfoh(G s3BryDerr], O er/r,]//

' 22

- 16

1T ——18

L AN

20

FIG.3b =

A N

FIG.3c

I‘ {1
)
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and 1 nust be assigned or neasured. Since Agar is 90%20 water it is

assuned that P=40 can be used [J.J. Kaczur and D.W Cawl field, :
Kirk-Q hmer Encycl. Chem Tech. (4th Ed.), 5, 971 (1993)]. Dlerr]=1.5
x 10[err] C”%ﬁf"’ [sec and Dierr]=0.12... . cnferr]/sec arecrepsiwsd in the
Handbook of ™ $nd Phys. , 52nd Ed., FA7 (1971).-1n actuality Dierr]

appears in the 25 nodel only in conjunction with 1 since for the purposes
of the calculation (Jerr] is assunmed to be uniformin [err]<x<[err]+a.

The | eakage flux constant, DOfer 4] /11 1s evaluated by injecting a small
quantity (about 10 ppm of chlorine di oxi de (i nto the\‘Fetri di sh
cont ai ning no Agar and 30 measuring the chlori di %i dgyconcentration as
a function of time. The Petri dish enployed ! | relatively
rapi dly because of the serrated edges of the ébott\p tsh that is.
enpl oyed to assure good gas exchange necessafy fof Q™I ogi cal grow h.
35 (Derr]/1)= 0.154 cnlsec WO 96/ 39828
PCT/ US96/ 09199 ' 50 Wien the
- source function of the formQe[err] is integrgted f omQ toinfinite
tinme, ' [err] J\q9 '
|
N
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For the purposes of the calculation the controlled rel ease film of
density 0.8 gramicnferr] and total vol une 0. 315 cnB contains 15 w. %
sodium chl orite of nol ecul ar wei ght 90.44 g nole or 3.35 x 10[err]

nol e available ehlorine 10 dioxide (assumng conpl ete r pggistdiooddo S‘WDLes"ﬁ

of C qerr]w(”"”“?% 4 nol es chlorine dioxide) and shows a nmaxi numrel ease
rate at one day or s[err]=86,400 sec. This rel ease nmaxi num is typical
of an acid releasing filmseparated fromthe chlorite coptaining film
by an internedi ate wax | ayer. 13/11 Qis thus cal cul at %7.23x _
10[err] nole/cnferr]/sec[err] over a 62 cnjerr] base gregdPetri dish
where the area release " . ‘rate is assuned to have no | atdral dependence
over the entire surface of the dish. This is a valid dssunption

si nce, even though the controlled rel ease patch occupies 2 N snal | er
area than the total cross-sectional area of the di sh, oﬁb the gas’ and
Agar diffusion rates of the - chlorine dioxide are larg n conparison
to'the time scale of the rel ease rate. The dgncentration in
‘the gel phase C([err],t) as a 25 function of time is the | cul ated for
a range- of | eakage rates, h as shown in Fig. 10. At f 3geakage
-rates (10[err]<h<10[err] cnferr]), the release rate maxim At t=s[err]
and the nmaxi mum concentration is proportional to h. In essence the
concentration at any tine significantly 30 greater than{tihe half tine for
| eakage is sinply sone constant factor nmultiplied tLrgs e source
generation rate. However as the | eakage rate decrease

10[ err] <h<lO[err], t he maxi mum concentration is generdtedsonly at
considerably longer tinme. O course at h=0, no | eakage 35 occurs, the
maxi mum concentration i s approached ~asynptotically, d a tHtal of
3.36 x 10[err] noles chlorine

40

l 1 L ]

q XY ! Nog D
CHLORIE DIOKIDE comc,, PoM

/4 1
/4
0+
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52 dioxide (e.g. Qs[err]x62 cnjerr]) is distributed between the 0.2
cmthick gel phase and the 0.8 cmthick gas phase. For the
purposes of estlnatlng hom1c|ose|y t he h=0 concentr at roached
at h=8. 31 X“.’L‘Ofﬁé:'fgﬂ cnferr], the concentratl on in th *@QP*’S@?E@Q at

t 6.0 x 10[err] sec, x:[err] (§ {3 O[err] nmol e/cnferr]) is used to
cal cul ate the total amount of chlorine dioxide in the Petri dish

[ O. 8cn(620n[err])[§t¢]/40)+(0 2cm (62cnferr])] (2.4 x 1

[err]mole/cnferr]) R 3.27 x 10[err]nole - Q. This value is very
close to that expe%ﬁ%d for h=0. For the |eak te neasured for
the Petri dish in N whi ch the biological growth exp t's are carried
out, a maxi nurtlconcentration of 2.5 ppmis expect &l [i aythe gel 15

phase at x=[err] wigh a concenggation of 0.06 ppmin t
About 0.25 ppmis uired to d spores.
conplicated enviro box of the sa 3
Petri dish but wit pace filed with abso
packed with a 20 |l ume frac o [err]=0.5 cnferr]/ err] The

di ffusi on of - gas t hr ough §¥c conposite nmedia h been studied [R M -
Barrer and DM G ove, Trans. r.fSoc., 47, 826, 837 g | §1951); R Ash
and DM Gove, Tran Far. Soc~, ¢b6, 1357 (1960)&54 W
AV

gas - phase.

A slightly nore
nsion as the
particles
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25 The diffusion constant Dierr] of a gas flow ng through a

porous nedia nmust be replaced by: : Dierr]=Dlerr]/[1+(2K[err]/r]
where Klerr]= Surface Henry's | aw coefficient in the rel ati onship 30
Cerr]=Kerr err] where Clerr]' is.the nunber of rEdrAsseEbo198S

absor bed/chﬁé?%’?‘”@f surface and CJerr] is the gas phase concentration
i n nol e/ cnB, r is the equivalent pore radius for a set of axially

‘WD 96/ 39028 ' PCT/ US96/ 09199

53 directed capillaries within a ofillthaving porosity [err] and
internal surface, A (cnferr]/cnferr]), r=2[err]/A For the .

pur poses of the cal culation of surface concentration of. Qhlorine

di oxide within the porous 5 nedia, the particles are consiered to be
~smal | enough so that the concentration of chlorine dioxide throughout
“the - particles' thickness is equilibrated ws&Et he gas *
‘concentration. For the purposes of this cal cu#& on, the entire
particle concentration is concentrated in the = particle |surface.

In this case the surface Henry's | aw coef f g S rel %ed to the
bul k coefficient, Kerr], by eEEPet-[err]) T -
[A=Clerr]'=[(1-[err])/ Al K err](err] 3 K[err]:(l-[errﬂK[err]/A

20

A
LY

20 30
TINE, HOUES

F1& 7

S R E
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15 Derr]=D{err]/[1+(1-[err]/[err])Klerr]] At a porosity
of 0.5 and a partition coefficient of 40 into the particles, the '

di ffusion constant for flow t hrough t he absorbi ng porous nedia woul d

- be reduced by.a factor of 0.0244. This substantial peghigdsledide Of

appar ent 20M09g3§ﬂbhase di ffusi on const ant proportlonally reduces the

| eakage rate, h, resulting in a proportional increase in t he
concentration expected at any tine. The amount, placenent and
controll ed rel ease characteristi& Adquired for a biocidal filmare 25
estimated where the filmis protecting a small 62 cnfer particle .
filled box that is assuned to |l eak at the same rat® as the Petri -dish
h=8.3 x 10[errq cnferr] (a rather good - assunpti on or a typical

| oosely seal edeQox). A pallet- '\of wel | packed, fol unpacked) boxes

~m ght be an 30\ .anal ogous.. case\ Since nold spore Ki s guanaint eed at

‘an exposure of \a ppm chl ori ne d%gzlde for a few mnu ﬁiy strategy
must generate %g |l east this conggntration in a I d.ref ease in noi st
o]

regions of the preferably & fter several dayshd ayg{ Destruction
0.1-0.5 ppmfor a m gut es. The

of the cell is

of growi ng nol &.35 requires o
destruction onQhe growt h mecha
96/ 39028

54 conplet

T4,

:F . PCT/U
hat strains with asatural inmunit
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di oxi de cannot devel op. Conveniently, these concentrations are bel ow

t he human olfactory det ection limt of about 10 ppm 5
.Practlcally, since such a short exposure is “required, a filmthat
rel eased chl orine dioxide in a pul sed fashi on woul d becqitfseéshasy
system O WQR63828 . depending on the storage environnent, this behavior
woul d assure that the initial Iﬂ‘bﬂpre i nfection (orlglnatlng 10
insi de and outside the box) and any subsequent i nfections. (originating
out side the box) were QE§troyed bef ore any growt h could occur. A
continuous rel ease of ppm t hus : .<Nastes about 98% of the avail able
chlorite. The pre ation of suq@ a filmis discussed in Exanple 16.
15 Figure 11 sh$§s t he rel eas haracteri stics expeclgd for a
- controlled release filmM@dw th a maxi rel ease at 10 s, 3.35 x
10[err] mol e avail abl e Xhl orine di oxi (0.33 cnjerr] Nlm 15% wt. %
sodiumchlorite), plac ina 0.5 N porosity box with a dul k Henry's | aw
coéfficient of 40 vs 2 air IeakingﬁMﬁth h = 202.76.cnf er A
maxi mum concentrati on 10.4 ppmis ached after 10 Yays and at
| east 1 ppmis generat for 0.4 day 46 days. Appr oxi ely 0.31
cnferr] of controlled rll ease maferial is needed for this}purpose. At
a materials cost 25 $1.00/1b, th& controlled rel ease tefial cost
required to do the job ywuld be about0.056 cents. Thus, box
.containing 1.1 liters of material coulld be protected f cent with
the above |isted paranefers. ‘ LE 16 30
The pul sed rel ease capabilities of a | tiple | ayer ed osite can be
calculated as follows t det er m negwhet her the conposi i1l provide

t he -desired sustai ped rel ease rate
The tinme required for gonplete cation e
the nobile ion concenttation in each

or C. In order to deter§m ne

for a particul ar appljcation.
hange can be 35 redi cted from
| ayer, Cerr], erefni is A B,

TIME

1G9

70+t
60

501
407
301
20}
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55 such a-tine period, hydroniumion transport across the
internediate layer Cis considered to be the rate controlling step,
¢ and the diffusi-on constant and effective nobile ion ‘ggﬁﬁgkggﬁlon for
hydrogen | ovD 94390285  considered th a n layers A B an lorite
ion is considered to be rel ati i bile and the reaction of
chlorite to chlorine dioxkde is considered to occur i nst ant aneousl y
once a hydrogen ion enter he hydrophilic [ayer B. 10
Hydroniumion nmobility imynternediate | ayer C can be estimated by
usi ng experinental data n\\Prted by J.L. Ctowmey et al., J. Poly. Sc.,
Poly. Phys. Ed., 14, 1769 (1976). Crow ey et al. studied the ionic
mability in a graft pol ymer of | ow density pol yethylene (79 wt.%
and 15 sul fonat ed s®! ys{yrene (Zrnmﬁ % as a fUhttlon of ion type,
wat er content amd—tenmperato v potTa Sl ons
travel al ong pol yner bound sulfonate groups by exchang€ wi tth "hydr oni um
cations. At high water contents of 3-6 wt.% phase separatign of ion
clusters in 20 a hydrophobic matrix is likely. The r~50rted dilver ion
nmobility and nobil'e i on concentration is quite high uade -fihese
conditions ([err] = 3.0X10[err] cnferr]/StatV-sec, £ = 3.3X10][erir]
nol /cc). However, in "dry" filnms both the nobility and
o
]
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« nobil e ion concentration decrease substantially ([err] = 25 1.4X10[err]
cnferr]/StatV-sec, C = 8.3X10[err] nol/cc). The ion di ffusion
constant D can be calculated fromthe reported ion nmobility using the
equation D =.(KT[err])/q, where k is " Boltzman's constant, T is the
absol ute t e@9e39M8e, [err] is ion mobility and q is RCHE$96EM%har ge.

- The calculated 30 ion diffusion constants are 1.21X10[err] cnferr]/sec and
2.58X10[ err] cnferr]/sec for jagdyyrgnd wet (6 w.% water) silver
counterion | oaded film respectively. WD 96/ 39028
PCT/ US96/ 09199 _ 56 The
nor phol ogy of such a copol yner woul d be very simlar to the two
mat eri al system of the present invention in that both include
partial ly connect i - clusters localized at spherulite boundaries
within the 5 hy ¢ﬁﬁ§gyb/layer. The total ampunt of hydroni um
ion that has diffused across boundary AC (noles/cnferr]) intinmet is
represent ed by t he, functi Q@ 10 Qt)/lICerr] = (Dt/1[err]) - 1/6
- 2([err])-2[err].(-1)[efr]n-] exp(-Dn[err]t/1[err]) :
n=1 Br eakt hr pugh hwdroni umion into hydrophilic layer B
wll occur at (Dt/12)=0{1 (t#10.4\mn, 1=5 ml or

/2

&/, PPM
/0

=

: 1 l | 1 |
s : / 2 3 & 5

TIME (X /0%5E2)

SUBSTITUTE SHEET (RULE 26)



H LR

ﬁl.Z%X10[err]Cﬁ);and‘stéady state diffusion is reached at 15 . gto10(-+
"(Dt)1[err])=0.45 (t=46.9 min, 1=5 nml). The fi rSﬁEPthl\h HEEY t he

above equation dam nate after steady state is . . ugq under

"wet" conditions (6 W% water), Qt) = 1g efr] é}[l/%gér]l[err]) -

1/6] = 5.72x10[err] nole/day-cnierr] at 5 mil 23N ST hydr oni um
fon inalcnferr] area filmand 20 1.27X10[ erf] cm thickne

;
(1.65X10[err] nole hydroniumion ini%iall‘) S
conpletely reacted.i,n the chlori te.l aver ilQ.Z vdry" -
film which is gIéry i 28 2P186 & ﬁ%l&%' ORI et WEERS| BRAESSq( 1) =
DtClerr]/1 =f£6rgsevefrailr powdes/ campodididnsgt 5 il thickness. 25 Because
of the much | ower bi ke ;g0 e ' s A 133 anrd r bed for
t he hydroniumi onFtﬁg'corrﬁ et eR;B?' e gﬁlﬁ}’slegel nﬁtl(?}%%%éj%%]r'%%ﬁlel ?gukéyer B.
Thus,  a nul tfpred layergde COMPOSHSSi t e providing from about one day to

about hs 247| dayscof 6CAkOGE Aok f@fl %Qxlrcﬁ:lﬁié?@iimé@ Fo18asat 8dedQ
Vo 82, 560 26" fn' BUELELORC TR Sk Rer st P eur e and oarbEL 6y

57 - TherFz@lori de di pliote ofeloddorird dicxigiareleéyseapates
when chl ori I OXi e IS«.nitiated in a conposite cont ai ni ng
an interned?%?g %a%§§e%§§a%§gpg%ﬁgﬁ'ne deconposition is a function of

pH A minimum FIGS. 8 and 9 -are plots of chlorine dioxide release
10 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

15 FIG. 11 is a plot of chlorine dioxide concentration

as a function of time.

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

been discovered that sustained release of chlorine
20 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 composgd of hydrophilic and
25 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
- £ilms comprise separate layers of the hydrophilic or
30 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.%

35 hydrophilic material and between about 15 wt.%
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diluent and/or a plasticizer. Any acid releasing agent

15 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

20 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 ébout
40 wt.% and about 100 wt.% of the acid releasing agent,
between about 20 wt.% and about 80 wt.% diluent, and up

25 to about 20 wt.% plasticizer.

The hfdrophilic materiaf of the composite can be
composed entirely of a source of chlorite anions or can
comprise the chlorite anion source in combination with
another hydrdphilic material. The hydrophilic material

30 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

35 about 40 wt.% of the hydrophilic material in the form of
chlorite anions and counterions, and preferably,
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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
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 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',N=CR, ]° C€10,° ——— R ,N-CR,~GR" =+ NaClioO,

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 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. '
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
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1111111111 thel Wnildihdnd 1ddlo#i8d is stabilized. Any monomeric or

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

e

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 the, acid

20 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 95 wt.% of

25 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.% plasticizer

30 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 oxr the
stability of the material could be compromised.
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10. The composite of claim 5 wherein the hydrophilic
layer, bhe hydrophobic layer, or the intermediate layer
' contain an anhydrous salt orx a desiccant to delay the
" hydrolysis. '

:11. The composite of claim 5 wherein the intermediate
layer comprises a sulfonated or phosphorylated
oligoalkene or pplyalkéne polyionomer, a lipid
substituted polyhydroxy alcohol phosphate or

5 phosphosilicate, or a mixture of a lipid substituted ’
polyhydroxy alcohol phosphate or phosphosilicate with an
alkene polymer or oligomer.

12. The composite of claim 1, 2 or 3 whe}ein the
hydrophilic layer or phase further comprises an amide, an
amine, glycerin, acetonitrile,. ethylene glycol, or an
a;cohol; the hydrophobic layer or phase further comprises

5 atactic polypropylene, hydrocarbon wax, chlorinated wax,
or polyethylene wax; and the agid releasing agent
iricludes a carboxylic acid, an ester, an .anhydride, an
acyl halide, phosphoric acid, a phosphate ester, a
trimethylsilyl phosphate ester, a dialkyl phosphate,

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




o REPLACEMENT SHEET
LT The coﬁﬂpee'r—t—e—ef—*e%ahﬂ—‘s—f'urt her I ncl udi ng pot-stureT1ggul ati ng
“layer in contact with a s - the hydropho | r dorftrol the
rate of noi s Ellﬂlmlu.l“ﬂ ﬂtt‘mnto the hydr ophobi ¢ E rdsk/’ﬁ ng he
conposi te of i-ncluding a first atj ng | ayer
in contact with a second.. - surface of tHe hydrophobic |ayer and second
noi sture regul ating Iayer in contact wwth a sé

hydr ophi | i c a'éyer'nt‘% ‘EBHPP§P-t9né’fr 1A Iovbenesni fhecdarrier nléYﬁhré

hydr ophobi c z.r?d@;ﬁendently bomprlse a sulfona.ted or phosphoryl&EEQACEMENT
SHEET n‘gom e of c imb5 further anléj Ing a first
noi st ure re@h’aﬁ??‘r’gk?%?e?rl Ro ¥1QuPPgEe 8f 1iP1id { he hydr ophobic

| ayer and asafhxmrtmmdtpoéyhygndoanyl raj.cohollpl;es;:hateoﬁimc't with a surface
the - ¥hy dibsplionftECard, ok el B g FifiaTR B GRS T
hydr ophi I i chlth@;@FY ﬂa@ohyér shesphateer phesphesidigateaiivaith| aper
contain an FAREHSYSoBAmerObraolagonerll tite ) @¥opHElic 1Pl OfYSther
comprises an amide, an amine, glycerin, acetonitrile,
ethylene glycol, or an alcohol; the hydrophobic layer
10 . further comprises atactic polypropylene, hydrocarbon wax,
chlorinated wax, or polyethylene wax; 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
15 phosphate, sulfonic acid, a sulfonic acid ester, a

sulfonic acid chloride, or a phosphosilane of a g;:yc‘erol
based ester.

28. The composite of claim 3 wherein the hydrophilic
layer, the hydrophobic layer, or the barrier layers
contain an anhydrous salt or a desiccant to delay the
hydrolysis. ' E
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capable of releasing chlorine dioxide upon hydrolysis of

the acid releasing agent.

2. A multilayered composite for providing sustained
release of chlorine dioxide comprising:
a layer comprising a hydrophobic phase containing an
acid releasing agent and a hydrophilic phase containing
5 chlorite anions, the hydrophilic and hydrophobic phases
' being interdispersed and substantially free of water; and
a moisture regulating layer in contact with a
surface of the layer, such that moisture permeating the
moisture regulating layer hydrolyzes thé acid releasing
10 agent to initiate release of chlorine dioxide from the
multilayered composite. |

3. A multilayered composite for providing time pulsed
release of chlorine dioxide comprising: |
at least one hydrophobic layer containing an acid
releasing agent, |
5 at least one hydrophilic layer containing chlorite
anions, and
at least three barrier layers to control the
diffusion of water into the hydrophobic layer or the
diffusion of hydronium ions produced by hydrolysis of the.
10 acid releasing agent into the hydrophilic layer,
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5. The composite of claim 1 further including an
intermediate layer between the hydrophilic layer and the
hydrophobic layer to control diffusion of water into the
hydrophobic layer or the diffusion of hydronium ions

5 produced from the hydrolysis into the hydrophilic layer,
so as to control the rate of chlorine dioxide release.

6. The composite of claim 4 further including a
moisture regulating layer in contact with a second
surface of the hydrophobic layer to control the rate of
moisture ingress into the hydrophobic layer.

7. The composite of claim 5 further including a
moisture regulating layer in contact with a surface of
the hydrophobic layer to control the rate of moisture
ingress into the hydrophobic layer.

8. The composite of claim 4 further including a first
moisture regulating layver in contact with a second
surface of the hydrdphobic layer and a second moisture
regulating layer in contact with a second surface of the

5 hydrophilic layer to control the rate of moisture ingress
into the hydrophobic layer |

REPLACEMENT SHEET

l 29 JAN 1997 J




WO 96/ 39028 . PCT/ US96/ 09199

63 - e of claim 12 wherein the hydrophilic
| ayer or pha ﬂmlimwmﬂjw ine having the formula Rlerr]l
[err]NH err], [err]CH[err]C(O) \lh'ﬁ—@ééi-nEEﬁﬂl«EtEéENZ_d

N(CH err]CH err]OH)[err]Herr], REPLACED
R[err]NCNCH[err]CH[err]C(C»NH[err])[err] 61

(Chlerr])[err]N(CH err])[err]N(CH err])[err], 5
R[grr]R[err]N(CH[@ﬁé]égﬁ HENEE( OENEL 88 f] § further including a first
N(:H[err]C}ﬂggiét Cécigbuféélngeiéyer in con gét with a surface of

the hydrophobic layer and a second moisture regulatlng
layer in contact with a surface of the hydrophilic layer

5 to control the rate of moisture ingress into the
hydrophobic layer.

10. The composite of claim 5 wherein the hydrophilic
layer, the hydrophobic layer, or the intermediate layer
contain an anhydrous salt or a desiccant to delay the
hydrolysis.

11. The composite of claim 5 wherein the intermediate
layer comprises a sulfonated or phosphorylated
oligoalkene or polyalkene polyionomer, a lipid
substituted polyhydroxy alcohol phosphate or

5 phosphosilicate, or a mixture of a lipid substituted

- polyhydroxy alcohol phosphate or phosphosilicate with an
alkene polymer or oligomer.

12. The composite of claim 1, 2 or 3 wherein the
hydrophilic layer or bhase further comprises an amide, an
amine, glycerin, acetonitrile, ethylene glycol, or an
alcohol; the hydrophobic layer or phase further comprises

5 atactic polypropylene, hydrocarbon wax, chlorinated wax,
or polyethylene wax; 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 phosphate,

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

e
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10 | ‘ | wherein: R substituents are,
i ndependently, -'(CH'err]CH err]OJ[err]H,

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

: - Ci—l[ err])[err] NH(CH er rlCHerr]O [ err] H CH( CH Hmm !H“““l““l“l

err , cyglo

benzyl, acrylam de, or pyridyl; Rerr], ggerr] Rerr], and R err] are

15 al kyl; R err] is straight chain C[err] to Cerr] aIkyI Rlerr] is
cycloal kyl of3 bengyd : oS ed0; 814502 8erdid Stile dmide of theO 2i ¥
S or 2; and

PCT/USQG/OgﬂggﬂrOphlllc layer or phase is selecte@from the grq¥R conposite
of ¢laim12 c\!\&%ﬁéﬁhﬁ@eoﬁnfldﬂmaﬁﬂdéS acryﬁahméeﬂsép@@wh@cﬁymwnw sting
of an organic ac d1 gyg ﬂg % gégﬁnlc aci d anhydride, a

hombpol ymer 2 CORP¥hSbr Brﬂi¢ anfyar B %7 xed i norganic acid

5 isopropylacrylamlde, and a copolymer of acrylamide,
isopropylacrylamide or N,N-methylene bisacrylamide and a _

primary amine or a secondary amine.
14. The composite of claim 12 wherein the alcohol of the
hydrophilic layer or phase is selected from the group

consisting of methanol, ethanol, methoxyethanol or
ethoxyethanol.

15. The composite of claim 12 wherein the amine of the
hydrophilic layer or phase is selected from the group
consisting of a primary amine, a secondary amine, a
tertiary amine having pendant hydrogen bonding groups,

5 and a tertiary amine having non-hydrogen bonding pendant
grdups dissolved in a hydrophilic solvent.

16. The composite of claim 12 wherein the amine of the
hydrophilic layer or phase is selected from
monoethanolamine, diethanolamine, triethanolamine, a
copolymer of 1,3-diaminopropane or 1,2-diaminoethane and

5 N,N-methylene bisacrylamide, 4-dimethylaminopyridine,
tetramethylene ethylene diamine, N,N-dimethylamino
cyclohexane, 1-(N-dipropylamino)-2-carboxyamido ethane
and 1-(N-dimethylamino)-2-carboxyamido ethane.

17. The composite of claim 12 wherein the hydrophilic

layer or phase includes an iminium chlorite.
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5 anhydride, and a copol yrrer of an organic acid anhydride or a m xed

I.norgani ¢ aci d anhydrirde with a nononer contarnng—a—eeuble—bond.

20. The conposite of claim 19 wherein the m xed ani c aci d

anhydri de contains a phosphorus-oxygen- si | ”lmmﬁmmmu lm The
c f rral

conposite of claim12 wherein the anhydride is a eic
anhydri de, nethacrylic anhydride, aceé%c anhydri de, proplonlc
anhydrlde or succinic anhydride, and”vinyl, styrene or an al kene.

2o ST R bbb e A B S b EHCPRL M peopfOBIL | 20

pol yetjhyl ene bayevl 95t phase. 1nclude33anThm1nenip@wng bhecfgrmule Rherein
the trli methyl sy y! RlazNéheﬁg&ﬂ?émest 8b1u®i0¢Hkar {\ﬂ():heéﬂJoﬁ)OPﬁq (OR)[err]
whereiln R is % rffon | rou yf or aryl . 24
The cqnposi t eR ﬂf(m}&?ﬁg(mglzn AC ge’ayaﬂ:%zbl‘?g@e ) of the layer is in
contagt wkth a?rssmcﬁg%mcs@ommz , eNYCHICHGHC (O) Nay Ry, 25. The

conpogqite of claim2 erein the layer is o2 di spersion having a phase

size gf between about 0.2 m crons and“abo 100 m crons.
' [R —CHy~—CH,—C—NH-—CH,

2 or

0
!
—<NH——CCH2) NH—CH,CH,C— NHCH, NHECH 2CH,

-e

HaN—C CH,J 3—N N—CCHp)3—NH;

0
-(CHch{JCI—NH—( CH,) ,N—CCH3) ZH_
m

; or
HoN —
»—N N
 V/ \w
>:o
' 10 HaN wherein: R substituents are,

independently, - (CH,CH,0)H,
_C (CH3)2(CH2)ZOH, —(CHz)zNH(CHchzo)zH, —CH(CH3)2,

———cCHajz—N: > —éccnznz—n‘ 'NH |
' _/ , alkyl, cycloalkyl,

benzyl, acrylamide, or pyridyl; R;, R,, R, and R, are
15 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
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or 2; v is 1 or 2; and z is 1-6.




26. , The conposite of claim2 wherein the | ayer contains an anhydrous
salt -or a desiccant to delay the hydrolysis. 27 The

conposite of claim3 wherein the barrier Iayer 'y conprise
a-sul fonated or phosphoryl at ed ol i goal ken l”tﬁ“lmﬂﬁﬁ@%ml yi onomer,
alipid- substituted pol yhydroxy al cohol phosp

phosphosilicate, or a mxture of a lipi fubstltuted pol yhydr oxy

al cohol phosphate or phosphosilicate wt al kene pol ynmer or

ol i gojer; t hy h r . fu §§ggﬂl am ne,
gl ycerin, agg on??gg é$h§°£§¥g %Elééégﬁ 12 Wﬁl or_ an a d@ﬁkgﬁ?f@% '

hydr ophobi ¢ $ele¢ted fr?@rth@rgé@W®r¢%@%l%ﬁ%E§|Q ﬁ%ﬁy?ﬁgﬁﬂAQnﬁ?lﬁydrocarbon

wax, chdhy-api 8d, V@xmlﬁédpsfy&smlmmy&f@déh&a asdfbpolymée! easi ng
agent] i ncl ude carbox lic id,, an ester, hydri de, acyl

an
hal i de, phosp o??coﬁg?ﬁ Caaﬁﬁ sphiygride °%S?é?1X%9t+? ASi 3519 phosphat e
ester} asdia&ﬁu&dﬁﬁdephaﬁuhateopeuymeﬁl@fa@mdorgandﬁfamd@ achyldesder, a

;glfo i C amg %Ilg{ QS 1gé¥§a§£§sggi)§|%®%ﬁd§{0ph‘g+ eéotl‘on?merbased ester.

e conposi rernt ayer, the.
hydr ophobi ¢ ¢gyba;nangthedbableebOMders contain an anhydrous'salt or
a desjccant to delay the hydr ol ysi s.

20. The composite of claim 19 wherein the mixed
inorganic acid anhydride contains a phosphorus-oxygen-
silicon bond.

21. The composite of claim 12 wherein the anhydride is a
copolymer of maleic anhydride, methacrylic anhydride,
acetic anhydride, propionic anhydride, or succinic
anhydride, and vinyl, styrene or an alkene.

22. The composite of claim 12 wherein the acid releasing
agent is an anhydride or phosphate ester blended with or
grafted to polypropvlene, polyethylene or polystyrene.

23. The composite of claim 12 wherein the trimethylsilyl
phosphate ester is (CH,),SiOP(0O) (OR), wherein R is a non-
hydrogen bonding group, alkyl or aryl.

24. The composite of claim 2 wherein a second surface of
the layer is in contact with a second moisture regulating
layer.

25. The composite of claim 2 wherein the layer is a
dispersion having a phase size of between about 0.2
microns and about 100 microns.

26. The composite of claim 2 wherein the layer contains
an.anhydrous salt or a desiccant to delay the hydrolysis.
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27. The composite of claim 3 wherein the barrier layers
independently comprise.a sulfonated or phosphorylated
oligoalkene or polyalkene polyionomer, a lipid
substituted polyhydroxy alcohol phosphate or
phosphosilicate, or a mixture of .a lipid substituted
polyhydroxy alcohol phosphate or phosphosilicate with an
alkene polymer or oligomer; the hydrbphilic layer further
comprises an amide, an amine, glycerin, acetonitrile,
ethylene glycol, or an alcohol; the hydrophobic layer
further comprises atactic polypropylene, hydrocarbon wax,
chlorinated wax, or polvethylene wax; 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
phosphate, sulfonic acid, a sulfonic acid ester, a
sulfonic acid chloride, a phosphosilicate, or a
phosphosilane of a glycerol based ester.

|| THIS SHEET HAS BEEN
s _REPLAGED

28. The composite of claim 3 wherein the hydrophilic
layer, the hydrophobic layer, or the barrier layers
contain an anhydrous salt or a desiccant to delay the
hydrolysis.

Sk c L M - *
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