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Background of the Inventi on | l nvention relates generally to a
C

bi oci dal conposition that rel ease*sm‘w orine dioxide. The 5 invention

particularly relates to such a conposite including an am ne-contai ning

hydrophilic t havi ng g termstorage stability. Chlorine
di ‘oxi de (d Cgag%ggogosuperl or wmgﬂmmﬂmmﬁgent wi del y used aBCHUB46@atMe, '
di sinfectant, fum gant or Izer t can penetrate the cell wall or
menbr ane and cyt opI asm of rml d SP&PEs, bacteria and ot her m crobi ol ogi cal
contam nants at concentrations bel ow one part per mllion and destroy
them The incorporation of chlorine dioxide or sodium 15 chlorite in food
packagi ng has pronpted stIRATAINED RELEASEI BROQITAL afoMpeiTdealg evel s of
such preservatives result in a significant genetic or carcinogenic hazard

to. humans. gF ﬁ% al . FStygl ed the effect of subchronic and acute oral
adm ni strati on I i oxi de, sodiumchlorite and sodi um
chl-orate on the indiieipreasintinvensdon rabﬂéatgéifbi-aa g grephead
abnormalities iBiS&f&ai Fdag oy £ 4 ta e Only the

ggg 2bfeadse 211511?(’\?(? g‘#’&’:flafor'rhe

hi ghl y reacg Ive hﬁ)oc orlte resu In - a wea
mut ageni ¢ pot ent Flé’oﬁﬂbﬁﬁﬁ% to rﬁ!#q}dlangombbed.tae di oxi de

and sodi um chIi-)mﬂledidmldxem«:el-adneeiﬁﬂxygCﬁ?dl‘&iﬁﬁﬁ&b ﬁh@&i‘@&ioﬁév:?%%
Vi S et

I ncreased nunbeissedvdd qrdyguqzl S kP b rrow of mce agi
al. attribute t{]ﬁepr ! g |ve e| nnocﬁ%gg ?‘P&{ﬁo chI orine dioxide to its

inability to 30 pro feerifes (CLW)i e Bypupatber taciaticicly aigene
[Proc. AWM Di seidelgt um- a Blenph, (dSFRfedtaan, A0Sig a&% 273513f].
rR:;g‘lt L% oﬁgﬂla%rl 1) }t :al I'i:egg.nt Sgnéerate t%eeéte rJ].Sngglsct:g geﬁérg]ee
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 om the
induction of chromoscmal aberrations and spermhead
abnormalities in mice [Environ. Mutagenesis, 7, 201
(1585)]. Only the highly reactive hypochlorite resulted
in a weak positive effect for mutagenic potential. The
25 other compounds, 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.
. 93, 173513f]. Recently, Richardson et al. reported that

an extensive atudy of the reaction of chlorine dioxide
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SUBSTI TUTE SHEET (RULE 26) WD 96/ 39030 PCTI US96109179 2 with water borne
organi cs by the Environnental Protection Agency confirmed this observation
[Environ. Sci. Technol., 28, 592 (1994)]. Japanese Kokai Nos. 63/296, 758,
63/ 274,434, and 5 57/168,977 describe deodorants containing chlorine

di.oxi de i ncQypRiebed i n a polynmer, ceram c beads, or cal cpum silicate
wr apped i n nonwoven cloth, respectively. GCels that generat’e c%%’?%ge

di oxi de for use as topical applications for disinfection are disclosed by
Kenyon et 10 al., Am J. Vat. Ras., 45(5), 1101 (1986). Chlorine dioxide
generating gals are generally forned by mexing a gel containing suspended

To avold | pr enct oo ebre o tadatat bECkS Erirareta, Fabcastiencasi ng

. ® .0T ic
to avoid premature c Forihe diox ae
gel s have al soPBBBRY (ReREimmedsdisr cbepyvetion [BEwdamoul &cion processes
have al so beenTeskoln, 28,332 NQsdqyjces of chlorine dioxide. Canadian

Patent No. 959, 238 | b nesrat i orine, dioxide by separately
encapsul ati ng sodi u':rrn %f%grei %}kgg‘dwfgétgg/%%'% i%/ﬁgﬁy\?f-‘ﬁyl agdcohol and -
m xi ng t heScap2l/t68x§Th demcaribet depdotames ctumtraimdngi ehlldeindi ce at al ., .
U.S. Patent Nodidxb@6 ffriRrakieRe 1004 4, 0Tl 3 Bfaaﬁ tegpating

pol yvi nyl methgl1 ﬁther- l'ei c anhédri e) ‘or polyfiactic-g yéo?[c acid) to
25 generate aci o THhAt PECHTAPRAR 17 RPRNIETI S 1Ptlm resEeErivalyrite. A

pol yal cohol hufets athatagénexase ghiorime apististecdoni ubet A8 popyeahydri de or
pol yacid in a 1 Dea ©i3d #or ALESH ' i hSgdi L f into the
capsul e t%oug:{%('h n.ylc"pnvvvalf.lB an Fﬁg?irérr%nﬁueqé(ghéé égti’%eﬁggg%?e?ti s
coacervat éd arothd the Ty V8« 88Psul 22 (B VPs (3986) equikterine reaction

and appl i cat i &kPotde lgeneapsihgsgeThcarmputiorallen fbemeaabe tni LI SUr f aces
to rel ease chlgéi neorliadtiide slbbBAYEN 4B unf WIUEET e Npfeid GpdL PTOVi de

bi oci dal action for, severa
containing lactic acid immediately prior to use to avoid

premature chlorine dioxide releass. Chlorine dioxide
15 releasing gels have also been used in food preaervation.

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

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

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

25 generate acid that can release chlorine dioxide from
sodium chlorita. A polyalcchol humectant and water are
encapsulated with the polyanhydride or polyacid in a
nylon coating. After sodium chlorite is diffused into
the capsule through the nyleon wall, an impermeable

30 polystyrene layar 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 provide biocidal action for several

35 days to months, chlorine dioxids release begins
immediatsly aftgr the capsules are prepared. The
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35 days to nonths, chlorine dioxide release begins imediately after the
capsul es are prepared. The SUBSTI TUTE SHEET ( RULE 26) WO 96/ 39030

PCTI US96109179 3 batchwi se process used to prepare the capsules al so

i nvol ves nunerous chem cal reactions and physical processes, sone of which
i nvol ve environnmental disposal problens. 5 There is a need for an inert

conposi tion yHaks be weasily activated to initiate chlorine dioxide
rel ease in use. Sf&gdc-:lonposition that i s conposed of and gendiGeW68HIY FDA

approved substances, or those generally recognized as safe, is
particularly needed for food 10 packagi ng and ot her applications where the
subst ances can be ingested by or in contast wth humans. Summary of the

| nventi on Am)ngbgpe%oﬂi ects of the invention, therefore, nay be noted the
provi sion of a CONpOLTTT AFIIRAS MAedasesPrepase cthr crapavlienn adiochl or i ne

di oxi de suffici &pvolvem|nuneratius lhekhtead, réadei ond YULE pHydiuhhuses; the
provi sion of sushocdsFEHPWinld ¥ WRIER' ﬂlg es such chl'orine dioxide
concentrations forb eriod of up to sever%fv?'rﬁﬁ%f,c’nﬂ?é‘taﬂrGG‘FEPBﬁlof such
a conposition 3% be stored for a 20 prol onged period and then

actfivated p¥ior to USemre e apneedsies oh f&KﬂhE%dﬂﬂB@Q%EBBOQhLQa%aﬁqgreases
the release rad&s0fy QU408 XY tlgtgr ortion to increase e
tenperature and humdi ty whi ch pronote hold Jiblz?cfié‘??‘édgrﬁﬂl-ﬂ?sanththe
provi sion of sd¥fa Pel&Aonbhat ot 8 FAmPaaside gfc anduhehersess appr oved

for human expoRWly FPA iappestednsabdtisceés) Az “Blokel BaXBERFiye. The present
invention is dig&dgd e c Si retardin gé terral, fungal and
viral contapi nat%&gﬁaﬁda %Slggﬁgbméﬁ éé%ﬁ%ﬁﬁiﬁflx 8FBBnERF cfoed eri al

cont ai ni ng 30 &t RS ABdsPHBe R RPR Ll igAt iond Where, thadsab ik osdidart
material contaibe Hggelitedi b¢ 8P ORScodtie AP RiLhEgaNd hydrophobic
materials are adjacent and substantially free ’

S £ e Invention
Among the objects of the invention, therefore, may
be noted the provision of a compoaitioh that releases a
1s concentration of chlorine dioxide sufficient to eliminate
bacteria, fungi, molds and viruses; the provision of such
a composition that releases such chlorine dioxide
concentrations for a period of up to several months; the
provision of such a composition that can be stored for a
20  prolonged period and then activated prior to use; the
Provision of such a composition that increases the
release rate of chlorine dioxide in proportion to
increased temperature and humidity which promote mold and
bacteria growth; and the provision of such a composition
25 that only releases substances approved for human exposure

or ingestion and is relatively inexpensive.

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

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

35 releasing agent.
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of water, and the hydrophilic material is capable of releasing chlorine

di oxi de upon hydrolysis of the acid 35 releasing agent. SUBSTI TUTE SHEET
(RULE 26) WD 96/ 39030 PCT/ US96/ 09179 4 Anot her enbodi nent of the invention
is directed to a conposite for retarding bacterial, fungal and viral

cont am nati Qpy & ld growmth that contains a hydrophob| o I
contai ni ng an aci cfgoel easing agent, and a 5 hydrophilic Y(gﬁ’gﬂ g‘d?\t ai ni ng

chlorite anions and an anine, an am de, an al cohol, or a conpound
containing amno, am do or hydroxyl noieties. The hydrophilic and
hydr ophobi ¢ materials are adj acent and sulstantially free of water, and

the hydrophilic mat of 10 re| easing chlorine d|0X|de upon
hydrol ysis of the agxl1 aé%%‘?p‘ﬁé“é’d"eﬁlf h\ﬁo{"hﬁn%‘rﬂ?o&l"néﬁﬁ‘eéf-eﬂhbo a

invention is dFP@BPéﬂt@ofqr thiagoba&oariﬂ.arﬂmglbaﬂaeﬂggl fungal and
viral  contan 8ahteRi A6 dhd) moMah gk Bt C rO b Gy o hase
contai ni ng an ac*__d e ea3| zi'ent g%-g th ﬂm &ﬁ]tﬁ R 85%%?%‘?

chlorite ani onse 'd%ﬂ 90%&"[’19&%})‘?&%‘{9 ﬁlﬂ&ﬁ'és ané &ubst ant i aI ly
free of wat erhymwmmmﬂmu copbasging cpilte @.ﬁioﬁﬁ'&i’&'ﬂg chlorine -

di oxi de upon hm;_ggysgﬁ Q{iweﬁchchg ielg@sd e om%i ;g# $n hglrng

enbodi nent of t | méa%‘i: on I's di.rect e
bacteri al , funmﬁﬁn QI°F (Pé’ﬁF&?FVﬁa‘E‘PBﬁt’a?ﬁ} §véwephikic awhtains a
hydr ophobi c nhY@r¢molm‘cmtnauumglanaae| ad1 S tts iaid agsﬁtaﬁei&?ifdfzféé)m 25

th t f hosphat t
0P OS] R SR A 3l S

homopol ynE 5(’&? HeEdas & at‘,i"ﬁ°a‘|‘ﬂ’%r111’dé‘°1arﬂé5p9fym afidin organic
acid anhydri deebeasing Jagenitnor gani ¢ acid anhydride with a 30. nononer

contai ning a doubl il ¥Rl ek APV vantdehds SNIKILLSS GONLaI NI ng

a phosphorus-o en-silicon
P P éggkersion for retarding bacterial, fungal and viral

contamination and mold growth that contains a hydrophobic
15 Phase containing an acid releasing agent, and a
hydrophilic phase containing chlorite anions. The
hydrophilic and hydxophobic phases are substantially free
of water, and the hydrophilic phase is capable of
releasing chlorine dioxide upon hydrolysis of the acid
20 releasging agent.

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

25 the group comsisting of phosphoric acid, a trimethylsilyl
phosphate ester, a dialkyl phosphate, sulfonic acid, a
sulfonic acid chloride, a homopolymer of a mixed
inorganic acid anhydride, a copolymer of an organic acid
anhydride or a mixed inorganic acid anhydride with a

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

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

SUBSTITUTE SHEET (RULE 26)



bond, and a hydrophilic material containing chlorite anions. The

hydr ophi I i ¢ and hydrophobic materials are adjacent and substantially free
of water, and the 35 hydrophilic material is capable of rel easing chlorine
di oxi de upon hydrolysis of the acid rel easing agent. SUBSTI TUTE SHEET ( RULE
26) WD 96/ 39030 PCT/US96/09179 5 The present invention is also directed to

a conposite ardi ng bacterial, fungal and viral contam nation and
nol d growt h ?&@#ﬁ%@g a hydrophilic material containing an BCHEP6®9E®her
and a chlorite salt, 5 and a hydrophobic material containing an acid

rel easing agent. The hydrophilic and hydrophobic materials are adjacent
and substantially free of water, and the Bydrophilic material is. capable
of releasing chlori di oxi de upon hxdrolysis of the acid rel easi ng agent.
10 Anot her enbodi rre%‘bfp’ieﬁ’é”itm#éﬁﬁpé oRsigli sl alixexrtad eengosite for
retarding bact erémpositmdair aetardinl be@Ed:AHINAlf L3NG A0, {95 OW h

i ncludes a hydr &g d 1 a 6 RYRE hin@l QEWEQmQ#%rea tion“of an imnfumchlorite
and a base, and_a hydrophobic materiraf™Cco a9 °§naabVGr°E§iié¢easing
agent. The hydrBPHITH SPtA$ALBEN8RI ¢-aminiceretbles andad] anEs1880salt,

substantial$y famb aafhynhtcphpbianﬂatbﬁiwCtrd?mmui‘ﬁg”&heéhi‘h Lél&% ;?%e of
gent .

L e e
conposi tion :c ng %Eﬁé&;@;ﬁ%ﬁ#kﬁ}z@mb@cwgdeﬂ oand hehgr oup
consi sting o e ¢
et hyl acet gm’ de,dz%mm¥%§8rﬂ&ﬁlgg'%§ﬁgr %@Eﬁgfﬁ%ﬂ%zﬁlﬁﬁi&? .
substltuteﬂjalky!en%n()xh es, - an LSF FBeeBe _ £ ﬁﬁ?*#ﬁe@ﬁ%ﬂﬂ) consi sting
et 51 o) o, vmpoetauc Eondasasei) Laterdish Hadbel il Wt o1 e 5
transforned to c%n%mlzgtggiz Ok enoslaé tgj:%vtiﬁ%ifiuif&:ihqira Vet
ydrophilic
material formed by reaction of an iminium chlorite and a
base, and a hydrophobic material containing an acid
15 releasing agent. The hydrophilic and hydrophobic
materials is adjacent and substantially free of water,
and the hydrophilic material is capable of releasing
chlorine dioxide upon hydrolysis of the acid releasing
agent.
20 Yet another embodiment of the invention is directed
to a hydrophilic composition including urea, a
pPlaasticizer selected from the group consisting of N-
methylacetamide, formamide, succinamide, N-
ethylacetamide,_N-methylformamide, N-ethylformamide, and
25 amido substituted alkylene oxides, and a base selected
from the group consisting of a metal alkoxide, an
ammonium alkoxide, a trialkylammonium alkoxide, a metal
oxide, an acatate, and a metal ion, such that iminium
- chlorite is transformed to a stable chlorite salt in the
30 presence of the composition.
Other cbjects and advantages of the invention will
be apparent from the following detailed description.

Brief Deacrigtiqn of the Drawings

35 FIG. 1 is a schematic that illustrates conversion of
an amine precursor to an iminium chlorite;
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30 presence of the conposition. OQher objects and advantages of the

i nvention will be apparent fromthe follow ng detailed description. Brief
Description of the Drawings 35 FIG 1 is a schematic that illustrates
conversion of an am ne precursor to an imniumchlorite; SUBSTI TUTE SHEET

(RULE 26) VD&’Z)(SJG% 030 PCT/US96/09179 6 FIG 2 illustrates hydrolysis of an

acid anhydri
the imniumchlorite to rel ease chlorine dioxide gas;

38 hydr ophobi ¢ phase and migration of hydPEHVSHE0PEH t o

FIGS. 3a, 3b and 3c

are schematics of multilayered 5 conposites for providing sustained
rel ease of chlorine dioxide; FIG 4 is a pdot of chlorine dioxide rel ease
rates for several powder con]?ositions; FIG 5 is a plot of chlorine

di oxi de rel ease rat efIG102fd}

Betra et hvdnedrsiscof FUG adid anhydrateof

chl orine di oxi déor al hgdecphblebc phade|add %g&ﬁt@&@é@@&foﬁ%@ﬁ%ﬁt groe and
-

(0]

humdity; FIG i t chl orine i oxide rel ease rates

| ayer ed conposi tttzalje }giﬂ?@ c@%ﬂ%’% t3 F3e8Pe ShleRiRg hexdidecoag:rel ease

rates in relation toF&ffospherik amsinier arer echataticerial multii@yei@yi s a

pl ot of _rexismimoaiibgii Bs droX oy £GP BuathiOla e Fodat We A0 ;| g2kage
0 I"OXi

froma contai nely o ;8 and FIG 11 is a plot
concentration g&ﬁ B

chl orine
hction of tine. Detailed Description of the Preferred

Embodi ments I n accor BE@cet vig ha miotprogsehlorinendicmidd redlaanse2bapegn

di scovered that segsbavrefdll rEdwisse ddmpolaiibRg; di oxi de can be generated
froma conposite con 'ni%%_%chl rite_anjons when the conposite i s exposed
5i

to npisture. The co
10 for a layered composite;

O 822 SRy aF LR Hiaxide selanse rates

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

PIG. 7 is a plot of chlorine dioxide release rateg

for a layeraed composite;

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

humidity;

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

20 and

FIG. 11 is a plot of chlorine dioxide concentration

as a function of times.

Detailed Descri eferred Embodiments
In accordance with the present invention, it has

25 been discovered that sustained release of chlorine

dioxide can be generated from a composite containing

chlorite anions when the composite is exposed to

moisture. The composite comprises a hydrophilic material

and a hydrophobic material. The composite may be, for

30 example, a dispersion composed of hydrophilic and
hydrophobic phases, or a mechanical combination of the
hydrophilic and hydrophobic materials, such as powders
and adjacent films. The powder has a hydrophobic core
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hydrophobi c material. The conposite may be, for 30 exanple, a _
gingpgrsiyon (F:)orrposed of hydrophilic and hydrophobic phases, or a mechagl cal
conbi nati on of the hydrophilic and hydrophobic materials, such as powders
and adjacent filnms. The po Rke=iaS ~a.-hydr ophob| “core SUBSTI TUTE SHEET
TIREPLME} MR 030 PCT/ US96/09179 7

d wth chlorlte cont 4| ni nRkmarthcles. acent filnms conprise
gggg(rjg?e I ay&% Y030 e hydr &BH P&i{: orEj? ic materi al ?aﬂ@%‘/@iﬁm Y,
t he conposite conprises between about 5 5.0 w. % and about 95 Wt(.)/o
hydrophilic material and between about 5.0 wt.% and about ?5 w . (;3  os
hydrophobi c material, nore preferably between about 15 wt.% and a ou/
. % hydrophilic material and between about' 15 wt.% and about 95 wt

hydr ophobi ¢ rmat @mbgddet wihh chlttd Q:omaliﬁiﬁgd%§P€{§i9£‘ cther material

tit Bt ween
can formthe corftilmuougm pj)ag Rt . Auous ase cons
about 15 wt.% P Q}H?artc a&fF§5eP§| IRBildicsgar sed phase

d

constitutes betwé’ R° 8381%*"—5%&“ %akf+ about 85 wt. %of the di spersion, an

preferably, the 15 cagbfmmy.pm:ﬁe m&gu_is;ateﬁ%pﬂﬁg, co;&'tg?’ V\%s% and
0 S

gg?\?\;egSa\x)Sto gij bh“%aﬁdﬁ%% 3fh ﬁﬁ”lﬂji‘gb @ tariathandydr ophobi c

material of theP8@5WRER| 3RORL P t9ewt26 ésﬁpebwteﬂﬂlwte.l’y hydrephasid rel easing

agent or can cBAperizl] momeiptdfekadiyNBefibdt dHb LOTR QR tgoﬁgy %%agFe y

hat
di luent and/or gspl@s{i niANY% ggkd as agent t
bei ng hydrol yzed é)y anb%%fg moi St u 91% i J{;\ ?:‘bé)t WeeoabeytpdSewtof t he

present inventi 3H° %,ﬁasm%yhytinephgbtlc e tersliarlg agenthdoeamﬁ@éiéﬁac'f
with the h9dr o:pmaudispxtﬂﬂoaﬂ,, eaaaeﬁlos@t&s&aleme RArnC¥he2Ehne i NiSud "€
envi ronnent . 1T§h£¥9roﬁﬁﬁPE%nQ§£gous phaa rééﬁ?iitutes between about 15

wt.% and about 95 wt.% of the dispersion and the

dispersed phagse constitutes between about 5 wt.% and

about 85 wt.% of the dispersion, and preferably, the

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

The hydrophobic material of the composite can be

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

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

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

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

The hydrophilic material of the composite can be

35 composed entirely of a source of chlorite anions or can

comprise the chlorite anion scurce in combinaticn wzth
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bet ween about 10 w. % and about 100 wt.% of the acid releasing agent, up
to about 80 wt.% diluent, and up to 30 about 60 wt.% pl asticizer, and
preferably, between about 40 wt.% and about 100 wt.% of the acid releasing

agent, between about 20 wt.% and-aheut—808-—w—l€dituent, and up to about
20 wt. % pl asticizer. The hydrophi | in-ipet-e=iratacobcthe conposite can be 35

conposed entY?83P9%¥ a source of Ehl or i REPEXCEMS or |can cBAPUSHLNMe
chlorite anion source in conbinat =< et - SHEET (RULE 26) WD
96/39030 | f TH S SHEET HAS BEEN REPLACED PCTI US96109179 8 anot her

hydrophilic material. The hydrophilic matesial preferably contains an
am ne, am de or an _.al cohal conpound contai ni ng am no, am do or

, or.a
hydroxyl i et i¥CReF bYIrPRELAis Bateridloge FhBohydngphitlin matexisdur ce of
5 cPI or Iblt e ani cpmﬂa-aibllgotpﬁtaiﬂﬁ A &:ﬂl&ehyafn%gi J:tCan @%ﬂfﬂcﬁ!{ %?dah
preferably const] n,about, 2 wt_. %, an ut wt,. % of the
hydr ophi | i c mﬁaﬁpé%?nggé\ég?%%ﬁ EHngy (3‘?‘[{98 8hi gﬁ&?ﬁé’ FHftdesoasd and
nore pref er abl Pavisg: febdghbbydragen brndingabensity. wa dafraeheshydr ophilic
10 materials WeldriReCah®bhk €15 Ok Porare@NhR! 46 BRddopniiie Sal t

"n"the composi FRbRTERL RRY, pEReqTRETY SonaRibnton ko trRnn Auo0Hs 2 Monbver |1
the hydrophi | ia@dmbentako|wt o offrithe hydropbitid onaterisdunme the Eorm
chl orine i or! 42 satociba Sl izl 636] Sead ond REATLASLO O
ISle 1?: gimercu I gr: t(?\%/tl gregl F‘ﬁ%uém? nht't‘b 3Rd &PBFZ@@."’T’I* R YRehyeserbilhat t he
agi dr lr)eldedsr:’imng%gh‘ﬂ-aéle v én rﬁ:hmeclﬂ\ﬁdﬂ@phobﬁ_:cmerd aih]jo&-ilti)e;iéeh.gze]gr t;?/n
_?hzohygr ophobi gmrr_gg_%ﬁ@ %f?%?q m&gﬁﬁ?ﬁ%‘%ﬁwﬁé gi_ﬁ{‘ﬁé, chlorite
ani ons. The hydPBfi Ghei BRE halchrothe commagise wilhe
hydr ophi | i ¢ nataciute chlorite anions and counterionas. However if the
hydrophilic material is an amine and the chlorite source
1s is chlorine dioxide gae, the chlorine dioxide reacts with
the amine to form iminium chlorite in situ, if the
oxidation potential of the amine is sufficiently low for
the amine to be oxidized.
It has been found that the acid releasing agent
20 within the hydrophobic materizl is hydrolyzed by adsorbed
moisture, releasing acid and hydronium ions that diffuse
from the hydrophobic material to the hydrophilic material
containing chlorite anions. Tha hydronium ions react
with the chlori;e anions in the hydrophilic material,
25 releasing chlorine dioxide gas that diffuses out of the
composite into the surrounding atmosphere for a period of
up to about six months in order to prevent the growth of

bacteria, molds, fungi and viruses on a treated surface.
The hydrophobic and hydrophilic materials are

30. substantially free of water to avoid significant release
of chlorine dioxide prior to use of the composite. For
purposes of the present invention, a hydrophilic
material, a hydrophobic material, or a dispersion thereof
is substantially free of water if the amount of water in

35 the composite does not provide a pathway for transmission
of hydronium ions from the hydrophcbic material to the

SUBSTITUTE SHEET (RULE 25)



25 rel easing chlorine dioxide gas that diffuses out of the conposite into
t he surroundi ng at nosphere for a period of up to about six nonths in order
to prevent the gromh of bacteria, nolds, fungi and viruses on a treated
surface. The hydrophobi ¢ and hydrophilic materials are 30. substantially
free of water to avoid significant release of chlorine dioxide prior to

use of the covpssaodxd. For purposes of the present inventio drophilic
material, a hydrophobic nmaterial, or a dispersion thereof P”@B%é?h’ﬂt ially

free of water if the amount of water in 35 the conposite does not provide a
pat hway for transm ssion of hydroniumions fromthe hydrophobic material -
to the SUBSTI TUTE SHEET (RULE 26) WO 96/ 39030 PCTI US96/ 09179 9

hydrophi lic mat gkl r ch of the_hydrophilic and hydrophobic
materials can i n(S:(I Sgghﬁﬂgoﬂél%%ﬂjfﬁgi 1 de °.r°7'§3v§t ePaGR t ¢ kh e hydirdphgldéach a
pathway for i nfBRJIPYAEIPRePIRIDRESriaie wancinalsde Riefty alblont @agh 5

material contai ws.kesatsham ekl f&ﬁiﬁiﬁ%&bu%-%%%ojgr}d mor e

pref erably, bet X.10- % a out wt . % wat er .

| nsubst ant i al amnggﬁfggg?&?/\é?nerb“@m% of§seThatRyr t iRpeferabiy, aeach

rel easi ng agent Baterpaboerntaisial leamd lrhdnoabout i Drts Xvizghi Red.l3€ waQEROSI t €.

10 The hydroni ughdpnEord QW Edratile, "Blettbbh Usot DL 4 1§-: hydrophi ¢

material until gggﬁf*éeo_yvater I'sS present or transport ofs ﬁ‘?ﬂroni um

i ons. The chl orite ant ohs Gentr o MAYRF -notrprhetantial tamountpdesphatie

material, but af@rshydxmired shpdrrdonges fhe hodtls uliasibgt 8gelY Eﬁe
lorite

It h ; { d4d hi Li I . Suitable c
Sour cos 't hgy o e s Aad Byatslian Load WRIA Tne Frmbafiten:.

a,?ihe e%l[lc r por,at e
i nvention i ncl udes aP¥GT IR 4008 BPreEer s de) et sidifuse éhtorthe or
pot assi um chl orkydropiiddld mateainl mmthl SfowdH FrdecwatuehigSpral&igm

chlorite, or chioridSamldt @ ngabbalghtiQ, Metal ion or a protonated
primary, secondary, tertiary or quaternary anmne. Many chlorite
The chlorite anions generally do not react with the

hydrophilic material, but are surrounded by hydrogen

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

20 chlorites such as calcium chlorite, or chlorite Balts of
a transition metal ion or a protonated primary,
secondary, tertiary or quaternary amine. Many chlorite
gources, such as sodium chlorite, ara stable at
pProcessing temperatures in excess of about 100 ?C,

25 allowing for processing at relatively high temperatures.

FIG. 1 illustrates preparation of a composite

containing iminium chlorite. The amine hydrophilic
material is in contact with a hydrophobic acid releasing
agent (both hydrolyzed P-0-Si and maleic anhydride are

30 shown in FIG. 1). Chlorine dioxide (C10,) is reduced by
extracting an electron from the amine, forming an aminium
radical cation (not shown) and a chlorite counterion
(C10,") . The aminium cation quickly converts to an
iminium cation by loss of a proton from an adjacent

35 carbon atom and oxidation by ancther chlorine dioxide
molecule. The mechanism for above reaction in an agueous
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sources, such as sodiumchlorite, are stable at processing tenperatures in
excess of about 100 C, 25 allowing for processing at relatively high
tenperatures. FIG 1 illustrates preparation of a conposite containing
imniumchlorite. The am ne hydrophilic material is in contact with a

hydr ophobi ¢ ' | easi ng agent (both hydrolyzed P-O-Si a |
anhydri de ar"g&b%ﬁghovm in FIG 1). Chlorine dioxide (ClQ2 g?@%@&ﬁ’@ed by

extracting an electron fromthe amne, formng an am nium radical cation
(not shown) and a chlorite counterion (Cl02-). The am nium cation quickly .
converts to an iminiumcation by |loss ot%a proton froman adjacent 35

carbon atom a pdati her, chlorjne diqxid | ecul e. The
mechani sm forgggg% ?éagg?gyni%&)é? 5{8 38‘8§LQSQYB§$1”I'U$E g%EETc RBLE 26) WO
96/ 39030 PCT/ 2896258079194 s5yEt dwnezs Gbenr | Suel 188 (Rdsennsst, anesal ., J.

Org. Chem, ;As6%2Y90 (1963); J. Aner. Chem Soc. 89(5), 1158, 1163 .
(1967). High chlorjne, di Oﬁi?de to,.chl.qrite conversions are 5 obtained if the

chlorite ani on andf3fRi FrtRTARST ALcHtdenke CRIPTIf CODYETHY OBReaFA t i al
el ectron 6ranebsaifpdnlfhehe arhilvritec andpn dind fonimdnddmaed tibabthaged by a -

hydr ophilic e SNt prel le@th O é{bﬁ:\? ' ri ani on may
be depl eted gg;igg%gaﬁgﬁ? reac%?&%t%%hwgtfﬁct e irgr?iﬁsg%rcg%n eH“gn at

t enper at ur es pe a8 FePEH Y commlaxpdcand (tahidd z8dP¥ce t o

di sproporti onhydeophibic mdlaulde add sbherfémmulatiais)cunicbhpieldgh pRa is
preferred bec htal ' | ri LOXi| nd acts an
a nore effect iéeg'gﬁ'lrlgf. Oﬁﬁ‘%ﬁﬂ?e&%ﬂh@ é?‘f?\*ﬂnﬁtﬂi@“&%ﬁ'&?"pg@?&g%@d for
chloritelfon ¥WithpFketimindum counteripp akstespenntares akever abentase of

chlorine di oxsde°€ronchlorites @tla0nlied WiSjed®itd didpropocdibiatién

conposite. Hy YSi ' asi proyides_hydroni um

oS L e e $hihY8hEoflad i chil cbGhE2S! A ARAIU P OKb gR5RY U
preferred because it reacts more rapidly with chlorine
dioxide and acts as a more cffective proten sink,

15 ' maintaining the basic pH required for chlorite ion
stabilicy. '

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

20 agent provides hydron:l.un'cations (H,0*) that react with
iminium chlorite to releasa chlorine dioxide gas. The
decomposition products of the reaction are an aminium

~cation (shown as AN 4n FIG. 2), a carboxylate

(CO0O-, not shown in FIG. 2), and Cl°. These products are
25 retained within the composita.

It has been found that, in scme instances, iminium
chlorite may decomposae if the composite is exposed to
temperatures axceeding about 60 °C, reducing the
availablas chlorite concentration for conversion to

30 chlorine diexide. In order to maximize chlorine dicxide
release from the composite, it has besn discovered that
the chlorite source can bs omitted from the composite
until the composite is applied to a surface when the
hydrophilic material in the composite is an amine. After

35 application, the composite is exposad to chlorine dioxide
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imniumchlorite to rel ease chlorine dioxide gas. The deconposition
products of the reaction are an am nium cation (shown as*"r""2. in FIG

2), a carboxylate (COO, not shown in FIG 2), and O -. These products are
25 retained within the conposite. It has been found that, in cone

I nstances, imnium chlorite my deconpose if the conposite is exposed to

t enper at ur esweogsfdy Ng about 60 C, reducing the available rite
concentration for conversion to 30 chlorine dioxide. In ordl?‘jrjll/ﬁ%wﬂ%&? mze

chlorine dioxide release fromthe conposite, it has been discovered that
the chlorite source can be omtted fromthe conposite wuntil the conposite
in applied to a surface when the hydrophiltlc naterial in the conposite is

an am ne. After i cat.i 0 t he conposite in exposed to chlorine

di oxi de SUBSTI Tﬁ%g guﬂi&; %’E TRHC UV b R3 b pamime IS0 dica 9l Aginitmgas t hat

ei ther reacts wehhorhte ain raitw drodisissleesNin CEhO ddkid rtoSF%VQ&ed' ssol ves

in‘the am ne tOcRLO¥iEE afiddy .t &3 0 05|te|s n, activated
i) PR EBBonl BF, £E R i e 85 skno

in the presence_of noisture to re ease chlorite
enabl es the conPBEPERSE PhPWafvTed trorel evee cthlarimee ddomide . durhig

processi ng, Sst oraghodinenatiss tAie @RmposiEONPERIS dxpddad E%”BQE@LHE&‘S at
which the im ni Yakp&hd Qlids Qgpgggéespgcaus terha%ﬂh droygEB i.c material

does not contain imniumchlorit any S FRAtHER hod
al so precl udes PPeTRIRARPT &% dde SPUBRFaFRFRS ah oildd themimheiwanposite.

Chl ori ne di oxi dehtewt e demcapioded, oneeaiﬁe bﬁhﬁaﬁﬂr%hﬁ-lﬁccﬂﬂﬂﬂif through

a chlorine di oad,gl@ M\q&ttg n : Ny hl orine di ? enerators
EEetpipna

gener at e ag il m)stgyc{ or| ne OXI g (FafWs©
wat er . i ne n I‘?&F%Bﬁégl}‘ﬁ?% REARAtMre)releake otoubb&-inae of the
i nvention nust dimdtddoefmbmsahhvedmpahﬂta. rmilQ{:*i%'e Hﬁé&iﬂ@eéaﬂ%e absor b

water such as g taW dEd tdngy £QYHLOCE DON viax or roh ocar bon wax.
Al ternatively, P 168V B} 02k b0ty YERG c°mP°B thoug a
chlorine dioxide generator.

Conventional chlorine dioxide generators generate an

15 atmosphere of chlorine dioxide that is saturated with
water. Chlorine dioxide that comes into contact with the
composite of the invention must first be dissolved into a
material that does not absorb water such as a low melting
hydrocarbon wax or chlorohydrocarbon wax. Alternatively,

20 chlorine dioxide is dried with a desiccant. Chlorine
dioxide is thus delivered from a wet industrial process
into the composite without exposing the composite to
water.

In order for an amine to form iminium chlorite in

25 neat form or in the presence of a plasticizer, the amine
must be sufficiently electron rich and the amine nitrogen
must be locally mobile. Electron withdrawing groups
should be separated from the amine center by at least two

' methylene groups in order for the chlerine dioxide to

30 extract an electron from the amine. Movement of the
bonds about the nitrogen center of the amine is required
for aminium formation. If the amine is frozem into a
glassy matrix, the amine nitrogen will not be mobile and
the amine will not convert to iminium chleorite. A glassy

35 amina can be softened to increase mobility by adding at
least about 10 wt.% of a plasticizer, such as a low
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20 chlorine dioxide is dried wth a desiccant. Chlorine dioxide is thus
delivered froma wet industrial process into the conposite wthout
exposi ng the conposite to water. In order for an amine to formimnium
chlorite in 25 neat formor in_the presence of a plasticizer, the amne
nmust be suffweis®Rbdsy el ectron r’irE,ﬁ,. o= ) ni trogen pgedstcoby,becal Iy
nobi |l e. El ectron wi thdraw ng gr/oup"sb b%j:h‘é)'ﬂl—idstgg jarated from tshe am ne
center by at least two nethyl apsACaDOr der [[for the chlorine dioxide
to 30 extract an electron fromthe amn » of the bonds about the
nitrogen center of the amne is required or aminiumformation. If the
amne s frozeRol b@lar WYY aRUR) Xro! Bfip YHIM Rb! 1BAEE Yihynot D
nobile and the_ampo, will not convert_to imniumchlorite’ gl assy 35

ani ne can be ng?%ﬁgﬁi??)qﬁﬂﬁﬁE&§8‘ﬁD%?%?Yy‘¥ﬂ/%ﬂﬁ&ﬁﬁ@naFenPEESFuﬁbout 10

W . % of a pl asOtbezesyltahlle pdaatiotzerBSatd Wkl 1Skbbin( Bhl Ehe tpoli@ed6/ 39030
i f. PCTIUS96/QQ479 BEEN CED i2 nolecular weight amde, to the amne to
| ower glass transition tenperature below the reaction tenperature. O her
suitabl e pPastici zeTR® Farauafl cRisrine ndionidm mplepsesfromcathe rate of

chl orine di oxi dempeses adn @@ altepaR0byt chariinge thbt eL86od¥ty e diHeg t he

viscosity of t I hohi ¢ terials,.changi ng the

di spersi bili tyﬂg?t{%%{:ﬁﬂgr%&ﬁ?’?lag°§%§£%§a’?%p%romﬁg’ cn%?"e‘?f‘%?sgg%hangi ng the
t enper at ure of i pRe® itye of1 6hehbydrophide eadcbwerephobiof acid

rel easi ng agenhatéridts, CHiRgingcthaddenferutin® 622RheOtokysBLtaNt to the

(TS expdBed COMEIY (P SoPosRERFAERPE SOk EAYeRPLER, BARSDIR (bl
hydr ophi | i ¢ angc®gesimofidding & desiccant or humectant to the
composite to control release of chlorine dioxide from the
composite once it is exposed to moisture, or changing the
volume fractions of tha hydrophilic and hydrophobic

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

Maximum chlorine dioxide release from a composite
can also be achiasved by stabilizing the chlorite anion.
Iminjum chlorite is unstable to nucleophilic attack by

20 the chlorite anion. It has besn discovered that the room
temperature lifetime of chlorite anion is substantially
extended when a strong base, such as a metal alkoxide, is_
present in the hydrophilic material containing the
iminium chlorite. The mechanism of alkoxide

25 stabilization of the chlorite counterion is shown below.

R ONa
C R'zN-CRz 1" Cloz' ——— ﬂ'zN-CRz-CR" - NnCIOz

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 iﬁmediately
30 decomposed into an a-amino ether and a more stable sodium
chlorite salt. If water iz present during the oxidatien
of the tertiary amine, an unstable a-amino alcohol is
formad that can attack the chlorite anion unless the
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15 materials to produce continuous or discrete phases wwthin a dispersion.
Maxi mum chl ori ne di oxi de rel ease froma conposite can also be achi eved by
stabilizing the chlorite anion. Imniumchlorite is unstable to

nucl eophilic attack by 20 the chlorite anion. It has been discovered that
the room tenperature lifetinme of tte anion is substantially extended

when a strongdRzes30S algaNkbxi de, is present |pc{.
hydrophilic materi al '-.\EQFIEB.:I: N ] f;be i mini um chl orite. The ,ﬂggr?foglrn9
al koxi de 25 stabilization e counterion in shovvn bel ow. R ONa

[ R.2N.CR2 |' C102 - R 2N-CR2-CR' - NaCl02 wherein R 2 and R2 are
groups that correspond to those of the sellécted anmine and R is an al kyl

or hydrogen gro t the imniumion is i mediately
30 deconposed |EP%°§%QE gﬁ%%’gs@ﬁer *Ghd ﬁﬁﬁ?@’gifaﬁ?‘@%?ﬁﬁ%hlf Sheorite
salt. If water PY¥IFPREAMLCRRIVRRY he ASdiddrnont witehaftd islyatdione, an
unst abl e a- ani nefakrehehlésitd Q{dﬁéd.d hdle a@nqaibeskiddie, chlorite anion’

| the SUBSTI TUTE U WD 96/.39030 r. AFT gS 6EFJ" ~
gQZTIelSJ;96109179 TH s ‘éggﬁétft}? ‘5‘ SPBEE SRF oREhaR Hirdag Faey

conpl exed by t hshlﬁyatep#mhed%mm alkgdetitdeanswdh veed e!’odﬁﬁnﬂr sol vati on
of the chlori tepbeaabsuﬂ%r aga Xiahat ﬁdtﬂ%ﬁidéﬁcepﬁmdfd l?&i‘és f%@ use

in stabilizin chlorite include nmefal al kox]
pot assi um or ga?’m uﬁ?ﬁ%?‘h T”cés 5x PUES, 28 PP RHR Qi‘r’-debupé‘xﬁaésumrret al
oxi des such as akédgenumetnd diemﬂor sxcdi am Naxl dxiatikydl amnesian Cdass Nt

aCetat 65 Sygh o8 oSOt W B e SeEcOr UL ERd S ech el PR as
acetates s as sodi um .acet a su
materi al s L'it8 hat ﬂég AHER SR e 8 W&H&eéag?%t?'é%ﬂyt i¥n qtbeé't masrTindks

ni trogen center tb#tlmmcurgamlmmt @. sknoaghysls hphtddat ioat €6 aktgert ahéll ng a
tertiary nitrogen center of iminium chlorite.
In a hydrophilic material containing a tertiary
amine (dimethylaminoacrylamide), N-methylacetamide and
15 urea, an a-amino ether and chlorite salt is formed when
the iminium chlorite ia.stabilized. Any monomeric or
oligomeric amide asubatituted plasticizer, such as
auccinamide, formamide, or N-methyl formamide, can be
substituted for N-methylacetamide in order to soften the
20 amine. Formamide and N-methyl formamide are toxic and
would not be preferred in applications involving human
contact. If the amine center is sufficiently mobile, the
addition of a plasticizer is unnecegsary. Urea improves
the chlorine dioxide uptake and releasa aefficiency of the
25 hydrophilic material baecause it has a high hydrogen
bonding density and will not react with the acid
releasing agent. Compounds having a high amide

FﬂT

concentration can also be used to improve hydrophilic
material efficiency. Preferably, the composite comprises
30 between about 5 wt.% and about 95 wt.% of the hydrophilic
material and between about 5 wt.% and about 95 wt.% of
the hydrophobic material. The hydrophilic material
compriges between about 5 to about 30 wt.% of an amine
and between about 70 and about 95 wt.% of a hydrophilic
35 solvent including between about 35 and about 55 wt.%
urea, between about 35 wt.% and about 55 wt.% plasticizer
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am ne (di methyl am noacryl am de), N-nethylacetanmide and is urea, an a-am no
ether and chlorite salt is fornmed when the imniumchlorite is stabilized.
Any nononeric or oligoneric amde substituted plasticizer, such as

succi nam de, formam de, or N-nethyl formam de, can be substituted for

N- et hyl acet@pi hyp order to soften the 20 am ne. Formam de.and. t hyl
f or mam de ar‘ggltggéﬁogpand woul d not be preferred in applicati onsg‘?%‘(y)&?w ng

human contact. If the amne center is sufficiently nobile, the addition
of a plasticizer is unnecessary. Urea inproves the chlorine dioxide uptake
and rel ease efficiency of the 25 hydrophill%4 material because it has a high

hydr ogen bondi densi ty., an 1 .1 not ct with the acid releasing
aéent. Conpoundggﬁa\ai?%%éal(ﬂi‘g"n'\%aﬁa&@‘ c%ﬁg)éﬁf\rlgﬁ% THT &has Betumexet o
i nprove hydr ophthas abewt |Gd5 eidles @ﬁgyhﬁ&ﬂerdﬂh&g&ﬁd Ii:rcaaﬁezbfe "
conprises 30 bghtRgNgRHOIE b Wad: 8 1%.0 rophilic
na'[rgri al and betwee %bout 5 vw.%égﬁg agougﬁg%%\&mb%%f %’Egi‘%d?’ép i ¢
material . The h?ﬁ%g}l B ot Paterdgiprrald hrcmenromssed-5 to about 30
Wt . % of an amine ankrébdxeeh axides Z6rause g&mtﬁhéiy\dtoo%ﬂliia :h%giétpml lic
35 sol vent incl yg} N¥eEh 10U 1 Y4 4 Ur et ween
about 35 wt . %angagg%ﬁff 55 wt.%%o pf‘gg'?ﬁg’?g%g %ﬁé’éﬁ‘% E%hﬁ%’?‘gﬁ‘RULE 26) WO
96/ 39030 PCT/ USBBPRL™ers pf foFmapdde 3pd hempimide-it has been found that
Shoul'd b tQS”d"‘“"“"""ﬁ‘qﬁ*gg R PO ] e ST Ly of e
shou e adde i,C i I
mat eri al coul d ibseg%%%lom egmigePPg?{gfreﬁ%%l e;e P&r’aﬁ% ';'fel%eané a.
hydr ophi | i £0 et RF 48T iaRdmed©f 8r faRPadarncrinm déucbopribes awaxy |t de,
o ac vl A de. | i sopt ol s e B e D e e "hnd & 10
of acryl am de, 0 Y. _
pri mar§ ani ne ocrzﬁfamg%%agr#&grx)#lgm Hgscgu%%é'arﬁ%‘cafes’}'l’@&ﬁ Ugtgusef ul vehicles for
filmcasting prPetyReri®abieur elegtron deficient alkenes such as

' acrylamide.

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

electrons to convart chlorine dioxide to chlorite is

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

25 solvent ara also acceptable. Representative amines
include: alkanolamines; copolymers of amincalkanes and
alkens bisacrylamides; alkylaminopyridine; alkene
diamines; alkylamino cycloalkanes; alkylamino-

. carboxyamido alkanes dissolved in a diluent; amines

30 having the formula R, NH,; R,R,NCH,CH,C(O)NH,; solubilized
N (CE2CH,0H), . H,, R,N(NCH,CH,C(O)NH,),, (CH,),N(CH,) N(CH,),,
R,R,N (CH,) NHC (O) NH,, |
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chl orine di oxi de, which does not react with polynerizable, electron
deficient al kenes such as acrylamde. 15 Suitable am nes for use as the
hydrophilic material include primary am nes, secondary ani nes, and
tertiary am nes having pendant hydrogen bondi ng groups. An am ne
substituted with electron donating groups that donate electrons to convert
chlorine diay, 936%9 chlorite is 20 preferred. Electron w thdrawi ng groups
concentrate electron density at such groups such that it iRCHP§6OAPt for
the chlorine dioxide to extract an electron fromthe amne. Tertiary

am nes havi ng non- hydrogen bondi ng pendant groups that are dissolved in a
hydrophilic 25 solvent are al so acceptahl®. Representative am nes

i ncl ude: 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 diam nes; al kyl am no
cycl oal kanes; al kyl am no- carboxyanido al kanes disgolved in a diluent;

am nes 30 having the formula R R2NCH2 CH? C»N sol ubi l'i zed

N( CH2CH2OH) 1_. EX, NCH2 CH? 2) 2| " CHR ZN(TR2) SK(CERY 2,  RSRGN (CHR)
ENHC (O NH2 1 susg%hgﬂ?rgeﬁég%?%‘ﬂsmz 26) V\D 96/ 39030 PETI USO®®H9179 15 0
1Q4- CH2- CH2- G- NHCH2 N (CH2CH2NHC (O) NH2) 31 2 or 0 O N C nNH CH

2CH2C- NHCH. 2NHCCHZC|—|2+ HN NH  H2N-( OH2) 3-Nj-(CH2) 3 NH2 0

- }- CH2CHC- NH- (- CH g N N N 5 H2)Wherein: R
substituents are, LFT?CJCH{%BEﬁ?bUTVﬁzc”';‘ N Ne
i ;
HaN—(CCH,) 3—N Ne=(CH ) 5—NH,
;
1 ) )
~<~CH2CH<-C—NH—CCH.‘,)ZN—(CH;)Z
": or

wherein: R substituents are,

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

~—(CH,) —N ) —CCHy),—N 'NH
‘ —/ . alkyl, cycloalkyl,

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

10 alkyl; R, is straight chain C, to C,, alkyl; R, is
cycloalkyl or benzyl; m is 1-100; n i8 2 or 3; x is 0, 1
or 2; y ia 1 or 2; and z is 1-6. Generally, the abovae
compounds can be solubllized in formamide,
isopropylacrylamide-acrylamide or other conventiocnal

15 plasticizers.
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-C(CH3) 2 (C8=) ,0H, - (H .NH (CH2CH20 ,8, - CH (CH3) _, -CCH2)2_N)
-(CH2)2-N NH \-/ , alkyl, cycloal kyl, benzyl, acrylam de, or pyridyl; R1,
R2, R5, and R are 10 alkyl; R3 is straight chain C to Cu alkyl; R4 is
cycl oal kyl or benzyl; mis 1-100; nis 2 or 3; xis 0, 1 or 2; yis 1 or
2; and z is‘g(-)gsm%ner ally, the above conpounds can be solubilized in
formami de, 1sopropyl acryl ani de-acryl ani de or ot her convenPfFbiai60pye
pl asticizers. SUBSTI TUTE SHEET (RULE 26) WO 96/ 39030 PCT/ US96/ 09179 16
Preferred am nes include nonoet hanol am ne, di et hanol am ne,
tri et hanol am ne, a copol ymer of 1,3- di akPnopropane or 1,2-di am noet hane
and N, N- net hyl ene i ryl.am de.  4-di hyl am popyrJ dine, tetranmethylene 5
et hyl ene di ani ne, ﬁ?ﬁ%&n’éf‘h%gﬂ*%&%%hé?ﬁﬂ%&fg%#%qued
1- (N-di pr opy| sdietdanplandibexytri etthasidiamine; a copolymer of 1,3-
1- (N- di net hy| @TARe hokrepaleX¥2n I9- SldiAlS arRapl g lang the
formula RINH, , ,a se(?},_rfg%ry am ne havi_ng '?he or%?'@%&% CH, CH, OH)
3, H2N - NN\ ‘G‘T&N‘ﬁﬂ"io‘%%leﬂénzmim@ debrapeghy lasieuhi | i zad
NR3RIR' (GH3) eXhN@liegisc Hickine, R \incChyTanino NycldtdbdddH2C8, C(0) N8, ) "
RURL2N( Cx2) 3Nigg! % CHBC 1,3 CH2- CH2- C- NH~ CH2
1530 2 b 0 Nk “Rrég}gg%\%%ﬁ%ﬁ% Renshpmygin dd faeiina ol

1- (N-dimethylamino) -2-carboxysmido ethans, a primary

amine having the formula R,NH,, a secondary amine having

the formula R,R,NE, N(CH,CH,OH),,

KX /~\
N N
0>/ / \Lux
/ \ >=O
HN NH
10 \_./ 3 HZN ;
HaN—=(CH,) j==N N—(CH,)5=—NH, -

?

solubilized NR,R(R,, (CH,),NCH,CE.N(CE,),, R,R,NCH,CH,C(O)NH,,
R,,N (NCH,CH,C (O)NH,),, RyR,,N(CH,),NHC(O)NH,, '
N(cn,cx,nx_c (O)NH,),,

. 0
a H
a==CHy==CHjeme C— NH=CH,
15 . 2
i X
—<NH—-—CCH2)nNH—CHZCHzc—NHCHzNHCCHZCHzé—
n , or
T
%CHZCH%C—NH—CHZCH.‘,C%N—(CH3)2»
m

’

SUBSTITUTE SHEET (RULE 26)



} CH2CH+| G- NH CH2CH2CH2N- ( CH3) 2 SUBSTI TUTE SHEET ( RULE 26) WO 96/ 39030
PCTI US96/ 09179 17 wherein: Rl is -CH2CH2OCH2CH2OH, - C(CH3) 2CH2COH, -(CH2) Z
N ) -CH2CH2NHCH2CH1OH, -CH (CH3)" -CH=CH2OH, ~~/// , or -(CH2) 2-N NH \-J
; R2 and R3 are, independently, hexyl, benzyl, n-propyl, isopropyl,

cycl ohexyl, acrylam de, or - 5 CH2CH=CH, R4 is cycl ohexyl or benzyl; R and

R are rreth YWo oékoohes Cycl ohexyl or 4-pyridyl; Ro and R are _
i ndependent iy, 0?1 n-propyl or isopropyl; k. is n- G HLYCSWSPP’@&F?lg R11

and R13 are, |ndependently, met hyl, ethyl, n-propyl or isopropyl; mis an
integer from1 to 10 100; and nis 2 or 3. Suitable diluents incl ude
formam de or acryl am de-isopropyl acrylah7de. digoneric or polyneric
secondary am nes converted to acrylam de substituted tertiary am nes by
M chael reaction with acrylam des are al so suitabl e because the am de
group 15 does wheredeacR, w4 h- CH)CELOKIH|CEGRE,asicgEagenjor, Hydroxylic

conpounds, including ethylene glycol, glycerin, nethanol, anol,
nmet hoxyet hanol , et hoxyet hanol or other alcohols, canube U s the
0

hydr ophilic rra-tm,cn;mdﬂgm,, -CHl(am\ e dcngcnjeg,r el easé 2 n QCEW very
rapidly when a hydroxylic conpound in incorporated in the conp05|te and
can limt the applicat s for such conmposites to rapid chlorine dioxide
rel easi ng syst-eftsH, St abl ewwaci d rel easi ng agents include carboxylic 25

acids, esters, anhydrides/ agyR,haid dgsarphospiependeatil¢, npiRgsphat e
esters, trinethyIS|IyI phosphate esters, dialkyl phosphates, sulfonlc

of g ;ZZ?“ e 'd“'?i ' §'Ime£s% LeneRyd { Som Al Bl ° 08! | anes
i ncl ude an an ? % p‘h% &Prbf’&ﬂa% ¢ Ruard| Ryupres YARULE 26)

R., is cyclohaxyl or 4-pyr:|.dy1; R, and R, are,
independently, methyl, n-propyl or isopropyl; R, i8 n-
C#H,, or n-C;,H,;; R,;; and R,;; are, independently, methyl,
ethyl, n-propyl or isopropyl; m is an intager from 1 to
10 100; and n is 2 or 3. Suitable diluents include
formamide or acrylamide-isopropyl acrylamide. Oligomeric
or polymeric secondary amines converted to acrylamide
substituted tertiary amines by Michasl reaction with
acrylamides are also suitable bacause the amide group
1s does not react with the acid releasing agent. -
Hydroxylic compounds, including ethyléne glyecol,
glycerin, methanol, ethanol, methoxyethanol,
ethoxyethanol or other alcohols, can be used as the
hydrophilic material. EHowever, chlorine dioxide release
20 can occur very rapidly when a hydroxylic compound is
incorporated in the composite and can limit the
applications for such composites to rapid chlorine
dioxide releasing systems.
Suitabla acid releasing agents include carboxylic
25 acids, esters, anhydrides, acyl halides, phosphoric acid,
phosphate esters, trimathylsilyl phosphate aesters,
dialkyl phosphates, sulfonic acid, a sulfonic acid
esters, sulfonic acid chlorides, and phosphosilanes of
glycerol based aesteraz. Examplaes of such acid releasing
30 agents include an anhydride or phosphate eastaer blended
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WO 96/ 39030 PCT/ 7JS96/ 09179 18 with or grafted to pol ypropyl ene,

pol yet hyl ene or pol ystyrene, or trinmethylsilyl phosphate esters of the
formulae -51- | 0-5i- 0 -1 i OPO PI10 -51-0 or 5 (CH,),SiOP(0)(OR) 2
wherein R is a non-hydrogen bonding group, alkyl or aryl. Linear or star

i ke oligo amcelle like molecule with a lipid nd a

P-O Si corgﬁ&aéﬁ%ﬁyhn a phosphosilane of a glycerol basedpggbé?ﬁmgPe
preferred 10 acid rel easi ng agents because they can be nelt- or solvent-
processed with the option of being crosslinked after processing to provide
filmstability. A preferred phosphosil.ad® of a glycerol based enter is

K LPOSI j 0 14 _ GOP.CGOLOI Il 0-5i -0-P-OG
P b o g 4 atedia BE oAk sy Taney P?’c%%‘?#]ro“”(?cﬂﬁs oG 15 G 0
OH wherei n G medystyranenupz EolnsundmilylrpEpEshatRestaxd) of the

formulae
| :5\ 5_/—/
—5 = |

N l N7
p p
—La-o/ o —|Sl-0/ o
I ’ | ’ or

5 (CH,),810P(0) (CR), wherain R is a non-hydrogen bonding

group, alkyl or aryl.

Linear or star like oligomers (a.g., a micelle like
molecule with a lipid wall and a P-0-8i core), such as a
phosphosilane of a glycerol based ester, are preferrad

10 acid releasing agents because they can ba melt- or

solvent- processed with the option of being croaslinkad
after proceéaing to provide £ilm stability. A preferred
phosphosilanse of a glycercl besaed ester is known as LPOSI
and has the formula |

15 0

wherein G has tha formula OH .
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WO 96/ 39030 PCT/ US96/ 09179 19 A free radical polynerizable al kene or
condensible group on the termnal end of a lipid is a representative

ol i goner. Acid. anhydrides are also preferred acid rel easing 5 agents and
i ncl ude organic acid anhydrides, m xed organic acid anhydrides,

honmopol ynmers of an organic acid anhydride or a m xed inorganic acid

anhydri de, amd osgog»0l yners of an organi c acid anhydride or ﬁ?"%%’%’ 79
i norgani ¢ acid anhydride with a nononmer containing a 10 dou ond.

Preferred m xed inorganic acid anhydrides contain a
phosphor us- oxygen-silicon bond. Preferred anhydrides include copolyners of -
mel ei ¢ anhydride, nmethacrylic anhydride, 48etic anhydride, propionic

anhydride, or SWCGi-RCra380Y Fg]& I rene or 15 an _al kene, such
as mal efi ¢ anhydri de stryr en&e]i op& yrrg'rngﬂ ?%Fi?t%rtm’iﬁltehgﬁpépl ns
such as pol ypr ofh &R @fe, 1épigolysa yrepmesmentapdhvgner s of acid

anhydrl des and eiﬂ.gbaeof. Iact | c or glycolic acids can provide a rapid

initial chlorine dio SE rate 20 .followed by a slow rel ease rate.
The hydrophobi ¢ nat eirgl a§ ca cfz- F44Ate n&flﬁaepﬁmﬁ?ﬁ’ﬁ?erﬁc@u&?laésapact ic

pol ypropyl efe, RFEREEarBNiRRdude oirigeninaseid wenhydrildeai,hyliged WagantoOW
mol ecul ar wei ghhciaow&id& ?,gg_%grsdgf 'é@tdzﬁﬁ% g’ol %Qly efl n 25

copol yners, g{ﬂ,géethereof gs ents can be in the

hydr ophi | i c rrat erral as we |12 o5 LREFFRRic afid; anhvsie idge orp8r at ed i n
ei ther the hydFepasyrersrof iy ogganic aeidramiirmsie srkaomixeq the art.
Ceneral |y, for mmbdgasid m@m»maxlmﬁed Hheithiet! AHLIE1818, accept abl e

plast|C|ze t cayen as sodi um sul
sul fate, &Pu ca é%’f ?P‘tﬁf %arreésmm inongandm éﬁF‘-ér Faé}'éahdm added
to the conposi té°¥bﬂ1mewmhosnhmt-um@€kﬂi}&uﬁ bahdl.hep@eEdri&d €asi ng

agent. 35 Conveahhpddadd |iRAQEE ROpASGhLLY 65 GAN 1% gngygriget he
: methacrylic anhydride, acetic anhydride, propionic

anhydride, or succinic anhydride, and vinyl, styrene or

15‘ an alkene, such as maleic anhydride-astyrene copolymersa,
or grafts thereof with olefins such as polypropylenes,
polyethylenes, or polystyrenes. Copolymers of acid
anhydrides and esters of lactic or glycolic acids can
provide a rapid initial chlorine dioxide release rate

20 followed by a slow release rate.

The hydrophobic material can further include a
diluent such as atactic polypropylene, hydrocarbon wax,
chlorinated wax, polyethylene wax, low molecular weight
polyolefins, polyesters, derivatized peolyolefin

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

30 acrylamide are acceptable plasticizers.

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

35 Conventional £ilm forming additives can be added to the
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SUBSTI TUTE SHEET (RULE 26) WD 96/ 39030 PCTI US96/ 09179 20 hydr ophobi ¢ and
hydrophilic materials as needed. Such additives include crosslinking
agents, flame retardants, enulsifiers and conpatibilizers. The conposites
of the present invention can be 5 formulated in various ways to accommodat e
a W de rangeywfqe 95 Use applications. The conposite can be fornul ated as
an extrudate, such as a filmor pellets, or as a powder ustqTgULEPIENt i onal
extrusion and spray drying nethods, respectively. Wien the conposite is
formul ated as a 10 powder, chlorite containing particles are fornmed by
dissolving a chlorite source in a hydrophi BPc solvent and extruding the

sol ution throug f_a r rLyer. Once the solution is
transformed int gyggéé%}g%ﬁ?eadud Srg?'rﬁ':a%é‘éfict ﬁﬁtﬁﬁfﬂ%l"e‘s negdege rSuckd to a
cycl one 15 separ8ddFivesiirrlude smassljaking| ageqnsf clahley rbeyidsnes,

di ameter of beteReDsdPOfs Sar) EcdpR¢ibi29-85 ONS. The particles can then
be stored in a dry ' t hey

sphere., Once _ the chlorite particles are nade,
are fed into a fl ui Qeékqﬁﬁfitﬂfe°ﬁy&EBpﬁﬁEﬂ%??nﬂH¥€W§P°éoHFaih#ng the 20
aci d rel easPng Agemelasedcipsulrious brypassi agedtidatat ar wdlet Rasywh snal |
di aneter nozzl egngnépet Jof e | fi.ze e ere jt can
dpchaiehe . Of Thi cé%éjitze o ] gev@om%at&fﬁt%t

| npi nge upon the_ flui d‘ized chlorite caontal g particles.

with the fluidi 28d®Peri9d5%s 59Re28nRofiiR oF Paldetss pul aash rppwsinader s
formed as the hyeirgednventioarilakxtsabich fams dpralyOam énkyREOROPI ¢ core

: i ' i r rf
oo | T bV Do, SO ) R v
i nor gani c Tt erP 2T TIRRLE R ceR triRing pantd cl@sparrafetmed by dry seal ed
container. In fdissolyire ackbivrbecdsoxice irelaeaGEREpROMIE 501N QLQUS
oo, s TR LR L i T RS R
1 ui di zed bed ce the so;ution is transé%rmed into spray dried

particles, the particles can be routed to a cyclone

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

20 acid releasing agent is aerosolized by passing the
material through small diameter nozzles into the chamber
of the fluidized bed where it can impinge upon the
fluidized chlorite containing particles. Upon contact
with the fluidized particles, the chlorine dioxide

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

30 packaged in a dry sealed container.

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

35 to form a mixture of chlorite particles and anhydrous
particles. The anhydrous particles dalay release of

SUBSTITUTE SHEET (RULE 26)



35 to forma mxture of chlorite particles and anhydrous particles. The
anhydrous particles delay release of SUBSTI TUTE SHEET (RULE 26) WO

96/ 39030 PCTI US96/ 09179 21 chlorine dioxide that is catalyzed by

at nospheric noisture. The anhydrous particles can al so be post-mxed wth
the chlorine dioxide rel easi ng powder to delay chlorine dioxide release. 5
Al t hough the,, filic and hydrophobic materials can be ted as
descri bed above éor the conposite, it is preferred that th%ggﬁgﬁg?

powder contains an alkali or alkaline-earth chlorite. The hydrophobic
material preferably contains a | ow nelting hydrocarbon 10 wax,

chl or ohydr ocar bon vvax atactic pol ypropyl etle, polyethylene wax, a | ow

nol ecul ar wei ght ol e deci va | zed o ol efin copol ynmer, or m xtures
thereof. An acd eas‘{'jlh"du\ﬂfx,% §ﬁc a‘éaﬁ % & BEROSBRAFLBN of a
phosphoryl at ed Wb@y\tmercﬂhef @abyddowst pastidleen chn allkoxbdeposo-mixsiice

m xed anhydri dewPe Ghe tEHlQﬁwin'eS d1BkEES" £ Efb A dd Bobd EOQQOQLEJMG“ al .
LPCSI is a part#ul rIy swta | e_aci d rel easi ng wax use I'n preparing
the chlorine di9 %I’é{ i 55%8RF°-1f the acid releasmg wax is
extruded at5a vi scoshlghow bdenbgdrapinilid GuahtydreshobD8 OmaPed iy 1uIgh
nozzl es of betc\.‘\ﬁ?rbébﬂ&tmu]la %ﬁ QQOHLaJ'g i 08d HAEERE tﬁef{:&upéﬂ &, of

nol ten wax bet V\fen about m crons I n 'S generat ed.

In addition to Br%tﬁ’fﬁfﬁﬁreﬁo\m&%ahé ke P°E"I4€r ggnEai@®stres of the
present inventiakicakh de dlkalibat-edrth clldrae.s Theahkavsprebié | m casti ng

e PPl okt it t RS 10O 6RUPAT ' 1A e ORR! 8GR | T Y

using well kno oat, spra , curtain coa cﬁ‘y wax,
wet wax, ahfl Ia‘!’ﬁ’h'at‘flﬂtﬁ’rpﬂhé'éé'§§é§b°90"%e W pedveaePrleRebe provi ded

as a |layer 12 palhpadnd e aki, Caolbw ResTash1aedwvephaki foape &gy ophilic
material as ShQ&EEiJLJié%d %%1y83e§§n cén”fﬁﬂéi e%%dmixtures thereof.
An acid releasing wax, such as a hydrocarbon solution of
a phosphorylated lipoglycerol reacted with silicon
15 alkoxides to produce mixed anhydride P-0-8i bonds, is
preferred as the hydrophobic material. LPOSI is a
particularly suitable acid releasing wax for use ih
prapﬁring the chlorine dioxide releasing powder.

If the acid releasing wax is extruded at a viscosity

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

In addition to formation of powdered composites, the

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

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

35 The hydrophobic and hydrophilic layers can be applied by
casting the hydrophilic layer ontoc a substrate 20 and
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conposite 14 including a separate hydrophobic |ayer 16 and a separate
hngophiIic | ayer 18 as shown in FIG 3a. 35 The hydrophobic and
hydrophilic |ayers can be applied by casting the hydrophilic layer onto a
substrate 20 and SUBSTI TUTE SHEET (RULE 26) WD 96/ 39030 PCT/ US96/ 09179 22

then casti ngwiogs rophobi c | ayer onto the hydrophilic | [ rcodS
|IIustratedg|n FI%?g3a The nmultilayered conposite or S|n3%§“ﬁ39$¥7%an be

applied in conjunction wth noisture regulating layers 22 to control the
rate of 5 noisture ingress into the hydrophilic material or hydrophobic
material to control chlorine dioxide relead2 fromthe nmultilayered

I,St order to generate chlorine
g?ggfget?nmgegoQg%hY?gFP %gfa§%ﬁaﬁPFPhP§QGs PYPT (] rhhe tydrapbebic of
water to the hydR¥gKebas i%%uﬁtnnﬁﬂdadnlHthhEaaC|mhermﬂnﬁaihQQrééent and to

control the suri:aﬁgoaiea Of soile1deyBet WERNNL R AN JLCLRASIOT IS

ophi |1 | a contalnl ori
oot ol Lot Cor oRgsh BRT¥ R Reauia tdbe 1aveng Thio imrmtsphobhe sace of
hydroph|I|csnatemiaturé6¢ngﬁhansia&pamhhehyayﬁﬁﬁaﬁmd|ma¥&r?ale%gzghatﬁe
I hydr o) ran I
otorrals e’ (hfaroshonlE il A gRa KA BORHIL AR Bkt Gt EeTatatn:
i nvention are Eﬁ?@nﬁ%@l?ﬂ}qﬁ%ﬁﬂPéPﬁ &°HE§?#%§1WhﬂpeaGﬁiUhhedlhg di oxi de

rel ease (nol es/setstureof film in the presence of atnnspherlc noi sture at

hl de t bsorb
a surface for a Iengggné?igg ggggagg ﬁf) C %{Ingﬁ ?%b?galo a

to the syurface 25 a qorer e’ of
ggn?aninan é éﬁ&&é°Pr6ﬁ1éﬂc%ﬂﬂ%ﬂluﬂ° dimdxpbbedaseedmaer reduces

the chlorine diwater wortanthydroprebaé 1 r%brn‘é:rﬁlg.ﬁihgfg!);('?gae@{ chlorine
e P Mol WAERE fne s BB OE S E0T,
contact between the layer releasing the hydronium ion and
the hydrophilic layer containing chlorite. Such

15 controlled release can be obtained by casting the
hydrophobic and hydrophilic materials 16, 18 as separate
layers with an intermediate boundary layer 24 that
regulates bhydronium ion transport between the materials
as shown in PIG 3c.

20 The layered composites of the present invention are
intended to maintain a desired rate of chlorine dioxide
release (moles/sec/cm® of film) in the presence of
atmospheric moieture at a surface for a length of time
required for chlorine dioxide to absorb onto the surface

25 and kill bacteria or other microbioclogical contaminants
However, leakage from a container or exposed surface
reduces the chlorine dioxide concentrations at the
surface because of chlorine dioxide diffusion into the
atmosphere. Thae chlorine dioxide concentration released

30 from the £ilm for a chosen time period can be calculated
given the leakage rate and the .rate of absorbance at a
surface. Thus after measuring the leakage rate, the
composite is formulated so that it contains a large
enough reservoir of chlorite reacting at a speed

35 sufficient to compensate for the leakage rate for the
desired time period of sustained releage.
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given the | eakage rate and the rate of absorbance at a surface. Thus after
nmeasuring the | eakage rate, the conposite is fornmulated so that it
contains a large enough reservoir of chlorite reacting at a speed 35
sufficient to conpensate for the | eakage rate for the desired tine period
of sustained release. SUBSTI TUTE SHEET (RULE 26) WD 96/ 39030 PCT/ US96/ 09179

23 Theref oraypdesdoggn Oof a chl orine di oxi de rel easing corrp%lr&g%%%; abI e
for controlled rel ease and biocidal action within a container

I nto account several aspects, nanely, the chlorine dioxide productlon rate
5 fromthe controlled release film the part|t|0n| ng of chlorine dioxide
bet ween the phases within the container ( >g. gas, liquid and solid

phases) in a reversi @Lg,efglbéorcggéj,}g,pr of rrgxe%ghpé df act ed h| on, and

the |eakage rate of ?as from.t ont ai ner sign or sucl’fe eiﬁ ESWpOSl te

i s described i nCERBABFE® 18uiteblerian sonsxpihed Fekaanes andy biomidhalt he

present invent Rohicomeithvixs 4 heortuivielrt RuBESEiN®i Inty aFicuhkNFedarSEl | €S

of periodic pul gggesehEassse d { spected tinmes of

bacteri al, \él ral Se EJthnga %}n%é %hﬁ'gk"%h giwf%& r%%uglé gﬁcﬁﬁa?l on time
b|

for the I ogFEB’P Welﬁ%?ré%?tledrﬁé ep8ecfitRsi the d@ﬁtbéiogpngnoied to
mai ntai n the deshlerli:ke dimrhtdt&teleﬁntherphim rvﬂq:llii%I 8ol BRtRindbe

at mospheric chl ggi g&gm %ggoﬁ_ o,s the_ s gl fic

appl i cati on. 20 A Typical co troI ed re ayef@HBESErB 8ite

incl udes water $3RFPERAD) 91 r%srrﬁ"ﬁdiBlef (aeﬂﬁﬁéné@@hébn,aboétt&m | with

a hydr ophob| c | hyakade afted dﬂ/@ra@pfflrmethbadéﬁtﬁﬁti- degebifrdoabgys, for the

conposite. ,dhe Qd% %}9{ & I‘_@Qer é elng ai;?jal%/d rel easi ng agent such

25 as an an ydri roni um-ions anhydride hydrolysis.
The hydrophilic |ayet B%ﬁﬁmdn%IQInd#dt relead o mystemppby thedprédsentexanypl e,

by di ssol ving spevelitidih|drddedves 2Rat BRIoFIN S ddeRrIBYECEy! Bnde digl Qphilic
series of periodic pulsed releases timed to coincide with
the suspected times of bacterial, viral or fungal

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

20 A typical controlled release multilayered composite
includes water swellable f£films A and B of a thickness of
about 5 mil with a hydrophobic layer A and a hydrophilic
layer B as described above for the composita. The
hydrophobic layer A contains an acid releasing agent such

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

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

35 transport propefties of layer C.
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sol vent. The hydrophobi ¢ and hydrophilic |layers are 30 separated by a water
swellable internediate layer C having a thickness 1 (typically about 5
ml) and diffusion constant, D. The effective ion concentrations applied
to the boundaries of internediate layer C by the l|ayers A and B are a

strong funct he water 35 transport properties of |ayer C.
SUBSTI TUTE &égﬁ&{oﬂ{)LE 26) WO 96/ 39030 PCT/ US96/ 09179 24 (&USHEI Redi at e

| ayer C can be conposed of a wide variety of materials since chlorine
di oxi de can diffuse equally well in both hydrophobic and hydrogen bonded
matrices. Such materials include polyionoms such as 5 protonated and

neutralized, sulfonated,, or phosphoryl ated oligo- or poly-al kenes such as
pol yet hyl ene, pol yﬁ%ﬁﬁ%‘ﬁ’e‘%@WP i&?’??a? e%“naﬁ’t? COFEPFRE St Mewids |

Li pi d substi t ut varpety hgfimmterdlalehelinpéochlniien Aidxifgbosahosi figad €s and
their mxtures Wit fKkeda WIRES | | [ | so preferred.
Finely divided &gér‘]h ?J}rous sz%qits or Bégf an s“’1 %%?%z’dgaggg %%mg?fs of the

| ayers to retarBPEFECPRactush T3teRtals nnefudd wolydapomers cench yared by

water. |t C\Es bpest b say aireyl ntelnah.-a]!cwﬂﬁaf Uelﬁiliﬁha(%fed@ ﬁ5 BHbhphSART Ailkg
def i ned by the POt Fa?ﬂpiﬂé%e-,"é%g F 3F R ESBHLERPhe Uosi red nunber
of pul ses) proRPHEIRTIRNLaNN c adyicacrelatas and cophlyvatentheréans of
o oS ooy o b UL BFaR) ) B pbepuh66f i) e con
mol ds, fungi fan%p °£3§a}%‘g'rlﬁ'\gamfﬁea‘%§c?§aﬁ (P eﬁegg%pﬁ %‘Fﬁ? éf‘?]éﬁ‘?r&f ,
chl ori ne dt®xi RQRAFIReTEoBTLORLEE PR fdnTdday cFinehi ciirebded chl orite and
anhydri de | oadi ahydrshd ha1¢at 6k dosfékhd ¥ inayPBeNBAEEE NS AR LRS! i CS Of
layers A, B andlag%r{% sgdetrael egRe occurs as eagljuI I Srd:{é‘%@z IS
successi vel y penetrated by Water vapdt FPd FEMPE e that is
catalyzed by water.
It has been discovered that construction of a
15 multilayered composite wherein the arrangement of tha
layers in the composite is defined by the formula C(acB),C
(wherein n represents the desired number of pulses)
provides periodic pulsed release of high concentrations
of chlorine dioxide over several weeks or months. Such
20 Pulsed release can be coordinated to the growth,
incubation and contamination of viruses, molds, fungi and
bacteria. The cycle time and peak concentrations of
chlorine dioxide would be controlled by the layer
thickness, chlorite and anhydride loading, and the water
25 and ionic permeation characteristics of layers A, B and
C. Pulsed release occurs as each layer (ACB)z is
successively penetrated by water vapor and hydronium
ions. Structures of type CDC can also be made where D is
a mixture or emulsion of A and B of a phase size of
30 between about 0.2 and about 100 microns. The materials
of construction for the CDC composites can be the same as
those used in making the C(ACB).C composites.
Additionally, a multilayered composite C(DCD)_C can be
made in order to provide pulsed release as described
35 above.

SUBSTITUTE SHEET (RULE 26)



lons. Structures of type CDC can also be nmade where Dis a mxture or
emul sion of A and B of a phase size of 30 between about 0.2 and about 100
m crons. The materials of construction for the CDC conposites can be the
sane as those used in nmaking the C(ACB), C conposites. Additionally, a
mul til ayered conposite C(DCD),C can be nade in order to provide pul sed
rel ease as %éggé@g 35 above. SUBSTI TUTE SHEET (RULE 26) WD 96/ 39030
PCT/ US96/ 091 ul sed rel eases of chlorine dioxide thatPGrarsge/omom
about one day to over about 200 days can be achieved for 5 ml thick A B
and C films by separating the hydrophobic |ayer A containing the acid
rel easing agent 5 fromthe hydrophilic |aye B containing chlorite anions
by an internedi ate | ayer C capable of supporting varying hydroniumion
transport rates. Thé'd#edegelepsascofaghinzine ddontida ahat i, fa4er ed

filmcan be calahtal etheagap’ 0¥ §6¢6r | Abda@BY e plications for the

cohposi tes are NIYN_r QS kTﬁev\ﬁogggs%Lf ca@r?lobg;ggeglgnﬁpnnaé?h“a%vf‘gﬁ?i’ronrrent

where exposure to molsture’ whl c f.imﬁé’ycéﬂﬁ8§?f-éégc‘bhﬂbe used to

prevent the gr &drophokdrdiayennlicomiainsiay ahd abhatesidasing gy f ace of

a material mnd/fronfl@ddobidecpRriiile TRI&H! i om‘.agﬁfﬁ‘%i@gl&h Surface with a
ine di el e absefce°ge

conposite rel I OXI

t hat..does ,not ase chl ori ne
noi sture, and T&’p@?i Pfﬁgfﬁ'éa?‘f%%ﬂ HPYSR (S CaPRB1ALPE | BRPARE ing vaaydnghl or i ne
di oxi de from t Rydzorpusi Leni trandgrertatrarepher e surrounding the material .
The treated surfaceThgogﬁsg@rﬂfgg%_ Q”P%%ES%QL g%;#)%%r or is part of

a substrate pllaceﬁ‘g%a% n the contal ne I OCI fler e generat ed

within the contac HRAT R Ga Ul atrAgas opre iRt dins Bxamblei 1g.
bl ueberri &9, raspbeAppbicasionmiior ithe, cengosibes afe RidiycRs.dr oygd beef

patties, chickeambbhetss ek 14 Nfaa To2hSsceRlPNGES f90ds , pet foods, dry

f oods, cereals
exposure to moisture will occur. The composites can be

used to prevent the growth of molds, fungl, viruses and
bacteria on the surface of a material and/or deodorize

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

20 is generally a portion of a container or is part of a
substrate placed within the container.

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

25 pProduce, ground beef patties, cﬁicken filets, and othar
meats, enhanced foocds, pet foods, dry foods, cereals,
grains, or most any food subject to bacterial
contamination or mold growth. Bar soap, laundry

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

30 seeds can be protected from mold growth. Medical
instruments, devices and supplies as well as disposable
or nondisposable personal care products can be sterilized
to prevent microbial contamination. Medical or
bioclogical waste can also be sterilized to kill
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grains, or nost any food subject to bacterial contam nation or nold

grow h. Bar soap, laundry detergent, stored paper docunents, clothing,

pai nt, and 30 seeds can be protected fromnold growh. Medical:

i nstruments, devices and supplies as well as disposable or nondi sposabl e
personal care products can be sterilized to prevent mcrobial

cont anmi nat i oXO%kBY¥P®al or biol ogical waste can al so be st ACGIYSI@W1%0 ki | |
SUBSTI TUTE SHEET (RULE 26) WO 96/ 39030 PCTI US96/ 09179 26 m crobials within
the waste. Odors fromathletic shoes, disposable footwear, and refuse can
also be mnimzed when they are containedggv thin a treated container.
Conventional containers can be used such as 5 paperboard or containerboard
boxes, corrugat ®dcrebhabs onithin adied wasoe. poddory ifromiathlanl Pafises,
containers, celkpbOsavle Pésttidearl’ p SuayS packet s r ste
contai ners. The gr%at ed surfaceecag?magg ggﬁgusa egg'(rzodl%&p%‘%%{ﬁgze 0 mat or
sheet i ncl udi ng¥3eRetReY a%e)Fopdrdnedgwi shin rajitreated, ggntaimesng, a shower
mat, nonwoven bandageomwdretiiictlal @ontldhess!iddIbdAudled sdchi fgr for drawers
or shelves, zan i r..at i r m | ockers, a_food wapper, a
paper sheetSforpéig%gé%at;l&r)\gozﬁacj%&%igre Q%%?f?ebs",qyea?’nﬁgfrﬁfgéﬁﬁ‘ékafg‘?'H@‘f%y, an
over pouch such BiaB¥iRe K &PLymerdscruyt hlpaninate cooteibags, a fresh fruit
separator or beslluledic,aplastdechont pRpér Kga)OklelelY palRats, SGATAYL LOF

produce, or an ?\g';g{ slayer for use i n diapers. Such mats or sheets are
typically made frompaper, cellulosic, 20 polyneric, woven fabric or
nonwoven materi al s. Hreamedhsyréans atarn Hee augedsableoar dimpcmabilace of

a seed to pootesit tdie st LheTuARhESa ddehdadiNHraPubbPdrisd Ol 0
pr ot ect agai nst, engt%e seed igg’ul antze‘dﬁé‘l'heg%(ﬁl?ﬁ%, when

activated by 25 z%mcg‘%°:]’(r:°€%rno€\pﬂegt \é\g%{eﬁi’ﬁ‘b’aﬂ?ﬂgﬁﬁ ePBPIRFR FRAtRFidloxRde in
the soil in thekeatinttingf bpazdscadlimar ifvyi krawers or shelves, an
insert for athletic bags or gym lockers, a food wrapper,
a paper sheet for separating hamburger patties, a meat
15 Packaging tray, an overpouch such as those used in
rackaging intravenous bags, a fresh fruit sepafator or
box liner, an absorbent pad for poultry, meat, seafood or
produce, or an abaorbent layer for use in diapers. Such
mats or sheets are typically made from paper, cellulosic,
20 polymeric, woven fabric or nonwoven materials.

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

25 moisture, creates a microatmosphere of chlorine dioxide
in the soil in the vicinity of the seed and inhibits
mycotic growth that normally would impede seed
germination. This coating has no effect upon the

_ germination of the seeds. Sseads in storage do not have

30 to be physically cocated to be protected but rather can be
in a closed container containing the active material as a
packet, "tea bag" or coating on the container. Paper
impregnated with the composite generates sufficient
chlorine dioxide to protect the seeds. Although any

35 seeds can be protected by the cocating, edible seeds such
a8 corn kernels, sunflower seeds, or soybeans, reamin fit
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nycotic growh that normally woul d i npede seed germ nation. This coating
has no effect upon the germ nation of the seeds. Seeds in storage do not
have 30 to be physically coated to be protected but rather can be in a

cl osed container containing the active material as a packet, "tea bag" or
coating on the container. Paper inpregnated with the conposite generates

sufficient wblbesdope di oxi de to protect the seeds. Althougq,cq. 35 7seeds
can be protected by the coating, edible seeds such as corn ke PYPeT
sunfl ower seeds, or soybeans, reamn fit SUBSTI TUTE SHEET (RULE 26) WO

96/ 39030 PCT/ US96/ 09179 27 for human consunption once they are coated.
Thus, the coated seeds can be provided f&7 planting or for human
consunption af t &4x thE¥aQ coat ed. The surface can be treated with
any of the 5 conposifes o}éﬁtsﬁ'gsg%%%e%’%cﬁn t B5f 6§2EeRverthumalthecoat i ng,
extrusion, |amiFR5%h 58808 ApRcBARFeNidmmt fods plusk LngnemnedH HdRArt .

Anot her enbodi memtaupttibe EYEs! £04y i 'E%Egogagg?dgreg‘égpit izi”ﬁgt [‘ﬁegga‘r’"} gce

of fungi, bacteria %emghg? Qn a 0 surface an
by. treating the surface w th a E¥hpttitTeatrg wibksanpiof ethmse chl ori ne
di oxi de i n 1 he “FPoRdEesr ofiothe presentd iawpasieg bccodvantdgurf ace to

noi sture to reloeardngh) ektHes fboXi Xeninfatd@ht RESC shig dnto the
at nosphere surmq&dﬂg thgn 5 surface.a Amﬁr E?%r?%?%ﬁﬁe‘ii@é’t mgtarAs| udes a
f oot powder for preve?ﬂli ng f¥%Y s foot and ot her fungi. The powder can

be ﬁppl i ed direct|yRsRthAT emhddigmntt ofthehbophvert{sH) mﬁ h@;&%ﬁ%@t ed into
a shoe I nsert. S | en tnhe ot coverin
and foam pad ofiitggiegﬁggjiﬁséﬁhﬂiﬁgggﬁ%'egg‘\’/\ngf%%lfl‘ {HFe BP3: af‘pAd, or °
i npregnat ed or coateg GRCAB IR 7 bReupprFaqe MhgreaClihor the di oxi de
generated fronPHEF3Ear etk thiqeupieeitieoehati dées asod ¥Nade cRIPPSLE | NLO
the atnospher edioxkdel in the absence of moisture, and exposing the
treated surface to moisture to release chlorine dioxide
from the composite into the atmosphere-surrounding'the
15 surface.
A preferred application includes a foot powder for
Preventing athlete’s foot and other fungi. The powder
can be applied directly on the surface of the foot or can
be incorporated into_a shoe ingert. The composite can be
20 applied between the cloth covering and foam pad of the
shoe ingert, impregnated within the foamed pad, or
impregnated or coated on a shoe counter or upper lining.
Chlorine dioxide generated from moisture within the shoe
. diffuses from the composite into the atmosphere to kill
25 fungus and deodorize the shoe. The powder can be blended
with conventional ingredients such as talc, cornstarch,
fragrance, micocnazole nitrate, tolnastate silica, boric
acid, aluminum chlorhydrate, salicylic acid, and
- cellulose. The powder can also be blended with other
30 ingredients and used in bath powders or powders used in
treating jock itch.
The powder can also be applied to carpeting to
remove odors from the carpet.® Ingredients éommonly
incorporated in powdered carpet deodorizers or cleaners
35 can be blended with the powder of the present invention.
The composite can also ba formulated in micrccapsules
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25 fungus and deodori ze the shoe. The powder can be blended wth
conventional ingredients such as talc, cornstarch, fragrance, m conazole
nitrate, tolnastate silica, boric acid, alum numchlorhydrate; salicylic
acid, and cellul ose. The powder can also be bl ended with other 30

I ngredi ents _and used in bath powders or powders used in treating jock
itch. The poYRY¥® al so be applied to carpeting to reno§ETHEBM8IMr om t he
carpet.' Ingredients conmonly incorporated in powdered carpet deodorizers
or cleaners 35 can be blended with the powder of the present invention.
The conposite can al so be fornmulated in m2grocapsul es SUBSTI TUTE SHEET
(RULE 26) WD 96/ 39030 PCT/ US96/ 09179 28 that break after being stepped on
and are then acthafatd@akppihprsheing sirpred onoeagsatrestivan du divapeagnat ed

in floor, shouss mishair. BEGcR nidrbdi MRS Eanﬁépﬂzerd ggtion. 5
' I di self steril1zing packagi ng,

Anot her use forg.t o osites Jds .in providin

which is particfu]1°%r%l'y%§§‘é'$ﬁl°fnb"ftlhén‘ﬁ"t?di°€aF nBBsEPSd iheazdasosite can be

coated onto tfsfiadgrizakheBtors, fitments or other conponents as separate

| ayers of tshe hydr ophekher OusdVEs©OnHd | QsiRLET 14! 1.0 e c onents
| o L f o Fe i s pRIRT

that are activated on_ _bei essure fitt oget | nts
used with int r’éﬁéﬁggéiﬁage*}é?ﬁ{?@cama h &anpﬁétgﬁ“é%&’é’d’ sgefult hat a
surface of one thebmefiicadnindes et edhei chmposbyédr aph iy edaited sgpbai Ni Ng

acid releasin . C t her ' nt . is coated with a
hydr ophi | i ¢ f?f%gggﬁga?a}ﬁeéﬁ{%r ?t%m'%%g tgﬁe°{“r€‘gtéeéd‘;"r‘r’§“l?r"ft§c€§ of the
fitnents are | FPRAEBAR g?% 8 P4 e hvdserbebbe omihydrapbddiicnitiate t he

rel ease oftOchl gaiteeialii onispdrare idempbhentsdebat fake adtilateleugbgospher e
20 sur roundi ngplligg Bt ghidte F3ddRIs3cuRhek! HHELLIN G, CRLRS C1 2, Need es,
peritoneal diaLxsis gercutaneous egices,‘percu th &ﬁ?gﬁfeeggf col ost ony
th intravenous bags, for example, can be trsated such
that a surface of one tube fitment is coated with a
hydrophobic £ilm containing acid releasing agent, a
15 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 moisture to initiate the release of chlorine
dioxide from thg treated surfaces into the atmosphere
20 surrounding the material. Pitments for in-dwelling

catheters, nsedles, peritoneal dialysis, percutaneous

bags and ot her

devices, percutaneous access, colostomy bagas and other
medical devices can alsoc be treated in accordance with
this method. Additionally, closures on a package can be

25 80 treated to provide self starilizing packaging for
medical devices, instruments and sﬁpplies.

The composite of the present invention was expected
to kill bacteria on the surface of meats. However, it
was not expected to penetrate a ground beef patty. It

30 has been discovered that chlorine dioxide evolved from
Paper treated with the composite can effectively
pPenetrate the full thickness of a patty and kill bacteria
such ag E. colli and Salmonella that result from
contamination during meat processing. E. coli 0157:H7 in

35 tainted meat has caused death and severe illness and
appears to be especially resistant to cooking, fermenting
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medi cal devices can also be treated in accordance with this nethod.
Additionally, closures on a package can be 25 so treated to provide self
sterilizing packaging for nedical devices, instrunents and supplies. The
conposite of the present invention was expected to kill bacteria on the
surface of nmeats. However, it was not expected to penetrate a ground beef
patty. It 30 begn discovered that chlorine dioxide evolﬁ Tfrom paper .
treated with the conposite can effectively penetrate the f UMW hess of
a patty and kill bacteria such as H colt and Sal nonella that result from
contam nation during nmeat processing. E. cola 0157:H7 in 35 tainted neat '
has caused death and severe illness and appears to be especially resistant
to cooking, fernenting SUBSTI TUTE SHEET(RULE 26) WD 96/ 39030
PCT/ US96/ 09179 377 #fyimgyi A9. al hynicyhi cpdrayiemaprodupiagusidly giali es :
patties for CONEe¥ Gicimer@ASUNBbhSEmy FEG], inhad Q‘A”Sgo&é&r“g?ﬁnf‘é‘e% | r[“i‘d
at pr

into patties th re. separat by sheets of coaté aper

adhesi on of tkm;¥?1|%ﬂ Bagg?P¥e§§39ﬁ§¥ﬁ ﬁiﬁﬂ@&&Pﬁggthkﬁzﬁﬁ) meat can
be exposed to natddPapiesxtlastopreventpadhedioh bEmehwhendividyaaf ri ger at ed
storage to kill gykidphi bia e f h erLLas e.follown
exanpl es are presented to gggnggéﬁa\%%h%re er?é%ggﬁb%éi&ne% S ba%oewsle I es
of the present ??nﬁgiﬂqﬁﬁaa oxide Rfemeameried pfi timacwhemsant i nvention
unl ess ot her wi seefizdtgedaitadt heocage nso dplanadad 1ARIB1©. tieAMRIWERL k5 A
hydrophi |l i c mat eidedlpaiaar§gde Which contained a 7 w.%solution of sodium
chlorite in an am de_m xtu conposed of 33 w. % formam de, 33 w. %

e
acryl ani de, and 33 \?BP.%/ofPiEaﬁ%w%emleﬁﬁ a¢e RrRgeRbphon dennrdbeal
consi sting If a ptEbeswledt eohodimenttopold/ mrileedpaset the Fredado! €% mal eic

anhydride and 66 R Yea! ¥h8"Erh Thot meant to 1imit the present
invention unless otherwise stated in the claims appended
hereto. '

EXAMPLE 1

15 A hydrophilic material was made which contained a 7
wt.% solution of sodium chlorite in an amide mixture
composed of 33 wt.% formamide, 33 wt.% acrylamide, and 33
wt.% isopropylacrylamide. A hydrophobic material
consisting of a 40% solution of a copolymer composed of

20 33 mole% maleic anhydride and 66 mole% styrene in
ethylbenzene plasticizer was then made. ‘The hydrophobic
material was vortex mixed with the hydrophilic material.
The resultant white mixture of the two disperse materials
started a sustained release of chlorine dioxidse in the

25 abgsence of added water within five minutes at room
temperature. Interphase diffusion of water within the
dispersion initiated hydrolysis of the anhydride.
Hydronium ions formed during hydrolysis reacted with
chlorite anions to release chlorine dioxide. The ralease

30 rate could be slowed by cooling the mixture to 0°C or by
increasing the viscosity of the materials.
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et hyl benzene pl asticizer was then nmade. The hydrophobic material was
vortex mxed with the hydrophilic material. The resultant white m xture of
the two disperse naterials started a sustained rel ease of chlorine dioxide
in the 25 absence of added water within five mnutes at room tenperature.

| nt er phase f of water within the dispersion initiated hydrolysis
of the anhygérv:(o légbogﬁ!ydronl umions formed during hydrol ysis @&&%@PW\% th

chlorite anions to rel ease chlorine dioxide. The release 30 rate could be
sl owed by cooling the mxture to OC or by increasing the viscosity of the
materi al s. SUBSTI TUTE SHEET (RULE 26) WO 9%¢ 39030 PCT/ US96/ 09179 30
EXAMPLE 2 1-(N-di propyl am no) - 2-car boxyam doet hane (DPACAE) was nade by
reacting 0.2 nole di(n-propyl)amne with 0.1 nole acrylanmde in the
presence of a small anmount of 5 aceticm’m&ngsza 10 wt. % solution in

net hanol. The reactio was_ car oyt hours, at 70C. After vacuum
evapor ation of the e;c a?ﬁ??evlzfﬁg 2 §sfﬁf‘??’9’£"}i&?ﬁtﬁaf‘ﬁe (BPASRRBLe of

pent ane, a whi tE’aPo%&dﬁebrlmmnlgd Ow@smobe adinbd prbpyl) adfheRich ¢ ended to

10 |l ose am ne amdiboa ﬂﬁd@dﬂi@ﬁ Hig0 Pﬁ%g g gye Lhe nelting
poi nt . (N:zDi neth #_a?n}% - car. c'):x a%rgggéhwa%gd(ﬂm E m@&){ e by
reacti ng 0 3 moP&® g febfid A r?e]'?) §'¥a Ba8ohitipn 4y uﬂ‘GhaFﬁlwat'éhé with 0.1

mol e acryl am deragctid® wis dakried ottofor I8 Meuranalt. 70he. r eRgtiON Was
carried out forva%hmp@gatriggrrb@egggr& Ifes Hiher ajgcuum evaporation of

excess am ne, el hapo nd Wat(igu was taken  up in nethyl ene
chloride, dried“WEfH FP&t%’“%ﬂﬁf'q S§ »pesgansg. aa|whitmlkawng (T, =

45C) hydroscopiselting|saliBotsls BEARLAedN(T W&prmdﬁ ldegdaopkby Sl oWy
and thus ggul dyHge Sﬁﬂh@%ddq fBQ'ﬁ Légyi&féea%%o%t ptd ongegrg)eat tnugr e

Nei t her neat | |gg| faorme
ove tha melting pcint

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

15 solution in methanol. The reaction was carried out for
cne hour at room temperature. After vacuum evaporation
of excess amine, methanol and water, the DMACAE was taken
up in methylene chloride, dried with magnesium gulfate
and isolated as a low melting (T. = 45°C) hydroscopic

20 solid.

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

25 acrylamide-isopropyl acrylamide readily formed iminium
chlorite when exposed to chlorine dioxide.

EXAMPLE 3 .

The amine-chlorine dioxide reaction was studied by

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

amine, either in neat form or dissolved 10-30 wt.% in
formamide or isopropyl acrylamide-acrylamide melt. The
chlorine dioxide-pentane solution was prepared by
reacting stoichiometric socdium chlorite with potassium
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chlorite. However, 10-30% w . % solutions in formam de or 25

acryl am de-i sopropyl acrylamde readily formed i mnium chlorite when
exposed to chlorine dioxide. EXAMPLE 3 The am ne-chl orine di oxi de reaction
was studied by layering the requisite amunt of 6.0X10'5 nolar sol ution
30 of chlorine dioxide in pentane onto about 3.0X10'' nole of am no, either
in neat fornwaorsedpmssol ved 10-30 wt. % in formam de or | SOprﬂFﬁH{sgs/ogny
acrylam de-acrylam de nmelt. The chlorine dioxide-pentane solution was
prepared by reacting stoichionmetric sodiumchlorite with potassium

SUBSTI TUTE SHEET (RULE 26) WO 96/ 39030 PCTI US96/ 09179 31 persulfate in a
smal | anobunt of water in the presence of 31pentane wWth vortex stirring in
ice water. The e s then renpved and kept_dry in
a seal ed cont alpﬁgir"ggsgggarr%nag?%%&su a é.g\@%%"% &FTT&NBI‘OH:BFeEﬁ?O?#te was
detected by oRPRFRRR¥ITH WRTteFestdasirgninprigtumatand t beobservati on of

the odor and cetpernétait ydovandi Qxiyde Wus DHed TemeRaal ARACH t._aév\éﬁr
exposure to dikyte bl ed rLO%q:r;?_ Gasgs t he resence 8f chlorite s further
verified by 10" observation of fe-| R8P Ae BhEPAERERr stic IR

absor bance>of chl orThe farmddonnpfychlérite iwan deseeked. by The fol | owi ng
neat prinmary agtf@beicdtish JF ehbt Seib t anahbQpi Lo de:

H, NCR, CH, OCH, %{C%-ﬂH gg Z(EEZC]-I Fhes 2 CH2 Nﬁﬂglg%ﬂdéi ggﬂ.&%&
(CH, ) 31 H3NCH6TH? % CORF ?él\%@% ne dipxide by U¥ARlapN C CH2)
3-N N (CH2) 3 sppetreasdme aftorabspobureactb hidlutat HS2ConTAr yomdi dxfes havi Ng
the formil a R EBdp¥edid) d2 cBNEr FBa Niks %&dﬂ&@eg‘éﬁg%%yhexw benzyl ,

o o For sl oh ST G, S Eb TR i iy | ShaeareTbeE R
absorbance of chlorite at 830 cm™ verified its presence.
The following neat primary amines formed chlorite
when exposed to chlorine dioxide: |
H,NCH,CH,0CH,CH,0H, B,NC(CH,),CH,0H, H,NCH,CH,NHCE,CH,CH,
15 H,NCH(CH,),, H,NCH,CH,OK,

HaNCCH,) ;=N > HNCCH,) ;=N NH
/ and

’ ’

HaN—CCH,) g==N N—( CH,)5—NH,

Chlorite was alao formed by neat secondary amines
having the formula R,R,NH wherein R, and R, are,
20 independently, hexyl, benzyl, n-propyl, iasopropyl,
cyclohexyl, acrylamids, or '
-CH,CH,0H. These aminaes also formed chlorite when the
amine was in formamide solvent.
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SUBSTI TUTE SHEET (RULE 25) WD 96/ 39030 PCT/ US96/09179 32 The foll ow ng
secondary am nes yielded chlorite when plasticized with formam de or

i sopropyl acryl am de- acrylamde: 0 C2 wherein R is cyclohexyl or benzyl,
5 and 0 0 ~Nh4- (CH2) nNH CH2(: H2I C- NHCH2NHCI CH2CH2~ wherein n is 2 or 3.

The i soprop I de-acryl am de and am ne were also pr |.zed and
G5 Fegotifibi

filmfornmed Ing to 60-70 C in the presence of abou
azobisisobutyronltrlle 10 initiator, providing chlorite so long as the film
tenperature exceeded the gl ass tranS|t|on terrper ature. A hydrogen bonded
am no having the fornula RIR NCH=CH=C (O)3 NHZ wherein R is nethyl and R

ol apt Y] o en i YT Ot SARAP AN PIBIESE UM WhggS O Vo

yi el ded chlorite. wever, wer e sSoprop groups e neat
ami ne did not Ri&atdcdnes with f%dmm ég@ﬁflbﬁhwiaﬁ;ﬂ%é%f the fornul a
N(CH2CH2OH) 3 adgf1dedaeil orite, which was al so formed when the am ne was
I n formam de or isopropyl acryl am de-acrylam de 20 solvent. To determ ne
whet her hydrogen bondi ng V\ﬁs ngcessary, a M chael ‘addition process was
used to provi %%‘a—wmfﬁmc—pﬁ%uau of 2-propenenitrile and

(i -C, H7) NHCH2CiH, such that @ anmvheredht RPN olcychehpkpliuct BhkkyIgt have
any 25 hydrogen bonding and the .nitrile portion was very polar. Polarity
was not sufficient to generate stable chlorite when the neat am ne or the
am ne sol vated®¥ formanide was exposed to chlorine dioxide. The nitrile
group bl ocked formam de so that tbe chloriote back attacked the 30 am ne
and deconposed M@gg}@JBLgHQ'JLQLHA}JAQEHZqu& SUJ3STLTUTE SHEET ( RULE

26) wherein n is 2 or

3. Tho isopropylacrylarnide-acrylamide and amine were
also prepolymerized and £ilm formed by heating to 60-70°
C in the presence of about 0.01% azobisisobutyronitrile
10 initiator, providing chlorite so long as the f£ilm
temperature exceedad ths glass transition temperature.

A hydrogsn bonded amine having the formula
R,R,NCH,CH,C(O)NH, wherein R, is methyl and R, is n-propyl
when in formamide or isopropylacrylamide-acrylamide

15 solvent ylelded chlorite. However, when R, and R, were
isopropyl groups, the neat amine did not yield chlorite.
A neat hydrogen bonded amins of the formula N(CH,CH,CH),
yielded chlorite, which was zlso formed when the amine
was in formamide or isopropylacrylamide-acrylamide

20 solvent. '

To determine whethar hydrogen bonding was necessary,
a Michael addition process was used to provide a reaction
product of 2-propenenitrile and (i-C,H,)NHCH,C.H, such that
the amine portion of ths product did not have any

25 _hydrogen bonding and the nitrile portion was very polar.
Polarity was not sufficient to gonarate stable chlorite
when the neat amine or the amine sclvated in formamide
wvas exposad to chleorine dioxide. The nitrile group
blocked formamide so that the chlorite back attacked the

30 amine and decomposaed the chlorite into a form that could
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WD 96/ 39030 PCTI US96/ 09179 33 not be reconverted to chlorine dioxide.
Thus, it was discovered that am nes in apolar environnments react with

chl orine dioxide but the chlorite ion is unstable in such an environnent.
5 Non- hydrogen bonded tertiary am nes of the formula NR R R wherein R
and R are nethyl and R7 is cycl ohexyl or 4-pyridyl were solubilized in

formam de orwgog8sy3epPYy! acryl am de-acryl am de and forned a J_ar% ﬁl;; orite. .
Am nes wherein R is benzyl, R is cyclohexyl 10 and R7 is odecy?

wherein Rs, R and R, are n-butyl or ethyl groups were insoluble in
formam de and could not formany chlorite. (CH, ) 2NCH2CH2N (CH,) 2 was
soluble in formam de and yi el ded chl ori te33but did not yield chlorite in

i sopropyl acryl agi_des acry | am de_ al t.hou it 15 _was, solubilized by the
sol vent; the ammr?g RReRCF n%%Ye%'f°4 O §R&CEAPer fEe*HHe nJBYA-clé wasorite.
Thus, i t was di §éavevered hthatamimene inaapnyjan emviraoeih ol r%HEEl Giently

i gh pK, sol vat efiByide ayekaphivde ol ehighie sS4 WlaRdnfy Bydroden

bondi ng 20 groups, g droxylic, amde, primary am ne Or etd
am ne substituefifs®® F?r%m?ﬂl orite by reaction wth chlorine dioxide. The
ani ne- chl or Bne di oxi Nenfmattagen a:&ndeﬁctebeﬂarﬁtmﬂa:w%fr epeaksemyfger ei n

t he am ne was d i V. S I t e e e effect of
t he sol vent on ?gzghgﬁhée%‘ﬁ%? g’ﬁi#é F§8 %‘girﬁ}’al IOXI E,E”Q f As&F in

wat er. More chl 8TPHFELAYbyYeRe Rl #8€dip nfoxpamidig r??-‘or et hyl ene gl ycol
t han was rel easésdopropyhidmricini dacabeplanide, adet fupned Ragehb1et hanol or 30

et hoxyat hanol . CRigLite. Smw%%‘*%sﬁo'i\"eg’%ggii}pogég O'%?’gﬂﬁgmi}e” al,

as a dilute_solution 1.n toluene or zehé
di oxi de redlt ed®RtFr 1BnFAGAPREL IPHXTRAF 4R Ronl §e R8KeBscaFe aribudylamgount of
chl orine di oxi dethpbngemiph fwexeh ilMBBYubie! e SEoSRINAE Snd3508UE e

ethanol, w il neLfelay iy Afe e Q&HDEE‘:E&,%,I«?EH,), was soluble in
formamide and yielded chlorite, but did not yield
chlorite in isopropylacrylaﬁide-acrylamide although it
15 was solubilized by the sclvent; the amine when neat or in
acetonitrile did not yield chlorite.
Thus, it was discovered that an amine having a
nitrogen of sufficiently high pK, solvated by a
hydrophilic material or substituted by hydrogen bonding
20 groups, such as hydroxylic, amide, primary amine or
secondary amine substituents, forms chlorite by reaction
with chlorine dioxide.
The amine-chlorine dioxide reaction as described
above was repsated 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, and exposed to chlorine dioxide reacted with
chlorine dioxide but only released a minor amount of
chlorine dioxide when acidified. Many of these solvents,
35 such as ethancl, will not retain chlorite counterion for
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SUBSTI TUTE SHEET (RULE 26) WO 96/ 39030 PCr/ US96/ 09179 34 long term storage
unless imniumchlorite is stabilized wth a strong base to retain the
chlorite counterion. EXAMPLE 4 Amines that are nonosubstituted with short
apol ar 5 groups, such as (CH3) 2NCH2CH2C (0) NH2, (n-C3H,) 2NCH2CH2C (O
NH2, and (iwe3kHde3NCH2CH2C( O NH2, forned stable chlorite ippyafs 1 de.
Am nes that were substituted with short apol ar groups, nanely

2NCH2CH2C (0) NH(i-C3H7) , (n C3H,) NCH2CH2C (0) NH (i-C3H7) and i-C3H/N
(CH2CH2C (0) NH2) 2, did 10 not formstable chlorites. However, those with
linear alkane lengths greater than or eqi to six, such as

n- C, HL3N( CH2CH2 ) N2 n- HHS CH2C.(0) NH2) 2, did form
stable chlori teﬁlxrg]gc or marﬁ?t g{l °t ugégﬁgsg% ﬁgﬂ'g%%e %h%taaﬁf&lleﬁedchai n
| engt h had achiBt%R % f%ang page ktengetraim thiechjbasbesepatdzion.i nt 0
mcelles wth discreet hydrophobic regkgasrgug rounded by continuous

removed from ¢ he. AR SRR BRRCRPRORbREE L, HE o et dwalg ol yrer
were synt heSi zegFoursmaraushe risz ¢ GEISNAY, QHYR(O BB Quee,H,ath-;'?ZﬂJOJ(@t) {Ori iy
droxt de: (- OGN GO DGRl OBt oA e FiamPelts®) Ol
CH2CH ( OCHCH2N o %ﬁ ° EppEiYeRe EIPSfiEHFe @R CB) 2) - |
a O these pol yB9lRT dvoubast npobiyre(CHA NI CHOK) NH (Legim) ¢ aal ne
ol case of chi arinanee. 8t NN S, Sad k- FRnk (Bcd PO b Bl verrent
over that lcgemﬁ%"t LT3 Bkabhe; RRieEt tesm HoweveRe BhRPeurithadimess sol ubl e
in nolten urea.aléidPlllengths greater than or equal to six, such as
n-CgH,,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 apoclar chain length had achieved a certain
15 length, a microphase separation into micelles with
discreet hydrophobic regions surrounded by continuous
hydrqphilic regions took place. The destabilizing apolar
pPhagse was thus removed from the reaction environment.
EXAMPLE 5
20 The following pblymers ware synthesizad,
characterized using NMR techniques, and evaluated to
determine physical properties and ability to uptake (and
ralease) chlorine dioxide:
[-CH,CH,N (CH,CE,CH,) -],
25 [-OCH,CH (CH,N(CH,),) -],
[-CH,CE (OCE,CH,N (CH,),) -],
[-CH,CH(C (0O) 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 uptake and release of chlorine dioxide in
formamide that is a substantial improvement over that
demonstrated with in-chain aminas. The polymer was also
soluble in molten urea.
EXAMPLE 6
35 The following cecmpounds containing an N-amido
linkage and a tertiary amine center were synthesized in
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35 The follow ng conpounds containing an NNam do |inkage and a tertiary
am ne center were synthesized in SUBSTi TUTc SHEET (RULE 26) WO 96/ 39030
PCT/ US96/ 09179 35 pure formfromthe corresponding prinmary or- secondary
am ne, sodium cyanate, and hydrochloric acid as described by J. March,
"Advances in Organic Chem stry: Reaction Mechanisns and Structure, 4th
Ed., John W L1@Voesbha¥-» P. 5 903 (1992). Me2N (CH2) 3NHC (O NH2 HNMR 1.5,
2.1, 2.2, 2.95, 5.5 6.2 N (CH2CH2NHC (0) NH2) 3 HNVR 2. 4PCHUS§6/0%17%5
6.25 HZN 0 -NH O 10 H2N HNMR 2.35, 3.2, 5.6, 6.05 ppm Each of these
compounds reacted with chlorine dioxide and |ater released it upon
acidification in formamde, indicating thas tertiary am ne conpounds wth
N-am do 15 substitution of their primary and secondary am nes can conpl ex
chlorine di oxi d€¥*RnER™Ri EXOM VP i9Prresprndbhe PhimAmphid iseconkdept .

Addi tion of ureantiet heclbumecyadmate;| aadl HyarBaRNsd d Q%i‘&okikgeggd' gycase
iary am ne |mefﬁ§?-

efficiency. EXAMBLE 7 4 w.%of the, tertiar

ani noacryl ami de D%/KAS’gg\/%éJpadgdéﬁco“hyar éﬁﬁﬁ”l‘"c SHRASAREY (cBoastAPag 50 wt. %
urea and 50 wt . ¥SRPABLADS A Fhrme turrVAR R OFd entTattn 5QCegndnqui ckpy cool ed
to room tefper&D8r¢198de. sol uti on remai ned single phase 25 indefinitely at
roomtenperature. The sane behavior was noted for the addition of 20 w.%

DVAA to a sol vent cggt,ﬂicﬁ:_‘p Oﬁﬁgﬁ) urea, 33 wt.% NVA and 33 w. % sodi um
acetate, a solvent comgel N rﬁ; 2IWM oY Ur 2895 55 W . % VA and 10 wt. % sodi um
met hoxi de, and a sol vent containing 70 roTrEr T

N (CH,CH,NHC (0) NH,) ,
HNMR: 2.4, 3.0, 5.65, 6.25

Ve NIV
>:0

10 H,N
HNMR: 2.35, 3.2, 5.6, 6.05 ppm

Each of these cocmpounds 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 secondary amines can
ccmplex 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 dimethyl-
aminocacrylamide (DMAA) was added to hydrophilic solvent
containing 50 wt.% urea and 50 wt.% n-methylacetamide
(NMA) solvent at 50°C and quickly cooled to room

. temperature. The solution remained single phase

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

30 wt.% urea and 30 wt.% sodium acetate.
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30 wt. % urea and 30 wt. % sodi um acetate. SUBSTI TUTE SHEET (RULE 26) WD
96/ 39030 PCTI US96/ 09179 36 The above m xtures were exposed to a sol ution
of chlorine dioxide in pentane and were observed to rapidly uptake (one
m nute) one chlorine dioxide for every two am ne groups before the

reaction sl oyed.s g@gtantlal ly. 5 The final pH of the hydropljg_l.l{‘#]séwggg;erl al
a

remai ned on the sic side. A slight cloudiness was seen in

urea/ 50 w. % NVA- DMAA mi xture and the 33 wt. % urea/33 w.% NVA/ 33 wt. %
sodi um acetate - DVMAA m xture while the DMAA - 35 wt.% urea/55 wt. % NWVA 10
wt . % sodi um net hoxi de 10 mixtures renainedéclear. Upon acidification by

O 1IN HO (pH<b), rrg%et rel ease of chlorine dioxide fromall three

m xtures was observ T BRHIT RS YeLP: e¥PPRrdeiq én sohuthenceforite
salt. The rel easblotinéa| dtoxiadaliiox pdateaas esdlwmteecbhb)eﬂr'idr eberapi@ng o the

color of solut! @gRagentanddhdtt)Vine?ERYDL 2o a flliild BB2ROKL PO, A1 ! OF

this time different behavior was observed exa tvvo hour s,

the 50 wt.% ur 8388 FEORAMRLCTgARE FRRGFLOR of EHbStéﬁFbFHrﬁe di oxi de.
The 33 wt. %Bur eahasfmmmws&.u hd26phdili ¢ nhafttertiaile reaaphed cby 18 eased

chlorine dioxid e Q" t er onIy one
third of the cﬁ gjr"lt'ngeidéox de \/%ggﬁrepggg%%ﬂ?ter ?’Af%ﬁoﬁrg\gga C’tvﬁth no
chl orine di oxi d'érﬂ%”’@) wh o QR -DMAD, mixtupeand die 334 Whelirurea/Ibom
tenperature. 25w85%\WMRA3E aad A5 sodimN\AREE Lt &M - %mdhﬂ&hﬁ?&hmﬂi@ the

exhi bited the est onpl et ease
was not ed afte?ﬂt ree 3d!gys é!dtgl‘ri'ggiz gt%a%%q é‘{te ef’gggﬁ %% %‘{F
noticed aft8r 2BiI¥ERFeS Kemals®d cd@PErature. The presence of a strong
i norgani c 30 base grepdd \adigirgdeatibhenpt @biN i prnkb? CE‘J:Q_éié@e salt in

0 0
e honract oyt ot S0 ke de o S, Vel MELELLLE o0 o
observed up to 30 minutes after formation of the chlorite
salt. The release of chlorine dioxide was estimated by

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

20 sodium acetate completely relsased chlorine dioxide after
two hours at room temperature. However, only one third
of the chlorine dioxide was released after 24 hours at
5°C, with no chlorine dioxide being yielded after an
additional 24 hours at room temperature.

25 35 wt.% urea/55 wt.% NMA/iO wt.% sodium methoxide
exhibited the greatest chlorite salt stability in that
camplets release was noted after three days storage 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
in urea based solvents. :

A 20% DMAA - 35 wt.% urea/55 wt.% NMA/10 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 toxicological point of view any
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300 MHz proton NVR to see if any DMAA deconposition 35 occurred. Fromthe

t oxi col ogi cal point of view any SUBSTI TUTE 5 HEET (RULE 26) WD 96/ 39030
PCT/ US96/ 09179 37 deconposition of the DMAA into secondary am ne and toxic
acryl am de woul d be highly undesirable. No deconposition was observed over
t he one hour heating period. Acrylam de al kene resonances were 5 expected

bet ween 6-4 none were seen. Sone polynerization o he urea was
reveal ed by ‘?‘Egg%g‘raé)oad band under a sharp urea band at 6- 7¥5%WF961%E79NNR
obtained after heating at 120C for two hours, nuch above the 50C at which
the DVMAA was m xed into the urea based solvent, 10 reveal ed extensive '
pol yneri zation of the urea that was evidefit fromthe increase in |line

wi dt h and the onplication in the urea resonance between 8 and 6 ppm
However, no al k‘g“ré%‘i%“&ﬁiﬂdegr E98 DM sinter eeserdary Tamtne tarel 2RMIDVAA -

35 Wt . % ur ea/ 552asty Bandde' ¥Ooult. Pe 1bi githdt wndestikaride system produced no
toxic al kene produGis gel@ma%8i M1 i Lo orite stahility from

i nconpl ete drying of thee g?vgntg?ggo‘wvaéj.c{%ao ggré lﬁflé‘/hea?’?eeg‘cﬁ’rrea (vacuum
dried: 80C, 18 g BeFipgr r ) AGFHlan &5y atkene \NRRE P e overieght ref | ux

and distill%d) experted bedwaad beatmsh fyit h8nBOoWese ased20C. sk OXi des were

first isolated : s, by i.ng_the requirted noynt of clean
sodi um metal wit ﬁ%‘laﬁ\ggﬁél ognt(:iﬂ?ggtlteaati i1 fﬁgeﬁ#ﬁéh %P \L;ﬁfs‘ﬁ'dnﬁaﬂfit h
di et hyl ether. YR94eTr a5 shaxpnyropsbansd mte§ -GuPPBndeFhel rNMRidhtagerd

at nosphere.  Prefifati M@atingher U1 2ed NMditkbURBuESS Wbt @ dBLVL e 50°c

2t Foom temper bt bnb Bl P BeC1ntE, B0 Reof patth sBizestrcd | n
30 the urédl NVEeYSales: exsengive rpainmerdzathgnf of | theditma thldkAwae form a
clear viscous levjdethtaifrbQ0ths il elidd’ n 1THE WESMH tanPfedene chlorine
di oxi de Uptakeé%m%lﬁgk%ggg 8; the urea resonance between 8 and 6 ppm.

However, no alkens acrylamide 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 variability in chlorite stability from
incomplete drying of the solvent, 40 wt.% of carefuily
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 120°C. Alkoxides were
first isolated as dry powders by reacting the required
amount of clean scdium metal with the alcohol and
isolating the product by washing with diethyl ether. All

25 mixing was carried out under drf nitrogen atmosphere.

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

. The desired amount of alkoxide was then dissolved in

30 the urea/NMA solvent using minimal heating followed by
DMAA to form a clear viscous liquid at room temperature.
The results of the chlorine dioxide uptake and release of
several urea/NMA/DMAA/scdium 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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several urea/ NV DMAA/ sodi um al koxi de hydrophilic material conposites are
presented in Table 1. Release 35 characteristics are based on a relative
scale ranging fromexcellent (9) to poor M SUBSTI TUTE SHEET ( RULE 26) WO
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Ln r SUBSTI TUTE SHEET (RULE 26) WD 96/ 39030 PCT/ US96/ 09179 39 The presence

of an al koxi dgopésyamf €s |long term imniumchlorite stabili?*wnggﬁﬁ¥gr, t he .

addition of more than 0.5 nole chlorine dioxide per nole of amne
substantially decreased imniumchlorite stability. 5 Excellent long term

stability was found at room 25

The presence of an alkoxide promotes long term
iminium chlorite stability. However, the addition of
more than 0.5 mole chlorine dioxide per mole of amine
substantially decreased iminium chlorite stability.

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

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

EXAMPLE 8

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

An eguivalent weight of glycerol monostearate or glycerol
distearate was then dissolved in the molten wax or APP.

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

25 tetraesthylorthosilicate was added and the immediate
evolution cf ethancl was detected. Stirring was continued
for an additional four hours while slowly raising the
temperature to 100°C ard purging the mixture of ethanol
with a 10cc/minutes f£low of nitrogen. The reaction flask

30 was subsequently evacuated at 100°C to remove any
remaining ethancl or tetraethoxysilicate, filled with
nitrogen and coocled. Softening of the wax-acid releasing
agent (LPOSI) started at about 60-70°C. The viscosity of
the wax was 100 cP at 100°C.
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tenperature for the phases containing 23% sodi um et hoxi de, 31% sodi um

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

chl orine dioxide was released upon acidification of the phase after three
10 weeks storage in dry, dark conditions. Since no change in the chlorine
di oxi de rel eqes ohoted after one week, these phases were considered
indefinitely sta & after one week. EXAVPLE 8 15 In order BO/USaKes1®

hydr ophobi ¢ acid rel easi ng wax, hydrocarbon wax (T, =60C) or atactic

pol ypropyl ene (APP) was first nelted at 70C under nitrogen with stirring.
An equi val ent wei ght of glycerol nonostedt®%te or glycerol distearate was
then dissolved int <0 APP. valents (based upon
phosphor ous) of v\?érg%l {JLS oroé’s"ﬁ%ﬁ’f’&qﬁ}\gﬁeﬁf W/‘&H%”n@ of

gl ycerol conp%%ﬁh°%&dro Sﬂdrpémsldasﬂtﬂﬂmdhydéddédatmndhe melt to

avoi d clunplngphdiﬁuﬁlfgidwarﬁgfbbﬂ,aelt an additional two hours at 80C
one equivalent of 25 tetraethylorthosilicate was added and the i nmedi ate

evol ution of ethanol was detected. Stirring was continued for an

additional four hours while slowy raisfng the tenperature to 100C and
purging the m xture of ethanol wt 0ecc/ g pyut es Ll ew Qf i trogen. The
reaction flask 30 was subsagﬁentjy fcuated at 100C to renove any

remai ni ng et hanol or tetraethoxysillicate, filled with nitrogen and cool ed.
Softeni ng of the wax-acid rel easing %bent (LPOCSI) started at about 60-70C.
The viscosity of the wax was| }@0s4P at 100C. SUBSTI TUTE SHEET (RULE 26) WD
96/ 39030 PCT/ US96/ 09179 40 The process for preparing LOPSI can be

Summari zed as follows. Wen hydrol yzed, silicon dioxide and a

phosphol i pid are forned. 0 o

HO_ITI_O —LL/\/\/\/\/\/\/\/\
Maens IS

0
—p—o

\t o .
°‘1L¢”\/~v/\/A\/NV/\¢A\/~\
S1C0C,H,Y, '

100°C
- C,H5OH

|- | H
0G O—ShO—T—OG

: _ o
(60);—7 OCyHs 06
H20 0

0
° | O—k/\/\/\/\/\/\/\/\
(RO)Z—IPI—OH + S10, G = EOH '
_ OH
5 Chlorite powder was prepared by first dissolving
‘commercial sodium chlorite in dry methanol at 3% by
weight and filtering the resultant solution to remove
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P4010 3 OCH OH 60-80C0 0 HOP-OO0OO0O +OHOHOOOOTJ[O- -O 00O
\COC2H54 -C2 HO 11 GOP-OGOO Il OS-O0P-0GO=P-0O00 I I 1l OG
OSl-OP-0G(GO-2-1PL 0 C2HS50G HOO0OO0 0EO0( R 2-P-OHS 102 G = OH
OH 5 Chlorite powder was prepared by first dissolving conrercial sodium
chlorite in dry nmethanol at 3% by weight and filtering the resultant

sol ution towespweso SUBSTMIUTE SHEET (RULE 26) WO 96/ 39030 BefiskRei#49179

41 sodi um carbonate inpurity. The chlorite solution was then extruded into
an anhydro spray drier in dry nitrogen at 100C through a self siphoning _
extrusion head with co- axial fluid and nitrogen flow After routing to a 5
cycl one separator to isolate small sodi unitehlorite particles of about 5

mcrons in di anRdBhum EQ%bQQﬂggriﬁﬁﬁiity. The chlorite solution was

then extruded into an anhydro gpray drier in dry nitrogen
at 100°C through a self siphoning extrusion head with co-
axial fluid and nitrogen flow. After routing to a

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

Neat sodium chlorite powder or mixtures of sodium

chlorite powder and anhydrous sodium sulfate in a ratio

10 of 1:1 and 1:2 by weight was 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 atmosphere. In some cases anhydrous
sodium sulfate was postmixed with the chlorite-wax
particles (i.a., 1:1 post and 2:1 post in FIG. 4).

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

25 EXAMPLE 9

A hydrophobic acid releasing wax was made as
described in Example B. The controclled 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 (60°C=T,) onto both sides of a
piece of paperboard. Next, approximately a 5 mil thick
layer of 10% by weight, methanol recrystallized, sodium
chlorite in the low melting wax was melt coataed onto the
acid releasing layer. Another acid releasing layer of

35 about 5 mil thickness was then coatad onto the chlorite
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stored in a dry atnosphere. Neat sodiumchlorite powder or m xtures of
sodium chlorite powder and anhydrous sodiumsulfate in a ratio 10 of 1:1
and 1:2 by weight was fluidized in the bottomof a nitrogen filled
container. A streamof acid releasing wax was then directed into the

fluidized bedvabezmogph a nozzle of 7 ml in dianeter with apef,bgggggﬁgback
pressure of 30-80 |Ibs/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 flow ng powders were then stored in a dry atnosphere. In
sone cases anhydrous sodium sulfate was pc??tm’xed with the chlorite-wax

particles (i.e.,cdithipGsly addes.l PAS téfaT! . g0 _Fl G shows the
chlorine dioxi dgJel %Tagie r at Q’e%gom 200ny i;fvgslgé)gr 8? o i Sdenas
placed in a Petri S 8’1“a§p xFfately 62cc volunme with a | eakage of

2X10' 9 ol es/ sec. CBwer ghlledine| dhseidw alesvarena! sdaysra S o-f‘l‘bCBgBl iagged at
about 75F and 4@nn9l abye | gly LE 9_A hydrophobi c™aci

rel easi ng wax vvarﬁ%.naggbaz wgggc?#%%ﬁflg%%np e %‘.’mﬁ'ﬁ%{ei(ﬁ% Bated rel ease

| ayer for an i frape firzide SRIWsIAEichoWAsl necordred e & foAatisy
approxi matel y 5ofi ltiok aved #etwsdidgk Wotriod auBSmi@VedBl s, yglg;g,gar bon
wax (60C=Tm) oniy sLAgs |.ece qf _paperboard. xt, app I mtely
a5 nil thick |3§729&g?f %‘8@) B gﬁ“gﬁ’?"ne%ﬁ&ﬁo?"%ﬁ VEda wergdexposedm
chlorite in the*PofiPRefhiftinsf dinmidr atnosnbede ol a tdlesedcpdt i€l €851 NY

| ayer. Anot her &btirdugkl eesisital D1dd d32120QUin5 NHHe ttggg}gggggog@stgehen

coat ed ont ggt hepghlor SUBRTILIULESHEET L(RULE 26) WO
PCTI US96/ 09179 42 coﬁ%gtl;'ni ng ahyer. e P8t g?m?ﬁ‘ﬁ Sfincsher seemd rel ease

material was 0.Y8T8cClag® &ithathmessusedeinetisaBatyisdishr beédhdd dyyn and
0-100 ppn) wer ePantirdislosh Widde £ UERUFBEeSOhtWIn 2yl QLLDE G OXi de
concentration “@§v£PQ£E&kHL5E%§%£f%&%LIgﬂo base at a serrated edge and

no effort was made to insulate the Petri dish from its

15 surroundings.

In this configuration, the acid raleasing layer was
placgd in direct contact with the chlorite containing
rhase and immediate release of chlorine dioxide was
observed as soon as the f£film was placed in the Petri

20 dish. The chlorine dioxida gas concentration dropped
from a high of 13 ppm to 1 ppm at 5-6 days in an
exponential fashion as shown in FIG. 5 (note that
detector error of 3 0.5-1.0 ppm resulted in less than
Zexro concentration). However, surprisingly, the

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

Three mold species, Chaetcomium globosum (CG),

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

35 and Paperboard."
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of time over a two week period automatically along with humdity and
tenperature. Both sensor ends were exposed to the chlorine dioxide

at nrosphere in a closed Petri dish through two small holes drilled into the
top cover of the 10 Petri dish. The hum dity and tenperature in the room
were close to that neasured in the Petri dish because the Petri dishes

were of the § bl e" type where the cover nmade contact,w base
at a serrat egwe gg&gnd no effort was made to insulate the "ﬁ/‘trjgl%}g&g% from
its 15 surroundings. In this configuration, the acid rel easing |ayer was
placed in direct contact with the chlorite containing phase and i mediate
rel ease of chlorine dioxide was observed 4% soon as the filmwas placed in
the Petri 20 dish. ngxc | ory ne di oxi degggsgconcentration dropped froma

high of 13 ppmto 1 ppm % RS 5 poFERTs I asiskasseasvenown in
FIG 5 (note th&Wo weekstadt ryomrtegiperdtfird. fnphuplivaite.edPhbtbgesphian
zero concentr at cefipariioyey cs I~ t i on_peaks t hat
wer e superi npos%g?jgon ;_h%s hoﬁﬁdﬁgﬁbﬁgﬁ%ﬁ%%ﬁ%&%ﬁel 8wt h the
tenperature and ROt -CR&EY I%’fﬁé”r‘lu £yRA T gBewed en &heThree nol d
speci es, Ch&et ofPahrglbedstei (a6@) £iGsAspEhgiéffm-tinteness bATEh18A0ne
Aspergi |l lus ni gaiokf@b . in WEIE iHL WhelsB FLPES %#&39&% ﬁ“‘&?ﬁﬁf é{s-ga;?%g ee

agar slants us%&g ‘ga erboard as a nutrient.
carried out in accord Wi TH¥aPPI standard nethod T 487 pm 85 entitled

"Fungus R/esi stance of Pa}oer 35 and PapRaMBLE A0 SL! (r)ST‘(;'T;JTE fSHEET (RULE
6/ 39030 PCTI h¥aS S Q ungus
rzg)si \s/\?agcelgver t iﬁegg%éa;%rdoﬁl?gﬁ?e%ﬁ alg%r ?ﬁ%ﬁ %gt 2 PR Otg#Japhi c
conpari sons Shm\,\@?ﬁ%’i‘ R ISeagPEWE A 1 ragish sipdersing laver cont rol
sanpl es, whil e separavad fxivmvad chlotrlte layer by an intermediate wax
layer. The 5 mil thick hydrophilic phase in the chlorite
layer was a transparent blend containing 10 wt.% sodium
chlorite, 50 wt.% (NH,C(0)CH,CH,0CH,CH,),0 and 40 wt.%

15 formamida. The chlqrit:e layer was separated from the
acid releasing LPOSI wax of about 5 mil thickness by an
unmodified wax layer of about 5 mil thickness. The total
volume of controlled releasa material was about 0.25 cc.

A delay in chlorine dioxide releasea was noted when

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

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

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

. using paperboard as a nutrient in accord with TAPPI

30 standard method T 487 pm-85.

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

35 samples, while most of the controlled release f£ilms
showed no growth. In the few cases where mold did grow
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5 controlled release filnms. The effectiveness of chlorine dioxide in
killing these three nolds was evident fromthe tw week study. EXAMPLE 10
In a del ayed rel ease system one side of a piece of 10 paperboard was
coated with an acid releasing layer separated froma chlorite |ayer by an

I nt er medi at ewoad¥39dzgyer. The 5 m | thick hydrophilic phase ﬂcﬂ‘/ﬁsjagoﬁ? ori te
| ayer was a transparent blend containing 10 w. % sodium chlorite 0 wt

(NE2C( O) CH=CH=0CH2CH2) 20 and 40 wt. % 15 formam de. The chlorite | ayer vvas
separated fromthe acid releasing LPOSI wax of about 5 m | thickness by an
unnodi fi ed wax | ayer of about 5 m | thickngss. The total volune of
controll ed rel egge t J\[flﬂﬁi cC. Adel ay in_chlorine dioxide"
rel ease was not e% mﬁngéﬁ%t aci g refegg " ‘k/vefs'""géﬁafiaf-‘éeuﬁrom t he
chlorite contalFRPnfePRSRALRAS -an IPNPE#-v-thngth\.‘es( dunleus Wast Bi Sargase, a
peak in the rel ehenpwas umntdackpai‘rtaer wﬁaﬁedi‘a{méssu?‘gé%te@tﬂgi ?gf%' ndi vi dual

concentration pgaks s%geog t he average havi or "we Bin 25
correlated with the tenpera e and*ASTegRtH ATRSTWRedi ty  as shovvn in FIG

S. The three nold species. tested for in Exanple 9 were grown in nneral

| oaded, butsnutrient free agar slants wgpfg paperboard as a nutrient in
accord with TAPPI 30 standard net hod T 487 pm 85. SI X sarrpl es were tested

for fungus resisfance OVET — LWO Necke ar—To TRFeT=ar=tH = cate. The
tb'armdc corrpar mnmmhowed

results are pre '

consi derabl e gr da;a-falebmhv\eeks 0 cont low% sanpl es, whtTej nost
of the controll Tel CasE, 1111 alluvww s_jphere
mol d did grow ’TWE’SH%ETfFFwLENPG}JrME 0g@BBwERT/ US96/ 09179 44 on

the controlled rlel ease f|3 °oﬁP a |singl e nucl eus was responsible
I nvariably, thi

Soak? Growth from |No growth |Growth from single
single mold mold spore (trial 1),
spore No growth (trial 2)

! Agar covered with mold spores

10 ? Paper soaked in mold spores

EXAMPLE 11
The porous paper used throughout these examples had
one untreated side and one sida that appeared glossy.
The chlorine dioxide releasa coatings were applied to the
15 untreated side of the paper with the chlorine dioxide
releasing composite gheets assembled with the glossy side
out. COnsequently, only the glossy side of the paper had
contact with the meat. Sheets approximately 3 ft. x 8
in. were cut to facilitate handling during the coating
20 process. The original paper waight was 5 mg/cm’®.
LPOSI acid releasing wax was applied to the porous
substrate paper in a nitrogen filled dry box containing a
large dish of stirred pPhosphorus pentoxide using a wax
coater operating at approximately 190 °F. If multiple
25 coatings were used, the papaf was allowed to cool prior
to applying subsequent layers. Once the paper was

coated, it was sealed in a dry atmosphere suitable for
storage.
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clunp of nold spores where sone self protective effect was generated by
the aggregate structure. 5 TABLE 2 CG Mold AT Mold AN Mold Control Gowth
Gowh Gowh Lawns' Gowmh fromNo gromth No growh single. nold spore
soak' G owmh fromNo gromh Gowmh fromsingle single nold nold spore
(trial 1), spore No growh (trial 2) 1 Agar covered with nold spores 10 2
Paper soaked,; spores EXAMPLE 11 The porous paper used throughout

t hese exanpld‘ggraﬂ/g@wone untreated side and one side that agfé324%Possy.
The chl orine dioxide rel ease coatings were applied to the 15 untreated
side of the paper with the chlorine dioxide releasing conposite sheets
assenbled with the glossy side out. Consegsiently, only the gl ossy side of
the paper had contact with the neat. Sheets approximately 3 ft. x 8 in.
were cut to facilitaTkeerkRTike Rantadning paper mpLGppldedssredhe ori gi nal

paper wei gBt VafebhaB6T NdolutiQy g ??Fsﬁg&ﬂ%ﬂ%&m arpkied to Ithe
i sh of otirredPBAEREHE: pdh FRRasL EPRYIES LTI 2P ooBEPREFsE b
appr oxi mat el y 1§8’-‘F‘? disgpiving @525renat PAgSO V- wisyd, pyecDE@EtoN@S
all owed to 500l (PVitd) 1i7TeEPPhYWDY SalbsEAWANH éxeﬁanop‘fafél?edo%%eggwas
coated, it was d.in a dr nosphere suifahle for storage. SUBSTI TUTE
SHEET ( RULE 26)%@67%%%\‘%%@?8919?% 8¥a3®dri t TBeont ai ni ng
paper was appl i kemegepgoumtasdvdiionowasi veedisimmpdiatedyer Upemalitijgiat room
temperature. A ¢y@tLdds GRald RsiRled! bRNa VBEn I SRR LAY e, the coating
was allowed to dry between applications. The chlorite
10 containing paper was then sealed in dry atmosphere for
storage.
Immediately prior to use, the chlorite containing
film was compression molded at room temperature with the
LPOSI containing film to form a chlorine dioxide
15 releasing bilayer composite. Pressures under 10,000
lbs/in®? were sufficient to induce cold flow and adhesion
of the wax to the chlorite containing £ilm.
Samples of each individual sheet of coated substrate
bilayer were randomly set aside during the pressing
20 operation in order to quantify the chlorite and wax
loadings. These sheets were cut, measured and weighed,
then compared with data obtained from uncoated paper as
.s8hown in Table 3. Calculations of the theoretical acid
output-based on phosphorous pentoxide and the relation:

25 5Clo, + 4 -+ 4Cl0, + 2 HO + CI1°

indicate a ratio of approximately 0.l4g NaClo,/g wax for
optimum Cl1l0, utilizatien.
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first dissolving 25 granms of poly N-vinyl pyrrolidinone 5 (PVNP, 1.7x106

MW) in 500 mM of nethanol followed by 15 grans of sodiumchlorite
(technical grade). The honpbgeneous solution was used i mediately. |If
multiple coatings were desired on a single substrate, the coating was

The chlorite 10 cont aipphRgoddRPRI Was
then sealed in dry atnosphere for storage. Imediately prior to use, the
chlorite containing filmwas conpression nolded at roomtenperature with
the LPOSI containing filmto forma chlorine dioxide 15 rel easing bil ayer
conposite. Pressures under 10,000 |bs/in2%%ere sufficient to induce cold

al l onwed to duyobsoyeeen applications.

fl ow and adhesi
each i ndi vi dual

during the pres

on of the wax to the Chl’@a'r..%e containing film Sanples of
sheet of coated substrat |3ayer were random y set aside
ng 20 operation in order to quantify the chlorite and wax

| oadi ngs. These| Skople |WNpe ofit, | Mesclo,ed Rod oi dhedgax t he m@@@r dwth
data obtai ned fydelopcqatsel/papel (f/caBNOWN wdx Tall @ugdem®p l% of the
theoretical acifd wax} pytedirieyson phosphordgipgptioxi de anfl the reI tion:
25 5 Cl02- + 4 H—4—G3d2—w2 20 = Cl" indicaie alratio of|approxj mtely
0.14g NaCl0B/ g waxt*or | optinum|[CL®244ti i zatJ on. su%u TUTE SHEE RULE
26) WD 96139030 PQLIUSY67 U979 pte of WX
a NaCl O (Cl03t élodgl PVP (no/c m/c% x6 kf\/\ﬁx cBa?7 ng‘
coatings 5 1:1 |1 @:44 1 2.90.1 L6&630.2';'5 2: 4 491¢ 5]0.21
2:2 2 0.45 2 A F—-9961FheeH ' | from
the 10 filns aloné i th hunfdit ber atdur e Was 4vdni tor &d 096

10

15

20

25

30

The chlorine dioxide concentration released from the
films along with humidity and temperature was monitored
in a Petri dish under atmoapheric conditions uging the
sensor system and gas leakage rate previously described
in Example 9. Samples were monitored over several days.
FIG. 9 shows a typical plot generated from data acquired
from a sample composed of sheets with two coats of each
rhase (2:2). Samples werae monitored at several different
loading levels. All samples showed an immediate maximum
release of 10-20 ppm chlorine dioxide within the first 2-
3 hours followed by a very gradual reducticn in release
over the next several days.

increase tha maximum initial concentration and prolong

Higher loadings served to

the release.
EXAMPLE 12

2:2 loaded papers ware used as separators between
ground meat patties packed to different densities that
were loaded initially with high loadings of colony
forming units (CFU) of E. Substantial
reductions in bacterial growth were noted as shown in
Table 4.
gas had access to tha interior of the patty, resulting in

colil bacteria.
In loosely packed patties, the chlorine dioxide

a more complete kill throughout.
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in a Petri dish under atnospheric conditions using the sensor system and
gas | eakage rate previously described in Exanple 9. Sanples were nonitored
over several days. FIG 9 shows a typical plot generated fromdata
acquired 15 from a sanpl e conposed of sheets with two coats of each phase
(2:2). Sanples were nonitored at several different |oading Ievels. A
sanpl es sho di ate maxi num rel ease of 10-20 ppmc rine dioxide .
within the rﬁggt 2- HgEhours fol l owed by a very gradual redd@%vgﬁ 60H? el ease
20 over the next several days. Higher |oadings served to increase the
maxi muminitial concentration and prolong the release. EXAVPLE 12 2:2

| oaded papers were used as separators betwezn 25 ground neat patties
packed to different densities that were loaded initially with high

| oadi ngs of colony formng units (CFU) of H co2i bacteria. Substantial
reductions in bacterial growh were noterhAme ghown in Table 4. In | oosely
packed patties, the_chlorine dioxide 30 gas had access to the interior of
the patty, resulti ' ;

(RULE 26) WD 96/ 39
in Gound Meat (CH

AB .
PI‘I Y L ooget vE "Mtfrﬁﬂl

>99. 99% Densel y pgdexselly0¥aekelo 5% a1 BAdPLE 18 Eachgyg afapa col | ATCC
(American Type Cult M ECTT Ny #2868 Wers—growm oth
(Difco 0370-17-3) § ﬁggﬂ : n opti @#-5%density of 0.8
at 600nm contai ning one billTon col ony ormng units per nmr—ofr—cul ture.

The concentration was verified using plate counts on three separate

dilutions. cUniformdispersal of the bacteria was assured in
EXAMPLE 13

Egcherichia coli ATCC (American Type Culture
Collection) #26 was grown in Tryptic Soy Broth (Difco
0370-17-3) to a log phase activity with an optical
dengity of 0.8 at §00am containing one billion colony

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

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

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

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

_ cfu/gram was introduced into the meat.

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

30 negative control (i.e., no added bacteria) ground sirlein
from the same source was ground first in the
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densely packed neat by the follow ng inoculation nethod. Chili-ground
sirloin purchased six hours before use and 15 stored at 8C wei ghing two
kil ograns was placed in a pan and pressed down into an even sheet. Five

hol es were punched into the neat with a glass rod, and 0.1 m of the
bacterial culydiyeioysgs pipetted into each hole. The meat weag-{h&RdHeaded
to disperse the bacteria evenly. This 20 was repeated three nore tines,
with at |l east a mnute of vigorous kneading each tine. Since the two m of
an inoculumw th a culture concentration of 10" cfu per mM was added to
the neat, a concentration of one nmillion é&8u/gramwas introduced into the
nmeat. 25 The ne g to a fine texture on a_ bench-nounted,
hand- cr anked sa%gg%%%l%ggrggaﬁgwfg%?ﬂe? RERVERG At P Q¥ PIEATICREd OB e neat
in the pan and &R& tiggt vpre prepavech ix duplécatetard noprisd steanppositi ve

cont rol (i.e.. ad§atibe eontrbls! €6idd R 0 85a FHendlhdleR:\E,EON MO

(i.e., no added hacteria oynd sirloin fromthe sane s ce was ground
first in the sué%ﬁc‘fﬁ'[f‘é éﬁ&éﬂrgmm %) 440286/ S80ReuTLT/AYDEREG179 48
uncont anm natted @ampdes fd.prevPatties exposedntamanetilarine Blexpakti es were
prepared i n duplredab@iagds¢ORSHE ! Gxth aj} r tegted,at 0 and
60 hours, positieybe °contgrol s tested g{“(‘)’?%?i', Réﬁ%ﬁ%@o tts)l?t’s,a’agé %t 5
sanmples (i.e., patPl Egaéxposed to a chlorine dioxide releasing filmof the
present invention) aFh@, pattes are Glakedr BetWoen ol tiHeds waRba1 Bl aged
between either pagRdi bkeehe RFISErd " p S, CP; ec%})'tha .2, ¢chlorine
di oxi de 13 rel gagigng fil 7 as d:éés)ccroit‘bgg IQEEEX%C%% \Mﬁiﬁelﬂgeﬂ anet er
plastic PetPi dFEnEe H‘?hﬂc%%e?‘s". dagsrpbed in feamnledddaini 9 cmplicate
sanpl es' were t héhdapater plamciosenivic dibhesi witiEovt® .St ewgdpbes; t he
required tine gisfénl dofeLUTHY diphibUEbohols1ds wall TRIR! S5 VL€ taken

fromeach patt onpe fromthe
P yfecfoseabig plastic bags and stored for the required time

at 4°C in a common refrigerator. :

15 Two samples were taken frocm each patty, one from the
upper surface, T, contacted either by the unmodified
paper or by the test paper with the chlorine dioxide
releasing f£ilm, or from the middle one third of the
patty, M. Samples were obtained with angle tipped

20 forceps by either pinching acrosg the surface to obtain a
small scraping of the meat, or by digging down and
exposing the middle third thickness region. The forceps
were sterilized betwaen samples by dipping in isopropanol
and flaming.

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

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

35 visualized by inverting the plates after 24 hours
incubation at 37°C.
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upper surface, T, contacted either by the unnodified paper or by the test
paper with the chlorine dioxide releasing film or fromthe m ddl e one
third of the patty, M Sanples were obtained with angle tipped 20 forceps
by either pinching across the surface to obtain a small scraping of the
meat, or by digging down and exposing the mddle third thickness region.

The forceps wisdogdperi|li zed between sanples by dipping in isopropanol and.
flam ng. 25 Ten nl sterile water blanks in screw capped tesFCT’B%@%”Were

tared to zero on a sensitive electronic scale, and roughly one gram

sanpl es added to the tubes and the weights recorded. The tubes were then
capped and shaken vigorously to disperse #¢fie neat and rel ease the
bacteria. 30 0.1 m qf .the supernatant was plated onto Tryptic Soy Agar
(Di fco 0369-17-6) in%???‘&iﬁ °é1rﬁfg§|c'i|‘-€8d°ﬁm=¥\°h8 shoesl ttheangkpadn a
turntabl e. The §FPaY¥Stspfcbaletemias corimehillyi 886n DAL R Ayl ]

i sopropanol andnbl g@Bgtandiif) de%QJt‘i ngggrigl c&;tﬁant of %Eihggggmn%{lg% was 35
visual i zed by i ve%@ngﬁ%he plates after 23 houts *THERS #0R-at 37C.
SUBSTJTUTE SHEET PRULEC%)PIAS a2359367 pLT/ alisos] (krge asdublesnesul at ed
negative cofitrobscthoiell gduwtiorser! alaneunés Gf10AGIES aGaETON Y seen in
ground sirloin Wik Rlrdialelh@ rowt h. not ed. Qqver 60_hours at 4C.

| nocul at ed posi ti vger&%‘f‘%l S shtgvk\iehhpa?%% %‘?f&ﬁﬁ‘gﬁﬁ sgmpleger i 5f towth for
all times with W?d#cﬂ?ﬂ Papet Spdnansaneindemrokind edfeand ptddde sanpl es.

| f the unnodi fRitgopaper had an antimcrobial effect, it was mnor. Wen
ngl es were

t he col ony counts of ' LOXi exposed .10 test sa
conpar ed, _y% S0 100% T el Sedell' 5 Sir'PIiESs Ghpredasexmamsst ed to
the interiof teStoSdifARIesHerRecpBRATde & SN-10I0XS RADL eRas gy o t he
reduced surfacetke | durffadehaanplpl &s CoOshipixied v Rqt Eﬁterior test
sample and the positive control samples, except for the
reduced surface kill on the sample contacted with the
weakly releasing film. As for the four hour exposed test
1s samples, surface colony growth was 50-100X less than the
interior test sample or the positive controls. The
surpr;aing 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.

Because the positive control rlates were expected to
be overloaded, a direct comparigson for quantitation
purposas 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 incculum titer inatead.

A rough comparison may be made between the Ccfu and
the inoculum figure (corrected for sampling dilution).

‘ This is termed the ratio to incculum (RTI), which is

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

The average RTI for the top samples of the plates

35 for the patties that were exposed to chlorine dioxide and

tested for 60 hours was roughly 170, which would
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weakly releasing film As for the four hour exposed test 15 sanples,
surface colony growh was 50-100X | ess than the interior test sanple or
the positive controls. The surprising observation made on the 60 hour

' ' ' ' ' face sections of the
sanmple was the high kill in both the interior and sur
exposed sanpyveseag conpared to the positive control 3%an91m1 ecause
the positive control plates were expected to be overloade

[ [ [ h a rough
conparison for quantitation purposes was not accurate, althoug
coﬂﬁt reveal ed anywhere between 50-200 foug reduction in colony 25 count.
As an alternative the test plate counts wet%e conpared to the confirned

i nocul um titer iéﬁt%t A &eughom”&é&fl L Y. gbﬁgg bet elf‘%}etf;;g%‘;ut ﬁgd
ﬁg'?l Ion'?gu! lrjlz)ncL: ( COE""’\AﬁIP&H’?‘Q’Bﬁf|‘|"h%ﬁﬂgjé@ttté°eowpare0¢§hiwlsmbl lity of
the treated sanple aandot hemxlnumm,sum;@ecfrudgegggu@;g t%we{e The

aver age RTI. fortpesiialdiaBhILe, £ LS STt 8%, RS, ma e femen semmt ver

age RTI_for_the top s
2X§£sgd t o Thl S0 kadeaahaeﬂt@wedvm egpohedr o valsl axighldi ok{8e Whi Ch

woul d SUBSTI TUBRGSHEEEe@RELE 86) hARHGHIARQ ECIAHE%/%Q&J 50 represent a

170 fold decreqﬁﬁ] a The ave e or t erior of these
patties was rou hg§§E Q}L% 1¥?lour% ?ﬁnﬁ§%§F,§gg?§én?%ﬂ%ttlons in the
bacteri al viablllty in the center of EXAMPLEt Y4 wer e seen. 5 Cboklng t he
patties that were expesally!Saské®rd /s dink §81cRNGy gﬁg 480 hours

ed.
Lamce S ooBarke8s PR Al B8 LY ooas, i%é‘%mz?ees with
approxi mat el y £9r@ed PﬁphSQQftmn@dﬂaﬁylweBétefOmﬂfibénhdﬂi@@ihﬂﬂﬂg'ﬁﬁe'y
after mxing abd @i 8BEXN0ATEC #26 broth (10%-10° cfu/gram). The initial
inocculum was grown up to a slightly lesser extent than
the inoculum used in Example 13. Tha locse packing was
15 employed to help the penetration of chlorine dioxide
through interconnected air passages.
The patties then were placed between either 2:4 or
3:6 chlorine dioxide releasing papers as described in
Example 11, and covered with a Petri dish cover that was
20 enclosed in a recloseable plastic bag. The sanmples 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
bactarial growth from either a surface or interior sample
- when plated as described in Example 13. The interior of
25  the patty exposed to the lowar 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 daep penetrating biocidal action of
30 chlorine dioxide whan released in a controlled faghion
over 2.5-3 days at 4°C. Clearly, the biocidal action is
more effective for a porous meat structure.
An additional experiment using chicken breasts was
also performed. A filet of chicken breast wasg rapeatedly
35 dipped in undiluted E. coli ATCC #6 broth (10°-10°
cfu/ml), placed between 2:12 chlorine dioxidae releasing
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of E. cola ATCC #26 broth (109-10" cfu/gram. The initial inoculum was
grown up to a slightly |esser extent than the inoculumused in Exanple 13.
The | oose packing was 15 enployed to hel p the penetration of chlorine

di oxi de through interconnected air passages. The patties then were pl aced
between either 2:4 or 3:6 chlorine dioxide rel easing papers as descri bed
in  Exanpl e y&.96a8decovered with a Petri dish cover that mﬁ&ﬂ%&?sﬁﬁ osed in.
a recl oseabl e plastic bag. The sanples were then stored at

days. After this exposure time the neat in contact with the 3:6 papers
showed no bacterial growmh fromeither a surface or interior sanple when
pl ated as described in Exanple 13. The int2¥ior of 25 the patty exposed to

the | ower chl or [ ent [ ( showed no bacterial growth

from either su??gcg g’rld ri%ﬁi{g-é‘ &H@n“p’f Fd d3Rke Fhas pascElaced he

results of ExanpRealBecioseable gistdccbagi amdtﬁﬂambzbﬁnpanebfalgagabépm dal

action of 30. ahl @pcngoglg)xg Qfaymenﬂgl gasetkd bA Wl 8gf h| on over
| V

2.5-3 days at 4C %sz Joomdal action is nore effec a
porous neat strBorn aﬁftﬁ"ﬁ REC 98§p%ﬁ‘|%‘”Jsﬂq?g°€h?°éﬁéﬁ=‘b?-eh‘slh was
al so perfor fed. AQ@#PIE@ byic i igide g riowe s wasaso teep acfitad] Yncdbadierped in

undi luted E. - coil ATCC #6 broth (10 - 18vaxed , placed between 2:2
chl ori ne di oxi de reI %gnrg é’I‘ TUTE SHE ULE 26) WD 96/ 39030
PCTI US96/ 09179 51 f CF3B8} iR Zelmasinggfikm s tatule

placed in a refbpseomtrollietirieleang and hiawiihl ackibafl wigkiator at 4C
for 3.5 days. Thgneaidare fladdiesBRal negud he Vég‘m%ioﬁng BLAlSfRd 9 9C!
i

an indi catign of  bacteria kil|l Agal n" no bac or I OWt €d after
i ncubat i on: Xﬂﬁ’L?ﬁ%“&r?nonacéﬁthéﬂcﬁ’ﬁ-ﬂedénr a| eeatirg fof m
suitable for coimickhésd, rigl g@xx<dNdwhi ol i Tilccveldiiag vhehifsfde CONtAI Nner is

described her el Dor 8 PHUHA AT nd@SEE' PLES thickness ¢ + a, where ’'a’
is the gas space thickness (f<x<f+a), above the coating
is shown below. Chlorine dicxide is generated by means
is of a completely permeable thin £ilm of infinitesimal
thickness that lies on top of the coating at x=f.

t
' © Qa.lePtcos (a x) fe™ e "*d\

C(x,t) = z o
20 a=0 [£(h-k’a,?)?+(8+k’)a,*+h)cos (a,f)

whera,
b=D°an’, k’=a4f/P, haD9/(1D°)

The terms, «,, in the infinite series above are rocots
of the equation:

25 atan(af)sh-k’a?
D°a Diffusion constant of chlorine dioxide (cm?/sec) in
coating '

D's Diffusion constant of chlorine dioxide (cm?/sec) in
gas phase

30 Phenomenoclogical length (cm) of leakage pore

o =
n

= Ceeae (%21) /C,,, (x=]l) =Benry’s law constant for partition
of the chlorine dioxide between the coating and the
gas phase
Q = chlorine dioxide generation constant from controlled
35 release film (mole/cm’/sec?)
k = a, the total thickness of the gas layer
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10 the concentration of chlorine dioxide in a coating of thi ckness, e,
(O<x<e) which is covering the inside of a perneable container of total

thickness e + a, where "a" is the gas space thickness (e<x<l+a), above the
coating is shown below Chlorine dioxide is generated by means I15 of a
compl etely P&k thin filmof infinitesinal thickness |e on top
of the coatinéﬂ§?g&8 t 00 QO~. 2ebtcoo (Cx) feb~Xe-eadX 9??“ O 20
n=0 [! (h-k'cca")"’ +(e+k )au' +h7 cos (acne) where, b=Dan', k' -41/P, h-D9/
(1D) The terms, a., in the infinite series above are roots of t he

equation: 25 actan(at)=h-k'ar' Dan Diffusi®h constant of chl orijne(dimo?i de)
m / ' t on ,cons ant chl qrine dioxide (c sec

o oo hhage SHH DipRirafdh Bhe LAl B BBt Yt ok, Sy 08 L 200 ¢

(x=1) /C.., (x=l) =Hehiorine =ddazies £romf bhepmnt:toldred afelieeecBibii ne

di oxi de. betveen he eoa £no #nidiifheedd 2oRESG1 R &Jﬂ e s gitgﬁge

generation constant fromcontrolled 35 releaSe
the total thickfEBEEBRERhIepRRTe FALeg AcTPRAAE FEMEE-‘F’-PR@EE agd WD 96/ 39030
PCTI US96/ 09579 d3fensiomakrsmatfanthe ki uhlaﬂmmimmhcreelmaaas&afetef

chi ori ne di ox! de, { Rl LiiGe 0 serlabde6h] €855 10 Mardupel) o, Sppval Uat ed Tor

a given set of ffugion onstants | eakage rate ase pa?titioning and

5 di mensi onal cBhlgFﬁ 28 @k H S &E &P8XI deAPei"éa%’é‘-“i'%?t"e C&, tandsi nver se
rel axation ti mecahdculatedstnr ;a Betripddshi of. 2 (& uoasaéeéb‘fonhl Avedn

example, C (P, bf 48m total thickness which includes 0.8cm gas space and

10 0.2cm Agar. Since the biologicals are introduced at x=¢
and grow in the Agar it is important to calculate this
concentration. This calculation is necessitated by the
strong partitiohing of chlorine dioxide into the liquid
Phase once it is generated by the controlled release

15 film. At the release rates generated by a tast film the
gas phase concentration was 8o low (<0.1 ppm) it could
not be measured by the detector.

In 'order to complote the calculatiocn Q, 8, 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. Cawlfiald, Kirk-Othmer Encycl. Chem. Tech. (4th
Ed.), 5, 971 (1993)]. D°=1.5 x 10°* cm®’/sec and D9=0.12
cm’/sec are reported in the Handbook of Chem. and Phys.,
52nd Ed., F47 (1971). In actuality DY appears in the

25 model only’in‘conjunction with 1 since for the'pﬁrpoaas

- of the calculation C* is assumed to be uniform in {<x<l+a.
The leakage flux constant, D%/1, is evaluated by
injecting a small quantity (about 10 ppm) of chlorine |
dioxidae 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
bottgm dish that is employed to assure good gas exchange
necessary for biological growth.

s . (D®/1)= 0.154 cm/sec
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calculated for a Petri dish of 62 cm cross-sectional area of |amtotal

t hi ckness whi ch i ncludes 0.8cm gas space and 10 0.2cm Agar. Since the

bi ol ogicals are introduced at x=P and grow in the Agar it is inportant to
calculate this concentration. This calculation is necessitated by the
strong partitioning of chlorine dioxide into the liquid phase once it is
gener ated by, trolled release 15 film At the rel eas ner at ed-
by a test ffVﬁpgﬁ%&pgas phase concentrati on was so Iom1(<03fﬁﬁ%%§m€ could
not be neasured by the detector. In order to conplete the calculation Q s,
P, DQ DC and 1 must be assigned or nmeasured. Since Agar is 90% 20 water
it is assuned that P=40 can be used [J.J. 3&aczur and DDW Cawl fi el d,

Ki'r k- hner Encycl . em Tech. (4th Ed ), 5, 971 (1993)]. D=1.5 x 10'5

cmi /sec and Dg=0. 12 WRER /the 8quFeec SUPPEICR PF Hbe i fiogBo8kedf dhem and
Phys., 52nd Edinté¥iated Erjom I0n tactinflniye Dimmpears in the 25 nodel only

i n-conjunction with J since for the purposes of the calculation COis
assuned to be unifor mgee-Bae<Qta/p? hadeaakagteh! dX QOB dibxide 1S
eval uated by injectismg a small quantit yv4flxnge 10 ppm of chlorine dioxide
into the Petri dish containing no Agar and 30 neasuring the chlorine

di oxi de concentFerithe guarposiamnofi theofalcwintikine thet contirehledpl oyed wil |

leak relati Ve'i‘ei@ﬂé"ﬁ’iﬂ?@%‘%‘in‘ﬁt&hﬁ.§9§fﬁﬁ‘$’egﬂ§st9$af REy1u3at tom dish
that is enpl oye or hiological

o0_assure good g exchan necessar
growth. 35 (D$/ )5’(5)“’8’. fsagefoﬁéefg §UB§HBP%$‘EESFEH”( 12 APlednles/ 30030
PCTI US96/ 09179 wélghthed i44e gs mplecotuBicds an Xf* hbkef avadl @ ebichil®rine

o ol Sghin &30 1% ; , b X f
chi or1 e d i darekfys il Gemplell il diicn 908 aollhtor BASH P
control led rel EQst B9left Ghlgsine: fioxkde) And Abowdd ar BRXiows| Takease

rate at one day or 8'=86,400 sec. This release maximum

is typical of an acid releasing film separated from the
chlorite containing £ilm by an intermediate wax layer.

1s 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

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

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

25 function of time is then calculated for a range of
leakage rates, h as shown in Fig. 10. At fast leakage
rates (10°ch<10°! cm'®), the release rate maximizes at t=s?
and the maximum concentration is proportional to h. 1In |
essence the concentration at any time significantly

30 greater than the half time for leakage.;s simply some
constant factor multiplied times the source generation
rate.; However as the leakage rate decreases 10°'<h<l10°3,
the maximum concentration ia'generated only at
considerably longer time. Of course at h=0, no leakage

35 occurs, the maximum concentration is approached
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0.315 cm contains 15 wt. % sodiumchlorite of nolecular weight 90.44 g
nole or 3.35 x 10" nole available chlorine 10 di oxide (assim *+g conplete
reaction of 5 noles of Cl02'1 to 4 noles chlorine dioxide) and shows a
maxi numrel ease rate at one day or s"1=86,400 sec. This release maxi mum

s typical d releasing filmseparated fromthe chlorite
cont ai ni ng ?%P%?%@Bgn I nternmedi ate wax layer. 15 Qis thusq§§WEﬁV§¥Eh as
7.23 x 10'16 nol e/ cn2/sect over a 62 cnR base area Petri dish where the
area release rate is assunmed to have no | ateral dependence over the
entire surface of the dish. This is a vali84assunption since, even though

the controlled rel ease azfi:t gtﬂ occugi es 20 a smaller area than the total :
cross- secti onal 3ERGEILASIY i 8RS }iFalnefgds3 b IYarneles ahilorimet es of

the chlorine diddbdxidear(e.gar @a*k62canf)alssadstfibuited beweasakBe0h 4 he
rel ease rate. T n ty | el, phase l,t). as.a 25 function
of tinme is then%a%%gt'géifggg? Fhaéfge 0 O'Pegéaﬁléq?%t%as’, .%a:??‘shown in
Fig. 10. At fast |eaF2fcthatRerpases ofyestipating how gldasdse that b=0

mexi m zes ats t - Sohceattathon by AppRcarheanhbahi®B1 S APPYA-1 O0Ndle t0 h. IN

essence the conceiifadll Yesl d sianificant | Q greater thap the
hal f time for Iea%tggegttlkgié?i :F@ %?)Am?elc %safgn? P%‘(':%/'of xrra1°t-i:5??ed’“t mes the
source generati di4r #t &9 I-GgEQéﬁnés ishuspd ke palclatdetheatetal 0’ 1<h<10' 3,
the maxi num conamdungt bénchlofiwe dlicxideniy ehe Ch¥tHideiahl.y | onger tine. O
course at h=0, no |eakage 35 occurs, the nmaxi num concentration is
"approached SUBSTI TUTE SHEET (RL%LE 26) WD 96/ 39030 PCT/ US96/.09179 54 :
asynptotically, and 40»8em(63am’3£Z40Xk+ (Q. Zemi6@emi) (R i4nex 1di oxi de (e.g.
Q' 2x62 cn)p i s*HbBd/dlyed between the 0.2 cmthick.gel phase and the 0.8
cm thick gas phase. §o .I'the &u&%gses of estimating how closely the h=0 5
concentration is apprd ch’édl at ®.31 x 10-4 cm'1l, the concentration in
t he. gel phase at t=6.0 x 10' sec, x=P _
; This value is very close to that expected for hw0,
For the leakage rate measured for the Petri dish in

which the biological growth experiments are carried out,

15 a maximum concentration of 2.5 ppm is expected in the gel
phase at x=f with a concentration of 0.06 ppm in the gas
phase. About 0.25 ppa is roquired to kill mold spores.

A s:_l.ightly more complicated environment would be a
box of the same dimension as the Petri dish but with its

20 gas space filed with abgorbing particles packed with a
volume fraction, €=0.5 cm'/cm’. The diffusion of gas
through such a composite media has been si;udied [R.M,

Barrer and D.M. Grove, Trans. Far. Soc., 47, 836, 837
(195;); R. Ash and D.M. Grove, Trans. Far. Soec., 56, 1357
25 (1960)]. ‘ '
The diffusion constant D’ of a gas flowing through a
Forous media must be replaced by:
Df,=D%/ [1+(2K,/7)] . |
where K,= Surface Henry’s law coefficient in the
30 relatiomship '
C,’ =K,C? |
where C,’ is the number of mocles of gas absorbed/cm® of
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(2.4 x 10"" nole/cm) is used to calculate the total anount of chlorine
dioxide in the Petri dish. (0.8cm62cnR) 1/40)+(0.2cm (62cn2) ] (2.4 x 10-
10 5rmole/cm) m 3.27 x 10-4nole This value is very close to that expected
for hsO. For the | eakage rate neasured for the Petri dish in which the

bi ol ogi cal growth experinments are carried out, 15 a nmaxi mnum concentration
of 25pp—| ed in the gel phase atxevmthaconc ral ] of006_
ppmin the g‘zg%fgﬁgie About 0.25 ppmis required to ki.ll %ﬁgé%(&"s
slightly nore conplicated environment would be a box of the sane di nensi on
as the Petri dish but wwth its 20 gas space filed with absorbing particles-
packed with a voI une fraction, E-0.5 cm /&M . The diffusion of gas

t hrough such a. 05|te g&d hgs been studied (RM Barrer and D.. M
Grove, Trans. Far ang ¢ 45 the39a8 RRARY -cqBceRtTatignpin neteian’,
Trans. Far. Soc¥F, i§6=he3§qui*25l@t9w):je rakdéudi fénsamu:aﬂstamhlw Of a gas

flowi ng throughdareBeeque M@:irabstwﬂmhea' assﬁd ) ]
where K, Surfac te ) coef fICI Q?t 4N bHanT tpgons%tﬁ &

| a
Cy where C,' ?‘Pﬁg %ﬁb%‘?’ oA o\ B/ GRS ¢ alssafééd/cm of SUBSTI TUTE 5
HEET (RULE 26) WO 96?@90%3@?‘13%’@@1%&3 Salsuldeiom &El sigface t he gas

phase concent r abbaBehEraBldH B chilodifie! BEoffih Pl AN, RALe Ladhys for a set
of axially dlrecéid c% arles W.thin a so avl ng por yaand
e (e

internal surfac® Lep: pxe songideremd ‘iﬂlrkm)s’é‘&léf eppugh so0
cal cul ati on of thatatke wmﬂzraa:womoﬁf chbboind adibbd el ehdoufhBut hendor ous.

medi a, the part%ggg&ﬂg. g2l 10 gﬁif{@%#&{]%m $Re Bhat t he
concentrati gn o chl orine | e throu
ki concentration. For the purposes of this calculation, the

entire particle concentration is concentrated in the
particle surface.
In this case the surface Henry’s law coefficient is
related to the bulk coefficient, K,, by
15 C?(1-¢) /A=C,’=[(1-¢€) /AIK,C*
K,=(1l-¢)K,/A
D%,=D?/[1+(1-¢/c)K,]
'At a porosity of 0.5 and a pa:tition coefficient of
40 into the particles, the diffusion constant for flow
20 through the absorbiﬁg porous media would be reduced by a
| factor of 0.0244. This substantial reduction of apparent
gas phase diffusion constant proportionally reduces the
leakage rate, h, resulting in a proportiocnal inciease in
the concentration expécted at any.tine. '
25 The amount, placement and controlled releaae
cha:actaristics raquired for a biocidal £ilm are
estimated where the film is protecting a small 62 cm’
particle filled box that is assumed to leak at the same
rate as tha Petri dish, h=8.3 x 10’ em® (a rather good
30 assumption for a typical loosely sealed box). A pallet
of waell packed, folded (ﬁnpackad) boxes might be an
analogous case. Since mold spore kill is guaranteed at
an exposure of 1 ppm chlorine dioxide for a few minutes,
any'sérategy'mﬁst generate at least this concentration in
35 a pulsed release in moist regions of the box preferably
after several days delay. Destruction of growing mold
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particles' thickness is equilibrated with the gas 10 concentration. For the
purposes of this calculation, the entire particle concentration is .
concentrated in the particle surface. In this case the surface Henry's Iayv
coefficient is related to the bulk coefficient, 1., by 15 Ca (1- ‘e) /A=C,

= 1- E) /wWhokydoso Kom (1- 8) KD/A D n=D9/ [1+ (1- 6 KD Arrshidopsi ty of
0.[5 gand a)pavro!t)i f?@?n coef]gicieZ]t of 40 into the particles, the di ??ﬁsmn
constant for flow 20 through the absorbing porous nedia woul d be reduced
by a factor of 0.0244. This substantial reduction of apparent gas phase
di ffusion constant proportionally reduces e | eakage rate, h, resulting

' tio [ | . 1l.laescopge i ed af, any tine. 25
1I'Reaaﬁtr)fj)ﬁ;:)-,r pl ?éé%ﬁe{lféﬁﬁﬂgorr?t rlo:al gdﬁﬁgl géég& c&a;&ggﬁg%fst ?@e required for
a biocidal fil nﬁ?%ﬁ%“"e@ﬁ”nﬁfe&h\ﬁhQF‘@WFhemﬂh%iimppét tbeioellh isald 62 cni

particle fill ededmpldtienitha: azradng gﬂtﬂ; ?&Mhem&‘%aﬁp@;ﬁt‘qﬁgg;
' = t assu i on )

gleZIh’edhbgkf XA a Figel 0 \r/?gl nggggga, %ﬁﬁv °g§ﬁl§acﬁéﬁﬂ° boxes night be an
- anal ogous c%lse.°p°§"rﬂ'9é”iﬁﬂi&n§peire Relewthe dummaantdédctory aletagidow € of 1
ppm chl ori ne dilomide dforabaukenonppiuit €s, any strategy nust generate at

| east this concentr g, ' a ed. rel ease i n noist regions of the box
preferably after S?\f‘g%%ﬁ.hgéﬁé, dgleé%lé %ecé’t I“U@?’Pﬁh BEPYTIRR 1 mol d-
SUBSTI TUTE SHEERFURIed 28) fhnothay ooul eagrdUsbsso0ad Hidtideedm aes onl y

0.1-0.5 ppm f orpul sedv faishibRSwoldl@ belagiy 'H@Bh@“é?&t{nﬂ.ﬁ m%f;% O?Qﬁrgfﬁeo‘c

i ' - tura
Ejihgxicglel cgﬁ)nz'? d(?%\(/&g@g%%e E%ﬁ?éﬁ$#€;° }[I% é'gnggﬁﬁnc'él?&q Rebdvd ozr wonddow t he
human ol f act or Ped&Fecthak theninivialapmld sPoppninfection (originating '
inside and outside the box) and any subsequent infections
(originating outside the box) were destroyed before any
. growth could occur. A continucus release of 1 ppm thus
15. wastes about 98% of the available chlorite. The
' preparation of such a film is discussed in Examble 16.
Pigure 11 shows thae release characteristics expectad
for a controlled relaase film with_a maximum release at '
10 days, 3.35 x 10" mole available chlorine dioxide (0.33
20 cw’ film, 15% wt.% sodium chlorite), placed in a 0.5
porosity box with a bulk Henry’s law coefficient of 40 vs
air leaking with h = 202.76 cm. |
A maximum coﬁcentration of 10.4 ppm is reached after .
10 days and at least 1 ppm is generated for 0.4 day<t<46
25 days. Approximately 0.31 cm® of controlled release
material is needed for this purpose. At a materials cost
of $1.00/1b, the controlled release material cost
required to do the job would be about 0.056 cents. Thus,
a box containing 1.1 liters of material could be
30 protected for 1 cent with the above listed parametars.
' ‘ EXAMPLE 16
The pulsed release capabilities of a multiple
_layered composite can be calculated as follows to
.~ determine whether the composite will provide the desired
35 sustainad release rates for a particular application.

~ The time required for complete cation exchange can be
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Practically, since such a short exposure is required, a filmthat rel eased
chlorine dioxide in a pulsed fashion would be the ideal system O course,
10 dependi ng on the storage environnent, this behavior would ‘assure that
the initial nold spore infection (originating inside and outside the box)
and any subsequent infections (originating outside the box) were destroyed

bef or e- any oul d occur. A continuous release of 1 ppmthus 15. .
wast es about %@%’%P&’t he avail able chlorite. The preparati OECWSWW% film

is discussed in Exanple 16. Figure 11 shows the rel ease characteristics
expected for a controlled release filmwith a maxinumrel ease at 10 days,
3.35 x 10" nole. available chlorine dioxide (0.33 20 cml film 15% wt.%
sodiumchlorite), placed in a 0.5 porosity box with a bulk Henry's | aw
coefficient of AFsiicted fremirhe Bphile) ipnpeenzentriticn naxisash

concentration oflaer} pmwisereiaciiedsahies, dP daysardaalr k8aghed RPN 1 S

generated for O. < y pr,oxi nat e 0.31 cm of controll ed
rel ease materi als%ésiﬁ)réetggég P%?h?% :n}bdljilr%%‘é’? 2 g¥?ﬁf%?’i'%la§’i9t?s°c thef
$1.00/1b, the comtesmeddate| taxer Rl conadderedr boube cchd crata t he j ob
woul d be abdut Gcifcledhy. sTép's and HMAX d3@R1akEBh NGodstadd L5l Of material

could be 30. pr Ct fo enf with the above Listed paraneters. :
EXAMPLE- 16 The%{)u ch: vrge#‘ééjégeca%nabqqﬁctei"gé'ag?% t}i‘lfﬂ"é’qeéﬂlé-t%daé'enposi te
can be cal cul at &prgddesefiobbe t eamejdirelayegsvwhet Beand he. cayleaiite woh!
provi de the desiyseGond3dered atd ek U1923IGeipl EAmb{1& trel e s0n

application. The ti regui red for .conpl.ete’.caji on exchange can be
SUBSTMUTE SHEET%fRGgE°§§g9 é@)%ﬂ%ﬁﬁiﬂﬁy358$§ﬁs9%iOeaﬁﬁﬁdQ?P tedPeeB® from
t he nobil e %%n dostentrpesesly romswecia hydyegen Glon véxetreen the S A, B, or C.

In order to det@fdirdpnistiemaydd B period, hydroniumion transport across

the internedi ate Ia&er Cls considered to be the rate
- Hydronium ion mobility in intermediate layer C can

be estimated by using experimental data reported by J.L.
Crowley et al., J. Poly. Sc., Poly. Phys. Ed., 14, 1769
15 ' (1976). Crowley et al. studied the ionic mobility iﬁ. a
graft copolymer of low density polyethylene (79 wt;%) and"
sulfqnated polystyrene (21 wt.%) as a function of ion
type, water content and temperature. Sodium, potassium
and silver ions travel along polymer bound sulfonate
20 groups by exchange with hydronium cations. At high water
contents of 3-6 wt.% phgse separation'of ion clusters in
a hydrophobic matrix is iikaly. The reported silver ion
mobility and mobile ion concentration is quite high under
. these conditions (u = 3.0X10* em?/StatV-sec, C = 3.3X10°*
25. mol/ce). However, in "dry" films both the mobility and
mobile ion concentration decrease substantially (g =
1.4X10™* cm®/StatV-sec, C = 8.3X10°7 mol/cec). The ion
diffusion constant D can be calculated from the reported
. ion mobility using the equation D = (kTu)/g, where k is
30 Boltzman’s constant, T is the absolute temperature, p'is
ion mobility and g is electron charge. The calculated
~ion diffusion constants are 1.21X10°° cm’/sec and 2.58X10°°
cn’/sec for a dry and wet (6 wt.% water) silver counterion
loaded filﬁ, :espectivaly. -
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5 controlling step, and the diffusion constant and effective nobile ion
concentration for hydrogen ion are considered the sane in layers A B and
C. Chlorite ion is considered to be relatively nobile and the reaction of
chlorite to chlorine dioxide is considered to occur 10 instantaneously once

-a hydrogen i : s the hydrophilic layer B. Hydronium i ty in

I nt ermedi at e gﬁﬂ?ﬁé can be estimted by using exper|nenta?gﬁggabrgported
by J.L. Crowey at al., J. Poly. Sc., Poly. Phys. Ed., 14, 1769 15 (1976).
Cowm ey at al. studied the ionic rmbility ina graft copolyrrer of | ow
density polyethylene (79 wt.% and sulfon@8ed polystyrene (21 w.% as a
function of ion ty matercgéytent and_tenperature. Sodium potassium

and silver ions travere HFGRP EE BYGRA® STPRNIRSF 29udobBsvesY exchange
wi th hydroni um Eé@ibﬂs tithd diwonmiateriadnspsten oS Tie w&-e%ﬁbase

separation of | ogvehesderm 'diataerQHEPQ & PRdIR1yP coblBLY q TS, T eport ed
silver ion nDin g an I on concen lon I's ﬂ
t hese condition% ‘@ﬁFFSt&Pb°§%%itQZb°QP4} N W2§hiMKﬁH¢c)

However, in5"drb?dto¢hnbﬂnnﬂaybhe nobility and nobile ion concentration
decrease substanti al ( 940 nol/cc).
The ion diffusion JE%%tégﬁelD£g§§£8eéch%A$%ég ﬁfghfghg ﬁ%ﬁd?f%ﬁ?q?ﬁ1

mobi ity using 3FEPRR PRI AC( Krp}ee/coiledn kike t3is Bsprementsd by

constant, T is tie fuietdidoe Qi:enperature, g i's ‘ion. nobility and q is
el ectron charge. The calculated ion diffusion constants are 1.213%$10'

)
oy ande 2 Bt ic, CTRSerE’ 0l 196t IR0 Lt MR 0) L
96139030 .PCT/ US96/ 09179 58 The nnnphology of‘such a copol yner mould be
both i ncl ude part i Ay y“%g%%éﬁeéﬁs%ﬁ%%%% J65P, Budremhiiice dawere
boundari es witH W4ldc occur at (Dt/1%)=0.1 (t=10.4 min, 1=5 mil or
1.27X10"%cm) and steady state diffusion is reached at
15 (Dt/1’)=0.45 (t=46.9 min, l=5 mil). The £irst two terms :Ln
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 f£film and
20 1.27X10"? em thickness (1.65X10°° mole hydronium icn
initially) should be almost campletely'r;acted in the
chlorite layer in 7 hours. In the tdry® £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 mobile ion concentration, 247
' days are required for the hydronium ion to completely
‘diffuse into the hydrophilic layar.B. Thus, a multiple
layered composite providing f£rom about one day to about
_247 days of chlorine dioxide releases can be formulated
30 using the two layered composites of the present
invention. :

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

35 decomposition is a function of pH. A minimum
concentration of hydronium ion is transferred before

s
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5 hydrophobic |ayer. The total anount of hydroniumion that has diffused
across boundary AC (noles/cm) intinmet is represented by the function Q
00 10 Qt)/lc, - (Dt/21") - 1/6 - 2 (7r)"",T(-1)*n-2exp-Dn"r't/1') n-1 .f
Br eakt hrough of hydroniumion into hydrophilic layer B wll occur at
(Dt/12)-0.1 (t-10.4 mn, 1=5 ml| or 1.27X10'2cn) and steady state :
di ffusion '%Nb%ﬁgﬂﬁg at 15 (Dt/12) -0.45 (t=46.9 mn, 1-5 ml) . The first
two terms in ove equation doninate after steady stat'EYE%PUIEhed.
Thus under wet' conditions (6 wt%water), Qt) - 1G, ((Dt/12) - 1/61 -
5.72x10'5 nDIe/day cm at 5 ml| thickness. The hydroniun1ion inalcm
area filmand 20 1.27X10'' cmthickness (1585x10' 5 nol e hydroni um -ion
initially) shoul be al myst conpletely reacted in the chlorite layer in 7
hours. In the ng lerife RAFeRPRaitiqiinto shlpvineididide cocuasi dated with
ions, Q(t) DtC3blthe6b88Bading rE&ﬂdiﬁbel&heahyéré‘PﬂiJIﬂ! Qlehess. 25 Because
- of - the much Iomggnqggfkg | fa € éggéeulon 247 days are required for the
hydroniumion to co g use S*nto the hydrophilic |layer B. Thus, a
mul tiple layered cgﬁbesﬁf ?ﬁ(ﬂﬁ(ﬂ#ﬂf°ﬁ#&ﬂ\abon%a¢#ﬁpnhqptho aheurata47 days

of " chl ori nesdi osfdRydehesse efredee ﬁ‘ﬂwmb&hﬁﬂeé‘otdlsdz‘&dc@ thWomh AYRL
ri ne di,oxi,de reI ase rate S

conposi tes of tggo @SS terdd af'% glpgrgggg o% catalysis of |ﬁgé°5$ﬂﬂ05|te

generally rapid | GFT he. di oxi J
contai ni ng an |ﬁ#e#ﬁéalEf%ﬂ¢%ﬁkaﬂub@@@u§bechh€mg#u9(ﬁbhiipoipu3|t|on is a

.function of pHcoAc&hBi&tidn G AlFrakl 0 eanmm@ru%ga&a al Byt gg %e”ed
before SUBSTI TYTE S RULE 26) \éo 6{ 39030, PCT/ USJ6/ 09179 forite
P 080 B AGeh FETREhm Lon Eranaport.

deconposi tion into-ch
10 An amount of water must be present in intermediate

layer C for transport of hydronium ion. Water is
trgnsportad through a hydrocarbon matrix as single
molecules, except at higher'water activities where some
tendency to form clusters is noticed. The permeation

15 rate of water through a 5 mil thick high density

~ polyethylene film of 1 cm’ face area would be 6.89X10 -

mole/day/cm?/5mil (90% RH, 38 °C) as reported-by Wessling
et al., Encycl.Poly.Sci.Eng., 17, 510 (1989). This
permeation rate is significantly less than that seen for

20 polyethylene ionomers that typically contain 3.35x10 -*
mole/cc ionic groups at a minimum. (4.08x10 -3
mole/day/cm®/5 mil) [Zutty et al., Encycl.Poly.8ci.Tech.,
6, 425 (1967)]. The latter icnic content is suitable for
layers A, B and C, each of which has the potential to

25 absorb 3.3X10 ¢ mole/cé X 10 moles of water (assuming 10
H,0/H,0* ion) or 4.2X10 °® mole water/cm?/5 mil (6 wt%
water). Thorefore, 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 thaen be regquired

30 to saturate the intermediate layer C.

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

35 understood, however, that it is not intended to limit the
invention to the particular form disclosed, but on the
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to-the buffering action of the hydrophilic layer containing the chlorite.
The effect of viscosity on reaction rate, the rate 5 of hydration of the
filmrequired to produce the m nimal anmount of free water necessary for
catal ysis of chlorine dioxide production, and the changing nobile ion
concentrat i owoxsgeshof f Usi on constant supported by the A Bp@fifisofadByer S
can affect hydroniumion transport. 10 An anpunt of water nust be present
ininternmediate layer C for transport of hydroniumion. Water is
transported through a hydrocarbon matrix as single nolecules, except at
hi gher water activities where sone tendencfoto formclusters is noticed.

The perneation glgn fﬂf; o] k_h

pol yet hyl ene film oti[ Pﬁ%ﬁegégggﬁ‘mqﬁ 3“% JSE%Q%B m?%% {}7" / 5m |
(90% RH, 38 O a&‘l"r’é’ﬂdﬁ% & ppdvalternativas fallimgcyithin|shedpiriy , 1,
510 (1989). Thi sndaicopat bENthat EnvénEi @ is a%ﬂhualsfstwadbﬁéﬁedseen for
20 pol yet hyl ene 4yQ¢ rs that typically contain 3:35x10 - nol"é/ cc 10onic

- groups at a mininum (4.08x10 's nol e/ day/.cn¥/5 nll) [Zutty et al.

Encycl . Poly. Sci . Tech., 425 (1967)]. The latter ionic content is sui tabl e
for Jlayers A B and C, each of which has the potential to 25 absorb 3.3X O
"4 nole/cc x 10 noles of water (assumng 10 E3OQ'H O ion) or 4.2X10 "s
nole water/cnme/5 ml (6 wt% water). Therefore, 5 ml| A and B | ayers woul d
require about 1 day to saturate to 6% water froman initially dry state.
At nost, an additional day would then be required 30 to saturate the
internediate layer C. Wiile the invention is susceptible to various

nodi fications and alternative forns, specific enbodinents thereof have
been shown by way of exanple in the drawi ngs. - and have been descri bed
herein in detail. It should be 35 understood, however, that it is not
intended to limt the invention to the particular formdisclosed, but on
t he SUBSTI TUTE SHEET (RULE 26) WD 96/ 39030 PCTI US96/ 09179
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60 contrary, the intention is to cover all, modificatiens—equivalents and
and scope of the invention as

alternatives falling within the spirit _
defined by the appended clains. S HEET " RULE 26) WD 96/ 39030

PCTNS96109179 61 WE CLAIg#=T, _A_conpesii® flor retarding bacterial, funga
and viral contam nation a d*nnrg I sing: a hydrophobic materi al
containing a | el easi iITuent; and 5 a [,Ld C
mat eri al con?gﬁﬁbﬁgachlorite ani ons, the hydrophilic and hy rd%ﬁ@%%%
material s being adjacent and substantially free of water, the hydrophilic
material being capable of releasing chlorine dioxide upon hydrolysis of
the acid rel easing agent. 2. A conposite f6&F retarding bacterial, fungal
and vi ral ContﬁﬁiEEL#ﬁD and nold growth conprising: a hydrophobic materi al
containing an acid releasing agent; and 5 a hydrophilic materi al
cont ai ni ng chl oti-t e &nFePRositrl for Fetagding bactexialn funghdl andr a
cormpound.  cont @i paNJcontiinAIHO adid BUIAOIY vt Wi ddeihisahlle hydrophilic
and hydr ophobi c materi al tmﬂ4§§ agkﬁpegt and substantially free of water,
and the hydrophilic ?faﬁ% ORGSR aBPREIFDING AnsAagdd Rpbeasing
di oxi de upon he¢gentyand afdidwendoi dndel easi ng agent. 3. A conposite for
retarding bacterial . af ipsitlpraic Malcdls 69NLAHEA AN HAS-TRLCa gl UL
conprising: a hﬁgro hobi ¢ terial contal ning an acl refea5|n&iéagbnt
- sel ected from thBe -’6%1‘5° % (307 BYArpRBEDHE Fater iadisg bedng adiadmntsi | yl
phosphat e eat er and shibs tan tigilys firaiec pfswhtar) cthad ihydropaill 6 Nhse évei £
ochioride, a hogRpadyoEsanile beMreilaslBgoan & Afd QNI g, @ copolymer
§9an rige or & mKe :

of an organi c acl
> 4

@l oD co

rolyg&s of the acid releasing agent.

2. A composite fof\retarding bacterial, fungal and wviral
contamination and mold growth comprising: :
a hydrophobic material containing an acid releasing
agent; and
5 a hydrophilic material containing chlorite anions
and an ‘amine, an amide, an alcohol, or a compound.
- containing amino, am;db or hy¢fcxyl,moiéties; the
hydrophilic and hydrophobic materials being adjacent and
_ substantially free of water, and the hydrophilic material
10 being capable of releasing'éhlorine_dioxide upon '
hydrolysis of the acid releasing ﬁgent, |

3. A composi:e for retarding bacterial, fungal and
viral contamination and mold growth comprising:
a hydrophobic material containing an acid releasing
agent selected from the group consisting of phosphoric
5 acid, a trimethylsilyl phosphate ester, a dialkyl
' phosphate, sulfonic acid, a gulfonic acid chloride, a
homopolymer of a mixed inorganic acid anhydride, a
copblymer of an 6rganic acid anhydride{or a mixed
inorganic aéid.anhydride with a monomer containing a
10 double bong, and a mixed inorganic acid anhydride
| containing a phqkphorus-oxygan-silicon bond; and
a hydrophilic ﬁaterial'containing chlorite anions,
the hydrqphilic and hydrophobic materials being adjacent

[
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i norgani ¢ acid anhydride with a nonomer—coentai-ning a 10 doubl e bond, and a
m xed inorgani c acid anhydride containing a phosphorus-oxygen-silicon
bond; and a hydrophilic material containing chlorite anions, the

hydrophi l'i ¢ and hydrophobic material s being adjacent SUBSTI TUTE SHEET
(RULE 26) Wav@6é/3a8030 PCT/ US96/ 09 7&"5@2{@ bst:&{-}t i all y%ﬁﬁﬁ%&{ﬂ ter,
|

the hydrophilic material 15 bei capaizl;e %&aél ng chl Xi de
upon hydrolysis of the acid rel eas 4 Th conposite of claim1,
2 or 3 wherein at |least about 1.0 X 10"6 |ne di oxide/cm is

rel eased fromthe conposite for a peri od at | east one week 5 The

t f cl
composite of claidnsunstadid1ahceesd o2 &ﬁ?&t SR8oHyatorh 18 dIG1

dirf,g ﬁ:e/em | sé&)gl eased oIn

| east one &nf sFPPB’ %95%%’132 Gilmsi%e#mm at | east
about 1.0 X 10'Wrdnslysdlsl ofi thedackd deéludsing mgkggsed fromthe conposite
for a period of at least six nonths. 7. The. conposite of claim1l wherein
the hydrophilic material is selected fromthe group consisting of an

ani de, an am né- an TRecGRBPOSAte R RARL® dnt Bi AFNY wherrin mii deaes, a
conpound cont aiakicuy aniod® wOi‘ehbke, cAIékind dIeHRAEMEmT AY HelieAgelydr OXY!
nmoi eties. 8. ThgGPYRQ@S 3 wheneln ghe, hydrophilic terial. is
sel ected from the gro%pbégﬁglgjs'ﬁ%g%f Prige, 8% ’é W hSaN 5 cohol , a
conpound containing anmino noieties, a corrpound cont ai ni ng am do noi eti es,

and a 5 conpouisd Comhai BfobyEs Q| cTaie Y, €3. of. 3%:@1@%i heagf Claimz,
7 or 8 wherein £ ex 4§-¢S t fromt nS|s 0

f or mam de, acrablgglm g‘egl soi§ S%ggr&?l jt?ee dg%‘g %‘ﬂs oFe gﬁ‘i’n de and
acryl ani de- i sofF6pyFher 99%? ° aﬁﬁr 2 Pepdpdnef ldt Yeamtr panndeth.

i sopropyl acryl am de or N, N-net h | ene bisacrylamde and a primary amne or

a secondary amgne. §SJLJ}§Eié%%§§Téi gnE1?6; or 3 wherein at least
about 1.0 X 10°° mole chlorine dioxide/cm® is releasged
from the composite for a period of at least six monthg.

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

8. The compo:itc of claim 3 wherein tha hyd:ophilic_
material is selected from tho group consisting of an
amide, an amino, an alcohol, a compound containing amino
moieties, a compound containing amido moieties, and a

5 compound containing hydroxyl mnieties.

9. The'composite of claim 2, 7 or 8 wherein the amide
is selected from the group éonsisting of formamide,
acrylamide-isopropylacrylamide, a copolymer of formamide
and acrylamidé-isopropylaczylamide, and a copolymer of

5 acrylamide, isopropylacrylamide or N,N-methylene
biaacrylamide_and a primary amine or a secondary amine.
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THI'S SI c¢'=T ED WD 96/ 39030 PCT/ US96/ 09179 63 10. The conposite of claim
2, 7 or 8 wherein the alcohol is sel ected fromthe group. consisting of

nmet hanol , ethanol, nethoxyet .- hanol . 11. The conposite of
claim2, 7 or 8 where| n t he=arfie Lrsusce{;egﬁ fromthe group consisting of
a primary amne, a second_rv‘érﬁ '

Achertiagy amne having pendant
hydr ogen boRg §ghdgsPupPs. aﬁd a tk Fy—ae- havi ng non 5 gdapaiseg@irdoondi ng -
pendant groups dissolved i ydrophlllc solvent. 12. The conposite of
claim 1l wherein the amne is selected from nonoet hanol am ne,

di ethanol ami ne, triethanol am ne, a copol yger of 1, 3-di am nopropane or
1, 2-di am noet hans and N,'N-net hyl ene bi sacryl am de, 4 5

di met hyl am nopyrg di Fﬁe Een{aaﬁw%@r@;ﬁww ene og G”ivﬂéreiﬁ\l eixéilarﬁtclmallam no
cycl ohexane, 1-(N-dip

- 2- car boxya nd
| - (N-di met hyl arh‘h@)elfc‘:&&r gb’ ﬂog’e?‘}Pa gﬁ%%‘? %%E%P’('RULE 26) THI S
S~, EET HAS BEEMann‘dﬂ),Qﬁbﬁaeﬁﬁeﬁhaxibl m&moxybtﬁ@ﬁbUSQGI 09179 64 13. The
conposite. of claim2, 7 or 8 wherein the amine has the formula R3.=NF~s
R1R, NCHCHC (0) N8, ; sol ubilized N CHZ
R3N( NCH2CH, C( 0)4%42( Ehe) srpegsd tey %)RJ?NPME)WRFEE%BW amine
N( CH2CH, NHC( 0) Nld?)s%le&tthér&thﬂlZgiﬁ;i\lt&o@das&iﬁgopf Primfryl amine,
NV (CH2) f NH GG RCAROHRNH OO Rt i N ob. Baviflg SRNAER) 3N -/

N-( CH2) 3. NH2:
hydrogen bonding groups, a_.nd a tertiary amine having non-

5 hydrogen bonding pendant groups dissolved in a
hydrophilic solvent.

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

5 dinethylaninopyfidin_é. tetramethylene ethylene diamine,
N,N-dimetﬁylamino cyclohexane, 1-(N-dipropylamino)-2-
carboxyamido ethane and 1- (N-dimethylamino)-2-
carboxyamido ethane.

SUBSTITUTE SHEET (RULE 26)



wherein: R sub tuents are, 10 independently, - (CH2CHLO 73, -C (Cx3)

0 ~ CH2CH' c-g{ cH2) , /1 1/ ml O. HZNN NO ~NHO H2N
ti :
(CH ) .OH, .NH ( CX2CH, 0) .g- CH (CH3) 3, -(CH2) 2-N) -(CH2) 2-N

NH JJJ//////// al kyI , cycl oal kyl , %ngyJ,ETH )él an le, or pyridyl; Rl, R2,
R, and Ra aw@9ss@dosy! ; R in strai ght %I;fgi QC% ‘ai al kyI ,P&;bsbg, AR
cycl oal kyl or benzyl; min 1-100i-a-—in2 siho, iIs 1 or

21 and z is 1-6. SUBSTI TUTE SHEET ( RULE 26) }rte VO 96/ 39030 RY
PCTI US96/ 09179 65 14. The conposite of aiml, 2 or 3 wherein the
hydrophilic material includes an imniumchlorite. 15. The conposite of

-~ claim éL or 2f whgr el Q%Ehéouﬁf%l ﬂtéd‘?er%i'aEtﬂ agentod % We@.“etiﬁd ti:'hoﬂhlﬂghglrogp
consisting of _a carboxylic, aci an ester ac al i de
“phosphori ¢ aci B“atﬁﬁogﬁﬁ%‘ﬁe‘ Rypalffe! 58“%@%)5% ﬁlﬁ%ﬁaﬁé ester,
di a:jkyl h{)hosghxt(ex,cm,om QUE.G - RN (NCEJCHLQ (0) 09HC) ,am(dﬁe)s,ﬂe(ﬁa,)a,mga,)grl f oni c
aci chl ori de éﬁhﬁ: rein the acid rel easing
agent is an anﬁydrl(gglg'r}ﬁegagﬁlﬁﬁ‘dte temger J(é) \Nth or grafted to :

pol ypropyl ene, pol yet hyl ene of pol ystyren 7. The conposite of claimi15
wherein the trinethylsilyl pEus-pha;—eceg;—t—eF-MH ¢eB3),SIOP (O (OR), wherein
R is. a nog- hydrogen bondingtgroup, alkyl or-aryl. 14 The.conposite of

claim15 wherein the anhydride is selected fromthe group consisting of an

organic acid
) 0 '
—<NH—(CH Y _NHe=CH,CH 'cl NHCH NH'C'CH CH -)— HN NH
2/n - 2 2% 2 2 2 .
. "y N~

HaN==CCH_,) y=N N=(CCHy)3—NH,

H
q
-ecnzgnéc—NH—c CHy)  N—( ca,;,}—)—
. m

} oxr

wherein: R substituents arae,

10 indeﬁendently, - (CH,CH,0) H,
-c(cH,), (CH,) 0, - (CH,) NH(CE,CE,0) K, -CE(CH,),,

~—(CHy) ;=N Y =—CCHZ) ;=N NH _
’ N/ , alkyl, cycloalkyl,

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

15 cycloalkyl or benzyl; m is 1-100; B is 2 c0xr 3; xis 0, 1
or 2; yis 1l or 2; and z is 1-6.
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anhydr i de—a—mwxed—organt¢€ aci d anhydride, a honopol yner of an organic
acid anhydride or a mixed inorganic acid 5 anhydride, and a copol yner of an

organic acid anhydride or a mxed inorganic _acid anhydride with a mononer
contalnlng a doubl e bond. 19. The te_ claim 18 wherein the m xed

I norgani ¢ acid anhydride co '6? syoxygen- silicon bond. 20.

The conposi t @odlszsdsai m 18 is a copolpdRiseghsrpR! ei c
anhydri de, methacrylic anhy C anhydri de, propionic anhydride,

or succinic anhydride, and vinyl, styrene or an al kene. SUBSTI TUTE SHEET
(RULE 26) WD 96/ 39030 | FT~+S PCT/ US96/ 09179 66 21. The conposite of claim
3 wherein the acid releasing agent is a c%%olyner of mal ei ¢ anhydri de,

methacrylic anhydrigge é‘&ﬁ'ﬂé&@epwr'lgim pro ié)£|1_|3c ULl dge Or  succinic

anhydri de, and vinyl, g ene or-an al 2 conposite of claim1l
wherein the dil B@ﬁf°?§il o maerial dmcdnges i plaisHm cblgrateat act i ¢
polypropylene hydrocarbon wax, chlorinated wax, polyethylene wax,

pot yol ef i ns, dgderipyat gé%%;¥ﬂ £l 5, € 2 The onposite of
claim2 or 3 where| nt%{ﬁé ro%%blc %a erléa)ﬁp 3“8 t selected .
fromthe groupFedRAPLRY RTWIE a&’a@ﬁ@"ﬁ@ﬂyﬁ?%yﬁ%&rmFeeaﬂ-sbhngwa&

ch: or: n?t ed waxa aaby&fwier&mxwebxe?efw&nmj&d 151egehhvabylzedf and
pol yol ef i n copo S ijon_fQ i ng bacteria ungal an
viral contam na%x hoghrr%qpﬁl grioc.\jvt cicérrpr?é??éh%a |5h bi ¢ phase

-contai ning &n atrimethybailyl rhpsphatgngssen, ry dHadkyli phperbateont ai ni ng -

chlorite ani onSsulhenwyﬁm,hld igu1¥odiBy e 0@ el er Phaddea BELBOnic acid
substantial ly %geﬁ{‘)% wat er, the hydrophilic phase bei ng capabl e of
rel easi ng chl orf %1 de upon hydrolysis of the acid

La:aihfbs
eF‘é\‘:%n Relres @H:E

—

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

17. The composite: of claim 15 wherein the tfimethylsilyl
phosphate ester is (CH,),S10P(0) (OR), wherein R is a non-
hydrogen bonding group, alkyl or aryl.

18. The composite of claim 15 wherein the anhydride is
selected from the group conaisting of an organic acid
aghydride, a mixed organic acid anhydride, a homopolymer
of an organic acid anhydride or a mixed inorganic acid .

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

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

20. The composite of claim 18 wherein the anhydride is a
cépolymer of maleic anhydride, methacrylic anhydride,
acetic anhydride, propionic anhydride, or succinic
anhydride, and vinyl, styrene or an alkene.

I
_—

|
|
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rel easing agent. 25. The dispersion of claim24 wherein the hydrophobic
phase is a continuous phase and the hydrophilic phase is a dispersed
phase. 26. The dispersion of claim24 wherein the hydrophilic ~phase is a
conti nuous phase and the hydro is a dispersed phase.
SUBSTI TUTE SHBBBEBULE 26) WO )6/i139038:TH, = ¥ r ;~ PGTN®Q@DLW9I» 67
27. The dispersion of claim 25/ or 26 ﬂvhef.ein a”t”l ast about 1.0 X 10"6
nol e chlorine dioxide/cm is rj\aseﬁli-&emﬂt:t_l_e:di spersion for a period of
at least one week. 28. The dispersion of g¢faim25 or 26 wherein at |east
about 1.0 X 10-' nole chlorine dioxide/cnr is released fromthe dispersion
for a period of2kt |Testcamposdtet bf cEQimT:henhﬁmiar thenacidcteisagingdr 26
wherein at |ea I r id el eased
Sgedtboll ol dpkalled 82! eas@ by adi @ Re el S

fromthe dispersion for a péeriod
di spersi on of AR¥Aife, ase%eﬁebn }de, mrepdomilci anhydeidel ¢m sel ected

fromthe group swaniziixt iangydtide, aﬂhdarim 2lEtyendno! 88l xee COMPOUNd
~ containing am no noieties, a compound containing anido 5 noieties, and a
conpound cont ai ni ng hydr oxyI noieties. 31. The dispersion of claim25 or
26 wherein the.%%i d Theelconpradtagefitclaimd athereins shet éblgemtupiaonsi sting .

of. da car onylhlg:‘emgitd &a-oﬁs'eaa gﬁﬁ]ﬁlr&'ﬁifkimngaafa?}ﬁhct?@ | de, dphf)iplhorl o
aci a phosp ri. e Si e_ester, a dialky
phosphat e, aéeirﬁ’st %&’q °é AR b%%“é gﬁ'grgﬁﬁ tad ¥A*oni ¢ aci d

chl ori de. 32 E‘&Yfﬁtéafllteee wax, rpelref efinmcnodi derivatimed gulyolietin

cont ani nat in VP Ty r@, oW h conprising: a hydrophilic material containing

an a-amno ether and a chlorite salt; and 5 a hydrophobic materi al

contai ning an acid rel easing
23. The composite of claim 2 or 3 wherein the

hydrophobic material contains a diluent selected from the

group consisting of atactic pclyp:opylena, hydrocarbon

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

24. A dispersiocn for retirding bacterial, fungal and
viral contamination and mold growth compriaing:
a hydrophobic phase containing an acid releasing
agent; and
5 a hydrophilic phase containing chlorite anions, the
hydrophilic and hydrophobic phases being substantially
free of water, the hydrophilic phase being capable of
releasing chlo:ine dioxide upon hydrolysis of the acid
. releasing agent;

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

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

1
.
i
;
]
i
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agent, t he h;@@mjﬂnd:i@tch:@phobi c materials being adjacent and

substantially free of water, the hydrophilic 'material being capable of

rel easi ng- chl ori ne di oxi de upon hydrolysis of the acid rel easing agent.
SUBSTI TUTE SHEET (RULE 26) TH S WD 96/ 39030=PCTTUSR6/ 09179 68 33. A
conposite for retarding bacteri alg !DQQEEaHQSEV%faI cont am nation and nold
growt h conprwewegse3o a hydr ophili cr?ﬁ‘t%rﬁ.gh_;ﬂb’ﬂre oW\ 1 eact ip@TUshs/@RT9
imniumchlorite and a base; and % a hydeophobic material containing an
acid releasing agent, the hydrophiTic and hydrophobic materials being

adj acent and substantially free of water, e hydrophilic material being
capabl e of releasing chlorine dioxide upon " hydrolysis of the acid

r el easi ng ‘agent 27 34. rte COTBSIdi%d ¥ £2hehUbH0DALY Siedletn HRIRLAPd ViTal
contam nation and ‘g?l:g ‘griﬁ\g&dﬂ;,co r_lcp%;lg)%: a hgdro hilic materia
cont ai ni ng: an a-ant no® et arfeP ipa dipridefqrEqigyreleanndion of a
met al al koxi de $Fom tire iddapernicn doirt 8, petimd iod rituheablkobhs ewdskt Ng f or med
by reaction of dinethylam noacrylam de with chlorine dioxide, and the
nmet al al koxi de- begi ng_an et hoxi de, propoxide or butoxide; wurea; and 10
n- met hyl acet ani %i g%’a‘ﬁrﬁ}’(ﬁ’&gl‘?&bgé Erg?i?i%ﬁ ForRéamieRgianaticierstel easi ng
agent, the hydrdptut k. Xl 1yHmmiteolchlomrdher dbdsidmicyd iadielesgedind
substantial |y f¢#&n OfngHi¥persi®n ¥ aE0RNL LS ' 3loaie Oe CARAR € Of
rel easi ng chl ori ne dioxi dgsbtfpon 11:5 “hydr g*ys%sdor%&eagglgg ?g?eay ng agent.
35. The conposite of claim 32 wherein the a-amno ether and the chlorite
salt are formeddy rBuwidimpesisisn ofnthaim 2%y i2ite wardetn bas el ssdtect ed
fromthe group alteild 010 doTal @haBlky &foxfifl AFOLL WBARY de: @ S

I on, -

net al oxi de, agetal acetate, and a neta
rom the dispersion for a period of at least six months.

30. The dispersion of claim 25 or 26 wherein the
hydrophilic material is selected from the group
consisting of an amide, an amine, an alcohol, a cempound
containing amino moieties, a compound comtaining amido

5 moieties, and a compound containing hydroxyl moieties.

31. The dispersion of claim 25 or 26 wherein the acid
releasing agent is selected from the group consisting of
" a carboxylic acid, an ester, an anhydride, an acyl
halide, phosphoric acid, a phosphate ester, a
5 trimethylsilyl phosphate ester, a dialkyl phosphate,
sulfonic acid, a sulfonic acid ester, and a sulfonic acid
chloride. ' |

32. A composite for retarding bacterial, fungal and
viral contamination and mold growth comprising:
a hydrophilic material containing an a~-amino ether

and a chlorite salt; and

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

A

! - .

hydrolysis of the acid releasing agent.
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36. The conposite of claim32 or 33 wherein the hydrophilic nmaterial
further includes an anmide. 37. The conposite of claim36 wherein the amni de
is urea. SUBSTI TUTE SHEET ( RULE 26) HIS SEKEEF —=57-S EE-~d "T F }_ 11 WO
96/ 39030 PCT/US96/09179 69 38. th—x IS TAECS IS 35"¢Isla| m 36 wherein the

amde is a vhogidhs zer selected ﬂrom thergrditp cons| sting ppkaMben9170

nmet hyl acet am de, formam de, succi H&m—ae—,———lv—eﬁ'ryfacet am de

N- et hyl or manmi de, N-ethyl formami de, and 5 am do substitut ed al kyl ene

oxi des. 39. The conposite of claim 32 wherein the chlorite salt is _
selected fromthe group consi sting of sodf8m chlorite, potassiumchlorite,

calciumchlorit 0, trd.al kyl a hl orite, and

guat er nary arTTTI:)S%I umb5 gﬁ#(g)}?fpl, £éﬁ) * agdégﬁp%g E%TPJ;* cl ada3d 33 wherein
the hydrophil VéTfat EPpEaninatien mﬂ:lmd-dsgnmahmi&rﬂmt i ci zer sel ected
from the-group consaShyasopﬁiﬂc rmmiaqetfa%d& b}%é@d’e  of! i nam de, N

5 et hyl acet am maum N- et hyl f or men de, m do

subst?/t uted al gsf'ene oxg%%zé b e d?’i#eb@&ﬁﬁo fe of clai m_32, 33 or 34

wherein thé aci d r 8| bydreppokiehmaterdallecontaining tdre ag:idupeaeasn.ﬁgl ng of

ohe boEyI oo d§m$$t%?h iIQ.%S,angg kg?e IJ(’asters 2%3'?2'? bgﬁgé hat es,
hosphat e ester i Si.l

gul f(F;nI c acid, EE % ’é’s‘tié&g 26??0?1#6’%% d#leoPVQEQPh g
phosphosi | anesmeﬁegiybebdnsbambést @fs relaasiliigp ahlqrdnel diokiakahpadtl

wherein the hydyapbopsfs SBiE{d %if gﬁgg' a.diluent selected from
the group consisting of atactic po ypropyl e ydrocarbon wax,

chl ori nated wax, polyethyl ene wax, ponoIeflns
34. A composite for retarding bacterial fungal and

viral contamination and mold growth comprising.
a hydrophilic material containing:
an a-amino ether and a chlorite salt formed by
5 reaction of a metal alkoxide with an iminium chloriﬁe,
the iminium chlorite being formed by reaction of _
dimethylaminoacrylamida with chlorine dioxide, and the
metal alkoxide being an ethoxide, propoxide or butoxide;
urea; and :
10 : n-methylacetamide; and :

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

15 hydrolysis of the acid releasing agent. |

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

and the chlorite aait are formed by reaction of an

iminium chlorite and a ‘base selected from the group

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

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

37. The composite of claim 36 wherein the amide is urea.
(““——-—————————_____
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5 pol ' Lzed pol yol efin copolyners, and a plasticizer
sel ected fromthe group consisting of formam de and

i sopropyl acryl ami de-acryl an de. SUBSTI TUTE RULE 26) WO 96/ 39030 11|
THI SSHI -i T BEEN PCT/ US96/ 09179~ he- eappofite of claim32 or 33
wherein the hydrophobic - materuaTH‘ oﬁpgt sss ,betwe n about 10 wt.%and about
100 wt. % of tWhposiebsd I €l easi ngw 80 wt. % g E,@s&mh%gnt -
and up to about 60 Wwt.%5 plasticizer. 44. The conposite of CT

wherein the acid releasing agent is selected fromthe group consisting of
carboxylic acids, esters, anhydrides, acyl halides, phosphoric acid,
phosphate esters, trinethylsilyl phosphateé@sters, 5 dial kyl phosphates,

sul foni c acid, sul fonic acid, esters, sulfonic aci d chl ori des, and
phosphosi | anes gia I[rgeeFS?Pﬁiyeﬂ L thadm pfeowhereim the apddecdedaf r om t he
‘group consisti nglestirieercspbéyped Bdornehehydoas achodl s g oFhivar i nat ed
wax, polyethyl e&%tﬂ@lac@@éﬂ&ﬁf f@ﬂﬁna.uﬁ%eoc’ls\égéiﬁ a&nq;derivatized -

pol on efin copo asticlzer I's se ec’t ed fromthe group
consi sting of F%WBE%@« Vinidoryraifde-Nrethvlficrmanige, Thad
conposite ofs cl an&déBsuhetsm:achamwamah&aesrmterl al conprises between
about 40.w. % and about 100 w.%of the acid rel easi ng agent, between
about 20 w.% and about 80 wt.% of_ the diluent, and up to about 20 wt.% 5
of the plasticidr. ZBe GPEPRGHERQL c18AmcPa| whemeithdihe whlogibesealt.

sel ected fromthe gedaptednficu itith @roup BbhalseddddflBodian BHTBLL LG

al koxi de. & et gbygkbiin it Ale ARG MLr AL BludQln A

hydrophilic co 05|t|on conprising urea, a pra TciZer
group consi sti ggr?)?' 1Ry lampeRdur réée'feaﬁawwrﬁmnmdem N-

et hyl acet anbde, chleeibylf orma-1de, N- ethyl form-4 de, and

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

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

41. The composite of claim 32, 33 or 34 wherein the acid
.releasing agent is selected from the group consisting of
carboxylic acids, esters, anhydrides, acyl halides,

. phosphoric acid, phosphate esters, trimethyléilyl_

5 phosphate esters, dialkyl phosphatas, sulfonic acid, a
sulfonic acid esters, sulfonic acid chlorides, and
phosphosilanes of glycerol based esters. |

42. The composite of claim 41 wherein the hydrophobic
material further includes a diluent selected from the
group conegisting of atactic poly?ropylene,_hydrocarbon
wax, chlorinated wax, pclyethylené wax, polyolefins, _
5 polyesters, and derivatized polyolefin copolymers, and a
Plasticizer selected from the group consisting of
 formamide and isopropylacrylamide-acrylamide.
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‘5 amido substituted al kyl ene oxfdes and a bass selected fromthe group
consisting af a netal al koxide, an SUBSTI TUTE SHEET (RULE 26) WD 96139030

PCTI US96/ 09179 71 armoni um al koxi de, a trlalkylannnnlun1alkoxrde a netal
oxi de, an acetate, and a netal i —t+ gim chlorite is
transformed WO9s3WM orite salt if THE S.I.L(D-ﬁr'esfeECENo t he cgTAssPe/490T9. 48.
The hydrophilic conposition of cllai m 4R=PhsLEdi ng $etmeen about 35 and

about 55 wt. % urea, - between about™ 35 and about-55-wW . % of the plasticizer,
and about 10 wt.% of the base. | TH' S SHE%E HAS BEEN REPLACED SUBSTI TUTE

SHEET ( RULE. 26)
' 43. The composite of claim 32 or 33 wherein the

hydrophobic material comprises between about 10 wt.% and
about 100 wt.% of the acid releasing agent, up to about
80 wt.% of a diluent, and up to about 60 wt.%

S plasticizer.

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

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

10 pPolyesters, and derivatized polyolefin copolymers; and
the plasticizer is selected from tha group consisting of
formamide and isopropylactylamide-acf?lamide.

45. The cocmposite of claim 43 wherein the hydrophobic

material comprises between about 40 wt.% and about 100

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

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

46. The composite of claim 33 wherein the base is
selected from the group comsisting of a metal alkoxide,
an ammonium alkoxide, a metal bxide, a metal acetate, and
a metal iocn. '

47. A hydrophilic COmposition comprising urea; a
plasticizer‘éqlééted from the group consisting of N-
methylacéﬁamide, formamide, succinamide, N-
_ ethylacetamide, N-methylformamide, N-ethylformamida, and
5 amido substituted alkylene oxides; and a baso selected
from the group consisting of a metal alkoxide, an

SUBSTITUTE SHEET (RULE 26)
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 ammonium alkoxide, a trialkylammonium -alkoxide, a metal
‘oxide, an acetate, and a metal ion, such that iminium

chlorite is transformed to a chlorite salt in the

" presence of the composition.

48. The hydrophilic compositibn of claim 47 includiﬁg
between about 35 and about 55 wt.% urea, between about 35
and about 55 wt.% of the plasticizer, and about 10 wt.%

.of the base.

THIS SHEET HAS BEEN.
"REPLACED
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