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COVPCSI TI ONS FOR SUSTAI NED RELEASE OF GAS Background of the

| nventi on The present invention relates generally to a

bi oci dal conBOBF#A that provides sustained rel ease of a ~5PCTGiRe8N83Fhe

I nvention particularly relates to a conposite for retarding,
controlling, killing or preventing m cr obi ol ogi cal contam nati on
(e.g., bacteria, fungi, viruses, nold spores, algae, and protozoa),
deodori zi ng and/ or retarding, preventing or controlling chenotaxis by
10 rel ease of a gagOMPOSHTIONGhIFORI SUSUAUNENCRESBASRIOF A GA oxi de,
nitrogen dioxide, nitric oxide, nitrous oxide, car bon di oxi de,

hydr ogen sul fide, hydrocyani c acid, di chl ori ne nonoxi de, or chlorine.

Chl ori ne di oxi d@aaktojcamd Joff $he Jmyemitdonoxi di zi ng agent 15 widely used

as a bl each, disinfeqﬁﬁp%meg%gkgqggge?égpareggggﬁgééﬁérali& gangpenetrate

the cell wall or ,nenbranée .an smo spores, bacteria_and
ot her ni cr SHATIGFIc fompesi ddoRatingtaprevhdefit PUEF8RBeReT BheRFR Of a

part per mldiogaand dest rieyehhedn 2articularlPerkNeeepotat &oBoRboshterine
di oxi de or sodi um c cg*orite I n fggd EacFagéms has pronpted studies to
det er ni ne whet hé®% S RFA* ey ECEEGPLIGBH  pfréderidt PTeRTeVent IRyt in a
signi ficant geneticraicdardicadgenntaminatdoho (e.g., hvaabsridki funet, al .

studi ed the eff f..su r-0n| ac ni Lon.
chl ori ne, chlorsﬁgv%eé% Bﬁgg?%g%régdi3§§gﬁrog%§e8%§ ogo |Un§%%$%#g?%8 n the
i nduction of chregddsomaletalyéing.i prevantisgepnheadtrollingnehemptares by

mce (Envingn. M#agenesisSa fas?Okuch as( éﬁ&é)chn?cawxm@, hiGEY, T eactive
hypochlorite resulted 30 . in a weak positive effect for putagenic

potential . The dioxidguh&itEoRissuRdeX 1R BAFRYCCRKEAR nendF BRY BeCRFEE s0di um
chlorite, failedar®@dmhdicsidRy GRCeBReaNBLI1EREE! ahi,8P6cPhnic acidfreased
nunbers of nicrgﬁgﬁlei.in t%%cpoﬁg narrgg;of.ﬂe mce. Vilagines et al.
attribute the r I PFA e BONOxtHE. | Otis CBPEERSof chlorine dioxide to its
inability to Chlorine dioxide (Cl0,) is a superior oxidizing agent

15 widely used as a bleach, disinfectant, fumigant oxr
decdorizer. It can penetrate the cell wall or membrane
and cytoplasm of mold spores, bacteria and other
microbiological contaminants at concentrations below one
part per million and destroy them.

20 ‘ The incorporation of chlorine dioxide or sodium
chlorite in food packaging has prompted studies to
determine whether resgidual levels of such preservatives
result in a significant genetic or carcinogenic hazard to
humans. Meier et al. studied the effect of subchronic

25 and acute oral administration of chlorine, chlorine
dioxide, sodium chlorite and sodium chlorate on the
induction of chromosomal aberrations and spermhead
abnormalities in mice [BEnviron. Mutagenésis, 7., 201
(1985)]. Only the highly reactive hypochlorite resulted

30 in a weak positive effect for mutagenic potential. The
other compounds, including chlorine dioxide and sodium
chlorite, failed to induce any chromosomal aberrations or
increased numbers of micronuclei in the bone marrow of
mice. Vilagines et al. attribute the relatively

35 innocuous effect of chlorine dioxide to itg inability to



2 mp'r'-o'duce hal omet hanes, unlike hypochlorite and chlorine [ Pr oc.

AWM Di sinfect. Semn., 24 pp. (1977); Chem Abs. 93, 173513f].
Recently, Richardson et al. reported that an extensive study of the
reaction of cHPF5AHB2dioxide 5 with water borne organics by Po®/uUses/83s7
Envi ronnental Protection Agency confirmed this observation [Environ.
Sci . Technol ., 28, 592 (1994)]. Japanese Kokai Nos.

63/ 296, 758, 63/274, 434, and 57/ 168, 977 xlescri be deodorants cont ai ni ng

chl orine 10 di oxi de incorporated in a polyner, ceram c beads, or
calciumsilicate mpapﬁadeihaaommbhaneslouhlimesmggmdhmﬂgate and @Galrtilvest
generate chlorine bde %@5 E§glﬁ§eg?p|§§$1n %&LIC #HFSdeé

di sinfection are dIS ose ‘Res

1101 (1986). ChIoﬁéne1?§513éBGX|éécgﬁthatR¥@P§ﬁﬂ%9QHQ¥gﬁiﬁﬂﬁﬂﬂqrqﬁﬁ‘ tby

m xing a gel ﬁﬁnbﬁtahﬁﬂvéuﬁﬁﬁagegf SERké LR £ 8 te8r veémkbﬁrgaelammde
containing lactic aclg i mred | prior.to use fo avojd pr enat ur e
chl orine dioxide r¥rESs¥2tER PFH ﬂF%%PH%S by t@%ﬂ3%%ﬁ?ﬁ?%ﬁﬂ?§%uﬁﬁ?%%9&iﬂn

been used in food p.ge&eyvabnﬁmrmaa this ob&bedpsithat irrifacessds have al so
been used in of, I ne di oxi de. Canadi an Pat ent

No. 959, 238 descrlgggﬁ Eéfa Ongg? éh§§+fge di oxi de by separately
encapsul ati ng sodlun1chﬂepanesanﬁokantmcsac$1V296 198 ,pdEIAA Ty l434# ,celmgl and

Tioe ot al. . 05, Ralant Kb dosesian BRSO b ns, ¢ o

alternatlng pépy(vﬁﬁyﬁlﬁéth?ForPOI%Fﬁ@r1mmﬁ49Qﬂ¥ﬂﬁﬁWMQQﬁﬂmkﬂ bead s, or

pol y(l actic-gl ycol bﬁlé%ﬁl) siglcategﬁf%ﬁé& B¢ bt A dtel e aaRelitqriang .
di oxi de from 30 %ﬁg chlorite. ?gol alco oI h nectant ‘and matezﬁgre

encapsul ated with ?Enﬂﬁa?FﬂEe for uff &F
After sodi um chl or applwadnbﬁusedri aimnfectidﬂe ac::&ps:wseﬂld’gawgiy Wedvioyl @

wal T, an dmermeable’ o P51V cgee| B L conger sl o g iy o on
t he capsules.l5Theu@a5$dbegenanabengog¢b@ are generally formed by mixing a
gel containing suspended sodium chlorite with a gel
containing lactic acid immediately prior to use to avoid
premature chlorine dioxide release. Chlorine dioxide
releasing gels have also been used in food preservation.
20 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
in polyvinyl alcohol and mixing the capsules with water
25 to produce chiorine dioxide.

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

30 sodium chlorite. A polyalcohol humectant and water are
encapsulated with the polyanhydride or polyacid in a
nylon coating. After sodium chlorite is diffused into
the capsule through the nylon wall, an impermeable
polystyrene layer is coacervated around the nylon

35 capsule. Solvents are required for reaction and
application of the capsules. The capsules can be coated



3 onto surfaces to rel ease chlorine dioxide. Al though the

capsul es are said to provide biocidal action for several days to ,
mont hs, chl ofdnesehspxi de rel ease begins i mmedi ately after the capsul es
are prepared. The 5 batchwi se process used to prepare the BEpYEIS38I so

I nvol ves nunerous chem cal reactions and physi cal processes, sone of

whi ch invol ve environnental disposal pr obl ens. Powder s t hat
rel ease chl orine dioxide as soon as 10 they are prepared have been forned
by m xing acid solids and chlorite solids, Lovely, U S. Patent No.

3,591, 515 d%§‘é‘P|§E§fac%ﬁl’é‘?|¥%l%%$ﬁa¢f#ﬂ??§1ftﬁnmé?x’t% el i the

chlorine di oxi decuggﬁlaglageagmae@o tdvide Aidbidal aONAITYN GRS .
Hart shorn, U.S. Patent desp i bes soli m Xt ur es of

sodi um chiorite 3R¥S cF?rWEnthS’ céi%fﬁ??cﬁl?ﬁﬂ & LRIFIHATHE conpressed
to formtablets. J.mmedla/asm aftat . t;héJ capfalentaNo prehdred 38 Iend

4,689, 169 j X [ and
inert dil uen? th ggéﬂﬁggénep ]t:#{:%é“? ne (f? ‘(’)%?0%9%?%%%1 ut{HGZ@ a%égl%oss%ﬁig

m xXtures to anbi envohvest nweerods cechenicedl reactianss arPatdmsingl 4, 585 482
describe solid adpbxtukes, Ofome of S@@i&mﬁwmieemquﬁd@ﬂt@ﬁ 'cﬁs%%s%l

Wel i nghoff et a have formul ated conposites t I ncl ude a
hydr ophobi ¢ phas@r€%ﬁ?@$n|ng an acid releasing 25 agent and a hydrophilic

phase containing chl opbh@epdi ORSE reledd® EOIROSId iniﬁxlﬂéb%lsa@d@i lag free

of water -and g chl gri ne OXId 1,5 expased t.q
i sture. 18 OBnew,ate ol tuSiad it POAR o RE Dyt OIS S o L1 ds
generated in theahgdehpbpbte phhbds. Tha:wka'w,ommn | Ferteerid0 Nov g, &tsa. st he

hydr ophi lic phasge%gglgggcé %i@rﬁihm%oééré %p%mq Y V9d1€sr .o .gens &a¢t e chI ori ne

di oxi de from t he " COMPOSI are conpose Shd
generate only chlgubseadtesideeatbom By adniswsd tveidesirgamida |y

recogni zed as safgn@k; M‘ﬁ%t @@éﬁan%tgmvﬁortp%l iRk eir NFAN h.musl% for
f ood packaglng and otﬁer cat| ons ere the substances ‘can
i ngest ed byl®r iReeerikhes solld mixtures of sodium chlorite and c1tr1c,

adipic or malic acid that are compressed to form tablets.
Mason et al., U.S. Patent Nos. 4,547,381 and 4,689,169
disclose mixtures of powdered sodium chlorite, acid and
inert diluent that release chlorine dioxide without
20 expoging the mixtures to ambient moisture. Tice et al.,
U.S8. Patent No. 4,585,482 describe so0lid admixtures of
sodium chlorite and polylactic acid.
Wellinghoff et al. have formulated composites that
include a hydrophobic phase containing an acid releasing
25 agent and a hydrophilic phase containing chlorite anions.
The cowmposite is substantizlly free of water and gas
{e.g., chlorine dioxide) until it is exposed to moisture.
Once exposed to moisture, acid and hydronium ions are
generated in the hydrophobic phase. The hydronium ions
30 migrate to the hydrophilic phase and react with chlorite
anionsg to generate chlorine dioxide from the composite.
These composites are composed of and generate only
substances used in foods or substances generally
recognized as safe or inert substances. The composites
35 can be used for food packaging and other applications
where the substances can be ingested by or in contact



B

4 W th humans. These conposites are described in U S Pat ent No.

5, 360, 609 and copending U S. patent application serial nos.

08/ 465, 358, [ 465, 086, 08/ 462, 164, 08/461, 716, and 08/461,304. 5

Vel | i nghof f K521 S pat ent application serial no. OCABREB887

di scl oses a conposite fornul ated for maxi mum chl ori ne di oxi de rel ease

I n. which the hydrophilic mat erial contains an u-am no ether, ester or°
al cohol and a chlorite salt forned by reaction of an imniumchlorite
10 and a base. Imniumchlorite is unstable to nucleophilic attack

gy thehchl orite @ahtiprhunihes, lthmééa NESHPStQd e descmab@aacs,lhedhw:th 3
ase, however, e _nore_st et her, ter_or alcohol and a
chlorite salt ar£ A 53%9 ag fgé*é%@ QﬁﬁﬁﬂAi % % pat ent

appl i cation seriappllbcainibon 0844 ﬁ&fs.dm/mase$5@ matsb(@(asf osepaxi m zi ng
chl ori ne di @é(),ggz rfégasgal/,%ﬂn?% arl ne & [ glogg conposite by

onmitting the chlorite sourte e conp05|te i'S applied to a
surface. Af%er appli¥atlirgheof® etvpbsilié. patend eppddcdtionchesirae

di oxi de gas thatngi t@@}’qéfa&ﬁ &1 didd 4 %n%ieaég%et %o&ﬂnﬁ%&:@aﬂtﬁw chl orite

in situ or reacts he am ne to praovi l orite anions.

conposi te §m?%%ﬁm&c?¢¥%ﬁ%ﬁﬁ|¢9Q¥kﬁﬁnﬁﬁ%§%ﬁ§ o W@F§PuF§et8Yﬂ€P€§§élc
chl ori ne di oxi dema%@la:prmmﬁéﬁl@ae{h he axpesedHed, estehevat adcbasperasur es

during processing, .S 2 i cati Qn because the_hydro

mat eri al does no cRlSE t%ﬁ é%?ﬁ%#ﬁhﬁﬂ%ﬁ%Q<§Q5’° n¢ e ASFHHE gﬁ?8ﬁ§%ﬁhat
coul d deconpbse atd salc&bast@rrpeitrmimm chlherinet Hed ualstable topnecledebilic
premature rel eas f t he

Baronber g et ar . Sract 1P € ARSI dBA " wnen, sHETRASEY Gy SHiopice
NUMer ous nethodsl%fr@%¢ﬁ@idﬁwﬁbsathﬁsef howsysty ,a& hehooaedesabdsed - Bipino

Vel 1inghof f et alendf, I&b@d or alRAIPEdR o INGAiLABIK BB formed.

cont am nati on and growh of ds on produce, neat, and. ot her
materials and to 35 WRbHHIHRI e t?erﬁlal £y %c@%fkteﬁpipllé§“§ﬁ&ns?6ifé@%
spaces. 15 no. 08/461,706 describes a method for maximizing chlorine

dioxide release from an amine-containing composite by
omitting the chlorite source until the composite is
applied to a surface. After application, the composite
is exposed to chlorine dioxide gas that either reacts

20 with the amine to form iminium chlorite in situ or reacts
with the amine to provide chlorite anions. The composite
is then activated in the presence of moisture to release
chlorine dioxide. The composite can be exposed to
elevated temperatures during processing, storage and

25 application because the hydrophilic material does not
contain iminium chlorite or any chlorite aniocons that
could decompose at such temperatures. The wmethod also
precludes premature release of chlorine dioxide from the
composite.

30 Barenberg et al. U.S. patent application no.
08/465,087 describes numerous methods of using composites
such as those disclosed by Wellinghoff et al. to retard
bacterial, fungal, and viral contamination and growth of
molds on food, produce, meat, and other materials and to

35 deodorize materials such as textiles and storage spaces.



Vel | i nghoff et al. U S. patent application serial no. 08/651, 876
descri bes transparent conposi tions that provi de sustained rel ease of
chlorlne di o & There is a need for an inert conposition that
can be §)5)59 f%‘”éct ivated to initiate chlorine dioxide relRIesS98{48337
use. A conp05|t|on that is conposed of and generates only substances
used in foods, or those generally recogni zed as safe or inert
substances, is particularly needed fors food packagi ng and ot her
appllcatlons where 10 the substances can be ingested by or in contact
with humans. Welhinatiaf Hfet v | Afdht ipsttent applickidey t9eCisd) ects

of the inventionyst hegedof esveT%scmﬂ& et dhe it Qi tAlors that
conposition that rel eases a 15 éfentra%gon of .chloying dioxide

sufficient to elPFRYEE® Sustyingdbrieleqsm@t oiardne g5 ot ozoa, and
viruses; the provilsen 0f Butded ﬂmmmslxlnam: tdwtpdﬁltﬁmﬁﬁ:mmhan be
chl orine di oxi de_concentr.at i fter vatl n _f.or d.of up to
several nonths; ??'I%{%{ ot G E‘o@f ats J% é@rﬂfdﬁ% ad&r?xﬁ‘iio SicPESs e the
rel ease rate of wiorilecompodditodardetiat prsopanttoard @f mx@wm&mﬁer ature

and hum di ty_t QQB% d eri I
provi si on of such JE}?corrpom [ onr{gn%t aiglnléxgjao% eggeg;h%\ge guegls%%aaﬂgs approved
for human exposurecegnizesis gieiandREinedts sullsdEnggsy ilfepsensiondarly

The present inveptdgen '§ozd'ﬂ’c5’<§c’£ %é&ﬂx@%'6t%é‘rorapp11cart%fcﬁ{sd'vﬂ&re
n1crob|olog|cal contami nation whi ch includes a Aydr ophobi c naterlal

cont ai ni ng &h actif retRSlAMESFER be ingegiedy %G’rroﬁﬁﬁ Iqo@tt‘f‘ﬁtter"*‘ilél
cont ai ni ng ani orngumade. 30 hydrophilic and hydrophobic materials are

adj acent and substantially free of water, and the hydrophilic materi al
I s capabl e of generating and rel easing a gas after hydrol ysis of the
acid rel easi ng siemtary of the IrArsattiem enbodi nent of the invention is

directed to a 35 C%H?&&&‘dcﬂ@"d&%é&e Ji‘)rtrﬂél %.nvention, therefore, may

be noted the provision of a composition that releases a

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

20 composition that increases the release rate of chlorine
dioxide in proportion to increased temperature and
humidity that promotes mold and bacteria growth; and the
provision of such a composition that conly releases
substances approved for human exposure or ingestion and

25 is relatively inexpensive.

The present invention is directed to a composite for
retarding microbiological contamination which includes a
hydrophobic material containing an acid'releasing agent,
and a hydrophilic material containing anions. The

30 hydrophilic and hydrophobic materials are adjacent and
substantially free of water, and the hydrophilic material
is capable of generating and releasing a gas after
hydrolysis of the acid releasing agent.

Another embodiment of the invention is directed to a

35 compound having the formula



[err] wherein Gis has the fornula [err] wher ein
each Ris individually selected fromhydrogen, 5 hydroxy, alkyl, alkenyl, .
or -OC(OR; R is aderr] to (err] al kyl or CJerr] to (Jerr] al kenyl;

X is an int &§e8/R46m 1 to 30; y is an integer fromO to JT/ESMOLEIs an
i nteger fromO to 30. Anot her enbodi nent of the invention is
directed to a
&
0
H
GO— P0G
5 o
| {l
?m?nomeoc
0zzP—0 0 ﬁ
éc &~%ho~p=ﬁc

l
(GD),—P OC,Hs 06
1
0

wherein ¢ is has the formula

cA —CR
CCRZO; 3 or 3

wherein each R is individually selected from hydrogen,
5 hydroxy, alkyl, alkenyl, or -OC{(O)R’; R’ is a C; to C,,
alkyl or C, to C,;, alkenyl; x is an integer from 1 to 30;
v is an integer from 0 to 30; and z is an integer from 0
to 30.
Another embodiment of the invention is directed to a

10 process for preparing a compound having the formula



10 process for preparing a conpound having the formula

7 [err] wherein Gis has the fornula [err]
wherein each Ris individually selected from hydrogen
) WO 98/52412 PCT/S98/08387
7
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wherein G is has the formula

CCR,ICR, or 3

wherein each R is individually selected from hydrogen,
5 hydroxy, alkyl, alkenvl, or -OC{(O)R’; R’ is a C, to C,
alkyl or C, to C,, alkenyl; x is an integer from 1 to 30;
v ig an integer from 0 to 30; and z is an integexr from 0
to 30, by providing a liguid containing a carboxylic acid
ester of a polyhydric alcohol, admixing phosphorus
10 pentoxide into the liquid to form an intermediate,
admixing a silicate or silane into the intermediate to
form a product, and cooling the product to provide the
compound .
Yet another embodiment of the invention is directed
15 to a composite for retarding microbiological



5 hydroxy, alkyl, alkenyl, or -OC (0 R; R is a (err] to (Jerr] al kyl

or CJerr] to (Jerr], alkenyl; x is an integer from1 to 30; y is an
integer fromO to 30; and z is an integer fromO to 30, by providing a -
| i qui d cont ¥Ri#§242car boxylic acid ester of a pol yhydri ecalisnbossss
adm xi ng phosphorus 10 pentoxide into the liquid to forman internedi ate,
adm xing a silicate or silane into the internediate to forma product,
and cooling the product to provide the g conpound. Yet anot her

enbodi nent of the invention is directed 15 to a conposite for retarding
m crobi ol ogi cal contamination containing a hydrophobic mat@rial

contam nat ! on CRALANGSA Y ALIRNOL S IRAET kabat cna OQAROLRG, ARChd

rel easi ng agent _an er|a ton ai fii ng
ani ons that areiwggspbdlic ma@ﬁrﬁééc?ﬂngamnahgh%@x@m$uhha%n%rtocgkﬁblﬁte a

gas. The 5 h&@rQ@@éﬂf%ga%QEEYQ?@EBHQhﬁ Eaﬁfrt@|§eﬁé§a@QJ§C§§§ angne

substantially free of watér I c naterial I s capabl e

oph
of generatifg aﬁ@ﬁFEF@&éﬂﬁgapﬁeh§§§°§FPEFc materi P §5¢ 283 2ERRE a’Dd
rel easing agentsubstantlallyh@reavamtwaaet§ 8h80or e repdesbk D1 8c CHAPESLAR

f 10 tardi I I t t t

hyclr ophobi o mat & SRERGEanH HERaReGeRd FEMchernes dubntbe 9ef affex

hydr ophi lic natéyﬂablq&n@abmlm@e apnidnrageaaing agemM1de an al cohol, or a
compound cont ai ni ng %%k”%nv%%k@%g i8d a?%oh¥9£858é?”96e$'SéT%SQQté”f8PS t hat

are capable of is reactin m T 0Nns
hydroph|||éOandrﬁﬁ@ﬁ@g@@bmecWQbepﬁegsca&ecanyambmatam@ Conuasnbﬁgahtlally

free of water, %@@r’b@:ﬁo@i@:f &afeekhalneaﬁ&a%m? an'éci@%@i@a@fn@e@@éﬁémg
and rel easing thé gas after h Si's the acid rel easing agent. 20

The invention i &4 éoh@rrilr@epéélpomataréﬁér§%Ea%%+n9 an ( FpERe ngt

nlcroblologlcala@@@hanaﬁahu@@hgqmtaknan@ompound @Uﬂi@@@ﬂ@gcaﬁpﬂ&ln#@ﬂﬁo
phase contalnlng a%y%pld el easing sper sed

a h ro h|
phase containin r&ﬁ?&ngofﬁgf ﬁreaﬂgpgﬂ?%ﬁ%fg?%%c?g% %yﬁ#onlun1
I ons 25 16 gemeratdéng gath hytdeohydmopbnki todgspersied @hgse anthe

hydrophilic and hydrophobic materials are adjacent and
substantially free of water, and the hydrophilic material
is capable of generating and releasing the gas after '
hydrolysis of the acid releasing agent.

20 The invention is also directed to a dispersion for
retarding microbiological contamination containing a
hydrophobic continuous phase containing an acid releasing
agent, and a hydrophilic dispersed phase containing
anions that are capable of reacting with hydronium ions

25 to generate a gas. The hydrophilic dispersed phase and
the hydrophobic continuous phage are substantially free
of water, and the hydrophilic dispersed phase is capable
of generating and releasing the gas after hydrolysis of
the acid releasing agent. |

30 Another embodiment of the invention is a dispersion
for retarding microbiological contamination containing a
hydrophobic dispersed phase containing an acid releasing
agent, and a hydrophilic continucus phase containing
anions that are capable of reacting with hydronium ions

35 to generate a gas. The hydrophilic continuous phase and
the hydrophobic dispersed phase are substantially free of



t he hydrophobi ¢ conti nuous phase are substantially free of water, and

t he hydrophilic di spersed phase is capable of generating and rel easing
the gas after drol ysi s of the acid rel easing agent. 30

Anot her errboWﬂ%ﬁt’"“éf the invention is a dispersion f or PETAISR/GS87

m cr obi ol ogi cal contam nation containing a hydr ophobi ¢ di spersed phase
contai ning an acid rel easing agent, and a hydrophilic continuous phase
cont ai ni ng ani ons that are capabl e of 8reacting with hydroniumions 35
to generate a gas. The hydrophilic continuous phase and t he

hydr ophobi ¢ di sp¥ated phade tiee hydirophiliial kpntiosous phase is capable of
wat er, and the h&@h@&%hhh& gaatkaagagla %ﬁe'§a%ae§95§ ) dvolgsggn%kaE¥@g

and reIeaS|ng thé gas afteér hydrolysis aci d feleasing agent
Anot her enbodlneﬁFléfrFH@aﬁﬁvénﬁgéﬁtls dlrected toa 5 conposite for

retarding ”10r9b!0|09Rﬁ@th@@“b@ﬁbﬂ§h&ﬁﬂ of th@Oﬂh&éﬁtﬁgn81BYQﬁQEBQ§H£to a
mat eri al contai nin

t th
consi sti ng o% CO%Bﬁgé ﬁo%PE &€ %%dgggingFﬁgggPﬂ§§1§% sﬁﬁﬁ%ggé§?gﬁgn P
di al kyl phosphat epnsalindnge aatydrophsblitoneceaded tOntebhdngden acid

horopol ymer of a, gugsgahgoagéqtcsagggtﬁgsfré&hxﬂé' Zoufl BBRﬁEEEEhb 8§t a

phosphosilicic an oxane
a- hydr oxy apbohphoraCCap@ﬁynert@ﬁaahyasgém&cphgsghahhyastag wﬁth a

Tonamer eant ai ni AgadkJeuBkesBaRle 35G9RBLIEPR 0 AaTkysHodte abBar ganiC

13}
acid anhydride with a nnnone? containin and a m xed
i norgani ¢ aéPd aRrhyaride. a h@@ﬁ?&ﬂﬁmﬁﬁ 81pﬁo§éﬁ6ﬁuén@%9@€ﬁcsﬁFPéon bond:;

and a hydr0pahhyarﬁab¢raabhagghabmumaaaeloes heg h@é@liéﬂébbﬁh dridk,
reacting with hydroggsghlon enerat e |I|c and

e ophobl ¢ mat o BReSRheSRiokasly | Snaerpoxdiaher 0t AappyY) FoBPaFOuL: or
and the hydrophi kilecheflier eabopolymarsofapabbegahigenet.dt angydnddeelvéani ag

e o et rolprBPUEEbEAE AR rTS, BB LEERR 10 BB Loy o7 = glha
preparing aléonpéspreapycdissdl anhydaide with a monomer containing a
double bond, and a mixed inorganic acid anhydride
containing a phosphorus-oxygen-silicon bond; and a
hydrophilic material containing anions that are capable
of reacting with hydronium ions to generate a gas. The
20 hydrophilic and hydrophobic materials are adjacent and
substantially free of water, and the hvdrophilic material
is capable of generating and releasing the gas after
hydrolysis of the acid releasing agent.
Yet another embodiment of the invention is directed
25 to a process for preparing a composite by dissolving a
salt containing anions in a hydrophilic material, the
anions being capable of reacting with hydronium ions to
generate a gas; and then mixing the hydrophilic material
with a hydrophobic material containing an acid releasing
30 agent. The hydrophilic and hydrophobic materials are
adjacent and substantially free of water, and the
hydrophilic material is capable of generating and
releasing the gas after hydrolysis of the acid releasing
agent.
35 The invention is also directed to a method of
retarding, killing, preventing or controlling



salt containing anions in a hydrophilic material, the ani ons bei ng
capabl e of reacting with hydroniumions to generate a gas; and then

m xing the hydrophilic material wi th a hydrophobic material containing -
an acid rel eé@% 2448  agent. The hydrophilic and hydrophobi cromtsssiogdss ar e
adj acent and substantially free of water, and the hydrophilic materi al
I s capabl e of generating and rel easing the gas after hydrolysis of the
aci d rel easing agent. 35 The inygntion is also directed to a

met hod of retarding, killing, preventing or controlling

10 n1crob|mhagb@ab1@gmbaa1aahtamlﬁataoﬁU6ﬁa§es@£fac@Bb§raaﬁaterlal
Wi thin the materi al Ly t he atnnzp ere su roundi n

by
exposing a surfa@%tgﬁn Hﬁt@FFﬁFlﬁ gr in 8nﬁ5@?? h?ﬁ%t“ﬂﬁﬁguﬂ%fngeFE%se

a gas in the abseaterdafl,5by anpbshhgmai stufececanfl expaseéngzl heosarface to

i sture to cBhBeLILE %ggtrakﬁésﬁoé Pé?&égé'agéisfiﬁﬂlﬁgeaﬁgnﬁgé'éf

into the atnospheresurroun T nVEnti on
al so directeé toa@bﬁﬁnﬁomoéﬁture, rpdaendpngingi the ngurpresehnei mgisture to

controlling 10 gahei-gbkohagi ¢aheqQA! Q%EB&&&QlO{;‘aé ff‘%ﬁaa@ﬁeoéo@?é@i@ Lal,

wi thin the naterlal or in the atnosphere surroundln eria by
pl acing the mat er-P&P QHFaEEWPSPBeﬁec%Hﬁ@@??@lng th?hﬁﬂrgﬁ%ﬁ not rel ease a

gas in the absence of ragbi@#bntion HBI §1L§66‘d3.ﬁ@6t§&pt)§lﬁlgméflﬁoﬁoﬁﬂ05| te to

noi sture to 15 e a dal gas fromthe conpo nto the
athgs;here surroﬁﬁgﬁﬁggPﬁe Eﬁ?ghﬁar preventing Qﬁec 9%%%?6% 9is al so

directed tolé nethgdobficlogicdéodontzinhgatisnrdace shirfacatefi al matetisel,

at nospher e EEHQF”@FE%&EE&B&G j-ak pﬂeeéméésﬁﬂeges%I*?%&n&%%
material to a conp03| e 0es not réelease S nce of
ambi ent noi st ur eMagfgiaxpobynglepénguthacewateri al @b ce¥ et @ 03 gevrapas ttaind

release a deodor £h804888 nor rEiEEkENS GEUPRR! LhelabOchbe SF MRRPIGLE
surrounding the . surface. g@t anot her n%odlnent of the
invention is dirB@eisgure, and exp051ng the composite to moisture to

i5 release a bilocidal gas from the composite into the
atmosphere surrounding the material.

The invention is also directed to a method of
deodorizing a surface of a material or the atmosphere
surrounding the material, by exposing a surface of a

20 material to a composite that does not release a gas in
the absence of ambient moisture, and exposing the surface
to moisture to generate and release a deodorizing gas
from the composite into the atmosphere surrounding the
surface.

25 Yet another embodiment of the invention is directed
to a method of deodorizing a surface of a material or the
atmosphere surrounding the material, by placing the
material adjacent to a composite that does not release a
gas in the absence of ambient moisture, and exposing the

30 composite to moisture to release a deodorizing gas from
the composite into the atmosphere surrounding the
material.

Another embodiment of the invention is directed to a
method of retarding, preventing or contrelling

35 chemotactic attraction of an organism to a material, by
exposing a surface of a material to a composite that does



to a method of deodorizing a surface of a material or the at nosphere

surrounding the material, by placing the mat eri al adjacent to a
conposite that does not rel ease a gas in the absence of anbient

noi sture, an¥CPé¥M2ng the 30 conposite to noisture to rel RERUSHS/8387
deodori zing gas from the conposite into the atnosphere surrounding the
mat eri al . Anot her enbodi ment of the invention is directed to a
nmet hod of retarding, preventing or controRRi ng 35 chenotactic attraction
of an organismto a material, by exposing a surface of a material to a

conposite that dBes release a gas in the absence of ambient moisturepgand

rel ease a gas inNgkPEs@R§CHEE ShrBabLend ABLStUFE. tdgenerat £XRREI RELEASe
surface to noisture to geneﬂate and rel ease odor - maski ng gas from
e nas f e

an,

the conposite i nfB P 3PFoEpR et EOB UFRRUTITRTSI R $BYF A

The invention isaehéspHérectedrbondingt tivgd @hrface. retardi ng, preventing or

control ling ghenotact| . attraction,of an organismito erkal, by

pl aci ng the 5 nate?ﬁ%llgﬁfgéﬁﬂ? % %;%% %E??§e$h ¢ %dggt%%% é%lease a

gas in the absencetafdanyi eprevensingeor aconexpbbimg chendactionposite to

moi sture to rel ease, 20, 0dAr o ERSK 00, 0APH O a macdPEaLOMBOSH £olhl dchbe
nateriar The' i'mte s also

at nosphere surrounﬁlng the ] tion
directed to a mineresyeleddiacentohpodi cempesipe ovhalt ndoee SRl neel ¢F@aBe

of a gas 15  copidi phNEnd AYLERPHOLE CalBY&ht CRVL W8T &d a8kSosing the
rel easi ng agent, and a_ hydrophilic |ayer containing anions that are
capabl e of ¥Ract FRYPIFLRENGAr BRI EMIFRNEC releqse RmPEPE-BRFEENg 19Rs from

hydrophilic and bMSr@@hﬁbéﬁte int b ayRé Sa Bhes e 26 et r apihSlhgtengi al |y free
of water, and 20 t he hydrophilic |ayer is capable of generating and

rel easing the ga®®%ff&fLhydrol ysis of the acid rel easing agent .

Yet anot her enbodi nenThef ithenthvenisonlés directednteis ayeletlzpepedite

for providing susbbiedeletsass:glidbng Gudes; 08! ALILAG Bt Y QhaOMPrl SiNg
a hydr ophobi ¢ phase contalning an_aci d rel easing agent and a
hydr ophi | i c15 containing a hydrophobic layer containing an acid
releasing agent, and a hydrophilic layer centaining
anions that are capable of reacting with hydronium ions
to generate a gas. The hydrophilic and hydrophobic
layers are adjacent and substantially free of water, and
20 the hydrophilic layer is capable of generating and
releasing the gas after hydrolysis of the acid releasing
agent.
Yet another embodiment of the invention is a
multilayered composite for providing sustained release of
25 a gas containing a layer comprising a hydrophobic phase
containing an acid releasing agent and a hydrophilic
phase containing anions that are capable of reacting with
hydronium ions to generate a gas, the hydrophilic and
hydrophobic phases being interdispersed and substantially
" 30 free of water; and a moisture regulating layer in contact
with a surface of the layexr, such that moisture
permaeating the moisture regulating layer hydrolyzes the
acid releasing agent to initiate release of the gas from
the multilayered composite.
35 The invention is also directed to a multilayered
composite for providing time pulsed release of a gas



phase contai ning anions that are capable of reacting with hydr oni um

lons to generate a gas, the hydrophilic and hydr ophobi ¢ phases bei ng

i nt erdi spersed and substantially 30 free of water; and a noisture

regul ati ng | Wypes/sp412cont act with a surface of the |ayer,pspsdishsial

noi sture perneating the noisture regulating |ayer hydrolyzes the

acid releasing agent to initiate rel ease of the gas from t he

nmul til ayered conposite. 35 The inveption is also directed to a

mul til ayered conposite for providing Tine pul sed rel ease of a gas

12 cont ai SN nacid
rel easi ng agent %%}%ﬁ%ist o%ntethé%fyq{]&r%& er e 34 %I glbﬁlgﬁaﬂln?ons t hat

are capabl e of rasaed iFRL-SFLIPG ageqﬁwdﬁﬁhllﬁﬁﬁﬁnﬁﬁq<§Y§€ﬁ@héﬂecaggﬁ§r and at
least three 5 hadddz£inidyehsidm GOHY Qlrd %pymfwsfo&e%tmbemmto the

hydr ophobi c | ay the diffusion of h dronlun1|o rodu

hydr ol ysi s of tﬁ@"%ﬁrﬁw 1R P SFSRTaLR & 988, taﬁé ﬁ}FdllﬁgﬁFlF rF"z?‘(yer

:he a{raggenfyt hﬁrﬁiﬁrlkagﬁﬁslﬁb cont%?kéﬁhﬁnﬂiﬂﬂualb& defwaﬁdﬁbynﬁbgthe
ormul a C(ACB [ a ayer i . L obi c

| ayer, Bis a a}%dﬁ%&} Cl I]i]agfel ayeral-}%ﬁ'n(55{:‘|*ﬁ;‘158:'“(%1 "F‘ﬁt g&é?"?&ﬁéi ﬁégﬁrom lto
10. o Theradwasad |1'-u/n Hyivd g idi ettt e id biederddhgandent into

deodori zi ng powqgfe rgaéﬂ;g{ﬁl@q]gﬁzeaseng F3yelrnt mnEgénuagePgr fheles

cont ai ni ng ani ons th reacting wth f\é rontumions to

generate a gas, d CéPmPOSlt}ﬂ/dfﬁ) sledbined dne %lfmﬁé FdPEBE e whredn C

surface 1o theregf bailheiéwqr@@pblpp iGPrL HAGYhdhian 1agkd, r el easkng
agent. The particl nd, th droph ic core are 20 substantially free
of waier, and t YRR LT AR bt @rof hEREFAFRR 1 Ad TFERelsFAg

t he gas after 10. hydrol y5| s of the acid rel easing agent. The

invention is also di recl ed 10,4 rcmcesslgo dir ct%re;%%rl nglgcgaﬁeé Ei
provi di ng sustained re eads ot 619 e “dioxi d orm ng-particles

cont ai ni ng ani orseodoriFiay amvd%:pmxe fsyadasd rx@l\matsn p¥droBREM i ons to
15 containing particles containing anions that are capable

of reacting with hydronium ions to generate a gas, and a
hydrophobic core having the particles on a surface
thereof. The hydrophobic core contains an acid releasing
agent. The particles and the hydrophcbic core are

20 substantially free of water, and the particles are
capable of generating and releasing the gas after
hydrolysis of the acid releasing agent.

The invention is also directed to a process for

preparing a powder providing sustained release of

25 chlorine dioxide by forming particles containing anions
that are capablie of reacting with hydronium ions to
generate a gas, and spraying a hydrophobic material
containing an acid releasing agent onto a fluidized bed
of the particles so as to form a powder having a core

30 containing the hydrophobic material and a layer of the
particles containing anions on a surface of the core.

The invention is also directed to a method of

sterilizing a medical device, instrument or supply by
applying a first composition to an outexr surface of a

35 first component, the first composition being inert in the
absence of moisture; applying a second composition to an



generate a gas, and spraying a hydrophobic materi al cont ai ni ng an acid =

rel easi ng agent onto a fluidized bed of the particles so as to forma
powder having a core 30 cont ai ni ng the hydrophobic nmaterial and a | ayer
of the ] %Qrglg‘isﬂlés contai ning anions on a surface of the CRCEUSIS08387
The invention is also directed to a nmethod of sterilizing a nedical
devi ce, instrunent or supply by applying a first conposition to an
outer surface of a 35 first conponent, thBe first conposition being inert
in the absence of noisture; applying a second conposition to an

13 i nner stprReEeseriace bl %©m@@$em@mpmm@n%ecbmg secon@onposi tion
being inert in (86nabsearsn Obe i) LA in chéOMEEADE Molttste ANd
second conpositions on {he surfaces of the first and second conponents

to forma 5 CcOPPERTELRY Jhee ekbedh mpd nee comp 0P TRrs b Hons t o L9

initiate the rel e@sa®ésachi Gied 0pd r S2Sand OS2 dHed COPMOSHERs to R 4 he
at m)sphere S I nstrunent or

rroundi ng, t he nmedi cal devic or.supply to
sterilize tﬁg nfﬁﬁ%%?gﬂ%%fc%?g exPo?*ﬂﬁréﬁﬁwﬁoTﬁo%ﬁ5%I59 WEPSturg t%Iher
obj ects and advaitbgestefthders et ioh avbiocidal bgaapfesenthd roompdeite
foll owi ng detai l i pii - 1ef. Descrl pgi . Draw ngs
FIG 1is a schefr;rgfclgga(t%%]a%)é*?%%??‘atse%rzgéo#]lg‘;éjf%o%ﬁ%% %@c%n&%%'
precursor to an imsuiremerhl @risupply to sterilize 2xhe Ingdicaksdenital ysis
of an acid anhyd{dge ument i & aadpysiiywphobi ¢ phase and migration of hydronium
ionto the imniumchloriteto rel ease chlorine di oxide gas; )
FIGS. 3a, 34 and 3c dfeheeridries H1d mATarwmIserhdhe e ikl
provi di ng sust aiedashease Dfoly i i8] lowingli @t dEled descriptfda 4 is a
pl ot of chlorine dioxide rel ease rates for several powder
conposi-tions; FIG Sis a plot of chlorine dioxide rel ease rates
25 for a |ayerdiebHpesetiption of the Drawings

FPIG. 1 is & schematic that illustrates conversion of

15 an amine precursor to an iminium chlorite;

FIG. 2 illustrates hydrolysis of an acid anhydride
in a hydrophobic phase and migration of hydronium ion to
the iminium chlorite to release chlorine dioxide gas;

FIGS. 3a, 3b and 3c are schematics of multilavered

20 composites for providing sustained release of chlorine
dioxide;

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

FIG. 5 is a plot of chlorine dioxide release rates

25 for a layered composite;

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

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

30 FIGS. 8 and 8 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;

35 and



FIG 6 is a plot of chlorine dioxide release rates inrelation to

at nospheric tenperature and humdity; FIG 7 is a plot of

chl orine dioxi de rel ease rates for a | ayered conposite; 30

FIGS. 8 and ¥i82M2ts of chlorine dioxide rel ease r at escTtsok@baabi on
to atnospheric tenperature and hum dity; FIG 10 is a plot
of maxi mum chl ori ne di oxi de concentration as a function of |eakage
froma container; 35 and 14 14

FIG 11 is a plot of chlorine dioxide concentration as a function of
tinme. Det ai | edresciipi&on plot hef Pref erigd dHbgdieRb®entration N

accordance with the_present invgntlon, it has 5 been di scovered that
sust ai ned rel eas®®of HUGETRBCRT ak chl ori ne di oxi de can be generated
froma conposite ~ containing anions when the conposite is exposed to
nDISture._The CogRP31 4 &3 CRLRLL$ é-énhgﬂr Q' rEE éﬁwﬁﬁbo imen%gd.a :
hydr ophobi ¢ natéTTHﬁT”g%E“CUNpﬁgT%E*ﬂHY"@QTJ%UFJ¥§£“”EXHW€F€T"a”d|SperSIOn
conposed of hydrophil e agdordanchdydivphold cpydrsds inyeng ivochati bak

conbi nation §f theen disBYFELRR! Lhge ARGy APNODIL SR I3l SUER 88
powder s and a%?agént 1ilns. T%e pomder‘ﬁgs a hydrophgb?%sqore

enmbedded with hy@RbpRiPE cApari | @an comt Ierryryoth fRe B COMPRSAtEs chlorite
cont ai ni ng parti&b®saindiEl a8eNbné i WHdn the EFANPYLiIR SePakposeldayers of the
hydrophilic or . qurOphﬁglc mat erjal s. . Prefeégq&%, tge L2l
conposi te conpri®RETHET Seen AHoTIMPOSLLY PRI IPSHE MYSEFPP amateria
hydr ophi | i ¢ mat eandl a amgd 26phobit westteabolil STk wondicarid ealbayt b85S HOA.

hydr ophobi | al ef er Uk, and about
0% e %6 hyctBpni FrEMELe &2 FEESePBEOT oot e a1kl BOL, 202

Wt . % hydr ophobikydeepirdhic phisene eonporstianical jcompidissdenspéntheit her
material can forgydRepRPNi QY Shydrophobic materials, such as powders

and adjacent films. The powder hag a hydrophobic core

embedded with hydrophilic particles containing anions

15 such as chlorite containing particles. Adjacent films
comprise separate layers of the hydrophilic or
hydrophecbic materials.

Preferably, the composite comprises between about

5.0 wt.% and about 95 wt.% hydrophilic material and

20 between about 5.0 wt.% and about 95 wt.% hydrophobic
material, more preferably between about 15 wt.% and about
95 wt.% hydrophilic material and between about 15 wt.%
and about 55 wt.¥% hydrophobic material. If the composite
is a digpersion, either material can form the continuous

25 vphase. The continuous phase constitutes between about 15
wt.% and about 85 wt.% of the dispersion and the
dispersed phase constitutes between about 5 wt.% and
about 85 wt.% of the dispersion, and preferably, the
continuous phase constitutes between about 50 wt.% and

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

The hydrophobic material of the composite can be

composed entirely of an acid releasing agent or can

35 comprise the acid releasing agent in combination with a



25 phase. The continuous phase constitutes between about 15 w. %
and about 95 wt. Wof the dispersion and the di spersed phase
constitutes between about 5 wt. % and about 85 wt. of the dispersion,
and pr ef er abl ¥y© %6/hs12 continuous phase constitutes between plagsdosfiisM - %
and 30 about 95 wt.% of the dispersion and the di spersed phase

constitutes between about 5 w. Wand about 50 wt.% of the di spersi on.
The hydrophobic material of the composite can be conposed entirely of
an acid rel easi ng agent or can 35 conpril$e the acid rel easing agent in
conmbi nation wth a 15

di l uent, di spersdaf-uant/ofigpgrasntcandrorApyphegpticizery el Ragiagidgent

that is capable QElgﬁbEﬂghXQEHEyEﬁthis capaBldi Sf‘tb@Phéth'}G&réfy?i&&Q@}rrab' e
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conpri ses beé about 10 Wt %

fol basi ng ag 280 Baret wilf oy wiuPPRRiLsc favefial  casd ‘%E%

di spersant, and npt1@xudéovabeutr56tm&n&@pthstenvtfmnmamu preter abl y,

bet ween abo 9 Wt

agent, between a %ﬁégagﬁé%gfﬂgﬁggg% %ggarﬁ%ggg%égﬁeni gbéﬁieggtmeen out
1 wt.%and about aboutt 199d¥spér géntheaadldpreleasmga@mmt Qmmt%about
plasticizer. 15 gg Wt TH§IQ¥HEODQ%I £S5 Qﬁ&ﬁé'ﬁb 9t ihélgﬁé@é’éﬁée £50 e

conposed entlrelg of a source of ons which react wit hydr oni Um
ions to for#kPthet§adPBREcAA ¥bnprPiasthelsnronand Pr%@ﬁﬁ%ﬁ@an?ﬁﬁﬂﬁ?ﬁulon

wi th another hydgpght! 1o waterikak. about Ibe &Wd%o@f"ih@ api®risledsnierably
cont ai ns an am ne a COl‘lO

a coppound, c
ani no, anldﬁgﬁPthyg?BY§?nnﬁpg?Fegcaﬁﬁ ﬁa%?ﬁg BQ%?Q%EHVES% dent 10
bondi ng density. bAtseancabottahi vns%i sndnabopor a0 edt i % dispetdmnthydrrophid i c

material and prefer sLLtyt ween about 2 wt.% and about 40
wt % of the hydré%h??%étzga &£ §§?Stlc%%§£forn1of ani ons and counterions,

and nore 15 The hydrophlllc material of the composite can be

composed entirely of a source of anions which react with
hydronium ions to form the gas or can comprise the anion
gsource in combination with another hydrophilic material.
The hydrophilic material preferably contains an amine, an

20 amide or an alcohol, or a compound containing aminoc,
amido or hydroxyl moieties and having a high hydrogen
bonding density. A source of anions is incorporated in
the hydrophilic material and preferably constitutes
between about 2 wt.% and about 40 wt.% of the hydrophilic

25 material in the form of anions and counterions, and more
preferably, between about 8 wt.% and about 10 wt.% of the
hydrophilic material. The anions generally do not react
with the hydrophilic material, but are surrounded by
hydrogen bonds contributed by the nitrogen or hydroxide

30 within the hydrophilic material. '

When the anion source is a salt, the salt
dissociates in the hydrophilic material such that the
hydrophilic material in the composite will include anions
and counterions. Preferred salts include sodium,

35 potassium, calcium, lithium or ammonium salts of a



preferably, between about 8 wt. % and about 10 wt % of the hydr ophilic
material. The anions generally do not react with the hydrophilic
material, but are surrounded by hydr ogen bonds contri buted by the

ni trogen or. W@®BEd1de 30 within the hydrophilic material. perasssossddhen
the anion source is a salt, the salt di ssoci ates in the hydrophilic
mat eri al such that the hydrophilic material in the conposite wll

i ncl ude ani ons and counterions. Preferred salts include sodium 35
potassium calcium [lithiumor ammniumsalts of a

16 chlori tehlbdrstuéf i}bﬁsur@ﬂm@smjdmmtﬁm badatebonate, hypochlorite,
nitrite, or cya . S by the conposite wll
depend upon E %C%%?%%Eewyinﬁ 'Tg% %ﬁﬁ%%ﬁ% iI'c material. Any gas that
5 is forned by reacthenga$ :aelmﬁnh}mnkm moantanmhlcéﬁpend upen
generat ed and re{gased; Oys therk dro 19§§mh§e ial, pr§£§r295ythat

chl ori ne di oxide, sulfur dIOXId r:g édrocy nic acid
ni t rogen dldildelsnﬁ?Fm%d by r%ﬁﬁ%kpnrﬁ rﬁnh¥@§@“%§m é&Pbéﬁ dRBxpHEON can

di fh' orijn_ef 1?h } N@xh&eat &f &m%él&sec} by tthe cohbekhne. di mwed ?ga§tsl S

rel eased i e 0 ri a. cont ai.ns g.source orite

ani ons. Suitabl%g : Pg%#?oﬁ?%%?%ﬁﬁu Gt €§EUEe ﬁéngOrngﬁogﬁ?o t he
hydrophi |'i c mat eswhfidac| hyidradkatic rmi:ai atiltorgeas dduehdés niasisodi um
chlorite or pot a&ﬂél ‘{‘]%‘?’,E‘lf"‘tég oﬁé(eall :% %%ﬂtﬂQdeean&ghlg?kﬁél tes such as

calciumchlorite, or a‘transi‘tiron ne ion or
prot onat ed R i rmmqﬂ@xlde s@x:dridbmylneertlary or quaternary am ne such as

anmoni um chlori teyybFiRé kyl &eImDidys Ghy %Msean@fqeﬁéeﬁpawpﬁmc

ammoni um chl orite. Mapy. chlorite sources, such_as sodium lorite, are
stabl e at proces‘%ﬁ“?@r%%q‘rp‘éﬁ’%‘%%*%% 3 PGes ©f chlogitgnanionsoe O@ll‘éﬁp?aw ng
for processing athi®tté Vebyrces t‘f&tgfbérﬁrﬂéerlaﬂdé&@&ra%ﬂoﬁ.hﬂe the

doxt de- o1 51 g SOUBORY £ o SR8 URCL A0, 0oRUN ZBr oL RL pRLRVEN
growt h of bm:terasa,smms,cmlmgu;e aty gt gusdor ek loantde, alkaline-earth

metal chlorites such as calcium chlorite, or chlorite
salts of a transition metal ion or a protonated primary,
secondary, tertiary or gquaternary amine such as ammonium
chlorite, trialkylammonium chlorite, and quaternary

20 ammonium chlorite. Many chlorite sources, such as sodium
chlorite, are stable at processing temperatures in excess
of about 100 °C, allowing for processing at relatively
high temperatures. Chlorine dioxide-releasing composites
can be used to decodorize, retard, prevent or control

25 chemotaxis, or to kill, retard, control or prevent the
growth of bacteria, molds, fungi, algae, protozoa, and
viruses.

Sulfur dioxide is released if the hydrophilic

material contains bisulfite anions. Bisulfite sources

30 that can be incorporated into the hydrophilic material
include alkali metal bisulfites such as sodium bisulfite
or potassium bisulfite, alkaline-earth metal bisulfites
such as calcium bisulfite, or bisulfite salts of a
transition metal ion or a protonated primary, secondary,

35 tertiary or guaternary amine. Sulfur dioxide gas-
releasing composites can be used for food preservation



Vi ruses. Sul fur dioxide is released if the hydrophilic
material contains bisulfite anions. Bisulfite sources 30 t hat can be

i ncorporated_into the hydrophilic materi al i nclude al kali netal

bi sul fites sYOP8F&20di um bisul fite or potassi um bi sul f iRGE/US98/08387

al kaline-earth netal bisulfites such as calciumbisulf ite, or bisulf
ite salts of a transition netal ion or a protonated primary,

secondary, 35 tertiary or quaternary amitde. Sul fur dioxi de gas-
rel easi ng conposites can be used for food preservation
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i nhibition of engyREbieishysedeh2RhdlONCalhed CEMASIA®S. The RIRISE e
used for reduction_of chlgrlne concentrgé#}n i.n catal ytic cycles

i A
where al umi num of&1'r 35S ep‘(ﬁﬁgrg?g TRUCT PR & WM& ERb chl ori ne
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di oxi de at nosphekéxtirai aftdslapine paedagplorine dioxidey.dr Ghen cowipkisdd ass

rel eased froma r LI 3 | L d%%ﬁ*I ni ons.
Accept abl e %%%rgggbo?gﬁgﬁ%o§%?*§%%?gﬁfgﬂg&#ﬁgﬁﬁﬁgﬁg{kalHjﬁgﬁg?
hydrosul fi des suehdasngotihanfepepotis fyiehr HRIFAIMAN safldiss B de,

al kal i ne-earth nBhekagydtosetéatées SWTHuASIioxids aldEpHd s iind@heor
hydrosul fide_salts of a transition nmetal ion or a protonated prinmary,

secondary, % P&FF#EPy or quaternary amine. Hydrogen sul fide gas-
rel easi ng conposites Hpdrbgensedl fbda tedvelamsayaitonora aylroptsidlifour

source 0 the mapufact uf eogh. CEEal5a Al 848 an 00! VIRIARLLAY

I nhi bitor. oriné gas I'orine nonoxi de are-rel éased
from a hydrophi | $euneeer ¢8| hydnesihf hde hypoets oimglaide alkadilomstalccept abl e

sources of hypocﬂb@f&&&lﬁﬂ&&@fs@?h aé“&é&%&hfﬂ¢ﬁﬁéfdﬁ¥fﬁe P Y ikgs such

as sodi um hyﬁochlorlte al kal 1 ne-earth netal hypochlorites such_as
cal ci um hypbghl o Y’t’l’é‘,’SB?‘fh‘}%ocﬁP&’ﬂ%& 3@AEEh gretpl ‘nydrosulfides such as

calcium hydrosulfide, or hydrosulfide salts of a
transition metal ion or a protconated primary, secondary,
tertiary or quaternary amine. Hydrogen sulfide gas-
releasing composites can be used as a reducing agent or a

20 sulfur source in the manufacture of chemicals, and as a
polymerization inhibitor.

Chlorine gas and dichlorine monoxide are released
from a hydrophilic material containing hypochlorite
anions. Acceptable sources of hypochlorite anions

25 include alkali metal hypochlorites such as sodium
hypochlorite, alkaline-earth metal hypochlorites such as
calcium hypochlorite, or hypochlorite salts of a
transition metal ion or a protonated primary, secondary,
tertiary or quaternary amine. Chlorine gas-releasing

30 composites can be used in processing meat, fish and
produce and as an insecticide. Dichlorine monoxide
releasing composites can be used as a biocide.

Nitrogen dioxide and nitric oxide are released from
the hydrophilic material if it contains a source of

35 nitrite anions. Suitable sources of nitrite anions
‘include alkali metal nitrites such as sodium nitrite or



transition netal ion or a protonated primary, secondary, tertiary or
quaternary am ne. Chlorine gas-releasing 30 conposites can be used in

processing neat, fish and produce and as an insecticide. Dichlorine
monoxi de . WQR¥R4Ri ng conposites can be used as a bioci de. PCTUSIS/8387

Ni trogen di oxide and nitric oxide are rel eased from the hydrophilic
material if it contains a source of 35 nitrite ani ons. Suitabl e sources
of nitrite anions i ncl ude al kal i nitrites such as sodiumnitrite
or potassiumnitrite allne earth nmetal nitrites such
as cal ci umgdtddditam @i vt t%mahh%eOEaﬁthrﬁ@ﬁalu@i\wfﬁ@é such aon or

a protonated pri r%c}/ secondary, tertiary o uat er nar
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to inprove isro conmeEatpraitidntay edf philesayer éabsna@ﬂyf ou:afltmlaafy&st:
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hydr ophi lic i er| & 73te co%ﬁ%@eﬁ 8‘?%%80?1’ ﬁfldéej a‘ﬁlrcg%sgaﬁo
Sui t abl e sodicegﬂﬁeaﬁmng(ngmmmammBS|nahube askéltonemgiove cyani des such
as_sodi um Cyani 4 QlonRhataUE, LN kBrarer o ik ahinforaiddy FRlA! cyani des

such as cal ci um cyani de, or cyani e sa a transition nmetal ion or
a protonated at"ﬁ?ﬁﬂ‘f@r’%ﬁ PREEGFAEBy, tertiary or quaternary amne. 15

Hydrocyanic acid gas—meixeﬁ@ﬁa@g.cc%a@sutseiremaasea p56d @%e hydrdolesid ci de
or a rodenticide. bon di oxi d gas i's releacgzd |f t he

hydr ophi lic %ré%]allfc&ift ﬁ"ﬁ’é:a&n?oﬁr geupfe P St IHWR:
Sui t abl e bilfar bahaiteseustesdefsabiceyahédenanipasaiedlfe alkdi tiecal

hydr ophi | ¢ At el 8l; deAClalls, ek ALlss TR Blanige BECALEONAIGS Saly s, sodi um

bi car bonat e, potdssium FCarbona
al kal i ne-earth redwline-eayitdamesnat eyanéfesi surhonateakeduw eyanide, or

transition metaleyanigd Yr1¥s JPE0LRRALEH BRI ABEYL _§€z906'£'aé Yprét?drie{tﬁéd/ or
25 guat er nary am ne such as ammoni um bi carbonate. Carb di oxi de

gas-rel easi ng cpd§tves SCEPHE sederhiary ofr genhetRasy b@m%&fi)-l ying it to
the soil suwd aceidrYar@le acid gas-releasing composites can be used as

a pesticide or a rodenticide.

Carbon dioxide gas is released if the hydrophilic
material contains a source of bicarbonate anions.
Suitable bicarbonate sources that can be incorporated

20 into the hydrophilic material include alkali metal
bicarbonates such as sodium bicarbonate, potassium
bicarbonate, or lithium bicarbonate, alkaline-earth metal
bicarbonates, or bicarbonate salts of a transition metal
ion or a protonated primary, secondary, tertiary or

25 quaternary amine such as ammonium bicarbonate. Carbon
dioxide gas-releasing composites can be used in
greenhouses by applying it to the soil surface to enrich
the air surrounding plants. The carbon dioxide-releasing
composites can also be used in modified atmosphere

30 packaging by placing the composite within a package and
sealing the package to create a carbon dioxide atmosphere
within the package.

In some instances, composites having a hydrophilic
material containing two or more different anions are

35 effective in controlling release of a gas. A composite
can be prepared, for example, by adding a chlorite salt



the air surrounding plants. The carbon di oxi de-rel easing conposi tes
can al so be used in nodified atnosphere 30 packaging by placing the

conposite within a Package and seal ing the package to create a carbon
di oxi de atno wi t hin the package. | N sonePEIEBMAEIG,
conposi tes havi ng a hydrophilic material containing two or nore
different anions are 35 effective in controlling release of a gas. A
conposite can be prepared, for exanpie, by adding a chlorite salt

19 and a bisulfite salt into the hydrophilic material of the

conposite. |If cwpdraneigubkite st sintarthi duidkrophidic mauaﬂuaés@d itdhe
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fmor e different, g@%f%# %h%gjfr% o aﬁ"ﬁéé(?é[el%aforfx%?ﬁ?@@lbe cofposite

conposite including a c materi ai nin sulfirtée and
chlorite anions @wmlm@l@@gxa@ﬁnﬁqwawnxﬂunnaqmion1aﬁ-qh&mxlgﬁeﬁepwaﬁﬁowlahd

chl orine dioxid t I c
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chenot axi s. t hat the acid relea5|ng agent
within the Wdro%ﬁ%n%%ﬁe?‘?%loﬁ GERYI B RERE Ty aadSmshdd the “npisture.

The acid rel easigd 11i6 wtdelanacidy 0 ease TuRskanaeriehat can be
hydrol yzed to an agf ' tance that react with _the water

i.e.. a u
that diffuses into- erénﬁ' h%é%?/%lrfo%éili § R H95 1 an 5’6’7 FF2PHT et her
case, t he achpositdelmylidipiple diydatagtiidli dirssenied icontkéning  wat er
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counterion. The rea IIflon pro Sis reaction
hydr oni um i ¥hs aﬁdfc%@%@é@?%ﬁﬁfvatlonMﬁnﬁtQRiQﬂaﬁﬁ|dm¢xﬂﬁ@c§§ﬁs to

conpletion, or hysb@ifRtion of the food or control of chemotaxis.

It has been found that the acid releasing agent
within the hydrophobic material is hydrolyzed by adsorbed
moisture. The acid releasing agent is either an-acid or

20 a substance that can be hydrolyzed to an acid (i.e., a
substance that reacts with the water that diffuses into
the hydrophobic layer to form an acid). In either case,
the acid in the hydrophobic material dissolves in the
water that diffuses into the material, forming hydronium

25 ions and a counterion. The reaction products of this
hydrolysis reaction are hydronium ions and counterions
when the reaction proceeds to completion, or hydronium
ions, counterions, acid and water when the reaction is in
equilibrium. The hydronium ions resulting from the acid

30 hydrolysis diffuse from the hydrophobic material into the
hydrophilic material, where they react with anions to
generate a gas. The gas diffuses out of the composite
into the surrounding atmosphere for a period of up to
about six months to affect materials situated near the

35 composgite. Composites that release at least about 1.0 X
10°° mole gas/cm® for a period of at least one week, one



I ons, counterions, acid and water when the reaction is in equi | i brium
The hydroniumions resulting fromthe acid 30 hydrol ysis diffuse fromthe
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with ani ons W8 9%8/52412generate a gas. The gas diffuses out of phergemRes t e

I nto the surroundi ng at nosphere for a period of up to about si x nonths
to affect materials situated near the 35 conposite. Conposites that

rel ease at | east about 1.0 X 10[err gl e gas/cnferr] for a period of
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hydr ophi |'i ¢ Smat edmdimlar elelay, delsstrantiahl prf peeveht vt erf t thavgrawth

si gnificant rel %%%l&aorgan&%s%ﬁcﬂr ey thaH?*E Ofchﬂ?sCOﬂP:? itgalgfé),r

pur poses of the present_ 1 nvention, lTc nmateria
hydr ophobi ¢ mat P02 &0 é’ﬁé’%ﬁénc’ﬂhé‘ﬁééflﬁés substantially free of

water if the anount afheradetd otbla@ and h?@%@ﬁh.l@cd@%eﬁﬁ]@rﬁv’é de a

Tat or 4l T t he SUPSCAT I BrEnREoRrAET BPorEPLRl SRMPHRT prease
C\Z‘flre;)pginl; Qr?gpg dfyctnmpergﬁ@ primiretioahigecad thel vdepopite. Forqhﬂtgit Oﬁbsi W . e
provi di ng such é’DIToa 53’%2&%"&%%&%3 f]au??lggggiﬁ‘% \rll\‘@%%r%ﬂ I‘(r'.JlE]thl lic and
hydr ophobi ¢ hyrﬂectcethwnsz marsgbeflantirak dieparsiofh Wa@neeo.ﬁaxs hydrol yze

a portion of the,agidfalaas) 2 ROBE! WaBebt 9dUERe ALhGuRO s watdly oniwem

ions within the conposite roni umi ons, owever, do not
di ffuse i nto t hETRRAGHH mew&r papvige ayReEhvarofgh Fraeskseion of

present forigransfididni@in ions M¥GrORheMhy@RSphobic materIdE tatghof gas
release froma %P%&%%inlc mggerlal Preferably, each of the
hydrophilic and hydrophobic materials can include up to
about 0.1 wt.% water and, more preferably up to about
0.05 wt.% water, without providing such a pathway for
20 interdiffusion between the hydrophilic and hydrophobic
materials. Insubstantial amounts of water can hydrolyze
a portion of the acid releaging agent to produce acid and
hydronium ions within the composite. The hydronium ions,
however, do not diffuse into the hydrophilic material
25 until enough free water is present for transport of
hyvdronium ions.

The rate of gas releagse from a composite can be
altered in various ways, such as by changing the
tenperature of the composite, changing‘the viscogity of

390 the hydrophilic and hydrophobic materials, changing the
dispersibility of the hydrophilic and hydrophobic
materials, changing the concentration of acid releasing
agent in the composite, adding a desiccant or humectant
to the composite to control release of gas once the

35 composite is exposed to moisture, adding a buffer to the
hydrophobic material to delay release of a gas f;om the



altered in various ways, such as by changing the tenperature of the
conposite, changing the viscosity of 30 t he hydrophilic and hydrophobic

mat eri al s, changLﬂa t he di spersibility of the hydrophilic and
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be useful ve m-cas prior to exp
di oxi de, whi&h d@e%l$@nr$@®m¢ W th polynerlzable electron defi ci ent

al kenes such as 20 aﬁé’f@ﬁéiﬁ amides for oidd 3 %r@ﬁh@@%s&a@iﬁlli%en@%e&ﬁ%l
hydrophilic materi al i ncl ude prinmary am nes, secofndary_anines, and
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15 isopropylacrylamlde or N N methylene blsacrylamlde and a
primary amine or a secondary amine. Such amides can be
useful vehicles for f£ilm casting prior to exposure. to
¢chlorine dioxide, which does not react with
polymerizable, electron deficient alkenes such as

20 acrylamide.

Suitable amines for use as the hydrophilic material
include primary amines, secondary amines, and tertiary
amines having pendant hydrogen bonding groups. Tertiary
amines having non-hydrogen bonding pendant groups that

25 are dissolved in a hydrophilic golvent are also
acceptable. Representative amines include:
alkanolamines; copolymers of aminoalkanes and alkene
bisacrylamides; alkylaminopyridine; alkene diamines;
alkylamino cycloalkanes; alkylamino-carboxyamido alkanes

30 dissolved in a diluent; amines having the formula R, NH.;
R;R,NCH,CH,C (O} NH,; solubilized N(CH,CH,OH),_ H.,

R,N (NCH,CH,C (O) NH,) ,, (CH,),N(CH,),(CH,),, RsRN (CH,) ,NHC (0O)NH,,
0

{1
[%4——CH2——CH2-C——NH CH,
2

N (CH,CH,NHC (O) NH,) ,, , or



bi sacryl am des; al kyl am nopyri di ne; al kene di am nes; al kyl am no
cycl oal kanes; al kyl am no-carboxyam do al kanes 30 dissolved in a diluent;
am nes having the fornmula Rerr] [err] solubilized Nerr] [err]
[err] . WO 98/52412 22 [ er r PCT/US98/08387 5
wherein: R substituents are, independently, -[err]

22
i i / \
- NH*--—(CH2)nNH—'==-CH2CH2CMNHCH2NHCCH2CH2 HN NH
n . \ / .
f
HyNw=( CH,) j—N N-—( CH,) 53— NH,
H
0
b
~<-CH2CHA€C~NH-—=( CHZJzN-—-CCH3)2>——>V
m

; or

NN
7N T\l

Y=o

H N

5 wherein: R substituents are, independently, - (CH,CH,0)H,
-C(CH,), (CH,) ,OH, -(CH,) ,NH(CH,CH,0),H, -CH(CH,),,

@ @
——(CH,) ,~=N ~=(CH,) ;—N NH
v, alkyl, cycloalkyl,

f

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

10 cycloalkyl or benzyl; m ig 1-100; n is 2 or 3; x is 0, 1
or 2; y is 1 or 2; and z is 1-6. Generally, the above
compounds can be solubilized in formamide,
isopropylacrylamide-acrylamide or other conventional
plasticizers.

i5 Preferred amines include monoethanolamine,
diethanolamine, triethanolamine, a copolymer of 1,3-
diaminopropane or 1,2-~diaminocethane and N,N-methylene
bisacrylamide, 4-dimethylaminopyridine, tetramethylene
ethylene diamine, N,N-dimethylamino cyclohexane,

20 solubilized 1-(N-dipropylamino) -2-carboxyamido ethane or



[err] benzyl, acrylam de, or pyridyl; Rerr] al kyl; Rerr] is
straight chain [err] 10 cycloal kyl or benzyl; mis 1-100; nis 2 or 3; X
is 0, 1 Whokisadizis 1 or 2; and z is 1-6. Cenerally, the 3Rg%oes/08387
conpounds can be solubilized in formam de,

i sopropyl acryl am de-acryl am de or other conventional plasticizers. 15
Preferred am nes include nonoet hanol am ne di et hanol am ne,

tri et hanol am ne, a copolymer of 1, 3- A ani nopr opane or

1, 2-di ar ni noet hane I i I ;
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solubilized NRRR,, (CH,),NCH,CH,N(CH,),, RgRNCH,CH,C(0)NH,,
R, N (NCH,CH,C (O)NH,) ,, R,,R,,N (CH,) ,NHC (O) NH,,
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(o]
i 1
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Y I
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X
]
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m

wherein: R, is -CH,CH,OCH,CH,0H, -C(CH,),CH,0H, -

#

~——(CH,) ;=N )
CH,CH,NHCH,CH,0H, -CH(CH,),, -CH,CH,0H, , oF

——(CH,) =N NH

; R, and R, are, independently, hexyl,

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



[err] 24 Rlerr] is cycl ohexyl
or 4-pyridyl; Rerr] and R err] are, I ndependently, nethyl, n-propyl -.
or isopropy Iy is n- Cerr]JHerr]Jor n-Cerr]Her and
Rlerr] are; l"‘i’ n%e/%e#dent ly, methyl, et hyl, n-propyl or Ié%%/p%&ﬁ&?%m S
an integer fromlto 5 100; and nis 2 or 3. Suitable diluents include
formam de or acryl am de-i sopropyl acrylan1de Aigoneric or polyneric
secondary ami nes converted to acryl am de24 substituted tertiary am nes
by M chael reactlon mnt@_ acrylan1d re al so %ﬁgtable because the

ami de group 10 Rydés Tstaneptt Wk 1f tRYé'Jé]é’ d Rel @i%rg 2Z§ant .
Hydr oxyl i c conpaufesentisnt idi ngechy| enepfibpieblor 1sopxgig§,dgr iRy, itetdanol,

et hanol , net hox hanol et.hoxyet hanol ol be used
as the hydégéhi?¥dﬁﬁ%?%ﬁfaﬁﬁ ﬁé@eg§r r&asjpgﬁg %gggécgﬁF%?E’ very
rapi dly when a hyﬂybxyni-p*"cpyﬁaommdiéaspmmpam atsedin mtagﬁl‘t Hecasoripdst t e
and can |ingt t?&mapghacﬁtigr‘% Iaf” S“%‘ul e[“lﬂ?ﬁféz{t%s fRnapd d gas

rel easing syste le aC| easi ng _agents 1 ncl ude
car boxylic farnangidesesr @crﬁhmudw?e%opmbrl AT 4o s SHOrg Qmech @

20 Phosphate estobaiyhilabkubsohabrphasalas e itdited didildatlylamide

phosphates, sulfonic acid ul fonic acid esters, sulfonic |,
| at es of

chl ori des, phos%%%%?¥F%%?@steﬁ%%%ﬁﬁo%m%W?§(PY Michagidriapss l?ﬂﬂ
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agent s |nc$%%% %ﬂ ﬁﬁ ﬁ??%%g%ag%%d§ﬁh ﬂ%ﬁggﬁggmbfgﬁﬁ%gpkntLeosaSIng
grafted to pol ypropykpgdecxpbiyetdypewsdos ot st e e hydrene glycol,
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ethoxyethanol, or other alcohols, can be used as the
hydrophilic material. However, gas release can occur

15 very rapidly when a hydroxylic compound is incorxrporated
in the compogite and can limit the applications for such
composites to rapid gas releasing systems.

Suitable acid releasing agents include carboxylic

acids, esters, anhydrides, acyl halides, phosphoric acid,

20 phosphate esters, trialkylsilyl phospha e esters, dialkyl
phosphates, sulfonic acid, sulfonic acid esters, sulfonic
acid chlorides, phosphosilicates, phosphosilicic
anhydrides, carboxylates of poly o-hydroxy alcohols such
as sorbitan monostearate or sorbitol monostearate, and

25 phosphosiloxanes. Examples of such acid releasing agents
include an anhydride or phosphate ester blended with ox
grafted to polypropylene, polyethylene or polystyrene, oOr
trimethylsilyl phosphate esters of the formulae

, | . (R,) .81 (OR,),



25 or (CHerr])[err]SIOP(O (OR[err] wherein Ris a non-hydrogen

bondi ng group, alkyl or aryl, Rerr] and Rlerr] are al kyl, alkoxy or
aryl, a ' n integer froml to 25. Li near Lke

ol i gomer s (3?'09.9?’523‘% celle like 5 nolecule with a Iipid wa?’FTg‘}r?gg’%g?’bfo S
core), such as a phosphosilicic anhydride that is the reaction product
of a phosphoric acid ester of a (Jerr] to (Jerr] organi c conpound

and a silicate ester, are preferred acid 4%l easi ng agents because t hey

can be nelt- or solventkgrocessed with the 10 option of being crosslinked
after processi n®% dGhbAifF (O) (GR)nwBeEBini Ryisprenenrbydprasphbsniiagc

anhydrides of groRgterliRavert Bevior Rl and rREMHre adlkyl, alkoxy or arvl,
wherein Gis a car 0xy|igggqid eg?ér'o a g#%hydric}?% alcohgT andﬁg

derr] to d err Py dr dEaPRodPERAREN THRE th Prul a [err]

Linear or star like oligomers (e.g., a micelle like
5 molecule with a lipid wall and a P-0-8i core), such as a
phosphosilicic anhydride that is the reaction product of
a phosphoric acid ester of a C, to C,, organic compound
and a silicate ester, are preferred acid releasing agents
because thev can be melt- or solvent-processed with the
10 option of being crosslinked after processing to provide
£ilm stability. Preferred phosphosilicic anhydrides of
esters have the formula '

GOuTnOG
0 0
l H
0—Si-0—P—0G
|| |
0=P—0 0
|

wherein G is a carboxylic acid ester of a polyhydric
15 alcohol and a C, to C,, hydrocarbon, which has the formula

CCHED;MCRB or 3



26 wherein each Ris individually selected from hydrogen, hydr oxy,
al kyl, alkenyl., or -OC(OR; R is a (Jerr] to (err] al kyl or (err]

to Jerr], g&&?ﬂ%ﬁkizx is an integer from1l to 30; y is apgk@%%?q%éﬁfrom
y

0 to 30; and z'is an integer from0O 5 to 30. Particular
phosphosi | icic anhydri des of polyol based esters include al kyl ene
glycol fatty acid ester acid rel easi ng waxes such as propyl ene gl ycol
nonost earate acid releasing wax having t# formula [ err ]

wherein each R is individually selected from hydrogen,
hydroxy, alkyl, alkenyl, or -OC{O}R’; R’ is a C, to C,
alkyl or C, to C,, alkenvl; x is an integer from 1 to 30;
y is an integer from 0 to 30; and z is an integer from 0
5 to 30. Particularly preferred phosphogilicic anhydrides
of polyol based esters include alkylene glycol fatty acid
ester acid releasing waxes such as propylene glycol
monostearate acid releasing wax having the formula

omswo—fmoc
i
0=P—0 o 0
i | {
06 o—swomTaoc
i
(GO) ,—P 0OC,Hg 0G
I
)

O

|

HZMO"""C_"’(CHQJ 15CH3

C
-
|

chH

10  wherein G is ? . A preferred

phosphosilicic anhydride of a glycerol based estex, known
as LPOSI or glycerol monostearate acid releasing wax, has
the formula



phosphosilicic anhydride of a glycerol based ester, known as LPCS

gl ycerol

nonost earate aci d rel easi ng wax, has the formul a [
wherein G has the formul a [

] i
O her pretéwpgﬁmﬁg?d rel easing agents have the 5  fornul ae: &r¥ /08337

27
0
t
G&m?mOG
|

0—S§i-0~P—0G

P |
0==P-—0 0 o

i ] i
0G o~sw0~?moc
|
(GO)meﬁ 0C,Hg 0G
0

wherein G has the formula

OH 0

CH g CH=—— CH e === C——( TH,) 15 CH3

Other preferred acid releasing agents have the
5 formulae:
c o)
1

|

Ryl ——0—(CH,) s ——(CHRR) e O P O (¥ ),

O—M( Y,

0 0

R4C om0 CH,) == CHR,) e P O MC Y ),
2

wherein M(Y¥)z is an oligomeric radical in which Y is a
portion of a multifunctional oxide structure and M is a

10 group IIIA, IVA, or IVB element such as titanium,
aluminum, tin, or silicon;; Rl is an alkyl group; R2 is
methyl, ethyl, propyl, a methyl amido, or an ethyl amido
group; m is 0, 1, 2 or 3; nis 0, 1, 2 or 3; and z is 2
or 3.

or
err



wherein MY)z is an oligoneric radical in which Yis a portion of a

mul tifunctional oxide structure and Mis a 10 group 1A 1VA or VB _
el enent such“ﬂ§m%%? ni um alumnum tin, or silicon;; Rerr] is an alkyl
group; R2 i-s ethyl, propyl, a methyl am do, or an BERYBISN§ET0
group; mis 0, 1, 2 or 3; nis 0, 1, 2 or 3; and z is 2 or 3.

28 Aci d anhydrides are also preferred acid rel easing agents ~
and include organic acid anhydri des, m xe®8rganic aci d anhydri des,
honopol ynmers of an organic acid anhydride or a mxed inorganic acid

anhydride, and 5 cépdryrehydsidan srganlecaprdfantgdreaddoredeatiey

i norganic acid aﬁ@éﬁ%bd%nﬁ'Eﬁcﬁuﬁﬁnggganﬁen&éha'Qﬂh?drldesdQHQ&@deBQanlc
Preferred m xed inqrg nhyd contain a

n
phosphor us- oxygeﬁc§p @bﬁ 56§85 PP@PBP?EHerS oL aRRyBFFEREC | #eidde
copol yners of nabﬁhydaﬁﬁydbrda,mi&edﬂﬁhbagamhcCaamaydﬁhd@rlﬁéﬁtaﬁd

hydri de, d d I
Stylene of o7 SRS YmRE=" B A S haR b e G, BP AR L0g  Ehen OB mur &

or grafts thereofinmrghndketicngd snbhdaidpolvyphopyheneser cenuammynghqlenes
or polystyrenes. dSHB?EY%BEE OfP?&Egr}gd m%?@&d£h9§§a ?9 g1’ nﬁ¥d+ dic or

glycolic acids can as“release ra omed by
a sIom1reIea§@nﬁé@é a PhOSPhoru$héxﬁgﬁnoﬁhébF@nnb@%@}aIP%%ﬁe¥n$@her

include a anhydrides include copolymers of maleic anhydride,

10 methacrylic anhydride, acetic anhydride, propionic
anhydride, or succinic anhydride, and vinyl, styrene or
an alkene, such as maleic anhydride-styrene copolymers,
or grafts thereof with olefins such as polypropylenes,
polyethylenes, or polystyrenes. Copolymexrs of acid

15 anhydrides and esters of lactic or glycolic acids can
provide a rapid initial gas release rate followed by a
slow release rate.

The hydrophobic material can further include a
diluent such as microcrystalline wax, paraffin wax,

20 synthetic wax such as chlorinated wax or polyethylene
wax, Or a polymer such as atactic polypropylens,
polyolefin, or polyester, or polymer blends,
multicomponent polymers such as copolymers or
terpolymers, or polymer alloys thereof. The diluents are

25 commercially available from various sources. Preferred
wmicrocrystalline waxes include the Petrowax
microcrystalline waxes commercially available from Astor
Wax Corp., Doraville, Ga. Diluents can be included in
the hydrophilic materizl as well. Plasticizers can also

30 be incorporated in either the hydrophobic or hydrophilic
materials as is known in the art. Generally, formamide,
isopropylacrylamide-acrylamide, N-methylacetamide,
succinamide, N-ethylacetamide, N-methylformamide, N-
ethylformamide, and amido substituted alkylene oxides are

35 acceptable plasticizers.



di luent such as mcrocrystalline wax, paraffin wax, 20 synt hetic wax such

as chlorinated wax or pol yethyl ene wax, or a polynmer such as atactic
pol ypropyl e ol yol efin, or polyester, or polyner blends

mul ti corrponre\g?ggfg%@?rers such as copol ymers or t er pol ymer ssCHPSI50E3RTer
all oys thereof. The diluents are 25 comercially avail able from vari ous
sources. Preferred m crocrystal |l i ne waxes include the Petrowax

m crocrystal | i ne waxes conmercial |y avai %&bl e from Astor Wax Corp.,
Doraville, Ga. D Iueﬁﬁs ﬁan be included, in tge hgdro hiLiE material as
wel | . Plasticizers caR®aPd8P865aBE IRcbPBoPYEEAPPAPAF RRFeFh&LhyHr BPKobi c

or hydrophilic subsoaheei ahatasoh8rkhewsell8akbbecr theGgaer by, thar mam de,

i sopropyl acryl ani_de- | am @ t am s e SUECLNam de,

N—ethylacetanidg%gQ9%é%éylgé§§£ b%g? gékggggegﬁggFéyﬁﬁﬁi§g,£§%d am do

substituted al khvénepbsiidesmaterd3sl, avdegvabl Bopl asecti wits. the

29 T ' | : h | F Al Wi 174
ggdgbgggiﬁenhatarigffhVﬁﬁBBEgHegspﬁéeihg hgéﬁgggr%éc and

substance that contro|s. release o e gas f.rom ‘te, Towers
the surface reaBYAyPPPOBict RertionshgyeopkprFrErAdt er TBE, DYRECEBESIR0t react

wWith the 5  hydeepBhl b BREEEIBLtapdBSEAACBE AB¥bPBeAYE{ORPAR| EGralde
hydr ophobi ¢ portloné aBe @reaeﬁted. The,hxdroBhlllc ,gortlon of ghe
subst ance can b8%ab8&8r B¥A BYREALCsHRFSELRL . PrpiehLetlydt oBRFFRRERubBRFal .
Preferred di specaanbe thatrporatedniheoci ther hpdavpHobhtomabexrbydir bphebic
material haye a_10. .nelting, point re I P15 r d.inglyde
am des Ja‘lgof @S?B%x Ié#ggtsﬁéﬁ gggéﬁg egbggséggrgtegggp%+§%F§€Iahg&“g
acet ates, pol yvpAytazabeoshibbsespslighi agl ppidel Ldontearategoppbyyweisyland
met al carboxyl a a§o7406 | ar ' ' dor
polyvinyIpyrrol%ggﬁégggbo??%g?an% alF%@?%%é %%ggysﬁ¥?§9gfo%ldaqe
pol yvi nyl pyrr ol FEBREYBAGSheRBABARBL carboyirhahssGEnER ¥52380Cand
copol yners of is¢seghygteylpyﬁiehbﬂeng§gpdiﬁy@9§gﬂsl§a§heaéogam?meyéZZO,
P

whi ch are commercial l.Ly avail abl e from GAF Corp. . Th dr gphobi c
mat or'i al pror er SBFYuRhcPURRLTEeSs O BPOKFYaY LPYFRaL ARnE: FOtnbEARICERPei o
rel easi ng wax, such as Ganex V-216, and copolymers of
polyvinylpyrrolidone and eicosene such as Ganex V-220,
which are commercially available from GAF Corp.
The hydrophobic material preferably includes a
20 microcrystalline wax diluent and an acid releasing wax,
such as propylene glycol monostearate acid releasing wax.
The preferred phosphosilicic anhydride acid releasing
waxes are generally prepared by melting a carboxylic acid
ester of a polvhydric alcohol, admixing phosphorus
25 pentoxide into the melt, then admixing a silicate or
silame into the melt, and ccooling to solidify the
resulting acid releasing wax. The carboxylic acid ester
of a polyhydric alcohol is preferably a glycercl ester or
glycol ester such as an alkylene glycol caxboxylate
30 (e.g., propylene glvecol monostearate, glycerol
monostearate, or glycerol distearate). Propylene glycol
monostearate is wmost preferred because it does not foam
excessively or obstruct nozzles or other fluid transport
equipment when preparing the acid releasing wax or the
35 composgite or when incorporating the composite into
polymer films or other materials as end products. A



such as propyl ene glycol nonostearate acid rel easi ng wax. The

preferred phosphosilicic anhydride acid releasing waxes are generally
prepared by Bl 4,2 carboxylic acid ester of a polyhydric al cohol,
adm xi ng phosphor us“25 pentoxide into the nelt, then adnm xPREUSIEIPBETat e
or silanne into the nelt, and cooling to solldify t he resul ting
acid rel easing wax. The carboxylic acid ester of a pol yhydric al cohol
is preferably a glycerol ester or gl%@ol ester such as an aIkerne

gl ycol carboxylate 30 (e.qg., propylene glycol nonostearate, gcer ol
nonost ear ate, orSYPSicRnt ii’t bt H3pab hﬁ%l%t@nﬁcaﬂlth thenﬁﬁ irakpat e
is nost preferresk eLhuse té foas na-g0am C(0) -O<GESBovidky 100 tbsheyet

nozzl es or other_f]uid, transport i nt n e the acid

rel easi ng wax or "’fi]% FHNg ‘Eab’gp%%rl’t}ée oﬁ‘%% ré’?ﬁo %%F’ﬁ@%corrpo& te
into poI yrr@erittbxmd@.r sidierasrmtancstiengsl elickthndehotphate. A

30 | I4tsh, I, lal e or
silane to form %@Q%rf% g’%gs‘%’g‘%) gﬁ&géi{}%ﬂll%&tch%n%&h&ﬁggsfiﬁédwax can
be substituted f?eﬁlﬁﬁﬁ)@wldﬁﬁs using peonasdeansyls doie ty Lpbesshageypan be

di et hyl phosphat epeﬂoénedprmsréfgmm@&% rima@}p&q%ghowhbﬁagtég}hwl de -
aci d rel easi ng, wax usjng nnnostearyl di et hyl phosphate can

performed with r%ﬁ%ﬁ?ﬁnx§?¥%@%ﬁkﬂ¥dl%ﬁ YRHEGR G, Golloid gpg; Hrface

Sol ubi lity, Pol mpaﬁiw,lm:lwwbﬁwt@rﬂf eu:e Wlley Rr gpesti BSYi.n p.
Bi ochem str Pr, ef rred

silicates 0S|I%§1 1% %Ldenére£é¥§ﬁq %&ﬁ§5Q% égiégzééfﬁ égc Eﬁ?aethyl
orthosilicate, teLr&&l@&lsnlxaﬁﬁﬁseauthnnuxﬂéurapt$wﬂaDE$hthé1paéparat|on

of represent a“‘éﬁ}?ﬂ ds{fir?@s' " PG e dl 1edd N o e ﬁ?’égg?éﬁoﬁ’ 17

and 18 below 1 I'sture scavenger, suc as so
cal ci um sul f at e,o% eifaw{@@'&ﬂﬁfat"ée artifhazs A sexes is d@épé‘lbﬁﬁchnorl de,

noi st ur e- depl et etk shdiLr @els7 ada g, below zeolites such as dehydrated
crystalline zeolites, l_é}/nt hetic anorp 3 zeolites, pernutites,

clays such ¥  as béhteie %os%‘fﬁqgr?r'po“{ |at?rnsﬁé3tl|’1‘ﬁ‘n§3rd’t§f“§e'

calcium sulfate, ferrous sulfate, magnesium sulfate,
calcium chloride, moisture-depleted silica gel, alumina,
zeolites such as dehydrated crystalline zeolites,
synthetic amorphous zeolites, and permutites, clays such

20 as bentonite and kaolin, potassium permanganate,
molecular sieves and oxygen-scavenging salts, can be
added to the composite to prevent premature hydrolysis of
the acid releasing agent in the hydrophobic material.

Conventional film forming additives can be added to

25 the hydrophobic and hydrophilic materials as needed.
Such additives include crosslinking agents, flame
retardants, emulsifiers and compatibilizers.

In a preferred embodiment, a composite for retarding

microbioclogical contamination comprises a hydrophobic

30 material containing an acid releasing agent and a
diluent, and a hydrophilic material containing chlorite
anions. The hydrophilic and hydrophobic materials are
adjacent and substantially free of water, and the
hydrophilic material is capable of generating and

35 releasing chlorine dioxide after hydrolysis of the acid
releasing agent.



nol ecul ar si eves and oxygen-scavengi ng salts, can be added to the

conposite to prevent premature hydrol ysis of the acid rel easi ng agent
in the hydroghehismterial. Conventional filmformng additives
can be added to 25  the hydrophobic and hydrophilic material SCHUSHNEI¥
Such additives include crosslinking agents, flane retardants,

emul sifiers and conpatibilizers. In a preferred enbodlnent a
conposite for retarding n1crob|olog|é§¥ contan1nat|on conprlses a

hydr ophobic 30 material containin AN a i d easi ng agent and
di luent, and a hydr opHf EHEEE P 5% W% difEGFit & COMPOSH] 8n§9rThe
hydr ophi lic and Mﬂmandmﬂg<mﬂaMuhmamagumaa contamdpacénh apdpsibstantial |y

free of water r i Ax S abl f..gen Lng
and 35 relea3|ngdyg orFﬁg 3%%%%3% g%%%% |$§I§8§E ?ﬁ§e§§%§§ Q%@hh,
rel easi ng agent. and a hydrophilic materlal contalnlng ch3prite anions pnd

anot her pref errederhadiaTent, aﬁm@%ﬁp%i!%ﬁcEﬁbl, o§rﬁehéhgbﬂﬂd contﬁlnlng

m cr obi ol ogi cal cont am nat i on conpri ses hobic nmateri a
containing an acPdi¥@.e&8ice Q@éﬁﬁdfOKYl @ﬁéeélﬁﬁdrobﬁﬁlh&dW&PéﬁﬂéF and

cont ai ni ng Ch'Orhbﬁr@@ﬁ@ﬁicam@teilal@na@@ @agae@nanhﬁa,s@ﬂs@hﬁemauayOErae

conpound cont ai ni 0, drox ti,es hydrophlllc
and hydr oph éaﬁﬁgérl t&ﬁn%gﬁﬁ anl §85§F nPFaFF?QEP
wat er, and the hg@m@nthmg mmﬁemeabasangapabbalné dlaxlgenafaérng and

rel easi ng CH'°V'%&d@ gyg %591%F3Fr 5%5%333 ge acid rel easing

agent . ano a di spersion for
retarding n1crob|oIogh@aweaoﬁm@mhﬁatpaﬁf@mwgdlgmb@élment heddéphebisdon

cont i nuous phasefe&n&@ha&@sngnmaegabl%h%@ahag cont 3f9RAL10ANdoRpbYdEaPti |1 o

di spersed phase contain l'orite ani ons | sper sed
phase and the hy V@P@ﬁﬁ@bF@n@éﬁppw@o@@aﬁﬁa§@ﬂaaén§nasﬁanﬁpaﬁlyeiﬁéélas

water, and the hﬁ%@@ﬁhlbh@ @l%9@&%@%1&3@3ﬁlbﬁe%ééabbﬁagé contag@magat i ng
and relea3|n% chI r.ine di-oxide af cid relegglng

;
Sent o Cin 335 mPAEE6e Bie0a el LAt RoPPRERRAPAGES Snd
m crobi ol ogi cal hydrophiohdai ratitdruecaspphaes arkydubphahtdadilgpérsedophase

water, and the hydrophilic dispersed phase is capable of
generating and releasing chlorine dioxide after
hydrolysis of the acid releasing agent. In a similar

20 embodiment a dispersion for retarding microbioclogical
contamination comprises a hydrophobic dispersed phase
containing an acid releasing agent, and a hydrophilic
continuous phase containing chlorite anions. The
hydrophilic continucus phase and the hydrophobic

25 dispersed phase are substantially free of water, and the
hydrophilic cvontinuous phase iz capable of generating and
releasing chlorine dioxide after hydrolysis of the acid
releasing agent.

It is also preferred to prepare a'composite for

30 retarding microbioclogical contamination comprised of a
hydrophobic material containing an acid releasing agent
selected from the group consisting of phosphoric acid, a
trialkylsilyl phosphate ester, a dialkyl phosphate,
sulfonic acid, a sulfonic acid chloride, a homopolymer of

35 a mixed inorganic acid anhydride, a phosphosilicate, a
phosphosilicic anhydride, a carboxylate of a poly a-



containing an acid rel easing agent, and a hydrophilic conti nuous phase

containing chlorite anions. The hydr ophi I i ¢ conti nuous phase and the
hydr ophobi c 25 di spersed phase are substantially free of water, and the
hydrophilitz WaHFEMdous phase i s capabl e of generating and PCTKﬁammﬁming
chl orine dioxide after hydrolysis of the acid rel easi ng agent.

It is also preferred to prepare a conposite for 30 retarding

m cr obi ol ogi cal contam nation conprised ot2a hydr ophobi ¢ materi al
contai ning an acid rel easing agent selected fromthe group consisting
of phosphoric acrgRrexy alcesehl ky|phesphqmidsseaee escopplymdrabRyan
phosphat e, SHb4 O Ca@Ldh danﬁy&%&é)wmﬁca hotltnfdil d6nca1heABPAl AGEL16"

35 a m xed ingrgani c acid anh osphosili cate,
phosphosilicic a}?ﬂ%fl%leca%em%m at émé’fe'éa 315&3393@0 acid anhydrlde

32 hydroxwai}@o&\qhon@n@bwﬁmﬂm@@ dcﬁtbl@p%b){ﬂeraﬁﬂ anmlxed Organl C
acid anhydrlge wth a nononer co

nj %} g opol
a nixed i noryani CUIH RS r1%§%ﬁ? %ﬁﬁ%&ﬁéﬁ EgﬂFQ ﬂFHﬁ & H%%%
bond, and a m xah.lﬁ*onlhmu@;ammd assl‘tychmgmr]nﬁbemmah:aam ognbaining

phosphor us- oxyge b ro I cont ai ni ng
chlorite anions. cf}-ll%rz.%e dé'A pcﬁr&?l cofz}géd }%%Ogﬂﬂﬁg Qﬁd hﬁd%ﬁéb é are

adj acent and subrateiials e edicantt emd SubSt@w@lﬁﬁéYhﬁﬁeépﬁflW%tﬂateriaI
i s capable of geqngq %}ié‘%}a@ﬁ:ﬁ%@.llé %é’?&%l’&. Gh QbR di Bf' Q@n@%&@inq and

hydrol ysi s of the acid rel easing a Preferfed Chloripe

D oxi de Rel¥hsi MGG ttorine dlox%ﬁ%lﬁﬁiﬁ? PHETRYVYESBhPE i BhfeR et al
can be fornul at efkleasi®p #psed) bed above, it is preferred that the
hydrophilic 15 material contains a chlorite source for rel ease of

chl ori ne di oxi de gas. Cbnp05|tes for release of chlorine di oxi de are
formul ated by difZesoiegated ing Qoapbgiiteshilic

rater al ‘as descr bed, algye:, Aéueew@o%mm 9 r249012:6RMBESkL Enl £ad 0§ BT

by di ssol vi ng sodi um
as described above, it is preferred that the hydrophilic

15 material contains a chlorite source for release of
chlorine dioxide gas. Composites for release of chlorine
dioxide are formulated by dissociation of a chlorite salt
in a hydrophilic material as described above. An exawmple
of such a composite is formed by dissolving sodium

20 chlorite in an amide. When the hydrophilic material
contains an amine, the composite can also be formed by
exposing the hydrophilic material to chlorine dioxide gas
that either reacts with the amine to provide chlorite
anions and counterions, or reacts with the amine to form

25 an imimium chlorite in situ if the oxidation potential of
the amine is sufficiently low for the amine to be
oxidized. _

FIG. 1 illustrates preparation of a composite
containing iminium chlorite. The amine hydrophilic

30 material is in contact with a hydrophobic acid releasing
agent (both hydrolyzed P-0-Si and maleic anhydride are
shown in FIG. 1). Chlorine dioxide (Cl0,) is reduced by
extracting an electron from the amine, forming an aminium
radical cation (not shown) and a chlorite counterion

35 {(C1l0,7) . The aminium cation quickly converts to an



20 chlorite in an am de. Wen the hydrophilic materi al contai ns an
am ne, the conposite can al so be fornmed by exposi ng the hydrophilic :
material to QL. di oxi de gas that either reacts wt jhe to
provi de chLo‘g{}tgg’%iﬂg ani ons and counterions, or reacts V\/ithrhéﬁ&s(?%i’g?to
form 25 an imniumchlorite in situ if the oxidation potential of

the amne is sufficiently low for the amne to be oxi di zed.

FIG 1 illustrates preparation of a conpo$3¥te containing imnium
chlorite. The amine hydrophilic 30 material is in contact wth a

hydr ophobi ¢ aci d™éiaiigaFion byagams @otth BERRCS AaR PIOAG] aRRtal ei ¢
gnhydrl de ?re t_carrﬁﬁp\ﬁltdn? dﬂﬁax@daitgarpﬁjy‘%rﬁ#&f@ﬂ%kﬁ@&@ﬁ_ iioxdigler €duced
y extracting an _electron fromthe ne, form ng . an _am nium

radi cal cation (HHCEHGm) T MEHRTHAR & o GRE Giess Lony GRops AERecfhe
am ni um cati on Gystdny icomeydrSHe® &Y Rosenbatt et al., J. Org. Chem.,

33 i mniumgcat i ylégﬁ_m a ton,from adj nt car,bgn at om
and oxi dati o@n byzi%gnozt eOP (clh 0 i’néj‘diﬁﬁ{?%de%hem‘no e%ducrge*sﬁ%g'rh&lr?esdhgrﬁ%gm for
above reaction i(il9&¥)aquéogeneralsysbaniicn dedeniehEbrbyoRosdrilsat fet al .,

(10677, A gener A FaRT O TS LB RTY Moslichuckiat shpl>

froman am ne afdd@ EHcem feldvoxi de gas i s shown bel ow.
R R
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Amine Chiorine Dioxiage
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e CH—N—R C|02-
. > * e e ]
aminium Radica) Chilorite Anion
I R
P—=-'.|‘::|I\1—-R
<10,

iminium Chiorite

10 High chlorine dioxide to chlorite conversions are
obtained if the chlorite anion and/or iminium cation that



[err] 10 Hi gh chlorine dioxide to chlorite conversions are
obtained if the chlorite anion and/or imniumcation that

34 i's ﬁﬁﬂﬁﬁ%x&d by the initial electron transfer fromthe am ne
are rapidly-conplexéd and stabilized by a hydr ophi | i ¢ nmBCERISPEAQE3E™H
sone fornul ations, unconpl exed chlorite anion may be depl eted by
subsequent reactions 5 with the i mniumcounterion at tenperatures above
about 60[err]C. Chlorites are also sa#hject to disproportionation

into chloride and chlorate. An amine with a high pKa is referred
because it reactiss msneraipidliiby wikeh igtitdrilnelectrodi oreuelfendzen sthe a

more effective pLoi) Sdkrapidly complexed and stabilized by a
hydrophilic molecule. In some formulations, uncomplexed
chlorite anion may be depleted by subsequent reactions

5 with the iminium counterion at temperatures above about
60 °C. Chlorites are also subject to disproportionation
into chloride and chlorate. An amine with a high pKa is
preferred because it reacts more rapidly with chlorine
dioxide and acts as a more effective proton sink,

10 maintaining the basic pH required for chlorite ion
gtability.

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

15 agent provides hydronium cations (H;0*) which diffuse from
the hydrophobic material to the hydrophilic material
containing iminium chlorite. The hydronium cations react
with iminium chlorite to release chlorine dioxide gas.
The decomposition products of the reaction are an aminium

20 cation (shown as ~™~~'"": in FIG. 2), a carboxylate

(COO", not shown in FIG. 2), and Cl°. These products are
retained within the composite.
In order for an amine to form iminium chlorite in
neat form or in the presence of a plasticizer, the amine
25 must be sufficiently electron rich and the amine nitrogen
must be locally mobile. Otherwise, the chlorite dioxide
will dissolve in the amine rather than form iminium
chlorite. An amine substituted with electron donating
groups that donate electrons to convert chlorine dioxide
30 to chlorite is preferred. Electron withdrawing groups
concentrate electron density at such groups such that it
is difficult for the chlorine dioxide to extract an
electron from the amine. Electron withdrawing groups
should be separated from the amine center by at least two
35 methylene groups in orxder for the chlorine dioxide to



10 mai ntai ning the basic pHrequired for chlorite ion stability.

FIG 2 illustrates the nmechanismfor rel ease of chl orine dioxide from .
i m ni um chl ord agxi3 noi st ure contacts the conposite. drol ysis of
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whi ch- di ffuse from t he hydrophobic material to the hydrophilic

mat eri al containing imniumchlorite. The hydronium cations react
with imniumchlorite to release chl ori ne38i oxi de gas. The

deconposi tion products_of f reacti n are an am nium 20 catjon (shown
as T i FEFREE2 ?n R =R e e anirg. | Mpsiemaiwet (8 G 2),
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I n order for n r |mruumc rltei or.m.or .in the
presence of a plgg%lc?%g%ug ﬁ% %%ﬁ%nZS rﬁﬂﬁ ?ﬁ?%ﬁﬁ%sIgiﬁﬁﬁﬂlﬁﬁtgbtron
rich and the am gpkassyrogenix, thﬁnamlmmemxtxwg%nrnﬂﬁﬂ<not Gehaliide, anlde

chlorite dioxi de,. I 1 NEs er for |
chlorite. Angam n%es% g%%tﬁ?ie%%\% ]lt:*? don ;{ﬁ{{' 1'lltgq'jigrlrou 2 tng‘a'},s'ﬂrm
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groups such that difficult for the chlorine dioxide_to extract

S
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be separated frouraheiabbne:onps Licbye Beld@nsing m:a%&mmmtdmmeugreoups i n
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nitrogen center aftthe amne is required for aminiumformation. If the
amne is frozen into g %&%?o&%réﬁattﬂ% i ne ) a?z%%% W3 lls nﬁ% be
nmobile and 5 the an1ne Wi convert toimniumc¢ A gla

ani ne can be sof¢kkenite Ny rdsenpedt |1f iy comaR @ is exm@@ﬁ tszbout 10
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amne to lo nsjtion erature bel ow t he reacti on
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chlorine dioxide. In order to maximize chlorine dioxide
release from the composite, it has been discovered that
the chlorite socurce can be omitted from the composite
until the composite is applied to a surface when the

20 hydrophilic matexrial in the composite is an amine. After
application, the composite is exposed to chlorine dioxide
gas that either reacts with the amine to form iminium
chlorite in situ oxr reacts with the amine to provide
chlorite anions. The composite is then activated in the

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

30 does not contain iminium chlorite or any chlorite anions.
The method also precludes premature release of chloxine
dioxide from the composite. Chlorine dioxide can be
provided on site by passing the composite through a
chlorine dioxide generator.

35 Conventional chlorine dioxide generators generate an
atmosphere of chlorine dioxide that is saturated with



art. It has been found that, in sone instances, imnium
chlorite may deconpose if the conposite is exposed to t enper at ures
exceedi ng abow £BEALI] C, reducing the 15 avai lable chlorite
concentration for conversion to chl orine dioxide. [|n or#en/usss/ns3s?
maxi m ze chl orine di oxi de rel ease fromthe conposite, it has been

di scovered that the chlorite source can be omtted fromthe conposite
until the conposite is applied to a surfagg when the 20 hydr ophi lic
material in the conposite is an am ne er application, the

conposite is expggedyto @Hh@fiﬂ@ @1@%1@@ that GRed ﬁ%ttQEkch%%c&eaa%ftﬁ whith
the amne to formimniu hlorite in situ or reacts wt amne to
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not contain im ”EHB&EE{eOEétEh i’i&é‘xté)d'fr%n?m gllégél dus& ‘31 tRad 'SO

precl udes premature release o rom-t NPosI
Chl ori ne di oxi deiBkf bbe C°m9%$b%¢cﬂﬂﬁhﬂv%ﬂQXPQ§%HSa§§ﬁngomﬁ§3e§ﬁp§§|te

t hrough a chheei-ne di oxi de generator. 35 Conventional chlorine
di oxi de generators generate an at rosphere of chlqrine d|gX|de that S
saturated with Such a composite is prepared by mixigg a drgpailic
Chl orine di ngi demtbakiadnesntdimit®rimcimid Rvilthe a hydr@pﬁbbibt maeériae

i nvention nust fi st be. di ssol ved E t hat does. . not ab
water such as a FORFAETEIRGRE 2650 B fhdhing, Ao ourpbRofy BEGERT Bons

Al ternatively, @xposhngrthe wiokide e adrliedns ﬁhcaldestheanreacﬁhlwmthe
di oxide is thus dgliygtgd E&Oﬁ&ﬁm“@$lﬂfﬁkﬂgﬂﬂd¥1t%r%&%ﬁin the hQEQOEHQ%lc

conposi te w thout exposing the conposit

conposite is prepaFesisy. m%ﬁghﬁadmmmﬂplm msi Ndroﬁépéﬁpamaééﬁ@élﬁl Agean
amne with ashydsgpbelh€iaBl@risée of water, and the hydrophilic material

is capable of generating and releasing chlorine dioxide
after hydrolysis of the acid releasing agent. The
mixture can be applied to a substrate to form a £ilm
before exposure to chlerine dioxide, such as when the

20 mixture is applied as a tacky hot melt at a temperature
below that at which the mixture will decompose. The film
can be exposed to chlorine dioxide by contacting the film
with a gaseous chlorine dioxide atmosphere. The chlorine
dioxide can be dissolved in an organic solvent that does

25 not absorb water before being exposed to the f£ilm, such
as microcrystalline wax, paraffin wax, synthetic wax such
as chlorinated wax or polyethylene wax, or a polymer such
as atactic polypropylene, polyolefin, or polyester, or
polymer blends, multicomponent polymers such as

30 copolymers or terpolymers, or polymer alloys thereof.

The film is exposed to moisture after the film is

contacted with chlorine dioxide to hydrolyze the acid

releasing agent and release chlorine dioxide from the

film,
Alternatively, the composite can be prepared by

[XN]
(&}

providing a hydrophilic material containing an amine and



containing an acid rel easing agent to forma m xture, and exposi ng the

m xture to chlorine dioxide that reacts with the amne to formimnium.
chlorite w t kygegdagihydrophilic material. The hydrophilic and

hydr ophobi c  materials are 15 substantially free of water, aFfel/Upi8/08387
hydrophilic materi al i s capabl e of generating and rel easing chlorine

di oxi de after hydrolysis of the acid rel easing agent. The

m xture can be applied to a substrate to 3%rma film bef ore exposure

to chlorine dioxide, such as when the 20 m xture is applied as a tacky

hot nmelt at a t hpsf@RRIELIC mYA@THRY MAntRINYRGC R RELH KedrESHAD]

deconpose. The aig'kérm the w&ﬂ@@ﬁﬁ%%é% o@'hb%&cdh%é%aw E@Eh@c'ﬁl ng
the film seous chl ori,ne di oxi e,atm)s here.. The
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by pravjdin rophilic mater, cont ai ni ng_an _am
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hydr ophi lic and.WWWMJdmmt erials are subst antl al I y free of water,
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chl orine di oxide after rolysis e aci easin .
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Iminium chlorite is unstable to nucleophilic attack by
the chlorite anion. It has been discovered that the room
temperature lifetime of chlorite anion is substantially
extended when a strong base, such as a metal alkoxide, is
20 present in the hydrophilic material containing the
iminium chlorite. The mechanism of alkoxide
stabilization of the chlorite counterion is shown below.



to forma filmbefore exposure to chlorine dioxide. These materials
can be applied to the substrate as separate fil ns. Maxi mum
chl orine dioxide release froma conposite 15 can al so be achi eved by

st abi | i zi ngWMhBBl2orite ani on. Iminiumchlorite i s unfCEHVSLEET

nucl eophilic attack by the chlorite anion. It has been discovered that
the room tenperature lifetime of chlorite anion is substantially

ext ended when a strong base, such as a negal al koxide, is 20 present in
the hydrophilic material containing the imniumchlorite. The
mechani sm of al koxide R stabilization of the chlorite counterion is
shown bel ow. - [err] ___Wherein each of the
R groups corresporfeg—ta=tese of the sel ected ani"n8® R is a cation, and
Rlerr]' is hydrogen, an cabkyl group or an -C (0 Rerr] radical wherein
Rlerr] is hydrogen

iminium Chiorite Base
R R
Q= Ce—HN-—R R'Ci0,
! -
!
R
= Chiorita Salt

x-Aminpo Tompound

wherein each of the R groups correspond to those of the
selected amine, R’ is a cation, and R" is hydrogen, an
alkyl group or an -C(O)R, radical wherein R, is hydrogen
5 or an alkyl group. In the absence of water, the iminium

ion is immediately decomposed into an c-amino ether, o-
amino ester or c-amino alcohol and a more stable chlorite
salt. If water is present during the oxidation of the
tertiary amine, an unstable ¢-amino alcohol is formed

10 which can attack the chlorite anion unless the chlorite
anion has been effectively complexed by the hydrophilic
solvent. Addition of water after solvation of the
chlorite ion is not as deleterious.

The composite comprises a hydrophilic material

15 containing an e-amino ether, o-amino ester, or «-amino
alcohol and a chlorite salt, and a hydrophobic material
containing an acid releasing agent. The hydrophilic and
hydrophobic materials are adjacent and substantially free
of water, and the hydrophilic material is capable of

20 generating and releasing chlorine dioxide after
hydrolysis of the acid releasing agent. The hydrophilic

material can also include an amide such as urea.



5 or an alkyl group. 1In the absence of water, the imnium lon is

I mredi ately deco osed into an [err]-am no ether [err] - anino ester
or [err]-ani NP &Y and a nore stable chlorite salt. ﬁ%ﬁ osdsS
present duri'ng the OX|dation of the tertiary am ne, an uns !ﬁoas
[err]-am no al cohol is fornmed 10 which can attack the chlorite anion

unl ess the chlorite ani on has been effectively conpl exed by the
hydrophilic sol vent. Addition of meifg after solvation of the
chlorite ion is not as del eterious. The conp03|te conprises a

hydrophi lic materialgls Samnaid NG g,{;e%aq,my é,p ﬁﬁécg:{mﬂ

a- am no al cohol and a orite
cont ai ni ng an a@ﬁ@#@%é@ﬁf@%@ﬂ an ﬁmnw@n@pm ha(,seandmd & hydr ophobi c

material s are‘%ydﬁéﬁﬁoﬁﬁHjﬁaﬂgﬁﬁﬁﬂ'dﬁﬂﬁéﬂﬂﬂﬁ% an aidVdleBloaAng tHnt,
hydroephilic mateéri al bIe rat| and re&5a5|ng chlori'ne

di oxi de after the tﬂ%ﬁ%ﬂ @%9?&% TGSt PG RANSSNY ¢
material can algm lmm@mmaﬁm rmverz&a:;.s to chlWRidY Wbhd de

?rgt erial cont altﬁ'fe CO%:}rﬁt ﬁve{t%%hfp%rggg‘,"bﬁr?mow 408 a&%&%hl i et

contai ning an a diemirmmb ka,gmite, base ttméotwdlaopﬂmllamt@ndsdiyﬁwammm c

materials bein dj 0Si t nBlgerials to

chl orine di OXI cgi-'e% rﬁ&ﬁ{%qllﬁgac rq{éh the'yqille ?‘ﬁ’éﬂ@g g?tr% imniumchlorite
whi ch de&ﬂqwmcnwawwéee are obstansieddvt £reqm oivwavar,

the hydro m ' | Gl 1ted %iyaxUﬁnmi@ %@émma&@ ca aﬂmdeqp@%&-m&@r a@icﬁ

are substantlally free O ili,c erlal
capabl e of gen&%ﬁ%%d’h\lf *1%]‘33’%1% @I‘flt&rl ¥Fé'd&'?3 ed& %m ysis

of the acid  releisianj ngyeagent Thmemmmlbu mateirdilalcsgannaleidedanan
am de such as ure The ., ad] acent ma | a b plied W0 a
substrate to fé?%ﬁ%?fﬁ 9% exp a%fgt Al EFFn% 5gOX|5% such as
when t he adj acemplnmderticalas salb@trate a.p:plfcmt as fa lmabeforet emplasuate &0

tenper at ur. be'ccii’! WRLEEHE 3 afbldender@tRese1s Bhe
adj acent 13 erlg%%‘%gﬁf E to tE subst ?;te as sep aratg
applied as a tacky hot melt at a temperature below that

at which the matexrials will decompose. The adjacent
materials can be applied to the substrate as separate
films. The film can he exposed to chlorine dioxide by

20 contacting the f£ilm with a gaseous chlorine dioxide
atmosphere. The chlorine dioxide can be dissolved in an
organic solvent that does not absorb water before being
exposed to the f£ilm, such as microcrystalline wax,
paraffin wax, synthetic wax such as chlorinated wax ox

25 polyethylene wax, or a polymer such as atactic
polypropylene, polyolefin, or polyester, or polymer
blends, multicomponent polymers such as copolymers or
terpolymers, or polymer alloys thereof. The film is
exposed to moisture after the f£ilm is contacted with

30 chlorine dioxide to hydrolyze the acid releasing agent
and release chlorine dioxide fxrom the £ilm.

Alternatively, the composite is prepared by

providing a hydrophilic material containing an amine and
a base, and a hydrophobic material containing an acid

35 releasing agent, the hydrophilic and hydrophobic
materials being adjacent, and exposing the adjacent




films. The filmcan be exposed to chlorine dioxide by 20 contacting thé'mmmmm

filmw th a gaseous chlorine dioxide at nosphere. The chl ori ne di oxi de
can be di ssoWwoead/szezan organi ¢ solvent that does not absorb water

bef ore being exposed to the film such as microcrystal | i ReTA§98/08387
paraffin wax, synthetic wax such as chlorinated wax or 25 pol yet hyl ene
wax, or a polynmer such as atactic pol ypropyl ene, polyolefin, or

pol yester, or pol yner bl ends, nultic%%ponent pol ymers such as

copol ynmers or terpolynmers, or polyner alloys thereof. The filmis

exposed 1o Mol Shute A4 €l ebNeniblihkSatORIAE! Eflall 102805 LE0h OLhLC,M] XI de
to hydrolyze the acid re| easing agent and rel ease cﬁfor!ne di oxi'de
fromthe film to form chhprifpagpyery, thaseébnpolhe chydrpphbhiedrny
providing a hydaopbbbhbbiBt fatali808t aL8I BAAPaAM AL1ANEree of 3ydBSL, and a
hydr ophobi ¢ mat eri_ al cogtalnlgg an acid 35 ,relea5|n% agent, the,

hydr ophi | i ¢ and®R§dFBBhBEREOPRLIIGNRESHERL bif nGRERPLE et , TERRF %R 3R t he
adj acent 5 releasing chlorine dioxide after hédfolysis oBteké adSido

chlorine dioxidg that.rea with the am ne to formchlorite anions
therein. The hyﬁ?%ﬁ%%f?% %%%n». hydr ophobi ¢ materials are substantially
free of water, andephabhgdsopbng i basesefonl uss tmpsthiied bizipere i ng

and 5 releasipgoghioringydhoxhdeaiiekolydiol ysbs of ddeagld
rel easi ng agent. _ cceptable strong bases for _use 1n stabilizing
t he chl ori petapeiudecretal chrronReEbBaxiden. 8thowides. propeetdasiem or

cal ci um me§ hoxi HeEex EEREXI HEtal PERDAXE J8EcR! ad 0a 1 L 0Xh USSi APl LXK OGS
such as al um num oxi d nmoni um sal ts of

al koxi des, annnﬂ?hﬁ?'eﬁrgééiggl%%kg?%BQ?ééggéd%%ggig%%&é&%s FIWPHL s odi um
acetate, substikaled afehdkesides, ohdeal natetaaes sbeh as sodbwhd generate
Coror v, " EREHED AfpsticitednectBoc Ll rS0oR RN Sl N
i m ni um chl ori teowdd genefaten anstreond nbaeihergact & nte estegclamthe- ani no
alcohol, 15 TrRSPLELLY Cb¥ntdReo i@l nthdeni sr YA ol Mz eth it O fadred e,
metal oxide, and acetate react with iminium chlorite to
form an o-amino ether, o-amino ester and «-amino alcohol,
respectively. The metal oxide is hydrolyzed to a metal
hydroxide before reaction with the iminium chlorite.
20 In a hydrophilic material containing a tertiary
amine (e.g., 3-dimethylaminopropanamide), N-
methylacetamide and urea, iminium chlorite is stabilized
by forming an o-amino ether, w-amino ester or w-amino
alcochol and a chlorite salt. Any monomeric or oligomeric
25 amide substituted plasticizer, such as succinamide,
formamide, or N-methylformamide, N-ethylacetamide, N-
ethylformamide, and amido substituted alkylene oxides,
can be substituted for N-methylacetamide in ordey to
soften the amine. Formamide and N-methyl formamide are
30 toxic and would not be preferred in applications
involving human contact. If the amine center is
sufficiently mobile, the addition of a plasticizer is
unnecessary. Urea improves the chlorine dioxide uptake
and release efficiency of the hydrophilic material
35 Dbecause it has a high hydrogen bonding density and will
not react with the acid releasing agent. Compounds



hydr oxi de before reaction with the imniumchlorite. 20 In a
hydrophilic naterial containing a tertiary am ne (e.g.

3- di net hy| an¥R#¥HpEnani de), NJI- met hyl acet ani de and ure%cfd@ J
chlorite is stabilized by form ng an a-am no ether, a-am no eggggﬁ%r
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in order to hasohgea hbhehammide dcomosntdataon dameahgd berumeildecare 30
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rel easi ng a@entan@bﬁﬁﬁﬁﬁdgs wt.% of the hydrophobic material. E4 1
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Formul ati ng Gas-Re Si 0si tes The conposites of the present
i nvention can b%QuiEQb gﬂ@ﬁ%%ﬁ&ﬁ?% vari ous ways to accommpdate a w de

range of

15 Formulating Gas-Releasing Composites
The composites of the present invention can be

formulated in various ways to accommodate a wide range of
end use applications. The composite is generally
prepared by dissolving a salt such as a chlorite salt in

20 a hydrophilic material, and then mixing the hydrophilic
material with a hydrophobic material containing an acid
releasing agent. The hydrophilic and hydrophobic
materials are adjacent and substantially free of water,
and the hydrophilic material is capable of generating and

25 releasing a gas such as chlorine dioxide after hydrolysis
of the acid releasing agent. The composite can be
applied to a substrate to form a £ilm, such as by
applying the composite as a tacky hot melt at a
temperature below that at which the anions within the

30 hydrophilic material will decompose.

The composite can be formulated as an extrudate,
such as a f£ilm or pellets, or as a powder using
conventional extrusion and spray drying methods,
regpactively. When the composite is formulated as a

35 powder, anion-containing particles are formed by



end use applications. The conposite is generally prepared by
dissolving a salt such as a chlorite salt in 20 a hydrophilic material,
and then m xR9¥$eéi2hydrophilic material with a hydrophobic materi al
contai ning an acid rel easi ng agent. The hydrophilic and hyEF&I5A%eA3s7
materials are adjacent and substantially free of water, and the
hydrophilic material is capable of generating and 25 releasing a gas such
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at which the aﬁggﬁéixﬁpﬁiﬁntﬁglgé SRVHFBphR| 7 CPHAT ¥R, %M§?fﬁ%%5n$% e.
The conposite eanrbdifgr thkatolubsoantbrougbatezzles sfich @sray fdivent
pellets, or as o] r | : «C | us . shray drying
QRcBOFRE putllon 1rCRRIERIOARAN, Bid Rl LSS

met hods, respect]vel ! e conposite, as"a 35
powder, ani on- BBRraPhiA§CpRAYTEFLESar Bhe apABEi®les can be routed to a

42 . dissobybngnansapheRtSPULEE1ER1 A bYSRATNI bd £r 5Ol Y& W r S Ehrab]
extruding the solution throu nozz| es of spray_dryer. once t%e

h a
solution is trﬁﬁgfﬁﬁnéddFﬁW8g§5rﬁ§ heregen aboysdf Af 13R0OWartiel es, the
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Aggregatifg iStﬂé”&£L§$918§§fﬂéep&93er is formed as the hydrophobic
material solidifies to form a hydrophobic core having a
laver of hydrophilic particles embedded in the outer
surface thereonf. Aggregation is minimized because the
hydrophilic particles are hard inorganic materials. The
20 particles can then be packaged in a dry sealed container.

Thus, the powders are generally prepared by forming
particles containing anions that are capable of reacting
with hydronium ions to generate a gas, and spraying a
hydrophobic material containing an acid releasing agent

25 onto a fluidized bed of the particles s0 as to form a
powder having a core containing the hydrophobic material
and a layexr of the particles containing anions on a
surface of the core. The fluidized bed can include
anhydrous particles such that the layer of particles on

30 the surface of the hydrophobic core includes the
anhydrous particles.

In forming the gas-releasing powder, anhydrous
particles, such as anhydrous sodium sulfate, calcium
sulfate, magnesium sulfate, or a moisture depleted silica

35 gel, can be included in the fluidized bed to form a
mixture of hydrophilic particles and anhydrous particles.
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wax, or a pol th;ﬁt‘}éh’ ¥R EHEY @Sp AHMHIRATEse Wax or RN ETIRneor

pol yester, or el yeer abbaﬁ%erl'éudﬂﬂatsl GHRAIN hdIG B S erlich as
copolyners or

rel easi ng wax? 8ﬁe§§%t ”S%%@E%%|%%%%g§{é§b§%§§ }?er%Pf fglgg;?ng wax or
propylenaSgIy@mﬂtm@mmpbeanatgoa@m@rs gsuch as copolymers or
cerpolymers, or polymer alloys therecf. An acid
releasing wax, such as the glycerol monostearate acid
releasing wax or propylene glycol monostearate acid
releasing wax described above, is preferred as the
20 hydrophobic material.

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

25 diameter is generated.

Thus, a powder of the invention comprises partitles
containing anions such as chlorite anions, and a
hydrophobic core having the particles on a surface
thereof. The hydrophobic core contains an acid releasing

30 agent. The particles and hydrophcbic core are
substantially free of water, and the particles are
capable of generating and releasing chlorine dioxide
after hydrolysis of the acid releasing agent.

The powders of the invention can also be prepared

35 using mechanical blending, mechanical-fluidized blending
and other known powder preparation methods, including the
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ot her application e conposite ¢ be app
usi ng vel |cRmRARl Rt PPl Ehe dFRreRt IR AbAan K thprmeladied
dry wax, wei Woxs] @k 4 afd nalien PEPCESHRSeasting or other application
methods. The composite can be applied as a film by using
well known hot melt, dip coat, spray coat, curtain coat,
dry wax, wet wax, and lamination processes.
The composites can also be provided as a layer 12
20 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.
The hydrophobic and hydrophilic layers can be applied by
25 casting the hydrophilic layer onto a substrate 20 and
then casting the hydrophobic layer onto the hydrophilic
layer, as illustrated in FIG. 3a. The multilayered
composite or single layer can be applied in conjunction
with moisture regulating lavers 22 to control the rate of
30 moisture ingress into the hydrophilic material or
hydrophobic material to control gas release from the
multilayered composite when activated by moisture.
In order to generate gas in a controlled fashion it
is useful to limit the access of water to the hydrophobic
35 layer containing the acid releasing agent and to control
the surface area of contact between the layer releasing
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%%S ggtgbigrbag %s%he@e The gas concentration released
from the film 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 the anions reacting at a speed
sufficient to compensate for the leakage rate for the
desired time period of sustained release.

Therefore, design of a gas-releasing composite
suitable for controlled release and biocidal action
within a container must take into account several
aspects, namely, the gas production rate from the
controlled release film, the partitioning of gas between
the phases within the centainer (e.g. gas, ligquid and
solid phases) in a reversible (absorbed) or irreversible
{reacted) fashion, and the leakage rate of gag from the
container. Design of such a composite is described in
Example 15.

A preferred extended release system of the present
invention conserves the anion reservelr by emitting a
series of periodic pulsed releases timed to coincide with
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layer C ha{grm];;éJgéggmegzr example, by dissolving scdium chlorite or
another anion source in a hydrophilic solvent. The
hydrophobic and hydrophilic layers are separated by a
water swellable intermediate layer C having a thickness 1
{typically about 5 mil) and diffusion constant, D. The
20 effective ion concentrations applied to the boundaries of
intermediate layer C by the layers 2 and B are a strong
function of the water transport properties of layer C.
The intermediate layer C can be composed of a wide
variety of materials since the gas can diffuse equally
25 wall in both hydrophobic and hydrogen bonded matrices.
Such materials include polyionomers such as protonated
and neutralized, sulfonated, or phosphorylated oligo- or
polyv-alkenes such as polyethylene, polypropylene, alkyl
acrvlates and copolymers thereof. Lipid substituted
30 polyhydroxy alcohol phosphates and phosphosilicates and
their mixtures with alkene polymers and oligomers are
also preferred. Finely divided anhydrous salts or
desicrants may be added to any of the layers to retard
the reaction to the gas that is catalyzed by water.
35 It has been discovered that construction of a
multilayered composgite wherein the arrangement of the
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C{ACB),C composites. Additionally, a multilayered
composite C{(DCD),C can be made in order to provide pulsed
release as described above.

20 Pulsed releases of gas that vary from about one day
to over about 200 days can be achieved for 5 mil thick A,
B and C films by separating the hydrophobic layer A
containing the acid releasing agent from the hydrophilic
layer B containing anions by an intermediate layer C

25 capable of supporting varying hydronium ion transport
rates.

The pulsed release capabilities of a multiple
layered chlorine dioxide releasing film can be calculated
as provided in Example 16.

30 In a preferred embodiment, a multilayered composite
for providing sustained release of a gas such as chlorine
dioxide comprises a hydrophcobic layer containing an acid
releasing agent, and a hydrophilic layer containing
anicns such as chlorite anions. The hydrophilic and

35 hydrophobic layers are adjacent and substantially free of
water, and the hydrophilic layer is capable of genefating
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t he hydro hObIC I"ayer, or
Y p laygé is in contact with a surface of the hydrophobic

layer and a second moisture regulating layer is in
contact with a surface of the hydrophilic layer to
control the rate of moisture ingress into the hydrophobic
layer. The hydrophilic layer, the hydrophobic layer, or

20 the intermediate layer can contain an anhydrous salt or a
desiccant to delay the hydrolysis.

Another multilayered composite of the invention for
providing sustained release of a gas comprises a layer
comprising a hydrophobic phase containing.an acid

25 releasing agent and a hydrophilic phase containing
chlorite anions, and a moisture regulating layer in
contact with a surface of the layer, such that moisture
permeating the moisture regulating layer hydrolyzes the
acid releasing agent to initiate release of chlorine

30 dioxide from the multilayered composite. The hydrophilic
and hydrophobic phases are interdispersed and
substantially free of water. A second surface of the
layer can be in contact with a second moisture regulating
layer. Preferably, the layer is a dispersion having a

35 phase size of between about 0.2 microns and about 100
microns.
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15 Applications for Gas-Releasing Composites

Applications for the composites are numerous. The
composites can be used in most any environment where
exposure to moisture can occur.

Gas-releasing composites can be used to retard,

20 kill, prevent or control microbiological contamination on
a surface of a material, within the material or in the
atmosphere surrounding the material by exposing a surface
of a material to a composite that does not release a gas
in the absence of ambient moisture, and exposing the

25 surface to moisture to generate and release a biocidal
gas from the composite into the atmosphere surrounding
the surface. In an alternstive embodiment,
micyrobiological contamination is retarded, killed,
prevented or contrclled on a surface of a material,

30 within the material or in the atmosphere surrounding the
material by placing the material adjacent a composite
that does not release a gas in the absence of ambient
moisture, and exposing the composite to moisture to
release a biocidal gas from the composite into the

35 atmosphere surrounding the material.



exposure to noisture can occur. Gas-rel easi ng conposites can be

used to retard, 20 kill, prevent or control mcrobiological contam nation
on a suwbasszqb a material, within the naterial or in the
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t he absence of ampi ent npiSsture, and exposin e surface 0 nDi sture
to generate anBUFéRESse ANdBBRGPRFi REPGEI™MENt, B, SHYEREECBADBSPRECFARS t he

at nosphere surgputHengthbephere sUkkaC8dihg 8Ret hateefiBddipgedbodarsyefiace
of a nategéal b 1or.the ﬁtnnsghenelsu&nound'ng t he naterLgI Lg geﬁdorized
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rel ease a gas nntthelabsensegeft anbtbet absester of amblient mexpbsirag &hé
conposite to | i e t e bzl t he conposite
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control chenot ggt-t-sualithaCtheNmateaial . organismto a material by
exposing %ﬁsurface 8Leagas~releasing composites can also be used to
retard, prevent or contrel chemotactic attraction of an
organism to a material by exposing a surface of a
material to a composite that does not release a gas in
the absence of ambient moisture, and exposing the surface
20 to moisture to generate and release an odor-masking gas
from the composite into the atmosphere surrounding the
surface. 1In another embodiment, chemotactic attraction
of an organism to a material is retarded, prevented or
controlled by placing the material adjacent to a
25 composite that does not release a gas in the absence of
ambient moisture, and exposing the composite to moisture
to release an odor-masking gas from the composite into
the atmosphere surrounding the material.
In the above methods, the surface of the material
30 can be impregnated with the composite, the composite can
be admixed with the material, the composite can be
enclogsed within a gas-permeable container, or the
material and the composite can be enclosed within a
container. When the composite is enclesed within a

35 container, the container can be hermetically sealed, or
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rel ease an W@deseigki ng gas fromthe conposite into thepg%ﬂgsghere %
surroundi ng the surface. |In another enbodi nent, chenotacti s %
attraction of an organismto a material is retarded, prevented or %
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not release a gas in the absence of &tbi ent noi sture, and exposing the %
conposite to noisture to rel ease an odor-nmasking gas fromthe %
conposite into partipélyt Aesphdr sushr tbahdenget pesnmieakpafrom the I n i
the above net hodgani-henayrface of the material 30 can be inpregnated with %
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exposed to the Lte p ' : aLper of a
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gener at ed “‘thi”bi@@bé??ié&Deias%berfﬁgsPesH§§QbéBr§éQEiQH&fBQHePVOdUCtS
I ncl udi ng bl ueberries, raspberries, strawberrjes, and other 1

[ 0
produce, grdfind BECRUGR:  pECUndhPRRENPREFERS, SBAFkeR. filletsangegfred.
neat?, thagced &ﬂ@dﬁth@ﬁtmé?adg,eﬂhan&eadSOods, péerﬁ?bﬁs,gﬂﬁ%ﬂﬁooﬁé,nDSt
any food subject_to cteri cont am nat Lon.or o g ... Bar. soap,
Maindry ) et BFEEATS: STERLRS paBE, TABE REA: 5S04 SrRTRes (B8 hretaRints
seeds can be protectauifavhenodd gebdt growhkdi cBhxr soapi ndeévodewnts, devices
and supplies as yell aond] spespbhoaper BbHABHLSPOSTOLRIRG! SBRRh: 0ok S

products can be steriTized 0 g event m crobi al contafm ne
Medical or 15  seefipgrenl bocRreteared| §50Bemalidr groveld- t oMegiral

instruments, devices and supplies as well as disposable

Ty

or nondisposable personal care products can be sterilized
to prevent microbial contamination. Medical or
biclogical waste can alsc be sterilized to kill

20 microbials within the waste. Odors from athletic shoes,
disposable footwear, and refuse can also be minimized
when they are contained within a treated container.

Conventional containers can be used such as
paperboard or containerboard boxes, corrugated, nonwoven,

25 plastic, or polymeric multilaminate containers,
cellulosic, plastic or paper bags, seed packets, or waste
containers. The composites of the invention can also be
included in an adhesive or ink or on a label applied to &
container.

30 The treated surface can be a reusable or disposable
mat or sheet including a dental tray covering, a surgical
tray covering, a shower mat, nonwoven bandage material, a
meat cutting board, a liner for drawers ox shelves, an
insert for athletic bags or gym lockers, a food wrapper,

35 a paper sheet for separating hamburger patties, a meat
packaging tray, an overpouch such as those used in



20 mcrobials wthin the waste. Odors fromathletic shoes,

di sposabl e footwear, and refuse can also be mnimzed when they are -
cont ai ned Wiyfbgsa] reated contai ner. Conventional containers can’
be used such as paper board-or contai nerboard boxes, cor ritfgdVe§/083s7
nonwoven, 25 plastic, or polynmeric nultilam nate containers,

cellulosic, plastic or paper bags, seed packets, or waste cont ai ners.
The conposites of the invention can als e i ncluded in an adhesive or
ink or on a | abel applied to a contdi ner. 30 The treated

surface can beﬁ%éf %ﬁ%%lﬁng&a@%ﬁggﬁa@ s, a @@Es rf%%ﬁ%tse% ahiding 3. dental

tray covering, “a su é covering, ~a_shover nonwoven bandage
material, a 1xﬁ%dﬂn@ﬁbtﬁﬁgabﬁ@ﬁ eng pRfer ﬂﬁbpﬁﬁﬂﬁﬁﬁhsm@ﬁtsh@a@€§cdaﬁr

insert for athlgldsmdaagsrohnd ¥HebePkals 1 ade0Zdr Vg eh d33perd PaRRhsheet
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S or sheets are plcal e from
paper, cell ul osifca sgedpabypgpmectwmhenSE&@rﬁ@omrmnédWO ﬁmmenl duging

Such a net hod gagfgg%lngg &%egébgeeea ggw%s%uay%%%lc gro%khawa%ﬁdt%e

protect the seed rungi _during Stofa %0 to protect
agai nst nycot i &egcodh PRBEethe The coasdngs MhER 8FLiY i ng, when

activat edsly 1%15@&@ ue&ea@é@abem@raaae:mm&@heﬁe aobmctia@.qi dals gas
such as chlorine OXI |n the .soil, .in.th Vi cini t.he see? and
e 5

i nhi bits mycot £&E ﬁ5ﬁnﬁopﬁﬁﬁﬁgeméﬁi he S04 EP€e ¥4 SR nRE on
This coating ha&en@eeﬁfanﬁ iphibits myltetder groathonhaf nheraddys woBédds in

storage do not ihpeacnaueql gebmiRALIGAl | 1ri9ated lagPRRr Abeelad Rubpba! her

can be in a cl & contdln contai ni ng the a
packet, "tea b&ye gersdastAgronit kie Sead@ont&ﬁﬁéﬁ ipapsprREer 8gnacEd with

the compogist e have @8NBRALEYsILRANGY eobteld @6 B ProXkdeHOLREOLEEheakhe

can be in a cleosed 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

20 seeds. Although any seeds can be protected by the
coating, edible seeds such as corn kernels, sunflower
seeds, or soybeans, remain fit for human consumption once
they are coated. Thus, the coated seeds can be provided
for planting or for human consumption after they have

25 been coated.

2 composite of the present invention can also be
formulated as a powder and admixed with soil to reduce
microbiclogical contamination and fumigate the scil. If
the powder contains nitrogen, phosphorus or some other

30 elements, such as powders containing PGMS acid releasing
wax oy an amine hydrophilic material, it also fertilizes
the soil.

The surface can be treated with any of the
composites of the present invention by conventional

35 coating, extrusion, lamination and impregnation methods

well known in the art.
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the treated suhflasd e dirissider e tam rielee asmnpogiase sirdto ashe atmaxpleadene

di oxi de fromthe co site.int e _at nosphere surroundi ng the
surface. '“"urmuEH&ng %rﬂreec?%a%%qeg'ation i ncludes a foot powder for 10

preventing athl et e?s pinsdterued awridamign Melydsder foot rawdase fgplied
directlygn ! Beotulacsy Gleived @ledt G othederOr panal ghuidi:0 a shoe
insert. The cOnposite Can be _, appl i ed between the clqth overln%:and
foam pad of tKen be agmddachsEechlp Iyt Wiahe ahd eoaﬁcﬁ“ﬂf S8 1

| npregnat ed 0lheC QRcRF s e O Ut sioDriney. | iTHenGompositéhlam e

di oxi de or other _hi oci, dal %asr#gnerlaétek? Cfgr\pm. r%iﬁsotaure v&torE'n k{ehe shoe
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Chlorine dioxide or other biocidal gas generated from
moisture within the shoe diffuses from the composite into
the atmosphere to kill fungus and deodorize the shoe.

The powder can be blended with conventional ingredients

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

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

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

Another use for the composites is in providing self

35 sterilizing packaging, which is particularly useful in
the medical industry. A method of sterilizing a medical
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Fitments 35 ool BadushibagofigbhelBiag, NeeHhesLoPE! | E9RRahe 4 81 VS Sar
components as separate lavers of the hydrophobic or
hydrophilic material on separate components that are
activated upcon being pressure fitted together. Fitments
for in-dwelling catheters, needles, peritoneal dialysis,

20 percutanecus devices, percutaneous access, colostomy bags
and other medical devices can alsc be treated in
accordance with this method. Additionally, closures on a
package can be so treated to provide self sterilizing
packaging for medical devices, instruments and supplies.

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

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

35 and drying. In a typical operation producing meat patties
for commercial consumption, meat is ground, extruded and
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's 20 reducgd by .3t Leashy3PUL50,08h €r9" or MBEEEBLE" ELABLY sy =
ground patty or a filet. Microbiclogical contamination
can be reduced on the surface and throughout a patty or
filet. Preferably, microbiological contamination is

20 reduced by at least about 50 fold or, more preferably, by
at least about 23%.5% on the surface and throughout a
patty or filet. The composite can comprise a sheet for
separating patties or filets during storage, the sheet
being in contact with the surface of the meat, poultry or

25 seafood. The composite can also be applied tc a paper
sheet for separating hamburger patties, a meat packaging
tray, a food wrapper, a food container, or an absorbent
pad.

another method of retarding microbiological

30 contamination on a surface of meat, poultry or seafood
comprises placing meat, poultry or seafood between sheets
which do not release chlorine dioxide in the absence of
moisture, and exposing the sheets to moisture toc release
chlorine dioxide from the sheets onto the meat, poultry

35 or seafood to reduce the contamination on surfaces of and
within the meat, poultry or seafocd.




at | east about 99.59s on the surface and throughout a patty or filet.
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acryl am de, | sopropyl acryl am de.

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 dioxide in the
25 absence 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 release
30 rate could be slowed by cooling the mixture to 0°C or by
increasing the viscosity of the materials.

EXAMPLE 2
1-{N-dipropylamino} -2-carboxyamidoethane (DPACAE)
was made by reacting 0.2 mole di({n-propyl)amine with 0.1



consisting of a 40k solution of a copolyner conposed of 20 33 rml e%

mal ei anhydrlde and 66 nol e% styrene in et hyl benzene pl astici zer was e

t hen made. QW‘F’Gphobl c material was vortex nixed wtp ,}V‘\@g _ )

hydrophilic material . The resultant white m xture of the? %Br'@perse
material s started a sustained rel ease of chlorine dioxide in the 25
absence of added water within five mnutes at room t enperat ure. " %
I nt er phase diffusion of water within the di spersion initiated

—

hydrol ysis of the anhydri de. Hydr onPdm i ons forned duri ng hydrol ysis
reacted with h o] r hl or rel ease
50 rate coul dBEEorSnutnElbot, et BEERRGeE NF é”%%f’%& 2 62
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\I/Evax'sb\wﬁle_tgezby reac?fﬁtian(%g' 9599#3”5199) f‘;’ﬁmf?éa\?ﬁ% W@a”%f@ﬁm@
57 mol e 'é%?‘}?‘ﬁn?ﬂ@?ﬁa?h@np@gs R ce¥FLES sHAiNe aﬁﬁﬁlnt of acetic

acid as a 1 We# @@éylwﬂnwn ﬂﬁtﬂﬁ@%regéﬁce of pdedfid O wmlmrlrdved out

for 3 hours at 70 orat of .t he _excess ne and
5 crystallizaff W‘Wi ‘Fﬂ%’“%r‘@%in‘&é’;% ‘g ?g'n q\%liu thafofenae &2t PFfg
solid was obt ai aveiine (Ihér fdrm ﬁﬁiﬁlaﬂzmetmntmg&ﬁumxng abm ne and

form acryl am de, 0, eati ng above the nelting point.
1- (N-Di net hyl ar#% x?afé%grgggngm doet hane (DVMACAE) 10 was nmde by

reacting 0.2 nol e di hetRyPinebbylanigoko2 weaghoxyanidpsgthansh {PMAGRESr) with
0.1 nole aggyl %Qemééeawor&acefan z&%&@lﬂmﬁ}m{ml tas Ead §ACtk on

was carried out for one hour at roomtenperature., After vacuum
evaporation  SOlgfiexcEaswahthe, Whek bl Mot Jemeranidre AMECAR Wis % aken
15  up in et hybeneishl OfiGechaiord vmﬁél f@gﬂeﬁdmrﬂﬁéﬂcfaaix&ed out af@&
Isolated as a low nelting (I[err % = 45* L % g'drogﬁﬂﬁum1eva oré% Qn
Bot h DPACAE anaorﬁvl@‘l‘:“rc sTEPTi Y5 §/ X yé/ta% P +
of excess amine, methanol and watar, the DMACAE was taken
18 up in methylene chloride, dried with magnesium sulfate
and isolated as a low melting (T, = 45°C) hydroscopic
solid.
Botl DPACAE and DMACAE crystallized only slowly and
thug could be studied in the liquid state at room
20 temperature. Neither neat liquid formed iminium
chlorite. However, 10-30% wt.% solutions in formamide or
acrylamide-isopropyl acrylamide readily formed iminium
chlorite when exposed to chlorine dioxide.

EXAMPLE 3

25 The amine-chlorine dioxide reaction was studied by
layering the regquisite amount of 6.0X10°° molar solution
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

30 chlorine dioxide-pentane solution was prepared by
reacting stoichiometric sodium chloxrite with potassium
persulfate in a small amount of water in the presence of
pentane with vortex stirring in ice water. The
supernatant pentane layer was then removed and kept dry

35 in a sealed container over magnesium sulfate,



thus could be studied in the liquid state at room 20 t enper at ur e.
Neither neat liquid formed im nium chlorite. However, 10-30t w.%
solutions in formam de or acryl am de-i sopropyl acrylannlde regdlly
formed i m%¥P8F2412  chiorite when exposed to chlorine di oXFd&S98/08387
EXAMPLE 3 25 The am ne-chl orine di oxide reaction was studi ed by

| ayering the requisite anount of 6 0X10%err] nol ar sol ution of

chl ori ne dioxide in pentane onto about 0X10[err] nol e of am ne,

ith t f d 3 i.d i I
clther 1 poneat formgs gueaglisd 46 Sty th oo gcpaliLALde or Leobropy
prepared by aclduéacatmgnsbﬁltheoneactioaopruduchl@nﬁt@h&d@bﬁgMWaS$¢mn1
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vortex stirring inrce rnat an ent ayer was then
renoved and kegpedtycsespy Bﬁtarssapeautgntau delubeeﬁchagn*ém%mm%ma@%

o8 5 TBgel gtaBbhan 8k chioLite was éﬁ&gﬁéﬁdv@mledasydl fication of

the reaction pro bservati on e odor col or of
chlori ne d|0X|§§SSYV§VFVPs°f th@pé@tﬁ§§€5§9maft@ha§§56§E+%t%% Hlute 1CL.

I n sone cases ébsbﬂﬁaﬁhés@ﬁC@hQErQEboéttQBmﬂémﬁUbbEﬁfléérLtbeﬁréwence
observation of the | Characteristic IR

E S@ iﬁ t mines fer ébagf
chlorite at 830 cni &PP] tPeiPPEDg Peatpprimary. amin Wﬁ e ?Bﬁfﬂg neat
primary am neswhennespebkdr tbechlordhendespoded to chlorine dioxide: 10

Lerr] 10  H,NCH,CH,0CH,CH,OH, H,NC(CH,),CH,0H, H,NCH,CH,NHCH,CH,OH,
H,NCH (CH,),, H,NCH,CH,0H,

HaNCCH,) gom N >

HaNCCHG) g N NH
, and

i

Hailee(CH,) g N Nees C CHp ) 3= NH,

i5 Chlorite was also formed by neat secondary amines
having the formula R,R;NH wherein R, and R, are,
independently, hexyl, benzyl, n-propyl, isopropyl,
cyclochexyl, acrylamide, or -CH,CH,OH. These amines also
formed chlorite when the amine was in formamide solvent.

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

acrylamide:
i
[94--CH2-—-—CH2——-C--NH}CH2
. 2

wherein R, is cyclohexyl or benzyl, and



15 Chlorite was al so forned by neat secondary am nes havi ng t he ‘

formula [err] wherein R err] and Rlerr] are, | ndependent |y, hexyl,
benzyl, n-pr opropyl , cycl ohexyl, acryl am de, These
ami nes al so- aRﬂgi((%!rﬂr%red chlorite when the anmine was in for rram’%@"@ SPERT. 20
The follow ng secondary am nes yielded chlorite when pl asticized with
formam de or isopropyl acryl am de- acryl am de: [err] wherei n
Rlerr] is cycl ohexyl or benzyl, and [eg1] wherein n is
2 or 3. The i sonropyl acryl am de-acryl am de and am ne were

al so prepolynerized and filmformed by heatigg to 60-400 S5 Cin the
presence of about 0.01% az b|S|sobu ronitrille r, providing
chlorite so long as the F%f Ha} eFﬁiﬂké”@&Eééﬂgﬁ”Fﬁef%Tass transition

t enper at ur e. A hydrogen bonded am ne having the formula
NeH]NeH]MMHHHCWeH]C(QNWeH]vmaewlmew]|srmﬂwlamimew]
is n-propyl 10 whereim A ofgregrigie pr isopropylacryl am de-acryl am de
A LT R Wi LG R Rt R TR
hydrogen bonded agligie wfepdieyhearitdd MOCH QN [(CHed boHhkatihg to §0-70°
5 C in the presence of about 0.01% azobisiscbutyronitrile
initiator, providing chlorite so long as the film
temperature exceeded the glass transition temperature.
A hydrogen bonded amine having the formula
RyRNCH,CH,C (C) NH, wherein R, is methyl and R, is n-propyl
10 when in formamide or isopropylacrylamide-acrylamide
solvent yielded chlorite. However, when R, and R, were
isopropyl groups, the neat amine did not yield chlorite.
A neat hydrogen bonded amine of the formula N{CH,CH,OH),
yielded chlorite, which was also formed when the amine
15 was in formamide or isopropylacrylamide-acrylamide
solvent.
To determine whether hydrogen bonding was necessary,
a Michael addition process was used to provide a reaction
product of 2-propenenitrile and (i-CH,)NHCH,CH, such that
20 the amine portion of the product did not have any
hydrogen bonding and the nitrile portion was very polar.
Polarity was not sufficient to generate stable chlorite
when the neat amine or the amine solvated in formamide
was exposed to chlorine dioxide. The nitrile group
25 blocked formamide so that the chlorite back attacked the
amine and decomposed the chlorite into a form that could
not be reconverted to chlorine dioxide. Thus, it was
discovered that amines in apolar environments react with
chlorine dioxide but the chlorite ion is unstable in such
30 an environment.
Non-hydrogen bonded tertiary amines of the formula
NR;R,R, wherein R; and R, are methyl and R, is cyclohexyl or
4-pyridyl were solubilized in formamide or



yiel ded chlorite, which was also formed when the amne 15 was in
formam de or isopropylacryl am de-acryl am de sol vent . To
det er m ne wheokes24ydr ogen bondi ng was necessary, a M chael addition
process was-used to provide a reaction product of 2-prop&I&HP#P$82 and
(i-Cerr]H)NHCH err]Cferr]H err] such that 20 the am ne portion of the
product did not have any hydr ogen bonding and the nitrile portion was
very pol ar. Polarity was not sufficient to generate stable chlorite
when the neat amine ox the am ne sol vatedg¢ n fornmam de was exposed to
chl orine dioxide. The nitrile group 25 bl ocked formam de so that the
chlorite back atitssghapylserylanide-eeryidnddeoapdsédrinbd ghbkvable into a

formthat coul dcpsyenriRQf, PRAiEEANVEREET At &, CIL O8d N8, i q%l de. c:}@zﬁhek%lms

di scovered that amnes |1 n_apolar environnents react” wit
di oxi de but the 3 &ni L8 @Eﬁwxluﬁ%t‘&ﬁ’éﬂfh Rauchs 30nd Byn agey r-Ssdat or

Non- hydr ogen bor&ti@@lt @rﬁdu@'syu@@enaszs&hubug Eﬁrﬁui—aamde &Hieééx]zﬁéeﬁé&R[e”]
wherein Rlerr] err]..are . .nmethyl

e | yC I
4-pyridyl were %g:lrﬁb By, &R0 t’r'll""&‘rrar{lcge} E{I]N 8% wad ¥fuce in
60 |sopromﬁnmmmﬂdmnam&-@deﬁﬁadldhlamdtéprhad aidtabteyield chlorite.
Am nes wherein L e I
dodecyl or mher?%ﬁ ﬁ%Errfg %%%Fﬁfgg% Hngaér%pn§%£Tl?e af@ﬂoﬂéht$F
groups were i nsslgblse mhlﬂ@mdrrb&ethndsaéuedtnothe&mlm@rvﬂn%myn%m ocprtm

(CH[err])[err]Ng@bg@hhgyhg%rENQCEg&rgﬁggathm@§l§QIubIe in f or mam de

and yielded chlorite, but did not hlorite in
i sopropyl adPyl am de- gﬁﬁfhaﬁdeagléﬁﬁﬁﬁﬁeFFd thatar %%&%%l??EEQJUW t he

solvent; the anpAgrshen Bgabugfikciently m:gh k! rddieratied mgt ayi el d
chlorlte 10 scover havi

ni trogen of sufPV@F8R5P§1ﬁ|8ﬁ@%Réa oPYafd 85§tﬁFegnbyh§H$%E$ﬁ?rﬁ&?ﬁ&%ﬁ|aJ

or substituted bychpdrogechbasdihwdroxyligr oapsde suphimsrhyanixg|ex, am de,
f;;gﬂ gnarlr‘é”e &Eteﬁagﬁ.ﬁgﬁf%g&g}’% ilﬁg‘g%tﬁaﬁﬁél LHEPhS  ch P6 PP £ PTId Sed¥on
is with chlorine dioxigde.

The amine-chlorine dioxide reaction as described
above was repeated wherein the amine was dissolved in
various solvents to determine the effect of the solvent
on reaction efficiency. 2ll chlorine dioxide was

20 released in water. More chlorine dioxide was released in
glycerin or ethylene glycol than was released in
methanol, acetonitrile, methoxyethanol, ethancl or
ethoxyethanol. Chlorite suspended or dissolved in a
hydrophobic material, as a dilute solution in toluene or

25 benzene, and expesed to chlorine dioxide reacted with
chlorine dioxide but only releassd a minor amount of
chlorine dioxide when acidified. Many of these solvents,
such as ethanol, will not retain chlorite counterion for
long term storage unless iminium chlorite is stabilized

30 with a strong base to retaip the chlorite counterion.

EXAMPLE 4
Amines that are monosubstituted with short apolar
groups, such as (CH;),NCH,CH,C(O)NH,, (n-CgH,),NCH,CH,C(0O)NH,,
and (i-CH;), NCH,CH,C{O}NH,, formed stable chlorite in
35 formamide. Amines that were substituted with short



The am ne-chl orine di oxide reaction as descri bed above was repeated

wherein the ani ne was di ssolved in various solvents to determ ne the .
ef fect of th&Oos8iseant on reaction efficiency. Al Ch|0rlﬂ§ was
20 released in water. More chlorine dioxide was rel eased in /8&%%&%3

gl ycerin or ethylene glycol than was released in met hanol ,

acetonitrile, nethoxyethanol, ethanol or et hoxyet hanol. Chlorite
suspended or dissolved in a hydr ophobic material, as a dilute solution

in toluene or 25 benzene, and exposed #& chl ori ne d|0X|de reacted with

chl orine dioxide but only rel eased. a r l,or i e di oxi de
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pol ymers were synt hesi zed,

EXAMPLE 5

The following polymers were synthesized,

characterized using NMR techniques, and evaluated to
i5 determine physical properties and ability to uptake {and
release) chlerine dioxide:

[ - CH,CH,N (CH,CH,CH,) -1,

[ ~-OCH,CH (CH,N (CH,},) ~1,

[~ CH,CH (OCH,CH,N (CH,) ) -1,

20 {-CH,CH (C {0) 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
most efficient uptake and release of chlorine dioxide in
formamide that is a substantial improvement over that

25 demonstrated with in-chain amines. “The polymer was also
soluble in molten urea.

EXAMPLE 6
The following compounds containing an N-amido

linkage and a tertiary amine center were synthesized in
30 pure form from the corresponding primary or secondary

amine, sodium cyanate, and hydrochloric acid as described

by J. March, "Advances in Organic Chemistry: Reaction

Mechanisms and Structure, 4th Ed., John Wiley, N.Y., p.

303 (19%82}).
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characterized using NVR techni ques, and evaluated to 15 determ ne physi cal

properties and ability to uptake (and rel ease) chlorine dioxide:
[-[err]] O these polynmers, the last polynmer has the npst
flexi bl e am e Latai ni ng side group and exhibited the R SUSOMPEBLi ent
upt ake and rel ease of chlorine dioxide in formam de that is a
substanti al inprovenent over that 25 denonstrated with in-chain am nes.
The pol yner was al so soluble in noltep urea.

EXAMPLE 6 The foll owi ng conmpounds containing an N-am do

| i nkage and a tertiarNeaniom) gad@Nmgre synthesized in 30 pure formfrom
t he correspondi ng primy: ol.Seco/dary.2, 2.%87 Be5,sédum cyanate, and

hydrochl ori ¢ acid as descri bed by J. March, "Advances in Oganic
Chemi stry: Reaction XN{CH)BLNAO{GMEHAnd Structure, 4th Ed., John WI ey,
N.Y., p. 903 (199R: 2.4, 3.0, 5.65, 6.25 62 [
err
HZN /—*—\
NN
N\

>::'0
H N

S 2
HNMR: 2.35, 3.2, 5.6, 6.05 ppm

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

10 substitution of their primary and secondary amines can
complex chlorine dioxide, when dissolved in a suitable
hydrophilic solvent. Addition of urea to the formamide
clearly improved the uptake and release efficiency.

EXAMPLE 7
15 Formation of Hydrophilic Materials:

Up to 50 wt.% of the tertiary amine 3-
dimethylaminopropanamide (DMAP) was added to hydrophilic
solvent containing 50 wht.% urea and 50 wt.% n-
methylacetamide (NMA) solvent at 50°C and guickly cooled

20 to room temperature. The solution remained single phase
indefinitely at room temperature. The same behavior was
noted for the addition of 20 wt.% DMAP to a solvent
containing 33 wt.% urea, 33 wt.% NMA and 33 wt.% sodium
acetate, a solvent containing 35 wt.% urea, 55 wt.% NMA

25 and 10 wt.% sodium methoxide, -and a solvent containing 70
wt.% urea and 30 wt.% sodium acetate.

Exposure of Hvdrophilic Materials to Chlorine Dioxide:

The above mixtures were exposed to a solution of
chlorine dioxide in pentane and were observed to rapidly



Each of these conpoun]s reacted with chlorine dioxide and | at er

rel eased it upon acidification in formm de, i ndi cating that tertlary
am ne conpoYf88/4#ih N-ami do 10 substitution of their prinmampg R/08387
secondary dm nes can conpl ex chl ori ne di oxi de, when di ssol ve

sui tabl e hydrophilic solvent. Addition of urea to the formam de
clearly inproved the uptake and rel ease efficiency.

EXAMPLE: 7 15 Formation of Hydrophilic N% erials: Up to 50 wt. %
of the tertiary am ne 3- di met hyl am nopr opanam de (DVAP) was added to
hydr ophilic ty t 5

nmet hyl acet am de ?ﬁﬁé§@so§§gn§i§?ﬂg)[§?§Wcﬁ%ﬁ%ﬁﬁ%?%f%§¥é%ﬁfg§fbvar¥OF$%On1
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10 wt . % sodi gm metdaxsdewt abdNHASDURE hizowtai adiged 33 wink% Yoxeab3mnd 30
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Di oxi de: Ve nrxfures were  exposed
chlorine d|OX|deDMhPpen3&nﬂtahduMQaésbbwbr%e@M&éﬂ@a@#cﬁ)ﬁﬁdlum methoxide

63 upt ake &9§@u5é§u£§% gachigsi-ne dioxide for every two am ne
groups before the reaction s % substantial | y. The final pH of the
hydrophilic materi al renalned on the basi c side. A slight cloudiness

was seen in the ﬁQL@&f%aémn%@aﬂ Qraby 0 NVAMANAR 41 115 exerehrdthe 33 Wt .
ur eal 33 w . %] % Eﬁ &so | n1acetate - DMAP m xture while the
10 Chlorine Dioxi sage:

Upon acidification by 0.1N HCl (pH<5), complete
release of chlorine dioxide from all three mixtures was

observed up to 30 minutes after formation of the chlorite
salt. The release of chlorine dioxide was estimated by
15 referring to the color of solutions containing known
amounts of chlorine dioxide. After this time different
behavior was observed. For example, after two hours, the
50 wt.% urea/s50 wt.% NMA - DMAP mixture released no
chlorine dioxide. The 33 wt.% urea/33 wt.% NMA/33 wt.%
20 sodium acetate completely released chlorine dioxide after
two hours at room temperature. However, only one third
of the chlorine dioxide was released after 24 hours at
50, with no chlorine dioxide being yielded after an
additional 24 hours at room temperature. 35 wt.% urea/55
25  wt.% WMA/10 wt.% sodium methoxide exhibited the greatest
chlorite salt stability in that complete release was
noted after threes days storage at 5°C. Complete release
was also noticed after 24 hours at room temperature. The
presence of a strong inorganic base greatly improves the
30 stability of the chlorite salt in urea based solvents.

Decomposition Testing of Hydrophilic Material:
A 20% DMAP - 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 DMAP decomposition



DVAP - 35 wt. % urea/55 wt. % NV 10 wt. % sodi um net hoxi de m Xt ur es

remai ned cl ear. Acidification of Hydrophilic, Materials to CGenerate
10 Chl ori e Bi/smtirde Cel ease: Upon aci dification

(pH<5), conplete rel ease of chlorine dioxide fromall t%%ggﬁégygg?es
was observed up to 30 mnutes after formation of the chlorite
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After this time different behavi or was observed. For exanple, after
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chlorite salt si:abedtdd hardddi MBI &ydeh AR W% seen NOIRSherf ter three
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) de
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However, no alkene acrylamide resonances were seen.

15 Thus, the 20% DMAP -~ 35 wt.% urea/5S wt.% NMA/10 wt.%
sodium methoxide system produced no toxic alkene
products.

Formation of Hydrophilic Materiasls Forming an o-Amino

Ether and Chlorite Salt in Situ Upon Exposure to Chlorine
20 Dioxide Gag and Acidification:

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

25 mixed and heated for 18 hours at 120°%C. RATkoxides were
first isolated as dry powders by reacting the reguired
amount of clean sodium metal with the alcohol and
isclating the product by washing with diethyl ether. All

mixing was carried out under dry nitrogen atmosphere.

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

The desired amount of alkoxide was then dissolved in
the urea/NMA solvent using minimal heating followed by

35 DMAP to form a clear wviscous liquid at room temperature.



S heating period. Acrylam de al kene resonances were expect ed between
6-4 ppmyet none were seen. Sone pol yneri zati on of the urea was :
reveal ed bywoas/sk4iead band under a sharp urea band at 6PTT{SHs/08B8®
NVP. obt ai ned after heating at 120[err]C for two hours, much above the
50[err]C 10 at which the DVAP was m xed into the urea based sol vent,
reveal ed extensive polynerization of the urea that was evi dent from
the increase in line width and the conplication in the urea resonance
between 8 and 6 ppm However, no al ggne acryl am de resonances were
seen. 15 Thus, the 20s DVAP - 35 wt % urea/55 w.% NVWI0 w. % sodi um

met hoxi de syst erReprigetiecisch 110 d Qﬁﬁtﬁ‘e:ﬁJéﬁe%s therpré%i:l&ia‘a to chlmﬁﬁ‘[éfﬁti on
of Hydronhilic er als For ﬁli{ﬁ;c{z] A no ibe her &,Chlorlte
Salt in Situ Up%/ﬁ’ it & % [\ R tication:
To avoi d vari abrésulycs mﬁ:hi}:mr idle cotiats Id:th:f&eomptake iambm:djestaajrqﬁ ng of
the solvent, 4 r dr;i«ed; 80[err]C,
18 hours, 0.1 %OE\M fﬂ%)ﬁkﬁpfvﬁo dnﬁ%&}i{ggée r i g .11% | ux and
distill ed) Sner énag:gzrx.aﬁ xanampaai tesntaxe froresentesuri élabll@oper r [Releameoxi des
wer e fir Stcﬂagﬁéééqsaeid%’ Béﬂ@%e'ii R rae%‘fetl'aj?cﬁxﬁé’%da@,@“xra%%

anount of clean sodiumnetal wth the al coho and i solating the
product by wasHi%FH iRGe distthyi?lettfe®ooq 1{1) - nixing was carried out
under dry nitrogen atnosphere. 30 Predryi ng of the urea/ NVA m xture
resulted in room tenperature stability of the imniumchlorite salts
for at | east one week at room tenperature. The desired
anount of al koxi de was then dissolved in t he urea/ NVA sol vent using

m ni mal heating foll owed by 35 DVAP to forma clear viscous |liquid at
roomtenperature. The hydrophilic material was then exposed
to chlorine di oxi de gas and acidified as described above. The




results of the chlorine dioxide uptake and rel ease of sever al
ur ea/ NMA/ DVAP/ sodi um al koxi de hydrophilic 5 material conposites are

presented igodablsez 1. Rel ease characteristics are based g gsdsRkayi ve

scal e rangi ng fromexcellent (9) to poor (1). [err]

The presence of an al koxi de pronotes |onggterm imniumchlorite
stability. However, the addition of nore than 0.5 nole chlorine

di oxi de per nole of am ne substantially decreased imniumchlorite
stability. S Excellent long termstability was found at room :
tenperature for the phases containing 23 % sodi um et hoxi de, 31% sodi um
i sopropoxi de or 30% sodiumt - butoxide, in that at |east 60% of the

chl ori ne di oxi de was released upon aC|d|f|cat|on of the phase after
three 10 weeks stpp+s s e we===§i nce no change in
the chlorine dioxide . $ g, ' gk, t hese phases

ek.

cid rel easi ng wax,

opyl ene ( APP) was
l9- An equi val ent
ﬁtearate was then
uijvallent s (based upon

$ Pentokijd®|per three equival ents
¥ind.  hyvdboxivl.df unctilo was.ishdW y added to thg nelt
irfi tthe ne%t an jaddgi tiffonal two h&urs at

EXAMPLE 8 15
hydr ocar bon wax (T][
first nelted at 70[
wei ght of gl ycerol
di ssolved in the
phosphor ous) of po
of glycerol C
to avoid cl unping.
8Jerr]C, one equ

i redi at e evo

Vol
ri

rh

YT prthdgi Pifcat e was added Fnd t he
et.ectied { Stfi rring was cont rnued
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TABLE 1

5
5
5
.75
5
5
5
5

Equiv.
0
0
0
0
¢
0
G
0
0

Alkoxide®*|Alkoxide % Amine®{Cl0,°
0
7

30-50
20
20
20
22
20
27
30
23

ture at that stage and not the final composite.

Methyl and t-butyl alkoxides are commercial products.
Percentages are based on material already present in the
These experiments were done without predrying of the urea
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for an additional four hours while slowy raising the tenperature to\i
100ferr] C and purging the m xture of ethanol with a 10cc/ minutes flow,
of nitrogefOd¥B4%eaction flask 30 was subsequent|y evacuRGIAISHE/083s §
100[err] Cto renopve any remai ni ng et hanol or tetraethoxysilicate,
filled wth nitrogen and cool ed. Softening of the wax-acid rel easing
agent (LPOCSI) started at about 60-70[err]C. The viscosity of t he wax
was 100 cP at 100[err]C 68 The
process for preparing LOPSI can be sumarized as foll ows. Wen

hydrol yzed, silicon dioxide and a. pHosphol i pi d are forned.

The presence of an alkoxide promotes long term

L o

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 isopropoxide or 30% sodium t-
butoxide, in that at least 60% of the chlorine dioxide
was released upon acidification of the phase after three

10 weeks storage in dry, dark conditions. 8ince no change
in the chlorine dioxide release was noted after one week,
these phages were considered indefinitely stable after
one week.

EXAMPLE 8

15 In order to make a hydrophobic acid releasing wax,
hydrocarbon wax (T, =60°C) or atactic polypropylene (APP)
was first melted at 70°C under nitrogen with stirring.
An equivalent weight of glycerol monostearate or glycerol
distearate was then dissolved in the molten wax oxr APP.

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

25 tetrasthylorthosilicate was added and the immediate
evelution of ethanol was detected. Stirring was continued
for an additional four hours while slowly raising the
temperature to 100°C and purging the mixture of ethanol
with a 10cc/minutes flow of nitrogen. The reaction flask

30 was subsequently evacuated at 100°C to remove any
remaining ethanol or tetraethoxysilicate, filled with
nitrogen and cooled. Softening of the wax-acid releasing
agent (LPOSI) started at about 60-70°C. The viscosity of
the wax was 100 cP at 100°C.



[err] 6 9 Chlorite

powder was prepared by first dissolving commercial sodiumchlorite in
dry met hanolyw y wei ght and filtering the resultant solution to
remove - sggiwﬁ%lﬁgar bonate inpurity. The chlorite sol uti onPRd&So%o838% hep
extruded into an anhydro spray drier in dry nitrogen at 100[err]C

t hrough a self siphoning extrusion head with co- axial fluid and
nitrogen flow After routing to a cyclgme separator to isolate snmall
sodiumchlorite particles of about 5 microns in dianeter, the powder

was 10 stored in a dmheapmosphgrégr prepaxinghba?8§odaunbeh$ummafi;mﬁwgﬁ
or m Xtures of sog%ggﬁgsi_zgg%ﬂrh_gﬁgg ek ag?égegﬁdaggﬁﬁagdéﬂg1§ulfate in

aratio of 1: 2 by we %ﬁ s fluidized rn the bottom of a
nitrogen filled cBhegrhedipidsareakprsmedeid rel easing 15 wax was then
directed into the fluidized bed through a, nozzle of 7 ml in dianeter
with a nitrogen back pressure of 30-B0 I bs/in2 to produce wax
particl es encapsul at ed wi t h chl pri i (i ndicated
as 1:1 pre and 2:1 pre_ bp Rl & E;;HThe freely flowi ng powders were
OH
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20 then stored in a dry atnosphere. 1In sone cases anhydrous sodi um

sul fate was postm xed with the chlorite-wax particles (i.e., 1.1 post
and 2:1 poswa 98/58413. 4) . FIG 4 shows the chlori ne miTouss8®s3s7

rel ease rate from 200ny of several powder conposites placed in a Petri
di sh 25 of approximately 62cc volune with a | eakage of 2X10[err]

nol es/set. Controlled rel ease over several days is acconpl i shed at
about 75[err]F and 40%relative humdity.

EXAMPLE 9 A hydrophobic acid reFeasing wax was made as 30

described in Exanple &lcﬂ"‘ﬁté d&@éi-&daé%?@é&ré@ygfr f@fst alsgalvmgdl ate
rel ease system was fornul

%@ i I ng a mat el y g¥
acid rel easing W%WW@F%Pa ¢b neP ?ﬁbt%yﬁ?o EYb%ﬁ #GEFerP] T[err])
onto both sides wiight andpfElespingapies boasyltdext sobpploni mat ekyoaed m |

70 077 onl or e et AR R RLER S G BB Vs i
rel easi ng | &yer. th&mnexﬂrwdﬂﬁ inteazt mphyger spray dripovuinsdny| nihirogerss
was then coated 5“% éﬂ%&ﬁ%ﬁfﬁ salfcgﬂéﬁéﬂiﬂg éﬁﬂfﬁs;aghﬁeéﬁt?ktﬁoégne

of controlled re eas rial was ori ne

di oxi de measuri RFEehsbraid Rad piwresen flowo. 18BtepnyowkiBdi hPeff aced
wWith a conputer é;ecimé separa;ﬂb@rwelQd:pastéleszﬁ@me@@ag&moehmaﬁlt@corded as

f t d a t {1 10
e P e res ShatholS, S5FTRSLL ofh SLARL e L page L2.
chl orine dipxi destedredpirera dry aachessdeRetri di sh t hrough two smal |

holes drilled into trﬁ%éé“%&ﬁ’ﬁ% éﬁ}5£§i?OP?$§§§rérdkfﬁaurggeﬂ?ugﬁgiﬁM and

tenperature in the roo neasure di sh
because the 15 GH%ertQhE#K@ﬁWw#QﬁcﬁnhYQﬁﬂ%ﬁe%@@h%me8u1§®§emhér% rakio

cover made contagt {hzide bﬁ%”y%eﬁgﬁ@rxﬁ%eﬂl@ﬂ@ﬁzé@%n the NBo€ESRATLE VRS
mede to insulate the et LS LEAMILS . A SHLSHNSE"9%ia rereasing
is wax was then directed into the fluidized bed through a
nozzle of 7 mil in diameter with a nitrogen back pressure
of 30-80 1lbs/in? to produce wax particles encapsulated
with chlorite and sulfate particles (indicated as 1:1 pre
and 2:1 pre in FIG. 4). The freely flowing powders were
20 then stored in a dry atmosphere. In some cases anhydrous
sodium sulfate was postmixed with the chlorite-wax
particles {i.e., 1:1 post and 2:1 post in FIG. 4).
FIG. 4 shows the chlorine dioxide release rate from
200mg of several powder composites placed in a Petri dish
25 of approximately 62cc volume with a leakage of 2X107°
moles/sec. Controlled release over several days is
accomplished at about 75°F and 40% relative humidity.

EXAMPLE 9
A hydrophobic acid releasing wax was made as
30 described in Example 8. The controlled release layer for
an immediate release system was formulated by melt
coating approximately 5 mil of acid releasing wax in a
low melting hydrocarbon wax (60°C=T,) onto both sides of a
piece of paperboard. Next, approximately a 5 mil thick
35 layer of 10% by weight, methanol recrystallized, sodium



In this configuration, the acid rel easing | ayer was 20 pl aced in direct

contact with the chlorite containing phase and i medi ate rel ease of

chl ori ne di oo sksaes observed as soon as the filmwas pl 9§,5|83?.;1e
Petri -di sh. The chl ori ne di oxi de gas concentration droppe roma
high of 13 ppmto 1 ppmat 5-6 days in an 25 exponential fashion as shown
in FIG 5 (note that detector error of 0.5-1.0 ppmresulted in |ess

t han zero concentration). However, surprisingly, the

concentration peaks that were superinposed7apon this exponenti al

behavi or, were correlated with the 30 tenperature and not the relative
humi dity as showeh¥prite i Gheé. low melting Mmeoamimtlspeciaced Craet diteum
gl obosum (CQ, cﬁsﬂo@igéé 185 LauUSy{AH) r.Qi:l) ' (AN) ,
were grown in m naécﬁzé oadedi,y%uté\#lut ri ent&f@}reere %&% %a%g.}n%tﬁg?&gie%f

paperboard as a rRF4ent milthiglewres was tiqpicentig ongsr thed chderife
accord wi th TAPPlogioddigly layer. The total volume of controlled rélease

method T 487 pm 85 entjt)ed "Fu s Resi stance of Paper and
Paper boar d. " 4 matar:s}i( W‘%uv%?'e tested for fungus resistance over

two weeks at room t enpesatehie:timal uhldxciaiee meddintiogr aphisersS (06Q0PPbIS ang
showed consi dera t by eks., 0 the tral | es,
S B, M SR ey o CARRRER 85 TRER

while no growh nthe .
ef fectiveness of ahllmringe dioxidlexiatwdantiat idmgashessorbdede asord§unat ion

evident fromthe ¢ D WREK St weeld beriod automatic_allg alongERAVRLE
10 In a del ayed re] ease system'one side of a piecé of

paper board wds coREEIGY Ruth CEIRELANEST nFatdy SenSOr §8FEr HREE PXPORLS
chlorite layer byanhHateiImdiral it de at@herthandanthoklbidcCPetri dish

o 1 SRl Y S, Mo BEG U el PR R EIE e
Petri dish. The humidity and temperature in the room
were close to that measured in the Petri dish because the

i5 Petri dishes were of the "breathable" type where the
cover made contact with the base at a serrated edge and
no effort was made to insulate the Petri dish from its
surroundings.

In this configuration, the acid releasing layer was

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

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

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

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

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



formam de. The chlorite | ayer was separated fromthe acid rel easing ﬁ

LPCSI wax q$ g@gﬂ#%S nil thickness by an unnodi fied wax | ayer of abodﬁ
5 ml thlck% e total 20 volume of controlled rel ease mAlBsIzRkaVaS
about 0.25 cc. A delay in chlorine dioxide rel ease was note whenh
the acid releasing | ayer was separated fromthe chlorite cont ai ni ng !
| ayer by an intervening wax layer. In this case, a peak in the
rel ease was noted after one day as 25 ggown in FIG 7. |ndividual

concentraticn peaks superi nposed on‘'t’he averaged behavi or were again

Fra g o il SRR A R R L anes 5 TEES, "

species teste e 30
grown in mner aind Raperbeagdnlitrient free agar slants usi ng

paperboard as a nut rSﬁE‘tsérﬂpP&§0&GQré"' é@sﬂ_é’tfpfor Fundik S NERd T B A0 bvile 487
pm 85. Si x sanpl es were tested for fungus re5|staqé$ over

two weeks at rdﬁ'fﬁt‘ﬁ&f&? ATrOPR BHPPEERFRTE TR FURIITRtRs EREIFRM G
in Table 2. 5F*“&éﬁﬁ&ﬁ&&&hgoﬁm@wéﬁOﬁﬁnﬁbﬁwedble growth after two weeks on

72 consid able owh after t S on. t sanpl es,
while nmost of t é%ﬁiwfﬁm%i%%8e$g+¥§sno gro@ﬂ%ﬁ%ﬁg%%Q AR In the
f ew cases mherec:crmd:daﬁ:ﬂ.akigraimase £ bhms he 'Ehent&bﬁcetdlvmmeaﬁ i¢horioy a

single nucleus 45,5 YBSs %%P?i‘ﬁ'zg est “v‘.’ﬁ%éé%!ld% hip$s NAF] Saise VesorR diad ge

clunp of nold spores where sone protective efftect was gener at ed

by the aggregat@watwarl ugeudy. TABLE 2

CG Ml d AT Mol d AN Mol d Control G owh G ow h

Gowth 10 Lawns' Gowh from No gr r.owt h single nold
i&pore Soak[ err] %‘?M% growth Gowh fromsingle

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

15 layer was a transparent blend containing 10 wt.% sodium
chlorite, 50 wt.% (NH,C{O)CH,CH,OCH,CH,),0 and 40 wt.%
formamide. The chlorite layer was separated from the
acid releasing LPOSI wax of about 5 mil thickness by an
unmodified wax layer of about 5 mil thickness. The total

20 volume of controlled release material was about 0.25 cc.

A delay in chlorine dioxide release was noted when
the acid releasing layer was separated from the chlorite
containing layer by an intervening wax layer. In this
case, a peak in the release was noted after one day as

25 ghown in FIG. 7. Individual conventration peaks
superimposed on the averaged behavior were again
correlated with the temperature and not with the humidity
as shown in FIG. 8.

The three mold species tested for in Example 9 were

30 grown in mineral loaded, but nutrient free agar slants
using paperboard as a nutrient in accord with TAPPI
standard method T 487 pm-85.

Six samples were tested for fungus resistance over
two waeks at room temperature in duplicate. The results

38 are presented in Table 2. Photographic comparisons showed



single nold nold spore (trial 1), spore

No growh (trial 2) 1 Agar covered with nold spores 2 Paper
soaked i n nwa 9&'513«128 EXAMPLE 11 P&'IUS98;'08387 The
por ous paper used throughout these exanples had one untreated side and
one side that appeared gl ossy. The chl ori ne di oxi de rel ease coati ngs
were applied to the untreated side gh the paper with the chlorine

di oxi de rel easi ng conposite sheets assenbled with the gl ossy side 20

out. ConsequentbisigBkibliBeggbRerYastée OfctheelpARM diad contrgiontact with
the neat. Sheets aggrOX| cut to facilitate

ely 3 ft, x 8 I n. r
handl i ng duri ng®fh& 3atVHgEe %Osbfﬁﬁeggg cﬁ?ﬁ??ﬁ%i#f%éiﬁﬁﬁﬁw WHYht was 5
mg/crnjerr]. showed bBOSkoathd rEhetlhé nflovwaasds wipntd atbid die qrawous 25
substrat e paper .i.,n ni Iy | ont ai ni r di sh
of stirred phosShoF’gg Sénfq gg?%lé&uélggﬁg%gmggfmg' é’?&étée]%%p%lreaﬁdr% %%
approxi mat ePy 198s[ gesprPnsibleul t Ipvariably cohingmalkeus vt 2 theergsaper

was all owed 10 e9QhpPBEOhold spores where some self protective effdct to
appl yi ng subsequent | ayers. Oncte the paper was coated, it was seal ed

in a dry atnospHBFe98BFrabpe Pyrthe aggyeyale Structure. The chlorite
contai ni ng paper was applied from 5 nethanol solution using a coater

operating at room t enper at ur e. Adﬁgﬁéf%'coating sol uti on was prepared
by first dissolving 25 granms of i nyl pyrrolidinone ( PVNP

1. 7x10[err] M i=0-500-dof —pethanol-fol Lowad by 18 —gerane—pab sodi um
chlorite (technical grade)eg Baad0 [ho@pgegous sol ut ixh ywisy used

i medi ately. gfmoitipte ToatTTgSeTr e Slomuo)y s 0 mhist r at e,
the coating [CongrelaiGxnwed t o _dry (BseWERN api@rowsdi ons.  The chlordite

cont ai ni ng, pa ﬁra‘*@ss t hen.aaalad. i n géyg%{ygﬁp%r %rfo%:h st or age.
i

single mold

spore

Scak? Growth from [No growth |[Growth from single
single mold mold spore (trial 1)},
spore No growth {trial 2)

! Agar covered with mold spores

? paper soaked in mold spores

EXAMPLE 11
15 The porous paper used throughout these examples had
one untreated side and one side that appeared glossy.
The chlorine dioxide release coatings were applied to the
untreated side of the paper with the chloxine dioxide
releasing composite sheets assembled with the glossy side
20 out.. Conseguently, 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
process. The original paper weight was 5 mg/cm®.
LPOSI acid releasing wax was applied to the porous
25 substrate paper in a nitrogen filled dry box containing a
large dish of stirred phosphorus pentoxide using a wax
coater operating at approximately 190 °F. If multiple
cecatings were used, the paper was allowed to cool prior



\

P!

15 | medi ately prior to use, the chlorite containing filmwas
conpression nolded at roomtenperature with the LPOSI cont ai ni ng fllm

to form a VWAPHEIAE di oxi de rel easi ng bilayer conposit PCIPUSSS®a3eS i
under 10,000 | bs/in[err] were sufficient to induce cold flow and 4
adhesion 20 of the wax to the chlorite containing film SaaneS\

of each individual sheet of coated substrafe bi | ayer were randomy setg
asi de during the pressing operation in order to quantify the chlorite %
and wax | oge 1viRRe e eneveds, Measdr edeapdpwei ghed, 25 !
then conpared with ta ,obt ai ned ron1uncoated aper wn_in Table }
3. Cal cul at i on§95Fe%he ith&Greledded g a dry égﬁﬁﬁPhﬁ§§e8u6ﬁagﬁﬁs§ﬁ6rous §
pent oxi de and t ls&orelomt.i on: [err] i ndicate a ratlo of i
ggprOX|nately 0. 149 Nﬁg(ggnglél\ﬁaéggiéigg Pagg n%ggCE h E&lezatlon \
NaCl O[err] & #meghanol sedution usmmgNaOc@peem]opergcicgeﬁt]rmaw) E

cloberr]/PVP (WhgRiice. COAyM%ar MURTLE Sbluclol®fas preparga py

coati ngs

3: 6 6 flrst dga§olv1ng 2% grams ofgpgly N- v1gyé5myrroélg1ncne 4
i . 02096(PVNP,51.7x105 MOW2L in 5862ml of metHancl folldwéd by 132

grams of sodium chlorite {(technical grade). The

10 homogenaous solution was used immediately. If multiple
coatings were desired on a single substrate, the coating
was allowed to dry between applications. The chlorite
containing paper was then sealed in dry atmosphere for
storage.

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

20 of the wax to the chlorite containing f£ilm.

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

25 then compared with data obtained from uncoated paper as

shown in Table 3. Calculations of the theoretical avid

cutput based on phosphorous pentoxide and the relation:

5 Clo, + 4 H - 4Clo, + 2 HO + ClI

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



The chl orine di oxide concentration rel eased fromthe films along with
hum dity and tenperature was nonitored 10 in a Petri dish under

at nospher i cWe&dR24520ns usi ng t he sensor system and gas bepkasusiat €
previ ousl y-descri bed in Exanple 9. Sanpl es were nonitored over
several days. FIG 9 shows a typical plot generated fromdata acquired .
froma sanpl e conposed of sheets with twoygoats of each 15 phase (2:2).
Sanpl es were nonitored at several different | oading | evels. Al
sanpl es showed an i medi ate maxi num  TABI#E &se of 10-20 ppm chl orine
dioxide within the first 2- 3 hours follomed by a very gradual
reduction in retegse over—thermext—severat-—days—irgtrer—togdt-rngs
served to 20| SaR¥®ase fHe naxi mubNeflfeal c8nasnt r at/i¥® and pf ELBAGLO,
the rel ease_j {C10;:Wax) | C10,/PVP | {mg/cm®EXAMPEELAGS (mg/cm?) 292Whnadecl
papers were ysed as separakﬁnﬁdgﬁfeen ground nedt pattiesi packed td
di fferent densttt-es—thatt2brmmilor-it-0adadidi-ttattyWit-Rm—hi-gh—i-0adthrgs—af
col ony ficki ng unit¢$ i CFU) of | B. 4ol i bFEterl a. Substantial 0.15
reducti ons i n-bactertat—@r-ovwtr-were~Ret-et—asS-SRewR—t Feattg-bd—i-fr
| oosel y packad q@ttl es, ‘Tfﬁie chloripa. Gl oxi dej 3 gas jHad accessﬂt@St he

PR . |

I nterior of the-patty—resuttrrg—tp-36 & re~conptate—krt—throtghout-
75 2:4 4 TABLE 4 2 5 Badieri al
Load % RedugtiormrTn Groundyiveat (CPUfpatty) E
bacteria  2:2 | posel y|facked 0.457X10[ efr] 4.7  >og9| @9%5

Densel y packed 5TORTT BT Ty "5 EXAVPLE 13

The chlorine dioxide concentration released from the

films along with humidity and temperature was monitored

10 in a Petri dish under atmospheric conditions using the
sensor system and gas leakage rate previously described
in Example 9. Samples were monitored over several days.
FIG. 9 shows a typical plot generated from data acguired
from a sample composed of sheets with two coats of each

15 phase (2:2). Samples were wonitored at several different
loading levels. All samples showed an immediate maximum
release of 10-20 ppm chlorine dioxide within the first 2-
3 hours followed by a very gradual reduction in release
over the next several days. Higher loadings served to

20 increase the maximum initial concentration and prolong
the release.

EXAMPLE 12
2:2 lecaded papers were used as separators between
ground meat patties packed to different densities that
25 were loaded initially with ‘high loadings of colony
forming units (CFU} of E. coli bacteria. Substantial
reductions in bacterial growth were noted as shown in
Table 4. In loosely packed patties, the chlorine dioxide
gas had access to the interior of the patty, resulting in
30 a more complete kill throughout.



Escherichia coli ATCC (Anerican Type Cul ture Col | ection) #26 was grown
in Tryptic Soy Broth (Difco 0370-17-3) to a |l og phase activity with an
opti cal density of 0.8 at 600nm containing one billion ég&@g¥ é

form ng uni YO B&f* M of culture. The concentration was P "Bd8usi ng
plate counts on three separate dilutions. Uni f orm di spersal of

the bacteria was assured in densel y packed neat by the follow ng

i nocul ati on met hod. Chili-ground S|?§nﬂ n purchased six hours before
use -and 15 stored at 8[err]C WE|gh|$g mg kil ograms was placed in a pan
and pressed down into an even sheet EEnG| es mere punched into the

meat with a gl as Q——ang Q SRS o V- AR S
pipetted into ea e the
bacteria evenly. d’:lfmmcﬂmeawvas { | east a
m nut e of e ¥t Uf &

i noculumwith a %Qﬁ%ﬂkxanﬁﬂk%ﬁmralldn7dﬂ010[er ] cfu>%6F9ﬁ% was added
to the neat, a qg@ centratlor one T LIon CTung yas T nt ffoduced
into the neat. Jgersely Pﬁnf“ it was - Pﬁ@ﬁ regr und to_gn%rne texfiure on a
bench- nount ed, hand- cr anked sausage grinder and for ned Into patties by
replacing the neat in the pan and cutting patties out wwth a piece of
tubing to formpositive control (i.e., added E. coli bacteria)

patties. Te 30 negative control @XAMELFhd.3added bacteria) ground sirloin
fromthe same sour Ceag 4eeu4ad LiiiShTel YRRericaniRypal 21RakRd grinder to

prevent its own contam nati on. 76
The patties we®lgeEsdrsd #RédHBR BaPENaAl EsHBriFedoyr Broth {D4acrye

controls teste@:sa’ta (i7a|3d €0 houbsg, pﬁﬁ&ét h¥€iviry %@8hrahscpediked at 0, 4,
24 and 60 hour o g % atties § R sed to.a chlorlne
Sri ok t

di oxide 5 oPtt%gBBWegéﬂFaﬁﬂﬁgﬁtPBﬁ) 10} COAORKY

60 hours. 10 formxn@hanpastpes mérefpba&edrbetm@ha ebnkentuatddnf wed
paper or the pgp ?fé?(f:,%&ah%%ixy Hﬂa 8 c%uﬁ@%%h”@h%%gﬁarate hghgagbag.film

(as described in
Unlform dlspersal of the bacteria was assured in

densely packed meat by the following incculation method.
Chili-ground sirloin purchased six hours before use .and

15 stored at 8°C weighing two kilograms was placed in a pan
and pressed down into an even sheet. Five holes were
punched into the meat with a glass rod, and 0.1 ml of the
bacterial culture was pipetted into each hole. The meat
was then kneaded to disperse the bacteria evenly. 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 vulture voncentration of 107 ofu 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 &
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 sirloin
from the same source was ground first in the
uncontaminated grinder to prevent its own contamination.



10 diameter plastic Petri dishes with covers. Two Petri di shes

contai ning duplicate sanples were then put in recl oseabl e pl astic bags
and stored for the required tine at 4[err]Cin a common refrigerator.
Two sanpl eWO@B52432aken from each patty, one fromthe 15  uPpEMSEENP8Le, T,
contacted either by the unnodified paper or by the test paper with the
chl orine di oxi de releasing film or fromthe mddle one third of the
patty, M Sanples were obtained with anggg ti pped forceps by either

pi nching across the surface to obtain a smal | scraping of the neat, or

Py digging downratoacie £ NROAL N AR IR AR Sl Sk dd N RXMAIAHRD o The
f or ceps were sterilized bet sanpl es by_di pping in isopropanol

and flamng. Dnegative Tepntross Feseehadter? tﬂrﬁ-:hk%d NPT e WRSHPPE t est 25
tubes were taregohOrdBs Or@dy SONSH [ i /€ 2l afid WU tichindl e.and tesaind roughly

one gram sanpl es added tp the tubes and the wei.ght s recorded, The
t ubes were thens%’gﬁgg%ﬂ hef shB@h-1e8 EWW%ﬁFt%% PG eat and

rel ease thesbacteledmsing film of GcHe npredettheisuparitatlantt Was 4l @dedrht o
Tryptic 30 So A,g&{, Difco 0369-17-6) in duplicate and spread with a

gl ass triangle 5% ¥ htabl e. The gl ass spreader was sterjlized

bet ween pl ati ngs wi tBhé spatbhemorexmdIdcaddetween Hidharnmunatidiiad al

content of the sagp) esy vape pagiféésé@ééé@%i)&’hié“&eﬁ e Blaa gl ter 24
» e@i "

hours 35 i nc er . ] .

77 URE hered Bg gtis Reserihef SiB HEHEwP e Mordft0 ™  appunt

of baCterif{)COf@P&hé{téﬁiléétgé Opesieh- 51 @1 Shas Writh covero sulwd amtiml growt h
4

noted over 60 hours at err]C. | nocul at ed, positive.cont . .showed

| arge ampunts of+SBES X té‘?Jr’L’rn%r%W}ll‘f%‘?ea??m?diiér‘)ﬁesw%ei ﬁ:}b%{r])f{u% ﬁlg? _

di ff erences betyeelosdebl ®ppbask 1d dohegs samp| ssordd fidie the ragwiod itddne
paper had an antji m gLobj ect, m nor . When t he
col ony counts o%& %I%rﬁr}l% |<§)r§<m%[é %é(%%%@édraltbgr' test sanpl es were conpared,
a 50- 100X kill was rbBredsimples wexdet KR ab%om Affthe RA:omPted 5 e

interior t£6t ypper surface, T, contacted either by the unmodified
paper or by the test paper with the chlorine dioxide
releasing film, or from the middle one third of the
patty, M. Samples were obtained with angle tipped
forceps by either pinching across the surface to obtain a

20 small scraping of the meat, or by digging down and

exposing the middle third thickness region. The forceps
were sterilized between samples by dipping in isopropanol

and flaming.
Ten ml sterile water blanks in screw capped test
25 tubes were tared to zero on a sensitive electronic scale,
and roughly one gram samples added to the tubes and the
weights recorded. The tubes were then capped and shaken
vigorously to disperse the meat and release the bacteria.
0.1 ml of the supernatant was plated onto Tryptic
30 Soy Agar (Difco 0369-17-6) in duplicate and spread with a
glass triangle on a turntable. The glass spreader was
sterilized between platings with isopropanol and flamed.
The viable bacterial content of the samples was
visualized by inverting the plates after 24 hours
35 incubation at 37°C.



sanpl e and the positive control sanples, except for the reduced
surface kill on the sanple contacted with the weakly releasing film"
As for the four hour exposed test is sanpl es, surface col on rowt h was .
50- 100X | es¥¥9 Mit4the interior test sample or the positi SO s .
The surpr|5|ng observation made on the 60 hour sanple was the
high-kill in both the interior and surface sections of t he exposed
sanpl es when conpared to the p05|t|ve control 20 sanpl es.

Because the positive_contr at es mere expected tqQ overl qaded, a
di rect conparison ngl %Ié%ﬁ gativ 6¥H5§§§ eéhﬁu%ﬁ%@a | t hough
a rough count amauﬁtﬁ\tﬁhlkﬂbmw@mﬂih@%@ ﬁﬂ@ﬁd}irﬂi reectiosdrorwith

col ony 25 co te t e
conpared to thteﬂgcor‘f’tﬁl%rsta%& aﬂ' éj r%}t % eé‘.agoath u(\zo':"’ur}ﬂtSA‘gAfcg)ugh
conpari son may Ineavadd dse posdt itvee mﬂfhrcrelmd -’:‘»hcwed Retdgeo @pauntfs qff e

(correctedd or waupying ‘i_lig:ldéft'horf)or they v e, f“h(g‘ﬁhat ioto

i noculum (RTI), which is | ntended to conpare the’v |ty of the
treated sanpl e differgnEeas darwaan o st aand: fidsden s amDp

cal cul ated for yhe:d@ iRUipapledt 2 OR R ASIEWidineffect Ccﬂzu mnt

The average RTI for the top sanples of the plates 35 for the patti es that
were exposed t & ®%rine di oxi de and tested for 60 hours was roughly
170, which woul d When the colony counts of chlorine dioxiRle exposed

r epr esent 17 I rea | Ya S0r e
interior % thgfg& %ﬁgﬁgsghgém% d%my%4§§ Eﬂﬁ:&ﬁﬁ{%%ﬂ&owﬁs:i?nﬂﬁ&%%gr

| ar ge reduct|OMﬁa ﬁuﬁﬁéce Sam@é@t@ﬁlﬂﬁmm&m@d|4%/ﬁh¥tﬂﬂ§aﬂﬂﬂnﬂtﬁﬁtthe patty
wer e seen. s25Rald RGd 'E%ep%bts'l%,%v*eh%n‘&?o@. eRpaed t%}fd’&ﬁ if dirxi de

and tested for 60 hours vyie nor mal | ooki ha er with no
unusual odors 5@@h§eﬁ0§@éface kill on the Sampf% ContaCtE%%N%E@ the

Loosel y packed«2akiy rehekiiitly, fanaundas Hlodd *he four hour exposed test
15 samples, surface colony growth was 50-100X less than the

interior test sample or the positive contrels. The

surprising observation made on the 60 hour sample was the

high kill in both the interior and surface sections of

the exposed samples when compared to the positive contreol
20 samples.

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

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

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

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

The average RTI for the top samples of the plates

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



10 patties with approximately 25 cnierr] top surface area were

formed by hand imedi ately after m xing and grinding in of E. col

ATCC #26 broth (10[err]-10[err] cfu/granm). The initial i nocul um was
grown up to P &4 1y | esser extent than t he i nocul um PSEdsoBBSAN| €
13. The | oose packing was 15 enpl oyed to help the penetration of

chl ori ne di oxi de t hrough interconnected air passages. The
patties then were placed between either7®:4 or 3:6 chlorine dioxide
rel easi ng papers as described in Exanpl e 11, and covered with a Petri
di sh cover th&ePKaseny a 3if 69dd dﬁcaeaselaaeabablbkastlchagaverhee
sanples were Rr1 foReRnS! ahedrabrdber Ehgsfgogaéﬁkga&és #bhghihsg, exposure

time the neat in contact wth t 16 r cterial
growth from either®% &8r PRE&Sor PHFEPF@r 84FpI eAuCtigR8nip) BPRd as

described in bxempbeal3viabigitpt ehi @heOterber bhetﬁatpate%pwesd b?eﬁhe ]
acteria gromﬂ

| ower chlgrin conce tion (2:4
from " Seit hebkdfior sbe BRARAR LoeRnHRES ARERSERaFBqcALoP RS Al8
conpared to thedrteskes dbrEdanpber&l3yithded a normeduloskingfirm the deep

penetrating béﬁ&bQQbeachgﬂ gg ggugugﬁlprgﬁerr?é#dﬁgyggn released in a

controll ed fashion early, the biocidal
action is nore effective for a porous nmeat structure. An
addi ti onal experinment using chi ckegypeas 3 4Nas al so perfornmed. A

filet of chicken breast was repeatedly, 35 I, pped in diluted E. col
ATCC #6 broth (10[@ppfa%5[gﬁpfgg 5" inch tglgﬁ groung 8irioin 79
cfu/m),1pl acedthetseettl: Apphbrimateliyozbdent al@nsntface ardd lwdeand then

cl osed inside Pet.ri. dish.t ce D eclo bl e, plastic
bag and place rmg& Fg hi gréﬁm?gﬁgtghya?ghﬁft?b%lggSQEQ érlﬁﬁgn%u}$ace of
the meat was @ﬁeﬁ Cslsmaﬁﬁﬁd#aﬁdbpbahedlOﬁﬁgétcanfgndmtat|Eheoinbacabrla

Kill. b e g a NSHH
EXAXPLE 15 AgRbBu DG QQE ékéhn ﬁemﬁ?o%?%éﬂ |ogY %é$%?€a3|né£$q?ﬁlsU|table

f or controlIeEh?eF§8§Elﬁﬁdu§?€cFﬂaﬁxﬁﬁPFGn1§wthThea cose Pac ing was
15 employed to help the penetration of chlorine dioxide

through interconnected air passages.
The patties then were placed between either 2:4 or
3:8 chlorine dioxide releasing papers as described in
Example 11, and covered with a Petri dish cover that was
20 enclosed in a recloseable plastic bag. The samples were
then stored at 4°C for 3.5 days. After this exposure
time the meat in contact with the 3:6 papers showead no
bacterial growth from either a surface or interior sample
when plated as described in Example 13. The interior of
25 the patty exposed to the lower chlorine dioxide
concentration {2:4) showed no bacterial growth from

either surface or middle samples when plated.
When compared to the results of Example 13, these
results confirm the deep penstrating biocidal action of
30 chlorine dioxide when released in a controlled fashion
over 2.5-3 days at 4°C. Clearly, the biocidal action is
more effective for a porous meat structure.
An additional experiment using chicken breasts was
also performed. A filet of chicken breast was repeatedly
35 dipped in undiluted E. coli ATCC #6 broth (10%-10°



10 container is described herein. The equation describing | tﬁéﬁﬁi
concentration of chlorine dioxide in a coating of t hi ckness, [err]

(ool Moty = covering the, ipside of &' per reablygphglner of

([err]<x<[err]+a), above the coating 15 I's shown below. Chlorine 2
di oxi de i s generated by neans of a conpletely pernmeable thin film of %
i nfinitesimal t hi ckness that lies onsiop of the coating at x=[err].

Egrr%f t he equatlgﬁ?m&?' nlachrg%gw'EPLE?F;HBQQERE 3 Eégsﬁgb%% E%g%n%POtS:%

D err] =Di f f usi onfddnst antl cheahkdvsrd dneiddea( Gakeir Pistckhat wasi placed |
0 : e . ; |

(Onfert)isecy 3™ 2 SeEheBepbtyl 8925092 83k, Gpa el sk & il rsgerarcy

of | eakage pore at 4°C for p=§[ deyp.(xZhe sCréeck ef=kthe meatywas Ltiwn

constant forg swaBBéE' bheNpehebRerphbat B8 dhexkde ikat \A%e&at:%ﬁ%a&dﬂq

and t he gas 8 0
Q =chl ori ne d|oxﬁﬁ@lﬁeﬁ€rQﬁpéﬁrééﬁs€§ﬁwtbr6ﬁﬁ notegoAfer) dBCHERELSB i1 m
(mole/cnferr]/secl[err]) =a, the total thickness of the gas

| ayer s =inverse of the t| mrelease rate of 5
chl orine dioxide fromthe controlled 3§?§&§§?§1 C(x,t) is
eval uated for a gi venDeetigof ofii &f ohilogine dxcaﬁd&am&igabéagagélmasaithble

phase parti i oni pg:20dnero11 (hTEATEI0R! 1BANBLARYual aEEHPE'Q?tﬂ&QXEde

rel ease rate i nversSe relaxa ease
1.0 cantalner is described herein. The equation descrl ing

the concentration of chlorine dioxide in a coating of
thickness, f, {(0<x<f) which is covering the inside of a
permeable container of total thickness ¢ + a, where 'a’
is the gas space thickness ({<x<f+a}, above the coating
15 is shown below. Chlorine dioxide is generated by means
of a completely permeable thin f£ilm of infinitesimal
thickness that lies on top of the coating at x={.

t
o Qo,2ecos (x) fePre *dr
20 Cf{x,t) = 3% 0
n=0 [£{h-k'e?)%+{f+k’')a,*+h]lcos(a,?)

where,
b=D%x,?, k’=4{/P, h=D%/ (1D

The texrms, «,, in the infinite series above are roots
25 of the equation:
atan{afl}=h-k’'a?
De=Diffusion constant of chlorine dioxide (cm®/sec)
in coating
D¥=Diffusion constant of chlorine dioxide (ecm?/sec)
30 in gas phase
l=Phenomenological length (cm} of leakage pore
P=Copge {%=1) /Cpys (X=1)} =Henry’s law constant for
partition of the chlorine dioxide between the coating and
the gas phase

e



10 .hpltb'tﬂfin.g'm-C([err]) vs [err] at t=s[err]. As an exanple, C([err],t) is

calculated for a Petri dish of 62 cnierr] cross-sectional area of 1cm
total thickness that includes 0.8cm gas space and 0.2cm Agar. Since
t he bi ol ogMa9%524}% i ntroduced at x=[err] and grow i n PEIUSISBL | s

I nportant to calculate this 15 concentration. This calculation is
necessitated by the strong partitioning of chlorine dioxide into the
liquid phase once it is generated bgothe controlled rel ease film
At the release rates generated by a test filmthe gas phase
concentrati on was sdEI{whkoxiﬂe;ﬁﬁ@xﬁde(gmnarahian|mmmﬂ@anMBiswmed by the
det ector. t e tion Q s, P, Derr],
Derr] fmfnetrrrc‘}l ea%seglcmr?gg &éf};/&;@/&%&ﬁ Since Agar is 90%

water it is assurred R (it Iﬁkm téé-’rﬂlbeth}éw‘é@qsﬁ > khe;gas layeznd D W
Cawl field, Kirk-Ohrer=iERasde o Q::ge 'EQ.% dﬁ%ﬁx&%um Edlkase r3fé 6¥993)

Dc=1. x 1Q [err err jsec and err]= are reported
in the an&hoofdﬁ %gﬂﬁné he QQE%TQé}e 5#ﬁef%7%}i
actuality D9 appearscdm, #ihe s evalﬁmi@d Sy d Fiven waet b(fnd\MfEhsioal nce for

the purposes he .l eaka X constant al uat ed by
[err] I nj ecc% |Sntgané:ss'rra eiak(i?fnt ' o&%afﬁ Eﬁ?ﬁthf"Q%l%P ri né

di oxi de i nto t & rRataiiomls oot rkg whlAgdmeaddoxide medsasenyathe

chl orine dIOXIQﬁ %QRF%H%ﬁfﬂéé”}éﬁéé%tlan tf%EPEbQ“z%& hbge sThg, Petri dish

enployed wll lea relati ecause o t hé serrgted edges of
t he 10  plotting Cle) vs o at t s Asggan examplest Cdf&dilsRASthat i s

(eg} f)g/edot 252851#18:&9%@59&%:6)&0*!@&% ﬁhsh raﬁcg&fsa.-h@ é@cﬁs@#@%@@i&@él o h.
= C ec en OUI‘C unctl Qn O
ooy e ts S Mo sorad, thishne ke, Wk dred udameo - Ben babn fprlk bog

mol es of chl or@n@mh &gade Smc&vauﬂeath:lie:logxcals are introduced at x=/
and grow in the Agar it is important to calculate this

15 concentration. Thig calculation is necessitated by the
strong partitioning of chlorine dioxide into the liguid
phase once it is generated by the controlled release
film. At the release rates generated by a test film the
gas phase concentration was so low (<C.1 ppm) it could

20 not be measured by the detector.

In order to complete the calculation Q, s, P, D7, D°
and 1 must be assigned or measured. Since Agar is 350%
water it is assumed that P=40 can be used [J.J. Kaczur
and D.W. Cawlfield, Kirk-Othmer Encycl. Chem. Tech. (4th

25 Ed.}), 5, 871 (19%3)]. D%1.5 x 10°° cm*/sec and D%®=0.12
m’/sec are reported in the Handbook of Them. and Phys.,
§2nd Ed., F47 (1%71). 1In actuality D? appears in the
model only in conjunction with 1 since for the purposes
of the calculation € is assumed to be uniform in f<x<f+a.

30 The leakage flux constant, D¥/1, is evaluated by
injecting a small quantity (about 10 ppm) of chlorine
dioxide into the Petri dish containing no Agar and
measuring the chlorine dioxide concentration as a
function of time. The Petri dish employed will leak

35 relatively rapidly because of the serrated edges of the



For the purposes of the calculation the controlled 10 rel ease fffﬁfe?vw'ﬁ
4
)

density 0.8 granfcnferr] and total vol une 0.315 cnferr] contalns 15

. % sodi u%&ggﬁr*zte of nol ecul ar wei ght 90.44 g nole or_ 3.35 h
10[err] nol € avail'abl e chlorine di oxi de (assumi ng conpﬂgp%”$@Q$$Von oﬁ
5 nmoles of ClO[err] to 4 noles chlorine dioxide) and shows a maxi num K
rel ease 15. rate at one day or s[err]=86,400 sec. This release maxi num i
is typical of an acid releasing filmse arated fromthe chlorite W
containing filmby an internedi ate wax yer Qis thus M

cal cul at ed as 7. err]..mlel/c r ec v, base %
area Petri ;%%gfgéf%l &alﬁbﬁggi f%{%: %@@u%g §§§%ﬁk§?ﬁi§%§§ﬁ? 0 4
| at er al dependmmmﬁsaany'ﬁwheblalagmualrgmsunﬂace of the dish. This is a 3
valid assunptlﬁﬁ/l>* Gsiggecm?ﬁgg t hough the controll ed rel ease patch

occupi es stal | er "area than the total cross- sectlonal area of the
di sh, both the gas Mhedm Adwr seiriogsifamatdoss off tiige fogm QUAGr e di oxi de

are |argesin GoMRYIERY tedhh® tt'd“?r.nflnlt%c%'l%xe()f the rel ease rate.
The concentratlon in the gel phase C([err] as a function of time is

t hen cal cul at for ran ea hown.in Fig. 10.
At fast |eakades6 btgFat‘eg‘?P (ffe‘??%ﬁlg c%’f%’?’r {‘?u’él?%l ease rate
maxi m zes at t=s[err] and e n1concentrat|on Is proportional to

Chan e nat; TR EL S RRAREL L WAL A I SNy | Oreater

than the half "t7nme I'S tant
nul tiplid@ tiwedease §d@mcefgdw@mamwoﬂ @59ramd@e1 apBueQbrla¥oiuee| eakage

rate decreaseg, %Q[sew<86&9£§ﬁélis wt . %t BEa IRy AHILEORECRE! AbLeBul Sy
generated only a

. 2 .
consi derabl y I‘”@r’r@@r“- 04 & TedEr &F A 3F=6 196 'F“é%&aﬁ%allab%c‘é}ﬁ%g?“ﬁ%e
Maxi mm concemikaiiden (assapaneachathlete r@SiRbal ibEalsl yoland of AR of

3. 36 10 | hl di axJ )
i str buted bePndenting orabtine diddal® sb Srolel & TeAiEa 5o AseER o
gas phases. rate at Boe tlay pur[aao‘s;@ 0f0 Gesteavat i show ledasse Imaximnh=0

conoent rati on s :3pAA0RS o5 a3t 311Xl th25iebalre de £rom the

concentrationin gel phase a , X= errh
10[ err] nol e/ EFLEFiLR coON§Rdaing ddllsubat én ﬁetemﬂlate wax layer.

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

(2.4 x

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

The concentration in the gel phase C{f,t) as a
function of time is then calculated for a range of
leakage rates, h as shown in Fig. 10. At fast leakage

30 rates (10%h<l0™* em?), the release rate maximizes at t=s"?
and the maximum concentration is proportional to h. In
essence the concentration at any time significantly
greater than the half time for leakage is simply some
constant factor multiplied times the source generation

35 rate. However as the leakage rate decreases 107'<h<10°%,
the maximum concentration is generated only at

e G



10 anount of chlorine dioxide in the Petri dish. [err] 3.27 X

10[err] nol e This value is very close to that expected for h=0.

For the | eakage rate neasured for the Petri dish in 15 which the -
bi ol ogi cal é‘f"g perinments are carried out, a nmaxi nuRCEERLREE887at | on
of 2.5 ppmis expected in the gel phase at x=t with a concentration of
0.06 ppmin the gas phase. About 0.23 ppmis required to kill nold

spor es. A slightly nore conplicated environment would be a 20

box of the sarrecanggaéwm?ﬂéﬂgef’eﬂmdl S@fbéﬁui’!é e 150, no 333

filed with absorbin rticles, acked with a vol une fraction,

[err]=0.5 cnferPfFB F%‘e “I’“’I‘\%l fup £ GRRGTFRalkRN 15 apBRART S uch a

conposi te nedi aabﬁmpbeeﬂcalwl eﬁlmﬁFhMotal OBaBIR :>Ar1d) "D.odlds avtllorikieans.

Soc. , Sgg 1387 ggg””‘?%é%??: 6928}’ off [ PRt of Ryl g[ngrF ‘8t a

gas fl owi ng5t hromghhack gelpphass amdicheud:s tmn rtéplczicmsbphase

Dlerr]=Clerr]/ (1t (2ot inl dOposes orfEbeiddend c?“ RERIRILE pid A
T ]

where Cerr] |s‘:@%‘é"’i’mﬁ%e4=°@fl$rm%r@¥c@%é atb Jvrthedy em™, tRg surface
ggd Cerr] II/S t@@n@éﬁt?@@ﬁ&?cﬂﬁcﬁ‘ﬂér@% : hdde at t 6.0 x 105 sec, :F:—-
nol e/ ¢ i,s_the egui val en ore s for
axially directe ‘ép‘JT‘I f%r i QQEWF‘ﬁﬂn i éiﬂel "‘3@“ ate pGPSSl P&ag and
i nt er nal smfacanos@ntcafechlaStr&i@rdic)xld@Z-{mrtrﬂd Aetri dish. For the

purposes of the calculation of surface 5 concentration of chlorine dioxide

wi thin the porous nmedia, the particles are considered to be szmal I
enough so t Bt 8¢ 66 2eW3 b0 tH (On 20m) JEREMT el 2i Dt ded T bRkl e t he
particles, thickness.ifgeguibibrated with the gas

This value is very close to that expected for h=0.
For the leakage rate measured for the Petri dish in
15 which the biclogical growth experiments are carried out,
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 ppm is required to kill mold spores.
A slightly more complicated environment would be a
20 box of the same dimension as the Petri dish but with its
gas space filed with absorbing particles packed with a
volume fracticn, €=0.5 cm?*/cm®. The diffusion of gas
through such a composite media has been studied [R.M.
Barrey and D.M. Grove, Trans. Faxr. Socc., 47, 826, B37
25 {1951); R. Ash and D.M. Grove, Trans. Far. Soc., 58, 1357
{1960} 1.
The diffusion constant D of a gas flowing through a
porous media must be replaced by:
D9,=D%/ {1+ (2K,/x}]
30 where K;= Surface Henry’'s law coefficient in the
relationship
C, ' =K,C?
where C,' is the number of moles of gas absorbed/cm?
of surface and ¢7 is the gas phase concentration in



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

In this case the surface Henry's | aw coefficient is rel bul k
coef f ici_‘@'ﬁtg,s’Dﬁlérr], by [err] At a porosity g¢?®§%§0a8% a
partition coefficient of 40 into the particles, the diffusion constant
for flow t hrough the absorbing poro§§ medi a woul d be reduced by a 20
factor of 0.0244. This substantial reduction of apparent gas phase

di ffusion PO”SM@&/B&DP%H[ nald yeiw%é *F%m rd UL Y U Betof
resulting in a p(ogortlgna increase_in, the concentration expected at
any tine. axiallyedaneohed preRédhenicandicbibsal FRYLH PRBERS 25

characteristicgofequtyed £an anbheghfabulkhearg (cm®Aat’) Makedeyhere tihe
filmis protecting g snagl 62 anerrL pa%ilc#e fllleﬁ boxfthat S
assumed to | eak at fRAE SARePUrPOpgEcChstRReCREET!2HH8R, Ch=8"5"%0 [ err]
cn}Frr] (asr?tbeﬁfgﬂﬂdatéonfsfgﬁgn?emnéoﬁigxiﬁpi@athinosbéypseamsd box). A
pallet 30 of well packe . unpacke xes,. m ght n

anal ogous casemeéﬁﬁCeE§8|Ba§ng§eEiFrgi§°ﬁﬁ§?§§?§e6g;?9 Sgglgnega%%gu?% of
1 ppm chl ori netdabxtHe toncantewmtibnubésghlorinangicxideeghravghogenehat e

at least this bion.| : , el easgitfA PRESEakegi ons of
t he box prefergggggggégat?g%hggsg?aﬁgd§9%§ggng#§%E§%$ﬁctioné%f,gromﬁng
mol d r equFPBEEBREFLOCR- 0. BopphheoPUAPPERSNPAUERES FRiculation, th

84 degstrugtion ghrthel1dr evhBenBERRNLANESObohBEnEphtediSisothe
conpl ete that StraLEiEmﬁth a natural immunity to chlorine di oxi de

cannot devel opPEXEARVENEBRERFE  t hese concentrations are bel ow t he
human ol factory det gat thils basel thiet sakfabeuteffyppniaw coefficient is

Practically, sipgg.g4cPo2rRBOLL1 R¥RI8FESC8ne, &, by
CP{l-€)/A=C,'=[(1-¢€) /AIK,CS
15 Ke=(1-€) K, /A
D8,=D?/ [1+{1-e/€) K]
At a porosity of 0.5 and a partition coefficient of
40 into the particles, the diffusion constant for flow
through the absorbing porous media would be reduced by a
20 factor of 0.0244. This substantial reduction of apparent
gas phase diffusion constant proportionally reduces the
leakage rate, h, resulting in a proportional increase in
the concentration expected at any time.
The amount, placement and controlled release
25 characteristics required for a biocidal film are
estimated where the film is protecting a small 62 cm’
particle filled box that is assumed to leak at the same
rate as the Petri dish, h=8.3 x 10° em* (a rather good
assumption for a typical loosely sealed box). A pallet
30 of well packed, folded (unpacked) boxes might be an
analogous case. Since mold spore kill is guaranteed at
an exposure of 1 ppm chlorine dioxide for a few minutes,
any strategy must generate at least this concentration in
a pulsed release in moist regions of the box preferably
35 after several days delay. Destruction of growing mold
requires only 0.1-0.5 ppm for a few minutes. The



requiréd, a filmthat released chlorine dioxide in a pul sed fashion

woul d be the ideal system O course, dependi ng on the storage

envi ronnent thls behaV|or woul d 10 assure that the initial nold spore

i nfection (¥PPHFHARI ng i nsi de and outside the box) andP&A{IS8§/BE8Yuent
I nfections (originating outside the box) were destroyed before any
grow h could occur. A continuous release of I ppmthus wast es about
98% of the available chlorite. The 15 @ggreparation of such a filmis

di scussed in Exanpl e 16. Figure 11 shows the rel ease

charact eri sti cslestpacttadn of tm@rgaawmhtmebhedismbeaﬁetmélumhlthsasmaxinun1

rel ease at 1‘1&%9 £33c% %9{'5 Wi)ltﬁ %V?xhkgpéf f&s%i% £ 0 18-

CMerr] film 1 % Wt |unlch orit por05|%y box
with a bulk Her@rlyp@qea\ﬁaé@@ﬁlf ideverrpof @Qn\‘/?xﬂlentlmrth%%ﬁu ng with h -
202.76 C”{err]concentratloﬁs”&ébnﬁﬁlﬁﬁnﬁﬁ@thﬁhéﬁnoﬂfaégaﬂyRﬂ@&ééti&@ChEd

after S, an | east ppm i s generated for 0.4 day<t<46
days. Appré&lngﬁé1 q%f ePP]P@W control | ed rel ease 25 material is

needed for this purrasetictllly, W&ﬁ@hkab&choatshor ekpSdubeid, the

controlled- rel ter| l..cO U|re he | d be
about 0. 056 cent%%%1 hus il %kg% EgﬁFégﬁlnﬁ l??t%+§x%$§ ﬂﬁé%la| could
be protec@@dsﬁ@'fﬁs®@@n wioui dt be abevedEaiteﬁspamane®ér@our530

EXAMPLE 16 gap endl-'r_x%e oﬁ’iUItﬁ@d s'&%g‘igﬁefgz@ﬁi@h}néﬁtest}?{s A dhA ¢ Pt Sgould

| ayered conposité can De cal cul ate det er m ne, whet her
the conposidte RSEMISr GPde thke ind§iipddmold SBO%E ol RERCE PR FSIRAL I o

particul ar applinedideodnd32utEiget ke beqyi aad a §@&H§é@&@maimmb@@ﬂwnge
can be ted fromthe
mobi | e i on cond@RE-PAPREATEN BkERde the Rox) w%f%r TStﬂﬂﬂgéﬂﬁ f %% RY B, or
C. In order tgroetdr wondd occusuchiacbnognpeuns odeléysk oof umpmn tmensport
across the wasEE%rEB@h%t%PLa&%rtﬁe'§v§9Q§39§r§H16£&9$f22@u£ate B

controlllng ste and“the diffusion cons I've nmobile ion
concent r aPon P@ﬁpﬁyéﬁé@énofoﬁu§hea film is discussed in Example 16.

Figure 11 shows the release characteristics expected

for a controlled release film with a maximum release at
10 days, 3.35 x 10" mole available chlorine dioxide (0.33
em® £ilm, 15% wt.%¥ sodium chlorite), placed in a 0.5

20 porosity box with a bulk Henry‘'s law coefficient of 40 vs
air leaking with h = 202.76 cm™.

A maximum concentration of 10.4 ppm is reached after

10 days and at least 1 ppm is generated for 0.4 day<t<4é
days. Approximately 0.31 cm® of controlled release

25 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 0.0%6 cents. Thus,
a box containing 1.1 liters of material could be
protected for 1 cent with the above listed parameters.

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



considered the sane in layers A, B and C. Chlorite ion S conérdgrEVE
to be relatively i mobile and the reaction of chlorite to chlorine %
di oxi de i sygashstered to occur 10 instantaneously once a &ﬁﬁ ion %
enters the hydrophi lic |ayer B. Hydr oni um i on ﬁ@g Ity in °
I nternmedi ate | ayer C can be estimated by using experinental data
reported by J.L. Crow ey et al. ﬁ Poly. Sc.. Poly. Phys. Ed., 14,
1769 15 (1976). Crowl ey et al. st udF&d the ionic nmobility in a

graft COpOlngﬁaﬁic%§&’gfgﬁ'éﬂ%F%%Qf&$yi£ﬁ“%éﬂgéﬁﬁra@léﬁmkn eacrp V! fonat ed
pol ystyrene ( function ype ter content and
tenperature. +ZPEFunkypothersiomi is Rand,sorvEr | 6Rs OFER¥elCalehgrpoRgEr

bound sul f onaggeR0s t%@l%érwde xymt{brhy@f&mpmtgaéd% tH¥ high
wat er coptents Hghase separation of clusters in a

hydr ophobi ¢ ndfFFx¢ 13tgelgvene ¥ pRterared o |}%ﬁ1 the *3Hbility and
mobi | e i o commmmm@ $i$e;§],lllé.z@d nugér daifiRision cdhesmtcaaditions (, =

Care T PERERHATE Ao RS i e B R dhieRngen I e hee

subst anti al | ye¢heidéred the dametXb)[kaydrziif erd a6t a1.V- sﬁrl,oﬂte &683)(10[ err]

rne)lp{)(r:f)ed' hes éogans%d?p%éf%z:lﬁ% 1t%r)ﬁé"tequ }tleoqa%}kpﬁ(i err vc\)ﬁmre K is

30 Bol tznarP§ ehherdie td ¢latimabioitide tiehpng q% 'oceur i gn
mobi |'i ty; @nd :Ehé;@aﬂ@r?écﬁm heiae. o kﬂﬁiz‘@ééﬂ”ﬁér@%nters it di ffusi on
constants are 1XM%&eni%%§n{err]/sec and 2. 58X10[ err] cnferr]/sec
for a dry andhﬁéﬁOEQ% r3- silver counterion | oaded film

respectively. 35 Hydroniihe v pdrmﬁi)m/tpfirsuniteaﬂmﬁcdwﬂravmlm dem very
s vl f%%ﬂﬁéﬁéﬁﬁréﬁiﬁ“ﬁ%féﬁﬁ%@{f%fP*yat@onrn&%rtrd X oL
clusters | ocaﬂﬁsr@ehﬁiatetsmﬂerulq-t FPhaundr i ePolizt hifnshe EA., MyddFsiRobi c
layer. g (Flz.t é}{@l:n Pf él—)iflif&?i YRd Ci'brff@tmé}ﬁ%ﬂ:'yf figsgd 5
acr oss boundary A (nD es/crferr I S represented by t.he
function Q @faft copolymer of ow dansmty polyethylene (79 wt.%) and
sulfonated polystyrene (21 wt.%) as a function of ion
type, water content and temperature. Sodium, potassium
and silver ions travel zlong polymer bound sulfonate
20 groups by exchange with hydronium cations. At high water
contents of 3-6 wt.% phase separation of ion clusters in
a hydrophobic matrix is likely. The reported silver ion
mobility and meobile ion concentration is quite high under
these conditions (g = 3.0X10°° cm®/StatV-sec, C = 3.3X107°
25 mol/cc). However, in "dry® films both the mobility and
mobile ion concentration decrease substantially (¢ =
1.4X10°* cm?*/StatV-sec, C = 8.3X107" mol/ee). 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, u is
ion mobility and ¢ is electron charge. The calculated
ion diffusion constants are 1.21X10°° cm?/sec and 2.58X10"°
cm®/sec for a dry and wet (6 wt.% water) silver counterion
loaded film, respectively.
35 The morphology eof such a copolymer would be very
similar to the two material system of the present

P



[' err ‘] 10 Br eakt hrough of hydronium ion into hydrophilic
| ayer Bwll occur at (Dt/1[err])=01 (t=10.4 mn, 1=5 ml or

1.27X10[ er and steady state diffusion is reached at ) =0. 45
(t=46.9 mW]OS‘gLS #1%i1). The first two terns in t he abo%cgg%fﬁlﬁ#ﬁ
dom nate after steady state is 15 reached. Thus under "wet" conditions

(6 WMt%water), Qt) =1derr] [(Dt/1l][err]) - 1/6] = 5.72xl0[err]

nmol e/ day-cnferr] at 5 ml thi cknesgg The hydroniumion in a 1 cnferr]
area film and 1.27X10[err] cmthickness (1.65X10[err]s nole hydronium
'ﬁ? : :m ti ahwz)mﬁdaﬁum BRagl B@@ﬁ m@m&é %éﬁ:ﬂl%@gt\ﬂ@dr@zéd't%dzg.on
chlorite | ayer

pol yet hyl ene cShPﬁﬁ?ﬁﬁtéacﬁ}%ﬁe oﬁ% E§é5uilta bo%ﬂ%& ~1pé'%ﬁﬁO[err]
nol e/ day- cni er hydatpbobit Lhyekness. Because of the nuch | ower nobile

compl etel y 26 o £ TS etPREs B rE RIS L Sp e RREY WEedd
| ayered coﬁposﬁ?@oﬁﬁob@ﬁnﬁgrYréﬁ1ém@hmsbné)dap témabbuis reprgaangggsbmf

chlorine di oxi gger eliga880828. be fornulated using the two | ayered
conposites of the present I nventi on. The chlorlne di oxi de

rel ease rate i rally, rapi, wheh ch n dIOXI el pase
initiated in Ségﬁzﬁg’r e (Dt /pl gont a7 fij ngzé'ﬁ) gee :ﬁE I Rﬁ’e t‘olfss‘t}ﬂuse
chl orine deconposition is a futttion of pH A n1n|num

concentration of hydroniumion is transferred before 35 <chlorite
deconposil®on into Bhéakthecdgbxdoflchpdoensumueon inte hydrophilic layer

87 to the huffestogyagti b pl2Lhe nyALOBNG! henl AYEE mig ogONtai ni ng

the chlorite s of viscosity on reactlon rate the rate
of hydration ok-2RELP7Fm r aBdi FEE2EY Pt dbecél ffies iR dfa rear hedyfdunt of

free water neceﬁﬁiﬁm Joora wafialaesiss nih,Chl-6r Ae) . ThedE@xbdecnbodeghsoin and

the changing nDbé gbove equation dominate after steady state is

15 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 em?® area f£ilm and
1.27X10°* cm thickness (1.65X10°° mole hydronium ion
initially) should be almost completely reacted in the

20 chlorite layer in 7 hours. In the "dry" film, which is
typical of polyethylene contaminated with ions, Q(t) =
DtC,/l = 6.83X10°° mole/day-cm® at 5 mil thickness.
Because of the much lower mobile ion concentration, 247
days are required for the hydronium ion to completely

25  diffuse into the hydrophilic layer B. Thus, a multiple
layered composite providing from about one day to about
247 days of chlorine dioxide release can be formulated
using the two layered composites of the present
invention.

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

35 chlorite decomposition into chlorine dioxide occurs due



concentration and di ffusi on constant supported by the A B and C f&
| ayers can affect hydroniumion transport. An anmount of water %
nmust be presen: i nternedi ate 10 | ayer C for transport ;
I on. Vﬁté?09§ém“p transported t hrough a hydrocarbon natrﬁggg%%@kﬁg% h
nmol ecul es, except at higher water activities where sone tendency to §
formclusters is noticed. The perneation rate of water through a 5 n1|§
thick high density 15 pol yet hyl ene f@d mof 1 cm face area woul d be 1
6. 89X10 | mol e/ day/cnferr]/5ml (90% RH, 38 &err]c as reported by %
Wessl i ng toetthy buffeajisg pstyo8cPLERge, hydroprdlicogayerThi s
perneation r%k%ﬂagngh@nt%kcgﬁgbylkgss t han that seen for pol yet hyl ene X
i ononers that typigcally contaln 3.35x10[err] 20 nol e/ cc IOQ% rgroups at a %
| B

M ni mum (4. 08x10[ &A% eEfect B VASFPEAEYr PP/ EERAFEFOPZERES  oF

EncyCLIPOLy Eﬁihyﬁﬁ&taon XL ghe4§5é@19§@%lreﬁuﬁp|ka&ﬁcegﬁhé ﬁﬂﬂiﬁaf i's
sui-t abl e for ayers A, an each o i ch_bas.the tial to
Shsorb 5551 TR BE EEeF YOURE BECEEoRAY oEoT abehRT At f0S5EehEBELRL

H[ err] 0/ H er di@xiide) poodtc2Xba] eanll theechangihgnfiebilébianl (6 wt %
vater). Ther eforen 3 hyA aﬁﬁdd§5k3¥?5§ &BHEgaﬁquh?goriﬁd BgoﬁﬁalAday to

saturate to 6% water from an
addltlonal d&yaﬁ@uﬁdlﬁﬁéﬁsbéaﬂeaﬁﬁﬁéﬁ bydroﬁéuﬁaﬂﬁﬁaﬁéaﬁﬁﬁorﬁternedlate

| ayer C. An amount of water mub¥XANELErddent in intelhed@iges to nake
a hydro stearate acid _rel easing wax on a

ghoblg Brop%l g col ng 8
| abor at &Py scAYET or, oé?ﬁ@ﬂ@tgP§c Y9rBROEFeaPEt e 2BB* g¥Swas nelted in
a dry, stepgepeded2thirbaghsehhelkocakrbonbfperikCassefggde35  heating

mantle. The [ n s
88 tenpgggkﬁﬁggun%kceﬁgducegg ﬁ%gsurgefo?cghyégl?% Y%ﬁ?e_somehours to
remove reS|d@andﬁupytQpefOIMhehubabbslng pbrined. Theepermgaeiovacuum

ceased, the seRbek yagekl vabedoand s mll”EPﬂEﬁ'Hﬁgh“Béﬂsﬂiy ni trogen gas.
5 Phosp horus EentOXI oaded int
15 pe lyethylene f£ilm of 1 cm faca area would be 6.89X10 ¢

mole/day/cm®/5mil (30% RH, 38 °C) as reported by Wessling
et al., Encycl.Poly.Sci.Eng., 17, 510 (1988). This
permeation rate is significantly less than that seen for
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polyethylene ionomers that typically contain 3.35x10
20 mole/cc ionic groups at a minimum (4.08x10 °%
mole/day/cm®/5 mil) [Zutty et al., Encycl.Poly.Sci.Tech.,
6, 425 (1967}]. The latter ionic content is suitable for
layers A, B and C, each of which has the potential to
absorb 3.3X10 ™ mole/cc x 10 moles of water (assuming 10
25 H,0/H,0° ion) or 4.2X10 “° mole water/cm®/5 mil (6 wt%
water). Therefore, 5 mil A and B layers would require
about 1 day to saturate to 6% water from an initially dry
state. At most, an additional day would then be reguired

to saturate the intermediate layer C.

30 EXAMPLE 17
In order to make a hydrophobic propylene glycol
monostearate acid releasing wax on a laboratory scale,
propylene glycol monostearate (200 g} was melted in a
dry, stoppered, 2-liter schlenk at 50-60°C using a
35 heating mantle. The melt was stirred at constant



powder addition funnel in a glove bag continuously purged wWith dry
nitrogen. The funnel was connected to the schl enk under flow ng
nitrogen, and the phosphorus pent oxi de was gradual ly added to the melt
usi ng a scMMP8IFI4I2 feeder over three or four hours as the nBFT/URRRO83ET [y ed
rapidly at 50-60[err] C under dry nitrogen. After the addition, the
nmelt was stirred under dry nitrogen gas for at | east four hours.
Tetraethyl orthosilicate (TECS, 39 m) g@s then 15 added sl owy over 40
m nut es using an addition funnel. Et hanol by- product was vented

t hrough a sept tempedainees | wider redsed qorestsuriee fiogp thfreechgoaddr on

f . Aft | 14, ' : fof
e ML B o SEB AL (ST, PSR e

under reduce urs while mnimzing 2

foaming and menfthi WRGRF avaepereraned s it Gcdderdovas flpghed Bofe et hanol
condetnsed ?n tﬁ@%ﬁ@@%&é’&#‘ﬂﬂﬁiﬂﬁﬁtroger{%@é.t: Ing prOItoyl enle_ gl ]ycolt

nonost earal e acl rel easl n Wax, S en owe Ol,1 dl a room
tenperatur® in P}P‘Pl%psfé?zg\‘/% Hﬁ'gt‘ﬁﬁﬁ &% 7ni93r H@@nioa%?% into %

EXAVPLE 18 powder ddddtied funmElkeirn shydoaehdbige conariyenslyl yeoiged

t t | | | | al \ I
ol yool -monost a8 T IHHIR. ) ik TR e ¥elrersd sPRBRN TR0

in a stai nl esssshbehk stnderd ek it yjageEiot @hd dhet PROFMIPIMNS er nal
cooling coils I [ t i QWG @E)
Olez%éwé v%s( 1%;%@{)1? NSRIdd RCLiHRS mit! @BingP

phosphor us pen ) was introduced gradual ;over t hree
to four 10 hbeedeni@VREJorTeR).OFr AT hREs é&dctihén &Ede e

four to six hogssi@ly 5 ex0]d2°¢ airndet iy arilthegdn .cakgedyr the221. 3 | bs)

-4 —d

was added to the.tank and all d to react .
89 for BRI N VERGUIR® Aid shyied §iye B Ero0=m §R8: £85  ate
aci d rel easi ngavakeaws Dokt dotwecs from t he bottom of the reactor and

al l'oved to SOlidifyTégriéEHQl ortﬁ5§g¥¥é§ég(%TEOS; 39 ml) was then

15 added slowly over 40 minutes using an addition funnel.
Ethanol by-product was vented through a septum and needle
inserted at the top of the addition funnel. After the
TEOS addition, remaining ethanol was pumped off under
reduced pressure for about 12 hours while minimizing

20 foaming and maintaining a temperature sufficient to
volatilize ethanol condensed on the schlenk walls. The
resulting propylene glycol monostearate acid releasing
wax was then allowed to solidify at room temperature in
the glove bag under dry nitrogen.

25 EXAMPLE 18
In order to make a hydrophobic propylene glycol

monostearate acid releasing wax on a commercial scale,
propylene glycol monostearate (1225.5 lbs.) was melted at
55°9C using oil heating in a stainless steel stirred tank

30 jacketed reactor with internal cooling coils and a reflux
condenser/receiver system. Powdered phosphorus pentoxide
(170.2 1bs.) was introduced gradually over three to four
hours with cooling. After the reaction proceeded for
four to six hours at 55°C, tetraethyl orthosilicate

35 (221.3 lbs) was added to the tank and allowed to react



5 EXAVPLE 19 A chlorine dioxide-rel easi R

powder was prepared on a laboratory scale. Sodiumchlorite flakes 1
(Wul can gg%cal s) were ground to a powder and vacuum ¢ fiﬁ 8/0838.
overnlght_ln a schlenk. Sodiumchlorite (10 g), sodium 10 ?[?e (775 :
g; less than 125 [err]mparticle size), the propyl ene gl ycol ‘
nonost earate aci d rel easi ng wax of Exanple 17 (130 g), and Petrowax
3040 microcrystalline wax (90 g) were each placed in a flask and

st opper ed inside a |arge glove bag with a Ross m xer under dry 15

ni trogen gas. £PKelRi kPuysbunierayvameared TheSpoepykeneaglycolcircui ating

bath. The 9|0M§nB§Qa§BQt€‘ébﬂQ Peméaﬁﬁag wax wQHr9§ﬂl&b£Qddf¥oﬁlE&Qgen The
Pet rowax was then ad The _sodium chlorite

was added to Ottaphefnﬁh?eﬁeﬁﬁxoﬁnﬁnﬁ1%EHOV%@ ?9@Sﬂ4h@%§¥ aRoB°gMof the 20

sodi um sul f at eemperadded,and m xed for two m nutes, and t hen t he
propyl ene glycol nonostearate acid rel easi ng wax was added and m xed
for two mi nutes. The renaining sodi um sul fate was added and m xed for
five m nudes. The . product waEXaMrr&Ect&d in an airti ght bag under

nitrogen 25 with ﬂeéhigéﬂﬁeg@oﬁg&é%g&&%ﬂﬁgg&mﬁ@f #29! 5PpREE41 &

was cryogenically groun
EXAVPLE 20 @& laborAﬁ@rMe$C@%eor|ﬁ@dHV@xcbbaxém%agiﬁﬁaﬁoﬁﬁé}cmﬁs

ggepare? on achaagéangsywéﬁalgroﬁﬁdl9§1§ hhekdée Ahakescdlm dfdedican
Chem cal o) uetecdtounld L & BOMEL, oNduguln oo Ll ed, Vel MR 2 | e
glycol 1c nosnifessate7ncyd lekeashag yox oh fxenpébe 1§i£480 ghe and
et OV 3005 BLBL R T PR30, B VL P ang Wi
a Ross ni xer EBrdepledr¥7nii2ogeh, gasd Haeravxkny040 mlcrOCIYStalllne
wax (90 g) were each placed in a flask and stoppered
inside a large glove bag with a Ross mixer under dry
15 nitrogen gas. The mixing bowl was heated to 53°C with &
circulating bath. The glove bag and mixing bowl were
purged with dry nitrogen. The Petrowax was then added to
the bowl and melted. The sodium chlorite was added to
the melted wax and mixed for two minutes. 400 g of the
20 sodium sulfate was added and mixed for two minutes, and
then the propylene glycol monostearate acid releasing wax
was added and mixed for two minutes. The remaining
sodium sulfate was added and mixed for five minutes. The
product was collected in an airtight bag under nitrogen
25  with desiccant and cooled overnight. The cooled material
was cryogenically ground to a powder and stored.

EXAMPLE 20
Ancther chlorine dioxide-releasing powder was

prepared on a laboratory scale. Sodium chlorite flakes
30 {Vulcan Chemicals} were ground to a powder and vacuum

dried overnight in a schlenk. Sodium chlorite (10 g},

calcium sulfate (775 g), the propylene glycol

monostearate acid releasing wax of Example 17 (130 g),

and Petrowax 3040 microcrystalline wax (30 g) were each



bowl was heated to 53[err]C wth a circulating bath. The gl ove bag and
m xi ng bowl were purged with dry nitrogen. 5 The Petrowax was then added
to the bow 5gﬁ5ted. The sodiumchlorite was added to the nelted
wax and mi xed T0f three minutes. Half of the cal ci um suPFHVERHR387Tadded
and m xed for three mnutes, and then the propyl ene gl ycol

nonost earate acid rel easi ng wax was added and m xed for 10 two m nutes.
The remai ning cal cium sul fate was addedgand m xed for five m nutes.
The product was collected in an airtight bag under nitrogen wth

desi ccant andptackddin a fhueknigit stdbppetod| bl id e | dray@sgrayadeadgcal |y

gr ound to.a.p and_st ored. 15 _. s s MPLE 21
A powder provﬁa?ﬁggggg%ﬁiWéﬁere?%§§£ %?Ycﬁ?Eﬁ?$ﬁP gast“(gﬁ%kyl %E%fépared
by nelting Pebewhawag8Oh@ated nhpcPideCysithl & neivewl{Qng)barha prlmetary

m xer. Sodiu C ri : ] W@fg% ), xed for
20 about tmgé%?Xﬁtgég éé§d§%%%§%|¥§?%?§%§€ %Ek%gg‘ggggd and * éﬁéd for
about two3ni ntiP8sPebrepgrenasgryen| added ngposterent a4 C9EF@Asi niP%ax of
Exanpl e 18 (138d@imVeRloritéh@fsagddessand fhaafelviqd ahottaddonikddit 5

Sodi um sulfate (385 wa, ured into fhe mx nd m xed,for 25
about 5 ninutﬁg?eeT%énBFgéuctgﬁgg e§|$%%t%ﬂiﬁﬁﬁ%r5€#§§ke w%ﬁnﬁﬁ%?%wﬁn%nd
cool ed at roomikedpoat theesveinighs, addethen toolmcbpwiane aplyasl
cryogenical ly e : r QFﬂi I

rel ease of ch?‘%ir:‘?%gg%%%??dg‘g%@e%egégse?%SII ‘?3%):9 %s&%@s&%c%%drrp | s‘%f?:dé C%?
varyi ng tenpetdpunénahes hunthet yemainiemdraloham ranblake Wt addrd awrd goF

and about 25-R0%g fofekdbéVRiIAUEEE! t YThe (Blodide WP SELdA@asmrates are
dependent on both tenperature and, rel ative, UQ§d|1g.

91 alrtight bag undepalpregen with desicoanhanpd ¢RUAYI ng

sust ai ned rel gasendEFhehl oTheecooled dhdxe fba Wasa 1 epesesh Dy 1) tamgurkiet r onax

3040 n1cggcéygégéé£ngngaétéggdg) in a planetary m xer. Sodi um

15 EXAMPLE 21
A powder providing sustained release of chlorine
dioxide was prepared by melting Petrowax 3040
microcrystalline wax (90 g) in a planetary mixer. Sodium
chlorite (10 g) was added to the melted wax and mixed for
20 about two minutes. Sodium sulfate (385 g) was added and
mixed for about two minutes. Propylene glycol
monostearate acid releasing wax of Example 18 (130 g} was
then added and mixed for about two minutes. Sodium
sulfate (385 g) was poured into the mixer and mixed for
25 about 5 minutes. The product was collected under dry
conditions and cooled at room temperature overnight. The
cooled material was cryogenically ground to a powder and
stored.
Controlled release of chlorine dioxide over several
30 days is accomplished at varying temperature and humidity
conditions ranging from about 70-80°F and about 25-50%
relative humidity. Chlorine dioxide release rates are
dependent on both temperature and relative humidity.



5 chlorite (40 g) was added to the nelted wax and m xed for about’ t§
m nutes. Sodium sulfate (155 g) was added and m xed for about two %
m nutes. Wipopwhane gl ycol nonost earate aci d rel easi NgpRXq gcfgxanpl @\
18 (560 g) was t hen added and m xed for about two m nutes. um 10 %
sulfate (155 g) was poured into the m xer and m xed for about 5 h
m nutes. The product was col |l ected under dry conditions and cool éd at °
room tenperature overnight. The ool ed material was cryogenically u
ground to a powder and stored. 15 Control |l ed rel ease of chlorlne‘
di oxi de over several days is FEPME skdd at about 80[err]F and 45% 5
relative hum i tpbwder providing sustalned releadpAMA ERDrine A b
powder provi dj talned relggf ar.bo Q d'oxﬁ%ﬁ was prepared by ;
nel ting Petrd%@ag%: %’é’t&ﬁ tﬁé‘ eTEeFa) %% planetary mixer.
Sodi um bnmaaﬁnmatﬂa(ﬂﬁr@) WS (aad:dgj tio tahg::l.rmiata:t‘w\ma.mxd mSeedum  for
about t m S f about
twog ropy:] X M‘?@ el Sdghor £@) RS ARG wax R WXRG o

two m nutes. aeaC| rel easi ng wax o
Exanpl e 18 (BBMR:ig)twggiinutashen Saddedn mmaeedlfs@r gdbms ef @ices.

SO UM oW (ORI I O BTt cagibo xed for

about 5 mnutes. The product, was ecte % % itions and
cool ed at rod‘?ﬁﬁ%ﬁFﬁ@rﬁQﬁ EGe MRigRs inth#azo chc%"{a@'@ ﬁ’atl@rl (3 was
cryogeni cal | y D Wil amom&d@rd Cﬁ&ii‘ aboud @edminutes. Sodium

S e, Ry e, SSpH s S Yor
9 2 m crhenrty St ahmut@swax mmpg):&wmta walsa retldey teidk emdeSo diym
bisulfite (Schﬁmﬁtl%%sV\'tan(@ A At VUM Vet tR5-e2d0Ini@he . The

cooled material was cryogenically ground to a powder and

stored.

15 Controlled release of chlorine dioxide over several
days is accomplished at about 80°F and 45% relative
humidity.

EXAMPLE 23
A powder providing sustained release of carbon

20 dioxide was prepared by melting Petrowax 3040
microcrystalline wax (80 g) in a planetary mixer. Sodium
bicarbonate (40 g) was added to the melted wax and mixed
for about two minutes. Sodium sulfate (155 g) was added
and mixed for about two minutes. Propylene glycol

25 monostearate acid releasing wax of Example 18 (560 g) was
then added and mixed for about two minutes. Sodium
sulfate (155 g) was poured into the mixer and mixed for
about 5 minutes. The product was collected under dry
conditions and cooled at room temperature overnight. The

30 cooled material was cryogenically ground to a powder and
stored.

EXAMPLE 24
A powder providing sustained release of sulfur
dioxide was prepared by melting Petrowax 3040



thé nélted wax and m xed for about two minutes. Sodium sul fate (300 g)
was added and m xed for about two 5 m nutes. Propyl ene gl ycol

nonost earate aci d rel easing wax of Exanple 18 (560 g) was then added
and nixed ¥PI8/S2412 53hout two ninutes. The product was col | FEHEEBIEE dry
conditions and cool ed at roomtenperature overnight. The cool ed

mat eri al was cryogenically ground to a powder and 10 st or ed.

Sul fur dioxide released from 1. 03 g ofg4 he powder was neasured by

pl aci ng the powder in a seven cm path | engt h Perkin-El mer gas call of

go!une1§6 C??fﬁdﬂﬁdﬁyétallidegkﬁﬁiF@glgésﬁﬁ|b ?gaﬁatagp_g@k@&.tosaaﬁa&tivefy
ring e relative hum di o 100%.  Sul fur. di oxide
concentratio fgé:teer{rﬁ%n?d i éai W dr é@-’- agscb’? p"f]r%‘ﬁmn) wag A9 Dy at a

time period fubld ewingd haxane mixed £opeebban. t¥beminsubss asedshown in

Table 5 belo ) BLE_5 Time (min)
COncentratioghefgtfeﬁrDgpﬁf was added and géxlé &Er aggut two

5. 05 5 minutes4q Propylene glycol monostearageqgcid releasing g5
7.88 wax of Hdample 18 (560 g) was then addBa%4ndSmixed for48 hours
1.01 E%ANPLE 25 rovi di ng

. A _powger
sust ai ned r ePEPRYE SFOCMiGUESE - Thegpyefyeti ¥apr epatedt-ay HggFanrX
car boxyl at e @bnaﬂw%§ﬁs[QFﬁlcooled b!d&e&mAébﬁ?éﬁhtﬁﬂshgaarsmghttanThﬁ
nonostearate jn.a .anetary mixer. . Qrite.apion I as
codium o ERPARE BRteRiRlotory THESRBLFRARE RFRUAS! b AoBaruER, M8
m nut es 10Sodisttmrswill.f ate is then added and m xed for about two m nutes.

The product is col d £f th 4
93 conditioﬁgggkgdggggggea%ggggﬁﬁgeﬁgg?a%0?% gv%rn?gﬁt?OWTﬁg

cool ed mat er WaPF MeasuyedeRyc BLE¢igEotRE POWEeBoWdeR BRYen cm path
length Perkin-Elmer gas cell of volume 26 cm® and

injecting a small amount of water to effectively bring
15 the relative humidity to 100%. Sulfur dioxide
concentration was determined via infrared absorption
spectroscopy at a time period following the water
injection. The results are shown in Table 5 below:

TABLE 5
20 Time {min Concentration (10° oom)
20 5.08
44 7.48
85 7.88
125 5.47
25 48 hours 1.01
EXAMPLE 25

A powder providing sustained release of chlorine
dioxide is prepared by melting a carboxylate of a poly a-
hydroxy alcohol such as sorbitan monostearate in a
30 planetary mixer. A chlorite anion source such as sodium
chlorite is added teo the melt and mixed for about two
minutes. Sodium sulfate is then added and mixed for
about two minutes. The product is collected under dry



st or ed. A precursor of such a powder was forned by neltlng 5

sorbitan nonostearate in a planetary mxer, adding sodium chlorite tj
the nelt ol g for about two m nutes. The nelt vwepcywishdosdf ter |
addition of sodiumchlorite, i ndi cating that chlorine dioxide was not\
generated in the melt. A color change fromwhite to yell ow was b
observed 10 as the nelt was heated, indicating generation of chlorine
dioxide in the melt. Cbservations are r&ported in Table 6 bel ow

. 94 . TABLE 6 No. ARA NaCl( er.f.

T t coné&p&ppgrppd cgp&e éFrFoom temperaturﬁlpffgpﬁﬁgt. Rﬁg
([err]Q[err] coolednypeerlial is cryogenically ground tol@ gowderl =0l

65 30 sto@% Yes (90.7% (9.3% 2 5. 1g
0.51¢g 60 8 SY Yes (90 . 8% (9.2%) 5 3

5 Oy 0.50 g A precurseg of sucBya powdmy was fpgmed bg%peltlnqg; 1%
2. @9 soQb%%aﬁ man@%tgﬁfaté in 8 pl@ﬁetaryNﬁlxer, adgifg @%&rﬁ@

?9- 6% g

(90. 8% ) g@lorgtq>t06§he melt and m1x1ng for a out twe minutesy)

W The melt was white after addi@ion ofB¥odium chlorita,Og

3'30 g3_o 82 ing;ggt&ng tggg chlorg%e dicx%ﬁe was(%%t %%%erat%%‘%%géhégqa
(10. 1% melt. A color change from white to yellow was observgd W

10 as the melt was heated, indicating generation of chlorine
dioxide in the melt. Observations are reported in Table
6 below:



[err] ARA=acid rel easing agent (i.e., sorbitan nonostearate)
[err] Tenperature at which nelt was heated
col or of ne%k) bserved
(Slight Yel ﬁ%ﬁéﬁ@ W (whi t e)
used during preparation Chl ori ne di oxi de was not re
from preparation nos. 5 and 7 until after thirty mnutes and
m nutes, respectively. Thus, sorbitan norsdstearate is a vi ab

rel easing acid for use in preparing powlers of the invention.

' Col or observed: BY (Bright Yellow);
[err]Whet her dry nitrogen REXRGSBHESS7 was

SY

| eased
ei ght 20
le acid

[err]Time period after which

EXAMPLE 26 A chlorine dioxide-T8BBEs6ng |iquid was prepared on 25
a laboratory sqale and used to roar 350y podium 1or 5
95 chi orilt 0. 2248 A/  spdi rbalfaE§ (2. 238 tFR+or® | Brdplrehe
gl ycol nonoste o S ng et 5-/1 S-L86~g)——ahd
Pet rowax 3040 m crpcrystalg i ) (0. 3324 ig) were nach;apl aced ¥4k a
test tube and {5 St Oppep s }nsidg asz arge glo e bag with a vortiex m xer
and stirring/h plat € unuer ﬁTtroge T Ine Elate Was| heated f o
about 55[err] Clwi th an 8 %Lh. h Bo @&g bur g&d wilt h X#S
nitrogen. The rovay WAS:- ¥ d.hy placing tpe.test.tiube in. the
oil bath. The 10 s3sodliugmg tg.%85g adde@lto t heggel tpd vex and njyed
t horoughly. Thel sodi uin sai masgagdgd and m xed [ hor oughlly, and
t hen the propyl dcor*nnnus garate acT g Tereasing max WS~ agaed
The test tube Was 4 red Oraﬁnged f 68m the & ove| bag¥ Thg mele 1#“
solidified upo FOOIJWG(QO (97f&)t st tubé containing the dolid vas
returned to tdhe qloyec g ang_hgated i got.hé oijgbath fog abdut <)
seconds to neltf the soligl, yn sggdssyerlegal soipl aced
30 W
50 BY
6 3.0 ¢g 0.30 g 62 4 8Y No
{30.8%) {5.2%)
10 7 3.0 g 0.34 g 65 5 W No
{69.9%) {10.1%)
8 W
10 sY
‘ARA=acid releasing agent (i.e., sorbitan monostearate)
*Pemperature at which melt was heated
*Time period after which color of melt was observed
‘Color observed: BY (Bright Yellow); SY (Slight Yellow);
15 W {White)
*Whether dry nitrogen atmosphere was used during
preparation
Chlorine dioxide was not released from preparation
nos., 5 and 7 until after thirty minutes and eight
20 minutes, respectively. Thus, sorbitan monostearate is a
viable acid releasing acid for use in preparing powders
of the invention.
EXAMPLE 26
A chlorine dioxide-releasing liquid was prepared on
25 a laboratory scale and used to coat seeds. Sodium



within the gl ove bag under nitrogen. The nmelt was spread 20 onto an
al um num pan heated to about 480C using a thernal pyroneter and %
surface puRP&ys2Ifie corn seeds were placed on the nelt mAgswRogssdl pped\*
inthe nelt to achleve a partial coating. Sustained rel ease of %
chl orine di oxi de was observed over several days. 25 Wi l e the %
I nvention is susceptible to various difications and alternatlve Torl 3}
s, specific enbodi nents thereof ha? been shown by may of exanple in L]
t he draw ngs haye n ey | houl d be . I
under st ood, hg%%9g?qetﬁét29$§ %sg?%gel m 't theggﬁ t":hl%nventlon to %

t he part|culaprppvﬁﬁaeseﬂysea mbupsoaarasa acldoﬁ@ﬂaﬁwlneh@amhméhtlon isto %

cover all nodighhg g&boﬁﬁ {1, 57§gqua|§HESP§EgO§5&?@ '&ﬁ%ﬂ%ﬂﬂf&%(?@fﬂ@ n E

the spirit sco nvention as Tine he appende
cl ai ns. wax (032 4WE3CEﬂFWleaCh piacegd é&nﬁo§ﬁ§§ e &% di ng

”1Cr0b|0|gglcéhappereﬁomhéﬁﬁéahlQEr@Q”@&b&énBag w1th a vorrthwdmapeebi c
mat eri al conta .an,ac di | uent .. and

T hydr ophi 11 c SR BFEAFLBEYRak P Ratanrare, ALY HiEToRn gakhl e TR RIARA ng
with hydroniuwasoheatadgeneahbatasgas withseheotiédbhtbm t RBegudoye bag

consi sting of sl bkodhoxifn: ey aludrggen subll decudioguanihenc! d

nit rogen di oxl ori ne nMonoxi ori ne,
10 hydrophi | Pelsad Rydpéprsnpgcthat el subei Ag 5apa@éﬁtbéﬁ@ The

SUbSta”ti§||YS5&§QmOEhm@§§Ee 88 Eﬁéé9p9b|tﬁe”ﬁbﬁhba|wax ak@l paxeapabl e of
generating and rel easi .S ofgbhe aC|d r el easi ng

af t hy
agent . Orﬁpﬁgﬁ¥05|?Eefﬁ?dFEWaFHP§3Eﬁ1H?ﬁb?gﬁﬁ i &
contaninationnnaﬁbughnpg and then thé bydpgmbﬁblglv&b&rmahae@ahaaneng an

acid r6|eaS|ng¢id 8 aging Gax was added. hy?EOpE s%c n%%e%&%l containing:

stoppexred, removed from the glove bag. The melt

15 solidified upon cooling.

The test tube containing the solid was returned to
the glove bag and heated in the oil bath for about 30
seconds to melt the solid. Corn seeds were also placed
within the glove bag under nitrogen. The melt was spread

20 onto an aluminum pan heated to about 48°C using a thermal
pyrometer and surface probe. The corn seeds were placed
on the melt and were dipped in the melt to achieve a
partial coating. Sustained release of chlorine dioxide
was observed over several days.

25 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
understood, however, that it is not intended to limit the

30 invention to the particular form disclosed, but on the
contrary, the intention is tb cover all modifications,
equivalents and alternatives falling within the spirit
and scope of the invention as defined by the appended
claims.



5 an am ne, an am de, an al cohol, or a conmpound cont ai ni ng

am no, am do or hydroxyl noieties, and anions that are capabl e of
reacting w ni um ions to generate a gas selected fromthe group
consi sting _‘H’B”%?‘{*gulfur di oxi de, hydrogen sul fide, _hydr_ocyaﬁ‘?’ﬁ’”ﬁ??(‘@?sglo

nitragen dioxide, nitric oxide, dichlorine nonoxide, and  chlorine;

t he hydrophilic and hydrophobic materials being ﬂmgw&g@@gg}]g capabl
d

substantially free of water, and the ydr ophi |l [k e
of generating and 15 rel easing the gas a? er hydrof ysi stof#the acl

rel easi ng age Nt AT 97 3. A
conposite for retarding m crobiol ogi cal . contam.,natiqQn gonpri sing:

a hydr ophobi ¢ rat er i%F%f%ﬁﬁ%%ﬁ Tt e R | é"él"squ‘?&mamg&(‘j@ﬁ't sel ected from

th? groupdporfﬁnﬁuqmiﬁammﬁsahm@gﬁiihgfuﬂdz a tria:kylsilyl_phothape
ester, a dialky 30 , sul f,oni.c ,ac a [ Lide, a
honopol yner of a m xaewérfo?pgg%lcc a{%%tcfr}m&‘lro?i&ealn;%gf %pﬁgggn%s‘???ﬁ%é%’ g a
phosphosi | i ci cagemlydardea @iluenphozphosil oxane, a carboxylate of a poly

a- hydr oxy al cohaql , jﬁgﬂgly r Orgay I ri i a
nononer co?ai nin %J’&ﬁob olnig? méaq{:ec}g%l r oa?ng%r%d?g e It?%é"\rl\gtg%i c acid
anhydride wit rﬁ%ﬁ%@%@ﬁ orting igleh hydepnrible Ul Cameneiatbed gas

i norgani c aci deT¥EEd Ofrom t160 NG Abikh NSords DNOSRN QU SsuURBitge tididiiaeqn bond;
and 15 a Q,ydr olghim.%%t %igl cont ai ni ng. ani Qns t hat,.are capabl e
of reacting witFIISIFONFHNT HThs BHTRMGDA® 3 Hhs PLEXRga% 585 H 8% m t he
group consi st imgtoic setide, dichlerine mdwyakinten and fahdeyrimedr adyeani ¢ aci d,
ni trogen dipxi s f L [ ' ' d ' Qrine, the
20 hyaropth | 115 SEeP R L dfonibia YT RNP el WS i
substanti al | y $ykstaitigtly fxdr of drophl/ i thagieirephilic materiadpabl e of
generating and,d gleasipbidePased i ing alty ¥l imPit e @aacizd i@l easi ng

agent. , . .
hydrolysis of the acid releasing agent.

2. A composite for retarding microbioclogical
contamination comprising:
a hydrophobic material containing an acid releasing
agent; and
a hydrophilic material containing:
an amine, an amide, an alcohel, or a compound

(443

containing amino, amido or hydroxyl moieties, and
anions that are capable of reacting with hydronium
ions to generate a gas selected from the group consisting
of sulfur dioxide, hydrogen sulfide, hydrocyanic acid,
10 nitrogen dioxide, nitric oxide, dichlorine monoxide, and
chlorine;
the hydrophilic and hydrophobic materials being
adjacent and substantially free of water, and the
hydrophilic material being capable of generating and
15 <releasing the gas after hydrolysis of the acid releasing
agent.



4- A nultilayered conposi

.6 for providing sustained rel ease of a gas 1
conpri si ng: a afiggﬁ@ aﬁﬁﬁf? mﬂ contai ning an acid rel easing i\
agent; and wdos/s2413 a hydi il |1k {glcont ai ni ng ani ons t BAtnRésss7 4
capabl e of-reacting with hydroniumidns*to generate a gas selecteJ from
t he group consisting of sul fur dioxide, hydr ogen sul fide, hydrocyanic
aci d, nitrogen di oxi de, nitric oxide, dichlorine nonoxide, and

chlorine, the 10 hydrophilic and hydrop%%bic | ayers bei ng adj acent and
substantially free wat er .. the. hydrophilic | ayer .bei ;
98 capabl e3r'of %n%???#fgt%r&%/eﬁ%gﬁ#’gng Hgi(%%bza??%?mal hydr ol ysi s of
the acid rel easinppegention compiisivgnul til ayered conposite for providing
sust ai ned rel ease .comri si:nNg: erd r ggﬁng'.i a
hydr ophobi ¢ phase co%nthgjidrf?:ﬁ%gﬁ‘% %ea%lg&r eclaézéts%fﬁlgnfagggar# aé,ac'ﬁiad a ycflrs(s)lﬁ{%gl i C
phase cont ai nidg@pnG amiesied Haomithe grate oInsLeing i PRespRrohe um i ons
to  genegyatfh:139as t&%@ﬁéﬁéﬂfﬁnﬁﬁ@sﬁié’é@ EPNSk St ngl #fxy1  sul fur
di oxi de, hydr%gﬁgg ul fide, Hydrocyanj ¢ acid, ,nltrgge fIOX de, nitric
oxi de, di chl or i RMULEGREC "ackdy & | FlelLamF 1RfH pqE}P ey &
hydr ophobi ¢ phasespdightey KF i ineiekd pieashtis sehdtantydtidge free of water;
and : [\St Ur.e ul at i | aver.dn_contact.wth surface of
t he | ayer, sué%m{%aq@%olils &y &r%ﬁ%%ﬁtjh’écw arﬁw%%cﬁeé, ?aegul ating |ayer
hydrol yzes t helasimhoslleasing a cagemtylaté mf iatpolel edsedxdxy he gas from
the multikLayer CO |8 £ [ r .ﬁﬁgﬂ9§it
provi di ngllti maq%lﬁh’}eld PR re y(1améesre % %1 g%%%ﬁ%r%é%l{% % “&a% east
one hydr ophobiMONHAN AREITHING arfletile bond el LRt FRntof & mixed 4t
| east one hydrig¥ddrtid auelq GRHR I WHIONS monomer containing a

double bond, and a mixed inorganic acid anhydride

containing a phosphorus-~oxygen-silicon bond; and

15 a hydrophilic material containing anions that are

capable of reacting with hydronium ions to generate a gas

selected from the group consisting of sulfur dioxide,

hydrogen sulfide, hydrocyanic acid, nitrogen dioxide,

nitric oxide, dichlorine monoxide, and chlorine, the

20  hydrophilic and hydrophobic materials being adjacent and

substantially free of water, the hydrophilic material

being capable of generating and releasing the gas after

hydrolysis of the acid releasing agent.

4. A multilayered composite for providing sustained
release of a gas comprising:
a hydrophobic layer containing an acid releasing
agent; and
5 a hydrophilic layer containing anions that are
capable of reacting with hydronium ions to generate a gas
selected from the group consisting of sulfur dioxide,
hydrogen sulfide, hydrocyanic acid, nitrogen dioxide,
nitric oxide, dichlorine monoxide, and chlorine, the
10  hydrophilic and hydrophobic layers being adjacent and
substantially free of water, the hydrophilic layer being

kY]
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that are capable of reacting-wth- hydronlun1|ons to generate a gas
sel ected fromthe group E sul fur dioxide, hydrogen sulfide,
v ocyan sacian AL B

Al 'nltrlc oxi de, di chl i de,
and 10 chlorine, and ?fgﬁuttulthree barrier Iayergﬁ#gﬁ%%ﬁ%ﬁ t he

di ffusion of water into the hydrophoblc | ayer or the di ffusion of
hydr oni um i ons produced by hydrol ysis of the acid rel easing agent into
t he hydrophilic layer, 15 t he aggangenent of the layers in the
conposite being defined by the formula C(ACB),C wherein Cis a barrier
99 | ayeapapliscof fedevphbbgcahdyeeledsing aly dyasptaftier | ayer, and
nis an inte Onkr 1 1 s e [ di spersion for retarding
n1crob|oIoglggﬁragpgggn?gn?ﬂ%t?%gﬁcgEleag}%%:ag&££ a hydr ophobi c
conti nuous phase containing an acid rel easing agent; and 5 a
hydrophilic dS$per§%P@@§®££§H Ak Sthies B oM thidvidingdstistapaede of
reacting with gédronl m ions eperate a gas selected fromthe group
consi sting of ®stffhr °Hi BxPBE, &&m Th§Hr®gen sul fide, hydrocyanic acid,

ni trogen di oxi de, a lay&fr¢mmpmds&nQCh Ghfdrrdprekinn phiacde, ammia&hhnglaa t he

10 hydroph d a b hase
bei ngysubgt :i%{:?%l #Eggéggggfgﬁgﬁgrgg?hge%#%%ghf é%ﬁg%:é%g&#;&e& p?ngse
bei ng capabl enbpngehbaht &ang aapabieeali ngacting hel gahyarariuy dgisy §ics of
the acid rel@@ﬁé?ﬂt@ggn%as selecfed frgﬁsﬂﬁéséfﬁhﬁ(Hcﬂéiéﬂﬁﬂéubf

m cr obi ol ogi Ca am nation co d ophoblc
di sper sed ph%%%féﬁn@é?ﬁiﬁﬁ'ahyéﬁ?ﬁen u}€+%%siWXF%&ﬁﬁﬁHLQHﬂﬁa%?
hydrophi | i ¢ gootbgenuaiphpde, caitaisi 69ia8] ofifichloridntmare:icknalnd of

react i ng ¢ fo, gt Q01 DL OBk Soni11 S°REA Mot S8 HRLAL Mg he oroup
10 interdispersed and substantially free of water; and
a meisture regulating layer in contact with a
surface of the layer, such that moisture permeating the
moisture regulating layer hydrolyzes the acid releasing
agent to initiate release of the gas from the multilayered

15 composite.

6. A multilayered composite for providing time pulsed
release of a gas comprising:
at least one hydrophobic layer containing an acid
releasing agent,

5 at least one hydrophilic layer containing anions
that are capable of reacting with hydronium ions to
generate a gas selected from the group consisting of
sulfur dioxide, hydrogen sulfide, hydrocyanic acid,
nitrogen dioxide, nitric oxide, dichlorine monoxide, and

10 chlorine, and
at least three barrier layers to contrxoel the
diffusion of water intc the hydrophobic layer or the
diffusion of hydronium ions produced by hydrolysis of the
acid releasing agent into the hydrophilic layer,
15 the arrangement of the layers in the composite being
defined by the formula C(ACB),C wherein C is a barrier
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esh drophlllc conti nuous phase being
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I ng agent. 9. The cong site or dispersion of anyone of
wherein the anions are bisulfite anions, cyanide anions,
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100 e conposi te’ or di spersioh of anéone clains 1-
wher ei n at Iéﬁ@tnab%u%n1ln9ﬁ§?E0f%¥g}n%D$€°@a%/ A ePr] is released
fromthe conposite for a period of at |east one week. 11. The
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claibns 1 or . +3-8 wherein the
diZRete %ﬁe?e?irélng @%?E%?%al?gﬁﬁg?he gr oup
oéoanamnndE;Qancam@nﬁs*ng an al cohol, a conmpound cont ai ni ng
i es, Q ound
5 on SRR DA G0 AT TR St e SErpOuT:
erelaasheg age@hwd@nﬁs sel ected fromthe group consisting of
acrylwm ﬁ[ﬁani ngé é’éc@rﬂk%e %&Mﬂﬂﬁj i dry renEde
ylacry ani

cop. olg yl am de and
NRTe CEPRBLSnef BeaGeing a‘ﬁi—% hy r%awa %%%%nﬁ%r%e‘é‘?ﬁ%a
fgagwép@&t@@rﬂ@mﬂ@e growpdecenpli sohny afi selfar copokider of

RS gy d0e2 FREBATNTAER,, RyPeRObuEg ghadly ot ) one
dnlandcacxedandé;ghbmrnne mnbeoridehokind chigrivtectikel fromthe
Sﬁ&&?aﬁﬂif?éhéﬁgﬁersed phase and the hydrophobic continuous
phase being substantially free of watexr, the hydrophilic
dispersed phase being capable of generating and releasing

the gas after hydrolysis of the acid releasing agent.

8. A dispersion for retarding microbiological

contamination comprising:

a hydrophobic dispersed phase containing an acid
releasing agent; and

a hydrophilic continuous phase containing anions
that are capable of reacting with hydronium ions to
generate a gas selected from the group consisting of
sulfur dioxide, hydrogen sulfide, hydrocyanic acid,
nitrogen dioxide, nitric oxige, dichlorine monoxide, and
chlorine, the hydrophilic continuous phase and the
hydrophobic dispersed phase being substantially free of
water, the hydrophilic continuous phase being capable of
generating and releasing the gas after hydrolysis of the
acid releasing agent. .

8. The composite or dispersion of anyone of claims 1-8
wherein the anions are bisulfite anions, cyanide anions,
nitrite anions, hypochlorite anions, or hydrosulfide
anions.

i chlorine, the hydrophilic )
EH HH@I l di spersed phase becCmgsss/os3s? %



et hanol , met hoxyet hanol or ethoxyethanol; and the amine is
fromthe group consisti @
tertiary anf'?s/mﬁzj ng pgmﬁ t”%”u

am ne having nhon-
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wherein the

tri et hanol am ne, a copol ymer of 1, 3-d#8&%i nopr opane and
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sol vent . 13. The conposite or dispersion of claim1ll
anmine i s selected from nonoet hanol am ne, di et hanol am ne,
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mula [err] solubilized [err]

11. The composite or dispersion of anyone of claims 1 or

3-8 wherein the hydrophilic material, phase or layer is
selected from the group consisting of an amide, an amine,
an alcohol, a compound containing amino moieties, a
compound containing amido moieties, and a compound
containing hydroxyl moieties.

12. The composite or dispersion of claim 11 wherein the
amide is selected from the group consisting of formamide,
acrylamide-isopropylacrylamide, a copolymer of formamide
and acrylamide-isopropylacrylamide, a copolymer of
acrylamide and a primary amine, a copolymer of acrylamide
and a secondary amine, a copelymer of isopropylacrylamide
and a primary amine, a copolymer of isopropylacrylamide
and a secondary amine, a copolymer of N,N-methylene
bisacrylamide and a primary amine, and a copolymer of N,N-

methylene bisacrylamide and a secondary amine; the alcohol

is selected from the group consisting of methanol,

ethanol, methoxyethanol or ethoxyethanol; and the amine is

selected from the group consisting of a primary amine, a
secondary amine, a tertiary amine having pendant hydrogen
bonding groups, and a tertiary amine having non-hydrogen
bonding pendant groups dissolved in a hydrophilic solvent.

13. The composite or dispersion of c¢laim 11 wherein the
amine is selected from moncethanolamine, diethanolamine,
triethanolamine, a capolymer-af 1,3-diaminopropane and
N,N-methylene bisacrylamide, a copolymer of 1,2~
diaminoethane and N,N-methylene bisacrylamide, 4-
dimethylaminopyridine, tetramethylene ethylene diamine,
N,N-dimethylamino cyclohexane, 1-(N-dipropylamino)-2-

sel ected

5 bondi ng groups, apch{@S;r]ﬁ%géj?ary

NN- et hyl ene

am ne



[err]

10 mherein R subStrtuents are, independently, -[err]

1

[
err 5 or pyridyl; Rerr] al kyI RP
i's stralghtwg err] ﬁg Wﬁ%ﬂu 15
cycl oal kyl - B%%ir]g'gl[ m dallyui 1 3; xis 0, 1 PCT&’S9§/°33§7| s
or 2; and z |s 1-6. 15 The conp05|te or dispersion of anyone of
clains 1-8 wherein the acid rel easihg agent i s sel ected fromthe
group consisting of a carboxylic aci d, ester, anhydrlde an acyl
hal i de,

ester,

sul foni c aci dethhneide, a phosphosiI|C|c anhydride, a

14. The composite or dispersion of claim 11 wherein the

amine has the formula R, NH.; R,R,NCH,CH,C{O}NH,; solubilized

N {CH,CH,OH) , ,H,, R,N(NCH,CH,C(O)NH,},, (CH,),N(CH,) N(CH,},,
R,R N (CH,) NHC (O)NH,, N (CH,CH,NHC(O)NH,),,
Q

H
[nq--CHZ--CHZ—-C«-NH CH,
2
Q Q
H H / \
Mbee ( CH ) (NHmm—e CHCH, Come NHCH, NHC CH, CHy, HN NH
. n-

HaN—(CHp) yomN N CHp) 3 NH,

0
il
«{-m,_cn{cww-—-c CH,) N € CH3)2}—>-
m

: QT

mN
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HaN

10 wherein: R substituents are, independently, - (CH,CH,O)H,
“C(CH;}:(CH:),OH, - (CHZ)ZNH(CHZCHEO} :H; "CH{CH;);“

o ) &
e CCH ) yome N ~=( CHp) g N NH
, -/ , alkyl, cycloalkyl,

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

Lot Bt L b



carboxylate of a poly a- hydroxy alcohol a phosphosilicate, or a
phosphbsi | oxane. i B3 e g di spersion of claim15 wherein
t he anhy dwode/se4; an oré,w i egEhyigdii de, a m xed organic aci d
anhydride, a hommopol ymer of+ an orgahlé acid anhydri de, artOoBEAgigyEr
of a mxed inorganic acid S anhydride, a copolyner of a m xed inorganic
aci d anhydri de with a nononmer containing a double bond, a copol yner of
an organic acid anhydride with a monoA€E cont ai ni ng a doubl e bond,
an anhydrlde | ende th or grafted to paol ypr opyl ene, pol yet hyl ene or
pol ystyrene,*3a ph¥s ﬁg{%ﬂoﬁ”é RZP} erfticks v%TW%r g P-&f tzeé?rtg ipél yBr Bpytene,
pol yethyl ene or pel gstyresel Grnt xesthd noroani-g .acid . anhydri de
cont ai ni ng a phosphorus-oxygen-silicon bond, a copol ymer of maleic
anhydri de, nethacrylic anhyrdri de, acetic anhydride, propionic
anhydri de, or suctbni cCTHS eoviplyiitde orarid sperglionsbyir engone ah alkime.1-8
17. The conposit S S .0 the
hydr ophobi c nate??gfag%hggé %?ﬂ?§§%§§%9 gégﬁn 1%55£%§F53%tf¥@ﬁec%ed from
the group consi sE¥REPofONsisting rotry stanhand igarcigar anf BALAEX, @8Bynt heti c

wax, and a 5 poéﬁﬁ?ﬂrlde, an acyl halide, phosphoric ac1d a ph83phate 18.
The conposite of claim4 wherein a surface of the Sla E 5IC | ayer

and a surfacésofe?ﬁ%rhyﬂrﬁﬁh%%ﬁﬁ § bk Phosmnﬁﬁﬁ EFte&nt dc -t he

hygroly3|s and gphoﬁﬁh&ﬁéﬁ oeTdnic acil el Qfordl aﬁlahas&attaaes i's
made

conposite Im4 further .inclu
I nternedi ate Iay%? g%?h%eﬁcfaep$%ﬁﬁ%) |I§<?qa§ﬁ59 éh&cfﬁeangygrﬁQEroﬁhoblc
| ayer to control carbbuplave obf vatmoly m-citdieoxy alchhdiophobi c | ayer or the

ﬂ'yfﬂ g;lhlolnl gflgydé%‘éﬂﬁééfﬁcate, & UYGREIHATILREARY dr ol ySis into the

16. The composite or dispersion of claim 15 wherein the
anhydride is an organic acid anhydride, a mixed organic
acid anhydride, a homopolymer of an organic acid
anhydride, a homopolymer of a mixed inorganic acid

5 anhydride, a copolymer of a mixed inorganic acid anhydride
with a monomer containing a double bond, a copolymer of an
organic acid anhydride with a monomer containing a double
bond, an anhydride blended with or grafted to
polypropylene, polyethylene or polystyrene, a phosphate

10 ester blended with or grafted to pelypropylene,
polyethylene or polystyrene, a mixed inorganic acid
anhydride containing a phosphorus-oxygen-silicon bond, a
copolymer of maleic anhydride, methacrylic ashydride,
acetic anhydride, propionic anhydride, or succinic

15 anhydride, and vinyl, styrene or an alkene.

17. The composite or dispersion of anyone of claims 1-8
wherein the hydrophobic material, phase or layer includes
a diluent selected from the group consisting of
microcrystalline wax, paraffin wax, synthetic wax, and a
5 polymer.



S so as to control the rate of gas rel-ease. 20. The conposite of .

claim19 further |nclud|n fure regulating layer in contact with
a surface @b dghgsiz lI:! “ \%ﬁ//é] to control the ratepgtnpi/gbay e
i ngress - into the * ar 21. The conposite of claim
19 further including a flrst nmoi sture regulating layer in contact with
a surface of the hydr ophobi c IaygfO and a second noi sture regul ating
| ayer in contact with a surface % he hydrophlllc | ayer to 5 control

th t f t t Th
corGrp{)gl teeoof nggsogfeﬁof g&éﬁé‘ % v%ﬁr%%/ﬂi 3@&&%;&1 h g o%aeql C hase or ©

| ayer furt hehY@@ﬁBhi‘»%é@ éﬁyam ged ansurfacer pg, tiye ymzrcpph@km olﬁxmrl e,

ethyl ene gl ygek, 18" céftact aaﬁ@h@zhe ﬁp&@yﬁéwh&mcgwa@@l@asé Ay ur t her
conprises 5 nlcrocrzstalflne wax Eara | n wax, synthetic wax, or a

pol yner: and®fh8¥acPRtREFeaEi Hee a¢e8| 1MJ89E-  carboxylic acid, an

ester, an anhydrlde an acyl halide, phosphoric acid, a phosphate

e ALY Y ol RIS e it Mg A Sl onic

phosph05|I|CLntenM§dLaﬂe layenrhetwéen etlé bydodyhilic laysairand tHecohol, a
phOSphOS'l'Cﬁ§$ﬁcﬁﬁoﬂlgh9§ggpsﬁ$O%@ﬁ@%el Gyffusion o of yater 1nto

104 osl of cl erei té}nedlate
| ayer or thehﬁ%mpb@m@ybaxern@ép@wecm@usmn @%dwd%@:*élr%m%at ed or

phosphor yl atﬁﬂo@ut@@aﬂ‘@xﬂeﬂ@é hydroPedyal efe fiod VARNIEH: 1 e |14,
substi tuted gongydro aIcohoI%% ?ﬁ phat e o hosph05|llcate or a

m xture of I?%lﬁzgﬁﬁg%lﬁ%?eﬂa yﬂ?%xﬁw %%DI phosphat e or

phosphosillcate wi th an al kene pol ynmer or oligoner; the
20. The composite of claim 19 further including a
moisture regulating layer in contact with a surface of the
hydrophobic layer to control the rate of moisture ingress
into the hydrophobic layer.

21. The composite of claim 1% further including a first
moisture regulating layer in contact with a surface of the
hydrophobic layer and a second moisture regulating layer
in contact with a surface of the hydrophilic layer to

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

22. The composite of anyone of claims 4-6 wherein the
hydrophilic phase or layer further comprises an amide, an
amine, glycerin, acetonitrile, ethylene glycol, or an
alcohol; the hydrophobic phase or layer further comprises

5 microcrystalline wax, paraffin wax, synthetic wax, or a
polymer; and the acid releasing agent includes a
carboxylic acid, an ester, an anhydride, an acyl halide,
phosphoric acid, a phosphate ester, a trialkylsilyl
phosphate ester, a dialkyl phosphate, sulfonic acid, a

10 sulfonic acid ester, a sulfonic acid chloride, a
phosphosilicic anhydride, a carboxylate of a poly o-
hydroxy alcohol, a phosphosilicate, or a phosphosiloxane.



e oo e

hydrophilic |layer further conprises an am de, an am ne, gl ycerin,
acetonitrile, ethylene glycol, or an alcohol; 10 the hydrophobic |ayer

further cogp %gf;ﬁ,,m crocrystal l'ine wax, paraffin wax, POomwbsssilgssnax, or
a pol yner; acid rel easing agent includes a carboxyllc acid, an
ester, an anhydride, an acyl halide, phos :

nar e osphat e
ester, a trialkylsilyl phosphate ester, a dialjkyl L %Hﬁgm%, sul fonic
acid, a sulfonic acid ester, F jonic acl=d ¢ i€ s hosphosilicic
anhydride, a carboxylate of a poly a-hydroxy alcohol a
phosphosilicgie, ®fe a:d?dtsbmttesaf%eagm 6 or 1B4wh'ébelﬁoaﬁ@sn te of claim6
or 19 mherejn the df hilic Iax} the rophogIer % t he
i nt er medi at BHEermgdiAke QﬁﬂQQQa ﬁfilﬁ P&ﬁﬁéa o¥s salt or a
desi ccant toometbye tdeshyibradtyesi or phosphaiylafhd oddposilkenef ozl ai m 5
wherein a s he, | r I c ] cond

e%%? z?tl.l?%ﬂé atgc?lr)g:tonomert % %@. sﬁbs 1%?1@&2@ %ﬁpd@mﬁ%

noi'sture r nposite wher ei n
the | ayér colechak PhOsmamhytlrz:dms;zl?a:mllarca&edegrc@aﬁltlxt:@réepﬁyat he

hydr ol ysi s. 11 l?ts&g%tfﬁﬁgé&: }ﬁé R a%ﬁ! hed g@g@gghkg genpri si ng:

di ssol ving a cont al ni ng "ani‘o rophil materlgF t he
at

ani ons bei rRPRERRMF L Hate tth@ialrene H%Jd’ﬂ"@ﬁ‘ ﬁ’Pﬁ P&ﬁgofﬂﬁrgeﬁ e a gas

sel ect ed f rigpadish OV 040l avee € A tHd N G cRifp:SWeluandiamiidde, ahydmagen sul fide,
105 hyﬁ{oe%fnlc aci nitric _oxide i.chl ori ne

nitr.ogen xi_de,
nonoxi de, Eﬁﬂftrllé; ety FLYERG t RE ﬁyd?&ﬁﬁpPgé mat eri al
with ailo &h@hhyﬂmﬂphnb&ne&ayﬂr(ﬁuuuhanlupmyrzwesdwmereagyﬁgaééene 10 the

hydr ophi I'i Cwﬁs?,d ﬁﬂ%%&,%ﬂ@ﬁ?%% %‘}_J %C%%tlymer; and the

acid releasing agent includes a carboxylic acid, an ester,
an anhydride, an acyl halide, phosphoric acid, a phosphate
ester, a trialkylsilyl phosphate ester, a dialkyl

15 phosphate, sulfonic acid, a sulfonic acid ester, a
sulfonic acid chloride, a phosphosilicic anhydride, a
carboxylate of a poly a-hydroxy alcohel, a
phosphosilicate, or a phosphosiloxane.

24. The composite of claim 6 or 19 wherein the
hydrophilic layer, the hydrophobic layer, the intermediate
layer or the barrier layers contain an anhydrous salt or a
desiccant to delay the hydrolysis.

25. °The composite of claim 5 wherein a second surface of
the layer is in contact with a second moisture regulating

layer.

26. The composite of claim 5 wherein the layer contains
an anhydrous salt or a desiccdant to delay the hydrolysis.

27. A process for preparing a composite comprising:
dissolving a salt containing anions in a hydrophilic
material, the anions being capable of reacting with
hydronium ions to generate a gas selected from the group
5 consisting of sulfur dioxide, hydrogen sulfide,



and substantially free of water, 'the hydrophilic material bei ng capabl e
of generating and reliﬂg@@ﬂ@%?$ ter hydrol ysis of the acid
rel’easi ng @ee8k412 e fgﬂ

b e

g~s of claim 27 furtherPCHESWBABHT t he
step of exposing tHe €onposite te noisture to hydrol yze the acid
rel easi ng agent and rel ease the gas fromthe conposite. 29. The
process of claim 27 further includi nghe step of applying the
conposite to a substrate to forma film 30. The process of claim?29
wherei n at PRaxecEddic acddX nitrogémrdiowide, gebtrif erxideés rel eased from

the f'|"1foaléhP§EiHQ ﬁ&noxzd@”eaMEEKhlorlne 3Hng The process of claim 27
wherein the hydrophi | terial is selected fromthe group consisting

of an am de, %e%rﬁ‘-Wém%rFréﬁ dBfBroPht dshRiedF iedn it fg ani no
noi eti es, ahpaﬁppuaﬂwom&aeﬂmn 86h €91 MDhS t 418 Sa o B dr 61 e 5 DRFRFHIEL

cont ai nj droxyl Leties; e.acid releasin ent i .sel ected from

t he grghggcg%§i§¥¥ﬁaggffé; Shd RYBESRAPRL %mW?FgéhP¥§tQ§£ St de, an

aﬁyl Ea{ideand supabspbmaltyaﬁrdg afphmsmmaimheﬁﬂyﬁrophilaeuT@M&miqﬂ .
osphat e aci

gstef, a su on c €g§i§Y% Q%EQPQEEng Q% c an%?%y %ﬁ!&f

car boxyl at ehpfralysis af the ﬁ?ﬁio&@iQﬁQkﬂﬁﬂagQBR#meh05|I|cate and a

phosphosi | oxane; and the hydrophobic material includes a dlluent

sel ected from.the grou conS|st|n of  m rocr st.al ].i ne 15 araffin
wax, synthetfg- Wa';‘éleamgo gLG? further 1)1/'1c:lud1ng che step "

106 pl @8t &éxpbzeLing etmte&n@mmé heo gﬁ@iﬁtmmcsthmm}fyi\é the
et hyl acet ac%nc‘lg, réféggngeagesggcéﬂ] m dase ett héllg?af:setf‘rom edhe

composite.

29. The process of claim 27 further including the step
of applying the composite to a substrate to form a £ilm.

30. The process of claim 29 wherein at least about 1.0 X
10 mole gas/cm® is released from the film for a period of
one waek.

31. The process of claim 27 wherein the hydrophilic
material 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 moieties; the acid releasing
agent is selected from the group congisting of a
carboxylic acid, an ester, an anhydride, an acyl halide,
phosphoric acid, a phosphate ester, a trialkylsilyl
phosphate ester, a dialkyl phosphate, sulfonic acid, a

10 sulfonic acid ester, a sulfonic acid chloride, a
phosphosilicic anhydride, a carboxylate of a poly «-
hydroxy alecohol, a phosphosilicate, and a phosphosiloxane;
and the hydrophobic materizl includes a diluent selected
from the group consisting of microcrystalline wax,

15 paraffin wax, synthetic wax, and a polymer, or a
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enerate a gas

controlling mcrobiol ogi cal contam nation on a surface of a material,

within the ndferi®lmeeieod eherekzpdingr &illingyHTANAMES K€ nat eri al,

conprising pbaerByling MBEebbablegiaddl ag8AtahPn LOANMNSId esvdficedess not
gas |
conposite t8

rel ease

hydr oph
hydr ophi

ic nA

noi st ur.e gQsi ng the

erral conta , an am de, an al*co

th b nb d
mgteﬁgﬁétuwgtgggfgpgaggtﬁégg%c?ﬁa}ng%%éf%g#ﬁéggéﬁﬁnmmmite into
t he at nosphenersundbngdthg hheembad(i abpprisingnepasesing a suraiaiafy a
| CaTREEEL 2k CON! 21 BbANoAR: oL d00oLE! £SO GHENTs A 13

i ArNg "~ an am ne ol', or

conpound cohbgi aAPAgRce ofinkRbienki Uoiskungdr Ry | cxRRBIIBShayfrfcns t hat
are capgbl Ro2bthPaCtbNgebiRe BYSRANEEILLHESa 119: STBI Rich A G

selected fromthe rougecon5|st|ng of sul fur dioxide, and éh di chl ori ne

nonoxi de.

10

15

10

15

the composi into the atmosphere surjepnding the suriace,
the composite containing a hydrophobic material containing
an acid releasing agent, and a hydrophilic material
containing an amine, an amide, an alcohol, or a compound
containing amino, amido or hydroxyl moieties, and anions
that are capable of reacting with hydronium ions to
generate a gas selected from the group consisting of

sulfur dioxide zand dichlorine monoxide.

33. A method of retarding, killing, preventing or
controlling microbiological contamination on a surface of
a material, within the material or in the atmosphere
surrounding the material, comprising placing the material
adjacent to a composite that does not release = gas in the
absence of ambient moisture, and exposing the composite to
moisture to release a biocidal gas from the composite into
the atmosphere surrounding the material, the composite
containing a hydrophobic materizl containing an acid
releasing agent, and a hydrophilic material containing an
amine, an amide, an alcohol, or a compound containing
amino, amido or hydroxyl moieties, and anions that are
capable of reacting with hydronium ions to generate a gas
selected from the group consisting of sulfur dioxide and
dichlorine monoxide.



34. A nethod of retarding, preventing er- controlling chenot actic
attraction of an organ naterlal conpri sing exposing a surface-
of a rrater 98}s9413 coﬁggaw I@Hg does not rel ease a gaBCTmsedms3ghsence
of anblent nnlstur i he surface to noisture to generate
and rel ease an odor - maski ng gas from the conposite into t he at nosphere
surroundi ng the surface. 35. A nethod of retarding, preventing or
control ling chenotactic attraction @fd7an organismto a nmaterial,
conprising placing the material adjacent to a conposite t hat_ does not

rel ease a gas BA.thd mésket e bfratdidimng 5 prestentims ath EBRPost Hd he

composite 1o EMEabULE:Lf aceiEleAsk 9p A0sdmoluA®a% faggrdr, conposi te

into the atmosphere surroundi n mat er7 al he net hod, of
claim 32 or 3zromﬁ§@émgt ﬁ%P@%Miﬁc% garface el n%t%%‘%%ﬂrl% F%?e‘@%ﬁ"é%ll?n?t h
the COW}JOSI éetlﬁat dodé- nEEEer@EéQ@@ll@f %@ymemé Shodmme 32£ 3ampbenei n t he )
materi al and the conposite are epclosed w co e The
net hod of el alPRF-8%Y er@Fﬁ ?ﬁ%oﬁﬁﬁsaﬁ%%rs?ggacea%?H@?+%%§?€ s%a?e%argge

The method of aabairelldZsuhanebdot heashitagiges fxom tiparedmpoylisealrto

40. The net ho o] al i1s soil, and the
conposite is gg%asﬁgggg%gg?t%y?é?%%&{ﬁ%ntﬁg £$%£Eé 41. The nethod of
claim 33 or 35 wherein the conposite is enclosed within a gas-perneable
container. 35. A method of retarding, preventing or controlling

chemotactic attraction of an organism to a material,
comprising placing the material adjacent to a composite
that does not release a gas in the absence of ambient

5 moisture, and exposing the composite to moisture to
release an odor-masking gas from the composite into the

atmosphere surrounding the material.

26. The method of claim 32 or 34 wherein the surface of

the material is impregnated with the composite.

37. The method of anyone of claims 32-35 wherein the
material and the composite are enclosed within a

container.

38. The method of claim 37 wherein the container is
hermetically sealed.

39. The method of claim 37 wherein the container is

partially sealed.

40. The methed of claim 32 or 34 wherein the material is
soil, and the composite is capable of fertilizing the

soil.

41. The method of claim 33 or 35 wherein the composite

is enclosed within a gas-permeable container.



108 42. The net hod @Egc a|n133 or 35 wherein the conposite S

adm xed with the materi al ﬂ@ "u ﬂIOCIda| and deodori zi ng powder for
sust ai ned wo sgkgase o (i particles containing °

ani ons that are capabl e of ?edbtﬁng\mtrlhydronlun1|ons PETGBa0538E a
gas selected 5 fromthe group consisting of sulfur dioxide, hydrogen

sul fide, hydrocyanic acid, nitrogen dioxide, nitric oxide, di chl ori ne
nonoxi de, and chl ori ne; and a hydr ophobi ¢ core having the
particles on a surface t hereof , the hydrophobic core containing an acid
rel easing 10 ageht, tTe pwﬁho&i esf aicimheshydr aphehiecetnr ehbecogposite

substantially f C bei ng capabl e of generating
and rel easing t % ﬁgélggé ydr Eﬁéde%ﬁéi the acid rel easi ng agent.

44. A bi ocidal and deodor|2|ng pomder for sustained rel ease of a gas

conpri si ng: 43. A RH4AILS méﬂo%ﬁn?SBwQ@Pt gbpi Eﬁls Qiﬁ@é t hat

are capabl e of reacting th hydroni um | ons t enerate a 5 gas selected
fromthe group E%h%?%?l%g %fg%%IQQWP%ﬁﬁ%GQﬂB hydr ogen sul fi de,

hydrocyani ¢ acid, ni t;sac:gamlcagwcdﬂ,ammgnIah&bﬁsoﬁhde adéC!@é}_@ébD@ a@nOXI de,
and chlorine; an

rophobj c core having said part s .on a
surface thereof e?%%l%%dV5ﬁ%g%¥%%?ﬂﬁ¥@(ﬁﬁﬁ%ﬂqﬂ ﬁ&nﬁﬁa38|5 ¢8 h gﬁgg wax,
said particl%s £oroin stelel dmycheyo pdverds iostiotee of suﬂémmgd&uhﬁﬁanthgﬂkpgénee of

vater. said parbighsse DoG ooy AP G O ASGLA L0,ARd,  ALeaENg. g 0as

after hydr ol ysi's™ of Feltasin wder
claim43 or 44 ixﬁhl@#lm¢mmwmnx@ﬁe, anﬁﬂghﬁanx@epaﬁndcles on the surface of

t he hydrophobi c @fydrophobic core having the particles on a surface
thereof, the hydrophobic core containing an acid releasing
10 agent, the particles and the hydrophobic core being
substantially free of water, the particles bheing capable
of generating and releasing the gas after hydrolysis of
the acid releasing agent.

44. A biocidal and deodorizing powder for sustained
release of a gas comprising:
particles comprising a salt containing anions that
are capable of reacting with hydronium ions to generate a
5 gas selected from the group consisting of sulfur dioxide,
hydrogen sulfide, hydrocyanic acid, nitrogen dioxide,
nitric oxide, dichlorine monoxide, and chlorine; and
a hydrophobic core having said particles on a
surface thereof, the hydrophobic core containing =m acid
10 releasing wax, said particles and said hydrophobic core
being substantially free of water, said particles being
capable of generating and releasing the gas after
hydrolysis of the acid releasing wax.

45. The powder of claim 43 or 44 further including
anhydrous particles on the surface of the hydrophobic
core.



109 46. The powder of clai m 45 wherein the anhydrous particles

(r:rggﬁrelsfﬁmWﬁsfﬁggllzu?aﬂﬁmgﬂ@#gmwﬁé nsul fate, ferrous sulfate,

oi st ure-depl eted 5 ®ichiusasgsss7
al um na, Zeolites, bentoni‘tetclay,s

;!Iin cl ay, potassi um permanganat e,
nol ecul ar sieves or an oxygen-scavengi ng salt. 47. The powder of
claim43 or 44 wherein the particlesi2s contain an alkali netal bisulfite,
an al kal i ne-earth netal bisulfite, a bisulfite salt of a transition
netal ion offa Theppovdasnted Qlanmrﬁs whevnthar yhe t apbhydrgusr quaternary - S
am ne, an @h&@hblgétébm yde@sul fide, an alkaline-earth met al
hydrosulflde sulfide_ salt of _a transition netal ion or a

pr ot onat ed 8?9H§r§“52558mdéﬁ ClP@rFP&ﬁ§t8r ferrgygt 8khaAYeani ne, an al kal
nmetal nitrmegneasdual kalface, caledtihchbbelidsl thbieruderiibpibeegalt of a

transition pr ot ted seconda tertiary or
quatern%ry gﬁggé ég% agggﬁﬁn%é 5?°ﬂ§§88h|§??€§“¥5ﬁ cfayal%ép}ﬁg earth netal
hypochl ori £éaya bppashiumi permahgankte, maletcabaitEsdavestal ann or a

prot onat edg, ggégﬁngca§gﬁ§gﬁ?ne earthtertiary or quaternary amne, an al kal

=

metal cyani an 15 a metal cyanide, or a cyanide salt of a
transition netal ion or a protonated primary, secondary, tertiary or
quaternary ami nerhd %Mﬁ%@@l&uﬁ%’? 5ﬁr4@%her31&%' le

m crocrystalljne wax, 7

?
the acid r@?ﬁﬁ@%ﬂgaﬁgﬁﬂg ?ﬁc?ﬁﬂgg élﬁ%fgéF%ox§Fl%15%¥Hneaﬂa€£ emet§$
anhydri de, basuafytehaki desulficpheapbosf caattns bt PHOSHEBLE 646y A

oy b¥eane s BROSRIAL eoL Bt il PIESPLE! g0 San € acld
anhydride, a@l%%rb@&y&hkelbfmatgblbyér0351ﬁy@¢oana$bMMbineaeqrth
phosphosi | h&84 e, nPardsRPPSBROSE! BY¥@PEsulfide salt of a transition
metal ion or a protonated primary, secondary, tertiary or
guaternary amine, an alkali metal nitrite, an alkaline-
earth metal nitrite, a nitrite salt of a transition metal
10 ion or a protonated primary, secondary, tertiary or
guaternary amine, an alkali metal hypochlorite, an
alkaline-earth metal hypochlorite, a hypochlorite salt of
a transition metal ion or a protonated primary, secondary,
tertiary or quaternary amine, an alkali metal cyanide, an
15 alkaline-earth metal cyanide, or a cyanide salt of a
transition metal ion or a protonated primary, secondary,
tertiary or guaternary amine; the hydrophobic core further
comprises microcrystalline wax, paraffin wax, synthetic
wax, or a polymer; and the acid releasing agent includes a
20 carboxylic acid, an ester, an anhydride, an acyl halide,
phosphoric acid, a phosphate ester, a trialkylsilyl
phosphate ester, a dialkyl phosphate, sulfonic acid, a
sulfonic acid ester, a sulfonic acid chloride, a
phosphogilicic anhydride, a carboxylate of a poly a-
25 hydroxy alcoheol, a phosphosilicate, or a phosphosiloxane.



110 48. The powder of claim 43 or. 44 wherein the hydrophobic core
contai ns a phosphosilicic anhydride of a glycerol based ester as an acid

ras-tne Tormoraeuat v HINMMIMIAINL o cocn KTS) nacmantir " ©

sel ected from hydrogen,

110

48. The powder of claim 43 or 44 wherein the hydrophobic
core contains a phosphosgilicic anhydride of a glycerol
based ester as an acid releasing wax, which has the

formula
0
H
GOm?wOG
0 0
j H
Ciowe § | = Qe P0G
1] ]
0= p—0 0 0
] | 1
0G Qe § iD= PR=00G
o §
(GDJ =B OC,Hg 06
1
5 0
wherein G has the formula
Ch,
(CR,),
cR
CCRy,
(CR,I—CR, or CRy

wherein each R is individually selected from hydrogen,
hydroxy, alkyl, alkenyl, or -OC(O)R'; R’ is a C, to C,
10 alkyl or C, to C,; alkenyl; x is an integer from 1 to 30; y

is an integer from 0 to 30; and z is an integer from 0 to
30. '



111. 49. A process”for preparlng a pomder prOV|d|ng sust ai ned

cont ai ni ng\mpmiz hat i I

generate a gas sel ected "5 %r anhé group consi sting of sul fur dioxide,
hydr ogen sul fide, hydrocyanic acid, nitrogen dioxide, nitric oxide,
di chl ori ne nonoxi de, and chl ori ne; andlll sprayi ng a hydrophobic
mat eri al containing an acid rel easing agent on to a fluidized bed of
the particles %o 13 REOFESPoFAT aPpORATingati RgwdesopEoYALaEnFsHgtefaed

hydr ophobi ¢ meflefEsal oma @‘a'sa)’%heo xbl&%s%arcb'rr@'ﬁ%ln : containing anions on
a surface of the c of cIa|n14 wher ei n thgﬂe

f1ui di zed bed ?ﬁEW&Bgspﬁﬁﬁ§8}ﬁﬁs ﬁF?FEFEg andRREhERAENBYRaFEPE
particles on cdfheresuntfiage wiftht hydepasiaphdbng ¢or geneelatdes gas tslad estded@r ous

articlesg retar bi ol.aqi c ont am nation
gn a surface acgy%%e gégg%'%%gagfﬁéngu % glgéﬁp O 2, B ydroged exposi ng
t he surface wsolfigewdéydribayaddesandt, nltmebeasdlaxgdg i mithd calosddes of
moi sture, th%zﬁ%ﬂ@&&ne m@%ﬁk&geé Qydr apRaigacoLagcoNt ai ning an acid

rel easi ng agent and aV|ng AnfOns “On "3 Surf ace t hereof, the anions
bei ng capabl e of rEREEVABIwRt RyRyepbebism nakerial gepstaiving aphacyds: and

exposi ng t he ygaehadagt @gmtsbwca Exofﬁ.ﬁhﬁ%%@dt B@d96§ %ﬂef paml g eBOWEEr into

t he atnnﬁghere urroundlng E surface, g ei ng selected fromthe

group co 3 Py FrdPBYFﬂﬁ ahﬁﬂFSg@ﬁ EBPFPHQ ER¢dr ocyani ¢ aci d,

ni trogen di okydepphbbiccmatedéaldantl ar lagesoodxtHe, pardicleschl orine.
containing anions on a surface of the core.

50. The process of claim 49 wherein the fluidized bed
includes anhydrous particles such that the layer of
particles on the surface of the hydrophobic core includes
the anhydrous particles.

51. A method of retarding microbiological contamination
on a surface and/or deocdorizing the surface comprising:
exposing the surface to a powder that does not
release a gas in the absence of moisture, the powder
5 having a hydrophobic core containing an acid releasing
agent and having anions on a surface thereof, the anions
being capable of reacting with hydronium ions to generate
the gag; amd
exposing the surface to moisture to release the gas
10 from the powder into the atmosphere surrounding the
surface, the gas being selected from the group consisting
of sulfur dioxide, hydrogen sulfide, hydrocyanic acid,
nitrogen dioxide, nitric oxidé, dichlorine monoxide, and
chlorine.
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112 52. A nethod of sterilizing a medical device, I nstrument or

supply conpri si ng: _— m3;§ 3 first conposition to an outer
surface ofywg gg/s34shi 1 St 1;5 lmglgg Lrst conposi tion bei BET}U@%«S&S&* 5

t he absence of noisture; ™ ¢ "Ly ing a second conposition to an

I nner surface of a second conponent, the second conposition being inert.
I n t he absence of noisture; contacting the first and second
conpositions on the 10 surfaces of theittirst and second conponents to form
a conposite; and exposing the conposite to noisture to

initiate the 32. rePefietholl afbsterdabizgag &rwartibelcdrpasite into the
at nospher e symnzewnens EQesEEQl%anﬂ§%&§§n?'nStr“”Ent or 15 supply to
stru

sterilize the nedical , device, supply, the biocidal gas
bei ng sel ect ed froﬁPPﬁglﬁgoﬁpflrStc%ﬁ@?%?ith@fb@u$$u@u@$6x$@@f®m@ of

di chlorine manditde. componeh8, the HEEB@dc@ﬁgébétﬂb§2b$@ﬁ§ehﬂekgelﬁ'rSt and
interconnecting tu fitnents

second 0 t e
i nt r avenotis gg%,ag%eﬁﬁedﬁglppﬁﬁ BaBhet er, peritoneal di al ysi s,
per cut uaneous devi 8pplyieg cat seeoud mnpcsmtwn ad az@OimséerWu:bE&:e chfJSUf es

Carmonont P22, SeSheH Cegpodlhl, cus LRLLb" LIRRRISEISE pliah(tallEoln
the absence of moxstu*e,
contacting the first and second compositiocns on the
10 surfaces of the first and second components to form a
composite; and -
exposing the composite to moisture to initiate the
release of a biocidal gas from the composite into the
atmosphere surrounding the medical device, instrument or
15 supply to sterilize the medical device, instrument or
supply, the biocidal gas being selected from the group
consisting of sulfur dioxide and dichlorine monoxide.

53. The method of claim 52 wherein the first and second
components are interconnecting tubes; fitments for an
intravenous bag, an in-dwelling catheter, peritoneal
dialysis, percutaneous devices, percutaneous access, or a

5 colostomy bag; closures on a package to provide a self
sterilizing package; or the first component is a tube, and
the second component is a needle.



