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SUSTAI NED RELEASE BI OCI DAL PONDERS Background of the Invention
The present invention relates generally to a powder t hat provi des
sustai ned rel ease of a gas. The invention 5 particularly relates to a
powder for MR Vg, controlling, killing or preventiPgr/uss/07991

m cr obi ol ogi cal contam nation (e.g., bacteria, fungi, viruses, nold
spores, al gae, and protozoa), deodori zing and/or retardi ng, preventing
or controlling chenotaxis by 10 rel eas® of a gas, such as chlorine
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failed to mduc@a:dmnd#mmydm@eﬁnasubﬁsder hydro¢ym:easaexid1unbers of

m.-cronuclei in apenDOREhdBidiMkide, or cRLEfindl|agines et al. attribute the

relatively 35 | nno&u](?gzslrleé‘ fde,oxJ_%f c(cagrl ne da{ osﬂpcg_lto% L_"gcsldllggglgl éégmt:o

15 widely used as a bleach, disinfectant, fumigant or
deodorizer. ' It can penetrate the cell wall or membrane
- and cytoplasm of mold spores, bacteria and other
- ‘microbiological contaminants at concentrations below one
part per million and destroy them.
20 s The incorporation of chlorine dioxide or sodium
- chlorite in food packaging has prompted studies to
determine whether residual levels of such preservatives

result in a significant genetic or carcinogenic hazard 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 [Environ. Mutagenesis, 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" innocuocus effect of chlorine dioxide to its inability to



PCT/ US98/ 07991 2 produce hal onet hanes,
unl i ke hypochlorite and chlorine [Proc. AWM Di sinfect. Semn., 24 pp.
(1977); Chem Abs. 93, 173513f]. Recently, Richardson et al. reported
t hat a ve study of the reaction of chlorine diQxjide |

wat er bornerbgré)gég%}gis by the Environnmental Protection Aﬁgﬁw!’sé%ﬂ%li r med
this observation [Environ. Sci. Technol ., 28, 592 (1994)].

Japanese Kokai Nos. 63/296, 758, 63/274,434, and 57/ 168, 977 descri be
deodorants containi.ng chlorine 10 dioxide incorporated in a polyner,

ceramic be?ds, @roduce ﬁah.smuﬂhénéé;Fa&ﬁhildf@ﬂﬂ%gﬂldﬂ'ﬁ\é?é{ﬁa EhPbfine |
respectively. orln i oxi de for use as topica
applications foHP5|S|n§g§? éﬁg gegFS@? §13F7 Chep. Abg, 3.
Vet. Res., 45(503.,1103503686).Reenrline H.J’Echathd:aqrdetgaﬂter aePugtg@IShzaﬂ:e

general l'y for ”E@nb)éx%i&bﬂgeastudy aeltﬁ@r&t@aéulw %ﬁ%ﬁﬁéﬁgnéoﬁwﬂ&@' orite
with a gel contag w%§$%c£|c acid inmmediately prigr to use_to avo
e

premature ch ori Pﬁ?%a%’égaanrﬁ’ G iy iEpyiigenmentad Bﬁ%ﬂ'—‘ﬁ"@tb@l‘ s
have al so been dgegcyncbobdrpedsehimtobserdion [Enfricepsubaiion processes
have al so been d&Rgnbl., 2B[€pasi pPospyy ces of chlorine dioxide. Canadian
Pat ent No. 959, %38 descrlbes eneraﬁ%fn of chlorine dioxide by

separatel y encapsul atPRERESEI ERERhI PP t L347P G I8 c 634RA4, 434, i andol yvi nyl
al cohol and mi xi5ﬂglﬁhe9dapdabe31hetdhem:mnt:’&5 cd:ﬁanmelgcehsnbkﬂﬁé ne di oxide.

Al Cernat il Srerage iocprpdrafea e £ RIS, cordngt) Bopdhiorys! S ¢
poly(lactlg glyéﬂlF&¥&cF&}196te Wr%ﬁ?@ﬁe&%aQREWPVFWéplééh:réeeas@tth¢b74ne
di oxi de from 30Gededithatchenerate cﬂﬁéﬁﬂnéﬂdiﬂxﬂdehE%&Chéetaénéoﬁ@ééi are

Ator sodi um ohFEPLECereolir P atELRte AR R Wl ot peea iy Remtien 5i o
wal |, an inper n@dbl-e®m. JTpoVes: yRede, |45/6) 4 1103addsesd ed Ghbonine he nyI on
35 capsul as Sdivaite Qéﬁei‘&ﬂﬂh@eﬁei@raféi}j\éﬂéﬁ&l@@d forme@PRY | fkiy Hf the,
capsul es. The 9%@5“ gﬁtggﬂlgs S&E%ended sodium chlorite with a gel
= -+z.containing lactic acid immediately prior to use to avoid
-ypremature chlorine dioxide release. Chlorine dioxide
wreleasing 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 chlorine 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

u 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
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rel ease chlorine dioxide. Although the capsul es are said to provide
bi oci dal action for several days to nonths, chlorine dioxide rel ease
begi ns i medi ately after the capsules are prepared The 5 batchw se
process usedvoos/smeEpare the capsul es al so i nvol ves nunmePETYSEEMIcal
reacti ons and physi cal processes, sone of which involve environnental
di sposal probl ens. Powders that rel ease chlorine dioxide as
soon as 10 they are prepared have been florned by m xing acid solids

and chlorite solids. Lovely, U S. Patent No. 3,591,515 g ﬁcriﬁes a
chl orite-cont ai wnte puwdeceshte releaseschloridig Giorddgi-oxPAERERER beeng
adm xed with an agdies are0BhAENESIpHOVEIRE .bidaridalomet idnSfoPasenerab.

4,104,190 15 describes solid ures o | citric,
ad| pic or malic dayisg tt"ng‘f’ma#‘g’ ﬁ%?’é%‘s’e %g’%f or Ee‘tcla al%fe E;%gfiﬂg Mason et
al ., U S Patentirvesiiatedd7 a$8erahtelcapsulien are Pﬁﬁl?é‘leése ALt ur es of

powder ed sodi umchl GiiilR RSicdsd8Ndsed tol pRépath ItImnicdpwmileschdase chlorine
di oxi de wi t Hout exp03| the m tur eslto arrb: ent armd %tlﬂfs?.cag' ce et al.
U.S. Patent No. iAvgy “glﬁé'é’lu'rsbg EBLFRL HRFRY IS ium chlorite
and pol yl actic qmdtesses, some wmghoinvelvalenvmwtm siisgosal
corposi tes that mel ude a hydrophoblc phase containing an acid

rel easing 25 a%rerﬁ and a hydrophilic cont aj hi ng. chl or| t n| ons.
The conposite is subsRfdgzs tpefty Zeleps ?gi° g‘g xide %55 % Ior| ne

di oxi de) unigl lﬁhéys 2 Earsbaredhiaveubeen form@hdey exjpoigl atq;dr@i
aci d and hydrom :.[ﬁirt% ]hdg;ﬁne&_lgg,gg | Nyt e ﬁypélgpr}@)l c) rqusglsThe
a e

hydr oni um i ons ydr oph| i c phas react. with chlorite
ani ons to genera@%s@h%@ﬁﬁrie hlegike croriRéNgoRPY ‘F’f t at re

conposites are cmﬁde od 1 creclep eppra e ingl ;dmlxedsu:bshaamwiﬂ;-ed in foods
or substances gener gni af r St S.1obhe
B%:L%:gré% PO} (%CIO 150) s?l%r?]l ﬁng ﬂ@éﬂt %ﬂ{?i ANRS 19

conposites 35 caA™ ood packagi er. a atjons
wher e .t he slbst adessribes beolid)aixianas Fﬁ’déBﬁtSEPrlt fand Citric,

-adipic or mallc acid that are compressed to form tablets.
Mason et al., U.S. Patent Nos. 4,547,381 and 4,689, 169
- disclose mnixtures of. powdered sodium chlorite, acid and
inert diluent that release chlorine dioxide without
20 exposing the mixtures to ambient moisture. Tice et al.,
‘U.S. Patent No. 4,585,482 describe solid 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 containihg chlorite anions.
The composite is substantially 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
" anions 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



PCT/ US98/ 07991 4 wi th hunans. These

conposites are described in U S Pat ent No. 5, 360,609 and copendi ng
U. S. -patent application serial nos. 08/465, 358, 08/465, 086,

08/ 462, 164, 716, and 08/461,304. 5 Vel | i nghof U. S
pat ent applrgg%égﬁsserial 5 no. 08/462,039 discl oses a c&%ﬂ@%??@gm
formul ated for maxi mum chl ori ne di oxi de rel ease in which the

hydr ophi lic material contains an a-apino ether, ester or alcohol and

a chlorite salt fornmed by reaction of an“imniumchlorite 10 and a base.

I miniumchloritg;ig Hur\ﬁéﬁé" € Fi1 W donpRlalikbs are &é%]é‘fﬁé ihg hlorite

ani on. When t he |n1n|un1c orite IS reacted ase, however, the

nmore stabl e a-aRfhent etfhe}so £%ang, coPeBfoNgafdSa RMG te salt are
f or ned. appeitatnjbwfderialalnos). 88/pascens8apps /468 @ss serial 15 no.

08/ 461, 706 desc a t r XI [ o] e di oxi de rel ease
bb £62 21 6F! h@éﬂxie& 7’% Tl ae/wi 55&1

froman am ne-co alnlng nposi t mtting the chlorite source
until the cénp05|te yel 1n9%&ﬁﬁ|%ﬁi%¥3 Q'§urPaﬁéntA@Pﬁﬁl%&ﬁﬂQQxﬂqn%¢l t he
conposite | Roexpse62 [ o8 T iddltsed axicdfpgastéhdbrinldisd riact s 20

W th the an ne bexkAnil LALSHME S JeoBLLY A VAEBR Spo mdlchlhits |

amne to provide ¢ e ani oSrte
t he presence of mﬁﬁ?ﬂﬁ?ﬂec‘?%t#@%a?gba amigg) Gthﬁﬁ deakercor FHedwip@sid e can

be exposed t0 a chiévatedsd BEPRiAied &Y &@abagoar@seéﬁlﬂmnﬁnor@%ﬁ% 25
nt.ai n I T n| um

applicatio bec e_t ydrophidic ter 0

chlorite o? anyggﬁlorgggganléﬁépﬁﬁﬂﬂ °rl§8uF8 Hﬁﬁgﬁ%%iet%u oG lapph

tenperat ures. TREtatkhby thechlorigee@nidns pWbeat the imimave dflatilterine
di oxi de fromthgs rea608ROsitle a Hhse, how%%enb%e ﬂérél stém% PnfHo

application no. 08/ 465, 087 ds of

conposi t'es SEHeR 285t D cﬁ]g%?%? "gy Pﬁbﬁ%fﬁ’a b agre # “}e%[ard
bacterial, fungal, aWeliinghofbretamilnafi.Sn pategtoapplibdation sexdidd on
food, prodyee, f{aatoeﬂmdloﬂf@rdé@éﬂue@ & #R¢nba 23r MSLHAR I AS; BhYHigles

such as textlle and st or
3 xgde refggseF¥%om an amine-containing composite by

. r.omitting the chlorite source until the composite is
- -sapplied to a surface. After application, the composite
::ls 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 anions that
could decompose at such temperatures. The method 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

- molde on food, produce, meat, and other materials and to

35  deodorize materials such as textiles and storage spaces.
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al. U S patent application serial no. 08/ 651,876 descri bes transparent
conposi tions that provi de sustai ned rel ease of chlorine dioxide.

There is a need for an inert powder that can be 5 easily activated to
initiate remsness24B chl ori ne di oxi de or anot her bi oci dRCTHSIYBWAbri zi ng
gas in use. A powder  that is conposed of and generates only substances
used in foods, or those generally recognized as safe or inert
substances, is particularly needed for f&od packagi ng and 10 ot her

appllcatlons where the_substances c n be |n%ested é I n coq§€ct W th
hunans. Al t hough theW9&FFPﬂBﬂ5ffet etU-4-. PALSH5sPPRSE ?Elg?f%ﬁf*
bi oci des, ther enlos asyfesd, 876 deschilms dataneperesict composhtionantirt nor e

readily #ﬁr eQuQEQxRé&"fé&;eéB?E eof;@fi‘ltlr in@l ghibgxgellity for 15

sust ai ned reIea % he | nvention ﬁgﬁng t he
obj ects of the |nvent|3 erehdf ed greed n&Rx %an 1Qﬁ¥tn§P¥GthEhﬁFoﬁ?% of a
powder that g el %’&%ﬁ.&yaactlvaﬁéﬂcedﬂtiraitmteofrdﬂ?datsrel o€ chiwiiire odiathde

o bran Joe 20 o, BlothRy BhotPall | 8 WMSIATS as' #Ohoe™! ASpoadac,

prot ozoa and V|rus§§ fovi sSton of eases
such chl orine chﬁhatdéscgﬁwéﬁﬁﬁétP%n%nQHQQ#erates &l gubgkanses qupedi Bl of

up-to several nmMyEYdawE, Rethose HER¥TSLDH ﬁccﬁg:tﬁfheﬁ aewdeﬁet bet ihéxt

free-flow ng and 25 be,eas Prher r r to
appl i cati on; thes‘%iﬁ SRS oF Eﬁ’éﬁl‘éug%gﬁg mﬁn ctg)% £od EQCE% ?@ AIgcrrious
sur f aces; tﬂ&a;nanheﬂtﬂ@p@ﬂcsuehna ybexerthe suhstandesccensbs ihgeseedase

rate of chloring, 'd?:x'lqledoﬁtact wﬂfﬁpﬁtﬁrﬁéﬁ‘ tmﬂlfd@azse@het QEREL AGHE££ and
hum dity, which pronote nold an terJa r.OWm, he EFOVISIOQ of
3% eFdr

such a powder trf'aﬁ | FPOEALES §ﬁﬁs? R

exposure or i ngefdr driocidal compoghtipnessmt igarerkd mores r&ade&](ed to a
powder for b el s o easerehae%éré reémcngca» pidsaphi ity egke, 35

a hydrophoblc | ayer on an ouyter surf ace of
15 sustained release of a gas.

© - Summary of the Invention
. Among the objects of the invention, therefore, may
. be noted the provision of a powder that releases a
concentration of chlorine dioxide or other biocidal gas
- 20 - sufficient to eliminate bacteria, fungi, molds, algae,
"protozoa and viruses; the provision of such a powder that
releases such chlorine dioxide concentrations after
activation for a period of up to several months; the
provision of such a powder that is free-flowing and can
25 be easily blended with other ingredients prior to
application; the provision of such a powder that can
penetrate porous surfaces; the provision of such a powder
that increases the release rate of chlorine dioxide in
proportion to increased temperature and humidity, which
30 promote mold and bacteria growth; and the provision of
such a powder that only releases substances approved for
human exposure or ingestion.
The present invention is directed to a powder for
sustained release of a gas including a hydrophilic core,
35 a hydrophobic layer on an outer surface of the
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particles in contact wth the hydr ophobi ¢ | ayer. The hydrophobic | ayer
cont ai ns an acid rel easing agent. The particles contain an anhydrous
mat eri al binding with water. The core, the 5 par nd the
hydr ophobi ¢ a&?%?g?ﬂ re substantially free of water, and t%m;t}sg%wgﬁi S
capabl e of generating and rel easing a gas after hydronS|s of the acid
rel easi ng agent . Anot her enboginent of the present invention is
a 10 powder for sustained release of a gas conprising a - hydrophilic

core, a first h%? %%f%e A, (oalas i‘:h%‘t'igléﬂ in c@ﬁé%‘.{)l : i} agent, a

second hydropho first ayer and the
hydr ophi 1 i ¢ corBydsephobic p]eﬁ)fql%l e&hen hydxprbeb ?/\Ft%aY?i'”e 49RERL0S dophobi ¢
| ayer. 15 The peidifébsasiny aidgern amhpdparsiobéercattaiapail emifydrous

bi nding wi th "‘%S‘EenT%f 8%%{19%4 *B% %%td'lﬁ e%thhﬁa%é{c“ The ORlabi ¢

| ayer and the second antia ‘ee of wat er,
and the coré& |spéﬁﬁ'ah‘b1%sofan tfgeeﬁmdm@h@baﬁdlnﬁéaémgs@%%
hydrol ysi s of tbeeaoofaﬁaﬂef,ela&aslm 2geRr! is capablaenef hpenardadigrama of

comprising o FeLRbRriEie gas aftes SHEECATRIECRECRe Rl il B

hydr ophobi c | ayagesbnt ai ning an acid rel easi ng wax, a 25 second

hydr ophobi c | ayer bem»ﬁsenei-f@xﬁé&ﬁﬁeﬂwdffomebpﬁesent 1 avénc petd 1@
hydr ophi | | core a gart i cles, i N ¢ t he fl.rst hydrophob| o
hyer Theldei apeREasFRE sstsind Frledze pf, g fas combristis

[err] hydrophilic core, a first hydrophobic layer contalnlng an
acid releasing agent, a second hydrophobic layer between
the first hydrophobic layer and the hydrophilic core, and
particles in contact with the first hydrophobic layexr.

i5 The particles contain an anhydrous material capable of
binding with water. The core, the particles, the first
ihydrophobicllayer and the second hydrophobic layer are
'%éubstantially free of water, and the core is capable of
Féeﬁerating and releasing a gas after hydrolysis of the
20 . acid releasing agent. '

' Yet another embodiment of the invention is a powder
for sustained release of chlorine dioxide comprising a
hydrophilic core containing chlorite anions, a first
hydrophobic layer containing an acid releasing wax, a

25 second hydrophobic layer between the first hydrophobic
layer and the hydrophilic core, and particles in contact
with the first hydrophobic layer. The acid releasing wax
has the formula

GO0O—P—0G
0 0
| 1
CI)—|Si-0—ll’-—0G
0—p—0 0 0
] 1 ]
06 ?—-Isa-o—f—oc
(G0),—~P 0C,Hg 0G

)
G
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formul a
hydr oxy,

to C27 alkenyl; x is 5 an integer from1 to 30; y is an integer fromO to

7 wherein G has the
[err] or [err] sel ected from hydrogen,
al kenyl, or - OC(OR; R isaCto derr] alkyl or

al kyl ,

4

30; and WOi98/5243i nt eger from 0 to 30. The second hydr oplrolsiuses/e7991l ayer
contains mcrocrystalline wax, paraffin wax, synthetic wax, or polyner.
The particles contain an anhydrous material capable of binding with

water. The 10

I s capabl e of

core, the particles, the fTrst hydrophobic |ayer and the
second hydrophobic | ayer are substantially free of water,

I afleasd 1Y) & Ha@y ithe dboxh g gas

apn ctfFées ol ysys of the

acid rel easi ng agent. Anot her enbodi nent of the invention is

directed to a 15 nethod offsetarding, killing, preventing or controlling

m cr obi ol ogi cal

contaninadkgn)on a surface of a materi al, within the

and the core

material or in the atnospheré’surroundi ng the mat eri al, by exposing a
surface of a material to t powder, and exposing the surface to

noi sture to generate 20 apd rel ease a biocidal gas fromthe powder into

t he at nosphere surroun ggg the surface. The invention is also
directed to a nethod of refarding, killing, preventing or controlling

m cr obi ol ogi cal contaninat@gn on a surface of a material, 25 wthin the
or in the atnospheré surrebedeiny ¢deh R is individually

mat eri al

10

selected from hydrogen, 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; y is an integer from 0 to 30;
and z is an integer from 0 to 30. The second hydrophobic
layer contains microcrystalline wax, paraffin wax,
synthetic wax, or polymer. The particles contain an
anhydrous material capable of binding with water. The

_core, the particles, the first hydrophobic layer and the

- second hydrophobic layer are substantially free of water,

15

20

25

and the core is capable of releasing chlorine dioxide gas
upon hydrolysis of the acid releasing agent.

Another embodiment of the invention is directed to 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, by exposing a surface of a material to the
powder, and exposing the surface to moisture to generate
and release a biocidal gas from the powder into the
atmosphere éurrounding the surface.

The invention is also directed to 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, by placing the material adjacent the powder,



material, by placing the material adjacent the powder,

PCT/ US98/ 07991 8 and exposing the
powder to noisture to rel ease a biocidal gas fromthe powder into the
at nosphere W#@#ﬂg' ng the mat eri al . The invention is also
directed to a d of 5 deodorizing a surface of a mat eV PRe

at nosphere surrounding the material, by exposing a surface of a
material to the powder, and exposing the_surface to noi sture to
generate and rel ease a deodorizing gas from t he powder into the

at nospher e Surrgﬂadéﬂﬂoéfﬁgsﬁﬁé %%e]zo to mg g Ble2PQt PE{ & ug%) g&l‘?{é‘d%f the

invention is direct orizing a s
material or the92s ra%‘n’blé‘bk%?‘%d%rlr%&hﬁg atRESRREEP| %L‘Frrwfblf%&‘,ltﬁ'@ t he
mat eri al adj acematékrgapowder, and exposing the powder to noi sture to

rel ease a deodori zi ”thaﬁniréﬂﬂéﬂ‘elé)%‘%?]{ d}_§n€taatgo e g,% osphere

sur r oundi ng t he mat invention is
directed to5a decderhsingfa rsupfananPt w aassring or tbﬂtamc»smre

che][mt act:c c attéﬁ@tb?ﬂd@ﬁgaﬂh@rmm xslralto E&b@éhﬁb abyurfac@;@% ng a
surface of a nateri o owde urface to

noi sture to gen@?éfeg %%dt?eﬁé‘gs%OWéér' Eﬁl Eg g%‘ér 3 ihe powder
into the atnospmeigture tgw¢mmgartdlereslma‘s&ce deodorizinglgas rixemti on i S
al so directed tena pBWASH Phto the fhisHhiGe Qh?)éS{ih&{&ggO%h&Qéﬁfﬁdé ng
chermtactlg 25 attrgcbl on 01f1 a nismtq a _nmateri al lacin he
material adPacent th&ShoRnRH e’énﬂ%&ﬁ h&h 50M¥?n?b°n 1 d to
rel ease an odortnaskmﬁghgdsoerdmmmgjar surfatat ofthemattamﬁa)]hejm the

surrounding t heaEﬁBEf_)h@.lce surround:.n & He iR k@1 |, Sb <‘|_ji ;Oggs

process for 30 rovi di ng sustaln

by providing a Wg h)bgé:’?gﬁ%fr }t‘grﬂ%%rnga&ﬂ ggpasmg e M‘#ﬁ}’ &gent
adm xi ng hydrophbliistupertoci'ekease & aiecgioriizgd ngngan st othid pddzophobi ¢
liquid to h8rm jnroCPRbCS: %é%@{g 'én&r%%rntdlﬁ%;eﬁheaﬂg%éffgl anhydrous 35

particles with the coated Il1c particfes to rm a
er emb diment of the invention is directed toc a

-;method of retarding, preventing or controlling
;%chémotactic attraction of an organism to a material, by
wexposing a surface of a material to the powder, and
20 ~“exposing the surface to moisture to generate and release
.an odor-masking gas from the powder into the atmosphere
surrounding the surface.
| The invention is also directed to a method of
retarding, preventing or controlling chemotactic
25 attraction of an organism to a material, by placing the
" material adjacent the powder, and exposing the powder to
moisture to release an odor-masking gas from the powder
into the atmosphere surrounding the material. '
The invention is also directed to a process for
30 preparing a powder providing sustained release of a gas,
by providing a hydrophobic liquid containing an acid
relea51ng agent, admixing hydrophilic particles
| containing anions into the hydrophobic liquid to form
| “ coated hydrophilic particles, adm1x1ng anhydrous
35 particles with the coated hydrophilic particles to form a
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product, and fragnmenting the product to forma powder. Anot her
enbodi rent of the invention is directed to a process for preparing a
powder providing sustained 5 rel ease.of a gas, by providing a hydrophobic
liquid, WKy hydrophilic particles containing ani onECTHBE/Y

hydr ophobic liquid to form coated hydrophilic particles, adm xi ng a
hydr ophobi ¢ material containing an acid rel easing agent with the coated
hydrophilic particles to 10 forman inte?nmedi ate powder, adm xing the

I nternedi ate povvder wi th anh ous artlcl e o forma duct

cooling the prodefEeducing m%%gpfﬁ uﬁFod’t‘l’E %Basf‘ﬂﬁ’fﬁln tg’epmgf""t

O her obj ects antb aftvamtaagesvdsfr.t he i nvention will 15 be apparent fromthe

fol lowi ng detailed degelpb (H?nbodlmentBBEeEthﬂHéﬂﬁi&{‘ ﬁ dihR @ Roa
FIGs. la and | b are schenmati cs owder s or }Sféﬂ%gcflfn sust ai ned

rel ease of a gasP¥REFREDOFOT pregqr g 2 RRWAST JPEC usghidifiedne di oxi de
concentratiop, teepeasd Wi a yuk hby groyiding aungdraphadic liguid,for a
powder conposi ti ?ﬁm%aﬁln% 1@3& [ﬂlﬁq.lge E:EREI!].QQ Qénggfnzgeif S opedippnt s

| n accordance wi I nven |on discovered that
sust ai ned rel easBy@¥orhehic darid to fgaRerarEads hydrepbblkr Parsicarsing a

hydr Opgl lic cor eadmlxﬁﬁglaéﬁﬁ/dﬁdﬁhdbl% h\‘ﬁ‘ﬂé@ﬁlbmbbﬁntﬂﬂﬁng\ﬂml ddig povvder I's
exposed to moi stuyr | ease t.r
surroundi ng the ﬁ Jhnqlacg cngcr é’g\%ﬁ’t ﬁ agﬁa ﬂggﬁ%% %hr"?atpea(r)rl%a]fqﬁ?d or a
di sper sant . 10Thef<pmd%m jntermedisadie \,qurdép‘ar eémamngath@elme&gatg or

i ncor por at ed pbid & ww%rgmi-dﬁ%e pRkedeeks, t8UEHrdSa fptd@uct,or med
obj ects, adh63|vesbl£h r%he proé%é%s an%q gg%gnglng the product to form
' a powder.

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

" Brief Description of the Drawings
FIGs. la and 1b are schematics of powders for

providing sustained release of a gas; and
20 : FIGs. 2 and 3 are plots of chlorine dioxide
-.concentration, temperature, and humidity as a function of
time for a powder composition.

Detailed Description of the Preferred Embodiments
In accordance with the present invention, it has
25 been discovered that sustained release of a gas can be
' generated from a powder containing a hydrophilic core
encased within a hydrophobic layer when the powder is
exposed to moisture. Release of gas from the powder is
controlled by surrounding the hydrophilic core with a
30 hydrophobic material and/or a dispersant. The powder is
easily prepared and can be used as is or incorporated
into various end-use products, such as films, formed
objects, adhesives, granular blends, and powdered
compositions.
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In one enbodi nent of the invention shown in FIG |a, the powder 10 is
conpri sed of a hydrophilic core 12 havi ng a hydrophobic |ayer 14 on an
outer surfa the core 12. The hydrophobic | ayer ins an
acid 5 relgggﬁgaﬁggent. Particles 18 contact the hydrophoﬁF&ﬂm&Q&ﬁﬁayer 14
of the powder 10. The particles contain an anhydrous nmaterial capable
of binding with water. For purposeslgf t he present invention, an
anhydrous material .~ does not contain Wwater, such as adsorbed water or
water 10 of crystal kjZghboBmroddAdt Gt the R¥YeARIBRI Snb@Yeln ifa. 1a,
preferably continuous gnd substantial ]y uniform _a powder . having ‘a

di sconti nuous hy8FoPRYBRE LAytf mREAgeshiod 2 hydrppREAESsCo¥@VEdes

accept abl e, susthaviad achgdsephébic layergak ohSan outernNsarPicd e1d asF
enbodi ment of t i thon i ﬂﬁ%p@}= i I e powder .l
I ncl udes a seco%?i‘e QE?%y rgéph% ?cﬂ* ay: r Zu%s%%’ rgﬁﬁgg?ﬂégﬁz%r%rbhﬁll% core
12 fr omX he Tl PEELRGIREBRBLI P3%kicilem 18 TrRataglr bhaokydrophokixyer 20
control s rel easdagergas bEobhé hsoydawlero. Tihe, pa@tialpsebentL£ih pgywder of
the invention i l,sed. r K.l g.care. havi ng
hydr ophobi ¢ Iaye%rn %@%Hgaﬂa%rﬁ%u‘fa@%&%% lk‘é"gﬁg Y’ﬁégc‘&%e 2, %ﬁﬁ a
hydr ophobi ¢ | ay@PrP°S€_Slﬂfoﬁh9nP7€ﬁﬁ%‘Ft suveRtdon? sh ahbydyonepradiswidlayer
go. - The hy@o@@hﬁbtccbﬁggin hmabwlt auth %I% afabarbeaeaét@ﬂ e wa'f’é@z“lo tT A
articles co r obi er 0 e, powder . e
particles é%hta?ﬁa%%y%2%§g¥5ﬁgfbn' (éﬁﬁﬁéHQQ t@ﬁp&KP§°B$g5+£ FENtH wat er.
Al t hough each ofereferably foutipieis aridaymbstastirdlyr abifornta mmwuiemnd
substantial |y URiahehE addRSVERE iMaid thylrSptidbirUedge 300 Nydroptiabi ¢ |ayers
of variable thl&%EeBE %rowdesd acce bl e, sustalged rel ease of a gas.
Wien a powder of trhe rnveREPEROTE %S&ﬁﬁgg? o SHSranped reigras ff dr
ot herwi se contag®&d with water, the water binds to the particles 18 on
the outer awface of 1bha Speropvbielemaitl ! BECEnkNifvERELdy dr ophobI c
ayer 14 cqRiabR gLl Ehd. Tl S AAR s o IR RS S S

~from the first hydrbphobic layer 14. The hydrophobic
--layer 20 controls release of gas from the powder. Thus,
20 . a preferred powder of the invention is comprised of a
hydrophilic core 12 having a hydrophobic layer 20 on an
outer surface 16 of the core 12, and a hydrophobic layer
14 on an outer surface 22 of the hydrophobic layer 20.
The hydrophobic layer 14 contains an acid releasing
25 agent. Particles 18 contact the hydrophobic layer 14 of
. the powder 10. The particles contain an anhydrous
- material capable of binding with water. Although each of
the hydrophobic layers is preferably continuous and
substantially uniform, a powder having discontinuous
30 hydrophobic layers of variable thickness provides
acceptable, sustained release of a gas.
When a powder of the invention is exposed to ambient
.. moisture or otherwise contacted with water, the water
binds to the particles 18 on the outer surface of the
- 35 powder, and diffuses into the hydrophobic layer 14
containing the acid releasing agent. The acid releasing
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acid or a substance that can be hydrol yzed to an acid (i.e., a
substance that reacts with the water that diffuses into the hydrophobic
| ayer to forman acid). In either case, the acid in the 5 hxdro hobi c
| ayer 14 di WQA8F4H3| n the water that diffuses into the ACHKSY m ng
hydr oni um i ons and a counterion. The reaction products of th| S

hydrol ysis reaction are hydroni umions and counterions when the

reacti on proceeds to conpl etion, or B¥droniumions, counterions, acid

and 10 water when the rea |on|5|neU|I|br| T ydro I ons
resul ting from GF&%cr§ ﬁf/g&SFyg?saﬁ#f%q%ea fsru(?r#ﬁﬁ’ge an@ n'f) fhobi c | ayer
14 into the hydhydmollyeedote af, aghdréi.e., & lsypsteace V\hah BERONS with
goner ot 023 cHeitar chpclhlbistes s i manitental bt o
affect material &M G‘gt ggifdéar £ eebm\%%rcas£'0\)sﬁ’§r aciflafn theg| case at

| east about sl. Oh&d%bhbbhcrmbyegam cédissolvdorim the waperi bhabfdbf fhsm=st
one ek, one MR heShyRN! BSrfitfly byardBLPUBHEALEA BYoblifedifsRsSeS

of the present |nvent| uses I nc
deodori zati on, The reRsHFIOR(P¥OABRES PL *aa%wsfﬁrroaqa@énrﬁeﬁts%ha%&
reduction nydxfaﬁﬁﬁa&n ibhes kAl oountet e tin tiel g¢actbshr proceadsr

prevention of the gro) gtltétgf m gL oRgggﬁﬁg\gﬁ Sé’rfg] %So'unterlgﬁgt egéfdr ok ds,

fungi, al gae, protozo i Plise
hydr ophobi ¢L@ ayé\faé:emm zbe mearbpon|ie %r%ulllbl}gmandThﬁehWQﬁlmfés 18

are substanti al liedg Q%thfltWﬁbeErom théoa@i/d)lh%rdﬂ:llg/%‘i% afif@asePf+&h tie USE

of - t he powder Far Qses es nt t.ion, _th rophilic
core, Che MYAFSERSEAS LAVEFs 2 ahaCe het daagRi g Cort "Ea ARy, LI T,
free of vvater i fthehe ngasnwis mn-ensmow@erate powgs- ddhe @as provide a

pat Pway forttrar&rﬂﬁﬁsém Rt of thayseaaéyr&ﬁwshﬁé (yﬁztrbanhmgophobl c layer
cont ai ni ng

h |
Preferably,t acﬁwsﬁ%‘@rﬁ/? %g%: Bgfgggrgf ‘([‘)Iﬁt 1 °d‘{3‘g%ﬂlf‘cl S gP‘E’I%&ers and

the total parti dffecks maveaniddd satuhbed near the powder. Powders that
.. release at least about 1.0 X 10°° mole gas/cm® for a
period of at least one week, one month or six months can
be formulated by the processes of the present invention
20 for a variety of end uses, including deodorization,
chemotaxis control, delay or prevention such as reduction
. of insect infestation, and control, delay, destruction or
prevention of the growth of microorganisms such as
bacteria, molds, fungi, algae, protozoa, and viruses on
25 materials.
The hydrophobic layers 14 and 20, hydrophilic core
12 and the particles 18 are substantially free of water
to avoid release of gas prior to use of the powder. For
purposes of the present invention, the hydrophilic core,
30 .the hydrophobic layers, and the particles are
'-substantially'free of water if the amount of water in the
powder does not provide a pathway for transmission of
- hydronium ions from the hydrophobic layer containing the
‘acid releasing agent to the hydrophilic core.
35 Preferably, each of the hydrophilic core, the hydrophobic
layers and the total particles 18 embedded in the
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I ncl ude up to about 0.1 wt. % water and, nore preferably up to about
0.05 wt. % water, wthout provi di ng such a pathway for interdiffusion
bet ween t he hydrophilic core and the hydrophobic | ayer. anti al
anmounts of WP &Y 'g‘n hydrol yze a portion of the acid rell)‘grééjsél}?l)g%g{gent to
produce acid and hydroni um lons within the hydrophobic |ayer. The

hydr oni um i ons, however, do not di ffﬁe into the hydrophilic core until
enough free water is present for transpofrt of hydronium 10 ions.

When t he hydrophjJ4 12.i,8,-C ' PRORI Gt | &Y as
shown in FIG | [)H Jdtr%lpgl%%gc y ?ggﬁ%%?%lﬁi%r %c?orﬁcr %IX) ghre Pegsgto?w‘ﬁggj? rom

t he powder . w'e:i‘?é'eoPrFﬁérg Vi WP cmidtted Hec ¥hs& WRESTS Whi um
i ons produced i rpddweldiydr epbhbacpatiyesy 1formisiterdi fdiubfivaebbhweenghthde
hydr ophobi ¢ | ay £Qqea | E&Fb}: 1<l hydrophilic core.
Rel ease of a gag{y&%pé%&é}%ng%)rgc%ﬁ? tl:JIrlf?ialIf&en u%ﬁl?opgy%r%é I s adsorbed to

provi de a pat hwalpguEhstantdad pROUNER PhtWRlsr (978 RydrlaZEphi PPELEGR 2Bind
t he hydrophobi ¢ thyelcid releasing TagepovEle rpradude)Gldide agdahiyagsnbahween
t he hydr ophj | i re. 1 n W r 4 _and 2 SO
long as the coat? rbsg “Pg-’hgl& %Brgeggﬁ?g?ﬁ%gﬁﬁ%%xgn (a)r%ﬁ% %_‘Yg?rﬁg‘gg‘é‘nfgﬂrﬁfi ons
from t he hydr opHapievearaydio nett Aéffuse himkopre ihydrephiddcdeprastaribf gas

fromthe powder.enough freelWate@t 8s50preasnt et A drispBrd REWHGEraAduthhe
rel ease rate . profile (as shown in FIG 2 for exanple) can be altered

I n various ys,l%Itﬁ:'h as by changing the tenperature of the powder,
changi ng t he concent éterithef hggropbiliic etersiiy) ayanatied whshpawder,

addi ng a desi ccapfd¥phobic N4pREt ggtégoslt,@@n poyderg t _q.bc,or@-_tl.{:}(g:c rel easehof
Pydr ophobi o mat SRYAIORIPRIG dVRE, CEEPalm SELeds S e Erod Lhaac,
changi ng t he hydpewderhi ciReleaiset bE hher gphobs cc@Brafdiest ibicabgechbagi ng t he
nature of tig achehafRilion® produbBieiy thergfdrofiid Naykke1pondst
mcrOStrUCtl__Jre’.zdiffuse through the hydrophobic layer 20 to react with
-wanions within the hydrophilic core. Release of a gas
s:does not occur until enough moisture is adsorbed to
fgprovide a pathway for interdiffusion between the
20 hydrophilic core and the hydrophobic layers.

The powder can include coatings between the
hydrophilic core 12 and the hydrophobic layers 14 and 20
so long as the coatings do not prevent the diffusion of
hydronium ions from the hydrophobic layer to the

25 hydrophilic core or diffusion of gas from the powder.

The rate of gas release from a powder and the
-release rate profile (as shown in FIG. 2 for example) can
be altered in various ways, such as by changing the
temperature of the powder, changihg the concentration of

30 acid releasing agent in the powder, adding a desiccant or
humectant to the powder to control release of gas once
the powder is exposed to moisture, adding a buffer to the

- hydrophobic material to delay release of a gas from the
powder, changing the hydrophobicity of the hydrophobic

35  material by changing the nature of the acid generative
moiety therein, changing the powder microstructure,
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alternative hydrophobic materials or anhydrous particles, changing the
nmet hod of processing t he powder, or changing the order of addition of
ingredients in preparing the powder.. 5 Preferably, the powder

conpri ses bWOMSEMAbout 0.1 Wt . % and about 10 wt. % hydPSEHSP¥ ¥ ¥or.e,
bet ween about 5 wt. % and about 80 wt. % hydrophobic material, and

bet ween about 10 wt. % and about 99 wt.% of the particles. Mre

preferably, the powder conprises betweer-dbout 1 wt.% and 10 about 5 wt. %
hydrophilic core, between about 20 w . % and about . 70, wf . % hydr ophobi c
material, and bmgﬁtﬁﬁéﬁg %gtemaqu’mtﬁ'ﬁtf°§§88908@a5\f?% F The particles.
When the powder anhydwdas paethylesphizngingy éhe mhbhod of hyeopsming
material prefer acweyptgga%gllc\'tgrggﬁg\ggﬁﬁﬁ%g o}dl% ot ag{agggoﬁogfm . % acid

. 70

rel easi ng agent, uptao ] ( nt and up to about 20 wt.%
di spersant, andinggedients Ap-pEeRAYing Jdhe@oWd8Bout 10 wt. % and about 60

w.%acid s rel eavrefeagedly, bkt wemieabaunpliset. betwdenbalbbu20 vt . %
di l uent and bet yge u % qggid; .9 |

When t he pomder%rici%l %&&%’?’Pg lg/n‘geg%ec n oP]nCll\gﬁygFggth%gp%%ﬁgérgs?u% hse
first hydrophobi%t-Fag8d aboutpfRfwt oh| Rydnanhabis peteEéAlabded RetiWees and

100 \l/)vt . % 20 acibbutel@astng ag@nibowt) 4P v&h@?ﬂ@h&t pirditlest amskep 25
to about w . %.di t nd t S C r
preferably contgnsf%%%%t%‘ ’15Bgm§9‘ﬁ%[€%ﬁéﬂ% %%Qulggh ?]803605'\%500 and
di.sper sant .1Qvbr e@hgvss & al-§, hydsophibic corehhetygesbrbonby2? wort and

bet ween about 1QpMut¥7anét.s hyabepholie Wat’érdcil] aaubeBetREeAtghdut be ween
about 40 wt. % 30 an%g%tb%t go ﬁn.% il t and betlvv%e_n about 0.1 wt.% and
about 10 wt. % di"Spér abork BRevEe o%%%drpﬁfﬁ&ﬁ ¢ | ayer contains up
to about 10 w. % di | i&en &h¢ bewdernincludeshmne d¥ydxoprlichnd lavew . the
di.spersant.  nhydrophbRcwdieriali grefdadly [acRandebet@abal M8cde sal t 35
composed,ofy £ Gl M NCREL 3 bl ML SR e Oup o SETIRILE 925
diluent and up to about 20 wt.% dispersant, and, more
preferably, between about 10 wt.% and about 60 wt.% acid
releasing agent, between about 10 wt.% and about 20 wt.%
- diluent and between about 1 wt.% and about 10 wt.$%
20 dispersant. '
When the powder includes first and second
- hydrophobic layers, the first hydrophobic layer
preferably contains between about 3 wt.% and 100 wt.%
acid releasing agent, up to about 20 wt.% diluent and up
25 to about 20 wt.% dispersant, and the second hydrophobic
layer preferably contains up to 100 wt.% diluent and up
to 100 wt.% dispersant. More preferably, the first
- hydrophobic layer contains between about 10 wt.% and
about 60 wt.% acid releasing agent, between about 40 wt.%
30 ° and about 80 wt.% diluent and between about 0.1 wt.% and
' about 10 wt.% dispersant, and the second hydrophobic
- layer contains up to about 10 wt.% diluent and between
about 90 wt.% and 100 wt.% dispersant.
The hydrophilic core of the powder contains a salt
35 composed of anions, which react with hydronium ions to
form the gas, and counterions. Preferred salts include
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calcium Ilithiumor amonium salts of a chlorite, bisulfite,

hydr osul fi de, bi carbonate, hypochlorite, nitrite, or cyanide. The
hydrophi lic cor particles are comercially avail able fiE?ﬁﬁﬁﬁhQHS 5
sour ces, in@%ﬁagﬁﬁn%UIcan Chem cal s, Fisher and Aldrich. he core
particles preferably have a dianeter of between about 1 and about 300
m crons. The hydrophilic core igbpenerally conposed of the

salt that reacts to formthe gas and not ‘ore than about 10 30 wt. % of
other salts. sodi mTfﬁ?%%smh,e%%%i%,t he cRQURlCSr WardortiaRe A 14RO B £t he

anions within the rop core. An as that is _, formed by reaction
of a hydroniumi Bncé?aﬁréﬁear#’o?’rﬂcféﬁeae%‘y%r“ E%éfiﬁt BicHPIEd R sed by the
powder. The gas hgpdbhlerites abltyrittd,onmeydnddede, Thel hydraphodiide core

hydr ogen sul fl] d Y, LA I pXl d d.rd C

oxi de, nitrous ok%%g?c%cga%p%%p | px‘?e&g:%agilﬁlaoﬁgggglgng%%ﬁ% elfhaé{é chl.orine.
Chl ori ne di oRi deSGHECES, r EpebRIING fVulcamy-egiRalee Boshel and Hehicd -a
source of chloritheaBbo@SparSitled mreferablyl baveeasaianeiset el eween

i ncorporated into,th hyvdr jdd C .C I nclude al kali nmetal chlorites
such as sod?ﬁ%ughilo?{l?eg%?ggo dadsgl}luc%’ogﬁ'ori te, alkaline-earth

metal chlorites such #bechyérephrhiorgaxe i gemespiliyr oompeggd soﬁ)ft_hf?
transition netal gh98 €ha PELEOSHES K NBHeY gas andSAEENEGFY , tHeAT byt or

guat er nary ' ne, ucgm%‘s; ? lum chlorite, trial kyl amoni um chlorite,
and quatern W Riu Tﬁo??lttes.‘ Many chlorite sources, such as

sodi um chl orite, Theegseabtbeasedrincdds mewdempwidl uderend upqreddie30

of about 100 [er gh§onal Wovhid £Ré WRERSH NG dorkee! ahhyelys that higgh

t enper at ur es. | orine, di oxide:rel easi r}%,é)omders . gan béa usedcto e
deodori ze, retar FOXPREVEN TERELRR IO 2 TP A9Ps 38, 2R AR TT CHFLEOS o,

control or prevegenehated angrveleasdd facttdrs powdeds, Thengas 8 gae,
protozoa, and 35p dife¥a®ly chlorine dioxide, sulfur dioxide, hydrogen
- pulfide, hydrocyanic acid, nitrogen dioxide, nitric
.w=oxide, nitrous oxide, carbon dioxide, dichlorine
- inmonoxide, or chlorine.
=+ . . Chlorine dioxide gaé is released if the hydrophilic
20 core contains a source of chlorite anions. Suitable
chlorite sources that can be incorporated into the
hydrophilic core include alkali metal chlorites such as
sodium chlorite or potassium chlorite, alkaline-earth
metal chlorites such as calcium chlorite, or chlorite
25 salts of a transition metal ion or a protonated primary,
secondary, tertiary or quaternary amine such as ammonium
chlorite, trialkylammonium chlorite, and quaternary
ammonium chlorite. Many chlorite sources, such as sodium
. chlorite, are stable at processing temperatures in excess
-30 of about 100 °C, allowing for processing at relatively
high temperatures. Chlorine dioxide-releasing powders
can be used to deodorize, retard, prevent or control
chemotaxis, or to kill, retard, control or prevent the
growth of bacteria, molds, fungi, algae, protozoa, and
35 viruses.
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Is released if the hydrophilic core contains bisulfite anions.

Bisul fite sources that can be incorporated into the hydrophilic core

i ncl ude al kal i metal bisulfites .such as sodium bisulfite or potassiumb5
bi sul fite, WO&8SMI3-earth netal bisulfites such as cal @Fﬁﬂ%%?%’ﬂ?lf ite,

or bisulfite salts of a transition netal ion or a protonated primary,
secondary, tertiary or guat ernary am ne. Sul fur di oxi de gas-rel easing
powder s can be used for food preservi®ion (e.g. to inhibit 10 browning
of produce), disinfection, qnd {ohipiti an of y catal yzed
reactions. The powdef¥l %Hﬁ aFg%Sl ? RSP e""Sq‘%rlfr &g‘& g§’8?5°8ﬁ1¥h?0??5% gas
concentration i romiadngt bésulfitychmiondier @igulfiittemsonrcesnthatdeanilse used

to sel ecti V%.r%o%%{g'i‘gt mgg%wetﬂé %&cd?k%&]]lirce el %@gh? %ﬂﬂaﬂ:@

chl orine di oxi de rs are at nosphere
packagi ng by pl ®at%d Pﬁéuﬂé\%ﬂéf’ such\@§ Jétmbé%i'-@é’déléﬁd°§eaﬂ:ﬂﬁs%‘ﬁé
pagkage to ﬁegthismlfltesubﬁkaldnexealet}atwmsaﬂhermummlnes shehpaskage.

rogen sul fide m re 20
Wdrogul fide ani c?inls%,mﬁ4 %@%ﬁ?f&?% sgﬁ:%fégsméé Csaﬁ.(?: O% uffi %g}lggﬁlmé%g I ncl ude
al kali netal hydedaH fh%?eé?r a P§9‘éﬂn%1%e%c2ﬁm%dﬁ@§epﬁﬁa§:olr'—eﬁé%%-’gxl@m
hydrosul fide, quatldealargeananth nBaBfuhydiaGidd ighes relelsangCpbrasrs

hydr osul fi de, h rosul fi of a nsition metal 2 nor a
B e Wty Eepd Brofrvationd (RdIThR ARipit

protonated pri maﬁ S atgern r Hydr ogen
sul fi de gasi@el émmg-qmwdepgoduce) ea@lmﬁ%‘-&i% @ndedubp.hgtagan@f or a

sul fur source | Nerfne - catamuaaséaéewﬁscheméeglo%;de%@dcaa §199|M€Euéé&t'0n
i nhibitor. gas_an i chl ori ne nono e are re
roma hydr ophi 159 GPMSEdeaPh, ROLAGEREITH (T RHepre ton 18 RRLREVELF e
sources of hypootyakes evhexieopdumpohuder al ke ipowder gt alseldypochl orites such
asI sodi ug15hypoc @éﬂéétﬁively sc%hhabhﬂérﬁ?étfkcﬁtaﬂn%ﬂm%ht ber bh@ér%f h?ﬁa
cal ci um ypogh] orite pochlorite.salts o ransi ion neta
ion or a prb onaC@d’ géc:onglé?ypmt’%‘?’ﬁaﬁ’@fe(ﬁl“ WBetul' 2

modlfled atmpsphere packaging by placing the powder

© within a package and sealing the package to create a
sulfur dioxide atmosphere within the package.
Hydrogen sulfide is released from a hydrophilic core
20 containing hydrosulfide anions. Acceptable sources of
- hydrosulfide anions include alkali metal hydrosulfides
such as sodium hydrosulfide or potassium hydrosulfide,
alkaline-earth metal hydrosulfides such as calcium
hydrosulfide, or hydrosulfide salts of a transition metal
25 ion or a protonated primary, secondary, tertiary or
quaternary amine. Hydrogen sulfide gas-releasing powders
can be used as a reducing agent or a sulfur source in the
manufacture of chemicals, and as a polymerization
inhibitor. a
30 Chlorine gas and dichlorine monoxide are released
from a hydrophilic core containing hypochlorite anions.
Acceptable sources of hypochlorite anions include alkali
metal hypochlorites such as sodium hypochlorite,
alkaline-earth metal hypochlorites such as calcium
35 hypochlorite, or hypochlorite salts of a transition metal
ion or a protonated primary, secondary, tertiary or
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Chl ori ne gas-rel easi ng powders can be used in processing neat, fish
and produce and as an i nsecticide. Dichlorine nonoxide rel easing
powders cany, Zpﬁ used as a biocide. 5 Hydr ocyani Cpcﬂ'ﬁ}sg #

rel eased from t8(1 ydrophilic core if it contains a source of cyanide
ani ons. Suitable sources of cyanide anions include alkali metal

cyani des such as sodi um cyani de or pot assi um cyani de, al kal i ne-

earth nmetal cyanides such as cal cium cyani de, or cyanide 10 salts of a

transition met at;ubeeraar? Qﬁl%@naté&ﬁd}fﬂd@"gﬁs relead %fkgﬁsa/eré%f Yoy OF

. quat ernary am ne. Ely cyan f%a% rel L eas ng ers can be used
as a pesticide §Ff° in’ R Pﬁﬁﬁﬁf’i’%lwt and pregidce AYkiafk 3hd

di chl ori ne nonoindecgasidee 1Bichletiowsewnokitiberbydashiy | pawdarse caant ai ns
a source of bePlsaabapal epanipfs. Suitable bicarbonate sources that

can be incorporated nto the hydrophilic core include al kali netal

bi car bonat e® such as é’SHPﬁ}ﬁ"Bi‘-Ea‘?“’b’cﬁﬂdtse releaggia§xpuntiee dardysmphidicor
| ithium bi car boratre, i8l kal caataﬁ@s aduraeiodl chaasabonmi®ss. orguiiteikonat e

salts of a  gbiaashl bencyshale | A dls 4RAGLE"a1RE) PAJBLY casaondar v,

tertiary or quaterpary amn suc I Carbonat

di oxi de gas-rel éé?é’?‘n&spﬁﬁﬂé?% E&?’P’cﬁe or Poeegivm gyariieusdkadingpl yi ng
it to the soil sarthcmetal2byarideéssddie aai rcaau&ﬁmueﬁa@gd@,l aﬂt%yanlfa%
car bon di oxide- rel-eas SO _be_use n_no

at m)sphere)i0 SS‘%ES BE 4 LQQPQ{’N&[ eg%g'ovﬁ r Ot ?h?ﬁ°%°$%tc3£é’é:%y

seal i ng t he pacleggenr érw e§§§tha?€!§r%Mmaamspher@drocmrtm n the

package. 30 acill baegealdasxngep@i&éﬁy tdanCbex1§83 35 & 4 §h&aAsiRd dd YP
the hydrophilic o] gen% %_gcont alns a source of nitrite ani ons.

Sui t abl e sources o Cani ons i ncl _u_de alkali nmetal nitrites such
as sodiumnitrite or Caesbagsﬂwxlde ang tdiiahd ordhkanonexide tdaset nitrites

such as cahei umr3ieadellr iECtheh dy’d:t:dpﬂﬂﬁmcb‘ieof:oﬁt&iﬁélsétédiﬂcd@toaf‘ ion or
a prOtOnate%l@%kggﬁgtesgﬁggnsry”Suf%JﬂI%r%lcar 83£€£r§g3%ces that
y-Ccan be incorporated into the hydrophilic core include
;;alkall metal bicarbonates such as sodium bicarbonate,
_ s-potassium bicarbonate, or lithium bicarbonate, alkaline-
20 earth metal bicarbonates, or bicarbonate salts of a
transition metal ion or a protonated primary, secondary,
tertiary or quaternary amine such as ammonium
bicarbonate. Carbon dioxide gas-releasing powders can be
used in greenhouses by applying it to the soil surface to
25 enrich the air surrounding plants. The carbon dioxide-
releasing powders can also be used in modified atmosphere
packaging by placing the powder within a package and
sealing the package to create a carbon dioxide atmosphere
within the package. '
30 Nitrogen dioxide and nitric oxide are released from
the hydrophilic core if it contains a source of nitrite
anions. Suitable sources of nitrite anions include
alkali metal nitrites such as sodium nitrite or potassium
nitrite, alkaline-earth metal nitrites such as calcium
35 nitrite, or nitrite salts of a transition metal ion or a
protonated primary, secondary, tertiary or quaternary
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or nitric oxide gas-releasing .~ powders can be used to inprove

bi oconpatibility of bi omaterials and for nodified atnosphere packagi ng.
Any acid rel easing agent that is capable of being 5 hydrolyzed QX anbi ent
noi st ure |S“&%ﬁ?‘ébl e for purposes of the present invéyﬁt'l‘ 807991
Preferably, the acid rel easing agent does not react wth the
hydrophilic core in the absence of noisture, and does not exude or
extract into t he environnent. Suitab?b acid rel easi ng agents include 10

carboxylic acids, ,ester

anhydr | des | i.des osphori.c acid,
phosphat e ester?mlPFlaI§§F§?$ dio hgﬁ ré§t8?§ded$§&15éa odtfhat es,
sul foni c acid, powdeubf oancbacms;bcbsxcensypmmer baocompatikhl ity dul,

phosphosi | i cat eg oﬂQQéB'ﬂQ%'éﬁa CEG eHiirdes a%aabagngkatﬁécla&gl poly
a- hydr oxy alcohoﬁ r bj

S such as tan, rmnostear te ', i; #&éﬁ
monost ear ate, and ph88¥hdst o? ing agents that ip EﬁEﬁb o] B5i ng
agents incl sde agydaphydeddbyoambientphusiFEtatre dst accbpradkel vt pwrpages t ed

oot B B £ BRI e st okt el
(OR)[err] wher ePERt| §088nBAL HyRRSy el Yoridienfygreppilic core in the
absence of moisture, and does not exude or extract into
the environment. Suitable acid releasing agents include
10 carboxylic acids, esters, anhydrides, acyl halides,
phosphoric acid, phosphate esters, trialkylsilyl
phosphate esters, dialkyl phosphates, sulfonic acid,
sulfonic acid esters, sulfonic acid chlorides,
phosphosilicates, phosphosilicic anhydrides, carboxylates
15 of poly a-hydroxy alcohols such as sorbitan monostearate
or sorbitol monostearate, and phésphosiloxanés. Examples
of such acid releasing agents include an anhydride or
phosphate ester blended with or grafted to polypropylene,
polyethylene or polystyrene, or trimethylsilyl phosphate
20 esters of the formulae :

—_—S— '
é 0—Si=— 0
\p/ I \p/
| VAN I 7 o
——S5i-0 —Si=-0
rs l o ’ (Rz) 4_nSi (ORI) n oxr

(:H,SiOP(O)(OR.)2 wherein R is a non-hydrogen bonding group,
alkyl or aryl, R, and R, are alkyl, alkoxy or aryl and n
is 1-25.



al kyl or aryl, Rerr] and R2 are al kyl, al koxy or aryl and n s 1-25.
PCT/ US98/ 07991 18 Li near or star I|ike
oligoners (e.g., a mcelle like nolecule with a lipid wall and a P-OS
core), such phosphosilicic anhydride that is the r | oduct
of a phgg?)ﬁgsrzi“? acid ester of a C4 to (Jerr] organic co@%éﬁ%m and a
silicate ester, are preferred acid rel easing - agents. Preferred
phosphosi | icic anhydrides of esters ve the fornul a [err]

wherein Gis a carhoxylic acid ester of a polyhydric 10 alcohol and a C4

to (err] hydrocarbomindakCorNagatheikrdlicomers (e.g., a micelle like
molecule with a lipid wall and a P-0-Si core), such as a
phosphosilicic anhydride that is the reaction product of
a phosphoric acid ester of a C, to C,, organic compound
5 and a silicate ester, are preferred acid releasing
agents. Preferred phosphosilicic anhydrides of esters
have the formula

0
1
GO— lli‘—-OG

0 0

L. H
o—svo—?—oc

o=b—b b o
b o—bi-o—¥—oe
(GO)z—-é éczns b
IOI

wherein G is a carboxylic acid ester of a polyhydric'

10 alcohol and a C, to C,, hydrocarbon, which has the formula

CR

CCR,),

CR —CR
C 2))( 3 or

wherein each R is individually selected from hydrogen,
hydroxy, alkyl, alkenyl, or -OC(O)R’; R’ is a C, to C,,



wherein each Ris individually selecte
al kenyl, or -OC(OR[err]; Rerr] is a
19 aIkyI or 4 to C[err] al kenyl ;
an integer from0 to 30; and z is an i
preferred pNB%SW@@PIlClC dnhydri des

d from hydrogen, hydr oxy, al kyl,
C4 to C27 PCT/ US98/ 07991
X is an integer from1l to 30;

y is
nteger fromO

al kyl ene gl ycol

gl ycol

of pol yol based este"rcg"‘r'ﬁ? P

fatty acid 5 ester acid rel easi ng waxes such as propyl
nonost earate aci d rel easi ng maéghaving the formul a

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. Particularly preferred phosphosilicic anhydrides
of polyol based esters include alkylene glycol fatty acid
5 ester acid releasing waxes such as propylene glycol
monostearate acid releasing wax having the formula

=0

GO

——0—T
o

1}
0—Si-0—P—0G
| I
0—p—0 fi‘J 0
|

0G ? S |
(603,— B OCyH; O

i-0—P—06G

0

CHz—-O_ C—( Csz 15CH3

 o—

wherein G is s . A preferred

phosphosilicic anhydride of a glycerol based ester, known

10 as LPOSI or glycerol monostearate acid releasing wax, has
the formula

to 30, Partlgglarly

ene



[err] phosphosilicic anhydride of a glycerol based ester, known
10 as LPGCSI or glycerol nonostearate acid rel easing wax, has t he
formul a PCT/ US98/ 07991 20

[err] yherein G has the formul a

WO 98/5241 PCT/US98/07991

20
0
)
GO—P—0G
|
|

cl)-—'lsi-o-—P—OG
0—pP—0 0 o
| | |
0G o—ls-.-o—-?—-oc
|
(GO) 2—ﬁ 0C,Hg 0G
o

wherein G has the formula

OH a

CHy— CH— CHp——0=——C——( CH,) 5 CH,

Other preferred acid releasing agents have the formulae:

e - :0 : ' 0

|

T RGO (OH ) == CHRY) 0 P—— 0L M( ),

5 O—M(Y),

0

|l
[ R4C——0——(CHy) , ——CCHAL) ;— |I|=——0——M(Y)z

2

wherein M(Y), is an oligomeric radical in which Y is a
portion of a multifunctional oxide structure and M is a
group IIIA, IVA, or IVB element such as titanium,

10 aluminum, tin, or silicon;; R, is an alkyl group; R, is
methyl, ethyl, propyl, a methyl amido, or an ethyl amido
group; m is 0, 1, 2 0or 3; n is 0, 1, 2 or 3; and z is 2
or 3. .



[err] O her preferred acid rel easi ng agents have the fornul ae:

[err] wher ei n MY)[err] is an-oligomeric radical in which Yis a
portion of a multifunctional oxide structure and Mis a group I11A,

| VA, or 1VB el enent such as titanium 10 alumnum tin, or silicon;;
Rlerr] is anW%R§M¥1yroup; R2 is methyl, ethyl, propyl, BCHES¥MAni do,
or an ethyl am do group; mis O, 1, 2 or 3; nis 0, 1, 2 or 3; and z is
2 or 3. PCT/ US98/ 07991 21

Aci d anhydrides are also preferred acid P&l easi ng agents and i ncl ude

' ' ' ' ' : ' nhydri des onopol yner s
of ‘an organic ac d  Aq AR age rleo Sisrad el ralRoatral  and
5 copolyners otgentsrapdiincdeidé angguicdechi anhidwddes, mikedr gaganiaci d
e 1 s e ey 8 st o 0
Lpg;g?p;g acid agﬂﬁ§gff5§ or a m&ggdaigogg nie Pact aﬁﬁf& ide, and '

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

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. Copolymers 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 diluent in either or both of the hydrophobic
layers is any hydrophobic material that can be applied to

20 the hydrophilic core and solidified to form a layer on

" the core. Preferred diluents include microcrystalline
wax, paraffin wax, synthetic wax such as chlorinated wax
or polyethylene wax, or a polymer such as atactic
polypropylene, polyclefin, or polyester, or polymer

25 . blends, multicomponent polymers such as copolymers or
terpolymers, or polymer alloys thereof. The diluents are
commercially available from various sources. Preferred
microcrystalline waxes include the Petrowax
microcrystalline waxes commercially available from Astor

30 Wax Corp., Doraville, Ga.

The dispersant in either or both of the hydrophobic
layers is any substance that minimizes agglomeration of
the hydrophilic core particles during preparation of the
powder, controls release of the gas from the powder,

35 lowers the surface reactivity of the hydrophilic core,
and does not react with the hydrophilic core. Substances



anhydri des include copol yners of maleic anhydride, 10 nethacrylic

anhydri de, acetic anhydride, propionic anhydri de, or succinic
anhydride, and vinyl, styrene or an al kene, such as nmaleic

anhydri de- SYRIATIN gopolyners or grafts thereof wth ptgissprsuch as
polypropylenes pol yet hyl enes, or polystyrenes. Copol yners of acid 15
anhydri des and esters of | actic or glycolic acids can provide a rapid
initial gas release rate followed by a sl ow rel ease rate. The
diluent in either or both of the hydrophobic | ayers is any hydrophobic

mat erial that Caﬁabgngpa&aedpﬁmﬂ& and h@d&b@haamcl p@r@m@s aande solidified to
forma | ayer on

R I
wax, paraffin wafre§§ﬁfﬁ8§?£¥ﬁ%£&g %#ﬁ%s CthF %Z?gggﬂél éE%%k%? %5 ' ne
pol yet hyl ene waxbeopbgopbednky thesurfageaefi she hydp@plyqalrnopwqme The

pol yol efin, or pwﬂ%bﬁbblerp@.@iy&eroﬁiheblsﬁmszanaal&iﬁgﬁrmnt pol yners
such as copolyne

|| t
diluents are?> agggﬁ{?ﬁfcf?’r-é??yg v'él‘r%e&fs?fdéf P@‘ﬁ\léaf:f’ﬁgspg %r egsr %%Tgé)f gl‘reed
m crocrystal | i ne pastéslenchudemiked PetRrpferred digpersantysttidt mandees

comercial l'y ava'lh%&%o&éﬁga%ﬁeé e ﬁ%i% oB:Lc @Q{/@i‘élﬁfve %ameltlng
The dispersant in €it

or both of the &4 n% ¥$ éﬂf any
subst ance that PRz BEEAGYRRRET athah 10 C. 2 hénﬁ}ﬂé%pﬂ? e
particles duringcarbpaydaken sfichhes amidepdwietearehesplsolytionde of the
gas fromt h%.ooo"“i%feta%ﬁs, bBYB $n *Ii‘eafé{fﬁcﬁ%e %%Q%iﬁgiflyﬂ?ofb forfty dr ophi i ¢

core, does not react " wt %rop t ances
PCT/ US98/ 07991 copolymers, and metal carboxylatgs such asZing hydrophilic

and hydr ophobi ¢ fdecisteaxatee D1sp¢msﬂnﬂswhiviﬁbeahménbphgIpdannngnaateaf t he

bst R d f Th
e e e ey iR
hydrophilic corepﬁé”rttllcé-leésbﬂ%ﬁeth%mg admigad wisy ggé hydeephaligt er r ed

di spersant s #shat meaRerial. Sunﬁablaqsmlpdmyltp?x&balhydéOzpdsrpcbi}&néﬂ/er s have
a melting PQifih B L6 fbrs N3P JRRRA T By>389 15884 S HEAGH Rne
?%zsuch as Ganex V-216, and copolymers of

" polyv1nylpyrrolldone and eicosene such as Ganex V-220,

L”””Lwhlch are commercially available from GAF Corp.

20 The particles embedded in the outer layer of the
powder contain an anhydrous material capable of binding
with water. The particles act as moisture scavengers to
minimize premature hydrolysis of the acid releasing agent
in the hydrophobic layer. Suitable anhydrous materials

25 include sodium sulfate, calcium sulfate, ferrous sulfate,

. magnesium sulfate, calcium chloride, moisture-depleted
silica gel, alumina, zeolites, clays such as bentonite
and kaolin, potassium permanganate, molecular sieves and
oxygden-gcavenging salts. The anhydrous particles are

30 commercially available from numerous sources. The
anhydrous particles are preferably between about 1 and

. about 300 microns in diameter.
The powder shown in FIG. la is generally prepared by
admixing the hydrophilic core particles containing anions

35 into a hydrophobic liquid containing the acid releasing
agent to form coated hydrophilic particles, admixing




carboxyl ates such as ani de isostearates, polyvinyl 10 acetates, polyvinyl
al cohol s, pol yvinyl pyrrolidone copol yners, and netal carboxyl ates such
as zinc i sostearate. Dispersants having a nmelting point greater

than 50[err]C are preferably adm xed with the hydrophilic articles
bef ore bei nyoA8I_3I4xEd Wit h' t he hydrophobic 15 material. Sﬂq’ﬁﬁﬁ@w”

pol yvi nyl pyrrolidone copol yners I ncl ude copol yners of

pol yvi nyl pyrrol i done and hexadecane such as Ganex V-216, and

copol yners of popl yvi nyl pyrrol i done aRd ei cosene such as Ganex V-220,
whi ch are commercially avail ahl e from GAF. Cor 2 The particles
enbedded in the HWYITQU HRTSACIgE with BB%U% a?ﬁéh@ﬁq¥9ﬂ41&ﬁﬁyﬂﬁﬁﬁéc les
material capabl ec®f £duindi REroduct ,Webbliagethe Twodueot,i cinds faagmeatimyst ur e

scavengers 10 eneMALAIAL B SIBLULCQNALS! Y Siite Slyd:A0ia8E ASLESS) ROy

agent int A F]yer abl e mat eri
i ncl ude sodi um sim¢tede QxﬂxﬁpﬁﬁﬁgﬁFfa?edePGF%%ﬁ% akAveatte, Prevenﬁagne3|um

sul fate, cal gi unygdlstdrlesidDicE the HoAKEpRUlic pasiidiex.gel, al um na,

zeolites, clays such as be nite Qf,assium anat e,
nDIecuIar si eves and The J@hogcgygnépﬁgngg??écaﬁh?l%§1% d %% Sgtlcles

are 30 conmer cuainy %&uﬂdxﬂﬂdebﬁﬂ@nln&ﬁbﬁﬁ&ga%oQ#QnﬁingfTM@Chanlcéhhydrous

particles are prefgi@biea hﬂé&m&gaaﬁut otha@dknown pdwddr FRpErateBa in
di aneter. $e powder shown in FIG la is generally prepared by

admi xi ng the hydWﬁbh? ft core particles containing anions 35 into a
hydr ophobi c1Bi qui d cdbitaipowdex Hd lastaatetedni REG. 1b imy@vepagedoby coat ed

hydrophilic part'bﬁﬂnfiing?‘md&* J.llc coreP £9§8§é97&%ta1n1ng anions

23 anhydr oys artlc he q dro <iqnp gl.es to
forma product, ¢BbPi $Ef dfuct to
forma powder. Tharbydl@@hoidm1ﬁﬂn@uhdhuﬂyophoblcnmatmkiai(bQQMarnang as

descri bed above r | o] j4l4is¢, particl es.
8if' fYBlM simy S%Qalrﬁ:ggﬁ% Qﬂe Eo&@@d My Qi a1 1

The ‘powders of the Invention ared usi ng f.Iuidized
beds, mechaffcal PBFERGERT, taekddhidyinter ed PE?dPQ%QF%ﬂ(ﬁﬂﬂ%ﬁjQQh&hﬁther

knomn powder prepatermediate powder with anhydrous particles to form a
. product, cooling the product, and fragmenting the product
to form a powder. In a preferred embodiment, anhydrous
‘particles are admixed with the coated hydrophilic
20 - particles before the hydrophobic material is added to
- form the intermediate powder. The hydrophobic liquid may
include a dispersant as described above to prevent
agglomeration of the hydrophilic particles.
In some instances, powders having a hydrophilic core
25 containing two or more different anions are effective in
controlling release of a gas. Either of the powders
illustrated in FIGs. la or 1b, for example, can be
prepared by admixing hydrophilic core particles
containing chlorite anions and hydrophilic core particles
30 containing bisulfite anions into the hydrophobic liquid
to form the coated hydrophilic particles. If chlorine
‘dioxide and sulfur dioxide are released in preparing the
* powder, the sulfur dioxide reduces the chlorine dioxide
to'chlorite, controlling release of chlorine dioxide from
35 the powder. The presence of bisulfite anions in the
hydrophilic core also delays chlorine dioxide release



met hods. 10 The powder illustrated in FIG |b is prepared by

adm xi ng hydrophilic core particles containing ani ons into a

hydr ophobic liquid to form coated hydrophilic particles, adm xing a
hydr ophobi c | containing an acid rel easi ng age e
coat ed hydr%@é‘ﬁ 0315 particles to forman internediate p%\%amsg%gg%\ Xi ng
t he I nternmedi ate powder with anhydrous particles to forma

product, cooling the product, and fragneg%lng t he product to forma
powder. In a preferred enbodi nent, anhyd particles are adm xed

with the coated %}i‘% c a{,,lgﬁ | ggmateri al
Is added to P%( m t eﬂﬁ%r?e eég?\)vﬁg CH& vegdg%%ggggle{g {Isqu d may

i ncl ude a d|sper@%%ﬁr%ﬁﬁcﬁ%ﬂﬁ%qﬁeﬁlﬁﬁopgwéﬁFrﬁ SuclqgfPormer ati on of
the hydrophilic ppsigtatess. Powders cobntaiming nicrremorpoddEéfereari ng a

Py drophiL e oo Pafifond P AN M rdn® DL 8 0o SR ABe Lo cbE 0 T Ve

I n controll?ng rel'éase o
il lustrated Bn Prose dhffgrems gaﬁeseﬁaﬁpﬁbf Q%EFQNPUrPOSGErep§P€d by
adm xi ng hydr ophékagpLe] ea RRided e&ntamm@rﬁﬁdmme: Rindr cheogiitens and

T

hydr ophobi ¢ I|qu 0
chlorine d|éﬂﬂd@hb@mﬂﬁﬂndlﬂxmﬂﬁoipﬁede?@0¥¥ﬁQﬁ&ﬂﬂjq theefarPtngrt he
powder, the sul f gengieXi &€ éﬁgﬂgﬁg%lghe chl ori ne di oxi de to chlorite,

control ling reI ease I,oxide from3 resence
of bisul fité&%nions fkh? hléyé‘rop &r SBHFI P%rE{)?]eesalag’c?ogzgjaﬁ‘ghX%FSP ne
di oxi de rel ease particle®Glandgsman@factured by conventional processes 24

fromthe powder gdyai ﬁgcﬁéﬁé&lgﬁx td?:ya‘é%hdeaeé&ﬁt&{hé’}s, or c&il gel ne dioxide
w th powder additive rances t ai ni

nore di fferent PY*C ﬂ?%ﬁ f??PtWﬂfﬁ?V&rgBHF??%‘c fh?(ﬁﬂf%ﬁ%g S, 8f aggﬂgﬁo or
5 nore differeningaedsehbs alvd fatromed por podey. attesphere betfempl beiagpowder
cont ai ni ng Rissul {;skq gﬂdtﬁg|§6w6é§ prepa®dt 983 fgbéégease sul fur dioxide

for food reservatlon nd .chl orj ne_ di oxi de_for rization,of the
food or P Although the hydrophligc and hydroﬁk ic materials

,mpformulated as described above, it is preferred that the
-+ hydrophilic core contains an alkali metal chlorite or
20. alkaline earth metal chlorite for release of chlorine
dioxide. The first hydrophobic layer preferably includes
a microcrystalline wax diluent and an acid releasing wax,
such as propylene glycol monostearate acid releasing wax.
The second hydrophobic layer preferably contains a
25 microcrystalline wax diluent and a dispersant. The
particles are preferably sodium sulfate or calcium
sulfate.
The preferred phosphosilicic anhydride acid
.. releasing waxes are generally prepared by melting a
30  carboxylic acid ester of a polyhydric alcohol, admixing
. phosphorus pentoxide into the melt, then admixing a
:,.silicate or silane into the melt, and cooling to solidify
.. . the resulting acid releasing wax. The carboxylic acid
N ester of a polyhydric alcohol is preferably a glycerol
35  ester or glycol ester including, for example, an alkylene
glycol carboxylate such as propylene glycol monostearate,



control of chenotaxis. 10 The hydrophilic core particles and the
anhydr ous particles can be manufactured by conventional processes

and packaged in dry seal ed containers, or can be ~ purchased from

vari ous sources. The particles and other ingredients are stored in a
dry at mospheV@ %3k e being 15 used in the powder pr epar at PGHUSIBOTSS s

Al t hough the hydrophilic and hydrophobic nmaterials and the particles
cont ai ni ng anhydrous material can be formul ated as descri bed above, it
is preferred that the hydrophlllc cor @Xont ai ns anhﬁlkall netaldchloalte
or 20 aIkaIine h or| far ease. of, chl ori ne | oxi de
The first hydrop é r$§yi§n?ﬁ(§§§a ﬁly°anﬁM88§°l élsEF?ﬁ%ﬁFbcr?§PRVﬂFﬁ§ wax
di l uent and an aglﬁC¢blmgnnsgyaM®te is mostchrefeprep\Bemamsy itoHoes not
monost ear at e aci foaf! 2GS VDY or obswﬁcéeﬁeaéléyd&omgcg%ixc f'&%xaf

referably contajns a 25 n1croc i ne wax uent I Sper sant.
‘Fl)'he %art i cl égaﬁ?%%"r e?%’r’é’d‘}ex?% &eHnP§EP?£i—%9 o‘?h%aﬁ%%rﬁeleaSJ-E‘EI fate.
The preferre8 phwspho@rlthn(pqndﬁp&'Ddewhendlncorpmtémxngruhemgeaae&ee

general |y prepar QﬁtQYPB?Qh{éf‘QEﬁn%O oT2LRAKY Qtéfiglhgsése erd P%oagc\d‘gydrkc

al cohol , adm xin hor,us oxide 1nto m'xi ng a
silicate or S|Iaggb?Fﬁ?ﬁ% afelis c%ﬁﬂ%éﬁopﬁnﬁeﬁﬁﬁﬁﬁﬂ|Wﬂqh/the sijpeate
resul ting acid retreaslame viax.forth®-oashonyl c¢opchdsi bond#ﬂﬂﬂ'tﬂe dcid

pol yhydri ¢ al cohgky e ielaLe Mok BILYBSERLusSa £5E SnBloidhgol eoter
i

i nci udi ng, for exa an a car 0o Such as
propyleng gt9col PEB @%ﬂéﬁ%?h as m°n°SP€#FE% gﬁhuﬁphosphate A

25 gIycerobruaaﬁstfﬁﬁéﬁrhpaﬁinglthheprbﬁifiﬁiﬁf%nﬂ%a%ﬁﬁbeaéld

Dtossively or obereaatAn P (B SRARRERHERY' 1 SOk bennerechRpREn

when preparing tH@rﬁ%WF‘i origdsinefersngax tooRalpke Phewer'Shemishey of
i ncor porat i ng thSlDﬂMﬂer5blubllﬂt@tOPBQ&EFEEEQt%aﬁ S?eyﬂdﬁa'aﬁgﬁgﬁg? ﬁggfeend
giogrf;?\e tosform&)%@cse trt?doc% EXd's' 'it‘(n ‘?ﬁge%csfgc?°ns' N.X., p.
.. 297 (1979). Preferred silicates or silanes include
. tetraalkylsilicates such as.tetraethyl orthosilicate,
.. alkyl silanes, and.monoalkoxy silanes. The preparation
.of representative acid releasing waxes is described in
20. - .Examples 1 and 4 below. The process of preparing the
acid releasing waxes is further described in copending
Wellinghoff et al. U.S. patent application no.
08/858,860, filed May 19, 1997 and entitled "Compositions
for Sustained Release of a Gas," which is 1ncorporated
25 herein by reference.

. Applications for the powders are numerous. The
powders can be used in most any environment where
exposure to moisture can occur. The powders can also be
impregnated, melt processed, or otherwise incorporated

30 into a variety of materials to provide films and coatings
for a wide range of end use applications.
Gas-releasing powders can be used to retard, kill,
- prevent or control microbiological contamination on a
surface of a material, within the material or in the
35 . atmosphere surrounding the material by exposing a surface
- of a material to a powder of the invention, and exposing



rel easi ng wax can be substituted for phosphorus 10 pentoxide, such as

nonost earyl di et hyl phosphate. A process for preparing a phosphosilicic
anhydri de acid rel easi ng wax usi ng nonostearyl diethylphosphate can be
per f or med V\equ, ;;j;r ence to Ralph Iler, "Chem stry of sET/USRI07991

Sol ubility, lsyrrerl zation, Colloid and Surface 15 Properties in

Bi ochem stry," J. Wley & Sons, NY., p. 297 (1979). Preferred
silicates or silanes include t et raalkyl silicates such as tetraethyl
orthosilicate, . alkyl silanes, and nonoal koxy silanes. The preparation

gfl repreiﬁnt ati \&eﬁ“b‘u@fh%kaeéé'ﬂ@lé!%%ﬁ i g&%&htaednanraﬂea@aéml fes lhand 4
el ow. e progess pre t he as| es is further
described in coé@rﬁﬁ%l gV‘g n%%fqovger Imtﬁ ag‘g‘ﬁﬁﬁ% cation no.
08/ 858, 860, fil m:hﬁ’viwanﬁﬂnglﬁhé swxifars  t [Ted am@&pesnatbm embodigtersust ai ned

ig:o?a?z:t ?Lng ?gr igzd pomggicamcewe&ﬁ&&l%i 1@9&%Eﬁré¥dreﬁﬂf‘é&‘e

rs are n ous powder s can pe used in
nost any enVd r orRkSTeRkSS 8T °°nE’£‘b:g%‘?f£ e A lﬁ.‘ﬁrég'f"ﬁree gaﬂ BRE®FL3he powder s
can al so be v'nrqlrmgrtaieematatialpmnmssﬂm atmospherai serrowmdijogy athed 30
Into a variety g{at’gazlt i&hl ﬁ&QcPﬁQVtﬂ@ thald 15 ag] eagQ@Ehegé owdd Lo tédle

range of end us | cat E rs can be used
to retard, kill m"entﬁtoé\/eﬁf‘doFXEBﬂW%luf'ﬁ cﬁqyﬁ]ieéﬂ &G Bt SEWFR &FF ERISAEDN a
surface of a nataerb:a:lq:.dull kias £hemneherpowdey intol hbhe3atmaspepher e

surroundin he p surface of a material to a
powder of t 8 .n%‘f‘fdéﬁim%y&ﬁéx%%%?ﬁlﬁ PCT/ US98/ 07991

26 t he surface t@%a@rﬁﬁéeﬁélﬁﬁr@%@%rﬁ?“ré‘i gaskegused %P oci dal gas
fromthe powder devdorie at Fzphescof a rﬁaﬂéﬁ!ﬂ]dldigthbeaﬁidbépnerel n an

alternative enbog[% é&“dm&t%cﬁggé%hgg' r ,gooorgﬁg Qatsth.Eaéé éftgrded

killed, 5 preven tTol W t hi
the material or natefia@lattepsppewdes et okirrli inyartdon, apdt éKP%*Pl%' fr#%lm ng

the materialsad] awefice R EtAket B8 genetdteeHnd elahbe eX PASOAG 1 ihg
powder to nD'StLgﬁ%tf%IWﬂéﬁgspowder into the atmosphere surrounding the
_____ ;8urface. In another embodiment, a surface of a material
:ﬁ%p::the atmosphere surrounding the material is deodorized

. -»by placing the material adjacent to the powder, and

20 . .exposing the powder to moisture to release a deodorizing
gas from the powder into the atmosphere surrounding the
material.

The gas-releasing powders can also be used to
retard, prevent or control chemotactic attraction of an

25 organism to a material by exposing a surface of a
material to a powder of the invention, and exposing the
surface to moisture to generate and release an odor-
masking gas from the powder into the atmosphere
surroundihg the surface. In another embodiment,

30 - chemotactic attraction of an organism to a material is
retarded, prevented or controlled by placing the material
adjacent to the powder, and exposing the powder to
moisture to release an odor-masking gas from the powder

. into the atmosphere surrounding the material.
35 In the above methods, the surface of the material

can be impregnated with the powder, the powder can be



a biocidal gas fromthe powder into the atnosphere 10 surrounding the

mat eri al . The gas-rel easi ng powders can al so be used to

deodori ze a surface of a nmaterial or the atnosphere surroundi ng the
mat eri al by exposing a surface of a material to a powder of the

i nvention, WPS&#MIdsing the 15 surface to noisture to genEFXUSBYPY el ease
a deodori zi ng gas fromthe powder into the atnosphere surrounding the
surface. |In another enbodinent, a surface of a materi al or the

at nosphere surrounding the material is dé@ddorized by pl acing the

mat eri al adjacent to the powder, and 20_. exposing.the powder tQ noisture to
rel ease a deodor Aepixed w’-t}bg’q‘ r“@r’ﬁef'l’rélpos\ﬁ%rp‘? F t %m??ﬁ gegd

surrounding the withimed eydstpermeable containgas-owel s imagepdiadeasdcaheal so
pe used 1o = LELALH ol B Undloak i Phif N BEAG IfeAl L iEhy @Re0! an 25

organismto a Py exposing a surface of erial, to a powder
of the inventi onPOHARE ck®RAHPagsk withinga, eaREAiReTYithy CONFiREXFaPe and

rel ease an 060or-be herm@skédllyyaealedn brepasriiel 1y nenldte saichphler e
surroundi ng the %&%ﬁ%%s i@ @%@J t%@bgghgggﬁer% chenotactic attraction
a RrTar 1S retarded, p

of an organi smtg ! T revented or_controlled by
placing the material The chiprinedicxidesrpbonetng PRI HFy FREPISWder
to noi st ureckf bel Sasfedia D intRS kongagAasrs Iesed o Wi food inNto
t he atnosphere surr t he .abov t.hods, the

surface of the nﬁfga}qg\gls’n gs‘gar‘]?e:’a;?%‘g{q%idgg%?%ﬁtw‘#?lnclf‘?leé"tp?dwf PG howder
can be 10 PeILREYSEegd9,] medical instruments, devices and Bppplies,
adni xed wi t Ih t hepgBE8hAS! cawﬁpmﬁt@s_,c?@db@amﬂ&ogf&hogim%alwiv;ayt@ﬁa
gas, pereadl o cOLLINEL: Shobll ARSI, 4 Lhfuas . HYDS  helRee,
cont ai ner, the cbagai iteachag" Sor mfHear wasi-perigablel cehtaimerarci ghley
seal ed such that pouderSeHR B&Sin&Rlded iMal BRBofagt atS8fainer to provike
chlorine di oxyq‘e-rehﬁasm p‘\a/\de , ‘{i%rroe{%ggl ﬁé caan biev |tr£prne.gn%%%d
into contairers @& Pﬁlggo H ’F‘b‘iﬁj : atmosphere upon activatio
.chlorine dioxide-releasing powder can also be impregnated
into a paper or polymeric material (e.g., a shower mat,
‘shoe liners, inserts or insoles, bandage material, a meat
- “cutting board, a food wrapper, a food packaging tray, or
20 a seed packet); admixed with a material to create a
- microatmosphere of chlorine dioxide about the material
{e.g., so0il); or admixed with other powders to kill
microorganisms or deodorize {e.g., foot powders, bath
powders, powders used in tfeating jock itch).

25 In addition to deodorization to neutralize malodors,
the powders can be used to retard, prevent or control
chemotaxis (i.e., the attraction of a living organism to
a chemical substance). For example, odors from food can
attract insects to the food. When the food is adjacent a

30 powder of the invention that releases an odor-masking

'~ gas, the odor released from food is indistinct or
imperceptible to the insects.
The following examples are presented to describe
preferred embodiments and utilities of the present
35 invention and are not meant to limit the present



products, soap, |aundry detergent, docunents, clothing, 10 paint, seeds,

nmedi cal instrunments, devices and supplies, personal care products,
medi cal or bi ol ogi cal waste, athletic shoes, footwear, and refuse. A
packet , saciﬁg bag, "tea bag" or other gas-perneable ' of the
powder can S?ﬁ%“ﬁded in‘a storage container to provide lgégh%ﬁﬁgﬁfne

di oxi de m croat nosphere upon activation. The chl orine

di oxi de-rel easi ng powder can al so be inBQegnated into a paper or

pol ymeric material (e.g., a shower mat, shoe liners, inserts or

i nsol es, bandage,yBtefdtlun1 s Bk herwisé Ustd i Do the 21690 XpPOREEa @

food packaging tray, or 20 a seed packet); adm xed with a nmaterial to

Create a ¥R nosphere of chlorine di oxi de about the materi al

(e.g., soil); or adm xed with other powders to kill m cr oor gani sns or
deodorize (e.g., foot powders, bath @pwders, powders used in treating
jock itch). 25 In addition to deodorization to neutralize mal odors,

the powders can be USRPRIEY dCafgkeppehERyorfoRimBapPYLlene gh¥ast axi s
(i.e., the gttrachostemdfatre ldcdidngetegaihgmrd® on a Iabdrarioeyl saabsi ance).

For exanpl e, Od§£§p%%&% {gql\ggcro(ig?nopﬁsteg£££ PEzé&Eftvfaét hehBEal R0, Wren the

food is adjacen he nvention t eases an

odor - maski ng  SxYgaStoRparashor -Adrexseabierkn FoRP 160 I hasdnEndt or

| mper cepgi bl edtﬁe&bﬁné Rt s . f The gelt wae £oiteed g onme ¥ hag are )

presented to degcyri refers | itie t he
SRbpefece aidzoreRiaSE BEeTRiS UL oles, fpoEolt

present 35 inv
PCT/ US98/ 01991 hours to remove residual moistureg When jhupbddngnofinthes

otherw se statefielp bhd@ef|vHdRurnRRAREE] the H6HBdk was flushed and
EXAMPLE 1 ' . én.on?erwag ke.% hydr ophobi ¢ propyl ene glycol 5
nonost ear at e aclgPeFER HE‘ fﬂ%hn& FSéSpa %?y scal e, propyl ene gl ycol
nmonost ear at e (200 g)Phesphaxtusedentoxide (87y7 @t opperleded [inter aschl enk at
50-60[err] C usi Bgwder addition funnel in a glove bag continuously purged
' 15 with dry nitrogen. The funnel was connected to the
.zy9chlenk under flowing nitrogen, and the phosphorus
ﬂﬁygptoxide was gradually added to the melt using a screw
- ..zfeeder over three or four hours as the melt was stirred
R rapidly at 50-60°C under dry nitrogen. After the
20 - addition, the melt was stirred under dry nitrogen gés for
at least four hours.
Tetraethyl orthosilicate (TEOS; 39 ml) was then
added slowly over 40 minutes using an addition funnel.
Ethanol by-product was vented through a septum and needle
25 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
foaming and maintaining a temperature sufficient to
.. volatilize ethanol condensed on the schlenk walls. The
30 resulting propylene glycol monostearate acid releasing
wax was then allowed to solidify at room temperaturé in
.the glove bag under dry nitrogen.



heating mantle. The nelt was stirred at constant t enper at ure under
reduced pressure for three to four 10 hours to renove residual noisture.

When bubbling of the melt under vacuum ceased, the schlenk was flushed
and mai ntai ned with dry nitrogen gas. Phosphor u i de
(27.7 g) wa¥OWHEd into a powder addition funnel in a 5?6@2’9@23&
continuously purged 15 wth dry nitrogen. The funnel was connected to the
schl enk under flow ng nitrogen, and the g;losphorus pent oxi de was
gradual ly added to the nelt using a scre feeder over three or four
hours as the nelt was stirred rw 50-60[ err] C under dry
nitrogen. After the 20 addition, t s stirred under dry nitrogen
gas for at | eastA fahloriiver dioxide-relediimonpomderovahasréepared ¢TECS;

39 m) was then g 35p %Qa,sgew&x OVEEa it ranltaﬁ%eU$naﬁean§ﬁ9ﬂ¢5ﬂon funnel .
Et hanol by-prod;écl_H=1 was v ed through a septu serted at

the top of the “’t’1°t?r} SuREr. SRR grtq}?epow@er-r Xﬁﬂﬁl‘t“f‘o‘ﬁr $%nai ni ng

et hanol was ?p)urrmadamﬁfghmd.ar a schleskucegbdines chlexfioe &boug) lstsrlﬁ.um; whi | e
m ni m zi ng i n u e

vol atilize et hano onde‘?ggdggnmtg g gc %eﬁf%% aéS%&%,esu hl ng

propyl ene gl ycolpqﬁﬁmﬁéﬁfé%c!“ﬂnﬁ’%\‘%% acid rgieagdagi ¥R of | owed to
sotidify at roorgstsmies at U130 §), andtbetxpwase IDAQ widedcryytall s erax

PCT/ US98/ 07991 .
DANPLE 2 (0 DoieEs sach Blaged i &SI, and. poopReEed dnaiss @

a | abor at or%roscajr%"-'gas(ﬁilcﬂ’rﬁ OHoMLER R BRES “EWIE:éWder duiem%a%sn vER .
ground to a powdpie awickirc bowldweedheat&¥ efdni FPHC iwlth achbiesilat Hegli um

hlorit 10 f 5 0. 2 I
gl zg;I te hfa g) pr%%%I gnr@ehegl 1%"I'lle %ﬁoégéa“rlgflﬁi% %écésguLg\éAé}(m&?rér}? ©
Exanple 1 (130 gyitzedermet r'réwaﬁesgnwam wascihen aiddeﬂetﬂakhe boyboard were

each placed in andlw@sk. anthesRRRAMEEN1851EER wad dded €8 GheVeebBEa Wik a

oo & i R e i Al B 8 mimcedl BB0'9 PR BBRLEUSEede

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
20 product was collected in an airtight bag under nitrogen
"~ with desiccant and cooled overnight. The cooled material
was cryogenically ground to a powder and stored.

EXAMPLE 3
Another chlorine dioxide-releasing powder was
25 prepared on a laboratory scale. Sodium chlorite flakes
(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 1 (130 g), and
30 Petrowax 3040 microcrystalline wax (90 g) were each
placed in a flask and stoppered inside a large glove bag
with a Ross mixer under dry nitrogen gas. The mixing
bowl was heated to 53°C with a circulating bath. The
glove bag and mixing bowl were purged with dry nitrogen.
35 The Petrowax was then added to the bowl and melted. The



bath. The gl ove bag and m xi ng bow were purged with dry nitrogen. The
Pet rowax was then added to the bowl and melted. The sodiumchlorite was
added.-to the nelted wax 15 and m xed for two mnutes. 400 g of the sodium
sul fate w?zgged and mxed for two mnutes, and then tgeqyysesnmsopyl ene
gl ycol nonostearate acid rel easi ng wax was added and m xed for two

m nutes. The renai ni ng sodi um sul fate was added and m xed for five
mnutes. The 20 product was collected iyg an airtight bag under nitrogen
wi t h desiccant and cool ed overnight. The cool ed materi al was

cryogenical ly grgg@shh o1l OWRE vagNdagbar 6. the melted wax and mixed for

bropared on a | aBBFER FeR e HodgqPEnERR of fo a0 | HsBte hs Gacd ana
Chenical s) were gnn@@dex>thﬁﬁmmynuana.vanéuhhen thejingpydeaenggiicoln a
schl enk. SOd'U”]ﬁBhgétéékééé)éﬁmd releaQQh@'#Q&5W5§Eﬁdﬁe@?&idghnxéaefor

propyl ene gl nonost earate aci.d.rele

G 50" Pett BraxUBBLARE B Hen FERACIAAY TOLEEI ik abgoHas adaga zad )

a flask and stoppéxed fomsificven Mizmugesgl o¥be bpgoduct waalwailacsednxneanunder
dry nitrogen gaSaJ{?ngE XBa@ under K’ﬁ‘e’r g@ﬁ G%@ﬁ%’eéﬂ:e’%ﬂt%hhcc%igda

circul ati ng bath. m X wer e wth_dry
nitrogen. 35 ThBVFEF+%be QdHéBera H%?%xﬁﬁngﬁﬁlﬁé 3¥dgr°?ﬂ€
PCT/ US98/ 07991 to a powder and stored. 30 sodiumchlorite was
added to the nelted wax and m xed for three mnutes. Half of the

cal cium sul fate was added and m xed for three mnutes, and then the
propyl ene gifcol nmonost ear at e aci BXP¥PERtng wax was added and mi xed
for 5 two minutes. The onader icgrakal ai hyxdsophabic wromddee glgcol N xed

for five ninutesnolig DLAMMCta AP 1£9daBIhETuLR B o conidrldidit ghggounder

nitrogen with desiccan mat er|
cryogeni cal | y gr ByREY1ene tGlycqlomenossrarater £4225.5 “Lbs ) was m31ted at

55°C using oil heating in a stainless steel stirred tank
15 jacketed reactor with internal cooling coils and a reflux
y\condenser/recelver system. Powdered phosphorus pentoxide
:Am,(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
20 (221.3 1bs) was added to the tank and allowed to react
for 12 hours under vacuum. The propylene glycol
monostearate acid releasing wax was collected from the
bottom of -the reactor and allowed to solidify at room
temperature.

25 EXAMPLE 5
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
30  about two minutes. Sodium sulfate (385 g) was added and
.mixed for about two minutes. Propylene glycol
monostearate acid releasing wax of Example 4 (130 g) was
then added and mixed for about two minutes. Sodium
sulfate (385 g) was poured into the mixer and mixed for



10 EXAMPLE 4 In order to make a hydrophobic
propyl ene gl ycol nonost earate acid rel easi ng wax on a conmerci al scal e,
propyl ene glycol nonostearate (1225.5 I bs.) was nelted at 55[err]C
using oil heating in a stainless steel stirred tank 15 Jacketed ctor
with internwoa8ss13ng coils and a refl ux condenser / r ecePGEP 9§§92¥9
Powder ed phosphorus pent oxi de (170.2 I bs.) was introduced gradually over
three to four hours with cooling. After the reaction proceeded for

four to six hours at 55[err]C, tetraethyBlorthosilicate 20 (221. 3 | bs)

was added to the tank anq all owed_to react for _12 hours under vacuum
The propyl ene gl3RMEt 5 MiBULES: caTHE PERIYFY NaSaSPAdeRERIWERARH| F%6¥t ed from

t he bottom (ﬁortdhﬁzzrdmctama andlall averbdw tempediatyrat ovépnight. The
t enper at ur e.

Eéég? e

provi di ng sustaJ?P%}?%ﬂﬂﬁiﬁglo TRPoFTHRT® gEg guﬁgstgr%bé? yéﬂ%ltlng
Pet rowax 3040 stegedocrystalline wax (90 g) in a planetary mxer. Sodium
chliorite (1059) was qdﬂﬁdzt%hm@ BBkt eH1yEN M oXieedrb0Eade r@beUtréno

m nut e Sodi um.sul f at or_a

n1n3te§. Prop;réﬂiu I‘ %oﬁéﬁmgﬁsgrﬁﬁigéﬁﬁ(?vFéi5§¥Fﬁa£m8§y%f1%xanple 4
(130 g) was am:n daedt WaRxXFdngorempryatungo apdnbuwidispdi um

sul fate (385 g) y@saDOLEHS fﬁmnbherahxsﬁo@@%nw@r faaa about 25-50%

PCT/ US98/ 07991 m nutes. The
product was col | Bt Y dBmigifFy . ChEBEﬁ??|Qﬁﬂ¥¥5ﬁdr€&8P§8 5?t?6oﬁ¥e
t enper at ur e10verdepdndertheon bothcgempdratiee iaxid wedatiyegbnmntdity. ground to

a powder and stored. 5 ~ FIG 2 shows the chlorine dioxide
rel ease rate from the powder. Controlled rel ease over several days is
acconpl i shed at varying tenperature aFRR¥ERRE ity condi tions ranging

from about 70-80[ err & powbieah@toviBih§%sustained release of chlorine
: .. dioxide was prepared by melting Petxrowax 3040
microcrystalline wax (90 g) in a planetary mixer. Sodium

15 chlorite (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

. monostearate acid releasing wax of Example 4 (560 g) was
“then added and mixed for about two minutes. Sodium

20 - 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

' cooled material was cryogenically ground to a powder and
stored. '

25 FIG. 3 shows the chlorine dioxide release rate from
7.0 g of the powder. Controlled release over several
days is accomplished at about 80°F and 45% relative
humidity.

EXAMPLE 7 _

30 A powder providing sustained release of carbon
dioxide was prepared by melting Petrowax 3040
microcrystalline wax (90 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



relative humdity. Chlorine dioxide release rates are 10 dependent on both

tenperature and relative humdity. EXAMPLE 6

A powder providing sustained release of chlorine di oxi de was prepared
by nelting t 3040 m crocrystalline wax (90 g) i tary

m xer. Sodiu Jf%\gﬁéhl orite (40 g) was added to the nelted \kgiﬁg%@??xed for
about two m nutes. Sodiumsulfate (155 g) was added and m xed for
about two m nutes. Propylene glycol nostearate acid rel easi ng wax of
Exanple 4 (560 g) was then added and?mi xed for about two minutes.

Sodi um 20 sul fa?r%gﬁ ofibey @or"‘@ﬁoﬂegﬁg “‘md&u%&& %gg,léﬂg @iogéf for

about 5 minutes. e product was collecte 1 tions and
cool ed at room tEPRRELRATESORELA Haleaging wax ofoEranrhat &r (260 @k was
cryogenical |y grensnl ddded paddaixaddfor abaitorad mdhutes. $Sodium@ shows the

chl ori ne di oxi de Se . lat e, f : t : r ed
rel ease over sev%lg]g#a% (1 a?% P’gg]a %%ﬂ%ﬁzilg}]%d%g"te g'ggggvgg?el}l%%aﬁ# 45%
rel ati ve 5 huabeit f minutes. The product was collpgagp endenpdry A

powder provi di ngeshBitaidie and eadteafl a€ardsi temper@itQ¥edevephigiieparek by
mel ti ng Petrowax_ 3040

' talli 90 ' | t
mi xer. Sodium ©°° ?%ﬂ%@ﬁ?tagr ?’%rﬁyéﬁc\?\%‘%&%ﬁ@é’ ﬁggog%é kﬁgl %eﬁo‘?\ge :r m xed
for about two mistered. Sodi um sul fate (155 g) was added

PCT/ US98/ 07991 32 and m xed for about
two m nutes. Propylene glycol m%@te acid rel easi ng wax of
Exanple 4 (560 g) was t hen added & for about two m nutes.

Sodi um 30l f at e ( Papderm prpvididgi sustairedrivedeagrdofi selifior 5 about

5 minutes. The p{ogiied Was raldaeehietly UREEE 15l et rowaNdblibons and cool ed
at room tenperature overni gﬂt The ] ] ]
microcrystalline wax (90 g) in a planetary mixer. Sodium

bisulfite (50.8 g; 58 wt.% SO, from Aldrich) was added to
the melted wax and mixed for about two minutes. Sodium
15 sulfate (300 g) was added and mixed for about two
~“iminutes. ‘Propylene glycol monostearate acid releasing
Fwax of Example 4 (560 g) was then added and mixed for
. #"gbout two minutes. The product was collected under dry
conditions and cooled at room temperature overnight. The
20 cooled material was cryogenically grouhd to a powder and
stored.

Sulfur dioxide released from 1.03 g of the powder
was measured by placing the powder in a seven cm path
length Perkin-Elmer gas cell of volume 26 cm® and

25 injecting a small amount of water to effectively bring
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 1 below:



cooled material was cryogenically ground to a powder and st or ed.
EXAMPLE 8 10 A powder providing sustained rel ease of sulfur

di oxi de was prepared by nelting Petrowax 3040 m crocrystal line wax (90
g) in a planetary mxer. Sodi um bisulfite (50.8 g; 58 wt.% SO2 from

Al drich) waswaa@ssaii o the nelted wax and mixed for abolRCHUSHRUL es.
Sodium 15 sulfate (300 g) was added and m xed for about two m nut es.
Propyl ene gl ycol nonostearate acid rel easing wax of Exanple 4 (560 Q)
was t hen added and ni xed for about twd3mi nutes. The product was
col | ected under dry conditions and cooled at roomtenperature
overnight. The 20 cooled materi al vvasT%?%(j‘eni cally ground to a powder and
st or ed. Sul fuimdi oxigle rel eased frogohc@itfa®ion herdoppal was
measured by placing the pg*der in a seven cm path bgngth Per ki n- El mer
gas cell of volunme 26 cn{®rr] and 25 injecting a smarP>anount of water to

effectively bring the4rel ative humdity to 100% 7SaBf ur di oxi de
concentratios was deterniggd via infrared absorption 7. gg SPectroscopy at a
time period Tollow ng the Wwater i njection. The reéu?ts are shown in
Tabl e 1 bel ow PTI3 US98/ 07991 6.47 33
TABLE 1 Ti me fgm Concentration.(30[err] ppm

20 - Wz 44 lgtert

7.48 5 85 7.88 125

6. 47 48 hours 1.01

EXAMPLE 9 A powder providingEgﬁﬁggﬁr%mlrelease of chlorine

A powder providing sustained release of chlorine
10 dioxide is prepared by melting a carboxylate of a poly o-
hydroxy alcohol such as sorbitan monostearate in a
planetary mixer. A chlorite anion source such as sodium
chlorite is added to the melt and mixed for about two
~.-minutes. Sodium sulfate is then added and mixed for
15 = about two minutes. The product is collected under dry
. conditions and cooled at room temperature overnight. The
- cooled material is cryogenically ground to a powder and
* stored. .
A precursor of such a powder was formed by melting
20 sorbitan monostearate in a planetary mixer, adding sodium
chlorite to the melt and mixing for about two minutes.
The melt was white after addition of sodium chlorite,
indicating that chlorine dioxide was not generated in the
melt. A color change from white to yellow was observed
25 as the melt was heated, indicating generation of chlorine
dioxide in the melt. Observations are reported below:



10 dioxide is prepared by nelting a carboxylate of a poly [err]-

hydr oxy al cohol such as sorbitan nonostearate in a pl anetary m xer. A
chlori-te anion source such as sodi um chlorite is added to the nelt and
m xed for abgufesliis m nutes. Sodiumsulfate is then ad B8 0dexed for
15 about two mnutes. The product is34collected under dry condirtions
and cool ed at roomtenperature overnight. The cooled material is
cryogenically ground to a powder and st or ed. A precursor of
such a powder was forned by nelting 20 sorbitan nonostearate in a

pl anetary m xer, addi ng sodi um chlorite to the nelt and m xing for
about two m nutes. The nelt was white after addition of sodium
chlorite, - indicating that chlorine dioxide was not generated in the
melt. A color change fromwhite to yell ow was observed 25 as the nelt- was
heat ed, indicating generation of chlorine dioxide in the nelt.
Qobservations are re 24
PCT/ US98/ 07991 CT/ US98/ 07991
35 Chl ori bt r pl eased ffom|preparatijon nos. 5
and 7 until after t @i ply nj tleg, respdgctively. Thus,
sorbi tan nonost ear atjegi 4 _ = g

colort
BY
SY
SY
W.
w
W
BY
SY
W
W
SY

t
(min)?3
30
10
40
5
10
30
50
4
5
8
10

TABLE 2

sorbitan monostearate

T (o0)?
65
60
61
61
62-65
62
65

BY (Bright Yellow); SY (Slight Yellow); W (Whit

*Whether dry nitrogen atmosphere was used during preparation

NacClo0,
WE.
0
.3
51
(9.2%
0.30
(9.2%
0.34

)
y
y
y
152287
7
(10.1%)

(9.1%

0.22

(9.6%
10

(9.2%

0.
0.50

releasing agent

erature at which melt wés'heated
eriod after which color of melt was observed

(90.9%)
g
S
(85.9%)

P
‘Color observed:

5.1 g
(90.8%)
5.0

2.0 g
(90.4%)
1.0

(90.8%)

ARA
Wt.?!

. 10 g

(90.7%)

3.0
(90.8
3.0
*Temp
3rime

No.




viable acid releasing acid for use in preparing powlers 5 of the

i nventi on. While the invention is susceptible to various

nodi fications and alternative forns, specific enbodi nents t her eof have
been shown by way of exanple in the draw ngs and have been descri bed
herein in owWOaBB2413t should be 10 understood, however, thBET/PEB0P% ¢
intended to limt the invention to the particular formdiscl osed, but
on the contrary, the intention is to cover all nodifications,

equi valents and alternatives falling wit3in the spirit and scope of the
invention as defined bi/ t he appended 15 cl ains. PCT/ US98/,07991

36 WE CLAI M Ch %Jp‘eﬁ/\dg’rml&e Y38 Brheteleresd L TAM PRERAESAOSN si ng:
a hydrophilic cabe, 5 and 7 urtilydifehobhdrkgyrinoreamamditesiigisur f ace of the

hydrophilic coreg, hy IihAaye nt g0y ' els i ng
agent; and En.'nw%%f t?%?%gs}pclqrfe claﬁ't ar(:rth ﬁ\%l’t Eb?hggﬂl?lm\%%%soﬁdc%t;eyé?%t he
particles contavipRgeanchhyrkeRfingh Peidaforapas| tn gpreparing RAWISA t h
wat er; 5 oft BReCoheentiwn particl es, and the hydrophobic |ayer 10

bei ng sybstantially &ﬁffeoéhgwﬁﬁv'néﬂq% g%r%uBSLBQ%ﬁ?€3@56§ariouéﬁ
generating and rel easSing a gas after hydrol'ySIs®o e . acid releasing
agent . - 2modAfpeamtens gind wliterned ivel Eazes of speghilic amhadimepts
a hydrophilic CehBreof have beéh fdHowWn Bydivaphebi exhmyEs LGOI Hrdgvidgsaci d
rel easi ng agent; d5 ve. bhedn S cond fpt/ddré%%ho i nggr.fet en th%‘é;sl r st
hydr ophobi ¢ | ay8PIaREVEHRSRY FUFHITR gyl cetatt. m%ar‘flpé‘} ke,
contact wi tI9 t henderstongdrivphmitsin, that |i4yde, noheipuended dw damidi iheg an
anhydrous mat er i;alyent ionCeRahE frtlicidiald sWriNa8LE6sed, but on the
' contrary, the intention is to cover all modifications,
equivalents and alternatives falling within the spirit
and scope of the invention as defined by the appended

15 claims.



10 the core, the particles, the first hydrophobic |ayer " and the

second hydrophobic | ayer being substantially free of water; the core
bei ng- capabl e of generating and rel easing a gas after hydrolysis of
the acid rel agent . 3. The powder of cla

wher ein thevﬁydbop ilic "~ core contains chlorite anionsF %héﬁﬁ@?%

ani ons, cyani de anions, nitrite anlons hypochl ori te ani ons,

hydr osul fi de ani ons. PCT/U898/0&£

37 4. The powder of claim1l1 or erein the hydrophilic core
contai ns any@lddlpm,metal chlorite, an alkaline-earth metal chlorite, a
chlorite salt of a transition_netal ion or a protonated prinary,
secondary, tertilary & PSVHEHt EPRaFYSLAENSS T8AeaPRAPE #e938 FRMRFISING: an
al kal i ne- earth rebhydrbphilictecorey; bisulfite salt of a transition

nmetal ion or a proto atkﬁ,gﬁgg gﬁé{dl;f&ro%qlaray! Ez‘g%&l Qﬁi‘fa‘? t,'q_fléaternary

am ne, an alkali nmeta I né- ear
hydrosul fi de, a%to@i{i-llﬂicd6°§a}tt1%ﬁ hyirophopifsilayen m%ammg @ a

protonated [Bi naaid releagtagdagyntf eddd ary or quaternary am ne, an al kal i

net al nitrite, a[g)aqjtlighgge a%&{(}__a{’(r:ett %Jltli]ll EE' tﬁgdronla%” t%t%aﬁl’ﬁt artsp o?f a

transition metal ion~or a protona
quat ernary am n@aréﬁ%elsalcpnﬁéminaan Wéﬁ%ﬁ meteanahlq:@nahiee efrth net al

hypochl ori te, 61b1ndﬂmgp@qhhowater§alt of .a tranS|t|on metal ion or a
protonated primry, condary, ertiar, ate an al kal i
nmetal cyanide, an al § Qr8ar b n%?%’ycj'es’ }’d’é"%fg‘}ﬁ‘ﬂé"aé@"i of a
transiti on ket albaing @ub@ta@tlplbym@@qomamw tbeccadarlgelngerdapahleor
quat er nary cﬂ“d@;@reratlng aRd rdiadiwfer gak akaky ﬂy&fol?ygneroee e

hydr ophilic 2y . %gtsﬁngsag SOdI um potassium calcium” I1thiumor

2. A powder for sustained release of a gas comprising:
a hydrophilic core;
s - a first hydrophobic layer containing an acid

. m;releasing agent;

5 a second hydrophobic layer between the first
hydrophobic layer and the hydrophilic core; and

particles in contact with the first hydrophobic
layer, the particles containing an anhydrous material
capable of binding with water;

10 the core, the particles, the first hydrophobic layer
and the second hydrophobic layer being substantially free
of water; the core being capable of generating and
releasing a gas after hydrolysis of the acid releasing
agent.

3. The powder of claim 1 or 2 wherein the hydrophilic
core contains chlorite anions, bisulfite anions, cyanide
anions, nitrite anions, hypochlorite anions, or
hydrosulfide anions.

A



ammonium salt of a chlorite, bisulfite, hydrosulfide, nitrite,

hypochl orite, or cyani de. 6. The powder of claiml1l or 2 wherein the
gas is chl orine di oxi de, sulfur dioxide, hydrogen sulfide,

hydr ocyani ¢ acid, nitrogen dioxide, nitric oxide, di chlori ne nopnoxi de,
or chlorinewo98/52413 7. The powder of claim1 or 2 wherei nPF'ﬁ’é’s?f’{/H?%phobi c
| ayer further includes mcrocrystalline wax, paraffin wax, synthetic
wax, or a polynmner. PCT/ US98/ 07991 38

8. The powder of claim 1l wherein the hydtophobic |ayer further includes
a di spersant sel ected fromthe oyp ., _.consistjng of an am de of _a

car boxyl at e, 4pol y?PﬁyPﬁVé?Bl‘?’éc#@%&onn@r‘,”i’ﬁg?’y%i%FT %Q’cdé?"é’?’é'l@

pol yvi nyl al cohelboreardntaint amrdikaliametal chléritdhearpaiderliofe-eaaith 2
wherein the fi'seclYdeARBARLS, o MLV oblIE SECANC:-INLYORNPNGE YR
further includes a I spersant selected fromthe group consisting of an
anm de of a c&héxPrecenabed Ry ALK BSCORSREY coBSFHIANY 9F pol yvi nyl
acetate, polgyvi dylatakaab¢! amdfie Medrlalkaldameesy| Bigulfite, kh alka iprinder
of claim1l or 2 wherejin e I ey, el l.Ag:age | S ' .el.easi ng
e L rnetsnanrest s frieey % BRIE RO R LO N bR E 1D,
is an acid rel efsitad dar hRavangretrnatest pyigary, secondary, tertiary or

quaternary amine, an alkali metal hydrosulfide, an
alkaline-earth metal hydrosulfide, a hydrosulfide salt of
10 a transition metal ion or a protonated primary,
secondary, tertiary or quaternary amine, an alkali metal
nitrite, an alkaline-earth metal nitrite, a nitrite salt
of a transition metal ion or a protonated primary,
secondary, tertiary or quaternary amine, an alkali metal
15 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 alkaline-earth metal
cyanide, or a cyanide salt of a transition metal ion or a

20 protonated primary, secondary, tertiary or quaternary
amine.

5. The powder of claim 1 or 2 wherein the hydrophilic
core contains a sodium, potassium, calcium, lithium ox
ammonium salt of a chlorite, bisulfite, hydrosulfide,
nitrite, hypochlorite, or cyanide.

6. The powder of claim 1 or 2 wherein the gas is
chlorine dioxide, sulfur dioxide, hydrogen sulfide,
hydrocyanic acid, nitrogen dioxide, nitric oxide,
dichlorine monoxide, or chlorine.

7. The powder of claim 1 or 2 wherein the hydrophobic
layer further includes microcrystalline wax, paraffin
wax, synthetic wax, or a polymer.

UL



[err]
39
hydr ogen,

al kyl or C4 484
I nteger from

5

5 wherein G has the fornul a

Bopkssy)

PCT/ US98/ 07991

[err] wherein each Ris individual!y sel ected from
hydr oxy, al kyl, alkenyl, or -OC(OR; R is a C4dto (err]
al kenyl X 1s an integer from 1 to 30 c1318s9¥/o‘119§1 an

and z is an integer fromO

38

8. The powder of claim 1 wherein the hydrophobic layer
further includes a dispersant selected from the group
consisting of an amide of a carboxylate,
polyvinylpyrrolidone copolymer, polyvinyl acetate,
polyvinyl alcohol, and metal carboxylate.

8. The powder of claim 2 wherein the first hydrophobic
layer or the second hydrophobic layer further includes a
dispersant selected from the group consisting of an amide
of a carboxylate, polyvinylpyrrolidone copolymer,
polyvinyl acetate, polyv1ny1 alcohol, or metal
carboxylate. '

10. The powder of
releasing agent is

el

i ST

cxyreleasing agent is

The powder of

claim 1 or 2 wherein the acid
an acid releasing wax.

claim 1 or 2 wherein the acid
an acid releasing wax having the

-+~ formula:

GO—T—OG
0 0
| I
?—?FO—?—OG
0=p—0 0 Q
| | Il
0G ?—?io T—OG
(GO),—P OC,Hs 0G

wherein G has the formula

) O



12. The powder of claiml1l or 2 wherein the acid rel easi ng agent

I ncl udes a carboxylic acid, an ester, an anhydri de, an acyl halide,
phosphoric acid, a phosphate ester, a trialkylsilyl phosphate ester, a
di al kyl 5 phosphate, sulfonic acid, a sulfonic acid ester, sul f oni ¢
aci d chl ori W@98%243Bosphosi‘l i ci ¢ anhydride, a car boxyl af€ 6’159%075% y
[err]-hydroxy al cohol, a phosphosilicate, or a phosphosil oxane.

13. The powder of claim1 or 2 wherein the particles contai n sodi um
sul fate, calciumsulfate, ferrous sul fat3 magnesi um sul fate, cal ci um
chl oride, noisture-depleted silica gel, alumna, zeolites, bentonite
clay, kaolin 5 clay, potassiun1pernanganate nol e B#ar sieves or an
oxygen- scavengi ng salt. 14. The powder of cl ;ﬁ}l or 2 wherein at

| east about 1.0 X 10[err] nole chlorine leXId?/éﬂ? is rel eased from

t he powder for a period of at |east one week afiter hydrolysis of
the acid rel easi ng agent. PCT/ US98/ 07991

40 15. The powder of claim 1l wherein the hydréph
cont i nuous. 16. The powder of claim 2 wherei e first hydrophobic
| ayer or the second hydrogQlec_igyer S contlnuoug 17. A method of
retarding, killing, prevent|n§ or cBftrol ling n1crob|olog|cal

contam nation on a surface of a material, within the material or in the
at nosphere surrounding the materi al, conprising exposi ng a surface

%blc | ayer S

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,; alkenyl; x is an integer from 1 to 30;

10 y is an integer from 0 to 30; and z is an integer from 0
to 30.

*12." The powder of ‘claim 1 or 2 wherein the acid
releasing agent includes a carboxylic acid, an ester, an

- anhydride; an acyl halide, phosphoric acid, a phosphate
ester, a trialkylsilyl phosphate estexr, a dialkyl

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

‘sulfonic acid chloride, a phosphosilicic anhydride, a
carboxylate of a poly a-hydroxy alcohol, a
prhosphosilicate, or a phosphosiloxane.

13. The powder of claim 1 or 2 wherein the particles
contain sodium sulfate, calcium sulfate, ferrous sulfate,
magnesium sulfate, calcium chloride, moisture-depleted
silica gel, alumina, zeolites, bentonite clay, kaolin
5 clay, potassium permanganate, molecular sieves or an
) -oxygen scavenging salt.

14. The powder of claim 1 or 2 wherein at least about
1.0 X 10"® mole chlorine dioxide/cm? is released from the
powder for a period of at least one week after hydrolysis
of the acid releasing agent.

* c L M S *



5 of a mterial to a powder of claiml1l or 2, and exposing t he surface
to noisture to generate and rel ease a bi oci dal gas fromthe powder into

t he at nosphere

surroundi ng the surface. 18. A method of

retardi ng, kidbdags Preventing or control ling m crobi olaghealn-00
cont am nation on a surface of a material, within the materiral or in the

at nosphere surr

ounding the material, conprising placing the material 5

adj acent a powder of claim1 or 2, and gyposing the powder to noisture
to rel ease a biocidal gas fromthe powder into the atnosphere

surroundi ng t heypgpt

material or- t he atnpsphere surrounding the material,
exposing a surféﬁep%ﬁtip¢§ﬂ

erhélpowder o¥9c1iin®ei hokeadilago :yé'k'aﬁhébié'_rié‘ﬁgrmc a
conpri si ng
rial to a powder of claim1l or 2, and

exposing the surface to noisture to generate 5 and rel ease a deodori zi ng

gas fromthe poyger

20. A nmethod of _deodori zi.ng a surf

Y Gdier of2LTRSRNS! Snet 1,0 Wil rfartsbe?ga%?ﬁ&bi

e at nobsphere

ce of material or i
surroundi ng the1ﬁ¥fﬁr?¥thQxﬁﬁﬁQP§iﬁ§8r°PE§é&ﬁrﬁfXQHa%ﬁa?@PFéFu%H?acent a

powder of claim1l or 2, and exposing the powder to noisture to rel ease a

5 deodorizing gas 4 afadiney RANNREakALRG! Nes LIRS Pllebent 134T £oUNCI Ng the

mat eri al . PCT/ US98/ 07991

A net hod of ret §PHF

. \ . ] 41 21.
LLIN% meold 0PIt eat r PRt ajinat iogh epoe aturface t9fict i on

of an organi sm aomatemial, atithin thempaterigl epdsi theaasbbpherodf a

material to a pouHELundin B:lffé l@da@el‘igi, Zﬁo%%}i)%ggﬁagoﬁqu%{%%f%%% or

nmoi sture to 5 generate a

ref ease an odor-

into the at RospRer2 TRESGAdILR % Rewdarfafeclaim 1 or 2, and exposing

the surface to moisture to generate and release a
biocidal gas from the powder into the atmosphere
surrounding the surface.

. 18.

A method of retarding, killing, preventing or

:controlling microbiological contamination on a surface of
;wﬁ.material, within the material or in the atmosphere

. :surrounding the material, comprising placing the material

5 adjacent a powder of claim 1 or 2, and exposing the
powder to moisture to release a biocidal gas from the
powder into the atmosphere surrounding the material.

19.

A method of deodorizing a surface of a material or

the atmosphere surrounding the material, comprising

exposing a surface of a material to a powder of claim 1
or 2, and exposing the surface to moisture to generate
and release a deodorizing gas from the powder into the
atmosphere surrounding the surface.

20. A method of deodorizing a surface of a material or
the atmosphere surrounding the material, comprising

. placing the material adjacent a powder of claim 1 or 2,

and exposing the powder to moisture to release a

deodorizing gas from the powder into the atmosphere
surrounding the material.

Ay



22. A nethod of retarding, preventing or controlling chenot actic
attraction of an organismto a material, conprising placing the

mat eri al adj acent a powder of claiml1 or 2, and exposing the powder to
noi sture to 5 release an odor-nasking gas fromthe powder into the

at nosphere swomesasti ng t he materi al . 23. The net hod acfCcTUSHSHTMY, 19
or 21 wherein the surface of the material is inpregnated with the
powder . 24. The nethod of claim17, 18, 19, 20, 21 or 22 wherein
the material and the powder are enclosedawi thin a cont ai ner. 25.
The met hod of claim 24 wherein the container is hermetical ly seal ed.
26. The nmethod ddlcl & methodhef eretardindnyeventing or gantrallingeal ed.

27. The nethod Qinducta®rld, alfrakt £on WErHl briga@ B a matésig£NC! osed
wi thin a gas-perneabl.e.containe od.o& claim18, 20 or

(. é?} TQﬁEPEtQ g 3
22 wherein the fSHRT-5119 FEPREMY Y MHHRTHE Et BR-EF-a+ tO a powder
PCT/ US98/ 07991 of claim 1 or 2, an@ exposing thé? surfacgotoAmpistess for
preparing a PoWdednd¥=A\ dnAdrstish e gt odor nilekas§ gasafgaﬁgtﬁéep£W§€§SS

conpri si ng: . rovi di ng, a hydrophobj.c |iquird cgntai ning ah ac
rel easi ng agent;lnto éﬁe atmosghere surégun ing e%e surface.

22. A method of retarding, preventing or controlling
chemotactic attraction of an organism to a material,
comprisihg placing the material adjacent a powder of
claim 1 or 2, and exposing the powder to moisture to

5 release an odor-masking gas from the powder into the
atmosphere surrounding the material.

23. The method of claim 17, 19 or 21 wherein the surface
‘of the material is impregnated with the powder.

24. The method of claim 17, 18, 19, 20, 21 or 22 wherein
~ the material and the powder are enclosed within a
container. '

25. The method of claim 24 wherein the container is
hermetically sealed.

26. The method of claim 24 wherein the container is
partially sealed.

27. The method of claim 18, 20 or 22 wherein the powder
is enclosed within a gas-permeable container.

28. The method of claim 18, 20 or 22 wherein the powder
is admixed with the material.

RO R O



5 adm xi ng hydrophilic particles containing anions into the
hydr ophobic |iquid to form coated hydrophilic particles;
adm xi ng anhydrous particles with the coated hydrophilic particles to

forma prodyct. cool ing the product; and gﬂﬁﬁ ng the
product to #g)rgﬁ{sgﬂﬁomder; ' 30. A process for prepari ngé'g powd Ml

provi di ng sust ai ned rel ease of a gas, the process conprising:
providing a hydrophobic |iquid, adn1X|ng hydrophilic particles
contai ning anions 5 into the hydrophoblc liquid to form coated

hydrophi l'i c rtigl for prepdiXhdda SpdWdil:OR1eRie iRt 8ikehined
cont ai ni ng an ag?d §?2§%§§ﬂl$r Y e%t WA€ aﬁ%e coated ﬁyé?gphlllc

particles to re%%?ﬁ?dﬂf|§n3ﬁﬁme&l ETYPRERAR COMRF LSRG adni xi ng t he
i nter medi at e powder pid¥idiyy dr diysirophopdct 1tdeid taprftaimiagprodactd

cooling the progdy ? 93%1 ent fragnenting the product to forma powder.
31. The process 0 cfal of' 30 wherein a dIS ersant ., s, adm xed with

t he hydr oph&bi ¢ Ilqu?@mb§$%ﬁ ¥ﬂﬁﬁ2§1ﬁdc part{gies (FRAGRIRISGhEPLC Bar t i ¢l es.

32. The processiatocthé nhpdroptestaion ldainydr bosfqen teadtesl hydrophéladm xed

with the coatedﬁg¥gggggglic particles before t he hydrophobic materi al
e 7

I s added to for I nt er medi at e powder . .
admixing anhydrous particles with the coated

hydrophilic particles to form a product;
10 cooling the product; and
fragmenting the product to form a powder.

30. A process for preparing a powder providing sustained
release of a gas, the process comprising:
- providing a hydrophobic liquid;
admixing hydrophilic particles containing anions
5 -into the hydrophobic liquid to form coated hydrophilic
sparticles; _
| admixing a hydrophobic material containing an acid
releasing agent with the coated hydrophilic particles to
form an intermediate powder;
10 admixing the intermediate powder with anhydrous
particles to form a product;
cooling the product; and
fragmenting the product to form a powder.

31. The process of claim 29 or 30 wherein a dispersant
is admixed with the hydrophobic liquid before admixing
with the hydrophilic particles.

- 32. The process of claim 30 wherein anhydrous particles
are admixed with the coated hydrophilic particles before
the hydrophobic material is added to form the
intermediate powder.
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