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SUSTAI NED RELEASE OF A GAS Ref erence to Rel ated Applications

This application is a continuation-in-part 5 application of provisional
U S. Serial No. 60/026, 273 filed Septenber 18, 1996.

Background of the Invention Thé present invention relates
generally to a powder havarOV|dgs sustalned rel ease of a gas. The

i nvention 10 particul arl y ok 3 ﬁ,:t VP jj -~ }for"Te“f ardi ng,

controlling, killing or pre 1%%}9ﬁ Tﬁbd}c GAS contanmination

(e.g., bacteria, fungi, viruses, nold spores, algae, and protozoa) ,
retardlng, preventln or | |1 |ochenlcal deconposi tion,
control ling 15ﬁ—*$%§§¥ ‘Q retarding, preventing or
controlling ChenDtaTh$sbpréheaSeonf¢a gasensichaggon-in-phbrari ne di oxi de,
sul fur dioxi de, 1160088n1be E8Ys osonall b1 € OKedEa1 il 0D @i £ar bon
di oxi de, hydro g%ﬁ Focyani ¢ aci d, "di zchl oriné ordXide, or
20 chlorine.xiled Septe@h?ﬁrkﬁe de8%i-de (A Jerr]) is a superior
oxi di zi ng agent wi dely used as a bl each, disinfectant, fum gant or
deodori zer. It can penetrate the_cell wall or menbrane and cytopl asm
of . nol d spor esBa t ventichi crobi ol ogi cal contaminants at
concentrations bel ophen resentpahbeﬁeﬂom kéuaeeang‘ede%r Qy them powder

The incorporation of chlqrine OXId or _sodi um, e.in foad
packagi ng has %?%hﬁ?ﬁavégﬁal §sk8 hed T&AEEFRI fle ﬁhgﬁﬁer régl&aﬁeqﬁinﬁs;of
such pregﬂrvarpwfsl6ﬁlarlgsnélatesat9|gnpbwcantrgeneétevdungar0|nogen|c
hazard (0 o cOMIBRS: Ml of 0t 1Ak, o8t HiLed L hagehl seliob, sibehs onl C
and acute oral adnlnls% tioh ot hPoane rori ne sodi um
chlorite and s@@m@mmthablanefengtheb=Cternﬁducuh9h,oV“@hE@ﬁms@@éh

aberrations and,spermgadzc  zrnd protczoa), retarding, preventing or
controlling biochemical decomposition, contrclliing

j

15 respiration, deodorizing and/or retarding, preventing oxr
controlliing chemotaxis by release of a gas, such as
chiorine dioxide, sulfur dioxide, nitrogen dioxide,
nitric oxide, nitrous oxide, carbon dioxide, hydrogen
sulfide, hydrocyanic acid, dicklorine monoxide, or

20 chlorine.

Chlorine dioxide (Cl0,) is a supericr oxidizing agent
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

25 microbiological contaminants at concentrations below one
part per million and destroy them.

The incorporation of chlorine dioxide or sodium
chlorite in food packaging has prompted studies to
determine whether residual levels of such preservatives

30 result in a significant genetic or carcinogenic hazard to
humans. Meier et al. studied the effect of subchronic
and acute oral administration of chlorine, chlorine
dioxide, sodium chlorite and sodium chlorate on the

induction of chromosomal aberrations and spermhead
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abnornallt ce [Environ. Mitagenesis, 7, 201 (1985 t he
hi ghly rea élﬁGLochlorite resul ted in a weak positi ¥€T é%?@ﬁ?rgo

mut ageni ¢ potentlal The ot her conpounds, including chlorine dioxide
and sodium 5 chlorite, failed to induce any chronosomal aberrations or

i ncreased nunbers of mcronuclei in thg bone marrow of m ce. Vil agi nes
et al. attribute the relatively i nnocuous effect of chlorine dioxide
toits inabii&tyrﬁa*¢r1cqpnndmCeehabnnﬁtbane&pLanbhke Bypochleoni t e and

chlorine 10 . A Disi,pfec el : & ). .Chem -Abs.
93, 173513f](*'é@CéntY¥ﬁl chards%ﬁiet tFé%o? ﬁz T "gﬁlékfen3|ve
study of theireacvédh pbsithivei aés dc@xmde muua"wnnh w@ter-barne ghegani cs by

the Environnspial Erghechien 4n~lu§ggac%gg§a%keneﬁc&hha ahseraLian

[ Environ. Sci. Technol ! apanese Kokai
Nos. 63/296, ?589*53¢27ﬁ“43ﬂ“ aﬁd“nduC65¢pY63ng¢mC§@@ep|§beqa@@gpaﬁt9r

containing chhorifigeg numdbo¥i de hReQERALALEd 1hN tRePBLYIER: -ColaiC beads,
or calciumsilicate wapped in nonwven cl oth, respectlvely 20 Gel s

that gener atBi€®t or VAe2dFBRFdEET 81 - UEECALPRSEI E8F TelataNBiications for

di si nfecti on: ahecdbes! asedcbyoKepydaehe i_uhahe1uénhué 1Meb1lR@s o45(5),
1101 (1986)._Chlori

oxi de genera | s |1y fornmed by
mixing a ) prgafecBatone iRt enita o BReBipeifre=iR: Ahiosineos
contai nmig | aeroc. aBWdzi hwednaeety Peman.to2dsepto aeand Cncnprﬂh&ture

chlorine dioxide a pe _digxide. . s, | easipg. gel ye. al so
been used i boﬁﬁfégsgfvaf?égéh“*v’ 9“’LC“:LECI 355% firon” p %ceggeg ‘Rave al so

been used inan extpﬂépﬁﬁlﬁg §Eu©ée§h9f*§ﬁbﬁnpne06|G%ﬂdélPSadthanePatent 30

No. 959,238 desgribesrggnenat bop-af ~chborihe dhgikgﬁmg¥ual p«§69é5§5§
encapsul atin sodlunlchlorlte and Iactlc agi d pol yvi nyl al cohol and

m xi ng the cABRUFESCRPERIREFeF:S O“FﬁrﬁFG&BBe EHV&FPﬁe 8Féxi de.
Tice etiml ., Téc¥noPat epg, No524,(5854482 descri bes 35 gradual hydr ol ysi s of

pol (1 act 1 c- gl y Lot PE4EPE) ?%“m nos®" B3y 0Ry Py 78/ 27k Tha 0 ana

PCT/ US97/ 14192/168,977 describe deodorants contal3ning chlorine
dicxide incorporated in a polymer, ceramic beads, or
calcium silicate wr“Dped in nonwoven cloth, respectively.

20 Gels that generate chlorine dioxide for use as topical
applications for disinfection are disclosed by Kenyon et
al., ABm. J. Vet. Res., 45(5), 1101 (1986). Chlorine
dioxide generating gels are generally formed by mixing a
gel containing suspended sodium chlorite with a gel

25 containing lactic acid immediately prior to use to avoid

premature chlorine dioxide release. Chlorine dioxide

releasing gels have also been used in food preservation.
Encapsulation processes have also been used in

preparing sources of chlorine dioxide. Canadian Patent

30 No. 959,238 describes generation of chlorine dioxide by

separately encapsulating sodium chlorite and lactic acid
in polyvinyl alcohol and mixing the capsules with water
to produce chlorine dioxide.

Tice et al., U.S. Patent No. 4,585,482 describes

35 gradual hydrolysis of alternating poly{vinyl methyl

ether-maleic anhydride) or poly(lactic-glycolic acid) to



generate acid that can rel ease chlorine dioxide from sodiumchlorite. A
pol yal oohol wiyggagymnt and water are encapsul ated w th t hedpbseanlpselri de
or polyacid in a nylon coating. After sodiumchlorite is diffused into
5 t he capsul e through the nylon wall, an inperneabl e pol ystyrene

| ayer i s coacervated around the nylon capsule. Solvents are required
for reaction and application of thé capsules. The capsules can be
coat ed onto surfaces to.release chlorine _dioxide. Al though the 10
capsul es are SEPEF b provAdE~BF oEFBaF CalBFEn ChoFTeBFefar*ide AR to

mont hs, chl ordfe; @hoshilertekease beliAicohel homeditatel wndfl ek cirthexeapsul es
are prepared. _The . . _batchw se progess,used.to repare t.he ,capsul es al so
i nvol ves nunerotRFTHERTEEI ¥redc i BnE ana phySrESl CT5 P grEEaSs &8 Ssone of

whi ch i nvol ve:ehwi ronaeatgl diSpesabocium phobléms. is diffusedPowter s t hat
rel ease chlorj.ne dioxide ag,.S09N a8, o1 kLD re_prepac been forned
hy nixiné’acﬂ%ﬂ%o ?%ét“g 'ﬁéﬁggéhf%?ifg“g%lﬁé%i’ Egvgﬁé?gﬁégg&%atent No.
3,591, 515 20 polestyréns darhboiit ecgonatruiknedgapowdér theanyieheases
chlorine di oxide. upon being.adg xed wWith;apsagkd- react:6@NLAKNI Ng powder.
Har t shor n, U%%]Cf}é’t“éht, N%Tgi‘,“i&,igo%&nl‘ggsch bes SSrig tra??]l)!?tur es of

sodi um chl or ia=phhezeiPri ef ke capppileser FHRi E2REHdSFh&RNaPE €ompeSssed
to formtabl el$:c 25urMagen et ablsabeSchPatent Mesxide547238hoan% 41889, 169
di scl ose m xtures of powdered_sodi um chl or inert diluent

] ( ed, sg hlorjte, .-aciﬁd-and
that relidhse ARVFTHR FFBxPEEAW PHBEPVISe PRREESPhgaFRECRI XPhr E8VEE3dnDi ent
moi sture. Ticewd @b.months, UzBloPahentideidd, 58hed82 Hegdnkbes solid
adm xtures of, 30 ,.sodiumchlorite and polylactic ach.d
Vel | inghof f ef™S314a%eY f 3t nuf at 2 %%%ﬁs?é%*?h%eﬁm incllife a
hydr ophobi ¢ plesewDs ar nongsamesed dcoepeasang the cagenfteandlachydrophilic

phase cont al m«f-l@-ﬁhé%”%%ﬁe%us chefl! 081 f‘%%@@%on%ﬂ?nﬁ?ﬁlé?%%ﬁli S

substantially free o wat er and gas . 9., ori Loxlde) until it
i's IEX PO IS 7T st HPES ThcEhEXPosBUCLBENBTELHPETERERY dhgPosal VO
98/ 11776 proplems. PCT/ US97/ 14172
hydroniumions are generateg in tﬂe hgdrthgbic ghase. The hédronium
ions migrate to t et Dphiet cFphalee anlt or 1ne 4 PXIREN2ENECRRI Bs to

generate a gahsuchraspeéparéf@chave Heexi flerhednbyheironposcid. solhdase
conposi tes are.d anfamosed plaand geperat eyonl vogubstagsessused kst oods
or substHht ey eﬁéral?y r écogni ze A5 safe of ~rner
20 describes a chlerite-containing powder that releases
chlorine dioxide upon being acdmixed with an acid-
containing powder. Hartshorn, U.S. Patent No. 4,104,190
describes solid mixtures of sodium chlorite and citric,
adipic or malic acid that are compressed to form tablets.
25 Mason et al., U.S. Patent Nos. 4,547,381 and 4,689,168
disclose mixtures of powdered sodium chlorite, acid and
inert diluent that release chlorine dioxide without
exposing the mixtures to ambient moisture. Tice et al.,
U.S. Patent No. 4,585,482 describes solid admixtures of
30 sodium chlorite and polylactic acid.

Wellinghoff et al. have formulated composites that
include a hydrophobic phase containing an acid releasing
agent and a hydrophilic phase containing chlorite or
other anions. The composite is substantially free of

35 water and gas (e.g., chlorine dioxide) until it is

exposed to moisture. Once exposed to moisture, acid and



substances. The conposites can be used for food packagi ng and ot her
applications where the substances can be ingested by or in contact
with hunman¥Od8hHPral s. 10  These conposites are descri bed?FWUEPE41B,t ent
Nos. 5, 360, 609, 5,631, 300, 5,639,295 and 5, 650, 446 and copendi ng
U. S. patent application serial nos. 08/858, 860, 08/ 858, 859,

08/ 465, 086, 08/461, 716, and 08/ 461, 3044 Vel linghoff et al. U S
pat ent application serial 15 no. 08/ 462,039 discloses a conposite

formul ated f¢aroniulBxeAENEehl eehaeadeaxidesr.el eadecphovhicchhtbe .
hydrophilic . material contains an a.amipo ether,,ester pr algggol and

a chlorite s FYPHEDIBY FRAEt MORT6F%afCi M fi GNTERPIFres PReS%aRd % base.

| m ni um chl orédetiwivhsthbl enfonaucbegphekece28 gzat tuck by theochherite
anion. Wen.the, L.m pium chlor] : I Spfeact Lth,.a.base, however, the
more stable QAR "7 & ﬁef?%ggFéFedr gﬁgg oﬁggﬁtgé'gﬁIS?gte salt are

formed. 5  compos&@él bEnghdf feperake bndy pubshenappl Heati R &epral o

no. 08/726, 413, desgribes.gerat nod-Lebgiaxer 2bngagh! ori nge2  di oxide

rel ease from an am ne-contal ning conpdsite b onitting the chlorite
source untiIswh%téﬁﬁﬁésitEhPsCCmPOSéﬁﬁﬁi§éntgea“§ﬁ?f§€€.*@P?er appl i cati on,
the conposi Fﬁackaciha §xR0sedet-0-phharkRe odiso¥heeegaBet Babsehhbes keacts
with the amine to formimniumchlorite in sity or reacts 30 . with the
amne to pro@?dén%ﬁPBF?tEYaﬁFoﬁ§.Co?ﬁéCEoWﬁbsigBmanb Ot s2PAEALScti vated in
t he presgncerpés8DEShPbEeitesr ekreadescribedhliar ne.drexkde. NEBe conposite
can be exposgd. el t te t unes . durkn r ssik.ng, storage and
application %e&é@s%o?he°h§§?o§ Pringé é?r§|“§§e§'%8?'§§% a%gntain i m ni um
chlorite or anyectibngi VeSanpefienthapplicationl geddednpose 46/858h 860,

t enper at ur esg, e godal 0198517 51,204,

emperat . 141(“7%75-8%5,., 08//8@5, 086, 08/WP198A%] Zﬁg c.)s/z;? 1208 des
premature rel easeWellinpbpiieedi axi-d¥-FropptRet appligapasn: eerial
Bareﬂbe%§ et nal . o/ Pe2patentiidapnbiseat z0RMRosite £BEMA24£807 fard _
Vel | i nghoff et al. U S, patent, appljcation 5., no. 08/g5E 860 descr.i be
nunerous net Ad¥sMBR EE#ﬁglne aip SFF&§a§ﬁcﬁna¥%ﬁﬁ855 §i S¢F5SE q;}c

Vel | i nghoff ektakial contaimnet andcbactieo athefungaterapd weilcghol and

contam nati on ?ﬂg rite g%@WtQOQRe@F&QSI%%CEQQQ’o@rgﬂuﬁﬁinqﬁﬁtchﬁ@QiQ%her
materials and To deodorrze material s'such as textiles and 10 staorage
spaces. and 2 apei-ngAsinism ghloyise pgt sRELappPRi £8t POFLSOPRA1C

20 attack by the chlorite anion. When the iminium chlorite
is reacted with a base, however, the more stable a-amino
ether, ester or alcohol and a chlorite salt are formed.

Wellinghoff et al. U.S. patent application serial
no. 0B/726,413 describes a method for maximizing chlorine

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

30 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
application because the hydrophilic material does not

35 contain iminium chlorite or any chlorite anions that

could decompose at such temperatures. The method also



no. 08/ 651, 876 descri bes transparent conpositions that provi de

sust ai ned reheamAPE chl orine dioxide. There is a ng %gnggé?ﬁqz

i nert powder that can be 15 easily activated to initiate rele

chl ori ne di oxi de or anot her biocidal or deodorizing gas in use. A
powder that is conposed of and generates only substances used in
foods, or those generally recogni zed as $afe or inert subst ances, is
partlcularly needed for food packaglng, 20 nodi fi ed at nosphere packaglng,
and ot her appl PERFIBASS Prenghire FHeSo§EsCanced aganshaiiorgest ddday tre in
cont act webh-BHmaes. Al though the Wellinghoff, et al. conposites

are effective b|0C|des there is a need for biocidal . conposi tions that
can be nore readi| y2RERGPEEEUREdEANdI2S - BREFNTe 3WBRE C@SACHOROr

flexibility foa*amﬁasoedaﬁal easm nghof®f e @3S. U.S5. patSWIMRELIQf-Ahen

| nvention _ ﬁgg sgg tec%s of the invention, therefore, may

be noted the p*oviSPOR-bf pﬁmﬁ FLPRaPUrEFEESeTeE196S OLoREEREr at i on of

chl ori ne di oxi dempos btber shincedathgae d*scl&uéhlbyeﬁblterehbﬁFn%Le~’

bacteria, fungl a t0zoa gnd vi_Luses r.ovi si on of
-o PQ{Q?u Ba8Erial §n§f| ‘53& Fﬁﬁr“F&t&&&?n Frdvent s

a powder that €ases a conten on=of
or controls bigchephcaf detomposi £Pod, puntinoks 8Bat,resgi pabieen, retards,

prevents or copifo eontaxis Ste / 6. .
PCT/U897/1417gﬂ 1£9} 52 ¢h8e0RLaX,SaeQkorize ma t,¥§%gg l%Z? ag & orrz§$ 20,

provi si ont®f ssePraIpodE@Freehat rel eases such gas concentrations after

activation for a peyépd: ffhoif etlPal0 ge¥erahe EHBtgéplihg REQVEgkQa 0f such
as Wthin mnutes, hours, days, 5

a powder t hat Lel ease a "
weeks or nDntH¥3af9€$g%%f%ggag??ﬁﬁi%ﬁs grﬁBFE?E?B“ FREPOSLSigNEyESRSN of
such a powder gihatids $useaihedi nglaadecas ch?orbﬁeeasb&ydblended with

ot her ingredients pkigcatjon e VISL n_of su h a powder
t hat can pene?#%.% porousq%%Qfa%%sgﬁtﬁ%erp ﬁgn of *5uch agpomder 10

t hat |ncﬁéhsesea$mlyeﬁ@@;@at@met@flnhtmataerdleasdeoﬁrchlv_lnehdncgaseln
proportion to alncgr@?éﬁ&'sy@ésdoi ox de&&@f%%&”gaéngnguﬁ%d' txhp%agtl

pronote nold and bacteria ; rovi-si o suc owder
that only thad eﬂa%e%owcf%rfa%sara%p%\?@aa\a@ﬁ mhﬁnse&@‘éguﬁéswsgg in

i ngestion. foods, or those generally recognized as safe or inert
substances, 1is particularly needed for food packaging,

20 modified atmosphere packaging, and other zpplications
where the substances can be ingested by or in contact
with humans. Although the Wellinghoff et al. composites
are effective biocides, there is a need for biocidzl
compositions that can be more readily manufactured and

25 provide more contreol or flexibility for 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

30 contentration of chlorine dioxide or other biocidal gas
sufficient to eliminate bacteria, fungi, molds, algae,
protozoa and viruses; the provision of a powder that
releases a concentration of a gas that retards, prevents
or controls biochemical decomposition, controls

35 respiration, retards, prevents or controls chemotaxis, or



The present invention is directed to a powder for sust ai ned rel ease of

a gas incluﬂi ore containing a nol ecul ar sieve, and a IaY

cont ai ni ng an aci d rel easi ng agent on an outer surfacePSTUKYI4G? ¢
The core and the 20 | ayer are substantially free of water, and the core
IS capabl e of generating and rel easing a gas after hydr ol ysi s of
the acid rel easi ng agent. Anet her enbodi nent of the invention is
directed to a powder for sustained release of a gas including a core

25  cont ai ndagiaripkecukae steves:ianf cfstukhyear peottai ahag ae easesaci d
rel easi ng aggn n nd_ Laxer b@ ween the_core . and_the fi.rst

| ayer. The séc%’)"ﬁdgl gngaggﬁtaln§“a tr“I"u g ﬁthr@nnﬁférFaPEl pe oo

wat er - sol ublepnabesedkrad wat:ehe; the pegwadabteoﬁaseprah powdar that

wat er - smellagég qgt?5I§E Ihe BOGaS ggghagd the ggrsgo ﬁg gd | ayers are
substanti al | ree of water; thé core i's 6apa geheratlng and
rel easiny a @@SkéfPErmﬁpéhél9§F§”obeﬂﬁ§ a@FéVﬁeEéaangClSuh“agenhe

Yet anot her engedi iBA! o&f cLBg hn%%&wntréhdage@tse ?.%—@9 ager acess for

preparing a powder . EFOVIdIn .sust ai ned rel ease of dri xi ng
mol ecul ar sie¥eepaitycPégnded “’"hmB“98F1}?§GEd-en~5 Prlo“ tO
PCT/ US97/ 1414Zplication; the vision of such a/powder €BAtakAkLNg ani ons

with an acid rel eas] agent to fo and fra nentln t he
product to fRFATATP MSBPQSJS SUTHES SSdePe ?98 BsraﬂtPalFVCP?QerdFO%ater

and capabl e tlfat incygemeeat thg aaaeaebeaatagotheh@as akt éiokydeobysi s of

t he aC|ga£§Le§§Ln? ageg%ortlo -£g o? Fggglﬁgpgdg pt of the

invention is difec KilTrng, preventing or
control ling teWP°ﬁ$§ﬁ§b|énéghéﬁﬁdé§mtawfmatlpnomnta wouiflasedobagrrutiei al ,

within the naterigl ghrai Anthgrat-nesphere agvuogndbagethe 40 opmterial, by
exposi ng a surface of a natefial to the and exposi hg the

surface to nbfstaPest §UGEhargee apPPrONRd r@Feg§@a5 BKPBELEAI OFas from t he
powder it 0 idgestionat nosphere surroundi ng the surface. The

| had of di
nvention is al sordlrectedatoin arthad oL A5 oorebarding, kulling, o

preventing or conitol mero |orog
of a naterla$dstalneﬂnrhﬂﬁaeheonaaegaallnCLudlngeaatnnsphenéasunnguadlng

the Mat,eoi &by 1 DY BHQGEngaﬁdHEtTE?@L @gkagfﬂingag p9¥9§0r8§€g51n?he

exposing the powder to noisture to refeaseé a bi OCi Fom
powder into %%%n%tﬂﬁsﬁﬁe93t§urFBuﬁﬁFﬁgthEhe vorﬂateThalco*e and the

20 layer are substantially free of water, and the core is
capable cof generating and releasing a gas after
hydrolysis of the acid releasing agent.

Another embodiment of the invention is directed to a
powder for sustained release of a gas including a core

25 containing a molecular sieve, a first layer containing an
acid releasing agent, and a second layer between the core
and the first layer. The second layer contains a
hydrophobic material, a water-soluble material, a water-
degradable material, or a water-swellable material. The

30 core and the first and second layers are substantially
free of water, and the core is capable of generating and
releasing a gas after hydrolysis of the acid releasing
agent.

Yet another embodiment of the invention is directed

35 to a process for preparing a powder providing sustained .

release of a gas by admixing molecular sieve particles



The invention is also directed to a nmethod of retardi ng, preventing or
control | i ng woaghermecal deconposition on a surface of a wyatrardoni419f
within the 25 mat eri al by exposing a surface of a material to a powder

of the invention, and exposing the surface to noisture to generate and
rel ease a bi ochem cal deconposition- i nhibiting gas fromthe powder
into the atnosphere sur roundi ng the’surface. 30 Anot her

enbodi ment of the_invention.is directed to. ,..nethod of retarding,
preventing or EBRtPIFFTHg a‘‘lc"‘“"bi‘”‘d‘(ﬂ‘l‘er?incflc‘%eéi?r‘?ﬁé‘sfi*t'i'jor‘f“‘—jt)‘ﬁ’l a Surfdce of a
materi al or prodiuthi, n ahide fmaterndlingy thleag-ngnidre tmatierirala gjvarent a

powder of the j.nyention,. and_ex og Rg _HRE, P er.40.3%. 1 st.ueg 4o ¢
rel ease a bi ochargn' gél‘quéc()“ﬁpégrgi“olﬁ-qaﬂ‘ FE(}')%13“9'8?111”776 R efebld o

PCT/ US97/ 14172generating anc releasing the gas agter hydehivsiits mf gdse from
the powder_intg_tRhe.atpospher g ex+ . Surrounding the material. Yet
anot her enbodi nent of "the i nveifion is a nethod of controllin

respiration of a maiBPLRETLETERFEERRG £ She sHEACE P & MrESRd P £
powder of the javgRki 6&, raRdrding, eXRQSiiRg !t REeSierfrdes oy MUINHYIE 1y
generate and release, . .a respiration-controlli n%xg:a‘sqpf ramthe powder
into the B ABSPRELESsGFroTRBEAG-TRE “Sar PRc & Sur=ace of &, &<,
enbodi ment of {hehiAvehti matesialmethad ehel @tmospMerel Isugauwesiinatiton of
a material by Rl chgglt h%g . rrr;lxt“eriaal adj Q_Ceer(l:tf a pﬂg\aq%r_. _of ttoh(?:.ienventi on,
and expostfig’ MTSfREpomder PG mors furd 5§ STel"€ase "5 TeSHiIT atl on-

control | i ng gapofdem,t kedpewser ingt 6 hehsvatfmorepiier golsturgurico gediangtche

material. 15 .4 r.Jhecknuentionshy alsodigeeted Lo mthod (ofe
deodorizing a surface of a material or the atnosphére surroundi ng the
material, by expBsFRjeacsHLFac8"6LNE the syatféceal to the powder, and
exposi ng the surfacenko:nventABhStE @1 garei-dled andar éleease arfdeodori zi ng
gas from20 the powder {ntg.the at m_)sgﬁhe;re surroundi ng .t he surface.

Yet anot he? enbBERAEAPT0f FtHe *PHveREFEF 4T PécCEG-*C~13 ¢ a method of
deodori zi ng a guefapgodbgdceat ebhabminhatien on aatsmmSpleer @fser matrdiizg t he

material, by placin .erial  adj nt er.,. [ t he
powder to 25 “f‘rﬁ%tquglejet Slartfg ég‘ge%é élloggl%i f“lt?ln%% ég&%r E%r?%gm%% er&%
into the atnosphtezisdsrdyngdilaginbeanmeserdlel adjacent thgopledeanbadidrent

of the inventign,iLs;dir eptedolBed to moTRLNGD 0L rehardieng, pRLRMEH R DT

Controlllgg from the powder into the atmosphere surrcunding the

meterial.

The invention is also directed to a method of
retarding, preventing or contreolling biochemical
decomposition on a surface of a material or within the
25 material by exposing a surface of a material to a powdex

of the invention, and exposing the surface to moisture to

generate and release a biochemical decomposition-
inhibiting gas from the powder into the atmosphere
surrounding the surface.

30 Another embodiment of the invention is directed to a
method of retarding, preventing or controlling
biochemical decomposition on a surface of a material or
within the material by placing the material adjacent a
powder of the invention, and exposing the powder to

35 moisture to release a biochemical decomposition-



chenotactic attraction of an organismto a material, by 30 exposing a

surface o{ygogb®yial to the powder, and exposi ng the RS 415?

noi sture to generate and rel ease an odor-maski ng or odor-neutralizing
gas fromthe powder into the atnosphere surroundi ng the surface.

The invention is also directed to a nmethod of 35 retardi ng, preventing or
controlling chenotactic attracti oh of an organismto a material, by
placing a , .. W 98/11776 , _

PCT/ US97/ 141hibiting gas from the powder into the atmospBeBe| al adj acent
t he powder, and-exposhig-toenpowsesito noi sture to rel ease an

odor - maski ng or odor-neutralizing,. __gag fgon]Lhe powder into the

at nospher e sur r ourfdt if O HRET EMPEAiRERE oS Bhe nvengigrlgbReBESRRAd
advant ages off tdentrwENih@nrasdlrationbef appaseatiil onytsepbslhgweng
detail ed description, Brief, Description of Qe_.Dra ngs

FIGS. 1& 4b S&f%%%%e?r%t?c%a%‘?rb%f t?%l%§?§$6E0 - Bf’ovf’a‘(%ij L08¢ afTidd

rel ease ofafxpgsing the ikti@¢;xtdkmgi$pmt@nt@fgéher&tefemﬁeﬁeEhbsdinents
In accordance yid -w@i@ﬁ@é&@ér%gyf@g'ggse £hlmhBSe powlPehglsepyer ed  hal

sust ai ned rél ease of & gas can_lI ner at ‘Om a powder containing a
nol ecul ar siaWROTRREre SSUrBPRRRAERT v phi PUBF288i d rel easi ng agent when the

powder is expesesk + OefiBbSimeR: JNeLHB| EEVERF 161 EVE £0REKOAL BENS
ani ons _ssuch as ._chl orite which are useg Etiomgenera e a en the
S

S . wh
powder 3% usptugt - S bRt £re HP Cepht r]PYeSf%‘F%%‘FfF]P% and
bi car bonat e netresiesDrdiecant 20 powd@i COE PrOCLSSeNY: dePLnAt expssihhe
particles of_the cinvention are therjmlly stable. because the anions are
i npr egnat ed WS RAYFOF € FOLTMET Bcllf 557208 FhaESPETaCi%0gncapsul at ed by
at | east onewdatehiitgyesstirgnoteetpdbder intantbaszfmosphéee mal

deCOHPOSiti(HthE$F£9M99%2£O%Q@Ekégd, fromsuch particles can be procéssed

at relatively'hlqF ‘ nperatures as_conpared to sodiumchlorite,
bi sul fi%% or Tl cHR HORat @2 ahtl PR i dekestedarpedl Peteedecdf a gas.

Rel ease of gasoddeimife Paghifdce i Sf COMMEOEF 4l byr the StmbOPREFEY the core
with an acid rel easin ent , and. 30 optionally, a hxgrqghopic mat eri al ,
1&5 al, by'e 5 a surface orf a

a dispersant%urroun' ne materi Xposin
material to the powder, and exposing the surface to
moisture to generate and releage a deodorizing gas from
20 the powder into the atmosphere surrounding the surface.

Yet another embcdiment of the invention is directed
to a method of decdorizing a surface of a material or the
atmosphere surrounding the material, by placing a
material adjacent the powder, and exposing the powder to

25 moisture to release a deodorizing gas from the powder
into the atmosphere surrounding the material.’

Another embodiment of the invention is directed to a
method of retarding, preventing or controlling
chemotactic attraction of an organism to a material, by

30 exposing a surface of a material to the powder, and
exposing the surface to moisture to generate and release
an odor-masking or odor-neutralizing gas from the powder
into the atmosphere surrounding the surface.

The invention is alsc directed to a method of

35 retarding, preventing or controlling chemotactic

attraction of an organism to a material, by placing a



anhydrous particles, a water-soluble material, a water- degr adabl e

mat eri al orwo sgafiere- swel | able naterial to del ay rel ease mfrrgswnirmem
the powder for mnutes to nont hs after activation by noisture. The
powder is 35 easily prepared and can be used as is or incorporated

WD 98/ 11776 PCT/ US97/ 14172

10 into various end-use products, s%ch as filnms, formed objects
adhesi ves, granular bl ends, and powder e §n905|t|ons | n one
enbodi ment of FHETHVENFT ohTEs" s %ﬁnPPhaﬁrG.a“ SXER5-B9p0RePOESEonpT i sed

of a pluralitymistpardicbesel@z=ze ani ndbrdiragkan coce d@ohauengradiachd

rel easing layer_14.09 Quter_surface 16 he coL The core 12

i ncl udes a ba%ﬂﬂ%culé?eéﬁgwﬁyco%?aﬁnrﬁs ﬁhions %hgtgéfg mange'oF
reacting to gesmreatieeh. gas. Althogh the acid rel easing 10 Iayer 14 is
preferabI%,contlnuqyéhﬁpdog %@EgnlﬁélLannt ﬁgglgergh a: échge 394Ravi ng
a-di sconti"nuous acid easi ng | ayer of “varl abl e tﬁ ness prOV|des
accept abl e, sut @APRAreRF ea"é%mo¥ @ faslowing detaifed deBCFErtiPRat es

anot her enbodi nent of the 15 i nvention wherein particles 18 contact the

acid releasin .- | ayer, 14, of ;he article 10 as shown in FIG la to form
a partipgE;¥%%i?Hé35%?%%%&e%£&§£%935§ﬁ§§§§ anhydr ous mat eri al
capabl e of binding mi¢d. wed e1b feé PUnersescof of partbelgsesent invention,
an anhydrous materjal does not ain mater such as adsorbed water

or water *f P¥° cﬁ%t?%]?%iaTT%ﬁ SCLE °f\fe33- powder of the invention
is exposed to anbi ent noi sture or otherw se contacted wth water, the

wat er di fﬁ#@ @tﬁ%éé%g'Q%r&‘keéﬁ!e“EﬁLEXEJZ-e&%&a{ESanmer 25
i ncludes parti on the
outer surface of then pRERR¥IaRES &G f LS Rgesent tAY®NEh@D| ayEr 24, The

aci d rel easi nghaageni yddhered Nenat suéeagﬁeaélrésegséh@f anga@l da8rpa
substance that can be hydrol yzed to an, acid a. substance t hat

reacts with B@enetlFf%t‘%\%t@FO'Ph%tP%‘f ?Bs%@nFﬂ%Bl’Pﬁe I‘B?%‘?C’ika’t’osh?’ an*€

acid). |nceithgfcans® witieimcan ddid hfelaagin§4agent whesotNespbwdtheiwvat er
t hat diffuses |nto t onlunllons and _a _counterion.

The reaction (gdﬁcts CHFE T s h@%?o?%%?éuT%ﬁc?l a?%*%ya?ggﬁuﬁflons

35 and cpumanmqns swen asechbacttenwhicbeads m@e@omglgemanéte a gee
hydroni um i ong;p GOUWRETL MRS aLk 4, 208 Wah 8F n¥hEN L1 DEons such as

chlorite, bisulfite and bicarbonate can decompose at

20 typical processing temperatures, the particles of the
invention are thermally stable because the anions are
impregnated within pores of a molecular sieve that is
encapsulated by at least one coating layexr to protect the
anions from thermal decomposition. The powder formed

25 from such particles can be processed at relatively high
temperatures as compared to sodium chlorite, bisulfite or
bicarbonate and provides sustained release of a gas.
Release of gas from the particle is controlled by
surgounding the core with an acid releasing agent, and

30 opticnally, a hydrophobic material, a dispersant,
anhydrous particles, a water-soluble material, a water-
degradable material or a water-swellable material to
delay release of gas from the powder for minutes to
months after activation by moisture. The powder is

35 easily prepared and can be used as is or incorporated
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reaction is_in equilibrium The hydroniumions resulting fromthe

aci d hydroWerP¥74fuse fromthe layer 14 into pores ( rSETE$R3RAMY720f
the core 12, where they react with anions to generate a gas. The gas
diffuses cut of the 5 powder into the surroundi ng atnosphere for a period
of up to about six nonths to affeglp materials situated near the
powder. Powders that release at |east about 1.0 X 10[err] gram
gas/cnferr] fof-a periddsotrat teastcone: days.oneaweekins, fopRganONth or
six nmonths can be fornulated by tb’gq;(\)__wp%pce’s_sesﬁgt the present invention
for a varietyor¢ent &C1€gs¥st | pefudrhy dedbdofi z&F T on®VeheRDdt axi s
control, del ayomposittopseventi on such as reduction of insect infestation,

bi ochem cal deconpgsition, rol . reduction or . _ prevention, ...
respiration cont ?g“% T t!gj‘gigéb'l‘e,n%le?gy?ni?mﬁégﬁﬁcffoh B¥PpravERET on of
t he growtth ofian & quowder shs comprissefl af dapieradityoblsyafunglesat gae,
protozoa, and __j..aMlLuses pn materials. o AlLhodg -powders_general ly
provi de sustgllnnCeLd* ‘F"e‘?%a%e“%?gai%alg{%% p@v\'ﬂgf‘é %%%Q%“e?g‘ ’"°§%’F rrggat%%d S0

t hat gas rel easeOWigy nguTedse tharronehelagopd. Tredesteedz fbrcaupast &cul ar
end use. moleculdl a0pbHer cobodh Bt i byst enbed 1o ElGr2a okhe
particle 10 as shown in FIG 1la is surrounded by a |ayer 22 contai ni ng
a hydr ophobi &eaft 1 sHP UBPRETTER 7 -925 - JebRadaBI BRSraGiat eFe SGRFIASI e
materialid o flyama paris cheePorabPd. cohbifmbéus 20ndt bebpeahi C481¢4 of FIG
2a is contacted . . wt h“tppﬁ.par%%)cl es.18 to.forma. particle, 26. \Wen the
particle 10 cBHERFD th Rt ers sof BFERF fafefContintged 304Dl e mat eri al

i s exposed tagiEstineg, laher waf erariablei ssbtkesssrpdegidees the nateri al

for a period g 0 g Six:-maths, preferably fromseveral hours to one
nont h, be%coéﬁ;c%g%%’r %:'gl):nt a?:f\’s@tﬁél%%% Teleasing agent. Wen the
particle 10 coat eF It i ivbteFt5ake s aphetvar eprlapdingent of efdpdsed to

noi st ur e,5 t he Wal:ari dh flises: + ord De1dBt 6 | dbnract @nd causeseibespgerial
to expand for%%ﬁperl od Pf u$ to 3b . siX rmnt,bg,_ prefFer_gbI _fromseveral
hours to one 14 of Hhe R UhEEe tOMECEROhelAch B r et RSP nfPEYeft .
Coat i ng particle 20. The particles 18 contain an anhydrous

material capable of binding with water. For purposes of

the present invention, an anhydrous material does not

20 contain water, such as adsorbed water or water cf

crystallization.

When a powder of the invention is exposed to ambient
mcisture or otherwise contacted with water, the water
diffuses into the acid releasing layer 14. If the powder

25 includes particles 18, the water binds to the particles
18 on the outer surface of the powder before diffusing
into the layer 14. The acid releasing agent within the
layer 14 is either an acid or a substance that can be
hydrolyzed to an acid (i.e., a substance that reacts with

30 the water that diffuses into the lazyer 14 to form an
acid). 1In either case, the acid in the layer 14
dissolves in the watexr that diffuses into the laver,
forming hydronium ions and a counterion. The reaction
products of this hydrolysis reaction are hydronium ions

35 and counterions when the reaction proceeds to completion, .

or hydronium ions, counterions, acid and water when the
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12 t O8Il e 10 with a hydrophobic material al so prBFBEH§Y/14172 the
diffusion of water into the acid releasing |ayer for a period of up to
six nonths, preferably from several hours to one nonth. Gas rel ease
does not occur until 5 enough noistuge is adsorbed by the hydrophobic

| ayer 22 to provide a pathway for ‘interdiffusion between the

layers 14 ango2z.c i 44 L6 dfueea\@iﬁuenws M@ B¢t fhnium {§heasiBg1Laygr,

gas rel ease occurs accor {o the rechani sm descri bed above.

Al t hough t he fxgfershel ARGl fz»zc‘iozwsza$ Sk ST abTYM Clotft | HRIGHS ahdnco

substanti al | y,dtif ofriBt ashown) RT tiicd ecde Of2 26, Havd Neh &l S€EQNEE N | ayers
14 and 22 of variabl e thickness proyi des accept abl €, sust ai ned

rel ease of a2FaSnS LO GENErglesa £EF{ | (ki A2 Gt pdiiFTI 26T dndther 15
enmbodi mest ofpdWirexd Nerd it surahiedi ideedwyseshed?e for a:aﬁﬁmdsr&n@:tm

hydr ophobi c, vvater-s_olu,bleor\ll;@er- =- de ranaor vgiter-swell e
material cont&ctdYhe Bt S Q3 e 160D TR T e 1S QI'H%e%'Cle &
rel easi ng I ap@mdbdr Powrmnadtisanroliere san f aams 3G mfutt He. 9 ayer022 such

that 20 o o dRarpeBBLALES L hoaC0re .12 1LQW LhE Gk one yfehool N0

| ayer 14 and ay‘s usion o ronium i ons core. ’'In FIG
3b, the part |O(§11€e gl | @iBaArshs cardm acﬁfé’@if'vﬁtt&ﬂ e fﬁ‘ﬁtl cles 18 to

forma pgrti E:'r%c%?sses of %@g%é}g ‘ﬁ\%r&%r{‘&d@kﬂv At?y exposed to

noi sture, 25 t he aci d rel easing agent IS hydro yzed, rel ea5| ng_acid

and hydr oni uMSiens WG IR (RS TT o TR ad REnQH A PRl H2¥2aYo the
layer 22. Thexhydfeamintidrons:dio amtrecﬁddﬂm of ird¥ay tivefenomaeciled unti |
enough hydroni,um.i ons re present in thel I ayer 21:2 Lo Ar ovi de a pat hway
for interdi f]Dl}SI 5TT (Ve be S T l?na P 7 and SRS E6Fe.C~ The | ayer 22
controls priehventalaas e eafe igas imn pmﬂtmq;u,ng%*di fofareign .ofcedadr oni um

ions in t hg core Lo l-ay Rldisgactio IONS miordMtdy Y core
as desc??bed a(l;s(%ve Odﬁoa— ﬁyéhe rit;ecg}cs Ot fﬂt 27 are rpr efer a"b%rl;'rée
conti nuous aR¥CIUBESt émqt@mga:wol{siﬁ:f drungia ﬁdﬁﬁ%l @TREQHCI2 i ng

di sconti NUOUg ;L A¥RIS on material@ 98/sbkhtfigh the powders geﬂerally
PCT/ US97/ 14172 3 and 22 of

vari abl e t hi BRR¥dSe SHRtGdSest d&dEai% of a gas, the PDWders can be

formulated so that gas release during less than one day
20 if degired for a particular end use.
In another embodiment illustrated in FIG. 2a, the
particle 10 as shown in FIG. la is surrounded by a. layer
22 containing a hydrophobic, water-soluble, water-
degradable or water-swellable material to form a particle
25 24. In FIG. 2b, the particle 24 of FIG. 2a is contacted
with the particles 18 to form a particle 26. When the
particle 10 coated with a water-soluble or water-
degradable material is exposed to moisture, the water
dissolves or degrades the material for a period of up to
3¢ six months, preferably from several hours to one month,
before water contacts the acid releasing agent. When the
particle 10 coated with a water-swellable material is
exposed to moisture, the water diffuses into the material
and causes the material to expand for a period of up to
35 six months, preferably from several hours to one month,
before water contacts the acid releasing agent. Coating



sust ai ned rel ease of a gas. I n anot her enbodinent illustrated in
FIG 4a, tg§)98/11776,pa,”i cle 28 as shown in FIG 3a is surroupgdga:deyfh, out er

5 | ayer cont ai ni ng a hydrophobi c, water-sol uble, water-

degradabl e or water-swellable material to forma particle 34. The
outer layer 22 controls gas rel ease by del ayi ng di ffusion of water
into layer 14 until enough noisture isl2 adsorbed by the layer 22 to
provi de a pathway for 10 i nterdi ffusion between the |layers 14 and 22.

The i nner the| Byaf iz eg) 1o WG ol G IR a8 Wi el &Sy REFHFTEDn
of hydroni umciang i @ itdie GOREE Untdd eRough Dy ianidiMy laydwOnSAare
present in the |layer, 22 to provide a pat h\/va;}éi for _ v interdiffusion
bet ween the Pap&fi®s &fd FhéTore 9 <H HETH I I PuriTH ¢ B4 of FIG
4a is contacthemnsi ke e montipar tdad eselkkde dersmrtparddwet exr36.1 Al t hough
the layers 14 and 22 are preferghly .contjny: , Upstant.i y
uni form Sa p&PEUSFe “3’4'“‘(%):#1‘?6 ‘hsgvafénsg”“ |“sc%:/ob(r:ft Péﬁﬂué;d&&rase‘rsﬁ@ l%;l% :indd 22 of
vari abl e t hi eknessvirdeyides Avegptiait 6 nordi Fistiginde: welecgnddef a gas.
The core 12, .the aci,g rag{dea%' ng Javer M Jdhed lers thl%ead the

ntla

particles 18 &Y€ subst a ree of water to avoid relé_ehase of gas
prior to usexefleglfdnsowibefer F&aS TelgRFHRAERLT PP EEMC itiention, the

core 12, theRBnadiaxerdeskd- il 2hovnd e mardh ales e subaiargial |y
free of water if the amunt of water in the powder not provide a

daes .

pat hway for GEEnERESS G0 ROt Ue s SHPst3 1:ozrﬁ%[e"ﬁ’e RGPV easi ng
| ayer to therertacll eferablds havingatisaintimimor e rd et lay®era2 14 and
22, and the taqtal_ _30 nticles 18 enpbedded jn.t t z f the
particles  °*% Qér‘fé’,lég‘r&“%bescsa??l?oﬁg%eased%ép‘%po" g%%&t egdlél‘“?%ﬁe[{%ff wat er
and, nore preafefreaidey afp & aabout 0.05 wt. % water, w thout provi di ng
such a pat hvay foreic!t of i {-usi o hel veen thi1o 28 Colfo@iel the aci d

0

rel easing |ayer. Insubstantial anounts wat er can hydrolyze a

portionlsf teebssicardl cdsithfe inVerdgdn - tiP privkRit Rk PERd T dr oni um i ons
within the agdghtaining tMe B/ddoplifebic, water-soluble, water-
PCT/ US97/ 1417

. o rel.gasin yer.
The hydr oni urﬁzqg(fr?s‘%a%\e?/rervfatcﬁ)r'n%vfenabl%irﬁ"tues‘ela}]jht%o%%aec%sor@%un \%égnough
free water i syrfesentie of Hhr doxmsport Tiie palidnrededsy layer 14 The
powders of the inventio LN ?ﬂg i $d addi tid,anal
| ayers) bet V\é:eOr{’ttahch%o?‘e %a&a]%]dsci ecg% chi%}Fez ]1"21‘ éa"n_?zzz so long as the
coat i ng2odo rdte pregieent22 separates the core 12 from the acid

releasing layer 14 and delays diffusion of hydrcnium ions
into the core. In FIG. 3b, the particle 28 of FIG. 3a is
contacted with the particles 18 to form a particle 32.
When the acid releasing layer 14 is exposed to moisture,

25 the acid releasing agent is hydrolyzed, releasing acid
and hydronium ions which diffuse from the acid releasing
layer to the layer 22. The hydrenium ions do not diffuse
into the core 12 until enough hydronium ions are present
in the layer 22 to provide a pathway for interdiffusion

30 between the layer 22 and the core. The layer 22 controls
the release of gas by prolonging diffusion cf hydronium
ions into the core to delay their reaction with anions
within the core as described above. Although the layers
14 and 22 are preferably continuous and substantially

35 uniform, a particle 28 or 32 having discontinuous layers



the diffusion of hydroniumions fromthe acid rel easing | ayer 14 to
the core 12w ostifheisi on of gas fromthe powder. 10 PCTUbS4dhe cf
gas release froma powder and the rel ease rate profile can be altered
in various ways, such as by changing the tenperature of the powder,
changi ng the concentration of acid rel easing agent hydrophobic
material, or water-soluble, water-degradable, or water- 15 swel | abl e
material in the powder, adding a desiccant or  hunectant to_the powder
to control reldhs®of29ast ofeiable tRLSHBRAEr PYSVERpOsRUCERLABIL &L ur e,
changi ng the gusthydedphobiécss yodfatbesaci d rel easi ng agent by changi ng
the nature of the i d_generat]ve iety therein, 20 ._c gi ng the_powder
m crostructure, sugg?i%%k%#ﬁf émooaf?%?haffﬁ%sh§ﬁF%%hb%igﬁﬁﬁté Faf&=or
anhydr ous partpatesgle 28 ahangdwy theFhBt hod D$ puoresséad bheapowdee; or
changi ng L preer of additio | PENtS L0, D hpg the. .
powder . 25 ig&g‘%r%?e?%%‘f?ﬂ#ﬁ% %o%%#gg%gn%r:éée‘Z“%%ﬂ%‘g‘gﬂé%gm &g“e‘

Wt . % and aboutdé@fradable ope, Wit nveewe dbablie Srateshal to foaboat POBLRL %0

aci d rel easi ng J ayefpe qué@rap@y@r@z%?ﬁfemls Sydr pphobl e, pyak 53?989%’0/

wat er - degr adabl e or water- swell able material ,_and up t0 abou :

of the 30 patifeeeonsof Ydier pteferidy§y the'Pohtefneyddrpeegture is
bet ween about bsavbdd ang B Ula35- W2 % 60 €ov et Weepat hwayapedt 15 wt. %
and about, 95 wt. % acj d. rel easg%a & pe between_ about 1,8 wt . % and
about 40 W . % jgion Letyesi the) 1ayer et 3%etf adable HPRET

wat er - swel | abliaydr 22edkso adontawll dbefawene bbmedt HY dellfomg abditshOnw . %
ngT/ U897; Qilg%r Il%l'frsdnium ions Vggglé&77§ore 12 fgxtil enocugh ﬁ%’fﬂ%?‘éﬁiny
the core of thempowies morgRtsasn otewbayer 22 abpuprG0ide . 86 pandwaholitr98%

wt . % nol ecul ar; 5 Eye; r AL MBEbet weeDOM Zadr 25 alth abQut P W . §5ani ons
capabl e of reacti %to generate a ga nd up, to about 90 wt. % base.

s, a |
5  More 35r ef éridbl AP« %&%r%%ﬁi%%sc%ei%e#aabb%tc@ﬁt%?%i withghge
about 98 wt . %pmheisller B8 aue, fdet eepadbiele 236\ . Althougnde8dOVAyd st . %
an ions capabl e of cg\factl ng to generate . a‘geas (gn_(;l bet ween_ about 5
W.% and aboitt Il asdreterably copbinuoyr and KRt FngHe t he
powder preferablifchiin, qrgrdisess Bt veers abotind disdoanithidds wagensi d
rel easing agenty uip, to, ahous B0 %l LeDLs AL IRLL accep@lBHL, 20 W %
di spersant, and, nore prefera y,e%e ween = !
20 sustained release of a gas.
The core 12, the acid releasing layer 14, the laver
22, 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 core 12, the
25 layers 14 and 22, and the particles 18 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 acid releasing layer to the core. Preferably,
each of the core 12, the layers 14 and 22, and the total
30 particles 18 embedded in the outer layer of the particles
20, 26, 32 or 36 can include up to about 0.1 wt.% water
and, more preferably up to about 0.05 wt.% water, without
providing such a pathway for interdiffusion between the
core and the acid releasing layer. Insubstantial amounts
35 of water can hydrolyze a portion of the acid releasing
agent to produce acid and hydronium ions within the acid



about 40 wt.% and about 90 wt. % acid rel easi ng agent, 15 bet ween about

5 w. % an 5 w. @6d|spersant When t he pomder i ncl udes one
hydrophobld"(‘:’ﬁt}(g}i%”q5 ol ubl e, water-degradable or water? PRSP | ayer
22, the | ayer 22 preferably cont ai ns between about 10 wt. % and
100 wt . % hydr ophobi ¢, water-sol ubl e, water-degradable 20 or

wat er-swel | able material, up to about B0 w. % di |l uent and up to about
20 wt. % di spersant, and, nore preferably, bet ween about 40 w. % and
about 90 w .2%shgdraplobieye:. T"water-smluhiepnwatermﬁegmadahim

wat er - swel | apl e«., g eut | ...bet ween.about 10 . 96an Lahqut_ 6! %

di l uent 25 glz;ina EetW€éh ab %ut SEW?%%)én%Qaﬁgh S S TditSp r§aﬁp“

Wien the powder trehggesttws hajersi2® ithe.l ayer 22 separating the

core 12 fromthe agid thggglgg Lq erﬂ%%“b R:ef gnablpccaontaing bet ween
about 10 wt. 9% and 100" W % OPNo |écnwater sol ubl e B

wat er - de¥yr adabl € - or adge eﬁpnﬁé 'ayﬁéﬁhaﬁﬁewﬁﬁpeﬂﬁél"cﬁs £8 aBSUtIBO wt. %

di | uent and UQ%EQS 14 aﬁﬁogb 20 Wor% disSReSanl: 3R, cBDRSLPERLRIAR! Y,
bet ween @6ang abouf, 90 .wt . @6hydro hobi ¢, wafer -

sol ubl e, mat%?ed%gﬁaﬂﬁbpﬁ 6F REFEPTIHEI EaBe I “eF?éI“V*“ Ted&ERE@Y about
10 wt. % and phodt 6@ wb. ¥hdi bueet 1andr3%8i figelewesn odbedl Sretk. ¥and about 15
Wt . Wbdlspersant The outer layer 22 preferably contains between about
10 wt. %S0 98/ 11776

PCT/USQV¢14172 The rate cf gas release from al@owd aadd*b@O Wt .

hydr ophobi ¢, ,yBL eLeSaLYD! Bt el <de0Ladallkeres 1Ok VALRL: guek) glu%»

material, up to a out 80 il uent up "t 0 “about
di sper sant, %ﬂdenﬁhé“EﬁéﬂeP§§l99m9e“atﬁéﬁm@@n~§§oﬁp“49 “wt cHEasdrabout 90

W . % hydr ophghé Ceondent@tehosobible: cvatakzdegeadall.e , or wateh-swel | abl e
mat eri al , between about 10 w. % and. about 60 wf. @6dlluent and bet ween

about 5 wt . 9FAhETAB ut°I5wﬁte%)8rsﬁ€r§anwa~er degracdaPpg  cGre ¥6F Sdach
particlesis geaelabiy aafekeedl an t‘hn poEee , padiiabe zscaakaichizng awri ons.

Any ol ecul &, SLexE. 10 €30 BB, Used L Lhe B9vaens ol LiteoLavaRon

i ncl udi ng aral nD ecu Siréves. “SuPtablé
mol ecul ar 3|@h@sppwéﬁadQSnarapésaan@ gpasteriec zdehgias the such as

clinoptil oi tﬁydeegheb&ea@n%k%ﬂe, a€habaghk8cing agBRYl 8pdihengnattrolite,
phillipsite, stilbite, thompsonite 15 and nordenite, cfystal ?lne

aIumnophospﬁ%@e@ature OFeFPFc?ﬁhﬁdé@“&ﬁ&thgﬁeP@ﬁGFyaerﬂs91Nblecular si eves
general by haygadghagetbeZgoasg g kbam-abeutred &abd0:i-uting

alternative hydrophobic materials or anhvirous particles,
changing the method cf processing the powder, or changing
the order of addition cof ingredients in preparing the
powder.

25 Preferably, the powder comprises between about 5
wt.% and about 95 wt.% core, between about S wt.% and
about 95 wt.% acid releasing layer, up tc about 50 wt.%
hydrophobic, water-soluble, water-degradablie or water-
swellable material, and up to about 95 wt.% of the

30 particles 18. More preferably, the powder comprises
between about 15 wt.% and about 85 wt.% core, between
about 15 wt.% and about 95 wt.% acid releasing layer,
between about 10 wt.% and about 40 wt.% hydrophobic,
water-scluble, water-degradable or water-swellable

35 material, and between about 10 wt.% and about 50 wt.% of .
the particles.



Angstrons, and a particle size ranging from about 10 m croneters to

about one oaRdsMEieer. 20 The core of the powder al so s@epPugmaIBN Ons
whi ch react with hydroniumions to forma gas. The anions are
generally provided by salts of the anions and a counterion. Preferred

salts include sodium potassium calcium Ilithiumor amonium salts of
a chlorite, 25 bisulfite, hydrosulfi&é, bi car bonat e, hypochlorite,
nitrite, or cyanide. . _ ... .Jhe core cap also i.nclude a.base,to control
rel ease of gg‘?‘f%ﬁﬂﬁé' pbder = fnen gnBaSé“’Fs*i nST“ﬁdeﬁeisnbf’%é’een
core, hydroniabguatonsd fwr nedzid dbhewackd wel easbhgelayer s30ve, dbktusen nto
the core and react wth the base to forma , _ _.salt. \Wen the base is

depl et ed, exRdH, foﬁiuﬁ1?%%s°“““t fée%“?éa%f"ﬁ?fh‘?ﬁézaﬁi8ﬁs W thin the
core to formmeagasing to Jeeadbunk ofsbagscwkphia &heupoféswol «t heseore
can be o aflusteio-aliel Lhe Lor peRbedsbEBLe,083 LBoLe! 88sed 25

fromthe particle.” For exanple, the concentration o

08/ 11776 ané about $8 wt.% molecular sievepdreieernlabopt =z wt. %
17 base, £aLMKE ncs aased dfignbongeintel 8y ofa088nget8agenksate
desi red. Any_hase that reacts with a hydroniumion can be

i ncor por at ed & Fa%e & FELRRR AP Das €t i AcFBde* Bt 28 WEaFePABE-1inited

Lp, aB al kal'i net laﬁl:hélJ!éIﬁdJQF@Iéafit@@ asyer cflth@ip@?;;lgﬁdpuafeﬁgbppt assi um
icarbonate, an alkali , . _metal carbonate, such as.lithium .godium or

pot assi 3‘% COMRTARSshat e W H aa}'&%tf gge“éﬂh 'f’r%iqaf§%ivéér bo%}éf . an

al kal i ne- ear tte Inet=ning aadarat e uch asowngh@svuny odil@ent cahéi um tar bonat e,

a bi carbonate,salt of & t¥anslddOune Bt §holon, oL=2-protonglede primary,

secondary, tertiary or ~°  ‘quaternary am he such as anmon Um bi car bonat e,
a car bogdtai s #G wi- B andrstedon® freval ¢ i i Grralproingargent . -

primary, secendalden tidi@ryp Qfe GHales Nk, AN N6y a9 dD1uedt kahi netal
hydroxi de such as lithium sodium or potgsslup1hydrOX|de, an

al kal i néear IftHae aRAHOG d& - = RS @RPPEs T2l 8T ufn OF SHRERBRTF um hydr oxi de,
a hydroxi de salt when afhea govadesf tiod wldal on®rhwdr@plpslol onakr&depri mary,

kol ot al TSRO Sy Dl € e @8 AR e R el
phosphat e sudtheas syl (B8 prefexilplyl cowitains hetypotasabomt ot hephbsphat e
e R R
bi cal ci &% or o iwedlsgi ANPHEPRatEt er i bhospheg eebout 80 wt.% diluent
and up to about 20 wt.% dispersant, and, more preferably,
between about 40 wt.% and about 90 wt.% hydrophobic,
water-soluble, water-degradable or water-swellable
material, between about 10 wt.% and about 60 wt.% diluent
25 and between about 5 wt.% and about 15 wt.% dispersant.
When the powder includes two layers 22, the layer 22
separating the core 12 from the acid releasing layer 14
preferably contains between about 10 wt.% and 100 wt.%
hydrophobic, water-soluble, water-degradable or water-
30 swellable material, up to about 80 wt.% diluent and up to
about 20 wt.% dispersant, and, more preferably, between
about 40 wt.% and about 80 wt.% hydrophobic, water-
soluble, water-degradable or water-swellable material,
between about 10 wt.% and about 60 wt.% diluent and
35 between about 5 wt.% and about 15 wt.% dispersant. The
outer layer 22 preferably contains between about 10 wt.%



salt of a transition nmetal ion or a protonated primary, secondary,

tertiary q? gg@{ﬁgnary am ne such as ammoni um biphosp gp&sphate
salt of atransition netal ion or a protonated prlnary, secon ary,
tertiary or 30 guaternary am ne, an alkali nmetal bisulfate such as
sodi um or potassium bisulfate, an alkali netal sulfate such as sodi um
or potassiumsulfate, an al kal i ne- earltsh nmetal bisulfate, an

al kal i ne-earth nmetal sulfate such as cal cium or magnesium sul fate, a

bi sul fate sahd bdECawB5% hycanphtbda, nBeaEri-enlobla, pratenatedrpieaey,

secondary, _ t ugtepoacy aghne,su nypngu: bi,sulf ate,
WO 98/ 11776°F wetEELEAEY 195 BURLELDEEY, Ak Bg Erf oo 14173 a

sul fate salandfup tpaAbPrboRUnetak ASAPEFSED noﬁéﬁat@a“e creferAReEY,

secondary %é%& 2LYa6k.quakefRaLyafl BgcSHChoag: . & hy éEBEHbBEbSU|fate an
al kali ta Tonate such as sodlun1sulfoncate n al kali ne-earth

met al §%Ifdﬁa§%& pFlubls, waLEYoRAEE28APEeoPYavEESRSFYEOR2RRBAl ion or a

protonated mate*ﬂélﬂabﬁtwééﬁoﬂﬂaty,1beﬁtlérﬁn3raﬂbatesnawy antiepeam
al kali nmetal borate such, as borax netal _borate such

ny X, o glkgllne ear%h
as magnesi UMRSrPRoBBFEL 8°C°6F 3 Borétén o83l £=oFta t?éﬁglrFﬁﬁ fretal ion
or a protonated phenabyg &6 eashcnad&ny;etestg&pyraliquateohacylaMIne

The 928 ol £0860 Burtie ROLEL - thihgeRERALUORal Mor ccur @D @0BH L I N 1 he

core. Any g 61 med- By reacti on Rydroni um ron and an
ani on x@n beageherased in tﬁannuweﬁgased byEthéVpDﬁééﬁ irRéugangi s

preferably f2..-£hl ghbneydiastde, meukbutadi 9xeds hyduoaenisul fi de,
hydr ocyani c acid, nitrog | oxide, nitric_oxide, nitrous oxi de,

car bon d|oxW@é“CHréﬁl6#?H§°nﬁﬁ6x9@8 natugR oRPReSYRthetic zephigesne’
di oxi de gassuénrggeaseaoptitbe €0r &n alc1t@9nhﬁam&lﬂe$OUhﬁﬁaQE“éhl0r|te

ani ons ita chlorite 20. _sou ces t hat can Logor rated |nto t he
core |nclug}é“‘li)an diFRal PRRECAF &Rl & ﬁfes Eu%ﬁ t%i@lUﬁ]CEBorlfe ngte

potasslyn1c@mdrnbedaahkal|neveaaﬁh;netaﬂumhhophbephaSth as cal ci um
chlorite: CbcEhlaukhessal Laakoa LERRTILLORS | MolELAhaLOR:ELG Pr ot onated

primary, second i &Fy atérnary am ne such™as ammoni um
chlorite, g°neraﬂéykpﬁaﬁwﬁnpeﬁﬁcﬁh@ﬁlﬁéﬂgaﬁg éﬁ@ﬂeﬁﬁaﬂy amenitdm

chlorite. Migyscbbkit ansour 688t ;isueN 38 eS0dhding £romhbBbltesare stable
at processing tenperatures |n excess of about 100 [err]C, allow ng for

processi ng BECFEMEERTEN \ O3GPCf; Hetéﬁﬁéﬂgﬁuﬁés Chl ori ne
di oxi dggr el easi nghpowdeks cf theCpbwierustdct ecteadaci zeionet ahdchpr event or

control react with hydrornium ions to form a gas. The anions are
generally provided by salts of the anions and a
counterion. Preferred salts include sodium, potassium,
calcium, lithium or ammonium salts of a chlorite,
25 bisulfite, hydrosulfide, bicarbonate, hypochlorite, .
nitrite, or cyanide.

The core can also include a base to control release
of gas from the powder. When a base is included in the
core, hydronium ions formed in the acid releasing layer

30 diffuse into the core and react with the base to form a
salt. When the base is depleted, excess hydronium ions
then react with the anions within the core to form a gas.
The amount of base within the pores of the core can be
adjusted to alter the time period before gas is released

35 from the particle. For example, the concentration of the



chenotaxi s, retard, prevent or control biochem cal deconposi tion, or

to kill, retwO®dsAtyAtrol or prevent the growt h of bact er irgr/uSOt/da72
fungi, al gae, protozoa, and 35 Vi ruses. WO 98/ 11776

PCT/ US97/ 14172 19 Sul fur
dioxide is released if the core contain bisulfite anions. Bisulfite
sources that can be incorporated ifito the core include al kali netal

bisul'fites sugh as %Qd'wmwgééc? Of Qqﬁﬁéyn&eﬁavb.&fu Iy?el.ease is

. = e
al kal i ne- eart RSt a1 bisulF1tes such as Cal cium bisuffite, of

bisulfite sal Bssdfrefltransition metal ion or a protonated primary,
secondary, tertiaryQf pace tGUa! FIAEY: M NE. 5 1SUbFAK s di oxide.gasyL el easing
powder s can be used for fqod preservation (e.g. to inhybit 10

bi ochemi cal déEERFESIETSE ddchhfs IR Potaprddireys includgsigection,
and inhi bitiop @f reAzymericai@lazedn alkdPachd @a1s. Hihe-poveies Ssea@n a4 so be
used for reduction of . chlorine (_gaas concentration in cat tjc cycles
wher e al ACRgMTar SA9 poitle P ITE tho HRUF VRl VPis G bR 45

chl or: ne frogmﬁtmlxw:ﬁ@adtwwdmﬁmnmmtﬂmj I&dﬂxﬂ%icfjke.p?tassﬂ:mhpom%s
are also useful in nodified atmsphere A in . pl acing the powder
within a packSGE"SRETS: &% &1 riﬁee%tc*ka{beg"%%%m%f%&aﬁs% (2 di ox| de
at nosphere alkailtimien eehehpacktage.c2fbonate sugtdragemenadiute o5 rel eased
froma core containing..y v dr Qs fd |QNS: 21 AGEERT ahl £ s of
hydr osul ?I de ¢ “I}glrr\f?%nsr%orrllahude al klac%élk%rgfmaﬁcg]hya Fosul £ d'e’s_q—éstsjlgﬁ%g sodi um
hydrosul fi de BEtpét 4651 OF Ky HECTATHEIRS RIIRAhe-SRRAHRTY, $RElary or

hydrosul fi desggueb 2% r6alaeiiwd BUEOHH fdfonQim 3 cadBushipsy) fd de salts of a
transition metal _ion or a protonated prinary, secondary, tertiary or

quaternary  CETRRPREE BfditoGdn s HHEMRE: (et Mi s i i piwde i LhPae

used as a redgelfgrggercendarsyl fuarsicine or pidternary maidacta e of
chem cal and.as.a pol i zatiqn 30 _.inhibitaor. : Chl ori ne gas
and di chi%ri n%lgﬁﬂidx%&éégf é’yrzqgoé(as%eed such &5 gm%’c“d‘f“e SR fitng

hypochl ori t e antessiuvAcbypirabligle, an soikaddsieofednyfootdterd theydardboinde i ncl ude

alkall metal such BUPOENIQ &F SHGhAS RPUMBIARAEN LT droAldel ddie- eart h

35 metal hyp orites such as calcium hypochlorite,_ or hypochl orite

salts of a tr@&AsPt taRnFetdrT fiftel 4on or 'a protonated primary,
secondary, tertiary or gquaternary amine such as ammonium

20 hydroxide, an alkali metal biphosphate such as sodium
btiphosphate, an alkali metal phosphate such as sodium,
dipotassium or tripotassium orthophosphate or potassium
diphosphate, an alkaline-earth metal biphosphate such as
calcium biphosphate, an alkaline-earth metal phosphate

25 such as bicalcium or tricalcium phosphate, a biphosphate
salt of a transition metal ion or a protonated primary,
secondary, tertiary or gquaternary amine such as ammonium
biphosphate, a phosphate salt of a transition metal ion
or a protonated primary, secondary, tertiary or

30 quaternary amine, an alkali metal bisulfate such as
sodium or potassium bisulfate, an alkali metal sulfate
gsuch as sodium or potassium sulfate, an alkaline-earth
metal bisulfate, an alkaline-earth metal sulfate such as
calcium or magnesium sulfate, a bisulfate salt of a

35 transition metal ion or a protonated primary, secondary,
tertiary or quaternary amine such as ammonium bisulfate,



WO 98/ 11776 PCT/ US97/ 14172

20 rotonated prinary, secondary, tertiary or quaternar

am ne. Chlgg?ﬁ%ué s-rel easi ng powders cam be used in 6?33§§é@ﬁ@2neat,
fish and produce and as an insecticide. Di chl ori ne nonoxi de rel easi ng
powders can be used as a 5 bi oci de. Hydrocyanic acid is

rel eased froma core if it contai@s a source of cyani de anions.
Sui t abl e sources of cyani de anions include alkali netal cyanides such
as sodiaumucyani-de gt ot as&nﬂna:,yam*de- etﬁlkalame—zeaa thraved-ad - 4&

cyani des such. .as cal ¢j um cyani de,..qr nide salts of a. ... fransition
netal ion of*d p|r 'flon ethd pri rfary 'segﬁadar f - atefrtlxary oér qua?'érnary

am ne. Hydeooyaiic: aoilfgas- an al hael.eam:rﬁgL powders carsWws: used as a

pesticide o, &.:..m leo%qp}d ci %‘?1 a.,? Garnbop di-0x,( da- %s Lel eased
if a core contains a (Ce "o DI car bonate anions. Sul
bi car boRat e sulfongdyr dasttt h?a{ ?cér?“t%iﬂtn@? e et led dmitas tche:mc@“ami ude

al kal i met abzq'n&%borgaé&%u SUGh assodiymdi carhonateny, atrlrEpOta?ss' um
bi car bonat €e; or |th| um bi car bonate, al’ kal i ne- 20 éarth net al

bi car bonat e&1¥&L IpiMeddo R teaIE TS, POTaX ¢ | 3hh SN Hfetea 5 dn or a

protonated piEr bowmdmy as mag—tar_tunarqrmfom@ nayy sbdiessaich as

anmoni um .bic ate Jglar bon di oxi.de gas- reI easi n_gcteg{)wders can be
&

used in gr eéﬁhdu?e‘s ao ve?p'ﬁ I e TR &5 12 SRS 1%t i ch t he
ai r sunooundiengzat s terfiamarchoyuditexirgery amine.el easi ng powders can

al so be used in r,}%cél fgjaesd v%tlré%%%taer th- C,:E% tl“pqlbyegj _he_ ovvder
sea e a ca

wi thin a package "and 0 Crea oh ‘dioxi de
at nosphere aniong t“mtlhlt’hél’iﬁa(ﬂ@&’@e 'Fhé/ mc,ﬁka“-d@@m tivamese kised to 30

control respilatiih Off B QMG niGH fd0WelS O BLNRES can bl AHUS-Hutng
st or age and transportatl on, Qr to ret ard pr, event or cantr ol

bi ocheni cal a@é’c&ﬁ*ﬂ@ﬁ"chor?yoft%&%’de’ The gag o g IR Ha e and nitric
oxi de alse r efrgasacthd IdiBxide, @R ididdidontgidiogesaulgeidd, nitrite
ani ons. ui t abl e sour. cqt::‘s oft I’g tri ?;1 ){}lﬁfns I rlcl ubdeo}alléml [ j‘r}%tq[
nitrites su(?Pf §YEHIMAN i e 6 g&ﬁ S i tnrll e1 Y87 11776
PCT/ US97/ 14b%3de, carbon dioxide, dichlorine monoxide, or chlorine.
Chlorine dioxice gas is released if the core
contains a source of chlorite anions. uitable chlorite
20 sources that can be incorporated intc the core include
alkali metal chlorites such as scdium chlcrite or
potassium chlorite, alkaline-earth metal chlorites such
as calcium chlorite, or chlorite salts of a transition
metal ion or a protonated primary, secondary, tertiary or
25 quaternary amine such as ammonium chlorite,
trialkylammonium chlorite, and gquaternary ammonium
chlorite. Many chlorite sources, such as sodium
chlorite, are stable at processing temperatures in excess
of about 100 °C, allowing for processing at relatively
30 high temperatures. Chlorine dioxide-releasing powders
can be used to deodorize, retard, prevent or control
chemotaxis, retard, prevent or control biochemical
decomposition, or to kill, retard, control or prevent the
growth of bacteria, molds, fungi, algae, protozoa, and

35 viruses.



21 al kaline-earth netal nitrites such as calciumnitrite, or

nitrite sal (WO@B/LH76éransiti on netal ion or a protonated pCTussy14172
secondary, tertiary or quaternary am ne. Ni t rogen di oxide or nitric
oxi de gas-rel easing powders 5 can be used to inprove bioconpatibility of
bi omaterial s and for nodified at nbsphere packagi ng. In sone
i nstances, powders having a core cont ai i ng two or nore different
anions are effectixesisn..con i release .of. S wder
illustrated in FIG%Ie"i"‘“r & E%gb% ie %Eleas S “be preggggﬁ‘bngﬁﬁfilng core
particles bigenfarai Al éﬁFerlﬁéSdﬁweﬁ§ é@@*@@¥%~{%ﬂq|Qﬂne§mtontalnlng

bi sul fite ani ppsci-pteztbe hgggld he0RLanNi;RG 18Rk AaGIR0 =11 mdiglieasi ng agent to
formthe coated particles. |f chiorine_dioxide and sul fur dioxide are

rel eased in 1Bispré pé??nﬁuFﬁe“ﬁoﬁﬂér“mtﬁésgukﬂuﬁ FroRCdE SEdMices t he
chlorine ﬁlOXbﬂgulﬁ;QE|Oéﬂkal-ﬁ@nbéchlﬁ@t@&|ﬁd&Q Rtes suedl @ig ne dioxide
fromthe powder, The gres ence of ulfite_anions _in the .care also

del ays chl ori 7@l @+ 8% g&sul ‘*“Felgﬁsglﬁkonﬁfﬁe“SUWEeF‘d&rﬁh&”@ﬁoﬁé@e to
avoi d reacti ane8l iohf ohlarpne;dnaxedepwumhvpomﬁetoaddmylvesv&dehya&wﬂ

fragrances cont gt re di.fferen JQ,the
core can alsdg¥g$é%§%‘? athQ SBG?PFHEE§¥95E %aggge %Fbrgﬁf
purposes. Forcaxappl esed ﬁ@de@Od Dreégnvarnpng(blSUIrptenan®1¢hlor|te

ani ons cgf r%?@éﬁetﬁ?cglsﬂéyﬂﬁpdb@’éhg% EQEnf dinge%%@hgaklcogr%a%c%h' orine
di oxi de for deodori zation or control of chenotaxis. Any acid

rel easi ng agedtSiREECEECBapaBfe>BPiBéFARn O ERFUTSIFZed B¥e8nbi ent

noi sture and gghet €6nont OTRe powdpebt tehealkol BeonpeRAtes rBdAceQk RE 1O
be applied to a 30, particle 1Is accegtable for pur oses Rf thg present
i nventi on. %ﬁe?ab?% IRfeCaEr A FEREAS Ny afBRR-dbeS Aef-eS WhFESct with

t he core||1témummsemceroi oni ppuder andudedsto selnotierlgesatuextract

nto the envideniPe SHLRID! R Qc;ﬁgar cfl%%ﬁgng ROEHE 8L AE! U4 s e

car boxyl it aci esters, dés; “phosphoric "aci d,
phosphat e Th%sm@wéer$r$é$k§léplyﬁeﬁhbsphamecé§@eﬁs’tdpaph?rn VO
98/ 11776 packaging by placing the owderPQIéH§g7élﬂgzgage angd

22 phosphates, Sultfonic actd, sulfonic acid esters alfonic

aci d chl ori de2€abips phidsi PAC4REE, CBhEERABS| Ri BREIUT dlaﬁh%rﬁé@§spher"
car boxyl at es witpoh ycherpachygecxv al cohol s such

20 Hydrogen sulfide is released from a core 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, ox

25 hydrosulfide salts of a transition metal ion or a
protonated primary, secondary, tertiary or gquaternary
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

30 inhibitor.

Chlorine gas and dichlorine monoxide are released
from a core containing hypochlorite anions. Acceptable
sources of hypochlorite anions include alkali metal
hypochlorites such as sodium hypochlorite, alkaline-earth

35 metal hypochlorites such as calcium hypochlorite, or
hypochlorite salts of a transition metal ion or a



as sorbitan nonostearate or sorbitol npbnostearate, and 5

phosphosil Exanpl es of such acid rel easing agents | ncl ude an
anhydri de or pﬁosphate ester blended with or grafted t8C56F§BP%5§Iene
pol yet hyl ene or pol ystyrene, or trimethyl silyl phosphate esters of the
formul ae [err] 10 CHerr]SIOP(O (OR[err] wherein Ris a
non- hydr ogen bondi ng group, al kyl20r aryl, Rerr] and R err] are al kyl,
al koxy or aryI and n is 1-25. vater-hydrolyzable acid rel easing

pol yners or FroichRitGemBzs TR preEfaerdaky , tertiary jqreareakrestanry | i ke
oligoners (@rgne.2 WiGR:0d idee 12 1M erll e Wil add pid yald apd a P-O-Si

core), such as a phosphosi licic anhydrlde that is the reaction product
of a phos‘,’ﬁ’ﬁé‘-lsl"em@cﬂfeest S 58 ERORHITI- D ATerFY WY g S teidtigtund

and a silicatereshkehe HoRdNitleeMeed AGIk HRRRSINGan hAdRIES afref erred
phosphosilici.c aghydrldes of esters 20 have the fornula WO

08/ 11778 biocid PCT/ US97/ 14172

23 [err] Hvdrocyanic acid is relezsed from a core Lf it

contains a scurce of cyanide zniosns. Suitakle sources of
cyanide anicns Include zlkali metzal cyanides such as
sodium cyanide or pctassium cyanide, alkaline-earth metal
10 cvanides such as calcium cyanicde, or cyanide salts cf a
transition metal icn or a protonated primary, secondary,
tertiary or guaternary amine. Hydrocvanic acid gas-

re.ezsing powders carn be uged as a pesticide or a

[
wn

Carbon dioxide cas is released if a core centains a
scurce of bicarbonate anions. Suitable bicarbonate
sources that can be incocrporated into the core include
alkali metal bicarbonates such as sodium bicarbonate,
potassium bicarbonate, or lithium bicarbonate, alkaline-
20 earth metal bhicarbonates, or bicarbonate salts of a

transition metal ion or a protonated primary, secondary,

tertiary or guaternary 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. The package can then be used to

30 control respiration of produce, cut flowers or other
plants during storage and transportation, or to retard,
prevent or control biochemical decomposition of foods.

Nitrogen dioxide and nitric oxide are released from

a core if it contains a source of nitrite anions.

35 Suitable gources of nitrite anions include alkali metal

nitrites such as sodium nitrite or potassium nitrite,



wherein Gis a carboxylic acid ester of a polyhydric al cohol and a

Jerr] Cerswobgthracar bon, which has the formula [err] PCT/US97/14172
wherein each Ris individually selected from hydrogen, hydr oxy, al kyl,
al kenyl, or -OC(O R; R is a derr] to (err] al kyl or CJerr] to
Cerr] alkenyl; x is an integer from1l to 30; y is an integer fromO to

30; and z is an integer fromO 10 to 36 Particularly preferred
phosphosi | i ci c. anhydri des,_. based esters_include al kyl ene

a1k {l-xc-.. art r--‘.(‘)f'lpo'lxéol' e SN & 'sh i)} % r
glycol fatty ZEFyti e 8&fef Hero-rBtEhSFRG WAXBs2SuER5SYPr bpyFenE gQFcol
nmonost ear at e it i tel eadtagefax haztaftibe heralll Aon or a YEo88HhELER6
24 primary, seconi£¥§{L@@Jé%§}§zoge&ﬁéternary amine.

Nitrogen cdicxide or nitric oxide gas-releasing powders

a
5 can be used to improve kiocompatibility of biomaterials
and for modiiied atmosphere packaging.

In some instances, powders having a core containing
two or more different anions are effective in controlling
release cf a ges. The powder illustrated in FIG. la, for

20 example, can bs prepared by admixing core particles
containing chlorite anions and core particles containing
bisulfite anions into the ligquid containing an acid '
releasing agent to form the coated particles. 1If
chlorine dioxide znd sulfur dioxide are released in

15 preparing the powder, the sulfur Qioxide reduces the
chlorine dioxide to chlorite, controlling release of
chlorine dioxide from the powder. The presence of
bisulfite anions in the core also delays chlorine dioxide
release from the powder during storage to avoid reaction

20 of chlorine dioxide with powder additives such as
fragrances. Powders containing two or more different
anions in the core can also release two or more different
gases for different purposes. For example, a powder
containing bisulfite and chlorite anions can release

25 sulfur dioxide for food preservation and-chlorine dioxide
for decdorization or control of chemotaxis.

Any acid releasing agent that is capable of being
hydrolyzed by ambient moisture and adhered onto a
particle or incorporated in a coating to be applied to a

30 particle is acceptable for purposes of the present
invention. Preferably, the acid releasing agent does not
react with the core in the absence of moisture, and does
not exude or extract into the environment. Suitable acid
releasing agents include carboxylic acids, esters,

35 anhydrides, acyl halides, phosphoric acid, phosphate
esters, trialkylsilyl phosphate esters, dialkyl



wherein Gis b 4 A prEferred .
phosphosi | ed rdride of a glyrcero ased ester, known as
gl ycer ol nﬁg‘%’@?‘%e acid releasing wax, has 5 the for mulBEFTR§744172

22

phosphates, suifcornic acid, sulfonic acid esters, sulforic
acid chlorides, phosphosilicates, phcsphosilicic
anhydrides, carboxylates of pcly o-hydrox
ag sorbitan monostearate cr sorbitol monostearzte, and

5 phosphosiloxanes. Examples of such acid releasing agents
include an anhydride or phosphate ester blended with or
grafted to polypropylene, polyethylene or polystyrene, or

trimethylsilyl phosphate esters of the formulae

,!\’:/'_' l ;\;/
I VAN | VAN

| , I ¢+ {(Rys,.-81(OR,), or

10 CH,EiCP (O) (OR), wherein R is a non-hydrogen bonding group,
alkyl or aryl, R, and R, are alkyl, alkoxy or aryl and n
is 1-25. Water-hydrolyzable acid releasing polymers or
oligomers are preferred.

Linear or star like oligomers (e.g., a micelle like

15 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
and a silicate ester, are preferred acid releasing
agents. Preferred phosphosilicic anhydrides of esters

20 " have the formula



wherein G has the fornmul a WO 98/ 11776

PCT/ US97/ 14 3%@ 98/11776 25 pcrruseriarterr]

QO her preferred acid rel easing agents have t he f ormul ae:

[err] 5 wherein MY)[err] is an

oligoneric radical in which Yis a portion of a

mul tifunctional oxide structure and Mi% a group 11T A VA

or 1 VB el enent such as titanium . alumnum tin, or silicon;

Rlerr] is an al kyl group; Rerr] .s 10 nethyl, ethyl, propyl, a
nmet hyl am do, or an ethyl anldd'-r~t group; mis 0, 1, 2 or 3; n

is0, 1, 2or 3; and z is 2 : g or 3. Aci d

anhydrides are al so preferred aC|dlreIeaS|ng agents and

i ncl ude organic acid anhydrides, ™njxé&d pr§anic 15 acid

anhydri des, honopol ynmers of aa—iLganlc @cid o anhydride or a

. M_,. copolymers of an organic
h0ugan|c acid anhydride with a
%eHbord. Preferred m xed i norgani c

m xed inorgani c acid anhydride, 'and
aci d anhydride or a nixed o>
nononer containing a (50 -d@u
aci d anhydri des

[} :@-—— [s]
g__ ,' e

wherein G is a carboxylic acid ester of a polyhydric

alcohcl and a C, to C,; hyvdrccarbon, which has the formuls

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;
y is an integer from 0 toc 30; and z is an integer from O

10 to 30. Particularly preferred phosphosilicic anhydrides
of polyocl based esters include alkylene glycol fatty acid
ester acid releasing waxes such as propylene lecol

monostearate acid releasing wax having the formula



20 contain a phosphorus-oxygen-silicon bond. Preferred

anhydri des,| copol yners of nmal ei ¢ anhydri de,
met hacryl f‘gbg’ﬁhw?l de, acetic anhydride, propionic PCTms”é'r?l\?dri de,

or succinic anhydride, and vinyl, styrene or an al kene, such
as mal ei ¢ anhydri de-styrene copol yners, WO 98/ 11776
PCT/ US97/ 14172 24 25 or grafts thereof
with ol efins such as pol ypropyl enes, pol yet hyl enes, or pol ystyrenes.
Copol ynmers of acid anhydri des and esters of lactic or glycclic acids
can provide a rapid initial Yas release rate followed by a 5 slow
rel ease rate. A di | uent jcan be included in the acid rel easing
| ayer 14. The diluent is any hydr@phobjic material that can be applied
to the core and solidified to fard, a,Layer; on the core. Preferred
diluents include mcrocrystalliheil0 iwax,_ paraffin wax, synthetic wax
such as chl ori nat ed wax L"OT',J"ﬁcr)'Iyetfﬁylenfe;- wax, or a polynmer such as
atactic pol ypr opyl ene, polyolef¢a;-0%~pe%yester, or pol yner
bl ends, rnulti conmponent poIynerﬁﬂgugdgag,ggpq[yners, terpol ymers or
ol i goners, or polyner alloys theréof 15" *These diluents are comercially
avai |l abl e from vari ous sources.“ Preferred mcrocrystalline waxes
i ncl ude the Ast orwax mcrocrystalline waxes conmercially avail abl e
from Astor Wax Corp., Doraville, Ga. Diluents are preferably
incorporated in the acid releasing layer if 20 the acid rel easi ng agent
i's not hydrophobic. The dispersant in the acid releasing |ayer 14
is any substance that mnimzes aggloneration of the core :
particles during preparation of the powder, controls rel ease of the
gas fromthe powder, |owers the surface ;25 reactivity of the core, and
does not react with the core. -1, Subst-anees, having hydrophilic and
hydr ophobi ¢ portions are pre¢ferred. The hydrophilic portion of the
subst ance can be absorbed—by—+he surface of the core. The
hydr ophobi ¢ portion of the substapce mnimzes 30 aggloneration of the
core particbksrefienGt ie particles * are m xed. Preferrdxkipersdnt s
that can be incorporated into the layer 14 have a nelting point not
greater than 220[err]C, and include am des of carboxyl ates such as
am de isostearates, polyvinyl acetates, polyvinyl 35 al cohol s,
pol yvi nyl pyphekb@ere 1cepel wheRsrigel Wt By laRfersl balsk@0lkst cand kirivad
carboxyl ates _sygh as zing isostearate. e i : -

as S1 cr giycerol monosStearate acid releasing wax, has

5 the formula

n
H

Tyl e B 045

wherein G has the formula



WD 98/ 11776 PCT/ US97/ 14172

27 D e p¥HTP& having a nelting point greater than 50[ erCiISEI14172
preferably adm xed with the core particles before being adm xed with
the acid releasing agent. Suitable pol yvi nyl pyrrol i done copol yners

i ncl ude copol yners of polyvinylpyT£§Hidone and hexadecane such as
Ganex V-216, and copol yners of polyvi nyl pyrrol i done and ei cosene such
as Ganex V-220, which are commercially avail gble from GAF Cor p.

The hydrophobic material of |ayerp 22 is any 30 hydr ophobi ¢ material that
can be applied to the-eere—ors — ¢n—ayer—d4-andcseolidichied to forma |ayer
on the core or | ayer 14. Suitable hydrophobic materials are the

di l uents descri bed above. Any wat er - sol ubl e, wat er - degr adabl e or
water- 15  swel | abtRegupeetakrthakctdnrk@ecapphivedseatihézeer engs

| ayer 14 and solidified.-to forma |ayer on the core or | ayer 14 can be
used in the | ayer 5STTELFEADl e wat er - sol ubl e material s include
sorbitol, polyvinylpyrrolidone, pol yvi nyl al cohol, polyethyl ene

gl ycol, and carbohydratlkes 20 such as nonosacchphrides (e.g., glucose,

al | ose, altrose, F BRnose; cgul ase,cHindpse. e jg%iy%;w~talose, ri bose,

ar abi nose, xyl ose, |yxose, erythrose, threose, fucose, -~ “* rhamose, and
gl ucosam ne), disaccharides (e.qg., fruct ose;—suGrose, maltose,

| act ose), and pol ysaccharides 25 (e.g., starch, agarose, glycogen,
cel l ul ose, cellul ose derivatives, and chitan). Suitable

wat er - degr adabl e material s i nclude polylactic acids, polyglycolic

aci ds, gl ycerol esters, pol yhydroxyal kanoi c acids, glycolipids,

gl yceri des, phospholipids, polyesters, polyethers, 30 pol ysor bat es,

| ectins, polyureas, -pol yurethanes, ethyl ene ~ «vinyl acetate copol yners,
pol yhydr oxyal kyl at e$, I pol yanhydri des, polytd t ones, pol ysebacic acids,
l'i posones, fatty acidsi.ardocarnauha—wexs Wateg: .. swellable materials
of the invention inélude pol yvinyl 35 al cohold.and derivdtives thereof,
agarose,qﬁolyvinyl pyrrolidone and derjvatives thereof, proteins such
as WD 98/ 11776 PCT/ US97/ 14172

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,
aluminum, tin, or silicon;; R, is an alkyl group; R, is
10 methyl, ethyl, propyl, a methyl amido, or an ethyl amido
group; m is 0, 1, 2 or 3; n is 0, 1, 2 or 3; and z is 2
oxr 3.
Acid anhydrides are also preferred acid releasing
agents and include organic acid anhydrides, mixed organic
15 acid anhydrides, homopolymers of an organic acid
anhydride or a mixed inorganic acid anhydride, and
copolymers of an organic acid anhydride or a mixed
inorganic acid anhydride with a monomer containing a
double bond. Preferred mixed inorganic acid anhydrides
20 contain a phosphorus-oxygen-silicon bond. Preferred
anhydrides include copolymers of maleic anhydride,
methacrylic anhydride, acetic anhydride, propionic
anhydride, or succinic anhydride, and vinyl, styrene or
an alkene, such as maleic anhydride-styrene copolymers,



28 gel atin, agar-agar, albumn and col |l agen, hydroxyproline

pol yners o rs, hydrophilic polyacryl ate derivatiyves

pol yet hyl e{r'lve(p%xl?giegeand derivatives thereof, car boxyal k&’Fﬁﬁ*’Zﬂ‘ﬂ% and
derivatives thereof, 5 hydr oxyl at ed cellulose derivatives, alginic acid
and derivatives t hereof, acrylic polynmers and copol yners, guns,
pol yacryl am des, starch graft copol yness, acrylate pol yrer

pol ysacchari des, sodium starch glycol ate, and i ndene-, styrene-,

et hyl ene-, progptaies ,thautetEnettiore :LéL;nsi; SOl yigrgseh@d:ﬁd:ﬁyaéhydri de
copol yrrers nlvet pay t.i cd ed are_outer yer of the
powder 365 %d‘%%?co%{al&ﬁ n Janef'n éc?ou?%?% e 'C%tgbl e of

bi ndi ng WI t kﬁwiét%-rlﬂqmeafﬁﬁrﬁeﬁﬂé% @Etl %@t c onpibyerkiscavihgecsnt 0

mni M ze pr Ry hy b Y81 02 25 gad e AEL L Tl easing gaeaty,, Sui tabl e

anhydrous material s i ncl ude sodi um sul fate, cal ci um su cal cium
car bonat®, IS EATAtER %agnesi um sul fate, cal ci um chI or| de,

moi st ur e- depl et edh stiiwentgedan AN R uded 1ROk £8:a CLAYS SUEh as
bentonite ar1d kaol | n p]g%ascij um 20 Jager rnalgh(\i)g ate npl ecul ar sI eves and
T

oxygen- scavengi T lusgt TR PR} @ el e tahmeRet al | y
avai |l abl e frccam mﬁmppﬂsm;bmozme Td:ter‘.anamdirmfs;cpafrie&ltﬁs form areay

preferably hetusgn ahqut ]Pfgugfﬂgﬁnagxﬁéﬂggrf“@ﬁﬁé% micr

A powder of parti cI es 10 as shown ne?%‘ﬁf/ ?)ije‘b%?ed by
adni xi A t hevasor @FRTiie etrx, sYRoMm i qivex alons s Mﬂmmiatreaﬂeasxng

particles tf Q{dmyaethylerparvpé\cl eofngtég%,? 3 t"ﬁ.“re profj%;%é%%é ure to forma

product, cooling the product dfra to formthe
powder. A ﬁtﬁrld’é’rrctifl’]tq{éefpa‘?‘th&éf% £ pPolyeficiin i9¥ MG YMer can be

prepared by rad¥Had ngn@ﬂfb}@:f%ent pmé% esuM tds the, preduct  and
sintering before cool in owder artl cl es 0 can al so be

prepared by SR TS b t%]el%? rartd é? 3y SRS with a
i qui d135 Téeseaidiilngrthe ac dowleasialg yagenii Iabforinaoateti cus

particles, coQlidg t h%%%@%féf&&%s%iﬁ%?%ﬁ%e the O

98/ 11776
29 t RS teauvasd Pt ald iy mastes poomierrciaiy corastilable

particles caldae 2didsy GRAt %*"ﬂ' a ﬁ@léﬁr‘llé Ay, SPA¥%nts are cOated with a
liquid soluti on, or coat ed by “ot’her knovin

preferably incorporated in the acid releasing layer if

20 the acid releasing agent is nct hydrophobic.

The dispersant in the acid releasing laver 14 is any

substance that minimizes agglomeration of the core
particles during preparation of the powder, controls
release of the gas from the powder, lowers the surface

25 reactivity of the core, and does not react with the core.
Substances having hydrophilic and hydrophobic portions
are preferred. The hydrophilic portion of the substance
can be absorbed by the surface of the core. The
hydrophobic portion of the substance minimizes

30 agglomeration of the core particles when the particles
are mixed. Preferred dispersants that can be
incorporated into the layer 14 have a melting point not
greater than 220°C, and include amides of carboxylates
such as amide isostearates, polyvinyl acetates, polyvinyl

35 alcohols, polyvinylpyrrolidone copolymers, polyethylene .
glycols, and metal carboxylates such as zinc isostearate.



processes. A powder of particles 20 as shown in FIG 1b 5 can be
prepared by WQA¥Ki7a anhydrous particles with the coat eHCPaISe /G 25
before cooling. The acid rel easing partcles or the |liquid containing
the acid rel easing agent can include a di spersant as descri bed above
to prevent agglonmeration of the cpje particles. 10 A powder of
the particles 24 as shown in FIG 2a can be made by preparing the
particles 10 gs.desctibgd.aboue e1-ibenadoixing the parti ¢ ith a
i qui d cont ainT gé %% : fﬁyargpﬁogfc,a%até?g§61&g%€fgﬁaggﬁfﬂeé?§a§%?%nor
wat er - syefeapreynafeikaf véthotheacesat earficdast Ledosls Mmgitte 15
coat ed produciqmaRedfkagaentbngct Rereoatedpr adiek .t Oguitapikormthe

powder. A powder of particles .26 as shown in ~— _ FIG gg_gqg be _prepar ed
by admi xi ng RAYAYHEE-PEFFPLEE8Ne COPOYPRIEheNESHEEd CHPEdNEETSelor e

cool ing. A poysleyvohylpyrropadbhel eafad?2heqad=akse kachoesedzhyxadmaxia)g the
particles 20 %Oﬂmﬁlp aLticggs ?onggiqin?rg%gﬁdropnobici water-

sol ubl e, wat F2UeGrRUabTE" Or Chal BFY SoEF FREF & “hat8rfaf o S COSeNE, Spch

m xture, sintesiCmnéeheVal0urehiohf arm acpmeducklly azvaitebliengrhe GLF
product, and é menting the product to form t he powder. A powder of
the particles as shown in 25 FIG 2b_can be prepared by adnmi xi ng
anhydrous particl eBhe hydypphobhe prb@uéeland dewesr PAgiBedre cool ing.

A powder; @f Fﬁwéféﬁﬁébgé RSt 8POWN tRAE! Gan3Bel 8ppliecdeBeLsL! kopeepar ed by
adm xi ng the core particles _ . _containing anions with particles
contai ni ng a Ber hiAir ophodPLtidiat 8f- 61 GBFB, SwaE¥FTrdBFr 288bFEXEr OFat er -
swel | abl e matesyat 19. f osiigabléshy@abbhebecninitdkeals are 8hatering the
first particl ,ﬂixturedtoﬁfqén1inﬁernediate particles, adm xing the

i nternediate 49t 25 6P TR BERd3PCVe - el easing particles to forma second
particle m xture, By wsteatesohgbléie secenddpgrtiebeenpxtuweestre forma
product, i u apd_fyag I e oduc form

0o 98/ 11576 swEPPLLIY rEQ@ePXTQP.Eﬁat 8d,f 58 QBE&B.%%T}BSBQ% 11.7% £Q

30 t he JrWRerli4 angosebiddfiedetpaferel easlagensoshbid FAYE ©r FIG 3b
can be prepargd oy pdnkxh NGe aRHYAr ONStRAr {hGLeS22 .  suk thpiBe,peaduct and
sintering before cooling. . A powder of \particles 28 can_ al so be
prepared by &fdURIR) THeCEHRES LNCHARE| EPESIEBHAt aPAL YL BRLBREYRi-ERCRSIi qui d
cont ai ni ng a polyvingl ophebhsl, WedBye SRy UBLE, g1at6L ; degaadabbenoarvater -
smellabl%inaterial to forn1caated_cor§ particfegchooLipg lEhecgoated
core pardd cl &N (AR I TRE. tBaT e(Scr o J1UCOSE, alldse, altrose,

mannose, gulose, idose, galactose, talose, ribose,
arabinose, xylose, lyxose, erythrose, threose, fucose,
rhamnose, and glucosamine}, disaccharides (e.g.,
fructose, sucrose, maltose, lactose), and polysaccharides

25 (e.g., starch, agarose, glycogen, cellulose, cellulose
derivatives, and chitan). Suitable water-degradable
materials include polylactic acids, polyglycolic acids,
glycerol esters, polyhydroxyalkanoic acids, glycolipids,
glycerides, phospholipids, polyesters, polyethers,

30 polysorbates, lectins, polyureas, polyurethanes, ethylene
vinyi acetate copolymers, polyhydroxyalkylates,
polyanhydrides, polylactones, polysebacic acids,
liposomes, fatty acids, and carnauba wax. Water-
swellable materials of the invention include polyvinyl

35 alcohol and derivatives thereof, agarose, polyvinyl
pyrrolidone and derivatives thereof, proteins such as



particles to forma core powder, adm xing the core powder 10 wth a
liquid cogicé the acid releasing agent to form co Lcles,
cool ing the éggted particles, and fragnenting the coo?%g%ggﬁ?%g es to
formthe powder. A powder of particles 32 as shown in FIG 3b can be
prepared by adm xi ng anhydrous particles with the coated 15 particles

bef ore cool i ng. A powder of2& he particles 34 as shown in FIG 4a
can be made by preparing the particles 28 as descri bed above t hen
adm xi ng theeparincl @sa2828kth albiguhdesdnrtalnkagna hydrohywrophoki c,

wat er - sol uhl 3VM@L§r gegraggqge:orkmatgbﬁlZQﬁ stgLEabhg -paterial to forma

coat ed prodﬁc cool |ng . coat ed” produc fragmenting the coat ed
product to der: V?%%ﬁ??hePBeMﬁéfY lEnBoRieReoRTPaPEFaNEs i3685a5 GREWA i n
FI G 4b Ca”ci@b ~epekeUchby1 auBki Bgganbydyedsvear thekess, with the

coat ed uct ore gool wder of 25 rticles 34 can al so be
f or med gﬂﬁ?&?ﬁﬁ*?ﬁ%apﬁringé§e ger'ﬁgt"vFﬁ pgigrﬁrés“gbnt&rﬁlng a

hydrophobloieM@Taﬂ;ves hepkubl eacwal ec- ﬂegwaéablandrcm@béyﬂswelIable

material to n.a.mx SLD he 9 f roduct,
cool i ng théng%dd% yl%ﬁ‘fr%gégﬁtlﬁggfﬁe gr%ducFCF% mBOg Eggpomder
A powder ofpmhgm@mfpolyescebaasashom&oﬁmur ataEbGanyﬂoaatbe pndpar ed by

admi xi ng anjydrous, $§£{£8}85 erny¥thl- 1 S BLOUGL -and, sl ALRLLNg bef ore

cool i ng. artitles of the presenf invéntion are
pr eparid frbﬁ?b@nﬁ%@%@aﬁﬁyeévaPPéﬁﬁé A8l eepPaymsreves. 35 The nol ecul ar

sieves are ad”‘*?ﬂewpé t 31 aqUEBUEMBEdded ﬁonaguggggrsnggkonfcgngalnlng
anions to allom/the anlons WO 98/ 11776

PCT/ US97/ 14179deT 20, 28,732 and 36 contaln an aghydrous Fgtesiflinto the

m crostructegeziofe the hmhecnbar¢sheves=r ThePpeEe&abby,atheasalt is
dlsproportlonated in_t t _bein Lnlted hererto

s Rerr et shaTensrzretrohiBaniar RECaPEkreoaP Rrsn e oo g ' %,

salt wi3l bone 2o0ifd heelarfavngsagerthe ﬁonesbﬁhtbhhyﬂhaau matemneland becone
| mmobi L Zed, 4ot do t B8 30881 EEREL BLEB;un SBEFQEQHI o EQQs. Such

i obi | i zat1'0n enhances t he of the pomder Once the
ani ons are Carbom%ﬁ%rcéFﬁF@HSmﬁPﬁrﬁt?hemﬁﬁPééaPﬁrs§h§§éew1éﬁe§ﬂk@cture 10

t he nol ecul @k1&tea€s ﬁbgséﬁ@étaé@ﬂeﬁéﬁﬁbimgcaobullOa lumina,dried by
conventi onal npans gafraggg ted go formthe ore artlcles The

core particfes- t%ﬁébe entonipe rEAnkBP 1nma BF2E51HB e,
wat er - ﬁ@gra@amen@anaaEermoleculamebhabbs satiepkgbeandchivagpented before

being admi xgdh 1o phLhhRgacd pELERELRY BOENEohRePEERRLG the powder of
available from numerous sources. The anhydrous particles
are preferably between about 1 and about 300 microns in
diameter.

25 A powder cf particles 10 as shown in FIG. la is
generally prepared by admixing the core particles
containing anions with acid releasing particles to form a
particle mixture, sintering the mixture to form a
product, cooling the product, and fragmenting the product

30 to form the powder. A powder of the particles 20 as
shown in FIG. 1b can be prepared by admixing anhydrous
particles with the product and sintering before cooling.
A powder of particles 10 can also be prepared by admixing
the core particles containing anions with a liquid

35 containing the acid releasing agent to form coated

particles, cooling the coated particles, and fragmenting



the invention. The core particles are stored in a dry at nosphere.
The powder sWS¥ *%H&7§ nventi on can be prepared by the met REKUSRZAEIRRbed
above or by any conventional coating 20 process, such as fluidization.
In a fluidization nethod, the coating nmaterial is aerosolized by
passi ng the materi al through smal Is4li ameter nozzles into the chanber
of the fluidized bed where it can inpinge upon the fluidized core
particles. Upopecesbaek wekhikthes26o rbhui dhzegotaee pamticCles.e t he powder
is formed as the . . coating naterial sqlidifies. The particles can then
be packa@%ﬁt?ﬁ*ESdFﬁnsﬁgl dPCoRPEFREr ~PTRe MFarERcHe§Vd8n SP¥eY4l so be
gi?roniéed tocégigﬁegith& Daaaﬁdlecghzﬁo&ndoE0bﬁated by bihes Q@Mﬁﬁf

ef ore being packaged. The powders the.3 Lavention can_a

repar ed st A TELRERF cal CbbSRIERGCs PR iAo EnP Babot FURHE, af BisidiRy and
ot her kndiwn poawliepe prepprefabit kenimenbodshvdrous partihéesowéchl ahe
si'eves, anhydrous, paLliglgsc.angdsothgr 14irLNOr edientsscapy factured
by conventiogéﬁ“b?ﬁgﬁsggégéga ggn%,gagﬁgﬁéavin 3?‘ §§§an2c§%F§? ers, or
can be marhacedst Ponthar Lo883i800P8E8INTRE paPt RELEs TEAGRSLREY

MD 98/;1776 agent can include a dispersant as de8§¥ﬁ9587é%é¥gzto_
i ngredients are stored a dry, at noSphere before bei used in the

i .
powder prepaﬁ%ﬁ?%ﬁpbrﬁﬁﬁggwera ion of’ KPenGhyR PRECpSWASrs can be
fornul atiad as descxipsdder ofabneepzrtitbleprekeasedhbhat ihhBIGOr eaceamai ns

a zeolite 5, and,an alkall tal chlorite or alkaline earth net
chiorite for 7%I%3%% 3 éh%%??%ésdr‘dii BS?E*?ﬁSSaéﬁd“s °egggrg’a§? ﬁ%olvgyer
preferably i nctedesduiwisgothyspartingdes 10 wakh anléhugdmepntadniingna or a
| ow ol ecul ary welghlon:c POLYELLS, i LUSYL: a0 A0 AChder eleqatng wax,

such as 10 propylene gl ycol hpnos earate acrd refeasing wax. __The

| ayer 22 prefsrablgbronmatesigl ueeséorsuer eseteghpbedusE, coolpnantte. The

particl s ar e-pieferpbbyusedi #anSeLighénfling theCabstud subEaLE. to
The preferred. phosphosilicic anhydride acid 15 .releaging waxes are

general |y préﬁg?%dg%? ReYeThg o POV Eﬁrﬁbx?FFElﬁg?ﬁ %gtg? ﬁgoﬁnpéPyhydric
al cohol , admmiagg 2k caphosppoepsreénbpxedeikihg dheydebtis pheniedsexi ng a

silicate or sijane hOt0oLheqBlla,andogokLngole gl i dhf ¥oyger bhe
resulting acid tel éasi ng wax. € carboxylrc aci 0 ester of "a
pol yhydri c almottoicles p2éfermbtysa heyferved by admixing the particles
20 10 with particles containing a hydrocphobic, water-
soluble, water-degradable or water-swellable material to
form a mixture, sintering the mixture to form a product,
cocling the product, and fragmenting the product to form
the powder. A powder of the particles 26 as shown in
25 FIG. 2b can be prepared by admixing anhydrous particles
with the product and sintering before cooling.
A powder of particles 28 as shown in FIG. 3a is
generally prepared by admixing the core particles
containing anions with particles containing a
30 hydrophobic, water-soluble, water-degradable or water-
swellable material to form a first particle mixture,
sintering the first particle mixture to form intermediate
particles, admixing the intermediate particles with acid
releasing particles to form a second particle mixture,
35 sintering the second particle mixture to form a product,
cooling the product, and fragmenting the product to form



ester or glycol ester including, for exanple, an al kyl ene gl ycol

car boxyl at swgegir7ees propyl ene gl ycol nonostearate, gl ycl%’l%s97ll4l72
nonost earate, or glycerol distearate. Propylene gl ycol "'nonostearate is

nost preferred because it does not 25 f oam excessively or obstruct
nozzles or other fluid transport equi pnent when preparing the acid

r el easi ng wax, or the powders or 3then incorporating the powders

into polyner _filns ot her _materials as end products A subst ance
that is capabi'® 6?w835ct|§ PRIERTt e §S?|6&Fél§ées oF &F| &Re%RNoiform P-O Si
or C(O)- C>S|?b@ndso|nabheeaprdnareﬂ b@la&&u&gnga&1h&ﬂrb@ssﬁa%EhEUEgd for

phosphorus ... P tode such.as. nostea dieth hosphat e.
process for %Té%a€$%g~a H8§pﬁ8§|ﬁﬁ &= éﬁﬁy&%ﬁ& agrgagﬁg rélBS%rﬁ& wax

usi ng nDnost@aryardLeﬁhylpaosghaeésoabcber35arparboraﬁdﬂwufb rakegemee to
Ral ph Iler, pgpg féém)ggfii“1%§ ékﬁén Sgkuglglath Q|¥ EL%%E?Q”; Colloid

and Surface
PCT/ US97/ 141 rophebhic, water-scluble, water-degggdable cpr wpeeties in

Bi ochem stryswelUlaMléerateD08s, t& YormPeoated é8Fe( 249} c1Bkef BELEY e
silicates or_silanes inclu raal kyl sili cates such a$ tet’raethyl

ort hosi | i cat®€ COGt%?k?Pr§IP5NE§C£§ﬁd hBRBREREAYIsEhEnE’atethECERepar at i on
5 of repremtaid:}lesa'codfbﬂneaStﬁﬂcwpéﬁ&ek$ daﬁgkhhgdth@ core F%anRkes 1

and 2 ow. ..Jhe pyoces preparin rel easing waxes is
furthe?ﬁ%esd?%%% {1%%b§n8?” 1n9VgPF|ﬁ§ﬁ8fFe??aﬁanLF%?nbaFQnFO*
application gmated pa381858$86@¢01thdthhycéateaQBZramdleﬁt|&hﬂd
"COﬁpOSItIOnﬁrg§hen€§ﬁgSyﬁéaéggﬂe§@£§a§§p9és tgﬁ?ﬁrm"mb E l,§elncog por at ed

herein by reference. |Tcafions for ““ g¥aF& " nufter ous.
The poRiHae e Af bRatiSealeH s@saﬁ?OEﬁVFEOHﬁﬁntahh@aa be  exposure to

moi st ur e caqngggygodTbﬁ &@Mﬂﬁiﬁgcéﬂh9§ré§s phOt fBle s Ny O §OL RPS QY- 8Bl di ng

or S|ng $ 28%# can al so be i npregnated, nelt processed
si nt er et a*tlcb B gEelﬁﬁ%TﬁBgated into a variety of materials to

pLovidadfllnE anqumameQSOfOth@.m&ﬂelé29963@fa§n§h@ﬁe in FI@DDK&CBéhPSSd
The powders t in repaLi ng any injection nol de
f B R LA éi’é{r’r Hd-BF BBt §°P oF pfé a‘?ngl eent* n]'f’? naPOV§he

products, cONpressio
t her mal t@ﬂ&ﬂﬁ¢ml§ﬂ@ﬁ the povkiertesl 2owsitbrathbquidseonnaining a

i nj ection NMyHAGHBILESSESter-soluble, C@éﬁéelg fé’&?ﬁg%ﬁ%%r%g%gﬁ gﬁeg to

retard, klllvﬁég revent or_control nicrobiologica _ on
surf acéd TQ?i% MHF R AL tHR HRFBrR afORESE nP¥PRuUCt, cooling che
coated product, and fragmenting the coated product to
form the powder. A powder of particles 36 as shown in
FIG. 4b can be prepared by admixing anhydrous particles
with the coated product before cooling. A powder of
25 particles 34 can also be formed by admixing the particles
28 with particles containing a hydrophobic, water-
soluble, water-degradable or water-swellable material to
form a mixture, sintering the mixture to form a product,
cooling the product, and fragmenting the product to form
30 the powder. A powder of the particles 36 as shown in
FIG. 4b can be prepared by admixing anhydrous particles
with the product and sintering before cooling.
The core particles of the present invention are
prepared from commercially available molecular sieves.
35 The molecular sieves are admixed with an aqueous or

nonaqueous solution containing anions to allow the anions



at nosphere surrounding the material by exposing a surface of a

mat eri al towsysmaamsr of the invention, and exposing t he FerbsoA4i9
noi sture to generate and rel ease a 30 bi oci dal gas fromthe powder into
t he at nosphere surrounding the surface. In an alternative enbodi nent,
m cr obi ol ogi cal contam nation is retarded, killed, prevented or
controlled on a surface of a rraterial,31 within the material or in the
at nosphere surroundin e, terial l agi pg_the-material_ .adjacent a
powder of th;L*O S“T‘ng%% i%%‘? rgiggr(gé{pggi’gérghggpb&ﬁé?‘fﬁcﬁgla§t u’r‘-S‘Jﬁ?'

rel ease Prefa¥ROBy 11776 salt is dispropcrtionated in the

PCT/ US97/ 1417 R ha P it m338y aver ashi@cidal gas from
t he powder in e %Péinﬁ%% é?gn“” feéﬁ r%ﬁﬁéfﬁa ?ﬁérﬁﬁférﬁglf‘
Gas- r el easi ngopbivieed that baniged forredagdripgedéapropertiprnesnvnokt

bi ochemi gal decomosiii Pbons a SUFheCsuPEales Do MBLEN bake 8T Wk HALN (the

material by exposing a surface of ~ ~a material to a powder of the

i nventi on, aﬁﬁxéiﬁﬁ§?hae??m@ 1mm9§h}¥é%% ?%th%isbﬁrén%enﬁeﬁéﬁﬁﬁewéﬁ&

rel ease a bi opfEF6:€abm ions deconERsikhebilbibibhnenBascEEofhkhenpewder
surface. |n an_alternative 10

into the at mosphere_surrounding th - -
enbodi nent , ﬁﬁﬁﬁggﬁﬁaéloﬁeE%ﬁpﬁgf ?%n ign?%tEPﬁeﬂ?lons PF8vent ed or
control | ed onrtettd prteedfwat lvht ethal moleculan bevet hecrateruaktuby, pl aci ng
the material adjacent a __ _powder of the invention and exposing the
povder £0  CHDITETF ST Ehee & Bi SERRFAtar fiecBnpati T oRs 8"
I nhi biting ga ¥edivy hecpowmietotat onedes at awd pheagnentedster bandi hyet he
material . TheJml fgadlaiiéfesor ef grablyre par@wﬂ%lgec% BLheimi00g. 18R Good

e L fre h a

is preferably sto or transported 1 n no _at nospher e packagi ng
to extend  BYGIRPRIRIG. |Vfar“é€%15¢fﬁeb~f%od%tﬂe@%m%?l%r@veﬁﬁﬁg-or 20
control I'i ng kyvachels ral ndesorosdid Ofr dmdh €E@DLOF ©8E CBL ing admixed

cont am nati on., . The gas-releasin owders can_al so be used to
cont r ol 1Pespiidth &Peofa%l‘?ra‘feef‘?%?“@ m@.ﬁg@ BESRATECERE POWERT a%hat eri al
to a powder afhe hientervieidn on, Tlenc@xposarigi @hes tdee sstrdoe® 10 godsture to
generate and . respiration-controlling gas fromthe powder
into the aéﬂéﬁﬁﬁﬁéﬁé surrounding the surface. In an alternative

enbodi ment, respi r#e @rvsers b drhal inervinr Girdyyprepargiabynghehe

material adj gaHods RIVESF i Y4 8o VSR W any convéltk £XPOF1 Bgat DRgpovder

to noisture to rel ease a resplratlpn-controlléng,gas fromthe powder

into thel  PIAGRRHhTER AT FAFHFI HeOhmt o1 A . TR e} PRl mpghod,

the coating material is zerosolized by passing the
material through small diameter nozzles into the chambex
of the fluidized bed where it can impinge upon the
fluidized core particles. Upon contact with the

25 fluidized core particles, the powder is formed as the
coating material solidifies. The particles can then be
packaged in a dry sealed container. The particles can
also be micronized to reduce their particle size and form
a finer powder before being packaged. The powders of the

30 invention can also be prepared using mechanical blending,
mechanical-fluidized blending and other known powder
preparation methods. '

The molecular sieves, anhydrous particles and other

ingredients can be manufactured by conventional processes

35 and packaged in dry sealed containers, or can be

purchased from various sources. The particles and other



preferably fruits, vegetables, flowers, or other plants. Control of

respirati qQgookn{@gds and flowers is generally 35 acconpli Sﬁ?ﬂu@‘mﬂ ring
and transporting the food or flowers in nodified at nosphere pacKagi ng.
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35 The gas-rel easi ng powders can al so be used to deodori ze
a surface of a material or the atnospB@re surroundi ng the material by
exposing a surface of a material to a powder of the invention, and
exposi ng theénFedRRfacEs cHTstd uie 2 dyendraterlene retkase Refeodori zi ng

gas from the poywde( dud oodies AtgBsphere; sHrgayading the surface. In
anot her enbodi ment_, a;ﬁt{gf ce of a materi al or the atnpsphere

surroundi ng the ratStIuE? i PYURIFHETRLER Pe BVOFTER HRE t3e FRTeriked
ad{jacgnt to al‘dlﬁ'ep,oviiﬁrisf aiek S re @XPOSE NN h@oﬁ@v\&ﬁﬁ:é%m Séé’é?i‘&%)_ rel eﬁse
a deodorj zin _ as fromt! owder, into the atnosphere surrounding the
mat eri al”. *hd an ag"ﬁi’el'ga{"éf%%‘fe%g\%glp‘ov@’ér% c%ﬁ‘%ﬁ s%""b“e*l &Pt o
retard, prewifoxarcedivr ate Hdmwtaliclciatitactianidd. armridd achdganismto a
materi al by ¢ i S of.a-, ;pomlerial fo..a poyder, pf the

T é%%)s(éplg% %%.e%eehé_sﬁ_f% *n{%wc?éé % r}u.., &, alflne

invention, an | . S ce nor sture to generate and
rel ease an o@ot- an OligMGTif otl vdort mewta al¢w il erisldr omg tdiet powder into

the at IRSRARIS S WMl NGaddie: suld agered £ 2NQY Nty 20, cgmbodi nent,
chenotactic attraction of an organismto a material is retarded,

prevenfidd oPTEMYEAT SHYRP hInRGeRfearate rEHatErieads B acht tB% he

powder, and 1@XRASIAI giEferabl POYSIST 2 1:0s NI SddE ) d0) faSe b Hdas» maski ng
or odor- neutrali mgpg)g_s, fromthe powder into the atnosphere 25

sur roundi ng TERE GG er i HIS PETLICies aue e SRR et oddh Sheratf f@Ee of
the materi alcalciurcauldt=tepregnated with the powder, the powder can be

adm xed with the 4 | g M%f o be e gﬁg . . Wthin a
gas- per neabl e corrlI'?_!'jlelt %yezlr&eorr"gt%ﬁm“f ef?%’?%(%dct%%{ du“poa\/\c/ﬂ.le:}m can be
encl 0séd wi EfiLEaE IgEhtENRT araNgsnarlly prowiwkt B enidlioxedwithin a

contai ner, theraatdideict@ester M€ DeSIBICHH Y Sealifsh, %dmﬁﬁéﬂT'hg

'seal ed such that | sone gas_| eaks fromthe container..

chlorine di BAFRRVTERRGY Poviterintridiplte, BRn 3HW- BT pr egnat ed

into contai RANS d&Rd d:0 st fHotb the MM OOIUGEHSE SEBIind aundsyn pef ey gent

document s, gﬂgrgégﬁlting acid releasing wax. The carboxvlic acid

20 ester of a polyhydric alcohol is prefesrably a glycercl
ester or giycol ester including, for example, an alkylene
glycol carboxylate such as propylene glycol monostearate,
glycerol monostearate, or glycerol distearate. Propylene
glycol monostearate is most preferred because it does not

25 foam excessively or obstruct nozzles or other fiuid
transport equipment when preparing the acid releasing
wax, or the powders or when incorporating the powders
into polymer films or other materials as end products. A
substance that is capable of reacting with the silicate

30 or sidane to form P-0-8i or C(0)-0-Si bonds in the acid
releasing wax can be substituted for phosphorus
pentoxide, such as monostearyl diethylphosphate. A
process for preparing a phosphosilicic anhydride acid
releasing wax using monostearyl diethylphosphate can be

35 performed with reference to Ralph Iler, "Chemistry of

Silica: Solubility, Polymerization, Colloid and Surface
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36 paiwO 988E86s, nedi cal instrunents, devices and suppl iPEF{USS7/14172
personal care products, nedical or biclogical waste, athletic shoes,
ostony bags, footwear, and refuse. A packet, sachet bag, "tea bag" or
ot her cas-perneable 5 cont ai ner of tlg powder can be included in a

st or age contai ner to provide a chl ofi ne di oxi de m croat nosphere

upon activati o lari 10 gl@,.jr,el,e Si wdeg can also be

i mpr egnat ed |(r%:tLOOpa'-lg'h:z*(gegr1 g‘g g‘ﬁrﬂ % “?ratﬂéq:rgl al (e 6. a A ghé r mat ,
shoe liners, |2rﬂskrtls9 oft) 10 P‘ﬁfrﬁ%‘t% sm@%@%s ne¥ efi bEneq nﬁaﬂuéﬁttl ng

board, a fOOd"e r:ﬂﬁ%rllfaag@dct@@k@g'i@ti‘é%y?roa‘ 88841 packet) ;
f or med |nto por ous parts to sterilize water; adm xed with a

material to create & FE¥pHERIRPHFR QPR oF + % oxi He® PTeFaBBGECPhe

material Ee.g.of @ ﬁas&{»a’o:dma@&vmt*\apéi@in@&tm.@@w@raeéerkbéa in
M croorgani sms. or eodor| ze (e. fo owder s bath owdergfz powder s
a

used in treatiEGT ang (g je-ow. ®rhe PERCERRI ¢ T - ER2HeBdoFP2at i on to
neutral i ze malzede@ &‘Q_Lea¢1*id’l&’4)mme.l’§ Dart e udeskt tog@t i deopergent or
control IS di e, the attraction of,a living organismto

a chem caI sugj]et nlCe th‘Foer exanpl €, gcrs %‘?ﬁ‘fo%%"cdangn attract
insects to théJSf/d?@cB afffen TiHed doy i3S acﬁ}%&:’émn@ entitpetdefomposheions

i nvention thatﬁJ£|£ﬁ3%§.r?éh q@)rev{gaéskgmga Gas, 9a8nidbe: 94Ok 5%Sa§€Qdf rom

food is |nd|st|nct or i nperceptible to the 1nsects. he powder s of

t he i nveﬁteiliﬂﬂ-fbah’ a':lesc?qfé’q}?sed to rel ease an odor - neutrali zi ng
gas so that the odgpgel@easend riym foad dswders d0dusafeosuel | nrpat ed and
i nsects are not attract ed to the food. 30 The powders are al so

especi al |y suPCAlies s SRTuRE UFeC 12 BRSHalSHe L L IRPTSRE p‘?%pa?atl on and
handl i ng, ani l@éﬁdposure fmﬁdﬁa_fcm’uxfﬁ)m&id’d&.anlm s,;ovscw_hs aSaz@h}b@kens

Swi ne, [ ce and_the like, e offe

cont am natsed t‘ﬁ‘eg“gc n[etrr‘jla \t/a\h bf‘ ‘e Gni Tl ‘1pr 5 ‘n eﬁéw@e Fs of
the present i meentEleae dee -ﬂttmmafqﬁﬁn meit @ﬁ@@&mimmm%remncdbndl ng

edi bl e protei n:¢oatdings.idhporated MRIY We/ry of materials to
PCT/ US97/ 14172
provide films and coatings for a wide range of end use

applications. The powders are particularly useful in

20 preparing any injection molded products, compression
molded products, or translucent films. The thermal
stablility of the powders allows for their use in
injection meclding processes.

Gas-releasing powders can be used to retard, kill,

25 prevent or control microbiological contamination on a
surface of a material, within the material or in the
atmosphere surrounding the material by exposing a surface
of a material to a powder of the invention, and exposing
the surface to moisture to generate and release a

30 bioqidal gas from the powder into the atmosphere
surrounding the surface. In an alternative embodiment,
microbiological contamination is retarded, killed,
prevented or controlled on a surface of a material,
within the material or in the atmosphere surrounding the

35 material by placing the material adjacent a powder of the
invention, and exposing the powder to moisture to release



37 powders can be incorporated into the animl feed during any

stage of prpslsGhI©On, before transportation or storage 1Iﬁ@d or
before use of the feed so that the chlorine di oxi de w'l uce or
elimnate the bacteria 5 wthin the feed. The controlled, sustalned

rel ease powders al so reduce the bacterial load in the intestines

of such nonogastric ani nals. 34 The fol |l owi ng exanpl es are presented
to descri be . __preferred enmbodi nents and ut|I|t|es of the present 10

i nventi on afdPAPEIAGE FEENETOF [FNE POMESTpisdenithe a2t agpéREicon unl ess

ot herw se saapeduba*&@et@kahﬁ&eagggnded her et o.

EXAMPLE 1 order to nmake a hydrophobic propyl ene glycol 15

nmonost ear at e aC|QareFE&sFﬁdﬁﬁa?°@PGN§)TEF &9 W5ECa oy yerard, sEaleyent
propyl ene g&yCGbnﬁBDQSbéﬁt&bmlt%QOd@kdﬁ@%s&&hkﬁﬂou.a st facer £ st oppered,

2-liter_.schle 5Q- 60LerrlC usi heating .mant t was
stirred at C%ﬁsfggf gr th%ﬁ%ergtupgt&ﬁﬁg} Féd&ggg 6Pgs§uréx?5retggée to
four 20 haurstevirdmbee ar powdeal ofpitdeuiaventien, babbl exrposiinghehe _
mel t under ¥a$““EbC€%S%@18EQ§eS%B|%@%é“?iéfh%ﬁhQQ(%%g$ a)nl%ﬁk%%gépgq W th

dry nitrogen gas hosphorus pent oxi de into a
powder add|@e@ﬁmpaﬁhépomn—@hgb@vénﬁaga@oﬁrpﬁu@@§|poy@ﬁgeanzs thm th dry

nitrogen. Jhgs EBHB% WRTTeRRASELeE Nl it ace .  FRNLANK1¥RJSL filaw ng
nltrogen and_the phosphorus pent oxi de was gradual 'y adﬁé& to the nmelt

usi ng &% scrempod lmePeed?F°69€F1Fﬁﬁe€eGPmP@ﬁﬁtH@Er§SaseFﬁ€°ﬁ§It was stirred
rapi dly at ﬁﬁeﬁgbeéﬁ]GrUﬁd&trdﬁyeﬁlbhogeﬁhrﬁﬁb%rth& s@teraddi bron, the

melt was stiff der en.gas _for .at .l east,.four hours.
Tetr aet hyl OrfﬁOSIP %aFgE%f %QP%FflméétPﬁeWa eflaadBSa 3SEOW ¢ over 40
m nut es u5|pgwaﬁradd|th@n¢huﬁn§Lon andFekprslingy tpeogowtiemascvent ed

through a sgptum.agdceedheads o hOSEEER]cAh LBRAKBBLQLibhe addition

funnel. After
PCT/USQ$/14{7Q¢bltlﬁg gas from the powder into thggatmosphepes additi on,

remai ni ng ethapelinwasgPukReaa@ErdBder The mbedwsad BEepgHEerhenyabout 12

hour's whi | e nlgace u1gother food. The food is preferably stored or
transported in modified atmosphere packaging to extend
the shelf life of the fcod by retarding, preventing or

20 controlling biochemical decomposition or microbiological
contamination.

The gas-releasing powders can also be used to
control respiration of a material by exposing a surface
of a material to a powder of the invention, and exposing

25 the surface to moisture to generate and release a
respiration-controlling gas from the powder into the
atmosphere surrounding the surface. In an alternative
embodiment, respiration of a material is contreolled by
placing the material adjacent a powder of the invention,

30 and exposing the powder to moisture to release a
respiration-controlling gas from the powder into the
atmosphere surrounding the material. The material is
preferably fruits, vegetables, flowers, or other plants.
Control of respiration of foods and flowers is generally

35 accomplished by storing and transporting the food or
flowers in modified atmosphere packaging.



foam ng and maintaining a tenperature sufficient to vol atilize ethanol
condensed oWQM&1dh| enk walls. The 5 resul ting propyl enePGEAII14172

nonost earate acid rel easi ng war was then allowed to solidify at room
tenperature in t he gl ove bag under dry nitrogen

EXAMPLE 2 In order to make a Jwdrophobic propylene glycol 10
nonost earate acid rel easi ng wax on a conmerci al scal e, pr opyl ene

glycol monost ear at 6y(1225- 5.hbsc-MRSTRLE Al atoo 581 LI ng ol

heating in a stainless™steel stirréd tank acketed reactor with

i nternal cool #A§SEEEFEE An8uB-REF| Bx 2 F2LEGHEENSET M6 SiFOsRdEsitem
Powder ed phosgherden@entoxhderiberikl7®:2 sk ntas ishkcedwced gradual ly
over three tQMEOUL:Hl hours with goQLingF_fﬁ er _the reaction proceeded

f or f our™tbeEF%hbBr & BrVsSfePr] C1%t el &SI o AP SPFCEAEE “he
(221: 3 | bs) wasrhddedtbombhsttanktandeakheved shad redetse z deadck? Ao S
under vacuum _The_propyl en l.y¢ol. -aonostearate acid rel.easing wax was
col | ect ed fro%??h%gog “Lgog?%é¥%kaﬁ§ Fggcﬁﬁpogﬁ CAF BWEECUESOS & at
room t enperféoee. In another embodiment, a surfBXAMBEEz3material

Chlorite inpregn d I gl r 125 ;ga4l ratar
scal e. ZeoIi?% gggt?gﬁégp?g%%n%5§?Fg?EgnBr%Bga@gfggﬁfe %g S%Q%F§§%§¥[err]
from ZeoCrystly Phagiegiehe matergrdsprgegdentLyontne vaypetde@ncn aqueous

sol utiong of expossRgi e CHbRELECtoSRBR selirehiehreoBhakbNgdadckase (6@l ci um
carbonate). The zeolite partic¢les were renoved fromthe 30 solution after
five to ten rEdutEECRNERArPEHARR ANVRchOm 2LMOSBREReaFUTTOFEARPE £6€ four
hours. The drjfteppsiicles were fragnented with a nortar and pestle to
provi de a powder. tions Al .were Eegﬁred fron1thgoingredients

o5 el
"isted in Table 1 BRF GRS Teleatiig phufrTs s 86 be used

PCT/ US97/ 141 7xtard, prevent or control chemotact38 attraction cf an

TABLE 1:2  oroenfShOls Recbilf oy COLGELLE o ChLesiieosCglcium
Zeolite mﬁ.(g)%ype type SO utYon “carbonat e Wt . {g w. (g
matérial £o a powder of the invention, and exposing the

)
surface to moisture to generate and release an odor-
masking or odor-neutralizing gas from the powder intc the
atmosphere surrounding the surface. In another

20 embodiment, chemotactic attraction of an organism to a
material is retarded, prevented or contxolled by placing
the material adjacent to the powder, and exposing the
powder to moisture to release an odor-masking or odor-
neutralizing gas from the powder intc the atmosphere

25 surrounding the material.

In the above methods, the surface of the material
can be impregnated with the powder, the powder can be
admixed with the material, the powder can be enclosed
within a gas-permeable container, or the material and the

30 powder can be enclosed within a container. When the
powdér is enclosed within a container, the container can
be hermetically sealed, or partially sealed such that
some gas leaks from the container.

The chlorine dioxide-releasing powder, for example,

35 can be impregnated into containers used to store food
products, soap, laundry detergent, documents, clothing,



A Powder 22 ADf err] 10 20 B Powder 24

AD wo 9841776 5 C Powder 25 AD

0 D Powder 23 Exspor[err] 10 5 EPCT/US97;lé(I)‘</%der
22 Exspor 10 0 F Powder 25 NCS[ err]
11 5 G Powder 20 NCS 10 0O H
Rock 20 AD 10 365 | Rock 25 AD

11 o . err] Ant hium Dj oxi de (5% stabilized sodiumchlorite

sol ution frdMRiTt er AEEFOnaTeDr Okt de}SETUMEREF | ERGPOFF8r #1:3( $4BRIG&Fabi | i zed
sodi um chl orpd S0k Ut toFe f f ooBN €6 Jemé@I®z) or bilBeE1AES (B¥ s0di um
chlorite solution of technical g{aq€ éi.ez, 4% sodi um.chl orite content)
from Al dri cHj-Rietac Shoes o RREATY | BAES n- tOREYE2Each™Spt GRS W tF wat er
dropl ets. Apatisdenesachéorbae, t &séashbagp papether cagAgeaanbebkgerr],

Envi ronnent Test S he VBS d.to ..determ ne whether chlorine
dioxide:Vas%#%t§%§g§¥ #ﬁ2§g% t%%f g ?i%ﬁd%%“%%T*ghéﬁg% %b?b?geduring one
hour of capsRivar i o, Prodieatd nghidaing halzebdfiét ®icopetpasphetes

di d not sponigneaust yyaelsase Shl ok L OXk 18, UPOD. 1 o2 s EXPDOSHL B 1.0
noi st ure. L 2 s B ﬂ&%x%wgéxlggo‘e s A%h?%‘?lgﬁg

di oxi de- r el &% RLFRWRRr STRESENPFePakREC on Paper gof abeluEe¥yCscal e. The

zeolite coreppadti£l e$e A G 0f showeEXREP! esBodel enadyl xedsukth garticles of
ei ther _the PGQVB |€arel easi ng wax repar ed |&Exar_rpl e or. 100%

A ac as 2
oxal i ¢ i d. SRR Har (PLRERRE XTUr T WL oF MTErbdorHe ¢ cepard) 3 fopp
98/ 11776 wrapper, a food packaging tray, orPECTé&97pddRd?); fcrmed
bef ore bel ng BT S TSEH To S rbs 1 e Bt TEST b FHIRReE * P ofuder. The
powder was sSgresieith drepde of mbtstatrmospherands chitbei hee dibzkidéer el ease
was det erm ST e Sz« &PL ST eNed; Chl 05| 1P, t &St §hILPs PRPES Sot hex
(Acuacheck[ err

i5 powders to kill microorganisms cr decdorize f{e.g., foot
powders, bath powders, powders used in treating jock

itch).

In addition to deocdorization to neutralize malodors,
the powders can be used to retard, prevent or control
20 chemotaxis (i.e., the attraction of 2 living organism to

a chemical substance!. For example, odors f£rom food can

attract insects to the fcod. When the food is adjacent a

powder of the invention that releases an odcr-masking

gas, the odor released from food is indistinct or

25 imperceptible to the insects. The powders of the

invention can also be used to release an odor-

neutralizing gas so that the odor released from food is

reduced or eliminated and insects are not attracted to

the food.

30 .The powders are also especially suitable for use in
animal feeds. During preparation and handling, animal

feeds for monogastric animals, such as chickens, swine,

cats, dogs, rabbits, rats, mice and the like, are often

contaminated with bacteria which infect the animal. If

35 the powders of the present invention are formed from

edible compconents, including edible protein coatings, the



Envi ronnental Test Systens). The ingredients of the powder and the

time of colwogsharge of the test strip are i ndi cat ed i nptalls®24172
TABLE 2 Conposition Zeolite W. Acid. Acid W. Tine to color (g)
Type (9) change (mn) A 1 PGV 1 > 1*
B , 1 PGV 1 > 1* C 1

PGB 1 >1 A 1 37 xalic 1

| mredi at e* can bi . nmedi af e,

1 &8?04 [ can be nlc g&ratte_ D1 to Jthe ani nfx.. B é“‘”ﬁt;vs

1 > laPVEs age cf production, befidP@Branspertation o kitcdEage

1 o £3xL 1eelos fm hat +ne PGVB 1
<1 *Bubbllng Was o%séfve |n8|cat|ng refgésé 5 %arbontdloklde due to

reaction of hgHdienin Bopzidet Widdl ciegmcsachosdtginate the bacHsaicual ic

aci d/ zeol gte @Ot‘qefasthm@éét el !Zﬁ‘nf=3|c%aﬁ%l:hgd ehls@Lis e gdiexiede s egar dl ess
of whet her the powde i ncl uded a_base.” The PGVS/ zeolite powders of the

i nvention reIB@géﬁrEhFoFPnéeﬂPSX|G@eg§§QHiﬂﬂ%ﬁ AoRGt 8 &€ integisgesre to

noi sture. | nigfaky gasmbﬁbgagevm@sggghamgﬂ by the presence of cal ci um
carbonate (i.e. g %ll Car bon 15 di oxi de was o.released. from
powders that includBf I OgépglﬁﬁFFErﬁon&rg p?ﬁéePbF | 50 HESFEPRg whi ch
gas was feteaseddfl enbotiieepovdehdnvas iNat (det efmchedpresent WO
22/11776 0 invention and are ERRNEE**' to 1i nPCT/g§97/1é%?%

di oxi de-r el eastvgnpbedersleael atihagwase stapateinsohgbkédalimgerrpercedndi ng
the core partjglgswere prepared on a | aboratory scale. The zeolite
core 5 particles -H 1 of Exanple 3 were adm xed with nolten
gl ucose, cooled and crushed to formcoated core particles. The coated
core particles were adm xed with gxzawsLE 1
In order to make a hydrophobic propylene glycol
15 monostearate acid releasing wax (PGMS) on a laboratory
scale, propvlene glycol monosﬁearate {200 g} was melted
in a dry, stoppered, 2-liter schlenk at 50-60°C using a
heating mantle. The melt was stirred at constant
temperature under reduced pressure for three to four
20 hours to remove residual moisture. When bubbling of the
melt under vacuum cezsed, the schlenk was flushed and
maintained with dry nitrogen gas.
Phosphorus pentoxide (27.7 g) was loaded into a
powder addition funnel in a glove bag continuously purged
25 with dry nitrogen. The funnel was connected to the
schlenk under flowing nitrogen, and the phosphorus
pentoxide was gradually added to the melt using a screw
feeder over three or four hours as the melt was stirred
rapidly at 50-60°C under dry nitrogen. After the
30 addition, the melt was stirred under dry nitrogen gas 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
35 inserted at the top of the addition funnel. After the



PGVS powder before the core particles were conpletely cool ed such that
the PGVS p hered to the core 10 particles. The pr g S
crushed into a”ﬁg&der. The powder was sprayed with dr% §ﬁ§?wﬁﬂﬁéture

and chl ori ne di oxi de rel ease was determ ned usi ng noi stened chlorine
test strip papers (Aquacheck[err], Environnmental Test Systens). The
i ngredi ents of the powder and the tine3gf 15 col or change of the test
strip are indicated in Table 3. TABLE 3
Conp. Zeol i t&0& acdduicose natiainAgiad ethanolliwes targaldroff under (Q)

(g) r ced v Y ﬁr’l . - l Te 0
No change | e(’%) e& f5 ..sc%h*a'%g O(d‘mf.)ud.t!_' 12 '1:0.9’51 ‘nile nlq:}].“_neg H

0.19 f@ating and wmaigitZining x>t§nnaratuve($4§§ cient tQ)l

0. 30 >v1zciBubR 'e“gaa“*@ﬁ RRIRL s I&Maet |G 11LheqRa 10f | caqpon

di oxide due to reaction of hydroni umions with cal ci um carbonat €
The gl ucBse- E6FUATARNTY FFoRYEESedidd vivsl rﬂﬂ?%ﬁ&?ardte(ﬁﬂ«ﬁlﬁﬁ}Qﬁﬁwﬁgkaupon

exposure to pRiStile «ili lialhRls to scIBVBIHE) JH WSS « ol @icas e el ayed

chl ori ne di oxide rel ease. ChI orine di oxide rel ease was further del ayed
20 and car b8f &i6XISUEARALTGETo Tl S4SEFPIST ponder s cont ai ni ng

cal ci um carbonate. The total time during whi ch gas was rel eased from

t he powder was not det erm ned WO 98/ 11776

PCT/ US97/ 14172 EXRMPLE 2 42 U S. Patent
Nos. 5,360,509, B5n63rcea0 to5mede, 20hydrophdhiss@rasy,leaed dly&olpat ent

06 461 30a. TEnoRsePREs e a5 dRATII o H0R SOTTGS aes B8 % s
08/ 858, 860 é?r@pbfrl@@tep@r»atc@d eneiST eRr atef @G 5 Abshdi was meldmd ragy.

Wil e the ingerd QRilg Y4ICeREDIE tig \éarét%lisﬂecc sredirf isgatd Qs waid:
alternative forﬂs &pegjflc emhodi nent s ereof have been shown by way
of exanpl e i A2CHE “Framomgs OFo WL &Wé'at}eé:r? I i Bed Shénd @ %8 idetai | .

It shoul d becondenser/receiver system. Powdered phcsphorus pentoxide

15 (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
(221.3 1bs) was added to the tank and allowed to react
for 12 hours under vacuum. The propylene glycol

20 monostearate acid releasing wax was collected from the
bottom of the reactor and allowed to sclidify at room
temperature.

EXAMPLE 3
Chlorite impregnated core particles were prepared on
25 a laboratory scale. Zeolite particles (clinoptiloite
available as Zeo Crystal™ from ZeoCrystal Industries,
Crestwood, IL) were suspended in aqueous solutions of
sodium chlorite, some of which contained a base {calcium
carbonate). The zeolite particles were removed from the
30 solution after five to ten minutes and dried in a vacuum
oven at 110°C for four hours. The dried particles were
fragmented with a mortar and pestle to provide a powder.
Compositions A-I were prepared from the ingredients
listed in Table 1 below.



under st ood, however, that it is not intended to limt the i nvention to

the parti culsgyosfiarre di scl osed, but on the contrary, the pctiebaspdzi S
to cover all nodifications, equi val ents and alternatives falling
wWithin the spirit and scope of the invention as defined by the
appended cl ai ns. 43 1.
A powder for sustained rel ease of a gas®®onprising: a core
contai ning a nol ecul ar sieve and anigns_that are capabl e of reacting
to generate a gas; and a fr#BEE dyer containing an acid rel easing
agent onEFF=5=TOUter su] 1 acc Of [ie Cor et == e—cot e t he
first Ia;épmpeinEFsubsbén Zaioly tler e@hloritef | Walleritand Qalleicwr e bei ng
capabl e [pf generaferdifed| wt. (g p&SPeg a ghsodittdozhydesibpgieseof it he acid
rel easi ng ajgent . 2. A powder fobMtsudgai net¥orell@dse of a gas
conpri si ih-_g;: " Pgwdeg. chLg +conta ALhg a no gfaul ar sievg ang_ ani ons t hat
are —Eapabl-e—e—Feact+-Rg—to—geRefrate—a—ghs: a5+ ayer
cont ai ni%g an acj dowékegas|{ ¢ agent|aand 5 jaisecond |ayer betweeh the
core and The TTTEL Tayer,[tLne Second Tayer—contar hi Ng a nydro hobi ¢
mat eri alf, Ca wat e POWSeTr shiddhl e natBPial . a pafer-degrhdable materfal or a
wat er - p swell ahl,gepat Ebkal ; Exspor? 10 5

E Powder 22 Exsgpor 10 0

i3 Powder 25 NCs? 11 5

G Powder 20 NCS 10 0

H rRock 20 AD 10 5

I Rock 25 AD 11 0 N

Ianthium Dioxide (5% stabilized sodium chlorite soluticn
from International Dioxide)
Exspor™ (1.52% stabilized sodium chlorite solution from

Alcide Corp.)
’NCS (5% sodium chlorite solution of technical grade
(i.e., 4% sodium chlorite content) from Aldrich)

Compositions A-I were each sprayed with water
droplets. A moistened chlorine test strip paper
(Aquacheck™, Environmental Test Systems} was used to
determine whether chlorine dioxide was released. The

5 test strip did not change colors during one hour of
observation, indicating that the zeolite core particles
did not spontaneously release chlorine dioxide upon

exposure to moisture.

EXAMPLE 4
10 Chlorine dioxide-releasing powders were prepared on
a laboratory scale. The zeolite core particles A-G of
Example 3 were admixed with particles of either the PGMS
acid releasing wax as prepared in Example 2 or 100%
oxalic acid. The particle mixture was sintered in a test -



the core and the first and second | ayers being 10 substantially free of

wat er, an e bei ng capabl e of generating and re ' gas
after hdeXng?gggf the acid rel easi ng agent. ﬁ@ﬂi&&%A?n

44 . The powder of claim11 or 2 wherein the nolecul ar sieve

s a natural or synthetic zeolite, a crystalline al um nophosphate, a
ferricyanide or a heteropol yacid. 40 4. The powder of claim 1 or 2
wherein the core contains a base. 5. The powder of claim4

wherein the Paee feran a¢Kasgconis abt AP-BOREr bbant epcandakrakFenet al
carbonate, afflkalhdfng pulvealibanghal Rbeegboaﬁ&e =8p18l kgl kpesearth
met al carbonate, a bi carbonate salt of a tran3|¥|on netal ion or a
protonat ed BPWGRY marThe seewRear Y25t EPFRUEG BitRuSFePRaPy EALABLIS

Carbonatefﬂﬁﬁd(EhfbfiﬁésaiéﬁﬂdéE%étséQB Qésaaeﬁﬂkﬂﬂﬁéﬁddklns primry,
secondary, terilaf%ﬁg aternar% am ne, an al met al hydroxi de, an

al kal i ne- eart®- et T8, FeRt iBrlﬁyHFBﬁFﬁe %EPfco? é transition
met al |on<w5ﬁuiwmmmwmm£m Test Pysvary).servhadanyreteehtarys otnquaternary

ani ne, an alkalle, andn%s' cPheNoFPUats, aagkkall PRLal.phogehaLe, an
indicated in Tabie 2.

TAELE 2
Compoeition | Zeclite Wt, | Acid Beid Wt. | Time to color |
{g) Type {g) change (min)

A 1 PEME 1 > i*

B 1 PEMS 1 > 1+#

C 1 PGMS 1 < 1

A 1 Oxalic {1 Immecdiate*
B 1 Oxalic | 1 Immedliate*
C 1 §Oxalic 1 Immediate

D 1 GMS 1 > 1*

E 1 PGMS 1 < 1

F 1 PGMS 1 > 1%

G 1 B PGMS 1 < 1

*Bubbling was observed, indicating release of carbon dioxide
due to reaction of hydronium ions with calcium carbonate

The oxalic acid/zeolite powders immediately released
10 chlorine dioxide regardless of whether the powder
included a base. The PGMS/zeolite powders of the
invention released chlorine dioxide gas within minutes of
exposure to moisture. 1Initial gas release was delayed by
the presence of calcium carbonate (i.e., a base). Carbon
15 dioxide was also released from powders that included
calcium carbonate. The total time during which gas was
released from the powder was not determined. -



earth netal biphosphate, an al kaline-earth netal phosphate, a
bi phosphat e waldgnefréa transition nmetal ion or a protonated 1pcTAidofdinz

secondary, tertiary or quaternary am ne, a phosphate salt of a
transition nmetal ion or a protonated ‘primary, secondary, tertiary or
guaternary am ne, an al kali nmet al bi sulfate, an alkali netal sulfate,
an al kaline-earth 45 met al

bi sul fate, an al kaline-earth netal sulfatet a 20 bisulfate salt of a
transition nmetal ion or a protonat edBEARE L p§| mary, secondary, tertiary or

quaternary anine, achRubkaghe dicxidgakbleksdnyr gasideen (RRiiald inen or a
pr ot onat ed pl’l wsecondar terti -al uat er nau am ne,

B
al kali et al EZ‘SE?%&DHFG‘“&% a%EaFPHé Se¥ tﬁ%ﬁefgr CSEEFoRaTrES & ““v
sul fonate 25 crsphtedfon &raabotreborpetaklion Gtheazprdtideatedepr i mar Y,

secondary,-tertiary gyaterpa .al ka ¢ ~+.RQrate, an
al kal i ne- eartﬁéng§ fgégrgte bF é;(algh[’;plate ggr? % h xe8 QI gﬁan3|?$bn net al
ion or a protdEhﬁ@@“%rlﬁﬂﬁyeusééénﬁaﬂ§heﬁ to fpéﬂtﬂ@ﬁyedrcqgaternary ami ne.

8 nahe powdel,pl:cialm 1760k 2oubenclorbNBCole1eantBLES aarixecCWidt! e
ani ons, bi sul i te ani ons, cyani de” ani ons, nr i ani ons,

hypochl orite aPFMASPOVEERyRFbSHES FhH8 59F6n§=rt—c‘es were completely

cocled such that the PGMS powder zdhered tc the core
10 particles. The product was crushed into a powder. The
powder was sprayed with drops of moisture and chlorine

dioxide reliease was determined using mcistened chlorine

test strip papsrs (Aguacheck™, Envircnmental Test
Systems). The ingredients of the powder and the time of
15 color change of the test strip are indicated in Table 3.

TAELE 3
Comp. | Zeolite wt. | Glucose wt. | Acigd wt. | Time to color
{g) () {c) change {(min)
H 0.11 0.1 0 No change
I 0.15 0.1 0 No change
H 0.19 0.1 0.21 > 3% '
] I 0.25 0.1 0.30 > 2

*Bubbling was observed, indicating release of carbon dioxide
due to reaction of hydronium ions with calcium carbonate

The glucose-containing powders did not release
chlorine dioxide upon exposure to moisture until after
several minutes. The glucose delayed chlorine dioxide
release. Chlorine dioxide release was further delayed

20 and carbon dioxide was also released in powders
containing calcium carbonate. The total time during
which gas was released from the powder was not

determined.



7. The powder of claim®6 wherein the core contains an al kal i netal
chlorite,ﬁ%sﬁl%ine-earth metal chlorite, a chlorite salt of
transitio 3778 on or a pr ot onat ed 5 primry, secondaF§T“F%WPﬂgﬁy or

guat ernary am ne, an al kali nmetal bisulfite, an al kaline-earth netal
bisulfite, a bisulfite salt of a transition nmetal ion or a protonated
primary, secondary, tertiary or quategmary am ne, an al kali net al
hydrosul fi de, an al kaline-earth nmetal hydrosul fide, a 10
hydrosul fi de sal U.sf &steansisbison Snetedl, sicen @r, 6azpBotonat,éd9, 25, primary,
secondary, tegtjary.or aternag ULth n al ) . al nitrite, an
alkallneyea%tﬁ nétéﬁ ni %ﬁi?e ‘a %i Fit Pﬁ I‘s%rtS(‘%f"l'g“'tratﬁmt|on met al

ion or a pr@Bohaﬁe&OﬁnlﬁﬁﬂyES OBE, @éddﬁdaﬁyG t é8Yik&ky 204 ,quat ernary ami ne,
an al kal i gahfqlgﬁehyggo@@arht@ %@/aL&akbne %gy%gangkgl quochIorlte a

hypochl orite sa & transition netal protonate primry,
seconda?y, Pe/ﬁﬁév?ééraﬁﬁa&@?ﬁépprawﬁﬁeheéﬁ*ﬁlPXIFEfe”e“Cﬁeﬂéltéﬁéﬁ'de an
al kal i ne-eagthipBt9l. cyanide, or a cyani de salt of a transition netal

ion or a protonated prlgg % secondary, tectiary or guaternary am ne.
8. The powder BFd 6 Rﬁ@rerﬁnthé EHEECRERPAPNECaVaTiousSsodi um
pot assi um gaECEuBRtibhbi Mot 1aeTPRItURAeS Zblrmef, a8pecific embodiments

thereof have been shown by way of example in the drawings
10 and have been described herein in detail. It shculd be
understood, however, that it is not intended to limit the
invention to the particular form disclosed, but on the '
centrary, the inteztion is to cover all modifications,

eguivalents and slternatives £fzlling within the spirit

[}
tn

and scope of the invention as defined by the zppended

claims.



chlorite, bisulfite, hydrosulfide, nitrite, hypochlorite, or cyani de.

9. The powd@Psf77¢l aim 1 or 2 wherein the gas is chlorine PcrUsSsirzstxe,
sulfur di oxi de, hydrogen sul fide, hydrocyanic acid, ni trogen di oxi de,
ri ne nonoxi de, or chl ori ne.

mmmﬂﬂmﬂﬂﬂlgmﬁ of claim1l or 2 erein the first |ayer i ncl udes

a nlcrécrystm si ne wax, a paraffin wax, synt hetic wax, a pol ymer or

an ol i goner. WE ey, The powder of claim1l further i ncluding a second

| ayer contalnlng a drophobic material, a water-soluble material,

a wat er - degr adabl e %mm@%%éﬂ T acvpteineder e hbkes nof eri akS oROMBTisandout er

surface of the first é@y@r,oﬂggtﬁgpgng &gygéhngngleve substantially free
of water. 12, powder of "claim2 further |nclud|ng athird | ayer

contai ning a hydroﬁhd%+c5?m&%ﬁ¢%JCO%Fﬁbfé?gsePu%¢edna@e?$%+“9 ageng on
wat er - degr adakl.e Cmag@f |§\quc@ @\@t@mesmg_{éabl e mat er| al on an outer
surface of the first g hlrg | ayer belqg substantl Iy free
of water. 3 tne ore an the firest laver being suvbstantially
free of water, anéd the core being capable of cenerating
and releasing a gas after hydrolysis of the acid

releasing agent.

2. 2 powcer for sustained release of a gas comprising:
2 core containing a molecular sieve;
e first laver containing an acid releasing agent;
and
5 a second layer between the core and the first layer,
the second layer containing a hydrophobic material, a
water-scluble materizl, a water-degradable materizl or a
water-swellable material;
the core and the first and second layers being
10 substantially free of water, and 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 molecular
sieve is a natural or synthetic zeolite, a crystalline
aluminophosphate, a ferricyanide or a heteropolyacid.

4. The powder of claim 1 or 2 wherein the core contains
a base.
5. The powder of claim 4 wherein the base is an alkali

metal bicarbonate, an alkali metal carbonate, an
alkaline-earth metal bicarbonate, an alkaline-earth metal
carbonate, a bicarbonate salt of a transition metal ion

5 or a protonated primary, secondary, tertiary or
gquaternary amine, a carbonate salt of a transition metal

This Sheet Has Been Repl

”",I ’m' I If ‘"l THIS SHEET HAS BEEN

REPLACED




13. The powder of cl ai nHmlﬁw imlm t he hydr ophobi c,
wat er - sol er-de l ﬂlﬂ swel | abl e Iayer s a
m crocryst‘g (;8’}1?}{5/\&& a paraftu nmax, a synthetic "%T’ﬁgm

sorbitol, a carbohydrate, a protein, a 5 glycerol ester a glycollpld a

glyceride, a phospholi pid, | ectins, a |iposone, a fatty acid, a wax,
alginic acid, or a gum 44 48
14. The powder of claiml1l or 2 wherein the first |ayer i ncl udes a

di spersant sigtrected fPpontohet¢f @piTANRI Steaonedry, tantaaidecof a

Car boxy\ Bl e BOLYNAY PTOL | A00C DOROI VAEEa2 pyaPBLydL WhnaLekal one.

pol yet hyl ene® yco %o yvinyl “al coh netal car%oxy at e.

15.  The poWﬁ%ﬁthﬁ”Qﬂqﬂrﬁﬂ?%whég%me$%lﬁY¢ﬁ@>h@¢d=$éte%§|ﬁgﬁranQ’ég@ﬁt is an

aci d ra.oeasmteg-_a’taxlo@rb@ca dpf@t@.@astéw Pel ey, secon@izfif getdigeleasing
ol i goner . fomder of_clajm1 of 2 wherejn the aci relea5|ng

agent incl udﬁ*ﬁ%‘é‘éﬁ‘%xﬁ‘/‘]' R€ acti, aa}n“e%t“ért“an‘?m?%ﬁ‘l gk af =lkajgey

hal i de, phosphrl plesdshatte ptwsrmat@l;e@ée*avﬁh metal rbabkytshtyt, phasphat e

ester, a dlahhyllfhos £¥%h mf&ﬂfcnkosphate, & biphosphate sait of a

ransition metal ion cr a protonated primary, secondary,

i5 tertiary or quaternary amine, a phosphate salt of =
transition metal ion or a protonated primary, secondary,
tertiary or guaternary amine, an alkzli metal bisulfate,
an alkali metal sulfate, an alkaline-earth metal
hisulfate, an alkaline-earth metal sulfzate, a bisulifzte

20 salt of a transition metal icn cr a protonated primaxy,
secondary, tertiary or cuaternary amine, a sulfate salt
of a2 transition metal icn or a protonated primary,
secondary, tertiary or guaternary amine, an alkali metal
sulfonate, an alkaline-earth metal sulfonate, or a

25 sulfonate salt of a transiticn metal ion or a protonated
primary, secondary, tertiary or cuaternary amine, an
alkali metal borate, an alkaline-egarth metal borate, cor a
borate salt of a transiticn metal ion or a protonated

primary, secondary, tertiary or quaternary amine.

6. The powder of claim 1 or 2 wherein the core contains

anions that are capable of reacting to generate a gas.

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

anions.

8. The powder of claim 7 wherein the core contains an
alkali metal chlorite, an alkaline-earth metal chlorite,
a chlorite salt of a transition metal ion or a protonated
primary, secondary, tertiary or quaternary amine, an
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5 aci d, a 3y Iygﬂg.hgreci d ester,

phosph05|I|C|c an I de, or a pho
claim1 further |nclud|ng partlcle

‘]' oS IR

with the first |ayer,

the particles being substantlal I y free of vvat er and containing an
anhydr ous mat eri al capable of bindigg wth water. 18. The
powder of claim2 further including particles in contact with the

first layes, thekpadtmelted beismgfite, an a'ckali—ve earth metal

substantially {¢ ge gf.‘t\é/at er gag 5 GaRLs alcrélrlg IS 48 a pud d’f us, TR e:réﬂal*oq,?pla,pl e
[

of binding with™ wate owd’er Turther 1ncludi ng
particles in eopratt:rw“ﬂd themgé'(‘,'on@a@]@aryt hé epdrieir! ey Ipiatgrnary

substantially fre aof =vat m and gomtal ydr.ous - t:erd al. .capabl e
of binding w tﬁﬁlv\g fér § he p(:)L\Aénr ofS%rcllngl@% "5 fur‘t%e&r%lrngil udi'ng

particles in @eﬁeécbmreﬁwlﬁécem Rd Nvayesu ifieiep &etite Iods spéinFgeition
substantiphly heeg)ofonaber 2andocenbicd REiHE NS ary, tertiary or
guaternary amine, an &lkali metel nitrite, an alkaline-
earth metal nitrite, a nitrite salt of a transition metzal
ion or a protonated primary, secondary, tertiary cr
guaternary amine, an alkali metal hypochlcrite, an
i5 alkaline-earth metal hypochlorite, a hypochleorite salt of
a transition metal ion or a protonated primary,

secondary, tertiary or gquaternary amine, an alksali metal

fu

cyanide, an elkaline-earth metal cyanide, or cyanide

7

salt of a transition metal ion or a protonated primary,

20 secondary, tertlary or gquaternary amine.

5. The powder of claim 7 wherein the ccre contains 2
sodium, potassium, calcium, lithium or ammonium salt of a
chlorite, bisulfite, hydrosulfide, nitrite, hypochlorite,

or cyanide.

10. 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.

11. The powder of claim 1 or 2 wherein the first layer

includes a microcrystalline wax, a paraffin wax, a

synthetic wax, a polymer or an ollgomer.

12. The powder of claim 1 further including a second
layer containing a hydrophobic material, a water-soluble
material, a water-degradable material or a water-

swellable material on an outer surface of the first
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mat eri al capable of binding with water. Hm] “! r of anyone of
clains 17- OK\QEWJ n the particles contmlmﬂlu{.luil Tmlﬂ F %Jé(? [n

sul fate, calcium "carbonate, ferrous sulfaté, haghesﬁuﬁlsm1%ﬁ 23t um
chl oride, noisture-depleted silica gel, alum na, zeolites, bentonite clay,
kaolin clay, potassium permanganate, a nolecul ar sieve or an

oxygen- scavengi ng salt. 22. The powder of claim 1l or 2 wherein at |east
about 1.0 X 10[err] gramgas/cnjerr] is released fromthe powder for a
period oft atladyeast tore aseskndaftsgrerhyerioly S safarithes Hor dEret eaSi ng  agent.
53 23. TQe pgmder of claiml1l or 2 wherein the first |ayer is

conti nuous. 24. The powder of claim2, 11 or 12 wherein the second

| ayer or the third layer is continuous. 25. A process for preparing
a powder provizdi NgalHAIRED o f cVBle3s e e e 985 c e Y ALass: LPNPI i Si ng

adni xi ng nol écul ar “ sieve particles containing anions with an acid
rel easi ng layer containing a hydrophobic material, a water-soluble

material, a wzter-degradable material cr a water-
swellabls material on an ouvter surface of the first

leyer. the third layer being substanrtially free of water.

m

14. The powder cf claim 12 or 13 wherein the
hydrophobkic, weter-solukle, water-degradable or water-
swellable rayer contains a microcrystalliine wax, a

peraifin wax, a synthetic wax, a polymer, sorbitol, a

ut

carbohydrate, a protein, a glvcerol ester, a glycclipid,
& c¢livceride, a phospholipid, lectins, a liposome, a fatty

acid, a wax, alginic acid, or a gum.

15. The powder of claim 1 or 2 wherein the first layer
includes a dispersant selected from the group consisting
of an amide of a carboxvlate, polyvinylpyrrolidone
copolymer, pclyvinyl acetate, polyethylene glycol,

5 polyvinyl alcohol, and metal carboxylate.

16. The powder of claim 1 or 2 wherein the acid
releasing agent is an acid releasing wax, an acid

releasing polymer, or an acid releasing oligomer.

17. 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 ester, a dialkyl

5 phosphate, sulfonic acid, a sulfonic acid ester, a
sulfonic acid chloride, a phosphosilicic anhydride, or a
rhosphosilicate.
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agent to forma product, and fragmenting the product to form

t he powder Bgpegngubstantially free of water and capabl e etraRHNIALE NY
and rel easing the gas after hydrolysis of the acid rel easing agent

26. The process of claim25 wherein the nol ecul ar sieve
prepared by adm xi ng nol ecul ar sieves with an aqueo

sol ution contalnlng t he anlons sepaf&tlng t he nol ecu
g&leqular sggxe and fragnentin

t he sol uti on,

ryin
nol ecul ar S|evé§ %hete

e I

Tgg P

1r

a powder,

AN

arc sueves

%71**The

process of cl at:asb?.ﬁc\txhanelhn ttiee Frmis&Clllaa}reﬁ,l e partipfidd Meeindir e adm xed

wi th a hydrophgbj naLerl -2

C - o soj ubl e naterlm
water-degradabFegﬁﬁfefrgr Yo Yfewé?epater S centaaning ard

51 swell abl e materiall aa@abﬂagnenbe@dﬁe@pmétbemmgeadnlxed wth
rel easi ng agent. 28. The process of claim 25 wherein the acid rel easing

agent is a particulate and the product is sintered before being
f ragnent ed. 12. The powder of claim 2 further including particles in

contact with the first layer, the particles being

a .
znhydrous

the acid

substantially free of water aznd containing an anhydrous

material capable of binding with water.

20. The powder cof claim 12 further including particles

in contact with the second layer, the particles being

substantially free of water and containing an anhydrous

material capekle of binding with water.

21. The powder of claim 13 further including particles
in contact with the third layer, the particles being
substantially free of water and containing an anhydrous

material capable of binding with water.

22. The powder cf anyone of claims 18-21 wherein the

particles contain sodium sulfate, calcium sulfate,

calcium carbonate, ferrous sulfate, magnesium sulfate,

calcium chloride, moisture-depleted silica gel,

wn

zeclites, bentonite clay, kaolin clay, potassium

alumina,

permanganate, a molecular sieve or an oxygen-scavenging

salt.

23. The powder of claim 1 or 2 wherein at least about
1.0 X 10°° gram gas/cm® is released from the powder for a
period of at least one week after hydrolysis of the acid

releasing agent.

24. The powder of claim 1 or 2 wherein the first layer

is continuocus.
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29. The process of cl aHm I powder is admxed wth a
hydr ophobiyg, JgRY ¢! 2l ﬂlmmle” terial, a water-d 3.9
material, or a wat er - swelrl abl el et ersi ak and fragnented toggéﬁg L@?%ase of
t he gas fromthe powder . 30. The process of claim?25 wherein a

di spersant, a hydrophobic material, a water-soluble material, a water-
degradable material, or a water-swell 4Ble material is adm xed wth the
acid rel easing agent bef ore the acid reIeaS|ng agent is adm xed with the

mol ecul ar siZéve Tur the¥@es °I GUaiMhe, prdcess-dfwkdsg im 2sheheeeindt he

powder is ad@yeed oWdde paits! B8 E0N A1 fi0g: AN-@hhydrous material capable
of binding with water, the particles being substantially free of water.

52 32. A nethod of retarding, killing, preventing or controlling
mi cr obi ol ogizgal coRrsEe lwttn» QfrepStiiQce Swder pro®i@iidlsuadihiast he
material or .in the at{msph th syrrocupdl 'g“thce mat er i alﬂ corrprl si ng
exposi ng a FEEESE & e process ing adamixing
molecular sieve particles containing ani

releasing agent to form a product, and i

5 product toc form a powder, the powder being substantially
free of water and capable of generating znd releasing the

gas after hydrolysis of the acid releaszng agent.

27. The érocess of clzim 26 wherein the molecular sieve

particles are prepared by admixing moiecular sieves with

an agueous or nonagueous soiution containing the anions,

separating the molecular sieves from the solution, drying
5 the melecular sieves, and fragmenting the molscular

sieves to form the molecular sieve particles.

28. The process of claim 27 wherein the molecular sieve
particles are admixed with a hydrorhobic material, a
water-soluble material, a water-degradable material, or a
water-swellable material and fragmented before being

5 admixed with the acid releasing agent.

29. The process of claim 26 wherein the acid releasing
agent is a particulate and the product is sintered before

being fragmented.

30. The process of claim 26 wherein the powder is
admixed with a hydrophobic material, a water-soluble
material, a water-degradable material, or a water-
swellable material and fragmented to delay release of the

5 gas from the powder.

31. The process of claim 26 wherein a dispersant, a
hydrophobic material, a water-soluble material, a water-
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5 mterial to a powder of claim1 or 2, and exposing the surface to
moi sture to YOMEAAET?E and rel ease a biocidal gas from t he pomeEser/14172 O
t he at nosphere surroundi ng the surface. 33. A nethod of retardlng,

killing, preventing or control ling m crobiol ogi cal co
surface of a material, within the nggerial or |_nthe n@ , ”m
surrounding the material, conprising placing a materi al * ace

powder of cl ai g\c;»arq;@eamt@gp%m ng.t he “;;ﬁs@,et:wel ad 1% r@ts;fﬂ.e- to. reI ease
a

a bioci dal gas fromthe .powder . int'o rmsp ere surroundr ng t he

mat eri al . adu3xecavisthddeor et Ficdists ing auant mpiarcdite ddithg

bi ocheni cak de@ermagubgorag@& ca iSUERGERf & dteld o ¥cnlar MW N the

mat eri al conprisin xposing a surface of a material to a powder of
claim1 or 2, Bﬁd ' 385 ng the 5 surface to noisture to generate and

rel ease a bi ochem cal deconposition-inhibiting gas from t he pzv\der Hod
into the L, mos urroundi the rfa ) nmet ho
of retardiing, prevgﬂg %g%°es§o%frggﬁlm WT Cﬁeﬁﬁrapcaéﬁbnﬁﬁ%ltlon on a

surface of a nageikal with pawtthkilest kenteatiering amomm“wvnglcplma‘xg_at_he
material adjacepbable 8rPSWHRLNEl wEkA Wele®, 21200 2%RAYING L powder to

substantially free of water.

33. A method of retarding, killing, preverting or
controlling microbiological contamination cn a surface of
a material, within the materizl or in the ztmcsphere
surrounding the material, comprising exposing a surfzce
5 of a material to a powder of claim 1 or 2, and exposing
the surface to moisture to generate and release a2
biocidal gas from the powder into the atmosphere

surrounding the surface.

34. A method of retarding, killing, preventing or
centrolling microbioclogical contamination on a surface of
a material, within the material or in the atmosphzre
surrounding the material, comprising placing a 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.

35. A method of retarding, preventing or controlling
biochemical decomposition on a surface of a material or
within the material comprising exposing a surface of a
material to a powder of claim 1 or 2, and exposing the

5 surface to moisture to generate and release a biochemical
decomposition-inhibiting gas from the powder into the
atmosphere surrounding the surface.
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5 noisture to releésenﬁ orrp05|t|on-|nh|b|t:ng gngrzm
| teria .
owder wobgnihe at mm m “uﬂﬂtltﬁmng the at:! al . :
Lgfhgd of controlling res$pitati om of a*natFr|a L or gong;hsgygzg?ﬁgs{?g a
f a mterial to a powder o claim . _ _

:3;;222 ?o noi sture to generate and rel ease a respiration-controlling
gas fromthe 5 powder into the atnospere surrounding the surface.
37. A nethod of controlllng resplrat|on of a materi al conpri si ng -

| aci ng the naterifal™ekherent zef v@ie!rgofpré*aemlr.g 8kn2yo g, xpofs g
Phe owder t @itHEni€ T GdEIRISE B on on' |rat|on pontnolééng gf gonk
t he Bomder I nt.Q. the'* atnnsphere surroun ﬁg The Tatriafer: E 3

met hod of deddor mj“‘a WG Edel FTOREIES B9 gtlacitdiethe mawdFDSpher e

f ace of a materi al
surraundi ng kg arerer il owrHIPrd Sidig SXPOSING @ and ﬁi’?"i%%‘é"gl Ei sture to

nd exposi ng t
to argﬁggand re%%%gedlﬁglg%uié to releaéé a faochew cal 54 5 .
ene e
3eodor. zi ng gasompomithionpdntelb ivity Ihe FIMSRNY owger SYLO0Yndi ng t
surface. atmosphere surrounding the materizl.

37. A method of controlling respiration of a material
coTprising exposing a surface of a materizl to a powder
cf clazim 1 or 2, and exposing the surface to mecisture to
cenerate and relezse a Trespiraticn-controlling gas from

he pcowder into the atmosprnere surrcunding the surface.

[&1]

38. A method of contrelling respiration of a material
comprising placing the material adjacent a powder of
claim 1 or 2, and exposing the powder to moisture to
release a respiration—controlling gas from the powder

5 into the atmosphere surrounding the material.

(V3]

S. A method of deodorizing a surface of a material or

the atmosphere surrounding the material, comprising
exposing & surface of a material to a powder of claim 1
or 2, and exposing the surface to moisture to generate

5 and release a deodorizing gas from the powder into the
atmosphere surrounding the surface.

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

u

41. A method of retarding, preventing or controlling
chemotactic attraction of an organism to a material,
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39. A method of deodorizing a surface of a material or the at nosphere
surroundi ngwdnes/maréeri al , conprising placing a mat eri al POf/asEmis12
powder of claiml or 2, and exposing the powder to noisture to rel ease

a deodorizing gas fromthe 5 powder into the atnosphej
mat eri al . 40. A nethod of retarding, pr event| ng mllm ’W)m 'mﬂm
chenotactic attraction of an organlsn1t5”a

exposing a surface of . eﬁL?— to a 0 1&1?
exposi ng t he sUPfECéSrBUnﬁfgturégtS SB‘*aﬁgngfa?emghﬁrréreé§b“aﬁO“ ez
odor - maski ng gaf olaam ddor-2, andneubralbnzi ngpegasrferom the mpdwderrd o t he

at nospher e- rroynding.. h§= rfac , ngt.h fsd-et arding,
preventlngbor Con%rorr nhe E*““%gnrgtgjffcngf% éétcr:’on of %% g} §ﬁ|3n1to a

mat eri al , u@@‘ﬁpmszhgcwa@u Ayoa mheebPPaReadiatentha Eéw%p‘v@rrecl aim1l

or. 2; and expogipdoth@i RYVWEISE tQreRLgture to release an 5 odor - maski ng
gas or an odor-neutralizing gas fromthe powder into the atnosphere

surrounding the materi al .
42. A methel of retarding, preventing or controlling

chemctactic atiraction of an crganism to a material,
comprising placing a material adjacent a powder of claim
1 or 2, and exposing the powder to moisture to release an

odor-masking gas or an odor-neutralizing gas from the

n

powder into the atmosphere surrounding the material.

This Sheet Has Been Replac

LT

' pr" A\rD

et




