; e3emD264TR SILI g CCNTAINING POADERS PROVI DI NG CONTROLLED, SUSTAI NED
GAS REL EA: 2 Background of the Invention The pres

rel at es gg\mm\m 5 particle, a powder incorporating sugm pgptv‘iewgg
for providing sd®ai ned rel ease of a gas, and a product such as a filmor
coating which incorporates the powder for sustained gas rel ease. The
invention particularly relates to-a silicate particle containing anions

capabl e 10 of reacting with a hydroniumion to generate a gas, and a powder
cont ai ning such silicate partlcles for retardlgg controlllng, killing or

preventing nlcrobloﬁagﬁﬁﬁ B RN G P BROMIDING fungi, viruses,
nol d spores, algae, a AR ) S ERON; ? S RAHERSHg 15 freshness,
and/or retarding, preventing or controlling chenot axi s by rel ease of a gas
or a conbi ngatipn_ of hIorlne di oxi de, sul fur dioxide,

ni trogen dixXFae—frtr $ oxi de, carbon dioxide, hydrogen
sul fide, hydrocyahecpmashnM|nﬂ#@mtmennmaaauhs gﬁh&rabhyotbne Chl ori ne

di oxi dec (C10 syperi o idizin u a_bl each,
d|S|nfe%tan?§%Fu§%§a ‘ﬁ%%do}$§%¥nggg%§ﬁ pe%%%%g? t%%gggeFP “wal | or
menbr ane anplroyudphgsmmftam@ﬁ spalessebadtt er igasandirot h@rp?éduct such

m cr obi ol ogi ca ont.am tEatiy e l'1ion
and destroyé%h%n$ ¢heg?ﬂ§%%%ﬁﬁg ﬁgﬂ£§? EﬁE %‘ox”ﬁgg g ?u%1ghlor|te
in food pacﬁﬁ@Fﬂgnﬁdsgﬁﬁbmm¥ﬁﬁ%¢udlﬁbetén&@ﬁéﬁﬁﬂuPQWER%@laréyldual | evel s

of such preseryabkves 30 Jiestbdrd rpa?trswmef et 19818 | £n PbnEaEEHARTENI C
hazard to hupans. Meier et al. studied the effect of subchronic and acute

oral abftri niQErEerERIBE #HItH iRy PR e 18 0 kI T SEIth tin hEBFI t 8Ndnd

sodi um chl Op@xtz@eencbh@au@ﬁttaj IQﬁb}ofscm@aa%ogﬁlr@bﬂrer@tf@fISraBar@@ﬁ@trhead
3~ abnornalities Iﬂ m ce viron. Mitagenesis, ' ol 3 0.0 C~ 2002
(1985)]. OFytrelhighry 39 L hyRbehPErifE F&&ﬁ%ﬁﬁP%?ﬁé?ﬁ%ak posi tive
effect for cahegebhacperentd aj., Thecoehes, c@m@;ur)dsflxiuwésldi rnglghl orine

di oxi de and sodlun1 chlorite, failed t9 g %e agy chro omal. aberrations
or spores, algae, and protozoa eodorizing, enhancing

15 freshness, and/or retarding, preventing or controlling

chemotaxis by release of a gas or a combination of gases,

such as chiorine dioxide, sulfur dioxide, nitrogen

dioxide, nitric oxide, nitrous oxide, carbon dioxide,

hydrogen sulfide, hydrocyanic acid, dichlorine monoxide,
20 or chlorine.

Chlorine dioxide (Cl0,) is a superior 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 miérobiological 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

35 abnormalities in mice [Environ. Mutagenesis, 7, 201
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5 increased nunbers of micronuclei in the bor nmarrow of mice. Vila i nes et
al. attribute the relatively innocuous effect of chlorine d'EdeﬁgtE
inability to produce hal onet hanes, unlike hypochlorite and c

AWM Di sinfect. Semin., 24 pp. (1977); Chem Abs. 10 93, 173513f].

Recently, Richardson et al. reported that an extensive study of the
reacti on of chlorine dioxide with water_  borne organics by the Environnental

Protecti on Agency confl rmed thi s obserat i on [ Environ. Sci. Technol., 28,
592 (1994)] an Kok ai 63/ 290", 758, 63/274,434, and 57/ 168, 977
descri be deo&llgr a%fg §P&Vn|tﬁ‘ @H’lg&’]l e S T e MR pEP R 6% FRSEI PSRy ner

ceram c beadsn a)rweakcpasusllknec&tfefautapﬁmd mutagmvmeg%@é@&hal [ espretivel y.
Col s that gesisial coohbatbae dhgxnda for yae.and onl el 20, 2ppLigathons for

di sinfection are dr sc ose 1¥l45 (5)
1101 (1986) Ch]@ﬂbEEneféRé%ddéogen@Lme regnyy e tsc cances apeaer abé yri ot omdl by

m xing & gelm&rg@é@anﬂuauéegne%dna%%ﬁnccl@ﬂ%%h‘@ tg]cir?b %A#O“téf. ni ng

| actic acid i nmedi at el rior to use to avoid prena Ut e chi o i e di oxi de
rel ease. ChI®SGshe dYb;(ﬁaénﬁél BhsPRg Gdits ikure &hso tsdetimaddy i n f ood

preservati onfEReARSHS 2k EOACPr 6EEEHES AL dalosadlée% used ﬂhﬂ’fﬁﬁé&? g
ne di XI de. Canadi an ,Pat ent . 238 descri bes

sour ces of Chl"’é{’ri ri
generation &t %?l?l% arekaBehy 48 §§ﬁarhé(ﬁ3€lc§‘ @ﬁ’é&rﬁmﬂfﬁ iy @oldieim
chlorite andHrmeil cAWwAdDisipdkeyvi nylemalnqqhqm aRd nipdng tt@&@p%@s wth-

vater ty pr uc oxid U.S. Patent . 585, 482
descri b@ gr% %’Fh:{‘/%dféﬂ)sl gﬁﬁ? ﬁﬁgrn | E‘j‘ %P%Fﬁyﬁlrmtrrﬁﬂor# that

et her - mal ef ian axtbahsied stugpl g€l ahei ceglydoh e rfaeidotingtiedatd aci d
that can re e [ 0X] [ 1 Q c.T zooz diumchlorite.
A pol yal cohglle%%lurrec %fntggﬂlgév\é gfgngfzgng%gg?ufgaf’éﬁo\ﬂwt@he% tfé:rﬁﬁ%f?l de
or pol yaci dAgensyhydomt toped nghisf obsegydicuonc iEaviitern .s sdiif.f used into the

capsul e thr gyugh {ie nyié)n g | (lggﬂﬁmermaabl e S polystyrene layer is
coacervat ed around the nylon capsule. Solvents are required for reaction

and apgPi cati on oRRIREIQPEUrRE. NTRe E3P30Fed5Ban6BE20datidd ortd sur f aces

to rel ease shl/awisne1h %Q&l&t@@@QBrEHESCéBﬁHLQ i 8Ee 3'0‘}15 provi de
bi oci dal act.,i.on for several 10 s to npnths, orirne di oxide rel ease

begi ns i medirdAF HIHPTRIA teps 1Pe§ BPéYB‘Fépa%Eamﬁeb@éﬁéths’e process
used to prepaleitfre salpistd ©S @isppdaﬂvﬂhv%nwuﬂ@ﬁoéio‘&henh%@loerc%a%lq;’ls and

h I f_wh tal di | 15

D o5l oms. | POGaS ARG T e CHHSTIRE GiOHae eTedaR 48 EReyCale

prepar 88 haappbéem tfigyme  dyy dnsarmgeatmdnsai:edélaﬁtﬂoehkiob'yt Ke&i@oind&t
Lovel y, U SjjPatgnt No. v’%ﬁglRe'SQS d,gggngeflgl %é Eplt,al ning powder

that rel eases 20" chl ori ne di ox1 de an*a&dcont ai ni ng
powder . Har €$R5iAeUSSnaRR g m)els; 304, qgoeu@tbm ﬁesmsdl by niixtimges: of

sodi um chl ogkt ecang Gidil & @r t oppressed to
form tabl etg I\/gson et laISF JS::% fat e'?létgaLN{cl)lgl éﬁl%ﬂ%Q 8\17‘?1‘%%(1%45%39 169 2~

di scl ose m KPBF&dNeR% ik UHIRRARFELY RELG@rab@ HAEr LodRV@dst t hat
rel eas2schl premat&mldﬂwﬁr&wtth@&p@él Rgléhge M XtHI8Sihe aRBike¢RL MDisture.

e ot o bR Bl e Spd Fedens e, SOl duad LUl s of, sod
and 5. 573 743 dEnceigmi lzdnlarnt pmrgsssts hme@I@éeﬂea@t issadigm chlorite,
aqucous sol b - Bar o e ShReE e Shior¥an e, CAnonina BroRrte s oo
said to be @@ne?ﬁﬁe@B@y dessyiihp s §¢m¢nafcmuuamfu¢igl@xygendlox1de by
30 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 describe
gradual hydrolysis of alternating poly(vinyl methyl
35 ether-maleic anhydride) or poly(lactic-glycolic acid) to
generate acid that can release chlorine dioxide from



300CT 2002 4 through a bed containing a m xture of chloriteinpregnated
zeolites and acid-inpregnated zeolites. Wellinghoff et al. hq%fliﬁZJUbﬁéfd
conposites that include a hydrophobi c phase containing an aci Si 5
agent and a hydrophilic phase containing chlorite anions. ' The conposite
is substantially free of water and gas (e. g., chlorine dioxide) until it

is exposed to noisture. Once exposed tg noisture, acid and hydroni umions
are generated in the hydrophobic phase. The hydroniumions 10 migrate to
t he hydrophigbica uphasiel R & each Wbl hraglcdiolt Guadcismt Oagengsabe ghleori ne

di oxide fromthe ¢ osite, The co site can be in the formof a powder
i ncl udi ng a® Fed cot &R cbREaP iH&n§HQQﬁ4%IQQGE§§¥EFh%ehF,aand

particles cegllamidgacingri tBf asrossdamm chloirdee ofs tdwef fus&Qr entthese
conposites ég cogfogfd f _and ge eratz onh% 2ubstances used jn foods or
subst ances g fre CAHSH %xﬁkﬁﬁ%%ﬁ GRESHYd Dy Widert AHSIRFIEREPIfie conposites
can be fisedpbdk sftoatemackag: ngi andoatketraapd acatireh: hdheatgldhe substances

can be ingeste% qy or érhcqgéact 20 mﬁtg gén%gs. Epe e conposites are
descri bed i 12858 %pat ett* o' *3, 3609, 665631300, %5 j! , 5,668, 185,
5, 695, 814, Bppl53 @32 cramf X HO7¢FBOu188ch Fbeposipsed asel@asilmvg gasesdsuch
as sul fur dpaxide,, td | OX] b LLG . QX HIro i bon
i oxi de.  hydroger T8 ST iR, Ry ey A e el araR by | e £RE
chl ori ne ar €aB6sdEhArs rEaid | FaghbPVide Riocidad. asauiam &ppl sederon

serial 19o. 9§g§5%08%n6’?%,| | DeOf { net gabxibeSrepatart rpphiLation ser+al —

no. 08/ 924,684 discloses a conposite formulated for 30 rmaxi mum chl ori ne
di oxi de rel éEIELRGMK B EYRE hyldR oPAPFHE CRaRERI BFePEMEs ns B a- ami no

ether, estepapEn@tiGNqlrcuuka @;L%@r'tbeﬁ%abhréomedc%smq@éié)lﬂs@f an
|n1n|un1chlor|tﬁ and a base. Iminiumchlorite is unsfable to nucleophilic
attack by thBVERNES fFBNGHVHE TARRRLIERe FRARFUAPENRGA ERYSIGal reacted with

a bask howeyebcekhe N0reHnd abt ewidi aR1 havelher enestrehmntiicaidpagdl a
chlorigg salt gge f or med. 300CT 2002 5 Wllinghoff et al. U S. Patent
No. 5,639, 285°0é§C8 i 'bes a method for naxinizing chlorine dioxide rel ease
from an am ne- coRPaidery) Wopaseleaby ohibring thexdlkleorad escsourze unti

the COHDOSiEﬁeysaQngf%$§é§&ihave been formed by mixing acid solids
and chlorite sclids. Lovely, U.S. Patent No. 3,591,515
describes a chlorite-containing powder that releases

20 chlorine dioxide upon being admixed with an acid-
containing powder. Hartshorn, U.S. Patent No. 4,104,190
describes so0lid mixtures of sodium chlorite and citric,
adipic or malic acid that are compressed to form tablets.
Mason et al., U.S. Patent Nos. 4,547,381 and 4,689,169

25 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 describe solid admixtures of
sodium chlorite and polylactic acid.

30 Klatte et al., U.S. Patent Nos. 5,567,405 and
5,573,743, describe zeolite crystals impregnated with
sodium chlorite, an acid, sodium sulfite, or sodium
bisulfite by immersing the zeolite in an agqueous solution
to adsorb anions onto its surface. Chlorine dioxide is

35 said to be generated by passing a fluid containing oxygen



5 surface. After application, the conposite is exposed to chlorine dioxide
gas that either reacts with the amne to formimnium chl orite%hings(;ﬁu 802
reacts wi'th the amne to provide chlorite anions. The conposit Z
activated in the presence of npisture to release chlorine dioxide. 10 The
conposite can be exposed to el evated tenperatures during processing,
storage and application before reactiom to formimniumchlorite because
the hydrophilic materjal does not contain imniumchlorite or any chlorite

ani ons that &%H)L@blﬁie@otﬂ@@séoﬁtaﬁﬂihgla hespere Weshildei fethod al so
precl udes prenature re%ease of chlorine, gl gxi de from he C n’e\gsme

Bar enber g etiTWRTregRaced teqt 1Lp5) ?Egt R6h s PSSR Fl'i nghof f et
al. U S. patent ap@llmgln@flfnet 8B/ 8h8y86E odesraderi @yﬁtéet bhds of ‘
using 20 co o] Wsl | i hoff retard
bacteri al, 1?3}19 4&3 g%(/ %%?1? %h %I %%gl&lr% aﬁ’goﬁ‘ Jh%l 5 eas§ ‘
produce,> me g e cRd mrhm@phalécapuasg d@@d@mm@gmke]mamesanhoag
textiles andy zﬂ?‘o of f t 4gpplication
serial no. 08k7%651 6%?2%?? b;égb#?rllgggrbe t f%%npgsﬁ tk#aitneslpa%ﬁa rgw
susiinghof f @& %, ring hionpael cabkdh d&r iis exposFs! 858, @egsa%a oses

powders contg{dd Nk é@ldjr&théi§t§QeCoéémdaaﬂﬁd'}@l@ﬁ%@iﬁrﬁ ay&hs0Qran outer
surface of the hydreFEhlllc core particles in _contact with the

hydr ophobi ¢ 9e5R3a tethel hyidh %ph%%repirla%? PBAE&I-ns TaT ABiHF PRI 88siABS agent .

The parigi cl ef Mty adh@r}kwf@plﬁma&ephalsecamblr%a@fc i ineth ngh Yot hr wat er .
The core, the 35 particles e hdrgg obi.c I.a eréramae substantial ly

free of wat&™t tt%eg%‘?’éa"r"s ‘{:% Qb1 BS of L §EREF AR CYNPORLEET 2002 6
rel easi ng aTes cdumysitalradysbs oh the ford oél eapiongleageitclideng as a
need for any C L1 at el ease
of chlorine |ox|pcip%\\éﬂ:gr(':cgaltr:%l Sﬁ@%ﬁggﬁ%a?ﬁ gg(Jtlgo g\ril%%'%g'é@g Aé]éla{lf Us%.laA

powder t hat pasxceptes aronttiai minenshidret egnafidpngeer at |sng:ﬁaltreeb®bctidel gas,

| s conmpgsed cQJ:fSea”d I“-F‘%Fé Scéng%cgsffg?’%ageafgs&gédgéa%ggﬁgg é}ﬁ‘éﬁ’aéé' ﬁﬁ?y‘?ces

usable in foo or those recogni |nert substances,
' 10 is par SURS tRIGE T Forfe @’écﬁ‘é@ﬁﬁgnc%dgﬁmad{%sphere

packagi ng, d{{r{lezrecﬁ% I§e@éé0&s were Eﬂﬁs%ﬁﬁ%b@nce%h%arbchﬁpéé@@éﬁ ed by
or in contact w hunmans. Al t hough the, Wl | i nghoff et al, conposites are-

ef fective biSGa RS UIabriey g%%%k%?l%?oépéapt@&méﬁﬁ%%r’t‘l’l%% 15 can
be nore readiHerdraiid anibyethessl pivvbéeeingeetednbobrorird lexhbadtty for

sust ai Q%d r%rli%%s%urr{anas gasI‘hes”e@érXposﬂEQE gg\éeatels%rrl'lbed in U.S.
Patent No. 5,360,609, 5,631,300, 5,650,446, 5,668,185,
5,695,814, 5,705,092, and 5,707,739. Such composites
releasing gases such as sulfur dioxide, nitrogen dioxide,
nitric oxide, nitrous oxide, carbon dioxide, hydrogen

25 sulfide, hydrocyanic acid, dichlorine monoxide, or
chlorine are described in Wellinghoff et al., U.S. patent
application serial no. 08/858,860.

Wellinghoff et al. U.S. patent application serial
no. 08/924,684 discloses a composite formulated for

30 maximum chlorine dioxide release in which the hydrophilic
material contains an a-amino ether, ester or alcohol and
a chlorite salt formed by reaction of an iminium chlorite
and a base. Iminium chlorite is unstable to nucleophilic
attack by the chlorite anion. When the iminium chlorite

35 is reacted with a base, however, the more stable «-amino

ether, ester or alcohol and a chlorite salt are formed.



Anong the objects of the invention, therefore, nmay be noted the provision
of a powder or percol ation network 20 that rel eases a concentr g’ 3f
chlorine dioxide or other biocidal gas sufficient to elimnate agn; ZOUZ
fungi, nolds, al gae, protozoa and viruses; the provision of a powder or
percol ati on network that rel eases a concentration of a gas that retards,
prevents or controls 2~ biochem cal deconposition, controls respiration,
retards, prevents or._controls chenotaxis, enhances freshness or deodorizes;

the provision 0fW§llEfanh©(ﬁ\ﬂd%ft @1l peu][ @) a@a@éhﬂgm&?rb Ehat, e ealses SUﬁh
gas concentratio s after ivation for a period. of up to several nonths;
the 30 pnmé?ﬁ%ﬁ ssﬁcﬂeggﬁﬁéﬁﬁr %%f 09 i O RELRBr Riod@egi ns to
rel ease agxﬁiam@erftomtanlhmina=cnnﬁamnmnbcmwm@bsoﬂé hyt@m1dﬁﬂn§es
hours, day n f I ;hei tlvated b ure

provi si on oh &hf%&p% 3%’ rC%pté'{r?lco te}gen ner?%ﬁ"ktﬂa napﬁﬁéﬁdértcba?s 3~
rel easé efmumﬁamq cohﬁaeedap@M@mMnxxnmmhﬁt¢mmppsihe 1s3eGpbsed 2902

i Si t b l.ended
N Eh ot her T e e B K By U o0 Eon T SUE & Pouder

t hat can pdmam amlrpbwou@hé@rflé@egn tsﬁéilpmlléﬁétmtmwsubhtaep@mier“ B or
per col at i on, st kol haki EBCEeAsRS .t henLlRagidAle of EHEOJ %%fv e or

ot her gas in response to increased |evels of tenperature and ty,
whi ch promdtte T PERIEREEt 85 BCdseNMDs I%snleﬁa%eclgh@rmﬁed@,@m&& not

start jonti It cddpéal chuahdi be |e&p@%|é|d9\t%d é/m;seeca@l tempBrhs udRler m ned by
the structuye of the powder; the |, provis f. such a powder or

percol atio Yt raE? ?SlgﬁeeﬁFoF@HVtﬁ§ ﬁ LG} nPEEPT§ener at i ng t he

bi oci dal g&f‘aadﬁﬂdn codt oM SHRSLaRc ehlanditey ekdQisdUIRE BYERSYHHE1 ithe
provi sion of such é£%e§ r or percolatian .15 network that is odorl ess; the
o)

provi si on SRS POhr ERRFPAG & "HotidSt Qﬁﬁ?%qﬂFrégyTeM/reactlons

or physi calcmramﬁfes&&li@nsrohadecsuaﬁaﬁmnrpejmsec aduc€hl ori ne di oxi de or

ot her ,ki oci dal ges lhe provisi dogl%uch ess which allows for high
t enperat ur & ocEsst hg afld Sppricati on %ﬁwﬁﬁ WrtHSGt t her nal
deconposi t iver edaE enf ; cmh@rpnevdspand@fﬂmmm1ahqnqmm§msmhech utilizes

relatively inex ﬁﬁ%s aéglgg n%tgrlgl d(gyf95§% hgatlons cost ;
redu manu

and the provision suc grocess which acturing hazards and
25 di sposalo&/e@ﬁ,r%rﬁ%daye éﬁrﬁah@értétw@s’lt corfrenatorl pPBEESSES For

preparing Ry orgdyes£H oxé leqegkedsendurRWRISS mettdy &S€NLsi A¥ention is
dlrecbﬁd to a partlcle cont ai ni ng ani gns _di ssol ved in an anofphous, 30

par acYst alQaMRe Tt &F yELan | ffe §8|Sﬁddé§|0&ﬂ3@ﬁi bih et PEhafE e&pal-e of
reacting witth M@Ib&&t@ﬂﬁauo qaﬁgaateaalcna&raﬁhez:&afamghgalahea&ﬁepar ed

of 35" crys B HalGr 147, 5 CoPRenerontie SR (B L0k Rate,  sulTito,
hydr osul fi deteditalid egndiypoclibodotréze materials such as textiles and
storage spaces.

25 Wellinghoff et al. U.S. patent application serial
no. 08/651,876 describes transparent compositions that
provide sustained release of chlorine dioxide.

Wellinghoff et al. U.S. patent application serial
no. 08/858,859 discloses powders containing a hydrophilic

30 core, a hydrophobic layer on an outer surface of the
hydrophilic core, and particles in contact with the
hydrophobic layer. The hydrophobic layer contains an
acid releasing agent. The particles contain an anhydrous
material capable of binding with water. The core, the

35 particles, and the hydrophobic layer are substantially

free of water, and the core is capable of generating and



3 D0 C~ 2002 B or cyanide salt to forma solution and formng the
particles containing an anorphous, paracrystalline or crystalline solid
solution fromthe solution. - The invention is also directed 8d)a)§TixHe
5 particle containing anions di spersed throughout substantially anorphous
silicate. The anions are capable of reacting with hydroniumions to
generate a gas. The silicate particleg are prepared by a process including
the steps of adm xing a silicate, a solvent, 10 and a chlorite, bisulfite,
sul fite, hydr l.fjde, nidr)] i £.€ . £0; ' orma
sol ution, é%&%%%rlrﬁggga sq;gbgstéa%tfe%%w QE%Q%E%USESi’tlhlc%ga[tgep%afﬁéc‘?éegn%rom t he
sol ution. H®¥eNSresent invention is also directed to a powder 15 fir

sustai ned rel ease 9fe& Gas,a L1 flot hgnPoWEer | didesc iy ofsn dbessol ved in®
an anor phous) paracrystalline or crystallipe solid sqolution, and an acid

rel easi ng &G&AtY PR GG &R i RbphdFe BELPEEEt Qg SR RIS ¥ ons to
gener atse acdasnctiePBRTidsl B sabsdani kahby ghised rofuyat era apslv@apabl e of -
generating _and releasin%ia PES after hyd%olgsisfof t he aci d. rel easing
agent. AnofREF e MBGHRe MO0 PhS T HoRNt FBRT PSR ditPec 5 TR B FOWILT f or
sust ai ned bdbeddaloigas ,gds cdnpesed tdE anddeesazh scdnt pusyiate

i nt er penet rati. network. . The J e i net wWor nt.al a sjlicate,
ani ons t hatregrlggggp%r@%o dr1eoa‘J'c'?é|r§‘]l: V\/lg‘gllglé%{a?gﬁi glr%\g?%&ri%s%t%o fggggeér}c‘lzsr’atozlL a gas,
and an aci ¢hoskegsinsgaddaontrechgnijpoediers i safabstranmiexdt wUhssmmfesvat er and °
capablyg of .ge (0 ing I: dr .5 0f the acid
releaéﬁng égeﬁ??ﬁkﬁggﬁgﬂg%%%§%§%§2¢6%ff?%gaﬁﬁgg%gﬁggxiSQE¥$E§?£d to a
powder for asaospheae PR Y, ARAOthRErePRliRatiomferliarst s a core
cont ai ni Ng sdpgkLihcAle ard b%'“i%éé@t% B €oB5i fapabl-a Lf _Ji%@ﬁtﬂxﬂ&ré! th

hydroni um ions to generate _a gas, irst layer containing an aci

. § a y .
rel easi ng Agéhpugh ghe FeglinghplfH ehh- seeBRASLEPS & WiEdHeore and
]Ehe fi rséI babe&gel’éhe tsReend d Q%Q{eé‘@nﬁcﬁ: nbi@csﬂh?C@b@xpo'Blﬁ:ﬁQﬁfse na{utd Ithe
i rst ,and seco ayers are .substantial ree.of water. The secaqnd |ayer
s SubSantrn P MG SRR A S YRS SOfepr SR S G ht | ng
and rel easbirgfaegddidfitter flapdranlstd nedt tdkeasedofelegaisng agent. The
present invention is also directed to a powder for sustained rel ease of a

gas, wherein the powder includes a core containing a silicate and anions,
that are Summa of the Invention

Among the objects of the invention, therefore, may

be noted the provision of a powder or percolation netwoxrk

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

25 biochemical decomposition, controls respiration, retards,
prevents or controls chemotaxis, enhances freshness or
decdorizes; the provision of such a powder or percolation
network that releases such gas concentrations after
activation for a period of up to several months; the

30 provision of such a powder or percolation network that
begins to release a gas under controlled or sustained
conditions within minutes, hours, days, weeks or months
after being activated by moisture; the provision of such
a powder or percolation network having greater gas

35 release efficiency compared to known compositions; the



10 cable of reacting wth hydroniumions to generate a gas, and a | ayer on
the outer surface of the core. The |ayer contains an acid rel egyl t
and a silicate. The core and the layer are substantially free gﬁjagcggiﬁﬂﬁe
| ayer is substantially water-insoluble, and the core 1~ is capabl e of
generating and rel easing a gas after Eydrolysis of the acid rel easing
agent. Anot her aspect of the invention is directed to a conposition
conprising a hydrophobi c phase and a hydrophilic phase containing a

percol at i oPTRIEMRLIAMPE $Ochas- §owEea ithptagent freach layiagy asid tdan powder s
described aRowesiMe KPIP@SkL y9B K %c%éxo-ﬁgg%é@y@%sngfr%&k ty a _

di sconti nuous .network whi ch contai ns passages fornmed by the percol ation

agent. The 3pPiskifdsi e & BAPaBFEVEF 1OFa i 45 hg? nBPYEEEe tha tt IFaTgas 2~
gener at i ng paieaitale tgoBener sheraad s ;elas o ro@dsioANe rPeWder & Yhvduepar ed
by admxin articles containing a silicate and anjons tEat are %%gﬁgée of
reacting weth BRFFrOR T RSB Bek STETRASSF t AN L6LFERE & a
slurry, adeiicrgire disxidagoesoter3gacalin urespPbhEeNUYd Qhcellkered
monoval ent , _di wal end .or lfivalent .salt .and an acid, releasing agent with
t he sIurry1F3%$%1é§1%ﬁ)é%é%%gﬁ?aﬁhénéqgﬁﬁgég;cﬁhlgﬂdpr8pﬁkﬁg"§gﬁgmder
fromthe sehidddasuramianigosuBpensi shatThhip@aerréesesabstaeti alkdty free of
wat er and | e,.0qf: 3 L g el easi S r rolysis
of the aci § Pareasiig 5@2@‘3&”?’5 2Ly Rl 05 iRl b ke, AL
preparlidng pewdetsfinde hnvehei shruntiudest Hhstpprdet ; athexi ng a zinc
mgnesi um gi*galvﬁ"s‘i@n al 4Ind puem Qr%B%Bgﬁ: BNl EN 4 - N aLEeRk o0k LI val ent
salt, an acid releasing agent, and particles containing a silicate and
ani ons t haBxge® tc dsabl QﬁamkﬁﬁﬁiﬁﬁeWFﬂﬁ @ﬂﬁwﬂﬁ@ﬁﬁ@@h@gtéhgehép§ﬂ@aé gas
with a sol yant t1fordBd $0hs dsuseRhARISNGSHISRANS| #8r BOFakOr M ng a powder
fromthe sollds-contalnlng susgen5|on. The powder i s substantially free of
wat er 10 aRFPOEYHS ‘e CF® gerRY Pt RG 2hd SFE e &SRR A HalT aPREFOAFALGYsi s of
the adqisd r gkeasidkg tagantis Ab@bheespl 0e@Rs Jrafv i £Par bHJa PeVEeEssoffoirhe
invention includes the stqgs ofhadgixigﬁfa silicate, a solvent, an acid
rel easi ng BOERET A0 % RMYSTT t B985 BREFiSSe, "SI FTReC 1B EaPhonat e,

car bonat e, phydriezall forteesedsite, phppadel eudts imosd cyabedeesaft to forma
sol ution, form ng a powder m.t ol utii on,  The powder is_. . ‘
substanti a ﬂéor%gﬁ 0 %&ﬁéﬁ gﬁdéégﬁgbggo%ﬁéé%uﬁéﬁ?%g gﬁ% PE?X&ET%& a gas
after hydrofysiushofa tdmo@sacvidick| edadiowg dgenthidmotémperabodienent of the

| nvenbipon b3 eRIAGES S Prad LPALL 8003 GORRAS AL PTOYLALRO SHSLAbAed
rel ease of “a gas by ~adm xi a percolation agent and a gas-generating
materi al t 8eFfomnos ifcvidertdte neRE ur Bhea@Fovilisg athec D5spedar BHoRERSBUre with

a hydrophoQhg chetgriialzd 01 4% avBl ondnehealidiy,d her bl epdgt Ratakamasnel t,
and coollngﬁthe melt to formthe conmposition. The conpos

sifion is a co
cont i nuous “RefWHRMIGE LR stont F ABBUSOREr W iR PEDYE & AR ﬁas%&g%
formed by therpeeee aididh agedlicedhrRadld fpatsagesy aiLz&oQabhadof
transg%ttiag noi sture to the gasgeneratigg_qgterial to generate and rel ease
a gas.>>Yet AFEPFET SRFBHiTENT 0F theCPAPETE DTS AT eTYRECED 8 Brrocess for
prepari ng progesedEd ifonr poepariggsobilarmes dhleasde ofehegasngy adm xi ng a
percolatioBowders
The present invention is directed to a particle
containing anions dissolved in an amorphous,
30 paracrystalline or crystalline solid solution. The
anions are capable of reacting with hydronium ions to
generate a gas.
The particles are prepared by a process including
the steps of admixing an amorphous, paracrystalline or
35 crystalline material, a solvent, and a chlorite,
bisulfite, sulfite, hydrosulfide, nitrite, hypochlorite,



35 agent and a gas-generating material to forma powdered m xture, ad
the powdered m xture. with a nelted 3 0 0~-r zaOz 11 hydrophobi c _materi al
to forma nelt, and cooling the nelt to formthe conposition
conposition is a cocontinuous network or a di scontinuous network which
cont ai ns passages forned by the percolation agent. The 5 passages are
capable of transmtting noisture to tige gasgenerating material to generate
and rel ease a gas. Another enbodinent of the invention is directed to
met hod of retacghngdekskblitngo Peverd iswlwiisananhdl ForgiAgckaki ol ogi cal

cont am nati on on

10 w terial or

f .Of , terjal thin_th
atnnsphena%ﬁﬁ?%ﬁﬂﬁ%géoﬁﬁg#%ﬁé§?§1%ﬁ%}%ﬁ&%&inBaEAQEY?gégﬁépeao§hter
t he powder ,caysit @kposengofliad solfdden & rwn stlheespdugdortate and rel ease a
bi oci dal gas frogkéhgpgg 8l Nto 4 A4 é%ﬁ@ftgugrggfgggg t he surface.

SO od o

15 The invention I's a lirected to a net retarding, Eilling,
preventd ng Barebat € ofPRAG IMiAO NGy CHiSRORSadi RarPeghonta surface of a

material, Wik igfpes M ebi@irftodd dihe AHdosphepe §H£6ﬁ§ngEE9cEB§ble

mat eri al |

by placing a materi al_ adjacent the powder, and 2

powder to rRfi steRetEBdr BLERs YA ACHaL P r IR eFREPoRdERSint o t he
at mospher e surropingi 8911 BaceBiRNdlcl eBatd @ pORedi Shpl §opdbeesked to a

met hod of

pchem cal 25 deconpo

retarding, eventi ng contr.olling bj dec
on & sur f adBoric M BRFaF Cop ot SARHE by br's bt LE9- ox posPRLVENEar | a
a mat ey0 al 4ol aa polierioé, t be sulfdntel, oulahict expopgdngstheigar face to
nmoi sture tq generate _an | ease a _hi i cal _deconpogitioninhibitin
l?%toh¥ﬁgcé§85§pﬁérg‘ngyﬂgéé %gﬁg €£e§é5Wf%ce. Anot h

fromthe pél

surroundl

enbodi nent safluthion nvandi prisndi sedisddnta sl et dodrpfioust aLdingte
preventing

mat eri al

(0]

#%5é¥§iéglkkgg bi,acheqi ¢al,deconposition on a surface of a

he nmaterial by placing the naterial adjacent a 35

m Xi ng

2002

a

in the
i al to

exposi ng the

sition
ce of

g gas
er

powder of the irfentpoasenndiovessing tite Prmiedirectad stara powderease a
bi ocheyi cale AecOomposi 1E8Nre1828e00¢ & 4R¥2 1hd AN DIt 8ageEr om t he

powder into the atnosphere

20

25

30

35

includes anions dissolved in an amorphous,
paracrystalline or crystalline solid solution, and an
acid releasing agent. The anions are capable of reacting
with hydronium ions to generate a gas. The powder is
substantially free of water and capable of 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, wherein the powder
containg an interpenetrating network. The
interpenetrating network contains a silicate, anions that
are capable of reacting with hydronium ions to generate a
gas, and an acid releasing agent. The powder is
substantially free of water and capable of 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, wherein the powder
includes a core containing a silicate and anions that are
capable of reacting with hydronium ions to generate a

gas, a first layer containing an acid releasing agent,



surrounding the material. Yet another enbodi ment of the invention is a

nmet hod of controlling respiration of a material by exposing a unf

a material to a powder of the invention, and exposing the surfgig pé?T?ZGﬁz
noi sture to generate and rel ease a respiration-controlling gas fromthe
powder into the atnosphere surrounding the surface. Another enbodi nent of
the invention is a nethod of 10 controfling respiration of a material by

pl acing the materi al -adj acent a powder of the invention, and exposing the
powder to rondtareeroncelleyss dotwpenathencouner el tgpegds ¥gtomaner powder

into the at'ﬁi’é%‘@&@g@luﬁra?é&did&ﬁ%ém&eéh@&ca@:é.Th?'hien\é‘?ﬁté %&t rs]%ﬁéso

directed to a nmethod of deodorizing a surface of a_naterial or
at nospher e 5i#souRBfn§eCREatcaia e dFC cRHRAEPRGLIRLETNACES GE tfRE St eri al ,

by exposi ngrige ssi&Eafigl Qfaz/!’érrf&ts?@'@ks‘@@ntﬂ&lﬂ??W_&Egra'ﬂﬂs@llQﬁbSﬂéW,g dre surface
to noisture to generate 20 rld rel ease a deOdOI’IéI Egg%as fromthe powder
a

into tRe attRRpHRFE 46rC g PhE ST FAELNIVER &S 1 &didiht of the

i nventi on isf kit ey a@dolysd shneifhatheofacleddoel gbhsing agehace of a material or
t he at nosphere syrroundi ng the _material. or gnhaagi ngt2§ freshness, of the
EFCt5Rd

material, by platifigPaSiater itV At 5 ¥ent St AeSBo t& o fE Fhe
powder to nidstanethoned eedeascdenfica igang ghsréinnthkeppordar i nto the

at nosphere .suryoundi ng _th ri.al.  Anot . di nent _of the.invention is
directed tol%cgﬁélemsst ﬁogoor% rgg%ng:rad'%lnlgrf&pgeg/g% ?%ggo%lggoﬁfl?‘gﬁsi (r?félac earr}'lo actic
at tr adili on adpainl @rganrsmctdng ity ikydroyiemposnagta gerkaedeofa a
material tqgdhe %Q&USHE?@‘} 4P é‘%d@é’rsgﬁéf‘&@e%f hat ubecl o geperate
and rel eas€ an odor - masking or odor-neutralizing gas fromthe powder 35
into the athAvpherensainsuadi g ictheskeiateg agenp andcarsi@dgzrat® The

i nvention ighalsordi haat edhel Qg Rl ShnsCiAE dbgy PLEYERl NGy, _
controlling chenotactic attraction of an organismto_a material, by placing
a material AcBETt hE SHREERN AR Bk R RE- iReCheREer 28d5 RS SRS to

rel eagg an itz paskeng fogeadatiown ra?kﬁdzf@ge9§§n§r@”%h§ea@@‘é@er into the

at nosphere suc{roundl ng the mat eriltdﬁl' Q her obéects and advant ages of the

i nventi on MYITRE SHBaPENtREr GGithe S F 3 DIMAGEAREG: | ed description. 10 ,

Brief Descripti anofhebeabpawitngs RIKS. ihaedObonr £sseéheanatieds tef aparticl es
phot om cr ogr aphs

for providing sustained rel ease of a as. FAC—% 11-13 are
of silicaté %%Jr’fgrgpegogﬁalﬁ&\ﬂ?eras }gf TR % ege%‘af’ﬁvgﬁfil &n; FIGS. 14 and
15 are pl ottyydxfowihi bi Enphdisexicde: teoirteny r at pencahdt honi dgeptasnd fauncti on
of ti@@ fo%é%£§¥ﬁ§£a€9ﬁ80§5%5%n;such as any of the powders
described above. The composition is a co-continucus
network or a discontinuous network which contains
passages formed by the percolation agent. The passages
are capable of transmitting moisture to the gas-
25 generating material to generate and release a gas.
The powders are prepared by admixing particles
containing a silicate and anions that are capable of
reacting with hydronium ions to generate a gas with a
solvent to form a slurry, admixing a zinc, magnesium,
30 calcium, aluminum or other monovalent, divalent or
multivalent salt and an acid releasing agent with the
slurry to form a solids-containing suspension, and
forming a powder from the solids-containing suspension.
The powder is substantially free of water and capable of
35 generating and releasing the gas after hydrolysis of the

acid releasing agent.



FIG 16 is a plot of chlorine dioxide concentration, 20 tenperature and
humdity as a function of tinme for a powder conposition; FIG ﬁ zﬂﬂ
of an x-ray diffraction pattern for a powder conposition; FI63 Sbigf ﬁ?
exagger ated cross-sectional view of a 25 filmconposed of a co-continuous
network; and FIG 19 is an exaggerated cross-sectional view of a film
conposed of a discontinuous network. I®etailed Description of the Preferred

Enbodi ments In accordance with the present invention, it has 30 been
di scovered that Ambohersprhcasschiar prepamiicly grawdsesl b gbaerate a gas

can be staQﬂﬁéggE@gaiﬂgiuaggrgﬁg gggggpg@ 1#%%£Eh iSpgrgkng the anions in

a particle contal ni ng an_anor phous racrys I'ne or crystalline solid
sol ution vM@QﬁQﬂ#QW'd@?l%buﬁvoéé§§ln%WeﬁﬁJ%§h§¥[ﬁﬁﬁ@%@bﬁﬂ% dried to a

”D'Sture|‘ﬂ%ﬂaf@n&“bfomﬁp@ﬂ§ah@nt §a@tqfén 203 e Madinghggratticle

di ssol ves ver in water which ws for processing of the particles .
to make pov@dléi §§%§l%ﬁ§%a?%ﬁaF€PB§sé SF 4c§&& and BrRis otBeEnadPscover ed

t hat varlow&gaxm&néfSrQ&@@ﬂhgdwbyhaHQHthguhhqdﬁﬁtﬂdﬂgéﬁéfaténaagad

rel easing a 43) de sust aLned rele? g as_after being,exposed to

i stur e, AHDIHEARTERS SOCRORE BhPORAES - CHPERIPHAS AHFRFRaiBBnate can

deconpose mmdjﬁnxmdn@rmqpsadeg feopecheuses idshegowdersngf the invention

Ot on TR S AR © BEASEALDC ANLARSCALE 1A 14280 Ak [fikpeLhe SOLI ¢
i suc lic %28 ? ﬁ%odlnen ?

sol ution, as a si powder
i ncl udés al"ﬁnﬁ1§apﬁbb¢ b @@spe&ﬁédgaﬁadeﬁ@épgwlaxgeca \amumf@esubs{_antu ally

anor PhoUS $hid AL RIS E X V\k}lé‘a%cié $a18062RS LA by a substantially

i nsol ubl e si |cate yer separates t trix froman acid rel easing
| ayer. In anot h&nmﬁuwe%h§050mgparh@9u@@évd@r§1m dnteal |y anor phous

i nt er penet Kakidid NGt WoR K1 ¢@8% ak Rk Ngr 8p5 08¢, a@wﬁ%@ﬂéﬂﬁ'éilﬁbé@é0|5b|e
silicate, 20 _and the acid releasing agent. Since the thernal deconp05|t|on

t enper at ur 89V ATHe R AT sTEHEREAREI2GRBA /| ﬁé@rﬁor‘%’c]&f%tnet he powder, the
powderiscan bﬁ%ﬂrﬁqe&,se@hmlwl abi¥er¥ohagh, t cBRSAMAYES HREIEOSPRE det O

processing the .anio and provi des.sustaine ease of a 25 gas.
Rel ease of g&s r%om ¥£ @ﬂ%?g?s 8ﬁtF3ﬁﬁF%§ E6vTtr gi é%D Y Burroundi ng the

powder mﬁtmdidnmbnuﬂnﬁﬂ(fmmmfmgah pawdespérsantheadpidrmiesn parThel es, a
matersolub terl Jﬁﬁﬂﬁﬁgiag r@ggglgfn%ggr&agﬂa'4%\%gfg Skel | abl e
CARLR t1&

mat eri al ase of owder for m nutes
to nont hs mmngaamd)m@emi@guaegashéfp@m@wdmlews yoprehared and

can bggused A%y 21U NCOTRILREed into various end-use products, such as
films, adhesives, gf%nu an%Iends powder ed conp05|t|ons and formed objects

such as tabl et s ANFHENSS eherRinenh af sbnBelRyRpSICR dift id AEPERSF nbPFHani ¢
material s gedadtirdd afbdmg&éﬁﬁﬁon providing sustained release of a

gas by admixing a percolation agent and a gas-generating
material to form a powdered mixture, admixing the

25 powdered mixture with a hydrophobic material to form a
blend, heating the blend to form a melt, and cooling the
melt to form the composition. The composition is a co-
continuous network or a discontinuous network which
contains passages formed by the percolation agent. The

30 passages are capable of transmitting moisture to the gas-
generating material to generate and release a gas.

Yet another embodiment of the invention is directed
to a process for preparing a composition providing
sustained release of a gas by admixing a percolation

35 agent and a gas-generating material to form a powdered
mixture, admixing the powdered mixture. with a melted



(~7.i.~st, , 300CT 2002 15 Particles of the Invention In one

enbodi nent of the invention, a particle is conprised of ani onaﬁ soI ved

wi t hi n an anor phous, paracrystalline or crystalline solid sol E%
ani ons are capable of reacting with hydronlun1|ons to generate a gas
particle contains one or nore phases,;hich nay be anorphous,
paracrystalline or crystalline, \Mtf}%%e ani ons di ssolved in one or nore of

LS, Prases pydkddieas 0hARes, sLA°cd) 3300 AN ONS. 24 e ehind Andart ¥

distribute d solution 'n-an
crystal | i n&d dfiairecetha OMmphsnheoanloﬁ@eaManQSlGMQnahByapcevented from

bei ng nei ghlorS ndh\es Ak QRS ka8 Pg éstBh%r %{)dédd?S% 6%1@}1 an alloy or

other crystalline solid solution, or can in a glass or
ot her anpr FRAFSIGHS ped 28398¢ af P sBYi ah§o|nﬁn<eﬁﬂaw<aﬁraeeyl§t aI IThee solid

sol utien i pagenefed lyra a@issmal obavrBasANe tAndBFE1 HPASES tbhathe i t
sone characteristics of a %italllne state as, denpnstrated, for exanple,

by broadenEEEQﬂaQ%ﬂﬂzﬂPF%ﬁ+ t FOngePRTPRE RN §2FcRi GASpattern. The
anmor phous, par a@rysitedt i dbodineyst aFl the Ii&ltv@ﬂt&l.orh Sifofligeze@d t® @

ot her materi e he at ate ture that woul d.destroy the
anions in Hngﬁgl?éhégkﬁ ?%ea%hf%ﬁ§grnp HI9 ST BPBEEFAINY the 25
particle imlommMﬂcmnyxﬂah.subs&mﬂnaahby amoepmmxfanélaﬁte mEQErpuﬂposes
of the,pre Jdnvent i the,term’s stant] i al annr hous ned as
i DA 1) PRI Pk b bt e b e P erarg B fbre

inclu |ng 1o ror e han crys e than
10% and noasepriefler dyt yexposbne ahatnré%:e3©fTh?e wHidexchak parthele is

pr ef er abl ygwdfef}e faqme)g% rﬁégbéﬂ@ngheggxnawm {éieg;ﬁe%&raté in

whi ch t he ani ons ‘are uni di spersed and encap e silicate
particles géﬁeﬁ‘élh%asrearméﬂ@?%@%b Bes weEAMabHE mPWHemndiabouthe, 000 nicrons

dependi ng aeaasb@&f@tﬁméélﬁ@dtﬁéesuﬁﬁac%an be made of any size
possi ble via any solid formng, process, but preferably via_spray drying.

30 ~nn~ 16 ﬁ?elsrwqretalt@phﬁ%%sdare%ﬁ@hé:ro soInetpdhefl ow, and are

general 'y sdbstantial 1visphey] csdevéit 0Rg erbedinm1 ofnd he invention, the
particle ' includ eﬁfgn i nert  core, which may be used, for exanple to 5

i ncrease t ReCHOREY %ﬂﬁ?%l%%ﬁ%ﬁm%?@FbﬁPtPEIé SUERRE AT 2 cBAERSE2Ehe

gener at i onwanelmelteﬁsenaﬂwml est Sihcshef athes@afetﬂszlsn fdushange che
control the Qunldlty ich the artkclf 3 aCtI%?H%? to bgglnng §
rel ease. The §6ﬁ%} (ﬁ%ﬂq ?1*%ga$p Fea t8 1 REIATE ® BRYSFor ™ | ayer
10 on2@n oaxppssmqenhﬁtpdwﬁamﬁto1mmnsnere tor eedaad®e anyipoidad gms
nonporous Pi Fn' Eh adss irﬂ‘é SUC tﬂoﬁgkéﬁeors@}oqﬂk@% §9L““ on of a

wat er n150| e or a Ic nateri a ay, ceram ¢, mefal, polynmer or
zeolite naméﬁﬁﬁﬂa

The invention is also directed to a method of

retarding, preventing or controlling biochemical

25 decomposition on a surface of a material or within 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 biochemical decomposition-
inhibiting gas from the powder into the atmosphere

30 surrounding the surface.

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

35 powder of the invention, and exposing the powder to
moisture to release a biochemical decomposition-



15 A problemrecognized in the art is disproportionation of chlorite in
chlorite-containing crystalline particles to chlorate and chl ey hd e
exposed to tenperatures above about 90C. The formation of theﬁiulﬁiﬁ?éﬁﬂﬁﬁ
chl ori de anions reduces the ampunt of 20 chlorine dioxide that can be
generated by a powder containing the particles because these ani ons do not
generate chlorine dioxide efficientlylizn the presence of an acid or

hydr oni um i ons. Such disproportionation is mnimzed with the silicate
particl es ofinbabitdnentdas. L pom Thie sPPregte ipact itélce ftawasmted? ocessed at

tenper at ur eguWRoLAGAHLC e RaeFigd, of time without significantly reducing
t he anbunt of gas that” can be %engrated froma powder containing the .

particles. Wthotd€th&IaF Terkt PEUERR LAY IS tife & MRIRGDN, it
i s believedoEhabng@otihe misspihat i aheogcapahheeef aneast idibod iy hydr oni um
ions to.forma gas are dis erﬁggbméthin an .anor phous silicate natrk% whi ch
encapsuf at eSUFAECENPINE "B ST bbbr tP oRaPPEASSF OEhF R tEViER AR dét*because
i nt er nol ecuégpokihher atis enar hedaveed hbbsthier tbeganeedt e3amt erdiietigs zed in
t he anorphous_sili.cate natrix. h chl orite-coptaining sil.cat articles
thermal |y 43785 BIERt L5005 HADhHAE S0 o E aliperar BPEasSovd Sha e
deconposi t i ehmbepperat wuerwiursbidiqint ol svikteceenabl i ng hi gh tenperature
brocessing of thgnpartholes ot aondess ot ghobnd; bhe Rantiglas,y S

wt . % and about

Preferably, each silicate particle conprises between about
95 wt . 48 si | FertEPlbénge&r® YR oM 0D AnB2EBBLR L 3BYWP lacdmioidicapabl e of

reacting tongessialead g@ental dhwvdOr aBPUEhES] Whelft i BEINt 260 @xd¥¥igig
preferably, the silicafe particle conprises between about 10 4 Wwt. % and

about 95 wtthespevegre Loh@Het DR L W58 aAJraBBLEAES SR, % ani ons

capabl e of ¢6AEL6DUihG gRREIfAiEn L1gApowdErupntd eheubtlRsihe¥ed nert core.
The silicate Partlgte is.substantially free of water to mnimze diffusion

of the ani oRSEFALBALHBUENGh WRF&STF 43 f urt her processing the particle, such
as whers t he partThbesneeatddded 4 ;laso adilieodses| uor 3 @entaidnioty an aci d
rel easing agent to_form.a er_for su ined.rel ease of a _gas. Far
pur poses ofg?%%oﬁ%éégﬁtaiﬁ@%h%%ﬁmo tﬁa@%??%é?% %ﬁrﬁﬁélégrgsg%ﬁffantialIy
free of watsuriréuR@inpetiomataxialater é¢mhaheing| frasbnpast iodl ¢hdoes not
provi de a RaLbuBYalor ol RAXBSIHP, Cufl 0% ¢ Qb bErRARLLE! €rlent 0 a
sol vent . Pﬁg%era%? ., eéach f‘f%épsiﬁ%éate pa?ticle$ ?ﬁc udes ugeto about 10
w. % pref PABgTupand SERASINAMENS RHERAGR t HOUTOPFBYFEI K§ Fensddlkea
pat hwayp f ora gl ffas98e &r GBIE-iRAIMd Cd£s t Préhec 88! ¥ERHerARNLY Ieihgat e t hat
is soluble in water or a water,  solution of _a water m scible organic
material, sHEACSRDEARCAFEFHAUNHGS dite FUTH 8% hyl f or mani de, can be used in
thg 30 si : icate patt habesedf dnfidinvand icgfl.ti&li 1xa¢aé1eti§bhi gat @.S.rigl&(tbdde
sodiumsilicate, sodium netasi]icate. sodiumsesquirsilicate, sodiu
orthosi | i car®,2 b8 5§Pgi8§$géoéﬂﬁf§ﬂqﬁﬁ%uﬁﬁg%%%?e%. %h@aggfﬁ8 of’ ™ gﬁfcon
measur ed asatSh@@phereal kakirowtdding dtlieomakeasiakdoaseM@éncinghe silicate 3~
particjes, i i | e A pm t { onsi st f i-dmeand
ot asg o EI‘PSS kgx;lé'vsé%"nbzbﬁgzte g&ag:%l N U0e 91 QUG ONShSELPY AR sR9dlH

the powder, and exposing the powder to moisture to

release a deodorizing gas from the powder into the

atmosphere surrounding the material.

Another embodiment of the inventicn is directed to a
30 method of retarding, preventing or controlling

chemotactic attraction of an organism to a material, by

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

35 into the atmosphere surrounding the surface.



300 cr 2002 and about 3.5, preferably between about 3.0 and about 3.5,
nost preferably about 3.2. Commercially available silicates sui%ﬁl{mgo?
use can contain additional salts and additives such as copper C 3.082
The silicate particles also contain anions which react with hydroniumions
to forma gas. The anions are gener all[% provi ded by salts of the anions and
a counterion. Suitable salts include al kali metal chlorite, an

al kaline-earth netal -chlorite, a chlorite 10 salt of a transition netal

i on, a protonat &reprinManticrcbidal §ol iraites ytantnBet&oda afuat er nary

anm ne, an adealdditRf,alpid-patht 8he, odNcahltaldNerearéRemBakhisul fate, a
bisulfate salt of a transition netal ion, a protonated priimary, secondary
or tertiarPHAHAREIOH A B REIRFHEFY CRNEn&ALEF H kal PYnBPRA&CdA [ te, an

al kal i neegwaft_ermtaal a$ii_lj|afdédrﬁt: #hé upbwtiersaldndfespds angi then pwidlr itan, a

pr ot onate rimary, secondary or_tertiar m ne, or uat er nary. _am ne, an
Bl Kal | ot AOASAIEEYED HF LERST | He- SAPER TRSRINE (77 | QLo AR rde A0 of a
20 transit gas febal tien pawdsot bnad edhpr iataiosplsecongaryocandiekt itdrey am ne,
or a quat e&g%re)éigqi ne, an al kali netal bicarbonate, an al kaline-earth netal
bi carbonat e;” "a"bi"carbonate salt of a transition netal ion, a protonated
primary, second@threar dbeirdd s yardi advaotageguatiertiag yi2geaniioe, wad lal kal i
metal car baRalao 3l llddie Rartd I8l ahCuhal s docarhppabe salt of a
transition net ion, a protonated primary, secondary or tertiary amne, or
a quatl@rnary anmine, an alkali netal hydrosul fide, an alkaline-earth metal —

hydrosul fi gg;e2 pRYEASH fdiles Bathe Ohradiadd ansition netal ion, a
prot onat ed pri maré,‘15 Secondary or terfrary amne, or a guaternary amne, an
e

alkali metal ni FEREe, laT K ATReSeREPRLASSaOMiRG T EC1@SnEp ite salt of a

transiti onpikalingn suddd Hanatetle REEMBIEY & SREPNdary or tertiary amne, or
a quaternary am.mne, an 3~ alkali netal p: ochlp%rite an_al kal i ne-earth

metal hypochl or FEES -a Iiydot H o7 | RROSAME CEPIE ah St i DhlMBESE 3 0 o0 c T
z00z 19 i oparaiplelkorRdEbiiddPd Yof SEhengaaseoit tiattémt Yoani ne, or a

guat ernary am ne, _an al kali al _cyani de, |.kal i ne-earth .metal cyani de,
or a cyanide sa?fh’ﬁf' 34t raé}glnﬁ o%r?reP;Pglsor?,%néﬁﬂToo’fjorh%tgaoﬁﬁ'ldrerary,
secondary eapngeherhicdon ariddunnidatguateendrancmiaore. o Pr efiwer ddrsal t s

i ncl ude sogF%Fg?é%?l%@&&@j cium) lithiumor amoniumsalts of a

chlorite, ul'fite,” sul fide, hydrosulfide, bicarbonate,
carbonate, hypo&Aloriltfe,imiarplet of ehdprdele ComEyd? aFPRCARAKPABIE f or s
of 10 ,ghl 0%&@&@%@% iq %ﬁirﬂ§d§9§{t 8bl & Tl si®n YEh: ageTexkoge (Vul can
Corp.), can contain additional salts and additives such as tin conpounds to
catal yze cBRVERSi 6RO e i The silicate particles optionally contain a

base or 15 a filplrer. 1Fhe dbasgront 6ol anr al-ease Dff BescEiom paetpatticl e by
reacting wi_ith hydronjumions that diffuse into the particle froman acid
rel easi ng fF&Fef BPWIRTeHATRUEE 176 the anion-rich areas of the particle
to forma salt. Filien 1tshe hase ésadepreted, cromasssdnytdionain 2Qewons &hen
react ,w th _t.he anions wthin the ril to far gas, sThe filler
contrg\lgns rgll gsgogpofe\g%so%ya c?%é??ﬁ%aglh%élrsr irIeeF oﬁaif Il]'gl on of hydroni um
ions. The anounFIGf. WEsd oradi¢kaggerahied dressorsecahobalanjiest of ©o alter

the tinme p%riil%d Cg%%%rsghcga%faisge %J?é??ﬁanUle@ tl{éec“?g;r}pgrti cle. For exanple,

the concentration er can be increased if a | onger delay
of gas release is desired. The silicate particle preferably includes a base

or filler ipfrGhhQu DAY QISi & CoBr ER8NPrdEdriiPatrih s embatst abi | i ze the
chlorite durrng _preparation or | . . .
In accordance with the present invention, it has
30 been discovered that anions such as chlorite which are
used to generate a gas can be stabilized against thermal
decomposition by dispersing the anions in a particle
containing an amorphous, paracrystalline or crystalline
solid solution via a spray drying process. When the
35 particle is dried to a moisture level of up to about 10



30 the particle or a powder containing the particle. Any base that reacts
with a hydroniumion or any filler can be incorporated in the_silicate
particle. Suitable bases or fillers include, but are not I|ini8d} 6T 2002
al kali metal bicarbonate such as lithium sodium 3~ or potassium )

bi carbonate, an al kali netal carbonate such as lithium sodium or potassium
carbonate, an al kaline 300 CT 2002 20 earth netal bicarbonate, an

al kal i ne-earth nmetal carbonate such as magnesi um or cal ci um carbonate, a

bi car bonat ewSaft &hen RFENsTie oRliABPAVeBoHery plewdnatiat yatsmryhickcondary

or tertiary,anbpe rr HretdSENAEYod BAENBasHER 12T ANl cgdbonate, a

carbonate salt of a transition netal ion, a protonated prinmary, secondary .
or tertiaryfari AEStEiNed FERBMEYCANRNE2San al kali metal hydroxi de such as

lithium sodium ot peiassidsn byehodideovanedl kakitne aardds pivdefydr oxi de
such as_cal ci um or 1g>na esi um hydr oxi de g h&d&g¢ide s%g%]of a transition .
metal ion, BEFPBL6Maled JrTeryS SBRORARFYCOR Yalrfy &7 aCiehinfd e iy

guat ernary agene puolviae auataimedydebzeade, ofnaakeal iafimeiralbgphegphat e such
as di basic Lhasi c es i_ne-earth t-al_..ahosphat e
such 15 as %%gé%glgu%oor“%tq%a}iaéci umﬁ%‘)%%é% gt%kg%hps)h%gp atte sa 1t%rol‘fpﬁea’
transition pesalfice sadivtaamrhedapei panydesenprdar wtortyeradlary ani ne, or
a quat er nar i - i S j i um
Sul'fate ar skl Euad TS oAt b Byauen B A0 AR

sul fat 8 20chesupiave ssabl ofbecavanstie oanheral aren stahildresatadm mary,

secondary ofnpiegbiany Tutsord) SulWai§rNasy] aALRE §4¢Rias ampry um
sul fate, an alkali netal sul fonate such as sodium sul fonate, an

al kal i ne- eaP¥REGErSE embosHMat orthe sRPYeeht Ensardest agiongnsi ti on met al

ion, 25 a phieifoaned @isPrnsedeaeddanyapsul £FE8awWY taTinNg, Or a quaternary
anm ne, an al kali netal .borate uqﬂa%%gforax, an al kal ine-earth netal borate

i
such as magheR? uAlorAldEoARAFP B S AME Lot *Fa MR andiSti on metal ion
a prot bhat esnpapealpresebyndargumstderiahlty bmsodnble 3i3Qcquat drayary

am ne. - Powdorsgf (LRe LAKentln Yarl ause poydet s Logorarating the particle
can be prepared acc ré]ng t 0 the T niventTon. Powders incl-a iﬁg codted
particles afe ahdtuberacsdodim=Gs. the ghowddesengbupgewders i ncl ude a

particle corgnstsfeyaded BMADPRGLY inSePodndt 722988 network

containing anions, a substantially insoluble silicate,

20 and the acid releasing agent. Since the thermal
decomposition temperature of the anions is increased when
incorporated in the powder, the powder can be processed
at relatively high temperatures as compared to processing
the anions per se and provides sustained release of a

25 gas. Release of gas from the powder is optionally
controlled by surrounding the powder with a hydrophobic
material, a dispersant, anhydrous particles, a water-
soluble material, a water-degradable material or a water-
swellable material to control and delay release of gas

30 from the powder for minutes to months after activation by
moisture. The powder is easily prepared and can be used
as is or incorporated into various end-use products, such
as films, adhesives, granular blends, powdered
compositions and formed objects such as tablets. The

35 powder can also be composed entirely of inorganic
materials so that it is odorless.



21 rel easing .layer and, optionally, coatings or anhydrous particles that
cak-del ay or control generation and release of a gas. A powder .including a
particle as part of an interpenetrating network is shown in Q 0[§$- 2 5
These powders include an interpenetrating network containing a silicate,
anions and an acid rel easing agent and, optionally, coatings or anhydrous
particles that can delay generation ah% rel ease of a gas. A powder
conprised of a . ,single phase §oliq solution or 10 interpenetrating network

can al so b&3FES Sl -+ RO+ -RENENTE ting the particles. Powders of Coated

Silicate Particlies die cntbedhedntertt ahed henvarvenbhpnaapaghownel AsFI G la a
powder is conpri.sed. of a.$luralit% oﬁap%gticles 10 15 including a core 12
havi ng an SEME@TFESAINFTEYBF 4559 10D e Sur #RcBTPEPHPUShe core. The
core 12 copprbseysafldrinel erasrgesetiliest ahovied Jbeutagar ldhencl udes a
silicate and. acid rel easi ng_agent. .Preferahly.. the core.contains a
substa%ti aﬁf{)}%glr?oraﬁflcﬁieou%a%l j|‘%a g, %%r? ttlﬁlg %atlsa?ll?%%fanf‘}‘}mt A& Paysr 14 is
subst ant i aepewatter i bl eThal pastdieliehedrymind Jone preferabl y

cont i nuous ubshanty [ rt] i a_.di sconti nuous
| ayer 14 o?ﬁégs%ébﬁgﬁ?%}?ﬁ%%sgep%@é?ggguggcg%ﬁgﬁf%??gﬁgggﬁﬁeagreIease of a
gas. 2~ FIerysaalilimsr atiesh ather éngraredies ditrdi Fenenef orheorRy et i on
wherein a {gyepnhldLOnt aidi figedeSpPhakaRt | dllyy Jed£51v830LHPbRsSEECcate is
between the core 12 and an acid releasing |ayer 20, formng a particle 22.
The | &Jer $8ChrATmErEeRhY fdFeF 1o ethd <3@ anidrizct hdosehetd6Ruei 68 used
to preparegiBera®eeid P 4% NbFRER OSSRt AN IS Ieededet OngRAEEAt € a gas
The | ayer 20 contains an acid releasgag a ent.ﬁﬁér%%lh the | ayers 18 and
20 are pr efBRaBRY O BTGRP RANE G L En BEAVS UG § %? BepaPticle 22

hﬁvi Eg di Sﬁ@mghgm ﬁmé)bef)nfoaiszeaa 22 |aallyefrﬁ:e'|185ftﬂilﬂi89 @érﬁpaﬁéabl eI

t hi ckness oyi des .acceptabl.e, _sustained.rel ease as. The particles 10
and 22 cadgglg8 Fi&qﬂj 7%9%?%Fe§r¥§£ﬁﬁ§&ﬁ%xﬁél&§)?$&ﬁ%%§%r % 57720 as
shownldn Pb&sdiblsoIvad 2b 4 oglasm par bictless a2 rpttb@8, or espectively. The
particles 24.gaplaiin an anfydi oys melesal capabl e of bingi ngovibh, yater.
For purposes 0 he present” Tnventron, “an ‘anhydrous At ef Tal doés  hot
cont ai n wasetyutiooh iss gedsordbiywat Baterivdt dlawing rgrse abtimateéon. 10 Wen
a powder r 1S X d ient..mlLstuge. o k

cont act edll\?\nb?%g\ﬁ/at%glraf% te}%%?/\élatgrgglagf Sislgsr%i@r%tegqtshegma%i%f raelélé}g%g?#éégr 14
or 20. |f $RRCPoRGeCSIRILTAT Bdr t FEFe§¥APEhe MiatRFoadeRiENg 00F hehe
partighes 24ronctheRutie] wnkfaceaof difepewden hfwrerd~ difbusing into
the layer 14 or 20. The acid relfgslng agent within the IQ%er 14 or 20 is
ei ther an XBPIPRRUSUL PCHATF YRR LARCHEThFIVFLPAed 1% BRE ST (F5eR0ta

subst ance & hakol eaet Widdhdhemapeet alhahidhf migas batigeddhed| ayes 14 or 20
to form an acid% or_a g}ﬂ%ure faathSEeof.thP ei t.her case he acid in the
| ayer 14 orSDREGRESSS, &8ah YREI RatlEr “FRt T6% ATDS i TFEF ab2r, forning
hydr oni um dbasoamg &heowrtiesnsninThieer maceirdalpr odicd BSexdblihj sthgdrol ysi s
react hon ni, J caunterl t I on_proceeds to
conpl %’?i o?éggg%rg&%y %?rﬁ%%%%gé ggu%t %Pg%ﬁgmgél&qgn%ﬁ%}lé‘?u\s/\hen t he
reaction isilacagei i fidwmurposeescioihanerasentha tyerohdtam thas

resul ting {&£eM wRe A% thdiydh 0l ysins rhbliyse il ABANead ayer; g0 LAt Agt hs | ayer

18. The hydroniumions diffuse fromthe lLayer 14 or 18 into the core 12
wher e more than 20% crystalline inclusions, preferably no more

than 10%, and more preferably no more than 2%.

30 The silicate particle is preferably in the form of a
substantially amorphous silicate matrix in which the
anions are uniformly dispersed and encapsulated. The
silicate particles generally range in size between about
0.1 and about 1,000 microns depending upon the intended

35 end use, and can be made of any size possible via any
solid forming process, but preferably via spray drying.



30 they react with anions to generate a gas. The gas diffuses out of the

powder into the surroundi ng atnosphere for a period of up to t_ Sl
nonths to affect materials situated near the powder. Powders fﬁﬁj(}éﬁa%?

at |east about 1.0 X 10-6 gramgas/cnB for a 35 period of at |east one day,
one week, one nonth or six nonths can be formul ated by the processes of the
pr esent 3 0 OCT ?.002 23 invention fix@ a variety of end uses, including
deodori zation, freshness enhancenent, chenotaxis control, delay or

preventi on sTicd s5lieduet pamtatcliessace ierifcéxetxatsiain,d bodiebhl oal and

deconposi tiop g %érﬁ L1 dggysggngi_lg&tl?r ELR! frg_, 19 respiration control, and

control, delay, es ruc on or “preventfontofr the growt h of m croorgani snms
such as bacteri a,ImoPas, emJQﬁépmealtgaé tpeotioreat immnd Wheigesrohchat eri al s.

Although the; pomeiess generaklycBrevidecsushy B%d Js%'dea%lofe;@a $e 188
powders can be 10 formnmul ated so that gas is rel eased during |le t han one

day if desirigFigasa pagtAelFaFYeARBduSdZzeTRE SEHRIET THICkahwe ‘Fl’h@%ﬁ?—l@ﬁ can
al so be prepageckd410 &wt@@ﬁe@lgta&sngaﬂar @éﬂ.@as@f et @Sst 1 dsisbraknd in

Ehﬁouﬁgegblﬂﬁlg{:fe & gﬁ?&?%k%ﬁﬂ%ga OEE :p@ml%&wr%%!bf%ﬁsthe
wat er - degra@ﬁﬁtﬁdﬂreweéeaemhabaetmbegml ghe trelmazepartTid esslidln FI G
4a, the part] 22 of FI(312 ? sg rourqdeg bé a Ia%[er 30 containing a
hydr ophobi c, ‘&au[ S ot Tt RP i’l\ﬁfle °d é?aﬁaﬁf: 58%6r &GO NEI1F abt et eri al
to forrmOa pam iagl @Bzer Wienfahe phetrécfe 3Zher iB4rcoatew widrh ke any

t er-sol bI I
wat er - sol u Mgl dags A0AD) GaPBL E1Lotnle EXPORSLILAIDIS! Wife!

wat er di ssol ves or terra or a perio o ST X m)nt hs,
preferably fQloaksa@etuhospsutdonnef 28 wahen, mbsf:obéevmr@amt acts the

acid rel easi éﬁ@@ eszp cl 3 te
wat er - swel | g%%g&%at erial | sagx%oggsy @ﬁg‘?gt@ﬁreﬁeﬁi%i‘,v\%to‘é@?&%?f uses into

the materi alZed tCaidef@l naterial to expand for a period of up to six

nont hs,15pr ef er ablay grcin s veeabghores 80 tReOgerNBth, before water
contacts the ,acid rel easi ng. agen Cﬁ tlng the rtlcles 10 or 22 with a
oRhsCEHRY HF F £

hydr ophobi ¢ HEPEHOPAT AR o t8i b BFlﬁEt EPHER e acid
rel easing | wstfadﬂmq)epaﬂdmiesuptcb ocklaravat Aad phéberial vaerrom sever al

hours to on ot at.i | rmlsturels
transm tted g &o‘p‘ﬁ%%?%gllg O%SV%] %$§ Vi ng &pat ﬁ&lay OC
T 200Z 24 ||¢tfertd11|ef fqlrsllqratb@tm@nc}vh@riféqeaslqnsoreﬁocaﬁdtm aMctht tdné

wat er tershe gl &y i c ding to the
mschan?gm d%glcl?)l 5’21 qibod\?'lej%%l ?ﬁ a%%? h%gai?/%?ggﬁa %g 2, 33 ang 50 are
preferably So¥¢ainimsushmPanbitant i eFyusni Ebeap anparsi dce 18k or 34

havi ng di scealriehu@wes d%ﬁné‘lﬁhéﬁldgoeﬂfléﬂeﬁfzlyaihagh% hieddeirss ¢ ovi des

accept abl e, sust ai ned ase, of
an acid or hy ronium 1ons Such disproportionation is

minimized with the silicate particles of the invention.
25 The silicate particles can be processed at temperatures
up to 220°C for a period of time without significantly
reducing the amount of gas that can be generated from a
powder containing the particles. Without being bound by
a particular theory of the invention, it is believed that
30 the anions that are capable of reacting with hydronium
ions to form a gas are dispersed within an amorphous
silicate matrix which encapsulates the anions.
Disproportionation of chlorite is avoided because
intermolecular interactions between the chlorite anions
35 are minimized in the amorphous silicate matrix. Such
chlorite-containing silicate particles thermally



gas. FIGS. 3b and 4b show particles 32 and 34 having 10 particles 24 in
contact with the layer 30 to formparticles 36 and 38, respechi .
particles 24 contain an anhydrous material capabl e of bindi nggvgfmm;ﬁﬁ)z
FIG 5a illustrates a particle 40, another 15 enbodi nent of the invention,
in which the Iayer 30 containing the hydrophobic, water-soluble,

wat er degr adabl e or water-swell able ndt®erial contacts the outer surface 16
of the core 12. The acid releasing |layer 14 contacts an outer surface 42 of
the | ayer g@ecmpgrsdart 28 téspeagenrs8(adbepar dthes dewomposit2oftir om t he aci d
rel easi ng I . g f ' f RLON I ' ore.
The core 15%%%%‘2@%‘9%%‘?%% gisﬁggggr%i’bre%‘ bgg'eﬁﬂlgﬁlg F%@Bg&:{é&uﬁ-e

rel easi ng Papsesinanehi hke apartidles| oxsipoydegentconttafnigsbhet he 25
particle 409f jRliGg5a is contacted with the particles 24 to forma
particle 44. \Wen the acid rel easi n?_la er 14 is exposed to nojisture, the
aci d rél easi ng &geafkerablydroagledilicprEasPagtddle ARMPYHFORAI BACWESS whi ch
di ffuse framdute A6, £ ede@sipeut aysr wkost Be 1liavtle 3heBPadhcalpdroni um
ions do not diffuse into the corg 12 until

€ en%:igh hydr oni um i ons or
noi sture al&-pr 12991 % 0 |9y ef 3BPBSpFERR eaopéa/ltIFﬁ%SItT'B‘ﬁ to
irterdiffugeaedataveengdde dwyelip30oaabotibe 960ke. . sThithd By etoB8 . CORbr@ s t he
rel ease of _gas b rol ongi ng, di ffusi on_of. droniumions 35 into_the core
Lo del ay  REET PR ot 5t (AT ANE BReREA TEhe SRttt crdoreaba=bitie.

Al t houfh t hewltagerand alodk 93 Wt 0%CsT12082e25 b2l warem plsber abl wtcént i nuous
and subst ant izal i for a i cl r. 44 having di'scontinuous | ayers
14 and 30 g%‘dvaalrk%éébutlnel hwr%kﬁneggéé%vﬁaégbggcéﬁt an’es, 2y n%%n?gﬁgése of a
gas. S FI& @asi,| larst ngt e aalpant | 25 ewdd6%i anetricclecd®e. | ayer 30 cont ai ni ng

t he hydrophobic terrs I degr I, ter | | ab terial
contacts the quél\f?ssﬁlr;lngAeé% '%Ify\%&ugél gge?_?gkgggtlg:%)ﬁgﬁ%\%uégt g’%ttlggl Iy
wat er - i nsoE@bma ngimdj zent @ £ fied @i i @f r eneasnagnBayet 2 EANLteorn aghienan out er

surfags 42£Qkchle e A0 Icthd hak -t he1kayern 80 -SeRAA! §snd he coated core
fromthe acid releasing | aéler 20 and del ays diffusion of hydroniumions

into the cBRELIF}SS @rSRdded YardR cREUEBUST SEPEY Yo £qrE 2 agt a8 with the
particles 24iH0rfeQrdnsi mprddade & féEmThepawtidr elpagurdayed 20 contains
an acid rel eisi n a}%lent, and the particles 24t1 c?x%t ain an anha/drous mat er i-al
capabl e of Thi ﬁ&is%g i tth 988 er .FRePUTRBSEE] O r EREaSTFF My et 99 F $Bxposed
Lodm)i st ur ehet h&ﬁa@hwl:er qu&??icffge ?genéuir:]swndliallylgze(t,reraaIcf.fasjzaltgeﬁc'r;d aﬂd

ydr ogjum [ Qns ich 20 diffuse fromthe.acid rel easi er 20 to the

yer 80 SRR APHST h HAREHc ot TR P AERF Rt BRhe Tid Wf9%h B3 i 1| enough
hydr oni um poovide mitthveaaropresensmiasibe bdyenidhd Eyprovilde a pat hway

for imerd%&&g%‘i@-] t?@&é’é?%‘ é&ev%ﬁé/.ef ?9&8%5“? | aueh Jcs% %ﬁ@ | ayer 30
controls the_2~ rel ease of_ gas by prol onging diffusion o ydroni um i ons
into the | 8fdicega Pardiglaheincledesi BR WPt ALAMCoAP W +Hin the core as

descri bed pbeyeraNithaughd hpdayes swd8s RQcardwd@ s Hed el abhy
conti 2uous angl substantially lcjg’%g&m a j[_)artl cle 46 or, 30 havi ng
di scoffi nuBlSH gy LRV 0D IPOB LHANi 5P PER £Hrie¥tdes
accept abl ego3yshai.ned rel ease of a gas. In another enbodi nent illustrated
in FIG 7a, the_particle 40 as shown in Fgg 5a i s _surrounded bg/ an outer
| ayer 30 contai fii g%clﬁﬁﬁtoeph%b?%,lﬁ\a?‘é}g PubPeVak&tecr & water
solution of a water miscible organic material, such as an
alcohol, acetone or dimethylformamide, can be used in the
30 silicate particles of the invention. Suitable silicates
include sodium silicate, sodium metasilicate, sodium
sesquisilicate, sodium orthosilicate, borosilicates, and
aluminosilicates. The ratio of silicon measured as SiO,
to alkali metal cation measured as M,0 in the silicate
35 particles, wherein M is selected f£rom the group
consisting of sodium and potassium, is between about 2.5



35 degradable or water-swellable material to forma particle 52. The outer

| ayer 30 controls gas rel ease by del ayi ng 300CT 2002 26 Rizzusi on of
water into layer 14 until enough noisture is adsorbed by the Igiﬁ(]@G'QQUZ
provi de a pathway for interdiffusion between the |ayers 14 and 30. The
inner layer 30 also controls gas rel ease by delaying diffusion 5 of
hydroniumions into the core 12 until X8nough hydroniumions or noisture are
present in the layer 30 to provide a pathway for interdiffusion between the
| ayer 30 an8™Ehadbesfe312. BFHRFably bekwpant pbrets3 .6 apdcabryt s

f:ont act ig wiata bgf) Jﬂ@sﬁab&'ief@&%tﬁ?l%/ tébc{@w n3 az par gb&h%r?&atﬂ@/l @Jdé‘iq_tafmé he
ayers an ar e pre er y contl nuous an supstanti a y unitTorm a
patticl e 525htLEACREYPHE CRELROIRT IR §3 cFOnEA 1Rnadss tapridy (52t

t hi ckness pandi déddiadeept ahlch =usdapper cehpasadef. a gas. I n anot her

enbodi nent illus ted,in_ElLG %3? ~ riicle.46_as shown . n FIG 6a
IS sur p%unded by’E%%l gﬁtllér@altgygra éclgeﬁ %%?%Q&QEE%POSH&BP& %C -sol ubl e,
wat er degr adadhet owitht bydswelilvablieonmttery i &drmoaf grm.a Fhet aclienss.arkhe
outer |ayer o] gag el V. L 09 di Si f water into

| ayer 20 uﬁ%%ﬁegﬁgaghbﬁgis?ﬁfgkﬁg%%gnﬁﬁggég%%gb§gkééglgggrQSO to provide a
pat hway forcowtleediPnusi Snisatbdeesalies |iayeledeoaandlBeliThetiadner | ayer 30

al so controlg; gase £¢| gasg 1Ry 1dela e wlidd L8] 08n 95y dr oni upmiengd nto the

| ayer 18 and the core until enough hydroniumions or noisture are present
in thel®s 125k 3D felprBFiddoR FeNfayi I 2 nPEPBEPRALSHORTBEERen t he

layer 30 angeidediayebrl8erkn dyGanfine t l@rp@r@stérﬁﬁrgf afih Ge 8@ S
contacted with ihe gariigLe51%4 to fornhgﬁggrtlcle 58. ItEough the | ayers
18, 20 and B0°%re Prefer BBFY ¢S nfud YHsEaRtaPFy2ni form a 30
particl e 5GisubBitayi agbdssddnttiensals |afy ek st #8ns20iandmd0adf ivar,i abl e

t hi ckness ' c e, tai rel ease_of a gas. The core 12 is
substanti a%lgg#(%g%t%ﬁ %g%@rgr s %%s%(?%ld;a:rg’ a ‘ov%ezfgf'af%eg@fP?Can S‘arti cles.
The | alfers @ratlelrnd8y 20iard 3® addatlhe npral ctedf 2de ar ensabkbinnieal |y free
of water t I a . ~gas _prJ, Qre .t f_th 0. C T 27
powder . Fo%ﬁgﬁg%ggégégfg?%ggﬁgésghﬁq%%hgﬁ:%ﬁ%gt%g %agggggig}gTSW%gggand
30, and thelgrartad cpestorated paylisEanti ddgendaey obrwaettiffyt Beiasount of

water in the-povges: dPRs-POLmInRVI de analivay£Qf Lippsglsshan of

alkaline-earth metal sulfide, a sulfide salt of a

20 transition metal ion, a protonated primary, secondary or
tertiary amine, or a quaternary amine, an alkali metal
bicarbonate, an alkaline-earth metal bicarbonate, a
bicarbonate salt of a transition metal ion, a protonated
primary, secondary or tertiary amine, or a quaternary

25 amine, an alkali metal carbonate, an alkaline-earth metal
carbonate, a carbonate salt of a transition metal ion, a
protonated primary, secondary or tertiary amine, or a
guaternary amine, an alkali metal hydrosulfide, an
alkaline-earth metal hydrosulfide, a hydrosulfide salt of

30 a transition metal ion, a protonated primary, secondary
or tertiary amine, or a quaternary amine, an alkali metal
nitrite, an alkaline-earth metal nitrite, a nitrite salt
of a transition metal ion, a protonated primary,
secondary or tertiary amine, or a gquaternary amine, an

35 alkali metal hypochlorite, an alkaline-earth metal
hypochlorite, a hypochlorite salt of a transition metal



S hydroniumions fromthe layer 14 or 20 to the core 12. Preferably, each

of the layers 14, 18, 20 and 30, and the total particles 24 é‘.}rge i he
outer layer of the particles 10, 22, 32, 34, 36, 38, 40, 44, 14 %‘T ggog

54, 56 or 58 can include up to about 10 w.% water and, nore _ ~8
preferably up to about 5 wt.% water, w thout providing such a pathway for
interdiffusion between the core 12 ahfé the acid releasing |ayer 14 or 20.
| nsubst anti al anobunts of water can hydrolyze a portion of the acid

rel easi ng kyenta terprovatedadird Wy hy@repndaryons Gethilamheaminel, 1~

rel easing Alayaer uJ@@rﬂxgpoahH@é O atm@y@rmeéalnega%fdfeuseaﬁ nto the core

unti | eno\ljagwf Eresent for transport of nium.ions. The powders
of the in 4301ff‘%a$‘|a1f Bl pasadosvatydqq . et aa@kjﬁ{liléﬁalsalla?yé?fs)a bet ween t he
core 12 and-ddwi 2lbh ayees114o8f, %Ogmom&a\@@a phemhayer selbbrfardP sd the
outer surface of the Powder SO Ion% as the coatings_do _not conr%; etely

prevent t FETdiFF08i YAIBE / h§dr SniAnASSFRETY oFTLRE - acPaSEErESS ]1%t°yer 14 or
20 to the ierlaude? ©bdthikf Uﬁ)b@.las@fluglﬁ,s dabaithe poHvHetim Ab:{ eagdhium

di sconti nug 25 ers, are,acc t he_a i onal rs are
pr ef er abl agbstrﬁ Ch’to sSRAhaT %EJSSti)p %%elyt%hi?%fgfg?he B&\f\d S preferably are
about 0. 1 hpdxraensl f bdapoli ca rivonaitreet eTarbosa ze, Eppdehiomﬂ:le;,dl ng an

|t er penet L. NeL oL, 3040 Anafier. Sberl eol of of he cLygnidion s shoun

in FIG 94a,” a powder i’ conpri'se articles cont ai ni ng
an i fdder p@iﬁiqramengarm@tmhkrﬁsaltﬁe awmtearkp)bmefcpat usg, netwwbr lascont ai ns an

T amor phous RArAGl yaal LhRecatocystald ieeelh daggltiban: aahens i that

are capabl reacting dfoni umions to generate a
gas, and @@@@W&%I%&%ﬁn@sagéﬁt coTReOWHlS t@oFyERENZOf COpFersion to

i nt er penety ﬁtégwg network is preferably a substantially anorphous materi al .
A substantially waterinsoluble silicate preferably surrounds the 5

i nter penetrati fSetbkkaE8 RAREHCAE SUiGH LS bY PRt BAN0ASs biaseo Athe

fol utgison ;asﬂltl%@rilp?ﬁ@ E?erl@%@roi% ezSeIdéh@ala ndt:»fﬂgﬁs:c.@?émOfth%m ons needed
0 generate ernative i d soluytion o

i nterpene%qj%a%&w%aﬁﬁﬁngo%ﬁﬂ“n%é’%% U o} BT e RAF | Bélféuslgor 10

pur poses dhtdde Her Q_ﬁa?fttld:mielﬂtrbmn,arﬁlacndﬂmmim@tlageﬁebwork is a

mat eri al corrprlccgl%% I’:rgore phases. c:llﬁn I\ % ﬁast eI hase is -

t opol ogi cars Lfﬁﬁ)ujsn??o Sn8 e TSt dte ?% Ahot REr PaTHd & tcl es 60
are eit herfc&md iad gaiot . shoneh ohehblaIS@N1(§|®D?9@t)edanebcaeeaghu'@n'@muyam~
SUDSTA! | Ak S | £8lcr TIEROVIE! SACETLNAN s A1 0 a00UE ot Tk 0 {0

ut 1 mildineter in ez r car. also inc eparlcle524wh|ch
cont act arfomm gr aag f ackhef f@ﬁiéep’aﬂqﬂ@l@]ﬁ) eleree epbeddodsi byt he particle

as shown lc&e%&nqﬁ%ba t&é@i&Zgopa&tﬂf@sqo% off ey @aEk 1 ¢hesodd .contai n an
anhydrous nater | capabl b| nding with water. Wien a particle 60 or 64

is exposed‘“\%lf%rrtﬁferﬁa%lg%'u?é 8 Tk & RONTRES e3P PR RADSEEChe wat er
di ffuses itet @lidee idHErpenet patring helifdrk ds 19 Peleased from the

25 particle. For example, the concentration of the base or
filler can be increased if a longer delay of gas release
ig desired. The silicate particle preferably includes a
base or filler if chlorite anions are present in the
particle to stabilize the chlorite during preparation of
30 the particle or a powder containing the particle.

Any base that reacts with a hydronium ion or any
filler can be incorporated in the silicate particle.
Suitable bases or fillers include, but are not limited
to, an alkali metal bicarbonate such as lithium, sodium,

35 or potassium bicarbonate, an alkali metal carbonate such
as lithium, sodium or potassium carbonate, an alkaline-



25 particle 64, the water binds to the particles 24 on the outer surface of

the particle 64 before diffusing into the interpenetrating neévxﬁrk Qﬁm'laz
acid releasing agent within the interpenetrating network is ei e@Ca ,

a substance that can be hydrolyzed to an acid 30 (i.e., a substance that
reacts with the water that diffuses into the interpenetrating network to
forman acid), or a mixture thereof. #R either case, the acid in the

i nterpenetrati ng netwqgrk .di ssolves in the ter that diffuses into the

net wor K, fo‘?‘?ﬁ'ﬁg W?B\Iggn' AR ATy é%j]é%%rﬂ%‘ﬁ%?tl‘}’h‘éﬁéﬁcti on products
of this hyokf@i—béhateeamthoasamdgwmwﬁiaﬁcﬁnﬁi @mh b eaténsawhen the 3
0 o CT ~n~z, 29 reaction_proc s .to conpl etio or, roniumion -
count eri ondt SRT ROAREWAPHE Mo (e LR T b () i Fhui 71 BF PR TRe

hydr oni um ipnsmalry{ usecohdauyh arhe amitisrmersstired i ngr et quakeuonatry t hey

cont actg an t i | gas._ T dj S ut of
t he parsti C%&%S&O?'ég)ﬁ{' %%t %Qlﬁagﬁé{rﬁ r%%g%&a%ﬁogasphcear%??'g%é% %ée:wo%%o up to
about six nomamsitdonf Metelmiteri & Pratanatat meEmartie, ppewendaPpwders t hat

10 day. one Seeke TonaribelOr L AARRAN Trihl S ITIAEE ety oot one
processes dFA¥RXbEBsEHED AFeRtitdd Whr SPdial &y Rﬁt%‘?ﬁﬁ-%e%Yg-’a%xH@§cri bed
herein. Al thougicilenpovdets gerenallyanodde gustad ned¢ehrase of a gas,
t he poi%jers can be fo Iateg SO thatyﬁas, js released during.|less 15 than
one dalf i - RRERGEHIPoPY S BELPEe U Y, ’i}sdee. ﬁﬁxfert B be .
prepared t mdidt hesndebhagrgenangeidoprdfnadys gasontharpast itd£ Hdrgan be
surroundedaqt%aéma Ia¥er 30 cgnt ai_ni n% a kéydro hobi ¢, wat.er - O|¢Jb| e

vat er - degr AIEBIY or Tt SHEERETTPAN SHECLA ST £ FOFITE S PATTTEI4° 66 as
sh?wn idn Flaa ali0alheataheppasphealte &Qlcm)aseaﬂi\hats{ihca matterrik&gﬂi;ble or

wat er - degr e i s_ex tQ misture, S es or
degrades t cei%r:&lﬁ?ie%@%ll E%grksa Sgr ?Lgd%%gfl%%pr%%ﬁé b%rtr;gr%'t %s%r?ﬁ{e?tgér a%?‘yll{from
sever al5 hows hiccaheinvneh, théfedeinm ehospiedet, s R2phdaplaia selteasfng

agent . Wier, the,0ai ¢ i chenba803be0 W LR otkerr seallal) e S Al | s

exposed to noisture, e water diffus into the materi‘al and causes_the
materi al t CRRIFLEBY aATHBRI 08T0R GHACGIEIRYNEALRS , Frefakilly meoid

several houpg f£x &SNguBARNEE, sbafame ot iRt a3 itaN A tratde Atidl k£l gasi ng
agent. Coating,.the Egitl cl]e 60 with a hydrr%phobl c material als rol ongs

the diffusi e PHE 62F fie SHfe Afe FEt At e T RIS 17 S fet59d of up
to sixXOmntahsulpfztferably 6fom sewrersdlt ibounztiad das ,neantgrot@asated ease does

30 to provitdd BTNt FRayFOR Y nPSr GRS on et et Fe SP DB T 2002 30
i nt er penet rating siechoak andonham sydifa3e. Aht edkeld weterl conifanate he
descri bed S o TR B PRy e e e and

sulfonate, or a sulfonate salt of a transition metal ion,

25 a protonated primary, secondary or tertiary amine, or a

quaternary amine, an alkali metal borate such as borax,

an alkaline-earth metal borate such as magnesium

orthoborate, or a borate salt of a transition metal ion,

a protonated primary, secondary or tertiary amine, or a

30 guaternary amine.

Powders of the Invention

Various powders incorporating the particle can be
prepared according to the invention. Powders including
coated particles are illustrated in FIGs. la-8b. These

35 powders include a particle core surrounded by an acid



5 substantially uniform a particle 60 having a discontinuous |ayer 30 of
vari abl e thi ckness provides acceptabl e, sustained rel ease of gaﬁg%rhgggg
particle 66 can al so be contacted with particles 24 containing3 n % S
mat eri al capable of binding with water to form 10 a particle 68 as shown in
FIG 10b. The particles 24, 60 and 64 and the |ayer 30 are substantially
free of water to avoid release of gaglprior to use of the powder. For

pur poses of the present invention, the particles 24, 60 and 64 and the

| ayer 30 ERLRaSkuBstaneralPng f et HPnaatEr FPAEABISMAMEAHIYARAET in the

powder dogsartoicPesViHatracpat hi/@yalfocbrté@ﬂéﬂb%'ﬁ@ﬁe&fatﬁ)&{ QHam ions from
the acid rel.easing ggent to the anions wﬁtfiﬁ,t e inter %gﬁ%ratin net wor K.
Pref er abl FEXERTE oP Tt ReFBSrti & VDT BACLPALNFafePadt:! FHhP D t ot al
particl es ¥ anbedtedpenetira tdiricernétayerk of st Sropar HircIFI@AN gahalaksle up to
about 10 \afts%)water <fgimd r.mrﬁ eferabl% ug to a%\)gut 5 th:'% ter, wthout
provi di ng eap%‘?ﬁ ﬁﬁﬁylPS UGt &1 P LRT RN BEF RedfRS ME M %hs and the acid
rel easi ng cagereinmihdyi a shéicatter,penetiond | agd 28n natwdr ke llassibsl atdrad
amount s of te ol t f acid. r.el,easi a to
pr oduce aan\éxﬁancgop %?%?g%?gm i)%%st,ﬁw %ié\fn?%lgycll%\ g?p ﬁ%ttrla lle%g tne tv\o%rea[g The
hydr oni umdedrsy, domevat iodoamst uHfdase ehraughst heAngomsisk until enough
water is dﬁﬁ?ﬁ rokran ty Of Y. b UM, 4 Powders i ncluding a
Single Phg_'rse I n Saén&(;tﬁgr%e%‘gggilr?erﬁ%é‘ltﬁpﬁvgﬁ%?gg?%%\ggMe( is prepared
fromlPart iiEItETRERALEABRAY BEFMABFIT 3l P NgRePPRASE cEiHGUS,
paracrystqudybdyagiﬁgtghgig@ﬁgﬁdf&§5 solution. Preferably, the solid
solution contains a 00 T 2002 31 water-soluble silicate, anions that
are capable of reacting with hydroniumions to generate a gas, and an acid

rel easi ng agentpowdéerpovtetoadelsiol i dwtaldeapeitiekes containing an 5
anhydrous materjal which cqntact ;a;tgfro ter, sur%ace of thgﬁe’art,i cle or are

enbedded in t heh&PRF cPEPOFHESRTh & Rt O 28aSERME ¢ Bifdi ng with
wat er. \Wham ,t ke govdler is esppsdtdd ik eplur®l 5t yr e fopagthielsssa o

cont agt ed .wi t,h ter, the er diffuses into 10.the.single phase. If the
pondar | ndt e HE Anfighroas BRI ctl 9T VBT b ABiREs PG Ena Sy dr ous
parti cl es aon adurenuserfgaef a6e odf thwe gpoueler Dt ocerdi flRusiompriises tehe
singl e ph : idiLg [ gaﬁ%% Wi 44 .Skngl.e i,Ss either -an
acid, a s%%g‘tté-rgc}ge f%%td(é:a%?'g%e%— ydrol yze tnlogl %‘ a(h:?d lfll"’. g.a,%%aasubstance

t hat reactss hiiqate hendeder achst ndf9amiang iagent he Bragesaplasethe form an

acid), or /g %dﬁfamgrﬁotéubgr&a@wiwlycaaﬁgoreﬁt@ugcg@1ii'aatt!ae, $indglephase

di ssolves in the water that diffuses into the powder, formng hydronium
i ons &nd £iddERtet i bn. £ FA¥eredd ilh PirRRrsidt LYhathydrol ysis reaction
are hydr oning®ltise ANIATEHBLEH @ Viheredt et reactrefepadegeds to

conpl etion, qr. hydroniumions, cqunterions,_acid and ter \/\3 n the
eaction COT IR | BRR LRROTRE M oY T SRE" i 1828 SLRTEUGH the si ngl e
phase unt havtiney «obi acdtnlbnantd s dagtem 14 @fhioasisblgentriakesasgas. The
gas diffu f_t roing J [ ng-a here for a period
of up to g%o%lﬁlgsei‘é; ar"r%%%ﬁgg%\ggéf Félc#énla eec?:“%%géﬁ;lg%ugf‘_eénﬁégr t he powder.
Powdedds that réEase2atildustratms a .o IrsfgraadgasbodBmeor @£30 period

of at | eagh, ong. flay. ; She, HERks 100 YIVID 05 bk 4pALRS gan be fornul ated by

t he processe resent Tnventi or a variety end uses, as
describedSMQﬁﬁaﬂtﬂﬂlEﬁughtﬁﬁei@@ﬂﬂﬂhﬂ%ﬁ#ﬁ#%@$9€piévbééw§§§t&ﬁﬁed rel ease
of a gas, ddie powdeRs gaNabedl HNd A B Saddat2§asfbsming a
particle 22. The layer 18 minimizes diffusion of the
30 anions into the solution used to prepare the powder, to
minimize loss of anions needed to generate a gas. The
layer 20 contains an acid releasing agent. Although the
layers 18 and 20 are preferably continuous and
substantially uniform, a particle 22 having discontinuous



35 released during less than ore day if desired for a particular end use.
- 300CT 2002 32 The powder can also be prepared to furth del
generation of the gas. The particles can be surrounded by a %Qe%ﬁ 2002
cont ai ni ng a hydrophobi c, water-sol uble, water-degradable or

wat er-swel | abl e material as described 5 above. ' The powder is
substantially free of water to avoid rx ease of gas prior to use of the
powder. For purposes of the present invention, the powder is substantially
free of wat @raydrd hes aamdnl 00bfwataeriabi et lud ipdurkes's dnesvildlesiot provi de a

pat hway for t{%ﬁ@%%ﬂonsg%tgxga%nlr%QFg%era %méehe acid rel easing agent to |

the anions W e Singlre se $ch powder particle, the
hydr ophobi ¢, wat él?hgop%mtteq:lwat é0- dagr adallka @rlsmtmcshme egb&:etiailes, and

the total p@t'@ cabpdder ERelNaykS Qulen LAYYls dndiie parpteLe gan

i ncl ude up to about Yo wat er _a nore preferab yuptoaout
wat er, withedd Foviali FREBUBATEIFAEAWES PO 28t ertd SHaM iore et weBhet he

anions and the-@dks e £asbAgaddenh WhhbaroulRe nideahie phassapl &sybst anti al
anounts of water can 20 hydrolyze a portion of the acid releasing agent to

produce aci &&¥d 8 d¥ onf? u‘?’r??%ﬁs WE PRI RUFRESEFn Qife THFASFESRTEE hydr oni um
i ons, howeveamved i, Ohrﬁfaxﬁnyahbuugmatbelaun@o%sohﬁsﬁ duﬁtialixenwgérwater

t f t h I f
any’ posder GRAthG AHTOM HCEROaProHabir: RE SoWIoA Mo 1M 93 6 gas
rel easd0 and t he Wiedreasepaswdlerpof,i ke, cad be alst arse@xpmseailnIMSam]a.ysntsuch
as by changi %%s}t*h%ett ﬁ&e’ipe%éﬁé%lgf E?St88 8 wiEBANGIAG. R, a”b%f?é‘é

hum dity) ch“angl ng concentration of acid releasi'ng agen Silicate,
hydr ophobi ¢ ditferses 1@Omﬁh@ras@ﬂubbéeamnerl@e@raddbloer . If the

wat er - swel | ?)lglwger;at eas%gg}._gggggrmadg RO.,A¢ %S'bﬁ‘%ﬁét Mol ct ant to

t he powder t0 contr gas oncé e po i's expose
moi sture, cPagileges- Q‘heorhyﬁhépﬁééf‘-él syrépcyg Wdﬁ@@h@lﬂ“@%’cﬂtﬁﬁ@l‘%am ng

agent Ry changismg it ﬂawr@b@flhperagudoge@@r at rm@ BRI fre1eh Pify C T 2D02
33 therein, changing the powder m crostructure, l%tltutlng alternative
hydr ophobi C 2FENET v 10y ARRIr bB¥CFarti EFegooF-SzﬁﬁG SragreS R ¢l ci um

al um num or sQlUéQraerHlQM'@d@f&andbéah?ﬂi'omyzﬁw tbvarerk isial tis.e chaigi ng t he
et hod of Saprosessing e ponder . Or,chARolng Lhe 9rIe £, Addi Ll op of
the layer 14 or 20 to form an acid), or a mixture
20 thereof. 1In either case, the acid in the layer 14 or 20
dissolves in the water that diffuses into the layer,
forming hydronium ions and a counterion. The reaction
products of this hydrolysis reaction are hydronium ions
and counterions when the reaction proceeds to completion,
25 or hydronium ions, counterions, acid and water when the
reaction is in equilibrium. In FIGs. 2a and 2b, the
hydronium ions resulting from the acid hydrolysis diffuse
from the layer 20 into the layer 18. The hydronium ions
diffuse from the layer 14 or 18 into the core 12, where
30 they react with anions to generate a gas. The gas
diffuses out of the powder into the surrcunding
atmosphere for a period of up to about six months to
affect materials situated near the powdexr. Powders that
release at least about 1.0 X 10°% gram gas/cm® for a
35 periocd of at least one day, one week, one month or six

months can be formulated by the processes of the present



Rel ative Proportions Preferably, the powder of FIG la or 1b conprises

bet ween about 10 wt. % and about 30 wt.% core, between 10 aboutgﬁ)mr/?eﬂg
about 90 wt.% acid rel easing layer 14, and up to about 60 wt

particles 24. Mre preferably, the powder conprises between about 15 wt.
and about 25 wt.% core, between about 50 wt.% and about P5 w.% acid

rel easing | ayer, and up to about 35 W3. % of 15 the particles. In addition
to the acid rel easing agent, the acid releasing |ayer 14 may al so include
bet ween abdBVeRtiomoiar absatiedywetoesdhysest | alfadudiseg ubl e silicate,

pref er abl yahghwean aBH Zf%s%agg é‘QHHhcéﬁxe‘Mt Yoo rRIMb Dk £5 p&s&e&e@' y, Y

bet ween abqut 2 Wt . % 20 and. about Wt .%. Preferably, the powder of
2a or 2b CGﬁﬁFi}’s% Mﬁ%ﬁt’aﬁfﬁﬁ“i@ AF. FRIHGLALAUCT3ERESDk core, bet ween

about 2 Wt;%fé@da&b.@ﬂ Md\&h%ﬁtblcc&éeoﬁ@ﬂbatﬂb@gdo&i&t@:“o]l&r@@hlé@@&nabou'[
20 wt . % and_about 2~ re Lng hay r and up éolabout 60
W . % 0 th%rpBFFP’EF‘ s‘% %?%%?%’r%?a‘ﬁﬂ} P &ﬁdé:ro §+ B¢t ween
about 15 wie%tandtdoouto2pyevéacior, obetheegraalamlhzt oX \m&bmﬂgahmms%
wt. % silicate;caont ?’l ni_n Iayer f&% bg%ween about 25 % and about 80 wt .

acid 30 ref%ggl ﬁ 33? T ha U e+ 50% 0 3 oP éjzpoaarh%ﬁl The
powder s ofvEeres3an8mmr@fmh$)ly Ebopougk bbe\/\@emdza:hmjtge:lrﬁeml%and about

30 wt. % co n 70 t ai ni ng

| ayer 3~ %}?O m“%%@g%og«t’é% %&e{/g%n(gfa%og% 88t% A)og‘}éilecfcsa %a!golgéc T 2002
34 rel@asi ﬁgrﬂnagzeutemSox tiat pas ol abvetesscdt durdnst Regsarthath esng@4) and
up to aboug,50; wt déas*lw&)pﬁpp'& pél‘@éféé%k'béﬁd waker - degradabl e or

wat er-swel | abl e material . ' preferably, the powders of FIGS. 3a and 5a
5 conprise bet wiBR RBYECTSS % @’&%n’d"‘é%u%oQSCﬁP SL66r be 'PARRIERG BBout 25

. % and ap@utnh&@ wtel%ya@éhéﬂ@fémrtgflﬁuerg% agnd1belwesit abott 30 wi.

and about 50 wt.% h drophoblc vvater sol ubl e, ,wat er - degr adabl e or

wat er swel I%B@% maf&PPal i IBRr tihe BﬁméFéeoﬁoFﬁésswqol%nd 5b
pr ef erabl yrrent aanlae@-me;rb@hm& b 1.5 Way&%and abﬁuhlaan\g b core, between

about 25 bout 35 wt rel easin 4, between about 20
o 0 ang dseEoBEoRI, es’ratt%-ﬁf@?ﬁﬁ* ShSr LAOREARELE NS v 0% and
about 35 wwéd bydilephakiexiatates - Sdm{'mlbeh q;awaielel 32degmd&t1:laa oara,

wat er - swel | apl ag@& |a|22| na‘._Jb félgpa i0es popder Eiﬁwgso})ag?}

preferabl y contain tween Yo and ™ a ou %et ween
about 2 wcoswatnabgue lsfdmow}acsbicmaﬂ@t@onsalnbhg |u§a@er}81e9:mdr@ehe about

30 W (%aarkg%ut E% 49w\éﬂl%égﬁ féf"‘féi “@o@o%ﬁy‘iﬁepg@tléﬁ‘é bet vveg@?@lbout 30

. % and % wat er - so wai er-degrad e or
wat er swel | &b ePaBERFIL Sl 3|2n qaﬁe% gmat%eﬂb'éhd@ryaéﬁrﬁseéubi@ & 6b

pref er abl w,£08PL He§rAgEPARN n@epé?é&halﬁ W . ShpHd=abest m%@s‘ﬂ’h % caie, bet vveen
about 2 wt. % and about 10 25 v&/%%m i cat e- cont ai, ni n%? ayer 18, bet

about 25 W296AnG1E664VESS Ui HAWT FasPabeFaper 198, 3 RS ut 20
W . % and abeutodbiwt m¥nehd hepsfdidsdes Phomasdvbehnenpuaizowo havt . % and

about, 30 wt % hyd[ophobi ¢, val er; 50l ubl e, wal et ydegradable or .
When the particle 32 or 34 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 six months, preferably from several hours

30 to one month, before water contacts the acid releasing
agent. Coating the particles 10 or 22 with a hydrophobic
material also prolongs the diffusion of water into the
acid releasing layer for a period of up to six months,
preferably from several hours to one month. Gas release

35 does not occur until enough moisture is transmitted by

the hydrophobic layer 30 to provide a pathway for



30 material in layer 30. The powder of FIG 7a preferably contain between
about 15 wt. % and about 25 w.% core, between about 25 mﬁ.@baEpgangTVZﬁn
wt.%acid releasing | ayer 14, and between about 10 wt. % and about " Z
hydr ophobi c, wat er-sol ubl e, water-degradable or water 35 swellable materi al
in each of the layers 30. The powder of FIG 7b preferably contains between
about 15 wt. % and 300 CT 2002 352&bout 25 wt.% core, between about 25
W . % and about 35 wt.-% acid releasing |ayer 14, between about 15 w. % and
about 40 wt imrerdifdusdan dedyvern el bavyasenlabedt 200 and B&nd Aot 35

W . % hydr opheRi gatWat @meelsublg a/@&rrélé@giaga%?egr, walLhrsSualdabl e
material in each of the | ayers 3Q. The powder of FIG 8a preferably

cont ai ns bePREBRSaBEFOTESI Nk 0 £ite aBLsiy AgFEsi P &RMEY about 2 wt. %
and about 1R1wholfBi Icheatieyeant aini Nk ) ayeradd, 3behweepraiFeutapdsy w . % and
r

about 35 w.% acid 10 releasing | aye OT and between abqut, 10 w.o d
Sbout 43 wt CORhyRHEHFoBIE S %kf%,uab %rmdeargaa&%ﬁkﬁ 32" 0 34

wat er - swel | abkengatieésicantiimueash lafydiwe 1ayers, 300 dhe 3powderaafiddie 8b
preferably prises between about 15 . % and,_about. 25.w_. % cqre, between
Dot 2 wi . SaRGne82, BERVIRG e anaitts o SURe AT AP TRASEPE6T Bt vien
about 25 wgé&sand about 35 w.% acid rel easing | ayer 20, between about 15
w6 and about 4prik. Vel ohAC BRI G2 AOd Bt uRaN sabeuly ;1 e . 36 and

I e, water-d al%l

about 30 wt. % rydrophobic, water-solu egra e or ter 20
swel | abfe nBestialepn28aéh 6PNREY Hidrly Qe Iwvart B8 56i §ordl easing | ayer

contains an,ipp{ gRaLC 3aChadr 8lstasidipadentely he agLdpLekeasibng dsayer
preferably conprises between about 30 wt. % and 100 mF.?baQ|d rel easi ng
agent and uBoRBaEBoBn ROLYEAreRSt Mat&GHiah ¢3PPBlayeh Ringdiggl Mt salt.
When the acydrigl easing | ayer contains an organic acid rel easing agent, the
acid rel easing | ayer retﬁiablﬁ_cg%grises bet ween about %0 wt . % and 100

W .%acid rel east ﬁ'agénﬁ, HE (Gt B &k S 96 of P ueAO5AGTUp to 30 about
20 wt. ¥6 di spebsanhenandf nhee ipveferianl y,ibetinben eheulagkrwio% and about
65 wt. % acid _rel easi ng,age a 5. W . % and t 45 wt. %

di | uent andg%QFﬁbgingbgﬁg g&%Eegéﬁﬁﬁﬂabgﬁgaig %%i@%%?Spgsggﬁt. When t he
powder i ncl degsadaklhydrophobire swedtleig-e g tidg bal watetadegr adeblositar

wat er - swel | abl. y Q, ~the er, 530 y i en sabout "10
w0 30 BREShtE 36 ha 68 Mo hydroptobt o aar e orabis, 1

wat er - degr adabFacos alt EHLSRe S aBaE aet%erdfal Chaipl 2yeabaat S8ghwhe=di | uent
and up2$0 appEt] LPeWt 3% dopReasaR! tHRNGoFDI £ PFLER! BRLY achet ween about 40

wt . % and abgg{eggixg'%%9¥grgghgghFﬁelays diffusion of hydronium ions
into the core. The core 12 comprised a particle as
described herein, and the acid releasing layer 14
contains an acid releasing agent. In FIG. 5b, the

25 particle 40 of FIG. 5a is contacted with the particles 24
to form a particle 44. When the acid releasing layer 14
is exposed to moisture, the acid releasing agent is
hydrolyzed, releasing acid and hydronium ions which
diffuse from the acid releasing layer to the layer 30.

30 The hydronium ions do not diffuse into the core 12 until
enough hydronium ions or moisture are present in the
layer 30 to provide a pathway for interdiffusion between
the layer 30 and the core. The layer 30 controls the
release of gas by prolonging diffusion of hydronium ions

35 into the core to delay their reaction with anions within
the core as described above. Although the layers 14 and



5 wat er-sol ubl e, water-degradable or water-swellable ' material, between
about 2 wt.% and about 50 wt. % di |l uent and between about 2 wt_. % and about
15 wt. % di spersant. \Wen the powder includes two |ayers 30, t318 0%6‘('&2@@2
separating the core fromthe acid releasing |layer 10 preferably contains
bet ween about 10 wt.% and 100 wt % hydr ophobi c, water-sol ubl e,

wat er - degr adabl e or waterswel | able m&trial, up to about 80 wt. % dil uent
and up to about 20 wt. % di spersant, and, nore preferably, between about 40
wt.o and a%@uﬁrgopwf%nmbp%@rbténuwﬁean@sy&anﬂretl 1 ¥rudédradablee or
wat er - swel Lable et ek &y mtwangbeygc%n\etm{mm PR s 594 Wendp digl uent

and between _about 2 wt.% and about ™15 wt. % di spersant”. The outer layer 30
pr ef er abl yO€oNRALADL l?ett\héé’ri“%%%ﬁtp%[gv\%ﬁie% aFFERR e %W%I'F@bﬁ@@l c,

wat er - soI ubé@ea\g@t @I‘f degraaglabl e 20 or water-swellable material, up to about
80 w.%dil uent %ahﬁ- about 20 wt. % di spgr sant,, and,. nore preferably

bet ween about 4 Bt 260s vk . BRRYACIFhén &P vVéEi’e‘Fhthﬁbﬁéyer
vvgter gggrada/bgﬁlta&n\m/&tgerztgﬁa/\awcabibcltaphﬁnier| ahtebets%eib]aémbm%eﬁ %ar}d
about % di ' and be n, abo % a ou %

di sper san\t,\g1 ?’F%%Eiﬁl vE t"‘??et%vﬁ%? oF %‘ﬁ%&ﬁ%@ m&%\ieahﬁ% €30 and
100 wt. %osuaﬁacatespemettrlm|anmmetMrckanplnon@b@utSLfmswant%da]yidyophobi c,
water - sol upleepuaherdegnadabl e of vt epnaugll gble mmtarial, . pod Up to about

30 60 wt. articles rpéenetrating n erably is
conpr 18ed mnbécﬁéeﬁnab@&terlm@nﬂa%@om Q0 whedlefyex f3d ﬁu@?haghat;ont ai ni ng

2 S o3t e ARd anbons ccapthl e, Ol 1OROTLDG:LA. BBORY 3R 39 o Dk voen about

20 and about 8B % of a secon e containing n aci dare easi ng
agent, andr®EEAEERIabayEL? %@%ﬁ@lmmﬂw‘éslénc@ét i emiwe ions

i nterpenet{gtbngnBeEWREK 13 G C db 20@12e35a99%'1'e5@% Yt F¥@L eEai pgol ubl e
silicate. More preferably, the powder 60 or” 64 conprises between about 40

and 100 vvtc‘%"-’é?c'éﬁdl W%éhpéﬁ’é r%?tlf’h’gﬂﬂ%?m%? kEOuBoEd FEFRTHO-IR . 94 -

hydr ophobi The vat €8- §@haalsq, Hfes ﬂ@%@ﬂ@@hﬁsobn\/\@tﬁfd sveld abl ggmateri al ,
and up to about 50 rticles 24. Prefera the wder

o of
prepar ed f39R0t he""‘é‘gt fjpép ??c?%sc@aﬁﬁllflségl B %ﬁlﬁﬁd 100
. % of a samgbee pdaasemdmwg s,e;ctmfwatsrl i cahen aheamdicﬂ&éleémngg agent :

and ani ons1 ca ab%& reactl enerate a t o ,about 50 wt .

Py dr ophobi E8Y Bat &0 s SPuBREO IRt dr dRT SHiabf e bHenariR. ERIb RS raveltal
and up to Ja@olurydﬁ@IMe% ofr etllem sy droid @adthydesnllt\tm 6 prefwerabhy, t he
powdesn co b e b 2l 1 %, af .th j hase, up
to abo%t g%ﬁﬁﬁ/e h]('e%lkéfg1 E(l}%l %Lglv\(g?rer so%_P%F {)a%%:e?%detar %’%bqgéfep 56¢

wat er swel | B ehlﬁﬁr@niltalﬂ igng | trmtabbuirts@emnwwfchtehéaa«moﬂr%usrtl‘
particles. e%@htﬂ@dPBMﬁh G0y H4 ®R5idberpoyder ppeeraed f riaa 20 the

si ngl e phase partl cl es i ncludes a hydrophobic, watersol ubl e
wager - degreRIa®F e3 Or t RaPEPVIRS IaatfPaet}P"é@érf%é 1Pﬁ§rﬁé§éﬂ153@’br%re‘f’%%’i’y

cont ai ns hghaveeayaboub éﬁd\/\ﬁtl'i’é angh, 001 gvt . Yrhydl apbebhe, wweroBsl thke,
wat er ; degr dfble or water-swellable mate to agryt 80, wt. % di | uent

25 antf up 19 a0t C509GE. HYdi YN o dgk‘ﬁﬁr pfbéf %Pl%t%@éﬁ about
40 wt . % anthtabothe 9Dayér%1l8ydicopim]ba3c thetierrsatuhbe, wiaterardssisdabl e or

wat er - smellatgllou?@g alr‘%‘Et xa:?%éjé aZka/ove% aR_st%g g%%&wt %g _L'uent

and between abc di Spersant. erat ed and
Rel eased 18, 20 and 30 are preferab‘y continuous and substantially

uniform, a particle 46 or 50 having discontinuous layers
30 18, 20 and 30 of wvariable thickness provides acceptable,
sustained release of a gas.

In another embodiment illustrated in FIG. 7a, the
particle 40 as shown in FIG. 5a is surrounded by an outer
layer 30 containing a hydrophobic, water-soluble, water-

35 degradable or water-swellable material to form a particle
52. The outer layer 30 controls gas release by delaying



The gas rel eased by the powder will depend upon the anions within the core.

Any gas that is formed by reaction of a hydroniumion and a ni e
generated and rel eased by the powder. The gas is preferablyq%g £ﬂfgf§ﬁﬁf

di oxi de, sul fur dioxide, hydrogen sulfide, 300 CT 2002 38 hydrocyanic
acid, nitrogen dioxide, nitric oxide, Eitrous oxi de, carbon di oxi de,
di chl ori ne nonoxi de, or chlorine. Chl ®Pi ne di oxi de gas is released if the

core contains_a_source 0% %QLPG?%? %pions.lfuitabLg chlohite 5 _sources that
can be i ncoPhoratadi fto “PRE cared nct it B KAPF L hetBPUSRI BPEEEETSUER as
sodi um phl cncﬂsh@rlpedpbyashjeurhafmlroﬂia [ o) @bﬂKWi@e-eapghhwayanmhl orites such
as cal cium gl orht ee, @t SBNhAI LS Sac'r{es 1Y %;rfssaaa%w Ahel Q0ned
protonated prinary, secondary or 't er |ar§Y amne, or a quaFerna(y am ne
such as anmbayerm 20l 8l e comtiralliey Igamurd ke ohl by | del aghdgqdatéusaey

amoni um C%@r@&o@h&a%ﬁsc RIRI Tt61eS UY£LS 2 SM@iPSeﬁS%bH”thkeh&hﬁv are
stable at processing tenperatures in excess of about 90 whenh 1 ncor por at ed
in the partiteLANCEStEERISFS B e Dridsehite i ke i 3, tal PERVAESS 6r

processi ng gdrHwd @t f¥el Ynhiegld itfenpRarat Weasved! ©fd NEa plbpX3 deagheankng
powders can be used tg degdorlés, nhance freshness, retard prevent or
control chéiffitnds: rePafdC préveftSoPaHT R IF sthet Eal “@ed8nposi ti on,
or to kill ,cattactaddwichnthel pattirdeant24 e of owh ha obabatteei 84 . nol ds
fungi,,al gae, _.prot.ozo nd _viruyses. |.fur_dioxide is . released if the core
cont ailrQS b@‘tﬁ&é‘l@oﬁ’géuﬁﬁﬁésa ?‘oﬁ?.dséiosﬁ§eat%r% SHRRLY t R T LBRHE

i ncor por at exhd rdubsthentdadliyncnideral kal ipamtatl®Sbhicul 54 tesvsugh as
sodi um bi sy f Ssi i syl f - Al kal i ne- Lsulfites
such as caltacllsﬁérﬁq_bé)%rﬁ ?ggeihg?rgi §3| Taglttég BSOZIC%(E: VI(’) ‘1aaq?fr%2%ﬁ%%}ﬁe%t al ion, a
pr ot onat ed pyrdviales secentabyeor susteiimed ardlrasorof gueaernary anine.
Such bisul fate Sﬁit§n§9h9ksé&%8?$ﬁgﬂﬂ'ﬂﬂ%#éﬁ%é%g&aﬂﬁ’ﬁﬂ@?’@é?“ﬁﬂéte ani ons

and possibly sulfite anions, i di oxi de gas-rel easi ng powders can be
used flor f @5 Preseryat #enshevg. o Filfhi Bia If ctherRwied ey npdsPEF®A such

ast blr O\Anijnqagietxprm@%taﬁjh\s;ggf achiy@io .%bﬂ@,hiﬁﬂiﬂ%ﬂ%ﬁil%}’nﬁat@?b o
catal yzed reactipns. The powders c so be used for reduction o ori ne
gas concenf#%ﬁq%#gb¥ﬁc%fa@?FFE'SW§§ga%1@'W%ﬁﬁﬁ? qgmﬁﬁﬁmw%éP%r%+ﬁ num or

iron powdersd.s uyas dwersel dayeveby sohthrodY gdnerdraea 1y xd4l gy big
onlort ne Sl Gl e, guide. T8 RS A S LASEH nd DL IBEL 1 5°
20 adsorbed by the layer 30 tc provide a pathway for
interdiffusion between the layers 20 and 30. The inner
layer 30 also controls gas release by delaying diffusion
of hydronium ions into the layer 18 and the core until
enough hydronium ions or moisture are present in the
25 layer 30 to provide a pathway for interdiffusion between
the layer 30 and the layer 18. 1In FIG. 8b, the particle
56 of FIG. 8a is contacted with the particles 24 to form
a particle 58. Although the layers 18, 20 and 30 are
preferably continuous and substantially uniform, a
30 particle 56 or 58 having discontinuous layers 18, 20 and
30 of variable thickness provides acceptable, sustained
release of a gas.
The core 12 is substantially free of water as
described above for the silicate particles. The layers
35 14, 18, 20 and 30 and the particles 24 are substantially
free of water to avoid release of gas prior to use of the



5 wthin a package and sealing the package to create a sul fur dioxide

at nosphere within the package. Hydrogen sulfide is rel eased frq?Ua
cont ai ni ng hydrosul fide or sulfide anions. Acceptable sources o O%?TGZUOZ
hydrosul fi de ani ons include al kali netal hydrosul fides 10 such as sodi um
hydrosul fi de or-potassi um hydrosul fide, al kaline-earth nmetal hydrosulfides
such as cal ci um hydrosul fide, or hydr8§u|f|de salts of a transition netal

ion, a protonated pri-mary, secondary or tertiary amine, or a quaternary
ami ne. AccERRAE- soHPEePWPOHAS i QB aRFBASN nényeatdagal itheet al

sul fides suchyeass spgi umgsulfol deor3 Potassi Aesghitdelal kal ifigs earth netal
sul fi des such as calc m sul fi de, or sulfide salts of a tranS|t| on net al

ion., a proiYREtt bRLAYr T8 OndGFor LT eF PR aRTOHRENSL BateTidt dtifar y

ani ne. Hy dragede s uibede nd@ @&%ﬂﬁlﬂéﬁlp@tmweférC@Bah%m%%qo&ﬁ of reduci ng
agent %r a.sul fur, source | he _nman actur of ngmﬁ lﬁ%ﬁ and as .a
[ 0

pol ymeri zat S S HhEBi £6PS PB‘r s %’ﬁd i BFI S°FE dre rel eased
froma corew=fidrzanl yg Iaylpthcblfortlltee lmyens. LAccept abbeadd s@urtaesi athe
hypochl ori t8 e | . hy h ite di um
hypochl ori te taaﬁl %%f{r:lgggggt %1 ﬁépc%cﬁbogﬁ%eégéﬁ%hiagg IO%s oo

hypochl ori mr@rcm@oélhoﬁmeﬁal 3¢ 0f 3@ t3&ns4®i ohdnetdl BOn, 5@ praadt.onat ed
primary, SQGondarys 0fahet HaueAtiIbo Aibd,30; gL SENARKATRAE:, Calar i ne
gas-rel easi ng ers can be use n processi ng neat I st produce and
as—an Pnse@bafeteably cHPoEPnabRbitod a¥ el waseRg ‘ﬁbvxb@ldz?‘, papvidinged as a

bi oci de. HﬁﬂéHﬂéﬂb&tﬁQhQ E%rr%H@@%ﬁiﬁfé&&éh09é€wéén'Ehé c628t abNg Y
source of cyani de ani ons. Suitable sources of cyanide anions_include alkali

metal cyani aGich weleasipgpleyerod? AF st urﬁra%hﬁaénéulaéotaa@wrﬁ
cyani de, ald@hidteseachh H?H@bl?)témad%ﬁ:maé*’ Cahél yErayaBildasiag cyanide
salts of a transition rrgtal |0n rﬁt%o at e rimary, second%y or,
tertiary afdsat dro PHAGPERnaFyY dafi Xﬁ?ﬂ&?%& ntR0ScVitBigas hreprEdsing
powdens cardledisaty a5a§te|aestlrelledexy@rcm:mdeﬂbm§; deow&aebondei exicde gas is
rel eased |f% ;Egore cog ‘:gs a_source .qf b| car,.bonat e_or car bonate __ani ons.

Sui t abl e bi tE258uFc&s “Phat | ERNHF pEF Bt Bdt PPEEPREC160r e
i ncl ude al Ita:iainsrm:att bEchybonates Mas sodi um bi car bonat e, potassi um

bi carbonate. or dhid houmubLeaphonake s aldal idie- ear L el Bgathgaates. or

bi car bonat e sal t's of ransi fion netal pri mar
secondary orl teert iadgiakPnel éﬁY§r@Jat}Czﬁm€/ﬂ 1?51’1%1n¢®|1§es%|éhaa§ &mdoni um

bi car hgnat &.5a4ch D4 cgebopate sakledP1th SENrd AL €1 i Aot Bggcehe to farm
bi car bonat e ani ons and possi bly carbonate ani‘ons. Carbon di oxi de

gas- r el easiof §FoVRIF 5268nChe S BOMIF ENhRRS 2 DYE RPPFYRRAEREE €6 the soi |

surface to Rt I&dh;sr@téw RPeFHhtO UMY mﬁ@éhtcsn Jbehyafeﬁmum ions
di oxi de-rel_easin wder.s can al.so 3 useglé f| ed t mosp 1r1§ gackagl ng

by pl aci ng {458 e?cx]l\flt'hle egS5 Rk tt"‘He QCES Feate a
carbon di oxdide€waiigspber gawl Ehom the paokisge. mmtm@ghgeleaanthﬁnohe used
to COQ5r0|layers are acceptable, the additional layers are
preferably continuous and substantially uniform. The
powders preferably are about 0.1 microns to about 1

millimeter in size.

Powders including an Interpenetrating Network

30 In another embodiment of the invention as shown in
FIG. 9a, a powder is comprised of a plurality of
particles 60 containing an interpenetrating network 62.
The interpenetrating network contains an amcrphous,
paracrystalline or crystalline solid solution, anions

35 that are capable of reacting with hydronium ions to



25 respiration of produce, cut flowers or other plants during storage and
transportation, or to retard, prevent or control biochem cal onposi ti on
of foods. Nitrogen dioxide and nitric oxide are rel eased from ﬁc@{ﬁT]?ﬂ@?
contains a source of nitrite anions. 30 Suitable sources of nitrite anions
include alkali metal nitrites such as sodiumnitrite or potassiumnitrite,
al kaline-earth netal nitrites such as28alciumnitrite, or nitrite salts of
a transition nmetal ion, a protonated primary, secondary or tertiary an ne,
or a quater gangraseard g&s niatxbgan afiiokixkel easing ragenki de Thas -gcdlighsi ng
300CT Zggiu‘é%folﬁo%er&le_‘?%@xé&déf‘éjcf&iﬂH’rz?é/@inr}QCQEpg%‘%!e'x‘atﬁi fa
biomaterials and for nodified atrnosphere packagli ng. | n some_instances,
powder s conGHPEFAGtHRE 10f AMPRAYT SaifT ihl onsh afebsEpBELpYA Y (vater-

control I'i ngih8bease e0fsid ik alads prHfe RHersufuXanphe, can be prepared
from SI%I cate particles prepared % adm xing a chlorite salt an
Lreneaip

( a
bi sul fate saPESWPERSL SS &9 iy 7 1 hfasisruPforR®and spray

drying the aniohkoArnit® fremsidlaitiar el dd midpataetle opbideandosEd ur
di oxide are_10 rel.eased.in prepari.ng the sjlicate particles or the powder,
AT RGP AR de° (ISR Br

the sul fur BPoRFHE™&EFuCES EAPSHHEE S ERERITL 8, SE8ntrol Iing
rel ease of Bhternaeidiedyi,déheTlse lordesenice ighn misuiat enwarpasetmratiag
silicate paﬁ%&% 8% 230 dglavs %hgf%\rﬂer}@s@l%l%e {ﬂf@é@ frogthe 1~
silicate parfrcles or the powder during storage to _avm%l reacti on of

chl ori hé di prrHeseast pfpohge Pregent vewesidirras Jn dbyrbresenPbrdsing

contai ni ng 40, 85i0e di hEeeTh1aRIAY G S GUE| GASHUODAESEY &n

di fferent gases_ at erent rates fo i fferent purposes. For exanple, a
20 powder c@htahnphglERstl PAEe PEIE S HiSokioRe lag skl hnycert éageusulfrem

di oxi de forof00drpeesertatikoR ARG &N NaHl e e ks deedarbzati-eRy
freshness enhancenent, control of g enptaxi s, or control of mcrogrganismns.
Conponent s 981 3¢i dPRE| S5SWRY RFeditd 1A% EdG Pd@leadty 2GengePREe LY
capabl & of bebsgahydadilyzeghby iarhi.entThepipsiwder ansk eftesetyoakre a

ticle, i d.i ti be .applied to. ticle,
"Rcor por at SBOPRE QLR HEBPRENSEr SLHY HelUaik ™50 Fort'ai B K- ani ons and an
amor phous, par acTist gblidee carceystalinciedsolpad-tsiogtlas a2y whithcor porated
into a singl n@gééea?l”B[lEQQ'.ugurE%rc%C@fstt%,lrelo:p%grt%clcé ysg ablingesolid

sol ution contarnrng anions i s acceptabl e urposes of the present
i nvention. ®ne¢ddagl yn the nairdicdecas SGo3% dgeRIGoedp noe Feawt with the

core oggsoljhg-spbyki @a i NThe3pR R i€1e2D34 contain an annydrous
material capable of binding with water.

When a particle 60 or 64 is exposed to ambient
moisture or otherwise contacted with water, the water
diffuses into the interpenetrating network 62. In a

25 particle 64, the water binds to the particles 24 on the
outer surface of the particle 64 before diffusing into
the interpenetrating network 62. The acid releasing
agent within the interpenetrating network is either an
acid, a substance that can be hydrolyzed to an acid

30 (i.e., a substance that reacts with the water that
diffuses into the interpenetrating network to form an
acid), or a mixture therecf. 1In either case, the acid in
the interpenetrating network dissolves in the water that
diffuses into the network, forming hydronium ions and a

35 counterion. The reaction products of this hydrolysis
reaction are hydronium ions and counterions when the



42 the absence of npisture, and does not exude or extract into _the
environnent. Suitable acid rel easi ng agents include carboxylic34§q981'7ﬂoz
esters, anhydrides, acyl halides, phosphoric acid, phosphate esters,
trialkylsilyl 5 phosphate esters, dialkyl phosphates sul fonic acid,
sulfonic acid esters, sulfonic acid chlorides, phosphosilicates,
phosphosi | i ci ¢ anhydri des, carboxyl at 88 of pon a- hydroxy al cohol s such as
sorbitan nonostearate or sorbitol nonostearate, and phosphosil oxanes.
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of end uses, as descrlbed herein. Although the powders

generally provide sustained release of a gas, the powders
can be formulated so that gas is released during less
15 than one day if desired for a particular end use.

The powder can also be prepared to further delay
generation of the gas. The particle 60 can be surrounded
by a layer 30 containing a hydrophobic, water-soluble,
water-degradable or water-swellable material to form a

20 particle 66 as shown in FIG. 10a. When the particle 60
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 six months, preferably
from several hours to one month, before water contacts

25 the acid releasing agent. When the particle 60 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 six months,
preferably from several hours to one month, before water

30 contacts the acid releasing agent. Coating the particle
60 with a hydrophobic material also prolongs the
diffusion of water into the interpenetrating network for
a period of up to six months, preferably from several
hours to cne month. Gas release does not occur until

35 enough moisture is transmitted by the hydrophobic layer
30 to provide a pathway for interdiffusion between the



I 1 1l GGOS ~-O0P-0OGI I | (GQ)z Il OCZFiS OG0 wherein Gis a carboxylic
acid ester of a polyhydric 5 alcohol and a C9 to C27 hydrocarb rg WT?UW
the formula cR3 (CR2)Y cR (CR2lz (cRly - cR r CR3 Oy wherein €ach

i ndividually sel ected from hydrogen, hydroxy, alkyl, alkenyl, or -OC (O R
; R is a C9 to C27 10 alkyl or C4 to ﬁz, al kenyl; x is an integer from1l
to 30; Is an integer fromO to 30; afld z is an I nteger fromO to 30.
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Although the layer 30 is preferably continuous and
5 substantially uniform, a particle 60 having a
discontinuous layer 30 of variable thickness provides
acceptable, sustained release of a gas. The particle 66
can also be contacted with particles 24 containing an
anhydrous material capable of binding with water to form
10 a particle 68 as shown in FIG. 10b. —
The particles 24, 60 and 64 and the layer 30 are
substantially free of water to avoid release of gas prior
to use of the powder. For purposes of the present
invention, the particles 24, 60 and 64 and the layer 30
15 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 agent to the
anions within the interpenetrating network. Preferably,
each of the particle 60 or 64, the layer 30, and the
20 total particles 24 embedded in the outer layer of the
particle can include up to about 10 wt.% water and, more
preferably up to about 5 wt.% water, without providing
such a pathway for interdiffusion between the anions and
the acid releasing agent within the interpenetrating
25 network. Insubstantial amounts of water can hydrolyze a
portion of the acid releasing agent to produce acid and
hydronium ions within the interpenetrating network. The
hydronium ions, however, do not diffuse through the
network until enough water is present for transport of
30 hydronium ions.

Powders including a Single Phase
In another embodiment of the invention, a powder is

prepared from particles (not shown) comprised of a single
phase amorphous, paracrystalline or crystalline solid
35 solution. Preferably, the solid solution contains a



OCHZ-O'C'-(CHz)~sCH3 G H wherein Gis CH3 A preferred phosphosilicic
anhydri de of a glycerol based ester, known as LPCSI or gl ycerg}ﬂ OQ-E) 0
nonost earate acid rel easing wax, has the fornula 0 Il GO P- I Z QZ

0-Si"OP-CGI I' I 0O=P-OOOI I il GGO Si ~O0 P-OGI I I iA0)z--1"
OCZHS OGO 3 0 0 CT 2002 45 whereif,G has the formula OH O
CHZ-CH-CHZ-O-C ( CH2 ) ~e CH3 O her preferred acid rel easi ng agents have

the fornul ag;ed ). &G & CEL) 7oA Rsrbs Pet Yz OMpAid for
reacting with hydronium ions to generate a gas, and an
acid releasing agent.
The powder can also include particles containing an
5 anhydrous material which contact an outer surface of the
particle or are embedded in the particle. The anhydrous
material is capable of binding with water.
When the powder is exposed to ambient moisture or
otherwise contacted with water, the water diffuses into
10 the single phase. If the powder includes the anhydrous
parEEcles, the water bifids to the anhydrous particles on
the outer surface of the powder before diffusing into the
single phase. The acid releasing agent within the single
phase is either an acid, a substance that can be
15 hydrolyzed to an acid (i.e., a substance that reacts with
the water that diffuses into the single phase to form an
acid), or a mixture thereof. 1In either case, the acid in
the single phase dissoclves in the water that diffuses
into the powder, forming hydronium ions and a counterion.
20 The reaction products of this hydrolysis reaction are
hydronium ions and counterions when the reaction proceeds
to completion, or hydronium ions, counterions, acid and
water when the reaction is in equilibrium. The hydronium
ions diffuse through the single phase until they contact
25 and react with anions to generate a gas. The gas
diffuses out of the powder into the surrounding
atmosphere for a period of up to about six months to
affect materials situated near the powder. Powders that
release at least about 1.0 X 10°% gram gas/cm’® for a
30 period of at least one day, one week, one month or six
months can be formulated by the processes of the present
invention for a variety of end uses, as described herein.
Although the powders generally provide sustained release
of a gas, the powders can be formulated so that gas is
35 released during less than one day if desired for a

particular end use.



RGO CHCHRt ( 2)n-" ( )M P OMY7z 5 wherein MY)z is an oligoneric
radical in which Y is a portion of a nmultifunctionat oxide stfpgtg{yfémmzn
is agroup II1A [1VA or VB elenment such as titanium alum num

silicon;; RL is an alkyl group; R2 is 10 nmethyl, ethyl, propyl, a nethyl

am do, or an ethyl amdo group; mis O, 1, 2 or 3; n is 0, 1, 2 or 3; and z
is 2 or 3. Acid anhydrides are also pi2eferred acid rel easi ng agents and
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the fornula . % watercgldzo%%re preferably up to about 5 wt.% water,
without providing such a pathway for interdiffusion
between the anions and the acid releasing agent within
the single phase. Insubstantial amounts of water can

20 hydrolyze a portion of the acid releasing agent to
produce acid and hydronium ions within the single phase.
The hydronium ions, however, do not diffuse through the
single phase until encugh water is present for transport
of hydronium ions.

25 The rate of gas release from any powder of the
invention, activation of the powder to initiate gas
release, and the release rate profile can be altered in
various ways, such as by changing the temperature of the
powder, changing the ambient humidity, changing the

30 concentration of acid releasing agent, silicate,
hydrophobic material, or water-soluble, water-degradable,
or water-swellable material in the powder, adding a
desiccant or humectant to the powder to control release

of gas once the powder is exposed to moisture, changing

[VS]
Wn

the hydrophobicity of a hydrophobic acid releasing agent
by changing the nature of the acid generative moiety
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divalent or multivalent salts, changing the method of
processing the powder, or changing the order of addition
of ingredients in preparing the powder.

Relative Proportions

Preferably, the powder of FIG. la or 1b comprises
between about 10 wt.% and about 30 wt.% core, between
about 30 wt.% and about 90 wt.% acid releasing layer 14,
and up to about 60 wt.% of the particles 24. More
preferably, the powder comprises between about 15 wt.%
and about 25 wt.% core, between about 50 wt.% and about
85 wt.% acid releasing layer, and up to about 35 wt.% of
the particles. In addition to the acid releasing
agent, the acid releasing layer 14 may also include
between about 2 wt.% and about 20 wt.% substantially
insoluble silicate, preferably between about 2 wt.$% and
about 15 wt.%, and more preferably, between about 2 wt.%
and about 10 wt.%.

Preferably, the powder of FIG. 2a or 2b comprises
between about 10 wt.% and about 30 wt.% core, between
about 2 wt.% and about 70 wt.% silicate-containing layer
18, between about 20 wt.% and about 88 wt.% acid
releasing layer 20, and up to about 60 wt.% of the
particles 24. More preferably, the powder comprises
between about 15 wt.% and about 25 wt.% core, between
about 2 wt.% and about 65 wt.% silicate-containing layer
18, between about 25 wt.% and about 80 wt.% acid
releasing layer, and up to about 50 wt.% of the
particles.

The powders of FIGs. 3a-8b preferably comprise
between about 10 wt.% and about 30 wt.% core, between
about 2 wt.%¥ and about 70 wt.% silicate-containing layer
18, between about 20 wt.% and about 88 wt.% acid

z 3
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Provi di ng Contr ust al ned Re ease
water-soluble, water-degradable or water-swellable

30 material in layer 30. The powder of FIG. 7a preferably
contain between about 15 wt.% and about 25 wt.% core,
between about 25 wt.% and about 35 wt.% acid releasing
layer 14, and between about 10 wt.% and about 50 wt.%
hydrophobic, water-soluble, water-degradable or water-

35 swellable material in each of the layers 30. The powder
of FIG. 7b preferably contains between about 15 wt.% and
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Diluents A diluent can be included in the acid rel easing | ayer r
the interpenetrating network 62. The diluent is any hydrophobicéﬁLﬁiGﬁggﬁﬂz

that can be 5 incorporated into the interpenetrating network 62 or applied
to the core or layer 18 and solidifieddo forma layer on the core or |ayer
18. Preferred diluents include mcrocrystalline wax) paraffin wax,

synthetic wax 34chAs,Cch ofhpat edevgxear aBelyetdtylpnes waxs gL 3Py mer 10
such as atactic poly ropgéégieégpg%%ol efin, or polyester, or polyner blends,

nul t i conpon®¥ht *p&iSiferse BFyiBr s Petaigas yaredt ot Sotgdmansd or

pol yner al | gpsuthereaft . dhesecde| pept scaks ARG abdywadai hable frem
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aci d rel easbagwkayerabclitorl 20st s% aayd sabstianee whaty mdord) zescagghoner ati on
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hydrophi lic bic portions are preferred.” The hydrophilic portion
of the substantk.cdahtyBPmwksorvwride bysehabdar f e eof-ddgradabiat or

particle. The:BydseRhoki HOUHLdOR; &1 1HeesURSLENES JTINI A 2853 899! epgrati on
of the silicate particles when the particles are m xed.” Preferred

di sper sant sPeMaETrcoF FE G n& poref e hy ocPRBI I §psr bRfwrepoalbpuEhd 535

i nterpenet raéi 99anet Widathave v Npl &b Pg, POEPleBOt aWRAL & wt 3502QaC T
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between about 15 wt.% and about 40 wt.% of the particles
24, and between about 10 wt.% and akout 30 wt.%
hydrophobic, water-soluble, water-degradable or water-
20 swellable material in each of the layers 30.

When the acid releasing layer contains an inorganic
acid releasing agent, the acid releasing layer preferably
comprises between about 30 wt.% and 100 wt.% acid
releasing agent and up to about 70 wt.% of inert salts

25 such as a sulfate salt.

When the acid releasing layer contains an organic
acid releasing agent, the acid releasing layer preferably
comprises between about 50 wt.% and 100 wt.% acid
releasing agent, up to about 50 wt.% diluent and up to

30 about 20 wt.% dispersant, and, more preferably, between
about 35 wt.% and about 65 wt.% acid releasing agent,
between about 35 wt.% and about 45 wt.% diluent and
between about 2 wt.% and about 12 wt.% dispersant.

When the powder includes one hydrophobic, water-

35 soluble, water-degradable or water-swellable layer 30,
the layer 30 preferably contains between about 10 wt.%
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V\gtler-Degg gﬁlableelgrlhvmee;rd v?]e%/l@b | d5bhe M&ervﬁah&d%bgm fssodrmjgmbag}]wﬁerl al )
of | ayer [ ydr ophobi ¢, nat ef t an _be appljed to the core 1
the |ayer ﬁnalg % FHe ?pg‘?%ilﬁl %H%Oagﬁb‘% 3I 5i i PJgdiJﬁ?efﬁ?ﬁl% | ayer on
the core 12, thewhayxerthMpdsBi@vr Pcbudehetpar Liaglees60.0 Suﬂteablayev 30

hydr ophobi c naterlals re the 30 |Iu€h%s de cr| hed abov

vat er - sol ubPEPRAFSFuEGPadiii e BrOTar oy sRer aEIe SRECES 215% t can be
appl i edoto phe;.emablyz,cotrfteazlrag/émetlvdean8abou20 10r wtthé pard ild e wo. and

lidified I t I , 3~ th
parti cl e 60" CARCRECRess PR e Toy S8y, “arbiageltauatle bk s r > 11
wat er - sol ubtechhebirame tigrsialde wWore t dpoupoByv iy Rp@ridelerdorssnd pa yd nyl
al cohol , p%%&@b@ﬂ@&@v@%%@s QQ&YGHB}EEGB%eQ'e)f%%'lya”QiMé’éH opyl ene

glycol, and carbohydrates such as nonosacchari d . ucose

all ose, al t#BIBL AAnMEsE, agi AROUS d%eWt gdl RYEsse. Opépos@aqq%mse

arabi npse, xyi1g@6ee,! %4088 - d@gﬁtatuwpe dhreaser-tuersaplehamaess; s and
gl ucosam ne), di saccgarl des "‘éth fruct osg sucr, Oﬁé mal tose | act ose),
e, 20D 8 g-u

pol ysacchar PEE¥SEB, 3§0utsy dFPPRY ¥takc e, gl ycogen,
cel lul ose, vetwakasabdarti vatiyes,aedidaisdiut ank, wor. gt au@@ev@ahmodmfﬂeed

proteins (e, s rqtein i.tabl e ter-d adabl e rraterl iycl ude
pol yl actic %‘t’:?ﬁg )‘pl‘ggifl)c@ ecfea%af%gy I\{\@%%B‘F g%ﬁ??“ 89%&7 ;ta1 kanoi ¢
aci ds, glyc@mdpldé w15sghmﬂﬁoqhmbl©h0E@h©rrppﬂsb1polW@M&mﬁdegnﬁ@&hh@rs
pol ysoﬁ@at eér b&g&g”\%weﬁ‘i'aﬂiree%t@ﬂa/we& aeg abSh'Ey's%”‘%th'ﬂdlw{r&@te
copolyrrers roxyal kyl at es %3 yanhydri de pol yl'act ones, po sebaC| C
acids, |i po%%@ns@? Eat ﬁéoae& &0 WarhabEP WERaNENd 2BRen B9 2 B XSRA Y

ter IOOI ymer Sbé’EwQéh' &%E:'u%e‘i dOQJtyn%ﬂra%a heweet . o¥aker %S‘ﬁ?ﬁ eyt eri al S of

t he i nvention include g VIQ¥ 4 % afd derivatives é ereof , agarose,
pol yvi nyl pYRYSFr 8BREPARd HESSETIREREIHRE BoPT BREFET RYeLd@R1S gel ati n,
ﬁggr agalr @éb@malandeewddaag%o@:— Dyl loxyaﬁa: haeupotgmts Jo(r;iﬂlugmmr S,
ydr op at e der.i vati.v Xi an erivatives

thereo?é ca?%g ’éﬁgwélegelalbﬁ‘% e ﬁe?rﬁ)(ga%s g ﬁﬁ g fé’re(faﬁrétt ed

cel l ul ose deri vaPreésrabdlyi, nluhaatpcuﬂcémd ger Dvaﬁi&vesmptrresesf beaovadr ¢

pol yners 30?}3‘&9'1:0980534@3&%0 ?’iﬂ? CIMEQE‘%%ﬁéFréE?R%Q QRS éirkPOR%l ymers,

acryl ate polyner pol ysacchar un1sta ﬁ i nderte- ,
styrene-, ethykleaet, D@rUGyMahyerRhgbkﬁe wakers8h Pyﬂénewmﬂﬁﬁ1c anhydrlde

copol yners. degradable or water-swellable material, and up to about

30 60 wt.% of the particles 24. The interpenetrating
network preferably is comprised of between about 10 and
about 30 wt.% of a first phase containing a silicate and
anions capable of reacting to generate a gas, between
about 20 and about 88 wt.% of a second phase containing

35 an acid releasing agent, and between about 2 and about 70
wt.% of a coating on the interpenetrating network



300CT ?_002 53 Anhydrous Particles The particles 24 enbedded in the
outer |ayer of the powder 26, 28, 36, 38, 44, 50, 54, 58 or 643:gn0{lf‘7p‘ 2007
anhydrous material capable of binding with water. The 5 particles act as
noi sture scavengers to mnimze premature hydrolysis of the acid rel easing
agent. Suitable anhydrous materials iggl ude sodi um sul fate, cal cium

Sul fate, cal cium carbonate, nmagnesi uni sul fate, cal cium chloride,

moi sture- deplebed s 8a,0ek: Al UTNA il zeRh kST Clhays, such as
bentonite an aolrn, “potassi um permanganat e, ol ecul ar "si eves and
oxygen- scavengfegaater kaks pohde ardy drouss pactnpelies sake tovopeer gbality

avail able f us+squ - éaj_rsg]é( ticl e ef erably
bet ween abo%?%ﬁ%wggg gﬁégt %gggnmlgfcon |%é§g§5?g§e?%rt. Iﬂe’ p@é\dég may al so
i ncl ude corde@ufoRAl WEngr BYdaePhichich #%eayfFahebd eandaiew enhancers such

as sugx's, &é‘éfaéagl@ 6+0RLZed RUMNMRISL e RAQEESS 2N 0T JBERAY I g HBbhitcl es 20
The particles of the present invention are prepared by adm xi ng an
I

anor phous) Dar¥er §sPal FPRePErtdCy$Sald9 ne material, a solvent, a chlorite,

bi sul fate, sulfipeersubbige, thedieddr erepatedt exrohy RO HIhdEe - OF
cyani de salt, and OE:E:HQTa ly, an.inert core, to forma SO|CthI on 25 or
g

suspensi on,PR#@et BR BSr CPEPEL SEGBE TR aRPaHbr pRoGS S petActystal I i ne
or crystal lafeassihgleopibisenchmpmitseri sof ud i ohl deatbe swspenisd on. The

silicate partjcles_of the present i.nvention_,are epared .b dm xing a
o1 cad, P alfofTeS abdfrb: A, g L e el € Brr PRER et T
bi car bonat egemarboaategabydups tibf iadeumiiq iwe, ¥ hppdrhbbotie;, oratcgani de

salt, and O&H]SB:’E‘L' ywaﬁl ri-ggg‘%:aﬁ%ﬁ’e Q- T&éf@?—%ﬁéf&ggﬁe‘) & SUSPENS on,
and form ng € pafticres fromthe solution or € suspensi on. 0O0CT
?_002 54 Alandugh theapanti 6Peytarte qfr dites abnlyydoeredpby tsprlas dr yiawe t he
sol ution or é@ﬁﬁ?&ﬁig["tﬁge B%te%dc }:Fﬁns S0 PG LAT TBALRY Lf NElq sphyent
evapora_tlorPtec ni ques, sucﬁ as by mxing the solution or suspension 5 with
a wat €’ | miftsch bPE bevernglpr sbasietatithg 2 HEPPaEt Fel ¥6.8nd filtering to

separate thﬁ;cﬁ’%éh@b?é, fLapethecsabient .wakher SREg¥adhyi BY J¥ Qeass- general |y
occurs rapidly hin_up tao 30 seco ile not being limted

L{€e. 9., wtni _ ds). N

t her et o, its“i’%*l(“)%"?%v‘éﬂt?ﬁé?lspﬁ%@ FRYi5Ry %PO%Bn%O 18Cofhef t91e of rapid
evapor at i omrgiydheusopatt@ales.suspension forns a solid or hollow sphere
conposed of a solid solution. such as ubstantial | v_anorphous silicate
matrix, in whi ch‘wﬁﬁ% SAF oRSWHPE 3& For %‘@ A s*gfé‘?s%awéhd é’n@é)pasﬁﬁ‘gt*e%?&sljch
uni f or20 di syies s bnghadpissenpapsulcdteison renhabeesat hedrbphmidicst adtany of
the particles agd.a powder se00talphng dhe, partiches, Poders gongi ning the
silicate partic 65’ al 6-bel I eve 0 reléase Signiticantly nore ‘gas than
powder s corittz nl agezr 8t preEarabdivesontsasi ne| kasecenf pbpalcilds wif - ¥5- 1000

and 100 wt.% hydrophobic, water-soluble, water-degradable

or water-swellable material, up to about 80 wt.% diluent

25 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 2 wt.% and about 50 wt.% diluent

and between about 2 wt.% and about 15 wt.% dispersant.

30 Gas Generated and Released
The gas released by the powder will depend upon the
anions within the core. Any gas that is formed by
reaction of a hydronium ion and an anion can be generated
and released by the powder. The gas is preferably
35 chlorine dioxide, sulfur dioxide, hydrogen sulfide,



20 are typical of the powders of the invention. The particles are stored in
a dry atnosphere. When preparing the solution or suspension, ultrasonic

m xi ng, hi gh-shear m xing, or any conventional honogeni zi ng3rﬂatﬂp§ﬂ' ?ﬂp
used. The solvent used to 2~ formthe solution or suspension gw d
in which the silicate and the salt are soluble, such as water or a water
solution of a water m scible organic B3#&terial such as an al cohol, acetone
or di net hyl formam de.. Once the solution or suspension is forned, the 30
particl es chydbecfeanmed algidanyﬁrtertd:gﬂnkdbmida t hetaic, csuicte asnitrous

convent | onaly 595 2Ycdoynd dIAEeRsesy: Ay JEShi eflanblie dBar iyl an fahd hon be

vacuum dri drre any convent1 ona ss of a
hol | ow particle @hhogén& daipeirdsl 99S changphgasnd pfoséss aswidi tions, such

as the feedcéﬁ%&méeé' denced ide, ckﬂlérii@"‘éﬁ%ﬁs ali éult%tﬁeo c%lBr%Q%Z 55
tenperature, flow direction in the dryer, or the tg nozzl e or atom zer

used i t heSQPFESS dFPPRg CHro Qs sLNRTBNT ARG RECt ec@@&@sﬂmcénldcﬁ t he
;eed ][raterlailsalﬁuﬁacai '&:Mo&&rddsﬁkﬁxﬁhzfs ﬁ@diildﬁi @ﬁﬂ%&&tﬁreafdron ?/: scosi ty%
surface tension.or t er ur e i he ee ol utl e crysta |n|ty 0
BBt @ S5 Saen

The si |1 catRPRFTHETeS STATHE (RBCaE| FoAOE Thesd Tir
preparing tde gaitigheshlamgts,| iccatchldmite ssasbtabbé an twaineyi tdora wat er

10 sol ution of wat er P}%ff:'ttgneat%rc?%ulm tie{ é%{:%gggrgcaus%drtqa eparl ng

the sili cat%e%artl es®o he I nventi on es Stnclude sodi um
silicalle, sadinem nerasi husseenandiam sessucli 45 campeondodi winlortiesi | i cat e,

borosili cates Jtéﬁbq%’ M%Hgﬁlml 'c%‘"’lto tyell n%ﬁfg@g&@i_}grgvghhgbll ;e forns of such

silicates sui use enera SOdIUﬁ] potaSS|un1cat|ons
The ratio d:hlgwitz:@n n’éus@ﬁ CashdiB2 e swweres nesurhcasi sedivasured as

MAO in the sildLate, PRELI chas1 e Urodbd g 8! SEHELrLEAPLNE 0L

consi sting of sodiumang 20 potassium is between about 2.5 and about 3.5,
pr ef er abl y dletaRAHt a%@utCSWbeélndn&Emﬂorsat?d rﬂﬁkttl’ﬁﬁ &%FEBF‘}'eﬁbBB@ 3. 2.

Sui t ?blsﬁl Sa:idw?déh‘@dof Etaéep@@s@gﬂ f’iﬁwsédfizlc@zﬁ ﬁl @BI&WQHQS fﬁlﬁircbb!@@ealél ﬁlgk?| i
metal chlorite a 5 eart a c orite salt of a
transition Hetd tbhvegypﬂéf-’%h&teérﬁ’ | @’611 of 1P&-Erary amine, or
a quater narx;e]aemsmg apoaﬁlealsl crmt de mssadftacb ede@ahoﬁikal i eehaaceh net al
bi sul f at e, bi,sul fate_salt .0 nsition {a on .ot on ’
primry, se%roensgér??ls%r 30 ?‘efit’ &r ftvge%l nec; o?orgerogt el?%%?ga%%sner%n “al'kal i
met al sul f ipwgvent abRatbneredr i cotemhi cal fq‘ieceomzaosutmne oal tookial,
Lransijg on fE{la ] CBonBxBlOLY HreA il Y g YbaEtEesL any aai ne, or

a quaternarg/ ani ne,_an a tal sulflde an aI alTne-earth mefal
sul fi de, ungi, algae, protozoa, and viruses.

Sulfur dioxide is released if the core contains
bisulfite or sulfite anions. Bisulfite sources that can
be incorporated into the core include alkali metal

25 bisulfites such as sodium bisulfite or potassium
bisulfite, alkaline-earth metal bisulfites such as
calcium bisulfite, or bisulfite salts of a transition
metal ion, a protonated primary, secondary or tertiary
amine, or a quaternary amine. Such bisulfite salts

30 dissociate within the core to form bisulfite anions and
possibly sulfite anions. Sulfur dioxide gas-releasing
powders can be used for food preservation (e.g. to
inhibit biochemical decomposition such as browning of
produce), disinfection, and inhibition of enzyme-

35 catalyzed reactions. The powders can also be used for
reduction of chlorine gas concentration in catalytic



3~ sulfide salt of a transition netal ion, a protonated primary, secondary
or tertiary amne, or a quaternary 300CT 2002 56 am ne, qgoagﬁz i 2
net al bi carbonate, an al kaline-earth netal bicarbonate, a bicarbon %@Q
of atransition netal ion, a protonated prinmary, secondary or tertiary

am ne, or a quaternary am ne, an al kalbi' nmetal carbonate, 5 an

al kal i ne-earth netal carbonate, a car ohat e salt of a transition netal ion

t ted nd terti t
A alkal | ey BRy M O APk ar PR GO el RSy bSul 115, A

hydr osul fi deekabtlwfelar tvansy tcohomeheal from aamprotwnat ed &Rlpriner wnd
secondary o Lnayr, 1 ne, an-akkali netal
Col EkRE HOAIILS, Phe fpBURLELTALG ANDS BRegy il T

nltrlte an a I he-ear e Sa étransmion
metal ion, @o@tibtedardadasmihery, paekegdaGybm plactiirey yt @i pevder a

quat er nary @mﬂﬁﬂy g%]ég%qe B %{pgﬁg Qhist 85 r%é %k@%gg egrth netal

hypochlorite ransi tion i on, a protonated
prinary, se%%hﬁérydépﬂﬁﬁq|%ﬁ®0%@ﬁﬁ§e withiguiher mackagene, an al kali

metal cyanide, apyakkdlennengadide TBEalcC¥aBEe £ r¥m & CYSRL d8o88hEnohga
transition metal i1on, "a protonated prinary, 20 secondary or tertiary amine,

or a quater?%??oﬁﬁﬁﬁédeHQ§eﬁ%kﬁ?%%]?§1Pﬁéludécﬁﬁ$Qﬁﬁ1?Kﬁ%&%?%ﬁ]ogalC|um

l'i t hi um or WSUM&@H %rﬁforﬁs chh@lua@ abkaukf &i‘e%alSLHl)f'dif@suiﬁﬂicﬁéQe
hydrosyl fi de, \bi carbona

ypochl orite, ani de.
Conmer &4 al 15498 &FaFP Iuéd fl"é’ g{‘h@ﬁr T ePRRA SR ké%qﬁ?%s%ﬁf’t‘%i e for
use, such aslHazXinseegYithe are G Lhyc)l*cpsnaﬂldeat surhadh t¢ohedugal ts and

ddi ti i t ADb
SO or e dgu e LB i a S R B LB B G L s e tREn
preparing th@nsialpaonuwﬂedﬂpﬁnmahg,baeeondaryobxlﬁﬁxﬁmarpfagamefron1the
particle by L eac queWn %qr(_q{’g umAggé?ngiedl ff sceesg, n ﬁ&étl cle

from an aC|d'reI asing %ngr or 1nter ase Y anlon Y1ch areas of
the palliclaniengsinoimde sditaliwreatahesbafédes deplletasl, sekivegss hydroni um

i ons then rsﬂ%ﬁfla‘ét? tB%t%@s‘?ﬂﬁn V%ﬁffi‘déheapﬂé&h%e dedrch dndb O r T Q02 57

forma gas e filler-controls release of a gas creating a barrier to
di ffusi on ofukiEieni GHFRoRs. Cﬁﬁ?%ﬁmuﬁﬂl8¥d9as@roﬁqﬁﬁ4@9 s PfmR core

can be adj ustfek10idht Retrihe ildde Pepiodohst orepgaRaS, f edeanathfy arthe 5
particle. For exanple, the concentration of the base or filler can be

i ncreased i¥SEL 1 dhYerNdBray G GfEU EFERIEY| 8MYBSr Sy ITARET Y e

parti cie prg§£¥ﬁ@1¥asﬂﬁbugbwcﬁﬂm5@@rbélhbeﬁ Y3 &h|r@ddcﬁlr6§"llalj‘§ntarc§3r
present in the Pértlcle to stahilize thg Plorlt during preparation of 10
Pa

the particl® Bt 2 hoRAEF “Cortai r‘?nd“?lﬁé Prg| gf Chem: ; and &s

polymerization inhibitor.
Chlorine gas and dichlorine monoxide are released
from a core containing hypochlorite anions. Acceptable
25 sources of hypochlorite anions include alkali metal
hypochlorites such as sodium hypochlorite, alkaline-earth
metal hypochlorites such as calcium hypochlorite, or
hypochlorite salts of a transition metal ion, a
protonated primary, secondary or tertiary amine, or a
30 quaternary amine. Chlorine gas-releasing powders can be
used in processing meat, f£ish and produce and as an
insecticide. Dichlorine monoxide releasing powders can
be used as a biocide.
Hydrocyanic acid is released from a core if it
35 contains a source of cyanide anions. Suitable sources of
cyanide anions include alkali metal cyanides such as



Any base that racts with a hydroniumion or any filler can be incorporated
inthe silicate particle. Suitable bases or fillers include, but are not
limted to, an alkali metal bicarbonate such as |ithium sq?Eng;WSggﬂz

pot assi um bi carbonate, an al kali netal carbonate such as [ithi sodrum or
pot assi um carbonate, an al kalineearth netal bicarbonate, an al kaline-earth
metal carbonate such as magnesi um or &4l ci um carbonate, a bicarbonate salt
of atransitiqgn netal ion, a protonated 20 primary, secondary or tertiary
ami ne, or aSqfabEr FYARILE RF RRFAISLUAMDYALHIS calbanane - rtdt Matdle salt

of a transigiyanifekalsucin.ash dﬁmmt@ﬁbr@id@ﬁwr goaandar yaQred &t iary
amne, or a 9uaternary an al kal 1, net al eédrom de such | ithium

sodi um or pb 3§§|15rln°r‘i’y5're(§>?iq§e"°rﬁ'~ APLR R hed eBF L2 F¥r aPERPHREYI P Such as
cal ci um or ﬁagﬂﬁalrymammbjeoxnie a agiyemaxie saiheof Hytraeyiaiien awtdal ion)

a protopate c r e : erpary am ne
such as§a A um y rsc%%% %’23 an a ka%l? érréeta"g eghnlbgpﬁagésgﬁg# O%at%m c or

tri basi c 30rpflespheatidesal ts, an al kal i ne-earth net al phosphate such as

bi cal ci um or ”igékgwmd%%ra@ s & PNASPNAL £3SAEL 5 0F o el rc:%?ﬁ:iatlin%nanm al

ion, a protonated primary, secoridary or tertrary am ne, or quat ernary
am ne, an a$RArfenefabisaroars s F LAZRRNIAHE RNORESS] ﬁ#}l§l§lbfla-‘te an

al kal i ne 3~b§é££taoﬂﬁftal souiricale tW @ G5 Ci A oﬁagaasu%bs%feate a
sulfate salt of a tranS|t|on metal ion, a protonated 300 CT 2002 58

primarll seC®RBaiPCordeeplikarly MRGRL DICArRRRA &2 aFYTAnPAe SOGLH s

anmoni um sub{ dseponatal k bltar&tlaim mémr&awchoﬁsm@mum sul fonate, an
al kal i ne-earth t al suI ﬁae 0 ul f onat el?salt of a transition netal
Fa1dnsinan t

ion, 5 a protodaPeEdpFi ng et L3 RAPAESSer ©F quat ernary
am ne, an apkehrborhak bailatse cfuch tasartmrtamn am—taal(aidme eaptrbroetaledor at e

such as magnesi um ort hobor.at t of a tran tion tal ion,
a protonat brP?ﬁ%ry, egecg% gfry orta% a{fy S n’e %Eqﬁg & nary

am ne.lPr oczsses éochPaepamwglmd@r®aner o$u<plarb1caebomatas shown in
FIGla or pééit%' E§Y681§§o§|1%% J’ls@?b c%?ea'éozgé“v?é aH.u pE?B?E%SnQXe

adm xing the siTicate particles bove wth vent to forma
slurry, admxiegsaarfnposAadlesiaanbytE @Rienim rﬁﬁ?b@no@héﬁlﬁ*@noval ent,

di val ent or gylfwége@hgsabmd@}% ah G Jseécpaﬁa @r@&%@éu%&hbehe slurry’to
forma SO|IdS contai nin en5|on formnrg g%er fromthe

sol i ds- cont3FPt Yign€udpe §| 5 £ 5o i p?ﬁ/&%ﬂeprtébaﬁ’ el ¢4 ®h&1&i ngl e- phase
particiee ors@rmmﬂ@!ingomanmsng ahe ’daeenelion idyg- nel ¥askngoppiideed of a

- sol ubl ili d d
ol vent . arGR I PE) ERshRESagenrO RIS BT b ki RegEnScEl T T o

sul fide, biphabdinat ehe2powdelronattd)irhyadpesikagalegnai $¢alenghypechl orite, or

cyani de saldaLee {07 BLACSBRULI N sl Qg e poudes LT QELLDR sRkut on.

Anot her pr eRarl ng a po arti arti c
i ncl udes ac@ﬁ&liia@ea st Ecﬁﬁ@ka@%@aéblt\hﬁﬂ b%m-l%\%ddt@eqi@a‘érﬁé agent and a

chlorigse, bisubiale;oaubki b%ocﬁiéé' e tmwmaé»e o@ﬁéi@gﬁ%ﬁts

hydrosulflde hitrite, hypochlorite, or cyanide salt gptionally, an
inert core, ‘%%lIF%rﬁFQréaﬁutaP@n tHANSRPEAG IO &7l ‘%%r%@'ﬁ@r’{ihepﬁﬁﬁp | es

fromthe sabté®n:B8810bisusRRIIYIN decomposition of foods.
Nitrogen dioxide and nitric oxide are released from
a core if it contains a source of nitrite anions.

30 Suitable sources of nitrite anions include alkali metal
nitrites such as sodium nitrite or potassium nitrite,
alkaline-earth metal nitrites such as calcium nitrite, or
nitrite salts of a transition metal ion, a protonated
primary, secondary or tertiary amine, or a quaternary

35 amine. Nitrogen dioxide or nitric oxide gas-releasing



30 OCT?_.007?_ 59 When preparing the slurry, ultrasonic mxing, high shear

m xi ng, or any conventional honbgeni zing nmethod can be used to.slurry the

silicate particles. The solvent used to formthe slurry is abyOI@&uTcQUOQ

which the zinc, 5 magnesium calcium alum num or other nonoval ent,

di valent or nmultivalent salt is solubl,e, such as water or a water solution
of a water m scible organic material such as an al cohol, acetone or

di et hyl f or ;de.. i nc S| | ¢i.u al_yni.n or other 10
nonoval ent,gg%gﬁésnp%% Zé%‘ﬁ%@?%ﬁtiﬁé}fgggnglgg}:@p@ lé%lls%@ya‘@ nt can be
added to thbeismateyisilelardhebors|woddfiedqatmbephleyre ipackagqidgti on of the
zi nc, magnesi um tcalcy ; ] L)L | ent i val ent or

mul tival ent salt I%efsogrnjregr.}t%%%%d rel %@??Sélgggg\éﬁﬁq}% \'Tq%%/n#fh@ore

sol i ds- cont @i Af RFesls FeHH. avfmef Belgt i veninsconmyialdiewsre behagepfl4

contai nfng anghBsol ube Pdudat e Bhe aRamsid, relaﬁa%'en?n?&?ﬁea sefopmed as
shown in FIG _la, or an interpenetrating network confaining an insol uble
silicate i sStbifiedcaPaIn §h RXrRAxedoay SBAXERE A whlowmirrssakt
cgljcijum aLalﬁﬁlnarbeE:uQ]Eﬂiﬁfe rguwh a_b?ﬁ,eladfswbeﬂt ahdmal %iﬂaﬂﬁﬁl%seét is
added to t slurr efare the acid releasin ent, .a |layer cont ai ni ng
an insol ubl €°§‘FI ?cé?guitslcfrbr r?é'tf?aﬁ%’{mﬂ ﬁ%legrggeoﬁoéhlti%%ér%n%‘??rati ng
networ k conth¢npagtael2~ | msbletlleriaid idbdbeidse spamedlaurs hbwkide FAte 9a.
An aci rel%gi Qg Ida er 20 adh.ere%ﬁo an, outer sur ace of the layer 18 to
formthe powaer®25%ad sRARPa e G2 The2 s PRAF& A S F IhRr 14 or 18
or the inteppeder; ativeg snatfivor ldiiscifdr meekdbye s eabei ahlofritrire Bilbxzi de,
magnesi um | &i .alum t her | ept i nt..or_Jml tival ent
o't wi th (Te ShpEARE A A ERERHR B cntbt e e B Al Ty

i nsol ubl e i'Fhe heresenest Hutbimarlfedis anongttn ohd Byddosinen i ons. Any

soluble zi ioar fRgNes! WMsCANIYE AIUEMUN BloRrag! bt ARIOVAl L, gl val ent

or multjvalent salt that will react wth the silicate int i cat
particles totibeate Bagtdades mpihed rewdes clubiedsEEPEaGe itp takoidyer 14

or 18 or thesiat esRepet MY etk &y Den Usedate LarmiRe Pawder .

Sui tabl e zi nc, _magnesi um cal cium al um num or ot her nonoval ent, di val ent
or mul tival®&htIEAFFINLREI-UdEHNITES SN TFRRING | HEC cREoFPEE, HifferaRoni um

chloride, zimtohsofkdealmrynesicdvs Uidier mmenesi Breebher deedmgnesi um’
brom de, na%jgéiym gal cium fﬁﬂ ord&%efaﬁ cal cium sul fate, _cal ci um chl ori de,

cal ci um br ont &S &I bnf RTARSs dHiFrae,t S5 h i 2onT um ERFoFRGERE urft num
chloridfe, atewdemnrdftpdidsy lmissulfidtee,arnd @hlot hum aadiows sadyf at e, whi ch
react with e_t Z1 Sid | i iLLicate, i um
risi 1] car e et ar Ut A e RS AT ST SEr it i, SE o TR

sol i ds- cont%i % ide sBopeAsicsvdigataared, L resie sane heaspeagndr,i eprterdbr m a

powder by afy smihodaknauwn i dhe Rt dNGhudidigeod Qf sgxanpl e, any known
atom zation nethods such as nozzles or rotary |%cs ypically, the inlet

tenperature and outlet tenperature are maintained at about 300 to about

350C and about 188mbenabewt 150C, 20 respectively. The powder nmay then be
vacuun_;zsgri ed or drie }{&an conventional mnethod. A powder of the particles

25 or as shown in #f o} ea%d s AfEeBEYel ayed- rel ease powder cont ai ni ng
particles 64 as Shpwacid FeGeallreamdenprieps ets byapdbi i Bg aatigdy ous 25
particles with the riicles .10, 22 .0r. 60 and.sintering or by hot spray
coating t h\éﬂl’b%%g(zgﬁt hya dotrs “}?&ﬁq%eesa%%s %I}éagi ﬁngﬁ | sifier.
Powder s of padwtjpaie| cieso3poaat@l dn showet ind- €85 b8aappdidéad wo a

del ayed-rel . et tani . tigle 0.6 wn in.F 10a can
be pr%gare?%%?%é#%ﬁi%écﬁh Hatledd RS éﬂ fhé%rpéhgérgggng ﬂ%tdé%k

0 containing anions and an amorphous, paracrystalline or
crystalline solid solution, or incorporated into a single
phase amorphous, paracrystalline or crystalline solid

solution containing anions is acceptable for purposes of

the present invention. Preferably, the acid releasing

35 agent does not react with the core or solid scolution in



particles 10, 22 or 60 with a liquid containing a hydrophobi c,

wat er - sol ubl e, wat er-degradable or waterswellable material to forma

di spersion, and form ng the powder fromthe dispersion. A I

particles 3~ 36, 38 or 68 as shown in FIGs. 3b, 4b and 10bgggﬁfggvgzgggred
by adm xi ng anhydrous particles with the 00O0CT ?_002 61 particles 32,
34 or 60 and sintering or by hot spra§2coating t he powder with anhydrous
particles suspended in an enulsifier. A powder of partjcles 40 as shown in
FIG 5a is 5'§eR&BANGE fle R 63 By° ad?isi ‘gaeﬁhém&oreé‘uﬁﬁ AxIERFth a

i quid contangbngha lardrioiome; . wat el e slol abke i dwale@ edeg nad afafeen g

ter- | 1 abl terial taof I ti ted ticles-
from the si GAFy o AT PHE Kot et Sor & pEFF1 oPBLY SR nd BHe coated core

10 particl ehanitlesa gdlosphericorda@icdi nghespghate eegeesi umricdkylanlyl

al um num or n I , i t Lyal l; n acid
releasiﬁb aggﬁggbgq%bgﬁﬁgggélfg§¥@%ﬁ?égﬁﬁﬁgﬂéég%éngggﬁ§%§nd ofﬁing t he
powder fronsthéosdli dgsidomsaiansg Subfamst orcid pbwaeidee. the 15 particles
44 as shown hgsghﬁsﬁac%%@s@e USRS DY AAMX1h0d -2RBKA QUSHRAR MRS Wi th
t he powder gn Intering or by hot spray coating the powder with anhydrous
particles sG§pBAA¥IY-HYEFOSYUISiGIRaLs A WInRE SPTRAERNCcMEECSE eqratfown i n

FIG 6a is 20 gerghabllymBherdieed 4tk adAXiplgosPBos 0L 8xRABEI Cl eSandiR A
SI|IC&H§ solgtlon to tgrn1g di spersi on, separﬁtlng enca sghated core
particlls fPbgSUEReaGiEpErdEGT I AFRI the Rt RPS ufasEades8re particl es,
adm Xi ng t hpotpeapewkatedhcerse padArtliatteis vadida boliuglyeontiai acig,a 25
hydr ophobi c ter-soluble ter-degradabl e or terswel | abl.e material to
forma slur%9¥$%55¥§éFi%&lg0§%€59§§é§¥%ﬁﬁﬁd?%sb¥€5§§tﬁgegﬁﬁﬁryPCB?Ying t he
coat ed cor ep paydrokgbutgdatei ngpalhd acoaired, cam@ parankyésidet bra sol ution
cont ai ni ng I e L.n t or i ds- I

suspensi on, CaagihdrErRERRETBIBAEa AR Tpr 88 B8 BT VELBENEsnesi on.
powder 16f tPelyakbviras 60 ROlyisduMreane . FIAG whimerhpesptypapbdsphraseni xi ng

anhydrous pastiglesswhb ERepawder and sintering or by hot spray coating
the powder with 35 anhydrQus particles suspended in an enulsifier. 300
c T zooz 52 Powders of the] particles 52 or 56 as shown in FIGS. 7a and 8a
can be prepared by adm xi ng_the particles 40 or 46 with a |iquid containing
a hydrophobi c, water-sol ubl e] water-g¢egradable or water-swell able materi al

to forma F
— S ,

i

o Oo—S8i1— 0 [e]
S IS
——Tro 0 —si-0 ©

. I + (Ry)4.;S1i(OR,), or
CH,Si0OP (0) (CR), wherein R is a non-hydrogen bonding group,
alkyl or aryl, R, and R, are alkyl, alkoxy or aryl and n

20 is 1-4. Water-hydrolyzable acid releasing polymers ox
oligomers are preferred.

Linear or star like oligomers (e.g., a micelle like
molecule with a lipid wall and a P-0-Si core), such as a
phosphosilicic anhydride that is the reaction product of

25 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
have the formula



5 dispersion, and form ng the powder fromthe dispersion. A powder of the
particles 54 or 58 as shown in FIGS. 7b and 8b can be prepare [bj]@QH?g
anhydrous particles with the powder and sintering or by hot spray coatir%!g
t he powder with anhydrous particles suspended in an 10 emulsifier. The

nmor phol ogy of any of the powders of thgyinvention can be altered by
changing the particle size, solids concentration or relative ratio of
componentss, JJAGQE! Y3 SHLLACE LABILADSAN e elabpae; ats! B fead
solution, th eed rate, residehce tine, air flowrate, air tenperature,

fl ow direct h@vs rkhehefdyela or the type of nozzle or atom zer used in the
spray drying process as is knqﬂp_Enikpe art. A powder of particles 10 can
al so be prepared by 20 adnmixing the silicate particles with a liquid
containing the acid rel easing ageﬁt anﬁ silicate to formcoated particles,
cooling the coated particles, andsfioagpenisi ng try cool ed particles to form
t he powder. A powder of particllesli22 ik forped if the silicate particles
are 2~ adm xed with a quuidofﬁﬁfginin% thq?silicate and cool ed before
bei ng adm xed with a liquid com&ainbngft@e- ic¢ rel easi ng agent. A powder
of particles 26 or 28 as shomncgn_E¢GEgChp d 2b can be prepared by
adm xi ng anhydrous particles mﬁtﬁzthe coated particles before cooling. The
30 silicate particles can be dip-co&ted in a nolten |iquid, spray-coated
with a |iquj Luti , CoAL 0 . er of
particles 18g§3%lglquﬁk%éreparggyg¥ca%§?§i%%%gﬁéggfﬁfggfgy%ﬁ???gfes\mﬁth
particl és cearahalngrd- aarf.aticd G.el kvdrogangent avd b didd cdie formuim a
particle m xture, sintering the mxture to forma product, cooling 306G
C T ? 002 63 the product, and fragnenting the product to formthe powder. A
powder of particles 22 is forned by adm xing the core particles with
silicate-containing particles, sintering to fornlchapsulated core
particles, adm xing 5 the encapsul ated core partip &s with acid rel easing
particles to forma mxture, sintering the mxturged,g forma product,
cooling the product, and fragnenting the product to formthe powder. A
powder of the particles 26 or 28 can be prepared_ Ry adm xi ng anhydrous
particles 10 with the produce. and sintering befone cooling. The acid -

rel easing particles or the liquid containing the @kg)releasing agent can
i ncl ude a di spersant as described above to prevent, agdl omeration of the
core particles. A powder of_ the particles 32 or 34 _as shown in FIGS. 15 3a
and 4a can be nmade by préparing'the particles 10 or *22 as descri bed above

and then adghxi89nt Bgcpakt i@ esndO, QuLP) W £B) ackieguird Gontat AL Agna
hydr ophobi c, gater-soaﬂgle, wat er - degr ada Ifggélmaterasmellable material to
C

form a coat 2¥3pPBYuct ¥dol - IHe c Xt edP t, Rand 2¢ fGadferltzi ng t he
coat ed1fr Og&]bkﬁél oEfocgn tt?ecgowie;renﬁb;po«/\dmd' of pﬁtﬁ'gglreSr%ﬁm Qr t?? AE; sh(ﬁvvn
in FIGS. 3b,and 4b car. he prepar y.adni xi.ng anhydraqus partigles wt

the coated Hrodudt BQF&S&*C%%?ﬁ%éfqﬁjﬁgade?ngf%péﬁt%gié§ Or 8%°Bah al so
be fornmed byo250adnPrirng ciiexday tpid Bsridi€d oph22pvoishi 1jaritd drésydoindlasni ng a
hydr ophobi c -$0 | e, - I ter | 1.a terial to
Form o m xt O o0 Sy R oPERg T T ead i RO ok B AV iy Rt
product, angisteungaenti wglels inddirstes osiokr nashprppmdene Alpowwer of 30 the
particles 36 or 38 can be prepared by adm xi ng anhydrous particles with the
product and sintering before cooling. A powder of particles 40 as shown in
FIG 5a can also be prepared by adm xing the core particles with



3~ particles containing a hydrophobic, water-so7.uble, waterdegradable or
wat er-swel |l able material to forma first 300¢cTzooz 64
mmum,mnHMngthimtpwﬂcmrﬁmwetofmm|MHm§mﬂ£$mm2
particles, adm xing the internediate particles with particles containing an
acid releasing agent and a silicate to,forma second particle mxture,
sintering the second particle mxture to forma product, cooling the
pr oduct, ggﬂg f t %#gggﬁ
particles 4 05%5?% EQEF@%QQFEEg%Sbgfi} 2 m Xl d”%%gﬂ%gre partlcles
Wi th S|I|ca1%9¢mu¥¢cles and sintering before adn1X|ng with the 10
hydr ophobi c, water-sol uble, water-degradable or waterswellable material to
forma first particle m xture as dgscri bed above. A powder of the particles
44 or 48 as shown in FIGs. 5b dﬁd‘§bﬂﬁhn be prepared by adm xi ng anhydrous
particles with the product and singering before 1~ cooling. A powder of
particles 40 can al so be prepared by adH1X|ng the core particles with a
liquid containing a hydrophoblcﬁJMQfé?- ol{hi e wat er - degr adabl e or
wat erswel | able material to fOD#HCﬁated ore artlcles cooling 20 the
coated core particles, fragnentuﬂg the. p@pe GRre partlcles to forma core
powder, adm xing the core powder with alliquld containing the acid
rel easi ng agent to forn1coated‘ﬁ§ﬁtT’Ie%C'bo%ﬁlng the coated particles, and
fragnenting the cooled particles to oornlthe powder. A 25 powder of
particles 46 can alL.so be prepared by adm xing the core particles with a
liquid containing a silicate, cooling and fragnmenting before adm xi ng the
core particles with the liquid containing the hydrophobic, water-sol uble,
wat er - degr adabl e or water-swell able 30 terial to formcoated core
particles as described above, A powdep—-ot-—patkjgles, 44 or 50 can be
prepared by adm xi ng anhydrous pahtlcles with the coated particles before
cooling. A powder of the partitles52 or 56 as shown in FIGs. 35 7a and 8a
can be made by preparing the parﬂlcles 40 or 46 as descri bed above and then
adm xi ng t hehpaetinclGsisiO or 3 U'=:ocT ? 002 65 46 with a |liquid containing
a hydrophobi c, water-sol uble, water-degradable or water-swellable materi al
to forma coated product, cooling the coated product, and fragnmenting the
coated product to formthe powder. A 5 powder of particles 54 or 58 as
shown in FIGS. 7b and 8b can be prepared by adm xi ng anhydrous particles
with the coated product before cooling. A powder of particles 52 or 56 can
al so be formed by adm xing the particles 40 or 46 with particles containing
10 a hydrophobic, water- soluble mater degradabl e or water swellable
material to, form.a_m x{ure the m.,xtyre to fo oduct,
coollnggthe p oSESFrﬁﬁﬁfq? H%HBYSEﬁa fof fﬁﬁggo%ﬁgﬁd A
powder of thetpantkmomnEﬁbcﬁpﬁﬁﬂcmm gbpcprebamedobyeaﬂatglagid

releasing wax, has the formula



15 anhydrous particles with the product and sintering before cooling. The
powders of the invention can be prepared by the nethods descrégquﬁqo&ﬁ ?r
by any conventional coating process, such as fluidization. In 0
fluidization method, 20 the coating material is aerosolized by passing the
material through small dianeter nozzlegsinto t he chanber of the fluidized
bed where it can inpinge upon the fluidized core particles. Upon contact
with the fluyjdize r articl powder is formed as the 25 coating
mat eri al sowé%é%égggTﬁ%gpg%Figﬁ;?éigithen be packaged in a dry seal ed
container. The particles can also be mcronized to reduce their particle
size and forma finer powder before being packaged. The powders of the
invention can al so be prepared usi ng mechanigcal bl endi ng, 30
mechani cal - f 1 ui di zed bl endi ng arld ot her know powder preparation nmethods.
The anhydrous parti ctes;5i 1 catce,—ad—otoher® ingitedi-ehts can be
manuf act ured by conventional processes and packaged in dry seal ed

contai ners, or can be 35 purchased from various sources. The particles and
ot her 300CT 2002 66 ingredients are stored in a dry atnosphere before
being used in . the powder preparation process. Although the powders can be
f or nul at ed Qsh&ééé$$§gﬁF5%8vg?l t Ti® ﬁﬁ%ﬁqgr%ﬁF9$%fh Hhe Eﬁ?i SEEpAFi ¢l es
are 5 formed from an aqueous sol ution containing sodiumsilicate and an

al kali ngtal chlorite or alkaline garth metal chlorite for rel ease of

chl oring|di oxi de. The salt used iqiforning the insoluble silicate is
preferap&l_gQQQQgiynqukmgt u_IQE_ cid releasing agent is 10 pre=erably a
pol yphoSphate such &s sodi 4nfhexanet aphodpiate (avail able comercially as
Cal gon~ from Calgon). If an organig._a ;p)releasing agent is desired, the
acid releasing |layer preferably includes @a mcrocrystalline wax, an
oligoneric diluent or a |low 1~ nol ecul ar wei ght polyneric diluent, and an
acid rel easi ng wax., such as propyl ene glycol nonostearate phosphosilicic
anhydride acid rel easing wax. The |ayer 30 preferably contains sorbitol.
The anhydrofis pgrticles 24 are preferab yofodiun1sulfate or cal cium

sul fate. 20] Appl'ications for the powder é e nunerous. The powders can be
used in nost amy enviToAteht —WHher®:) e—to—wiwt,ure can occur. The )
powder sScan "be fornmed into solids by nolding or sintering. The powders can
al so be inpregnated, nelt processed, sintered, or 25 otherw se incorporated
into a variety of materials to provide filnms, fibers and coatings for a

wi de range of end use applications. The powders are particularly useful in
preparing any injection-nol ded products) conpression-nol ded products,
thermal -formed products, or 30 extrusion-formed products such as cast or

bl own fil meWhahReinhd{(¥al. $8alsil iAW IAMRREC pbaderalal nowsifdy ¥ Hes 2 use in
injection npbdi NEnPHECRSTASLtifunctional 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
or 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



30 p GI' ~QO- 67 Ml ded, Thermal - Formed or Extrusion-Forned Products

| ncorporating Powders of the Invention It has been discovered that the
powders of the present invention can be incorporated into injé&(ﬁ@ﬂjg'ZUﬂz
nol ded, conpression-nol ded, thermal -formed, or extrusionfornmed products by
contacting the powder with a percolathgn agent to forma percol ation
network within the product. The percolation network provi des passages for
transm ssi on, o oIRLalun AN D (5ot ARSPIELE A0 SHLT QHAGLAg Lhe product to
the gas-generating material W thi'n e network, rncreasing the anmount of
gas that camebbageyédst edhydinislp uskcefic Rnlpredide, agreprpaied to products
formed w thoyh,a Fa(ee%%t QR AGEN -adi RIS, foraed w1 hoyty a-Rer eel ation
agent are gene¥ar y more 15 noisture inpermeable and tel ease less gas
because | esdindikelife SEChr &FsMALTF AN R - gereeae | FOPAhYERrEl. For
purposes ofotherpEesefhekr@¥entith leMiS Ghati O B3 IWPhKopl BeReBBt €1 Al
conprised of two or_nore phases _in which at | east. one hydrophobi ¢ phase is
20 t opol ogiRAHYSEREALPRToUS T POMYGHY TGS surdRL YW ERH ot hetS1%he

per col at i orameyapi Kegaanbeestea<c @t i taliss rat wWinke sl 1 seonds ndans net wor k,
or a subsurface. network. .A "cQ-caqnti nuous network” is ercolati on network
in mhichaﬂRr?m%%gsaafapfgpépﬁéﬁgaI%?%xﬁﬁ%%%ﬁﬁngﬁﬁff%éﬁééﬁﬁé%?%egsurface

t o anot her .s¥owdreteasenuabis .network” is a percol ation network in which
only t hydr op i ases):iss | agi év&gggﬁﬂygy f e free
surfacgﬁto anotﬂ§$%62?£§§b§é% aégﬁﬁiﬁﬁﬁﬁikﬁ a percolaﬁ?éﬁgﬂ%§€ork havi ng
a surface taferage oflegess PhaRC30™EX iPatdsrc M ibatwedy drlophobl ¢ audf aces)
due to the flonimat{ NoBb, anskbN pHe FEQAHIRY b%wetde% SHAC dad{a hout
processi ng. A subsurface network can be“treated via corona discharge to add

hydroxyl gridiffs t3N@nBOBF REEE CHRP NP REHIVE eduBRtds 10¥0 tafed it aidk k,

i

converting 3dwe, IndYydhephabi ensuicfiaceel@ad imydiRARidd:C IS 1Baferized0 0 C T
2002 . CO- ontlnugys Qeiwprk 70 as shown in FI, .éﬁ contains a
hydr ophi | | ¢ PHast BPIERR AL h§dPSPRABIEE pRaSe™PAT Hﬁfdr%}%ﬁ%‘i phase

i ncl udes a yeEerectd hdy Opohgeat Wétandhe gadogener atmimgarairet itdle 78. The

network 5 i : S whi gh_ext-e hr, hQut, t.he networ nd

terninatei%?%x)n|%g§§8§g§§r§%%fac§3p§%L5% ? 6abg%t%%%%ﬁ%ﬁ%é«ﬁ%ﬂib%%ssages

provi de patinayssdpPlyrensef ssi phaske wompagisifliemnche Ligmepheruch

surroundin%éﬂgggyﬂygwf%§gréf§dgﬁgzg B%g%EhQQ BlehAl W thin. the network.
r I ista

The 1Q passages e _needed to I nprov istare penetration which may

ot her wse B0 Iyanferdeids. te- PRYUREEHOBMEdEhadas) aaf acid mecibrae A

di sconti nuQusthed V&Efdﬁa%ﬁfcébﬁ?@ﬂabﬂdh:' Gr éeheqnb@hpaﬁda@ hydrephid i ¢ phase
72 and the hydro hoblg %?%ghase_74. The getmork |nc,Eg§§_;assa es 80 which
ext end thr&iﬁ%ﬂ%gﬁﬁﬁ n F k2GhESt er AFRAEETEA BFeHE >dgs &iaifer
surface 84 tdre &omiiulde network. The passages provi de pat hways for

transm ssion of noisture fromthe atnosphere surrounding the network to the
gas-generating



20 material within the network. The hydrophobi a phase of the percolation
networ k contains any hydrophobi c wax, polyner or mnulticonponent polyner
such as a copol yner, a terpolynmer or an oligoner, and polyner EQ @Fp

bl ends thereof. Suitable 25 hydrophobi c waxes include m crocrys ne max
paraffin wax, and synthetic wax such ag7chlorinated wax or polyethyl ene
wax. SU|tabIe pol ynmers include polyol efins such as pol yet hyl ene and

pol ypr opyl ene, polyvinyl chloride, polyurethanes, netall ocene polyners, 30
pol yesters, polyacrylic esters, acrylic, polystyrene, polycarbonates,

pol yam des, pol yester am des, ethylenevinyl acetate copolyners,

et hyl ene-met hacryl ate copol ymers, and pol yacetals. A hydrophobic
plasticizer may be included in the 35Shyd?ophobic phase to inprove
mscibility. For—exagpte, a dloctyk&phtha#é%e pl astici zer can be incl uded
i f 00o0cT 2noz 6g‘ponV|nyI chlorlde is selected as the hydrophobic

material. A hydropho ic plas i s also preferably included when a
pol yolefin is us ﬁi’b astici-zes is included, it can
phase separ@hgfgﬂﬂ1gr¥%£;hy. 3 |I|c phase to forma di sconti nuous net wor k

havi ng hydrophobi c phases that are tgpologically continuous fromone free

surface to another The hydr phig IC|pﬁu onta*ns the percol ation agent
and the gas- gene (al. D%
hydr ophilic naterlal In re'

at Po¥"agent 10 ¢s any

contact with a gas-generating
material, farns a percolatlon netmork wi th the hydrophobi c phase but does
not cause premature activdtl f Rhe gas-generating material to rel ease a
gas. For exanpler<eﬁ g buayd gl ycerin. 1~ cannot be used as
percol ati on agents becCause ¥fhey activate the gas-generating naterial as

noi sture does. Until the present invention, it was believed that al

hydr ophi I i ¢ percol ati on agents woul d cause such premature activation of the
gas-generating material. However, it 20 has been di scovered that nany
hydrophilic materials car. performas percol ation agents w thout activating
t he gasgenerating agent. Suitable percol ation agents include organic

hunectants gugh as o&olz/alrm@r@ngmeegér(eroﬁ ‘ eel mt hyhen& glye®lor
pol ypro erneS%choI , ethylene _25 V|q¥ al cohol yvi nyl “al cohol ,

vi nyl py? ol I1¥ @mPﬁyFlsy%ew%chﬁfee |W$y¥%}r%%ﬂ%§ polymer is

pol ysacchari deerfel yehexr Wﬂﬁyﬂpﬁ:ﬁ@ﬂb@&ﬁé onagtdeoae,ld‘ rdied ose and
al cohol s the eof ,and ma nltqég and dﬁﬁ%v tives r conb nati ons
t c

t her eof , gERte h&ﬁ% ant €30 <h s %fﬁé?laﬁégalégﬁﬁoéﬁheffhe earth
nmet al saltsamé pglywnmyﬂgynnnbudéaeeposodoua1sﬁlthéetempbdwmanﬁnoride),

super absor hegt Gty akes, SUel,abogrbent e shatebes. (s uast-asohant,

resins, ant processi ng- ai icizers
| ubri chht s, oenbesﬂeE@amhqyuuﬁyn@d(@bogt SSQQEaCmanEspreferably

between about 5 and about 50 and, most preferably,
between about 10 arnd about 30. The most preferred acid
releasing polymer has the formula:

]

) 1 e
HoL-PYNP— CH,C— 0~ CH,c— 0—H—CH—C—)OR
% y 2



30 OGT?_002 70 nme gas-generating material in the hyarophilic phase is a
powder of the present invention or another noistureactivated, gas: 32 i ng
powder such as those described in copending U S. patent appl3 BaﬂlGaIrE @Zal
nos. 5 08/858, 860, 08/858,859 and 08/ 651, 876. Suitabl e gasrel easi ng powders
i ncl ude those conprised of a hydrophobic material containing an acid

rel easi ng agent as described above, a8 a hydrophilic nmaterial containing
anions that are capable of reacting with hydroniumions 10 to generate a
gas as descmisegiabdAP 119 HyR o TeE2 and hydrophobic material -s are

adj acent and substantially free of water, and the hydrophilic material is
capabl e of generating and releasing the gas after hydrolysis of the acid
rel easi ng agent. The hydrophobic material can also |~ include diluents as
descri bed above or plasticizers be cci nam de, formam de,

N- net hyl acet am de, i sopropyl acr | arti de- ac yl am de or N-nethyl formam de.
The hydrophilic material can be |co ﬁsgﬂo ntirely of a source of anions

whi ch react w th hydroni umions tolforp12 the gas or can conprise the

ani on source in conbination wth another -hydrophilic material, such as an
amine, an amide or an al cohol, or a conpound ‘contai ning anmi no, ami do or

hydr oxyl noigki gs igng Elgwel}g A KY0Iy B Qe POPPLPILHRDTI ke d N6is

enbodi nent, the hydrophilic 25 matérial is_ particles cantaining anions that
are capabl efP™r 8atei A§O0w #h ify Frrem dmboms: @0 geXiet &t X2y ds .EThe

hydr ophebi csiaberi ahdi & ashydaphohic £ae hayiegibhe pakti @ighana
surface thereof. Another suitable gas-releasing powder includes.an 30 acid
rel easi ng pBFyfef“85 A&sBFi BEFSHHAE - aE%yHﬁd%ﬁ?f?EaﬁLYeFigpF ani ons

t hat are capablip, oh teapikifigrsbilly Mydronioom iamd xp geaadatze axegas as

descri bed above. h copponent. of e conposition has, a particl.e si.ze of
not nore thgﬁe§85559¥,goggagggppdnsﬁhn(?ég§ %@i??%ﬂofglggssﬁﬁggﬁﬁﬁ%ﬁIy
free of watecidpdgtapablie efigemecatiolyvand Irbreasl higohbheigashafter

hydr ol ygi s i.d I [ fl 7 = Any
hydropK?lice%ﬁégﬁyg%ktﬁgg ?%ﬁﬁgggdsgﬁﬁﬁdgﬁ&%%%ﬁg?%e&%ﬁ?%%ggéﬁ counterions
and the acigtiéfeassngopobiher Pyopesditesblredwined afornaafiegdéregn am ne,
or a polyhydpie;abeohal orSciat capgbhal 194 .t akhiee 088- &£k eAaLDI sRAWder

i ncl udes a hydrophilic core, a_hy r%ph bic layer on an outer surf ace of
the hydr ophtREcPebYBeT aR8t pyPHLe] &8 Pn%EBHFh. O ¥R $RelRydropRShi c | ayer.
The hydr ophpbbscolayenscont anasianaadidd wdlyveasling sgedtand descri bed above
and ma 5conta'n 10- nicrogr staILinﬁ max,zp raffiq:ma synt het.i.c X, or a
pol ymet> suchS hLY BRALEYEX POt YprBpyFends SORTAAITh, SO Rbry s REFLEEF pol ymer
bl ends, nmulpropapoiest ipotaersmposhtdencopol yners or terpol yners, or

pol ynmer all oys tfgéﬁﬁ%ﬂigh cEérEE§E§§i% Oggkgnﬂgqgggégrggs mat erial 15

capabl e of bindin wat'er, such as m su , calciumsul fate,
ferrous sulPat¥phasphaseam syef he, mestcPrafanxrd rReidorsigreidgpl et ed

silica gel,agbHPkNBecZ8Obi LBSy ELAWS oSN A% RSN 4 enahdnkaghielcer
pot ass @n1pernanganate, npl ecul ar si eves andcfg%gen-scavenglngﬁzo,salts.

The co tPRS part FRFRsCEANELEREY NG GOAEGTE PYRCEROSPRAEERITY free
of water, asfd dthgagDEeatsdcapabbeinl gererat i rghargbY€l eAsrganacyasid ter
hydrol ysis of,the.acid re%easing ggentt Thgﬁgydro hilic core of the powder
contains a SaFt2ehRPosBofF ARFOHET 28 SRR e TR W hydr oni um i ons t o
form the gaselypdosphates| omsnoBasienpioaras ifiih rpHospliage addHLPOQS car. be
added to t rophobi ¢ and_hydrophi.li i al s _as.needed. C
2ddi i ves BRr e nosery kP RE SEBRALS v, (ST, Ale P8RRI Hng b rom
25 3 to 50), sodium metaphosphates, borophosphates,
aluminophosphates, silicophosphates, sodium
polyphosphates such as sodium tripolyphosphate, potassium
tripolyphosphate (K,P,0,,), sodium-potassium phosphate
(NaKHPO,*7H,0), and salts containing hydrolyzable metal

30 cations such as zinc. Preferred sodium metaphosphates



30 stabilizers, flame retardants, emulsifiers and corrpatlblllzers The

percol ati on netvvorks of the present invention preferably contg @%‘V&%}DZ
about 0.05 wt.% and about 50 wt.% percol ation agent, between abou

wt . % and about 35 70 wt. % gas-generating material, between about 20 wt. %
and about 99.7 wt. % hydrophobi c mat er'g?ll, and up to about 30o0cT zooz
72 50 wt.~ hydrophobic plasticizer re preferably, the percolation

net wor k contaln et 0 b / £0 tio
agent, bet e l'g‘uty%ﬁélua? 3}1 a‘boufe/%%{]'\?\'tg/?gas generd)a&:ang %1)2 i Q
bet ween abmlehﬁleaswta%alndlabaut09§04§qm E%l‘hyplhoppbblte ciadmisal | and up
to about 50 wt. ,{el,ms/&; hopi- g aPhask (Hozsqr écl%erbrtdﬁgdggago @tlldon agent is an

or gani ¢ hunect ant as poly thy ene gly ercol ati on network
pr ef er abl y r&d¢Es ime a¥Ren2 BHoTeNEres it pepRredoly B6LKENm B0 or gani c

hunect gnt, -heiaggn jaboikt i §. 25wk ¥rand RHGM gcﬁ&avtai/%eﬁéigea«amtm&gg

mat eri al, between about 50 wt.% and about dr ophobi c materia
and up to RBOSPDSFUR P)‘S%Wb%ﬁobréoplté’@t s Lter , thag ﬁéf“éxﬁf’éfé‘rabl Y,

bet ween abauyll @32 Wr %ﬁIlih@bQﬂto3Qh\M ofblar, gamd doohiAgCtanisolbeiv@en
about 0.5 . % and .about 50. ga%gener at i ngrﬁt eri a{), bEtween .apout 50
W . % and ab8&t TRSYHCRh AT hB%r 8 e - TpCF 6 8Bdut C5G W %

hydr ophobi esple&stdfc|azqxolWI;e@ribeaﬁ)ebhollamSOIpxa@B@mab$yaa 'gmgr:gandlc

hurrect nt s A i 0«chlo n fate,
the~peranI a |on %ert \?%r}ﬁrg %éet?ét Ilﬁggg\‘fi;??ﬁg méeﬁgg Dot ”%g \%ﬁ about
5C wt . % i ngigapilc daxmm;e bfemmbeasapcr@py(lez& v@l%cahdmaboatemme %
gas- gener at. i ke #gg aphou SWiy1% = 84.

hydr ophobi %hggt g?)laﬁdﬂo pil\%ggﬁgab%l?%S Cf}r%éagop obi CE%ngﬂ Cl zer
and nore pgémpébmnq;séxaﬁe@t%bbatsztmer@m%dmcmsw 1% Apesgaditc
hurect ant, fgsw%%e%@%elg, %Wob/géggcabﬂwzzigé’wozé Sassge f{l%' ng

naterlal bet ween about % and about ydr oph o Ic mterial, and
up to 1abouF*80SBO Tt SR HARIFIPh OBR N pPASPREL Aer t%@%%uﬁﬁ@ﬁ%&@h

COWDOPent dwaﬁd be fcwéﬂ ddiRides cot afhen AabWeio e e thé egdivh¥rsel ected by
one O1T ordyn

ary §I|| the art upon consideri.ng the t ended use of t he
pr oduct . THBCBePCOYER ort Hdtht k<O CART bB=nEde By ity 95° CORVHEFBnal »
pol yrer prsnessangemmﬂani1§%napahhple peederinopfwitie pescol bt taneagent,
gas-generaging; 1 ,3.0:Q Gt ®% 31 or c(0)-0-Si bonds in the acid
20 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
performed with reference to Ralph Iler, "Chemistry of
25 Silica: Solubility, Polymerization, Colloid and Surface
Properties in Biochemistry," J. Wiley & Sons, N.Y., p.
297 (1979). Preferred silicates or silanes include
tetraalkoxy silanes such as tetraethyl orthosilicate, and
monocalkoxy silanes. The process of preparing the acid
30 releasing waxes is described in copending Wellinghoff et
al. U.S. patent application nos. 08/858,860, filed May
19, 1997 entitled "Compositions for Sustained Release of
a Gas," and 08/921,357, filed August 29, 1997 entitled
"Powders Providing Controlled Sustained Release of a

35 Gas," which are incorporated herein by reference.



material, and hydrophobic material ingredients can be m xed toget her in a
m xer, such as a Henschel m xer, and fed to an extruder or gﬁn(g 002
apparat us operated at a terrperature not exceedi ng about 200C 8 m;
melt. 5 The nelt can be cast-extruded as a film formed into pellets using
dry air cooling on a vibrating conveyer, or formed into a desired shape by
conventional injectionnolding, ther rral-"'lcf orm ng, or conpression-nolding

met hods. A hydrophobi-c pl asticizer can optionally be added to the 10 powder
m xture to reduce the RiKe8BEEy of the nelt and increase the nixing

conpatibility of a ke hysh©pbahi gerr&henuatedarﬂa e RSPl At s pgent . The
percol ation_agent is mscible t he hydrophobic material when the nelt

is formed, BaYefepdr f%s2? o°FoF alﬁleFBSﬁ’leltlr@tdl%élel@%t% met e

solidifies, dgiesedd nigs :am%:lmdrophbbhar matueklaaqaaﬂmﬁs:amrﬁeal ni ng thfe g

as-gen ratln mat eri.al . thr ati.on networ a preferre

gnbogl g: srabtfeq hjen% Eﬁ%atll g% § rzfr?d"i%éjed:é"so g% éeéjacf"f er])g

mat eri al ar eoMl@ldertded:heog@therObeieyert hé leyrdt pticlel i ipaivdey ferm a

i ntroduced § e}PEt & SP”TLQ(]}Erb%V‘Be'@IIeQ%rF}%rcE(Hf"l | fgent and the
a

gas- generatlng materl e co fion i's prepa y adm xing the
percol at i onlszgémdeamqw:@a%tgb nat vay neeaaifdiin yakor mya thetder exp05

m xture, adaixhng <t ke ROWASIedy M&%@ ﬁblﬁ}eﬁ:ﬁ'@rl@ﬁ@ QRRObIG LRI Alet O

forma bl end, heatln%the blend to forma fnelt, and cooling the nmelt to
form t B8 coRp68i BiSoRtamiih P%lFéPE%PK%ﬁ@?nuBﬁ’éyﬁéﬁﬁéﬂk OF @i YERE nuous

net wor k congai pbmgn@assba%ﬁﬂé OTHEU: DyohpendBpeagmitisoR@geRts The
passages are ca e of tran tting nol fture to the %Pi generatl ng

I
mat eri al tocagﬁimﬁésand:er@ P58 935, Ot hIGREERer O énpstiShent ,
powders of therperfcol atieme atichtenns dhe ga&mg&ﬁehatllyngvﬁ&tlabw fafegn 35

i dt t t Th t
S B epar edV By A Fodg e Eret S e E R R e Ra Rtk en: and the
gas- geh®r at sngtadider |f@>Ir tues eCor it Bugewitiee ells hbxvare piadoicxiysg atllid ngowder ed
m xture wﬂtwa§%§EE5ﬁ%e@ﬂ$am¥yﬂaéa{ﬁ%ﬁiéafrgm harmagagl o gnd cooling the

nmelt to formthe conposition a co conti nuous netwdrk or a
di scont i nuoD@rﬁ‘é@Mﬁk &ént m%l’l{ﬁ%%%ﬁ‘g%ﬁ#‘@fﬁﬁébby theopercealtad ém agent .

The passage§h@rgcgap%gllg_,a%fu{g alfW@Névnguﬁ@én?f)Hﬁ@tEQ*EHg gasas ”?Jf' ng
material to generate and rel ease a Al ternati vel percol ati on agent

powder can bBEnE%ed ¥6! ieﬁts&"(%é‘?ﬂ"?elrﬁ Iﬁ/ﬁ‘-ﬁ%‘ahﬁbpl‘z‘tnﬁ?érb&?”@@?‘é’lbécaddl tion
of the gas-generating powder to formthe nelt. The percol ati on networks can

be appJ,(bed on a surfaﬁe as, asgr{émby using well known hot nelt, dip coat,

spray Coat, curtain c , wet wax, and | am nation 15 processes.
Use of Powders oFfhehdibpesmsiEmon J@sth%lmdngeibeadéns tapebeldsed RO

retard, Kille phovenbsehrcantiinle MGIAM ALOILGE! oRERLATLARLECRKN @ surface
of a materi a e material or In
5111cate particles during preparation of the powder,

controls release of the gas from the powder, lowers the

25 surface reactivity of the silicate particle, controls
moisture penetration through the silicate particle, and
does not react with the silicate particle. Substances
having hydrophilic and hydrophobic portions are
preferred. The hydrophilic portion of the substance can

30 be absorbed by the surface of the silicate particle. The
hydrophobic portion of the substance minimizes
agglomeration of the silicate particles when the
particles are mixed. Preferred dispersants that can be
incorporated into the layer 14 or 20 or the

35 interpenetrating network have a melting point not greater



20 atnosphere surrounding the material by exposing a surface of a materi al
to a powder of the invention, and exposing the surface to noi e to
generate and rel ease a biocidal gas fromthe powder into the édﬁd&ﬁﬂéﬂQOZ
surrounding the surface. In an alternative enbodi nent, 25 m crobi ol ogi cal
contam nation is retarded, killed, prgyented or controlled on a surface of
a material, within the material or in the atnosphere surrounding the

material by yplach ige ¢ hea pBt ehicakadianents %P%“Q%oﬂflébés' ev@t 'a%n and
exposi ng the powder to noisture to rel ease 30 a biocid romthe

powder i nt @“EJWEE al FPSpRera teaFr AMATHG Y herfaEaFPES . PG&E’Vﬂ@Dféam ng powders
can be usedidbHESL @ dpoliM R pYrreAitddte %@@6@9&@3& deedpRRYid i on a
surface of terial or within the te % osi gg a surface of 35 a
mat eri al quﬁa% o¥tdeRe SUNRAS HPLY si 8 ' 300c T 200z 75
surface topmu&tlkﬁléﬂeggmytaﬂe; ard g.el e;ﬁsby@thjzbehen&_;n‘.gbols,

deconpositi g -|nh|b|%|ng gﬁs fﬁOﬁ]th gg ntolthels nospher e

surroundi né’q St acks YER81't & meRt ;= bi ocheni cal

deconposi t |ad1kqm@11aaﬂbmeﬁepgéve:ml§d sorcltom rmétbdxxanoaysuhyé@@eof a

material orgy ‘ycglé‘ t@%?ﬁh@‘c'l%lrxaliyp@l&ge?gélté‘r?e fr&% adj acent a powder

of the |nvé% ‘and exposi ng the e to rel ease a
b|ochenlcaPQiMﬁﬁﬁhxl@ﬁ@npﬁﬁpwiﬁmﬁga&¥§qkﬁwnm¢@abbmﬁer01hggmﬁﬁécapﬁosphere

10 sunpounds; fn@ri@téiééhm@h%a%b%ﬁ' IS pasf enapby Péeégcﬁcﬁ!d%h as —
fruits or-ve tables or qther food. The food i s preferabl ored or —

transport e®9 Qﬁhﬁ¥$eda%@n@§ﬁﬁérSaﬁﬁﬂ&ﬁ%%ﬁf%cﬁ%&keﬁ% %h@cshelf life of

the food by seeirardidige, paﬁaeabtcaga@rwfé%nt(reolg}l Nacdieshem €akc18s such
deconposition or mcr ob $Log¥)g§6 contam nation. The gas-rel easi ng powders
f

can al so b&Suféf o aoH ABafPgh TP R T | e HPExpoSPRG a surface

of a materiaalid crﬂm\ﬁeg atehhse, umeifnt laen sydh expesinchédehavef aagsto
nolstqge to enerate and rel eas resplratlon contro gas.fromthe

powder>i nt §Fh& Satts %?Esgﬂ?rouﬁé PR TERE U RS 1§ 'B?Iié?g%rﬁgrflve
enbodi nent greeggir aihazm 90°@ aaEepraEerabdQ’ntardm:lmﬂ byi il achveng t he materi al

adj acent afngg%k §£@i&f¥§ FrB,eagg §%§%0w§§¥d$%?og%28|sture to

rel ease a respl I’ | ONn-con 1N gas
at nospher ersdepsdmd regene. mafuirab. eT@@lmmerapymolpx@m ably fruits,

veget abl es cobla¥eleshs 0fn@i gk EbﬁBl?me@%”UP'pcﬂ £8P S ALEOD; §bnk0gds and

flomeraels general ly acconplished by storing an transportlng the food or
30 fldters Pﬁaﬁ%ﬁqn%xﬁ%ﬁﬁnéﬁh@P@eﬁaykaéﬁng@ﬂdsﬁﬂRﬁﬁXWRfﬁa% per neabl e

packagi ng. pahmaﬁflr;ghe@él ﬂgoa@v\daas eGabsalrx0 he-nspdl dongeodoppge a
surface of gr’rﬁ1 erial _or the. a herﬁ %;rrl#%ndl n h(go material or enhance
freshness 8Fifhe3FE HIEPEEFB ¥ 3§F & Taterial to a
powder of the invention, and exposing the surface to noisture to

Hydrophobic, Water-Soluble,
Water-Degradable or Water-Swellable Materials

25 The hydrophobic material of layer 30 is any
hydrophobic material that can be applied to the core 12,
the layer 14, 18 or 20 or the particle 60 and solidified
to form a layer on the core 12, the layer 14, 18 or 20 or
the particle 60. Suitable hydrophobic materials are the

30 diluents described above.

Any water-soluble, water-degradable or water-
swellable material that can be applied to the core 12,
the layer 14, 18 or 20 or the particle 60 and solidified
to form a layer on the core 12, the layer 14, 18 or 20 or

35 the particle 60 can be used in the layer 30. Suitable



300CT ?002 76 generate and rel ease a deodorizing gas fromthe powder
into the atnosphere surroundi ng the surface. In another enbodi ,
surface of a material or the atnosphere surrounding the rrateriegﬁ U{:-? 2002
deodori zed or the freshness S of the material is inproved by placing the
mat eri al adj acent to the powder, and posing the powder to noisture to
rel ease a deodorizing gas fromthe powfler into the atnosphere surroundi ng

the material. The s-r.el easin owder n al so. be.used to 10 retard,
prevent or HGEFFGnghﬁﬂﬁiggﬁlgq éiﬁﬁ%ﬁ Hrghnismto a material by

exposi ng a soliadaydpyarrmatieidnz, tpmkqunmkwakdom@b |puéyaﬂhyﬂeaed exposi ng

t he surface |s A ?ﬁsp I
odor-neutra?|¥F§g g%g %ro gﬁﬂ%%i&? té? gnigﬁ S%roundlng
the surfaceglj/noénotandr C@r:tb@dixy@emtearﬁema‘taa:ﬁrrcomwecbamdes d®&-@r-gani sm
a_mger L&j{.%&éséa a&%@e PLaveRRd QfarfrUd oldeth By, phaekay the materi al

adjac exposi ng the powder”"to noisture to rel ease an
odor - maski nga b2 baEE ZGaﬁé’G‘*ﬁr’ FiEOSE g & X 3RThe POYAER | AYEOERe

at mospher e sy £ QHBAENY thie oFet, efFiudlosel,n xtHhamﬁmye aBd hgdscobhgisey face of
t he naterral or the entire material can be i nated. or coated with the

powder, thedbdaeharifdese (&dfi-xed TR e Hﬁ S, M2hECS8: powder can be

encl osed mn1£¢@oaega5p@ey@eabhe rddeisai (Rerg . omddntmeeermaﬁlﬁmddthe powder
can be @nclosed hin _a _cont ai_ner.. osed within a

I
cont ai h ?%%r%%ﬁ?a|ﬁ8?r8§ﬁ 'b& KEP ﬁgp’céfﬁﬁ sgﬁetjé%&fng PYfarTy seal ed
such t hat smmnrga51Veaksahdonhuhen30 @mmnﬁuna aﬁdamwdnflaé proteins

i oxi do- el pas} 10 PYIEEoLEOR CXAREart e AT TRAONAL S0, L O £OLALTCT S

used to store uct's, Ssoa aun unen ot hi ng,
pai nt, seed@ruh®@$cBDlVhspﬁeﬁeﬁFsdee@PdQ§LMﬂ@kmqnﬂ¢%%S 3§1be¢§©hal care

duct I b
proauct s, e f?% Oﬁo?XHB/&%%?’%lWéﬁb%c %Q:*ld%“ GISRAeE p 034 0Ny bags,

f oot wear, use . packet, sac et bag, "tea bag"
or othbt g&BlyreFEdePe EBﬁﬁB?‘ﬁéFpéﬂsbh@oﬁd\ﬁé&er@an RRlyeleeded in a storage

cont ai ner tﬁbléréwreetesc;hheemﬁsqh gzﬁwer@aero IadON achi-yahkon.
The chl ori ne, dioxi de-rel easin owder a SO nated Into a
paper or pofyREri %Cﬁﬁ?E?lﬁPp?gyﬁnrsa ?ﬁ& %;%%igh inserts or
i nsol es, banslagenmpdetdak, pohghhctbhésmgpbdaeébarﬂdxutﬂmapper a food

packaging ty S )a ra into X397 pol ymeric
coatin app'ﬁxj §m8€0 gggé b%é?éLCOn alnggs ggqctheFiéﬂr aces i ncor por at ed

into %0 ns R yisepackhgkpglinens; orodﬁedwaﬁtl@e@omﬁsﬂmeﬁ sthersofrilize

wat er; ade‘e@cdef’\dérpe?lgﬁﬁ.grhQLeEQaQEe@tfetﬁemlﬁ%%ttW gchlorine
droxrde about the naterial (e.g., soil); or adm xed wt er powders to

1~ kill m(ﬂQkM%ﬁ#N%ﬂ%lC@ﬁﬁanéédfﬁésﬁﬁésévgﬁ G@&iQQEme%Q?EPsefoot powder s,
bath powdergss 1 ponEeT Spyeedli Aoheeahtinderaéia tiitel;, cﬂ@/ﬂﬁfﬁ forotéeasing soft
surfaces S%ﬁﬂﬂ?%agaégfatQOMUgggf QSEE?CQEE%mE%ran L{f;égngal)
25 hydroxyproline polymers or oligomers, hydrophilic
polyvacrylate derivatives, polyethylene oxide and
derivatives thereof, carboxyalkylcellulose and
derivatives thereocf, hydroxylated cellulose derivatives,
alginic acid and derivatives thereof, acrylic polymers
30 and copolymers, gums, polyacrylamides, starch graft
copolymers, acrylate polymer polysaccharides, sodium
starch glycolate, ard indene-, styrene-, ethylene-,
propylene-, butylene- or isobutylene-maleic anhydride

copolymers.



The powders can al so be adm xed with binders or 20 ot her convenji
tabletting naterials to foamtablets that can be dissolved in Qilgxﬂ;J'ZQQZ
poi nt of use to release chlorine dioxide for flower preservation, surface
di sinfection, sterilization of nedical devices, or use as a nouthwash. 25
In addition to deodorization to neutrat4ze nal odors the powders can be used
to retard) prevent or control chenotaxis (i.e., the attraction of a |iving
organismto a chem cal psahaialcebarkalc10anpl e, odors from food can attract
insects to the food. en the food | cent 30 powder of the invention
that rel eases anTdtHorR¥askFhgSgat, ef"??@ %Iﬁ%éﬂ”ﬁ%n%‘?b@ﬂ p§ the

i ndi stinct pbwdeRerxeptad) essp sbe asecies. shhe spowserss akohbgihnyant i on
can al so be used to rel ease, a odorgzutr%lizkggéﬁﬁs SQ that the 8dor

rel eased fr8 PUS BE-TEHIteD2BARE Aty Y3t eF e HOF
attract &d tpatrhecllesd act &s OmoisfuzreozcadcHyerpowdemsiaimiadso especial |y
suitable for_use in animl feeds. i.ng _pr.eparation _and handling, aninal
feeds for nBESESEPFF%%ﬁﬁ;&i%?l§u8 %@gcﬁﬁéﬁbﬁgi%ﬁmﬁﬂﬁ %%ﬁ%?'dogs,

rabbits, ratsitabde ahydreols kwateareadst emcd udentsading exbMathe bacteri a
Whi ch infect,tne anipeadd té‘&l@?#&%?gér%nfa*&%_,p‘fn% tsi'xﬂé{eéléliPé‘tQW f or med
from edi bl e"conponents,” 1 ncl udi ng” edi bl e protei'n coatings, the powders can
be i ncor por agédivm chlerids manoi sburagudend cany stdde il odkdmbna ., bef or e

transp@ot?tEQB;QEéﬂ#NéKEyQIE&%th§ begdonatebahar &a36 pf éé%éé@f@mso t hat
the chlorine diexide wll reduce or elimnate the bacteria wthin the feed.

The cont r ol PEEMREFSH fRod TRl @ERE2HORAEVESaPEE PEYFEE S RRIEYal load in
the intestimngseehagch nm{wga?fsradyagoasi paksiciesTheel eldnpd e £xBpPl es are
presented to dgicgibe referred enbodi nents and utilities of the present

i nventi on afddareélié tn%TF??H?tSPchﬁﬁeseﬁPeiﬁ@éﬁﬁ?ﬂ?%ﬂﬂ%ﬁﬁ%?&ﬁﬁrmﬁse
stated in theecpaefe msndss heset abod@ Bxangha ibokdteparatmidysois Sihicate
Partici§s 5 .IitErs of a sodiumsilicate agqueous solution (SiQ2/Na2O ratio
= 3.22;°38.3%%5rFds) was placed in a vessel equipped with a nechani cal
stirrer. 20 liteTheofpavded®orsndi alhsohiorilideaquevestsonatli dmawesd aelted wit h
25 vi gorous LrLLNG... | 11 Ag uti i i atel y dried in
a connerciaféé%ré$ gfﬁ%ﬁ%#ﬁﬁ%{é#%ef?ﬁ e%h?§ﬁ§§?3t§§§$@§§5335%§555oc, t he
outl et tenpedifusrdnas ananitzghabymesec, the feed solution flow rate was
100 M/mn, and the atom zing gas was 30 delivered at a ratio of 60:1 to
the teed solution. The drying air was conveyed at a rate of 200 kg

ai r/ hour. _ A0 pHAMAT P c0ABEBBuEEd were dried to | ess than about
4 wt.%eater in anvagiadpiovens (JO0Eh80pkasehy VAGHHE) caNd e (e de@ dry
at nosphere. 3.0.0.,~ ~r _~00z 7 . .

by admixing an amorphous, paracrystalline or crystalline

material, a solvent, a chlorite, bisulfite, sulfite,

sulfide, hydrosulfide, nitrite, hypochlorite, or cyanide

salt, and optionally, an inert core, to form a solution

25 or suspension, and forming particles containing an

amorphous, paracrystalline or crystalline solid solution
from the solution or the suspension.

The silicate particles of the present invention are
prepared by admixing a silicate, a solvent, a chlorite,

30 bisulfite, sulfite, sulfide, bicarbonate, carbonate,

hydrosulfide, nitrite, hypochlorite, or cyanide salt, and
cptionally, an inert core, to form a solution or a
suspension, and forming the particles from the solution

or the suspension.



The silicate particles prepared by this process are illustrated in FIG 11,
whi ch shows generally spherical silicate particles of vari abljgsiﬂzg 2 2
Exanpl e 2: Three Step Powder Preparation Process 25 kg of th I J-t 00
particles of Exanple 1 were slurried into 100 liters of a 50% nagnesi um
sul fat e heptahydrate (MyS047H20) aqueous solution. 100 liters of a 30%
sodi um pol yprosphate ((NaPO,) X) aqueod4 sol ution was 10 then added with

vigorous stirrin The resulting slurry was imediately spray_dried in a
commerci al spray %}?Q‘rﬁglhrﬁfﬂe H’?]Et%ﬁ]r% RERpRraferabids fxmed B¥oc, the

outl et tenpeiAlayl &1 MasHdTRIHY aé@mtﬂ@nléﬁcsugﬁenfs%@ s @l |;§Httfi@}!\é§ ate was
100 M/ m n, andthe ?Féeogzm s glvered at a.ratio of 60:7. to .
the feed sol5Gd &-S°r %ﬁ'?%d e’éo‘?ﬁ VEBTafVAPPEAE 1™ 200 kg

ai r/ hour. Thedhmidicis wasalcsrormmhay mixk Hihg (¥h8Ysvated prard vm:aspﬁemﬁmn dried

i mredi at eI y t. beI ow,1% wa ver 1 vacuum and-
stored d?’y zﬁtr?orsp%e"}lesc%( ?C’P\gé’%ﬁ’_mpg?é ngv\gg eﬂp;(%r ation
Process 25 pgr(tflctm srd (fat]s:épamgi c¢<ess€cPaEa(aﬁptéelpae’ttecsllaﬂ rfeeminto 200

liters of ap,aq qu |,f hepiahydrate
(MySO, 7H20) EE% lé%g 0 so % i ﬁh%s%%sp/%%ag&?g%%tlﬁ%%gor ous;1
stirring. THepriedw tieng sl lwlr hiseR rﬁ%d?%t@?ogéﬁéy dPhéd s mat domihs ci al
spray dryingipfikq theddHst J.tt.ersp@r@éweevé@stﬁsﬁ §{3r§§0@ryt1|?% Ut | e
tenperature was maintained at 150C, the feed solution flow rate was 100 30
m / mi n10andotheratymes ity Tgas hel RT3 T At Eh?aFPéquLOG’OW to the feed

sol ution. Thesgensi@raiflortds £ HBEKEbAathdl Y&k esgﬁeaeoc&&o@sre/dﬁ@fr .a The
product was 6303 what noi st %M%:f)mte%)o@% Lgrther dried i mediately
to bel ow 198RaLEr SPHYk Nacu ér & Tt 2+gY vACRGR}C3S and stored in
a dry at rmsplﬂétteai:e matlriex,C 1‘& mm&%am\d@rapeepaﬁédrh&yt hi s process
|S|Ilustra i 1 se omc raphs_shaow eanIy
spheri cal Eiv\gg nse Gg d % 0 varl a € sﬁgg% Eggm ﬁlsgemﬁeoglpa%d?cl es
are smbdt h encaaﬁe[llaanomn eﬁhammamteetrmtdnasbn@tabelhbyl oW. tHleGS. 14 and

15 show thepcht ophag diexid Jﬁ#%dﬁﬁﬂﬁ“&ﬂ@gpgﬁﬁ%i M izl oGl or i ne
di oxi de vvas released at abolt room tenmperatufe an out “14%Trel ative
humi dity asCSRbdNiAIFLEe #41image I—@rsfﬁcﬁ/%se%(ﬁ“ma@e%igﬁﬁﬂl santrelepease
started as §9@ﬂ1@§chhelzeh%tﬁevga®rmfar; pvdeesdedopbouh i 8% Control | ed

rel ease for_a weelf out roomte rature. and about _60-80%
rel ati ve hufifdft§ }nn,g| ECTES - ST it SHBkiSHe: Tt ¥aSEeFaPls “aréd %dé&pendent
on bot 20t enpeeatupecandofeltat pvowldumidithe Ftendioshowshkhe x-ray

diffractio N a f th ey | ot indicates that the
powder is %%is;?%&?léal grgatrsr%(rg%d dn %r@p‘ﬂ?{ospﬁ&g.
When preparing the solution or suspension,
ultrasonic mixing, high-shear mixing, or any conventional

homogenizing method can be used. The solvent used to

o
W

form the solution or suspension is any ligquid in which
the silicate and the salt are soluble, such as water or a
water solution of a water miscible organic material such
as an alcohol, acetone or dimethylformamide.

Once the solution or suspension is formed, the
30 particles can be formed by any method known in the art,
such as conventional spray drying processes. If desired,
the particles can then be vacuum dried or dried by any
conventional method.

The wall thickness of a hollow particle can be

)
n

altered by changing the process conditions, such as the
feed rate, residence time, air flow rate, air



Exanpl e 4: One Step Powder Preparation Process 20 21.3 liters of a sodium
silicate aqueous solution. (Si02/Na2O ratio = 3.22; 38.3% sol

pl aced in a vessel equipped with a nmechanical stirrer. 20 IitegznorﬁZT1%B92
sodi um chl orite aqueous solution. was added with vigorous stirring. A 50%
sodi um pol yphosphate ((NaPQ3,)X) 25 &fueous sol ution was then added with
vigorous stirring. The resulting solution was inmmedi ately spray dried in a
conmer ci al teprperaryreg Ghow direlsicondin itdrs degeribed ithebxame eR2. The

product wa | y.-S S 8 t rigd
i medi at el ?to%l%%v Qg@egg%/g?grb Pn(lgl %\gﬁ %ﬁv}a %ﬁ% §8rotg:g Sd’ vacuum .
Exanpl e 5: Perernginos WNeewePRPPFaFAPE! 06N qﬂ’ﬁ)c%%% metpgmérs,ofs%nm e 3

was mlled {d0: w4 . J4r2ngh Bogngeni ged ivist koncdnt%£01 ¥8L h%%@%ﬁl and 85
W . % Ast orwax 8357 mi crocrystal [i ne wax cgget_)hl al | ~00 81

avai | abl e fFHMAER FHEVRXOTPH. CEBBRAGEM eT’?]%Z‘BI éﬁ&l&&l\ﬁék was nelted
at about ﬁ95 C aI‘I(ﬂeC@Ja)I'@daDDiﬂJﬁﬁ(ﬁr oxX ﬂhlegfs&rlm&ﬂ% p@rﬂgclae\éa&rmster
coater. The coate aper_was then _exposed to Rel ease

S Tort ne B s b o E s AP S HEER o T FRred Tgs s o
chlorine testrtstaligs. After a few hours, no gas rel ease was observed.

oever , e pangr, trNEd, 0 egp.af L (AR 13 hap se 1 gl gl Ra t he ol ow

rel ease of chlorthe oxide fromt coat &rcol ati on
Net worllkd Pr eysandtiom &f oa:es@tahempembleobr@mm en%:avasabl eadeteniuskdsodi um

sulfate (1], yalyie 141 i0)c angh deled. plbe sbhend d@scr?éxfﬂv%‘cﬁ el ted culf

paraffin wa Ast on rocrysta I ne wax I n volune ratios of
bl end to\M%@kﬁaQE?J?%ﬁ%ﬁﬁFqs4ln¢%édi SoRatay isdll ired teasedO@hHEr i ne di oxi de

after exposida di0 &l Uf@o&:?ur@%@@éui@&@@!cﬁ%‘eng gEhherine test strip. The
1:4 materi al gld not reI ease ch| orine dioxid whi ch jndicated that a

per col ati of% %u?ﬁ%@sh%l?ﬁB?ﬁaﬁPé §%Wm%ﬁ9§%}&ﬁ%c?§nt may 20

requi ré noonineait i) Mt . 200{1 4bEe hEvERE ABE eac&h%ﬂeitd&mkstguaebbwéte t he
gas- gener atég mat er i al 631, 300, 5, 639, 295,

. S. . Pai egt No%. 5, 360, 609, §
5, 650, 446 66%?61@3”-’135%35& ghc 1edS ogoaes™ FRdt ?W%’s’é‘“ GRE1IBNE: patent
appl i cati ofheemaadi nast éﬂﬂ&tzﬁ)]rﬁeé)@dreﬁ%ﬁzs;@(;?tooaa&ﬁ&185r93tdlB/ 858, 860,

and 08/924,.034 f . J ILQROT Al o hereiy by s eference Lo Lhely, entlrety

VWhil e the invention 1S sUSCEp tl%r o) varlous no PEaticons "ant ernatlve
fornms, sped fiisc S@hﬁﬂﬂ%rﬁ@@@h@e@é@mp have%e@nn&hm sbgdwa!y @hdexarrpl e in

the dpgw ngscanbihae fea drserl bedues oknahl delald 3 14, shoukd-be)

under st ood, however I S_not |ntende vention go t he
partlcularbﬁ&W%ﬁﬂ:QQQ%&xﬁ Qnﬁnéwﬁ@¢ﬁﬁc%n§vaW95~tm56ﬂﬁ¥#ﬁlbnab§uﬁo cover
all nodifigati.ons, 35 equivalents and alternatives falling within the
Spirit Suitable salts used in preparing the silicate
particles include an alkali metal chlorite, an alkaline-
25 earth metal chlorite, a chlorite salt of a transition
metal ion, a protonated primary, secondary or tertiary
amine, or a quaternary amine, an alkali metal bisulfite,
an alkaline-earth metal bisulfite, a bisulfite salt of a
transition metal ion, a protonated primary, secondary or
30 tertiary amine, or a quaternary amine, an alkali metal
sulfite, an alkaline-earth metal sulfite, a sulfite salt
of a transition metal ion, a protonated primary,
secondary or tertiary amine, or a guaternary amine, an

alkali metal sulfide, an alkaline-earth metal sulfide, a

(99 )
n

sulfide salt of a transition metal ion, a protonated

primary, secondary or tertiary amine, or a quaternary



300 CT 200 82 and scope of the invention as defined by the appended

cl ai ns. 3o0occT-~ocz 83 WE CLAIM 1. A particle conprising ani ons

di ssol ved in an anorphous, paracrystalline or crystalline sQ}Bd[ﬁ}ﬂl@@@%

t he ani ons being capable of reacting with hydroniumions to generate a gas.
2. Silicate particles prepared by a process conprising the steps of

admi xing a silicate, a solvent, and a5€hlorite, bisulfate, sulfite,

sul fide, hydrosulfide, nitrite, hypochlorite, or cyanide salt to forma 5
sol ution, amwiter ningadkrildametedr fidaEbeRRt @i nihge k2 diBepRaGsh

paracrystalddne of; hysbakliane ssYiichadddOns{1OREhg sobutienon3. A
silicate particle conprising anions dispersed throughout substantially

anor phous Inetzht k0N heé BAP H§Q&94u?§%ﬂﬁﬁﬁ£a%ﬁcq %?Yn@rmfﬁﬁtﬁ96V0n|um
ions to genghaie, aogas. qéatér@lraeq/e%Snﬁrm 1€ el K D1 p:aétanzl earbenptesi ng the
stepso adm xi n_anor gﬁ staltllne or_cfy Illmlf gerlal a
sol vent arfth & tREecapf Csa\ﬁ‘i:f‘?rfae ©isift 15 HES ?o§ﬁ Fi

nitrite, deHNKi&imntﬂetaﬂ ayanléepmﬁdonaxédnpmfmsnyutsea¢ndadyforn1ng
particles cont ai ni.ng an grmr%h%u ,uag%rrq.lcar ta%hrié‘e é),[; giggg gl Lpg;solid

sol ution froé?ﬁttlhae %ofl rocess for preparing silicate particles
conpr|3|rm)hyﬁrstb@l@é,adn1ﬁﬁh@‘&nﬁﬂaaxﬂhain%&ﬂh&ﬁmosuhﬁldech&orlte

bi sul f at e, kﬂ}ﬁjd%@%f§aéfé9§t Bsfdraowafrisﬁeuaﬂ tfd mﬁocQIB%Esnapéd

cyanide salt” to orma solution, and formng substantially anorphous
silicate patitaes feerPRA_TYoPH: texciary amifer @ a quatérnary

amine, an alkali metal nitrite, an alkaline-earth metal
nitrite, a nitrite salt of a transition metal ion, a
protonated primary, secondary or tertiary amine, or a
guaternary amine, an alkali metal hypochlorite, an

15 alkaline-earth metal hypochlorite, a hypochlorite salt of
a transition metal ion, a protonated primary, secondary
or tertiary amine, or a gquaternary amine, an alkali metal
cyanide, an alkaline-earth metal cyanide, or a cyanide
salt of a transition metal ion, a protonated primary,

20 secondary or tertiary amine, or a guaternary amine,
Preferred salts include sodium, potassium, calcium,
lithkium or ammonium salts of a chlorite, bisulfite,
sulfite, sulfide, hydrosulfide, bicarbonate, carbonate,
hypochlorite, nitrite, or cyanide. Commercially

25 available forms of chlorite and other salts suitable for
use, such as Textone (Vulcan Corp.), can contain
additional salts and additives such as tin compounds to
catalyze conversion to a gas.

A base or a filler can also be used in forming the

30 solution or suspension when preparing the silicate
particles. The base controls release of gas from the
particle by reacting with hydronium ions that diffuse
into the particle from an acid releasing layer or
interdiffuse into the anion-rich areas of the particle to

35 form a salt. When the base is depleted, excess hydronium
ions then react with the anions within the particle to



84 6. A powder for sustained release of a gas conprising: anions dissolved

I n an anor phous, paracrystalline or crystalline solid solutiog,nt 1.0NS
bei ng capabl e of reacting with hydroniumions to generate a ggi’(ﬁgaagﬁéﬁ

acid rel easing agent, the powder being substantially free of water and
capabl e of generating and releasing agas after hydrolysis of the acid
rel easing agent. 7. A powder for sustained release of a gas conprising: an

i nt er penet r%mgan%ta\@ork WL 2L DL BY @ofithioQal e P H8SoE hat agebgapabl e of
reactlng W th hadronlun1|ons to ﬁea r?te .a gagqc aqg an, aC|d relea%b

agent; 5 t hETFEWIEE Beitig S5t Bt FAFFYSAPSe ot METEP LW aRsbl 18P

gener atl ng andunel e&sb@eﬁ cgﬁsfglle:r hydha}lcnyﬁr& afotdiecaci te r efigastad

agent st ai ned_rel.ease of a_gas. cO isin

contalnlngAS8 %E%8§t 1T RS fﬁg 5?8 Capa l%ﬁr%iﬁﬁﬁ? gfﬁ?ThEﬁﬁdrnlum
I ons t05genpaat&caegasquubfbmplersthbayenaamﬁnﬂuuam)Gﬁ\Ehedbaeéea5|ng

agent; and cond Ia r e he-cqr f' stel r econd
| ayer conta nlgara ¥%ﬁtecaﬁﬁggﬁérgfa%dgﬁﬁg%f l%#mé%é%%% %%%r% bei ng
10 substantial dysﬁreel of Tkeet eall;ﬂetgeﬁenélpéﬁepnmﬂe@mgmﬁm@$$ya

wat er - i nsol yhLg, oénéltlp.%rcqrfe émaglsapahh enef aq%ﬂgf@égé}g and ¢gleasing a

gas after hydrolysis of the acid rel easing gent . wder for sustained
rel ease of %aﬁéécéénﬁpl§9ﬁ?l¥%%%rEh€oﬁFéPnR § gHﬁHﬂQﬁﬂ?ﬁEﬁﬁP%&ﬁ%ﬁgfthat

are cappbl ec9é paaeticng Wit W@@ruabheaantmgg@}g Perwi@ges, and 3 0 C
CT 2002 85 5 a Ia¥eé on the outer surfacs e core, the |ayer
contai ning an acf#Yr ORE&sIT QgertChRdv AT ,p,@g%&onlum lon or’any

filler can be incorporated in the silicate particle.
Suitable bases or fillers include, but are not limited
to, an alkali metal bicarbonate such as lithium, sodium,
15 or potassium bicarbonate, an alkali metal carbonate such
as lithium, sodium or potassium carbonate, an alkaline-
earth metal bicarbonate, an alkaline-earth metal
carbonate such as magnesium or calcium carbonate, a
bicarbonate salt of a transition metal ion, a protonated
20 primary, secondary or tertiary amine, or a quaternary
amine such as ammonium bicarbonate, a carbonate salc of a
transition metal ion, a protonated primary, secondary or
tertiary amine, or a guaternary amine, an alkali metal
hydroxide such as lithium, sodium or potassium hydroxide,
25 an alkaline-earth metal hydroxide such as calcium or
magnesium hydroxide, a hydroxide salt of a transition
metal ion, a protonated primary, secondary or tertiary
amine, or a quaternary amine such as ammonium hydroxide,
an alkali metal phosphate such as dibasic or tribasic
30 phosphate salts, an alkaline-earth metal phosphate such
as bicalcium or tricalcium phosphate, a phosphate salt of
a transition metal ion, a protonated primary, secondary
or tertiary amine, or a quaternary amine, an alkali metal
sulfate such as sodium or potassium sulfate, an alkaline-
35 earth metal sulfate such as calcium or magnesium sulfate,

a sulfate salt of a transition metal ion, a protonated



the core and the | ayer being substantially free of water, the |layer being
substantially water-insoluble, and the core being capable ofBQPSFeqQQQZand
rel easing a gas after hydrolysis of the acid rel easing agent. 107 "A process
for preparing a powder providing sustained release of a gas) the process
conprising: adm xing particles contai r%isng a silicate and anions that are
capabl e of reacting with hydroniumions to 5 generate a gas wth a sol vent
to forma sluyrry. adnxi i pg, nesi ug. . cal ci 1 oum or ot her
nonoval ent, B VARt rgoér%%?%éa?gnfgggpg§gn§h§%%éc|° el Liz:f-"(::]gl ng aP nt with
the slurry tamifer muchsd$ dsvoanaini syl faspensnonlkad iame fak nswhf anpdbader
fromthe so?\%}- %lnts% -|ng é\g_‘s_;g&qétgp, altrlhﬁlQQMﬁE—Q%'&gl sihstantially free

of water an able o enerating and releasing the gas after hydrolysis

of the aci dstuellfg’é‘@itrﬁg e . seifonmape oerds Prapkspasitgn PPBvi di ng

sust ai ngd r el easR RfateDaSrihlALy Pr O6€S8AEBYPHStLBG AKX i rie Zi BIE, a '
magnesi um cal ci um al um num or_ot her m)novaLegt, di val ent or .nultival ent
salt, an aciWIEFEILhG UGNt 28 ahehbhrPPERLsORoAES FUTE £%iF9%3 e and

ani ons t hat aar al&apdhiee exrtieaséta wotdtdysguoni s nagsielsdugener ate a gas

with a solvent,to forma sol]ds-containjng suspension, .and farmn powder
fromthe sofik ngﬁtaatlerﬁ Iie s‘J’lle %%% %n?gjtﬁeogoévd Faﬁgilﬁd“o&&eiotaami%rﬁy free
of water 1l0zapdotapalies giriyemey atsexpriary ebeasenygibhy gasraf t evr a

hydr ol X@i S %Lattg?n\%géfd arrﬂrgg_si ng agent. 0 0 G- CT 2002 86 12 H process
for preparirng a po r providing sustained rel ease of a gas, the process
conprising adm xing a silicate, a solvent, an acid rel easing agent, and a

chlorite, bipsdbbstes FWf idfep St dd dsywdd£@r bonate, 5 carbonate,
hydrosul fide, nitrite, hypochlorife, or cyanide salt to forma solution;

and forning the PoRA¥AeTT GH (RRF SHTIRS off a3, Shewet HBAFSE -r éfardi ng,
killing, prewentcngsOlsoCy rehdumdidri RI®bI 94 006 CaenePRL AN PHdINeN By
surface of admaterl al, wthin the mat e.rlgl chel n tkrjle atgospher,e‘surroundl ng
the materi aPS™eSHBRi Mg Skdpoit iy BESurdHee $°9Fr 1Pndt 8PPYF ¢G50 fowder of
any onéSof ebaivert6ttbo fSrmared s=Mpast ngdoex iy faceihe, Mmaghesd U generate
and rel ease L oci dal s fromt 0 .M o the,at nosphere surroundi ng
t he surface.cgig.lgs&’ n%tlﬁ%‘ R4 rt rcgeg ar i#@%?*ﬁ%?tpr%v\éggﬁﬁé SF controlli ng
mi crobi ol ogedkiveheati satlitorroh an aridices fasi mptageat, wikhhichet he
material orgh{i-khecal FBERNG S d st A fiey BEESLAL 1 ofIMRELSI NG Pl aci ng
a material 5 adjacent a powder of any one of Tlaims 6 to 9, and exposing
the powder F8TBRSL &r BOKESTe|fdee @ DiSstl e - LRREFHRINEhEUFERIS. oMt o t he
at mospp@re sur royngbwa_etrh?ﬁ@gta&récalf;r&@.tr& et e 0bhs 8k apdir-Rgc1pr eent i ng
or controlli ngabl ochem cal, decog%gs,l tion on a surface of a materigl o

within the FeP8YR&F EORHALOIRE EXbodttif REnRFF D Nt HRF Er FRMPES S2Dowder

of any one of el eater6sbdubleagilicate are generally prepared by

admixing a silicate, a solvent, an acid releasing agent,
and a chlorite, bisulfite, sulfite, sulfide, bicarbonate,
25 carbonate, hydrosulfide, nitrite, hypochlorite, or
cyanide salt to form a solution, and forming the powder
from the solution.
Another method for preparing a powder of particles
10 or particles 60 includes admixing a silicate, a
30 solvent, an acid releasing agent, and a chlorite,
bisulfite, sulfite, sulfide, bicarbonate, carbonate,
hydrosulfide, nitrite, hypochlorite, or cyanide salt, and
optionally, an inert core, to form a solution or
suspension, and forming the particles from the solution

35 or suspension.



5 exposing the surface to noisture to generate and rel ease a bi ochem cal
deconposition-inhibiting gas fromthe powder into the atnnsph%ig
surroundi ng the surface. 300~ "~ 2002 a7 16. A nethod of tEHBHh@UDZ
preventing or controlling biochem cal deconposition on a surface of a
material or within the material conprissing placing the material adjacent a
powder of any one of clains 6 to 9, and 5 exposing the powder to noisture

to rel ease a bi oghedl ¢alegiBeRBOSHd | OTEAR| bl kPa=8as I OM RS, PEYERE into
t he at nosphere surrouynding the material.. 17. bAhrret hod ,of, conttol lin

respirati onSBRRE MaXeridh CoriY sFHYVRRpHSNAY BOURPERdE 5t aneihed ‘gf‘?‘t 0 a
powder of apy asedotoclsAiump tie Sibhdaexpparbgclbe .surfracesdDvemt sture to

d rel i [ 5, i f wder i
Tho. s mosphSFEasEP SARA Ho e GUTY ate. 46 L KIiarnan SFaashiret I FHe
respiraii onmagnasiratner icall ciompy i sl gl phracongothermabenivall eatj acent a powder
of any O”G.QIvgi&{xH‘; ? s r@‘pﬁﬁéi@giéh&g&%ég%g %%c'?i‘)'asst% 4 Lgl ease

a respiration-controlTing gas from the powder he atiosphere
surroundi ngat Wetent eplalt 10D . ofA aretafrir otigeddbei erggnacsmatamiaf a

material orgtbg a&MEPRGIR I I A die the é‘ﬁﬁ@%ﬁﬁngEm‘%ﬂﬂ@? freshness of

the material, conprising exposing a surface of terial to a powder of
any one of clai nEN8 B&NG, HAGREHOsiTRL ¢ HEMsuptaBentd msi S to

gener at® anfoi&£nsgra deedarda o gasld feméhe PaMEerniint@ ithe at mosphere
surroundi ng the surface. 20. A gg%hgﬁﬁg{ deﬁggrlz ng_a surface of a
material orf$HRRSERABSPRENE SHY A d he® net@rfatt®dY enhance freshness of
the materi adimebr@résusgyn! ax nequaratiatlin) aflj @acensddaipowderoofetany one of
claims 6 to 9, and 5 exposing the powder to moisture to rel ease a

deodori zi ng* A% 1 TRAPERG Pt THTD (he S HUS phor &0 BGFr Bl Ry e
material. d3vdlénE drQpO2 8 a2entA seeltthdee Dére et las dangd pedweadiimg or
controldin tacti t{ract] - i to a material, conprising
xposi g TP Tanel o Sa TRt S AR T e Rt SsTE T o
and exposi lrddieicnrfaceimels ansicstaur @ tlaypnerateormndinehgase an

odor - maski ng, 928,191 e 80 4L REWH P71 NG Ja% F LM fhea BOwHen d HQofde
at nosphere surrounding the surface. _
as shown in FIG. la, or an interpenetrating network
containing an insoluble silicate is formed as shown in
20 FIG. %a. When the zinc, magnesium, calcium, aluminum or
other monovalent, divalent or multivalent salt is added
to the slurry before the acid releasing agent, a layer 18
containing an insoluble silicate is formed arocund the
core, or an interpenetrating network containing an
25 insoluble silicate is formed as shown in FIG. %a. An
acid releasing layer 20 adheres to an ocuter surface of
the layer 18 to form the powder 22 as shown in FIG. 2a.
The silicate in the layer 14 or 18 or the
interpenetrating network is formed by reaction of the
30 zinc, magnesium, calcium, aluminum or other monovalent,
divalent or multivalent salt with the silicate in the
silicate particles, and is substantially insoluble in the
solvent but permeable to water and hydronium ions.
Any soluble zinc, magnesium, calcium, aluminum or
35 other monovalent, divalent or multivalent salt that will
react with the silicate in the silicate particles to form



22. A nethod of retarding, preventing or controlling chenpotactic attraction
of an organismto a material, conprising placing a materi al %gkﬁiﬁgﬁ-i D
powder of any one of clains 6 to 9, and exposing the powder t tlu Q g
to rel ease an odor-nasking gas or an odor-neutralizing gas fromthe powder

into the atnosphere surrounding the ngferial. 23. A conposition conprising
a hydrophobi ¢ phase and a hydrophilic phase containing a percol ation agent

and a gas-gghenating,rate 1%:']. %hgncgmogl L}}&n pgi Hg Bcggoggénuous net wor k

or a discontl nuous networ 5 cont ai ns passages forned
percolat|O#QQﬁﬁﬂenQ¢%?%kB%a@@%wﬁ§kn§a@a Peo s st Q@aﬁ@ﬁmtthﬁgpﬁﬂﬁ§ﬁure to

the gas- gengfiatddice NB ek | %aéﬁegﬁéﬂﬁ\r ak@1an6hnl, e'%ﬁlﬁu@aér 8fneh

conposition co r|S|ng r ophobi ¢ phase _and a drophili ¢ phase
cont ai ni ng ™ (§$¥§ﬁ§ﬁgaﬁﬁ FH@tﬁ&ﬁiﬁnQﬁs h%c%¥ %IéFﬁE 6 to 9,

t he corﬁaosustulcﬂadw Mgl réc Oﬂ}xl:@ﬂidéégouiﬂﬁeamfdhlﬂfm actdlér:p@é; nﬁﬁma net wor k
which 5 contains, passages forne the percolation agent, the passages
bei ng capaa &ﬁ' 'r N ?%*%@ %%} ¥5Fé 63 ﬁ&ﬂMéh %% %%he?%? €3nd

rel ease a gaomizie, Aggrecesgnforlpieparhigradeonpusidiun pubiateng
Sustained Leleash Wha.f, (06101 0RCRSRANE! | Sl AR NG, 8. per col ati on

agent and a_gas-generating 'mat er orn1a re; ~(~C C
T ?2..0a2 sgls@mmarwlqwrrpdm?e@éudmx@&pé\lwuxrm C‘e‘{lllﬂﬂthriﬁ):hoa)l@mm‘@@nal to

form gobl epdi akeatinGliTatd endh- t 91 hAt b BBLYL unP i 1G0ld Ngyihen el t to
formthe composition, the conposition being a co-continuous netwark or a 10

dlscontlnu6§§cﬁeWW6ﬁ<§ﬂﬁ(9?¥ﬁnﬁ%1%%r@a§é§6e§lﬂéﬂﬂ§fdnﬂ%gﬂ?ik#%olatlon

agent, thespassages heigyeapabieiof1icansm ehled MPisStU@do, the
gas- generatieg rraterlgIJr to generate and rel ease a gas. 26. A process for

preparing & EBAPES fitot FYSvi di ng sustained release of a gas, the process
conpr|5|ng adndxiceg thepesodaldd 4 conagini ngnduapegasigendratidgna®f efd al to

f o ' h t t | ted
nycr 00D coReper PR o For & el 17 ahcE QIO F gt FEVnEIS-HES. POITHE he
conposi ti ohn the é@ﬁpogpﬂuﬁlmﬁnr@pe.%namphe»naouskmemmomkqm1zatlon
dlSCOﬂtlnU@UEhBQEW@ﬁ%hWQIC%ﬁ%ﬁ% - PASSaP§Saf apaed §$€ ﬂfypqﬂﬁglatlon

agent, the passages being ca of transnftfing roi
gas- gener ai A8t ?@Pﬁéﬁtkéeg@mﬁwﬂ¥$%ﬁﬁi¢%m99§étarga§re malntalned

at about 300 to about 350°C and about 100 to about 150°C,

20 respectively. The powder may then be vacuum dried or
dried by any conventional method. A powder of the
particles 26 or 28 as shown in FIGs. 1b and 2b or a
delayed-release powder containing particles 64 as shown
in FIG. 9b can be prepared by admixing anhydrous

25 particles with the particles 10, 22 or 60 and sintering
or by hot spray coating the powder with anhydrous
particles suspended in an emulsifier.

Powders of the particles 32 or 34 as shown in FIGs.

3a and 4a or delayed-release powders containing particles

30 60 as shown in FIG. 10a can be prepared by admixing the
particles 10, 22 or 60 with a liquid containing a
hydrophobic, water-soluble, water-degradable or water-
swellable material to form a dispersion, and forming the
powder from the dispersion. A powder of the particles

35 36, 38 or 68 as shown in FIGs. 3b, 4b and 10b can be
prepared by admixing anhydrous particles with the




27. The particle of claim1l or 3 wherein the particle is hollow or solid,

and substantially spherical. 28. The particle of claim1 or 3\,\%’@9WT ZQBQ
particle includes an inert core. 29. The particle of claim2 ereint

particles are substantially anorphous. 30. The particles of claim2 wherein
the particles are formed fromthe sol i on by spray drying the solution.
3 00c T 200z 90 31 The particles of c]1 aim2 wherein an inert core is

adm xed wit . s{licate, ssolye r nsj and t he
silicate pa?’tafll(}[eleési%% eg% or %%dgfrgtr)n tgﬁg §3§%§%J£%%§#§Ep§k%& e or
powder of amMpasnin®ftieapeeder vitB aphydwbeiseibanthiecbe$i saspensieskligrt ed
fromthe grQup &GRnssstipg. of sodiumsilicate, sodiumnetasilicate, sodium
sesqui silicate, sodiumorthosilicate, 5 borosilicates and al um nosilicates.
33. The particl es® RO¥EAF nPD RAEEEFASEhACSsAEYSMOYTS Wt BFGor 58 wat er

sol uti o of iwtLriy §§%@$Ee@rlg§m£§mﬂm.ﬁ§i ghe brelieapaitiskeqieh & aim 2
wherein a bais,e is.al'so adn xed \Qféta the silicate, the solvent and the salt
to form the SEHAS FRMEFHENHRAS e HRYAEORBPRLEed AFGH 1R WP bRip ¥BRSESti ng of
an al kal i melegjrdd 41650 dogwat eat @n- evéal abbe bk rdaylbarmt B rmna akkakiryg- eart h
metal bicarhonate. an al kaline-earth ne arbonat a. picarbonate salt of
a transitiof meta tli%%,c%g?)?%t% E?e%aEF#%F% fggé“oﬁgéﬁ ysﬁ‘:lr{%rtigﬁﬁngm ne,
or a quater trdney cad e eovarpanaielesl t adhizingandia icratned aboren, a

pr ot onated rir@r , ond 0 eLti ine, .Qor am ne,
an al kglbi rrg)taal é/y]' r%%’%@? %n%?ﬁa{?%egég?f&%n?m%al h7‘§/i rcg'xi \q,gé%?[%/ﬁdr oxi de
salt of a tradsiitiron aael ninrer :ophet onanedapentar WivvdeondaPy or tertiary
amne, of a-@ualeNAly AN a0 2L KALLaTLLaRNORPRA . Al abfaki ge 15
earth netal phosphate, a phosphate salt of a transition netal ion, a

pr ot onat ed sﬂlmfaf,ccsr&@rms/ Pisperfiafy aRfnéorBEng dus RIEE§TraftRE, an

al kal i et ak nsuld Al s Al Xahing- 8asbinTebal SHl baklied sl figbe salt of a
transition netal ion, a protonated prinary, secondary or 20 tertiary am ne,

or a quat er REFY &SR, ¢ arf 2l KT nbt oF 1S ui PBnSRB, PenPARATSR-B4rt h™ et al
sul fonate, aBmixiny Gah¥ddou®gadicles with the powder and

sintering or by hot spray coating the powder with
anhydrous particles suspended in an emulsifier.
A powder cf particles 46 as shown in FIG. 6a is

20 generally prepared by admixing the core particles with a
silicate solution to form a dispersion, separating
encapsulated core particles from the dispersion, drying
the encapsulated core particles, admixing the
encapsulated core particles with a liquid centaining a

25 hydrophobic, water-soluble, water-degradable or water-
swellable material to form a slurry, separating coated
core particles from the slurry, drying the coated core
particles, admixing the coated core particles with a
solution containing an acid releasing agent to form a

30 solids-containing suspension, and forming the powder from
the solids-containing suspension. A powder of the
particles 50 as shown in FIG. 6b can be prepared by
admixing anhydrous particles with the powder and
gintering or by hot spray coating the powder with

35 anhydrous particles suspended in an emulsifier.



sul fonate salt of a transition nmetal ion, a protonated prinmary, ﬁ?é?ﬁ?ﬁf
or tertiary amne, or a quaternary am ne, an alkali netal borHt dé
al kal i ne-earth nmetal 25 borate, and a borate salt of a transition netal

ion, a protonated primary, secondary or tertiary amne, or a quaternary
amne. 35. The particles of claim2 wherein the salt is an alkali netal
chlorite, an alkaline-earth netal chlorf®e, a chlorite salt of a transition
metal ion, a protonatedprimry, secondary or tertiary amne, or a

quat ernary 5 ani nefowdenskali tinet Pambiieligs t%2 an %6 ka$ | ahowar &h FBGal.
bisulfite, a-psildige sahtpaf p%ebram HPhdRiRnd Fhe BaPELPBA! @6 or

primry, secondary or tertiary amne) or a cl&;aternary am ne, “an al k
metal sul fitet6 anttErkal ]rh@éé?t FORERAIN 1D & thydZoRIPRI ¢ e gapgroﬁoéuble,

transition mi‘vliaadeﬁ%é@fﬁd@bméobana’hﬁérprsww]r]yabB@CxﬁHw@fi/an tbeEbkAr ¥ am ne,
or a quatsernfﬁ' am ne,_an k?Ii nmet al su fi “(;jé ﬂrall%}:’in(g earth.neta

sul fide RRF L3R o?ng PARSTEi on° RS"a<T ot R 1Yot ﬁﬁ?@ﬁsb?Pnary
secondary or A erdwdely cafneheopaatdaétesr (Sekr pmrﬁmea,s ashalkain FeGal 1b

hydrosul fide,, q% kal Be pﬁ%{e@a@%&a b}‘\é%&%&r{ Pé(&’é §£L§i8‘f‘ galt of

a transition e ion, nated prinmary, o rary- am ne,
or a quat er nariharihe, pcwdarkahd Fenaeriing iaw b)athII I@Iéme cast hngethe

nitrite, a nigfides $aldn Ana bEa0si bhoR 188t d erﬁie?cpaﬁ okgnat ed primary,

secondary or “tertiary amne,” or a quaternary amrie, an met al
-hypochl droi t e emad sS4 fided ne- earth metal hypochlorite, a hypochlorite salt of

a transition net aITHé)nnmapypépg;?pabgdaapl O \oheS Y Of fgEtiary amne,
or a quaternary am ne al kal j ne-earth netal

cyani de) or aTAPRYIRE &A% %? g ’E?’éﬁgl Pi}’oﬁ%’?é’tgéngl (’}ﬁie Pt ohatStFDri nmary,

secondary or sb&ﬁﬁsﬁk}brﬁfﬁrﬂﬁrablioﬁ quateﬂaarlweaman:e,o of3 dbrﬁp@anZQDZ 92
:36. The partlcles f clarr%ﬁ relrl1¥lhes %sodlu Ifas%um

cal cium it A &ﬁﬁ?ﬁ- Aot Ut S8 tEBF ] cﬁrrorlet‘@erﬁ HHS &te, BTl 7%

sul fi de,l5hydsodultfiicds, tiid ri¢ed hypechresibencesr tdyeni deir BHlo@rh:eanpa,rtl cl es

of any one of .cl ali wh n r Ie r i.ed _

content of uﬁl%o%eb%gjlﬁjralt&% /?ig"g dsrggcggroh gl e%g% %lz§; nlf'3 %e&éey\?féfse
rati o of sil cdonozeld ket iatenateratfed Wht lbibe tsiper aya iyl ey | mrdiet s ere

about 2.5 and saReW,3-i% r@{@sapé Si 02 per nole of M20 wherein Mis selected

fromthe group consistin 5 sodi uméF otassiumand a m xture thereof. 39.

The particle or pofdé&® erérf?folﬂ%*%? e famgalgo é’eorp@%fé?qelbrythe

ani ons aoe sebeckeed roid el Peatp p@ﬁswueegwafthclal Qidie Bt sairbisdll f at e
ani ons, sulfi e ani, sul fide anio nitrite anions, 5

ypochi or | e it G Y BRI IR IS AIREE ARRO L RFToTRE ST G powder of
cl ai m 39 whepernitiesgasdsl g ot heecdabgddparsiilkcilers , diaoxd der; admyetttoigen

ot G, MY EBEY I R (U 4108900 A QKRR LLIE0X! depdll Al e e

nonoxi de, or ¢hl orin wder rein
i nt er penet rapaﬁglﬁétaﬁoﬁlé iiss sinbsmacﬂatlél theamddpisate. particles are

25 admixed with a liquid containing the silicate and cooled
before being admixed with a liquid containing the acid
releasing agent. A powder of particles 26 or 28 as shown
in FIGs. 1lb and 2b can be prepared by admixing anhydrous
particles with the coated particles before cooling. The

30 silicate particles can be dip-coated in a molten liquid,
spray-coated with a liquid solution, or coated by other
known processes.

A powder of particles 10 can also be prepared by
admixing the silicate particles with particles containing

35 an acid releasing agent and a silicate to form a particle
mixture, sintering the mixture to form a product, cooling



42. The powder of claim 7 wherein the interpenetrating network is a |ayer
on an outer surface of an inert core. 43. The powder of claingz]wgﬁpfgﬁmﬁﬂe
silicate is substantially water-insol uble. 300 ~~ 200 93 . e r
of any one of clains 7, 8 or 9 wherein the acid rel easing agent is a

phosphate. 45. The powder of claim 44 wiarein the phosphate is sel ected
fromthe group consisting of tetraal kyl ammoni um pol yphosphat es, nonobasi c

pot assi um phosphiat 8oaRet as Sirkin 1 et 8phgsehat Broausdidln ABfapprsphate, a
sodi um 5 pol yphosphate, potassiumTri pol yfhosghat,e, sodi unpot assi um
phosphat e, bd?*dpRBE phafepovamitoRdsphat 88, 2251p| foapirss phat 2dniskagsal t s

contai ni ng a #wélrebygapherivtials catdonsi #6cadbecpavdenidly ayronel &f, cl ai ms
7, 8 or 9 wherein the acid reIeaS|Qg§$g§n i,s an acid releasi ng wax, an

t :
aci d rel easi ny-PotyHe?, COr TQFL&ETF _RFRY GPF§oRErt ifk e o AYBFERY of
any one f cltharserlcaBsol a®eshercaien garer heldsr el enshnd dagailied sitddqides a
carboxylic acig%tag egtﬁr, %gmggp d.ritder ansgcglryaligﬁi pho%phoric acid, a
phosphat e est®t’ " A %?la %yF5|IyI %ﬁ%@ﬁﬁaﬁé ester 895 eapwfflﬁﬁ%éﬁhate,
sul foni ¢ aci dfoxm sal pooducaci dogsltierg Ehesupfoduct acaddc fr@agmEnting the

phosphosi | i ci ﬁﬂp% ride hgﬁggggglic t e f e
of clainms 7, Fgror 9\/\%§r£|o%%t %g%l t er penet r%t?ﬁgéglét\;\gr E&%n qur esdgéy 25
m crocryst al |9 &vaxan abpapalbiarashly @dyhchesi anhrdroaspaamtelicles an

ol i goneryg 49.ikhe ﬂ?é"dﬁfoeﬁc%nlén@"%iQ{téfftiléergfo.‘Be05081&W§.her'rﬂéqcald&@ ng a
hydr ophobi ¢, water-solubl e, water-degradable or water-swel|7able [ayer on an
outer surfac& ey NPREpéReEFatGhd et bikidt pentaisinkgafdie @ciche

layer, 5 the juidiophedi §genat eansalndiligie Vot @l sgegsadabbe Fescribed
wat er - swel | abl.e | ayer bein subst@ﬁglall .free_o  water. 30 0QCT 2002
94 50. The pGRRE JF° PEFHFRS RFE AT LRI Iy P bpHBi EOrfaPertdd kaf e,

wat er - degr adabl e @ p@r@ersvel okl edryiefl€oOnai 68 24 Mher etiowst ald irTEnax,
rotern a Sivbers Bhert Bl el BB TaRa petrt o) PATERGOARI g, 22
| ectins) a |igpostresrdbédt apoxei dnda theen admixing achd, partd gws 10 or
22 with a liquid containing a hydrophobic, water-soluble,
water-degradable or water-swellable material to form a
coated product, cooling the coated product, and
20 fragmenting the coated product to form the powder. A
powder of particles 36 or 38 as shown in FIGs. 3b and 4b
can be prepared by admixing anhydrous particles with the
coated product before cooling.
A powder of particles 32 or 24 can also be formed by
25 admixing the particles 10 oxr 22 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 the powder. A powder of
30 the particles 36 or 38 can be prepared by admixing
anhydrous particles with the product and sintering before
cooling.
A powder of particles 40 as shown in FIG. 5a can
also be prepared by admixing the core particles with

(V8]
n

particles containing a hydreophobic, water-soluble, water-

degradable or water-swellable material to form a first



I

51. The powder of any one of clains 7, 8 or 9 wherein the interpenetrating
network, the first layer, or the |ayer includes a dispersant;pglang%ﬂKEEHI
the group consisting of an am de of a carboxylate, 5 polyvinylpy i

copol yner, polyvinyl acetate, polyal kylene glycol, polyglycol, polyol,

al koxypol yal kyl ene gl ycol, netallic ole%inic carboxylic acid, oligoneric
ol efinic carboxylic acid, copolyneric oléfinic carboxylic acid, polyether,

pol yvi nyl al cohg Q I I

derivati ves, %‘-f“ér%aéor ';ﬂg%%& yrfe?soﬁ%/%er eoSI’ % f,?%é’%%g?é‘% mfi‘ﬂgure tlp
clainms 7, 8 ofo®mf antleemedicitedinay eFteel exdnixinmt tive wtﬁrmhélate

| nt er penet rat %‘Qc%w&r Kﬁlt%h%afx‘trl%lééiyﬁntglﬁlt}?g |aﬁ¥%{c1c§ hfepéééiﬁbes bei ng-

substanti al | ree of water contai ning an 5 “anhydrous materi al “capabl e
of bindi ng wi2&eRAt apd @35#%%&@ BT 1% SR IMWRAET HC L RSTBAFET B es

contai n sodi ug spkiahe thal @éﬂ@r@'ﬂ@ﬁ&cmﬁtwﬂébﬂé at&rm Cal gryduce,
carbonate, mm neS|un1s%Ifate calciu ngorlde ure q§gleted §I|Ica

gel , al um na, S9RbNBe& hes PERFIGH + & aﬂ&ﬁﬂQ%PQﬂ

per manganat e, tlge NpbRaekrar s @ovedar &t Wﬁmmwmgmmrml FIG.36al O
CT 2002 95 54, The urther incl.udin particlffiégte

gomdﬁr of %MS&QI49 d ey
contact with 1hePh§RAEERoBY c 2 MM S diitihI € T Sndter et T abt & of
wat er - swel | alpart agées thd pamﬂaﬂungIhﬁﬁq;andﬁmixHHQHWQEHrmneof wat er and

cont ai ni a I I fe t 5. The
powder o an;h@%é{g#@ﬂ? %%%138@& q@ﬁe%@%n l{a)ttd%grra%% éc])uétjp &%t 10- gram—_
gas/cnB is reﬁ‘&%bﬂbiﬁomﬁtﬁtﬁlpév@@r fragm & pférrSch RﬁrtazthIeemxtome WegK after

hydrol ysis ofgdherackd h8heasi NG aealer R cHie pawden &f & abm 49 yberein
t he hydr ophob| c, water-soluble, water-degradabl e or water-swellable |ayer

i s continuousSh®M™ FReFpGfcerPofsh P boidhPes PHsRaredh P adielsing t he core

I's substanti adnyanretBhpHeti88esTRE tROWIRY bRt M Qfiret iy dfode
wherein ihe core further includes an inert particle having the silicate and

anions o arF ¥t ¥P9surface thereof. 59. The powder of any one of clains 8
or 9 where=n the sil pcaﬂerl oft barmaroaei§ 490kcull @liso Wt erreyrarsedidier

sol ution of g waler gﬁ cgrgrggggg e&hghf 691 The, powder, of ¢l ai m 59

wherein the si ca e i hé~cor IS Se ecte romt e group conn5|%t| ng Of
sodi um si | i catwlraphbbicrevaselri-satlablsodivatresesgpgirsidabdat @r sodiam

orthosilicat eswmgéié' £atesiandcal lf@:@p%loa'c@at %%refi agm%ﬂé@hd%@h@@y

one of clains 9 whereln the silicate in sec I 'ayer

| ayer is?&el é‘éteeoc@%ﬁsit REX§r Bap CdGisiSst |fﬁ@96IFnr?&@ﬁe§h?mC§alq€tijatcé3re
nmagnesi um trigdtd £ai €s €8l ebum Bk ipealier , aladifipdMcp tHd I, pdWddit NC

silicate. with a liquid containing the acid releasing agent to form
coated particles, cooling the coated particles, and
fragmenting the cooled particles to form the powder. A
25 powder of particles 46 can also be prepared by admixing
the core particles with a liquid containing a silicate,
cooling and fragmenting before admixing the core
particles with the liquid containing the hydrophobic,
water-soluble, water-degradable or water-swellable
30 material to form coated core particles as described
above. A powder of particles 44 or 50 can be prepared by
admixing anhydrous particles with the cocated particles
before cooling.
A powder of the particles 52 or 56 as shown in FIGs.
35 7a and 8a can be made by preparing the particles 40 or 46
as described above and then admixing the particles 40 or



300 cTzo02 96 62. The powder of any one of clains 8 or 9 wherein the
first and second | ayers are continuous or the layer is contl @u@(}?BgUG?e
process of any one of clainms 10 or 11 wherein. the powder is formed

spray drying the solidscontaining suspension. 64. The process of any one of
claims 10 or 11 wherein the partlcles 3% substantial |y anmorphous. 65. The
process of any one of clainms 10 or erein the particles further include

an |nert cor T S ) d d
ol east ng. agert ool of BLGEEES cBhc %ﬁ% ARt P b e BRI
of claim 10 warasidegreadabl ej oradiwtead swedH aie S‘Fad:r&lyl@bf boefaddi @& on of

the acid rel easidih 39e8duc-£8- csaqla OEﬁ%sc%fat@ay;&rb-a@é clghgs 10 or 11
wherein. the powder i s hol | ow or , substantlally spherical . 69.

The process r%ﬂﬂ?%ﬁkﬁﬁﬁtEPaFﬁﬁtfé EFoﬁfcﬁhépelﬁﬁWhéﬂﬁ%wa@Wdé§ﬁprﬁses a

nul ti phase opciddd & Pheser i Bl eEPerebratisn@ snehwNrk lc‘rprﬁmén ngpbt Redamions,
a substantlally ter-insolyble silicate and the acid re eaS|nE aggr;
70. The proc&Sd &° HRERMESOf O¥| 2OFE¥1890AT Yqﬂ%H%NQ???%F BFt ViFBs

pr epar ed byembaoédupﬁ&&ustlbeﬁbee aosblivmegnt, and a chlorite, bisulfite,
sulfite, sulfide, ro ul fj r ypochlorite, an I
300C~ ~z 97A5 i a %gl Bf’l c%%%t glanfg%ggtshgaﬁlarat]i ccfc% g%ﬁmfg’grsr% ng

t he partlcleadmmxnnguxhﬁﬂpmrbmclé$ 4TherpAécesshofpagitdian 9 ehereinirhe
si|icatqqf s IR | NG pLouRosansLet g0l Ao Alddii . MBL A Atk cate,

an alkallne ear t sT1icafe, a silicate sa ransi |on et al
ion, a proto@ypédable material to form a mixture, 51n*er1ng the

mixture to form a product, cooling the product, and
fragmenting the product to form the powder. A powder of
the particles 54 or 58 can be prepared by admixing

15 anhydrous particles with the product and sintering before
cooling.

The powders of the invention can be prepared by the
methods described above or by any conventional coating
process, such as fluidization. In a fluidization method,

20 the coating material is aerosolized by passing the
material through small diameter nozzles into the chamber
of the fluidized bed where it can impinge upon the
fluidized core particles. Upon contact with the
fluidized core particles, the powder is formed as the

25 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
invention can also be prepared using mechanical blending,

30 mechanical-fluidized blending and other known powder
preparation methods.

The anhydrous particles, silicate, and other
ingredients can be manufactured by conventional processes
and packaged in dry sealed containers, or can be

35 purchased from various sources. The particles and other
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can also be impregnated, melt processed, sintered, or

25 otherwise incorporated into a variety of materials to
provide films, fibers and coatings for a wide range of
end use applications. The powders are particularly
useful in preparing any injection-molded products,
compression-molded products, thermal-formed products, or

30 extrusion-formed products such as cast or blown films.
The thermal stability of the powders allows for their use
in injection molding processes.
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20 topologically continuous from one free surface to
another. The percolation network can be a co-continuous
natwork, a discontinuous networ&, or a subsurface
network. A "co-continuous network" is a percolation
retwork in which all phases are topologically continuous

25 from one free surface to another. A "discontinuous
network" is a percolation network in which only the
hydrophobic phase(s) is topologically continuous from one
free surface to another. A "subsurface network" is a
percolation network having a surface tension of less than

30 72 dynes/cm (i.e., hydrophobic surfaces) due to the
formation of a skin or c¢oating on its surfaces during
processing. A subsurface network can be treated via
corona discharge to add hydroxyl groups to one or more
hydrophobic surfaces of the network, converting the

35 hydrophobic surface to a hydrophilic surface.
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contains the hydrophilic phase 72 and the hydrophcbic

15 phase 74. The network includes passages 80 which extend
throughout the network and terminate in openings 82 at
either surface 84 or 86 of the network. The passages
provide pathways for transmission of moisture from the
atmosphere surrounding the network to the gas-generating

20 material within the network.

The hydrophobi¢ phase of the percolation network
contains any hydrophobic wax, polymer or multicomponent
polymer such as a copolymer, a terpolymer or an oligomer,
and polymer alloys or blends thereof. Suitable

25 hydrophobic waxes include microcrystalline wax, paraffin
wax, and synthetic wax such as chlorinated wax or
polyethylene wax. Suitable polymers include polyolefins
such as polyethylene and polypropylene, polyvinyl
chloride, polyurethanes, metallocene polymers,

30 polyesters, polyacrylic esters, acrylic, polystyrene,
polycarbonates, polyamides, polyester amides, ethylene-
vinyl acetate copolymers, ethylene-methacrylate
copolymers, and polyacetals.

A hydrophobic plasticizer may be included ir the

35 hydrophobic phase to improve miscibility. For example, a
dioctyl phthalate plasticizer can be included if
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acid releasing agent as described above and may contain

10— microcrystalline wax, paraffin wax, synthetic wax, or a

- polymer such-as atactic polypropylene, polyolefin, or

polyester, or polymer blends, multicomponent polymers
such as copolymers or terpolymers, or polymer alloys
thereof. The particles contain an anhydrous material

15 capable of bindirng with water, such as sodium sulfate,
calcium sulfate, ferrous sulfate, magnesium sulfate,
calcium chloride, moisture-depleted silica gel, alumina,
zeolites, clays such as bentonite and kaolin, potassium
permanganate, molecular sieves and oxygen-scavenging

20 salts. The core, the particles, and the hydrophobic
layer are substantially free of water, and the core is
capable of generating and releasing a gas after
hydrolysis of the acid releasing agent. The hydrophilic
core of the powder contains a salt composed of anions,

25 which react with hydronium ions to form the gas, and
counterions.

Conventional film forming additives can be added to
the hydrophobic and hydrophilic materials as needed.
Such additives include crosslinking agents, UV

30 stabilizers, flame retardants, emulsifiers and
compatibilizers.

The percolation networks of the present invention
preferably contain between about 0.05 wt.% and about 50
wt.% percolation agent, between about 0.25 wt.% and about

35 70 wt.% gas-generating material, between about 20 wt.%
and about 99.7 wt.% hydrophobic material, and up to about
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wt.% hydrophobic plasticizer, and more preferably,

between about 0.05 wt.% and about 30 wt.% organic
15 humectant, between about 0.5 wt.% and about 50 wt.% gas-
generating material, between about 50 wt.% and about 75
wt.% hydrophobic material, and up to about 50 wt.%
hydrophobic plasticizer. When the percolation agent is
an inorganic humectant such as sodium sulfate, calcium
20 chloride or magnesium sulfate, the percolation network
preferably contains between about 15 wt.% and about 5C
wt.% inorganic humectant, between about 0.25 wt.% and
about 50 wt.$% gas-generating material, between about 50
wt.% and about 84.75 wt.% hydrophobic material, and up to
25 about 50 wt.% hydrophobic plasticizer, and more
preferably, between about 15 wt.% and about 30 wt.%
inorganic humectant, between about 0.5 wt.% and about 50
wt.% gas-generating material, between about 50 wt.% and
about 75 wt.% hydrophobic material, and up to about 50
30 wt.% hydrophobic plasticizer. The amount of each
component used to form the percolation network can be
readily selected by one of ordinary skill in the art upon
considering the intended use of the product.
The percolation networks can be made by any
35 conventional polymer processing method. For example,

powders of the percolation agent, gas-generating
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material and the percolation agent. The percolation
agent is miscible with the hydrophobic material when the
melt is formed, but separates to form a hydrophilic phase

15 as the melt solidifies, resulting in fine, capillary-like
passages containing the gas-generating material
throughout the percolation network.

In a preferred embodiment, powders cf the

percolation agent and the gas-generating material are

20 blended together before the hydrophobic powder is
introduced to ensure intimate contact between the
percolation agent and the gas-generating material. The
composition is prepared by admixing the percolation agent
and the gas-generating material to form a powdersd

25 mixture, admixing the powdered mixture with the
hydrophobic material to form a blend, heating the blend
to form a2 melt, and cooling the melt to form the
composition, which is a co-continuous network or a
discontinuous network containing passages formed by the

30 percolation agent. The passages are capable of
transmitting moisture to the gas-generating material to
generate and release a gas.

In another preferred embodiment, powders of the

percolation agent and the gas-generating material are

35 mixed together and added to a molten hydrophobic
material. The composition is prepared by admixing the
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10G 10G 5 continuous network or a discontinuous network containing

passages formed by the percolation agent. The passages
are capable of transmitting moisture to the gas-
generating material to generate and release a gas.
Alternatively, a percolation agent powder can be mixed

10 into the molten hydrophobic material before addition of
the gas-generating powder to form the melt.

The percolation networks can be applied on a surface

as a film by using well known hot melt, dip coat, spray
coat, curtain coat, dry wax, wet wax, and lamination

15 processes.

Use of Powders of the Invention

Gas-releasing powders can be used to retard, kill,
prevent or control microbiological contamination on a
surface of a material, within the material or in the
20 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
biocidal gas from the powder into the atmosphere
surrounding the surface. 1In an alternative embodiment,
25 microbiological contamination is retarded, killed,
prevented or controlled on a surface of a material,
within the material or in the atmosphere surrounding the
material by placing the material adjacent a powder of the
invention, and exposing the powder to moisture to release
30 a bioccidal gas from the powder into the atmosphere
surrounding the material.
Gas-releasing powders can be used to retard, prevent
or control biochemical decomposition on a surface of a
material or within the material by exposing a surface of
35 a material to a powder of the invention, and exposing the
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prodﬁzé such as fruits or vegetables, or other food. The
food is preferably stored or transported in modified
atmosphere packaging to extend the shelf life of the food
by retarding, preventing or controlling biochemical

15 decomposition or microbiological contamination.

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

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

25 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
accomplished by storing and transporting the food or

30 flowers in modified atmosphere packaging or selective gas
permeable packaging.

The gas-releasing powders can also be used to
deodorize a surface of a material or the atmosphere
surrounding the material or enhance freshness of the

35 material by exposing a surface of a material to a powder
of the invention, and exposing the surface to moisture to
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10 10 into the atmosphere surrounding the surface. 1In another
embodiment, a surface of a material or the atmosphere
surrounding the material is deodorized or the freshness

5 of the material is improved by placing the material
adjacent to the powder, and exposing the powder to
moisture to release a deodorizing gas from the powder
into the atmosphere surrounding the material.

The gas-releasing powders can also be used to
10 retard, prevent or control-ehemotactic attraction of an
organism to a material by exposing a surface of a
material to a powder of the invention, and exposing the
surface to moisture to generate and release an odor-
masking or odor-neutralizing gas from the powder into the

15 atmosphere surrounding the surface. In another

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

20 neutralizing gas from the powder into the atmosphere

surrounding the material.

In the above methods, the surface of the material or
the entire material can be impregnated or coated with the
powder, the powder can be admixed with the material, the

25 powder can be enclosed within a gas-permeable container,

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

30 container.

The chlorine dioxide-releasing powder, for example,
can be impregnated into containers used to store food
products, soap, laundry detergent, documents, clothing,
paint, seeds, medical instruments, devices and supplies,

35 personal care products, medical or biological waste,

athletic shoes, ostomy bags, footwear, and refuse. A
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1ncf2%e in a storage
container to provide a chlorine dioxide microatmosphere
upon activation. The chlorine dioxide-releasing powder

5 can also be impregnated into a paper or polymeric
material (e.g., a shower mat, shoe liners, inserts or
insoles, bandage material, a meat cutting board, a food
wrapper, a food packaging tray, or a seed packet);
incorporated into a wax or polymeric coating applied to

10 paperboard containers or other surfaces; incorporated
into films such as packaging films; formed into porous
parts to sterilize water; admixed with a material to
create a microatmosphere of chlorine dioxide about the
material (e.g., soil); or admixed with other powders to

15 kill microorganisms, enhance freshness or deodorize
(e.g., foot powders, bath powders, powders used in
treating jock itch, powders for treating soft surfaces
such as carpet powders, desiccants for moisture removal).

The powders can also ke admixed with binders or

20 other conventional tabletting materials to form tablets
that can be dissolved in water at the point of use to
release chlorine dioxide for flower preservation, surface
disinfection, sterilization of medical devices, or use as
a mouthwash.

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

30 powder of the invention that releases an odor-masking
gas, the odor released from food is indistinct or
imperceptible to the insects. The powders of the
invention can also be used to release an odor-
neutralizing gas so that the odor released from food is

35 reduced or eliminated and insects are not attracted to

the food.
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5 contaminated with bacteria which infect the animal. If
the powders of the present invention are formed from
edible components, including edible protein coatings, the
powders can be incorporated into the animal feed during
any stage of production, before transportation or storage

10 of the feed, or before use of the feed so that the
chlorine dioxide will reduce or eliminate the bacteria
within the feed. The controlled, sustained release
powders also reduce the bacterial load in the intestines
of such monogastric animals.

15 The following examples are presented to describe
preferred embodiments and utilities of the present
invention and are not meant to limit the present
invention unless otherwise stated in the claims appended

hereto.

20 Example 1: Preparation of Silicate Particles
50 liters of a sodium silicate aqueous solution

(8i0,/Na,0 ratio = 3.22; 38.3% solids) was placed in a
vessel equipped with a mechanical stirrer. 20 liters of
a 10% sodium chlorite aqueous solution was added with

25 vigorous stirring. The resulting solution was
immediately spray dried in a commercial spray drying
unit. The inlet temperature was set at 350°C, the cutlet
temperature was maintained at 150°C, the feed solution
flow rate was 100 ml/min, and the atomizing gas was

30 delivered at a ratio of 60:1 to the feed solution. The
drying air was conveyed at a rate of 200 kg air/hour.
The silicate particles so produced were dried to less
than about 4 wt.% water in a vacuum oven (100°C/30 in. Hg

vacuum) and stored in a dry atmosphere.
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25 kg of the silicate particles of Example 1 were
slurried into 100 liters of a 50% magnesium sulfate
heptahydrate (MgSO,*7H,0) agueous solution. 100 liters of
a 30% sodium polyphosphate ((NaPO,),) agqueous solution was
10 then added with vigorous stirring. The resulting slurry
was immediately spray dried in a commercial spray drying
unit. The inlet temperature was set at 350°C, the outlet
temperature was maintained at 150°C, the feed solution
flow rate was 100 ml/min, and the atomizing gas was
15 delivered at a ratio of 60:1 to the feed solution. The
drying air was conveyed at a rate of 200 kg air/hour.
The product was somewhat moist (4-8% water) and was
further dried immediately to below 1% water in a wvacuum
oven (100°C/30 in. Hg vacuum) and stored in a dry

20 atmosphere.

Example 3: Two Step Powder Preparation Process
25 kg of the silicate particles of Example 1 were
slurried into 200 liters of an agueous solution
containing 25% magnesium sulfate heptahydrate (MgSO,*7H,0)
25 and 15% sodium polyphosphate ((NaP0,),) with vigorous
stirring. The resulting slurry was immediately spray
dried in a commercial spray drying unit. The inlet
temperature was set at 350°C, the outlet temperature was
maintained at 150°C, the feed solution flow rate was 100
30 ml/min, and the atomizing gas was delivered at a ratio of
60:1 to the feed solution. The drying air was conveyed
at a rate of 200 kg air/hour. The product was somewhat
moist (4-8% water) and was further dried immediately to
below 1% water in a vacuum oven (100°C/30 in. Hg vacuum)

35 and stored in a dry atmosphere.
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5 appearance, and some are hollow.
FIGs. 14 and 15 show the chlorine dioxide release
rate from the powder. Minimal chlorine dioxide was
released at about room temperature and about 10-14%
relative humidity as shown in FIG. 14. FIG. 16 shows
10 that significant release started as soon as the relative
humidity exceeded about 60%. Controlled release for a
week is shown at about room temperature and about 60-80%
relative humidity in FIG. 15. Chlorine dioxide release
rates are dependent on both temperature and relative
15 humidity.
FIG. 17 shows the x-ray diffraction scattering
pattern for the powder. The plot indicates that the

powder is substantially amorphous.

Example 4: One Step Powder Preparation Process

20 21.3 liters of a sodium silicate aquecus solution
($i0,/Na,0 ratio = 3.22; 38.3% solids) was placed in a
vessel equipped with a mechanical stirrer. 20 liters of
a 10% sodium chlorite aqueous solution was added with
vigorous stirring. A 50% sodium polyphosphate ((NaPO,),)

25 aqueous solution was then added with vigorous stirring.
The resulting solution was immediately spray dried in a
commercial spray drying unit at the conditions described
in Example 2. The product was usually somewhat moist (4-
8% water) and was further dried immediately to below 1%

30 water in a vacuum oven (100°C/30 in. Hg vacuum).

Example 5: Percolation Network Preparation Process

The powder of Example 3 was milled (10 wt.%) and
homogenized with 5 wt.% polyethylene glycol and 85 wt.%
Astorwax 8357 microcrystalline wax (commercially
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blended wax was melted at about 195 °C and coated onto
Xerox® printer paper using a Waxmaster coater. The

coated paper was then exposed to humidity. Release of

5 chlorine dioxide after exposure to moisture was

demonstrated using a chlorine test strip. After a few
hours, no gas release was observed. However, the paper
turned green after about 12 hours, indicating the slow

release of chlorine dioxide from the coating.

10 Example 6: Percolation Network Preparation Process

The powder of Example 3 was blended with sodium
sulfate (1:1 volume ratio) and dried. The blend was
mixed with melted Gulf paraffin wax or melted Astor 2040L
microcrystalline wax in volume ratios of blend to wax of

15 1:3 and 1:4. The 1:3 material released chlorine dioxide
after exposure to moisture as demonstrated using a
chlorine test strip. The 1:4 material did not rslease
chlorine dioxide, which indicated that a percolation
network containing an inorganic salt as a humectant may

20 require more than 10 wt.% of the humectant in the network
to activate the gas-generating material.

U.s. Patent Nos. 5,360,609, 5,631,300, 5,639,235,
5,650,446, 5,668,185, 5,695,814, 5,705,092, and
5,707,739, and U.S. patent application serial nos.

25 08/016,904, 08/724,907, 08/858,859, 08/858,860, and
08/924,684 are incorporated herein by reference in their
entirety.

While the invention is susceptible to various
modifications and alternative forms, specific embodiments

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

35 equivalents and alternatives falling within the spirit
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and scoﬁe of the invention as defined by the appended

claims.
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WE CLAIM;

1. A particle comprising anions dissolved in an
amorphous, paracrystalline or crystalline solid solution,
the anions being capable of reacting with hydronium ions

to generate a gas.

2. Silicate particles prepared by a process comprising
the steps of admixing a silicate, a solvent, and a
chlorite, bisulfite, sulfite, sulfide, hvdrosulfide,
nitrite, hypochlorite, or cyanide salt to form a
solution, and forming silicate particles contafﬁing an
amorphous, paracrystalline or crystalline solid solution

from the solution.

3. A silicate particle comprising anions dispersed
throughout substantially amorphous silicate, the anions
being capable of reacting with hydronium ions to generate

a gas.

4. A prccess for preparing particles comprising the
steps of admixing an amorphous, paracrystalline or
crystalline material, a solvent, and a chlorite,
bisulfite, sulfite, sulfide, hydrosulfide, nitrite,
hypochlorite, or cyanide salt to form a solution, and
forming particles containing an amorphous,
paracrystalline or crystalline solid solution from the

solution.

5. A process for preparing silicate particles
comprising the steps of admixing a silicate, a solvent,
and a chlorite, bisulfite, sulfite, sulfide,
hydrosulfide, nitrite, hypochlorite, or cyanide salt to
form a solution, and forming substantially amorphous

silicate particles from the solution.
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6. A powder for sustained release of a gas comprising:
anions dissolved in an amorphous, paracrystalline or
crystalline solid solution, the anions being capable of
reacting with hydronium ions to generate a gas; and
5 an acid releasing agent, the powder being
substantially free of water and capable of generating and
releasing a gas after hydrolysis of the acid releasing

agent.

7. A powder for sustained release of a gas comprising:
an interpenetrating network containing a silicate,
anions that are capable of reacting with hydronium ions
to generate a gas, and an acid releasing agent;
5 the powder being substantially free of water and
capable of generating and releasing a gas after
hydrolysis of the acid releasing agent.

8. A powder for sustained release of a gas comprising:
a core containing a silicate and anions that are
capable of reacting with hydronium ions to generate a
gas; and
5 a first layer containing an acid releasing agent;
and
a second layer between the core and the first layer,
the second layer containing a silicate;
the core and the first and second layers being
10 substantially free of water, the second layer being
substantially water-insoluble, and the core being capable
of generating and releasing a gas after hydrolysis of the

acid releasing agent.

9. A powder for sustained release of a gas comprising:
a core containing a silicate and anions that are
capable of reacting with hydronium ions to generate a

gas; and
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water, the layer being substantially water-insoluble, and
the core being capable of generating and releasing a gas
after hydrolysis of the acid releasing agent.

10. A process for preparing a powder providing sustained
release of a gas, the process comprising:
admixing particles containing a silicate and anions
that are capable of reacting with hydronium ions to
5 generate a gas with a solvent to form a slurry;
admixing a zinc, magnesium, calcium, aluminum or
other monovalent, divalent or multivalent salt and an
acid releasing agent with the slurry to form a solids-
containing suspension;
10 and forming a powder from the solids-containing
suspension, the powder being substantially free of water
and capable of generating and releasing the gas after

hydrolysis of the acid releasing agent.

11. A process for preparing a powder providing sustained
release of a gas, the process comprising admixing a zinc,
magnesium, calcium, aluminum or other monovalent,
divalent or multivalent salt, an acid releasing agent,

5 and particles containing a silicate and anions that are
capable of reactirng with hydronium ions to gsnerate a gas
with a solvent to form a solids-containing suspension,
and forming a powder from the solids-containing
suspension, the powder being substantially free of water

10 and capable of generating and releasing the gas after
hydrolysis of the acid releasing agent.
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13. A method of retarding, killing, preventing or
controlling microbiclogical contamination on a surface of
a material, within the material or in the atmosphere ™
surrounding the material, comprising exposing a surface

5 of a material to a powder of any one of claims 6 to 9,
and exposing the surface to moisture to generate and
release a biocidal gas from the powder into the

atmosphere surrounding the surface.

14. A method of retarding, killing, preventing or
controlling microbiological contamination on a surface of
a material, within the material or in the atmosphere
surrounding the material, comprising placing a material

5 adjacent a powder of any one of claims 6 to 9, and
exposing the powder to moisture to release a biocidal gas
from the powder into the atmosphere surrounding the

material.

15. 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 any one of claims 6 to 9, and

5 exposing the 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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atmosphere surrounding the material.

17. A method of controlling respiration of a material
comprising exposing a surface of a material—to a powder
of any one of claims 6 to 9, and exposing the surface to
moisture to generate and release a respiration-

5 controlling gas from the powder into the atmosphere

surrounding the surface.

18. A method of controlling respiration of a material

comprising placing the material adjacent a powder of any
one of claims 6 to 9, and exposing the powder to moisture
to release a respiration-controlling gas from the powder

5 into the atmosphere surrounding the material.

19. A method of deodorizing a surface of a material or
the atmosphere surrounding the material or enhance
freshness of the material, comprising exposing a surface
of a material to a powder of any one of claims 6 to 9,

5 and exposing the surface to moisture to generate and
release a deodorizing gas from the powder into the

atmosphere surrounding the surface.

20. A method of deodorizing a surface of a material or
the atmosphere surrounding the material or enhance
freshness of the material, comprising placing a material
adjacent a powder of any one of claims 6 to 9, and

5 exposing the powder to moisture to release a deodorizing
gas from the powder into the atmosphere surrounding the

material.
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chemotact{g attraction of an organism to a material,

comprising placing a material adjacent a ﬁawder of any

one of claims 6 to 9, and exposing the powder to moisture

5 to release an odor-masking gas or an odor-neutralizing
gas from the powder into the atmosphere surrounding the

material.

23. A composition comprising a hydrophobic phase and a
hydrophilic phase containing a percolation agent and a
gas-generating material, the composition being a co-
continuous network or a discontinuous network which

5 contains passages formed by the percolation agent, the
passages being capable of transmitting moisture to the

gas-generating material to generate and release a gas.

24. A composition comprising a hydrophobic phase and a
hydrophilic phase containing a percolation agent and the
powder of any one of claims 6 to 9, the composition being
a co-continuous network or a discontinuous network which
5 contains passages formed by the percolation agent, the
passages being capable of transmitting moisture to the

powder to generate and release a gas.

25. A process for preparing a composition providing
sustained release of a gas, the process comprising:

admixing a percolaticn agent and a gas-generating
material to form a powdered mixture;
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26. A process for preparing a composition providing
sustained release of a gas, the process comprising:
admixing a percolation agent and a gas-generating
material to form a powdered mixture;
5 admixing the powdered mixture with a melted
hydrophobic material to form a melt; and
cooling the melt to form the compesition, the
composition being a co-continuous network or a
discontinuous network which contains passages formed by
10 the percolation agent, the passages being capable of
transmitting moisture to the gas-generating material to
generate and release a gas.

27. The particle of claim 1 or 3 wherein the particle is
hollow or solid, and substantially spherical.

28. The particle of claim 1 or 3 wherein the particle

includes an inert core.

29. The particle of claim 2 wherein the particles are

substantially amorphous.

30. The particles of claim 2 wherein the particles are

formed from the solution by spray drying the solution.
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or 9 wherxein the silicate is selected from the group
consisting of sodium silicate, sodium metasilicate,
sodium sesquisilicate, sodium orthosilicate,

5 borosilicates and aluminosilicates.

33. The particles of claim 2 wherein the solvent is
water or a water solution of a water miscible organic

material.

34. The particles of claim 2 wherein a base is also
admixed with the silicate, the solvent and the salt to
form the solution, the base being selected from the group
consisting of an alkali metal bicarbonate, an alkali

S metal carbonate, an alkaline-earth metal bicarbonate, an
alkaline-earth metal carbonate, a bicarbonate salt of a
transition metal ion, a protonated primary, secondary or
tertiary amine, or a quaternary amine, a carbonate salt
of a transition metal ion, a protonated primary,

10 secondary or tertiary amine, or a quaternary amine, an
alkali metal hydroxide, an alkaline-earth metal
hydroxide, an hydroxide salt of a transition metal ion, a
protenated primary, secondary or tertiary amine, or a
guaternary amine, an alkali metal phosphate, an alkaline-

15 earth metal phosphate, a phosphate salt of a transition
metal ion, a protonated primary, secondary or tertiary
amine, or a guaternary amine, an alkali metal sulfate, an
alkaline-earth metal sulfate, a sulfate salt of a
transition metal ion, a protonated primary, secondary Or

20 tertiary amine, or a guaternary amine, an alkali metal
sulfonate, an alkaline-earth metal sulfonate, or a
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25 borate, and a borate salt of a transition metal ion, a

protonated primary, secondary or tertiary amine, or a
qguaternary amine.

35. The particles of claim 2 wherein the salt is an
alkali metal chlorite, an alkaline-earth metal chlorite,
a chlorite salt of a transition metal ion, a protonated—
primary, secondary or tertiary amine, or a quatern;;y
5 amine, an alkall metal bisulfite, an alkaline-earth metal

bisulfite, a bisulfite salt of a transition metal ion, a
protonated primary, secondary or tertiary amine, or a
quaternary amine, an alkali metal sulfite, an alkaline-
earth metal sulfite, a sulfite salt of a transition metal

10 ion, a protonated primary, secondary or tertiary amine,
or a quaternary amine, an alkali metal sulfide, an
alkaline-earth metal sulfide, a sulfide salt of a
transition metal ion, a protonated primary, secondary or
tertiary amine, or a gquaternary amine, an alkali metal

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

20 protonated primary, secondary or tertiary amine, or a
quaternary amine, an alkali metal hypochlorite, an
alkaline-earth metal hypochlorite, a hypochlorite salt of
a transition metal ion, a protonated primary, secondary
or tertiary amine, or a guaternary amine, an alkali metal

25 cyanide, an alkaline-earth metal cyanide, or a cyanide
salt of a transition metal ion, a protonated primary,
secondary or tertiary amine, or a gquaternary amine.
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chlorite, bisulfite, sulfite, sulfide, hydrosulfide,
nitrite, hypochlorite, or cyanide.

37. The particles of any one of claims 1 to 3 wherein
the particles are dried to a water content of up to about
10 wt. %

38. The particle of claim 3 wherein the ratio of gilicon
to alkali metal catisn within the particle 1s between
about 2.5 and about 3.5 moles of SiO, per mole of M,0
wherein M is selected from the group consisting of

5 sodium, potassium and a mixture thereof.

39. The particle or powder of any one of claims 1, 3, 7,
8 or 9 wherein the anions are selected from the group
consisting of chlorite anions, bisulfite anions, sulfite
anions, sulfide anions, cyanide anions, nitrite anions,

5 hypochlorite anions, and hydrosulfide anions.

40. The particle or powder of claim 39 wherein the gas
is chlorine dioxide, sulfur dioxide, hydrogen sulfide,
hydrocyanic acid, nitrogen dioxide, nitric oxide,
dichlorine monoxide, or chlorine.

41. The powder of claim 7 wherein the interpenetrating

network is substantially amorphous.

42. The powder of claim 7 wherein the interpenetrating
network is a layer on an outer surface of an inert core.

43. The powder of claim 7 wherein the silicate is

substantially water-insoluble.
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44. The ﬁowder of any one of claims 7, 8 or 9 wherein

the acid releasing agent is a phosphate.

45. The powder of claim 44 wherein the phosphate is
selected from the group consisting of tetraalkyl ammonium
polyphosphates, monobasic potassium phosphate, potassium
polymetaphosphate, a sodium metaphosphate, a sodium

5 polyphosphate, potassium tripolyphosphate, sodium-
potassium phosphate, borophosphates, aluminophosphates,
silicophosphates, and salts containing a hydrolyzable

metal cation.

46. The powder of any one of claims 7, 8 or 9 wherein
the acid releasing agent is an acid releasing wax, an

acid releasing polymer, or an acid releasing oligomer.

47. The powder of any one of claims 7, 8 or 9 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

5 dialkyl phosphate, sulfonic acid, a sulfonic acid ester,
a sulfonic acid chloride, a phosphosilicic anhydride, or
a phosphosilicate.

48. The powder of any one of claims 7, 8 or 9 wherein
the interpenetrating network includes a microcrystalline
wax, a paraffin wax, a synthetic wax, a polymer or an

oligomer.

49. The powder of any one of claims 7, 8 or 9 further
including a hydrophobic, water-soluble, water-degradable
or water-swellable layer on an outer surface of the
interpenetrating network, the first layer or the layer,
5 the hydrophobic, water-soluble, water-degradable or
water-swellable layer being substantially free of water.
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synthetic wax, a polymer, sorbitol, a carbohydrate, a
protein, a glycerol ester, a glycolipid, a glyceride, a
phospholipid, lectins, a liposome, a fatty acid, a wax,

alginic acid, or a gum.

51. The powder of any one of claims 7, 8 or 9 wherein
the interpenetrating network, the first layer, or the
layer includes a dispersant selected from the group
consisting of an amide of a carboxylate,
polyvinylpyrrolidone copolymer, polyvinyl acetate,
polyalkylene glycol, polyglycol, polyol,
alkoxypolyalkylene glycol, metallic olefinic carboxylic
acid, oligomeric olefinic carboxylic acid, copolymeric
olefinic carboxylic acid, polyether, polyvinyl alcohol,
metal carboxylate, metal polyphosphate, and derivatives,

blends or copolymers thereof.

52. The powder of any one of claims 7, 8 or 9 further
including particles in contact with the interpenetrating
network, the first layer or the layer, the particles
being substantially free of water and containing an
anhydrous material capable of binding with water.

53. The powder of claim 52 wherein the particles contain
sodium sulfate, calcium sulfate, ammonium sulfate,
calcium carbonate, magnesium sulfate, calcium chloride,
moisture-depleted silica gel, alumina, zeolites,
bentonite clay, kaolin clay, potassium permanganate, a

molecular sieve or an oxygen-scavenging material.
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5 material capable of binding with water.

55. The powder of any one of claims 7, 8 or 9 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.

56. The powder of claim 49 wherein the hydrophobic,
water-soluble, water-degradable or water-swellable layer

is continuous.

57. The powder of any one of claims 8 or 9 wherein the

core is substantially amorphous.

58. The powder of any one of claims & or 9 wherein the
core further includes an inexrt particle having the

silicate and anions on an outer surface thereof.

59. The powder of any one of claims 8 or 9 wherein the
silicate in the core is soluble in water or a water

solution of a water miscible organic material.

60. The powder of claim 59 wherein the silicate in the
core is selected from the group consisting of sodium
silicate, sodium metasilicate, sodium sesquisilicate,
sodium orthosilicate, borosilicates and aluminosilicates.

61. The powder of any one of claims 8 or 9 wherein the
silicate in the second layer or in the layer is selected
from the group consisting of magnesium silicate,
magnesium trisilicate, calcium metasilicate, aluminum

5 silicate, or zinc silicate.
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65. The process of any one of claims 10 or 11 wherein

the particles further include an inert core.

66. The process of claim 10 wherein the salt and the
acid releasing agent are simultaneously admixed with the
slurry.

67. The process of claim 10 wherein the salt is admixed
with the slurry before addition of the acid releasing

agent.

68. The process of any one of claims 10 or 11 wherein
the powder is hollow or solid, and substantially
spherical.

69. The process of any cne of claims 10 or 1l wherein
the powder comprises a multiphase or single phase
interpenetrating network containing the anions, a
substantially water-insoluble silicate and the acid

5 releasing agent.

70. The process of any one of claims 10 or 11 wherein
the particles are prepared by admixing the silicate, a
solvent, and a chlorite, bisulfite, sulfite, sulfide,

hydrosulfide, nitrite, hypochlorite, or cyanide salt to
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silicate salt of a transition metal ion, a protonated
5 primary, secondary or tertiary amine, or a gquaternary

amine.

—

72. The process of claim 70 wherein the particles

contain a sodium, potassium, calcium, lithium or ammonium
10 salt of a chlorite, bisulfite, sulfite, sulfide,

hydrosulfide, nitrite, hypochlorite, or cyanide.

73. The process of claim 70 wherein a base is admixed
with the silicate, the solvent and the salt to form the
solution, the base being selected from the group
consisting of an alkali metal bicarbonate, an alkali

5 metal carbonate, an alkaline-earth metal bicarbonate, an
alkaline-earth metal carbonate, a bicarbonate salt of a
transition metal ion, a protonated primary, secondary or
tertiary amine, or a quaternary amine, a carbonate salt
of a transition metal ion, a protonated primary,

10 secondary or tertiary amine, or a quaternary amine, an
alkali metal hydroxide, an alkaline-earth metal
hydroxide, an hydroxide salt of a transition metal ion, a
protonated primary, secondary or tertiary amine, or a
quaternary amine, an alkali metal phosphate, an alkaline-

15 earth metal phosphate, a phosphate salt of a transition
metal ion, a protonated primary, secondary or tertiary
amine, or a quaternary amine, an alkali metal sulfate, an
alkaline-earth metal sulfate, a sulfate salt of a
transition metal ion, a protonated primary, secondary or

20 tertiary amine, or a guaternary amine, an alkali metal
sulfonate, an alkaline-earth metal sulfonate, or a
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alkali metal chlorite, an alkaline-earth metal chlorite,
a chlorite salt of a transition metal ion, a protonated
primary, secondary or tertiary amine, or a guaternary

5 amine, an alkali metal bisulfite, an alkaline-earth metal
bisulfite, a bisulfite salt of a transition metal ion, a
protonated primary, secondary or tertiary amine, or a
quaternary amine, an alkali metal sulfite, an alkaline-
earth metal sulfite, a sulfite salt of a transition metal

10 ion, a protonated primary, secondary or tertiary amine,
or a gqguaternary amine, an alkali metal sulfide, an
alkaline-earth metal sulfide, a sulfide salt of a
transition metal ion, a protonated primary, secondary or
tertiary amine, or a quaternary amine, an alkali metal

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

20 protonated primary, secondary or tertiary amine, or a
quaternary amine, an alkali metal hypochlorite, an
alkaline-earth metal hypochlorite, a hypochlorite salt of
a transition metal ion, a protonated primary, secondary
or tertiary amine, or a gqguaternary amine, an alkali metal

25 cyanide, an alkaline-earth metal cyanide, or a cyanide
salt of a transition metal ion, a protonated primary,
secondary or tertiary amine, or a guaternary amine.
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release of the gas from the powde

76. The process of claim 70 wherein the salt is a
sodium, potassium, calcium, lithium ocr ammonium salt of a
chlorite, bisulfite, sulfite, sulfide, hydrosulfide,
nitrite, hypochlorite, or cyanide.

77. The process of any one of claims 10 or 11 wheresin a
dispersant, a hydrophobic material, a water-socluble
material, a water-degradable material, or a water-
swellable material is admixed with the acid releasing

5 agent before the acid releasing agent is admixed with the

particles.

78. The process of any one of claims 10 or 11 wherein

the powder is admixed with particles containing an

anhydrous material capable of binding with water,

sintered and ccoled, the particles being substantially
5 free of water.

79. The process of claim 11 wherein the powder is

admixed with a hydrophobic material, a water-soluble

material, a water-degradable material, or a water-

swellable material, cooled, and fragmented to delay
5 release of the gas from the powder.

80. The process of claim 79 wherein the powder is
admixed with particles containing an anhydrous material
capable of binding with water before it is cooled, the

particles being substantially free of water.
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81. 7The composition of claim 23 wherein the hydrophobic
phase is a wax, a polymer, a copolymer, a terpolymer, an
oligomer, or a polymer alloy or blend thereof.

82. The composition of claim 23 wherein the percolation
agent 1is a humectant, a super absorbent acrylate, a super
absorbent starch, a super absorbent resin, an antistatic

agent, a plasticizer, a lubricant, or a foaming agent.

83. The composition of claim 23 wherein the gas-
generating material is a powder that releases chlorine
dioxide, sulfur dioxide, hydrogen sulfide, hydrocyanic
acid, nitrogen dioxide, nitric oxide, dichlorine
monoxide, or chlorine when exposed to moisture.

84. The composition of claim 83 wherein the powder
comprises a hydrophobic material containing an acid

releasing agent; and
a hydrophilic material containing anions that are

capable of reacting with hydronium ions to generate a
gas, the hydrophilic and hydrophobic materials being
adjacent and substantially free of water, the hydrophilic
material being capable of generating and releasing the
gas after hydrolysis of the acid releasing agent.

85. The composition of claim 83 wherein the powder
comprises an acid releasing polymer, a hydrophilic
material, and anions that are capable of reacting with
hydronium ions to generate a gas, each component of the
composition having a particle size of not more than about
1,000 angstroms, and the composition being substantially
free of water and capable of generating and releasing the
gas after hydrolysis of the acid releasing polymer.



