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| nventi on sent invention relates generally to a parti
incorporam BWW@@”MWMrtiCIeS for providing sustained rel ease of a gas, and
a product Il mor coating which incorporates the powder for

sust ai ned gas'fet*ease. The invention particularly relates to a silicate
particle containing anions capable of reacting with a hydroniumion to

generate a gas, and gxrpQYCRE-CONTRAINING PBWHERS PROvaDIIgG i cles for

retarding, controllingoNgrROLDED O SUEPXENEDNGAY REPRAGEJI cal contani nation
(e. g., bacteria, fungi, viruses, nold spores, algae, and protozoa),

deodori zi ng, enhancing freshness, and/or retarding, preventing or

control | i ng paNecAKiS & théedfieentiangas or a conbination of gases, such

as chlorine dioxigde, sulfur diLoxide, nitr n di oxi de,,nitric_oxide,

ni trous oxide, cﬁﬁor?%‘?%%ﬁe}nﬁﬁﬂ}%a&nr?gl e IRFRDN i 5P nf ect ant

fum gantS or pdeudarliezera pdwdan peroetrpatrattimg celdh weldticrlesnboane and
cytoplasmo o r rj 0 r. nj.Grohi [ t am.pant s
at concent rg’tr{gg)ﬁ?%%oosﬁv’%%%%ﬁgégt £%:(‘53%Igrghf"l_F)i o ?ﬁg’d%sr}%r% e‘?r’1&8€‘h%‘lr%}p

i ncorporati &® & IGHibramneceorvindewbichodngorersitiese the fraddeackayi ng has
prompted st ulidk eIt N afeUBe! heineeIndudle IRV Pat walcwpihy preser vat i ves
result in a significart genetic or carcinogeni ¢ hazard to hunahs. Meier et
al . studi ed TeAetE & dfSEhbeArBnParhAE 1&c FOBLGARIL NG ATHE QAP a¢RAP 17

chloring clyforidaRtdiyxiwerh SQAhyatrehh A ientd AR Drass, otnd e
i nduction of chronnsonal_aberratlons_§nd sper mhead abn?gnall ies_.in mce

[ Envi r on. N@Fgﬁgﬁégqgtg%nﬁﬁg_suchpsg Agagerpgsrticles rfor retarding,

controlling, killing or preventing microbioclogical
contamination (e.g., bacteria, fungi, viruses, mold
spores, algae, and protozoa), deodorizing, enhancing

15 freshness, and/or retarding, preventing or controlling
chemotaxis by release of a gas or a combination of gases,
such as chlorine 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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sodi um chlorite. A polyal cohol hunectant and water are encapsplept r
t he pol yanhydride or polyacid in a nylon coating. After sodi fﬂn@ﬂﬁ,\?QDZS

diffused into the capsule through the nylon wall, an inperneable 5

pol ystyrene | ayer is coacervated around the nylon capsule. Solvents are
required for reaction and application Qf the capsules. The capsul es can be
coated onto surfaces to rel ease chlorine dioxide. Al though the capsules are
said to providg.biochgak. ctio foG_s veraH_%g dqﬁs ﬁg nngths chlorine

di oxi de rel e3R8 BBGFRECTHNSAi af By T e R Me BHPRUT LT o789 pYabSFeBE®The

bat chwi se prenespsuietietdowptépahe thgul vapgwydedaleo polvpaged hamar ous

chem cal re { ONS .physi , . i EN %

envi ronnent Zﬁ%%ﬁgﬁpsggﬁlﬂ “pr o%:tggs%rcs@%gé e%a‘ggf%%%%{ii %gtgi oxi de
as soon as thtey aapsplepihyousdy &hseayXan madl by an ximpermweabiel i ds and
chl oritegsollgds, , R NO Rhh i
chlori teS- corég?%lslﬁgygg\%déruy?ﬁatﬁﬁ Slra%aaases, %Oéﬁh ori ncgeéi%x?ggoﬁpon bei ng
adni xed wi t iC@aPSBifdcofPAVENES FemidieqHaradHan reastientand No. 4, Z04, 190

describes sojpgl Mextubascef thedicephilay |t et fhdilss aghPbeé ebatrbli C
acid that are congre%sed to forqltablet . Nhsoqiet al ., LLf. Pat ent . Nos.
4,547, 381 andP%0 688718665581 LEL6AS G SHIRENDf Mb‘i?ed ALHRAUIRNEBE t e,
aci d and i netédpsiil@entrehstitelteagrwhidy ibioalidad decwd dhofibr expoeirag t he
m Xt ur eioto (?rrbi eﬂit) noi géur € ice et H:?al . (té S.e Pat ent, No. 4, 585, 482
descri bR sol P AdRPxPRPERSof CESRTIAT HHHASE AL TS 12891 % acid. 30 Kl atte
et al., U S imaecdnathidy. afre67 theds capbh es/ Zrelprafmmced be Pl ite crystal s
| mpr egnat ed wi |, 5dLUM-BRLAL (8o At AGhbpsadidi SUdLLfeg 0800I UM

bi sul fat e by 1 hirer st ng € zeolite in an éﬁueous o) TGh- to adsorb anions
onto its surimvelvenl oumgrodisoxhemiical3resdtdans mndaphysieal by passing a

fluid cont aig;gf&gegéc\é eNgomd éfAHr%Q&P%\%l\%.‘ Id Cﬂf&rﬁm@ﬁtﬁ -dathSosRat ent

No. 5,639, 2 describes a nethod for naxim zlng ori ne oxl rel ease
from anlani Rre®he®ERi ng conposite by onitting the chlorite source until

the conposite is ppgpHked tRa? Pl &hlrigle aDIIdd | H9, sdHE g8MPOSite
is exposed to chlorine dioxi ae z‘i’rsee hat ejither_reacts with th

amne to
form i m ni untRY oRFEePFRPEFE & \§gPeh PR ALY FFY iﬂgﬁ-& Porite
ani ons. The godpehibeite Ebeadacti yahvedy,n Ule FasencaNef IPssiysest o
rel ease chl Oéi ne di oxi de, éo The conposit.e can bcf e%sed th el evat ed
t enper at ur eSS T hGEHr Bc EBLPRG Fesi LY A9t et o72SF8action to
form i n2®i unckehdoineedhexddee upon badmepladmnixethtvertilal amossidot contain
i mnium chl orJ .any l.arite ' a ul se u 15
c&r%.tﬁaeflg%ﬁﬁ 88298&. é%]@l}%g'gortrh ty Goul gl AGEOTRO: o4 2%92 ¢8o

t enper at ur es- . od"al'so ‘pr prematur e release o nrofine
di oxi de fromieseribagospriéd RaxsMIsEsy of sodium Shinrise apdlFibrion no.

08/ 724, 907 apg; Met! 5pohahficehcdls tHa? HA FYnpARHEdEREONENEN P85 BaBs860

descri be numerous net hods of using 20 conposites such as_those disclosed by

Vel | i nghof f ¥M2s@n etoalet abdSha il NggmndalS4 amtBlidnd 4£oh8antfR8ti on and

growt h p§ nodfiscPHs&oRExtRF-edUSTE, areGodiiel cRlEFitd 5 &Rddt and

deodorize material §,such as textil es and.stor.age spaces. 25 Wel|inghoff et
al. US  patBRETOppEIESEEQEDEE: FALeAPE (BRI CIRRUAS PELEROU s par ent

conposi ti onsexposingorhdeminsizieret o amtisntoimaiBoiree drixe det al.,
bel L nanot{ Gl abef FALE SBRMER A Aofy SRR, 50 dhocl oves
surface of téedium 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 aqueous solution
to adsorb anions onto its surface. Chlorine dioxide is
35 said to be generated by passing a fluid containing oxygen



. hydrophilic core, and particles in contact with the hydropholy g | le e
hydr ophobi ¢ | ayer contains an acid rel easi ng agent. The partiLﬁeé&ﬂgnzgdz

an anhydrous material capable of binding with water. The core, the 35
particles, and the hydrophobic |ayer are substantially free of water, and
the core is capable of generating and 0 8 AU G 2D02 provision of such a
powder that is free-flowi ng and can beseasily bl ended with other

ingredients prior_taq application;_the provision of such_a powder that can
penetrate porousWﬁi#%ﬁgth het p?BV|gr§ BRESBENNG - pSwde® % percol ati on
network t hatddgwfitRses tnfetliedefse nakemokiagl enilbeidieodidscide ot her gas in

I f d hu
o1 0 and badi SR R S CRTHEE CHAC A4S Pe| BRUEOHSEE % TRk IRACI | a
critical humhbttharrugnsnmmbeMn391wathe tOmpesderedisi agglhyed heo sdruct ure
of the oF t%zrfta%ee pr%tﬂr]ééff‘arﬁﬁ%fegélénp%ﬂsrFgépgsa‘ﬁg' 4 %@c 'Beée"&rk that,

except € “ani ons erei gener at ocrda
cont ai ns suldtlanmiare dimoidel §as hharaneekbeSureaCtHeWpltdlwtsheoramﬁne;uzm a

P bases f of Tl Ariaftuld ARSI Lat I ol £aodpl LERSE S| LR BHe AR &

process for preparin requires few reactions or
processes t PEVGAE %ﬁ%e@n%@n%aseTB? €ﬁmﬁ@$h§edﬂ§xF@@nb@Qﬁ#Kﬁted

bi oci dal gases tHNPrIfEHEE Bf Oho$HEHra PHOLEIEaMAI ema&h@;\és dix ah
tenpergbure 20 processing and a pllcatl n_of ;eﬁﬁgeéper wi t hout thernma

deconp |t|JWQJQSWBQSlQQEF?Pd?gs?ﬁﬂoﬁ? shene SefpedR titaas zes
rel atively iqu@iprnprecessing ngstetege akadt appl beatienapelficz® | ons cost;

and the provision of su a process i ch_reduces_manufacturi azards and
5"l Sposal SRR R £omh CURGATEN ChiRBLES CBRGBHERoRaE pHSHEsIad Y or
preparing cManenralﬁdDeskn¢eleantagnpbmdniam dhtopiesept iamyention is

directed toc 1g)ar crysjtoqﬁ ?‘%lgégg?@i ‘ﬁ gé§§8g¥’egta§| oﬂ anor phous, 30

par acrystal I Ns are capabl e of
reactifng wi tempedradnines i orflthe ongehedazésa puscliiiesppremeltasrear e prepar ed

by ‘a_Process digldulidng difiess{ 5950062401 kDY eflo28BRABRYRe par acrystal i ne

or 35 crystal I ne mat eri a so vent, i sulfate, sulfite,
hydrosul fi de, ni Banenbergphlatite,;S. Baeemeangbzcgtaﬁa &%second | ayer

bet ween t he q@ore arsb i hghd 'Wéiliﬁé‘ﬁéff Tee secopdsl, a)gsateaentagpn&tsldﬁ cat’e.
The core and the fjrst and second | ayers are subst ntl%l ree of water.

The second MRre”8/8581R6%MHESFFIPRTEPSFALS| BBFROdgH@E using
20 composites such as those disclosed by Wellinghoff et al.

to retard bacterial, fungal, and viral contamination and
growth of molds on food, produce, meat, and other
materials and to deodorize 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



.5 the core is capable of generating and releasing a gas after h dd%é%li ﬁ&
the acid rel easing agent. The present invention is also directdﬁ U

powder for sustained rel ease of a gas, wherein the powder includes a core
containing a silicate and anions that are 10 capable of reacting with

hydroniumions to generate a gas, and,f.layer on the outer surface of the
core. The layer contains an acid rel edasing agent and a silicate. The core

and the |layer are.substantially free of ter he | ayer .is substantially
mater-insol%ﬁ?gfgééa ?%esgggea1§QW§%£uﬁﬁﬁ ¥ é£ﬁ8F§¥PWén§n& %¥48ing a
gas after hyereagsly bilenHedaeiidir eltdesy ningmedientaopimépraspect of the

| nvent i on i godi {EgE #nt OcReCOTAIAILIAN SOMRILR D08, YUY OROEDLG Phase and a
hydr ophi lic % ase containing a percolation agent 8n8 a 20 gas-g€nerating
agent, suchPeRebr§tef PPReUSoRIEERCREscriRPEPvy8iomhefcskpbsit bowder a

CO- cont 5nUOYs PELMBI Kt bnandkHe itHUS] At dRELs Woheh re9BL NS RS TRYeES

formed by the_ 'percol ati on agent. The passages are capable of transmtting

moi st ure” t CRHeTYBE S5O%EASr 2L AFIRR F3%1 1R reEReRELetandnFEresSd a gas.
The powder s} @¢€1 8" 6patefipbyaddiFexiatd Pauhidi©y, CORLAhNpRBmALS odat e and
ani ons that are capabl e of rg cting th quronlun1 ons tg enerate a gas
with a sol V¥t PACFBFHFaSLPH Sy,%%mﬁ thd-Re AR, TRAGASS Hgs3ﬁoﬁalcium

al um num orswaterunepbval esttidiadalbemiiditynd s i achtetredavhosadvanuaci d

rel easipg agent_w.th.th u to form.a solids-contgining,suspension, and
forningga p %d%?g%%gﬁ#?ﬁeggo%§§s§§§H%5¥u gféu 2nkPY ?rThghSomder i's
subst ant i alpyovistonf ofiasurhaad powdsrt enfp&icobatiati ngtwodkr éhessi ng t he
gas after SkS..0 h id rel J . -
hydrophobig¥%% ?ig rt%h%o%ﬁggh%efﬁf anépg%o ﬁﬁ%n?ﬁggﬁgﬁﬁyPg %gg%ﬁtaé
conposi t i orgagThecrbyipecntpdns| substeasias mrrroedweek bumandi scont i nuous

networ k whi g Sontal Nnsheagsagesiber B Lk he ﬁ&?ﬁg%%oge?SSTEtiB%e S

passages are capable of transmtting nmoisture to, asgenerating materi al
to gend? at NAHNC¥E| BB3E 4SgREOTARSSHet eI ERiOBf Ofhd PEYPEREE0AOYS

directed tprepBiiag &f poRbak-dwhd crkiddduilire PrE¥RNEELIE 0EnEO0BET Ol | i ng
m cr obi ol ogi ca ,c%ftanlnatlon on a sunnﬁge of a,naéerl 10 thin the

|,
material orPR¥SiFR! PHOSBREFE 56 PEOHidRy FYRF AL iﬁ??eﬁﬁee? osing a
surface of ehlmtenéallibrifbeopovttler anibedwlbiggsése sHef peevisimn sture

to generate_and rel ea iocida fromth wder into, the atnosphere
surroundindofh%ugﬁr?a§§9gfgsT 1Fhv%m;?ﬂ$i °5ﬁ%§8%i58@P85aF8r8 nmet hod of
retardRfg, parddesgingrendnappdicetdom raf |tihe) powdebi wibhouhl themmadi nati on
on a surfac ja Ll n e I d OL ¢l e re
surroundi ngg?ﬁémﬁ%%?é*, IZB?WS géi r%lréa_ ﬂr?;c%‘grél a.na Fa%‘é%? ??\éggéggr, and 20
exposi ng t hpelderilbzasi sedpsivelyelinexrendivei aahrgangf makerhalowder

into the aty@sphelRi e AgHIMERE 1bRG WIS alnd ThEe | P¥EPLEPBNI Srakien
directed to a nethod of ;retardi ng, preventing or controlling _biochem cal 25

deconposi t iDPEACESEUYRAER sEANCRE: ALt UF g nhekarABt 8Rfal by exposing

a surfase odigpdBEErréquisencpendas ongredventmhes: asfverpeshag the
surface to noisture tﬂagenerate.and rel ease a.biochem ¢

| .
deconposi t iRFPTRPBTEI hgT gRESPREMENE e dheride 5?ﬁﬁ§ﬁﬁ89e

powders.
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,



30 surroundi ng the surface. Another enbodi ment of the inventiop QsAdi
"to a nethod of retarding, preventing or controlling biochenicap 8 AWUGEZUG2’
deconposition 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 noisture to rel ease a biochem cal deconposition 0 8 AU G 2002 13 The
invention is also directed to a method®of retardi ng, preventing or

controlling chenotactic ractjion of an organismto terial, by placing
a materi al éﬁpbéeﬁPQQEgS@Wﬁﬁﬂb%EHeQQpﬁangoFﬁeaﬁgmﬁgﬁn26r§tm¥%ﬁﬁﬁe to
rel eascﬁ an quer —smsjﬁd_ 'mglahye:@d@csnm?ﬁgahihgﬁmgcga&.f rwmgt hgreowlﬁr u’mif 0 Lhe
at nospher e surroundi t he erial. er. obj ects,and .advant.ages of the

i nventi on vv%lllrs%e aé’é%%ee%?nﬂ?ﬁ?’ﬁﬁ #5FI 8\‘1§Abﬁ81a&§f‘5ﬁ¥d Ly&se ﬂfgtg’r%ﬁr ‘10
Bri ef Descr iThtei second hayrnawisigsubst&stibdliOwaaee-snbedables ahduarticl es

for providi S | ny - 1- hqt gii_cr ogr aphs
of sili \éat eg%g g%trrﬁ %esgsé%]%?%%véérgelg%l%Fﬁghg?ggénfé?ﬁ\%égpgo%; %cS. 14 and
15 are pl ot aefserchlysinaly si®xebctRonaechdr zeleasang Ageandi-ty as a function

of time for a powggs ti fenfl 8 L3588 BhebcPlgchboki jQxi de
concentration, 20 te%%eraturelgﬂﬁnﬁuﬁ?d%ty ag aaéung?ionbgfatgﬁggkgi a
powder conpééirt sywtaingd release Phtaogagn Whexpini theabPowdgIpattern for a

powder conpesichiads |l Godd doned #XAGYEr 8k edcatasangeahliongl tWatWadle a 25
filmcqnposed of _a co-conti nuous netmggégPand FIG 19 is an exaggﬁrated
S :

cross- 28ct | GRRRPIEe R TofFSRF 107 Bhbd naug; ieBft FRUFERSKEER0
Det ai | ed Degeai, pandh pfldyer Rief e edutabodupeate b 8heocdaace wieh the

present | nveltlonedrde J95% 3 D68l 9L8£04 81 8T L8k 20haNE 4R g chiorite
whi ch are

The core and the layer are substantially free of water,

the layer is substantially water-insocluble, and the core

15 is capable of generating and releasing a gas after
hydrolysis of the acid releasing agent.

Another aspect of the invention is directed to a
composition comprising a hydrophobic phase and a
hydrophilic phase containing a percolation agent and a

20 gas-generating agent, such as any of the powders
described above. The composition is a co-continuous
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.



~used to generate a gas can be stabilized against thermal deco sition
di spersing the anions in a particle containing an anorphous, HE AUG 26/02
paracrystalline or crystalline solid solution via a spray drying process.
Wien the 35 particle is dried to a noisture |level of up to about 10 o0 a
au ~ 200z 15 Particles of the Invention In one enbodi nent of the invention,
a particle is conprised of anions dissolved wthin an anorphous,

paracrystal hKﬂQo@ho@mﬁShﬁE@rﬁ%B(ﬂd Gtcm.i ust ittt Then8 2BblAsAtthe apad e of
reacting wt

dronjium i ons enera ‘%Es The particle contains one
or nore phaEQs m & en’&?mgé’salﬁd%ﬁh %aﬁ Rt 5FPPNESoP &stal i ne,
w th the antensidussel nedworkore @ dﬂyc&:mfmmshﬁseaorknwmmﬁ phases,
t he dlssolved n|o s_ar %% her ndq@$ distri bg % , oI|d
sol ution). AP pRERatR s S e BB WH atefepha L 8f, PEsRe, S, fhe
anions are pabsagna alriey cppedret ef framsiei tigi mei gbbstsreThe &eommscan be

an interstiégggrggﬁﬂgg%ggegf ass‘gahég]égrggdc%gfgggglge glld sol ution,

or can 15 b I SSO er anor phous or crystalllne
solid solution. Anpahgar ?Q‘b@ldlmﬁélts@lﬁ cﬂa)lm*rmu@ngéﬁedarre;at@drﬁera al

having one RétHBEleth%%%erﬁ?ab em'lll'ltngsmﬁ‘ré?\?@:'i@fﬁgrbﬁ bBﬁt%la.Llng

crystalline state as denonstrated, for exa roadeni ng of the 20
reflectlonsmiﬁrPPéo%DE&FaalPpﬂﬁﬂﬂkﬁﬁﬁ%ﬁqeQQDaT%%rgﬁﬁ?pﬁ5u§ mater1a1

paracrygt al ;i prifQr theyarbab&hae_ Bt dirl alhd atidspghdesl sﬁer@unatlh@r o eri al
whi ch nust be, heat %t a_tenperature t%'qt woul d destro the % ons in

order to dlggﬁﬁyéa he PXnPERSSIASG Fe STHEASSIOL P PRESHEFL FRe particle
i's conpri sefowties, suhst exposling ake phnface |tt@ahﬁlsEOfepprg&e&I®ftd he

present inven the te tanti [ phou i s_defined as

el udi ng nePof BLERES SomLeryaR Hase Fadh JOTnRSHaeE: SPERI 880 more ¢han
10% and nDaEmpspherabbyrmoumdamgth@m BurfHcdaghe silicate particle is
preferably in th or ulst ant al S_S trix in

whi ch ?ﬁe ani ons%a%e uni }x m% t')% sriesroseCi &éa%g)éeérl)gggsul g{atg% Ipsr licate
particles gEﬁé&aﬁhygnahgélnngslIEEW@mﬁyngeﬂnn@ontIOhhdnﬁbout 1, 000 microns
dependi ng UHQErBBQoFLBg‘iEQ?dc%%t%'&fidé%%orﬁ%Ca? eraﬂ@éeoﬁf afMAterdQl,

possi bl e via an form ng process, but pr [y via spray drying.

0 8 AUG 2owztmndéégrrfs@§srata a e e tAteL rAL BARRRET B e SHEEBHPELNG diie
t enper at ur eme:e?Qd[LU”b?thélctl‘iﬁg enakldeis du géuj@e@ﬁt atné ;@W@Q@Slaﬁ'@ of the
0,

articles owlders containing . the particles re era silicate
Bartlckg co BP§é§9b§ﬁﬁe §868F93W§33%%ﬁﬁrg%dﬁ? 985 2 iPFﬂ%ﬁH &5t ween

about 1 wt. %-amdthbopbwaermhn%oamhmamm@ﬁa@fsmfﬁonndgngomener ate a
gas, and up tg abggt 95 wt. % inert core. More preferably, the silicate
particle COW% F bet ween about

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-



.10 4 wt.% and about 95 wt.%silicate, between about 1 w.% and about 15

wt . % ani ons capable of reacting to generate a gas, and up to t
inert core. The silicate particle is substantially free of vvaf@ﬁajt‘%la% YUD%
m nim ze diffusion of the anions into solution when 15 further processing
the particle, such as when the particigs are added to an aqueous slurry
containing an acid rel easing agent to forma powler for sustained rel ease
of a gas. For purposes_of the present inventjon, the silicate particle is
substantially friﬁeo%nwgpéﬁqq %ﬁ)%lﬁ?eéhﬁﬁ?kﬁa ﬁﬁt@rmpﬁqﬁﬁa ilicate
particl e doestrotipgovipdevenpdngvor farnt rabhsimgschemotaaniians from t he
particle in .y en ef AY h. o cShli r.ticles
i ncl udes upgggggggEtgﬁléfvwg%@oq:rg%glesrmag‘% ?Jp&?%gg %Ef %@I\Aﬁ_l&%\b&gﬂa wi t hout
provi di ng 2Baserhad paiARENt! Ghedifdwdsobn dndnexhespagt ithiee pawdee ol vent .
Any silscat goti BahirkSt80kahled del MR IIo P mAsVPhE' oF ObHEOR et 12 198116y
m sci bl e organic material, such as an al cohol,”acetone or _
di met hy! f or Hafi §8°McEReppowsed iinthem atnespherpapuraoanding e
invention. gdHtkabhe.silicates include sodiumsilicate, sodiumnetasilicate,

sodiun1sesquisi|bc$%e, Eodiun1ort osjlicate, bo os%licates,,and )

al umi nosi | i cat esPTHRE PIUPELSF A AR HALES o a5NS EPVEFtdFami et a

cati on neasbeedppardRO trotmhehsl Ifcdicvilhg pdetatled, debetdipt iMn.s sel ected
fron1tq§ group consi sting of sodium and potassium is between about 2.5 p
8 AU G'2002 19 ion, a protonated primary, secondary or tertiary amne, or a
quaternary Brief Deacglipglipnheifalthey Dxaieings al kal i ne-earth nmetal cyanide,
or a cyanide sal gl aiLl a8l QN Sl Oy SrPROEORRYET RELMANY,
secondary or 5 tertrary amne, Or a quaternary ne. Preférfred salts

i ncl ude sodpuavigéngsshghpioedcnghease Hlink ogasamoni um salts of a
chlorite, bisulfgigs, Syhtiéeaﬁubﬂ&%mi'yﬂéoée‘fé’%%é dsf Bigatherate,

carbonate, hypochlorite, nitrite; or cyani mrercially avail able forns
of 10 dAl orPRELARYEE: ABE PaMdeTsuiafahlte fRFeRRE (Q¥ANEIONext one (Vul can

Corp.), can contparggaddist haRah 5S@hdeS NSk AdGE tENESrsHENdASKlIgR conpounds to
catal yze conversion to a gas. The silicate particles optignally contain a
base or 15 SOPFEREFAtIAB BRLe NUAHGISY: G212t O 19RsOf r SAMenEFart i cl e by
reacti ng w pbwhgdr 6oimpssieisn;hat diffuse into the particle froman acid -
rel easing | ayer interdiffuse intqt anion-rich.areas _of the particle
to forma salt. ’%gn ﬁﬁelﬁagepﬁgtdé% ecfr}g'uc,’r%&%eéjsoﬁ]g?oﬁlo% Y2549 hen
react @Dth tkmpenavusewanti humidipyr tasclae fundtoiomacfasimehdoli al er
controls re o] creating a barrier to diffusion of hydronium
ions. The ahggﬁgro%oﬁgggigggprller W thin the core can be adjusted to alter
the time period B&Ford7gas msPleitesfedn rorratiedPELpactione Patseraxanyl e,

t he concentgg}iangadggecgﬁégSQQigd;ler can be increased if a |onger delay
of gas release Is_desired. The silicate particle preferably includes a base
0

or filler if chlBFftel8nit8ndnaeEagaedahieq rC¥PRS p2REFiPrBato vieHhoLi 2o t he

chloripe ducing sompesatli ef af c30 doit finidws| Re@hoBkpowdar containing the
particle. Any bafﬁ%tha% reacts with a hydroni umion or anx fi.ll er can be
i il

i ncorporated in -stPi 5t BRpEFASESF AGH (HPR° pRERELIBRAR VFEMs Ofn@ ude,
but are not fillm tetdpbeedanfabkkdiiscmitalnubearbemadeksuch as |ithium
sodi um

Detailed Desgscription of the Preferred Embodiments

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 cf up to about 10



. 35 or potassium bi carbonate, an al kali nmetal carbonate such as |ithi um
sodi um or potassi um carbonate, an alkaline 0 8 AU G 2002 Zlﬂrgl '@002
| ayer and, optionally, coatings or anhydrous particles that can delay or
control generation and release of a gas. A powder including a particle as
part of an interpenetrating network i shown in FIGS. 9a-10b. 5 These
powders include an interpenetrating netr’work containing a silicate, anions

and an aci %éﬁf&%gg 29¢Rk ﬂ%en%oit 1,i)nal |y, coatings or anhydrous
particles t d rel ease of a gas. A powder

conpri sed of a sIngbrephmbeddmidant suf thenimvediont eappaetiafliendsnet wor k
can al so befnspased We! QAYbAd AR A1 (s RALL! GhEFpppaUters of Coal ed

Silicate Par n one enbodi nent of the 1nvention as™s in FIG |a,
a powder |sP%WY§§€1éFn§ Qﬁumﬁtyﬁbﬁ‘lfpﬁrwh@sSQ@)u!EsonncI E!i‘bleng a core 12

having an aghfbngl gasl asplasw o]f4 ﬁh@&hr%’tﬂtﬁUﬁ{f_&f@n%ﬁmoiohget‘éore The
core 12 conprises a particle describ above | ayer 14 includes a

silicate arFRPrakfdarep&asi eaéé"]fﬁtl B RISt RBECBF eMeBR/t ai ns a
SUbStantla|ﬂ>Ha@éY@[ PRRALUGhSmkiyC &ee, arﬁ:l’ﬁpﬁ&l%249§réd:£?beaﬂ.m1héeok‘ayer 14 is

bst anti al | ub Alth h th f bl
zgntsi ﬁﬂohg %%@fﬁﬁiiﬁ%?. ‘g#@ HES %f%e 1ﬂa9$%3°§r§9§§oﬁtfi nuous
| ayer 14 oftherplhdbsest hi mhnemasm (pham,acmim)tdbésolvadt anhberlsr arease of a
FIG. il I he_i ti
oherei o 15afed praBhbR &7 od SFr R {4 "R B T sP bt 8500 1 BBt o s
bet ween thedmmeihataddlanaacDd:daadmhsnr}(ﬁttaaybxnematbmeng‘gnawhzhg:hi cle 22.
T Laer Whal M IAESafL CUBAAL: NG AN A0S | BLOn BE1AG) UL T 0N used to

prepare the powder I'mze Toss o I ons needed to rate a gas.
The | ayer Z@%ﬁiﬁb@?%s a'ﬁhﬁcﬁdllmlseaﬁfhd?%tgﬁafhtln?@rﬁby‘ghalh@0m99e¢§t18 and

20 are pref@of abhya £98{i BHOHE Had Antired | o 10af 96Tt 8oRar bicbgn2?2
havi ngﬁil scont | huou 0.8 AU G Z002 23 invention for a vari ety of end

uses cl Rf %i%%ﬁﬁ?‘iizéfll 8n 91Asss Gte QE RS AMRFRAPUS cR¥nDt axi s control |

del ay or prﬁﬁkﬁt?@tébenéSsb&d@tsam&ifon nsactpaﬁééﬁygtapmnel gehedi cal
deconposi t| Cglﬁs}‘(\:ont rol, reducti (1& 5 or rev ntion, respiration control, and

control, CHRRt +8cePBRY A ]?Efﬁélﬁgo f OF MPEPoor gani SmE
such as bac;ums@s umdafisethbglt gdrwe:harammmasta@d GfralSESysﬂaM‘iﬁél al s.

pouder s cal B S 07 oF P AP Bt e S ok ch e e R 888 "t hin one
day |fﬂHemnﬁﬁﬂécn1anpainithbamﬁmayldmifractlon pattern. The
amorphous, paracrystalline or crystalline material is not
a zeolite or other material which must be heated at a
temperature that would destroy the anions in order to
dissolve the anions in the material. Preferably, the

25 particle is comprised of a substantially amorphous
silicate. For purposes of the present invention, the
term "substantially amorphous" is defined as including no
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.



~The' powders of the invention can also be prepared to further dela
generation of the gas as illustrated in FIGS. 3a-8b. In FIG 38 ,&h}sﬁ 2002
particle 10 as shown in 15 FIG la is surrounded by a |layer 30 containing a
hydr ophobi ¢, water-sol ubl e, water-degradable or waterswell able material to
forma particle 32. In FIG 4a, the particle 22 of FIG 2a is surrounded by
a layer 30 containing a hydrophobic, Water-soluble, water-degradable 20 or
wat er - swel | able material to forma particle 34. Wien the particle 32 or 34
coat ed wi t hAGCREPOSS AR &eFiparatarrel it ke ndeeerppsisionposed to

moi sture, thgmRl ek HiS T \LBH1Qim Q@W@Fﬁe}%éﬁiﬁﬁé%i%r £8mperaedi,f up
to six nonths, pref,erag)lsﬁy from several hours to one™ 25 fronth, “before water
contacts t hBT@ERESiaR LS fheafartichfsh AhPdere| eonbasning &bsted with a
wat er - swel I?lei@q@@r,i al is exposed to noisture, the water diffuses into
the material and_cayses.the material to expand for a period of up to six
nont hs,gpreferabpfefféﬁrﬂ Ve SACth R ld SR & (?acﬁ%l%{)?ltﬂ,mﬁgiﬁﬁé Retyeen
contacts thabaakd3r eitedsiangt agenit SCoatt 1y dilei gtté ) cbeswélnoabditwizt h a
hydr ophobi c erial _al rol ongs the diffusi of,water. into _the acid

rel easi ng |3§2?‘ ?51% 5%6%% %(9 o% '&p A6 X cnatpnﬁl??ge, %% e?%?gﬁf‘g}gf F8m sever al
hours to ongenemabe Gagasel eask G5 tipewbaut Ve ok . Unineérencagk.noMeme e is
“ansm“edg?égwsbh r QpRORI;G jlayel £ Q¥ f‘s?é‘;ﬁ%@%efaﬁr about

O-AUG2002 2 are preferabl’y "continuous and substantl uniform a
particll® 404ovt4d pRd @dpagits @Gnmtndossl ligale, hetweeroaboutati whl-&

thi ckness ppgui 881 RCaEPLALNE arSbHRI MhBRL 3660421 885t 0SgEhErate

illustrates a particle 46 in Ich the layer 30 contalning the hydrophobic,
wat er - sol ubRegafat 8nde gPadoordomt Bt aft N P& eri al contacts the

outer surface 487ak 1414 ilcarer Pla&tq@lt@iirg NELss kst 201 | af F¥e VB Eelvaltesol ubl e
silicate. The acid r.el e%ﬁ:;r% ayer 20.10 contacts an ou%er,surfﬁce 42 of

the |ayer 3BCsULRIMZE I%égs?'é’%x FHRRARIRNS HPERF_HUESPR VRS t he acid
rel easilfig | fyeth2@ ardodelsdiny dibfe ysrwi alfe hyeicni agn whes théo the core. In

FIG 6b, the rthcle 46 of, .FIG, 6a_is contact with the pactticles 24 to
form o par (PRFELELESTath dadedleddd SAEAC SRty TooREa PRLRGC AR
rel easi ng agend, redeasiag agent! ¢ Fommra gpowvder aivy dsvssaimmedri al capabl e

of binding w tele th [ [ ' 0

noi st ur e, t%igg% _(raoefl Sgg‘.%%g .a%eO%tC_ pﬁlst%ﬁéy%%c{/geéﬁ ?%T%%%#?\gféglggggﬁg’
hydroni um i bhe @hildiFare gartdisd e demaulstasitdalelvabreg Phyerteg d the
layer 30. TPReh¥AbaRicUBe At edo ROl fdUSEdvl pdhe; b Byeiod8 HBI | enough
hydroniumions or noisture are present in the layer 30 to_provide a pathway
for interd PFo¥ies BePrRédwaphdorafaamsmigiiathe ] Arions. £ Fhfer 30

pont rolhs Thpagéiggbquﬁloofa @ﬁ;a,.vléyltprolpm 'éﬁ.hbl:lj_\l}f,f L@&@lﬁ] @‘f hbugrﬁni um i ons
into the | ayer, to_del ay .t hei,r reaction t h .ani.o within the core as
described aBbyECAREL RATGHOLES ILAFdcas; Uh ko, RPOKF ot @ BF eF er abl y

cont i nuous prdferhdlyntipaltioy albanftormmwta. Ppavdtiext evitthout SProavdigg

di scontk nuo aye 8 0 3 [ e i s, proyi des
accept 2§)I e,géﬁigt éi ﬁ%&i(ra’eal%'eggé 53?' r}%“gsgﬁ I‘A'/nzaoéﬁno eeréé}n‘g%glf%e%g ?#Fust rat ed
in FIG 7a,sohvepé&rticle 40 as shown in FIG 5a is surrounded by an outer

Lo er 0aF TR B SNt iRyl Bl o2 dagtagan e o
gas rel easeS®yubépayiofga 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 from the group

consisting of sodium and potassium, is between about 2.5



0 8 AU G 2002 27 powder. For purposes of the present invention, the |ayer
" 14, 18, 20-and 30, and the particles 24 are substantially freﬁ ng\Mﬁeﬁlﬂ(ﬁ
t he amount of water in the powder does not provide a pathway for

transm ssion of 5 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 enbedded in the outer layer of théd%articles 10, 22, 32, 34, 36, 38, 40,
44, 46, 50, 52, 54, 56 or 58 can include up to about 10 wt.% water and,
nore 10 prdR&hald PRFEANARDHRTENAFY % fecondaxyt RsutepitdA mrpsieh a

pat hway folpy it teidan ARiNeenahhg1kane wécandciheidd, d 4,61 easing layer
14 or 20. Insuhkstantial anmbunts of water can hydrolyze a_portion of the

aci d rel eadilfgldgereardhmRhrt G¥2AdRd RYdPoRYERIEENEAL% IRt @ he acid 15
rel easi ng lawersithivn mebiniivn | oasprobovhueed geimakydi idetasmdayp dhe core
unti | %nou h water is present for t ansgort of. _hydrqoni um.ions. The powders
of the?i nve&fEitdRTeaf iE udeF c%a?‘i‘?négr'(" TE a8 ti 6hSl elrzﬁ?éfsﬁa ween t he

core 12 andridied20 dogdiems, Ipbtas@Dum; belwdem,t Adthdyer ©rlAnmior?iunand t he
outer surf f R : I .Lhe i;nQs tycompletely

pr event th%%%tf%f t?tsﬁq%n cg}%%/lﬁ%hilg%gﬁlg%&?f orgh%?%éggéi %?lrlgﬁgaes’i ng |l ayer 14 or
20 to the bydeob2ldridsi f thisiarbofiagas tavkenpsepompeochliortidigyh

di sconti nu | a . Acce : (AT I

pr ef er abl y%ggrﬁﬁr?do?? ?ﬁ’?u st a%?@h??%%lgflg?%b%#gggg er sn‘?sp?{ejfer ably are
about 16. 1” ghdogiser @nsbQirher (falsepeitpplsi £8r PERdesSSIA@=udi ng an

I nt er penet rakiRaeNQNAdar3bdfp N0t Bgh enhediArAHA9tibh@ 1 BEIMHd Ah@s shown
in FIG 9a, a powler is conprised of a EI urality oaygartl cl es 60 contai ning

an i nt er peRECLEAVES FMGKAE LN TFRMPAYBAS ROt FLRAY 2Re CREMETTHRIGR an

anor phous, apgmacrystalline or crystalline solid solution, anions 35 that
are capabl e of acti.ng wi.th hydronjumions to 0 8_AU,.G 2002 29 reaction
hey silicat 3

proceeds to comtf i+ G- o GHe T oRB! 883?!11¥rf:8ﬁ§,al&ciad Wt er when
t he rdacti an fiid lier .eq@iHe [bdasen cdiverbydr oeileaseons dabkf dxent wteugh t he

i nterpenetratin e I il the .and.reac W 4. jons to
generate aP ag.l%}%etbygs cﬁ%ld{s%sw%%?cﬂg?&?ﬁélg@r PgseEggtor&gﬁyﬁo t he
sur r oundi ngn&ontsdeh@eetfiorlen freomoanodciig relebsangsilayeeniohs to af f ect
materi al s si ithe Rayder i 5 relke t ut 1.0
X 10-6 gr a%htgt%g}%% J'a peri od %?lgﬁm?gggt Eggéslgkdgé,% tr?erjt\%?elki%e

nonth or sifeIFort ¥sléan MSrhe dpasiebyst Aerpeseds sexcer st iy dnassiam

I nventipon fened thai §leact witth USKS, adsoH8swikhed EﬁéeF&rtAJctl@liﬂJ”' the
powders general ly provide sustained rel ease of he powders can be

a gas,
for mul at ed 8™ Rag3fas 10§ fhked FoRFRY Pe§§1f§gﬁh8ﬁ Bn&aFaPY f desired
for a particdeaingn@d Waarrikie povdeffasionl 8f hedpeapameddns .f urtdeer del ay

Qont a1 ni ng TN SINSATE GAar e Lo U8 BhL laf BF. HRGFaHaR BopA)BHEa *0
wat er =swel ltablad teat ¢healt ime fpermiad before gas is released from the
25 particle. For example, the concentration of the base or
filler can be increased if a longer delay of gas release
is 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-



20 particle 66 as shown in FIG 10a. Wen the particle 60 coated with a
" water-sol uble or water-degradable material is exposed to np Buﬁ@j@tz@ﬂz
wat er di ssol ves or degrades the material for a period of up to six nonths,
preferably from several hours to one nonth, before water contacts 25 the
acid rel easi ng agent. Wen the partigle 60 coated with a water-swell abl e
material is exposed to noisture, the Wwater diffuses into the material and

causes the teriial to expand, for a perjod of up.to six preferably
£ r om sevor B LRGBS § Sy A OmctBReL S crosBibl: ot SAPHET R

rel easi ng ﬁﬂicléaathﬂg khelpﬁélayl@r660mtfblagbndtaph@hlanﬂaterlal al so
prol ongs the. diffusion of wat into the int enetrating.,network for a
period of BPLIEBSEi RInBnERE- p?éﬂ%?%§?§ ??32¥§éggrglpﬁgﬁﬁglfoagngaﬁﬁnth Gas
rel ease doef ant inteuwrpemsitidat3iigeg moeghonki s8usbown tinafd@ist.t &d-BPht.he
hydrop obi e bet ween t he

p g AugG 2@B§9§ 50%95%%52I3§1 |ca€M@¥ %ﬁ%ﬁgg%ﬁhg %%g%%ggable of
reacting mpontayunog|amsuixgamﬁgem@x@m% angaan afddamedepsing agentg

agent. The wd I i I & £8likapbRRY 3RO tARRY GaQUS
mat eri al ?gh §%ﬁ§§§f9§ OJ?%% sur?gii oﬁﬁfﬁe gnglc ecorsafeaenbgdded in

the particfelayhgensrpdions and erebease ehpanpasof BlR&WQQIMAth wat er. Wen

the powder cb exaeaeéft% %mmgﬂg(gmaééU§@19d QmeEWb&eoeontacted with
wat er, the ? diffuses into 1 hase. |f the i ncl udes

he sin
t he aﬁﬂydrbﬁ%eEH?PPEF@§fqﬂu9%&ﬂ%ﬁ bf A s Otﬁﬁ BﬁﬁFBFSSSWﬁE%PPEIeS on the
outer surfaseogpotrhe ipewitie el bclesfusing 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 aC|d (|. ., a substance that reacts with

t he water that HoWw8 D grtoclesm an acid?, or a
m xt ure ther eof tgg @ﬁéd h@eﬁ@fo gI%hBQ%§gnd@§%plves in

[
t he water that 5 f?uge%g?%%oqf e powder, tor mn ﬁygronlunllons and a
counterlonla20aTDQWﬂeacmsm¢qmpxn§@@ of anpiungdiblyoifspazidriies ale

hydr ogsum iﬂ@ﬁuagﬁgﬁt%ggo;&%% Wﬂn hgn' ga¢41 ealesgqa@daayercqqpbﬁtl on, or

hydr oni um i ons, aci d wat er when the réaction i.s in
equi | i bri ua® ¢H§eﬁyéﬂmfﬁﬂﬁ|¥ﬁﬁ9§h¥$ﬁs§°¥ﬁrouﬁhetﬁ@r§|H&I@OHE§§§e§nP|I t hey

contact 25p3pgi E¢aCh sWiddsAiKEs éﬁbﬁéner@hé Bagas. 1IhQn@§&débfﬁuseS out “of
t he pomder into the surroundin re for a pﬁ;l% &ﬂ h about six
gt

e
months to 8f&ERtRaPEG &% aGh ﬂbﬁgé?gtﬁﬂeﬁﬁmde € rel ease
at Ieast ab@ﬁé doBtdihe 613&5&&&@&£aBl§oamdr§Boners&dlahtan hedsthene day,
m§§k ﬁ nmont h ,or %%% nDnths gan be %o mula Zg b %he processes of the
prese i nFehiFaher &P FARAMSE of ehﬁ BeRE s Basdr B&G herei n. Al t hough
t he powder $ngehebikl.y pildlamglsushei hadereléase prefegadblyt he powders can
be formul a t dy,HuE] | gssathari@ng gday if
e | LT ke, B0 dbeiuiel apsgyfuestg, 855
hav1ng a discontinuous layer 14 of variable thickness
provides acceptable, sustained release of a gas.
25 FIG. 2a illustrates a more preferred embodiment of
the invention wherein a layer 18 containing a
substantially water-insoluble silicate is between the
core 12 and an acid releasing layer 20, forming 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



t hereirn, changing the powder mcrostructure, substituting alternative
hydr ophobi ¢ materials, anhydrous particles or zinc, nmagnesi urﬂ 8: GJ@O[]Z
al um num or ot her nonoval ent, divalent or multivalent salts, changing the
met hod of 5 processing the powder) or changi ng the order of addition of
ingredients in preparing the powder. | ative Proportions Preferably, the
powder of FIG is or 1b corrprises bet en about 10 wt. % and about 30 wt. %

core, between 1(1;1 abo %aq} <§ %amg rel easing | ayer 14,
and up to abBUf 5606& 6?oota HRE IR SRS US§Ht IRFEFRIAE y, the powder
corrprl ses bdewderizbaubnl5 ﬁmtes%rasmls Mncﬂﬁnamt%CDemothgtiweeombw 50

% and abaus 85 Wt %3ell 5] SRR ] MR AN, UDr £ ghayt 35 w9 of 1

the particl es: Brer SR he acid releasing agen acid rel easing
| ayer 14 naynﬁegoatn@nudommc@bcﬂﬂcqnms%m chouro20 weduction

subst angi al é¥ nggg%ﬂttens' I eraﬂcﬁ{ec‘b&p&ﬁ’of’aé{‘ﬁ/ﬁz GRhepL12 &'@_1§<3and about

15 wt .9 eferably, ‘between a and about
Pr ef erabI y, deRETHERIER 6F ERSVEntinn Of ddiprItsthee fiBhcEnaREaNg SS. % and

about 30 W s¥xRORS, bRetwean ak@ia, vzturtélan%laéwt Potbzda, and _
silicate-containing | ayer 18, betwe abo 2]3 and about ﬁ .% aci d
25 rel easi nYrFHFER 28, X‘&ﬁ rth?]t%' a t /Gd?o‘t’&%riag?PEFé Y4. I\/bre

preferably, pi‘bﬁgﬁé%&ét@&?ﬁd gmbéww% aabg(y;a,é_ Ithev pSwaats abatit b|25 W . 18
cor e, t ween_abou W . about W, % silicate-contajpning |ayer

ot veel0abobOrBRLaESS, Ky Chiat, o 1 shiederd v Eiid FRRsLhaR%onRi " s
about 50 wdéyofift Hespazed dogs.a Bm:qlm/tdezs aexid RhgsS. 3a 8b preferably
conpri se between 0 % C ot ut 2 wt. %
and about 70 w. g/‘oﬁgl g?”gét%g%on al ni ngﬁfgari/tglr rgtsc{%g%%? n&gggaggg kg %

and about 88umtheyadeday g@ehematdoaxX 3:5'“%1[9:&& 25 i/ll%bbﬂ@?dbenmeen about
25 wt.%andggggut 328ht - %Ialmr,q: eI ma.ge lq{létfle g({e)té{\ge%aabﬂuéqu w .

and about 4 % of the particles 24, an etvveen out and about
35 wt . 45 hydF&Bhobac iswararossidas &Y tlaver RreerEaEnbrgvat er - swel | abl e

material inppachpAbbibe WAXRYS subiie, RECeF - &é;;féé‘abﬁ@ Brehgrably
cont ai ns betwe ﬁ,ﬁ%bgom 15 wt ..% and about 25 core, between about 2 w.%

and about 18%¥ o T“é&teé‘-@&nt% MR Iaatftq'rtl%cl%e?%\eenl%b%yf’ 263wt . % and,
about 35 wttPleaphgtiflecbeasmFiayea Ak samkckxertmrbyab@uagzerv\bo% and

about 45 w . % dro hobi s.ol ubl rad
Gater - svel | SERESRREER, B YRESRHPRIE 1 MR A STt cRr I5RaRPEe g
preferadly onnwateessbeﬂ.ﬂahieabmﬁerh&l/\ttd%)mm abqpart2bclve . 34 cor Whehet ween

about 2 wt. L/%ygaﬂag 6@3@%?%9\% %Csd qatweltcl_ortétl avgu&gz%gygé%é%rbet ween

about 25 wt acTq easing | ayer Wween about 15
. % and abeatenodegredablenhmaranial esa ’m:p@mdbmmtatboet thewt . % and

about 30 "t gt By dioBBRYEs W Yechladl eché"@-ﬁﬁ ﬁfﬁe 351 & BEryebs20

swel |l abl e material 1n each of ayers 30 reI easi ng | ayer
cont ai ns anYPnbPgiikcMaBtisy e REEfHFERIgefron Heveral hPeesi kg PBSer

preferabl y weABhi SBe£BeEVWGRIt edD UEnt3HEtd Rt D Orate 6 B84 dageheasi ng
agent and u&hto agguéartfmié%fg éé“?i éggééﬁ 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 alsc prolongs the diffusion of water into the
acid releasing layer for a period of up to six months,
preferably £rom 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



25 'such as a sulfate salt. When the acid releasing | ayer contains an

"~ organic acid releasing agent, the acid releasing layer pref @IAU@)I@QZS%
bet ween about 50 w.% and 100 w. % aci d rel easi ng agent, up tTo about

w.%diluent and up to 30 about 20 wt.% di spersant, and, nore preferably,
bet ween about 35 w. % and about 55 wt. % acid rel easi ng agent, between about
35 wt. % and about 45 wt.%diluent and®dbetween about 2 wt.% and about 12

wt . % di spersant. \Wen_t he powder includes one hydrophobjc, water35 sol uble,
wat er - degr atfalf e® RTHEFERD MeFPé‘l’&llémPéS?eta’ég,s%‘%‘:# el 8y préferanl ¢
contai ns befaeeickdosd 3P k. Havidgl AAdcordithiciys Crupstseds Ohnad 30

wat er - i nsol ubl e siélﬁiafat ..I\/Qre ref erahl t he po r 60 or 64 conprises
bet ween abdtit RF Hit G007 W SHESE BAOV SFEFERINT neFWBFRITER to about

50 wt. % hydreopdeode iof vat@assol ubl e, water s degradabl e or water-swellable

materiad, and u u %_qQf _t r{i ¢l 4. e I e
powder prepar edp%‘fr%'ma%)%e{%?‘ga e%féggeapgﬁ&g%se Cf)érfp]%ll s“élg(gltét{:\ixggnxggégt 30
and 100 wt .30 cfonrtaimiie phasbydsophobdd ofwad exi{salatlel e anwated-10

rel easi ng F@}gp? J p (] i O&ﬁ{ﬁ a to
about 50 wt. % aydro gcg#g‘pét\:/\g?ergg’%?&% é},e \;\i/%tt_esgfggra a %t'%r?hg Sutkh

wat er - swel |sHrfaemt4d i @f | thadlapetro 18bSONEE NI v FSUBRE AR AL difs

particles. & Predslabl ¢, sihecrewder ThMdiseSrdIdyeaiy apgyér4@oand 100
15 v~~t . % of the single phase, up to about 5 Wt]‘.;/o h%/drophobl C

wat er - ¥bI uARL AR raT P EERLPET SR CRatiér Sfe bl | et9 aFUChnbhah to about
50 wt. % of dHee knfendrdpss@patackes théhedatedd powertfidin ofhé4aoidt he powder

prepared from 20 the singl e, phas acticl incl.udes hydr ophobi ¢

Wat o1 Sol ublE LSRR dEBYERaBP coBR RELEYSS RIHHAST R USrORRET 298P 30
preferably iotid ailes dteveenIabBUIG. 16byt tHeamari(-id .96 hyfirBpBobéa, is

wat er - sol ub ef - I . r- | | ahl terl p-t0 about 80
wt . % di | uetho%V%nead uvgl oag%%uﬁagglﬁg% 3?2%& ?gjn ) r%rpd-’,(ﬂ?riocr:legp?éfer abl y,
bet weelb abdiite 40-id . ¥6 ek tihoul age rwe 0¥ chydrdpisoEire ,aated ereseasbhg,

wat er - degr - : terial . %\%@81;%9 9 d
about 50 wt. 9% dil E%%#@aﬁéd .%\?%ggggbg%t %%h\?'vta.l&?and about %szxrﬁn%/c?ﬁgm

di sper sant .CHRIGS TerkindEagandtRewasssd THEsgadheelaziddraleaaengonder

wi |l depenqalsyﬁg&n id‘ei_@rlé:_%@séﬁt Eb”mbﬁ%t%‘%”ee,- N L8 tMeééiﬁQV agénéy
reaction of, a _hydrgoniumion and an ani gn can ?'8' enerated and rel eased by
I

the powder iSrHYdRRlYzeds eFet 8BFYNT5 2R ~ANTe Ham 3433 WL ERi de,
hydrogsn swlifffitse fxbm Dé &@3082releasing layer 20 to the layer 30.

The hydronium ions do not diffuse into the layer 18 until
enough hydronium ions or moisture are present in the
layer 30 to provide a pathway for interdiffusion between
the layer 30 and the layer 18. The layer 30 controls the

25 release of gas by prolonging diffusion of hydronium ions
into the layer 18 to delay their reaction with anions
within the core as described above. Although the layers
18, 20 and 30 are preferably continuous and substantially
uniform, a particle 46 or 50 having discontinuous layers

30 18, 20 and 30 of variable 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



.39 cycles where alum numor iron powder is used to selecti veI
chlorine froma m xture of chlorine and chl ori ne di oxi de. ép r%[]ﬁ%e
al so useful in nodified at nmosphere packagi ng by pl aci ng the povvder 5 within

a package and sealing the package to create a sul fur dioxi de atnosphere

wi thin the package. Hydrogen sul fide %Z rel eased froma core containing
hydrosul fide or sulfide ani ons. Acceptabl e sources of hydrosul fi de ani ons

i ncl ude al kal i ,netal drosul fides ({H,?uc as_sodi um h drosuhgl de or

pot assi um h§AY3&Hht f i E ERECERE- & Tt 5F° tﬂrb’%\ﬁ?? 188 shefi as cal ci um
hydr osul fi dkayers hydr,os.wl f i2de asal B3P ,ofard ttlaesparioiches ab4i ape a protonated
primary, se t r t Acceptabl e
sour ces of gs}???éét%élalﬁ;?r%eYﬁ?{nlﬁgceaﬁokafl &&ln%tag sSu f?ge‘gggﬁ §SE§OdI um
sul fi de or povdexi deesunotdproviks ianeathway nEenl tlsam$md@sz-enchfas cal ci um
sulfides orppdbohfinSads Froh LRI [PISE i@nto 8 RE 0LOPat gd primary,

secondary ortertiary am ne, quat’er nar am ne. ogen s

gas-rel eaS|H§e§%ﬁﬂbﬂ-¥'c§ﬁC@e°§s§@ea§ad@%"d ngt&get? Q)‘Fda3%uIFD¢ §B§rce in

the manuf actg¢£] opacherieal 24 antherRicy PO VWS | it PN d P bbE Ofhe Chl Ori ne
gas and di chl orine nonoxi de are rel eas % froma core con

taLnin
hypochl ori tRPEH ©hES AlceptabPe 258 %outtess bf Wypothi ot t @ &ni g%s Phel ude
al ka: i et a$h? hypossl oan}}aslc&ualb P aﬁdlamdrtypmhbtor%tmt@t kazhd'inem@ﬁélt h f
met a pochl opites.such as C|u orite, lori,ite salts o
a tranwtl ont ﬁé?ﬁ?g%gn,upa |5’r ?d “éf%m‘?’?t %’ec"& ? o‘?r?‘é’r‘fl?'léﬁy ani ne,
or a 30 quasechas ypatthway @blroumerghsfﬁu&hmmmg:mndetlse carrdéel 2iseddi n

br ocessi ng gpalac {450A0d RLAIYGEANT A%, A4 NSehil phdean Dl 6D gpblge s

nonoxi de releasi ng powders ¢C as a bi ocl ocyanl C aC|
rel eased frofnwaterecah hydsslyest & mortsurek Wie mxddeehmaamg Sui tabI e

sources of £yaht UeoapleAncknalle otk el Alm AL A pe BEEILHS acfyb AUC

~00~ 41 po rs can be used to_Inprove bl oconpat | bromaterials and
for nolf fi ceeleapiPielaygickadhnsg hYdrafvim | itandaveRmded® BRht ai ni ng

two or mor edﬁffé@éemhtémta@sc%&@ Qxfrftqcﬁlé&ﬁ:déh G &Pl 1 NerésdgasSEopf S a
gas. The powder, for exanple, can he prepared fromsilicate particles

pr epar ed byt‘é%ﬁ"l?&?ﬁb afCHVéprlé%|lpr]angd a bisulfite salt with a sol vent

and a silicate tthéopbwdetel Wifi @he ARG Y YN dFam n%uéilﬂd§0d:¢létﬁﬁg§0 form’
OXIl de ar.e

th ticle, If chl di d d,s 10 rel d

or ephr i ng- 1 Wb+ $1 1 | CH08 HRPRLCRBY S5 ) 1P IR 4 1O §0r i oo 1 educes
the ch2@rinkageosi ié ber bl ori betweent ruiid |mem em;eonfzm:mmmhedl oxi de.
The presencg, of bé%{c‘ké'ctee %”k?z@s o §e'}e ! &?% é‘%&étthé& gs! ays

chl orine di Oxi de t€lease rfrom silica es or powder
during storage q:@rnm«gtslwemwentoﬁl'xﬁw|dﬁrﬁﬁ1@smm>@ﬁjehmmnwmnaddl tives

such as fragrgncege Eewegég_gaaaﬁgnw@émprom& b Ff16d ebr@ni Pngy-can
also rel ease two or nore erent” gases at different rates for different
pur poses. FotEExakpneofagas from the powder. Although discontinuous

25 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.

Powdersg including an Interpenetrating Network
30 In another embodiment of the invention as shown in

FIG. %a, a powder is comprised of a plurality of

particles 60 containing an interpenetrating network 62.

The interpenetrating network contains an amorphous,

paracrystalline or crystalline solid solution, anions
35 that are capable of reacting with hydronium ions to



- 20 powder containing bisulfite and chlorite anions may rel ease sul fur

di oxi de for food preservation and chlorine dioxide for deodogi ,
freshness enhancenent, control of chenotaxis, or control onQigg%y?g;QQ;ﬂa
Conr ~onents 25 Acid Rel easing Agents Any acid releasing agent that is
capabl e of being hydrolyzed by anbient noisture and adhered onto a
particle, incorporated in a coating t&%e applied to a particle,

i ncorporated into an - nterpenetrating_network 30 containing anions and an
anmor phous, FEE&GHRR AYGRET EPySPRPLRRECBe| PE BYRFONdAM denishcor por at ed

into a singl@uptass sHB! WS, aRar @gEpst @hkhnener rebyetiahl ijge 30! i d
sol uti on contai,ni, ani ons tabl e, for gggﬁoses f the present

IS acce
i nvention. P %Hmth;Qﬁi%YﬁEBBégmnb°§§ usgoLorpyghy && with the
core or sol jgteaigdriedrdding Cnetwdrlc dA02148hagesbatabtebad edact

PIUPLH ) Bl ST Def ot 1M Ioahd B ek i 05 1,0
OC2Fi 5 OG OthecpaintiGlies &) car b4 ylintoathd ssreounfiiagpaktwbgphiexres fadrcohol
and a G, 10,Cqe Y QARNOY o LG "< HEnERL b2 PRE L CREL e rFR1s
situated near the powder. Powders that release at least
about 1.0 X 10°® gram gas/cm’ for a period of at least one
10 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 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 one 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



.. (CR2?z ICR-Y~ cRs Or CR3 wherein each Ris individually se@e&;ﬁ&ﬂ@rﬁﬂﬂz
hydr ogen, hydroxy, alkyl, alkenyl, or -OC(OR; R isa ™4t 10 al kyl
or C to CZ alkenyl; x is an integer from1l to 30; y is an integer fromO
to 30; and z is an integer fromO to 30. Particularly preferred
phosphosi | icic anhydrides of polyol bgged esters include al kyl ene gl ycol
tatty acid ester acid rel easi ng waxes such as propyl ene glycol 0 8 AUG

2002 45 wheygtBrGsbagblbesionitake, Odld dns GifaCrh£EZe QbfLGHé)raCH?» Qt her
preferred acid relea3|£gcgg%nts ‘have the formulae: RFC CHZ) ~- (CHR~) m

O P-O M Y) ZFeRfA¥IE 1 WUW%n%%WW“FM@&WWWZwan

ol i goneric aaﬁaCﬁéleasmhgcbg¥nts a portion of a multifunctional oxide
LILA,_.ILVA,. or, 1VB el enent such @s,tLtaniunl

structure and hn#g 8 g 9 a
al uni num tin, §i PPYSRT: CRE PdSoh 1N RRAIE 1727 sCOBEREPHDE, 28t hy|
propyI,Sa nehhydrauns dnateriad ehiyh awrmbacr atp;oumtes Surface of Bhen is O,

1, 2 or o] hydri.des a preferce cid
rel easi ng aégg¥fc%%dgr 5Irgde orgg%ﬁb&%:é¥ régé? dﬁg n?éed or&g APE®15 acid
anhydri des, maoeppal yher capabis oig@nnﬁung(Wxnhwmatde or a m xed inorganic

aci d anhydri de, ﬁHQnCQHQ|éﬁﬁ&éroﬁsa%ﬁ?dﬁﬁﬂ(%6“3£bﬁéﬁﬂdﬁ%?§theao¥‘XEd

i norgani c aci d anhydride a nono contalnin ond. Preferred

m xed i nor gaFRer%EPd GARYAFEEEsWAGh: wiRt&Th é%d&%@?u@lgﬁygéﬁ dnFEPcon
bond. Ryef e¢h€dsingle phase. If the powder includes the anhydrous

particles, the water binds 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. In either case, the acid in
the single phase dissolves 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.



08 AUG 2002 470011 Il -""~CHZ~-- , -<RRCGOC-n -~cH~-0 1 o~CH---
wherein Ris: iIHB3 --~CHZ-m- 1 ~1"'"-EC" 2 ~-m- , O @@&ﬁl

~CH~~X mis 1 or 2, nis an integer from4 to 12, and Xis Oor 5 N-CH

particularly preferred acid releasing polynmer is a terpol yner of

pol yvi nyl pyrrolidone, lactic acid and %chollc acid. Each of the lactic

acid, glycolic acid and polyvinylpyrrg I"i done portions of the terpolyner

preferably ) degre r tion 10, of tmeen
about 1 andE§85%3%5ngﬁﬁxgﬁgﬁég§?% ?%§?§ BgFﬁé%Er gHF 3 P ¥ and,
nmost preferabtyrnbenweemxﬁxmphdhnewmhabvmaleo athgdmosts peaftarales aont d

rel easing p or I

-, DR EE ! mAgD At O\ B By éiu‘l“lﬁb‘m SR EP S0 TR R e
formul a (NaPOIRACWIe P& muqlqﬂsvzalmt 1@a16s,cybang1ng| sbel eetiod s 3 to 50
for pol yphogpBatesshgl Rhe %&’éﬁf e5F eéhaﬂg;%ag%hlel BB BYILILE

rel easi ng waxes are {enerally prepare ing a carboxfllc aC|d ester
of a polyhyﬂﬁlénSFééﬁﬁpt%ﬂﬂﬁ»@Fﬁpiﬁ%E%hghﬂspﬁyﬁ?6x|de into the nmelt, then
adm xing a silicate or silane into the nelt, and cooling to solidify the
resulting acid rel easi.n X. The, carboxylic acid ester of a polyhydric

al cohol is prefe - L ster or glycol ester including, for
exanpl e, an al kybpepéeglapdot, caidbogpxywdte sficRIGS maopylebechpmﬂses

TOOSt € B BRI g OO0 SRR s o
or obsifuctahort| 89 ot .8t leard fahpukt 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
15 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.%
20 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

25 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

30 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

35 18, between about 20 wt.% and about 88 wt.% acid



15 transport equi pnent when preparing the acid rel easi ng wax, n0 h
powders or when incorporating the powders into polyner filns QI’BOA@ 2002

materials as end products. A substance that is capable of reacting with the
silicate or silane to formP-OSi o-r C(O-0OSi bonds in the acid 20

rel easing wax can be substituted for gBosphorus pentoxide, such as

nonost earyl di et hyl phosphate. A process for preparing a phosphosilicic

anhydri de- agkdurcLansing, Weeals Do PEERSIBALY | 281 GENK! BBRORIRLG. of) De

performed with reference to Ral
Sol ubility, wpol%ymwlzalfelcﬁﬁsw|bmeanh45ub¢weepr apetti &5 wk.% and

Bi ocher sirupbut. 4 hey, £ SoNene Ny i Ble2 %74 ( LAAE) bePraledl sy | igat es or
sil anes i ncl ude tec{ ﬂ koxy Si | anes :: as tetraethyl orthasilicate, and

monoal koxy ¥{l-&néd ot of ??@l?he‘”é&?a §91P€11@a5|‘ﬁbt%xes i's
gg/sgglsbggol a]:ag;ﬁaaembmld&elvblagwﬁ@w vf'e_BIa}ﬁle Cdéhﬁerpalemh éﬂl&'ﬂsﬁﬁt itaHe SOSR |

ile ntit . osition or Su ta.l ne el ease
of o Cao " AANSEE GPr, 3RS MOWIFR T IO SRoBHeERFAPH S SBRAII
Provi di ng Chetwelene chkaist a:iEnemt Felaad aaloduta 35 @as§" cotreg h bartavaercor por at ed
herein by relglence . sPda% %@9%%??? 7£35: 204 'c Sh‘i‘ii% V;ﬂeei of
car boxyl at essuch "as am de 1 sost earat es, " pol yvi Ayl "ace ol’yvinyl
al cohol s, péIByvbmtl\Afgﬂrr ghaivhe2 T opol §nand alp@lanéBstf %alak-’}ldene oxi des such

as pol ch kg@,_e” C €100 ol CRPE
gl ycol }5/1@ ?le%regpy e;%:g{ﬂ aéljﬁ%ly ut eﬁ[neg%j l;'}(é:o d Wta}%kca)l)ﬁ ré?ﬂy yl ene
gl ycol s sucH a¥tmet Rt ey YRl ubl @rlwaherréﬁsra%u B4 ene

glycols, powe@&hﬂmerﬁm%ﬁ@géycm Sead®!SE| tRe QhYEREERIC OfTHO
copolynmeric ol efinic carboxylic acids and/or fatty acids, polyethers, and

met al ~ car boRPMEEEs Fudi Grs TR RY S FARbY AUPLLZC B PREMERPe DAL ¢.5
carboxylic agi.ds asic absut s yw@ct dsgre blleénﬂﬁe@ﬁdabeael ggs gt fa@fdeof Sorre

acid rel_easi gents uch as_ sodi um osphate, _als 5 act
i sper ddne - BBl e R TSR e, Lares: 1B ; Rebusse
preferably adrrwxa(% wirtdh ddutsi3is cett % pmid ctebedeingelhgemrg 2adm xed W th

the acid rek ({Ht 1%1 VstabJ ear?c? ﬁé’é: H%I‘Pyr rE)I !kd8@et§18 g)lagvi é\%]cl ude

copol yners o yV|ny pyrrolldone an exadecane’suc -216,,
and copol ynéds ahdpdﬂ%mvergn @Abouwt | Yorwt ancard calsent sGcWtad Ganex V- 220,

which are c ava ]Qﬂ% b Sol ubl e,
Wa!ter-Degra gg?%)h@ yq[ ‘er- S‘J‘velﬁi]bllE ter@{pdsgygﬁggggdlﬁgph ttlee(r: matgrl al
of |ay@f 30sweldaplig masiticial imtexshal of Hete chayessapflied to the core 12,

the layer 14, 18yl 2Q1y ddi3 Q@éiéa@éfngfol@}l‘@rS@éh@hihgdaholk%r@a%léyer on
the core 12, the |layer 14, 18 or 20 or article 60. Suitabl

hydr ophobi c 2fafleFEdC@SHNg AR diheicfid d’é%%?"?%éﬁgaBBVQr Rﬁfferably
wat er - sol ubkempwaisels dagiwasabl£bsit Vs assyel andl eooawer, kakctildat can be

o9 o9, 19 LSS gl S 1) AR 70 L "BLPRNRLE RS
particl2§ 60scah bs lasesil]lﬁattehesallayer 30. Suitable 0 0 AU G 2002
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.%



53 ‘Anhydrous Particles The particles 24 enbedded in the outer |ayer
- powder 26, 28, 36, 38, 44, 50, 54, 58 or 64 contain an anhydrodil iﬁs&@h 2bﬁ2
capabl e of binding with water. The 5 particles act as noisture scavengers
to mnimze premature hydrolysis of the acid rel easing agent. Suitable
anhydrous materials include sodium Sﬁ# ate, calciumsulfate, calcium
carbonate, nmagnesium sul fate, calciu hl oride, noisture-depleted silica

gel, alumna, 10 Z§§I i tes, I ays .s bent ni t and kaol i n, potassium
per manganat EORGIEEN &F & aﬁd‘s% s%b éﬁa g miPE[ al's. The
anhydr ous ppmfcelmla'r,e tdn@mpmuiead 160 awai 6 abtemprosesubetoeers aboes. The

anhydr ous PgLt Ia%‘Fﬁ%'O%r %pr%e adg_{ ylrﬁeélﬁafe&geégpgyinﬁt f’llgﬁgﬁr%bo%e%?tog m crons

in 15 di aneter € powder so in conve i Hgredients such
as fragrancebositd 50 oty énlba’imqhﬂm vakeyaselubdee wader-croni zed

pol ymers. PHRessdalifle - BreRl g AT B ES R dPeapar hhal & Ao tdisol esent

i nvention are-prepared by adm xi ng an anor phous, paracrystalline or
crystal | i neSRawéri%alcf &heopaaniclesRbrite, bisulfate, sulfite, sulfide,

hydrosul fide, ni tordferabiRochiHy i dé?d‘ ﬁﬂéﬁéﬁédsﬁkbm ape epirignal 1y, an
inert core, to forma S(1| ution 2 ihee en5|on and_formn articles

cont ai ni ng RR2SFoBMEIS; eﬁarcé’(?}%?&sﬁq weer 38PYUF| BRe28R P SNt on from
the sol utiosfon tgitigles phlaseotompid sad ichit# aancates ah e gresent

[ t d by. ad I I t

bi sl f 40s,  SEREREBRCC Gephte. A PO & SBarbSnat o rRYEIERUIE [de)
nitrite, hygenlelnaltlet @, gais,cygmitee adaidt &ﬂ‘ndwbp%l byrdrbphobnq newdtexore, to
f | ut.i f h i

ol Ut on_or SERErd dRLRRzERRastYs L BCRL SUBRIaREPRACRATE o
in the dr yeandorupt e epputof hetzl%e off themnkydycud pnrtne:lﬁ@ ay Mtsg ng
Process, —or pb¥ rehail)0 chise %Wﬁéqs'édn\ﬁ;&féeé hse{;@sgnrrgbswta'@ aeh s the

particle SI e, concefitration, Vi SCOSI g surface tension or
t enper dbur evst % K€ ftbied SialE AhasSEhe UR &P a2PPHEL §OoWELRe silicat e

particles i gyahkopiRmbhily GRdRG GBI &) |waede- aégﬁlaaabmée@&rlw&éﬂﬂe
particles. Any silicate tha,t i's s%cuble in water_or a ﬁg tli_@sol ution of
t

a water m sEWBILd 3R GaNRL Srdedri AN AP b%ou%lé‘aanSBrEEaI‘l silicate
particles ognhlyaﬁdmsephmﬁcl% table silicates include SOdI umsilicate,

sodi um net asi | i caje, I um sesq ilic |umor |I|ca
borosilicates an%r’uﬁ‘ﬁo?q d%&i (Lags(jS %m?r% gﬁ%l P &pa eodr rFBrO(STI such
silicaRes sthealsimdler phaseggaartdldles rmztauhtedeadauhydndpb@ﬂmsm wateaty ons.
The ratio of _siki;con u 0] i ti red as
M20 in the §° ﬁlu(lk:)&té I‘)"Iag‘rE t% ?Ecld%%raa%a(a%rlegné{/l‘?ésggiél eggﬁ'gng%mlt%&eé%%p

consi sting thesddivem é@dpmfm;taé@&r wentainstheeweanoaboRrts Ihwtaldout 3. 5,

preferably Belwaep R0 nIddcHHbIAROUtwak &r - §88hbPEST GhaRIY R dab1%

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,



~Suitable salts used in preparing the silicate particles includ
nmetal chlorite, an alkaline 25 earth netal chlorite, a chl oritggam[gazgpz

transition nmetal ion, a protonated primary, secondary or tertiary ani ne,
a quaternary amne, an alkali netal bisulfate, an al kaline-earth netal
bisulfate, a bisulfate salt of a tranﬁétion nmetal ion, a protonated
primary, secondary or 30 tertiary am or a quaternary am ne, an al kal
nmetal sulfite an a kaline-earth nmetal _sulfit a,sulfite salt of a

transition TETEFSi BREIS B m“écfp%rlr%?ypogé%ﬁnﬂﬁr P88 £& tiary amine, or
a quat er nargebhechiyvedy aldra:lbl argtcatiell froe, aaniztkaki oé- eadbirimet and

sulfi de, a dyopihida:sdiaed! anid Rohalen JEL 2 b8Nustepgoyanated primry,

secondary or i'ary am ne,” or a duat er na 57 forma gas.
The filler wodtfbed pEmegphese P %yn@rbﬁtph@canaatheepowdeen ffusion of

hydroni im i @psnidhg ERRBGeOarRASReLTihd | L0 ﬁ\ééﬁéget B eeegrean be
adjusted to alter the tim® period before gas is relfeased fromthe 5

particle. P& %RﬁnﬁFQXI@ﬁeQQMQﬁEhQER|YﬁF%ﬁnt%@ebB§€kéﬁef|IIer can be
increased if a I@?a% géel 8y 19fi @asi § et EPsEséS _ﬂ'ﬁéﬂnf Qdco"r_Eecéhltb@.ﬁ'&Qg

particle pr cl udes ase or filler_i I te anions

P esent i h BHIFORILFLRE 05 SLISaS AR HRAE NI RFELSHAPERoSBRERERaRRON of 10
the parti clleyd)fosx.xbﬁwder atdiond nirmgl ude aplakili:ltﬁetﬂ]yhbdsestxhlﬁdeeact s with
a hydr n or an a ncor por at e e particle.

 cliey ;
BT anPl bkl 95 BB WO eRl I AL BERREELE0 LR BOR Sl E3HE PR LS
bi car bonat eakkmhine- Earhhumptaiﬁhydrdﬁﬁlﬁl¢£$asschnablcaﬂbonmte an al kal

metal car bonakgosuelias | HENyar A0 0T POLESSE UL £30ATRLE, ABcal

al kal i neeart I carbon ine-earth netal carbonate such as
magnesi um otoral @i PAPEARBSRS: ST idaNvarRERRAEY| ProfextiaxsRNLBR, net al

o, a protonal egu2PePhbIy UmitRAONRYeOlab £L L 58h¥ cBET BE A1 £aguat er nary

am ne such as a nium bl Carbonate, a carbonate salt of a transition netal
ion, aldrotamieRs pREAHER, adkedidaistat seliidey surReasopodiyWat er nary

am ne, an askpfigaebal phyds@ihge schi @S, |d1kh Uihe sedi-ii AELAD! aSSI um
hydr oxi de, 25 g%ﬁalkall e-eart nEtallQ%&HSXIde sucg aaﬁcal |um
magnesi um S bx3@E, SHCRy B0 Gache 134T ¢S & raPSi FrORLAE: 5P F8n°

pr ot onat ed tpi;]aﬂ(ijmimgﬁemendalr)g.olw taerptrcaﬂ:?]natmre]dlqarmaayquséebﬁaa)tyamrne such
as annDnlun1 roxi de, .an al kal i P phat ShE;4c
tribasic 30 %% ﬁ%tamggﬁfs ﬁaﬁ%&gi a%if?ﬁ'ﬁ%taﬁygﬁ§gpﬁasg sich as
blcaIc2®n1oganrehﬁagmngppow@haEeczaldwmsghaﬂeasaatreﬁuaingaagbntonrnetaI
on. a prot Al PALRY LERLYe S6°UMIR el sd S8 de gpeaicgisguggat gEnary

amne, an a nmet a such as 'sodr um or assium ate, an
al kal i ne 359@hymﬂrhﬁa§noguuméuénéuvh as caIC|un1or magnesi um sul fate, a

sulfate salt of @nisaRsk! HA% FiRldi AN oritd thORGkede aPeBrAlessél02 59

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, fish 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



~When preparing the slurry, ultrasonic m xing, highshear m xin r y
conventi onal honogeni zi ng nethod can be used to slurry the si ﬂ}gAﬁB 2002

particles. The solvent used to formthe slurry is any liquid in which the
zinc, 5 magnesium cal cium alum num or other nonoval ent, divalent or

mul tivalent salt is soluble, such as ter or a water solution of a water

m sci bl e organic material such as an cohol, acetone or dinethylfornmam de.
The zinc, magnesi um "cal.ciu lum num or _of her 10 qQval ent, . di val ent or
mul ti val ent p%éﬂ S FRiRE r‘g%’%‘istf%gl%’ém’ec ﬁoﬁgmgaggg’lﬁc}ttyhgfsl urry

si mul t aneouddiypmadre rsiegieenandl fgr (modi f ieddatmoaphérehpackagimpgnesi um

cal cium al um num_or, e e Lyval - ti bef ore
the acid rel easi rr?g? ﬁﬁ%%.e{n?@%ggﬁ'r rr]nlt"?wgéislgl_ ?ﬁétgéﬂ a r]it\ré’g?J ?}tsp@%s% on. \Wen
addi tion is diffgnentearions | ayerefilecohvai knngoahrpraddngbirelsdse € and

an aci d s el @AYy G bSwdeF MeEbRSerbf¥le | NchhCoel BrePar@d from
i nterpenetrati_ng networK containing an_inhsoluble silicate is forned as

shown in 20 SHldCade RANEH ¢ Hes AFRPAFRGNREi 3APLIXARSI AnChdiaF#HtRurdakt ot her

nonoval ent, agidval Hilsuf 1t tsypd apicisaht sbIvadeedntioat Be 1Sldadey thefore the
acid rel easing agent,, a | age/er 18 cont ai ni ng anRhnsoI ibl e silicate is forned
¥ Wer

around the dORE G tFREFFREARE BofPAMARG &P X hsol ubl e
silicate is ther pedtasclshow f ncltl dxife. dPoxide dandl ealdifng Iddexidd) axder es
to an ther syrface, of the |ayer 1$8hto fﬂm%he O?de;l 22 as .shown in FIG
2a. Thalsi | FEAEETR (ifk HESRTE 196 orhe o b LT RES) RREFBEAEE: S fdhet wor k i s
formed by reaetdean dthd hmuBluridiboxidgnesduoeschhei gmlozlime mimxardet her
nonoval ent, _di val : i S Lth. th LlLicat evsin, .t silicate
particles, 5%&@%%%%%%%%@1?%%%%%%% _%eggg})\%g’fﬁg %&tog%érlffeabl eto
wat er and hyireo Prgadnsts . ofAngiswl fbte anbensnbgnebeusiléglgieum al uni num or

35 other mopaAlienles Ui Cd18Fs TRh1bYEhENai SRL ! PRLMSY smeRftuyd th the

silicate in“the icate particles to form o a au ~ Z 61 particles 32,
34 or 63 andidiiadE RAVFLBILHRT e yPREAeT ngUE hRIpSRAERIR (1P AWRAH ous
particles sysReRdesh idF ashBok] 9 fdLoxide PRVERT pohdBer kiddies vad afadhown in
FIG 5a is 5 generall repared_ by adm xipng, the core particles th a

i qui @ cont FniEAGFANRADENOBPEIS LR POEBIRERS, tHAr SFaBGFaSHEGhent
}Nat er - ﬁwel : %bﬂi@n@;tcﬁ_ri adléh@ Jf'@IdSﬁsge Stwid I oy m@ﬁ?r difﬁgr_&ﬁ_&t gdsr?@:r %tpar'([ji cles
romthe slurry, drying the coat ore particles, admixing.t coated core
10 particl elsgl\ﬁix“t eziyts E?%nf%lf)n%a?g?ﬁ%ng QPm?sﬁﬁgne Pﬁmeg(c?g]pg‘leUma

al um ni2® or powder momhalring biswal £ite canduthlozalitat agdlbnsaméyan aci d

rel easing agent. ta f sQ] o] i pi L and .10 1 he
powder from't qéa as% i sl-r%:"glﬁt‘g#\)??\%gsﬂégeﬁéggnﬁyiggg%grg ng gtgiﬁe%rfgl C%glrr%‘-?cl es
44 as shown diexide B derderprabierd BycabnessngnBARFEReHs pAANTR@S with

the powder Qyd HieMcfid s OToP Yol rSPT &Y :ﬁ?@%&BE?&H@s{%@{\Uer wi th anhydrous

particles suspended in an enulsitfier. A powder of particles 46 as shown in

FIG 6a is 20 generally prepared by adm xing the core particles with a
silicate soluti om%gﬁmg di spersion, separating encapsul ated core
'S

particlgs fromthe ersion, drying the_encapsul ated core particles,

adni xi rfg t he encapsul £%{]30€?£e%%¥?$&%§n6\?t h aliquid containing a 25

hydr ophobi ¢, wat &nys @aid erelesisingleggedabtkavr isatepakdlel alfl deainterial to

forma slurr i C i S h lurry, drying the
éirﬁ%ﬁgfz;eg% tgg gl%l&?% hr%fsa?{é% 31118 a&flgﬁaﬁ Bntd &

coated core m XT "g e coa core particles w a solution
cont ai ni ng @axidicd g.clisasdrpongeed in &ocoating tol basappitigidity a

ponder of 1t FaLS A ane e Lo A e Wi g
anhydr s p&onitaigsing tanioers pandiedn AABCEPROES I naBACKY Sk ld@e P oat i ng
the powder wiltfltalline 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 solution in



35-anhydrous particles suspended in an emulsifier. 0 a au 0
product, and fragnmenting the product to formthe powder. A pg\lxgeg‘%"o($32(3023

particles 22 is formed by adm xing the core particles with
silicate-containing particles, sintering to formencapsul ated core
particles, adm xing 5 the encapsul ated,core particles with acid releasing
particles to forma mxture, sintering the mxture to forma product,
cooling the t,- i r t . A
powder of trégﬁmn icles %ﬁggaggkgg%hggg&?égggggl %éﬁﬁ%iﬁg g%ﬁgg%ous
particles lChawe [thenefqrglet andosi ntering before cooling. The acid
releasing particles or the Ii ;gquﬂ;aining the acid rel easing agent can
i ncl ude a di spersant as describedjabove to prevent aggl oneration of the
core particles. A powder of the p rticfes 32 or 34 as shown in FIGs. 15 3a
and 4a can be nade by preparing-t eqpang@Ies 10 or 22 as described above
and then adnixing the particled 10 or P2 with a liquid containing a

hydr ophobi c, wat er-sol ubl e, %EﬂEF9degr%dabh¢ or water-swellable material to
forma coated product, cooling-€ehe ©oa e@-prcd@ct, and 20 fragmenting the
coated product to formthe povdsy. powngeroof particles 36 or 38 as shown
in FIGS. 3b and 4b can be prepared by adhfxing anhydrous particles with the
coat ed product before cooling. A powder of particles 32 or 34 can al so be
formed by 23.adm t P ) 100K 42 i rgi ining a
hydr ophobi C,QV wat eliﬂ gllu%%e,@év\gt)é%-§géérg %gl %S\gréﬁmﬁri\%%ﬁ?%gt erial to
forma i xt @lsohsilntand iy EhéaiGet UkBdrecasbana phddlichascddie gprmela
product, and fragmenting the product to formthe powder. A powder 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 Sa can al so be prepared by adm xing the corecparticles with 35
particles containing a hydrophobic, water-soluble} Waterdegradabl e or

wat er-swel | able material to forma first 0 8 au(cr,g2002 65 46 with a

l'i quid containing a hydrophobic, water-soluble, t er - degradabl e or

wat er-swel |l able material to forma coated preduct,cgcooling the coated
product, and fragmenting the coated product to forjmthe powder. A 5 powder
of particles 54 or 58 as shown in FIGS. 7b and sb (eap 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 céhtain?ng 10°&% hydr ophobi c,® wat er-sol ubl e,

wat er - degr agafl @ i®f MR is individually selected from hydrogen,
hydroxy, alkyl, alkenyl, or -OC(O)R'; R' is a C, to C,,
10 alkyl or C, to C,, alkenyl; x is an integer from 1 to 30;
y is an integer from 0 to 30; and z is an integer from 0
to 30. Particularly preferred phosphosilicic anhydrides
of polyol based esters include alkylene glycol fatty acid
ester acid releasing waxes such as propylene glycol



swel | able material to forma mxture, sintering the mxture tagsfpr
product, cooling the product, and fragnenting the product to ﬂ%éﬁ#ﬁﬂ@ 2002
powder. A powder of the particles 54 or 58 can be prepared by adm xing 15
anhydrous particles with the product and sintering before cooling. The
powders of the invention can be prepanﬁg by the nethods descri bed above or
by any conventional coating process, stuch as fluidization. In a
fluidization Qd, + h oat.| terial is aerosolized by passing the
mat eri al thﬁ§§§¥§Lﬁ| %%aﬁ% e?gkgg% es into the chanber of the fluidized
bed where it can inpinge upon the fluidized core particles. Upon contact
with the fluidized core particles, the powder is fornmed as the 25 coating
material solidifies. The particbas can thengbe packaged in a dry seal ed
container. The particles can al $o be micronilzed to reduce their particle
size and form a fi ner—powdér.betoreclerng packd§ed) ««Fite powders of the

i nvention can al so be prepared using nechani cal bl ending, 30
mechani cal - f |l ui di zed bl endi ng and ot her known powder preparation methods.
The anhydrous particles, silicate, and other ingredients can be

manuf act ure conventional processes _and packaged in dry sgale

cont ai ners, %5'%6:&? %%rep%lriﬁh‘geﬁe FomNEr iagﬁél% 0 gfs%%eg%]gw i%% es and
ot her 0 6 AU G 2002 67 Mol ded, Thernmal - Forned or Extrusion-FornmedProducts
I ncoroorgting Powders of the Inverjionlt has been discovered that the
powders [f thepresent invention cﬁT be incorporated into injection-snol ded,
conpr essi-Qn- , thermal -for or extrusion-fornmed products by
contac?ﬁng fﬁgjgﬁadér afgﬁ’éber%%TbTT8ﬁ_Hgéht to forma percol ati on network
wi t hinthe product. The percol ati ongngjwar k provi des passagesf or
transm ssi on of noisture fromthe atnospHerelOsurrounding the product to
the gas-generating materialwithin the network, increasing the anmpbunt of gas
t hat canbe generated during use of the product as conpared toproducts
formed w thout a percolation agent. Productsformed w thout a percolation
agent are ¢ neréﬁly nor el5noi sture inpernﬁable and rel ease | ess gas because
| essnmoisture is transmtted to the gas-dge Erating mat eri al . For purposes of
the present |i nfehtT 8n; (G"pbrcol &ttonn o—a@a)gat eri al conprised of |
two ormdre phases in which at | east one hydrophobi c phase is20topologically
continuous fromone free surface toanother. The percol ati on network can be
a co-continuousnatwork, a discontinuous network, or a subsurfacenetwork. A
"co-continuous network"™ is a percol ationnetwork in which all phases are

t opol ogi cal Iy conti nuous25from one free surface to another. A

"di sconti nuousnetwork" is a percqQlation network in which, onl .
thehydrophng8r6H§S€§?7hslﬁoﬁﬂ<d;%§9W%F¥Enﬁ?¢&Rﬁ% ¥?dﬂ?bﬁ€f§eéssﬁrface to
anot her. A pesuBivhl ade aheqvis kfunst appatobgidensietwtikehaidy asswr f ace

tension of |ess_t 07 nes/ c i.e.. hydrophobic _surfaces) due to
thefornatioﬁr8Ppaq§&%H é?g%bé?¥ng&%ne???egﬁrPﬁggsaauFﬁgﬁﬁPéwbssing. A
subsurface méumankm;artibe tomadEliocacer Bpaisli ac el kel t oradg; hRgdrioxy|
groups {ho0 O nor, ro iy surf f _thg_ne rk, ertj.

P he35ny 0 op Ry LeL A EaNa ek oonFrav3, phafe? bl el SV,

pol yvi nyl cBronpdem gssdl.eck ek aerthe hydsofhobi c2nateBi;alandA zhyig @hobi c

pl asticizer os3al so preferably included when a polyolefin is used. Wen a

hydr ophobi ¢ plasticizer is_included, it can phase separate with the 5
hydr ophi | i ¢ phas®cid PEHHIFEHRTAFENB6ES REERSIReHadCAE MRIeHHSSE ¢ phases

that are topgka@isCandy iGRIMude sEgdhoa anedf haByawitiese Wil @WidiRfanithe
hydrOng|IC phase ogﬁgkﬂf tgﬁwgerCflatlon gent and Lhefg%f-generatlng
materi dP. TREFePEHYALISESy QRC 1+ ¥MGLT ﬁ%d?&pﬁFﬁF&lﬁh idl that, when
in direct caahgeiridet b pasigedeindbrggniet acidl anhgtrd de ,peredl ati on
network with thﬁg?%pro%§$bic<$ha§§.but gges ot causggprem%tg activation
of the gas-ﬁé’ﬁ’é’ rﬁ? et P TIY el BS 3“8‘5’ = XM & t hyl ene
gl ycol and ghpegraniic acid anhydride with a monomer containing a
double bond. Preferred mixed inorganic acid anhydrides
20 contain a phosphorus-oxygen-silicon bond. Preferred



15 cannot be used as percol ati on agents because they activate
gas-generating material as noisture does. Until the present m@ﬁtAurG 210[02
was believed that all hydrophilic percolation agents woul d cause such
premature activation of the gas-generating material. However, it 20 has
been di scovered that many hydrophilic ppterials can performas percolation
agents w thout activating the gasgenerating agent. Suitable percol ation
agents include organic hunectants such as pol yal kyl ene glycols (e. g.,

pol yet hyl ene gl ycol, pol ypropyl ene glycol), ethylene 25 vinyl al cohol,

pol yvi nyl al cohol, vinylpyrollidone, Nmrethyl pyrollidone,

pol yvi nyl pyrol i di ne) polysaccharides (e.g., polysaccharides conposed of

gl ucose, fructose and al cohols thereof andl mannitol) and derivati ves,

copol yners or configyabions t her eof.¢ 4_Hog i.c hunmectants 30 such as al kal
nmetal and al kaline earth netal salts (e. g7, nmagnesium sulfate, sodium

sul fate, calciumchloride), super absorbent acryl ates, super absorbent
starches, super &%&@g}emméc&tz}ct—i—e agents, and processing aids
such as pl a%thieclj Zer's, ';]LSu_bri cants/, and 35 "™ oam ng agents (e. g.,

surfactants). T Al 2002 71 pol ymer. Any hydrophilic material that

forns a solution with the anioms, an@Hegumperi ons apd the acid rel easing '
pol ynmer is accept—(bln 6' =w 01'&@,2;?7" a. pqgJyhydric al cohol.
5 Yet anot her suitable®gas-rales ing powder includes a hydrophilic core, a

hydr ophobi ¢ | ayer on an outer surfa&® of the hydrophilic core, and
particles in contact with hydr ophobi ¢ | ayer. The hydrophobi c | ayer
cont ai ns an acid—(ehgpsLnéiggbq@”qg—described above and nmay contain 10

m crocrystal line wax, %paraffin wax,2synthetic wax, or a polynmer such as
atactic pol ypropyl ene, polyolefin, or polyester, or polyner blends,

mul ti conponent pol ynmers such as copol yners or terpolyners, or polyner

al l oys thereof. The particles contain an anhydrous material 15 capabl e of
binding wth water, such as sodium sulfate, calciumsulfate, ferrous

sul fate, magnesium sul fate, cal ciumchloride, noisture-depleted silica gel
al um na, zegl ites, YS .Suc ntonitg and kaolin, po Si,um
pernanganat@,akoﬁegﬁigﬂ §}§§£§ﬁ§n§g%§ %Enﬁgggv%nb?n£920g§é?§s}sT9e°Ebre,
t he parficl ¥sCHand 2hpahyilruphoiivc dreferrade asuilds trritdaaliing fpelymodér was er |

and the corg i &R Qﬁgﬁgg%' {#F% in S e ydrol ysi s
of the acidgrgﬁeasiﬁgkg-gﬁi. The g%g% I %%?%%?b.g?@%%g %%%ée%ngontains a
salt conpos8dYSPlafi &5dd .25 Banle Pk e lrehiayalebhi @l yopbicoatddm t he

gas, and coyAliepba -in;; WaHd 10Nbnd | han-d 054 NGr addd ti pe added to
t he hydr ophogéggg_g lgy r?))phi i c mat erﬂl)al S as_needed. Suc ogglﬁ?ti ves include

crossi i nki n§ & MRS raVeFImeBies RhtROLVREF 372F&PR and
conpat 10i | | a€r betWeenpaboaitatli edeiveitk s 050 ¢ handF& Se9d £ AASTHi 0N

preferably i t wee bopt_,0. 05 . % and_about 50 w. % percol ation
agent, bet \/\égg{vg gu?%& 5%\,%%5%'5%0%%0%\% %’5?’7(5“%1? %ﬁ%’g@wati ng

mat eri al, beetwesnabbout2domarid aitbwhdn. Ihe mbs Yo hyelf ephedi achdt eri al
and up 10 ap@Ykasing polymer has the formula:

j X s 1
HOK-PYNP—CH,G—0—)—§ CH,Cc— 0—H—cH—C~) OR
X y z



0 8 AU G 2002 73 material, and hydrophobic material ingredients can be

m xed together in a mxer, such as a Henschel m xer, and fed phoga t r
or nol di ng apparatus operated at a tenperature not exceedi ng Qbﬁdgtggégﬂgg
forma nelt. 5 The nelt can be cast-extruded as a film forned into pellets
using dry air cooling on a vibrating conveyer, or forned into a desired
shape by conventional injectionnoldin§? thermal-formng, or

conpr essi on-nol di ng net hods. A hydrophobi c plasticizes can optionally be
added to thBaYe pbRdéprmuieur@aED:) eduerekhd ¥ d6odi tp 30 tier myelidd

i ncrease t hgolbxihilgscampan Rig ist e Pfsd Mo ysb DpPRGEphAREEERhalingnd the
percol ati on agent, The Eercolatlon ent. js, mscjble wth the hydrophobic
mat eri al when thghﬁePFe'§rF8PmB£°§§ﬁ%%&%kﬁ%ﬁe§n BAF3Pm 3HPdr ophi | i ¢ phase
15 as the neeleaslihdi Wages aeruldarmgradlly ipweparpd! bar welltkagpassages
cont ai ni.ng t he gassgenerati ng,.materd al t ughout the percol ati.on _networKk.
s or 81 o PREEREA e BT BT S17 mrl VRIS, poRoBBLA: <R

gas- gener at phgsphoensapeatexd@ebliertdedcheooget ey teénr edtnhzihgdrophobi c
powder is i d.t.o e ;int] ac, e a the p latd. pn
agent and t%%igggggeﬁgrg??%é%nékg%%gﬁ#§fﬁ%ﬂ%bﬁ%8§i§§§%gPé E?e%%?%gag§p

admi xi ng t hehpereshating agest radeasiagayencFaei agrhaxelisl acddform a
powdered 25¢81 iUbe. 2 agdBlyhoarlike nQuiried diptdrerubiyh hhg1hrdienhobi c
material to forma blend, _heating the blend to forma nelt, and_cqgoling the
melt td0f or@PERE SBNBO¥FPLORSERR dRGluding. fRX i atelRlRet #Br R1kY1gne

di sconti nuogsy 861 WeakbeRRlatel BacPASAGOPIeRE HYyEOE REnBSteakatiegn
agent. The 5 ssages are C gabl of transmtting,pojsture to ghe

gas. gener at $ECHEP L, FANOEhCARAEFat &%a f Y R0l I LS H2RZ2ER - anBERBYLERS er r ed
enbodi nent ,gbpedermondstbarpeecdkatiost agefiemrsld tihecgase gevedeesngot
materi al ar ] h dded to | ten drophobi,c materi al .
The conposi ?gorﬁ %égg%%gggg §§; §§%t%u%3: trhoezzale(r;sgA?ﬁZ%gge]?SPng“?ace to

noi st ulé totpemepare eguipwesiswherbiposiparicy Weeoapbdi tébeashhgbiting gas
from the poygler thé’héhﬁBiﬁgggépB%r th Y YNG4 hen Sugfac °‘5J5Q§§n

al ternative enbodi ment, bl em cal deconposition 1s retarde prevent ed
or control | Baternral seFailne grnetieramagesiials s hendepsedurtsy pPaci ng

the materi abuBsh 2668t tRaPOVEEEaphbllRe JMVNdtOhg ARt BXPRS 8911 BgcROWder to
noi sture to rel ease a blfchenlcal deconposi.tioninhi bit{ing gas from.the

powder i nt ¥ het S@ABshRet XR0PsRr Fduld i DO ik HPRES Fhethat 8FEdl i s
pre;era%: y ﬁmb,@dﬁnguﬁﬁlxaeaﬁrbééspbrst\igzg?@ﬂf&ﬁ: mﬁ%épﬂi@fuéﬁod; The food i;
preferably stored. or transported in_nodifi t er ackagj ng to exten
Phe ol 1FPEEGF i Ohe FBBR"ES POPRPERATY it sl TRGTOREaE 1 o i g

bi ochem cal pidceles ohiposprepar dngnic phivisphog idal c oo M Enydret denacTde

gas-rel easi n cont i L on materi a
oy expost not G- ORHHEE QR MBS REABSERLY Loty TR Ol BeT
exposi ng t eexiprmed vbthorefgrence gen&edrh dney ol tekembspoy of

respiragi ons £ONES Ol $bDEbYRSL YT OBLLMRAWIR! drilt Td o £ MRS@hEhLEgHEN OUNdi g
the surface., In an alternative enbddi nent, respiration of a material is

t )
control | ed B5PRREE1®Y iRcBrarBeMAStZY] Acdht WilsonderSeRst M- YnveRtion, and
exposi ng t heopoyterg) 0 NPrefEreelo siglikat®sA or silanes include

tetraalkoxy silanes such as tetraethyl orthosilicate, and
monoalkoxy 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.



25 respiration-controlling gas fromthe powder into the atnosphere
" surrounding the material. The material is preferably fruits, 6@ blt@e?ﬂﬂz
flowers, or other plants. Control of respiration of foods and flowers is
general ly acconplished by storing and transporting the food or 30 flowers
in nodified at nosphere packagi ng or sg{ectl ve gas perneabl e packagi ng. The
gas-rel easi ng powders can al so be used to deodor| ze a surface of a materi al
or the atnospher WLl O ing t r eshpes f. the 35
mat eri al él@ gog?ﬁg&a gﬂ‘rgf égglﬁgeg%ﬁtdee%% al to a eée%fg‘tlﬁ}z grswentl on,
and exposi ngmicﬂae sapbtleeragemi alneinyl ar:atamee, zmkmankét sachet bag,

2 Srorage CoRTANREe 7t BT O AR N e i oRy BE e ey oo FRReRe B hon

activation. amﬁlél%ﬁﬁop?cﬁéeél SHcHe At RANAY FolRlerpBl¥@hS al so be i npregnat ed
into a pap YERE! g1RRIA 9 éé‘lﬁ)%l\ﬁ &h9g, i ners,
msertsporeslscr)]g%?gg& bandg mat e(rs‘(lealbe aprrcl’eat cutti nga%o%rd a food wrapper,
a food packﬁ%hﬁ@r?PH}enér géY%é@'pMHutX]rﬁ:%? Eé?%st nto a wax or
pol ymeric C@B]Ed)iagpépphﬂ.ﬁgrlbﬁel@l@@&ﬁ.@)@f& Cﬁ“rﬁétﬂ@dﬁ&nﬁd&lﬁéhﬁf/léﬂéf aces;
|ncorporate mtg flgms such .as a%r?a_g( q__lq_&{lllrrs o d into porous parts
to steriliZ&YeeF: SHAEXES DR & T 7 % nm cr oat nospher e of
chl orine dlmlydeeahpMEnehprnmydrerml)g]qrcg:ls,sonét)albxc,acbﬂxgdmarlh other
powder to ] r i e i

00, SOpdivhe BLET 89L430S.0 BRIANGG. T CEINORS AL dPROOLT 28108, 0. 0

foot powders; S, powders us
treating sc@lethatés guclhrr@sadarq@e:tboemmess ?emshoi%rﬂlsnctor moi st ur e

removal ). Jpgo aéecaanal a%ﬁ%a%qqaesed@tfv'ag}ope mﬁt Can2§c9§§e§u h

conventi on tting materlastoform 1ssolved in

wat er at tr#ﬁp%ﬁthwoﬁcaéé t 0 Plemedgs anchCOnRNe R Bk therenrt | oferpe

preservati 0&&1&%@@33%9' BReitIsON suteldd Igddi e 1 yBrbethateyi §88o OF
use asbﬁ nout hwash. dition .to deodorization to neutralize, mal odors,
e

the poltier 2¢arfPHe? ééﬁpf"asf"‘é’ttar dPiSPEFSANE RAWNDI2 (PRhotBRi BOtRte. | the
ag tr aC]Ei on g];hfeagtéi‘ vthgnosgaal amet pr&féh&ﬁﬂl@?aeﬁdﬁbﬁéﬁﬂﬁ&%}h t?:& dexarrp:je

odors from can att i_nsect t.he en .t ood is adjacent
a 30 powder St | RO gﬁs %5& & g’a?g'&g fﬁﬂ%%%/g] etgh%ai ‘ﬁhe odor
rel eased frmﬁémﬂugsagedtstl Smtabllerrp@rquBMn}blmmmlt:ttEne\sects The
powder s of [ al I i ng
a5 S0 t nat TRl ERS | e 180" ooty e I8 S R Do S

i nsect2 ar ehGP?Sﬁ %@Q@%{cﬁé@ht 8st RaneFo¥-2160 Sl @EPOMErs e silicate
particles %%Pﬁ viPbS i BbReCERda s ddddid rsﬁlé}g dd) ddfex K231 ch shows

general ly spherl licate particles_of wvariable size.
are commerc1ally available from GAF Corp.

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



5 Exanple 2: Three Step Powder Preparation Process 25 kg of the silicate
particles of Exanple 1 were slurried into 100 liters of a 50%0 i
sul f at e heptahydrate (MyS047Hz0) aqueous sol ution. 100 Iiterggaﬂ!;f@(zﬁm
sodi um pol yphosphat e ((NaP03) X) aqueous sol ution was 10 then added with
vigorous stirring. The resulting slurry was i medi ately spray dried in a
commercial spray drying unit. The inl & tenperature was set at 350C, the
outlet tenperature wa the feed solution flow rate was
100 mM/mn, and the a ﬁoq{é]%ﬂlé gdellvered at aratio of 60:1 to
the feed sol uti ofheThpaniridles @4 ewbeddadeirdthe autarelsyez0ofkghe

ai r/ hour. %gd% \%9 SYEWRL JPi sgog45§%g\@tgf)nggowegl}lughher dried
i mredi at el y el ow 1% water’ i'n a vacuum oveh (10 Hg vacuum) and
stored in aaahydmu@cmﬁm@ael weraple of Wgﬁ%p‘”%ﬁd‘é@tiﬁep&h&tl on

lPr ?06555]?5 ke reh chlee %dld t@gencppéémﬁé eécafre |@olm.’i\ﬁiﬂ|1];§é}[””h edtl Rtg 2?0
iters of an agueous uti.on con i nesj um sul f at e hept ahydrate
( MyS047H20) P?SméﬁHrPSE%YQ&ﬁltYrﬁlﬁ)Rﬂ%h&%h% (’?% F3IRY APERTvi gor ous

stirri 39 Thaitabllet lalmly&ir!dfda/ wESe 1 1avkbsli ﬁﬁellydépé@dudmn edlfata, clomTer ci al
spray dryin n|t et t er at ure_was, se out | et
oot at ur cORMETHI RLANE o otar TP ERRE €6 RS I PR R Rus 100 30
m / m n, andctheiamomtdiory dggs mwaiss tdete véeplietoed asihica oél f0alumonthe feed
sol uti T Lng V, t f The
pr oduc?awasggggr%ﬁg %llaéyéa%ﬁ?o%?%??{%ﬁﬁgga% ulf%gp 11§ r?bgéggyhgl ately
to bel ow 1-peamangamnaiesaddlaovaEr (DTG 0and . oXygercecAyeBsiagd stored in
a dry at ”DSHQEEE:LalsO a degrﬁ%@r@l}s @f&?@i@sféﬁénééﬁrﬁérc\!‘%é;@grp '

Doraville, Ga.). was nelted at about 195 C an oated onto
Xerox print évab&ﬁbﬂ-eu§|rﬁ@ AURSGART FOLEReSr . TR A LHOPapRAr#AS1ERen
exposed to hygl girk¥er3e)l gr’iﬁb%tﬁfee'% A&t N@. fi &xd deb@ht €50 @XROEHERst €n

noi sturlg was . denpnstrated using a chlorine test strip. After a few hours,

no gas!?Pel e3i8"G58 obser ved. However, the paper turned green after about 12
hours, i ndicati ngheheosidew lhﬂiyeaﬂs&flmdfﬂ.@dé neortirexxt tlend I oihghredseatisng. 10
Exarrple 6: Pergol aticon Network Prep atlo Process T‘ﬂb %%)Wder of Exanple 3
was bl ended®HrthBodtaARran s &L ol OBl ST %)S 8828 fe bl end was
m xed with teltedn@uiicpandizeidh peaymersel t ed Astor 3040L microcrystalline
wax in volune ratios of blend to wax of 15 1:3 and 1:4. The 1:3 materi al

rel eased chl ori ne di OXI de after exposure to noi sture as denonstrated using
a chlorine ££9 g F€DRT] NER RS 28] not rel ease chlorine dioxide,

whi ch pgdi ca ed THét p%&%&@@%ﬁo%H@Fﬁ&ﬁ@@r@&éﬂ@ﬂoﬁ%f@%ﬂéﬁé?eam t as
a hunect ant ngo require nore % of t.he hunecta n

network to ¥t fIBEE1NFe afa @MQERNCHS nPIRASTYS21ine o ehyshpiline
5, 360, 609, hata82i300, a5,s6'3.9‘.62&5 eﬁcﬁﬂbﬁﬂtﬁe il e, S5WPHidd4,

S, 705, 092, an9f5dg(,)7h§/ ros riq:'llées, rP‘aérl e, llcﬁigpltsee,“gzls gg(?gnlde

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
optionally, an inert core, to form a solution or a
suspension, and forming the particles from the solution
or the suspension.



2508/ 016, 904, 08/724,907, 08/858, 859, 08/858, 860, and 08/924,634
I ncorporated herein by reference in their entirety. Wiile theli \%QHGEZUQ%
susceptible to various nodifications and alternative forns, specific

enbodi nents 30 thereof have been shown by way of exanple in the draw ngs
and have been described herein in detggl. It should be understood, however,
that it is not intended to limt the invention to the particular form

di scl osed, butpeRati@eGORl bR Wi relke ioH et !ﬂl{éiéri;_rpo&gf tﬁ_éltyﬁe of
nodi fications, 35 equivalents and alternatives falling wthin the spirit
0 8 AU G QOROZB3e\\RICREPNLZEX MSES it | GRF3%i Y 2R¥ 0RECGESS0| P&d i n an

armor phous, pgr aeeygtall the ebmpogitdlon BF W dfsed uhharihhe, aguehs being
capabl e of reaghing w th hydnoniun1io%%_to enerate. a gas, 2. Silicate
particles prEpaP&dPRYCACHFotEES cEMHE &P SRR REAFREAGYa
silicat®, asapfuestteandon ohl aemperatise fodt eshsuféed eso3ukfiode,
hydrosul fi de, nippLl g, DYRRSRLQELL e QhCYAN e, 021 La1p fOLM 365 Sol uti on.
and formng silicate pgr Icres—contai ni ng an "anof phous, ~paracrystal l i ne or
crystal | i neadberddsbyuchangingnthige s§dligEiten us=d ALR | pPrepasipar thel e
conpri sing gpi-epsidispersed throughout substantially anmorphous silicate,

t he ani ons being capable of reacting with hydroniumions to generate a gas.
4. A process forPprepatifatparhptl 48 SoHLS i tWte¥ eps 8f W8/ Xi ng an

anor phogs, gelackiyat 8kl ANRaLerchygkablien® ripliid ahat &r 581 Vesh, bandsad
chlorite, bisulfate, sulf te,,iulflde, hydr sulflge, nitrite, |5
hypochl ori t 8 BFEeE35ANEet88| B1tdCRELPRYSHUMS D P eﬁﬁ?fb?ﬁ?ﬁslﬁﬁrticles

cont ai ni ng guigablpheiticpsesachsliadel gedduncraistiaddt &g s6didmsol ution from
t he sol uti on. ari.n iIicatecgfrticles conprising the

5..f.grocess fgh pre 948 :
steps of adNFRFRYTACEFF1 c2PEIUR ?839@&?, 5358 cHISHYR, bisul fate,
sulfite, subftbesihydavsul bodesibitates, amfpedhimimdsi ldcatgani de salt to 5
LS80, - and OURER SURL kg Ok e Sl e e pabLel o2
core, the |fgeruse generally include sodium and potassium cations.
The ratio of silicon measured as Si0O, to alkali metal
cation measured as M,0 in the silicate particles, wherein
M is selected from the group consisting of sodium and
20 potassium, is between about 2.5 and about 3.5, preferably
between about 3.0 and about 3.5, most preferably about
3.2.
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 quaternary amine, an
alkali metal sulfide, an alkaline-earth metal sulfide, a
35 sulfide salt of a transition metal ion, a protonated

primary, secondary or tertiary amine, or a quaternary



containing an acid rel easing agent and a silicate; the core an éh&d@yﬂgz
being substantially free of water, the | ayer being substantial Dy

wat er -i nsol ubl e, and the core being capabl e of generating and rel easing a
gas after hydrolysis of the acid releasing agent. 10. A process for
preparing a powder providing sustali ne%; el ease of a gas, the process
conprising: adm xi ng partr cles containm’ng a silicate and anions that are
capabl e of reactl ng with dr m.ions . to erate as WI h a sol vent
to forma sE& Y %ﬁﬁ‘x @ gr#'rgerrrﬁﬁf?e&’&ﬁr glecﬁsfm afa Yor ot her
nonoval ent, cdre\aaimg aarbamriératendlfﬁhsmndoﬁnl-a»tdmbmeirreas:rmg agrﬂ-ré with

t he sIurrytoform ol i.dscon g n n; far wder
fromthe soPrgs o afalsbnlént':cg‘;j gsﬁs%%%@%%n“’i#ﬁe% \Ev\%e Yei %q}sues{ga aﬁD‘éj) free
of water ancttocaarla:tdze twie deites apengodnbiefolkeaghrisg itsharejaa said eﬁrduydmﬂ ysi's

of the §CidLel8asidl0 a9flilexdp1 8, PEACCESHLANR REAY BE LHROWIRIe RIVI di Ng

g
sust ai ndd r&féase e? a gas, the proceéss conprising adm xing a zinc,
magnesi um &aldiarmcaat he mmaeeﬁerfnanéeaeem dediayalcdngagr neledsel ent

salt, an achd RlH3Ed9 q&eéltmﬁlaaéep?a&tﬁl:e& pRRIFRIANIY andlhige! @ and
ani ons that_ are capable of I?eactr n dronium i ons toL%g% rate a gas

with a sol vEAS& &4 drith %ot o%h%B%%EPnPﬁb B8s fEfRs PSiFSeRd g a powder
fromthe sopagticds adistrsibpeesths, chberpeesdaurtieionprewastaaiioraldy free

f t 10 d bl f th ft
Pydrol Y01 5 P RS a7 d G vaBnF oAb RR, Be g tIB1eR (2l g of

ret ardi ng, pr evemquPaHe dihe & obéanysbwothesi hgrldrdamumposm ioanamy a surface
of ‘a materiagl B bd E%E@%ﬁé#é‘keﬁoglq[ Eﬁgnglﬂé%%lt%g Q%l@rteﬁ“ al

adj acent a po er o any one osr ng tHe powder to
nmoi sture toSnétedde Pasiest i f:alldeeonpoéudeonbmhram neg dasitedm t he

powder i ntoyphe af naspher ‘?néﬂléli oypga?gohgee”%éhl Al I%Zhlﬁmr,mts ?q.ce of &

controlllng resplratlon of teria nprising exp05|ng sur
materi dF t 0°% POkGSSism W%mteraamaékeélgmeéﬁé expberAget W& kur f ace

t 0 nDi st ur eako 16@MaNA,€ SBHL Uk 8ASBolakesiin ahirBBnateQNhhokhikad igas from
the powder into.the a where surroundi %Fﬁge surfac 18. _A met hod of

control | i ng®REEH M&S carbonateal 2ko tRG - &ng n§eER¢ materi al
adj acent a pa\mﬁehamfe ductonss ahaghasiBmbotrocQlcdant expbshaget ha powder to

t t | { L f th 5 t
The- at nospnBl E2EBPRah e SrL Y e e Srrap 2t 15%ndRan, haM, A eBRYRRAcRg 0 °
sur f ac@0of primaayi, alsqmondae:)atwmspheteaswammndi,ngrt Begmaternalcyor enhance
freshness ofthe U 4 i ’anﬁ%ﬁ?{ﬁ@'ﬂgcgﬁgé}ﬁé@g ag SE%%BSﬁaQF 3Rt gl gl to a

powder of any one exposin € surrace to noisture
to generat et?a‘ﬁﬂsrléll@als@&&ademr 73 n@rgé@nﬂi@ﬁn Pﬁémaé'WeﬁeCﬁﬂdatrNe or

at nosphere §ercr;9e RY Rehiltdee %&f@ceuaegmé\rpeamaeof afieqdReh Zi ﬁetelsurface
of a materi or the at sphere surroun e material or.enhange

freshness OSYEiHQ ﬁ St FRINY- p?aagw@ I nROEARER Ul PYEER® I8 powder
of any26ne ah ﬁll@dalliin@-te(az&.h angttal 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 guaternary 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



5 exposing the powder to noisture to rel ease a deodorizing g r
powder into the atnosphere surrounding the material. 08 Afa@ %@@g @Ug

adm xi ng the powdered m xture with a hydrophobic nmaterial to forma bl end,
heating the blend to forma nelt; and cooling the nmelt to formthe
conposition, the conposition being a gg-continuous network or a 10

di sconti nuous network whi ch contains passages formed by the percol ation

agent, the pass bei |, of m_ f+ti jsture.to the .
gas-generating 2@$§?igkgg8&§g%£Fa%3%£¥ eﬂegéégé%éﬁég De* ﬂgprgéggé for
preparing asbeapowixiog, pogviadivhgonysirdl imgthr diaegent zingasethbd pascess
conpri i No: padglxhngodsHency AR Agehle itk gasedenorali g yRLeri al to
forma powdéred m xture; dm xi ng the powdered m xture with a nmelted
hydr ophobi cuged etPafor® t&emsd ugamt 1saddiye ddquH tife wisieht Bheopdiche

conposi §i ONyahes CERPOShllicaMindeiaGimd rifr G dUHEM S VWRI &npl @ _
di sconti nuous™ networ k whi ¢ch .contai ns passages .fqr.ned by 10 t he percol ation

agent, the PhA¥aLERE B8 AYlEdyadeatoralita dshiSAL Ry Sroi SHeh 2B oWRRETY OF
gas- gener at 4 nga p@t esbalitiong@feaava taid nfiglcddsle dfnid madbeiparticl e of

claiml or 3 gﬁerein thﬁ E@E%LCI% ks hol |_ow .or iﬁ?#ﬁj %Qd.éubstan;ially
spherical . 287 TH2 Par b€ GCEERRE §F SRR P PATr cl e i ncl udes
an inert core. Z2gheThénpar magnesdifun;| ahcdusheradiumihen partothes are
St S hes PRAPRIEIE o S e AT Saleiela e part e
releasing agent can be added to the slurry
simultaneously, or sequentially (i.e., addition of the
zinc, magnesium, calcium, aluminum or other monovalent,
divalent or multivalent salt before the acid releasing
15 agent) to form the solids-containing suspension. When
addition is simultaneous, a layer 14 containing an
insoluble silicate and an acid releasing agent is formed
as shown in FIG. la, or an interpenetrating network
containing an insoluble silicate is formed as shown in
20 FIG. 9a. 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 around the
core, or an interpenetrating network containing an
25 insoluble silicate is formed as shown in FIG. %9a. An
acid releasing layer 20 adheres to an outer 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



91 -sulfonate salt of a transition metal ion, a protonated prinar

secondary or tertiary amne, or a quaternary am ne, an al kal M}JG&Q&e
an al kaline-earth netal 25 borate, and a borate salt of a tran3|t|on met al
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 al kal i ne-earth metal chl8fite, a chlorite salt of a transition
metal ion, prot anated prj mar seco dar or.tertia m ne, or a

quat er nary ?afr‘ﬁ eSir 4 I3t i© 1>r/re‘i%\ ’}r/'f?’émﬂnoﬁl Eﬁl gﬁ’é ERTAY net al
bisulfite, @dawﬂgfltthae ydvdenf vaith mydmuﬁepaitﬁamesasn@@te@m@dm
primary, seconda JKfatert| ary amne, or a quaternary am ne, an al kali

nmet al sulflt‘-"é1 15eearth netal sulfite, a sulfite salt of a
transition nmetal Al@avaigr aoﬁarpammbeis P40 res ysheeoondaFyGor Seerits ary am ne,

t | fide, |
oul i de3 & S Of AL A S By Hodlhith | oRE: o8P TpARLIBTRIWILATR.
secondary or irid aﬂqm‘eﬁﬁmélg o‘# farcucmlmbmy \aﬁﬁiﬁé sa ublli%al wapetral 15
hydrosul fi dgefadrod 'diew?@&éfléﬂﬁiaﬁtb’é”m%figﬁ t8 Pygmogulshide-ysalt of

a transition nmetal jon, bgﬂotonated primary, secondary_or tertjary anine,
or a quat er SERATARING ARAkAITHERITCIF 199 t BrORNCREKELHKEYea AT ITE al

nitrite, a wHe idosats tedfe pdFEisidd Omdetad nd ObtheacdQtgaoterat ed primary,
secondal am.ne, am ne, an al kali netal

y or tertiar uat er nar

hypochilQf i ¢ @AThT CHAELTARE St HAGH FRARITOIT (8, 2L0Ry pBeRPSFET sal ¢ of
a transiti ogaletiaim,i Qﬂ,ummmotmaitﬂdamrmdm»yalaet:pndavalentt eirti ary am ne,
or a quaternar .am-ne Ika net al . e-earth netal
cyani de, or mé‘ r?lldaé'1 ta}'rénasﬁjtl oncl?*/?e?%i'n?oﬁge%lc E gﬁﬁ“e&’ primry,
secondary osotle.rds-a:rqnmmea,g guspensi@t nand afvreing ﬂhe puedmozm 44,
The powder a er C easi ng agent
is a phosphghée %&qr%fe&ﬁgﬁ‘ (%7 Lﬁsﬁm%ﬁ%}me%m&)ﬁeg hgséﬁgte is

sel ect dd fr gamti€1ln ulﬁ @cﬁm?mrhglrbfﬂtcet rgal ¢am mﬁenﬁrﬁél bihosphat es,

nmonobasi ¢ PAWAINIHY RIS ROHaSS] 8Nl Y "BlaPhoRabat gnga sodi um
nmet aphosphate, a sodi um 5)}30I yphosphat e, potassiumtri pol yphosphat e,
sodi unpot as SHRNEFHEGD 0% & torﬁﬁi%adheﬁ%’;’stlnaﬂ Uri pP¥dphatath

si |'i cophosphahg@raand ;&attmlwt@spdmieﬁ hiydrah yerabl €1 peéal cation. 46. The

powder of any oneg of cci n?c Bteﬁ rein.the acid £§I e 5| ng agent is

an acid rel easi ng‘ o iBRYy V%sep?cﬁ YHIRWD 011 B LG 831 éFeasi ng

ol i gom20. 4g@enéiraliynwarepafreah byoreaintifx ixlepivtee coBe opaﬁtwbaaesl witlhe aaci d

rel easing aggny J el Lédog%t%.o%ﬁré%‘”%’ Arf aacdldspea}‘% £S48 s é‘Q 215‘ ﬁ“ de, an acyl
,ap ? Fy

hal i de, phoSphoric aci osphate est Al k osphat e
ester, a 5 éngapgulsteshieare pantfighias dtam t:ah%qui@mx:sa@nd dweng a

sul foni ¢ ac't@hec@ﬂaﬁlﬁna%e@%&@%af&&@hyﬁwﬁngrtﬁephosphOSI licate.
48. The powder of any one of clainms 7, wherel the interpenetrating

net work i ncPﬁ‘d’é‘é’Séllrﬁt@rdo&% R GHE 1Rs Wléﬂbaﬁ A ¥ITRidaKonbaiPApEe® ¢ wax, a
pol ymensor ayddop¥Bilc, 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. éb can be prepared by
admixing anhydrous particles with the powder and
sintering or by hot spray coating the powder with

35 anhydrous particles suspended in an emulsifier.
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hydr ophobi ¢, wat er-sol ubl e, water-degradable or water-swella ayer on an

outer surface of the interpenetrating network, the first layer or the

| ayer, 5 the hydrophobic, water-soluble, water-degradable or

wat er - swel | abl e | ayer being substantialéé/ free of water. 0 8 AU G 2002 95

54. The powder of claim49 further including particles in contact wth the

hyd hobi c, = S0 | : | , th
et olas beithE FRORED; Srpd*rrabRlntian Tl pildco o BOER KRG ous &
material capaptwdet . bihdpagdert hfnpesticams B jrovidermed bhynyadmexbhgcl ai ns
7, 8 or 9 whenpl nodte | 925t i abaut wich éim-c%tcg%reﬁ%rg%%ga%hﬁ? d from

the powder for a period of at |east one week after hyd I's of the acid
r el easi ng~agehiNt&Hi NI Heo pbREEr eprapslAtes ahieinrEHe h§ar opABbrEng

wat er - sol 31bl gshavedeF agioar 2€all 8ok PakeHi«Ie halle ddikerréSeg8hgnuous. 57.
The powder of any one of clains 8 r 9 wherein the core is substantially

anor phous. 5&2 Intvde? BPXEng BRStOTS ATRESTISHS FRRdPEFRUFRetor e
further i PCl Lﬁtﬁﬁnh an %mmcpaLbbenﬁgga\tﬂa?g pdeuid,i f@atce ﬁf&gtﬁéhﬁﬁﬁg\%ﬂhan
outer surface thereof. 59 T owder. of any _one, Q .o 8_0or.9 eregin
the silicate R4 lhcgt &7 etg?gmsgpgbpgwfiﬁr\ﬁ/at p&w%g Q[Céer %%I%?F%ﬁc%ﬁsaﬁg/at er
m sci bl e orgay Q&etar ila . pB6paFhd pywdemicfing aAnhysrowereantibkesilicate
in the cpre IS Sel t g | Sid 0f5§¥§ Si A ;

sodi um ne asivﬁt?gttg?é g‘g‘d‘?%‘?ng%egﬁﬁl %lgﬂagat 2? ?55{6%% cg:r_t 0SiTi ca%%jgaé&d

bor osi | i cat e AR singiprREtictasesr ehe THauishveonterindmg oblee orcidai s 8
or 9 wherein xtéleeééi!ﬂf?é@ew Lhe $8c00de A i eridardd ay&E-ipeg! ect ed

fromthe group consisting of magnesium silicaté, rmagnesiumtrisilicate,
cal ci um et aFERte RALHERLNRGIIPMPERLECToRLithe faxeRartickes. AU G

2002 97 5 form a golpdwder cORt ehai parthe1ray i2clees 34anrk fHeIMoih NeIGs .
par ti cl eISS f rOBrQ taq'led S4Oa|. ucgal.r?nbe made by preparing the particles 10 or 22
as described above and then admixing the particles 10 or
22 with a liguid 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 34 can also be formed by
25 admixing the particles 10 or 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. Sa can
also be prepared by admixing the core particles with
35 particles containing a hydrophobic, water-soluble, water-
degradable or water-swellable material to form a first
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and a silicate salt of a transition netal ion, a protonated 5 primary,
secondary or tertiary amne, or a quaternary am ne. 72. The process of

claim 70 wherein the particles contain sodi um potassium cal cium
[ithium or ammniumlo salt of a chlorite, bisulfite, sulfite, sulfide,
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or 11where|ntepo er 1s a xed w fh opobcmaterl
wat er - sol ubl ExragUantaing athgt BFOQESFaHabe@rWaFéﬁl BPWASE .o MatRawdsel eRbl e
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powder . ) ocess of in't
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sulfite, uI féstel, idtydrosul fide, nitrite, hypochlorite, or cyanide. ' 77.

The process of an;&gfone of .cl ai erein_a.dis ersant

r 11
nydr bphobi o mat or HS BEVAFES. b hrcineFRFRan” CAn kP PRRER b ik the
material, or methmds sdemttibed aboeei ak by adyi xedventhonkd amiatimed easi ng

5 agent bef ngrééleessac'&#ﬁ'fé‘skfgig%‘&&ﬁﬁ ad%ngfEhEBl%\%%l%q{ tn\e?l‘?c?d 8.

The process any one o wherein t er 1s a
wi th par2q cl etéﬁazm%ﬁmmgn@ﬁeanﬁydngugemseinaedcbpfablaésemgbltm ng with

wat er, sint ern?éi:e’ﬂ%lco&kﬁ&'m ﬁhgmaﬂta%ﬁét@?' ng§§é§t aRkbAlthe Tdnase o
water. 79. The process of aim1l wherein er is admxed wth a

hydr ophobi ¢ Rt i€l ‘hl%%%ﬁi Q‘Sﬁulﬁpérﬁa%éricép E&Ww&ﬁ@r ugeg sl e
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(elesse o e gan [LPmALe BoMer oo B e BlgCRo Bl eyl 1g aber el
capabl e 2§ bicultningvmidtewial beladéfiésis Thel pdrtubéepammltéterbé»mg
substantiaH)@Jéﬁgaég fﬁufrdry 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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For purposes of the present invention, a
"percolation network" is a material comprised of two or
more phases in which at least one hydrophobic phase is
20 topologically continuous from one free surface to
another. The percolation network can be a co-continuous
natwork, a discontinuocus network, or a subsurface
network. A "co-continuous network" is a percolation
network 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 coating 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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Until the present invention, it was believed that all
hydrophilic percolation agents would cause such premature
activation of the gas-generating material. However, it
20 has been discovered that many hydrophilic materials can
perform as percolation agents without activating the gas-
generating agent. Suitable percolation agents include
organic humectants such as polyalkylene glycols (e.g.,
polyethylene glycol, polypropylene glycol), ethylene
25 vinyl alcohol, polyvinyl alcohol, vinylpyrollidone, N-
methyl pyrollidone, polyvinylpyrollidine, polysaccharides
(e.g., polysaccharides composed of glucose, fructose and
alcohols thereof and mannitol) and derivatives,
copolymers or combinations thereof, inorganic humectants
30 such as alkali metal and alkaline earth metal salts
(e.g., magnesium sulfate, sodium sulfate, calcium
chloride), super absorbent acrylates, super absorbent
starches, super absorbent resins, antistatic agents, and
processing aids such as plasticizers, lubricants, and

35 foaming agents (e.g., surfactants).
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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 binding 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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formed into a desired shape by conventional injection-
molding, thermal-forming, or compression-molding methods.
A hydrophobic plasticizer can optionally be added to the

10 powder mixture to reduce the viscosity of the melt and
increase the mixing compatibility of the hydrophobic
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 of 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 powdered

25 mixture, admixing the powdered mixture with the
hydrophobic material to form a blend, heating the blend
to form a 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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atmosphere packaging to extend the shelf life of the food
by retarding, preventing or controlling biochemical
15 decomposition or microbioclogical contamination.

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

20 respiration-controlling gas from the powder into the
atmosphere surrounding the surface. 1In 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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YYA0% " & Q&apperﬁﬂiméégg égkaélég 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 be 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 malodors,
the powders can be used to retard, prevent or control
chemotaxis (i.e., the attraction of a living organism to
a chemical substance). For example, odors from food can
attract insects to the food. When the food is adjacent a

30 powder of the invention that releases an odor-masking
gas, the odor released from food is indistinct or
imperceptible to the insects. The 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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The silicate particles prepared by this process are
illustrated in FIG. 11, which shows generally spherical
silicate particles of variable size.

5 Example 2: Three Step Powder Preparation Process
25 kg of the silicate particles of Example 1 were

slurried into 100 liters of a 50% magnesium sulfate
heptahydrate (MgSO,*7H,0) agqueous solution. 100 liters of
a 30% sodium polyphosphate ((NaPO,),) aqueous 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 vacuum
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 agqueous solution
containing 25% magnesium sulfate heptahydrate (MgSO,*7H,0)
25 and 15% sodium polyphosphate ((NaPQ,;),) 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 wvacuum)

35 and stored in a dry atmosphere.
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available from Astor Wax Corp., Doraville, Ga.). The
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 3040L
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 release
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, 5,639,285,
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 sgpirit
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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, hydrosulfide,
nitrite, hypochlorite, or cyanide salt to form a

5 solution, and forming silicate particles containing 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 process for preparing particles comprising the
steps of admixing an amorphous, paracrystalline or
crystalline material, a solvent, and a chlorite,
bisulfite, sulfite, sulfide, hydrosulfide, nitrite,

5 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

5 form a solution, and forming substantially amorphous
silicate particles from the solution.
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the core and the layer being substantially free of
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 reacting with hydronium ions to generate 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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0)- é%éhin the(Aéterial comprising placing the material
adjacent a powder of any one of claims 6 to 9, and
5 exposing the powder to moisture to release a biochemical
decomposition-inhibiting gas from the powder into the

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-c¢ontrolling 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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hydrophobic material to form a melt; and
cooling the melt to form the composition, 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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bS 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 quaternary

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 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 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 quaternary
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 quaternary 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 quaternary amine.
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acid relea31ng 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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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 8 or 9 wherein the
core further includes an inert 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 isg 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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5 form a solution containing the particles, and forming the

particles from the solution.

71. The process of claim 70 wherein the silicate is
selected from the group consisting of an alkali metal
silicate, an alkaline-earth metal silicate, and a
silicate salt of a transition metal ion, a protonated
5 primary, secondary or tertiary amine, or a quaternary

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 quaternary amine, an alkali metal
sulfonate, an alkaline-earth metal sulfonate, or a
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75. The process of any one of claims 10 or 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
release of the gas from the powder.

76. The process of claim 70 wherein the salt is a
sodium, potassium, calcium, lithium or ammonium salt of a
chlorite, bisulfite, sulfite, sulfide, hydrosulfide,
nitrite, hypochlorite, or cyanide.

77. The process of any one of claims 10 or 11 wherein a
dispersant, a hydrophobic material, a water-soluble
material, a water-degradable material, or a water-
swellable material is admixed with the acid releasing
agent before the acid releasing agent is admixed with the

particles.

78. The process of any oné of claims 10 or 11 wherein
the powder is admixed with particles containing an
anhydrous material capable of binding with water,
sintered and cooled, the particles being substantially
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

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.



