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WD 2004/ 101435 PCT/ |1 B2003/ 002011 1 NOVEL FUNCTI ONAL
TRANSI TI ON METAL SI LI CATES (FTM5) Field of the
WO pwenvi4eh: The present invention in general rRCHIBEROOY@2011
the field of functional transition netal silicates.
In particular, the present invention relates to
synt : . i ta g
TR e BN A A P ON T SILIC A TS TRLRES)
Fidldof diecishvewtionzi t i es. This invention nore particularly

relates to synthesis of functi | transition netal o
Theiproseniriaycntiondp egacre] Pl 13 pader fensierel tEopiiogpetal silicates.
In ?aﬁ?cu%ir,l A bRseTPRAYSNRRC retltbd 6RkGn@BBMs Zf" GABEAHRA transition metal

I'l1cate, having structural conpdsition for effective
silgetes (HFEMShaithoequinidsirnéterd cempesiidn for teghigeiedabtivities.
o OB S ol R P ol bRt lftion meta st
sul lat Gat&@ssi{issehcupie Silitaer zist Isilcates maipphése Slitdt€ ahe, zirconium
~zinc silicate, manganese silicate and zirconium _ _
silicptej daviap vrictuel pompesitian fion afiectiyp Ldacanigminntione disinfection and

. L yner cellul ose, quartz sand, silica gel,
m?%@gc?%%%g%eﬁigesi nto resins and functional transition

Thiteinabntiin AlS@tetateOrt idmotilzatiesiol fematonnlgraRitionahetd] silicates (such
matrix |li ke quartz sand for effective decontan nation

as gilvar sflisate; gpp,ncrﬁil&a% ZiFE gHicatgnppan g_ag,le‘?eogg}lgateg aied zirconium silicate) on

acﬁi\%t&r hfrG@k ! RnRAARELkIdES agr-BE kU NGl RRA gﬁa{rgzn $idd, Qica gel,
netal silicates are useful “a econt am nant Yy

in®epprettemingpsinghd fnctiotrd tiansticen matad sipiestt icontdmsng regimcoating on

SOﬁ& gﬁgﬁggﬂggﬁﬁ{%@nﬁeg | circgfvg %%%ﬂf@%ggq;{, m gt?qno microbicidal and
to R YRR BEA N profidesds M crobicides (to kill fungal,
5 .

acterial etc., pests, and as protective seed coat '
These anetiona )transision mpdtal2glicatesr abivatfubes idventanynans éby sequestering

bl S 2 e S2HRB0 ok bha el & b fRianes o removing
mittde§ MichSas PR riERMncARR Vi@l GdS aqUdoG8 nRARIYS Bidlbs inftrobicides

manuf acturing of effective catal ysts and _
(teafil] fwagal.obic¢tigdfte Pees.cand34e KYPSOHE 6¢ed peat treatments), as anti

o DT DR 05 SR04 8.

Thebe fenctibAdlSiridstidonnetal stichtes Aes mang appliedtions, which are useful in
transition netal silicates use for decontani nation,
manydRgiirmeRtatieciies qrial ey andsmsismgobidlagants ¢ifepar ed
Ba{JkgP(ﬁi dmh@?ﬁ@énti%h! icates such as titaniumand tin
si Pl cates, conprising cation exchangers, to renove
Exhamive werkds beiap chrrizd obeazeatitrandralkatina earth oletad wilieates compared

and .ar seni ? Wien these netal silicates were failed to
to rapsiten ekl SiCAFS-30 pol | utant concentration, these

TnTelafibn $d kiah@li &S nfePMRILcaied GsdVrdr e BhtaRih 88 NDDEREIS MEIES patent
prepared to reduce the netal pollutant concentration

505813% AN e drépve trapditiougdiali silipaiesentch @b dittgymi endadis silicates,
not . msn(t:ailtoned %bouetr ztior corg)ivu‘rfgesi | i cate Ug afeegt dmium. zine

OB gacapRGEITATREr, oy REOVEIRYY TR PN apioac gydrpipm. zinc,

chv\?fﬁiuﬁmha gﬁ@&n@bow&lelzltn@s@rmam sillch@at werdr RPad abi@duce the metal
along wt

pollutan? concentration, these metal silicates comprising with cation exchangers were

prepared to reduce the metal pollutant concentration to required level. Although in patent
claims, it was not mentioned about zirconium silicate (US patent 5053139, 1991) but in the

description (example 14) it was mentioned about zirconium silicate preparation along with
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WD 2004/ 101435 PCT/ 1 B2003/ 002011 2 cati on exchanger,
and the failure of zirconiumsilicate ion exchanger to
wo eddaer4aet al  pol | utant concentration in treaP@mdIB2003/002011
water. It was observed that2tin and titaniumsilicates
failed to decontam nate coliformbacteria in drinking
e ' . L.abora
capﬁltn ee%(r 1t Iagﬁytr}%e%?urfe of ??c_olrrh{hél? gg}caf% frzr)ét %}%ﬁi t[) nreduce metal
pdﬂhhmemnmempnmminnbmﬁdam&nnanganese were wel | knomm

and silicates of these netals r t studied i
It bj’éﬁ sPieryesh thihian pad HiEPEHD SHtgREcR m]g%qoamlgﬁf& rolform bacteria in

ag \'E}fk@ﬂ @8y willSlonte &t +ma1ﬂmofp crobi ci dal
pro erties) and  structur conposi‘ti on. Copper
Ingh¢ tresdigen wetads, lkntwnicfabiahnl @86 s@@asélsi%ﬁéb)oppm zinc and manganese

ol Eatin €rnth of et Rl b RRie r DA Pl gorfpe retaion

be@ﬂé@loﬁﬁﬁct%iﬁ@ﬁm h®Be@htanfihffhny dlinfédied MmMdhRtaacighll jrégerties) and
wi th substantially insoluble basic copper conpounds in

stlalr:waalucnmp@@h@lmtu ons at high tenperature. The synt hesi s

C?plﬂ% tsﬁlg%tgﬁs wts eplg: rvx{%f fréﬁ @ﬁé t(éi'BI étéﬁggﬁzfogﬁggculﬁ]ﬁalt Morticultural pest

con@PDEAG theke OBFRf wﬂlbmemmerel&ydﬂw@mea @9&%@@@!@ SqMESE suspension of
formul ated for use as agricultural pesticides and

finchpsiyided hyemicdssilien Wbt sgaiantiaic insolbby Pasie coppgngompounds in
alk 1B o RRBEY at%ll%{)@eﬂl%e&'td Lcates were mxed wth

antibrotics n synergi sm bet ween copper
Theasypauasisl sf mzibmnypdnloﬁtomr (1GBaré8B&sed )on th&fiegeonal property was not
ai med to synt hesize functional transition

ntion
Sﬂﬁgffgflmgﬁtg Vé%ﬁ TEBOTSE OF ¢S8R ed  structural

91?;1& QR §6fe Foﬁﬁﬁﬁfe@q”o?%é ¥ ﬁgrf‘cﬁltﬁ'x‘éf; gesft‘ﬁldes and copper silicates
deco am nation, disinfection and robicid

dqonoQogmnlmlschemporﬂanoet lmong hewst Cmemfalmmmomhm were mixed with

i .nvent S to invent nove i mobi | i zed funct.io
orf PIED 1 oy e RO S BEROUdS e RprE Refh 788665).
Pro6cHO e Aidnis laimédBtol JyRthRE & Rm¥ti Gl B6hsi@dn ol kii¥RBS bOMe required
is to invent functional transition nmetal silicates by

sty irH efimmosiionf for HargeleduicHeities tspelt ag) rdgq:oré@n@@@m,u @pinfection and
mIc%biéi?gl O[%]rg{)gﬁ% egtcag%ot;ﬁ' 1% Iol?}i%?twe (');} tﬁ‘n :f)gesgn Eﬁ;“[ fon! i eto ?nvent novel
Inventi S unc

I'nven onal SRS SRR R
inghobiliaddeancionhbidmitfoarmehf glidatege di si nfection of
m crobes such as bacteria, fungi and viruses. It is

OBF§§‘ﬁHBeHB@EEPnof the invention is to invent
A%Je Tdin quls gljrl]mox%j d&g@ctt 68 th%lfﬁ'z'eﬂﬂbl‘? ft% PYe%ft fflﬁﬁ:hb?{eﬁ trémsmon metal

m nat i tals enm cal utants,
sipesdsi byl syetheficinmod theeoguaredsysit tns coﬁ@osﬁmoﬂi ft&ﬂh@ﬁap@mdcﬁ acevities.

of the.invention i.S ta i.nven uncti onal, tran ition
Appihigr 0 %&?ﬁtwe oF Ut R inyegf ﬁwewiﬂramlsﬁ% .n}e&a pfoates suitable for

effddBi¢ diRAARORDT RESHDE U6F as PRAIACTun gpamlmfs@s of
invention is to devel op functional ftransition netal

Itgp IaﬂwathesolfUMtofathe inygygion isita invenit rigangiterh nydadsiiessgs suitable for
ef; eﬁg con%ami%aﬁcr)]rtl 2t mee[als 9}%%1%31 polﬁl‘?m ngan%opestum%es from aqueous
systems.

Another objective of the invention is to invent functional transition metal silicates having
microbicidal property for their usage as pesticides.

Another objective of invention is to develop functional transition metal silicates that are
useful in mixing with seed coat treatments, paints, detergents, cleaning solutions, and

zeolites.
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zeolites. WD 2004/101435 PCT/1B2003/ 002011 3 Anot her
object of the invention is to invent immobilized
wo evetio@s®ml transition netal silicates, whi chPEr/E2003/002011
suitable to use in colum nbde as decontam nants (by
sequestering netals, chem cals, and pesticides from
A%H&og@e&egf ) zm\%ﬁugﬂ sinb§ {lé}ﬁtﬁn&gﬁhieﬁnﬁﬁkﬂ nal trans1t1on metal
m cr obes such as bacterr a, ung| Vi ruses
sildoptes o whiateae usuu)tablartd uas imcoluotn mode as ﬁe(drmarkmlahts (by sequestering

fungal , bacter et.c ests, and as protectjve seed .
o la0 ChsuE s oS, ol Reieant Hediael oo &y Hehges Ay demoving
micRoidS kESIRNb R terfl BATY B8d $RLLEL IFRAS agPut MEHAfuBPSnd as microbicides

detoxi fi cants. Anot her objective of the invenfion is
(ta blllcfgngldpcmtahctq pexts, pnd)dSJpnotegtwq:rmmcbatzte@tments) as antimicrobial

nsition, et al cat by i porating
achff Gler @i e BB ealblioh i Bt AeiREREA

Aﬁ’«ﬁﬁ&nbléjﬁétﬁ%nbﬁ D ¥nRBHNe S @6 | dRgelopt Aktod Clde rédlcing dchobilized
pesticides from 10 aqueous mnedi u as disinfectants

fueﬁgpnlale FBVSLHEN meta opleantes fosh ingeTiesaitngr inko. 19sifisgiwhagid are suitable for
fh

c Yl!ll‘fl]{l‘ srﬁ(ljjdﬁga %g:g?&eh:flsc‘ élFE? g%cﬂ.g?te%@ qnquls nhi: nggélgﬁ'r% %stt%des from

ague@ ﬁmalmnt)raaﬁﬁmﬁécséms dsy asthovhg rrmbtoa)bs aath \ae bactena fungi and

i ngredients in detergents, cleanlnﬂ sol utions_an
Vlt%‘kﬁ Eroala%q%e%%eflwaan@%d asygricrghisidee (tookilleluneels b@%@nal etc., pests,
anfara%ﬁﬁﬂ{ecﬁ%v?é%ﬁ'cggt {r?atltng @f%@laﬁﬁgﬁ&mgf Létﬁi‘éqn% Hf&hfsqgac{etergents
transition Ireatés coating transit
clenmirg sointiqnsan@tommwgaldatomglaaam ns on quartz sand, V\,hl ch
ui t.abl e f col um npde, as decont am nant by, s
v apiaibek OhiFH Of AR Biesent Shihiokjsdo d5iop a@@pgﬁvaéﬁ&#lsml transition
me@Ua R B dthg tABsidbS nthf GlRASconRYnih Q&Yﬁ% quartz sand, which
m cr obes such as bacteria, fungi and viruses from
algqunéabiﬁs fqm@itumj magla dis alsconitamiobits i(be sequesteking Imamlmgcéllenucals and

et c est.s nd.a tective see
oS FGUE e ftous maRENY s SRR BYEShAYFa BRERPE Tin os bacteri
fur@ AatvelgaTien aghRan nfegdie®)| Mid Andicadtikit &kﬂlaﬁzmgal bactenal etc.,
det oxi fi cants. Summary of 't he invention: neet

PeglioBd oisj Botestiye creed H:éats tregtpsnisy, e@seﬁtltlmtw@iﬂ]l @@tlve mgredlents in
| metal silicates

dégeﬁgéﬂt Febﬂlgg lélftl? ﬁ%:r{dqgglgl %?‘%ﬁ%:ﬁ‘téléngg metal silicates

Swongary of thg invarttion:ed structural conposition for

targeted activities, and method of producing and 25
Tqupieft hiengpavmeriiedtuAbd iOB1a) the RFRSPRY BHCHINaPTONIdep igyels functional

tlefn@ﬁloﬁ%étﬁ’luﬁlﬁhlﬂéspé?ﬁﬁ%nﬁ&%p%@ un ‘Rﬁﬁf‘&%@éﬁkﬁ{ h l sﬂlcates comprising

di sinfection, mcro toxic gas detoxificatlion
refgicnth stowdbwrst |compos1tmm: dor nagetnd actvitidet and miatladd of frodwing and

r rmke operti s defined in clains.
il e BTl BanBhOT HRt el o o geiots yhoss such as
debBRaRIRESA! disihf&iohO '?m%ﬁl‘éid}@ Stoﬁlcn %Sse HetfonfR:tah@rp Qfom combustion,

transition metal silicates sel ected from

nieqfipeiaad garidetoxitécation frpuy Clgarbﬁt@:%m@ke mmgm@ asidefived ip,claims.
D&I Pgd ﬁ%gck gﬁ)ﬁ Owﬁj n%lerrl oniumsilicate, said netal

I'ng obtal necflby m xing salt solution of
Actdoactiﬁgltyj e premheinvehtiéh prosilesill @val Kahétifiab trhhG@dremetal silicates

sol ution under desired pH, tenperature and silicate to
(FTMS) selected from cupric silicate, silver silicate, manganese silicate, zinc silicate and
zirconium silicate, said metal silicates being obtained by mixing salt solution of transition
metal with a soluble alkaline silicate solution under desired pH, temperature and silicate to

metal ratio and or by using immobilized form of functional transition metal silicates
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metal ratio and or by using imobilized form of
functional transition netal silicates WO 2004/ 101435
weRonAneasd3/ 002011 4 inmobilized on nateri al SPEEIR2003®2011
fromactivated al um na, al un ni um oxi de,
agropol yners, cellulose, quartz sand, silica gel, and
irﬁlﬁ%ﬁkéﬂqa U RS A OFEI«%E%(I&' ?fnl 'gc@ltv?t%fi ' nﬁorgﬁlﬁﬁ'mum oxide,
resins an functiona ransition netal silicate
agropal pineisn gelhbsden quarad sang, eitics gk, dandrfahctlonas trafsiien metal silicates

ng uartz sand to gﬁ;aln var i ed SI| gte nmetal . rati.o

PBAGSH FHns fRd Lppionsl ransiign gl o F® SR irgEgtin coating on solid

m@Gt eyicA%sel fiRfk i M8d frWHkdiR NAkicd TsARSld kRl rFﬁﬁé‘lalon with suitable
silicate materials such as decontam nants of 5

stwmlmmosmestfmcacdnwmgj@fﬁacmve furetivsal dfankiion ematd silicate materials

su[c):ﬁ (?? ?Oé‘l nd 8\::{1?%% lﬁréétalﬁ o r Obl Icg%t 1§1c{§1s pgi%ﬁuggﬁggts Soy %Qctgr?a, fungus
aftDVIASES] €niciDBIcRIRY of ghtﬁéigéilﬁ sudﬂ@é Haielidl@8d Afnghb,ldeQ@E@Mants of carbon
hydrocarbons tobacco tar, and nicotine etc. 10 More
m@aw% wjudptiuy digtide, NEXe mxuﬂqw@fnmtr@gerﬁr byilwesrbansngoldcco tar, and
nityagtdonal transitional netal silicate selected from
cuprlc S|I|cate silver silicate, manganese silicate,
Morepasiclliaclg) eheapdsentiineditiod provides at ®oyveb dintttioRilakransitional metal

ﬁl lic tes ei ng obtained by mxing salt sol ution of

SiEFAto ATIEded Thom PuprsssiliFate NIy iHsAle maRganetsy Filiegivrdngilicate and
| b

T O T

nifretes | orr sl phatesooff Grenmcarrdspopling itpinsisiveg]l felalsoweich laysoluble alkaline

Jashi ng .and drying the precipitate to _obtain the
st sPBigh et e Prb Ser bt nd fiifkdls & wip et to form o
predibitie aﬂo@lﬁ@e&“b&r\v%ﬁiﬁ%aﬂded@fng%ﬁ& Wi GRMROSHhinORe t13RLifon metal

transitional netal si at és exhibiting functions
sibedtesc varibds siipateldo ometahiratit plong widh siitdte tsirootural composition, said

et oxifi
H%L%%%]ne%?g%fsﬁﬁgm%rg§ Fmﬁnggﬂ%(@ﬁ S?%@Fg %gn%rg%gagwmanm,
disinfe¢tie, irpiodbidi A @t AantBA@hnti- %@cr@bﬂai cate (F'TMB)
effective as a decont am nant, a' disinfectant, a
INyar esebediggnt of the @),r@p@tdpmnuonathem i8 pedyiideddae ﬁmctlonal trans1t1on metal

s1ﬁ9£é3piﬁgs |CE§E %Qf dﬁg‘%@“gﬁfgp?,dgsﬁﬁf?}é fn?t],g folxgg agt arPr%tectant a

mjpradetie k)mcmeﬂmraﬁmg €heasud, a)rﬁlirl‘smgt df@lo SOMRBEIdN @etal @ silica in the
saj d effﬁ Elveness sai d F"'TM5 bei ng capabl e of being

tranSHOR; etpk gilispie 40 st PredpicEmingd apngsl @dop SUPRREN soRmEpitign for said
fred ' /

ol Pere R 2R, EVAS) afhie ALl Ry olibih ok B o liple materals or

inperperting ine eastrisangd / whevaging abong vétisiesing on vwtable mateeinisn
sai rati o of transition.nmetal to silica in. the

top fofher e Sdtnniot Y PIESTE IMETT o hPiges GRMoN ftslherin said

rati® of 8RR onlBetal’to silftalif theARALARH St AR 1rP£ rafn%@ of about 0.34 to
present invention, wherein a transition netal

abosh?-$5i ng var | abI e functions even with SI m I ar

d
T e R R T —

vasbei fulnCu@fBDa\fbat Wﬁhmlmhhﬁltrﬁﬁ@tl&y ¥4l §Hcaté QQ@& ib@&kd on structural
conditiaons, In still another enbodi nent of the present

cqmppsition dyvingrieeatis BYRS ey saliesqandespetifisnKRD pattern obtained by varied

reaction conditions.
In still another embodiment of the present invention, wherein the varied reaction

conditions as claimed are varied pH conditions during a process for preparing the
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conditions as clained are varied pH conditions during

a process for preparing the WO 2004/ 101435
weEanmneaen3/ 002011 5 transitional netal silicetEBB2003/002011

including extreme acidic t® 12 PH, reactant

concentrations : silicate content in soluble alkaline

I td tq i

R B B0 DR Bt 1AL 3G 2P R Bhn Bodogpyrations
sﬁ@tha enoateut én rsalubleaiali@tind atliveens@@tidro an® Tade gife@ansition metal salt

B D A e ICH T A R BGRA S TRARHGed Detieen 20 to
95 ﬂ@gﬂ@dstc'eﬁ’@grﬁgé ahd 8bthb&aliShsi tRereste! ected from the group

consi sting of cupric silicate, silver silicate,
Inmrﬁglaﬁ@s@nlsqdlm@att @, the prqscntsnvqn@anewhmmctbn itansision maraalelhcate is

nbi nation ther
RSO0 M8 il ki oot SRER Pke TRGHE MBfigaRese siticate,
zi¢t kilicat &zitcodnivaf {iBedté M@l esmBndREARdEHA nant of netal s,
chen1ca|s gest|0|des m crobes or conbination 10

In; aera@pther emdedimgnt ofethe presend infsption fwiierrin Hresisansition metal silicate is

t.LQn t n silicate is
US04 Aol L bR T il Ry coinaon
tmﬁeoﬂs a mcrobicide of a pathogen or conblnatlons

r of In a further nore enbodi nent of the present
In. ﬁH F GRDOGRE Oh thehRrepgnk ievention Wharaln B¢ (apstien mpgal silicate is

eﬂfe%tl% he G i M freBanPollebtdd, %efﬁﬁ lﬂf a%%poé"nﬂﬁgg?éicgeof a %athogen or

sul phur di oxi de, an oxi de of tro en
canghpdms thergofni coti ne or t oxi c gases or chem cal
or toxic chem cal

Sopver sion of, toxic es_an .2 .
TR B S o TR Re BB nuen i P aren GBI P pistal silicate
15@1@6@\@‘ as d ﬁbt@ﬂﬁ@ﬁﬂl%'o%@h n¥nokii., Qﬂﬁlﬁﬁ‘*%oﬂﬁ‘é’ eaﬂtdx% of mtrogen a

wherein the netals are arsenic, mercury | ead
hmcﬁr@%wb@@ﬂﬁﬁah aidoping or tmrcwfses @Chemicahotthersion of t0x1c gases and

resent inv
(gr )?er ba %locé) n%:o g §P% TR E0% fcfxéc PO&“@"%?R‘%%E?QW gherepf.
InGnagmiseigatntve thepiesritan@nti6R Whdrdihi tBd) fetdle 5@ Ursenlc) mé@dury, lead,
anot her enbodi nent of the present invention, wher ei n

togkensiala gusombingdensdbeacle  fungi such as Sclerotium
Inf %Jtﬁér emg@&ﬁl%ﬁ{ %P'tﬁe ﬁ)?co[r{:ﬂminn\}aé#ﬁ% 'S&B% 2 gq%? B%gﬁan is a coliform

Pyricularra oryzae o ere
betetelrﬂal a @noh IpesitiegrhdGianemigatie bdoeriarog sembinatyed the@6f,
wherein the virus |scﬁqaw ng infective in nature. In

Ino¥ed angiher EMPSAITRNOf he hERsCHr ByeRton, rhskein dhe fygems & rpathogenic
fuhé‘lesdchaz[ks%lbﬂﬁuﬁﬁ}(ﬁfsus 'ﬁh‘l&)%foﬁld Solakl! ¥4 é':b IREN S sicutaria

conprising: (a) ding a solution of ‘the transition
OrwmeaJrCDmbalagonwmbeom kali silicate solution to form

o P e b SRS a RLERR, Bt REAEL4]cive

intnhamei tion metal silicate;

In one more embodiment of the present invention, wherein the transition metal silicate is

prepared by a method comprising:

(a) adding a solution of the transition metal to a soluble alkali silicate solution to form
a mixture;

(b) a&justing pH and / or temperature of the mixture;

(c) forming a precipitate comprising the transition metal silicate;

(d) washing and drying the precipitate to obtain the transitional metal silicate.
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(d) washing and drying the precipitate to obtain the
transitional netal silicate. WD 2004/ 101435
weEFonAneasd3/ 002011 6 I n one anot her enbodi menPCT/iH2603/002011
present invention provides @ conposition conprising a
transition netal silicate immopbilized on a substance,
¢ i ' al sili : o i N
I G, lGBLD, Sl Plclrece i M en GBI, Borhb @RI Létprising o
tramgitiolne nietaAnsilicate nimmebidizeds i dni @atsebstancen the rdagaionl metal silicate
about 0.34 to about 19.57 and / _.or wiith a functional .
campTsing 4 Bassiaoymekh Wheseiajatale ofipngitin metal @ siliga in the transition
méfaf §RL4Y & @S ﬁngé?&pzmoﬁﬂb.ﬁé% abdht 40 $hnhas LA %lﬁl efafun?tional structure
detoxi ficant or mcrobicide or conbination thereof. In
argl fther tihesitiembmdiahenlicatf it keéeplies @nt a | decemhinomant, wa ediginfectant, a

the.substance is selected.froma,. group consisting of
deé?f‘@&ﬂ‘@%ﬁ}?’fﬁ?‘@ &IWIQ%@GU%H @’fﬂeﬁg, “al umi ni um oxi de,
InCeuthbOSBhod RN of 188 bRkert§SVeRtioR WherBil8RO ubsBREis BRcted from a
isopthalic food grade resin, quartz sand, silica gel '
grawpl consistingradi anaagirenedymere pefpated| ajuminay plubdniupoerdde, cellulose, vinyl
nhodi t,.1h r.esent imventi on provi des a .
S oy T Dt sy D sgb MRS Fe p BAC Rl s rticn el amd
canii R4tjoaE &ieegbfi N a substance, the transition netal
silicate conprising a transjition netal, wherein a o
Iny e mors eBPdimGRL, st RipsenbinypRtiiaprowideh a cOPRASiFeR gemprising a
ili G s : .34 ' t .
) LY SR g A AL MM Bu iy 0 ompring
a tramssitsint mewal, wdieadin 8 irdtiocaftteansisior reead tto widicas the transition metal silicate

. decont am t, dj si nfectan a.  detoxjficant or
ispiich GHIEET Yoari 3&4&%3 n! fjﬁ’eﬁ%? Or| ity furgioaah sgpture and the
trifsitfoRemPIaf 880 kte |15 L ERE i vRNas él"'ﬂ@éof%'teﬂrr]]ihgﬁ, SURShRRGE:, ISddoxificant or

resin. In another enbodi nent of the present invention,
mighehrieiide ot benbigstion thsrese| ect ed from a group consi sting

of a.,vi,nyl ester resin . bi spheno]l resin, a )

Inf ke sRpsientEl 4F mipSeabivedion. Beromone SotitRe L) bissin

Int STRPEMbblinkat ofiRephaEntaARABLABMereihiBe REBSIERElected from a group
i nvention provides a conposition for a coatin

cangisiing of g vyl realiesiresiona ipisphendd i tesisap dsewhdia giqqlgglade resin and

ctxﬁt?}ﬂft}otn's%r%%t al , vvher_el_n aratio of “transition nmet al
Osilicainthe transition netal silicate is in a

In a1 g@other @bdistiten84tht prédeatiinvedodproaidts/a esmpbsittonafor a coating
functional structure and the transition nmetal silicate '

cqraprisfHeed ttrapsitigs metabsiligee sRERAFAGH trapsidens metdctvhatein 4 ratio of

tr&l{%hf&ﬁ' thiGPRLsilid i (g &stﬁio%%éf-}%l SR8RL A 'a%n%eh?f £t 052 to about
sti 1 "anot her enbodi nent of the present invention,

196t red hot Wwith aofhctivanal steddnee and gy fraeitionameab sificaads efective as a

solid. materj.al,. In one nmpre enbodi nent of the present
S RBRT .2 SIHBIRel . BRI Heat £ PGSR Srsomtuaon ot
InSEillembedr Emesaihdag: & Qe gre@é}ﬂ $hvehtiog WierGHREd &aﬁhé &8P comprises

silver silicate, manganese silicate, 30 zinc
a gisinj andtaesolidimpatendlum si | i cat e and conbi nati on t hereof .

I n one anot her e iment of the present invent.ion, . .
In e B PR PSa oA arveo P CYBae e GERatpf pletagilicate s
sefecERICRBIN ik N2Bilp 0bnststiiBlaH cupfic GVt allverdsiROd, | BRSO silicate,

m crobe or conbi nation :
zinc silicate, zirconium silicate and combination thereof.

In one another embodiment of the present invention, wherein the transition metal silicate is
effective as a decontiminant of a metal, a chemical, a pesticide or microbe or combination

thereof.
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thereof . WD 2004/101435 PCT/|1B2003/002011 7 In a
further enbodi nent of the present invention, wherein

wo b@4tiossi tion netal silicate is effective aBCHIB2003/002011
di si nfectant of a bacteria,7a fungus, a virus, a
m crobe of a pathogen or conbinations thereof. In a

Inf AIfirhRF eMBbain&HP of kEERYest idveBtid, &SRR in! HHY ﬁﬁﬁ%g?&h metal silicate is
wherein the transition netal silicate 5 is effective
effpstive geokipinfestant obfa baswirin, gavegusandvituspre miodlee of a pathogen or

] I 0.c.gaseous forns such as carbon nonoxi de,
CO@‘II?%II%?IL?II%%%& an oxi de of nitrogen, a hydrocarbon,

Intacfosth@amém@rembodiB&it iof eheQirese MM OERIRANWAE refrONE EraB@8&SmERI silicate
. ngn-toxic (?ases or conbinations thereof. In an
1 é?FB?}aIEr?érﬁ coxitippat of Eoxémgasehaisht ordaxicwhemedals intgaseauldorms such
f LRcd : kligate IS a,cupri
sl élal?lgﬂI\I\IIIII%:’h |IISIIHI§$?n(I eééi%%l e%&%%/ofngl%o ﬁn’l?)BYIII%C%IgOIb.tgbaCCO tar,
nigetinelor comvessibn ofitoxic(zanssttahosadxic §esbi esmERGicH thdredt!
sodi um si | i caftg sol ution havi n% sodiumand silica in
I“ﬁﬁ‘eefhl‘?%?%ntl‘? 20e RERSFILIRY ghtionp MhetsHyWhen e fvaciéonah ansition metal

‘ , ' forigtic S lica 1. ief | -
T T
mgtek sphisiolutiom anstt H) ml pdtsodipmBEibate osluGmi haRes esdit@eanESRica in the

. I = 4. 32481 B . 05 O, 2.31749 15 D)
raé& 6?36@8%‘“%‘?@{%% -OPﬁI}a‘)d’i t%? ?‘i R ChaRaqisristie: gi ve XRD
L Yoo T e aht _ 4 3 .
g gontyasakids g ikt Bl INONS 8 fin s
rajo)70. 73 and 39.79307 20 In another enbodi nent of the

- i el n_when fungt,| I
B R it KRR OPR P FORT = 000 il 014 Febe v
I's synihesossed by rEyd.op7300 M of 0.5 gm'm
transition nmetal salt solution and 50 m sodium
X3 ‘IIgfléacCélogGP%Ib’IlﬁﬁlVﬁmglg@tfwa@tm and silica in the

Lo { puyre.in t to 90 C
e e TSR A ek & 1B EREG 6 R,
2)dh93. At amd 3229@L8 25 Silica: tIanfsi ti onl net aI/trat Isiot ;agn:
: .t I I or silica ran
3) #é?%fﬁaécg?%é) I Iegtn?onaggi xSI?Zsonance ESR (g vaI ues_) =
. . iff i ol .
In Ahother 84B8diBlen? of ﬁ@ﬁeseﬁ% E@é{xgbﬁ, \Kl@é/}é?o\glﬁﬁp g'Iﬁéq%Ielg’m%aI/ Hansition

XRD significant peak hei ght (count
metHetilicate is) a 88PrLi6 Biligald WIBCR0OSFnth@ized) by Bfixitg 1@0dm! of 0.5 gm/ml

B TN T X TR
in then@tib ARkt fehREire 3 the range of 70° C to 90° C under acidic pH conditions
have the following characteristic:

Silica: transition metal ratio as = 1:0.78 (compositional analysis for silica /transition metal
ratio) |
Electron Spin Resonance ESR (g values) = A) 2.23480 B) 2.06456

X-ray diffraction analysis give XRD significant

peak height (counts/s) and angle %2 theta = 1) 835.63 and 16.20057

2) 706.74 and 32.23910

3) 502.52 and 39.57159

In yet another embodiment of the present invention, Wherein when the functional transition

~metal silicate is a cupric silicate which is synthesized by mixing 100 ml of 0.5 gm/ml
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metal silicate is a cupric silicate which is

synthesi zed by mxing 100 ml of 0.5 gmm WO
wQ@eNna1a3x35 PCT/ 1 B2003/ 002011 8 transition neCHIB29@/102011

sol ution and desired anmount8 of sodiumsilicate

sol ution having sodium and silica in the ratio 1:1

tratRERN MaHL Jai! soRkd ofi ARE dbdiRA SnfdaN e 8P 51?195% Q8 ution having sodium
characteristic: Silica: transition metal ratio as

angk sfliqadp somtio ilohendeanettyad P 0bo¢ht19ns havg the fodlowing dnracteristic:

Slﬁgga&@sﬁgyglg@gt@f agf eeLL %n ? oénpﬁ)ﬁ Lfma ncaiys g%f% /Itrans1 ion metal

ra@oP6688 X-ray di ffractl on anal ysis give XRD
si gni ficant peak_hei ght (counts/s) and an 2 theta

Electign Spip Resongnge EER1g57pes) Aba. 1@%8%ndBB%3Q@2276 @p2.8467
694. ]§§1§ @'8739 ﬁi@ggvgfﬁgn one nore enbodi ment of the

present invent erei n when the functional
Xtrapdgfradton anm;/lslalgn&l XRDadlighifina cuprl c silicate which

pelai Qﬁ’éﬁf &’gls’]‘ll a ei%' 2:r>]%‘|f‘ttlﬁ‘tqrooﬁ1 941%(9 lf@di 1%21182137mu nt of

2)375d|4grgnalglzlz@§t7@ sol ution having sodium and silica in
the ratio 1:1 under basic pH conditions have the

3)f69l4l86\ﬁnd@9c7ﬁ§0%ct eristic: 15 Silica: transition metal
ratio as = ysis for_silica

i ti onal
1 e Rt of PR a NGRS orh KB PSS e et g transiion
métg] viabatess a—cufphc Jilch&ORhB) i3-59300di24d vy nﬁ%g% {0 bt Gt 05 gm/ml

di ffraction anal ysis gl ve XRD’significant
tr?(“é@@ﬁtl%qtél)sabﬁgluﬁﬁ@ pred degireéh @tﬂawﬂi or)sod_lsm ﬂhcmwlﬁtﬁorﬁm&% sodium

t _inv
o O A8 SRR Pon o P B T it sf e
Silisa: araasifioh enedll rag@ e =vih. Gf(cd)rﬁpés)’tliﬁﬂ&ﬁ%aﬁﬁéi’s Bt sifio4l Mensition metal
ratigo m of 0.5 gnmim transition netal salt solution,

m of 36% HO and 50 mMl of sodiumsilicate

td ' _Si t
QSR BRI UTIIRS ) S L9 13440 L s
Xaxt dlé‘.immtlamadalgmpgivmedﬂtiﬁ)tsigmf&ahave the fol |l owi ng

transition netal ratio as =

ol
peiﬁgmg% @%@ﬁ%‘aﬁm a&ﬁgll QIatﬁ%IF‘ym 19 1\5%f74§Pfl 26&498% ansi ti on

I rgn S
In%@ﬂ S ari%tggltlle%gb gl ngegltém s) ?&S‘%s%%&@é% %‘gr actefi‘lgtﬁg Fanctional

tragpigipy gm@algeilh@tem[a SUngici SﬁluQaHEnWhphak syr&h«g;med(b}omnhﬁg $00 ml of 0.5

0.ln 0 nt of the
S S, e e TOEA S B e
solutid $iating Sodived ahd gilitd apihe rh@o . ICA%F%Eﬂngeﬁtdr?TfrﬁFh% UL 70° C to

bS, synthesized by m xing 100
904 condynderexigmeggidic pH cond1t1ons have the followmg charactensuc
Silica: transition metal ratio as = 1:0.53 (compositional analysis for silica /transition metal
ratio)
Electron Spin Resonance ESR (g values) = A)2.18421  B) 2.06874 C) 1.21231
X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta
= 1) 400.70 and 16.19872
2) 394.77 and 32.27956
3) 330.02 and 39.71761

In a further embodiment of the present invention, wherein when the functional transition

metal silicate is a cupric silicate which is synthesized by mixing 100 ml of 0.5 gm/ml
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2)394.77 and 32.27956 3)330.02 and 39.71761 WD

2004/ 101435 PCT/1B2003/ 002011 9 transition nmetal salt
waedouto@sy 20 m of 36% HCL and 50 ml of sodi uP€T/IB2003/002011

silicate solution having sodiumand silica in the

ratio 1:1 at tenperature in the range of 700 Cto 90 C

trﬁﬁglon%@ﬁf s8XkEI8ABn, 2R Hil ©f @H%:Pf@j' én'doﬁfsnﬁ%\fesoﬁﬁﬁl sﬂlcate solution

OMAng characterlstlc lica: transition met a 0
hervmg gpdayn and sibic84n (h@cmtm)énltat tavaperaing Igasthsrafngc 0§ 7701 Q4o 90° C and
S|t|on

tr.on sonance
A e Eongtiond bR B\ SR PR R Sy
S1@ib£ frfaaitiod Ain@MakiS bs =i/ 84 ook Eidhill &a 1srf61a$ﬁhbeelt@h§mon metal
(counts/s) and Angle 0 2 theta =1) 541.23 and 16. 263

1aipy14. 21 and 32. 36589 3)365.45 and 39.85131 In an

ERPRGASIE HosGlar kU BSRIESENE, IVENL1GHe) WhE Shacphen the

ranS| e 1s"a zinc

Xshd dxfﬁ’amo«d‘mmtysissglwKmesgmﬁdarmpeak Kéight &66htivk) afd Ande © 2 theta
g’ m tranil tion netal salt solution and desired
quant | t)l)é L33 amdi}8-203%cat e sol ution havi ng sodi um and

il gagotdegpati o 1:1 under neutral pH conditions
ﬂave t A fzol 'ow ng characteristic: 15 Silica:

3)t366ﬁ§|amdéi9 §eBhl ratio as = 1:12.13 (conpositional
[ ilica /transition netal rat

1o o Redeb he skl Bardis) MRelyn §haniopionsdGgngton meta
sifidat 104288 silidare? whRA9d s Fiﬂthgm% mikihgVodihf 6865 )ml transition

anal ysis give XRD sig cant pe€ak herght (counts7s
mgligl salh golgtlgn angl hbmaed g@anﬂt}i))f 4adinmssitipate 321u?i5901¢\121)g sodium and

sileaBar NP 158 vpe PRt BRReorrTans P e flPane QhRthEe

Sifivmatansifiah nicta@nrsid hon1: 1068 Qborﬁ%dsiti‘cﬁhfaﬁaﬂaiiys% fok Bifica /transition metal
silicate which is synthesized by mxing 100 mMl of 0.5

ra@ﬁ}m 25 transition netal salt solution, 10 nml of 36%

B0 8 ¥ BlanBl BSRUL YEL!d ORY § 450001t ;ﬁjp%%‘éﬁg C) 2,54593

sodiu Frea n atlo at t érature n
t he Dand60%f 7([8)(205@99)0 C and under extrene aci d| c pH

cona }gl ons have the faollowi ng characteristic: Si '
Xepy AE et apslygis gixg K8 Dyggniligans peak b@é%@‘ﬂl’tt?/%%ﬂd Angle 2 theta

“Eactron SriTRETEIARPLSR (g val ues) = A) 4. 38410 B)

4. 01910 Q) W73R1\d 59.58455

3) 263.36 and 28.27636
In another embodiment of the present invention, wherein when the functional transition
metal silicate is a zinc silicate which is synthesized by mixing 100 ml of 0.5 gm/ml
transition metal salt solution, 10 ml of 36% HCI and 50 ml of sodium silicate solution
having sodium and silica in the ratio 1:1 at temperature in the range of 70° C to 90° C and
under extreme acidic pH conditions have the following characteristic:
Silica: transition metal ratio as = 1:2.46 (compositional analysis for silica /transition metal
ratio)
Electron Spin Resonance ESR (g values) = A)4.38410 B)4.01910 C)2.53191
D) 1.87886 E)2.01793

X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta
= 1) 2079.88 and 11.07467
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D 1.87886 E) 2.01793 X-ray diffraction anal ysis give
XRD significant peak height (counts/s) and Angle 0 2
w0 betao=3l) 2079.88 and 11. 07467 WO 2004/ 1014 3BCT/1B2003/002011

PCT/ 1 B2003/ 002011 10 2) 836.44 and 33.52527 3)
664. 98 and 32.88120 In yet another enbodi nent of the

2)rﬁ3és¢el{m1di33v5@5t2170n, wherein when the functional .
iti tal silicate is a silver silicate which
@E’% §§r8§g§0by mxing 100 mM of 0.5 gmm 5 f
Int}feﬂﬁh%tﬁér%%%hﬁént%? He p?@geﬁg 1&195}11‘.90%‘:135%%%&@6@0 lfl?ligti?)ﬂal transition

sodium silicate solution havi ng so

m@‘hb siligateds & glven dﬂrcattee\uhmﬂlls pFhthesighidt byp dixH@ved B of 0.5 gm/ml
transition netal

|
o HEAAR356L g,'eié s4rmoBHAL safianysilients eplutéon having sodium

anﬁqun%s% te}iSeQﬁt_lﬂﬁtZalndg% %%ﬁgﬁ'csg%gﬁ} %%@1 g‘ggg@ﬁ’&fgaﬁf Sristic:

Sléc@Al@Bsﬂtlw meial dathf asacl il Bn7 &vahpositongl analy¥isPor silica /transition metal
§6gn|f|cant peak height (counts/s) and Angle 2 theta
ra )1) 3945. 11 and 32.29885 2) 2421.27 and 46. 27446 3)

Eld@8f. $ifin ResbridncB09R 9 +5udd) =StA) 4 3670t heas) £FROGI MRt 959

the present invention, wherein when the functiona
t r add 499 net al S|I|cate |s aS|Iver silicate which

m
8, SYPAERIAR0D S 00 80n O B 3 i smripste 2 et
= and desired amr)aaus (DI aﬁcom mssslll llcatg sol ut :jlog Bla_l'w ng
caintheratio under aci
2)%‘%(11%”?‘6‘226 215% 2 Ipl—|) ha;/e thgtfol I ovvlt glg i e
20 Silica: ransition ne =
3)q9§§§@5§{%$#?£3%” onal analysis for silica /transition

In rﬁélﬂla|anothat ieolpolingnt rafnthBppesdie Ssionainon, EARé WatAMaBd fGnctional
4, 047 4 C).. 1.98189 X-ray diffraction

tra@m?n el gﬁl%te)@g[)a & Igl}Céanhﬁng shethegiged( ey prixisg P ml of 0.5

1
s ik 0 g 438 Sy S ot

silig@fe Solkpn @pwggsod)ﬁmtahé spice grethie rativ exitunder acidie pEI donWiiRAs (about
netal silicate is a

L.
Zlﬁgﬁgg%g%ébggﬁn@aﬁ%%aﬁp%ﬁpls synt hesi zed by m xi ng 100

Silith: @insticn @80l Rltio ok =aN$, 'OH'(%ﬁ%ﬁtﬁinaﬁﬁlaﬁysﬁoﬂoﬁtsfh%Q /@ ition metal
desired anmount of sodium silicate solutlon having

T2l di um 30 and silica in the ratio 1:1 under neutral pH

Elc€R0A ShinResoMtE HsE(e RO "R) a1 8B 04514 ©) 198180
X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta
= 1) 2217.87 and 29.33483

2) 684.55 and 47.68093

3) 674.27 and 42.31091

In one more embodiment of the present invention, wherein when thg functional transition
metal silicate is a manganese silicate which is synthesized by mixing 100 ml of 0.5 gm/mil
transition metal salt solution and desired amount of sodium silicate solution having sodium
and silica in the ratio 1:1 under neutral pH conditions have the following characteristic:
Silica: transition metal ratio as = 1:1.94 (compositional analysis for silica /transition metal
ratio)

Electron Spin Resonance ESR (g values) = A) 1.93412 B) 2.06655
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Silica: transition netal ratio as = 1:1.94

(conpositional analysis for silica /transition netal
WO 2004091488 ectron Spi n Resonance ESR (g val ues)PEI/’2003/002011

1.93412 B) 2.06655 WO 2004/1101435 PCT/ 1 B2003/ 002011

11 X-ray diffraction analysis give XRD significant
XpepMdiffractfin afatysisndisd XRDASIEniA Mt Heal htiBBE @oddts/AghdOAngle © 2 theta

_and 30. 65087 I one anot her_ enbodi nent of the presen

=i nventi on, 30H0BlUincti onal  transition

I Lch
I“S?%?ﬁé%.*ﬂ;éﬁ%énlﬁ??ngpﬁt‘%%ﬁ%%? IGELE WPCRT e oo functiona
transtteoin methl sifcltelis omanghesd siti¢atdHidHGk s@ﬂtﬁeﬁibdrﬂy mixmg 100 ml of
odi,u SI| cate utian v ng.sodium and sili

0.3 R o6 bl Sl sl 1 B RE%H Mmoo ) & sogtom sitcate
soRHdNChaAMh SHARBH aB IR TEn B 1%18 1pf|af3f% leldr@BSn Vlea]nkg Bf 70° C to

f,0l | owi ng characteristic: [1ca: transition net
P& gl eﬁe?.ﬂ.trelnmlilc @I'hmsdntmomhiveahafqlls)mng crarsitdrisce:

Slﬁééng%sfno R trgtluAglsa L 112’%%%&:8?11’231 190); 8an§)y|s1g fc?rggg(gaa}é)ansumn metal
rao)11243 E) 2. 05491 F) 1.999661 X-ray diffraction

anal ysis _give XRD significant peak height (counts/s)

Elgefeprinppjp KesonanpebEdR (3 valpeds abiid-34655589411@458 f ur@nzi 8228
errbqg gtﬂ]% 3of ]?T,hf ﬁ{gqseﬁl)) Mb\g%?tl on, wherein when the
functional tra 90n 51rreta silicateisa

Xzay diffractionsinhiysategyeKIRDNs i1 fisat prﬁsheagm (Bountd/¥)i 43a Alx%?e 2 theta
m of 0.5 gnIrq) transition netal salt solution and
t

= desired amountDoR-&qd#hospP? cat e sol ution havi ng
InSORHHAE} eRBOdifeh th'e rH%ﬁt fn@{eﬁt 1\&16%@1? Whteﬁ] ?llljet f ?I&aé transition

condi ti ons have oW ng ér ac S
metplagib¢aie ora mmoanlium aﬂncatea&wh ﬂs s&nﬂﬁsﬁ&bh}a @sking QDa|m1 of 0.5 gm/ml

r lgg ersﬁl {tslllc%g{%é ition netal ratio)
PO FEHR Bt ACRELY Pénegm\%sa%@sn siliggye wlwwz@mvg)g sodium
and sil23 (2 tlﬁ)rat?o 243thler dutrdl P3P 46R1ifInsdatd ﬁﬁ:]foﬁ%\%&rg%ﬁgﬁgtenstw

In an enbodi nent of the present 1 nvent
Siljpfe frapsition metal irdivads + 1AM (compositoml analidis Gatsflidaytransition metal
1atﬁg})r coniumsilicate which is synthesized by m xing 100
of 0.5 gmm .transition netal salt solution, 10 ni

Eled‘tro&%ﬂﬁbscﬁl@ﬂceﬁ@mk% P& um sidiggat GB)SPI 8@790” A2.24547

havi_ng sodiumand silica in the ratio

enpdrasiie | HE)tzn]es%éng@)df%ﬁ@G Cto 90 C and_ under
In %ﬁteﬁmnﬁgﬂt ddf Gnhd E&elgé)ﬂ’ﬂ qh&enﬁ&% wﬁ Vr%rr]lt \ﬁ@ein; %le lrfgl\é\gft%%glstransition metal

aracteristic: transi

silica®. &7a (zn:tompmm mihoaftalwlallahs/ SysthéRzedSby ikiRidel 16NN bLD.5 gm/ml
ectrgn Spin Resonance ESR (g val ues) =

I
traﬂyhgn m%‘l@ )S OEth)zl@ég r@l) ofy 3e%cide! and gp ml of] gBlum)silicate solution
ha#in@ 38U and%iR3483he ratio 1:1 at temperature in the range of 70° C to 90° C and

under extreme acidic pH conditions have the following characteristic:
Silica: transition metal ratio as = 1:0.77 (compositional analysis for silica /transition metal
ratio)
Electron Spin Resonance ESR (g values) = A) 4.37236 B)2.82039 () 1.92596

D) 1.21652 E)1.02930 F) 0.93795
X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta
= 1) 84.80 and 10.89433
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X-ray diffraction analysis give XRD significant peak

hei ght (counts/s) and Angle 0 2 theta = 1) 84.80 and
w(a 200894335 WO 2004/ 101435 PCT/ 1 B2003/ 002011 12pd1eB2003/002011

present invention also provtdes a functional

transition nmetal silicates selected from cupric
Thﬁ, picsatt envesition easosprloivicled @, fulBHAN §5#siSdd hfef‘itl %ﬂi{a{egqs lected from

si.licate and zirconiumsilicate, said netal sili gates
CUBEF S <Bt5t S ¥rE dlispteninengapesmsiticatel zing siticasé and kinedrdlen silicate, said
métal §iatR i i correspondi n .

transi t?sqﬂ%?g ﬁiét{agﬁg%%vﬂ né@a&ztoﬁoulbtfoél (%‘I%bg‘?rf%e nigafes o swlphates of
the epriesperding tremsitiesi methlS with,a JoRIHREAIRAIMESS AE: SibddrAlSler desired
pH Qerﬁﬁérgéueratd Q.0 form a_precipi tate, followed by

R SHPAGEhE Y SHiGATR P Rk ﬁart’@cqoﬁgﬂﬁta@f%mmtaﬁe\fohwwwby washing and
drgitp UbE UsrecipRats NN i I, { of th

glc%orrp;[?}yi gg' dr awi %\gnéarﬁgé*ggr?c&ﬁ{er gsngslﬁ?\lwgnlgl ﬁﬁ%rtﬁﬁll to 14 of the
acgmpayingsdrayiigsianil ngid wasitions meel eticaes eiHiBilﬁ'ng functions selected

l.nation. . disinfection, mcrobicidal an
fr e O AR s P g o recipid ont
In janvembodimenWbL MR Prekdift ihvkigibh O ' ILicates are. .
10 qf&%}]égnal |y Ioagreed or coa e’dla{i;l%ngEie E@b£®F g%’ lgaqs%f"%@tsﬁlﬁates are
opfio ferh ple Qoaied N reasubsiratei selectad frindestivated alumina, aluminium
>xREI ose uartz sand, siljica gel, and
O_X'f un_c?l?%ﬁ ¥t !Htolg%in HEE %a_nd’_s?lﬂlf’% #esnlariRnakttegsition metal
silicate$ msogpodatédiresins Qﬂdﬁurtcﬁ@ﬁﬁltiahﬁlﬁoﬂ%{é?él_sﬁiclafec&'im?ain'n resin coated
N efoly alpl ng.resin coated on solid matri x sel ect e& %rom \
SO fybuCH

reafrieetogifrom auarzyandnvent i on al so provi des a
Thegidrest BlveAl@GO R HHAIN us medium 15 .
f:rg%t ai ni r¥8 s.eques:pé(?‘?%s %e@ﬁjcgﬂggﬁg?ﬂ“éma% an aqueous medium
confuBImgciedessteriagimetalss dhothiconimd péshgide) @t BRho®bontaini g the step
of ggﬁtdaﬁ{g: B9 the aqueous medjumwi th a novel functi onal
transi i o ABIEMS Peqiun: with ¢ mpned) funstiewnl elderisitiom metal silicates
(FIMipy setectéd fromt @prisistiubfe. Siild nese.silicate,.
. zinc silicate and. ziT gbni%elrrn%glkﬁ%eég% gg%l&s § Shisttpy2inc silicate and
ZIrqog Ui fligpte optensdly deaded substedatrea bubsaate @b dbMeker | N an
In ARG JBRLLOLs the present invention, wherein the .
by ansiti o%rzlatl Efnet{‘]%lﬂ%%sﬂlﬁ &ute On’z‘dhgrfr‘ﬂ’t s itrppgitionpd emetal silicates
synthekided upddr aonith p1H@0sdiABE Mt H@RBlY, A%kidi it -
decSonditions provide better decont mé)dr}%?ipg{np@gﬂ%%ﬁﬁ’é?véae better
CCPRIARYNANON 138 omIPars ) tragisitionalt metab yilichies ispetesindeiinder basic and

neuRASIIE c@fioieut ral pH conditions. The present
i nvention further provides a nmethod of disinfecting an

Theapigsenisinmerdionnfurthentpadviddaga ThEheD @S, dj ' ' ;
conﬁﬂﬁl Vi ruses éai d, net had C%nt ai ni ng tlﬁgfégtt?%%agfgdﬁggﬁs medium

con?%e?ﬁcw‘ée%h aCkdifedBRsintdl yivhsast haid mothell domnwifingrab step of
confat @} tHel Qe s AbdiSi R selected fromcupric

Si tii’ri[giat ed,al gi | yerdlzlznl ‘JiV%gtEgl,%v‘gr%afl%g%oengglrgr?sllt?%%t,apilﬁlﬁ%tes (FTMS)
selegleql from eunmiecsilivates eifven silicstel mengmetPliliana!Ant J1938eehirconium
silicﬁ@%&)ﬁgnzﬁgr Bagupst rattﬁg in a container. In an enbodi nment

0 e present JEFIEHRE PBA SUBNEIEN R QoRtineransi ti onal
In aetabodindntaifethe HMBdHRIES u Acidic pH .

ondi ti ons and gx??éerre.l 3V§§%3i c plli-flgoﬂr}%gi ttr?rféﬁéonﬁlr R esilicates

SYNEIRIAFEC BRCa racilie | IR cenditidns ianfl ecttienmel 0 facitlic pBD@SndiliBns provide

dec@mﬁhgﬁoﬁmoﬂgigﬁgﬁ%oéﬁ%ﬁq%r esent invention, wherein

the transition tat es
In another embodiment of the present invention, wherein the transitional metal silicates

synthesized provide protection and / or control of pathogenic viruses.
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synt hesi zed provide protection and / or control of

pat hogeni ¢ viruses. WO 2004/101435 PCT/1B2003/ 002011
wdadoknomes anot her enbodi nent of the present |PUBIB20@3102011

wherein the transitional nmdsal silicates selected

fromcupric silicate, silver silicate, manganese

Ingjiet hu@he, entiodomaitlof drtReRAGinTEAAN WHBeirSThE | 'tﬁﬁ&ﬁonal metal silicates
gepfﬁdgnal I X ! oaﬂed or. coated on a substrate in
SeEs FURfi S ?"é%tmléj‘i’ra%li%@f‘s intaing@neam @ﬂlC@c,aammagaa;te wed zirconium
siltaued &5tiRalld WAL ' U the,.us
t hesgg noSe? f u%gct)rl %%%Id Oé gg[gaﬁ? C?Ir&lgffr dé?lpfgta%ré@ Ragitive and
gra@t regglayn ba,.ctemae dmigug, @l vitisen Snab$1ﬁ$ dhe QddoetdrandsBBINVE} functional
uﬁmﬁbﬂfec ﬁ and. sh npqgé%e or protection
N5 s (I POISRRE i detere C}FH‘@Hér saluiensi nseedt coat treatments,

d1§1nlﬁebtlaﬁfs AT $haRipOYd HESTR ﬁg&&? El?lgt ﬁfo?c?)%{]l&}g%ct?gn\éel .

functional transition I cat'es
l’@ep@éqr’édn’??@@ncﬁlﬂﬁhﬂtmm |puafu®s siprocess $od pePhag novel functional

d
tra%ﬂgggl?eéﬁ s11§éa C@ES%SQZI n%ﬁ%fr %r'gﬁ]?él%pgg gcfalgggl?%r %H]@@te( a)anganese
silade, £inowg l1lifcataraﬁdtzir@c5huﬁfﬁtsﬁicat%aéat1d ﬁf%'cé’s‘s'chhph% g dit%igl ot

al kal.i silicate solution; (b) sel ecting 1 ons
(@t AASiEOR SRNFtion mesak palf wiuti tneusphle albal isite saltition;
acid such as

(b)g)r(t rs@l@@tlr?ggﬂl‘i Icﬁn (GGt ) CP%H% $ ? gac‘rla dré]rgqeuggle ey lbqstcaqréax@me acidic

reac Ion ne

and couditidmsy (brygaddivg: 5@ yhdhaud HY &6 i, @?E@ ré&Eu&P Erfétdhl%baﬂo form a

transiti.on netal silicate w thout any sol u
subSIEHIRE: a4 or ¢ hr ough washing wi t h d| stl Il ed or

(c)dei apfiRe eheVRkSlank ‘f)r&gﬁﬁ'ten f f Ctib r11 G In?1 8n e é@e% cate Wwithout any

metal silicates. I 'men
i nvéeltblsrsubsimsee fterttheugiunathing &hthtcﬁ@ﬂﬁtltolr aBioBE@water to obtain
varied silicate netal ratio were

synk ezfég%éoélagﬁ?ilsg}qnlD&fﬁf‘legﬂ%ﬁatetsr ansition metal content

In e babediRAt othe GR&EERARENEn, Ayl 14 9
metal .sjlj cat esqﬁﬁs done at su#%]gg*egﬂlgété% a?ﬁgnsitffm metal silicates

having, yerigdosilicate metal geficr Wi %’@thdmedoandmhd:atabl Glfanhl&@i gedl content
ent@AdRMBoREL AL G iR HRRILA HARSH AN 11?%183&1\@% |d8‘Eﬁ 3 suitable reaction

concentration of reactants se
congitiong gelegigd ﬁigmcﬁmdﬁcewrsmutraldra)hm bDep&tdnieszd:ldlé BHi@nditiBns and using
tion, wherein

2R t res

Varcugﬁ)ﬁ%ﬁlg IEIFG%C at e %an&sl %egly Feﬁel%né ﬁgllug]@ts 1op dyayiag gliffespnseatiali to silica

ratipe| ow i s synt heS| zed by mxing 100 mM of 0.5 gmm

In 55‘? | L gﬁt% salt solution and 10 ml of sodium
Cat® g(&lirrtﬁn SVITRFIE deyeRHPRn hetein capiia silwte having the

chafa@tdrBtid 'ad di3EhelaF| 1@'s9ntﬂ§§1§éﬁ‘g%ﬁxilg&%conp%,g CQ?I 05, gm/m! transition

transition netal ratid as =
meféh%ﬁlsf%qlgthrbanckw Hda)f/SDdlaanhcam sofetiad haviag isédiufal At §1H€h in the

1 Spi val ues) = A) 4.32481 B) 2.552
1Y %’%@%‘g&gg’g{ ICDt51("3%807 E) 2.04673 X-ray diffract Con
Siliem dtayisition gheta rhﬂRDaéSﬂ: 915,13 EBRpoRBaKa G !
rati(%nd petion dicte sl ol 2§22b25 ané %19%% {é)rf%& RRdition metal
Electron Spin Resonance ESR (g values)= A)4.32481 B)?2.55205 C) 2.31749
D) 2.08807 E)2.04673
X-ray diffraction analysis give XRD significant
peak height (counts/s) and angle° 2 theta = 1) 2128.25 and 16.28197
2) 1593.74 and 32.29018
3) 1470.73 and 39.79307
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2) 1593.74 and 32.29018 3) 1470.73 and 39.79307 WO
2004/ 101435 PCT/1B2003/002011 14 In yet another
wepdsedirent of the present invention, wherei n BCUIE2003002011
silicate having the charad#eristics as given belowis
synthesi zed by mxing 100 mM of 0.5 gmm transition
Inmeet anothat emboditichoof thechr&@ntinvebinl Whekdih @13&1?1‘1@ QlikbeOhving the
havi ng .sodium and silica in the ratio 1:1 a
TSP SR ORIV ngtipize by mixiun 800 minefed.S vl gransition
" c o Lica ir e U ratio as. = .
S R, 0 e SRRSO W sod B g G in the ratio
1: i@t temperagtiedi) thel rengerafr7050ito 964G andaceidrSHI conMabues) =

M) 2. 23480 B) 2. 06456 -ray diffraction anal ysis give
Sk TSR PR AT S Ul GO PetHinRa ey s doraiBres/ opstton meta
ratibeta = 1) 835.63 and 16. 20057 10 2) 706.74 and

32.23910 3) 502.52 and 39.57159 In still another
Elgetraubnia MeseofanehBSR (@ galnes)isnvah2.23480 whRY 20643 cupri c

L . LNna th | St iven belo
X3y AN R BRI °0' 5 gt ot tranat on

peakhaight @abiits/SPardt dngle *andledesi 1)ad 5 3A0MAN 69D0§Pdi UM
' ate solution having sodiumand silica in the 15

Li
133@§ﬁ§a§d§2&ﬁagk neutral pH conditions. Silica:

3)t5@g'|3§ia}lhg?_5%§§1l ratio as = 1:1 (conpositional
analysis for silica /transition nmetal ratio) Electron

In 8pllmnRéso nmbodinfeSRof the \adserShventidn, $heR383 cBirid si¥eRe havin g the

C) 2.0467 D) 1.21887 E) 0.96688 20 X-ray diffraction
Ch%’m)'?éi‘izei?étil%s aéig&%@n]xkﬁ g F@ﬁhﬁ%ﬂ}@éw RHEHE Ko rgh%/f Q-2 govhend trgfsition metal

. _ _ 7 2) 764,43 .
L R RO e .

ratggrbd dindetrneuphl pHeoplieésmnt i nvention, wherein cupric

sl licat.e havi .he 25 characteristics as given bel ow
siffe: s et Mel%l0 B of Ty EBDoRHCoR GnaVggiar silea Aransition meta
rattg)ansition netal salt solution and desired anount of

sodi um;silicate solution having sodiumand silica in
ElgqtronrSpin Besonaneerdfi (hesdias) pHA)GhHIASBonB)e86522 he C) 2.0467
f ol oW harfacteristic: Silica: transition netal
ratF§W%2g¥91:&s&fgggﬁpositional analysis for silica

X-tayrciffgdctibo andpdiagive KRD ﬁgnﬁi@aﬂ ectron Spin Resonance
1806 B) 3.23001 C) 2.6168

pesk b g o A LP eS8 =git) S10RDRS! Y93 ant

2) 764.43 and 32.29276 -

3) 694.85 and 39.77809

In one more embodiment of the present invention, wherein cupric silicate having the
characteristics as given below is synthesized by mixing 100 ml of 0.5 gm/ml transition
metal salt solution and desired amount of sodium silicate solution having sodium and silica
in the ratio 1:1 under basic pH conditions have the following characteristic:

Silica: transition metal ratio as = 1:0.8 (compositional analysis for silica /transition metal
ratio)

Electron Spin Resonance ESR (g values) = A)3.71806 B)3.23001 C)2.6168
X-ray diffraction analysis give XRD significant

peak height (counts/s) and angle ° 2 theta = 1) 152.74 and 26.64983
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peak hei ght (counts/s) and angle 0 2 theta = 1) 152.74

and 26. 64983 WD 2004/ 101435 PCT/1B2003/ 002011 15 In
woep@sasasher enbodi ment of the present inventiPeC/1B2003/002011

wherein cupric silicate hawng the characteristics as

gi ven below is synthesized by mxing 100 m of 0.5

Ingodenhndthensnbddonentnaft b pieseht HOEMANOWheddn Blip@¢ sB38%ke having the
HCO and 50 ml of sodiumsilicate solution havin A

chagagtersiics pt seenibelew fs symthasized y1mixing 1@%mﬁe¢fa@.gr@n/nd transition

- f ext.r .acj di.c .

R 10 8 26 1 L Bl SR8 Vol BFhNi st

anth QliGRin(tho rpiosi 1 iabealpesmatk \is e fge sf 70°catd 90°aD ahd ubder extreme
: ta&_Il rgtj 0) Electron Spin Resonance ESR (g val ues) =

AN PRIy 2 06874 C) 1.21231 X-ray diffraction

SSRBIALRHI N 5 95 SOy (U Bhsin o

rai9B94. 77 and 32. 27956 3)330.02 and 39.71761 In a .
f . di f th ' ' wher e

M S5 RS PR OL e 2RERN s 1Yo e e o,

Xhey aiffragicsyaheRi deAxXRY dbxkibshe hoR g%gl%f (c@%rﬁs?{g){)}&n@&ngle 09 theta

transition 15 netal salt sSol ution,
=and 50 M 4&7Ged WAB7Li cate sol ution having sodi um

2)a_3©g__7§7ia P%?&gg%é he ratio 1:1 at tenperature in the

range o to 900 C and under extrene acidic pH
3)&8ad2tand39.71%61 i ca: transition nmetal ratio as = 1:0. 34

(c ositional analysis for silica /transition netal
In %\3}%‘}“2@“@ Pofl 85 Arasey oinyentionESrhegan vaptie syilicatehaving the

, T i t a i ive X \
ikl 02840 B ELt 55 4T, B0 8 U oo
mdtpl Gl soRBons i) hmboLHH0 H(A)and 59 .02l lofabdiudLsiBERSSHIutin having sodium
nﬁGg. 45 zlgd 39. 815131 25 |In a further nmore enbgdi ment o
anflsic iR Jasatip vk Al PBRCTae b i raRgseofsi0] Coigt®d° Kagnchgnder extreme
aCIdi]@pHQbﬁdiﬁgﬁ@ri stics as given below is synthesized by
mxing 100 M of 0.5 gmnl transition netal salt
Sikie: trenghommetali sxfior asd= et (compoditicmdianatysis Fora#lica /transition metal

rafd | ution having sodiumand silica in the ratio 1:1
urfider neutral pH conditions. Silica: transition netal

Elf?tdnS@SRésollaﬂ(%]?ﬁ{g%WH i%rmlstma' VSE)@OB‘I%% silica
X—Egrg%?fgécfyilgg gggl‘;gig gixe }QR]%a' o5 i@nt g&ﬁé}g‘g@t %or:mtsg;)%gg rl‘fnegle 92 theta
= 1) 541.23 and 16.26305
2)414.21 and 32.36589
3) 365.45 and 39.85131
In a further more embodiment of the present invention, wherein zinc silicate having the
characteristics as given below is synthesized by mixing 100 ml of 0.5 gm/ml transition
metal salt solution énd desired quantity of sodium silicate solution having sodium and
silica in the ratio 1:1 under neutral pH conditions.
Silica: transition metal ratio as = 1:12.13 (compositional analysis for silica /transition metal
ratio)
Electron Spin Resonance ESR (g values) = A)5.49809  B)4.55342 C) 2.54593

D) 2.10091  E) 2.05499
X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta
= 1) 444.15 and 32.75904
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D) 2.10091 E) 2.05499 X-ray diffraction analysis give
XRD significant peak height (counts/s) and Angle 0 2
W0 b@etaomps 444. 15 and 32. 75904 WO 2004/ 101435 PCT/1B2003/002011
PCT/ 1 B2003/ 002011 16 2) 30&.02 and 59.58455 3)
263. 36 and 28. 27636 In an enbodi nent of the present
2) 307602t indr59.3846F5 ei n zi nc silicate having the
characteristics as given below is synthesized by
3)%'&%93‘“11@@%63% 0.5 gnminm transition nmetal salt

InSR &b RE . 36%: nt.. of .sodi u -~
0] e IR Pl ASEEN AR Rl AR e
asr@avéncbelovt istynthesiped by mixing 100 h#t of 815¢en/afl té88ti6h hietd QalCsolution,

n r tr cidic, pH . conditions have the o
1‘?8& |°g§ng%gH§’E ad,oP anl afspimspilipals sohikiam Srving odiEmagnd silica in the
fiati: P a@Seriprath 0 il ¢ ysi Si ] -
e e pdiard b (eOPRES of JORT, 1081 Yo, WBlla bR acidic pm
comgdiong hyedl the §9llowing chiar88etisficB) 4. 01910 C) 2.53191 D)

1. 87 BE) 2.01793 X-ré Lffraction analysis give XRD
Slil.cag rg?a?%ggﬁ t‘neﬁ’%&&% Bk H%@ ifﬁmpgﬁlgynaﬁ ARalxsig fer lica fpasion metal
rafi)) 2079. 88 and 11. 07467 2) 835.44 and 33.52527 15 3)

664. 98 and 32.88120 I n anot her enmbodi nent of the

Elgtenetin RegeianfoRSR W salopn =i AvbBS4I0 i dB)t401RI0i ngCt 183191
char bSt 1 G ,.ven bel ow i s synthesized by
m xilﬁgi'%%%tm %f?@%%ggm m transition metal salt

Xsayf diffranicanmalyeis ighedXRIIFTi{iOdnt PO heTpIRI (Lo ERYS an%_Aanle 02 theta

sol ution having sodiumand silica in the ratio
= under neuBrQQw-gﬁiaB‘é)ﬂaHp?‘?@ns. 20 Silica: transition

2)BE Al hatk@rgsy = 1:19. 57 (conpositional analysis for
silica /transition nmetal ratio) Electron Spin

3)Reé488and82B8R({ g val ues) = A) 4.36796 B) 2.37847 C)

In 352209 % 2. O46g7 X-ray diffraction analysis gll ve '
XASUST o APPOimRt b dhe HuPsRt ipvealiaR.s PéfTeih dllxprgsdicate having the
hhfaeledistictSas=gita - ] i) of { it
46, 27446 3} 1n8gg.@g’e&isggmg%l%dg%g%%?hn%yle@ﬁ8? 0.3 M transition
meipisetispksbion end d¢rired paoenit ofisodient sibente vdieti@i viigd s6@8ium and silica

- Si { ving. t char.acteristics as given belowis
1n§$ﬂ%ﬁ§é$@@%hﬁvglatﬁﬂ§°%S£Wﬁ'of 0.5 gninl transition
Sildéh: rretdtiormkial £eibuk E0N19.§7 lon%si@%ﬁeﬁ%(f{ﬁlmo&ﬂgca /transition metal

desired anmpbunt of sodiumsilicate solution

ratio)
Electron Spin Resonance ESR (g values) = A) 4.36796 B)2.37847 C)3.95509

D) 2.04657
X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta
= 1) 3945.11 and 32.29885
2) 2421.27 and 46.27446
3) 1835.66 and 27.89129
In yet another embodiment of the present invention, wherein silver silicate having the
characteristics as given below is synthesized by mixing 50 ml of 0.5 gm/ml transition
metal salt solution, 8 ml of 69-70% HNO; and desired amount of sodium silicate solution
having sodium and silica in the ratio 1:1 under acidic pH conditions (about 2 pH).
Silica: transition metal ratio as = 1:1.04 (compositional analysis for silica /transition metal

ratio).
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having sodiumand silica in the ratio 1:1 under acidic
pH conditions (about 2 pH). Silica: transition netal
WO 260400135 = 1: 1. 04 (conpositional anal ysis forPGI/IB20@3/002011
/transition nmetal ratio). 1WD 2004/ 101435
PCT/ 1 B2003/ 002011 17 El ectron Spin Resonance ESR (g
EleatroreSpinReddnahcSESR (g Bhluds)Q4 7444 8y 141 983 PR 04754 ayc> }1 98189

I s_give XRD significant peak h
qé{ﬁg{fﬁgét@%n%ﬁg’%ﬁ)r%’ fipifigant :p%ql§ h@gllmcewntdﬂband Angle 2 theta
=29.33483 2) 68 5 3) 674.27 and
42. 31091 IZ] stfb{ﬁgﬁzg é?gg)?r%)%gl ment of the present
2)iG¥¢-tandrd7 6808 ei n magnesi um si | i cate an ngcI Lhe
ract as given below is synthesized by

3)%37% %%%h'b&]gf 0.5 gnm transition netal salt
Imﬂmuh’é anfbodiRsint BF (AR ﬁ&&’ﬂ% ih i Ssium silicate havi
nsoI utlloonrhawong sodi um and s?lfvleca e?% %n gu fiicate having
the, glpspcteréstics a$ giyen bonwiis lsmhesllmdé)ytrhﬁlﬁg)m(bm 800.5 gm/ml transition

r.ans on netal ratio as =
RGO BRT b et BmoliCos onBF et selgcy b dassadiin and sitca
in ml’ﬁilaho Lriadridey nddt@e pHRBndiRbAs 13RS AR wHRR: QiFacYeﬂng s) =
1.93412 B) 2.06655 X-ray diffraction analysis give
HUapHen P’@Sﬁlﬂfaﬁf?e%k— hér%‘n&oﬁl@@u‘uh@@ﬁ shalgsisi foarsijlicd /Bamsition metal
laﬁ(;)et a 1) 148.04 and 30.65087 15 In one nore
enbodi ment of the present invention, wherein manganese
Elgittoncipire Ragonang EITRe (g edagsaet e0) 593403 ap)al ogy3sbel ow is

100 M of 0.5 m transition
%ﬁé?fesilif)g %gg%}gn Igg(:qn Siﬁmmangﬁ‘%kl-l@?g}ﬁlﬁ@uﬁa/ sHandfAngle ° 2 theta

= sodium si li cat g sodium and silica in
the ratio 1: 1121&9%%%&}3295?%7{1[1 the range of 700 Cto

~ In 9pe masip embndisrentaf the preseacindémiopHweeRe tiafgchayictd %avmg the

teristic; 20 Silica: transition netal

ohdeorp el s S5 o msbrreony miagy 909t OF 0o Biml transition

5 nce  ESR
met4l rsaln Soltitie) :lllggﬂaidf 36%2%1(,‘%§m(§5q % 525‘0@%@%@2%89% on having sodium

al ues
ané glié@ ZFBthE)ratZO b3 48 termer. 4121133919666. radge @ 701 €fto @0 Camd under extreme -

ific eak hei ght (counts/s)
ama{&?%&ﬁe B\é% i%éﬂfz lg%wmgf ar, ‘§ BHCand 24. 65599 I n one
SllantrhrB[tlcﬁlnfﬁetdl fEotas ef1:1 be (éﬁrﬁﬁf‘sﬁfonhpéiﬁ {03y 31‘1\{‘35 /t?zln@mon metal
at brconl umsilicate having the characteristics
ra

Y/ ven below is synt heS| zed by m xi ng 100 m of O. 5

ET R0 oBuTEAL L AL PR ASE o g

amount bl
si | Pad.11243 t hE) 2.a6491 1F}L1 999’@1 neutral pH conditions

X- rra{?\éeffragt?orf zcl)rlall}%\{g gqge o) gal(égl%rclalfttplegk height (counts/s) and Angle ° 2 theta

= 1) 32.88 and 24.65599

In one another embodiment of the present invention, wherein zirconium silicate having the

characteristics as given below is synthesized by mixing 100 ml of 0.5 gm/m! transition

metal salt solution and desired amount of sodium silicate solution having sodium and silica

in the ratio 1:1 under neutral pH conditions have the following characteristic:

Silica: transition metal ratio as = 1:2.90 (compositional analysis for silica /transition metal

ratio)

Electron Spin Resonance ESR (g values) = A) 442797 B)4.18272  C) 2:24547
D)2.30425 E)2.18961 F)1.23086
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30 Silica: transition netal ratio as = 1:2.90
(conpositional analysis for silica /transition netal
WO 2004091488 ectron Spi n Resonance ESR (g val ues)PEI/’2003/002011
4. 42797 B) 4.18272 C) 2:248387 D) 2.30425 E) 2.18961
F) 1.23086 WD 2004/ 101435 PCT/1B2003/002011 18 In a
Inf aifrteer eertodtthene of tiof prelent Iheseivh, WAMER +ifddniudh @{1RLR having the
zir n| um si i Cgﬁfﬂ haV| the characteristics as

ck&irq; SHEY ai\siven sgy r?i}’xliﬂﬁ(gngl 00 @l @ff 0.0 @n/ml transition
gm gﬂl | A t f . 6% . .

m t stoﬂlﬁfb%mi(b gifi‘ og gﬁ‘%’ Srklr?lzﬁ{d SOSiﬂje&ts égﬁpu%‘rll éﬁc#& S&thgn having sodium

argicﬁ;ﬂuq,ﬁmn therthtioi 1:1 eateimpetdtere imthearaigel o10°t@ rpe0at une uhdler extreme

t 00 C and under extrene 5 acidic
ac“ﬁf gfo-lﬁcggﬁ “8H§h‘h"§gﬁ ?%]Z’“’F’&ﬁ PR IsEfrar act eri sti c:
Slﬁbdt i teeditibh bl trh@Nad B &) 77 @oh&oﬁﬁoﬁ?ljangl &£ for silica /tra sition metal
(conpositional analysis for silica trap{ tiron rre At

ratig} i 0) El ectron Spin Resonance ESR (g vaI ues) =

el R AR e o L 7 B 5 o

si gridf 1.ca682 peEkl.Omizoht K)aesmos/ s) and Angl e 2 theta
%34 80 and 10.89433 In a further nore enbodi nent of
X+t ractiontanalygis giveoRRDigiicant peatcheightatounts)sindi Amgle © 2 theta

- met ai) 8454 drgatoe®48¢! ected fromcupric silicate, silver
silicate, manganese silicate, zinc silicate and

Inzi fugheri monesinitiodahent af eheqapeht @veortiohe BBleaMTuRBL 6 M AN tion metal
.lrreg%l S ﬁ as arseni.c, nercur 15 etc., thereby
SULEH ISFW&EE ER €BPrifs 8lie#esHlvab silipate. imangappse silicate, zinc silicate and

zifcbAing §ilionalard el néﬁbleséij ?{cg%n‘?uéuﬁ e #gﬁ&oﬁ%ﬁ!@er NRh&s3S gegq?éj “mercury,

medi a such as grou
ctaaathercby ¢nabliseg thiean tcp(mbé lti“lefmtrmveinﬂlnaﬂik)naottﬁﬁﬁt@ﬁ)alflﬁa‘\il efflicates to

[ ution an enbodi nent _of the present

de?ﬁn\}g rf%n aqugeEs é??fp? GHER i SnEetef (Poluied; drinkipg ayater, ground water,
indstriat pbBGants ﬁh&@ﬁ;ﬁ&h&ﬂs%m&yef fnetaﬂgé)l 1% silver
silicate, manganese silicate, zin | cat e and

In ?Pr%’é@ﬂdﬁﬂﬁ?ntﬂ the [presanteinyentinmt avhiereat éurmllbhadt taaisition metal silicates

se%b@ ﬂ+ éup%{ggs%cagéo%ﬁ\{e? %‘Jéfc’;”ﬁ%;%ﬁﬁgas E%SSF‘J(‘)%HS lg?nr a%?qdqméi zirconium
sﬂma@a ﬂembnmiiﬁnﬁtd ngsllutaitd cRésiogk Ssuchn a@Nath iBmefHCd! PBYhiorinated

%ﬁ the present i1 nvention, wherein functional
bighenKls; seimi yolsilereanis ¢orapeuasls.cotiopr gphia l¢t)mpatllhdsg embphenols.

In Séﬁ%ﬁieﬁsen%dﬁ'ﬁé}ﬁ' m}{eoin%yéﬂt 1n69nt1zo%cg¥ Eeélésfgﬂgnqqq gransmon metal

Fusarium oxyspori um cul ari

s1hpal@p eptyol griat [ pathofenscduich | Scletish trdled, @%_iﬁ]cton@@ solani, Fusanum
e present

i.cat e as effe tive pestici des
OXYﬂPQBuB‘r géf"“&léggé ‘brﬁ’éfl?eég fiBts proepiaY iagblemmfunetiangk dransition metal

silfchtes hia@pal efféANE pbdtRiueget al  silicates selected from
cupric silicate, "silver silicate, nmanganese silicate,

Thy ipresexs 3l progidas d prczqess:ﬁmpnespaﬂng iimatodill Zeddbhdtion 8IckrARitAdN metal
pol yner s,

terial d fromagro
mh%%t?&s tsél?étgd gfa)ﬂ’n?‘}%{lc suig fiJIS %= silig %pﬁnlgﬁlile@g,sg@ateq getsilicate and
zirsaign Slitdt€ angRdbimtd oHI 4 aBb&rAOMMSSl selected from agropolymers,

activated alumina, cellulose, aluminium oxide, quartz sand, silica gel and suitable for use

in column or batch mode, said process comprising the steps of:

(a) adding transition metal salt containing solution selected from chlorides or sulphates
or nitrates to the substrate material selected from agropolymers, activated alumina,

cellulose, aluminium oxide, quartz sand, silica gel;
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30 in colum or batch node, said process conprising
the steps of: (a) adding transition netal salt
w@eonadnshng sol uti on sel ected from chl ori des oPCT/1B2003/002011
sul phates or nitrates to tihe substrate materia
sel ected from agropol yners, activated al um na
el | r | Lica: ; -
0 20078 o S R SRR s R PR sep @ wit
t r analkali ghcatesalbtigml t sol uti on | oaded substrate

e heafine fle BiERe S haPE G 008 ki e Bessalieu s fgr 10 to 14

t he @g@gmbgl§ﬁﬁkhﬁngqhdlo to 14 hrs at room
tenperature, and 5 (d) renoving unbound or

(dhon-temeyingl heting uers nemtmmobilize tsyhstinces \eys hxtngsw twashing with
?qu]g 1L1%1§% 81{ crlegﬁ S%ﬁ?f \;vgéjer \{va ﬁ{a1%%qu§$obmléep fugﬁtlona trans19 ion metal
enbodiiceest of the present i nvention, wherein the
amount of functional transition nmetal silicate .

Inj #heipPdiment Bhthenressnb étveatien. tehesein dhe weopeks ob Agsgory transition
Lni ti . j |

mgtrog.} %E?Aete Siiilil:ilgl glgi&é? ﬁlll ﬁllr'éesg% faéég %{eﬂgﬂ&egp ggﬁ % 1ni§1%1 E?ncentratlon of

tr;msh'ﬁmnnditel sabt eotutdd siding thé yqaeti@f timel t{@lﬂﬁcﬂé ELZHBf etlibS&’at,e material and

de of bilizatiqgn su hyS|caI or
(YEP B DATE M GDCHE iSO APTRORLIgRon e B 8R¥al or chemical.
Tnl AOERY: iebodiMisk %’frihé Pf‘eséﬂ{riﬁt«ér@l%ﬁl whERRSink ﬁ.iﬂctf@{a?ltlansﬁmn metal

silicates are imobilized hysical or chemc
sibiesdgssre mmy@ilz@chbu plersmehttmdlemaﬂ nehng he present

ent uncti.onal. transitigna 15 o
i PO PR o i B /B gt Vot 1 Tppedonel ranstonal
mbiaKsiligAey 4ré ifmadibilifati Gipoh % UL trdHig 1ke rquaﬁ@ k4NwARASs suitable for

and batch node decontam nation by directl

calyme mprsieatridnbateth oda rﬁ@pm@imnatlom Aysdirdcdpahcarperating the functional
%‘} l fO‘ﬁQlt I?lgtr'clli rlgrté l{é?%ﬂtp %’ S al'(l:(P g tlgg ntl}l% glll}cggﬁé} ?%]ra%lt{()ﬁ emetal silicate

comwamhgr@andmthmqlsetrtzlsJan@not her enbodi nent of the
sent i nventjon, wherein functional transition netal

Iﬂz@é@%ﬂOﬂ@éP@?Oé@ﬂf‘@é e g PSR albvqn@%. Vherainelunghiqnak fransition metal
siffdatdsCRlcBed ?ﬁ@ Sﬁl'cittgcfl 05}8 ﬁ‘lhllléa(ﬁ@%e sifh Ztlnc silicate and
Zi rconi um si I zed on mate s se
Zlfmnmmmﬂmaﬁahm«h@ilm&dnm maferinfs rsielented drand ectivated alumma aluminium
quartz_sand, silica gel, are

agro ose,
Ok RO e At e e s e abAME G} dssomaminating
m@iﬁfscédl&b{ as eatré‘cmc aRGcdrd &cpraﬂﬁechfsy]frﬁg@r?s T |Wh%lﬁ§& functional

functional transition netal
tramgitionymatelt salicates ity toapueify dndtad ldongmimeted drigring mchtesagronnd water

zm%an?%ﬂw?n%ﬁg ﬁwggg&%%ug ol | uted aqueous streans. In

one’nore e gmBPesent i nventi on, wherein

Inf stRCinogN 8bbdiaiest bf A PRisédt inSédticaadiSrese |f§1€dti%ﬂaIf treMBlition metal
cupric silicate, silver silicate, nanganese silicate,

Sﬂ%iaﬁfé s¢lected dram gHeric silicatensilyer silicateamanganpshiili¢atezinmsilicate and
2ifBhh 8li%aid Hofifthffhel ATACKANALRCCR A Aoy Bd bt atuminium

OXI agr opol ymer's, quartz san
oxgdd, , agrogolgapab| cellulose; agaditze sﬁrfd silica gel, are capable of capable of

disinfecting coliform bacteria, from water and this property enables immobilized
functional transition metal silicate utility to purify water free of harmful microbes.
In one another embodiment of the present invention, wherein functional transition metal

silicates selected from cupric silicate, silver silicate, manganese silicate, zinc silicate and
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30 disinfecting coliformbacteria, fromwater and this

property enables immobilized functional transition
woredoaliodd i cate utility to purify water free obPCTEB20034102011

m crobes. I n one anot her enbodi ment of the present

i nvention, wherein functional transition netal

zigjohiupat gicael mubebilibéd noc Ui bisol frhérk C afe€ ca?iéﬁlg ﬁBf decontaminating

i cat ma ese silicate, zinc silica
Pr?k?éﬁ?‘&&%&%@%%@; RGO Watgpand this prapertyidnailas ¢he usage of
inirAeBddi faREi Al RARRA! MEERS s?h%t fgﬁf""g%g?cﬁap &R S5 FQRiE! of protozoan

decont ami nating protozoan,
infecBomsnat er and this property enabl es the usage of

|ized functi transition netal silicates for
Inp?go ‘2’& eb ogigeTy o tgg’ﬁt PISPenbfiNYIGPB7 WARTein Afnstiondniansgion metal
siligated sfelé&ﬂeﬁq?forﬁmi}@x% BiBAte Ofi vl ﬁllgﬁtgsﬁgﬁéa}ng%e{ﬁl&a?e zine silicate and

wherein functional transition netal
zirggpiggy alicate dmmobpized ogi mitedale selstted érons latti edddalumina, aluminium

i cat zinc_silicate and zirconium
o Rt B P ratnny S 360 cef capthlenF decontaminating
poaotvummsed)talk/iﬂme@@nonﬂ{vdm BhdHRis % 1B
. cellul ose, quartz sand, S|I|62ﬁggg€y%re cgﬂéﬁpgéépfnnnmbﬂmed
URRLOB Rk TARSHIAT gtal ﬁdlqa@S vior paasectionoansl i Cmﬁﬂ:ﬂ dfremhogenic viruses
infeB&fs, and this property enables their usage of
i mobi |i zed 10 functional transition netal silicates

Thﬁmrqunbmecrttlomnfuahdr poviZiegt dbcesd fdi?{lﬁi?glgrg'fg?ég{/oﬁlgfég&snlon metal

sinfectio % resent invention

5762 3§1§Ct‘F ifrOB} ‘é‘ﬂgﬁ HHcate Sl provikigate, magnganésersilivetealzine silicate and
Sd)ﬂ hadiB&tS $S

zir bl catle tngjﬁﬁg%g%efééﬁﬁ gd;'to&esle s %égo@t?lfm%a ehgﬁaquestenng metals,

Chf’zmllcé]én@n@mesﬁl¢ld@aﬁr@ncaqn¢cms midaifirh edisinfectah@rbyl&ehodng microbes such
uestering netals, 15 chem cals,

t
os SRR ST BT Pty BHC biconE i dmirabietiearing Khng fongus

bao‘tﬁliwwcﬂ Proe@iveliesd ssiihins Qﬁ%ﬁéil‘e nd vi-rruse
from aqueous medi um m crobici des @? &H%@C“% Hﬁ.ggmdwnmln
detgreenir flaaniagsolutinme rad tetesifivemrd of:tmatq gasnaemﬂmttar in column and

cr.obe .active_.ingredients in
batagﬁg)lrd légs%{dsp r@@e{ségénrln%mg% g %ecPﬁQf ‘and det oxi fi cants of

()t oxddigas, tord0e thynet. 86T0kthe Ftndtidn§Otr h’rﬁﬁlcﬁ‘lnglzet%? %hl&gtegqg Ehe resins

sai d Ss conprising the steps of
to %&6 ‘Hﬁg%‘ vingfl egtai bisphenol.gsrpthalicaesing i on net al

(b)Si | iSA L et Rixklle ers?%ffa %lefqea%%xg%t Eﬁ)w@n ?@@ C?ﬁ%ﬁ]?(mt @ddition of

bi sphenol, 1sopthali sI’ns
of @ttdpsteax)adcylemmm at 70 Cto 90 C wi thout

addl ti talysts or accelerators, and (c)
grlgﬁﬁﬁgﬁﬁﬁé“W§ I%@ﬁ@ alf@fesuitad sigp required size. 25
In M eRBo@FRA bR piRfent R hﬁveﬂﬁ?ﬁeﬁ erélﬂvf%uqétﬁoglg\ ggPSééoq mstal silicates

functional transition neta I cat’es
Sele@fﬂﬁ‘rfif‘lm shpricsitiegte, ssillveresilicid, neapeseBligABLSRC Silibhts gﬁ@ zirconium

d. I t t
sl oSlpol 8! Guf Bl e kR mgimsberier bisphomticisapthalic resins, ae
caphtsieof Bedontntif&ingSmetalk QuclE APARINR:, ‘ﬂ{eraﬁ(} ont. aﬁgcﬂﬁgsl nrgperty enables

tals such as arsenic, nercury, etc.; and
immo b@d {pnstionsl elsansitipnpetal sdlitafey natihtynml pitfi N grietd] Odbntaminated

i I ur i tal contam nat ed
dmﬂi@{galvat%h ér%ﬁ’ﬁcf“ %vaﬂetr chdt %y Stnét meIaY pnﬁuted aqueous streams. functional
transition metal silicate containing resin coated sand
In another embodiment of the present invention, wherein functional transition metal

silicates selected from cupric silicate, silver silicate, manganese silicate, zinc silicate and
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30 drinking water, ground water and any other netal
pol | uted aqueous streans. functional transition netal
W@ pdosaa4ds cont ai ni ng resin coated sand | n anot PEF/1B2003/002011
enbodi nent of the present i2hvention, wherein
functional transition netal silicates selected from
zi€dtRRirg sBichte GAdRportictMAlo Blihi §at&ed MBRORNESES bisgl?én%l isopthalic
zinc silicate and WO 2004/ 101435 PCT/ | B2003/ 002011 21
resing cpicapabsy off disinéecting spkhformthadteriat fsomesatersamsiethecpregerty enables

- V] r .sphenol ,..isopthalic resin re
Ot Yo rauBFRORER) s RPIEY of imiy BRn e ot harmeur
méurdbeshi s property enables inmmobilized functional
transition netal silicate utility to purify water free
Th PrRsFHfigyentiondreydes amraysss forepisparingsadist Féntapeesysughsas quartz
r j I u -
PR o e P ey oA AR BTG4 oty md pestcices
frempgestsrmedjume badisinfeiming balanovangmiasbdsciude ss bhéteria, fungi and
.a%ue us nedium as disinfe t,aats b@r_ermvi ng m crobes
VIEHHER Tom BCPRt medivih i mugrepiciges by Klling Srnessgueasipsia, pests etc., as
scBB ProtBRtaS ad hiet! ARESbHAL Sl i%%fehieﬂ& iﬁ%géfgentgacq%a%ﬁigasolutions and
pests etc., as seed protectdnt, as anti mcrobia
dejexifiants eigoxidigennécatine ded tar genicoated ethnisigs sadéattd faom vinyl ester,
and 10.det,oxificants of.toxic.ga ni.cotine and tar
biEndt SRR uP TR PR ecen gl R, i P selected from
cupris BRRAR, silvet QEIcAR), nfang SRk SilieAB! AhHsilGad URALARBAm silicate said
transition netal silicates selected from cupric
Prefgsp e@mprisisg fhestepsiofi cat e, manganese silicate, zinc

Si | i .t Lum.silicate. sai rocess . .

O ormp Rt OB ERA NG Bh i AR b R PHRER wpapy raio ranging
t rangomioonl me4al silicates to the resins in the wyv

Jatio ranging 15 from0.5:1 to 4:1; (ii) mXxing '

(115 hor BHgH &Or%hmm?tf%ﬁmnak fransatian matahetlightegjontagring resin of step
cont@ B N [ ] i tE .
el ok DR e RO e ort it WAL SRLEL 30561000 microns
mi crasrvév radib ratlging fxoind :§ engbOgntirom 1: 5 to 1: 50, and

(Jii) dryjng the resin-coajed sand of step (ii)

<"\§3i t H b”tngah’&i s Ereagteda snde 8{ afpstilopithor addidprreft as catalyst or
at  7Lelbratdds 0760 CromOOkeP !bg%e%ing QP %5&@&%@%%@ #8198 week to

a week to obtain the functional transition
si | | ddaie theoaneipnebiringitswhsetanmlécatd epage seii oubsteme. of

the present inyention .wherein functjonal transition =
I o PG Rl o B R opet R gt silicats
sefected GRin® cuRy \GREES Qil$ér sileoate® mah kaHes$ bilit A& An@fHcate and zirconium
.zirconium silicate coated on sand i s capable of
silipatcornatad Patand is sapable of decomtagrinatinganptels stelr euagenigtmercury, etc.,

IS - es. .| bil.i.zed functional... .
o P R RO DTG o 0 B o uriy
metaht@mamiaed diinkitg Weteyedretind Gaey Red Wal efthéNle@NYolluted aqueous
ot her nmetal polluted agueous streans. |n another

SUERBSdi ment of the present invention, wherein

Inf Mi¥Edr ORhodiFditS bt !t?en é)%%ﬁt: inv%ﬁéidn‘,: al fSenChichS lflji%q}tion metal
cupric silicate, silver silicate, manganese sili cat €,

silpdapps selecied £tamm anpric silicate, silver silicate, manganese silicate, zinc silicate and

zirconium silicate coated on sand is capable of disinfecting coliform bacteria, from water
and this property enables immobilized functional transition metal silicate utility to purify

water free of harmful microbes.
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30 zirconiumsilicate coated on sand is capabl e of

di sinfecting coliformbacteria, fromwater and this
w@e@protys enabl es i nmobi lized functional transPeCT/IB2003/002011

nmetal silicate utility to paurify water free of

har nful m crobes. WD 2004/ 101435 PCT/1B2003/ 002011 22

Inlyet yedtharaidoeimeiriao die"{ﬁéﬁen@ﬁwélﬂ%npﬁvﬁ&%ﬁlt thé ﬁYn‘%ﬁthQ Rransition metal
wherein the functional transition netal I cates

Sﬂé%?lteécslegﬂteflr feom cupiic silispte; %ibvteé Slll@hﬂew@an&nlesa:aheate zinc silicate and

Iy n
zn‘é&?ﬂ%ﬁ?@@?%@@h@m Zdélnﬁlrart% a rslsgfegteggdo&tagévqg?% ﬂf‘ umina, aluminium
oxadd, i a@@mﬂiymd:rs;mei&ﬂo&l, Wfuiaz Wahd, Osﬁhdze 2eBOSrORQICY BBl Stransition metal
ose artz sand, sili caﬁg or functional

Sl](t‘:?aéfi?slf“fc?IBWa 1gfo e o sard eoatek Bithdpaetemal rewsitiesmetal silicates
oRfaiFAR tesiP Ak ed P

c S|a|1| g%t eSS Con %UII% :8% g&?gitsf%qﬁg g(lg)(éé apab{léh gsf Eragé?n Q}OPOXJH& sulphur

dipxige,qnilgenseaxidal glrecrion frommoxmbiestios \Papddlind tHis@rbstRty enables

dr ocar bon from conmbusti on gases
G PR e e e i i
pukifieet i onal transition nmetal silicate containing
fllters usage as toxic air purifiers. 10 In still

In 54k #nofthes rzewdinaent off the hregene seventiom vehdremnthewfuacttonal transition
iljcates sel ected

métlé‘lesﬂﬁéé%tsbf%&%h fxt Ir}cls éq,, @Yeirs 1&@@ mﬁﬁ%ﬁ%g jcate, zinc silicate

rom cupric S|I|ca
andl knrmilfm gilicete Sinhrh@lﬁh@ed ad nddtdrfe® i e Rl ot eactlvated alumina,
i mobi | i zed on materials selected from acti vat ed
aluppiinn, gxi eai‘&fﬁ?‘ﬂb’@ﬁﬁsoS‘(Gflb’éosea@l#?éﬁ@oﬂayﬁseﬂlbca 23 1)mflmstnaonal transition
a
RS i SE R omBl i eein® br SHIP OREE il BRlibg hransition meta
siliates ewpnipirting fresictdre rtalbaﬂilé adedéthbellﬁ@toi\%arétfb Sinbk@ aJyC8ignificantly
ant ai capabl e of detoxifying cigarétte

re RS B Prorgivnfe ST ERBilee Pivgos axber iR, far and nicotine
an@ Wip Brpey XIS th@éet 1E&H§b1ﬂféddﬁn£t¥ ﬁ%{sg?&sme{ag 31|llc€[8 gontaining

ni cotine "and this property ena ese | o
filteysrspgeoraioxicrasnaic qh@mlmtpahflms lahd atr&:hemﬁﬁaab@m%@smn of toxic gases
sage as t oxic air and chenmical purifiers and
o %A {O‘;(Lce%ngcal conversion of toxic gases to non-toxic
In gasemre adbddimenCoMBE SrBRAALERIdh. RhelRemP ESE a1 tlransmon metal
i nvention, wherein the functional transition et
siligptes sefecded Gameeunsig sliaste, (Sl]}zﬁ‘fl stlicgid, InmigeneSSISilware zinc silicate and
Sdidif C I cate
erZ| rlcoﬁ'lilﬁbrar%es ﬁ Zeedl ?rITlern%a(E Tl %é%cﬁ q‘f&f”@r ?Cglvgteaéﬁ%’lnédalunnmum
OXIﬁc,oagIapd)llymrsecbetha)m Nquar@! sEMdNisiiih &) @? functional transition metal
i % f ners, . cel |l ul ose, guartz sand, silica gel, or
SiiEFRE MCmarated HKQ resiRsnonian |00af§d|W1&afL@§twrmidrapwlan euktal silicates
Coﬂtﬂhﬁ)l rpegi N§reOkarsBid nal .tra |t I on
metal silicat esps‘i 25 ggg%g(?[ﬁ?ﬁrqﬂéﬁ?e% § tlcrl “Sc 566%165? fm chlorinated
hY‘h‘@%ml‘amSndt i asg epésdnil}mad,eSsyﬁ&lle&@t pyieﬁ'hlféiﬁé§ hduen i Bat @ﬁl)ermethnn

ons such as .endqsul phan synt hetic
ore Y PR iR e Ber W s Presifatrasohiss ghese smobilized
funsticd] asnEdOmERY §iliBhes a@@&oﬁﬁhﬁnzﬂﬁ %{e&?& a_bI es these
i mobilized functional transition i cates as
In gpe anether ermbediment pEshd piedes . inventione waneimelie functional transition
ese i nventi ., wherein the ) o
meTRAChEF Meca 08 BaiE Shtohat B e drwsiusie edivat zine silicate

andf rzonomupr isiticafel i@aloBilized | Mermtetihls defoctdPIEAN S ivated alumina,

siliicate, zinc silicate
aluminium oxide, agropolymers, cellulose, quartz sand, silica gel, or functional transition

metal silicates incorporated into resins or sand coated with functional transition metal
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and zirconiumsilicate immobilized on material s
sel ected from activated al um na, al um ni um oxi de,
wagrepalsyhers, cellul ose, quartz sand, silica P&l/1B2063/002011
functional transition mnetd@B silicates incorporated
into resins or sand coated with functional transition
sitiedted con@iRNg siDdrd 3apBET41 ﬁz&ﬁ%ﬁﬁﬁﬁé%rotéﬁs frbhl #@dqB8ous medium

taining resin are capabl e of decontam nating
‘EBE? hedr ¥i28mn i AeTag e BT SeqoREmingte @reibins ftpm tedsic welstregenerating
frb@ HiGPTONRs Ridust si& waters
R A PR b le R SRRl
Inym Bethier atpbediprent ef theqpateatinvantian wheFeif tlﬁdeLtnbﬁdSnal transition metal
nventi on, wherein_the

f the sent
st el Fomm c0Puf Siche: siver SHicite; parEgese teriocring sicate and
ZifodRIUn® sidichte GRInEObIEAcl VR nﬁiehhﬁ%ﬁctemrﬁ%ﬁ%@d Ly gﬁﬁ? aluminium
zinc silicate and zirconiumsilicate 1 nmobi
OXige, ctgrepdymens e celbulofer, amaaztsan@t giticalgeli oa furetionalnirbi®ition metal

0, A AR TE RS S 55 A RS Dot e

contuttih @ aesih efle idapablé &F1 dBomamsRRHe FRALRIFWI Bater and this property
functional transition netal silicates containing

enaples Hleaﬂségec%gml@b?edcfé&%malrﬁmmongncftairsglwtefsrfonpmwtceon and or

Coﬂl}gl s ,ﬁgﬁg&{(}nx 10 enabl es the usage of inmobilized
function transition netal silicates for protection

Inafadher mognambodineht beinigapresét €6¢dn@iBs, wherefi el BincHB® transition

enmbodi nent . of the present invention, wherein the
m‘?tgﬁ%ﬁ‘f%‘ﬁaﬁeleﬁegr@“ﬂ FRFc stigais, sdyorislisetss mpaansse dilitatomine silicate

QuBH I i se silicate
B e e vl T RREC ) A atumina

alyraméim @kiles egrepelghefs; oehldade] yadredsaal Ustiiceigel 18r functional transition
el l ul ose, quartz sand,

ni.um oxi de ropolyners
m&a ?!%‘éatase nCO’&%"ffr‘tﬁ‘ﬁ g?tPg“ﬁ%ﬂvw {F a?ﬁ%$ cr@ed Wigh Amcsipnalcmansifion metal

sﬂld’a\ﬁé@ rpataalifd rési rd €51aBR S’F d@c@ﬁﬁnﬁ gdtn%foﬂlethanes selected from
functional transition netal ['1 cate§ contai ni

chfagefopmar e bé{labl etrtsa‘hlmfe@tbmeam natractgonoethlyhalnenet ht@ﬁﬁl@roethylene

or of trichl oroet hane,
br&ﬁ{)(?glglﬁ or}%g é%léloc Pﬁogﬁllag? oéeﬁqgrlplgppgt hylene, bromoform and 1,2,
dldiﬂcmm&dbmhio@fcqﬁhaane di br onochl or oet hane,
tetr%chl or oet hyl ene, bronoformand 1,2, 20
In gp eppgdligent %ﬁ’@ﬁ@ﬁﬁséﬁaﬁ@mlpﬁ, wirereintozifumetionabtrapdigon metal silicates

A L T T —

Sll@atlel nmtleblhzmhg)anﬁmErlalsl pet@te] frohh@cevdied allnidRd aluminium oxide,
zirconium _sjlicate |mmb| lized on materials sel ected

agropg 5 i SPHp 86, UREZ nsnd o pilia 18k AT obanetéonal trans1t10n metal silicates
InREFRROH YIFE FSinsC R/ shid O5fed Q{fﬁ‘ rfctltch?zp qranglgloh S Cgféé §ontaining

functional transition neta I ncorp
resithtage rc@gabls of dseomdaminetin g Pobydhiorfnaret Ib(phahylbféﬂléiﬂtdd @om 2,3-

cat ning resin are capable of
dig ecrgtﬁl r’r"iy at i ﬁl} hﬁ%@b’é’ B natt%tﬁacg loseRipRAnyL.s el @emtaghlorobiphenyl,
hefacaloréhigengi, @B%@&mbﬂoﬁfpﬁeﬂﬁ anll bbt‘éi}&le{?%ﬁihlgﬁﬁ”y'
I phe

tetrachl orobip eny , pentachl oro
In geothemerBbesimericefyihe mwnbmbmmblmylthQMCtlonal transition metal

i1iR&Eas, hgg)\g anat her.. enbodi nent of

T eseﬂ%&%ﬁ%&tl c'sh %Feéls VR (I,’Hngﬁ%qsetgihﬁﬁ"ser ging silicate and
21r¢mmah silicate immobilized on materials selected from activated alumina, aluminium
oxide, agropolymers, cellulose, quartz sand, silica gel, or functional transition metal

silicates incorporated into resins or sand coated with functional-transition metal silicates
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30 silicates selected fromcupric silicate, silver
silicate, manganese silicate, zinc silicate and

W@ poogoomi4edn silicate i mmobilized on material s sePCEDR205/002011
fromactivated al um na, al @#i ni um oxi de,
agropol yners, cellulose, quartz sand, silica gel, or

cohtighs ARa alkblapsiid bpﬂhcgﬁttaﬁfhnatﬁgl\ﬂo?a%ﬁee&g*aﬁe Q()H%ﬁﬁ(ﬁdselected from
into fesins or sand coated th functidnal transition

1 hét Hichhlrdmthemeeé MBrRbBvetine 35, 3RETHIPRROGBNGOHBbMOocromethane;
BRadi <Afegkh: e Rthsiits Bofe do Rrommy . feliene 1.3-dimethyl;

ortde?iéh@m&fz&ﬂan emekhylletByt; rekifaib ar, DELhaRhloro; bromobenzene 2-chloro
3-di chl or opr opane; di br onochl or onet hane; et hane

totﬁem &%Zenéhwfépﬂbbﬁiéﬂ%llcbléfpz‘éﬁ@ﬂ!ymb@?m h943~tnn@ﬁzyé,rﬂelso propyl
ohefine B, 1 PUIREY) 8050 EEbTe! PG s 16

ditikibtobezende niditehe; prrplmty],beﬂmenz,ene 2-dibfonty 0 %ehl@bbwpane 1,2,4-
benzene 1,2,3-trimethyl; 4-iso propyl tolu
tﬂB@ﬁg&)ﬁ%nQ,_ arfqg][t}m],q:ne HEREERS, d12. 211 etiop Ibgnzene 1 3 5-trichloro; benzene

0 aka=ly J

1 §14 :l;tatgﬁylﬁgengg%@%?@%éllﬁ%)ﬁo?gﬂh%%gr opaﬁléj’ ) gﬁg&jenzene styrene;

bdnzylbbﬂzmailﬂbétﬁzfemec:tram]nﬂhmzente bebemmehehloro 2- -propyl and 4-bromo 3-

3:-trichloro; benzene 1,3,5-trichloro; benzene

Chor@"ﬁ"lilel'flialc:hIoro 1, 3-butadi ene 1,1, 2,3,4; benzene

Inz}fepﬁrﬂiﬂﬁér bbodimdht bf AREREBMAGnVHHhERRerethQhe functional transition metal
benzyl benzoate; 1,2, 3, 4-tetranet hyl benzene; benzene

silicagds| sgleoted-fpomn pypneﬁldncatebwbm siBicatehinengramsd ghieate,| zing eilicate and
.anot her...e

h
AR R B ieed o SR RAEIF i R Bt BEPTRE atominium

ofide)Mgesivlirbers] blbabe, dqpahyahnd ilieatlel, SBAGRABSA transition metal
silicate, zinc silicate and zirconiumsilicate

sifiGaRsHineeTRe@tedninteEcsins A sard Peatedswithrfgnstinpal rarssidon metal silicates
CO%U gﬂbg ?%sgﬁ%twyaﬁblfgbilge ﬁﬂaggnaftﬁgcgl ona]lgﬁ{e drﬁgn(:i‘% lcéjlﬁigg'lﬁl’ds (such as

bemmm 184d1a1ﬂ:@beSethmompmcane@t ibehigene € 3218 Qich$c&6ﬂ 1,3 butadiene,
32% h functional transition netal silicates
L &g hinep

alep%i nehlpi; assnspntBylghe: dseramihisnenianaly Zthis (1,1-imet);

0 ) .Qﬁ@ﬁ .
d1¥t921a§ Ch% age{ gﬂﬁ‘&% @a 2 gg%cﬁfl?c#gjbhgi%’ze il?%’mér’le, 4-bromophenyl-
phenylethlenr diendgr®, bht:m;thlfme phendnter8ned; anthpindenel edibyutyl phthalate;

2- ch or o; acene n cen t hen hen
Ao Py RS OR LT BOMEAF SR G b SR aE: phenol,
2,3 thl RirfbrdRh eN-octli EH@HM&@"B&:R?@ (Bl)' @h@fﬁ%&féﬁsy benzo(k) fluoranthene;
p en¥lether benzene, hexachl oro;” phenant her ene:

beare(a) apeens; adena(yL2, 3p¢ct)haylane dibehzaga.Ant dnshmagensy vt ehenzo(g,h,1)
ﬁ‘a%l butyl phthal ate; chrysene;

P ? et hyl hexy) pht hal ate; phenol, 2,3,4,5-tetrabrom .

Inditinagsthet! erpbddimkeat 6f tHeep@sent bﬁvd‘nhblﬁ’ I aRtRENEe ARBESHK dransition
fl uorant hene; = benzo(a) pyrene; |ndeno(1 2, 3-cd)

mﬁﬁa} @h@ateSoﬁeEéWM(can ﬁ)lp%@lﬁeaé@éﬂémmatﬁe meeeanase silicatpgzinc silicate

| nV g niﬁ‘ﬁ‘gl‘rf]l 'sg\}n ate | ljﬂmt%EfﬂtZF : L )] c {Hg%g]{lﬁg ps{ae}]egli |t Igﬁong) r fc%%?t(ed alumina,

alsminiwatoxsdes agmpbbdlefrsr enllwluge; iqoared sandatitica gel, we functional transition
siti@ﬁ anese silicate, zinc silicate and

metal, SRMEIRONTESER P RSB 107 S0 FORRE oF Al Enesienal trapition metal

sifida cﬂ)%dnﬁﬁé @%lﬁlakkmzaﬁﬁble & EbRLMR AN gﬁxenols (such as benzoic acid;
agropol yners, cellulose, quartz sand, 't ca gel, or

2 ﬂ,ﬁﬁcphlgmhenqiaﬁmltmmnlme 3-nitrophenol; 4- n1trophenol 2,4- d1n1trophenol; 4-

nitroaniline and pentachlorophenol.
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30 netal silicates incorporated into resins or sand
coated with functional transition netal silicates
w@onadrBhng resin are capabl e of decont anm nat i PQI/IB2003/002011
phenol s (such as benzoic aébd; 2,4,5-trichlorophenol;
3-nitroaniline; 3-nitrophenol; 4-nitrophenol;
IUZQH@-IﬂDIIRI dnitaplheanl of the pekdnt @IWéJnhbﬂﬂ 8yvidéin the functional transition metal.
ent ac oro henol . V\D 2004/ 101435 PCT/ | B2003/ 002011
Slg%a“fsnse idrsome URHS dilicatst sibfer sHisatsr swaganesnsidnate orine silicate and
s A . .Silicates .
zﬁ;«‘%ﬁfgﬁ gléltc?tr%om cupll}ilg%:1 a(Lsnl {na%ﬁ §ePec ﬁ‘;f%org a°t lgaa{?% afbmina, aluminium
om@g@nepniymeﬂs; «:a]ﬂldosezlquartsldah@ a§1ﬁc&1l’g‘él & FERALHAD transition metal
ilicate inmobilized on materials selected from

si %altqs\}gg%raorg elﬁlnlln}:paresgl]s i SARd) Roaterk wétk, fugefiansb p:rym;h@n metal silicates
onedinity 6ith

oL s S S0 S ) i S e v

sugh asbeitpreeas due Wi thernfusiatilirodithis maatesial i on net al

S on I ng.,resin have ytili
Irldaéﬂco aﬁrﬁrn # ﬂt % fhe; Preseot |1%Y?nflﬂn’hwgﬁe’f“e%efu&€mf@l transition
meiehdBcataUeleced fRgh Lok 8liate, sﬂ‘v‘@r siiRatd] ﬁ{agga&ts?lé’{hﬁétg Yzinc silicate

of this material. In one another enbodi ne
angy ggeRiumn gidigete obmmepidized ron heaténipie t sebroteld froansictivatad  alumina,

c from te, silver
e e B B SRR bR T iond; e, S bl wansison
me:talr s:lhnatemlrﬁzlofpotiaécﬁ ihtoneing iof @en@RoABY %ﬂt@'f&nc%%hﬁcttrﬁﬁumn metal
1 rom actjvated al um na, alum nium oxide, agropolynmers,
SUEAISP gPparing,iesins sxhapiied ‘migjopjcadal galure agairfsty hedteromAingus and viruses

i Sl R L

or sand coated W i‘ona
Ing ﬂurtbat @sbabmedli ofi the prasitrinestition] whekef Ged@h&iddal transition metal
sille % atgfi“fnSt bacter.ia fungus _and viruses enabling

FARE STERET L ALRTS 8 Ceﬁ%tséll"ersﬁl?%eat@%n&?ﬁ%?gesllwte zinc silicate and

zuﬂblﬁlﬂiufi’lbélIid:efi‘@%pt1éiﬁllly"‘iIrﬁn<§lﬂf1ietﬁ'le<}r)1 ﬁ%ﬁ&@éﬁt&{ e activated alumina,

pr. esent invention, whereint t1ona ransi
alyppipgim oxide; ago@@ymetsegetlhﬂbsﬁr Quarizuyand,csibda get Abrefunstidné® fransition

L T I SO O T ——

silelee coainfigO@siacht \naveg valisd sl sﬂﬁlafér?ap? Hﬂﬂlﬁfﬁngevaned functions
agropol yners, cellul ose, quartz sand I ca

gl‘feﬁ AdRsthRd Lo phlaimsselacime Cﬂaytlgatessq)ﬂ fromites mn@hrqim@bvﬁﬂ silicates for

th functional transition
obfrérleﬂ{ng% f@ghgﬁl %eggec %1?]1? nrﬁ ans'né%l} Hleg?;l] alllﬁgt\9§ %us‘;dpl@aous other
applentbnssiuth aaﬁﬁnlﬂfatﬂuﬁng&htdﬂal?/ét@ 1Gind &K b8dh zfn %Qﬁtdbﬁi'ﬂg with zeolites.
ective conjugat es

es _a met to obtain se
In gﬁiﬁg Morormpediment off the grospnat Anentipe avlkeseih achicving aif lan maplusion of
a dednéd flﬁﬁﬁbﬁzﬁltg fif ectdivted Hﬂl%ﬁbl?aﬁq angﬁl%rrll lsrP%t' ]?islggete e 35, @jtainable by

silicates to use in various
Op@@mﬂmﬁﬁmmqtmgondmom mlqudsfrorﬁﬁﬁblhsi@ri belhgéhig s&j’ue]§tat10n ability

f h nbod
o VD3l it vt amenen migpeg il isconiurm silicate,
incluRednusf @Bfe@lﬁve Zﬁcﬁbﬁ@tﬁlr@%éﬂaﬁél' Qﬁ}fllfhﬁé‘icfd?%a?]r%% CtH?tg) cupric

functional transition I cate 1S at
Slhéﬁ?l m zat i on of synthetic conditions selected from

28 station |I|t I nto silver
mﬁ Sqﬁi’e%%ol nc uéldgﬁcrﬁ?Fgg%g?t@?F%FS H’elgl ‘Ffb?’%ﬁn various salient
feaplrmnfrthqlmvaﬁtmnzl rconiumsilicate, incl u5| on of

tive mcrobicidal (bactericidal and fungicidal)
ngéyid{lgyeqtrﬂ oth egqun@ongs |tp qaewde functional transition metal silicates to

decontammate metals, chemicals and disinfect microbes.
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30 Now this invention will be described in detail so
as to illustrate and explain various salient features
w@boother4shivent i on. One enbodi nent of the i nvenP¢DIB2063/002011
to provide functional trangétion netal silicates to
decontam nate netals, chem cals and disinfect
S Yt RRE Fun WO AQOAK LA 4352 REFALB2003/ 002011 26
Synthesis of functional transition nmetal silicates:
Then eyrglmtSh@fsV@t‘lQﬂS types ol Sunctipes tcdnsmunoncteh silicates were attained by
transiti at es re.at reac
ey i AR osReitaBPh B HETicR bRlL R S At S stica
con@linthf @lkaWi (WithsfferBhesiBéd dlRai raieNbhai i Maallelfa&dtloﬁ%ﬁdﬁuons such
different silica alkali ratio) and at variable
asrrkh@nfl SHNRESHYI | ons such 5 as pH, and tenperature.
e 0 e 0N &0 s .
Ngge |Lr§’§}3}@n % &S}%l#éu ﬁlg ?’gna‘?%ﬂ? r%dﬁ lf]stelhon %E{t%%g of functional
traisltionahasl. s1H'dawSSI t| on netal salt solution (chlorides

or nltrae?ﬁs or ph@f"es) was reacted to sol uble
Trgpgip Salicoliion Ghiorides ph nirakes] il PRl Agsacted to soluble

siRéL pﬁfee%lﬁ’é'l e VelidaOHS aM@NSe nRMflh AFas él%p&iﬂeﬁag YhA%isOHays, such as
sodiumsilicate or potassiumsilicate in water
di¢sdl gng of ecldiom sik¢ade bz patpssium ls;hodtesmat/a/cbmgiiﬂﬂhdphaimmnmed) or by
i.ca in i um h or pot assi

Rl PR Slie R RS o s JOU RIS ) PGS 1B gy oxide in

whtet (Gdille@ &'d@%izeﬂﬁWa@ﬁd‘éﬁ&a Q@Eﬁk’aﬁ etidsiwak (%?Juﬁéd fh a soluble silica
silica solution di ssol ving the anorphous silica

sohition, bgqﬂ}isqoé‘dngﬁtm mmogphoals kdica, with fré@uieadt amount of alkali. Different

cGEBREHEH RS RECT Tk i T8 Y BB A eomainng
vaigauthoet ofl HRdli)) atadiffdichi §IEBéndMibriEOMehd ivafks validi mperatures of
with varied tenperatures of reaction to obtain
regetiomnolgsotigipewarions ftynes taf duagtionplaiansitiamnmetsd gilicates. The precipitate
I reac
obtstirug%cg ?ﬁtcﬁgﬁac}r%? aﬂ? tl%.(ﬁ gbltl %{e? 1 sglpslt @H‘? gglugfe sgléca V\\g% \\S\%s d%xtenswely
wizh tiztiied et delomédwwﬁtbsﬁol rhmecle wlutsle buistanees. wat er to

renove sol uy subst ances. The resultant purified
Theatespltagt §us?le§ ST AN THcH AR raBRiLgR e talsiiligaies were analyzed by

S%WE%’E R? sfmliﬁ- kzxc%)g 6)OAND %@Pﬁf&zﬁv@%fgﬁ g LIPS, PW-

1830h eandanthky tanelytica s ¢dtimeetion nprocaivectu (wsh (HUAARSIFABES etc.,) to
| CP-AES etc.,).to understand the conposition,

uIEdIﬁFSLP&E[EP%C%?QJSItl‘H‘e§%‘i‘qq%rC Sty @ﬂéu bst ances (functi onal

Thes@N8itsta@Bes TBE@ctidhdll ¢@h&BIn WRERI eéiﬁ&éié‘at)eq&/ef@rexlahﬁ'téd for their
conparative functional properties such as

cagepasaitvaniumatioreh  propesiiess sedhi an deedntaroinadrd adlisinfee§on,oriigrobicidal,

xn‘lc 0 ar, det oxi fication

o e B b B e o i R PO RO BB o s

Tlé?éSSﬁe}tﬂd d&}bn&ﬁmhﬂﬂﬂdﬂ RGIlAY SR GsReeliast exih&ihg GaRaRl kdquestration
of these different functional transition netal

capptifscalt bese diffesrnt dupdional W‘%qu}ﬂaméfrﬂl sifigates.rmeRig opniaining water
whi Gk LRAh éﬁﬁc"ﬁ%ﬁhlttkﬁglt %fltrﬁ%talss'ﬂ dafidd 1?19 gecﬁd@? tered ar%an1c content by

sequest ered arsenic con unc i'onal” transi
fureti @adal wadsitoat metahsliesé wnmém:a{md HASASTorlICP- AES.

The microbial disinfection ability of these functional transition metal silicates was assayed

by measuring the amount of bacteria (coliform or enterobacteria) removed from
contaminated drinking water. Coliform or enterobacteria containing polluted water was

added to normal drinking water and bacterial amount present before and after treatment
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30 The mcrobial disinfection ability of these

functional transition netal silicates was assayed by
wore@snei4gy) t he anount of bacteria (coliform orPCT/1B2003/002011

ent erobacteria) renoved fr@m contam nated drinking

water. Coliformor enterobacteria containing polluted

WIBBACHOAR] AR flal OfiitRks ?fak 'Egdaﬂgd W?‘h@ rba@f%ﬂalt assay wag done by

bacterial anpbunt present before a ter trea
cuing telindyidearbaeatd 8plooiRe Mhicl? Wer ¢hitaihehby immnalating the bacteria
nrtaaf&% aer} rret§ SI | i cat.es was ss ed. The bacteri al
Ve JEPSUR) eS¢ ?PPlﬁégf% iW'¥i dual bacteri al

Tl@‘@ lc@ﬂﬁpﬁ‘étlvey\@lhrﬁék‘lﬂﬁr Rar@let & ARSI 'tfh%&%'()ﬁtﬂl&gl kft@ates was assayed
bacteria _contaijni wat er on petriplates contal ning
ag@mw epliig, roifisis, @%ﬂﬁ@é@@ta velatiy fgyisatival Ompmlan,ofand Pyricularia

Ile L t was assayed

27 b PORn KSR P RlinglepUBREGR AF B R H et of fungos
arfduBeasuting trysewth ofithe AGuEMr dotiPadikdBwitBlcWA@EY). PMe radial growth of

Qi son f d techm que (by adding test materials in the
thg BN TetP BeFHatey NG Incaswad med suerdeny intlitign siftthe growth of the
fuhg&wgmmtﬁp conmparison with control). The radi al

growt h of e fungus in the petriplates was neasured

Tl@nmllqmeblcldn]t athttyb]ftfummmﬁl trdmgitighauéthl sificdtd vak UBQYE] WeEinst gram

ca te crobi cidal activity of functional
PYH gﬁs‘ﬂ%l gﬁmrré]?%ﬁ‘tw& {’T;fcéeé’caes%ésasa%a@?wc%@ﬁﬁ rfefeugr Hapillus subtilis,

PRGNS AtoifbAM MATRLINACRACFTHya
St aphyl ococc%s aur eus, Baci | | US ygbﬁﬁ#ﬁg A éo%aéotransmon metal

]é@ﬁﬁgmn eeyth amgdigseth briteiim CHie gmwttn odf bgctémm dhimedih containing

t al licates in ro
ro AR a ol Rl el S8 Bebrda WilihtoL Gieisrial wipvih media
wﬂhumfumﬂalhalftfaﬁﬁ&bﬁ inferh] BB ak) i%'ﬁetrﬁﬁ&t@s was conpared W th
control (bacterial growth nedi 15 wi t hout functional
They goraparplaye hagtaricidal natareepf ifwlo@@nah phegitéen mEta silicate containing
: ratjv C I t f functional . :
GROTENAL B Gheld Sl ISR WLANEL b0l g varous

coam]htlsatlbmsc éueh raat 0.06,n325,56.25%0 dg@hﬂ@dnabafahﬁﬁbﬁ rﬁé‘tal silicates in
ad dvarl ous concentrations (such as 0.06, O.
gr?)w 1%f, functi onal transition metal silicates | n

THa oW Hed&gdnﬂnat?&l avi \U:f rtl?ése gﬁﬁﬁgﬁgeﬁq}aﬂgﬁloﬁ rllne?ﬁ s&lictayes was assayed

t hese functional transition net
ust:llgé:@yt@dOPhﬁgpmgl Watet ey baghaghedi n wat er by bat ch

h d Th | d t t
S IS ERT BTSSP LS ction e
silfalek Gz@dseé‘ssa\/}@a 5 8d86h BY fﬁ’rg:@bﬁélot[larﬁfuofn%&tal Qinl%hte% fo contaminant

transition netal silicates to contam nant SucC
suglt | Al EiRedaragibancs cHEldpwfenm 111,1, 1irichtdredtharepetdiankloroethylene,

oet 25.tri chl roet | ene, '
gk Bt~ H BRI fR b o it B Rathane,  tetrachlorocthylene,
bréradfoarnhl Ay dehlyd-8rgomopioptiit) @bMainlng water. After thorough shaking of
di.chl or 0- 3- br onopr opane) contai ni ng water. Aft

the froctorph temaikion gn%iﬁ sifipgtes withtdhemidal tpolniaitsi @ssomdawer for 15

t.s. dissolv
i ot sl S DDA A RS v
préthatam for owo etiesl The Ichemicel paikitaakd eomeeht tpReseRt BCHdHd@ERution was
The g;g(gjn)cal ol | ut ant s content present

st DO RSO Pertrsab & 6 RIS

One embodiment of the invention is to provide immobilized functional transition metal
silicates to decontaminate (metals, chemicals, and pesticides), disinfect microbes (fungus,

protozoa, bacteria, and viruses), and to detoxify toxic gases, nicotine and tar etc.
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30 assayed by using GC-FID or GC-ECD or GC/ M5/ M. One

enbodi nent of the invention is to provide inmmobilized
wo eovetio@s®ml transition netal silicates to PCT/IB2003/002011

decontam nate (netals, cheid8cals, and pesticides),

di si nfect m crobes (fungus, protozoa, bacteria, and

. o . a . .

o T 1 o0 P eSS 85 B 5p TR iftion, (uch as
chifpragesi @1 oitraiast el sylphdteseof tiwop peetalsy iwes, mosedgwites@atediald such as

-zircaonium salt .soluti.gn, (such as hl ori des or .
bt BhlyREpen . st b ool R e ciang o sitca ee
armat;@féstﬁdiﬁgJ GRnsbiliRE thaafieH bt kiliRate Ak THPlHEN By HEating with
agropol ynmers, cellul ose, quartz sand, and silica del
sogiian sidicate 9p pa@ssignisitieatsispiuten. Thispricessovasrmehiaived in another way by
ilJ eat -obt ai. y. treating wth 5 sodi ym .
oGhl4 BR85S BL 08 PHALGPL B3k Dokl O mesas sueh o
aotiasted chirewedalumidnot G de, igyopdymexs dieMgldsé, duadtz| ¥ind, and silica gel
sodiumsilicate or potassiumsilicate solution to the
argy PIFGSRPRAiRg dpmRbilizgd: fupgienal Arapsifinm, mefpl silisrigen woxe ddtained by
: I e, n J {1 | .
AR RSTE g HBRErintl Bllehnd@ g Abobloh GRARR chlorides or
nifretesbr silphatestafshese netaif)t ai ned by treating with salts
Tof .ﬁi | ver }{‘P:jifri c, zinc, nanganese, and zirconiu )
PYBAR FEPHPYSruePPaH Zincy THNERSS eSS ZIEian A w4t wtution, (such as
cHIRRRS ofBitAksk)or shIpRRRS bf @RsdBEALs) Bk h¥&da to%gg]glﬁ[l ggﬁﬂaﬂﬁ’ng sodium

_manganese, and zirconium salt Solution,
sii¢ito Pt deleswymiikicass tosolgpinsighpeitive Surstiond esmsitenahstyl silicate and
d,. to.solutign.containin odium silicate qr
th}g%t% g%grgegn%rsrilﬁﬂim@afn& ta? _oSﬂg‘%?ltea s r‘@g‘ﬁa thg & SPelpRg) vinyl ester, or
bispheneslire4ing) oiopthafié tdsfRoe f¥aGradd) WatheRE @kdMads (such as cobalt octate)
transition nmetal silicate was xed ngh resi ns such

angsallgwed| togRelgmerizsy afier bnatipaeand0 Cetn AY, Colajes dheshahaterials were

NS 3 . . 103 hout catal ysts (such as
P gg’%a%aﬁog%%agrgg Hggﬁ%%ghvgé%\ﬁéd to polynerize after
Inheapriefegredt emBOdifiehd tRO presch@tigentib@Sgrot@berd ah&hd®'d¥ producing

. powdered to obtain desired particle size. In a _ N
“TE?‘%!? e HARHHIY iTRiHt Syhstanggse Sdlver isHisate: jconriproNgagesziac silicate,

mgfﬁggaﬂ&@ sBicaRr Qﬁﬁ‘ﬁf&)glun;l m&ﬂ?l, L48 %e&ﬂo%ncﬁ)ﬁﬂgg{hgqﬁé ?c;r%lé)wing steps.

stances (silver silicaté€ cupric s
a)si | i Addigon df0soleblgatmasiioni hietdAt @)t asldtidn rtootheUsBlected matrix for

sili.cate)., said thod conprising the foll ow ng steps. .
a) AGUTe iHFER WSyt é‘“&‘f‘%ls A RiPERe B ENNER| @Xide) biepligRol resins,
to tdg@olﬁ)gﬂ'rﬁ&%,%llﬁ%é,i@ﬁaft@ﬁandiaHHQﬁiichgé@ti on such as

e

activated al um na, alum num oxide, bisphenol resins,
b)agr opgettinge the, matiy gpweivinggumtal saanwittandlusiph i afasagiidm silicate or

b) i 1. t,ri.x containin tal salts wit ,

0) | TFRP G T RSP0 el bl Depanaic
c)t 0 OWhshitl e0EhEsRP Mt BisABEEbr Sbiohz8d BvdteFMRPieh#8dinBBund, non-

matrix. c) VWashing extensively with distilled or

dei d 1254t Bbstapceseifpiethg vawidsuchons aftivadsi Rlugdnl, aluminum

subs}ancs Met i i vated al um na,

al um num g‘rg élge ,e %‘j\g?lg%%%eyﬁlea?tg%Q%(ggqcﬁﬁq%%aegeﬁ‘qua_rt z sand
d)and Ryiylngahe gshltand mai¥rial sigher bg cemsifldadion, fitbesi @ld or by heating.

ei t her b(}/.centr'f ation, filtration and or by
AIH) Ierpéb diment of the present invention relates to a method of production of
immobilized functional transition metal silicates (silver silicate, cupric silicate, zinc
silicate, manganese silicate, and zirconium silicate) by incorporating functional transition
metal silicate into resins such as vinyl ester, or bisphenol resins, or isopthalic resins of food

grade.
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30 Anot her enbodi nment of the present invention relates
to a nethod of production of 1immobilized functiona

wo e@ndosdn netal silicates (silver silicate, PCPIB2003/002011
silicate, zinc silicate, Bfinganese silicate, and

~ zirconiumsilicate) by incorporating functiona

AhSRES Eltnbgfﬁ eﬂ?tcﬁlt ? I%He&ﬁi %nélé?lhgn rl%?a'tuﬁs lécﬁleﬁﬁ)dvbpﬁ'oduction of
ester, or sp eno esl ns, I sopt |c resins o

infrochllizeglr AdetiohyD 204D TS Bﬁa'dtédBZﬁDJI&t GGl cupdic silicate zing

£ r enbodi.nent of the pre i nvention rel at
S ISBO O Bl 1 RIS UGB EOUARG BRI ek s vyl ester,
ort Bigghehbll @ﬁnmr%oyﬁhdlic(‘r@&ﬁssoi( Rlol \@4de$ 'cbéttﬁ%t(ﬁm S(ﬁfcﬂpﬁlbtﬁx like quartz
silicate, zinc silicate, manganese silicate, and
SElzlﬂ{conlumsulcate) contalnlng resins (such as V|nyI
t henol.. resin i C_resi.ns g
§\§/ fifs gllr’l\é d‘le onc\gl eﬁ&nl%eno% f Hle tklf)slogp eael (f c?on ?1mmoblhzed
fuétichal Newdifidt Enetal dBithic® Mokt df tﬁ@@climﬂ@mﬁib@loﬁé wWeRecarried either at
nmet hods used in production of inmmobilized functiona

nquirghispetiorPorgitians €-7 pERoeat aciis reagion ¢raglisions (2 pH).

ri r
Tll}ééggl oﬂﬁﬁ%neg(% auségl:cf; e %\9.}10 ﬁg 11‘131{1{ H][% %ISC o@%yélgtéﬁ@tn ie S production of
inorootdlizddofunctichap H)ansﬁdile stdl |sih¢8tel§ akingNearieyp behien achtidedsalong with

do not |limt. the scope of inventioni.e., productlon
vagied 1aastipR AoMfifio%Sed -f uncti onal transition neta

I OBifiARR o RBNHAAUHOB RN olIRhieL X ﬁctf’\la%%lw
varied reaction conditions
Tfapsiton onethl salarsslution n(()rﬁatgal/mﬂ;) wias atdeled an  ativiatedt ldmina granules
a: Tra ion net salt solut.ion (0.5 gnm nl)
ol B s ieald S Qhoindt o M SE of Paredadisyte0.5 g/ml,
alRA1K &Hiliicasil 1 17) Ca@ﬁﬁloﬁoﬂouéﬂtélﬁ fﬁﬁ&f&ﬁaﬁ&aﬁ@éﬂl ﬂie%dllshlﬁ,%eeu&hoblhzed on
potassiumsilicate-0.5 g/m, 15 alkali: silica=1:

achigiefed plyming b’bl_tl@t_ism:fqa@étaﬁmwd aﬂtrrmmgl(w(baooeanmron s1ze) were chosen
oSS A B EA R ol Sh BhE Sn  Bpres wone

withasieal clicmioklt edntehtrardps lwez€ @hbden ciok Qﬂﬂiobﬁl[z’&ﬂﬁh ta'l(ﬁ‘ig with varied
nmetal silicates. Varied reaction tines al ong

cangentragpn f cmpi@hisalio éllﬁah oA agedescritied sealigro rThe unbound, non-
| r

R0 A28 ROl Sl sKOAGSP ARula o deoniea

withe Tha boomobilizaton @0funotivial irairk&tbnirastal siktfe vy@nent veravigdved to 1-

hi n exten5|ve mnth distilled or deionized
9%“2? OFh & Sl Pt PatedoPn myRDET Gha4oatingisingj dfferent reaction
coMBit@dhsSilicate content was achieved to 1- 9% (ww) on
activated al um na based on nunber of coatings, and
M@M@almd trapsitidi tietad silichtesrot aluing aitirooxi dé:
unc&ﬁp tranS|t|gn netal silicates og alumniu

Thpetial S@miniut 8xifle AFoIURR HFTA SRP e S0l WA mIxed With transition

métar SHBSPRTGHPLIYS g&ﬁﬁ and \I@& fiheshaMrhiidi srApRtal k@R ate S8R ation and
salt solution and | ater functiona

immpeirkization Maﬁéioap byla%dlélatlﬁ s¢ i pmrestlicate @m@btassmm s1hcate SO]Uthl’l 0.5
iz n ddltlon ium Si

o/ O e P e o o St e SRS washed

emﬂsivean&mmsumaeow&mumwman i mobi | i zed materials

vver e
The 1mm¥)\€ ﬁzatlon of functional transition metal silicate content was achieved up to 2-

10% (w/w) on aluminium oxide based on number of coatings.

Immobilization of functional transition metal silicates on agropolymers:

Transition metal salts containing solution (0.5 g/ml) was added to various agropolymers

derived from seed coats of various crops and functional transition metal silicates were
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extensively with distilled or deionized water. 30 The

i mmobi I'i zation of functional transition netal silicate
w@eontat43svas achi eved up to 2- 10% (wW w) on al Boi/IB2008/002011

oxi de based on nunber of céttings. |Inmobilization of

functional transition netal silicates on agropol ynmers:
infinatsilizdd @madfeﬁ@bocﬁanhtsshda%@dﬂése&n? ghll:'&té By $1Qn 3 glgf? -} (0.5 g/ml,

@% ded to various agropolyners deri ve rom
algge ¢ ?f?:lv]e?r i Thgswehoypd mataridls et owadhed rextarishiebn wigt dlstilled or

r 4 4 PCT/1 B 003/0 2011 . 30
adterik G o 6] o AR Ol A 37 6 dssilgRt aropolymer
cogitdiniog fencsiohalttiansitiah npth] Jil#kateOvads dHedl at rocﬁﬁll l%%llﬂerature or by heating.

TS'I'CatHl) 1 ¢ The unbound materials were washed
RS manehilizgd, fupctiop tré’clﬁﬂlq’lb@e@# siligete santeadomagropolymers varied from

2-DS BB BRRRh el BhERi@! S, and the resul tant
agropol ymer~ contai ni ng func %onal transition metal
silicate was dried at roomtenperature or by heating.

Imsmoﬁ ]atlo?' |i 1f uct| onal tEanS| ti on netal silicate
M{cté \Whyshased &Hul@%@@]urﬁ&%ﬁfﬁ%ﬁrﬁ@??ﬁh@z & with transition

functional transition netal u oe
mefplc it epyigining iselation eI5u by a@dahunmhhkutmmatvag ragpiyd by adding

wi.th transit tal  salt
sog{t)lg‘?g 1%2|1t¥]‘%§ ggﬁass{?ﬁl sil CétCSSO&Q (lognn%{n}]l,rﬁ}gﬁi : silicaeil d?r Thssfunctional
traabitian nﬁeialbsdheedéi |1ﬁhglobﬂﬂ,@ﬂ l-iﬂétéﬂlzllé Gk dﬁEd pﬁjﬁe‘?s’tﬁbﬂéﬂkh ﬁ]ashmg with

dlelcatesqutlon(OSg/m,aIal: l1ca=1
ifillsd 1o Agionized ayaes ite rfefml\’%tlunbpllmctalrencpmmboblﬂlzﬁﬂ materials. The

St i S DO SRR W P 3.

10fofw/imntredsid| dnzeedn e bBeoatihgs. The | mmobi i zed functi onal
transition metal silicate content on cell ul ose was '

achieved up to 3- 15 10% (W w) based on nunber of

ImeRBIZAESH of HEBRLal Ly ansition
metal silTicates on sill tal salt

Trastitoa) metalsadiotantdining (sOluSioy A0S Jo/mbswaddiREd t® siSich | lg@la@g@ Imicrons)

d
o e o B ol b e 15 o,
alkglindilica=201) abk@ibh . 1R drﬂb@é‘mﬂsu%ltaﬁégs Welr0 ?’ﬁShg {(%F&ngly Jyith distilled

subst ances were washed extensively w
or fePBiReY S iaRang ithe fighctipreal fransition madtal tsilinsd niraobitiesdsilica gel was

Obtgiﬂeﬂﬁﬁéﬁdﬂy%%gébb%?d silica gel was obtained after

ITmobi li zati on of functi onal

Imnmbm:am@mdsf fométidnabirddst Rin@BetAIilfHARs (o RAAL safdar t z sand
of vari us si zes were washed thoroughly wth |ight

Quartz aanfl YoripRs sizegpwerp washed tixgonghl e withflight acié |(1®)‘]{%ri@beor H,SOy)
laté Gt fenldvaEEst a fdd;@ trﬁcfe@ Hﬂal%ntl rret al (% Fﬁ‘q{ olirllltgg 8P t1gqx was added

sol uti on was ag dr ed
and fried etvemom tezmpmh)atmenor 104 Bvan mb Q)Btanﬂfmbl’feacrb?ﬂtén't Qp tﬁﬁﬁlﬁbn metal

lae ¥ !%nggrdegnat fTand particle. Later to the dried
Yite G PR Ré‘Flé daie8 to tthee dried matalovaltoimpsegtiateds sand, the

solstidn @At @sliwh ﬂﬁ&ﬁ§§|dﬂ I cqyLatio=1:1)
VAN o y ét§s‘§gi I”Q]&ﬂuﬁ‘l t(%) ﬁahca Gatio= 1) was mixed
thofqyghlyi tnabtaim, dmenabilisednianations] lransities nadtal2siBeqidd ailhes pH. The

unbound, non-impregnated or non-immobilized metal or other substances were washed

extensively with distilled or deionized water, and the resultant material was dried. The
immobilized functional transition metal silicate content on quartz sand was achieved up to

0.1-1.5 percent (w/w) based on number of coatings.
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30 unbound, non-inpregnated or non-inmobilized netal

or ot her substances were washed extensively with
waele@uidl4etl or dei oni zed water, and the result ap€T/1B2003/002011

material was dried. The i@dtobilized functional

transition netal silicate content on quartz sand was
Ina6bbiBYRbnWT fifctiodallirahsioR Bhét pHERg

of coatings. WO 20047101435 %(rﬁill}({a‘égzs\t%dl?%%g%ﬁﬂg hyl ester, or

bisphenel arjigepthalis reding uncti onal transition netal

Lporating in to.vin ester, or
A% p'ré\}r}]g%sgf dgélcrflbsoptﬂ&%r’ i“CPRRs TS ﬂgc?ﬂ“é%?l Pis Mphganess pyisg(such as
chfka)ﬂldeef nit@OBPeLlphates)Cwertl 5&RAI 6MHMLIBRABARSE sdRhfSor potassium
Sl]SSUCh as .chlorjdes, nitrates, sul phates) were added

Glesdp bR ferctionali tianssion; metrksibeatproatarsidiameacgon conditions(pH 2)
an%l' ﬂhb&ag)lﬁﬁm[e@ fﬁﬁ’é g)!ngl Irh&{é&[dnoﬂl% al sgl%nf%%tn\ée%g ﬁrlrl%:;g émﬁl resins such as

i cates at ‘acidic reaction con
Vlnjrie@eer,obt hlsphaﬁoﬂ uacisbpthalic tasBRS vtthom. merllal c&éﬂ'yé@ RE as cobalt
h re3|ns such as vinyl est

%g%)p I*?@ﬂ o‘i"ers ralfoéf"&ﬂt RaPolymeidas alder Deating At ?@t@\l 10 Q0° C. Later these
mé&Bfiak y\%r% BSWdRe @S0 GBRA lesiREl ﬁé}‘@%}e 3?9 %ﬁt% ﬁ{elsef* érrlgenals were

to polynerize after heating
powlsead tqrebtain aie&r&{bpmlpbv\sie& eﬁi-Zf)% ot of fdestioed transition metal
ese materials were 10 powdered

SRS aeaF D efinR e o ot ze. 5 2006 (W V) of

THelifGhotandd funaisial h@fsifidH Aletal SHChERLE BedlSarticle size (in microns)
i ncorporated in to resins. The immobilized ‘function ]I

were QRined dy glﬁéltdmg agidlor b pessingf thrhegh reqhied size ahashsi ze

Ftﬁil:tnorml%' Silicate Boitiningted atri
st_qﬂ $dndon metal silicate containi ng resin coat| ng on

sol.id matrix materjals such 15 as quartz sand:
Fupgiienal Gansition metal silispentsilyer silicate aupKc giichtgerinc silicate, zirconium

1\(/ materials such

| ‘ sﬂ?c'a{e' &/ fhan écj'fysé ‘éﬂﬁ:hﬂegé edZ a? 31810r lgartggdéloét croC g%d)lné v%ﬁ_‘: mixed

l'i cat e and mangane Frea
elthea\&ttln gimyt esteli dri l:mphemi fo@ 1sm$pthelic f@idt e Whinb av V4hdus doses ranging
:0 gr gz@hﬁﬁ or .isopthalic food grade resins at
b é‘o g"l;hllfg functionpl (ragsitiop gneta 181](19@t¢ CQI)tall’lllIl'g esin was
at@aq-inl Kl mbf
o vt s L L S e
coalgd g[um:z eanglowwélhw withoutgaddifioa afemiyreatatysatoe deepligtifoss at 70° C to
out addi.ti on of any_ catal yst or

9Oaéﬁ‘goerlbw‘r’l<§%1p§ g{o% MBeRafire &y ‘ﬁeeg‘r fgpokeessizaBont r oom
Ath@mp et atimiedbifid Rn¥Rskl thitiROLR rsihzcafe m%n\}angg based on

i mobilized functional transition neta icate
inifipk gangenfgation f Wepnsition metal saltj slujosidient thaireamom ft1me partlcle size

I [ t.. .sol e.silic t he ction .
an&'tﬁé;? b{)él?é rgl|1 cl eriJHsfﬁzogg (551%3)%%@0%‘1 WWSIC ar figaical. These
imofobilivatidns iz Jire@nt SHedhtias Y Sk Calhssiiede B@%}Py@ical -B?ec?ifcmlcal or

i mobi | i zat |rg\rc1s in present invention can be cl assif

InCOIPYHing i 1Be APERA O5r coafing opfpduaationgl diansition ymetal silicate
coﬁtﬁﬁlﬁlgr 2ShS8n g&lcplggﬁ«jxr]g{eg{umftyga%@ onal transition metal

[1cate containing resins on solid matrix |ike

‘ Thq l@h@ltlma}samuiobﬂihmcmhammahatltmmbﬂohlrﬂahll QN sPRRS A or transition

ran3|t|o Is)alt solution reacts or transition
metal “content C emlca y binds to the material selected, such as activated alumina,

agropolymer and silica gel. Activated alumina, as it is amphoteric, passes the electron to
charged copper. Agropolymers contain transition metal binding reactive sites and can

absorb significant amount of transition meta)l on to them.



30 netal content chemcally binds to the materia

sel ected, such as activated alum na, agropolyner and
w@pdoaa4g®l . Activated alumna, as it is anphoP@r/i1B2003/002011

passes the electron to chdtged copper. Agropol yners

contain transition nmetal binding reactive sites and

iy o g
Pl BRSO B 30 P 6 TASb RSBmO 2B £y Ragl; B petntose.
quartwednid, azdincorpoadtingumotresimsal transi ti on net al
silicates s donge on, cel |l ul ose, uartz sand, .and L
Tf}%&fﬁ?@ﬂdﬁ%ﬁ%@ﬁi% fransifjopgmetlRiliG VP PREBPlYLindpstEpApplications
fo H@Jbﬁténhiﬁﬂtiéﬁe@li@infe%'tibh,Caﬁfd%_dﬂl?éf%ra%ﬁ_@ﬂél‘dk’.el‘lﬁé‘%&tJg fibation of the
applications for decontam nation disinfection, gd In
sagl Henctioanl dussifioe| ohetal Thkcapisdés aypplimpatdndnaspectt o€ the invention.
said functional.transition netal .silicates i.s an... .
AT Pppesn P SN Gion Pt Rhoehe Pon StaRBBh iR gy hiized functionsl
trdnSMRR trhM Al SR ated i Udf glaRti Pat&BAINAEh 0 hlubdifEH Gx M, cellulose, resins, quartz
i mbi [ized functional transition netal siliicates
sapd, fHactinng) yensdipnanets sibcataingerpatatsdoresiae and Einctiprpd égansition metal
iRl O5naifiiBihdn coR08s of WIGHhARRNbANS] Lgn metal
Ssilicate i ACOrporated resins an ctTonal transition
metal silicate containing resin coatings on solid
matrix |i ke quartz sand. WD 2004/ 101435 33 Fl ow
di agram of manufacturing process of imobilized
functional transition netal silicates T 5 CHEM CAL
Addition of transition netal salt containing solution
to the substances such as agropol yners, activated
alum na, and silica gel V Addition of sodiumsilicate
or potassiumsilicate containing solution to the
substances such as agropol yners, activated alum na
and silica gel Renoval of unbound or non-



i mobi |'i zed substances by extensive washing with
distilled or deionized water Drying PHYSI CAL Addition

w@toosnemsi ti on nmetal salt containing to substBCEER003/002011
such as cellul ose, alum nign oxide and quartz sand.
Addition of sodiumsilicate or potassiumsilicate

Floon d&ighir gofS @tanlif@firin® pessS HP SEAREISeAUaihcASnal transition metal
cellulose, alum num oxide and quartz sand Renoval of

si nd or non- inmmobilized substances by extensive
washing with distilled or deionized water Drying
Renpval of unbound or non- inmmobilized substances by
extensive washing with distilled or deionized water.
PCT/ | B2003/ 002011 | NCORPORATION Initially preparing

ranS Imet a S| | | SO Ot
potassiumsilicates w|th sdlfutirons cort ai ni | NG ORFRRAION
salts V 1. Transjtion t al S|I|cate wds mixed either

w th wiyl ester or bispheno hal i c—food l

Addition of transition metal
salt containing solution to the
substances such as
agropolymers, activated
alumina, and silica gel

Addition of sodium silicate
or potassium silicate
containing solution to the
substances such as
agropolymers, activated
alumina and silica gel

)

Removal of unbound or non-
immobilized substances by
extensive washing with
distilled or deionized water

:

Drying

Addition of transition metal
salt containing to substances
such as cellulose, aluminium
oxide and quartz sand.

Initially preparing transition
metal silicates by reacting
sodium or potassium silicates
with solutions containing
metal salts

Addition of sodium silicate
or potassium silicate
containing solution to the
substances such as cellulose,
aluminum oxide and quartz
sand

'

!

1. Transition metal silicate was
mixed either with vinyl ester or
bisphenol or isopthalic food
grade resins at various doses
ranging from 0.5:1 to 4:1 (w/
v) and polymerizing the resin
without any other metallic
catalysts solidified resins was
powdered to required size.

2. Transition metal silicate
containing resin was coated on
quartz sand.

Removal of unbound or non-
immobilized substances by
extensive washing with
distilled or deionized water

I

I

Removal of unbound or non-
immobilized substances by
extensive washing with

distilled or deionized water.

Drying

I

Drying

In the embodiment of present invention, a method of decontamination of toxic metals, like
arsenic, mercury etc., and disinfection of microbes such as fungi, bacteria, viruses, and

protozoa by functional transition metal silicates is described.
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grade resins at various doses ranging fromO0.5:1 to

4.1 (wv) and polynerizing the resin wthout any
woedenonei al lic catalysts solidified resins wWasT/1B2003/002011

powdered to required size. 32. Transition netal

silicate containing resin was coated on quartz sand.

TMs Dhyenfign | desdrites emeMiliRnén of fRIE@DaNt raddMRat x‘n@lﬂl sifficates, in three
met hod of decontam nation of toxic netals, lik

wayssegh 8s: nercury etc. and di sinfection of n1crobes

Suc , tozoa b

1f unﬂ(i:lftn?@?]lg?&?)fl a%rg%@%%m%e 1a s?Ya\%%daf‘lglgn?g ag‘élg]cﬂlﬁlrﬁe idgyggellulose,
200vin {10563 e sRC BidpBeil) 3¢ ) 2bihalid fodd psdé RERIRL @Mtz sand, and silica
describes i mobilization of functional transition

met&l silicates, in three ways such as: 1.

2.l ”nﬁgéﬂ[pgﬁﬁrg?(?ﬁ gﬁﬁbtl%?‘lpst%eﬁﬂﬁl%ﬁ Ilqétgle?lﬁgattéf\s Al t% rem su rSTl]lCr}]l ds vinyl ester

‘al um n ose N

bl siphie | bisphsinel, resis @ptisvpthatic ffoad g@ﬂ&d@snﬁsﬁﬁimﬁter @oRnhctizing with
qg and silica 5 gel. 2. Incorporation of
urtBtSedRAMS t ransi tion metal silicates in to resins

3. S qu}ba@ﬁ[g\ﬁf rﬁ(ﬁcti%ﬁﬁlec[ansfti%ﬁ'nﬁbtﬁrsﬂlﬂf I?:%H@ nlﬁf RsThs Y sohd matrix like
i sopthal'ic food grade resins an l"at er YIeri zi

wi tdvartg Rerwe resins. 3. Coating of functlonal _
transition nmetal silicates containing resins on solid
matrix like 10 quartz sand. This invention relates to

Tiaf file@htive rélhick it@ @FfcOiiveOfiti i AATBR ok '1&1%Q)bfl%8tﬂ19&%nal trans1t10n metal
tranS|t|on metal silicates. Although many methods

for decontam nation and disinfection using

A]?fg)ﬁu%h %nkgf%?thﬁés Arﬁté(ﬁ](g@g&or n@&t?rﬁ%%ﬂglf AT dlsléjf%%%BP usi(r)lg%getals but

1nn'gramnbmatlhod$ svert aot devlopbtl eseidth ARt Osheaid dScMMnination, and or

r met hod of decontam nation and disinfection
tbc‘fﬁ“ﬁ %ﬁ“%t%?seéﬁ @egt%e?ff?sélapétléfégmdemethad of H@a@éarmnatlon

an@QﬁEmﬁ@Qoﬁ 3¢ ik ol @anef Y% d p%?lu?dona legchl ée'r %ﬁst and in an

the structural defal ffunc tF ansi
cfiivetivd way.l i cates are encl osed in the acconpanyi ng
i nformati on:

Brief description of the structural details of the functional transition metal silicates
are enclosed in the accompanying information:

Figure 1-A: Composition analysis of cupric silicate (synthesized at acidic reaction
conditions) using EDAX attached to SEM (Scanning Electron Microscope).

Figure 1-B: ESR (Electron spin resonance) spectrometer analysis of cupric silicate
(synthesized at acidic reaction conditions).

Figure 1-C: XRD (X-ray diffraction) pattern of cupric silicate (synthesized at acidic
reaction conditions).

Figure 2-A: Composition analysis of cupric silicate (synthesized at acidic reaction
conditions and at high temperature: 70° C ‘to 90° C) using EDAX attached to SEM
(Scanning Electron Microscope). |

Figure 2-B: ESR (Electron sbin resonance) spectrometer analysis of cupric silicate
(synthesized at acidic reaction conditions and at higher temperature :7'00 C to 90° C).
Figure 2-C: XRD (X-ray diffraction) pattern of cupric silicate (synthesized at acidic

reaction conditions and at higher temperature :70° C to 90° Q).
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Figure 1-A: Conposition analysis of cupric silicate
(synthesized at acidic reaction conditions) using
wEDRX1et48ached to SEM (Scanni ng El ectron M cr oBCDE2)03/002011
Figure 1-B: ESR (El ectron $pin resonance) spectroneter
anal ysis of cupric silicate 25 (synthesized at acidic
Figee 3-AN CoifibistiofNsnalysfsi 8 t&pric @ﬂia&‘t@DEsgﬁ%hEﬁ%ed at neutral (pH 6-7)
iffractjon) pattern of cupric silica (synt hesi zecfl
reggtiogcoapisiong)asing PAXatachaddn SEM S quning Eléktron Microscope).
Shii lysis of cupric.silicate (synthesized . ..
RECTHT R JETolRh eBh aPTRAIE) SReciimsipi Aalyss of “Cupric silicate
(syehesdzealt ay heutral QpIC 6t ) r&R2ti6H coigdifiéhsiEDAX attached to SEM
30 (gc(?nni ng Electron Mcroscope). Figure 2-B: ESR
Fighre o1 ohRBIXrayelidrastien) radipacafi eypae etlicaisdbynthasizefl at neutral (pH

6-SUREEGorSddnlak ~ (synthesized at acidic reaction
c}cjng};tﬁ onéf1 aﬁ)g‘g)at hi gher tenperature :70 Cto 90 Q

Fig:u]gy 4642(Empﬁﬁiﬁio(1 Yenabyyis diff équi_ct sitigte qayﬁﬂearsrzeag atCheRIch H 10-11)

silicate (synthe at acidic reaction conditions

e P RO U A A a0 SEM (Scaonies Higsron Micioscope).

Fi Q%/ﬂ_ﬁl_‘t:ﬁ{ R@i@cﬂr&g%ﬁf Q&%Héﬁlce) ?S?F(ﬁfogﬁgt& §ﬁzﬁ¥ is_of cupric silicate
nmposi tion anal ysis of cupric’ silicate (syn fesl Z&d

(syithesiaedrag bagip HpB-19) 1 reedivniconditions)i t i ons) usi ng EDAX

. _ M [ t Mcr. o :
LT S RN R R P ——
10anBlrysdtidn@bnditipid)c silicate (synthesized at neutral

(pH 6-7)-reaction conditions). 5 Figure 3-C. XRD
Fighre 3n: fiampostiionamplypiatof enpricosilicaip (syothesized att extreme acidic (below

o YA 1o Ay Yok B T b SRACHER o a e emperature
7060 PQ° 6) hsigPEBACS ptoichabioSEM ascdiagie®Eledtdniickddcope).
Jreact] ondi tions) using EDAX attached to SEM
F‘%’S’E?aéﬁﬁ%@?%a (Electrom Wi reWaRee) . SPeFirgiupter 4nBlysiESRE cupric  silicate
o P =X ter | ysi f
BRI cRBL MRRBOER) RICHATR, SRR K5 Belon of 10 i o
3699HC] pne aidiigloer teropatatuieni8)C tdFdH@@)e 4- C: XRD (X-ray

diff tiqn) pattern of cupric silicate (synthesized
Flglllrebgg(?g@% Ij‘}(?rfﬁ_cﬁ%acpgrgcp t@ﬁn of rﬁgppg: SHicpte @iyg@pgzgﬂ. At extreme
acldTREdW ip®N2PRALYSH Sor@ftidny 'Eﬁ%dﬁidn' &faf(?m(l%\f%ga’oeﬁd %g% at higher
at extrenp acidjc (below pH 2) reaction conditions by
tergpRIpr 00€ taB0ne).of 36% HA and at hi gher

. nature: .15 70C t0,.90 C) .using EDAX attached to.
il Chiog R ahilioh Of Fonh elifes Tomisared of et Sidic(elow
pH B} satti@n c@r[ﬂitﬁbrfsﬁ?gﬁtﬂﬁlﬁcﬁ)) oS P® &Il RIS Hamahy St ﬁig?%re fe(r)nvgerature:

rig silicate ynt hesi zed at extrenme acidic

gu ] . .
7Op¢-I?Q?O esingopD A Frittiachesiie SBM s3tanning Elefron Mitkosobpe) 36 %
Fi sl hi t eppe re:.. 70 1o, 90 Figure . .
8%, 808 EStl STRLAOMAE, RcFh Oy Bioae cn
(syshentzhé st zembmd acidicr@aew P9 2 Gbabtion (cbﬁ&iﬁ%@bgé%hdition of 20 ml of
gjion co ditions by addition of 10 m of 36% HC
36% L@ncﬂﬁltg]*g}er temperature: 70" C to 90° C).
Figure 6-C: XRD (X-ray diffraction) pattern of cupric silicate (synthesized at extreme
acidic (below pH 2) reaction conditions by addition of 20 ml of 36% HCI and at higher
temperature: 70° C to 90° C).

Figure 7-A: Composition analysis of zinc silicate (synthesized at neutral (pH 6-7) reaction
conditions) using EDAX attached to SEM (Scanning Electron Microscope).
Figure 7-B: ESR (Electron spin resonance) spectrometer analysis of zinc silicate

(synthesized at neutral (pH 6-7) reaction conditions).
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tenperature: 70 Cto 90 Q Figure 6-A Conposition

anal ysis of cupric silicate (synthesized at extrene
wa@edoditeghel ow pH 2) reaction conditions by adedT/iBm03xf02011

20 M of 36% HC and at hi gher tenperature: 70C to 90

C) using EDAX attached to SEM (Scanning El ectron
Fidusé ‘P-‘IQQQIQ]))-(XZ%V i Gt GorD pRiterE IR ziE! s?l‘?&afé)@yﬁtﬁb%?zed at neutral (pH 6-

resonance) spectroneter "anal ysis of cupriC silicate
T)(regationsondidengt extrene acidi ¢ (bel ow pH 2) reaction

kij. .addi tion .20 .M of 6% and at . . :
Fi%:t-ﬁgJ g-rA.?(g(?T'rﬁgérf%t?od} %nahy)sg %'f Zinc @1810%? (ﬁng‘msge. _afcfxq% acidic reaction
copHitiony (BH1o% PACL) A1) atMddHe ttnplatG1ep70CC $b bOTE@S Bsing EDAX attached
synt hesi zed at extreme acidic (below pH 2) reaction
o Mi(Peapnmngdilecttns Yicescepe)20 M of 36% HA  and at
Al . e ure: Lgure 7- A . .
TGk B TR RN S (atint) Melonfidnbfulifiaf gino sitieat
(spehesizd of pkir€énd pcidieaedction comditichst (belos) pHIL) Bed EDAYher temperature:
tfac @% to SEM (Scanning El ectron M croscope). Figure
7(?(%‘0 S )( El ectron spin resonance) spectroneter

Flgﬁ% 810 (%L1AG dg;ﬁjta%:tgcﬁlg ?att%%ggﬁgl%g%ﬁ%ég};ntﬂe%%ﬁ 2} eftPlthe acidic

reacti on con
re@iph|cBRAI0RNO (2B pH 3P afd gtitighe? tnpeXRiret X0t @yo 90° C).

. . , o hesi zed
Ptk V2K (o gl Bh Sutorlifan s mieygt ctansetal (H 67
re &R Dhitions )aRMVED £XhtadiedGo SEM @Siiaﬁnig % YRS 'Mi%fi)s@&pe).

extreme acidic reaction conditions (befow pH 2) and
Figureh 9B e ESRe rffiéactpur win 7e®nanced Qoct®)mefei nyalFBsxof silver silicate

C Scannin l.ectron M croscope).
(Sﬁtfé%?%ﬁg{t g?ut%gﬁifg}éé?af g‘ﬂn 3 1?ne?‘io_nance) spect r omet er
Figoed 9-40:SXRD (K-ng difftacGad)epattchy ol IRS! #80at8 (syRxHetRBE at neutral (pH
acidic reaction conditions (below pH 2) and at hi gher

O-{ HisAEoR GpnEitionsy C to 90 Q Figure 8-C. XRD (X-ray

al t > I ol ynt hesi. ze t .
gl 108 ConpRRbh 0,8l oF e, SHEASSL RS HERLAE AL acion
coadifioat artuli gthbightre rpereadtuee 707C & ©90° 9 QindEPAX ftabbied to SEM

Conposjition anal g/si s, of silver silicate (synthesized
(ngl‘n%ﬁllﬁ‘éqror(gﬁﬁ@-cf’?e)-reacti on conditions) using EDAX
Fighfeaq 0l EQRS@ﬁ&n%ﬁla hnQs&laBELY c%ﬁ%@? Caﬂgg%lts of silyer silicate

igure 9-B: ESR (Electron spin‘resonance) Spectroneter

(symibgsizsid st @tidei teaetions¢dniditane (pId <) nintes ihrghelr smpreattireal7o® C to 90°
C(pH 6-7) reaction conditions). 15 Figure 9-C. XRD

)(X-ray diffraction) pattern of silver silicate

Figayn10€5i XRID aX-rie ldﬁﬂfﬁl:ti((rﬂ&att@mn)f ISRRGT {iRfhte _(syntl;esized at acidic
conditions). Figure 10-A nposi tion analgﬁ/S| s o _
fe%tlpvépn@tlpﬁl&:@&zcg(@ﬂr&t higberAentperatuaei 7 € to 98t ). reaction -

. [t hO - igher temperature: 70 C.ta 90 C
RSP i L ADEY o RGBS ePa e v 69
reddtion @sndifiens) using EDAX attached to SEM (Scanning Electron Microscope).
Figure 11-B: ESR (Electron spin resonance) spectrometer analysis of manganese silicate
(synthesized at neutral (pH 6-7) reaction conditions).

Figure 11-C: XRD (X-ray diffraction) pattern of manganese silicate (synthesized at
neutral (pH 6-7) reaction conditions).
Figure 12-A: Composition analysis of manganese silicate (synthesized at extreme acidic

reaction conditions (below pH 2) and at higher temperature: 70° C to 90° C) using EDAX
attached to SEM (Scanning Electron Microscope).
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20 Figure 10-B: ESR (El ectron spin resonance)
spectroneter analysis of silver silicate (synthesized
w@eooagddsE reaction conditions (pH 2) and at hP@iEB2003/002011
tenperature: 70 Cto 90 Cp7 Figure 10-C. XRD (X-ray
diffraction) pattern of silver silicate (synthesized
F‘%{éﬁ%g ?t' L’Ersg @8&@9% s&)?rggé%@%n%%s;%?galﬁéteg%?%\%s gf %ﬁﬁ&anese silicate
(sGahgxiupidtat extrana bgidicseationaoghtiasabslo giLEand at higher temperature:
(synt hesj zed at neutral (pH 6-7) reaction conditions)
7%2%1999%E AX attached to SEM (Scanni ng El ectron
FiYhFe Q200PRRD (-8 Biffhdc; EbEG | 4 thesized at
l%[gsonance) spe@t %gmater aﬁ%ﬁ’)?gles g?%&%g%ﬁgs%h%ﬁtﬁ i(sglgt eemed 2
extrsynet dvadic zextian comditions! (below PH7) andat thigher coomstiratineng° C to 90°
C igure 11-C. XRD (X-ray diffraction) pattern of
nganese silicate (synthesized at 30 neutral (pH '
Figure 13-23 & drsbsRRIAnklyeR Of -zircb@bhesilend\syHPeROS At RAtral (pH 6-7)
anal ysi s of manganese silicat e@ﬁ;ynt hesized at extrene
rea@tiogi conditieavtising HonYiattached to BEM (Sqarhing Elastron Miaiagbepe.

: Y C10.90 C) usin DAX attached to SEM ..
mpBO TS, £k dRelor il rehal) Memoaiis radsaet Afomin silicar
(sHTRi43A00 36002 QT 6-8 fedetioneendiZord). ESR (El ectron spin

resonance) spectronmeter anal ysis of manganese silicate
Figured$r€s 2Rda (Xtrap diffraghion) ppigire of siseqniwn stisaigi (Gywhesized at neutral

] hi gher tenperature: 700 Cto 90
(P%%z?fgﬁgg‘%o?@%@o (X-ray diffraction) pattern of
Figaryg drds eCanpositidrear{adysit bfesiramiliratsilicateefsynthesizaaiCattixtreme acidic

reaction. condition bel ow pH 2) and at higher ,
i SR EPRLRE: RGP g0 A feher lmsraiaeald o pae) €1 bine EDAX
att?&ﬂécﬁ’t%iS?El\@f(S@ahﬁfh‘g'Elé’dﬂo%iMic%ESpé)Synt hesi zed at neutral

6-7) reaction conditions) using EDAX attached to
Figmn 14680 SR ERttent spn rédooass) opetroFictpu rapalySis Rif AaSBhium silicate

i : . r | ysi f
B N T T R —
708€Chp ookagtion conditions). Figure 13-C. XRD (X-ray
diffraction) pattern of zirconiumsilicate
Flgg%tlﬁégzi gggeDaQX—ﬁ@uﬂifgactiqnb Hpasterr) of ezitsonim silicate (synthesized at
it itibon,analysis of .o 0
cXS9B L0 e L U 3 Ao PR 3L AL gl 00 o
Cr.eaction conditions (below pH 2) and at higher

*te%erature: 70 Cto 90 O using EDAX 15 attached to
TdenNppestonahirpnsitemaetabsilipgtes weegpalyzed-py SEM/ER/BX (ESRM, XL-30),
ESE! @J‘E‘t)” on T on ) r 1 iS.0

%fiér coni]ﬂmjglglf?%g@’ %g?/j:t ﬁesi g(tg a ng%)?\g?féé[ cﬁ%i Iéndersmnd the
comgaeitioostoonuie, tekondetdilbel ow pH 2) and at hi gher

tenperature: .70 C 90 Q Fi.gure 14-C. XRD ( X-ray
Nay P?HP@E&?{? R Vit HEr FolSP I3 rsperiflEespiitea, By way of examples and
illhsatibhe oF 2Rdidkntion and this should not be construed to limit the scope of the

invention in any manner.
Synthesis of cupric silicates

Synthesis of cupric silicate will be described in detail with the following illustrations -

1. Synthesis of cupric silicate at acidic reaction conditions:

10 ml of sodium silicate solution (0.5 g/ml) having 2:1 silicate to sodium ratio was added to
100 ml of cupric chloride solution (Cucl, 2H,0, 0.5 g/ml). The reaction condition is acidic.
The resultant precipitate obtained after removal of supernatant was dried after thoroughly

washing with distilled or deionized water.
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20 extreme acidic reaction conditions (below pH 2) and
at higher tenperature: 70 Cto 90 C). *The functi onal
wo e@ndosdn netal silicates were anal yzed by SEN/HA0$/002011
(ESEM XL-30), ESR (JEQ., 38ES- FA-200), AND XRD
(PHILIPS, PW1830) to understand the conposition,
Tm Sllicitel k@ copet ratiodedsal: 15515 #&SreNOM:PREBI eﬁ@ﬁltslsnfoPﬁb QQ%ﬁé]ﬁlicate by

ng specific description by way of “exanpl es
u%“ilg l@ﬁ’\txr%taﬁ%k@d &¢ SERE (3ospengiBectemdVidipsophicanddfurtber drmfirmed by

a&megw&%érﬁcﬁlgfl@ﬁ_éﬁggﬁ GAPEAQf the invention in any

esi's ric stlicates Synthesis of

This @upmc&mlhqatﬁawmmﬁshﬁjedlﬁi cesedlyHe by ielecleh %Fin Wbtk 8pectrometer
ustrations 30 1. Synthesis of cupric

re%ﬁ?"’déﬁtcgg@fte%&tﬂcdg dalugsef the pealem dihighowere p_r.@)semeddfelow (as shown in

Fis@@i lUR sl HiagRY e sol ution (0.5 g/m) having 2:1
1§ ilicate tggsogl umratio was added to 100 ml of

A):@@?A&:l chBb2.5805s 0l Qf 2. 61174(901(:11)22 D8y, OEXR.gdam3). The
ion..s The resultant

Tk%?éﬁglt Pl tsgfcg eo%’b%ﬂ e Cé?‘f@rk-féméfr%&fm %ﬁ]é(ﬁlﬁ deatiediag peaks as

st O, S5 UG SR DO R
Angle (sP|thea} ef these Gppraks meatd prfwaﬁedl belowlis ashoweviadtigare 1-C, and

analysis of this cupric silicate by using EDAX
attg]ched to SEM (Scanning El ectron M croscope) and
Di2ue8 ernd 06081970d by  anpliyes ng apd 55264 or | CP- AES
(Fi L} e &-A This Cupric silicate when subjected to
3)%2& éiag %?/ &%ct ron spi n resonance spectrometer 5

T}ﬁ§ rfcesﬁlda&: (felaeﬁtaﬁﬁrgﬂbdsq&ée?ucgu Vl%l o w&erq SPQIB ?ihi%material was

whi were presente ow(

treated b'&amimhg Wlth)l UteBBAB3D @)m 21‘85&2 QBIL@)H %ré?p]a?éhgfr@q sodium arsenate
0 ?07 E) 2.04673 This Cupric silicate when subjected

(TZIH 3( ray Diffraction analysis resulted in 8 peaks as

They taanc stical é1ﬂféEt%d42 7 bmcgilg?ﬂ? b?éc%hg ?60 i(xn(g water, when

peaks, and peak height, (count

10tl1g€1fa?)lpn¢ silihate evas agdsakte Lliter f polifoanicentahii &mﬂq@%ﬁr (Table
in Figure 1-C, and Tablel). 1) 2128.25 and 16. 28197

)2) 1593. 74 and 32.29018 3) 1470.73 and 39.79307 This

Th id
mphg Sg ategl?hi?ﬁ?f q%ggtrg\ﬂﬂ;?ft %rgrsnaﬂo%igﬁ'te %n& l%e%iq négatﬁle @actema such

as - (4pliy Staphalocgecus agrq@p,nP@ué@nomswmgm@a prrdeaamﬁds fsﬁmms when
R ALY Fos bR B Veetst] EraSHimediantrabEay  nic ng
Evemataera, coﬂaem’tratmn of 0.06% and 0.125% of thlS cupric silicate in growth media
inhibited the growth of E. coli (Table 4).

This Cupric silicate inhibited fungal growth of a) Sclerotium rolfsii b) Rhizoctonia solani
¢) Fusarium oxysporium d) Pyﬁcularia oryzae (Table 6), up to 32.93, 73.2, 76.8, and 100%
respectively, with 0.25% material concentration mixed in growth media of fungus (Table
6).

Viral disinfection nature of this Cupric silicate was analyzed using Bacteriophages and this
cupric silicate disinfected the viruses.

The phages used in this study, their isoelectric points (pl) and their hosts are as follows:
MS2 (ATCC 155597-B1), pl 3.9, Escherichia coli C-3000 (ATCC 15997); NX-174
(ATCC 13706 - B1) pl6.6, E. Coli (ATCC 13706); and PRD - 1, pl 4.2, Salmonella
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10mg of cupric silicate was added to Iliter of
coliformcontam nated drinking water (Table 1). 20
wabiog/1edps i ¢ silicate inhibited the growth of PCHIB2003/002011
positive and gram negative3bpacteria such as E. Coli
St aphyl ococcus aureus, Pseudonobnas aerugi nosa, and
tyBashd i {d585) | Gogldd O -
e R D E L BT oL Phhecl RIS Byflod SRS ol RS (P wsing
theig ewaeti et hasts ofd O saeegamietday A6g4ribed bhiSwstagr $.A., and D.S. Dean

ill.cate i.n growt i a. i.nhiDbi t owt h of E.
(rh e 8 Bt pRRe 1o ale Fhilisfeds Sia co, s
Frabicige). growt h of a) Sclerotiumrol fsii b) Rhizoctonia
solani c¢) Fusarium oxysporiumd) Pyricularia oryzae
Batehgbsorption ghudies:32. 93, 73.2, 76.8, and 100%

j 25% material concentratio 1 xed .
B Ehlge i B R SRR e o Placed imto
cadh oif nifiree tsiepile HBhLIEEIH bohibs deuiifige fibkl CRiRIOWAS the bacteriophage

zed using_ Bacteriophages and this 30 cupric

R R e et e (hed cselid ebieve fnl
“hostat Y aphPEHP Y FEAT PR Bl RngC GBI vas waaa

tolegcthef the thrae tibks caB0DG tifoATEEr A I épntrdi¥ubic/ebntdifihEeeeded DI and
16.6, _E,_ Coli (ATCC 13706); and PRD - 1

13706 - B1 , :
nqytpaerigl W%’Sa%l_ﬁfgﬂfeepﬁfgdv@hg e %@ﬁ%ileﬁéwr} BieRsema Py shaker (Red
R&8r PRPOISUHLYIE SAERE i r 16HRGER rﬂ\&ﬁﬁn%@%@é’@?&vgﬁ). The tubes

pl aque-form ng units ( PF using their re
wétggemozert ard seiftrifuggdrat 30004 &y Yaesor Albiguothyof $heistpenatant and the

cofi) spPB P et Pnoled Gy “SRE oL fetioed fostpe respective

Bidctaivphagn)as descBBEC baksor ption studi es: Three hundred
ml | igrams of the cupric silicate was aseptically

Cusicgtibente decqstaminated mbout ¥e Bagferipphage Wiused bueh5GS-2, @X174
j.cal,_bqgttom trj fuge tube. Aliquots as the
angg{:i{]%?i(gsp évélmg?ebg%bs were added to 100m of sterile
Tideicpric aalios®s ekhiblddd chbmitaBpSlitkint QeRBHnE¥Ridnl ??d erty when this
concentration of approximately 105 pfu/m . Fif eé)n

cupyif | siligater(5e9 mpke véeerisgd o wrhnlemetbanes O(sich eacthlafoform, 1,1,1,
: tu LD the_.mpterj.al. A control,.
wipBrdelE | e SRR o HifBb Rebleng " VaBogishloroethane,
difoepehletoetizne, ttehahlomsthylsrs ddorhseimpl BEedlifhloR3-bromopropane)
.rotary . shaker (Red Rotor PR70/75, Hoofer Scientific,
dl?caagvefloﬂn 10245+ n Adter néharenshs geising oofs cupsg . sifipete t wiids 8.950 ppm
; Y, C i 0 L OF Loy .
D A Foh g L it bertyant R 0bieh Blelipiaonpr cupric
siligatee reveatede that smpiial dijcath | detedamanttdasiayanethatest [Ripric silicate
respective. 15 Bact.eri ophages as scri bed above. ‘
de@fﬁ? ' aﬁ‘i‘% I¢RP % éeﬁﬂ?laﬁﬁ%ﬁ%%wt 8b gf?é PogviBateraethanasagshown in
(TMdlegpes such as Ms-2, 0X174 and PRD-1 (as shown in

table 7).
2. Synthesis of cupric silicate at acidic reaction conditions and at hicher temperature

(70° C to 90° C):

50 ml of sodium silicate solution (0.5 g/ml) having 1:1 silicate to sodium ratio was added
to 100 ml cupric chloride solution (0.5g/ml).  After thorough mixing the reactants were
heated up to 70° C to 90° C and kept overnight for 12 hours. The precipitate obtained was

extensively washed with distilled or deionized water and dried in oven at 100 °C.
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This cupric silicate exhibited chem cal poll utant
decontam nati on property when this cupric silicate
W@ 20d/1mg}5 was added to trihal omet hanes (such aBCT/1B2003/002011
chloroform 1,1,1, 20 triahloroethane,
tetrachl oroet hyl ene, trichl oroethyl ene,
TI%E(;tQ?fg% g lrcggré%ﬁt W%vas (k:)ilr ?rm o%%\?ﬁffl?e?t 180 malysis of cupric silicate by
usmhg:]EDArX 8tdoh@hm>mcammr@¢lectcbrsmcdnvsedpe mdnatther cofirmed by analyzing

th of ¢ ic silicate with 8.950 ppm
with M%ﬁ&?ﬁh@?@&mﬁm ng water, the supernatant
TIa8 @u\p%b SilaateevnBl S@diRidRtd IRds 6YRIdcGon %’Pﬂn' fe8dfince spectrometer

reveal ed that cupri ¢ silicate decontam na
resyliedah chasiablarisis:. ¢ Calped of bielpeals, svhh weregmesanied debuav fasdshown in

BRI AP SHRAE 85 Shown in (Tabl e 8). 2. Synthesis

ApﬂZgMﬂIlCB;Qbﬁ@ﬁﬂe at acidic reaction conditions and

TIak dﬂpﬁh%héa@é'%éﬁ%ﬂ%@cte& {9 )@ratﬁpD%@fagaon g’[@&lfﬁ‘l fgsuﬁ&giﬂj Fbeaks as
silicate solution aving 1:1 silicate to

evidadicedmir Higuee (wawhlau dshdws 30slgroﬁqa@m paiksc apd peakchdight, depunts/s) and

ORI P B T vy e 2 s

Taleini ght for 12 hours. The precipitate obtained was
extensively washed with distilled or deionized water
1)a§a5-éﬁiaé@|1gﬁo@5/7en at 100 C. WD 2004/ 101435
@nggbgégggégggggl 40 The silicate to copper rati o was
1: °0.78, as teveal ed fromanalysis of cupric silicate
3)b02.58iang 3EBAX At t ached to scanni ng el ectron
m croscope and further confirmed by analyzing wth
AAS or | CP-AES (Figure 2-A). This Cupric silicate when
TIHY @u?)ﬁrcesgléaﬂa @%@h%ﬁh QY 28LAELH08 £ 9, [ERAN of this material
spectronet er resulted in characteristic g va of
wiheegedhy, mmhng; iwﬂkeitdltp)r el ardt poin bearbemive é(aisumhcpm’parad from sodium

é} le 1). A 2.23480 B) 2.06456 This
alﬁf’d’% @ ‘W”cl&t n subjected to X-ray Diffraction
TS _%luﬁﬁb %ﬂfc%&Uihtsﬁ@ec'ter&l TRSRIP° BlifdeMl %%ﬁdfrbﬁ E%ﬂ&ﬁg viater, when
whi shows 3 significant peaks, and peak hei ght
1Qrep whtowpsy sdivdte wos Addgdetq 2 ]ilthebé)mbiformh@mtﬁlnp‘edk@nkmg water
(TWE%? vvere present ed bel ow (as shown in Figure 2-C and
1) 835.63 and 16. 20057 2) 706.74 and
3.32. 2§8911ﬁb31s36f capde SBcan et AtdlkadichTohitidSn PRI 6C7):

silicate decontam nated arsenic up to 55.8 % when
%@Hﬁatéfantwpé quﬁ@cbumaﬂlhca&molutrl@a( 2l ghyl) Haxinggl :Wisilicate to sodium

ra bt\%s gﬁde%l B ﬁ)ﬁ ?%ﬂ{?:g%lcg %d'.eo((‘).ﬂlgﬁago%ﬂlo o o%%%{ Ahtral pH

as s
COI’Idlthl’l The resultant precipitate containing cupric silicate was obtained after removal

of supernatant and dried after thoroughly washing with distilled or deionized water.

The silicate to copper ratio was 1:1, as revealed from analysis of this cupric silicate by
using EDAX attached to scanning electron microscope and by further confirmed by
analyzing with AAS or ICP-AES (Figure 3-A).

This cupric silicate when subjected to analysis by electron spin resonance spectrometer
resulted in characteristic g values of the peaks, which were presented below (as shown in
Figure 3-B, and Tablel).

A) 3.10383 B) 2.36522 C) 2.0467 D) 1.21887 E) 0.96688
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This cupric silicate disinfected 2.72x10 5 coliform
bacteria fromdrinking water, when 20 10ng of cupric
w@Rlosaen4as was added to 1 liter of coliform coneEriBraea®2011
drinking water (Table 1). 48. Synthesis of cupric
silicate at neutral reaction conditions (pH 6-7):
Tlﬁ? %?HE gglcﬁtéaaﬂﬁé{rpé?tﬁlécé%f gl tydg}a fﬁ:zi%hgn ?Lﬂg&% ‘}Qmﬁggqg 6 peaks as
e\ud:em:emm Frgfura3u@y which shaws ﬂelgﬁnﬁhcﬁgi péalcs Samldqtelab theight, (counts/s) and

obt a4 netra 25 condi tion ul t ant

%?%2" PR o e ARG SHT pESGited Colon s OBt Bigure 3-C and
THIE B! rem)val of supernatant and drled after

t horoughly washing with distilled or deionized water.

1.The %40 S?Q:atdelﬁtl;%(%pper ratio was 1:1, as reveal ed from
anal upric silicate by using EDAX
2attac gsi]%g?lz:éng el ectron m croscope and by
3furtd5‘921r83:gif¢1f3g7@¢<j9by anal y2| ng with AAS or | CP-AES

(Figure 3-A). 30 This cupric silicate when subjected

Thig caprag §ikiac Becoataanatohaispiia up é%%?}ar%,eﬁlsqge‘imnmttbxs material was
tlévai?&éh§ \;ﬁ\g;ruglg vflg‘ggfl']t%r &{f ff gé;vmgarye% ugoslut?cfn nlgrg g4 rré)nz:,> s%l’lum arsenate
(Tabﬂ:l]’abl el). A 3.10383 B) 2 36522 C) 2. 0467 D)

él 88715 0. 96688 WD 20044101435 PCT/ | B2003/.002011

Thig cypgi siliggp idisiafistee 2 8x W asolfppnearisradrpnxdrialing water, when 10
|

mg r?ffflgl{qglﬁér éel%ght@{%% x&q\;a 16 284 Rl %chcilfém (I;dgg%ﬁa%g lgg%}éingﬁ%g%ablel)

Thie akpiiesititete 1I(hdnt¢dtfsd§1) gmdh oﬁm)gﬁoéerbﬁﬂntrbkﬁslﬁb) Rifiizddtesie solani c)

G Sy G20l TR L0055 35 G s
g&&%ﬁ; Bwitl3 0. ﬁ@ﬂmﬁéﬂﬁ%n@&lt&ﬁ%@ %re-EE‘dtSi W%H)Wth Cnedlid J)ICI%B §us.

contam nated arsenic up to
4.1 hi sSynthesis oflcuprie silicate at loag 00.\"11"« icq :w

05y s LR L3530

whs addeidf tor 100hAr beEipRicl SHISH Y dobkidn gﬁomgﬁﬁﬂ) tVBBRinl BasidTBH condition
of cupric silicate was added to iter of coliform

100k Bl nBceteseianh RTcapitake wis (breinedafier remava) of yppérpatant and dried
afRl B WAL A0SRk oBEAMDePLn@) SO ef Of L urn
rol oni a solan usdri um oxysporl um

TIGB siByate calbappea rajoywael :0-BakdsaethaledUiporh @naldsig of ¥ s Qupric silicate by
, Wth 0,25% mat eri al

g 2\58 88. 5% 15 respectively
US&% Back aifached s scammipg PW%%WE%OW@H‘F andsfurihgheqndirmed by analyzing
with MAE s K;p)gEgL{p[l%lng ._| cate at basic reaction

condi tions Requi red amount of sodi um
Tleiis | dupri¢ elhmteuwhem stfecBedytarin)al s by glettrdn $pin wadeante spectrometer
[ ded cupric ct&l orid

SRR AU bR 400, T B £ RO o i
Figure 4-B, and Table 1).

A)3.71806  B)3.23001 C)2.61681
This cupric silicate when subjected to X-ray diffraction analysis resulted in 3 peaks as

evidenced in Figure4-C, which shows 1 significant peak, and peak height, (counts/s) and
angle (° 2 theta) of this peak is presented below (as shown in Figure 4-C and Tablel).

1) 152.74 and 26.64983
This cupric silicate decontaminated arsenic up to 8 %, when 500mg of this material was

treated by mixing with 1 liter of 2.5 ppm arsenic solution prepared from sodium arsenate

(Tablel).
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(10-11 pH). The resultant precipitate was obtained
after renoval of supernatant and dried 20 after

- W beroogbd y washing with distilled or dei oni zZeRCTiER26003/002011

The silicate to copper rati4d was 1:0.83 as reveal ed
fromanalysis of this cupric silicate by using EDAX
t I rsd
THS tarhed %f ggs%ézllgdn gl%v%tv/{ QMTh6E 8F 5OPS BT HbIR Hacteria from
drfirikigg) r\eattelA) whéihi250mgpof ccupriti silitae when addé] eot @dliteo of coliform

anal ysij el ectrag n resonance spectronmeter 25

c %Tﬁ‘l}‘{‘ adflﬁh@ﬁ:ﬂaé@t@?ﬁgbrc g val ues of the peaks,

5hi CHYMBESs B @HADEEaRShRINIAS SRR dfflo il SU4356% $1% into reaction
and Tabl eIy A 3 _/180b B) 3723001 CJ 261681 Thr's

cupru.‘ itea

tre ice ) .' |

PR kB SR eoaﬁbﬁ‘ps& Folfls piaice 03 g

sdn@icght To (Hege! ﬁéi&i/c%hgﬁé‘ dhloffe 8018ti6ns{ 80 Znt &%ﬁ?un?ﬁlhbﬁb Solution (0.5
peak is ?resented el ow (as shown in Figure 4-C and

g/qr&bh@n)g A)silige tpssogiven rslopumeBldThi dfien Proreughi mixdeg, éhe reactants
W%&%ﬁ%ﬂ@pqggﬁd? Q(é gﬁmg CaBH ﬁ’(ﬁggt ov% %\lﬂlt‘?ﬂe{ib ﬁ?l{rggﬂgfprﬁmgﬁate obtained

wppertarstely washet withadistifedpa Hel‘d)nfzé@ Mafed dhd BHéd Hesahat 100° C.
lel). WD 2004/ 101435 PCT/1B2003/002011 42 This

Tl&f‘uiifi?%e FORPST EMIG véasnk: deldets roycabmbirem apalygis abfthip cupsia gilicate by
us'g’né:EbAf)@ﬁt@CB?& %oesrcbl?mfx% ek fnﬂ!fb%gpg\@ﬁcf"f \ngcﬂlfﬁ'égg%y analyzing

cupric silicate added to |ter
wrtbmﬁaﬁmrmelEﬂr(Frgurer@A/)ater (Tabl el) 5. Synthesis of

pric Slllcat ained b of 10, M of 36%
THECUPEG §ilicakovf L%eqtﬁéid% Slse ¥ Fleion SPig tesouaags shertrometer

reﬁ%’fb@ h'cﬁﬁ]ﬁcl@ﬁ%@g"vglu@ﬂf th@:q;eﬁiks Whl&l%l%rtﬁ‘éééﬁeﬁadelc% Shown in

was added to 100 of “cupric chloride
Figwteut-Band Tebled hese aci d| c cupric chloride soI ut| ons

9 of il olution (0.5 g/m) haV|ng

Agf& Hic%fgbﬁghéod¢ﬁﬁ??§ﬁio was added. After thorough

THiik X:uEﬁc siliegter R é\[lif']é‘cted/\ﬁf g atifhctbn talal§8s (1:e§u‘Pce@Qn% peaks as
and kept_overnight for 12 hours. The precipitate

eV&ﬂﬁna?c}]éuFlngv@swl@ﬁh hasys, 2 signiticeniepealis.tand diesk height (eyunts/s) and
10Q
R ¢ Eu % S TR e b R HRIB  Run fr  im Teble

Danal ysis of this cupric silicate by using EDAX :

ed t annlng el ectron m croscope and further
Dcéh‘?% 1%}18 \fal yzing wth AAS or | CP-AES (Figure

2)038).77 11 520095¢ ¢ silicate when subjected to analysis
by el ectron spin resonance spectronmeter 15 resulted

3)i a3¢RArnd BR718l c g val ues of the peaks whi ch were

Tlﬁé %lé}?r?_ctgsleigia%%?gcgn%gggai \Arﬁgﬁ_rlug j_lgéq_%l r(ye when Q)dmg% ltkils material was
treated by mixing with 1 liter of 2.5 ppm arsenic solution prepared from sodium arsenate
(Table 1).

This cupric silicate disinfected 2.72x10 > coliform bacteria from drinking water, when 10
mg of cupric silicate was added to 1 liter of coliform contaminated drinking water
(Tablel).

6. Synthesis of cupric silicate obtained by addition of 20 ml of 36% HCI into reaction

medium at extreme acidic reaction conditions (below pH 2):

20 ml of 36% analytical grade HCI was added to 100 ml of cupric chloride (0.5 g/ml)

solution. To these acidic cupric chloride solutions, 50 ml of sodium silicate solution (0.5
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This cupric silicate when subjected to X-ray
diffraction analysis resulted in 6 peaks as evidenced
WO pookilgueses- C, whi ch shows 3 significant peaksPCHIB2003/002011
peak hei ght, (counts/s) and3 20 angle ( 2 theta) of
t hese 3 peaks were presented bel ow (as shown in Figure
g/l Chavand 1:Tadili@itel o solhA® PaticPwaNsidta. %Z%h&b&@flnﬁimg% reactants
32. 27956 3) 330. 02 abnd 39.71761 25 This cupritT sillicCate
wergdeatedpria e oC &y 8& T endikent ovarRighy fartierho8B0 Thy mécipitits obtained

' reat ed. m.xin ith 1 liter. of 2. 0
WABLEG Bl B onsh S Y sRabiaR e eleo and i st 100°C.
THeTelhtze 9 coppbi tioURlsi 1 0534 dscratéulell BbmfR6alyed of tHid%didsilicate by

coliform bacteria fromdrinking water, when 10 ng of
USEREHEPAXs pttached o sgarningieleetreromicroscpps anst fusthpi ¢anfimmed by analyzing
tadm ranki. ter 30 (Tablel). 6. nt hesi s
W%?%%%%@fﬁ??éﬁ%@%ﬁﬁ?ned by agldi ti on) of 208¥ﬂ of
TIgs%npiit silichte wieacsibjartedmedansdysid bexlecgo® spigi @kénance spectrometer

react.ion conditions (below pH 2): 20 m of 36% o
rof2E o Bt E Pl P B Ve TOEReRIeadreloN s own in Figure
6-8hhd Talfe (0.5 g/ m) solution. To these acidic cupric

chloride solutions, 50 m of sodiumsilicate solution
A B15560D 2BD203A@H435 PCT/ 1 B2003/ 002011 43 g/ m) havi ng

1:1 si.licate to sodiumrati,o was,.added. After thorough
Tl SR o0 AP e Pe S aM B GO GBS Csoban & peaks s
evadiShck® Rt FiguRb T, 0Mlicl Sows?3 BRHITR ant Ak 86 ipRAK ALi€ht, (counts/s) and

obtgi ned was extensively washed with distilled~or
angls ond Zredehvelt Gesead dedesi warei presanésd balow0@as gowkhinn Figure 6-C and
TﬁﬁéBCate to copper ratio was 1. 0.34 as reveal ed from

anglysis of this cupric silicate by 5 using EDAX
Datdbehend 1©263Nnni ng el ectron m croscope and further

confirmed by analyzing wth AAS or | CP-AES (Figure
1364k&21¢%¢§2%@%¥ﬁ0 silicate when subjected to anal ysis
3)b¥ceheehd 80 g5Pjin resonance spectroneter resulted in

characteristic g values of the peaks were presented
The bawid siBcad dedontamifrated bseni6-uBto2a s, aldre500mg 6f Mis material was
" 2 % 561'Bé$2W$3 14 Thiis cupric silicate when subjected
realydyoy mixiag Mfaldiiics AT 2raPRMR isepisselution nreparedyiiamissogyim arsenate
(TeMiedenced in Figure6-C, which shows 3 significant

peaks, and peak height, (counts/s) and angle (0 2
Thinetpijc eflicathedsinfecisd sk 22:i6r & colifeseritaetbrinefraw drirkisgh oxter, when

IOIn{Ig gk %lillf)rei‘c 6sfh%ataen\gvas 'I;lg(l_féde Itc? '11i‘:cle? ojf) gcﬁljfbrﬁ c%ggmlir?étezc? ?a%?lking water
(Tablel).

Synthesis of zinc silicates:

7) Synthesis of zinc silicates at neutral reaction conditions (pH: 6-7):

Appropriate amount of sodium silicate solution (0.5 g/ml) having 2:1 silicate to sodium
ratio was added to 100 ml of zinc chloride (ZnCl,, 0.5 g/ml) solution to obtain neutral pH
condition. The resultant precipitate containing zinc silicate was obtained after removal of
supernatant and dried after thoroughly washing with distilled or deionized water.

The silicate to zinc ratio was 1:12.13 as revealed from analysis of this zinc silicate by using
EDAX attached to scanning electron microscope and further confirmed by analyzing with
AAS or ICP-AES (Figure7-A).
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2)414.21 and 32.36589 3)365.45 and 39.85131 This
cupric silicate decontam nated arsenic upto27.7% when
wo@rgowssthis material was treated by m xi ngP@i/1B2003/002011
lLiter of 2.5 ppmarsenic 9élution prepared from -
sodi um arsenate 20 (Table 1). This cupric silicate
Tk %{&f %Eaﬁg V%IeKZaﬁbgec?edcm bﬁa@&{ﬁl l%gcaé&fo% §1{n‘9 %%aﬁé@ Bi%ctrometer
wat er, cupric ate was ad
resulietlén cbiractclhstfccg maloemnefathe padled whichrmkém g)revsanted below (as shown in

(Ta ). nthesis of zinc silicates: 7) Synthesis
Flé‘?re?l"ﬁ gnéiifﬁ%éeﬁ%es at neutral reaction conditions (pH:
A)65 stogApm)opsmtze anpyisdsef  Sorh Wi | imes.es490l ution

5 g/m) having 2:1 silicate to sodium ratio was

C [ ) -
TH;}% QE?:I %ﬁc%tg kaggnaﬁl]neﬁcgegt ’%anﬂ 1%&' &{?fre{cégﬁﬁaglﬁlyglfg’re%l[gd in 8 peaks as
evideaodd ﬁlnFlgpfeééﬂ piitial ehcmmB aigi’lif[tgntzpdfad{s and pe:ﬂ% bnzgl&ls ((jcounts/s) and
fte r enpv of 30 su ernatant an rie
A%&va Zdrg fw 7 Wgrwqeﬁméqfﬁ?q PV d#s Brovdeingrigyigp and Table
awat er . The sili cate to zinc ratio was 1:12.13 as
reveal ed fromanalysis of this zinc silicate by using
DEBAKI at0d3h@iPddo scanni ng el ectron ni croscope and

f r ' d by analyzing with AAS or |CP-AES
2)( g% ?&95%%1{%92004/ 101435 PCT/ 1 B2003/ 002011 44 5 10
3)Thes38bnE28bY63wat e when subjected to analysis by

el ectron spin resonance spectroneter resulted in

Thinging ctlieptesierenizminated essepic upte 98&aks whethil Orgrewerof this material was

B SGEEHE] o2he FSH ol oot 1A Bium s

(Tﬁbl@%gg This zinc silicate when subjected to X-ray :
diffraction analysis resulted in.8 geaks as _evidenced

Thig, zipe gilicats- Ctr,smfﬁﬁ%ér%%@%sofa? ThxdAi ol Rysiwie Trom dsaking water,
[ d,

wﬁk% %ﬁnv%éfe:ﬁg?tesgfec%%ee\g&b dAHg!zﬁltér & datedid &&Jtur 1839 dhipling water

(IMbIQf}; 2). 1)444.15 and 32.75904 2) 307 02 and 59. 58455

Zigts i linfinde SEOHRGRRT T 20 T ¥ 4O Zme@ao@@ﬁmﬂobactemdal
prgf)"lér@/ BB abidlg tﬁ@étov&ttﬁ %9§{~3agh§l}$cé'@cﬁé e b bl Btk 52

pm arseni c Sol ution repare om I um ar sena
8)15 (Ms@f zinc silicates at extreme acidic reaction condltlons (below 2 pH):

10 ml of 36% analytical grade HCI was added to 100 ml of zinc chloride solution (0.5
g/ml). 50 ml of sodium silicate solution (0.5 g/ml) having 2:1 silicate to sodium ratio was
added to the HCI containing zinc chloride solution. After thorough mixing, the reactants
were heated up to 70° C to 90° C and kept overnight for 12 hours. The resultant precipitate
containing zinc silicate was obtained after removal of supernatant and dried after
thoroughly washing with distilled or deionized water.

The silicate to zinc ratio was 1:2.46 as revealed from analysis of this zinc silicate by using
EDAX attached to scanning electron microscope and further confirmed by analyzing with
AAS or ICP-AES (Figure 8-A),

This Zinc silicate when subjected to analysis by electron spin resonance spectrometer
resulted in characteristic g values of the peaks, which were presented below (as shown in
Figure8-B, and Table 2).

A)4.38410 B) 4.01910 C) 2.53191 D) 1.87886 E) 2.01793
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This zinc silicate disinfected 96% out of 2.72x10 5

coliformbacteria fromdrinking water, when 250ng of
WQR0va/1614B3 cat e was added tolliter of coliformPCT/I1B2003/002011

contami nated drinking watedS(Table 2). Zinc silicate

at a concentration of 0.25%in the growmh nedia

i & r -

T O B SR BIeCR 10 by PRRTLKOD Y O: AR h 2P peaks as
ev@JenSychinhiéigine 84, whiclt slsivs Gatigsfiednt pxaksemd peek Height, (counts/s) and

reagtj on conditions, (below 2 pH): 10 m  of 369
gl vt el SEasn TRk Ve Berealfibioro St 1 jgure 5-C and Table
2)¢hloride solution (0.5 g/m). 50 nl of sodium

silicate solution (0.5 g/m) having 2:1 silicate to

s oli 2rédtand W&F46'added to the HO contai ni ng zinc

c salutd After thorough m xing, the
ree?gégégg%san%éév\%gg"]heat ed up to 70 Cto 90 C and kept

OVEY U408 arfd@2. 883 2000ur s. The resul tant precipitate
containing zinc silicate was obtained after removal of
Thip ge ﬁ&tcat%t degprefarpinagad HsaNG U £oh 633 Teg Mihgn ke @f Whis material was
kSt gdej ani r e silic [ NG ..
b ) g L AR e S e B o B 8 el i ocim arsemate
(Teble@)si | i cate by using EDAX attached to scanni ng
' i rmed by analyzin
Tlﬁ,:g g}%tc rs gzam rig&%&%&?%&{ (;inr?;??(exréOg?clr&;iljfornrhlngzte)éjanf‘gomydrinlﬂgng water,
widdl 2 LoMRRE sFiUBE §FdselaL® td"‘Fl?tlel}’ of 501}%%1'[1? b6 h Pt tPldhking water
resonance spectrometer resulted in characteristic g
(Table?es of the peaks, which were presented bel ow (as '
shown in Figure8-B, and Table 2). A 4.38410 B)
4.01910 C) 2.53191 D) 1.87886 E) 2.01793 WO
SyiRéisletIsAIPer fMEddtbd32003/ 002011 45 5 This zinc silicate
when subjected to X-ray Diffraction analysis resulted
9)i n_Ayniheaisof gidver silicalien atertuiral Eacjiones@nditionhicehpEhiows 3

ianificant . a ei ght counts/s),and .
108 bt (73 BRE ARk B3l b BREL Rl a g gy gmount of
sofiasn siliew sofutibhgurie: SodmaRdicd B &/md) havihgd BfP sffzaaffhsition metal
11. 07467 2) 835, 44 and 33.52527 3)664.98 and 32. 88120
ratip fasatigip pewral pEHindheesgsiemmibiritdditionsehicactans theyrpergghoroughly
. far [ .S, [ r m_xi n
w08 ARG LTI 4 ShuliB o STAE DY gy o
prempiicaiervas SeladdeextddieTabtith @gtilledhur letinived Sidtéicatdedried in oven at
mg'bgi nfected 99% out of 2.72x10 5 coliform bacteria
romdrinking water, when 250ng of zinc silicate was
T}\;ﬁ\g.?g%té ?o_l_gi%\l’eg@%t)id)(an 9l iof PEM&SRAERHARLRAyHE Pl Lilver silicate by
using EDAX attached to s.canning electron microscope and further confirmed by analyzing

with AAS or ICP-AES (Figure 9-A).

This silver silicate when subjected to analysis by electron spin resonance spectrometer
resulted in characteristic g values of the peaks, which were presented below (as shown in
Figure9-B, and Table 2). |

A) 4.36796 B) 2.37847 C) 3.95509 D) 2.04657

This silver silicate when subjected to X-ray diffraction analysis resulted in 19 peaks as
evidenced in Figure 9-C, which shows 3 significant peaks and peak height, (counts/s) and
Angle °2 theta) of these 3peaks were presented below (as shown in Figure9-C and Table
2).
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15 Synthesis of silver silicates: 9) Synthesis of

silver silicates at neutral reaction conditions (6-7
wW@k)o4/14385 M of silver nitrate (AgNG3, 0.5 g/ nmPQT/1B2003/002011

solution was m xed with redéi red anount of sodium

silicate solution (1:1= sodiumsilica, 0.5 g/m) having

il sition netal ratio to attain neutral

1)239%5:111 ahlg%fzezgg??on After addition, of reactants they
2)/%1r2é A’hoddaghing6 20 m xed and t he resul t ant precipitate

[ decanting the supernatant. The
3%&33% Q?Z%\%E? washed extensively with distilled or
THIS s 28 atdc8ont AN Fhatdl ﬁé&nicrhﬁ\ﬁ%l}aﬁ 5% Qfhefr-1 OTBGm of this material
silicate to silver ratio was 1:19.5 as reveal ed from
wah &iegted dyomixing svith [vider of Riapm anjcnmsolngorEmpared from sodium
ar"éléna c(‘lie tzg scanni ng el ectron mcroscope and further
rre& y analyzing 25 with AAS or | CP-AES (Figure

Tlﬁis éq)lvel Fliicatesdiditfetted 2 12x 20 & cotiforin SHREES ir8eh dith k2 l)i&t, Svhen 5 mg
el ectron spin resonance spectroneter resulted in

Ofcﬁ]a’leléélﬂlé?-qes"qucad&e@/éq) dbter of cohforpmecausaminpipd ripking water (shown in
T 1g%fnt ed bel ow (as shown in Figure9-B, and Table 2).

H{ 36796 B) 2.37847 C) 3.95509 D) 2.04657 30 This

1®i | veyntlsdsis of aileerwiigates ubjcddit @chction ordatyordi(hHr 22t 1 on

3 Ghco! B Rodngion GoGTReBY ?vgﬁtaﬁﬁ%ﬁﬁ'sgﬁgf Sb VSRR 05 gim)
sl @RIt 1R4 re@%ouﬁtﬂ&ﬂ Sdbur? sf8EF) .12 é)ﬁ%%‘?ﬁ dlggqgﬁélrg? 'sGlution, 2:1

presented bel ow (as shown in Figure
sil@, 2008iti0) 1kEd rm MMaB204S3Y @Otﬁmabldmsd $) B4htrdtd salution to obtain 2

2.2988 2421. 27 d 46, 27446 3) 1835. 66
B S0 ofhed i AR scitiafnt e ety bbs ?BQ'&Z £ 56t r%yand kept
overfidht f0heD hdul. AmBTetahthreciPRAE Wa@lwasﬁed"@ﬁ&eﬁﬁ% RGkh WY stilled or
W th liter of 2. m ar seni'c sol ution
d%@@&ig‘é@ielfmﬁrd@ddn an airl98hdt e (Table 2). Thi s silver
Tlgé Lﬂlﬁ?ﬁé Ft‘o lx?é t?c\)(l:mtwgag 151 % aél gefvsegf ﬁ\fgf Oéfmﬁlsgg: g tbﬁss];l(/grngﬂicate by

@@EDAt}Datkdché(Efo whnififg tleoEdh HONREpOMERrEET Stiftthed by analyzing
(shown_in Table 2). 10 10) nt hesi s of silver

With ﬁpg%?%@PaﬁEﬁéFWEelpe‘hktl on conditions (pH 2): 8 ni
6 f
TI‘HE sﬂ’vérr LificAC 'v&e? %lug]tegﬁ%% a%g%&@ b}y@l%c equ? scgnr%géh tsgectrometer

I'ver nifrate Iut i’on.
resxﬂtedadlchalnasuehstmag eal{ids df-ths pahksymiidhi W&e,[ﬁeéﬁ:n@aﬁrﬁe)ow (as shown in

sol ution, 2: ilica, transition netal ratio was
Flﬁ%‘i@f% 8“11&?‘%[ e2idified silver nitrate solution to
APBBAI T 2 ppkoaf4t ercy pogpegh m xing, the reactants
were heated up to 700 Cto 90 C and kept

This silver silicate when subjected to X-ray diffraction analysis resulted in 19 peaks as

evidenced in Figure1l0-C, which shows 3 significant peaks and peak height, (counts/s) and
angle (° 2 theta) of these 3peaks were presented below (as shown in Figure10-C and Table
2).

1) 2217.87 and 29.33483

2) 684.55 and 47.68093

3)674.27 and 42.31091

This silver silicate decontaminated arsenic up to 99.0 %, when 1.0 gram of this material
was treated by mixing with 1Liter of 2.5 ppm arsenic solution prepared from sodium

arsenate (Table 2).
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15 overnight for 12 hours. The resultant precipitate

was washed extensively with distilled or deionized
wowioenomssl dried in oven at 100 C. The sili catBCT/iB2003/002011

silver ratio was 1:1.04 as4feveal ed from anal ysis of

this silver silicate by wusing EDAX attached to

TSRS oE B 3B A e Dl 5

ofilveesilisitd wasidledhe hlistbf edifech t¢amtaniabydidsinkingel aat (ﬂ“ablle 2).

spiL n .resonance spectronmeter resulted in
M&&m of the peaks, which were

1 €S &RhBHsiD6f Plh RS sSHEMRs A nelthd WaliGh Enddiiths (8R! £7):
). A) 4°371/1 B) 4.04714 C) 1.981I89 This silver

164} ] o&Manghsse shbﬁéc t(Mthlde&Os 635 gl"nﬂ)‘ st}iclﬁdmwaanakethi;h required

o S8 AR B 3o SRS AL S 7

in( e UB4dHos) medim. aﬁ%ﬁ aﬁdlﬁoﬁ hﬁ%ﬁ‘)we@é 1681 Qﬁﬁgé a}‘i@ rtﬁ‘e resultant
presented bel ow (as shown in Figurel 0-C and Tabl e

prepipyatg Yo obinedchy elegadingt thei sipewdtaat.sehie mlpltatfg gwcs washed

ex{%nsmgpwilttx (als%[l?(?éf Ile&&rtlzgds\ggtgf gncfel Aned n %v&{ ﬁalt()%d by

m arsenic sol ut1on
T]iH sipiasite do fnia@nsReliratio was 9engd as (ehableé fedm adllysis of this manganese
)2217.87 and 29. 33483 2)684.55 and 47. 68093 3 674. 27
Sla??ae hzuss&g)ﬂPAﬁba%@ml oasynpeerirapneEPHOPe and fuytherpprgirmed by

f Al f 120Y2x10 5 coliform
r@%zyrgw& rom r| néEgéP%fegr A)when 5 ng of silver
This | hnzagmesa ssibichtie dwhen | dubjeetedofio caralfsor rhyc miﬁcanmnapmd resonance

dri nki n ter. ( able2 nthesis o anes
SHEFTPEG Lo inGPARREERLS svali QL AscRe ok M Berepresented below
(a@@ﬁwﬂnmg@%ﬁlwaﬁ@m%lwgns (pH: 6-7): 5 100 nl of
Manganese chl ori de 4H20O, 0.5 g/ mM) sol ution was
Apil 284124B) B.Op&Tui red anount of sodiumsilicate
Ol UL |

TR s e a8 e A hieged kbR ntnditn e Refgp Mtk in 5 pes s

evadstictd o Fiduel -@ewRich RAbAY @Rk %idhifx@d: peuk 4dwe éa%sﬁﬁlglﬁn(counts/s)

precbpltate was obt ai ned by decanti ngl t he supernatant

Angle (pPdbetpl ehathés mglemgh@c@re ereseried belpy QﬂﬁtShO\dn 41 {Figueel 1-C and
gf)l oni zed water and dried in oven at 100 C. 10 The -

S|?|cate to manganese ratio was 1:1.94 as reveal ed

f r om 48 3=l 30.65087hi s manganese silicate by usi ng

EDAX attached to scanning el ectron m croscope and

Thig rpprganessniilisate degntaminateg AAsliqiuphioahs4ér Wigm ABsgram of this
mﬁt’e::hgp{‘)v%s léateg\ 1%1 TRAORNRSCOS b s! ]%[ﬁ‘flearégﬂféqsgﬁh%r? Blegbred from

to anal ysis on spin resona
sodium arsenate (Table 2).

This manganese silicate disinfected 51% out of 2.72x10 ° coliform bacteria from drinking

water, when 500mg of manganese silicate was added to 1liter of coliform contaminated

drinking water (Table 2).

12)  Synthesis of manganese silicates at extreme acidic reaction conditions (below 2
pH):

10 ml of 36 % HCI was added to 100 ml of manganese chloride solution (0.5 g/ml). Sodium

silicate solution (1:1= sodium : silica, 0.5 g/ml,), 50 ml was added to acidified manganese
chloride solution. After thorough mixing, the reactants were heated up to 70° C to 90°C and
kept overnight for 12 hours. The resultant precipitate was washed extensively with distiller

water or deionized water and dried in oven at 100°C.
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spectronmeter resulted in characteristic g values of

the peaks, which were presented below 15 (as shown in
wo@uneld3s - B, and Table 2). A) 1.93412 B) 2. 06BGBHIBRN3002011

manganese silicate when subBfected to X-ray diffraction

analysis resulted in 5 peaks as evidenced in

Tied gitic&k lto Granshhdzb rﬁﬂi@%s qnp0§ lhgRiJehfed rﬁorﬁ eaﬁﬁlg@@ bt Rﬁi@ Knanganese
hei ght, (counts/s), Angle ( 2 theta) of si ng

sibhesi byaring FDASE attecliet & spanitiag ebhtnomrmaroﬁlogq aad fur@eanchfirmed by

and O 65087 Thi s manganese
%&J@%ﬁhé?é%so&z %ESi]d: é c up to 12.4% when 1.0
Tlgik amaqgariebd Ssilicwdd eWhéﬂ Mfecfeﬂe@é eghaP)sisibyl Necdtohh sgin  resonance

liter of 2. pm_arseni ¢ solution prepared from
S@B@?@ﬁ?&%%ﬁﬁf’@ qreastesisty g vaBleyRf gerpealiarvdtieh sierd prsanted below

(oS SRAV g e PA 0 Q#(tlT%le% 72x10 5 coliform bacteria

rom dri n ing Wa n 500ngy of manganese silicate

AWhS463HRIdA 178 5BC) zeszzﬁD)czamzerﬂ)wmpaBj ne9ggs1 drinking
12) Synthesi s of nganese silicates

wat er %Tabl % ma g . :
TH niapgiste Sk iencublerisA te onemditing 1P @ngypip respipd Bpone peak
aslé%dgnc&f m:il@fgtff’e"ﬁlc"\@ﬁlci‘}Qﬂ&Q b s:ligﬂ)fi%nt?e?lmgéﬁ%ight (counts/s)

| ori de solution
arg]cﬁngtq or? theta) of @wctpaahwwercspﬂesmd 1&w (srshoyvn ib Figuke 1886 and Table
added to acidified nmanganese chloride solution. After
)t hor ough m xi ng, the reactants were heated up to 70 C

at o 9BaRd 2kegHooover ni ght for 12 hours. The resul tant
preci pitate was washed extensively with distiller

Thys treanganesy esilisate, decontaneinatadh dusgnicedp itm lowze o, awhdrﬂm@ @am of this
SRR e P i ety sl Predived g o arsente

ganese rati 0 was
(T?ablet?l)l s manganese silicate by using EDAX attached to
scanni ng el ectron m croscope and furtPer confirmed by

This Japsangee whese drinfagied @%AE‘S of Ri7gut@r olformtactsria from drinking
SRR ARSI UL ) B QoA o
drnikam&ater@hble@)g val ues of the peaks, which were

l(isent ed be] ow s shown in Figurel 2-B, and Tabl e
M@M&%SSQ 2.18228D) 2.11243 E)
dekis J&f %ﬁ&ﬁﬁﬂin-ghic%tegﬁ ﬂ%f’l%a {dnl &Alifio - 6-7
E@J ecte -ray rac

mé gkzuca)gwgm/ pmmlndm‘dim Snlu}ﬁlog (ZxOA12 SH,O b @'mB hmqiﬁlr@hﬁnount of

k h ts/s 10
SR S s LS Bl e
Afsdraudition, theguvdd Zndro@dily Takd®ard) the r8uldR: S8ciphtte was obtained by

24. 65599 .
decanting the supernatant. The precipitate was washed extensively with distilled or

deionized water and dried in oven at 100° C.

The silicate to zirconium ratio was 1:2.90 as revealed from analysis of this zirconium
silicate by using EDAX attached to scanning electron microscope and further confirmed by
analyzing with AAS or ICP-AES (Figure13-A).

This zirconium silicate when subjected to analysis by electron spin resonance spectrometer
resulted in characteristic g values of the peaks, which were presented below (as shown in
Figurel3-B, and Table 2).

A) 4.42797B) 4.18272 C) 2.24547 D) 2.30425E) 2.18961F) 1.23086
This zirconium silicate when subjected to X-ray diffraction analysis resulted no peak as

evidenced in Figure 13-C.
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Thi s manganese silicate decontam nated arsenic up to
10.3 % when 1.0 gramof this material was treated
wowaoh/1d143 t er of 2.5 ppm arseni c sol uti on prepeCEB2063002011
sodi um arsenate 15 (Table42). This manganese silicate
di si nfected 58% out of 2.72x10 5 coliform bacteria
THi§ %@cgﬁlhﬂlk bl‘i‘iGateV@éc@ﬁtath%H 209 LgJ tmwe%eﬁ' 1.OCHE of this
was added to 1 Iiter of coliform contam nated
mateiiakvay treetee by(riﬁadmhg wath, 1 $iyert dfe2.5sppof azsencosvilaton prepared from

ﬁl licate a? ngg Synthesis of zirconiumsilicates at
SOffEYR 5P 4% condltl ons (pH: 6-7) To 100 nl of

THib ZEOEH b PHOAEN HiRInifEEed 24pUbiit T A 7Z2xP0! 2B bActeria from drinking
g/m), required amount of sodiumsilicate solution
wqlgr, whesohi0ma of zirqonsmm sficstegwa yddaddo ddlied of gobfarmi ¢pntaminated
ter addition, they were thoroughly
dr{m}l%x&e%‘g%‘atﬁg@aﬁlg%'esul tant pr eci pitate was obtai ned by

14 ec agyithivgistof @irsetpemnaioans at S@n REjiPtdasticén mltms ligdow 2pH):
extensjively with distilled or 25 deionized water and
TiAPRant A sveninm oRoehloride Keluten. Kafl 4lo36%prGh andhsodium silicate

soﬁtﬁfoh%lyfassoghlgrll %@g?é) %g)ﬁ‘ﬁzl‘jﬁ 1&{5%%58 aixﬁlle@u{%o VEJH SAfter thorough

Zl rcontum si scanni
medn@ theceadtines oscdmpatedng b 70T € es 96700 hird keyd oloyrnight for 12 hours The

zing Wwth AAS o AES (Fi gurel 3-
re S al Aeci T Ehith sﬂewﬁ% e\i(it@ocgiteleér%%gqnézeswater and dried in
oveh@eid@ spi n resonance spectroneter 30 resulted in
characteristic g values of the peaks, which were
Ther sibieaie dol divebmiwm( sasioswasnvh:0. 1 afrayealetl Frdp aanlysifadf] this zirconium

Sl SOSSOHEHEY © 5P G TSR by s Tkher confirmed by

analRirRoliBd ANG o ICBYAHS (Fibakt ion, anal ysis resulted no
peak as evidenced in Flgure 3-C. WD 2004/ 101435

Tipezir¢@pgo siligazolen sabjeqtad s0 analysénbyusteetdn spén eesonance spectrometer
. ' . g ‘
regﬁfiég% %aﬂ%fé(?}%g%c%?ﬁp%se%fﬁﬂa pgz;/.l%mwilll{,gr[]l WCI‘% tH%engEeg be jow Eas shown in
Figura1p{Braad Fele ¢).sol ution prepared from SOdI um
arsenat e zi rconi um silicat

ANt-3 73?1‘6&)%%2%&92@96@ r3lavs 16@93@1&%3&9& eria from
THIE 'zﬂgdd‘p&a sPlicHR flen ijg fe)n?-rg It G ﬁ'rmlyc‘s'ldJ [SBH& in Ipeak as

was a to 1 |te contam nate
eviktenpéd ngFmtedFl G, T\abich sﬁ))ws b4y skpifidaes psalofand ipeabhieight (counts/s)
il Oe at .ext cidic reac ndltlons bel oqw
ergyete (75 1t G i PesR FusSh Eere iey CRICSY oS hasn Bifuesd -C and
Tgmle@)t 36% HO and sodiumsilicate solution (1:1=
sodium silica ,0.5 g/m) 50 mM were added and m xed
A)/\&480a1ﬂfl(é8943ﬁorough 10 m xi ng, the react ants were

TS EO R b e e Bt B R Sk loaried 16 gram of wis
mE¥t gNEhy ek itedvibly hmikisd lvvhﬂhelj lidr 6feR.9iphe drddBicedol@ih prepared from

Soddrllllrg %slerl?ate (Table 2).

This zirconium silicate disinfected 98% out of 2.72x10° coliform bacteria from drinking
water, when 250mg of zirconium silicate was added to 1 liter of coliform contaminated
drinking water (Table 2). .

Now the present invention will be described in detail based on the experiments conducted

with immobilized functional transition metal silicates.



10

15

20

25

30

oven at 1000 C. The silicate to zirconiumrati o was
1:0.77 as revealed fromanalysis of this zirconium

W@ pdoaean4ds by usi ng EDAX attached to scanni ng ePEDIB2008/002011
m croscope and further confdrnmed by 15 analyzing with
AAS or | CP-AES (Figurel4-A). This zirconiumsilicate

13yhenA JUBk S6do 6t afnth B8R HSitRn M 1is i RinEQSh 28 RERsitiBR IARC licates on
dpectrometer result %TT‘C‘?%TA‘CT‘ETTS@TQ‘WD’E‘S_%_—

activeted elukrsina (siviec lboverl@0Ppnesens)ed bel ow (as shown in
igure.14-B, and Tale2 A 36 B). 2.82 39C)
250 ) BoSeyiuT Bicgaisep %10619%%“% B8 gemaAS ) was passed through
10517 AN NS 1t I L ALK WRe B JObhERLITHO a&eﬁ@yccqﬁér{t rR6dhOh treated
anal ysis resulted in | peak as evidenced in
sohtgmr\@amn@sumﬁubahlsmlgd@ @E& asql gnAAScant peak, and peak

As ev1%encreesgu nLe[s t aq%}ggon uﬁlcﬁlogf?lt tﬁ%ﬂé]&lz_)nt Igetg]ng\ﬁcal%es absorbed
ardeid ﬁgﬁhcarﬁ])y 84. 80 and 10. 89433 25 Thl S zirconium

silicate decontam nated arsenic up to 54.5 % when 1.0

Ceprigniiligate Wpmobikaedeen agtividied aim@a@,ecﬁcwamﬁwwgarwmmcmtent 90.10%.

f 0 [
2 o DA 1 SBRL 65 Bl P B SRR R comn 91955
Mdhgdnﬁﬁeeslﬂleﬁtegl&%ldﬂhz@f oR. a%ﬁxdt@& ab@hink odgtob@atifttied afseli® content
nking water, when 25 of zirconiumsilicate was
5%%7% Gigcopiym silicaly lwbﬂ@?%oeowlaﬁ%aﬁhéramas@camam%@ arsenic
Cdﬁ&5§q3@§%ble 2). Now the present invention will be '
described in detail based on the experinents conducted
with imobilized functional transition netal )

ili . V\D 2004/ 101 . N 203/ 002011 . 50 15
enig de 10y s iona .u;ansnmngnetal silicates on

d1‘ffé1%ﬁ§é1£és% ﬁﬁ{/ﬁbd §1h1hhﬁa’?‘t es on activated alumna
(size: above 1000 mcrons): 250 m of Sodium arsenate

1099mitof Sedivoparsenats sgjutdonl chrmlmg 224 ppmi Qi)arvm)pmqmsed through
m col

T T AT A T -

trafR AR BetabYilit@eNgn laciy ABaRBn D Eraiifes (A0 @Yib&ANGRE 1000 microns
from Table 8 the imobilized functional transition

siffek WPredpiied alles agerie cprignt Ripsrahinctiedterhsdliéemwhy measured by using

i e immpbilized on activated al um na,
Icgjggﬁgdg?nokégﬁj arsenic content 90.10% Zinc silicate

Cuprivoddlidatez eldnmbﬂﬂecﬂ bn attivhtel dlomina (6@0RictdR) dloathminated arsenic up
a9 senj c cont %1 98% 10 Manganese_silicate
toj ? F?‘?B?ﬂfe 8P? %%eéeptémuml%re@é&%méﬁe%@@dmth cupric silicate,

infhSE & &%geﬁfed ABnARYPE %obqfﬁefomgé g’l‘zﬁﬁ‘é & )mobi | i zed

on activate um na decontam nate rsenic cont ent
13. 08%
17) Arsenic_decontamination property of immobilized functional transition metal

silicates on agropolymers:

250 ml of sodium arsenate solution (containing 500 ppb of arsenic) was passed through
250 mg of cupric silicate immobilized on agropolymer containing column at a flow rate of
1 ml/min. The arsenic content present in treated solution was measured by using ICP -AES
and or AAS.

As evidenced from Table 11 the immobilized functional transition metal silicates on
agropolymers absorbed arsenic significantly.

Cupric silicate immobilized on agropolymer decontaminated 56.48% of arsenic content.
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16) Arsenic decontam nation of immobilized functional

transition netal silicates on 15 different sizes on
wa@edume4ssl al um na: 1000n of Sodi um ar senat e BOI/IR20@31002011

(containing 2.4 ppm of arséhic) was passed through

10x1 cmcolum at a flowrate of 10 mM/mn. D fferent

! Z€s gecgm%lﬁbﬁ j%oé&%%f ﬁﬁ%&ionatl rtra?_‘gnsﬁh% .%Qetgﬁe §iﬁ!:ates by physical
ilica (O0U NTTCTOoNns
inanobi L@dn mneans sargl (260-00atigohesi®d. The arsenic
cont gggdzglr esent in . treated solution was nmeasured b

Ipraphy nelegnahransitien wetahpifcates, yerecorepare¢ Ry @dding tansition metal
i bii i i vat i ( i:CLO . P
ST 20 Skl BARAPEORIBDNEY o it s
siB&ut® EYeblemomranbitiatd fimctiesil |ttapsitiom ntetatatiliend omiqubrtz sand. Excess
ofBhd foRimrEPufsd sHiEe: Wom reumyeq fien g WA ith distilled
orlREAREAMY 8L, 1280 I OP&Idin AbschBRBIukibE §Cbrt B! Z?P??mam of arsenic)
transition netal silicates on agropolyners: 250 of
waopaseel dreshatOx 1gwh gentainingceieman at adloS0Gitppbl@inl/min. The arsenic

' wa assed.t hrough 2 . of kc silicate
e Blery s RS ST R P eaeh TG 1o Bhs wal o b
A atiderebd fibniTABTEIR thERRmAIbSIeRH Fukc@ibhntanbitios @Mtall sllicates coated on
treated solution was nmeasured by using ICP -AES 30
quirg send dagrbedgrsenicgemlicintly.om Tabl e 11 the i nmmbi | i zed
I i sj ljc . . agl. | yirer .
CHREHETeL R SRR PSR 3500 AL PERL W Ruminta
arbamixp 35V, z4R158%, d§raapal yime 8. 196 aespeativaiat esnplied 8% 088 % arsenic
arsenic _content. WO 2004/101435 PCT/|B2003/ 002011 51
defgﬁ‘ta@é‘@&ﬁf PHIH&LF ??r?%?‘?fﬁ@l)t-y of functional transition
197et al - $idrb Gt RS oYmBYiSh GRdperty BRI AR a0 b &tion metal
sand (Z50-500 m crons siZe): fnmmobIfized runctronai
ikgq pdalaimigd didremlymere prepar ed by addi ng

VAN
2

n

R DTN g TR R N —

wér@dbdtiadPsephiated wgthl BeRBEAEdhtdiABR Rblutissd (Fungt %ﬂﬁﬁlarcuﬂc content)
_transition netal silicate on quartz sand. Excess
in gséiinaogropt ¢ htsisplutigedt & dbsst einkcmg/mke Thesecemoteddlsafaremixed well

i i.th distill]ed dei_oni .
rob £ RHP BRI nthb e Rl i mBfee e SRR T PRy o greatment was
mpptredfbyaseMAAY (hyvie: faskedo tshiphiiglurdfel. cm cont ai ni ng

colum at a flowrate of 10 m/mn. The arsenic ‘
Imrpohiliend fypetionat tapsitiqremetalisibionten segnesipiad mesanuy Ewnbihe solution to

' 1A AP, evi denced from Tabl el 2

b%a%%ﬁ@egggﬁ‘ﬂ@. onﬁlél??)gf}si tion netal silicates

20y oatRxdtegn deqouamimatian dp@psoy befdiramseitized Sfugetidnat arinkition metal
Cupric silicate, zinc silicate, nmanganese silicate,

—‘é%ge—z“ Szi rconium silicate decontaminated arsenic 35%
1068mb8FBSASshftién ANSloRnIBG A GRIREAD! WaS éassg@ MRBLAF 259 cm column of

1.88 % arsenic decontam nation by quartz san
impe@ntized| finctional transition metal silicates on agropolymer and the protein bound to

the immobilized functional transition metal silicate was assayed by estimating protein
content in treated solutions by Lowry method.

As indicated in Table 14 the immobilized functional transition metal silicates
decontaminated proteins.

Silver silicate immobilized on agropolymer-absorbed 10mg of BSA protein compared to

15.4 mg and 3 mg absorption by cupric silicate immobilized on agropolymer and zinc
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15 19) Mercury decontam nation property of immobilized
functional transition netal silicates on activated
wa@bkwmitea3and a rgopol yner: | mmobilized functi oPel/1B2003/002011
transition netal silicates3®n activated al um na and
agropolynmer were reacted separately with nmercury

SEEL L fH0R, 301 A3y, RpBIRIE EH 800 Sl 2 100

co‘ﬁufésiegrtﬁﬂmgBSApmm m xed well 20 for 1 hour in

rc#rg :‘aont al ni '1 SOI Utl O[ES an Er curl C cont ent
ALl s o H

leRzse 81@& metal silicates

irﬂuﬁmnk@i@{;,@gﬁm%gg gr aphl te fur nace) v I mobi | i zed

unctional transition netal silicates sequestered
Arpelugigngontamming he ppol aach ohEndosulpbhoypetreethiionnd |Cﬁml¢rpyr1phos was
tein

Tabl e Pr t
NEOETENOR TR e
aldmirgi a{nldt‘a@kq&)lyrﬂ&@ atd ra@f of85A NS hidt P&Mcidd CBEt/eHi inBRAted solution was

content) assed through 2 xlcm col um of
esitlﬁ"r?fﬁﬁlhy otffhal transition netal si licates on
PO P PO A OB, b T e

d@shﬂaﬂﬂﬁate‘tgofmeeﬁc&dﬂ suclvad Endosulphéd, Q}':}Ipeﬂnaﬁhhltand@ﬂ&ﬁbynphos
Lowr %(s) indicated in Table
ChRRfo B 1F?t2 éalrmhalé%q Pix ack Yl phumppa ﬁ@@oanta@mmeéa‘i%”s% Endosulphan,

621@%@5trpam1aﬁhﬁqnm%% Ofto i;g%'%}{gs][re Kh%l e imobilized

on agropol yner - absor be protei n conpared
Cugric &Ecate myahdiz8d g @mﬂmémiecbmamumtecbmw%l Ead®ulphan, 83.4%

CHETP PS03 60204 L BRIAES £GP N hobi |1 200 on

ZQQV OB&Jté/r@ r(cHIBRRAY by dnind@Abf hSARbI1Rd MRhBRal Fadffn metal
contal ni ng 100 ng BSA protein. 21) Pesticldes

smwtwmn:aﬁmatﬁdalmnnm_ure of functional transition netal

I|zed on ners | uti o
B Ry PR b B s8R G espard B D om tengtn
1nﬁﬂ@blﬁﬁdmuﬁ<yt[dn}ah@§ns\ﬁ§tﬁl mP@BSRehtd b Qétg)?ates'@. A@hHIEolumn at a flow rate
contal ning 1 gmof inmmobilized cupric silicate (on

pl@ied” al uni na and agropol ymer) at a rate of 0.5

/ t I
T@std&n%}{t%rgﬁ%&b% \%&S %%%1}18@ %%%Sﬁlﬁ%a\%a%%ﬁﬁfracg omPISS in a petriplate
comtmmmgbmtbmai@r@st}ummbml i zed on ‘activated al um na and

gr opol 10 decont am nat ed. of pesticides such as

AR aomOysbETa: et st et Bipyerpnasis by ghstel silicate
de%bﬁﬂaﬁﬁ{a@ed BRRIn % 1ff%@ @3“ f‘f eghé%gnﬁ‘&%& silicate decontammated

decontam nated 59. 7% E osu per et hri
codiffior i Gordent @ipl to A8 Ya, iaph (8§ % Esyzwatlwlyezmc siTicptel inmsdtilizoalt o:n activated

i mobj lized. o deco m nated 61. 7%
al%??b]&sdﬁF%’ﬁ%IH% A i rE‘,V%’é‘F%PNq ‘%nd 49. 1%
25| OB RYdrip HeSorft A8 RRESM VEiMmobilized functional transition metal silicates on
agropolymers:

Bacterial coliform containing water was passed through 250 mg containing (functional

transition metal silicates immobilized on agropolymer) column at a flow rate of 10 ml/min,
and bacterial colonies in treated solution was assayed in a petriplate containing bacterial
growth medium.

The results as shown in Table 17 indicates that immobilized functional transition metal

silicates decontaminated coliform bacteria from water.
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15 22) Bacterial (coliform decontam nation of

i mobi l'i zed functional transition netal silicates on
wa@edosmen4atl al um na: Bacterial coliform (5x105)PCT/1B2003/002011

contai ning 500 m of water S%as passed through 10 cm

l ength immbilized functional transition netal

Cﬁ}?ﬁd &ﬁ%?t? Qﬁhnﬁﬁoﬁlgiégtcﬁld O%B}glﬁ%'lﬂ@r ﬁé@oﬂ%ﬁﬁte@ cbt 1fE>\andl9atg€er1a (coliform

am natl on was assa

\ cmleamtatuongafu&rateek ivaler ol ddliter) %9%ed7.4 % atnd 94 87% from 2000ml,

nt ai rowt h .nedium As evide
25§05maie SO eio b PR FOT RS ST EPRERaY o s Shver slicae
inShbbiGAdesn agl%?&%@frué@h%mﬁaka E&Eﬂ&hﬁ'%@%ﬁ%ﬁsooo ml coliform

Silver silica cupric silicate dec m nat ed
cmlnmerwatcn nZlélnt siligate dmaBsHlized dorB 3gsapekymesst dacehtpmiitert 61.90%,

BT BB A1 68, 83 8 2000 m cottom

ccﬁwﬁl@aﬂealwae@pont am nation of inmmobilized functional
transition nmetal silicates on agro Eol ynmers: Bacteri al

290! Bacinrial cdosopipminggionapwperin <ofp smmedilized ofightionh wgpsition metal

sifi oL AR UGl de@NA i ohd.ansi ti on netal silicates
) colum at a flow rate of
Bﬂc@enl‘dl lcoiiform @tzaumidg haedrendsglased| through imhobileet €6nctional transition
L?’i‘l on was assayed in a petrjplate containing

Faigt on GPRIRER e imraebiliesd fupgtiopal SrOn fetal silicates on
éﬂﬁﬁh@ml&ﬂ@ @bﬁﬁb?es w%{?:%stbﬁ”f‘&bﬂhlaﬁ ziﬁgtef‘lgf"&édgﬁﬂﬂ*m?tlon property. The

transition netal ates decontam nate
cdidierne rdoataimingn weice r(460ﬁ®okﬁﬁb$/ml)1w35 HacsEd| BROGS GR20 Idhmobilized

53.Cupric.silicate..i bilized agr o [
R TG ML b (o i
TEONREMthidinafbn Ofad IRy trﬁéasmxé%l%te/na 'cto%rﬁesg%a petriplate
97.45% and 94.87% from 20 OmL and 3000mlL of

cangiining bagteda tcapwibrgediamer 1 espect i vel y VWer eas si leer
oL N By TSP S B Fgion

sM@d’c@rdecZntmlmmtddl olif@m m@w@ﬂalftoz@ drafp, agr opol yner
decont am nat ed 61. 900/? 14. 28% and 4. 76% col i form
Cewsit whieats iamobidiged an 2 UJIBQIGHWXIQ% Gl fdedin @ 6piumsy Wecontaminated
t B t
cogl‘r?%}rrr)rgr ?3147‘% %5?1' 1f giﬁ %@?fgﬁg | (qslgsggsﬁﬂ %gﬁfal Alming water cupric
siB¢dtd [mﬂnelsﬂlmftl ah Ud&ﬂlﬂd)ﬂftl’fﬂ@ﬂ pae$lleddald cdloag) déb@nﬁﬁﬁﬁ@dfd aihform up

C wat er _was,passed through -
to; 9%‘7&%? E’eﬁ%fﬂﬂﬁg ]gﬁ‘i’gp (fﬁéﬁsmt)i‘i%tal%g&at% | i cates on
290l %témedecgﬂﬁnhﬂﬂﬁ‘a[i' io foen e(%if:}% i oﬁbfxéloﬁlansmon metal

.rreta I cates on um oxi
: datiec uaity sdnal ter| al decontam nation property.

C%laggs&opﬁﬁrﬁﬁ%“ﬁﬁ@ PR i ot g R gL P 7 Totomi 5 functional
trinsivai hdt@Isili@tad|cosiell b LA Gl UMD Bodtra® Jfl10%aie of

5m / mn.
The decontamination was assayed by measuring bacterial colonies in a petriplate

containing bacterial growth medium.

Functional transition metal silicates immobilized on quartz sand decontaminated coliform
bacteria. Cupric silicate 1mmoblhzed on quartz sand decontaminated 83% compared to
34% decontamination by zinc silicate immobilized on quartz sand. Manganese silicate
immobilized on quartz sand and zirconium silicate immobilized on quartz sand

decontaminated coliform up to 5% and 6% respectively (Table19).
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15 The decontami nati on was assayed by neasuring

bacterial colonies in '"a petriplate containing
whawiaei4sdd growth nedium The results as shownPCTIBRatd/®2011

18 indicates that i mobili 2éd functional transition

nmetal silicates decontam nated coliformbacteria from

26YatBéconfauihdtfonSdfl fuk@lsq AlsPRYPIMIub sBRebsP Rofl A 1Hn3i tHAR RXnd8ihs) stored

(lgmfilled 1n a colum), decontam nated 20 colrform
waieT byyusing yumpbilized ﬁmmnahframmwx 105)

T A D T Y N ——

deseldphrehtrofliidrebi AconlaihimikbRimbudf Aot bbsefvid the38ntimination of
105) containing water. 25) Bacterial decontanination

fuggen i ¢ Y ostoredniisiari pregent ustedy ovasl cendustidt ite rdatetmate the fungal

S ARRS 5aBUBEg dS ELAL sg,Or e
fupgdlupmntahinhtedc tviatenalvas tpagsedi thicwghnetBlensl | dob@dheSof cu _Ipnc silicate

. CO d on quartz sand at a flogwrate of 10 nml/ m n.
mHB@Bﬁ%eé‘rﬁ% PBQ%Y%%ata?s@%\‘gf/ &ic 8Y 1 fwald upinn U gelirsesease was screened
by 9la@ﬁige§1e' theafedPhd uRtr&k&y s&lﬁﬁ&?s' Bh rb%trﬁﬁgt ChbinHPWilal growth
dium Functional transition netal I cates
mﬁdmmbl l'ized on quartz sand decontam nated coliform 30
bacte ilicate inmobilized on guartz san
OIS B EsSin sRpRRLIS Gocomiy aaiy (afs AsaHily specics)

frémReored diid@hewhRFRPhibld Z®d on quartz sand. Manganese
SI licate i rmobl [ zed on quart z sand and zirconi um
: ; il deaentamgwtiontoparat efl immobilized

/gﬂapgg 6% respect ively (Tablel9). WO
|/ | B2G037 002011 54 26) Decontam nation
Ond giannguke év&ﬁﬁﬁsﬁ@rtdté iiﬁmélﬁiﬁﬁd(ﬂﬁﬁ) agrbﬁtﬂyﬁefs%a& dsbpRallP weighed and

aths stored water by using imobilized functional
p1§Geg Rior 4 0bh Ivemaglassi qoiuraitse The Dptiorerafithe ool @bta@led glass wool to
P@e%\;‘ Q 0
pr o&?\rﬂ%ﬁx%a?ﬁhl”ﬁ%ﬁ\%%hﬁé gl} ﬁIr?l cgo;f rThgom)ug}Hs n‘Xﬁ‘i"' S‘gently tapped
belfcprk earfdunigrrs wettinpeto edsamr whifgnt b@clﬁnmtoanthél ahhtefalof Theee liters of
in the store present study was conducted

{
Ay s HES oo dRpHED dise BITRT WG MBFiSp BeTyL 8 computrized
driveTHRkip Pal%}%étﬁﬂﬁém oM Hh B! Bk A BaSS@S&F te S5 ml/min

liter o fungal contam nat e tér was roug
to 2psure pipsing of threnmeterigly Sineomifilitecaft the drypodpiotitized pﬁlﬁum stock (2 X

PRARRLTEE 298 o L0t B8P A9 i M et ainiv

wateit w @ahetp &t ditht QS tBdlcd@hh 'u@ilngtﬂ?esaﬁéggbaﬁl g gOWQ of 5 ml/min
growh 10 medium Cupric silicate imobilize

fraggpesoed tb%@lua@d@ﬂuman@pweﬁw@n@ouﬂgp:éafgmthmgassage of 20, 50 and

t q ng ter (,Table
SRSk SIS PSR SRR iy mono
Flpeapet fysayf (IFANDBirieflzethe shunplek ivana lfilfefcaNgidugAn SBtcHus cellulose

Sili
acetate memgrane filter and stained with FITC-labeled anti-Cryptosporidium monoclonal

antibody (Crypt-o-Glow, waterborne, Inc New Orleans, La). Filters were then dehydrated

- with and ethanol series (20, 40, 80, 90%) and viewed by epifluorescence microscopy. The

oocysts were counted and the titer for each sample was calculated (Table 21).
Cupric silicate immobilized on agropolymer decontaminated Cryptosporidium parvum

significantly (Table 21).
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15 One gramof the cupric silicate imobilized on
agropol yners was aseptically weighed and placed into
wao/1d43Em gl ass col ums. The bottom of the cPCT/IBR003/002011
cont ai ned gl ass wool to pigvent the material from
flow ng through the colum. The colums were gently-
a. T appgeh] dBESRLRiInAAGh ?x_fog&”cy &ﬁtrﬁﬂl&?hiéﬁ RBRSHNEl #MsltRThetal silicates.
packing of the material.” Three liters of deionize
b.wat €. vels PHFEd (athe olighn9%-hé) alscomtapinasiongpmpentst @ immobilized
flex. L/ S conputeriz O drive punp (Col e-Palrer
Insﬁpﬁ%@ﬂf‘l .Sl,tlogé?‘%glrféfcé S 1L, USA) at a flow rate of

THeSfollbiwifl g proc8dids SitsefollbRed RY afay tthe vivat 86doAtamiPiteon and bacterial
milliliter of the cryptosporidi um parvum stock (2 X

deggymigationge@artyo 200 nl of sterile deionized water

ViQQIS'tocﬁ)FILr 'a§atf’ - The seeded deionized water was then
the col unm using the above punp at a

Pdliodwcriatieal Gfock pidpardtidn Wasaetiofned &dcofdifg &othdMiethods of Berg Ftal.,
influent and_effluent were collected after the passage

(1884120 Tisspe gnifures flgeksn{T-482)s wetse geeded owith deypaimiazed lo Green

MEREYSIT ) 1 SATRL NS AL UL LTI, e .

Cat#| 16010 79hr cargdinimgSantlGyr i saks,c dl-Elutamsiee, ad®tatRenicillin G, 100u
' t ai Lth FITC-| ab d
SR\ SSbET OPR B HOE Por il Mo RSP BSagd £0% Fetal Bovine Serum

(F(éi@?.y@‘hé 0RO WyeRIrRLDREN S d NBOOEW A GARG 4!}|aﬂours to allow the

ters were then dehydrated wth and ethanol series
degglopmaat, of 8l c@nApowmondleyes df bsilse pitfel flaske werertben prepared for viral

B S5l B BB L PSR S, Sl P o

of$hé PERSrus SR DI (AT VRIS RO AP ok RE veSiGB R Bl Rtb &He T-182 flasks
Cryptosporidium parvum_ significantly (Table 21). WD

coptiouna capmorInongape 3/Ihe yorhaliggstsaverg/aleyved to incubate into the cell

' i.qn i noki |4 ncti onal ,
RS 0L A HEE, PURRRRL Yoot R0 S ISR s s 1
glitdhiife5 160y pahed Dint @i 0vatStaPtadiyeie 0125 0f/mil MmIhotdrie@ 0B, and 100mm
functional transjtion metal silicates. The folloy nlg
HEPE? adsrddstale qash obitied1asks aShaflaghaavee ingubated at 36°C for 36 hours.

ACEEERA0EhE 8 ARRBRELENAL, o SRR BTN ey o). T
flskooterpribparfatezethanes (2X) emdecemidinge datn$0,000 tdéor 20 min. The

net hods of Berg Etal.., 984). . Ti gsue cultyre flasks
supSAgH v g ST et YkriBI S e B b e
RPAKRYpréFMorC fhd éorﬁl%@teMaeb&ngEé%ﬁégf&kd&@%&r&%% Smith and
Cell gro Medi atech Inc., 10 Cat# 10010179) contai ni'ng

Gesha,| (198Dal Briefly. tighuet enturee{laske (Ui-188hineid bdededswithOPypsiniazed MA-

1B T2, B o B MR R (B ool Wi, Mediane

Inv/erCat i 10020 EY) | ddntridRE daflel BatsO 1 -ERkarthiBe N QOO HeRicillin G, 100u
all ow the _devel opnent of the continuous nonol ayer of

Stesplqmycing Qe b sl Apiaieridie B, poQpay BEPESy and 1Qfp Fetal Bovine Serum
R hEL OB, Pt PR IF arRE R 5 5 Ry o aow e

dePelopmentrafshd santih(6dsGooMRayE? bf véllsal ThetfgksweRrtRen prepared for viral
. inoculated. into the T-182 flasks, ,

inoculation by rinsing the monolayer twice with Phosphate Buffered Saline (PBS).
Aliquots of the Rotavirus SA 11 (ATCC VR-899) viral stocks were inoculated into the T-
182 flasks containing continuous monolayer. The viral aliquots were allowed to incubate

onto the cell monolayer for 40 min. Following incubation, 35ml of MEM containing eatl’s
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cont ai ni ng conti nuous nonol ayer. The viral aliquots

were allowed to incubate into the cell nonol ayer for
wa@Qooaitend3Fol | owi ng i ncubation; 35nl of MEM conPEI/IB20¢8/002011
earl's salts L- glutam ne, 5400u penicillin G 100u

Sterptonysin, 0.25 p g/m Anphotericin B, and 100nm
satisPESs 1w ging] dMutl%nﬁ@H A Qf 16He stk

i ncubated at 36C for 316 hours. ZOE%@H%LS tuﬂﬁzﬁrﬁmﬁ‘ﬁmm B,
Sogd T‘Fﬁﬁ%ﬂa@‘& 1@@@ﬂmbHEBES S\V@nﬂlcfdﬁdetnteaﬂy pf sjaflasks. The flasks were

in%l%?@& & 40%85h E‘&age ey Wer>%('5 P isnsaiayer aaited significant
CstopethivaEffadts \(\GBE} hehe mbltse@é@otheﬁlfﬂeai@ﬁﬁ%d %7, 8h@%entrifuged at

@g&bst oregod at 70 Ctill use. Rotavirus preparation was
1 doreel) BER oI Swgematanhwapiher sallecsed abignotb@dittayed, and stored at

780 thyand Gerba, (1982). Briefly, tissue culture
flasks (T-182) were seeded with trypsiniazed MA- 25
104 (ATCC Crl-2378) cells and M nimum Essenti al Medi a

Vli @n Cel | gro, Mediatech Inc., Cat # 10010179)
i arl's salts, L-glutamne, 100u Penicillin

P&BovidOU (I8 b,
S0, S VRBIRCfnd B APRACHRTA e g e
(BGM3 kellspby eni arg@ubam@d/ innathas EBer@ étrdyHaBYy Boiefl$SthBumBles were

l.o e conti nuous nonol ayer
feé‘? # g ﬂFﬁeth %l%ve@%“’?{qeﬁp IBrshWPEEdNPSHated paip agently passed
('7I-31€ba3y3b a@ntmmObs/ mlon bRk of B@MQ@H& al(/ﬁfnof %&QHW %f‘ ﬂﬁsks received 1.0

Phosphat e Buffered Saline ots
MPHOGH Iy 4™ @NGI@EV@CA?F@@W 9&2 mcma'led §t00mk sTheindluent samples were

[ t 2 S
ShAGEH St TS T ROy 50 BELEURD v g om
momplayecu b Te25 cﬁlram t ke @ah lesaeod alewed @6 iAQbHfor 40 min on the
ation of MEM containing earl's WO

Fol | owi b
o DH MBI P g T FPLanc0 | Gulpstral (el watamined with cqual
Vothﬁ’éJ oPeRetifd holBn @2‘%%%‘5%0?&%%@@0% dﬁ&:&%ﬁﬁ? 1| %%E%‘ NE)- The media

hotericin B,
wasd @dad®déa®mm6f thb éndchisddsflasks) entl |t Kgar Wais @1lowed to solidify onto -
th|ncub a,tl? ngor 6-8 days. At this tine >90+ of

T A 8’isay Q¥ by e dhen ’dlﬁ}‘lﬁt%ﬁft 36'ctfepathieys to allow plaque
delbpabR dn@RRmertN6n fHRTKS: h

é , and cenrtnﬂ f uréed at %M?%&‘E)%%g@'%‘r h I(f‘\f‘gglﬁezo
Rofajias 94y hhtvagassaydteas noost pebrbld nuaibseqouotvemou ictllatBkfly, ahquots

70 C t. Vi t
L IR TN T
mddit fyatsafB1AaeT04NNK e Pridf 18 306ulakidn (tlﬁq}ﬂ)n&lﬁ#/e%@ upﬁﬁﬁ Mhs1898re rinsed

over | y net hos éBerg et al., 1984). Brie
tWé?Sn‘ﬁlt sStidlse PB®cMonelayers gzeh- ?énﬁlasksamdlvsdi ol tmooﬁ(lhm T-75

[ t e to assed

recivel 3L O AR BORHA 80561 3Re BdREE RSl D B magnl e diluted

ten rﬁolﬁi B sfekrides B andi I/del diquots bﬂ%'dﬂ[ﬁlorﬂé %re inoculated onto
e ved m. and. T- 182 rece| ved 6.0 nl.

m‘%“ﬂ PSR %ﬁﬁﬁ%@ wet Bocyimg tvege adinsted S mg/lsn terSirearﬁBBey were

allénel fo Qlcﬂbateldn%l%esm%%&gkg@ '46%8?3 28 sin{g{‘@@ ”%gtpg,deMEM I-

onto 15 nonol ayers I n asks
gluigmigee H0QuoPemicilibaGe 100w saepmmycmn OtZﬁe;,c g/fRIn Anqmt&cma%( 5 mg/ltr

0
Waﬁc? Eg‘?l o %&@ \IK:/ESS aéﬁgg to CE:Il-Cﬁ) of tﬁg Er?clcuﬁ?e% f\fgis rrrf‘h)éeﬂaSkS were

then incubated at 36° C for 7-10, 2-5 days to allow CPE development. The results of the

assay are reported in Table-20.
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vol une of sterile nolten 2.2% Bacto Agar (Becton
Di cki nson, Sparks MD). The nedia was then added to
weamh/1ef33 he i nocul ated fl asks, and the agar weSI/IB2003/002011
allowed to solidify onto #he nonol ayers. The fl asks
were then incubated at 360 C for 2-5 days to all ow
Sultdld QRIENM,. and enuneration. The results of
|s agsa Sgﬁd{&i btgd in Tabl e- 20. Rotavirus SA 11
Eweslia@$5; eH7 TG t11p1%bAD) evanurbieculorednldptzebdys agfar (Dicco
riefl. of the received sa | es were
Liisdonss P&tf8ﬂ31é4ﬁ>r Eeelt pAPepmeaisqinesy Bd‘é?gi%PI)eP%fSﬁ foRy g res grown
atnﬂﬁ@ Y8y 1@§0yMﬁ§tﬂQ“ﬂ’SEeb f€o) ﬁ'l@rtotﬂ 1'11@ ophliald 91»@1‘«:t Qfimerated by
nonol ayers in’the sks were rinsed twce wt
spseasiplateg RBEYptiviaoy Iaggm(ﬂ"§A|) andi@Bbdtingsks 18-2¢ hbws ait 17°Q
CI nocu (lil T / 5 received 3.0 m, and T-182 received
nt sanpl es were nonol ayers dil uted
IIﬁIﬁGb1il@écﬁcmpth§1E&dté 6n RBRpeRehet a8d ThndibiéatctipAt slifdGte on activated
di lutions were inoculated onto nonolayers in T-25
alﬂmaekéSOOAumcr@rhé@g) wiEe Rppeticallyljweighed ang! plapg inte 10 x 1 cm glass
[ ncub e ont
ccﬂ%ﬁég aﬂleer (gtotnl? 81uE10| %o%\{ﬁlgedt ﬁ%:su%lgg pregﬁ}%mﬁie Lmaterlal from

ﬂ@sk/mgamdugh tﬁd)&ﬂulﬂﬂ niThe ch]uﬁm@,wel:@ GentBt tappadBBLsiehnd ftdP wetting to
hotercin B, 5 rgg tr 30 Tr{B& n, and 100 mMm
f

PF}@ {Es Pé?}%]’é%j ok e spderiabs Thise litesdeliPAmas prysad Reoughtbe columns
PS5 SRATEAN R B, o 1
USAg¢ at epfowenchtd nf Téhhh‘mﬁ{)xo WSRO Bidhs1h@ 1 3the materlal Aliquots of the

PCT/ 1 B20Q3/ 002011 e tures
R B o1 K CrE e iDassD Tl Sy e PLrTess. it (Rls PHL 7.8-8.4) to
achitire Gl bB8EbnABtidil Bptabﬁro%%tfﬁgfl@p ?Eﬂ/ﬁﬁo The seeded deionized water

Laboratories, Detroit, . For all experinents,
Whth wulmsmrtércmgb phe edlufnnolmng theuateye guopnat aflo@7fiteCof A ml/min.

Fra R B a8l st aften S capssage o 50, 100,

aridr Q(DU in§l 60Y¥eedg@ DI FSowiapdali @f IR PoRb 1L &irdl stdekland E. Coli
at 37 C. Columm Adsorption Studi | mmobi | ized cupric

O&T:-Hd rveraghtagiBisow giveaddech e arrﬁﬂaﬁju 350z1H of siprilecdeionized water (DI,
plgz %Ie8cc4;)|tt§ 2 Qecﬁﬁa\f %Elgc%ntr%]l I(Og)(?l%atnlfgo@ rf){u/ gﬁﬁe é‘lhglggse%ed DI was

themlpamsl thirdnghbmm artuah dshfg &el wygveCpithpl died fighasse WI05 ml/min.
Cgﬁﬁve the material from 10 flow_ng through the
Ff@ f threcolynp ndusné ad gdeeny werp i pellesicd afifa the passage of

t S
SELUCH0N 46l 1715 ARBLOSBE ISP TR, g o e
regeictivengirusmidrigclebin @s fitserbdd HoverPhet resulzee whdicardpnfable- 20.

RE?Col e-PaIrer Instrument Co., Barrington. IL. USA) at
= “rate of 15 mM/mn to assure rinsing of the

SHBh R Ml and\C. lql@érﬁa ,afogd he ab&atry '.tr[e'tlﬁ)d\é'ff)la{hes%%{ﬁ A’ Setection of
added to 250 ml of steriie deionized water
anpmgl girugest gn QP&qﬁbea@d SiMd&Foyeb recle Methedsom EIﬁVlronmental Virology.
t I f seeded dei oni zed wat er
M"é‘f%@f kl?e? e IN @{o% L‘%ﬁﬂéggo :

Ren passe thrdu | umm usi ng the above

Beﬁgm‘)} AR. &. fdaffermat, D OR. Daklifgll D.BermbAChaD TS OTHRE 1984 USEPA
col umm_ i nf | uent and ef fluent were collected after the

Mganuad QBM%bodgéor Yigplogy, U.S. EPA, Cincinnati, OH.

Cuprous silicate immobilized on agropolymer and cupric silicate immobilized on activated

alumina decontaminated Polio Lsc 1 and Rotavirus SA11 (as shown in Table 22).
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and 200 ml of seeded DI Follow ng, aliquots of the

Polio 1 viral stock and E. Coli 0157: H7 overni ght
w@ioknor3wer e added to another 250 ml of st eriP@I/1B2003/002011

dei oni zed water (DI, 20 pH?88-8.4) to achieve final

concentration of approximately 106-pfu/m . The seeded

C né"@ﬁltcatrehﬁrp-gw L a%go{i) Pcl golﬁ%nﬂfﬁe!}ede%g'h_tr min alfgdngglcl)é Iltesﬁgk{%\{ﬁes up to

Sizg%umhennﬁl pent anchaedial et umr én ah sepleah | eshededftbep9.9% of
t he B‘?ssa ge of 50,100, 200 of seeded DI. The sanple
degenigminatioq respltad Py eias hd gé?é’éga?féﬁatf’%?l ip geolupE pect i ve

I. t

Clits 100G RO b of 3p/4B3hIch PEcARMRc A AP IARS Firuses up

toad8l 8% Mvhe@et bgraml 88 Znatbrddiowat arsyd nntm@dmnﬂrorcotdpered to 99.9% of

rowt h an bon of _.animal_ viru C. P. Gerba
A itegtel pe by SRag ha e e AR AT 1 ol ogy

| C cCﬁ licd28 kkRobil#zBE on B@&'V/af@ﬂré‘{umﬂ\é degoﬁﬁnﬁﬁted%ﬁlg Ls@l viruses up to

Safferman, D. R Dahling, D.Berman, and
70—!@1%§Vthen 19@4ngle ma3@riNarweasl ussd mmmummrcc\mmmd)q;a 99.3% of
ilicate i nmobilized
agtagPion ieARa bing o 20 SRl TadtariEh FobBR on
‘Cagiid MEt#€ imalobilizB@ ofl acnanl hidtRLohth@irdakd rbtaiduses SA11 up to
Rotavirus SAl 1 %as shown in Table 22). WO 2004/ 101435
8G¢%pMbep 086/ grewo i maried prasc usdd ik ad eCalwmbeampased gp 99.8% of

S0 DD L LD

Tlammqmmemﬂlctam Bﬁhl@l%méd ordeg:roprflymenatd ﬂFb Elﬁﬁ‘btl C%l@&t&yctwated alumina
t ric

degfs’{lﬁg mn&geﬁggﬁceégopgryﬁe?odggnt ampnat ed

28)0t aCHéIﬁ}éﬁleae%%almﬁht{dﬁs BfopeRy of {iim8iiSa \fﬁf‘c@lg)ﬁalg{r%tlon metal

materi al Wwas usSed Ih a colunmn compared to 99.9% 0

_ummmzmﬁ;mgl_on resul ted by using of 2 grans of
| t.e bi | d .
PR B S Mo siBh Refod BRriretod vils el hemical

con@amif a3 %nbie s kEhAbABhahespbBhRinRE bR yisn sﬁmC QbMAR organic
conpared to 99.3% of decontam nati on resu?l
CQE@Q’@Qd% fvolatiley pmﬁwdiommueda, and |phelzso1$: memwﬂlssqmd@qparacely in water
angl eé t%rd bJ:olu of 0 ne alv al eﬁi gpal C b d ili
it am n rota vi 83 et ﬁBr{l BECARRmRLifiged on silica
gafjr(en efn ﬁ@lhﬁfnl ﬂ| 0. Msmﬂyﬁﬁﬁhtb Flodv €&} MThe WRBAIRH pbRutant content in
99. 8% of decontani nation resulted bé usi g of 20

tr@tmh&onnﬁ%wwafpd PH Using S1GriHD or (e -BUPr ot GEIMB/MES

ST 380 O OB PRE by g s o

asbacthéorbform] 5 28)1, Chmmm@betﬂam)nt agtianhlot aethyémeper trichiroethylene,
ional transition nmetal silicates on

f
bR o5 afihanen GG MAFhIOIRHERE | ofPHEllaToctManEas SEomdoEn, 12
d1bl'I[H¥bbBth¥1ﬁé’pr9ﬁan%b bit<e¥ 8980-pp 0 Oﬁ‘pl naﬁﬁgmg ésaem sABRh Sn FHGB- 23.

as tri hal onethanes, polyc |p enyl s, sem
Cyricat istleatsr gamnmblhzed on silica gel decontamlnated 24 ppm of

Polychlorinatedbiphenyls (such as 2,3-dichlorobiphenyl, trichlorobiphenyl,
tetrachlorobiphenyl, pentachlorobiphenyl, hexachlorobiphenyl, heptachlorobiphenyl,
octachlorobiphenyl) out of 3.5729 ppm of Polychlorinatedbiphenyls as shown in Table- 27.
Cupric silicate immobilized on silica gel decontaminated 9.1 ppm of semi volatile organic
compounds (such as Benzene, 1,4-dichloro; ethane hexachloro; benzene 1,2,3, trichloro;

1,3 butadiene, 1,1,2,3,4; naphthalene, 2-chloro; acenephthylene; acenapthene; phenol, 2,4-
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conmpounds, vol atile organi c conpounds, and phenol s
wer e di ssol ved separately in water 20 and passed
wo booeaghaza col uim of functional transition metBCT/1B2003/002011
silicate inmobilized on silspca gel (6x1 cm colum at
0.5-1 m/mnute flow rate). The chemi cal pollutant
bis Giih,tlelnIet) rdicthylesiiedate OflubreRd) BiASeRSAULE 3D eHST: Moh ‘ -
b h ? GC- ECD or GC/ M5/ .Q,IprICSI|IE:%{.le ®phenylamine; 4
IPHWB SI-PBenYdehes | penterrel herashloreimiphanantherers; pprthokene; dibutyl
HeRd1R8! OTRbRANRRe( S as f orm ,
Prichi or oet hane.’ t g?{ég%hl B‘r%oyg?h% %ﬂ pﬁth"’]ﬂatle chrysene; bis (2-

ethylh@m)wb@aueyl eplhenol 23,36t Semhibedih,0r aﬁﬁlaafw phthalate; benzo (b)
ane tetrachloroethylene br omof or'm

br | or get
fl Ir%nt ea)lec ?Igpgs "BF@H‘}?BF ﬁ%()a) wpneoﬂnc@ng5h2§mﬁ)pyrene dibenzo (a,
h)t drithat&ieettea: S
)SI |tl cate i m’romglg ?zcle)ap%\rgﬁgllﬁrlo gggggo 83 arﬁfnsaefrgd‘/%atﬁle organic
COHEWPW%fwﬁbpychmath@ﬂedblphenyls (such as

Cltﬁré‘it%rgcﬁz{? b:gﬁ @ on’ % r| C{{h e{gggtlggzg\}e?g«%/glyilo 8 ppm, of volatile organic

cohmwandy qu@bl ahenyl, tnbﬁlﬁkfé@rﬁhgr @kl' ?chﬂwr etftfhe; 1,3- -dichloropropane;
octachloroblphenyl) out of ?
disgmpehogrmethansy b@tbﬁbﬂnyll 25 @broslnmmhnomb"éamne @hzene 1,2-dimethyl;

d
beg%ebg%lnfgrqniulr?gt 2} e%ﬂtﬂiﬂ](g, een%zgﬁs? Lhy?qtl%ﬁmeaglﬁ§ cl,1,2,2-tetrachloro;

broweolpozentds A-shloto aﬂneBe;nB@szme 1pr6v%§1' ‘B&Ilz‘éh@ I&ﬁ&%n@ methyl; benzene
1¢£§§9Chlo o4 benzene 1,2,3, trichloro; 1, utadleng
“ppeiRyl . i*?gpﬁméd dpleney ‘henraneo, Zab@thebmehmrwé 2-dichloro; 1,3-

dichCS OBdHBEN W&rg%&génem t%%%ﬁ/ 101%35'1%%%91?6 1,2-dibromo  3-

PCT/ | 82003/ 062011 I's’ (1 fet 1308
chigrpmepaaee; 1 2 Hocldnebelvena,e naphthdled: ObszBRENQY 3-trichloro; benzene

henyl - phenyl et her; benzene,
13%5%2‘2‘% H%rd?a%? ‘5@5‘8’ Lahbyiadisatiet, 2§b%lh0pzene 2-bromo 1,3,5;
tibehanat er, ef ey e
& ﬂjIzbt hal at eyr ¢l hr)?g?r?}aﬂéﬁ%?aée W? ge|21 etr?’ﬁg&] ;beﬁ}fj %1 Jpngene 1-chloro 2-

pr 0;5’5(% Hobromp, %leowanléfmehbmtmﬁl 8chi ppmm oﬁt«ylhtﬂ]e ot feali A pRMBZ B shown
in Te §5f | uor ant hene; benzo(k) fluoranthene; benzo( a)

pyrene; indeno (1,2, 3-cd)pyrene, dibenzo (a,
Cupuri¢ hrlmaen@nmblﬁllz&i 6n silicalge] Ql%Ec)ﬂt@rﬂﬁl}ite ;Hprrﬁ %\Aﬁ)%gl?ols (such as

b 1{% sem volatile organic corrpoun
CREQIS 801214 2 @éﬁﬂplélogqphmc&t S-nitrawtilihe; zédntmpk&nd)h cénf®iphenol; 2,4-

dmggfr?ggﬂ%gg@?ﬁuc i] %irﬂgmiorgf)l}q\ﬁghﬁ%# bggoﬁragg .ppm of phenols as shown

in "llable%t richlor oet hane; 1, 3-dichl oropropane; 10
et hane 1, 2 di brono;

Zm ki gergchl Olﬂg hang;
&P ER b Ezed,em silike 24l @Cgmﬁ@ﬂwd 6.8qprent trihalomethanes (such
1, chéto l; th nz | et hyl ;

as L hanef&ihﬁyz lélof Lot ?ﬁ%@%&ha&e br ge%g cﬁlﬁ)Eo %}QX eng,  hftihiproethylene,

bromerichinsocthanez érbeompxdrtbqﬁyfthal’&e mﬁﬁﬁlordeﬁf}ll?feobfb‘tﬁfﬁém 1,2, dichlor-
1 SO _pro ol uene;
3RS %o ot ot ]ﬁlgg%p@éfilélp@oqlet@g@ﬁs% Sbpven imTable 28.
Silvét eflicate apbaEned oh. sﬂic‘Q' g‘éh h@croﬂgﬁ‘gﬁﬁﬁf (}%Jny of ?rihalomethanes (such

n- butylbenzene 1, 2-di brono

as 1 chlorOforme h| b,rldbentleqlnéoroﬁhp‘m; hateenaehlomeﬂmﬁixe trichloroethylene,
benzene

oo OSSR BSALLEN Lo emene
3- bmpmmn&) @itDf 9.1M25 ppR e ZEEmEh M RE shd%fd% %ﬁfg‘z@at e;

M 1tetranethylbenzene benzene 1-chloro
art%ﬂBfS%?l silicpte, ramgbiizechow siish eeledrepntominatdd 18 . Hnpphririfalomethanes

(sucholagt bﬁl@r&é&?,n'191,13,0@?&1‘1‘&9@&%?6, S%&%}lloroethylene, trichloroethylerne,
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in Table 25. 20 Cupric silicate inmobilized on silica
gel decontam nated 2.8 ppm of phenols (such as
whemwzooa3aci d; 2,4,5-trichl orophenol; 3-nitroardT/B2603/002011
3-nitrophenol; 4-nitrophendd; 2,4- dinitrophenol;
4-nitroaniline; pentachl orophenol) out of 7.5234 ppm
‘biofnoalvalsbehate, SheUocHIGtodBREL tf%élchl%k&@he)géﬂe' Bﬁﬁl?ofon? 1,2, dichlor-

i nmobi i zed on silica gel decontam nat
3-Pramaenrepch awed (38 ppmxy tukalombthrndsars shown in ’Iable 30.

S A D 8L B 51 o of e
(sdd:lbr ﬁHTDc.‘rﬂd)mfcﬁﬁi; hanel, ttﬁ‘éhl@t@@ﬂh@ﬁ@ etditcBRSoe RN f Q{dﬁloroethylene

%ﬂ%l chl or - br omopr opane) out of 9.172 ppm of
brpmoﬂ lﬂ*f‘é?th*’&}’?e@ LI ethwwmaéhlzmeﬂsaldmebrosndfomatle2 dichlor-
i il at e

Pﬁfﬁ@r&?&@ﬂ%ﬁg&f @(lsﬁg ﬁpﬂl?Sf tﬁlﬁ “181%2:@”1‘16@ a3 f Illn GPRR 9L

2Dr i chhapeniedt dm;n&tanﬁr&itlbﬁCMbﬁeErDsEtdﬁylhﬁﬂ@mhzed funct1onal transition metal

. rlchloroe h Jene oronndlchloroethane
SLAGALC ‘ qrat ; al 1A NV tal Biligatas iton resins (such

asjvnglegﬂef?ml eno'iagﬂ% 59@1%@ OUt of 9.1725 ppm of
trihal onet hanes as shown | ibl e 29. Manganese

Bagitgriat golfoimraobiairing waten veis Ipassad glelougle tombbitized fedtidnd transition
met han such chl or of orm

f t hal 1,1,1,
?[rl 8 F:sg Ig{lﬁc 1 mQ ac’ﬁligeof’%@f) Hzg(illéunctlonal transition metal silicates
cohtaintthf Q6D Wilcanaed WO (BOP A AOAA3R B kB rQReQLL
60 ' b%ormdl chl or oeet hane, di br OFTDCﬁ | oroeth %QQ?/ The coliform
CopRIMBE AY A5 o@oR \eolmd), Why pAt5ed ithrough 3,6 giaots| afrimmobilized functional

172 m of t orret hanes
s N FARRIARRAR eeh 5L oo 2 R e b A kiBE 1 pd
Tlmn dsedntaningtdn desoatamddyedndasdimPMabrial colonies in a petriplate
tri hal onet hanes (such as chloroform 1,1,1,
copiainipg ‘?‘%@%%&Ffé“htn@di%hl or oet hyl ene,
r 0k 0 I , . »
D Foroent o et ncaide 37 JhARA! B JEATHIRAE rypsiogplimsicion metel

silicates dd¢cuinarmmateacbhﬁomnpmapam&)mpwhteﬂf 9.1725 ppm of
in Table 31. 29) Bacteri al

tr h l. onet han
CulfEis i HAEPGT23F 55 BREYErst s WiolgsG2riss defamsaineted coliform up o
7068 8O ZOOQﬁléﬁtl@Bxl(ﬁ)lcbﬁﬁﬁﬁlsco‘HPﬁ hP®epy 1 ncor poration
of functlonal transi'tion neta |cates into resins
pighEen plhips hemfofurmndnalsmtshﬂulnl metal silicate resin

cohtfitsB)g | ciLO Bact erial coliform containi ng water was
ough i mmobi lized functional transition
1 gretofkbupmiid siledte i Qi With WO MP4QphENe rédiRRk kbeﬁ@djon 100 ml volume
functl onal _transition netal silicates contalning
of [quatth sange (W0t Bigrens) pod thenelifora diacteiial3. 2fxd 6htlien cataining water
I nt ai,ni ng water (460 col/nm)
padied HﬁBﬁ%hetgggﬁl G %gegrfl%%nglgm &

was pas rou lI‘lmfl”rrrmm lized functional
Futetams] tnamsntmretniﬂtalssﬂhdacaab@ﬁalhiﬂg| Rinl Ebaled ghd#Nsandt dRontaminated

flowrate of 5 m/mn. 15 The decontam nati on was
colifosmhaicry Unda /P rigd BARE fram ) whirs 1009 ml from 3.23x10 5 /liter
colﬁ’t%hﬁ'c%t%n?n%ﬁ ?érﬁ('i"ﬁl ? cterial growth nedium The

resul 32 indicates that

31i mrokici zedtsf dnetifionh hi@RSior i @neMtiZdd feidibSAt §Snsition metal

Sﬂggtcont am nated coliformbacteria fromwater.

......

To determine the toxic gases detoxification nature of immobilized functional transition
metal silicates, the smoke emissions from combustion of kerosene engine, was passed

through the immobilized functional transition metal silicates packed in 20x3 cm column.
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Cupric silicate imobilized on bisphenol resins
(3.6gnms) decontam nated coliformup to 20 70%

wo eawa1@Q85 mM of (1.38x10 5) coliform contai ni NRECTER2663/002011
30) Bacterial decontam natiébn property of functiona
transition nmetal silicate resin coatings on sand: 1

Ugi%l‘ﬂ{ ccﬁﬂtﬁfshSn gf iaérg%rng 8%5 iéfﬂ&/‘c%f}n&g aﬂ)ggwithocfon{rﬁﬁpf Mo%c%o%?ses such

resin was coate une quartz sand
asndactanmpnaxide,t dagphoo ldidxddemnabd N@¥ (oxides 28X 06gen) ivteee assayed using

cont ai ni ter 5 . .passed_t hrough the 5x1 cm size,
’ ﬂ%tt‘v’é‘?i%‘?@%ﬁ%&%ﬁﬁé G@HE’@F% nee mpkilized funglipagl transition metal

decontam nated cofiformbacteria up to
InpgotiR2ed funnti &GO trahsitiom k@) Gilidatel radsn BdA&dlibe hydiachehons released
f col j forrE]E cgnt ai ning bacteria (Table 33). 31. Toxic
I%I%léesco(ﬁ% 65X} cation nature of inmobilized functional
32 r anSichiif af® b detc39iGibh GRANSS of TRANMBIIBEA fOctidNa] t8Xdifon metal
gases detoxification nature of immobilized functional
sifeaggssi tion netal silicates, the snoke enissions from

b 6. f r e. i.ne s passed_ through the ...
AT ER AR A L PR TR R Ter S DR i b
fupeideatitranitZdxBetamitedte! (500 ) AGAHid 0 EkdD(a mini column packed in a 1

PCT/ 1 B2003/ 002011 61 Uni form conbusti on of kerosene
mpRipeiginasie tipy dheHgioe hugéne elolhs cigprriter wigh Enifergesucking of the
s (%_t\vasa&o%ai?%p O5h 1B ELQ:‘EonSb lap%l%luﬂi ?&&hﬂ ea%tﬁa{éq t'sQ( glass chamber

oxi des o I trogen)” were assayed ustng ew gas
coanadtgd ersn{dkéss @#BH0M) cigapetitgpment The i mmobi | i zed

unctional transitio tal ._silicates detoxified, .
A 8 s e ookt B o Sastiih el W alreonspva filte was
extddted Yitha¥eeLt i zed functional transition netal
silicates al so reduced the hydrocarbons released from
Tatalecarderth uadt nicotine3gbsoitied g i theseafilters avasdwstionicdli allVoRA54 nm using

{ . of i il functional .transj.ti I
stfRf . BioBlndy S o % i PR ST PR gna). Total ta
coR@ns wabesth&tad 8Y leQagoiitk® thbnestene &b bZ Bffer hOa crucible. Toxic
functional transition netal silicate (500

gegemvetiersptigated froay theglass aharglsr and frarikendribon eigarettersmoke obtained
I i.C.tlp). uni.f orm i Ng.of. the .. :

o 8 Tkl s coFUS1 LS G B A8Lfong ncona
trdnyitioanhatall silicags seducedtar byd Aicvagaignificaplyat t ached to a

gl ass chanber connected to snoking oqutlet of _
The 19aicesases SUsh g caihas ﬂ%@X&egwlmr@?@ﬁ% &N@Pp éoxides of nitrogen) and

. ] e et o g £

IS A5Y ek ARSI BRIEHE) B RIS CRPATY bR nd e
immaslizedefuabisorab ednsitiont hesd sflidates rcontaasng fittervadetakified tdkic gases
f 254. nm usi ng{ ﬁ@ng@d ni cotine solutions (95%
TP SHAEHE SRos6 (TR ¥k ution, BDH, England). Total tar

THOHveRlonRsw §3l UEREBEHR% BUARROMAE! HOFubOForndF8ARMON metal silicates.
extraction of filter in a crucible. Toxic

Functional transition metal silicates having varied silicate metal ratio were synthesized and

siffdkdsC AR FRIAL bk NGashE Sirdin € REL0EGheT lé@ﬁﬂ)ﬁst%gn gsghogvr? g in Table 34).

silicate or metal content enhancement or decrease in a functional transition metal silicates
was done at suitable reaction conditions (at acidic or neutral or basic or extreme acidic pH
conditions) and using varied reactants such as soluble silica having different alkali silica
ratios.

Functional transition metal silicates synthesized at acidic pH conditions possess effective

functions (decontamination of metals, chemicals, disinfection of microbes, fungicidal and
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gases were estimated fromthe glass chanber and for

conparison cigarette snoke obtained 20 wth out any
w0 pdoae143ms t aken as control. As shown in Tabl BCT/BE2P03/002011

i mobi l'i zed functional tra&hsition nmetal silicates

reduced tar and nicotine significantly. The toxic

?[A . . “qe r

SR AR SR DRI o RN B e D o et o
baswi qogditioesv gas anal yzer (testo-350) equi prent and the

i mobi lized. functional transjtion nmetal silicate .
FEGHeSH N an £ Asaiss) 1 769 ¢ gl 2gigict pafyconditions by
adelitesd & dcgd Esﬁ@llﬁ gs frtakk T‘D@@))-coﬁﬁirﬁn% SﬁﬁpBW%n@ﬁWn%ét%l content also

describe the salient features o lonal transition
pasetsads Binkcliond estivitibsmeth endbcantamsationoandréisaifection etc. Contrary

silicates.having,varied silicate netal .ratio. were .
O LS e St S pEareS T Bate coptiich SHRIG drpsition meta
cotent €giledadexen effebtiviCdikidftioh loR A8t dnt ARinABdAPropbitics. ati®ss may be

was done at suitable reaction conditions (at acidic or
dugeir PRy gpaseasjapd gme driposiaet wesal & it de fiph efistpore amount

. USi VAL | e ng s. S s .Sol ubl il i.ca .
S VB B e B AR SRS conions.
evidemos it TablesBBaS, captit sitits pespatcdesi Bt @ndativndieGerPdd higher doses

condi ti ons possess effective functions N
fatlgd ¢ rfiesmtaminath apenigeeia disinfeq chactestascifeftiyplyr ddwei sansifion metal

. i cidal 5 : :
sl PSS B sl S M ehons aug mantynetional. Thi
vdriahgity ohfinctiorahisy ¢fi teamsitioh ahetalisilicass éssths yoptihefthisadvedtion.

n ral _or basic condjtions. Functional transitjon o
Eq@t%gp&gqnla{ %%Hsggonﬁ}%ﬂ%gqaiee sd.fs QYR PRIARCNSSS: oégprmlhcates exhibited
vez P Niiohk O oMY mirdfih t AdNdRfnf&Gibd AopGheds Zihd HE ANBlreedom or

containing very low transition netal content also 5
capagitetogaterdct withi sdival and denorionplednssili¢atessstructuring were done based on

decont am nati.on .apd.di sinfeciion etc. Contrar. . .
dPEERETeR YriafePeut Matiy Srilaly Benggs, Py, silver silicates
arfiagifcont@d SlilibateN funblibidlitPWa Eaatdd BY oplhBing EHAEIN of synthesis.

failed to exert effective disinfection or N
Repseding st eratilientespwbere thely skere Fhintbesizad Hebasiguer nextighpyl conditions

. . i s:t.hat e fornati.on .

g RONROADSBNE ok RRG! ! 58000 GBI B8 TP L e i

pH icbndigbess(bg taddition o€ nittic abikphbsoebed @fdhici FfRstivedg Zficonium silicates
evidence in Tables 1 & 5, cupric silicate %r epared at =

SYBH$RIECE Bharytrad s havierPthcondighrsy, deoadsostess Pagicrd decontamination

ﬁl?r‘é%td nARLBiR SeRd | s ad Rk j . _
Veffect ?%?& Y-l T eat %‘ﬁ%%ﬁ gé}ﬁrlr@élgl £1rc§| | cz%ljtﬁgatre 5¢paiged the desired
begleriab dgtonsinminitiom, properey. dihe fautivd¢ siaeatas amifotrhly mbinesised (below 1

- f ti | . . This ariabjlity, of functionalit
RrARI RS O et ighting s bBeiangl estiggmetaloilionss
TheY el odlizabasdin pasdnt ARntbA RS bl IcPRsifRY 3k Iﬁ?ﬁg&ibéﬁ%rechenﬁcal or

_has its own uniqueness. Cupric silicates exhibited 15
ingerpyraging dirgcttieinmtherresing. i She salebtetl miatefielstfonphemical immobilization
operties. Zinc_has re f.reedom or apacity t . .
PP BF ater STy AoST e B aliptibe o ieey; SRV ER plogply o bind wit
trasttiont metalkg Net eitediodlembas adl it anthemicApiRad thereléitn to charged
di sinfection nature. Simlarly nmanganese sili cates,

“PPPver silicates, and zirconiumsilicates -
Pl@é[n&t%t‘l 'gglfh?oilfzxtiéﬁ?%f qm%ﬁﬁdtrg)ﬁ/sit%t @l 'SR afel r\%st HOIE off fcellulose,
quartz sand, and by incorporating into resins. Transition metal silicate containing resins

were coated on quartz sand.
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Regarding silver silicates when they were synthesized

at basic or neutral pH conditions 20 failed to absorb
wae®enda3s i ke toxic nmetals and silver silicat eBCT/IB2003/002011

synt hesi zed at extrenme aciddc pH conditions (by

addition of nitric acid) absorbed arsenic effectively.

I Leani { - . i .al _neut £, hasi

Tp Gvg%ﬂe{a)llép}:%ﬂndg, &gfcl)ee %aé(% ﬁ%@ég‘gﬁz gﬁg%g&é }nlega}lll sflﬁ!ﬁeg is ?n Important aspect
ofthhe dmteatiom afdcorlingla therigventidn pyniiie & Zindthodtof peddlicthgdmobilized

condi ti onls ,éi rconi um si | igat es attained the desired
ripseiqay nelal Hueases WSasHvgRd plugpes @uminhe qxigde cellWoss; sesins, quartz

S o1l .

S D T A P Qfening el AR ARANE b

silicates. These inmmobilizations in present invention

can,be classjfied as ical or chemcal. or . ,
NPW&&}Sp%F%?%aﬁ %W%%}%egﬁ?v Rndhene! the dnyratiearings curied Pudhe applicant
innBé edliowisg TlechRMacal i mobi lization (such as

aqr oEoI yners, activated alumna, silica gel) has the
Tehleperdepotes the neprmarivet Funegprdl omndrstradtral Acariabditedof functional

' s 1.t} s _amphoteric asses.the electron to. -
tr%iﬁsg[g;gne etag%hcléa%% cgpnggﬂg;lag?)cbaalséq %h%%ﬁ%}ez%qr?rgﬁte@fof synthesm.
Téblac i dendles t thansdmhpaeati vee flctishdli &t eFuvBsl CRbMY of functional

cellulose, quartz sand, and by incorporating into

transifj s metp) siicries GHlvepsHlicats] Mapaansse eMicaienting siliastensnd zirconium

~ 004/ 101435
Sﬂé’%@l%g%&ogfﬁ%%g%;@%éet%%ywrﬁgsgsppI ication of the said
Tihle8tdenotas therbacsiitidelpropdray ofiupiic siliestes Sgatibt Seaphylodddcus aureus,

aSﬁect -f’f the i nvention. Accordingly the invention
Brdiysuhtlis. & seidomanariasreipedeerd R Fmobi | i zed
T4H18ASdehbR8 thEEGhpathtJeCRcRTickE i RN Cynric sili

al um num oxi de, %eltl\}lfl %Jggeﬁci%lspﬁ?%%ﬁg?%@% gg%f?@a%;pnc silicate

(siligatst itomaition rme] tratom =rtet. &) sid icoptie sdmateai(silicue:r esisition metal
oated quartz nd. wit js.essential_ to summarize .
rafiRgt 1 A RoitofRitneot OB e DaBs R Foteduiar Bympratve Bletericiaal

propéity £aiist Bl ¢blf.he following Tables 1 to 36. Table 1

denotes the conparative functional and structural

Table p alenqtes e bretpiigidelipsererty af zinessilidatrat metoatengiatipe af €.25% mixed

- 4G S b ) based on vari.abl aranet ers of

GRS L) RO SR AR SR Gt

T4l 6 tdemsted thardmphratied fiinglcidedprapity of Yumic dikeueds @amkt Scelerotium
ransition nmetal silicates (silver silicate, nmanganese

royfit; Rhjgectonip selani; Fusagpm oxysporivuny 3ad Bicwplia eweed based
' . . of ' . engt .
Tl YRen e PP AL TSRS R proyetly B Bone] Athlich SEERfRpre (Cuprc
silBtaggphy| ococcus aureus, Bacillus subtilis, Pseudonbnas
rugi ngsa, and. E. coli. 15 Table 4 denotes the .
T%Z%% _QP%W?SV%@ ng%?tgmé FegIERPRYOTORTORGBE PIcCURTIF Siispies
Té_B{'e_P g' dl%:él%tels |16 enic Sdebbitafhatibh ¥ Sihﬁﬁd?)ﬂiigﬁtfﬁhct{({?ltalo %ansition metal

=1:5. and cupric silicate (silicate: transiti

sikigatesl on activited alublinafsize: dwve dA00 mi¢roms)of 0. 06 and
. 0 rative b ericidal

Tag)rleg %é rsdteﬁgtrgg g}teﬁ%%e%% El%cg)lnfa.rmnga%on of immo (Hized f‘l:mctiaonal transition metal
silicates on different sizes on activated alumina.
Table 11 denotes the arsenic decontamination of immobilized functional transition metal
silicates on agropolymers.
Table 12 denotes the decontamination property of transition metal substances by physical

immobilization on quartz sand (250-500 microns size).
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Table 5 denotes the bactericidal property of zinc
silicate at a concentration of 0.25% m xed 20 in
whamieeiddd growth nedia, which was tested agai PGI/1B2003/002011
St aphyl ococcus aureus. Table¢ 6 denotes the conparative
fungi ci dal property of cupric silicates against
Téilel By Qehotd? thé!théichry QBEGRELAMIGK ﬁ)?é_)rﬁbgﬂ éOF l*iﬁﬁﬁéﬂfﬁied functional

oxysporium and Pyricularia oryzae denot e
transetiop; efpl silietasfaacnctivricd plopena andiagnaptolonedl  t r ansi t | on

I L licate)
%Eﬁéealﬁr ?%Aéitoneht%h rnggegﬁ od% S%Iﬁ ﬁgli‘ |p5?1pe6try08€ |f‘t"§F%8flaﬁch5‘?‘°1”6°n metal
siedié mamebiliZadbdreagioptepaees the arseni c decontam nation
f ipmbilized functional transition netal silicates
%ﬂ ¢ dot flniesathy Restisidal decpatamipyine 1506 o Evnstional Taisitéon metal

Slﬁ&tgﬁﬁ%ﬁﬁzgch& rgllg‘d]%ﬁ 1;gecont am nation of immbilized

functional tran nmetal silicates on different
Tahlgd$ dencgest theabaterial Uodlifarm Bdedaidrindtort @A dheSolilifed functional

; arieni c .decont anm nati on of i mmobilized functi onal
rqsTHOn; i tal SiRses on aghiyateddle®itgn agr opol ymers. Table 12

T 1)7 @éndtbernd %ﬁ@c@ﬁﬁrﬂeeﬁlth aHBx? Bf fr%%f)glfhz&{ ARSLbAR EEran§1t1on metal

nmet al substances by ph ysi ca I zat1on on
sikicates queROe®bners.cr ons si ze) . V\D 2004/ 101435

/1,B2003/ 002011 . 6 Tabl 13 denotes the nercur
TSl e ARley T b ?tSBé O IRAE PRORSHYT o ARy zed functional
tretnrsﬂmlrﬁétﬁll’kllméte@|on$11drﬂnﬁﬁﬁ1‘?§x1@5‘s afd bRigd, al um na and

@g%opol ymer. Table 14 denotes the protein
o9t dRgies ithsn baetendr tecopfanfinaéani pregertyr ahsintriobilized functional

trﬁgftlghme?éllshfcﬁfe@ohw %aaﬁed on agropol yners. 5 Table

enot es decont am nati on nature of
Teabln2a Herads the déksjntanﬁﬁat[ﬁii &l fungis (us;sp&@uumgéuléé) ZRfin QMong time (6

o)pol Tabl e, 16 denotes the bacteri al
m?‘%ﬁ? ﬁ%%ﬁﬁ’a@é% HeiB&{RREPdiFed funchors tnansz@@n mawt tsllhgzttas
TdIADBideh&Bs MRl btozblid f@}yﬁ%eg %n' d’ﬁ/z?ng)n MR nad 3P property of

17 denotes the bacter
lmmnmlmeﬂlfzmnhohairtmnsmrmImdtzrlaﬂﬂ:atet; on agifbbalymelo silicates

I . ble 18 denotes the bacteri al
Tk S REeR R Rl A Qaryniston HH Phisametinesd bational transition
mdthlagiEEdteLBnd B 3bli ebbdhESiHOR n%{lﬂéno?'lﬂlﬁq%kz%ﬁsfun@t%%al transition

cell ul ose. Table 19 denotes the bacter
mefelcsdlifatasi nat i on property of immobilized functional

ansi ti iJicates o yartz sand. 15 Table 20
R T S g e
1nmnﬁ>ﬁizeabnfsﬂi@mgal long tinme (6 nonths) stored water by

i mmobilized functional transition netal

TaE}q Fcdangtes thpas,gpré volatidfeprgeeis coppoprdstdszaramination property of cupric
Eﬁw um) decontamni nation property of
Sﬂi{cgéi 1zed ?) ungicg%%lv

transition netal silicates on
Tablgr 2paleyores the volatile organic compounds decontamination property of cupric

silicate immobilized on silica gel.

Table 26 denotes the phenols decontamination property of cupric silicate immobilized on
silica gel.

Table 27 denotes the polychlorinated biphenyls decontamination property of cupric silicate
immobilized on silica gel.

Table 28 denotes the trihalomethanes decontamination property of zinc silicate

immobilized on silica gel.
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Tabl e 22 denotes the viral decontam nation property of

i mmobi l'i zed functional transition 20 netal silicates
wW@nw4f014801 i decont am nation nature of inmobi | PETB2003/002011

functional transition neta&b silicates. Table 23

denotes the trihal onmet hanes decontam nati on property
Téﬁle CAPI denofel | Hf%attl?hald)rﬂgﬁ;lg’ﬁés' 48Rt diC %rgﬁérty Wbk#ver silicate

24 denotes the sem volatile organic conpounds

lnun@blhz@mmllcpmlpr operty of cupric 25 silicate

i 1z I|ca el . Table 25 denote
T o8 o o EheliRuRRe ESOUT AR PSR b pEppgEngHe slicae
mﬁﬁmhged@glh@aage@ i mobi | ized on silica gel. Table 26

denotes the phenols decontam nation property of cupric

Tafile i3adendtemiisi irihalsancghancs i derertamisiatioB Prapesiye ob Zirconium silicate
mgﬁ@ﬁh?«%i 3d sﬁh@alé)e\fcm ori nated bi phenyls decontam nati on

fic silicate immbilized on silica

T@ﬂé 32Talbh(ﬁes28héi &aofedisl dBeontarhinali B bRA§Sof immobilized functional
decontam nation property of zinc silicate immobilized

trgpition metal syliqates\ipyo) prsarppgatedm tPasinB2003/ 002011 65
Tzﬂ_ﬁp |3§ (?e%og—: Hé %ﬁct‘:ﬁﬁ {l&:’oﬂﬁhﬁﬁrzﬁfoﬂ ? rgg gf) %ﬁcgi:oﬂlﬁ‘lg ggﬁ]sition metal

property o I'ver silicate
sijedte re*sfmtdoenﬁgs abesand.es the tri hal orret hanes

cont nation property of ma se silicate,
Tiobt FDOA JRE SDKoh G0t R AR RSa) JEFIaF BGaig, (%) nature of
nﬁlﬁbm&éa%h&ﬁﬁ%ﬁtrﬁﬁﬁ%trﬁé&lr@ﬁda@ég property of zirconium
licate inmobilized on silica gel. Table 32 denotes

Tauiu@ 39adermtdsathediar ont amtotatei apsomtiopeptopertyf off nobohilizesld functional
transition netal silicates (5%

functi
tr?nr?:]:%g’ﬂ’d’g? a]tsélbcalt‘?’? to resins. Table 33 denotes the

TieBe fdbl@dteﬁ@l@%%a@éﬂer@ﬁdl&rﬂeﬂﬁ@ﬁ’@&ibﬁ n@furd PRY bf BRRbbilized functional
transiti on net 10 silicate resin coati ngs on sand.

trapgifica meefalgelingtass the toxic gas (engine conbustion)
9 d f
PR R Ao AL, P rocins

tranitioni wetal sidicabs uph iapRupriopiichty, sifver Rl hﬁaﬁ?anese silicate, zinc
unctional transition metal silicates. 15 Table 36

¢ aad tfH’éCtlﬂ“@Iart@ﬁlBO% kel gdicates f Inuaehilizech gy matqrigs such as

c'afv e A biapal t {

* Th'?el ?‘g}sﬁ%?]t eri ved 1r o’m‘(’ylr?#eor1 %éedr?;ﬂ H%O%eq%%{t %F]Aﬂélf \%125‘ gel, resins

(VS’[}d) @etenfbisglmtld)ﬂe&ldzwnghﬁlum tdddograin rekima)) intl i fanctivetablransition metal
| i cates ch .as I‘IC sillcate Sli ?r silicate,

si AnaTRO F 18%{1%an uﬁeuona transition metal silicate contammg resin coated

sand having varied metal silicate ratio exhibiting varied functions which are useful in

various other applications such as manufacturing of catalysts, and hybridizing or doping

with zeolites.



silicate) and functional transition netal silicates

i mmobi lized on materials such as 20 activated al um na,
W@bkwnitoi4edn oxi de, agropol ynmers, cellul ose, quarPCwIBasH02011

silica gel, resins (vinyl 6ester, bisphenol and

isopthalic food grain resins), and functiona

transition netal silicates incorporated resins and

functional transition netal silicate containing resin

a vari on
VvV A 1 A A |

cogted—sant—having silicate ratio
aFlbltl varled functi ons whi ch are ugeful {in

vari ous applications,§uch as manufjact uni ng of N
calt al y&t d| hyb®i di zi ng ©r dgping 23 with ¢ R
zeolltes 2004/ 101485 PCT/1B2003/ 002011 66 i N~ {h
oryyr~.rr ~Y~~1iq ~ry~eyS,~ tiApif a '"mi:jR..|].HPIN
Cf~|3A .{ ~CD -Plepot_YYT NNV NNNNTU QN
2 2 8 g | 2 8
A 2 2 2 = 2 2
” ld

decontami-
netion
{moA.g
"]
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250
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metal ratio
1:6.15
1:0.78

1:1

0
1:0.63
1:0.34
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ranwition metal salt sokstion,
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Table: 3
Bactericidal property of cupric silicates:
Material
embedded Material Silica:
in LB . transitionmetal | Test bacteria Result
. fconcentration .
agar media ratio
No growth
C;gpnc 0.25% 1:5.15 Staphylococus was
silicate aureus observed
. No growth
Cupric 0.25% 1:5.15 Pseudomonas | = 0
silicate aeruginosa
observed
. . ... | No growth
(?gpnc 0.95% 1:5.15 Bacillussubtili was
silicate S
observed
. L. No growth
Cupric 0.25% 1:5.15 Eschericia was
silicate coli
observed
Control Significant growth was observed
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Table: 4

Comparative bactericidal property of cupric silicates:

Material Concentration

Silica:
Name of transition | Name of the
the sample metal ratio pathogen
0.06% 0.125%
Cupric silicate S{gnlflcant No growth
. o . growth
Synthesized at acidic Eschericia \ was
. 1:5.15 . was
reaction coli observed
o observed
conditions
Cupric silicate Significant Significant
; " growth was
synthesized at Eschericia growth was
. 1:1 . observed
neutral reaction coli observed
conditions
Eschericia Significant growth was
Control Coli Observed




~~u4t INm~fir''~ X003d O' NE1ECt ~~pOyr,. ~ElaO E 15
{ Il aH WD 2004/101435 PCT/|B2003/ 002011 Table: 3 68

w@awuaei4ed dal property of cupric silicates: 5 RMX/EB20ed/002011
enbeddedMaterial Silica: in70

LBconcentrationtransitionnmetal Test bacteriaResult agar

megiiaga8 i 0 No growt h Cupric0.25%: 5 Staphyl ococuswas
15 silicate. aur eusobserved Cupri cPseudononasNo growt h

Si k L &g%agaﬁlu{%)s u‘@{tj"??ﬁﬁé ﬁhc ngsawas observed

acl growit h
Material
en}bedded Material Slhc.a.: Test
in LB . transition . Results
. concentration . Bacteria
agar media metal ratio
No growth
Zinc silicate 0.25% 1: 12 Stapﬂ?ﬁscus was observed

Control Significant growth was observed




silicate0.25%:5. 15swas observed Cupri cEscherici aNo
grow h silicate0.25%.:5. 15col i was observed

w@emwenal4s gni fi cant growt h was observed WO 200B¢T/0BRAGH02011
PCT/ 1 B2003/ 002011 Tabl e: 4769 Conparative bacteri cidal
property of cupric silicates: 5 Silica: Materi al
Compgiet ¢ ati on Name oftransitionName of the the
sanpl enetal ratiopat hogen 0.06%0. 125% Cupri c

i i L ond fi : ; h S hesi zed
Z{ b'giéﬁ) ?% %&E@%@w” cr:r?%ﬂc.“@gfsﬁ %g%w%sbse_rzgtd gglsé?ved

condi-ti+-ens—Cuprie—siHi-cateSighi-fi-cant Significant
synt hesi zied at1l Esclherici agrow h waggrowth was 1
neutral rleaction: cqgliobserved)bservegd conditions
Escherici|aSi gni ficant growth was Cort r olReskér@oseduotion in colony
diameter over control
Name of the Silica:
sample transition Name of the pathogen
metal ratios
0.0625% | 0.125% 0.25%
a) Sclerotium rolfsii. 0 0 32.93
Cupric . .
silicate b) Rhizoctonia solani 47.7 61.9 73.2
synthesized
at acidic pH .
reaction 1: 5.15 c)Fusarium oxysporium 57.8 70.0 76.8
conditions
d) Pyricularia oryzae 74.2 86.2 100
a) Sclerotium rolfsii. 0.0 0.0 24.7
b) Rhizoctonia solani 22.9 44.0 59.0
Cupric
silicate
synthesized C) Fusarium
at neutral pH OXysporium 0.0 0.0 68.3
. 1: 0.78
reaction
conditions
d) Pyricularia oryzae 72.7 85.5 88.5




WO 2004/ 101435 PCT/ 1 B2003/ 002011 Table: 5 70
Bactericidal property of Zinc silicate 5 Materi al
w®dosaer43s enbedded concentrati on Materi al transPe€T/IB2003/002011
Test Results in LB netal r&tioBacteria agar nmedia No
growh Zinc silicate0.25%: 12Staphyl ococuswas
T gfved aureus Control Significant growh was observed
2004/ 101435 PCT/ I 82003/ 002011 Table: 6 71
cates;

visal BaRoG Rrspet of PungoRBl btsifon Fieihsincls (B e Rilisate)

—t—hesm_ea_sancpl-eu_ansm_onh.lame of the pathogen
metal ratios 0.0625%). 125%0. 25% a) Scl er otium
rolfsii.0032.93 Cupric Percentage reduction (%) of

"bacteriophages
Name of the Material
MS-2 @X174 | PRD-
. Batch a 91 88 96
Cupric Batch b 89 95 94
silicate
Batch ¢ 94 92 98




silicate) Rhizoctonia solani47.761.973.2 th i d syn

es ze at acidic pHreactionl: 5.15)Fusarium
w@zoegpansunb7. 870. 076. 8 condi ti ons Pyri cul ari aPCT/1B2003/002011

oryzae74.286.2100 a) Scler@siumrol fsii.O0.00.024.7 b)

Rhi zoct oni a sol ani 22. 944.059.0 Cupric silicate

synt hesi zed) Fusarium at neutral pH1:0

Xyi?@l{eji nD. 00. 068.3 78 reaction. conditions

Py laria oryzae72.785.588.5 WD 2004/ 101435 Table: 7

72 F,’CT{&I B2003/ 002011 Viral disinfection property of

f ukEhplomethanes decontamination propesty of guprie silicates | j cat e)

Percepntage reduction (Jo) of bacteriophages Name of
the Material MS-20X 174PRD
Concentrati
on of Decontamination
Name of the (control) | Retained ability of the
S. No. compound contaminant | (ppm) absorbant (ppm)
P solution pp
(ppm)

1  (Chloroform ' 0.9975 0.4146
2 1, 1, 1 Trichloroethane 1.0016 0.4476
3 Tetrachloroethylene 1.0005 0.6573
4 Trichloroethylene 1.0006 0.4064
5 Bromodichloroethane 1.0008 0.8012
6 IDibromochloroethane 1.0003 0.7861

5.4 ppm of THM

mix
7 Tetrachloroethylene 0.9987 0.6795
8 Bromoform 0.9907 0.5455
o [L2Dichloro- 0.9423 0.6557
3-Bromopropane .
Total Concentration of

TEM mix 8.950 5.3939
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1 Batch a918896 CupricBatch b899594 silicate Batch
c949298 5 WD 2004/ 101435 73 PCT/1B2003/ 002011 Table: 8

w®200ri1iaBH et hanes decont am nati on property of PCUB20€3/002011

silicate Concentrati on of 74

(control ) Ret ai nedDecont am nati on S. No. Nanme of
Talllecodnt am nant (ppm) ability of the

conmpoundsol uti onabsor bent (ppm (ppm 1

;Ac%st% ﬁﬁ%%g%?gﬂ@%% ized functional transition metal silicates on

3etrac or oe

4richtoeroethyd encl 000604064
5r onodi ¢hl or oet hanel. 00080} 8012
6] br onochl or oet hanel. 00030( 7861 5.4 ppm of THM
7etrachl or oet hyl ene0. 99870} 6795m X .
8 onof of mD. 99070. 5455 91, 2| Bexcntage ob arpenipahegsatamination
3t Bronopropane. . Total Congepftertrieatmeft ofiR12 ppm arsenic
mi XNg50Nane of the material containing water by passing through
10cms size column at flow rate 10
ml/min

1 Cupric Silicate 90.10

2 Zinc Silicate 91.98

3 Manganese Silicate 58.96

4 Zirconium Silicate 13.68




10 WO 2004/ 101435 74 PCT/1B2003/ 002011 Tabl e:

Arseni ¢ decont am nati on of
w0 paasdBodN et al

(si ze:

t
1Cu

silicates on

i mobi lized functi

95
onal

acti vat ed al unPEEIB2003/002011

above 1000 m crons) 7Per cent age of arsenic
decontam nation after treatnent of 2.12 ppm arsenic S.

mﬂ' of the material containing water
rough 10cros size columm at flowrate 10 m/nmin
ri.c Silicat.e90.10 27i

AR A A

thh

& ypinabliht

91.98

3Mvan

égéqsbti%mqup gifigate (cupric

by passing

gefivatedalemin® 003/ 002011 Ar seni ¢

decontam nation property of

immobilized tran

ition

nmetal silicate (cupric ilicate) on different sizes
of act|vated alumna 5 unt of arsenic confent in
ppm after treatnent of S| NoNape, of the materiall
liter Sodium arsenat e% ( 22TOPBhPIHSERIE SARtepk
adecont ani nati on 10cm col Hmllﬁ‘@ftgpﬁ!‘eaﬁmﬁilgﬁ‘l ow ra&ye
CNBY 1 € nadihé 6% M 0. FoGBUR @L§eNAte sill i cat go
1000n ﬁl\girg%&h%gﬁ %%giﬁt r ol (X4 0porsg)iticid ina | decontamination
10cm column at 10ml /
min flow rate
1 Cupric silicate (500nm) 0.114 95.58
2 Cupric silicate (1000nm) 0.36 86.05
Control (1000nm)
3 (activated alumina) 0.68 73.64
Control solution
4 (without treatment) 24 0




6864 (activated alumna).. 4Control solution2.40
(Wi thout treatnent) WO 2004/101435 PCT/1B2003/002011
wQ@ 2003/1Pasxent age of arseni c decont am nati on afP&F/1B2003/002011
treatnment of S. NoName of t/he material 2.12 ppm arsenic
cont ai ni ng water by passing through 10cm size of the
T at flowrate 10m/mn. 1Cupric silicate35 2Zinc
AFQet

AL S8 SR 1 D, L0 B, s
‘“H’é%‘b‘ﬁ?%‘ﬁ?‘hﬁ%f"é’r?’ﬂ?‘arﬁerty of i mrobi i zed functional
t it (I tes ogn activated alumna an

agropol ymer I nitial Mercury content |(ppb) Mer%uryafter

60 mnaaf S. | No. J_al cordesnntapgiphtion ebarsemic
w th NS 1 fer iImmEEmE Pf)fhzeer@!“%‘%gti ohafroueS08r pplaokarsemna

netal silicafes (1 mm). 1Cupric $ili citsted solution
mobi | 1 zed22duptibslioe @ahestiadlen [T mMts on
agr opol yner ZCUQ{g'kdboﬁjrhérf(@ﬁ(?mg)“mbi | i zed2245#8Bel ow
detectable liimts on "activated al um na

3ContTot 2242122421t Tabte—I1Arsenrcdecontamnation
T%{l? ty of transition netal silicate (cupric

icate), immobilized_on agropolyners % . .
Decontamination property of functional transition metal silicates by physical

immobilization on quartz sand (250-500 microns size)

Percentage of arsenic
decontamination after treatment of
S. No Name of the material  |2.12 ppm arsenic containing water by
passing through 10cm size of the

column at flow rate 10ml/min.

1 Cupric silicate 35

2 Zinc silicate 48.58
3 Manganese silicate 18.87
4 Zirconium silicate 8.49
5 Sand as control 1.88

10 Table: 13 \
Mercury decontamination property of immobilized functional transition metal
silicates on activated alumina and agropolymer

Initial Mercury content (ppb)

Mercury after 60 min of

S. No. Name of material content (ppb) treatment with
in a liter immobilized functional

water transition metal

silicates (1 mg/ml).
1 Cupric silicate immobilized 224.21 |Below detectable limits
on agropolymer
2 Cupric silicate immobilized 224.21 Below detectable limits
on activated alumina
3 Control 224.21 224.21

15



S. No. Nane of the material decontam nati on of arsenic

from 500 ppb of arsenic treated solution Cupric
W@ dosaen4ds | mobi | i zed on lagropol ynmer (250 ng)BGI/IER003/002011

Tabl e: 12 Decontam nation gfoperty of functional

transition nmetal silicates by physical inmmobilization
T g}i@rtz sand (250-500 m crons size) 15 WO

004/ 101435 5 Table: 14 77 PCT/|B2003/ 002011 Prot ein

coni ani nat.i ope f functional trans t
Aﬁ%“gl RPhBRpaRo B o Hnc G IR BPG! piRtes jmmobilized
RY™4H)) after treatment S. NoName of the

prlal\/\nfh 100 of BSA solution (1 ng /m
bncent nation), 2cm colum a Pl%@n/blﬁﬁlﬂg 1|n aftélt&eatment
Si | ver |silicatel0.0 2Cupric lon (1 m
Si Nat ¢3. Nalwbiféhe aftévialt i 2 ¢ t 1 gc ; gt
ature of functional transit Hﬂﬁ%? qn % glcoumna
mmobi | ijzed 10 on agropol yners % nPYHRY Rt £ rom
D ppm pesticide S... NoNanme of the.materiaglsolution by
mof sanpl ebﬁﬁeréﬂ’@g%ounn 03
ndosul phanCyper methri nChl or pyri phos Cupric siTicate
m(;zsobl lli zed (glflprécﬁﬂll‘i?éec ed59. [/62. 446. 6 al &%4na Cupric

ligate 2i mohjl iizede on6l. 783. 449. 1 agr opgl yner

Val

VEREMRER 30RO

Table: 15

Pesticidal decontamination nature of functional transition metal silicate immobilized
10 on agropolymers

% decontamination from 10 ppm pesticide
S. No Name of the material solution by 1gm of sample in a column

Endosulphan Cypermethrin | Chlorpyriphos

Cupric silicate
1 immobilized on activated 59.7 624 46.6
alumina '

Cupric silicate
2 immobilized on 61.7 83.4 49.1
agropolymer




10

WD 2004/ 101435 PCT/ | B2003/ 002011 78 Table: 16

Bact eri al

transition netal

(coliform decontam nation property of
wo powhioi48zed functi onal

Si | | PCE/ER0aI002011

activated alum na 5 Percent’&ge of coliform
decontam nation after treating 500nl of coliform
Tz(lﬁ?-lﬂ@ S. No. Nane of the material containing water at
Towrate of 10 m/nin from 10 cns I ength col um of

a{;‘fj@' Gaffor ‘*f"fhﬁ

mgt
Ta

tal silicates i
*fgrlpgﬁ B preperLy obgmm
fates en pelivateggluming i na as control Bel ow 0. 1

le: 17 Bacteri al

b hfllgfl ggansiton

decontami nation property of

i mobilized transition netal
agr opol ym=rs VoI ume (nl) of

Fﬁ_@l ni n 1

of decont am nat| on i mmbl i zd
bn a ro of ner

S

sillicate

Pgickntage et cdiform @econtamination
tfter trehiif® 500rhbaft @lifam (5x10°)
ecomanfing Waler daYpe rade of 10
C Oml/AiR RN 20 @midlength column of
2d ﬂlh@f‘&iaﬁ ipRihsiTRoindhetal silicates
CUPH! Cinilmobfigh& o HedY

at,ed alumlna

1i mobitized—on256097 45—Agtopot ynetrsto

sillicate 2i milver giBeht®n300¢

UuJga. o7 3l

D99 Agr opol ynme©w8Zi nc

Si Hecate100061. 90 3imobilized onl150014. 28 A ro of
mer 20904. Y6 Zinc silicate 43
3. Cupric silicate 83
4, Alumina as control Below 0.1
Table: 17
Bacterial decontamination property of immobilized transition metal silicates on
agropolymers
Volume (ml) of the coliform
bacteria 4x10* / liter
containing water passed %
S. No Type of material through the column N
2, decontamination
containing 250 mg of
immobilized transition metal
silicate on agropolymer
Cupric silicate 2000 99
1 immobilized on 2500 97.45
Agropolymer 3000 94.87
Silver silicate
2 immobilized on 3000 99
Agropolymer
Zinc silicate 1000 61.90
3 immobilized on 1500 14.28
Agropolymer 2000 4.76
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WO 2004/ 101435 PCT/ |1 B2003/ 002011 79 5 Tabl e:
decont am nati on property of
WO ecndisdN net al
Vol une(m ) of Type of material Wi ght
ofcoliform$S. Noselected formateri al

Bact eri al

cel | ul ose.

silicates on

i rmobiliz

18

ed

al um ni um oxi deCEHEL003/002011

in thecont

ai ni ng

Tawlee1$o | mmobi | i zati oncol um(460 col / m ) decont am nati on
passed through col utm 1Al um ni um oxi de (A1203) 1 O

Qﬂéfé%g tgxgﬁluh ¢ g?(gqecl)'gy @%&?Eij’leu?g%?nltésrlto i9n metal silicates on
al er [ g%lﬁg‘élc?ﬁ i Yt i on property of immobilized

Lrar3=tiun metal—silicates on 10 quartz sand

Bact|eri al coli f or|nrPer cent age of col Yelumamdref df

t he Oomiydesanieani nat i on edlifermt r edt i ng
Sn@&zq‘?ﬁ?ﬁgf%%naﬁb &9})‘% \ %tf é:ol I f ocontaimiigawateng %wat er
at = $.; J)IFEI Je onEr eatl ngl W t ha(4b0 eel/mpt e |adecontamination
10m|/"MACTTE %cros e, s ndfuqﬁggeqrmkough
transitionl ength jcolum of functional cgrRl@ sil|i cates
intransition netal silicates coated omnm cot unmmguuartz
andAlwoipiing osidei cat e3,88x10583 2Zi nc sjJicated. 62x
0534 3NAbgBheseq 5 ’1;17) gx10 siflicate 4gr§r0con| um 93.47
sililcate2.90x. 1086
2 Cellulose 0.97 gm 300 93.71
Control .
3 (untreated water) 460 coliform col/ml 100
Table: 19

Bacterial decontamination property of immobilized transition metal silicates on

quartz sand

Bacterial coliform Percentage of coliform
amount (per 500ml) decontamination after treating
Name of the ) . .
material present before 500ml coliform containing water at
S.No |. oy treating with a flow rate of 10ml/min from 10cms
immobilized on . e .
functional transition length column of functional
quartz sand o . ces o1
metal silicates in transition metal silicates coated on
column quartz sand
1 Cupric silicate 3.88x10° 83
2 Zinc silicate 3.62x10° 34
3 Manganese 3.78x10° 5
silicate
4 Zirconium silicate 2.90x10° 6
5 | Sand as control 1.1x10° Below 0.001




5Sand as control 1. 1x106Bel ow 0. 001 WO 2004/ 101435

PCT/ 1 B2003/ 002011 80 5 Tabl e: 20 Decontam nation
w@e@paeotsys of fungus (Aspergillus species) fronPEI/IB2E8/002011

time (6 nonths) stored waBeér by using i mmobili zed

cupric silicate on agropol yner. Volune of S. No. Type
Tablen2@ eri al Col um water (ml) Result sizepassed through

colum Cupric silicateNo growth of fungus was

Dddoni@hindtivad pp ot i ? ¢ 'g s T dong ti e
mﬁﬂﬂgmﬂow@wefﬁ&m S@ Ehiz%@&? ’ J;is)ﬂgﬁzpﬂﬁ{q?mlr g time (6

5 G owt h of fung ntro

.,\l S
s—ptac A o funnnl grn\l\th nedia.

Tabl ef 21 Prot ozocg Crypt og‘]'b Peftym par vum

SN Tape oRinhGRiad B'ilfft'y of WateRBDI i Zed 10 f ‘?lltonal
transjtion netal silSiZ8at ¢Rassed tupvghlyner

J.heMoTLurm of the firacti on% Retiuoni on |of seeded

sanpl lepassed t hroygh col unmCr ypt ospor|i di um parvum

oocyst supfi@silitan- A (20m ) >99. 99 Cupri|c Nolgrewtheof fungus was

| ol @R RAN 9N B, (5PmL) T%ﬁe 99 on observed when the treated
water was placed on fungal

Agropolymers
gtopoly growth media
, Growth of fungus was
2 Control observed when the untreated
water was placed on fungal
growth media
Table: 21

Protozoan (Cryptosporidium parvum) decontamination property of immobilized
10 functional transition metal silicates on agropolymer

Name of the Volume of the fraction %o Reduct?ogl of seeded
sample passed through column Cryptosporidium parvum
oocysts
Fraction-A (20ml) >99.99
Cupric
Silicate
immobilized Fraction-B (50ml) >99.99
on
agropolymer
Fraction-C (80ml) ‘ >09.99

15



10

agropol yner Fraction-C (80mL)0 >99.99 15 WD

2004/ 101435 81 PCT/1B2003/ 002011 Table - 22 5 A Viral
waele@enowss nati on property of immobilized functPOnE2003/002011

transition netal silicate$1B. E. Coli decontam nation

nature of inmobilized functional transition netal
Tshlel-Ct es Percent reduction (% Wight of the

Sarrpl esarrpl e used i nAB coI umPol i 0 Lsc 1Rot avirus

7 H. S 5 948 8 C
A; o Sedbinstog bl e o bgudl ogiyfon mea
5%570 386.291.9 CUprlc silicate imobilized on
actlvated al um na 20 grans99. 399.899.5 10 WO
BooB4/Gl slesomaminatigp ragero of ingpohilipged: fupgtional transition metal
Tilieateonet hanes decont ami nation property of cupric
silicate immobilized on silica

Percent reduction (%)
Weight of the
Sample sample used in A B
column i Rotavirus .
Polio Lse 1 SA11 E.coli O157:H7
1 gram 559 48.8 99.4
Cupric silicate
immobilized on
agropolymer
2 grams 99,998 99,991 99,99
10 grams 70.3 86.2 919
Cupric silicate
immobilized on
activated alumina
20 grams 99.3 99.8 99.5
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gel
conpoundcont r ol

5 Concentration of econtam nati
Ret ai ned (ppmon ability of
w@emwkam4pmnt the absorbent sol ution (ppn) ( ppm PCT/IB2003/002011

1Chl or of or nD. 99750. 9501 21821, 1
Trichloroethanel 00160. 9689

achl oroet hyl enel. 00050. 9362
4r|chloroethylene1 00060. 9650

gagfm%lg e BEbRARERaR B0l

et rachl or oet hyl ene0. 99870. 9041 THM m X

S. No. Nane of the

gg?f guglbiﬁ,]sg]icate immobilized on silica

Srompforn),. 99070.7308 91 2Dichloro-3- 0Q.94230.4059
r onopr opane ot al Concentrfati on of THM 8. 9507. 5392 x
ChrOTatographic Condi t i onCdmeentratiomaf i|{on of Decontaminati
T ha th s 10 15 O GC éEmittoin Oy r at u én ability of
SgiPet Wgﬁ? EYMRENer al uentammat i d j{] r@f } £the absorbent
Carrier gas Flow solution (ppm) (ppm)
1 [Chloroform 0.9975 0.9501
2 I, 1, 1 Trichloroethane 1.0016 0.9689
3 |Tetrachloroethylene 1.0005 0.9362
4  [Trichloroethylene 1.0006 0.9650
5  [Bromodichloroethane 1.0008 0.8897
¢ [Dibromochloroethane 1.0003 0.7885 7.5 ppm of
7 [Tetrachloroethylene 0.9987 0.9041 THM mix
g  [Bromoform 0.9907 0.7308
1,2Dichloro-3-
9  [Bromopropane 0.9423 0.4059
Total Concentration of THM
mix 8.950 7.5392

Chromatographic Conditions for estimation of Trihalomethanes

GC : VARIAN CP 3800 with Head Space
Column : ZB- 5 30mX0.25uX0.25

Oven temperature : 35°C/5 min @ 10°C/min 250°C/1 min
Detector : Electron Capture Detector
Detector Temperature :300°C

Injection Temperature : 200°C with split less mode
Carrier gas : Nitrogen

Flow : 0.5ml/min

Makeup gas flow : 29ml/min

Range : 1.0

Run time : 27.473 min




Makeup

Head Space
WQ@N11485 n

split |

27.473 m n WO 2004/ 101435 Tabl e -
003/002011 Sem vol atile organic conpounds

gas
ZB-

ess node

El ectron Capture Detector
Ni trogen @835nil/ mn

24

flow Range Run tinme VARIAN CP 3800 with
5 30nX0. 25uX0. 25 :

35C/5 mn @10C/ mn

300C 2POrzBae3n02011

29m /mn 1.0

83

/1
gecon am nati on property of cupric silicate
5 Concentration of

ST e
(‘%‘i“r ifizedgn ilien

af EORMIRINALISAL PEPPaREY 4f,cupHg silicate

nant (ppm t he absorbent sol ution

ppm (ppm) 1Benzene, 1,4, -dichloro0.6960.17 2t hane
Hexachl or 00. 8600. 546 3Benzene é 2,3,
richl oro0. 88060. 184 41, 3 But e o
t1, 1,2, 3, 40. 7750. 437 SNapht ‘chgygfﬁhé’ﬁl or g0. 8760. 6 Pﬁ":ﬁ?ﬁ“;‘y“s;‘«
.06 Nt MabRyiCofipdind 26 contaminant (ppm) the absorbeni
solution (ppm) (ppm)
1 Benzene, 1,4,-dichloro 0.696 0.17
L2 Ethane Hexachloro 0.860 0.546
3 Benzene 1,2,3, trichloro 0.8806 0.184
4 1,3 Butadiene, 1,1,2,3,4 0.775 0.437
5 Naphthalene, 2-chloro 0.876 0.644
6 Acenaphthylene 0.812 0.526
7 Acenapthene 0.775 0.488
8 Phenol, 2,4-bis(1,1-imet 0.351 0.000
9 Diethyl Phthalate 0.768 0.467
10  [Fluorene 0.793 0.518
11 Benzene 1-chloro-3pheno 0.574 0.386
12 Diphenylamine 0.634 0.568
13 [+Bromophenyl- 0.861 0.632
henylether
14 |Bezene, hexachloro 0.542 0.310
15  |Phenantherene 0.772 0.465
16  |Anthracene 0.812 0.528 9.1 ppm of the
17  Dibutyl phthalate 0.693 0.275 SVOCs mix.
18  [Fluoranthene 0.706 0.276°
19  |Pyrene 0.700 0.252
20  Benzyl butyl phthalate 0.691 0.187
21  (Chrysene 0.644 0.206
Bis(2-
22 ethylhexyl)phthalate 0.676 0.134
23 Phenol, 2,3,4,5-tetrabrom 0.671 0.124
24  Di-n-octyl phthalate 0.729 0.105
25 . Benzo(b) Fluoranthene 0.698 0.061
26  Benzo(k) fluoranthene 0.670 0.066
27  |Benzo (a) pyrene 0.680 0.035
28  |Indeno(1,2,3-cd) pyrene 0.533 0.000
29  Dibenzo(a,h) anthracene 0.430 0.43
30 Benzo(gh,]) perylene 0.517 0.039
Total Concentration of
SVOCS Mix .20.8196 9.059
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7cena t hene0. 7750. 488 8Phenol ,
2,4-bis(1,1-inmet0.3510. 000 9D et hyl

webaohabase0. 7680. 467 10FI uor ene0. 7930. 518 11BePZBTB2003/002011

1- chl or o- 3pheno0. 5740. 386 32i hen | am ne0. 6340. 568
13- Bronophenyl - 0. 8610. 632 hen | ether 1l4ezene,

He® a5 @bl &hddidhs 1ohanantibe i
o I s 391 ppm of bERa ol &1%%““3 compounds

) phthalateo 6930. 275SVQCCs mi X. 18Iuoranthene0 .7060. 276

% g0. 7000. 252 20enzy| 55?%%}2\;%% 187
ryseneO 6440. 206 22|s
aalhlate 23Phenol, 2,3,4
et 1 phthal at e0. 7 @Oid@mgééﬂ%é@@%EKOZSHHnId Coating CP-

FI ant hene0. 6980. 061 26enzo( k)

f1 uor ant hene0. 6700. 066 28&id¥o0 (a) pyrene0. 6800. 035
28 didged /M3 DFY) pyr ene0.25330. 000 29i benzo( a, h)
antatr Noene0. 4300. 43 30ent®(5860! ) peryl ene0. 5170. 039 .
T&mmﬁmmeM|m1M:m&n%g@@&y@@M@§menmmc@
2004/ 101435 PCT/ 1 B2003/ 00@%hin, 60 I@ 7802870 §0°C @ 15min.

e 8L BRI AT O

Flow Rate :1.0ml/min.
Run time :50.0min.

MS Conditions:

Emission Current :10 micro amps.

Mass Defect :0mmu/100u
Count Threshold :2 counts.

Multiplier offset :0 volts

Cal Gas :OFF

Scan Time :0.810 seconds
Segment start time :3.00minutes.
Segment end time :50.00 minutes.
Segment low mass 45m/z
Segment high Mass 450 m/z
Ionization Mode :EI AGC

Ion preparation Technique :NONE



SATURN 2000 GC / Ms/ Ms. Col umm :WCOT Fused silica

30MXO. 25mn I d, Coating CP- SIL 8 CB Low Bleed / M
WOER009/1@E35 10Cat . No: CP 5860 Oven tenper at ur e: 6BECTZIB2DI3/@2011

C/mn, 130 C @5.0 Cmn, 30 C @6.0Cmn, 260 C @

20.0 dmn, 280 C @15m n. Injection Tenperature: 280C

. plit less nobde. 15Carrier Gas :HeliumFlow Rate
Tgyﬂiégﬁsl mn. Run time :50.0min. M5 Conditions 20:

m.ssion .Current 10,m cro .amps. Mass,Defect.: Q [ 100U ...
Vi @Or@%gwg@%ﬁ Aot RTHRe PSR Y8t filiric SRe Hbaobilized
0 8%hs : OFF Scan Tine: 0.810 seconds Segnent start
tine -3 00m nutes Segnent end tine 5000 M nutes

Segngnt | ow mass: 45m z $egnent hi gh|Mass: 450 m
301 oni zati on Mode: EI AGTCooeensragjver at i on econtamin
Techni que: NONE WO 2004/ 101ef3oni@bl e: 2ﬁet%§ned ation of the
F 0. | B2NAre @ 26thpound contaminant absorbent
solution (ppm) (ppm) (ppm)
1 1,1,1- Trichloroethane 0.500 0.500
2 1,1,2- Trichloroethane 0.500 0.500
3 |1,3-Dichloropropane 0.500 0.500
4 Dibromochloromethane 0.500 0.500
5 Ethane 1,2-Dibromo 0.500 0.500
6  |Chlorobenzene - 0.500 0.469
7  Benzene 1,3-dimethyl 0.500 0.500
8  Orthoxylene 0.500 0.500
9 |[Benzene l-methylethyl 0.500 0.500
10  [Ethane 1,1,2,2-Tetrachloro 0.500 0.488
11 |Bromobenzene 0.500 0.347
12 R-chloro Toluene 0.500 0.182
13 [Benzene, propyl 0.500 0.168
14 Benzene, 1Chloro 4- 0.500 0.246
methyl
15 [Benzene 1,2,3-Trimethyl 0.500 0.229 10.8 vom of
16 |-Tso propyl Toluene 0.500 0.281 V'ngmix
17  Benzene 1,2-Diethyl 0.500 0.281
18 |Benzene 1,2-Dichloro 0.500 0.328
19 |1,3-Dichlorobenzene 0.500 0.346
20 |1,4-Dichlorobenzene 0.500 0.477
21 |Benzene 1,3,4-trichloro 0.500 0.500
22 |1,3-Butadienel,1,2,3,4 0.500 0.007
23  |Benzene 2-Bromo 1,3,5 0.500 0.281
24  |Nitrobenzene 0.500 0.500
25 [Styrene 0.500 0.051
26  Benzylbenzoate 0.500 0.100
1,2,3,4-
27 Tetramethylbenzene 0.500 0.122
28 Benzene 1-Chloro 2- 0.500 0.325
ropyl
29  H-Bromo 3-chloroanilene 0.500 0.097
Total Concentration of
VOC's mix 18.500 10.825
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Vol ati |l e organi ¢ conpounds decontam nati on property of
cupric silicate (immobilized on silica gel) 5

w@overo4BRt i on econtamin S. No. Nane of conpounpiof/1B2003/002011

control Retained ation of ®#he contam nant
(ppm absor bent solution.(ppm (ppm 11,1, 1-

Tr CRIM QKA : iRt i i
Tr Gehig rdc?ztﬂlﬁﬁgg}.dggg% f%t@%ﬁ%ﬁf Y& t%%g?fg% ;;gcfggomgpgur{gis
.46 7 zene
0. 5668 sbFaoEERSmm

ane0. 5000. 500 4i br onpchl or onel
ting CP- SIL. 8 CB

1, i br onp0. 5000. 500 6hl or ob
1,(%):1%%9t hyl 0. 5000. 500 8rt hox’ 4
1- et byl et hyl.0..5000. 500 10t ha

1,]{1%%@?‘&1\%%% or 00. 5000. 488013% omobenzene0. 5000. 347
1X#hNer o Tol uene0. 5000. 182 13ERABGMe,

prepsl EmpeEoe68 14Benzerd’C/1THinI@34° COnBR0POP 41 0min.
etInjdctios Bempenturd , 2, 3- Tr i met hDO’CSROR s@R29eskQnd@leppm of

16C4rsier @aopyl Tol uene0. 5000. 28kV@a | 17Benzene

1, ReWireithyl 0. 5000. 281m x:1k3BAAHEENE
1, RuigBl or 00. 5000. 328 191, 3-.bhghlipr obenzenel. 5000. 346

MS Conditions:

Emission Current :10 micro amps.

Mass Defect :0 mmu/100u
Count Threshold :2 counts.

Multiplier offset :0 volts

Cal Gas :OFF

Scan Time :0.810 seconds
Segment start time :3.00minutes.
Segment end time :50.00 minutes.
Segment low mass 45m/z
Segment high Mass 450 m/z
Ionization Mode :EI AGC

Ion preparation Technique :NONE

£
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201, 4- D chl or obenzene0. 5000. 477 21Benzene
1, 3, 4-t chl or 00. 5000. 500

wWQ24301B68 adi enel , 1, 2, 3, 40. 5000. 007 23Benzene PCBIR2O€S/002011

1, 3, 50. 5000. 281 24Ni t r oben83gne0. 5000. 500

25St yr ene0. 5000. 051 26enz | benzoat e0. 5000. 100

27%1@ %64 0. 5000. 122 etranet hyl benzene 28Benzene
oro 2-. 0.5000.325 ro 1 29-Brono

s st gonARRa o Digpesnn cHprs s car I pslica oD

86 Chrormt ographi c conditions for estinmation of

volatile organic conpaounds GC MS Cplumm low Bleed / MS
DF (dat. No Oven tenperature Injegction Tenperature
10 Carrier Gas Fl ow RE€oacenBeationisfe| 15 M5 Con@édcopagiinati
55&1' sshon Current | Nass Debatiol CountRd@anRanol con ability of
P et contaminant (ppm) the absorbant
solution (ppm) (ppm)
1 Benzoic Acid 1.086 0.3475
2 2,4,5-Trichlorophenol 0.7083 0.1077
3 3-Nitroaniline 1.3042 0.3402
4 A-Nitrophenol 1.1396 0.5004
2.8 ppm of
5  P4-Dinitrophenol 1.0523 0.5258 | Phenols mix
6 4-Nitroaniline 1.0898 0.5351
7 Pentachlorophenol 1.1432 0.4607
Total Concgntratlon 75934 2.8175
of Phenols mix

Chromatographic Conditions for estimation of Phenols

GC :VARIAN CP 3800 with Head Space
Column ZB-WAX 30mX0.25uX0.25

Oven temperature :110°C/2 min @ 10°C/min 250°C/1 min
Detector :Flame Ionization Detector

Detector Temperature :275°C

Injection Temperature :250°C with split less mode

Carrier gas :Nitrogen

Flow :1.0 ml/min

Range :12
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20 Cal Gas Scan Tine Segnent start tinme Segnent end
time Segnent | ow mass 25 Segnent hi gh Mass
wo ovidaat4Bdn Mode | on preparation Techni que : VARIBINS20I3/002011
3800 WTH GC- M5 SATURN 2088 GC / Ms/ Ms. : WCOT Fused
silica 30MX0.25mm Id, Coating CP- SIL 8 CB :0.25
¥ 2860 :40C/ 10 min @3 0 C/mn, 200 C/10m n. :200C
?hsplltless node. :Helium 10rr1/mn 500mn
nmu/ 100u 2 counts.
Pol@c glangtgggl?r}ggenyl% d@ﬁ)‘?ﬂtﬂﬁ'?l}.?gmn pg{?e&y ﬂii‘ ﬁl&]?l‘ég s1hca§p5mnzloblhzed
ongiieagel; El AGC : NONE 30 WD 2004/ 101435
PCT/1B2003/ 002011 87 Table: 26

Concentration Decontaminat
of control Retained ion ability of
S-No. | Name of compound contaminant (ppm) the absorbant
solution (ppm) (ppm)
1 2,3-Dichlorobiphenyl 0.4677 0.2723
2 Trichlorobiphenyl 0.5312 0.2958
3 Tetrachlorobiphenyl 0.5279 0.3426
4 Pentachlorobiphenyl 0.5174 0.3501
. 2.4 ppm of
5 Hexachlorobiphenyl 0.5094 0.3687 PCB mix
6 Heptachlorobiphenyl 0.5015 0.4161
7 Octachlorobiphenyl 0.5178 0.3845
Total Concentration of
PCB mix 3.5729 243

Chromatographic Conditions for estimation of Polychlorinated Biphenyls.

GC :VARIAN CP 3800 with Head Space
Column :ZB-5 30mX0.25uX0.25

Oven temperature :110°C/1 min @20°C/min 280°C/10 min
Detector :Electron Capture Detector

Detector Temperature :300°C

Injection Temperature :250°C with Split less mode

Carrier gas :Nitrogen

Flow :1.0 ml/min

Makeup gas Flow :29 ml/min

Range :1.0

Run Time :19.50 min



Phenol s decontam nati on property of cupric silicate
(imobilized on silica gel) 5 Concentration
wo@bt@snmmi4adi nati S. No. Nanme of conpoundcontr ol ReCHIBREEH02011
ability of contam nant (ppnB?he absorbant sol ution
(ppm (ppm 1Benzoi c Aci dl. 0860. 3475
Tabl#-28Tri chl or ophenol 0. 70830. 1077
3-Ni troanilinel. 30420. 3402 4-Ni trophenol 1. 13960. 5004
T%lhﬁhoﬁfe@%qsldgzg(ihtg‘gg%%g 2 hl%?)%l't%fo? gizn?é%il?c% e8 ﬁrtl]%gglhszegn 0%(1 silica gel

—7Pentachlorophenol 1. 143204607 Total Concentration f

Pheno| s m x7.52342. 8175 Chr ojat.ogr aghi ¢ Condi t i onsDieedéntaminati
estinmtiog of Phenols i(f‘)mtﬁﬁn{l%ﬁ?'gﬂﬁ Oven tenper at lrga ability of
Pevoect or BREALIRE Tenper afUMEOL1S | 1 qukdined (ppm) | the absorbant
Tenpef at u@MPEHPH| er giascEtaWinange : VAR AN &P 38 (ppm)

with Head Space :ZB- iAxolstieR@PP®BYXQ. 25 : 110C/ 2

Mm@l C, m-n 25001 mn ‘Elanme 1l ani 7 Lon Detector
T IIU— A i [~ AW ja > g = T 1 CELELEE % LR 4 T—OTTT T T L—a <

:m3/75_Cch%§Qfgrﬁq/i th split|lesggymge :Nitrogesy-1.0
m n

2 1,1,1 Trichloroethane 0.9857 0.9857
3 Tetrachloroethylene 1.0083 0.6021
4 Trichloroethylene 1.0110 0.7881
5 Bromodichloroethane 1.0243 0.9311
. 6.8 ppm of

6 Dibromochloroethane 1.0302 0.8841 THM mix
7 Tetrachloroethylene 1.0117 0.7733
8 Bromoform 1.0314 0.7056
9 L2 Dichloro-3 1.0319 0.8541

-rBromopropane

Total Concentration of 9.1725 6.7712

THM mix
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Pol ychl ori nat ed bi phenyls decontam nati on property of
w@opailel43i | i cate i mobilized on silica gel PCT/1B2003/002011

Concentrati onDecontam nat 30 No. Nane of conpoundof

control Ret ai nedi on ability of contam nant(ppmthe

T?ﬁ% Jant sol ution (ppm (ppm
3- Dichl or obi phenyl 0. 46770. 2723

Tlgé%l?)&lgﬂr%}%g@ (H’é!ﬁé)]'llg’:l é%%g%g%ri§ gf silver silicate immobilized on silica gel

dent-achl orobi phnn\/l 0. 51740 3501
5exac|hl or obi phenyl 0. 50940. 36872. 4 ppm of PCB|m x
6ept achl or obi phenyl 0. 50 Xxhcddfdtion of Decontamination
@ch}ﬂorobltﬁgen | 0. 51 80. 38imtrelt al (Rewarddr at i gility of the
14 Ohr esmamgiaarhi ¢ @Y t | abSorfbARt (ppm)
estinmati on of Pol ychI oni gatu@ign Bypagny! s. 10 GC Col um
Oven tenperat ure Det ect or Detector|Tenperature 15
; llj ectton ICIIpCI attre—rCarrtet gas H-ow N‘ak’:up 6asS
Fiiow CcRaps8rm 1.038 0.5317
2 1,1,1 Trichloroethane 0.9857 0.9857
3 Tetrachloroethylene 1.0083 0.6784
4 Trichloroethylene 1.011 0.7789
5 Bromodichloroethane 1.0243 0.8685
6 Dibromochloroethane 1.0302 0.8543
7.2 ppm of THM
mix
7 T'etrachloroethylene 1.0117 0.8872
8 Bromoform 1.0314 0.8542
g p2 Dichloro =3 - 1.0319 0.7367
romopropane
Total Concentration of
THM mix 9.1725 7.1756




20 Run Ti me

: VARI AN CP 3800 with Head Space

:ZB-5

30MXO. 25uX0. 25 :110C 1 min @OC/ mn 280C/ 10 m n

WO Bloeaorseh Capt ure Det ector
1.0 M/ mn

| ess

node : Nitrogen

229 mM/mn

: 300C : 250C wi t h Bpi/iB2003/002011

1.0

:19.50 m n WO 2004/ 101435 PCT/1B2003/ 002011 89 Table

Ta'bl([2

Nane o

DA PEORFE

f thecontr

}

lon abilit

Coonyeseabs

84Jri hal onmet hanes decontami nation property of zinc
i Cate i nmobilized on silica gel

Trﬁh?libco t am :}%ﬁ?

Concentrati on

ﬁlrcgéen {mmoblhzed on

Sllscalg&h on (ppm (ppm 1Chl or of or mL. 03800. 2471 21,1, 1
Trichl oroet haneQ. 98570 9857

3etrachl or oet hyl enel. 0p830. 6021 |D taminati
4r.i chl or oet hyl enel. 011@Qné&fREation eco“bfll’?:mafl
5r omadi chl or oet hanel. 02431()00%11)1 6. 8 RRpih&d on abriity o
SeNar Jivaewiobteeedmpemdpge, SRATTHM Mo,y the absorbant
7etrachl or oet hyl enel. 0L ngq ?r onof or ml. 0B140PPOB6
91, 2 |\Di chl oro- 3 Bronopfopane P 90. 8541 Tot al
Concentration of HM m k9 17256 7712 \\D 2004/101435
PCT/ 1|B2003/ 002011 90
1 Chloroform 1.038 0.6732
2 1,1,1 Trichloroethane 0.9857 0.9857
3 Tetrachloroethylene 1.0083 0.0000
4 [Prichloroethylene 1.011 0.9011
5 Bromodichloroethane 1.0243 0.9928
6 Dibromochloroethane 1.0302 0.9975 7.5 ppm of
THM mix
7 Tetrachloroethylene 1.0117 0.9916
8 Bromoform 1.0314 0.9921
g  prbichioro>- 1.0319 0.9604
romopropane -
Total Concentration of
THM mix 9.1725 7.4944




Tabl e

silver silicate immobilized on silica gel
w@eovgaom4sant i on of Decont am nation S. No. Nanme of P€TEB2003/002011
conpoundcont r ol Ret ai nedabi P2ty of the
cont am nant ( ppm absor bant (ppm sol ution (ppm

i

Tqﬁtrac

of or mL. 0380. 531
oroethaneO 9857

e dabnEiina

7 21,1,
0. 9857
0830, 67
" #78p°

1

di chl or oet hanel. 02430. 8685

29 Tri hal onet hanes decont am nati on property of

rqy of zirconium silicate immobilized on

6i bromochl orcet hanel. 03020. 8543 7.2 ppm of THM
7etrachl or oet hyl enel. D1170. 8872m x
8r onmof or mL. 03140. 8542| €énéeniirativinor o - 3 - 1. Ded@taFd@Gation
Wn p1t opaNameofitheConcentafabntrdl of | Ridaimed9. |17 24bilifly/diGhe
(7004/16&6@5uﬁﬁﬁ/|BZQQﬁﬁﬁﬂﬂﬁﬁﬁ, 9%phabl § absdtbant (ppm)
Tri haljomet hanes deconf gymiéi {gpm)Pr operty gf manganese
silicate inmmobilized pn silica gel
Concentrattonecontantpati—of—controt-Retatredon—abit+ity
of, S. of the conpg gcont am (ppmthe
absorban? u ion (ppn)(ppx§ Ch|l orotor m. 0380. 6732
2+ 1+TFrt+eht-oroeet-hane0—985+0-—985~
3etrach el. D083 0
ichﬂonggﬁ%F% zﬁﬂﬁllo B9 0.7011
\JI Ullu\jl Ch! I‘\II' O\/L Ilull\/-l- ')AQn OO')Q
' hi hanel. 0302 757. i
6| br omipct:racf?lg?o%%hy?err]l% P30 O (? BroT- P (%)1@00
4 Trichloroethylene 1.011 0.6268
5 Bromodichloroethane 1.0243 0.7130
5.1 ppm of THM mix
6 Dibromochloroethane 1.0302 0.6321
7 Tetrachloroethylene 1.0117 0.8006
8 Bromoform 1.0314 0.4384
o 2 Dichlood a1 0.5112
romopropane
Total Concentration
of TEIM mix 9.1725 5.0579




THM m x 7etrachl oroet hyl enel. 01170. 9916

8ronof or nl. 03140. 9921 91, 2Di chl or o- 3- 1. 03190. 9604
wo aomepeapane Total Concentration of FHM mi x9. 1FQBB244092011

WD 2004/ 101435 Table - 31 92 PCT/1B2003/ 002011 _

Tri hal omet hanes decontani nation property of zirconium
Tehlel-cy®t e i Mmobilized on silica gel 5

Concentrati onDecontam nation S. No. Narme of theof

Lol in [Jity of the. o . cpe

B.g&%%p Iﬁ g%lﬁ!taarr %?A (B Ry s‘g‘f paobilized) fungtignal trapsitipn metal
sifj Gt (57} g otpeted 3540 bisphenol resins
T Q

Ey_;_eh.L' oroethaneQ. 98570 7011
3etrachl oroet hyllenel. 00830. 4120
4r Tews ofr watemipl end¥eight of 6268 lume (ml) of coliform %

5r orsgliicted for oet Hamater@2430. 7 1&htafnirg waterof Thildddhtamination

6i binooxpmiratiowet hanel. 03020. 686:d10° / liter) passed
Tetrachl or oet hylienel. 01170. 8006 8r onof or nl. 03140. 4384
912 Dighlore-3-[1.03190 5112 rampropane Tot al

Cépsnsilizbiedi%h |THM ni x9.[17255. 0579 WO 2004/ 101435
b 193
PCTcbBRONBA 402011 | 93 00 .

Bisphenol resins

5

Table — 33

Bacterial decontamination property of functional transition metal silicate resin
10  coatings on quartz sand

Volume (ml) of the
coliform bacteria
: 3.23x10° / liter %
8. No Type of material containing water passed |decontamination
through the Scm size

) materials in column

1gm of cupric silicate
mixed with 10ml of

1 isopthalic resin was 500 28.79
coated on 100ml volume 1000 20.12
of quartz sand (500

microns)
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5 Table - 32 Bacterial decontamnm nation property of
i mobi l'i zed functional transition netal silicates
W@ 30d/10m8dr porated in to bi sphenol resins TypePOf/1B2003/002011
mat er i al Wei ght of Vol unme (m9% of coliforno sel ected
format eri al cont ai ni ng wat er decont am nati on
TabQeoBpor ation(4.6x105 / liter) passed Cupric silicate
(5% incorporated into.3.6 gn20070 Bi sphenol resins
Tab B ks ' j re e :
R, ol AN, AR SE BN iy onction

h ua 18
rausion el SUEAS + > sand Vol une (m) of the coliform

bacteria S. NoType of materjal3.-23x105 /[ |iter%
contal ning water passeddecopt anm natj on N%.&U@ﬂest‘}fe 5cm
§i Ne mat eri alMaterialol urm 1gpfCelumampize d si MitRogew) i xedo2 %
with 10m of isopthalic resjn was50028.79 cdated on
100m 1000 .of quartz sand (500 mi crons) WO
2004/ l(\é%@?ﬁ% 1#%%%%%%8@%011 Wd4mTablle - 3¥.oxic |gass.l
(engi pe_conbu¥t'th#) detoxif]cation (%] nature of

I bl 44 zed: fncti
Nox ( inlngeslco : ; ]

ilicd ge

ol ab ansition netlal silicates |5
Q\b%?erfla Col20am si Zeni t 16§én) S02% 93.76

3 Silver silica.tf': immobilized on 20cm 36.0 92.5
silica gel

Manganese silicate

4 immobilized on silica gel 20cm 2245 o113
5 Cupric silicate containing resin 20cm 43 67 96.05
coated on quartz sand
6 Silica as control 20cm 17.2 94.0
Table - 35 ,
. Tar and nicotine absorption property of immobilized functional transition metal
silicates
Tar amount (mg) Nicotine amount (mg)
absorbed by . ors
o absorbed by immobilized
S.No |Name of the sample Immobilized A oo
. s functional transition
functional transition oye
eye metal silicate
metal silicate
I Zinc silicate on Silica gel 17.0 0.60
2 Mgnganese silicate on 29,75 0.59
silica gel
3 Cupric silicate on silica 26.25 0.73
gel
4 Silver silicate on silica 14.5 030
gel
5 Z1rcorpum silicate on 25 029
Alumina
Brand name of Cigarette : Charms (normal)

Cigarette length: 6cm,average weight : 0.775 grams.
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1Cupric silicate i mobilized on20cm6.888.1 silica gel
2Zinc silicate imobilized on20cnl6.5793. 76 silica gel

W@ Biokmens3si | i cate i mmobil i zed on20cnB6. 092. 5 sPCT/mBR0EsA102011
4Manganese silicate20cnR2. 4591. 13 i mmobilized on

sili

ca gel

5Cupric silicate containing

TaWE3620cm 3. 6796. 05 coated on quartz sand 6Silica as

control 20cml7. 294. 0 Table -
&Eé)gﬁlﬁ’fi‘e ﬁé@gﬁfcﬁﬁoﬁ hatd

I on net

Cf

NoNane of the sanpl el mobilizedfunctional

si QQSS'

R

| d3 5 difis

ar anDunt

35 Tar and nicoti ne

Ei ﬂg@ﬁonal transition metal

NI cot
anount (ng) absorbed byabsor bed by immobilized S

transition

functional tr | silicate netal silicate
1Zi n¢ Newng ofad Emmobdizerch Weight7 [00 (8 2\aN@nede SO:  [Hydroc
SsNpj ¢at theon22. 7500069 si | idddheel] 3Ckprid s%icate &n arbons
si | i ¢cod6er2B9.|73 gel 4Si erigls||i detpgi-or detdxicdl4de®d’i30| o«
gel 5Zirconi ym silicate| on2.50.  2fcationi |figatiéh Br fiostion |detoxifi
name|of Ci garlette : Charns (norimal) Ci|garetta |ength: |cation
6cm avep Velgghda ggelo 5B arrB 6¥® 2004488143563.96 | 44.85
PCT/ | B2{034{ 002011 abl e
2 Manganes | Silica gel 500mg 54.2 32.43 40.5 29.0
e silicate
3 Zinc Silica gel 500mg 38.5 23.4 12.6 34.2
Silicate
4  |Zirconium | Alumina 500mg 73.34 68.46 71.17 44.11
silicate '
5 Cupric | Agropolymer | 300mg 66.29 63.96 67.56 | 34.55
silicate ‘
Cigarette weight: :0.775 grams.
Brand name of Cigarette :Charminar (normal)

Cigarette length: 6¢cm, average weight

:0.775 grams.
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G garette snoke detoxification nature (% of
i mobilized functional transition netal silicates

wNaove/1ef4B3mobi | | zedWei ght CONo, , SO2Hydr oc S.  NoP€TTERRO@H/002011

t he%®®@r bons mat eri al smat e¥ al sdet oxi - det oxi - det oxi - %
ficationficationficationdetoxifi cation 1CupricSilica
Qp68. 264. 8663. 9644. 85 silicate 2ManganesSilica

gel 500ng54. 232. 4340.529.0 e silicate 3ZincSilica

el 5Q0 3.412.634. 2. Sili .
1951 ¢ BN At s 3! Wi EERMSy pifestive o i, dpgontaminant, &
SQdeisﬁﬁ@ﬁmOh}dE&fxmlﬁg% pP86ciarilb @ rmRPobidide Ty SdrhbifAlS thereof,
Cigarette weight: ;0 .775 grans. Brand nane of

Ci gaf¥RPESINTAARYR AR HaysiENM Ell 10 siticyan dier Gansitingt metal silicate in a

gCC'rIt} P‘%%%E%B%Af%g 'éué%g ﬁ‘ﬁ‘ﬂ}%{ Qd}ﬁpo&\{\gu 1 C{) 34%% a)%ec%ileness said FTMS

t r anbéihg @apa’lﬁ af baink iimaiodil{ZedMB) a efitadld inaeria® 6 incorporating into
decontan1ng a. disinfectant, a detoxificant, a
pr ot EsAd / of ¢Ratipg plopg gdthgesipspibiHisblegpaterds-eof | 5

2CONPAI #4rRBioR thébll Fli 1{ ans tverdiR b atant dlﬁoﬁ' a'tﬁag'hgrem said ratio
the transition neta Icate In a predeterm né
r angef taargiteonghetalcto lSﬂE:Ia i drepombitioo mefta silgateds in a range of about 0.34
effe t|ve said FTM5S being capabl e of being

g) Egéi’h a suitable materials or incorporating

3| nt oA fr@ﬁshtﬁkﬁl M)/ siBéate QALdIAeh @l QRrdth th a8§HBS R&al, comprising
suitable materials. 2. Atransition netal silicate of
cl ai Harabighdrrqtiong avemnwith | smilmetteinsitinhemetah sflédate maiié dased on

10, ok AELBRITR, b ARkl Podl LA, 0 g

19 Sdbtaided By vadibiehdton ddRlisibnsi | i cate of claim 1,
wherein a transition netal, conprising variable
44 uncti GHsitiepanmeiet fligaterof slaimy hngherpisriberered sedctiemcenditions as

t I
rEg RI( Qflﬁ%gfageegﬁlgﬁ S%b(eﬁs:i%olﬂ% d!?(r%{gpgijot:ésg Por 1A% aBde REEIsiBnal metal
si

icates including extreme acidic to 12 pH reactant concentrations: silicate content in

soluble alkaline silicate solution and ratio of transition metal salt solution to soluble
alkaline silicate solution, varied temperature maintained between 20 to 95 degrees
centigrade, and combinations thereof,

5. A transition metal silicate of claim 1, wherein the transition metal silicate is
selected from the group consisting of cupric silicate, silver silicate, manganese
silicate, zinc silicate, zirconium silicate and combination thereof.

6. A transition metal silicate of claim 1, wherein the transition metal silicate is
effective as a decontiminant of metals, chemicals, pesticides, microbes or
combination thereof.

7. A transition metal silicate of claim 1, wherein the transition metal silicate is
effective as a disinfectant of a bacteria, a fungus, a virus, a microbicide of a
pathogen or combinations thereof.

8. A transition metal silicate of claim 1, wherein the transition metal silicate is
effective as a detoxificant of carbon monoxide, sulphur dioxide, an oxide of
nitrogen, a hydrocarbon, tobacco tar, nicotine or toxic gases or chemical conversion
of toxic gases and / or toxic chemical containing gases into non-toxic form, or

combinations thereof.
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15 obtained by varied reaction conditions. 4. A
transitional nmetal silicate of claim1, wherein the

WO a0oidaai4eeact i on conditions as clainmed are varCEB2003/002011
conditions during a proces97for preparing the
transitional netal silicates including extrenme acidic

oto 12 tﬁhlsmbﬁﬁ{éftaﬁ@ﬂwﬁl%rb‘f%ﬁhh%t WRABRin fhe éﬁéiﬁ& ﬁrecaggﬁn?&ﬁnér&ry, lead,
soluble alkaline silicate solution and ratio o
t r ani@Kiciregialyer gpmbiapionsdheredfon t o sol ubl e 20 al kal i ne

ili rat.ure |nta|ned
oc v g0 el iRl e TR e Bt oplidoraactera. o
t her@mfm p&sitive, b IGaiifinepalverRat@tia i borfihetidHs tedradm 1,
inthe transition netal silicate is selected
Ly on‘gtﬁf?@%% aetel stlisater ofrdaiat 7.culreie the Ringas és pathogesic fungi such
sili .Z ili
o1 1 ciricerofRABAGE Rl dlan HhNGpRin SR Pyrigutaria oryzae
t r ansicombmat®ehathessiof.i cate of claim 1, wherein the
2Ejra ition netal . sjlicate is effectlve as a
ttrfmswgﬂt mglel slicateof elawni’e ayhereip dhe jvaugds having infective in
m crlpgs. or conbination thereof. 7. A transition
netal silicate of claim1l, wherein the transition
I3vet af tsdnsitivat mefad silefafec of icleémasd, wheliehi nifee ctasitiowfmetal silicate is

bacteri a fungus, a virus, a mcrobicide of a 30

pat rpoa%aﬁé%ﬁy ﬁ%?aﬁiéiofl’é’%mgher eof. 8. A transition

et ah) si | ddédigea MluGdALMKS trafiBHL ikt d1RE alshRBR 5.11(8? silicate solution
metal silicate is effective as a detoxificant

car bon noﬁﬁ‘éf(ﬂ@lémlmllf%hur di oxi de, an oxi de of

ni trgagen, r tob cco.tar, .nicotine or
OX|(8§;gaseC@u a%d é)lrteé%e\r/ P@lc’éﬁhe@mﬂr&l c gases and

/ or(c} oxi ﬁbnﬁh@m p?rédlpl‘tﬂ@t:@hpﬂlﬁﬂg GRILNsitiBh ehehPRrifcaE C

form. or 35 conbi natl ons thereof. WO 2004/101435
PCT/(FB200%pDIErNS dryng the preqipiaie fa pspin s wnsiidnabmetal silicate.

14Of CA %b{ﬁggsmg\ﬁ"@&’ﬁ Hsﬁ? Fﬁﬁ% of A8 & a?é’]llﬁjp Qﬁ%gcﬁj RX a substance,

| ead, X1 c met a i'natrons ere
t r ariBé ttiansitiopt métak isllicawt eomlﬁnsi‘lhglamﬂnsmidmh%tzﬂ tv&f}%rem a ratio of
bacteria is a coélhfor bact eria, a, rampositive,

G aff¥ 8{1 I’%Féal bR silics 1nathe frapgirien mstal sifisate h?eme?olrang@ofﬂbout 0.34 to
A tr3Bst 19. 9N B} 8f withlal ©AtGorf ﬁtﬁ!{c@lﬁr@é% s oﬁﬁﬂl@or} Btal silicate is

fungus i s pathogenic fungl suc
r ol fefertiveRlas zodeemitanisantani disFlisaantum dotysifiogntuot microbicide or

Pyriculari.a or conbi nations thereof. 12. A
trar?@n}bl%aﬁloﬂgq%efc’?m licate of claim7, wherein the

15vi r Ukhel Sorhigositltgh bNEREh Me whRreif ahd! rsﬁbstzgrfge 13- seﬁcﬁed from a group
transition netal silicate of claim1l, wherein

t r arfeNYstEE qfeqnaqgr(g}qumgt actigtedmlwpime cduimyniamnedtdo dellulose, vinyl
ot e} R o PAS i nslﬁhﬁﬁ%f”ggé B etz o, slca e
and combinations thereof.

16. A composition comprising a transition metal silicate incorporated in a substance,
the transition metal silicate comprising a transition metal, wherein a ratio of
transition metal to silica in the transition metal silicate is in a range of about 0.34 to
about 19.57 and / or with functional structure and the transition metal silicate is
effective as a decontaminant, a disinfectant, a detoxificant or microbicide or

combination thereof.,

17. The composition of claim 16, wherein the substance is a resin.
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30

to forma m xture; (b) adjusting pH and / or
tenperature of the mxture; 15 (c) formng a

w@e@ailmi4sat e conprising the transition nmetal sPCT/DBRDES/002011
(d) washing and drying the9%recipitate to obtain the
transitional netal silicate. 14. A conposition

0 S S t al. icate

160 o O BhE etasbil R bty D Foim Beize S0 v PR s Broff gonsisting
a trahai vingh es®t absinMaebplienal r8dih,0 aOfsopthhle béd Gftade resin and
metal to silica in the transition netal silicate is in
a raffyebigtionp dheread. 34 to 20 about 19.57 and / or with

f upc nﬁHb‘%‘i t t ,

I%I I lga(%de 108 tion f;)g% %gng%ggltpg_e (1:’1 fg}%ﬁs?]%ﬁpnwl as|111cate comprising a

di si tmimsﬁt(mrmetah whetedix afra‘mmnf tral’(sitmmmeﬁal w sihczorn the trans1t10n metal

\?\ﬁg?%f ?a?!:t% }%gn ég%ggteeg)‘fﬁ ggoqté) ?;‘-Qfg@gt) t 1 &lpaa unctlonal structure

consist ihRgrRbitieh rﬁ‘&ﬁloﬁﬁcl:a)f@?sr efft?&ltvhva@taegec%hfé%ﬂﬁlt a d1smfectant a
al um ni um oxi de, cellulose, vinyl 25 ester resin,

bi s plrterdficanssi micrehicide opedmmbinatidngberegf: ade r esi n,
d t her eof . 16
20 S SRRl hey IR R EY v Shfitisss & tesin and a

| ncogopi@madt@ehll N a substance,. the transition netal
silicate conprising a transition netal, wherein a
2. at i Bheopompesifing of ehaimed4d 1@ or 49} bareim thenwansitigns mefabpilicate is

AL O R R N A —

t r anslitatgninveilidates rirdoniie siligateahd ecmbinati@sthereof.
decontam nant, a disinfectant, a detoxificant or

2N cr eorgrosgion ef elgims, {4,050 oFdPehereqy thetansition metal silicate is
f t
CorRat 5 SMLEGRLD, SSTIATEDNOA, & mio o

conpasitingiondheredfai m 16, wherein the resin is sel ected

2t SpHnOPSP B SO hal B B0l hefedt B el siticate i

conbiffatilORSa URETERAnt oF Y baltcFiaNP ARigut, Oepwfr@sr a8ncRe! 1%, pathogen
COITprSIhgatranSItlon net al S|||Cate COITprSIhga

t r an@icombmagtensatherepherein a ratio of transition netal

249, M B AEoL R ol 8Ll 52 e i

f uncdficotiad as detokificent Enekxit eses @l $ ok ke BRIn@kals in gaseous forms
silicate is effective as a decontam nant, a

di si ¥k @ gAtbon mongxidsy ispiphanh dioxidenne oaisiecofdeittogen, a hydrocarbon,
COTTb(bBb%ICbO[hrt I}l?(!‘()%l?lg 120C -\I;Q’gloﬁogpot%k}c se%f .tg l Q(I)I{HOX?C' gases or
wherein the coatlng PUrther conpr i resin and a

10 scmhntdnatmhetheedof 21. The conp05|t| on of clains 14,

60 erein the transition netal silicate is

t%facers R PROARSAS temebidizedh drapitien gpstal silicqte gamprising a
Si | Vidnsfioh m4IRilicARNE AEE&ance, the process comprising the steps of:

(a) adding a solution comprising a transition metal to the substance to form a

first product;
(b) adding a solution comprising a silicate to the first product to form a second
product; and
(©) removing a non-immobilized material f‘rom the second product to form the
immobilized transition metal silicate.
26.  The process of claim 25, further comprising drying the immobilized transition

metal silicate.
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silicate, zinc silicate, zirconiumsilicate and

conbi nation thereof. 22. The conposition of clains 14,
wagoenomd®y wherein. the transition netal silicetEIB2903/002011

15 effective as a decontimdant of a netal, a

chem cal, a pesticide or mcrobe or conbination

hergof .

e

a didfianfagaipahimerf activhad abmiiaa, aanﬁmngnlsxlda calluilse, \anyl ester resin,

m cr obe of at hogen or cqnbjnations thereof. 20 2

The %g Benol 160 dbantialicr fooch grag Fpsin, WHerteisHn h@hca gel and

tra%ﬁgl%ogﬁ@}eo@ licate is effective as a

detoxi ficant of toxic gases and / or toxic chemcals
28.n ghpewass dfoncrmporatumgla arsnsitéombmetahvhcnté thes resiml, pdroprising:

? Ia(r)x(laﬂI C(H%%]ng)r(llggﬁet [élqé{lgl tathf?gg%{’g rrfgaggég %nsgma e \Qlatﬁ %(%ransition
non-t oxi Gn@aASAR: &ld conbinations thereof. 25 25. A
process for preparing an i mobilized transition netal
si | i(bat e addingrthsitrigsisioganetelatii¢até & theetesin t9i forman gransition metal
a subst anc%§1 ai 1H rocess conprising the steps of: (a)
addi ng a so Ut %n conprising a transition netal to the
2% ubsTransEecds® of dhif 28, fhithi&tcopipeieing ol ynkeyizagthe gesan.
sol ution conprising a silicate to the first product to
3G or Ahs rresess @f cbw@gz_ﬁb twheggig sgxé)pqlmnpgysadone without any metallic
non-d, bhd ?Sg Ml‘ﬁ R e b QIR fDBuRGE &gn% géfﬁﬁlré gll completion
formt I oDl transition neta stlic
The qfrp«»bemn’zaﬁoml aim 25, further conprising drying the
ilized t nS| % netal silicate. WD 2004/ 10143
3lpcT) MieRsesn0bY gusher CoRprising (FQVipg 2 apaipqopeorated material.
3herfldpbis %P QﬁhﬁQg efdr@xelsgéxﬁﬁﬁs?ﬁgt ffan %&Eﬁﬁﬂlon metal containing
consi sting of an agropol yner, ac |vated al um na,
al urneﬂnlu(vra@txllctjmatenell | ul ose, vinyl ester reS| n a
IS res SO i ¢.f.ood rad
%’uar 0 St Meind 25 gERIAGHE SR AS G S g diymingm oxide, an
RrHPERES cfuldsB CRlaP@ksadd, Bica gbll @RS bl oR®theteof.
SI I icate In a resin, conprising: (a) preparing the
34 an&upﬂpC@ﬁs Plephysice) ﬂmlé@h Zajswnraeﬂddtqr ggatingseli 4 wansétion matal silicate
atr a D adding the transition

meta reSIn rma transition netal
cont(a) nl r@ldfr@&tdﬂsmbﬂ nﬂe@al s'ﬂhﬁtenb Qgess sdlécted BbM 2&oup consisting of

further caor\';glrly ng msr|2|n%4 the resin.
yl ester resm a bisphenol resin, a isopthalic food grade resin and
combinations thereof;

(b) coating transition metal silicate containing resin on solid matrix such as
quartz sand;

(c) drying or polymerizing or immobilizing the transition metal silicate
containing resin by heating at 50 to 90 degrees centigrade and / or by
keeping the reaction mixture at room temperature till completion of
polymerization, and

(d) removing the non-immobilized material.

35. A method of decontaminating a material using the transition metal silicate of claim

1, comprising:
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30. The process of claim 28, wherein said polynerizing
is done without any netallic catalyst and / or
wW@bkdoemdnags t he reaction m xture at room tenper apC¥/B2003/402011
conpl etion of polynerizatiwn. 31. The.process of
claim 28, further conprising renoving a
non-dafc Oreﬁ?ﬁﬁhg theBhi€FAIRb -an etfectdfe anlblfit BY }eQPshsfion metal silicate;
claim28, tfurther conprising mxing the transition
metal corndining resin to a solid material. 33. The
process of claim 28 wherei.n the solid material is
al ur@ia, éﬁcm%git@e‘?atﬁlﬁg' agropol yner, cel | ul ose,
3@uartie $8idd of blalfi 859@hei@in 6O MU iONmetdl S @RImicaA%a péiicide or
process of physical I mobilization and / or coating 8f
a t raiesohe asombingliony thersaf.e 20 containing resin on a

b i-Si.nq: .addi. iti al :
ST 0oA TR SEURLAAOT s SbalF RO PR SonF LB o caim 1.

of mwriitlg: ester resin, a bisphenol resin, a
i sopthalic food grade resin and_ conbinations thereof;
(b) @bat i FHOtiRg HE matsHalnietan) elisrtiye ameunt Ghithe HRpRitioresietal silicate
on solid pgtrix such as 25 quartz sand; (c) drying or
pol ymeri zing or imobilizing the transition netal
si | i (bat e disiofetamgihegnatasiln by heating at 50 to 90
egr.ees centi grade d or by keepi.ng the reaction .
3%y xt t%emat Ofldgrﬁ:T lg‘rr%{é]’r‘ﬁé’?ﬁ’é‘ P |opat B & Pastprigs a fungus, a virus, a
POl ViREb 2 aHAth BB oBCbrhishati RO, T he
non-i nmobi | i zed material. 35. A nethod of
3% ecohtmetherhof defosifying ermateriaisisig thedransisiosimétansitiedtalof claim 1,
silicate of claim 1, conprising: WO 2004/101435
PCT/S°BRG3 002011 100 (a) exposing the material to an

ef f q@j | vexpo@ng thedhatthgl thranntfebii @NamiBhlof $hd r&it®on metal silicate
and (b) decontam nating the material. 36. The nethod
of claima¥, wherein the material is a netal, a

chem.cal , StJ.C 5 m crobe or conbinations
theme)gf. df?qx@&ﬁ}r%etf’%%%‘teo ‘disinfecting a material using
the transition netal silicate of claim1l1, conprising:

400 a) Enenasthbdof 1GinBY SiherbintiR MbteRhl 18 Chib¥g ndsMN e, Qflphur dioxide,
the transition netal silicate and 10 (b) disinfecting

t he 3aPEide a0 nd®gemrha hisreratbons tebagren a7, nigpireeion tokie gases or
mat el MindiSnfRAGEST 1 @ @ fungus, a virus, a

41. A method of decontaminating a material using the composition of claims 14, 16 or
’19, comprising:
(a) exposing the material to an effective amount of the composition and
(b) decontaminating the material.

42, The method of claim 41, wherein the material is a metal, a chemical, a pesticide or
combination thereof.

43. A method of disinfecting a material using the composition of claims 14, 16 or 19, °
comprising: -
(a) exposing the material to an effective amount of the composition and
(b) disinfecting the material.

44, The method of claim 43, wherein the material is a bacteria, a fungus, a protozoan, a

virus, a microbe or a pathogen or combinations thereof.



10

15

25

30

m crobe or a pathogen or conbinations thereof. 39. A

nmet hod of detoxifying a material using the transition
woredoaliosss i cate of claim11, conprising: 15 (apCT/1B2003/002011

exposing the material to amleffective anount of the

transition nmetal silicate and (b) detoxifying the

t epi - ' 0]
49t Bhod S TR, Nl o2 B OSG) B Uig . 16 1 19,
oxi devngdfrisitig r ogen, a hydrocar bon, tobacco tar, f
nicofine or toxic gases or .conbinations. thereof. 41.
A meéabmd BPOoee mfgﬁffﬂ%ﬁ? Al CHeGHYe dpognt ‘Ri%ti‘ﬁﬁomﬂ%smon and

conmp@si ti Qio:Qfyifd f?h!eW?at@ﬂal cHemdal cdPverGOBE it(tﬁig%é%e% Zalqd / or toxic

exposing the raterial to an effective anmoun _
conposi t i dwmégadi coGin{rig) gasescotot reomi tnsicifogn.t he mat eri al .

ooy a1 BODRAAT el 55 VAP s slel lsamion e st e, silpfur dioxide,
t her &obxidd3of HitrBpehod Bfdred8hdi, 46bddd8 far,cElihdlor UskidIgases or

the composition of clainms 14, 16 or 19, conprising:
30 (Wmandiess figradhe material to an effective amount of

“ha” TREPRECH A PR frsias" FREH, %P 42 RuPBh Bl Segotaminasion

bactiatludes shef seigiestrati@npPoOHRZ QAdmicals MichUSs pledBls ! @B8lomethanes,
or a pathogen or conbi nations thereof. WD 2004/ 101435 _
PCT/RBgidsimatesioniphenydsy vektilenospanis smppunds, gRfl fspmp golatile organic

mat eadnﬁdouﬂaé1?%5&&&9%%%1&@ of claims 14, 16 or 19,

conpri si ng: exposing the material to an effective
4&moubie okthodeascaajpmesi ini dainsndb, (36) 4Dek ab2i fviieten tHeedecontamination
mat eri.al, chem cal dg/onv rsiqn of 230Xi C gase_s and / or
oMt

t oxi 1801ugescrﬁgmvalaqn scPﬁpH@n 61&% O PSAUEStALION I spreteins or peptides

f or MikeABargthendi®iuiRd of claim 45, wherein the material
i s carbon nonoxi de, sul phur dioxide, an oxide of

4%hi t rdderctioaalnyahstivarmeta] sitioaes olaimed imcleons he2,03, 4 or 5 wherein

tOXii 9835 3¢ Qhsive %nb(i,tna%fionfci ts@: rtee fil e Thae snmnglor%etal silicate
a Hel Of qesiegiThpcuoalitydn aseigeied Sugghional wansio

S Clal

decaptagainasle BNoptkRizhtiéd BHEMhIR SRAURME tBEkRRe @hatlRA€ to obtain
cheni cal s such as phenol s, trihal onet hanes,

pol yinetinmahy elertiye praasifipe meed sidichteetogisg am veriansrapplicadions such as

2Eg n(%?g}ifsésyﬁdq{}}bhaiz%{gg&rﬁoﬁing%iﬁpge%ﬂge%. I ke pollutant

50. A composition comprising a transition metal silicate immobilized on a substance as
claimed in claims 14, 16 or 19 wherein inclusion of desired functionality in a
selected functional transitional metal silicate is attainable by optimization of
synthetic conditions therefore enabling to obtain functionally effective transition
metal silicates to use in various applications such as catalysts and hybridizing or
doping with zeolites.

51. A functional (transition metal silicate as claimed in claim 1, wherein protection by
transition metal silicates includes application of transition metal silicate containing
substances in infection and pollution prone areas in the form of cleaning solutions
and / or in the form of detergents and / or disinfectants and / or shampoos and / or
seed coat treatments etc., to protect from microbial and / or chemical

contaminations.
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48. The nethod as clained in clains 35, 36 41 or 42
wherei n the decontam nation includes renoval and / or

wab®enpisdN and / or sequestration of protei nSPOF/1B2003/002011

peptides 15 |ike charged m3l ecul es. 49. A functiona
transition netal silicate as clained in clains 1, 2,
58, 4AQbnpo¥feh @blﬂpmélﬂghlﬂ@hﬁﬂoﬁfnegﬁﬁl o8 i ﬁlﬂfb% ﬁ%ﬁ%&'ats)ﬁbstance as
in a selected functi onal tranS|t|ona I cate
i s atleizicdaip| daipys bpt 1Grior i whewin pyatedtieni oy candiion amsal silicates

tr arr e R} Raiid Pl 00 R ng subsianceS in infection
appl arciagdllafien LR @sas idAhe ffral HfSdSandMsdhytins nd i/ iR%he form of
dopln% with zeolites. 50. A conposition conprising a

t r andSErBeHS ARd Alor shisinfeetaets iane mrIShz@gownamil sabstedrmoat treatments

I
o desrranoeexohIERelf snd Potheieal BRI Eplinlsbona "

5%r anAlcbmpnﬁtlodeimpnﬁng aclahﬁtwnsmtaﬂ 8ilio@b i @ndd¥ilized on a substance as
opt|q1zat|on of iyn hetic conditjions therefore
enabf #fydtiB dBeal et igraehilzesk faetionab mqtair&}utat%nobtmned by
25 [ n
2o coplhe MR Pl Rioi® Relal LY AR ERh DR na have
51. Wilftyiredt dﬁgnaﬂanllmeamm rido dlsmfdscaionsnﬂ htgﬁt engﬁreﬁ:lhral Z’tﬁés such as
in in prqtecti.on b transition neta
si | ﬁ)cozllméssejf? uF ffﬂ@@“ﬁ%ﬁ%%{ﬂf&? S@%/d PrgHEk t i on net al
silicate containing substances in infection and
pol lution prone areas in the form of cleaning
solutions 30 and / or in the formof detergents and /
or disinfectants and / or shanpoos and / or seed coat
treatnments etc., to protect frommcrobial and / or
chem cal contam nations. WO 2004/101435
PCT/ 1 B2003/ 002011 102 52. A conposition conprising a
transition nmetal silicate imobilized on a substance
as clainmed in clainms 14, 16 or 19, wherein protection
by transition netal silicates includes application of
transition netal silicate containing substances in
infection and pollution prone areas in the form of
cl eaning solutions and / or in the formof 5
detergents and / or disinfectants and / or shanpoos
and / or seed coat treatnents etc., to protect from
m crobial and / or chem cal contamnm nations. 53. A
conposition conprising a transition netal silicate
I mmobi | i zed on a substance as clained in claim19,
wherein i mobilized functional netal silicates
obtai ned by coating functional transition netal
silicate containing resin on quartz sand have 10
utility of decontam nation and disinfection in high
tenperature zones such as boilers etc. due to
thernostability of the said naterial.



