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| N/ PA-508 1 FUNCTI ONAL TRANSI TI ON METAL SI LI CATES
INPAT0B) Field of the inventilon: The present invention
in general relates to the field of functional
transition netal silicates. |In particular, the present
invention relates to synthesis of functi onal transition
metal 5 JUNCHI@NAIFTRBINSHHON Milh Ak STEICATES @TMS)

or the targeted activities. This invention
Fleﬁp&mﬁégﬁr‘{ ?(E:}b){larl y relates to synthesis of functional

The prasesit tniventioteinadensial tel@tL® thé Gell FFuRdoNSI ratislHonah&al silicates.
ri.c sjlicate, zin¢c silicate, manganese silicate an
In E?‘E@H?ﬁ l}*ﬁ REFSeRL Hpventipm yelaigs e r&Y@thﬁi?laIOfCﬁwp@@laﬂ iteamsition metal
eptLi
Sﬂlﬁ%?ﬁ%@o@ﬁ%?&g@rsﬁﬁé@% f8%§glp£n nvéhne?[?r %g|a§‘aV1Pg§ at es

Thls mvpmmbmbrezlmmumlm refatexctbispnidbsis oBRBLEdAD AR @dn metal silicates
ilver, sil | cate, cupric silicate,

suc Sllat es. 1g_tsuc ﬁﬂ@
|ar°1c Py piligpis C%ﬁfgé dg. ginp; tligage. dﬁ@lgﬂWSéoﬂhW and zirconium
sﬂufatd @ ing) stﬁ[bhnaptcbﬁﬁﬁéﬁﬁorﬁlfm&@ctlvél %&) a?)éh ﬁismfecuon and

ropol ymers, ose, quartz san
mlcl daé@ifmemﬁg into resins and functi onal tranS| tion

iR dnE el OBt G Rt oon Ghucisive amy petetes (such
as sdvalsﬂfcetét tptic sifigte) BineisflRhte@MEngahesed $date irconium sﬂlcate) on
detdgm fication pr opert ies. These functional transiti

aCUYPé? lplugning,c alugsnigme oyisles @groaglyawomeanhosanqmb;and 3111ca gel
h sticides from

B i LR I TN -

Sohdnrrtatrobhke gquatr ssd Hacéfédctite dédd)ﬁ@ihmﬂd”tﬂ)aniszﬁ%oﬁrﬁmroblcldal and
dium, and as mcrobicides (to kill fungal,

tOXIBgf‘ESt Xijicalop PropsEdsss | and as protective seed coat _
Theld ﬁ@ﬁ:ﬂﬁﬁﬂ %)ansﬁ:}én e sgl@ﬁafgs GLORkA %C&écgﬁtaln%]an?s tb%rnsteauelzs?enng

detergents, cleaning solutions and toXx
metajat dhemidats and peStlewefrémraqhacmsahedmmmsast dhgmfd&’&hm gby removing

i PR S AR S R B Yi0Se A drat aisce e i srerobioides
(to RAI RirpaktinctdBar ke, OFéh@s ofndt he k&é’&f%' &@ﬁ (F?éf q{éﬁfnlfe%hs\ﬂ\o 6K anti

IS being carried out on zeoI| es and ne eart
micobiahpctive [ingradients dndgengents, @Hning sphudinss drdooxivesas etoxificants.

Thes%' hﬁl?%ﬁ? ‘trakﬁ%l g lrgettll Slhca?ﬁo%‘},\gsllpgllg’fgw 1(:%}%')1&2{%({ atareesuseful in

or decontam na
manﬁ%ﬁlilﬁ@,of &H&iﬁvemﬁﬁg@fs%ﬂdhﬁt@ﬁﬁb&bﬁﬂpﬂﬁﬁs%{c silicates such
aniumand tin silicates, conprising cation
Bac@&’é’ﬁ& éthe inventigdhipye heavy netal s such as Iead

eSS Al O 00, R AT SO o

to trgrsametaltsilacatest hese metal silicates conpri si ng W th
ared to reduce the netal

o P SRR e S 1 TPCieponiseina ) Do ER G HUSrpate

505 3169 emndo1 )Cbl Aed thdnsMRE Ml FBRLIO @ﬁ% ab O[H.Emﬁfnr G 'tl{ﬂnhhcates
licate pat ent 5053139, 1991)

Comﬁ@%% |09111@Do gx¢hangerpl o tefovet hms metnlsi ockdisalkad) cadmium, zinc,
onju i.lic eara L60n fag N/ PA-508 2
Chmélé oaﬁlde%]é ange?}h n%‘ {)hgle nlEFra ‘%erfl 8ﬁli1 friedres the wetal
pollutan @xchangehn, tHRsd Qﬁ’dﬂﬂesiﬁ'@it@sl 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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pol  utant concentration in treated water. It was
IN/Pobs®Er ved that tin and titamiumsilicates failed to
decontam nate coliformbacteria in drinking water when
they were tested in our |aboratory. 5 In the transition
metal s, anti-mcrobial netals such as silver, copper,
catlcmi ébcchamgtr nany dee Sgluravef eirvelihmksiliosite aotd esiHahgat @Sredfice metal
hese netal.s were ;ft studied in detail for the

POHW%W&PP%WHaB@%KEEﬁ‘ WEE% on (such as decontami nati on,

Tt wal SHsBheE ta@ findhd tﬂhﬁﬁﬁ@ﬁlﬁaﬁ:@lfalféﬁqg RlcEdBhin@doliform bacteria in
structural composition. Copper silicates were known

drinking miate® 3¢eh GBy4%S6 Getjedfin ounlgbdratery.ur al or horti cul tural

est ..10 caontrol. and t.hese copper silicates were
tn 0 s S8, s R oG BE 0 SUbertoPgn ZBF o Faigrese
werdlivél] @ ewh yeehd adi 1ehtesi df tﬁ@e%étﬁls SHRS than btudiled Yn 1d8&Al BPHR relation
basi c copper cogPoun s in alkaline conditions at hig
(&

betwieafenciion (®ich ps eleggmramimgiion, slisindgetiauand myé@blﬁﬂalcmpp@ﬂ%) and
sed on the functional property was not
Sﬁu&ééd gﬁgﬁg these reports or observations. 15 Many

Coppapfitates avdrs knewe filoal MA6CRI44T664) && agfical@irhlcit Hottidltural pest
pesti ci des and copper silicates do not gain nuch

Contrq%ﬁasi {136%€ CORPRS Y L4k eTEspHRFsZad UM Wi FAn GpeaS, ppension of
|

i, N B0 S Sy bRy AR R Bl

amahmy@mﬂﬁmmsadnghnﬂmmﬂMuswntheS|ze functional transition

i cat es of he require osition
e T T T e By A O R L R
smd;éu%ln{a)ﬁqg%és@neﬁm oA Qp¥ararpk.ci dal properties etc.
ther objecCtive of the present invention is to invent
Manycﬂ@eper satterotsid foramltechforivenas agnicuivial ipesticidss aind copper silicates

silicate cts of the inyentio Accodn
do R iRGh JmBRIEIE SortenBernV@bron R ShfPantrd it with
antiBibiiestt @BRln fyharsdnt bmeeiet;@per Sdrhpduatiesnduntisiotich 6B Z7886H8).
of the reqU|re structural conposition for the targeted
Presgpitipyantipp s aipwgd g, sxrilagsizg tf}“@él?mléfa@ﬁmpﬁvﬁﬁl isBigates of ge required
stru#tﬁ‘r\é?@ Ipijwlﬁéﬂ P aréert%p ﬁétfvﬁt%@ fxehjs c?e'c!)ﬁt%h I?,U&Eﬁl?écﬁon and
or eftective di ection nlcrobes such as
micoaietdat propeftien gic. abtheir rotbjzie’sve bf thespredesDirtvhsticabjseotinwint novel

B? gﬁgntloq is.to invent. transiton netal silicates
immogilizegyfunctional trapsiden metal §leaies ani nati on of netal's,

(n,gggg}ﬁ@hngghhﬂﬁants and pesticides from aqueous
systens 30 Anot her objective of the invention is to
Accomdingt it fisuthe prioray objeetrigithd iomentionas tosink¢rg dersgiohalvtiangition metal

siticfst b ST PORE S et B <ot WPl bl e s

Anoﬂfe@ﬁﬁje&th%rbﬂ'[ﬁ{'@itloﬁhé tCiavas fhivdondrtensiise nttalisilidateX isti@able for
with seed coat treatnents, paints, detergents, cleaning

effeefpyie disinfaetionsaianicabss puches baoiprisn f@ms and wieseher obj ect of

It 1s ng tlﬂ:;/ Sg]teEtOQ{ Itlf nQre{lﬁb\ﬁe ttoI Hi'%?%' L.Jar{sﬁgn frﬁ'& %ﬁ@ﬁ%s sultable for
t ransi n cates, wni C are sul

effettiveCddconmamimdidnasd ohetdy)tchemitanpslfthyts,sagl pssinercﬁem g'rom 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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nmetals, chem cals, and pesticides from aqueous nedi um,
IN/PAs508i si nfectants (by renoviing m crobes such as

bacteria, fungi and viruses from aqueous mnedi un), and

as mcrobicides 5 (to kill fungal, bacterial etc.,

pests, and as protective seed coat treatnents), as
Anothet iobject obith¢ inwegition eis i togineehteimtraobilizede fisfcgiemil stransition metal

.. cle g solutjons and toxic det oxi fi cants. Another,
silicaj, ;e aorEhE P aee o hoge a8 FEFUPARORRS {bY pauestering
metal, QULAICAR, b BRIt %8 Frorh légﬁctth 'i‘t?édldrﬁ)a'ﬁ'dttﬁ%ctgﬁrs aby removing

silicates by incorporating into resi'ns, which are
micrglbgist subh @s bagteriag @mgnmdw@gs@émtagmqmam@ht(my and as microbicides

o KRR et A RS B RF et SO0, SRERGTPR S lpirovia
actw%ligé‘teﬁéntb AC 8 érigants,fIin g thtioMs £ﬂdist@§1cfgr39 HetoQiFROMS.
, as mcrobicides (to kill fungal, bacterial
Anotheg ObJep‘té‘éft @f thertana%logrléttecdw@ps@etiwéo@t Rrpduging imgobilized
funcﬁ?na‘i‘q}a!n@tﬁﬁ %}%@1' mﬂ&hé uqc% oqb ﬂ‘&gﬁ}té Ded 1}‘38{‘5% §u1table for
Sol'Utions and 1 oXI |Can S. Ye

columinoinbéd demmﬁm@xtts t(be seqme:nhglrﬁ@tellt tledinicalst endl@ugiciies from
i mobi|ized functional transition 15 netal sili catie1 d
1 an

aquesys Eatumyat AiPen (e ramoging  ieigrabes sHelhiani tigieris

r I u
i i R
and psaptatemttdeseefdrmatt agateenss),nascintimjicrobisl d¢tsnenhg1©t1’mntssin(d@tergents,

r.enovin robes such.as bacteria, fungi and viruses
CIea’i“P%ﬁ‘?lﬁﬁ‘ﬁg@&ét%%ig e%o;aﬁ%anass m crobi cides (to kill

Yet £déR32lobjeBRsH BE bAlsefttifiventioR 8StoSdevalof idobilEe FidctiSns 8RMsition
coat treat ments), as antim crobial active ingredients
meta] gilicatgs bepeatgm@sﬂmmeaﬁalngh@tﬁ eAntanieg apdng o ieartzasend, which
xidlcants. of t ven t
are su%gl\)/g fo jzoetc 1 n&% ePrsttamttrh ets (ﬁ#eg{%%l\l}% é't(glrgf chepn?cals, and

pestipidey ﬁdﬁﬁaqﬁl@d@ médimﬁb 2@ ﬂ&ﬁnfedtﬁrﬁs’lﬁdytremﬂvmgﬁrabmbbé suehheBacteria,
and i nmobilized functjonal transition netal silicates
fungg gehyirusphiomyagyerusdpedivin ) @d, ApmicEohipides ¢ H1 fuggal, bacterial etc.,
e [ S d,of
pestt AL RrAGHE bl oo Ukl of RGN e iedients in
detetfgents v@eanmoﬂxuromeamﬂ;twumgasalstoxd'e:amnt am nati on,
di si nfectjon, mcrobicidal, toxic gas detoxification

Sumyagy, of e, tvent @OR: nicotine and tar detoxification from

To 1ﬁé& 3:15@ tabSveS HRKEs &hd - otﬁ’ét@ PRk tﬂr@s%ntaﬁtvgﬁtfldd" 8ebvides ARt Munctional
led description of the invention: Accordingly, the

tranqmtl@smntal sitigatns amhlrpmcblhdei; funchonsé itrafsitien imsited|silicates comprising

on net al cat es IMB) sel ect ed
o ARt QRusiod bERe B A T TaEE e iffigine and
utiliZih@ Cthid lfﬁﬁétﬁnandtanéittbﬁoﬁtewm &ltbatéﬁtfﬁr wetiolls NBli@bses such as
silicates being obtained by mxing salt solution of

decopfampsatiqne Misipheetign, intcrobicidd)) taxie gaff dgtopcifacatipn j fggm ecombustion,
nicofifil 4l tgt“%ée&gﬁt%ftﬁ%&@ L%gtéggtﬁap@ b Borfedine R hiidifhs.

i0 an i 'nmo
Dets_ﬁleﬂaiemﬂaioﬂ sfahsiinventionet al sili cat es | N/ PA- 508 4

i mobi zed on.materials electe on tlvat
Accetdm%? & BIeSFtrP(ATOR IRy SSefyPRsOI ﬁwe éf@tltlt}%gt@tal silicates

(FTMB?E%I@C’[&PPrgm ;thccefi’hcg@é silfRdifdnRe ﬁﬂaﬁ@éﬂes@ Et@@&bt 706 sﬂtcate and
[icate i ncor por at ed reS| ns and f UnCtl onal

zucqmmnsﬂtcatammenmltal snltcatcatbemg ohtaiiedi bygmixerg sﬁlt:@émttqmgofdrﬂnsmon

metai IVYI %%eoi%ﬁli@P? 1 1%5%(]%&55 ¢ cﬁ ge[fllrF%BFfe ?empere?fure and silicate to

metal ratio and or by using immobilized form of functional transition metal silicates
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5 structural conposition for achieving effective
DWP%gmgtional transition metaly silicate materials such as

econtam nants of metals, chem cals, pesticides,

di si nfectants of bacteria, fungus and viruses,

m crobi ci des of pathogens such as bacteria and fungus,
immeshiax o€ aflaferRis CRIRBA MOAOHcHPated UhRIMIAa, di Dxchitheum NOXide,
(oxi des of nitrogen), hydrocarbons, tobacco tar, and _.
agroplpsetsneclbilese, quaribaadpaifies el and Jungtigaalpiranstiion’ metal silicates
. invention proyi Clk : £ . .
nco G L83 E PRIk, AURCE NPl ilE L OBlgg on sl
matrid | uChRt|R, JrAREaARS @o Ibkdin alated zilivatesinkiat atter alodg with suitable
zirconiumsiljcate, said netal silicates bein bt ai ned.
strucgijalfomnegition for adueyinsoricshve Rinshom Irang{fipn Hegl sgjeate materials
I : t r [ ; Shiq] :
such RO i o B T SRR PEbioRE | PR B Bichria, fungus
and viasky, edcpbicides mp pathd geme serhchsdiattecated fungnsdatoxifeaits of carbon

farma_ 15 pr.ecipif f.ol I owed b shing,and dryin
monp e s 4 oy JOSpIifrst Mot el T ORCRpogs (babbd %, and
nicoShd dtgates varied silicate to netal ratio along wth

suitabl e structural conposition, said transitional
Morerpesgiculilyi ¢t eresenthinbémtiongprpvides pomyek Sinséipeal trangiional metal

..._decantam.mnation, .disinfecti.on, m LGl . .
siliefE saRret dant unte SHERenik b Rae PRPARLE e aipe gfcae and
zircdni\Bn RIIRERNEaid MR tsilRAtes bBRE @ btsinddr WV intteag salt soiatioroafithloride,
~transition metal 20 silicate (FTM5) effective ai ? )
nitrages consuphaiemne! the gpaesrpedinaitansigorrdt Bgiars it 2 gpluble alkaline
silic}t U LA Nndef deg}r&f g?ﬂ, Ghd er%recgﬂ@'sﬂ?cta{eofb tn{la@éjlel%ip to form a
conprising a ratio transition netal to silica in the
precipitafes fdliosrdrmt whshéid arhdwirigntha pprofpietetondbieid thamgesiae metal
.. a struyctural conposition for said .effectiveness, said .
sﬂw;piqswgalb@ ﬁ]élcefgptabmgt fratiy !a g! bgiuftfi_il% (f%rgﬁtugal S In%pgsﬁign, said
trandiBSB | flePal OTsilidaftG OTRAIA NI Bl dhs! @8leBRdaTEbrA  @econtamination,
coating along wth resins on suitable materials. 25 In
disirdfemioh cmniceotiicidalydetpxificantlagd prigsgerobiahvent i on, wherein a
transition tal, erin.sai,d ratio.0 | 4 "
IN s o et MR dites B e » SRkt gion metl
silicAte (RO @ffcabRUs Ddeddntainaal@uiisid@chart, aldetoxeficadn atpretkctant, a
~enbodi ment of the present invention, wherein a .
mictobisisi ari combieation, thereef £PBPHENS ¢ ariiapl Bagsifin meis tagilisa in the
i.th simlar. transifj : | Licat ' : id
v R b SRl A BLE b g gto o s
effemtleb@s, andl FIMS ibking XpidIpaf being imbtohilived doya watabldmaterials or
~ reaction conditions. In still ot her enb%ginent. f the
incopprasa g INiOFGERT A, OnGRRINE HORGEIR FSINs @ SBRER T Biterials.

4 ' jne i nbitiOA Ml WABHR said

In A0 ShOREmB: 6 AL TR Fniifion GpBIE 8 hbiaRS

rati@ttensisibh incdles siling Inudie rgnetier metel sib¢adé s in @ ramePabout 0.34 to
rescgant concentrations : silicate content in soluble

aboifiIRA%i ne silicate solution and ratio of transition

In yPEinBthes &hbodidRhtiéf tA8 pleSer Mhviahlicn, ailieadih Berasséitibe ateeal, comprising
solution, varied tenperature maintai ned between 20 to

varigige danptions evemtwigh ateilaranstionbimaial sBieate 1aEip depped on) siructural

. .enbodi. f o - : _
comBgtpy BgnE S et ARG Ve s Ed BB, RETTpifn SPFIRI Y varied
reaclibRYbhdE@nsl sting of cupric silicate, silver silicate,

manganese silicate, . . . . .
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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zinc silicate, zirconiumsilicate and combi nati on
m/pAlsggeof . 1n one another empgodi nent of the present
invention, wherein the transition netal silicate is
effective as a decontim nant of netals, chem cals,
pestici des, mcrobes or conmbination 10 thereof. In a
transftiéh&lhl%éta? @ﬁfégﬂeﬁﬁﬂlucﬁﬁg eR@eRE QSiAN td 1Y PP, i refbtartiRh dnfrations :
he transition metal Silicate is effective as a
s1hc@¢ spriteicimreluble alkpliee silicale selutiongans! rasioypf (eansigon metal salt
m._cr obj ¢i ho
solutfPoy Pl Flline SRRl R0 IORP B RRARE FRwedi™20 10
95 dephesk ebitidride, talﬁca&ﬁmbm@tibnmeaéofm licate 15 is effective
as a detoxificant of carbon nonoxide, sul phyr di ox

In ongmere; e@@o&lfmmttqfdlé%gresglt IRNFEHOR avyl‘géqqn the; Fapgiion @Ietall si?i’cate 1s
selec@dcﬂ{)ﬁ'lntﬁe %rr?&po &)Ifslsgiﬁg T h%qg RETLLAkiEP MRS, Hr@inds@%lifate,

es and t oxli Cont al ni ng gases Into
zinc Endllaté ,@xiconiior silicade anziorvim biadtioo tiserédfer eof . I n an

resent .i nventi ere the

In ongraétorgp {)q‘c{) Inﬁ.t%tll?q?fl} ?prepeéléglventﬂ% g\gif?éqmﬁx'eémaf,mon meta sﬁ\lcate 1S
effectiQERE AL BAEMIDSE @Pmetfll, HEnARN, hREH QIR0 GhiERIBEs 0f cbMBination
present invention, wherein the bacteria is a coliform
therdofict er i a, a Grampositive, a Gain negative bacteria or
Ina % Ié%{% Seﬁj%i iﬁiﬁeofﬁ%ﬁiné %veflhgﬂ’]%kgﬂ%% ?ﬂ?&%ﬁ&{ m%Ial tsﬁ%a’ce 18
effedtivB @b a iihrfeatiniSel € badiériiNarfahdis] & NllE&]lameiﬂr@iﬁlbﬂesxf Iaap’althogen or
Fusari um oxysporium Pyricularia oryzae or
combigpiina Adrefs thereof. 25 In still another embodi ment of
e t i Ew i .
ins RiRGPEBSMEA N Ok 8L Byl SN Pt s
is effecteea a dctueificiiorof calbenensnokhie, $uipins|duomde rmetoxide of nitrogen, a

siljcate is prepared by, a netho
hydrieraboT 150265 F TGP OB OF HIFIS BARRRT TG LN e o riggpgs and

/ or t@%ﬁ%hém&'a é&@&lﬁinéghégs R0 nbR-t6:9¢ Brm36r SonMBidAttng thelrddf.
justing pH and or tenperature of the mxture; (c)
In arf enhodigent @itbe ppastmlevwnp,rwharﬁlg thhoetalnarsiarienis, merary, lead,
and drying the precipitate to
tOXI%‘HF@rSrPrFﬂ@%anBﬂ%SI ﬁ% nmetal silicate. IN PA-508 6 In

In aﬁ@tﬁe@e&w@he@mdﬂhm%sent hﬁ‘veﬁﬁ@ﬁ efvhereliv €Y badteid Qv iad esliform
a Co osition COfT'pI‘ISIg@% transition nmetal silicate
bact¢rimralSiThinesitiv. CEmbEeEAYe badisi areambiafians heteaf

In y?;’tl | I at % bo%r%&#tstgfnﬁlné%rg{eﬁpﬂvtehﬁ& 'Wﬁe%ln NEGLELR R pathogenic

oof ransi osiliédain the transition
ﬁmgﬁﬂstlai asiSclegatiien irslfii) Rhivemgsa ablaai) dukariind 4xiyspaainoy tPyricularia
19.57 and / or. with a functional structure 5 and the
oryzpg gieombipaiongthereadi | i cate is effective as a

In sPGAR &'@nﬁﬁ)@mexﬁ‘ oFinf Re&at ARbntich, whetedX tel GARs BAving infective

m cro e or combination thereof. In a further
in n&odeodi nent of the present i nventl on, V\,her ein the

subst ance i.s sel ected from a si.stin
In 0B RBBORY RN TeRc T (PATErer L™ SPOR by g Theel ilicate i
prepafldltyadf&hod t&Wpbrising:
() adding a solution of the transition metal to a soluble alkali silicate solution to form
a mixture;
(b) adjusting 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.



10

15

20

25

30

ester resin, a bisphenol resin, an isopthalic food
mN/pRIsade resin, quartz sand, gilica gel and 10

conmbi nations thereof. In a further nore enbodi nent, the

present invention provides a conposition conprising a

transition netal silicate incorporated in a substance,

In odd ot ReitoldRReTBHR! prédehi HREMIHOPIRKIdSS Adondokitian olipdiing a
netal, wherein a ratio of transition netal to silica in
transttioe tretaiskilican iremabilized janame substance, he Afsgaition mBlel ¢ silicate
0.34 to about 19.57 and _/ _or W L. j e e
comipi T80 e o et o B ELLERTLEH fURE Haficon
meta0 §GEAE dNARhge &f £Host 0B&ed abvlur 12 50@hdXbf withatfumtional structure

m crobi cide or_ conbinatiaon thereof. In an. enpodi HE of
and thee tsneitent MEtY esiliqain 15 WHiSFEIen 28 e dSERURRIRRS | & Jﬁ ectant, a
detm\%\iﬁgélﬂ:or lr{fﬁggﬁidg% cSHB&%i&FﬂHEr& ? the present i nvention,
éreintheresin is selected froma group consistin
In a Ofrthar shbydimest ef the esisent iavebiisphvarotin tlessubstancd is opleeiad %@m a
f ood %rade resin ?nd 20. conbi nations thereof.. In

group FORHOIN CerRABCA BB SRS A Ty BT R 0T GG, vinyl

ester 28 oﬁibﬁﬁpﬁgngl%siﬁ, £08obMdlic EVMEadé AR dubANShid, Rllica gel and
metal silicate conprising a transition netal, wherein a
combiattians dfieredfr ansi ti on nmetal to silica in the transition

tal silicate is in a range of about . ‘s
in  F5t5y w7 DAL siig T IBY et h PAbAgp Yhmoriing
trandifiG S btal QRcABLRbrpRdtéFRtsubatiel @@ titavsitias nittal 2icate comprising
decontam nant, a disinfectant, a detoxificant, a

a traniitiomtvietal, dehenein eonin piiransitiop mesta 6o silich s iE ansiHeR pgtal silicate
. . enbodi nent, of r Niqg ik tian,.: idhat BSuctu d th
o SESRRAEEr g S SRRl STURRL Rt W s
trandTBéE el silldateORecffodtiee esrhadtaremhinafit, ahdisipfeeenta detoxificant or
_invention, wherein the transition nmetal silicate is
nﬂm@éﬁé@ﬂé&?ﬁ@@ﬁ$?h§1 up consisting of cupric silicate,
In af b ¥&Tmeht 6fﬁﬁé resSRABRABSE weldif BleQubstBfeeZd Meshil | 1 cat e,
zircontumsilicate and conbination thereof. In one
In assthérfearbodirhed iofiget prefent nsegioaswherejnthe pEsitois selgpied o a group
the transition netal sil.icate is. eff Lve :
contiggth iR ST e at o aisnie 8 SIS R frpdg resin end
Comghﬁﬁ&gghgkogonbination thereof. INPA-508 7 In a
urther enbodi ment of the present invention, wher?ln .
In yehendthansnbidimentethd prssint daeatips prefifesca cowpagtion for a coating
o B U AP My 2 o
trankitibh RRkal RO Eigice i adithBEition inctdi silipaese it a angenf gt 0.34 to about
wherein the transition netal1§ilicate 5 Hs.effecthy%.
19.¢(sang /s tvoish ﬁif‘{b%?ﬁ'?n@fsn’lué‘%lfecm@a edragffion msfal sijigpie 18 clfective as a
shsm | Ol Gt B SHE R roB1BidE BF BRAbIRBRGKhERoL.
‘kc%ﬁﬁgﬁﬁﬁi F%Q?%géﬁaﬁa%x?h% of nig?ogen: a hydrocar bon, ]
In stibhaeher dnbodimentadthaymesent nyent@ms ivbereos the edtingdhebey cogprises
non-t oxi ¢ gases, or conbinations thereof. In an
a regpgBd A ARl M@kTehe present invention, wherein when the
L QR0 dit AR D thOpre SRt MveniSdd, vlRkdn ilfe RarGitfoni iaetal silicate is
hl%#?@%ate @h%ch i's ;ﬁ%ihesized_by m xing 100 m of 0.5
selegteti nfrort rther giaipospnsistngref shpicpilicats) sibics §ilkAlg. Kngqnesy silicate,
zinof §Q1 cl:alfle{,n zfc’rlc:(l)ﬂigr%tm i eI alilltdlc%&bgln%yilmngef'é%‘f{.' umand silica in
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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ratio 1:2 under acidic pH conditions have the follow ng
hggacteristic: Silica: transition netal ratio as =
IN/PA_EL_ g - : Bl S
79.15 (conpositional analysis for silica /transition
metal ratio) Electron Spin Resonance ESR (g val ues) =
A) 4.32481 B) 2.55205 C) 2.31749 15 D) 2.08807 E)

In a er@éﬁ&%baﬁiﬁé}ﬁ 6 Tl 6dehP hveRtany Sinsreiti ¥R teRRitRindkthi Shette is
peak height (counts/s) and angle 2 theta = 1) 212825
effectivel ad 8. digaB7tanp pf B5RICTA, arfundp, 20018, 3)miswpg. oi3 apfhogen or

39..79307 2Q In anot her enbodi nent of the present
Cmnmﬁﬁgﬁfﬁﬁﬁfgwherein when the functional transition
In a fiRhé mé&relehfhdtiBndng ofthetRéseht iBVdnitioA! whetbinahe iransition metal silicate
~ synthesized by mxing 100 ml_of 0.5 gmim_  transition
is effipgtivel asgedetord Bpant PbPXaerssDattl / WderiGIENIcRls 4P @a%0rYfqrER such
Vi : . o . _
o 0L BPa0EL DA LA ) DechBudg Lifituonceo
nicotgidl @ @B driionst toRRvgastste nboltdxivgasgs chamaghaidns theeof25
ilica: transition netal.ratio as = 1:0.78 . ...
In any erghesiapty Srike PEFSEIYy BV entiogy WheIe: he ﬂl&rélfl%ti%ﬁl fragsifjon metal

- i a i — .
el sl BT SRAAe e SRR 0y O el apion
metab bajhsdlittamnando et knl i sghinny sibeate selaliomhaling gbdumandrdicg-in the

. 1), 835. 63 and, 16. 2005 3 706. 74 and. 32. 23910 3
ratiod et S0t piermy oy e SHHES CRBBHTEN of ¢ he
SilicRl Bf8fon IMANhIi®OBs =VINRI £{ddmMasifiohidl @nilysie forodikda /transition metal

~transition netal silicate is a cupric silicate which
ratio) s synt hesi zed by mixing 100 M of 0.5 gnmim | N PA-508

t ransj tion I sol wtj nd i angpg f
Elec&%%%%‘?s PR ESR el R s SFESIER OISR
ghfer)BQS&ﬁﬂ undBy 20461y al pH conditions have the
ol | ow ng characteristic: _ Silica: transition netal
X"l'aj’ diffrection analysip HCorPOsi Bt anal ysis for silica
ald Hef AP Plolih @R 1o ¥ 2iijef)= 518 188k aRd $Rixg 1 RESonance ESR
pe (g‘a%‘afd’es,gg l%%%g.elossf B) 236522 C) 2.0467 D)
2) 13032748Mhd 32)2901896688 X-ray diffraction analysis give XRD

signific ak height (counts/s) and angle 2 theta =
3) 14A0. zf’él.dg”%r]}e?égﬂe. 19577 2) 764.43 and 32.29276 10 3)

In aRferBaniEmsSR: F7BO DréRnORRerdhe whekad wien tthe furichienal transition
present invention, wherein when the functiona

metal rslivatet iscon cuprist silicai¢ ideh & syathesiged by cniing 484 alvafi &f em/ml
transiitsmnfc’ %@%a? ggﬂ qugtic?r}/ anrg §d) g sgsglgmrqﬂi&fte 901%1&{‘11501@ sodium and silica
in the ratio 1:1 at temperature in 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)2.23430 B) 2.06456

X-ray diffraction analysis give XRD significant

peak height (counts/s) and angle 07 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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transition netal salt solution and desired anpunt of

DUR?ﬁgéun1§ilicate sol ution hgving sodium and silica in

e ratio 1:1 under basic pH conditions have the
followi ng characteristic: 15 Silica: transition netal
ratio as = 1:0.8 (conpositional analysis for silica

transi?i‘bﬁ ANS1tsh1P Qo 1B RAnd dREE@IMELR GF EatiurBRiltaRadhnian tavibSRodium
g values) = A) 3.71806 B) 3.23001 C? 2.6168 K—ray. .
and stlich fin thetriiom 1 dnaklgrsiestrgl Wi comiiaisgiave he dpilopagrhHasighiic:

.. (count.s/s nd..angl e, .2 = 1) . 7
Silica; draflﬁlt“% 5&%{%055%8 ra%err‘(lab1 d?ciorgﬁ%gg?n hag:dLl rglgsférn?i ﬂ?arl]{?/t gar%lt@#%ﬁ%netal
ratioyyher ei n when the functional transition netal silicate

Blctpin it Bespragen BX (& SHSFDor bl Soald) o o) 2
ofop%é—@ aﬁzd%g%g@ of sodiumsilicate solution

havi ng sodi silicainthe ratio 1:1 at
X-ray ifpedtvhumnelysis giveeXRBsgmifofan70 C to 90 C and under

s Lo he f (

peak Srighticounet pid gl o Prsy DA arRn oI rati o as =

2) 7611:.{%;?3 3pceApgsi tional analysis for silica /transition
me

rati o) El ectron Spin Resonance ESR (g val ues) =
3) 694)852ndBH2778BY 2. 06874 C) 1.21231 X-ray diffraction

anal ysi ..ve XRD signifi.cant. [ . 4
In oo R R IR G PR 0 IO A e 15150 2SSO heggion
meta@RYicAR- i A8Gricili@RO WhZ:hai thydhei2ath by Innixigf LACt érof 0.5 gm/ml
enbodi nent of the present inventiaon, vxlrer elqrd] when the ..
transftinaonptehilt sohuiesians gesiredpmeunsel sogduipsiiicate sljiyyy paving sodium
si:Licat e which | : ' Tk Xl Y8140 BhadbtelstR:
and 4R QAR IS0 G PHEL BARbARHoRA Mot thadbicdem:,
Silicaf traB¥orGhe@nhtibGisr 1:0f8 @ouhpositisidl iapalyss §u silideofransition metal
~having sodiumand silica in the ratio 1:1 at
ratio) enperature in the range of 700 C to 90 C and under

Elecﬁﬁﬁ %gfﬁﬁké%_‘&héﬂce HRR (I%%ﬁieﬁj ong hangod hepf Bhbov ngC) 2.6168
cha Si

racteristic: ica: transition netal ratio as =
X-ra¥ diffiddti grarmyoss givoX&D aigeifigaits for silica /transition
metal = 5 ratio) Elegtron Spi (g val ues)
pealche ai“tﬁcol@?gg} aB%’a%g.l%B%ﬂEt%(- r g\ﬂlgéle?f‘rf@c{ i o4r§§§nal ysis give
In c?ﬁEDaJ%t@}i Einsediinereak el gbient dovHtiSA,S whareih Anigine the2 functional
t

eta 1) 541.23 and 16. 26305 2) 414.21 d 32. 36589
trangiforBmeBé 5iligatednd @origsilivate wigh 1Sty ﬁF%CﬂEY 6‘?1X’tnﬁel%% ml of 0.5
sent. i nventj.an r Qi 'y TuRatdeplof sodi ilicate
e/ S o MG S soL e, 20Tl B8 36 ACH BRI ALCL sodium i
soluBi¥ hisE 26diubyart siiicxginliBO ratlo bfl 20 tSnpprdtrde inrthe sAnge o 70° C to

netal salt solutjon_and desired qu i t.y of sadi.
90" Giand sndes cxBPmERGHICHRE ORI PiYS &ﬁg&ﬂ%ﬁ’lﬁ% Bhefaehafl
Sili{a‘?‘fr}n si&dr}mlé%g BhionBUY! 1:8l53REL PG draPARlsavRr kfliea /transition metal
ol 'ow ng characteristic:
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 07 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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15 Silica: transition netal ratio as = 1:12.13

[ ositional analysis fogp silica /transition netal
IN/PA%??E) El ectron Spin Resonance ESR (g val ues) = A)

5.49809 B) 4.55342 C) 2.54593 D) 2.10091 E) 2.05499

X-ray diffraction analysis give XRD significant peak

vl 01310 sk cEIob ) S0, it Sin

havir@8odinG8snd silicenmt the ratenbbddt wgmera@fre urhélepawewﬁ 70° C to 90° C and
nventi o unct | transition
unde’h@‘tt‘ﬁfneﬁc}ql%ﬁﬁ&of@ngmar‘{g th qollgxg{ng agﬁ‘?nistéc synt hesi zed
SilicdYralbitibi theld) Patid a@i 195t @6IBbsitidil bhaRss fdrQNlicABtrasitfodl thetal
solution, 10 m of 36% HO and 50 m of sodiumsilicate

ratiosol uti on having sodium and silica in the rat| o 1:1 at

el TSRl LR RIS I A0, I, o

X-rag Bﬂfr@cﬁioﬁrahlsltyh@ glﬁ XRDaslgrhﬁede bdkotivighe {eduntsid)iand asgle © 2 theta
1246§ ositional analysis for silica /transition
= nmetal D) ¥Ht3303nd39- 3386t r on Spi n Resonance ESR (g val ues)

. B) 4.01910 C) 2.53191 D) 1.87886 E
2)415:2@f1}é33§§%§§’9 ) ) ) )

ray diffraction analysis give XRD significant
3) 365eidlani 8D i3 count s/s) and Angle 2 theta 1) 2079. 88
and 11.07467 1N PA-508 10 2).835.44 and 525 3
In axgRRL g 45 BRESY PRERjE: SRR DB e ORD Fansfion metl

silicdd §S£Pinc Nt ‘bvﬁi&h 1!“@%t§és‘ike\ﬂhﬁﬂnbbﬁ‘g | oo edli FRS gm/ml transition
transition netal silicate is |'ver silicate which

metal salt yoltitiers iané depiyednivantity Qﬁ@Odﬂlmoﬁ‘lll@tdS sgJrfipn hagng sodium and

... transit.iqn netal desired

stedyaerath BakEredft bR hO P B BRo T SRR

Silich:RRnki@ibh ehelal Zatinater 1:n2U8B Kﬁimﬂﬂsﬁt@ﬁ@l@nﬁly@i@&’oxﬁﬁh@ /dagsition metal
follow ng characteristic: Silica: transition netal

ratio} ati o as = 1:19.57 (conpositional analysis for silica

s b1 SIREANILTEL ) GAEHAL ShPskign SonhBEanance G55
2. Dﬁﬁﬁ@o%hr ay) diosHopact | on anal ysi s gl ve XRD significant
ei ght (count .and Angl 2 theta 945 1(1
X-rof G ot ongely S5y gt S Kb St Rl gt () i utgley 2 theta
= 27.8912 4]45r 1I5rhngt3|zl~,l59§410t her enbodi ment of the pr esent
i nvent i wher ei'n when the functional transition
met al SI)IEOé’aIQemdé%ﬁ%ﬁﬁver silicate which is

synt hesé)zzeéq,j%yanr&iz)éi_%?’go m of 0.5
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 02 theta
= 1) 2079.88 and 11.07467
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gmm transition nmetal salt solution, 8 mM of 69-70%

mpAREB and desired anpbunt ofjgsodium silicate solution
aving sodiumand silica in the ratio 1:1 under acidic

pH conditions (about 2 pH) have the follow ng

characteristic: 20 Silica: transition netal ratio as =
2) 833_4;&%3@@95@)& tional analysis for silica /transition

net a ratio) Electron Spin Resonance ESR (g val ues) =
3) 66AP84n@32.381 W) 4.04714 C) 1.98189 X-ray diffraction

nal.ysi s.qgive signifi. . i 4
In yeE P sLSSRen B 1 sy 5 0Niah S G g JERYM G P lgnsiton
metaP Bl cAtd .16 809R e kiiédie 2vhiands $htixkD8d Hynmiwieg 160 enl of 0.5 gm/ml
enbodi ment of the Ci)r esent | nvggt iqgn, ther el ﬂ'ﬁm}% 1 he di
transitighangtelsalt selutips prd desredamguntyl spgpicatesoplion AiFging sodium
ki h9hyd ' i V| ASPinBlchAbcterific:
and g e B e B et
Silicanmusition et ditionasst 1:12.47 écanositioonl analyfin dorssdliiaurrzdticmmeetal
.sSilicainthe ratio 1:1 under neutral pH conditions
ratichave the fol | owing characteristic: Silica: transition
in Rk > bai9ds) CCORPPSE 960N D) BEEHAYST ) 3095509
Elec@ﬁ%ﬁ@%@%ﬁ??ﬁ%ﬁgiﬂ al) rjg??o) El ect)r on Spin )
ReBphaAaeces ESR (g values) = A) 1.93412 B) 2.06655

| A- 508 11 X-r. i f. L VS ' 0
o RS TP R ol B 2 o
= 1) 148.04 ang) BA56508d3bnossre anot her embodi ment of the

present invention, wherein when the functional
2) 2424 8sind 6 7A#e al silicate is a manganese silicate which

' yn j by mxing 100 M of 5 0.5 gnm'ni

3)1%353 sain%l!}gzgg?re al salt solution, 10 nml of 36% HC and 50

In sill @fotlepdéibodimknic af ehe goésetti dmvehtwn, nyhewih tyheande functional
silicain_the ratio 1.1 at tenperature. in,the ran f

transHpTCER! S5 8 AP TG SHoGk TN oS B E GG ARt of 05

gm/rﬁﬁt\fﬁ'rsh{b% okl QW BeiHhaE B LEEI-TOHUCHNS); lahe desitedansiunt ofsodium
metal ratio as = 1:1.09 (conpositional analysis for

silicate bolatior havamssadiwn andsitira inrthe rasip 11bumes @eidisrpibgpnylitions (about

sonan ESR values) = A) 4.3463 B) 4.17458 Q)

2p _.i‘sezt%s%&iﬁ)mﬁgifg% B 05491 F) 1.999661 X-ray

Silicdl ffdsRfehnl REaPRARb YS ST : 00% ecosidsRiogal Aalyaistfopshika fumngjtion metal
(counts/s) and Angle 2 theta 1) 32.88 and 24. 65599 In

raticg furt her enbodi nent of the present invention, wherein

e he functi Lt mehah 0314 catg1i08189

ElecgngBHﬁqge Ogﬁc%g(a%?gé%.‘% isAga'r?t7%215,i zgg by m xi 2 10Q

X-rafl dififacBo® a9l gitve &RID sigaificart miak daight @@Lnuts/isbmdagagle 2 theta
desi red amount of sodi ug:y il %Cat e sol ution having

= sodium and 9)PPER3T #d A8%i 0 1:1 under neutral pH

2) 6828411 | pnggdyave the fol I owing characteristic:

3) 674.27 and 42.31091

In one more embodiment of the present invention, wherein when the functional transition
metal silicate is a manganese silicate which 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 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 = 1:2.90
i ositional analysis fof silica /transition netal
IN/P#?\?#TE) 20 El ectron Spin Resonance ESR (g val ues) = A)
4. 42797 B) 4.18272 C) 2.24547 D) 2.30425 E) 2.18961 F)
1.23086 I n an enbodinent of the present invention,
X-ray i@k &iBn WhEDsit BR/eARDI Qhakicaht FRRIHeI MR (dRhA)s) afid BRI’ theta
is a zirconium'silicate which is synthesized by m xing
= 100 m of 0.151480Adand 80.66@8% i on netal salt solution, 10

m of , 36% HC,. an m of sodium silj,cat. | utjo .
In offs oo Smeaiang & fee s Ritiioh sFRiE PR O Tufional
transtiBARSItAMiRtd 1 al A8 daRB@esiIRfate AWhiCh iDsyRheCizad By niRGQr100 ml of
extreme acidic pH conditions hav% the foll ow n% ] .
0.5 govat Henstionsmetal sat polation, t10apkek 65A Heiand 30l 6T gedium silicate

1:Q. 77 ( [ ilica:{hr ot 100
solutyplafihe GATBP B WRPE, BLRAISLS SbmBlinluEye AR C 1o
90° MIndAundé2BbreBe 2iBRPALoMYitidnAREO the fBNoWInglch2b6EHstiE)

.. 1.02930 F) 0.93795 X-ray diffraction_ analysis gjve.XRD
Silicatrgnsitipe gistal pikatiail 'gthQ/QCe@BH%”é?l angl ¥t |Séhcagtf?1}?&t°é‘ metal
ratiof) 84.80 and 10.89433 | N PA-508 12 The present

I nvention al so provides a functional transition netal
Electsod $SpinResormeteE$R dg fralons) =c vy 4.346Si | i Byt &7458 | vey) 2.18228

S DLET B TP EOERT I LSMBlal of i Tcates bel ng
X-raP BitBhARMA ﬁﬁly@i‘s?\'f’%ﬁﬁ $igSakaHt boik 1ol b @mitdlg), andiArpss ©F theta

or sul phates o e corresponding transitional netals,
= wth a sol ubl)828@ndi24e658P9 i cat e sol uti on under desired

H, 1 erafure a P | '
in o G SHBAREEE U Rdfd] LSBT, AaTE ol o Aol Ghtion
metaPEifi6it0id AbRcaitn Rilchrgwhible issdyhthetinedebpmisingvi0inad of 0.5 gm/ml

figures 1 to 14 of the _acconpanyi.ng draw ?fgs.aﬁg sai dd‘
transitioarinetel shaplufen apd desiied gmeEnte sPHIT Hica g sRlpiQRaving sodium

i aracteristic:
o SELSE g TR L RATMREN Al B 0 s
Silick:heanpities emitaliratie ag +di. 9renpositivir ahalysis foralicaygreaedition metal
.Silicates are 10 optionally |oaded or coated on a
ratioj ypstrat e sel ected from activated al uni na, al uni ni um

ElecR 96in FA960RCL ,ESRr(g vaR@b)l Rs&42T07ar tB) £98Ih2 Si ¢y T547
gel, and functional transition netal silicates

i NDPRPOAT edE) 24896l anB) F.43B6i onal transition netal
siljcate containing resin c l+d r b X it
tn o g iint PO ir PSS SRR wB IR Aokl ingiion metal
silichE Q¥ iadSsconiviB tshiadteo fvhitdc Rnéyaticnatd by mixiaguedus! wEd.ugm/ml
15 containing sequestering netals, chem cal §; and.. :
transiféon; metadisalt selytion,nkl P oL Bliang ol o pdiugy silicate solution
.CO i : - i nas ¢ @nad° C and
haviy B oD shidF o RS LT ARG B (RE e OF P oy G o
unde iekfr@aé gcidisipHvemditidnk hateethe fidlvganeseraitdristiat e, zi nc
. silicate and zirconj ilicate aqptional |.0oaded .or
Silic BB SIS 3L KO1 A oG ARAgRErA s i Sy meta
matic9f the present invention, wherein the transitional

tal silicates 20 synthesized under acidic pH
Electron 8pini Ressnaned ESRt (gevabley) acAi# 37330 coRy28RHS pEdlPEedo

Pel 91652 E)1.02030  F) 093795
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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decontam nati on as conpared to transitional netal
cat es synt hesi zed und basic and neutral pH
H\I/P’Atg{%dl tions. The present i er?\r%enti on further provides a
nmet hod of disinfecting an aqueous nmedi um contai ni ng
m crobes, bacteria, fungi and viruses, said nethod
b a&f a faRteRNtAeEHOH hdis SAsR&USlected from
The ﬁg%ﬁﬁwﬁﬂg%ﬁ Qﬁogﬁﬁﬁ funct [ olnal transition metal
cupns 'slnlicaxa,t dhvef Eﬂih@ melgaotsedilicatsrzing psrllcetesanlduzel'&t)@ums$lh‘?ﬁé¢= said

e LGRS ARRALDS LB SRS L P s o

the c&%ﬁéﬂcﬁﬁ§trbﬂb1tﬁ3rﬁ%€ﬁlsn%th alsoludle Axdiedisiteate sofutivh ander desired
preSent 1nvention, wherein the transiti onﬂ net al

pH, tsmpéremresnd slieatt tosmgial raiiede fome p @Fecipiate doHA SRS Wathineg and

di 3
drym&e%%nﬁ“ﬁ %g :aéﬂln And %I‘%@?'n; &Ptl%oﬁgg b\?}lﬁcl?oﬁgnes Lo 14 of the

accoxﬁgaﬁiyh@ dra i e ngaid traisioral erentilicaee atlibiting \ﬂ:rmtlenm selected

e transitional netal sil.i ca]f synt h SI zed provide
ﬁomplﬁm%ﬁmé%o%ﬁéﬁlvfeﬁwne@ﬂﬁrP@Fl and AHIGSHPLLY i r uses.

In an ¢ %HEAQI?IQG%'C b2 th@ gY&En 2R, SIHRAGh Qﬁ@tfu&ftmhzhem@traﬁ%ﬁﬁhtes are

he tran&itional netal silicates
opticaellye tdaddd for cuasatedmn g ssbitiateasadocted Ifl‘@@r agfiviated salemina, aluminium

manganese sili zinc silicate [ "
oxide 3gTRAEIESt F%‘ﬁﬁ?ﬁe q}‘?}gdé?ildorscltcga%e d™ onﬁgl%gl g‘lkl)st rapiion metal
sﬂm%gsclﬁ&;r?bﬁ%rd reéifd Eﬁcﬁﬁﬁlcﬁfr@mr&%mﬂ MetaBgiicatg c@miniagatsin eoated

fungus, and viruses enabling the usage of
on sdlhlefaarlmsvlebted @@mq@ﬁglsm@ transition nmetal silicates in

det er gent cl eanl noy 30l ut.hons r di
mhe RSSO ChEE R A R0 SEFaRER FoLTRBLS modiun
contﬁﬂﬁ E@(ﬁue@’teﬁhg bﬂl@éﬂs ldhfeﬁﬁi‘dalmﬂ pefhﬁdq‘:sg eaaé miethotvemtdioing the step

er nore prOV|des a process f i Ng nov
of cf»mtn@mgoﬁm aqueedh SREGIERA wgleaﬁ gyl g}&?‘g fﬁ*ﬁr\}@%"ns@Ft@Ef&’&a‘“
(FTl\élsf lec;tlgcf frgmséllph%%hﬁ’ates LV silRidel GRhSanefBHUBRESANC silicate and

Zinc I'Tcaté and zirconiumsilicate, said
zircdi 96 €8isate @!piﬁbmeﬁt]yrigadeﬁ er soapbord subist)at@ a a geitpinEon

In aé,r ?xggéci@%gb ngttﬁg rpsrgsl(e% Sl'lgl%q% Iex? Inﬁv 616}_1"1 %gl gr%lﬁ‘g%léh allrnletal silicates

RBer acklic pACdoAtifiond knd@ktidndly adidiclpas b@ldi)uioremm‘ﬁdebetter
Symﬁ(%?%al %Oall’?dll%l ons (bly addi ng aC|yd such as HO  or

decdntanmieatiin @ncorepkredijo trendiiggnal @et*}rs@&akﬁstsgp@es%q%u?q’ef bas1c and
he resultant precipitate of functional

neutfqlﬁhg‘i%f‘fﬁ’é’r? Metal silicate without any 15 soluble

The ?%Q&hﬁﬂ%ﬁ@ﬁ tfafthdrhprouigies wasleiting of tlisurﬂe:csmgl :inedqlmous medium

i oni zed water to obtain thefuaai nsiti ten of
contammgl ng¢robesathasteripn fungl g odriseht S gining the step

contgﬁ: ti}f: gﬂe s I WO &E i (W6 & HE‘\‘Fﬁtl 'fﬁ’&%lonﬁlrt%&*tﬂbh‘?ﬂetﬂeﬁl@éates (FTMS)

ng varied silicate netal ratio were
seleS¥ MRS BER stfvdies kilvee ailieatoy manganesetsilpateneina isilicatstaad {zirconium
enhancemsnt or. decrease i ? unctional transition
a sypstig

silicaistoprionl] Yl@é‘ieésor\ﬁﬁ%te 8% PRSP ct i on 20

In &° b A cﬁl sérft Oy @fiofl Gvifieifleté ftﬂinsﬂionblamet‘al ogilicates
extrene acidic condi ti ons and usi ng

syntbedigeein tindri mndmfphi e@mﬂawns and| edrealy raélﬁlics @HI BP@‘%T’% prpvide
haV| d| ff | kali rati o. I n another

Silica
decesniyp W%F@%B?g %W Fvention, wherein cupric
In a§1io{HeP @Pn%o@ﬁﬁ’dnﬂ @f e present invention, wherein the transitional metal silicates

synthesized provide protection and / or control of pathogenic viruses.
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characteristic as given below is synthesized by m xing

10 m of 0.5 gmm transijgion 25 nmetal salt solution
IN/PA , iy . .

and 10 m of sodiumsilicate solution having sodi um and

silica in the ratio 1:2 under acidic pH conditions.

Silica: transition netal ratio as = 1:5.15

In yef eﬁ'ﬁﬁﬁ? SinbbARRht SNBE Yidssnt iBfenfibn, AR rdif fRNSdnsitioRalaétal silicates
rati o) Electron Spin Resonance ESR (g val ues) = A)

seleciéd 324BaupBY sHicBB26lbveCyilizalgmagangy shicatz, gi@gaHicete and girgomium

e U PSP B g o

gram M gABAMactedh, £bJTs, 7a41d&liﬂls&26naﬁﬂﬂg3t}ﬁ)us&ge7 of #Rsanavel functional
39.79307 I N PA-508 14 I n yet anot her enbodi nent of th
transigippseetal i pilisafes o, dRiFEgsaish Qe%ﬁlﬁﬁf i Olgforsc é@g‘}eh‘&\ﬁ nﬁeﬂtrﬂ%ms

dlSln.%g@.{l C&Il%rs'hal].iiggg < (?ri’ ﬂ){r}ﬁﬁﬁecﬁ%h gﬁéﬂlﬁ nﬁXﬁBﬁ@ﬂfé&fi‘)n?y m Xi ng

M~ of gm ansitio metal salt solution and
The pRsdiit ifedtitiom farthérc atose podvides on pmwa;mg)rsmpumgan@wélﬂm%@nal

el e bR kB, DR B
sﬂlcaw Q‘{ﬁ% Ishicor aﬁﬁtzﬁt:orﬁﬁltn' ik, aidpfcdB cOMPAMAS id HeRlof:

Sis for silica /transition metal ratio) Electron
(a) smdmﬁaamnanoa nEBR sely so,laumetg)a seluhje gkalBsiBeptpyolntigre 456

di f s
® h eqe%ﬁp I &ﬁg I}:lggl]s g:raa%ﬁlals 89 acﬁgltcﬁc(%[%,ll{r%] ggkgsggér &g@kxe acidic
1%0%@@1%& (BPadding Q6id <hciaagl FRA. 0239903 39 r&dflod Zneglindn) to form a

39. 57159 In stilT another enbodi nent of the present
| nmeﬂpltam angherein a cupric silicate having the

(c) . acttg %sﬁ.\g&?t nﬁ nflg té(t@ N inaY ﬁﬁ)‘nzrﬁgtapﬁhfﬁté Without any

ransition net t solution and
de@lﬁlﬂ@ SR BdS aﬁfer ﬂﬁdmglmmhingcm}edlsnﬂlm orateidraxeidrgater to obtain

sodiumand silica in th 15 ratio 1:1 under neutral H
Coqhg;f@chﬁgaltlgpﬁlpe%me{qlg #E%-on netal ratio as = 1:1 P

In ark 89\56%@% o@'ﬂ% pRB&: YSletidrOfwhelehd @8 flubdtidRAI thdnGifiomBieddl silicates
tio) Electron Spin Resonance ESR (g val ues) =

havirg 1@@83113)1’[6211’131@52@2100)/61‘2 sgmtbqsxzeg))ang@ s@lcggqorEt)larzglt@B6)g§a12<6)ntent
enhaﬂcemeﬁtt or e&%%%t grt}ur%ﬁgﬁa)f fih 1tg)'n¥§et%@ﬁ)10§ﬂeg%§ H&rﬁrhtt sﬂﬂ?a@ié reaction

count s)

condiltﬁ)né. SfctTed 2)m B6dicAd renial 3)2 b29QFi6exBEme 941d35pfé ﬁ@lndS@OH? ?8@) gsing
one

varle\mfgp%nﬁatwpgfe rgag ngqtﬁ %eé?cée%gfg%/rg %ol%lg%%a h'a@i}{g ket alkali to silica

ratio.

In another embodiment of the present invention, wherein cupric silicate having the

characteristic as given below is synthesized by mixing 100 ml of 0.5 gm/ml transition

metal salt solution and 10 ml of sodium silicate solution having sodium and silica in the

ratio 1:2 under acidic pH conditions.

Silica: transition metal ratio as = 1:5.15 (compositional analysis for silica /transition metal

ratio)

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 angleO 2 theta= 1)2128.25 and 16.28197

2) 1593.74 and 32.29018

3) 1470.73 and 39.79307
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25 characteristics as given below is synthesized by
N/PAIsygng 100 nl of 0.5 gminl gransition netal salt
solution and desired anpunt of sodiumsilicate solution
havi ng sodiumand silica in the ratio 1:1 under basic
pH condi ti ons have the foll ow ng characteristic:
In yePlahdthér erhbHimbh mhg‘f)}élantrlﬁ%ﬁoﬁswﬁer%npa Bupric silicate having the
(conpositional analysis for silica /transition netal
characterisiads B0giFE® belovn ISSmntheR@gb hameigingSHO ml walOfe gin/ml Kpnsition

metal el PhoRgrd A ogin o ae ot B b ebf Rt by the o

1: 1aﬂf¢ﬁ1pafaﬂlre i9thd r&{g%toarqo‘lo: 158073 uadd 221859 8ehditsA- 508 15
In one anot her enbodi nent of the present invention,

Silicgifiengifian apiliralicp T B Gvavmﬁ@tlpmﬁé anglpiep Autslicad rpsitiogsmetal
ratlof;“ ven below is synthesized by mxing 100 mMl of 0.5
gmm transition netal salt solution, 10 m of 36% HC
Electaﬁdslﬁﬂ H@homhcesESngwslhhé)@atﬁ) ZDB480i orB)Yta®645¢ sodi um
%sulcalnthe |ollat tenperature in the range
‘raY)Fh ff@:t@ntaaalgéls eg et rene 5 aci di ¢ pH
peak?x@{)éﬂ’c éoc'oﬁﬁts/s d 1e°t2"t@91%'=t'9r83§%§%dﬁ9t20@5ﬁ5 = 1:0.53
Itronal analysis for 'silica /transition netal
2) 706aMianyl 32128810 on Spi n Resonance ESR (g val ues) = A)

. 4 06874 C) 1.21231 X-ray diffraction
3) 50?( %g%é \%96 XRD si gni ficant peak height (counts/s)

In st@lnﬁloﬁfég lefibodintdhe bR thkOreskht #90ntidh, ¥Mreld a kAP sifik38 havihg the
and 32.27956 3)330.02 and 39.71761 In a further
charastasigtesasraivess balons sprtbesized byrviaing YW, mwied-&igH/ @l prpsition metal

Vi . 8 . .]1S-

st ST ST SURPGHEH) UGS B YO0nER Y g o
ratlofTE‘ItL&ideﬁﬁéﬁtrﬁpHubh@ﬂtlonéZO m of 36% HA and 50 m of

sodiumsilicate solution having sodium and_silica.in
Silicg:fgansgiongmgtak ragio aserdel é&ompésntlﬁn%lr?éwf@ﬁgér Hice dgansitiqn metal
0 C and under extreme acidic pHconditions. Silica:
ransition netal ratio as = 1:0.34 (conpositional
ElectamabpiniResbmancs EERd g valuegrsi A) h03St al B) 2.26528) 20) 2.0467

El ectr pi ance ESR (g values) = A) 2.15561 B)
@éﬁs%ig%?s E) @?gé%&acti on anal ysis give XRD significant
-ra?@ﬁi’ra&ﬁin%ﬁg&ﬁ%%@ﬁk@)m Afecafingl € 2 theta 1) 541.23
and 16. 26305 2) 414.21 and 32.36589 3) 365.45 and

peak 30igh6(cRuntas) anglair2 theve oS4 eal P56t the present
ent,i erein zinc silicate having the

2)764 r@gt 9%?‘@03 as given below is synthesized by m xing

3) 69U a[ﬂd3<9f.77(806 g transition

In one more embodiment of the present invention, wherein cupric silicate having the

ratio

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 92 theta= 1) 152.74 and 26.64983
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metal salt solution and desired quantity of sodium

IN/PASB'(IES cate solution having sgdiumand silica in the
1o 1:1 under neutral pH conditions. Silica:

transition netal ratio as = 1:12.13 (conpositional
analysis for silica /transition netal 30 ratio)

In ongI aﬁSlthEP BrmBRAithete §P sdabhvedtiyg | Wesdin Tufic Fsﬂfbaﬁol&vﬁw)g the
55342 C) 2.545 2.10091 E) 2.05499 X-r

characheﬁsﬁtrca@LSl gwxenab@lbvslﬁ §ygﬁhv%zeféﬁvy siigAg {108 ant O%Qékgrﬁ/éliﬂ fransition

oS 3y B8 P oL o 08 e

and sﬁﬁa 2 E@6ratid 1&nat&Bfﬁp&hﬁi\Bdﬂtn taé rdrge op7e5ens 90hCemtlivmder extreme
wherein zinc silicate having the characteristics as
aCldl‘gPHéﬁndﬂéPlbw i s synthesized by mixing 100 ml of 0.5

Slhcﬁgfﬂ%ﬁﬁéﬁ g%‘?‘a'l At B 535(251??55%6&11 Rihlysiofol QilfEh /@4ns#oHometal

_ nd m of sodi cate sol ution having sodi um
ratio)and silica in the ratlo 1:1 at tenperature in the range

of 70 Cto 90 r ext acidi-c
Ele"tﬁﬁl\/%fﬁ ﬁ@SCfHGP‘FEO‘%I? H?S ct i_,ﬁ{r?l qq:zcoae%%ra Iqtzlﬁ'g%’{‘s
- t t
KornfFfoofieb® 85 g .”é’ﬁ P O oo gl "2 theta

= Resonhhfﬁlﬁ) TSRA(I9. 1087kes) = A) 4.38410 B) 4.01910 O

. 87886 E) 2.01793 X-ray diffraction
2) 39217 83&% 23 XRD si gni ficant peak height (cotnts/s)

3) 338100 aﬁﬂgbeyn@ltheta 1) 2079.88 and 11.07467 2) 835. 44
and 33.52527 15 3) 664.98 and 32.88120 In an t her
In a dhtilati erabadigent e t}m QEeseRt INGEIRR; SHReTSA SHBSIG S }qa(;epavmg the

charac{eﬁltsﬁ%ggsz g gg% %glr%wlx f s d&%gﬁ% @g frﬁ‘&ingsl (ﬁ)smg 0¥ ek Be)@WMhSsition

transition
metah@lltadohﬁl@hl 203mll of 3@ Hdlchnd &imlexf sacﬂmnnrmhcmte sdetiqurhaving sodium

and sﬁ]gclta: éaﬂtiee gi%lglnlgt}slﬁ‘? %gg)ggalgﬂg %%L;H%r%etaq S ¢ Id t??)(ﬁ)Sl('} ?I&:C{ under extreme

amd&ﬁ?l{b%hﬁfh%ﬁ metal ratio as = 1:19.57 (conpositional
SIs for silica /transition netal ratio Electron
S1hc$r11a1nsﬂeﬁ o ceti ESR= (1¢)- ¥h(coawpsitiony) analzgy d@ sHjcayragiion metal

rat1oC) 3.95509 D) 2.04657 X-ray diffraction analysis give
XRD si gni fi cant peak height (counts/s) and Angle 2
Elecﬁr&?%ﬁ?n RéRomnéd ESR ‘(g vilieqnd 89229885 2) 26361427 and

X-ray d1ffractfo?1 ans;iysffgs;ge X%Dasr,]lgm%Zan% %%z%l?helght (counts/s) and Angle ° 2 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 and 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) 549809  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 09 theta

= 1) 444.15 and 32.75904
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In yet another enbodi nent of the present invention,

laggei n silver silicate hay ng the characteristics as
IN/Pléggliig\g/gen bel ow i s synt hesi zegl\@by mxing 50 mM of 0.5 gmm

transition 30 netal salt solution, 8 ml of 69-70% HNC3

and desired anmpbunt of sodiumsilicate solution having
2) 3039diHIvaRg499 I ica in the ratio 1:1 under acidic pH

conditions (about 2 pH). Silica: transition nmetal ratio
3) 263862and 28.2043¢ conposi ti onal analysis for silica

/t It t al i.0). PA-.508... 0
o S LT ot G R34 g i
as giﬂan%%_lkfﬁ@is s&ilthaMziﬂ l?}f Ilhﬂﬁlgg ?IO r&h?f ?’.S igﬁ)/]@(ljuilnsﬁlif&lﬁ mg‘talt Sﬁﬂttsolution,

1gniti can ea el counts/s) an a.
10 mi pt 3%l angh0 29 oA 3agm ésicaé%aqlséorah@iwsgﬁgmsﬂné sifjed in the
ratio Slf?ﬁ 'agZeirQIIﬂ%atﬂ?e ?hlﬁl%lrﬁger oF b capebhiret SPRHRRreRE delfifc pH

esen vent i on, el n magnesium si| i cate havi ng
conditioas hinerthe f@lovang dsragergiiven bel ow i s synt hesi zed by

.. mxing 100 of 0. trapsition .metal.salt ..
Silicg SR om TR T8Ot 53 SO PO o SHE e roetl
ratiof)avi ng sodium and silica in the ratio 1:1 under

neutral pH conditions have the fol |l ow

n
Electodra$rio Resosmnre ESR g Seliedx  A) Ap&tii orB)nég@lﬁlor atG)e- 2k 9%
1 sitifpal analysis for silica /transition
ITE]?%I?§7§§4):TE§) }Ef)gcyt}r on Spin Resonance ESR (g val ues) =
X-rapiffa @B 1aBis%i ASRRD Kgmiflyar@ipbls B glitqoouanad)atl rgile/L2 theta

RD significant peak helght (counts/s) and Angle 2
= theta 1)) 2078.884n8A4.0360%65087 15 I n one nore enbodi nent

2) 83§f44.ta?ﬁ 3l|gr5%§§f1t i nvention, wherein manganese silicate
aving thé "characteristics as given belowis

3) 6628t S2A8d20y m xing 100 mM of 0.5 gm'ml transition

netal salt. solutjon, 10 m. of 36% HC .and 50 of .
In agefhery ﬁﬁn_@P‘fhiﬁteé‘f é)fs@’F upeRt HBW%@“S%@E’U%W sglﬁar §ﬂ]1|°fit€ah?vﬁng the
char&gcg%is{%@st L0 oibed Riow RTRRHIRLWES é)[y Mg (@88 270.5 @nfiml @ransition

and-under extreme acidic pHconditions have the
metal sdll sohitivg andalesictdemiamt of soddmskilicata solutiembivingspdien and silica

. ratia as = 1:1.09 (conpositional analysis for silica

““h?fartlgﬁsfi‘?%eﬁnﬁéfaglp}l(?oﬁlgfm'El ectron Spin Resonance ESR

Silich Qranaities Setat rélo 4 3448, 58) cdmpobfthaldnalsikd@R28licd}ransition metal
2.11243 E) 2.05491 F) 1.999661 X-ray diffraction

ratiohnal ysi s gi ve XRD significant peak height (counts/s)

dcAn 2 5.1 . . 99
w5 St Ee FReR ) DR E P i0oS, oo
zi pyomnuest silicate having the characteristics as given

el S Y 2R 4 8 Bl 2 e
- sodtemsiTcp padbier o sodum and o e i

2) 2420127 . X7H a6 act eri st i c:

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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30 Silica: transition netal ratio as = 1:2.90
N/pA-GegPosi tional analysis fqr silica /transition netal
rati1 o) Electron Spin Resonance ESR (g val ues) = A)
4.42797 B) 4.18272 C) 2.24547 D) 2.30425 E) 2.18961 F)
1.23086 1N/ PA-508 18 In a further enbodi ment of the
ElecthSpaiR edonMeRE S (¢ WhedsPEN QiaTani umBsidlg4gad e 103198989
the characteristics as given below is synthesized hy
X-rayndigfrasgion @oalpsis giveXRD gignsiicant paskiheighh (coypiss) aagpngle 2 theta
sol ution, 1q)r§1219§7§1§§/%—g4 and 50 m of sodiumsilicate
sol uti on having sodi um 'ané; silicainthe ratio 1:1 at
2) 684 shpad a7.68@93 n the range of 70 C to 90 C and under

extreme_ 5 acidic pH conditions have the follow ng
3) 674R4ad fePi%li ¢c: Silica: transition netal ratio as =

In stifl agloﬁ%r Q&Bm?éhf bPRR! pralal ¥SESidn0fwhetdih Giohédi@RSilidaRMaving
net a ratio) Electron Spin Resonance ESR(g values) =
the cgracterB7i286s Hye@ b82039 sP)thekized $9anixidg 100b&H0. Fpmimbreggion

0. 93795 X-ray diffraction.anal ysis ,give X .
metal oy RIER AR et ATt fEo S sl B i S png sitea
in thelati§4: 1BthdePFeutdl fE433ditiBnehddvi i RIlowRigeharbrdkti@nt  of

the present invention, wherein functional transition
Silicaretaasitions ieiad aatisasse | dedde@ompeoitienah pralyss farsHice /transitipgymetal
. silicate, manganese silicate, zinc silicate and
1atio) i v coni um si l i cate are capabl e of decontaninate heavy
Electi®i %iﬁ R%Mﬁn@éESR%g nhmeﬁs) e rmmgt?m{:zs @)_(2.066}55 er eby

enabling themto use these nove uncti ona 0
X-ray difiagtiongwalysigeryg XRD sggiieant pepk %Qﬁﬁ?w%ﬁtaadaw&ou% theta
_ media such Bl .R8hledbed drinking water, ground

water, industrial pollutants and any other sources of
In omeahade epdiodithém f thenpreent myeoliiors mherfin thaegpress sificate having the

i nvention,. wherein. functional transifion. net ..
charascﬁquisgcast %ssglvg%ﬁglgtv\é ¥ % W]é?fg h/ AIXng; t @,1 rgiiqa.%/ gp]/ml transition

metabbdlfl SRE®n, TRAYBNSEH I5C1 dnd30enl AlsB&iusi dikicadd Soladsh having sodium
zirconium 20 silicate decontaninate pollutant

and shenindhé gtiouch abtenperdnat dntherargssol 1900y OHW0 G pagt werler extreme

. .Di_phenyl s em. . velati.l e .or i_G..conpounds, volatile
ac1d18pglgqu§1t18%%%v§%%?oll§%n %%h%ﬁ%?egf?ﬁ?'n anot her enbodi nent
Silic@ftrdnbigioR hesanRhtid Ayenti.on(cowpesidbmal fataigsis dmadilidar/aasditidrometal

_nmetal silicates control plant pathogens such as
ratiosc| eroti umrol fsii, Rhizoctonia solani, Fusarium

3 ' B Y 5:1%] er te) 2.18228
Elec@é%gﬁgsﬁ e%‘ %%%F‘? gﬁgll&?% glgsgi t i%ﬁgﬁﬁgl ﬁ% 12?%00&%)3 usage
asDgpfle243 veEp2o54%li dEp1.99661present al so provides a

process for_ prepar] i.mmmbi | i zed, f.unctional, tr.ansito
X-rajg fipction e scve SR HEHIFI RETUPT 2N G sy 2 T o heta
= silicate, mapganese@idépave, zinc silicate and
zirconiumsilicate imobilized on a substrate materi al
In orzednetitee dmbodimeatyploibo pyasetsnvention.i whereid ziFemiimeilicate having the

cel lul ose, . al ym ni um oxj de yarfz s sid g -
chargiiiraiy §° BED B 50T TMCErt BPuas ol S dgPft fion
metd) $AE IS ORI deSiraarh higrt S sfasurebilicdtd solad o havihg setdurhiaad silica
netal salt containing solution selected fromchlorides
in the ratipul: pades sieutral 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)4.42797 B)4.18272  C) 2.24547

D)2.30425 E)2.18961 F)1.23086
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or nitrates to the substrate material selected from
pol ymers, activated alygm na, cellulose, alum nium
IN/P@?GB%)e quartz sand, silica gel; INPA-508 19 (b) m xing
the transition net aI salt solution | oaded substrate
material of step (a) with alkali silicate solution;
Ina ﬁﬁ'ﬁlexh@ﬁ%dlﬁlehhgf {He)ﬁirb':feﬁt HvedttbrC wiRrdd zfec@itimadilicavd Rging the
he sane to settle for 10 to 14 hrs at room
chaxat‘errpimsaetSLgleen hddwas(sor)lthpembm gritBolifgmbef 0.5 gm/ml transition
bi | nc [
metafpespTe 1RG0 SitF HeAED M B SRS AR AR R Ml sodium
and siAGH itiRNAtio tiF RaSteinpemtui®iradhe raidel dfé'm%SI to I9|® &rand under extreme
__enbodi nent of the present invention, wherein the anount
acidig pHfcgnditipambave thafodlpwingrharpstesiftisi | j cat e i nmobi | i zed on
B8 dndsid Rirlshifth Aransition metal
siticd {3 SHAT bl Rl ] 40 77 S B MARE AN, P SR, gt
ratiogi i ca, the reaction tinme, particle size of substrate

Bleciai Restene - SRan ‘AeeDy s ek e cild i) IdgoRe:

en@ppl et ofy 3 esp;ruggmgentl on, wherein the

funct| onal tranS|t| on rmetal silicates are imobilized
X-rapyliffrhgtincahlysis giveeXREadignifeans pedlnhajglit (eetwisigand Angle ~ 2 theta

_enhogi Jrent present invention, wherein the
- fEB[E? dtﬁ&%?ta“gsi onal 15 netal silicates are
Ina fu%@lbﬂnbfeze%%déiﬁﬁéhta)f $IQd prélsefBinvextidn, kdegpitafinztiaab danditiiehmetal

is suitable for colum npde and batch npde

silicafiescasHactad ﬂnqnucenuwlh&aﬁeeemey silig@ter W%P??g“]ﬂ‘f?ée zin silicate and
f unct I t

sscop i SUSRR sge ehERR BE BRERTRAg iR ERMESPN & rBh R mercuy

etc., GRYRER Bmetbgng akérmn sto ase ttheseueavel furstiomhl thamsigiohal matnbsilﬂ@ates to
enmbodi nent of th

secegaR oot L, L15, PSRN LINER o0 BRS8Nt 00l

L& of FRAIFBRS®SI | 1 cate, zinc
mdu?[h%l@gihgngnéild\églglpgighlhﬁ?n SIO| [ catg i mmobilized on

In amemépdialest 96 Itlwcplesbnlt rovention,i whareis fahetirinak rangition mietahsilicates

selecgé ggrgrcglg 5218%4[ l?rerd%ﬁ%a:géj lél?ﬁ%%%r%e%ej it Ze Sﬁ{fcdsilig‘elt%1 Liﬁdazirconium
silictb SERbitariBAE Uolluta@t Cohemdilh tshtls R afleddyeteanrb) @Slychlonnated
i mmobilized functional transition metal silicat

biphertsls, e Y@aiHa oF FApicROPEIOE Sy el IR AR A AT G A Bhenols.
In ag?tﬁgrn%%l Waheron 3t A8 gprg%xt \te%{loﬂEMEIﬁ,HP lnh it 6L 2OMRRID: metal

n one nor e present _ _

silichtBy Ediitiod Pplaniipethepéhsfsucic bis Sn]afotmmanﬁfsm Bhiznetbwik solani, Fusarium
silicates, selected fromcupric sili 1

OXY%PIIF@atPémchlﬁHQ ez ang tug (REoP Ené ggtcgoﬁaﬁdtransmon meta

Slhc%dg gé gyaffécltllvgggs%ddggmbl lized on materials sel ected

ctivated al umna, alum nium oxide, agropolyners,
The @edsbmxl adseprogidas aprmsﬁdfor pidpiadag gemobidized @Hﬁf)ﬁ@ﬂlaé trgpsition metal

| e 30 dis or m b . f
P e ot e Db RGBRR ot A s =
zuc&rﬂf:lﬁﬁsbﬂlbé%@ iRk Sdilisdd! bﬁaé ubdtiakd tnyatérinl pieldcted Wateragfopelymers,
m crobes. | n one anot her enbodi nent of

acu\camlsaémmman vdhlossnalupiere xide qeeippad, sihghesl t%nérﬁu}%@%q%llfm use
es, sel.ected fromc sil ver
in C@FW@& &ich Hb‘%ﬁlﬁ’aﬁ%s%mes | ca?lrlélﬁ% fle Slt ? Q:b?cat e and
() adding transition metal salt containing solutlon 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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I N PA-508 20 zirconiumsilicate i mobilized on
a pol yners are capabl e aof, decontam nati ng protozoan,
IN/]')}tgégtosporidiumparvuin, ?¥Bn1mater and this property
enabl es the usage of imobilized functional transition
nmetal silicates for protection and or control of
prot oz ect :
(b) rn% 1xiig, th OgL0 r’ﬁrvagsr,]l{lon ﬁe(l)ﬁ alt %olluﬂ{plﬁ rléz ldlg:% %?E{str?ggrﬁgl%e{m S mgt %P @ith
$dmaWﬁE§msﬁmﬁﬁm@d fronlcuprlc silicate, silver
silicate, nmnganese, sili e, nc, silicate and
(c) z iheatong theaifure at &0 %'5@& #8d 2 hﬂw}?ﬁtt ? Pang 1 gtile fagd O to 14
]?FhﬁggﬁMgkggaéﬁygh@a al um ni um oxi de, agropolymners,
ose artz’sand, silica gel, are capable of
(d) d aemotiagi mﬁoun@] orpmn-nnmolmhs@s sulrstsngesy by u@@@lSNeoWﬁm& rWIth

o RSy SRR S0 SPBe T B e

angli@fescontrol of pathogenic viruses infections. The
present invention further provides a process for
In ampemspedimant éluthetnireseat inveaties. tWhsreindheapmowit ¢fchipetional transition
ted f e C
metaﬁﬂh%ai lgl?lFtla C%rf {he 3121§§r'%1%1'tesr|%%tgﬂalsdahgseléasgﬂz IHrl glgﬁfﬁucr%ncentratlon of
transﬁiohlrﬁ@'ﬁl%aﬁ ool sl lsﬂIiga rtesteasionf thhe, q:amc&sSldfecbnﬂ;amam antesial and

type pF BRFERTE BRI oaA GHALe G ST BLP TSRy 25 BRSURNY FFErabes
In an%ltiga? enfSdRAGH: OF itRe 8?6%%‘3 1&%‘30?{' WHSES the FMABUEOYShsition rnetal

m crobicid I ng fungus, Dbacteria etc.
s1hcanafsmtr@ﬁmnu‘mhsmbldy plqatc,al dnmhenmdabssansr epel lent, anti

m crobe active ingre |ent .det ey gent
In YR GPOTRE RO PACRE CLL PESTE driprtiD g T Rgs e, Eh SRR fapsiionsl
metal ﬁ[mé’t@s &@llﬂﬂﬁbbﬂ%d BRh @hsolTB Gatri® &id 9@51@5&2&18 WhieRd siitable for
the steps of. 20 (a) adding 5 to 20% by w. of the
colurhmmuedeoarsll batelamyidei dsgontemiriatign by cdireedly tl@cqrmraﬁi% thgsfunctional

ester,
transitg)glfaﬁgxe% 511081"99 nﬁté RIS AR %a}%ggfﬁp ?l%ﬂézgot?%;)&‘%sitﬁg é??terlllgsﬂlcate
contBhing Pestnstdh 80 q Qarmgah@ut add| tion of catalysts or
accel erators, and (c) grinding the resul ant teri.al

In stilbatrasiepi enehgdamens of £he PreSEH TBYRBGER-mERRICHf gapsiffon metal
sﬂwzit%vgerfctc e%nfrofﬁlfhengﬁh @gfc C KRR %‘ihcgt%afﬁhédn@& ﬂﬁ&aﬁé zinc silicate and
se ron1cupr|c silicate, silver

zircoBiun GAicete 1mntgﬁhmleorsrﬂate¢1atsa,eleztedcfr(3n Iapt;'aatc@d alychina, aluminium
Z|rcon|um siljcate incorporated into res e

ol ARAFrso Iboseh AEHOABIY, GO EheiF (CAPRLR <GP e ninating

met$CRRA! £ Berfie Crﬁé}tcﬁﬁ' RAL T A IR ?Joﬁerﬁ}u ERalA& RNH6Blliged functional
nercury, etc. fhis proper enabl es i mobili zed

tranﬁtmmhehahahcsttwamﬂlty it® pum@traﬁalsqomta@an@gd deiflkipg yvages, gouad yater

ta t.ed 30 d |nk|ng wat er, ground water and
and%ﬁyﬁg? ﬂﬂ%@ﬁedﬁﬂP?ﬂFggzgﬁheous streams. functional
In ohé btk tehddimdrl ofSthb i1gedeft GRBAEINIWIGrdieSunctboal ﬁfdnsﬁ;t&mdmetal

I n anot her enbodi nent of the_present |nve]g|on e|n
s1hc¢t@maetl¢c@wafrowa\p§ictsnltﬁateﬂéltl%ﬂr siligaie} PaR@Aese FUETBAEIRG 61 atc and

zuco%xlil |s1 icAt Ca 6@11%6%] @/ g{,&t@@lf %getrfed ARNIRAESE] Alhnlif&t@uminium

I NC SI zirconiumsilicate
oxideNagropolyaieey telluboseesjuasz ssahéc sitida f gahmavd mpbatde t e capable of
d1smtt)"c|3c§u‘[r)12erc]glllforrlnsggcttgr?l | 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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resins, are capable of disinfecting coliformbacteri a,
D““”YE wat er and this propeppy enables inmobilized
nctional transition netal silicate utility to purify
water free of harnful microbes. 5 The present
i nvention provides a process for preparing solid
zircorgms tsf]ﬁﬁﬁs l?z%quﬁr hopSl9Rdrs S T @hBlel OF d&Bn@Minating
econtam nant s y sequesteri hg netals, chemcals, and
protopres} Ceypdesporifiuanpanyueo Gomedienapd 4kis direneritexnehles $heysage of

r obe. h b
1mmo|bel s&‘ﬂ%é%ﬁé 1 %Bﬁ:tjr?eéaé ai:hc aC%ergl)lr Bet qglrh%ﬁi q?l%g%técyl'fog ';%ﬁgzoan
infecthpRi eria, pests etc. seed prot ect ant, as anti
m crobi al active i ngr ed| ents i.n deterge ean
In a ﬁo’:jhﬁt ieorhodanent 1 HetRIeht ERHSREOTLf WRGKIC a%onaL tf@BilPﬁ% metal
na tar 1
s1hcag gtsglregted %rocfn ﬁlé}?]r?ﬁaglﬁgatw sﬁlﬂg{ Iﬁ@ééﬁ% Sn? i Sg%gégﬁgglfcﬁfég‘él\ﬁb MWicate and

zircohiuRCHiliene hmfrfoaﬂ&bd io@ r‘rnzma‘rha?li; seledted foes aghted tabgningoaluminium
cupric silicate, silver sil

oxidez jageopglmesst &l &}Rﬁe’zﬂ%rﬁaﬂ% %FFE} &gh émg g‘rir&g‘%ﬁep?%ggcsoﬁammatmg

poho(%/?ﬂgé's fdt@glrﬁgég ﬁl% %tepgmc( ihls #d ?ér%gerfahﬁs finenCidagdaf immobilized
ransition nmeta l'icates to the resins in the wyv

flmct[o?mta] transitigi ngptal lsihq‘atas nfod) pBatddtion: and ¢4 pontiel eif Rgthogenic viruses

" thoroughly the functional transition netal silicate

infectigfft aj ni ng resin of step (i) with solid matrix

The %@ée%@ $tRQAnfi &0 MriéA bikided Athrbeses fg mbFeingrionatidat ﬂ:ﬂﬁﬁlon metal
crons at v/v ratio ranging from1:5 to 1:50, . an

silicatdsi se}ectdyfrorg cupc pidisHtA- fébfﬁt @gcgg,n@aqgangqeesbhc@;q > Fingj Stﬂﬁ‘&?ﬁ and

zucop&m%%%@%eogo% %Eé%s%%sy Sf&r 856 af Be AREELiRAAL g&%e?ﬁes?e@i%g@netals

om tenperature for a week
chendiuls, @bd gegmctd’ee ﬁfokiﬂﬂ‘xIer\liHalhedmmn dlstnfmhamsebjai engivingmiagobes such

coated solid substance. In an enbodi nen
as bagigren g, angh ¥ieTes FURAMEMNS “‘F?’ﬁﬁ’sﬁ?’i‘:@ﬁ? ‘ﬁé‘is Fye RS Hheus,
bactesffal été: a{n%%ecu%g ket &, 1ﬁé%ﬂﬂ/1§éépfép€1k§it| Aol A€ ingredients in
manganese silicate, zinc silicate and

detergemtg,a:nnaun1g ssmnonaami dadenti Bchntmofdaxid ghs nisgad e gF in column and
dec nat i ng netal s,such as arsenic, nercury, etc.

n
batc@@ogﬁéa Hrecss? %BPQ%“%WSBFB%O mobi | i zed functi onal

(a) n% kQp Tt &y wi.|draBé esnchbhali transttionpuéthl dlicated &l the resins
cont am nat ed drinking water round water and any ot her
rrelsed\etctembﬂrd)mtveldfla@f@ebwﬁhe@i rl@m%ﬁlhc resitghot her embodi nent

(b) rr];fhtézpneg reler?lgg{;rg Sor}‘v {:a? erbg 1}(\4&8&1‘? af 70UBChH) ?ﬁ" ab WiftRRe 'a@lchﬁ@n of

cupric silicate, silver
si tit£1gkte or AEvAReNeSearsli | i cate, zinc silicate and 30
zirconiumsilicate coated on sand is capabl e of

(c) di giinding therrgswiant lﬂétﬁﬁﬁlﬂﬁé?oémﬁgmﬂ omwater and this

In alk ﬁ%ﬁawﬁn? @ l?llleeg {qumén'tléﬁ’ dwﬁé&@fflt #9P@dnal FBRSHL afetal silicates

cate ty to purify water free of harnful
seledieCfromasiprit Mlll@ﬂte5ﬂB/el2ﬂhd:a’ne yednganet lsdicatentioel bilreaie agql Zirgpaium

e 5 S L ML) A 5 351 9 ABAL s,

capa%le' dﬁi%&&ltﬂlﬂﬁﬁﬂﬁ@ BeeiSdlch GRh@enié) eyl bteabrd Elfﬂfdproperty enables
zircontumsilicate inmmobilized on materials sel ecte

immobidized dunstanel tahsindmanetall sicapumilix iy @ungg% | Wpé@ngmated
dri H%%L\%J%tgrls %r]oxﬂ@t tﬁt%r Saglg ahy otkllelr ciﬁetgleﬁollu%d gd‘fﬂgﬁé Q8Ins. 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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5 silicates incorporated into resins or sand coated
IN/PA\g_\%dé'lfunctional transitiopymetal silicates containing
resin are capabl e of detoxifying toxic gases such as
car bon nonoxi de, sul phur dioxide, nitrous oxide and
hydrocarbons from conbusti on gases and this property
zircorfi{il bRt ih&%?@rakém B fesme delbUBe %ﬁﬂ%ﬂ E52d1s bishiRolMeécthalic
silicate containing filters usage as toxic air
resinspanei dapahls of dBinfectingi dolifcamobastsriacfrpmdiateandothis preperty enables

. resent invention., wherein.the functi AY
immoffEEF NorqoRPal bk ol eyt SRR ApEN Beb @ et
microbkd. i cate, manganese silicate, zinc silicate and
zirconiumsilicate inmobilized on materials sel ected
The rressni syentien pwvidesrd Bcess o1 RTGRRING SX1H SUbSHRIFEHSHP S, guartz
cel lLul pse t I L f il +icid
sand, SIS R e 8 85cofreiffithes B il mOblsy MMRICARAng pesticides
from S@Aus artlReh, ws disififeoiahts byabmbviag snitiobes sehals bhbteria, fungi and
_silicates containing nesgn,ar ﬂgable of etoxi&%in%t
virusesi Gerp IpeoUS TBREUBY 23 yFopicidsh yyilifg dRs g RSt Hte., as
seed {IB'EE%%%'n? & 2! RIYEbiA %’ﬁ‘vg Cnordlid O US dQiglRs Mgk BE@ESGASHs and
ar and nicotine and this property enables these
detoxifivamtsidf t@adgds,nicotionaid tar einsiqatadrvitietegins selepted frem vinyl ester,
. .containj filters.usage as toxic.air_and .chem
bisphSERl FPBYETe o e S TaBH EPSITOR Bt ey Elsted from
cuprit QilRAR; §iR%} GiliAS ShangeddsiBdiee, FRIcesi REHRO B dTRIRtondfm kitieate said
present invention, erein the functional transition
procaseeahprissig the steps oel ected from cupric silicate, silver
.. Silj,cat nmangan S A i Li.gat: : :
O 5 eER G ERTRL RS A bR SigRbf B i iy rotig ransing
freegm @cti wad:¢d al um na, alum nium oxide, agropol yners,
_cellulose, quartz sand, silica gel, o{ functional . "
(i) t raiéig therpughlyalhe f§1“fq°§§lt té@lS}Ulﬁ’E&P‘ﬁ%]!’ A Fﬂ]ftém_}r@_s‘ieﬁg oystep
Sg(%%ﬁl?%lﬁgm\ﬁﬁwseﬁéé%tfr&ﬂ ghaﬁzr SR ihhiaP stRtAdm S0 10680 fScrons
25”contarning resin are capable of decontam nating
pestvivciatde sargilged@d :§ toolP@ lahdr i nat ed hydr ocar bons such

. d | phan, theti hroj d h
s S5pSpogil e i b s alies BHER 5 o s
ang 118l 5P LPPEY EVioSITARE 85 bl NREMng HBRInh it@Bferatutfriaowatk to

transition netal silicates as decontam nants of
peatitiin itlbeBimnctianabivensitirot thesp! stliggtriogiedtsobd sgftansg-esent

i nvent.i on erein the functj Litdon:.: 30 hicat
ik PYFRL R oLPELFhRed A0S DA RS LA i
selectdd fr&A LBpridANGANBSIRerSdilidaR hingaienesiticdte, catcesiligadand zirconium

zirconiumsilicate i nmmpbilized.on naterials sel ected

silicdte oontedcen saad dticanablei of dleconsamipting meialeisuel ASYrIpo IAFETE, otc-
el Lul 08e ; |chibA 198LitioR ARl RIAlility to puri
and ﬁl%sal?%?@o%nag%gt%ﬁ@?%g z;ﬁ?{ecilblﬁncor plol? ated i ntco r es1 iltr%,s Og r ty
meta$ @Bgtamiateelddrvilifg frare} onad watea s tang rothest metal Nplbped a@ieous
23 silicates containing resin are capabl e of
Sﬁﬂ@@con;aninating proteins froman aqueous medi um
In 2B0WRH !eﬁllg0§i%h{ oMtS@RE EprtRnf SRUE0N wHEERN figiktiB@d] etransition metal
proteins fromwaste waters generating from bioprocegss
silicatedlsestotad, from qupev silicaten sibet sdiskte, peagasese sbeatamipatiieric and
. In a further enbodi nent of. the.pr t i On:
R S R T e e
and 884 BRbEGy EAMRCuRhbKIlisdd fuséional Sirsition Bital sititate utility to purify
manganese silicate, zinc silicate and zirconium
wateg ifilee ofharmifaoisiotiesed on material s sel ected from
activated al um na, al um ni um
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oxi de, agropolyners, cellulose, quartz sand, silica
n/padghg Or functional transibhon metal silicates
|ncorporated into resins or sand coated with functiona
transition nmetal silicates containing resin are
capabl e of decontam nating fungus fromwater and this
In yet%%fl%f %ﬁﬁb(ﬁ]‘(ﬂl‘ﬂ%ﬂ@tﬁlt S pilebéht URREG0D iwHe FEP Be! hE @B nhluRekitioA dhetal
transition net Picates for protection and or
silicae®ptleckd dfonf ouygsd s1]1¢at®csllwrrﬂshcalm nfiapgelRse Sﬁl@ﬁ'@: zinc silicate and

enbodj.nent of rese yent wher ei
circoR PRt ER! b iath IER Fn AEERY e, dyminiurn
oxide$ Lé%fdp%lfnﬁérb CadIRlose] QyAtz Sidd, Gald, gdRoY &n@aﬁmsn hraﬁsiﬁ@l metal
zinc silicate and 2|rcon|un1S|I|cate i mobi | i zed on
sﬂlcatvatueqqrmreteé eénteceeins Pr sandaroptedavish Tenctipna drangision mghlngilicates
Contaﬁlélilg re’g}n %% g:g o%bg)na{ 3&{[0)8 nlx%J o(;ﬁ"cegasg%J ﬁ{cﬁléaisﬁﬁléﬁgmenzbﬂdx‘f& sulphur
dioxillé) Gt RG! &l @daridiyairécasions from sanihstoapewts wid kthif propeity gadbles
transition nmetal. siljcates cqntaining.resin are
s by g T i g i bR Ga fve g toxic ai
unfe [om chloroform 1,1,1, trichloroethane,
P &efrachloroethylene trichl oroet hyl ene,
In stidlr auoolehr cdahlmdmtﬁtaasfetheo@rbseo%h@mmeﬁmm@ the functional transition

metalt gﬁ%%%ﬁgﬁé{] l glrl]pfm; Sé ﬁ%eﬁtsﬁl&gteg' éh%q;nége scllitlcaté %n% sﬁwa‘te

and &Hé’&f‘&rhogmc%eﬁﬁmabﬂﬁ&i fdﬁn%‘id’céﬂh@é skledRR8i froen aﬂ@i’za’ﬂéd alumina,
Il1cates selected fromcupric silicate, silve

alummullm saide, agangamesse cellulpseaneartzzsang. siliea el & %ﬁ%ﬂonal transition
metaf ﬁ%ﬁ%ﬁ%?ﬁ@ﬁ%%‘e la}}lte fes Z)Irl Iaﬁc? %or&@d %{ erfL'lrﬁhéneﬁ e&%@ftﬁﬂ metal

na um ni um oxli agr opol yners,
silicaf® botht@aRe fidar bz Sdpable of deorifgak, c1gr[re1fteu rsmok@r‘cazl 51gmﬁcant1y
transition nmetal silicates 25 incor t ed |nto res

redu@ng sarhen exmesensphur (heade Farousy I%Sf ?Fa#?é’t%l ar and nitotine
and t 1s rﬁﬁe[r&sen%gﬁg @lllélgé Fﬂg{%,})ﬁ‘ﬁb@ fitcBosRRaRsiBoPnetal silicate containing

nat1 ng orinated biphenyls selected from
filterg u&gedlb ehrioap g kbeyical puriferd andobi geergdl conversion of toxic gases

t et rachl or obi phenyl , pentachl or obi phenyl
to noRdRRE WA Eobi phenyl , hept achl or obi phenyl and
In orfé%&%%l%&iﬂh&ﬁ%)fﬁe pleSer Mlchdn, &iedh M funefiodah @ansition metal
present 1 nvention, wherein the functional tranS|t|oP
smcm slectegOfrein| qupte siiceis) @bteédﬂwfémnémﬂnﬁie glieqte s silicate and
| ver. sjl.i cat.e S t
et et o SRR SR o 206y HAFSE o

oxidé" Q%Tb?&yﬂéﬁt edllabsy) diartz adauﬂn snihuam gehxdrd &ynctgnad mnmmsmetal
cel quartz, sand silic ncti.onal

or f
sﬂlcatﬁsampmom’ﬁedmﬁa resing; qrj a4 égatF‘iil %&b@?l‘éff%’& TRRSt TR Eiefpl siljeates
contriu %%8 %% 4% aB fyp %%E&Rﬁhmﬁﬁlgép i’)'e§tic%s ”@ié@lteds foh 3hBsinated

a|n|ng resin capabl
hydréegbstsasuciat asn g:nd@sluaihah,e synipatic cpxrdﬂqmdmd §u@”el asc teggermethrin,

from 1,1,1, trichl|oroethane; -trichl ro t
orEeBOREP o B8 SRS PR R maR 7 SRR DG e d iopitized
ﬁmcﬁblgan gﬁﬂmuﬁnbbﬁfa‘? beRzen & dhenzensants &p&bﬁ@a&yl benzene

orthoxyl ene; benzene 1-nethy Iethé ; .
In ogt anthed eﬂa,bﬁdm}elnetorfahﬁ'l prsent mwmneml the. fpcBpppl gransition

metag gﬂggﬁ%g s?‘}e%néﬁ (i’rﬁ) i ﬁ%ﬁcmﬁ | fSQ/éF Bﬁcmél %%.n%%ﬁeesé es?ﬁﬁ@}’&i'nc silicate

and bﬁ%ﬁf‘ﬁi‘- AHidhketinhobilbeaz en eﬁhaﬁéndisc blélent@i from activated alumina,
3-di chl or obenzene; 1, 4- dlchloroben ene; %
alurriaiba g¥iferamonolmers rebibinTe JUERF Srashetisa #eh frg‘nzf fonal transition

met%gslﬁ ol ar %%g&é?%ﬂgd ir ?%&H@lo? N&nd RENZEREitHL figrcBohdlitahbifb® metal

ene richloro; benzene
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1,3,4-trichloro; 1,3-butadiene 1,1,2,3,4; benzene
-prono 1,3,5; nitrobenzeng; styrene; 10
IN/I)I%'éﬁgylbenzoate; 1,2,3,4-tg§ranethylbenzene; benzene
1-chloro 2-propyl and 4-brono 3- chloroanilene. In yet
anot her enbodi nent of the present invention, wherein
o functignal tra :
ca S 08 rd LR U AR Bkl 6 3278 S5 meaiu
enabl§ig ﬂh@ﬁlh@ageztmfénﬁdvb [ diaie%r&mdmaﬁal prorivisufivmi Wastatsaters generating
i mobi lized on materials selected from act.i vat ed
from hiopracass, inARsRy 191 RIAYCDb uedesieble Rigiap 6PaBIatioRe| | ul ose,
Ina ﬂlytﬁéll G enSde the 21 g[llt’ m@é'nnBH NGhdroRahe HARRhAL t?e[ﬁsﬂﬁ%ﬁ @ﬁetal
stTTcates Tncorporat resins or sand coated wt
silicafeyrselectod dtont caprsd $ilicate, nsm]lvaﬂ siB¢dtd, qadnganese cilicatenizing 5tle>gterrand

are c able 0 ontam n volat l.e.organiCc . .
zirco i IAS O RREH S PUBRZEE e FPBhFo Alecy A Hbminium
oxidd) ea?%?d?(‘) gﬁﬁ&s BANASRE qhardz 3and, Idilddl 8é10or uBcttiHaRdiaBEBon metal

naphthaiene 2- chl or o; acenepht hyl ene;
sﬂma@enmpcbreﬁ:é 111‘§g>h1@ﬁ1g5 or garxﬁ. Qqaged(\mtllfqlrrpgp;lal tQ@SmO@trﬁe,:tpl silicates
cont q%aglﬁ%itle fl u ? %ér nngtnq'% r%l?rf?% 3W£)[ Ig %{‘Z?Jé 'this property
enabReNRGRAGY ¢F mﬁ’ﬁﬁﬂ@i@:ﬁﬁ@ﬁ@@ﬁal tEnEiFbR aRe sﬂﬂaﬂey fgtlprotecnon and or
pht hal ate;  fl uorant hene; pyrene; benzyl butyl
CMHUpHﬁHEH%ﬂéle@Hmﬁsene bi s( 2- et hyl hexy) pht hal ate; phenol
g 1 transiti
i o KSHRAMATDE s B Al BENERLL iion

metal ﬁﬂm(slzleztea -feo) c@pﬂcﬁﬂhcated|sﬂm3d(catehmaagmhsamhme an silicate
benzo(g, h

25 peryl ene. |In S il ther e
and GO st TRVBHEFOPT PP TGt LHor GRATASd Amina,
0 ' e Uit Gonal
om0 Sl kSl ah o B gy cniion
metak lsilllcﬂast alcowmiatzd nntonlresnm Slrlmtceatﬁdnmﬂi funegignal riransition metal
lal.s sel.ected f ted n
sﬂwa&;@l éltallélag dﬁ%pmrcgpa g epf 8 cgg?ammatl tmhsg}] Stl?angﬁaéaga from

chlo@®rm, Or funct i onadhiérbamand, i Onte&@c}ﬂsﬁoa’thySdan cat tgighloroethylene,
|ncorporated into resins or sand coated with functlongl
bromodishioreqtamenedibiomoshiorqezhags, s@FehlioFncHyleSs | bomoform an
a e of ont am nati ng phenols (such as benzoic
dmh%gP§%KH§n%0§§§rlcl Aor ophenol ; 3-nitroaniline;
In andenibddiraghefde; préﬁeﬁt inlvamﬂtﬁnwlhereﬁl, the Qinctiomad paesiobn ngtal silicates
nitroaniline and lﬁgfhlorophenol IhVF%vSOﬁ 25 |
seleckglrfeora gBRyiR SrRTe: o°'F VN aligatee RganchR Hedto FingEraly A Zr}{é’omum
sﬂ1ce[téJ Qﬁ‘ﬁﬂo%ﬂ?%edt 5@'?1?&&&11 4] sg‘é&t@a froth | dc6i@4E8 @hBe! HinkinRM oxide,
ric silicate, ver silicate, manganese silicate,
agrolzolymeﬁ; kélbdbee, alnairtz zind oilicangedi bi Gmcionaimtshisitioneetsh silicates

1nco@¥ageréll 1%%)31;%1%%5?,%% fog%g] V% t%gggo%ghtg%q%g{% e&% s ﬂ}a@ésuc'&tammg
resind@le c@Fabldingt HQRAManlihang PbRBhEBAAL] SDiphdnyBakeiscted from 2,3-
I ncorporated into resins or sand coated wth functiona
dlchloernlshenylon meichlorahiphanahes tegophlaoniphgnylesi PeRipgRlorobiphenyl,
|I|t am on in high
hexaflélﬂf%’f’ 1 i g%cgﬁsor()bl ﬁ%dyggn ngc??cgl;ogb@fﬁ&% due to therino
In aSdtad érﬂlﬁo)dnﬁénttdﬂ the fpedseiti iakention, Whéremﬂﬁieiﬁmctmﬂab&mmm metal
of the present invention, wherein the funct.iona i d
silicatesspisctadofomrapsr sdjcpice e iSRS CEREAR T HEAIFA fine silcate an
ZII‘CO%].IL}I{I %ﬁ{cﬁte 1%41&3%26%. o ﬁﬁ&e@rals%[bgéﬁeﬁ(ﬁn %'ch{/é?céﬁ SlunGhd) Gluminium
silTcate and zircontumsilicate i mobilized on
oxideph@bpallysesel cetitlese, f quantzasnily aified gal,uen fienctional transition metal

silicates incorporated into resins or sand coated with functional transition metal silicates
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al um ni um oxi de, agropol yners, cellul ose, quartz sand,

siljca gel, or functional fransition netal silicates
II\I/P‘A‘ét(;)gr!oo_rat ed into resins off sand coated with functional
transition nmetal silicates containing resin exhibited
m cr obi ci dal nature agai nst bact eri a fungus and viruses

enabl i ng function transit.i on S|I|ca
R e S R e T e S
1,1,11 e8I dRaney Vs Qrzitrﬁhldﬂ&tﬁdeCl BQﬁaﬂoﬁ)pﬂipsmd Id&iﬁoﬂietlﬂbromethane
silicates sel ected fromcupric silicate, Ssi

cthang |1j% adiBronie n GBIREANENZINR; dﬁpéenezﬂﬂ?cd]éfiqﬂﬂyéatt?néw 1,3-dimethyl;
] ti I

orthofy o EEMHTR, L AT ALRPE GBRAL 113 PBHCHIGEG rboBEhL 2 Shloro

tolueﬁgrbapgdnynmpyl baldend dshﬂprcq@areﬂz;fls‘tmndenesh_,flﬁ{tlamg@b’l 4giso propyl

functi onal tra Si.t met al tes cor. t ed
toluepgy ob§1ZENG s Lo H@Qﬁ’ CB%{%ZE’&e vvlltjn i OiTgle(i}E EI{ZF%‘?% 14-
dlchlgﬁ)ﬁo%zeag SkdihGRt €5,-6RPhaRhET 1 8Sdibrodltd Bamidieprépareed 1,2,4-

licate fatio exhibiting varied functions gives
tuchk»rmnmmd naphtitletien bsetene tli,3:&-tudnprog dewrsnofl, 3, 7-tuehlarppohenzene

es for, . obtai funct onal

13 4ge ot ok ranlbhd 24 SRR enS B 10 plitBEM<Res shene
benzIBeNRhicOUD Dl hekam@RAbérzahd; Wesz&eC hcRSrd B Pb R tandi Hgropdo 3-

catal yst s, and hybri di zing or doping with zeolites. In
Chlolfoaliilldﬁlér mor e enbodi ment of the present invention,

f o)

Iny anot er en?q%lailﬁé/ﬂt %gth% r?s’gnﬂt lﬂ%r#%hc\??%% tg??%ﬁg(?%’l gr%gsrlr%on Tnetal
sihcﬁd:s] $e¢‘e@te@1 ﬂrsmaiupﬁb I?.ﬂiclatfe kijver @Mcatm mangmmseoshhm]entdntm sijcate and

condi tions sel ected from | ar.sen

zircoggtgy YA BIRHIF O MRRBS Selegisd e et PRy pinivm
f I t Y, G

oo RSEUGELR, SRR L0 J8, BIODSLY: 11340 o60Ton

s1hce(t&5§mlbmlpbmlt@|hintca mi;lrfsungaand daatyd pmhpfemct}omah tr@nsmppvr imetal silicates
silicate. ' i bed i

cont@g]glglrpsn% e cgpx@'\@e oHi 11éa dseg)g( Bpfg}lﬁ? q;% 3¢ c%m oqndé ﬁu‘:h as

benzbfat YuESciAbrd hethhiy efRkidhibro OtenadieodiomE ntriddforbhel, 3 butadlene

invention is to provi de functional transition met

1,1,%3.# waphthalene, 2-gbloom aaencphibalens: agenapthananpleaps %als (1,1-imet);
P
d1et11,yhJ rPé]{ﬂ? iehct ; ﬂt\c{aeglgf t%le%zr?l\gnle'atﬂ?l%%lﬁggg%/ e'ﬁ@slﬁ?eﬁak%ng@em érl]é)gorgopolfenyl-

pheny@dthedUSbénigps Hexfdhidj opi&lnamthaﬁmt imthraene] dibliyt apbthalate;
were attained by reacting wth

ﬂuor@eﬁhé@atpfyeﬁnueoh@lzaﬁ bwlaﬂgh%lﬁtsndﬁﬁ%e&}% @é@fet%hwh%mhwt?hpheml
2,3, 4?9 Itéﬁtﬁ'bIeo 19 %ctg? %;&1 Al NGerndh @:) I doWniendl HESHOEAL fluoranthene;

aaka and at variable reaction
benzo(a’) dpynemens nﬁienb'(l ,53-ad8) phtenandlibearpehat anteracedswandi lenzo(g,h,l)
i nvention will describe one of the nethods used in
Pefy?ﬁlﬁ*t hesis of functional transition netal silicates.
In sttfi aaﬁ%ﬂh(af eMbEEIRINt S@lthe ?%séﬁt' BRer{tohl Qhealas 11y fudctib@d @fansition
or sul phates) was reacted to sol uble silica. The
metad gllightee scslecttq:ctﬁromrpuallk ailicate, sl ahv%gnqmé@%w éﬂww zing silicate

as 10 di [ cg
and it e PbERTreq O B, Soid, 3R “Befhielt” Bhfhina,
alunﬁﬁmﬁV oﬂﬂ@&@ré‘pcﬂ:ﬁn@@ DicfinRes, duatti Gand, Bilieh kgal, Ior fwehioasd transition
sodi um hydr oxi or potassi um hydroxi de

metg] iléqads| Beompraie B Fesdys. onveardedpaksd) Weh ’é)%ctéan&gr“?nsmn metal
sﬂlcgt%g cgﬁaf{)ﬁlsg f%:lgtnaér@ %Qpétpe 8r ﬁQJoﬂ@lﬁniidg’ PifEnols (such as benzoic acid;

2,4,5-trichlorophenol; 3-nitroaniline; 3-nitrophenol; 4-nitrophenol; 2,4-dinitrophenol; 4-

nitroaniline and pentachlorophenol.
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sol ution, by dissolving the anorphous silica with
i red anobunt of al kali Different concentrations of
DWR%%E%Sltlon met al salt sold?lon were reacted with
soluble silica (containing 15 varied anmount of alkali)
at different pH conditions along with varied

In onf G ORGP Erenb iy Ry Wit B (RSP Esflop et
silica@idtsaiebed finh efipiieaititatesiltr §1I1m§|1hm%@nmtsﬂﬁca&a|ztrﬁ st¥idate and
sol ubl e silica was washed extensively wth distilled
zircopiuny gifienie mmohiized onompleryy éelé‘ébe blogl a¢hystedniwginay pminium

I

silicatds-i8EyrporsR iGithEEkins bESmE%c%ﬁl) wltmﬂmdﬁlaﬁhl( Msﬁioﬁ&netﬂ/\iﬂlca’ces

1830) a d ot her tical .esti rocedures (such
contaianJesih P A SRECy e atich ] CHaftPhE: CeOSer iR, zones
such §§ PUFLUEE | BhEto thel&lAdthtitity Br@sensitdat ances (functi onal

transition netal silicatés) were evaluated for their

In om0 aypalheat énvieodimenit 910wl prpsenp érvenden, suledreiasthe functional transition

onta ion d|$|n ohi ci da
meta SRR (P SRt e ot Toraent Rapedipogiffe aflione
and ©4rBonidhOpRichte € SmmbbRizeRt@ rEReN aRicortll donARictivdtyd VHﬁmna
assayed by estimating arsenic sequestratlon capacity
alumnﬂumwe:ghe agopelyaees, caidosep Audrtz aaAstilisapelngt fmctional transition
metaf Sth%T% /'glgtg&” ﬁto f%'gtnglo'?'s'algd %5‘[@ w1¥1@gur¥c'ﬁ'3ﬁ'§le@an\§ﬁ1toﬁ metal
ona ransition
silic&oatiane ceshr ﬁ&ﬂblﬁéd&ﬁﬂf@ﬁtﬁddbylamf euaigannso hadteis fungiid arginviruses
netal silicate was e inated CP-AES. 30 The
enabling fupptienal Hrrsitigrerpeiabilicaisy Ysese %fm]lc ‘?Sunct i onal
In a h&'m&s Eﬁle&hﬂ‘éﬁ{ gt 1Rl rlas(éﬁ{ ﬁ@efﬁ’ﬁﬁd AnSRYCHhe RYcHBRABHAASREN metal
anount bacteria (colif or m or ent er obacteri a)
silicatesnleetbdf fram cupnmsﬂwa’fﬁambdr cilicatk, mgngeatssr sili@id, iy sﬂlwe and

o SR i OB Bl 195 85 oBERY i

alumlﬂﬁ{uﬂrcﬁu@en doRbbBimdrs, Q:@Ilﬁ'[@&t g PEmd08lids gl bhfundieial Qﬁﬁéltmn
transiti on netal S|I|cates was assayed. The bacteri al

metaagéaytemgcodm @teéymmc tgims | avgsandh eoptad) witl dianctionglt Esgjon metal

.. col on [ b 0

sﬂlcag%sc(iogﬁnghg 6%5 %}dglﬁanvgn ngrzerdqgéjtal s\f]tléa@e %ﬁt %g(h{:ﬂ)gthr%gg\?aﬁwd functions

givegh avditbdnetibeain Felecth@n@aigiicy @f fmalﬂsgtl@n detalsaliong evrdmf sﬂmates for
functiopal transition nmetal sjlicates. was assqy 5

obta@gw faetionally eHeqtie fPBstosn) rangiiop dRgtelilicalss tg A i various other

apphcgt?cﬁlrs sﬂéﬁoﬁg}@rﬁf? dethls oiadafjalypgsr h&ﬂhﬁﬁﬂd@zmé)&y&ﬁﬁlg With zeohtes

poi son techni que (by ‘adding test nmaterials in
In ﬁgmeﬂmbrermmddmlerﬁ of ulllrﬁgplgsenamj'emtems wheregn acﬂneevgmgwﬁe;’m 1@{:1us1on of

us.in.co 0 ontro
a degigtHeaeREipn i Aot pntld SRR AR hetl Ric RSk Hmingble by
optnﬁﬁgtlcﬁle&cﬁﬁ{heh@ Bb1m1ﬁbl%nseféﬁteﬁ B9 [RWsibnadf drfigic deqigusionasility
cal cul atéd. 10 The m crobicidal activity of functiona

into sileen sﬂlcat@nmnbns@ln of Yaricrialeloppramingtigie HroRgEY ARe Zipemnm silicate,
e RS 00, S BBkt G e S e

silic@@r ugi nosa, and Eschericia coli by m xing functlona
transition netal silicates in growh nmedia of
Nowgthistiayansion Tl bgrdssribedin deieil &t psalojlHushisth 2ndcomiad warigys salient

t&aﬂw&ﬂﬁﬂ ?p%%ﬁg 2pfgf|8?oafaahezzglcate was conpared with

One embodiment of the invention is to provide functional transition metal silicates to

decontaminate metals, chemicals and disinfect microbes.
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15 without functional transition netal silicate) in
i pl ates. The conparatie bactericidal nature of

HWR&%hétional transition met b silicate containing

different netal and silicate ratio was assayed agai nst

bacteria by addi ng various concentrations (such as
%&dgﬂg&g'onal transition netal
. 20 The viral
The sl@aesisadh veaiduerysdsi dofi fuyctidnat esetidrunetdl eiladates rwersiattaoed by

netal silicates was assayed . using bacterio haggs ig o
reactifvefh Biffcpent CROSRIITAGRRS Hiemeivor Edn T P R soluble silia
contagrﬁﬁg Fﬁ(ﬁff‘(‘f&ﬁﬁ lqeeraRishiich et rtaﬂ"&)sfﬁldfa‘t' Q& AN Rlacti drAdbRiditiodd such

I cates was assayed by addition of functiona
as pH, kadsinipecatureet al silicates to contan1nant such as

Now! BATBLRTBLTSAESLE58 8 Mo ik s 3 BT hncton

transRiofRdAIGhi @fQet hane, dibronnchloroethane
tetrachl oroet hyl ene, bronoform 1,2

Trangfieh st - SaltkﬂObmpr(leaﬁéQS @om{trateﬁm@umaﬁféﬁ) wag fegfted to soluble
sﬂlcashlﬁ ﬁ%ktél gel)l%]al(l:% Sqefi L gg[ﬁg%a&écggﬁ' \La{ ﬁﬂs Zfsuch as

dissoling BF Bk, sﬂﬁdh{&e bﬁjlséthstsami sﬂ\ﬂtﬂe rin c;mneha(drmﬁgd b delbnmnch)l or by
transition netal silicate was_ allo r eci
dissol\3rg eeHHeuY silicaripealkalibscB 26 SPEMMY: Eﬁ%‘s%@ E}@‘é‘%ﬂ’fld‘j n
t R
wate _ %ﬁ C())? %@ﬁ%ﬂ\g& gﬁhcg’@o %I 23RYRDs %s %taﬂ%d%a JoRbl silica

e enbodi nent of the invention is
soluttom, [biyodibsdévihgntinbiaiorgnbus silchi witialrequirad singdush offeledli. Different

cone S S SR B B bTEAC B )5 oo

varicR@Gh&ft f ARL)VaLr ygBhs RV ancoddtisiat DXid WithOwdriedgREPSratures of
ni cotine and tar etc. PA-508 28 Transition netal

react{cgi 10veb‘ca1ncwpgs tymes red, funqwgaln@g,@ltl@n@efgi sidiepEy m b girgcipitate

Obtal&Fé a %1 é(ﬁ&tn q%gﬁa%%ggn aé agl?s \fvﬁfl s&%ﬁ)le%ﬁfbé vgal[? \ﬁééh@(b @)Et@r?swely

with Akl ¥@beakighided Water @l rofibid sHTuts Blﬁlﬁtanacg;[ opol yners,
cellul ose, quartz sand, and silica ¢

nd
The eenktay p@w@eﬁ dnaterahpf iﬁﬂ@am@%l AHEFIEPD r@’%t@l‘c%‘?sl‘i"?ﬁta@al\xé%d by
SEMEEJ{) elsByr BEeahi, Nesr hlfbé F%”i G0y IAGES &0 (PHILIPS, PW-
aSS|un1S|I|caté sol t ion. IS pr cess was achi eved
1830) nar@in otHeeranalyichly estaidiongpionedures (spck o i IGR-AES efc.,) to

potassium silicate solutiopn to the materials such as
lmdeé%@l‘rd\/t&‘? ERMAPIAI h STUG R 45HSxi de, agr opol yners,
Thest€ sl AR Es ﬁﬁﬁ%foﬁals apdsitisNdmstal | G8cA8) wakd evaluated for their
correspondi hg | mobilized functional transition netal
comgdrhtiea fiestinedl epropertien euclbys der:@amnmgtw, t disigfgctign,omicrobicidal,

silver ric,,zingc a |r (such
toxicas i aben 514 Feg i FRatar v ielrp sk BERBhese
The "BE@] SeconthdBBtibh OMilERt Fhs (Sidye@rby %@tﬁlﬁ@ﬂing arsefic sequestration
manganese, and zirconiun) salt solutjon, (such as
capachy of itlse dofiferantt funetéanabfranyifiQrh ek sphreaigh CRigCQP it gater
oLyt io b
was BEEE ot AQh it E R T il e SLaBRICR, Blenjo content by
functib@d) $iahéicon ARtaAkilisht veakstimmndd by AUS adCRiABY. t ransi ti on
nmetal silicate was, m x th.re |ns such as .vi nyl
The agpiobial iinieionSBRIENET TFETHEIOGT PSP RS bl ns fesaved

a oW eakaky SESOSHCH: anitsoldiapCledlotdd from
by B%ggnﬁg 9§§2%%£%o lymeri ze Z tér heating at 700pC to 900
cont@inidagddedritltieg evatat Eplifrm oweemerobacteria containing polluted water was

added to normal drinking water and bacterial amount present before and after treatment
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powdered to obtain desired particle size. In a
referred enbodi nent the esent invention provides a
DWRﬁéﬁgod of produci ng inno%ﬁlized transition netal
substances (silver silicate, cupric silicate, zinc
silicate 20 nanganese silicate, and zirconium
d,.conpris t P
with it)n é\ q %1%181? meq%ﬁuso icat 5, Was as éjllygﬁ ﬂ{% l%a%&er%rna Y%{a% d?])ne by

countiry thbendaleqattacterial d’dléméso tvhichnwa® obiazat ib§insdudting she bacteria
activated al um na, al um num oxi de, bisphenol resins,
“mﬁﬁﬂﬁ%bgﬁyﬁ%P?“PE@ﬁH@P@§§ngE@&W%Ewg@nd and silica gel. b)
The ddi %M{% f@% T%ﬁ Ma¥ir€ Qﬁ}tfﬁh&ioﬂgl H%sﬁkonsﬁle%a? s\MJaQ:s was assayed
tion o fumsilicate or 25 potassiumsilicate
agamsto Soletaium coifsig sRbizdétngia netali, Elmalrmai exysmubml i anddPyreularia

ory2A R SRR SRR FBBOE Al AR FiogD PIfipgof fangus

and ﬁé&@&{@tﬁ@ $rdviifl 'B‘fttllikeﬁlﬂgﬁsr 1h>&o§155moasmapédn\«@l)e oral bl G8wth of
al um num “oxi de, agropol yners, cellulose, quartz sand

the fargis i the aegiplatesdyvapmeaniyed ped perseitt iahtbitiaw of thel grewtihef the
fugation, filtration and or by heating. 30

jhngﬁﬁgpﬁ@%ukﬁﬁgdlnent of the present invention relates to
The RiciEHi&108 Rtivity 0d¥aidienal afansitioiredutd] iszfdtef Wﬁmﬁsls@ﬁﬂ agamst gram

transition netal silicates (silver silicate, cup
positiye| ndlagiam zpgative shactesiar wich rEnglaRBERcOSFYS ABERS, %@f-‘dﬂus subtilis,
Pseu%dlﬁ&l%gl réﬁé)s'ac 18) E{k)ﬁeu{l& Qo B9t fnﬂgn YL d %Qlaltransm?n metal

cate intoresin suc as vin
sﬂlcamt ﬁlr groovth binsdih esfo bast@sd. nsTheoprovab pifhbdctariar @s innﬁdmfcontalmng
grade. 1N PA-508 29 Anot her. enbod nt _of the .

fun“tﬂné% AR IR G el e SoRgEd e aantes?l"@%tam‘t ggHipmedia
w1thdtmghl)ﬁzﬂ %‘311§1H5‘1?Iﬂ69ﬂ§ﬂhc£téﬁ1ﬁ§ie¥rip@die§mt al silicates

(silver silicate, cupric silicate, zinc silicate, o
The rmmgaa‘em baithiicidalenatared of |fm@@nnalrﬁr@nsm®aﬁ@)al coheasg I§PRgININg

(such vi nyl ester r bis n resin Mo .

aiftfe5E gial a0 slrons g s 5 yraugd) Rl Ty’ B Mtind various
conc&fafibis (dkB AURDE.Z0.1255808%) NaWuhbtichal Muesltib®install silicates in

descri be one of the nethods used in producti on of
growite®ipl i zed functional transition netal silicates.

t, of .th [ '

The \'/Vpa‘cf de ntarnélglc oﬂo A c§rl Agt@%‘é ﬁ%ﬁ? 8}95 tﬁﬁ%ﬁa{l hge?algg%cglég wak assayed
using lﬁa%tbfrlloplfagesmﬂwhﬂeﬂhﬁbﬁtﬁh pidhodThese il l ustrations

e gl oo net Tt heseope ol AIMETLL 0 e
sﬂwe&&fsa@% Bésgi}ednﬁ} aldisibh | FahESioHsl MehsHnl AESl Qfifges TR Lhht¥@fant

varied reaction conditions. |Inmpbilization
suchofasf unhatlnmnﬂnlanetsr aebioroformmet,all, strﬁqhbao@bam satachlarasthylene,

iR TS B 2T P, S Mo
12 HQlblNBr afs) CoReHini swltdcamloml RSB f
mmnﬁﬁ%?ﬁ?te 0. gﬂglinhﬁ%gﬂglﬁgllzl |é%rl 1)eadg??go§ f%ggo

the fohetiminal fransitidnomatal tsiliaish thﬂhd?f?él%l@ﬂl noil et gisyaryshyaier & 15
mmug suﬁ*etnrlgélu? gwi%bg})rﬂgmm aﬁlh&ﬂﬁ IS{IZ[‘I%ﬁI Qthgt% 1‘1’1@5t§ %S allowed to

S1 z e wer e
precipfife Bod twieBoursinie cﬂ‘[&ﬁhcaﬂ Ipanﬁtmﬁts ebntort @ksesi i t’rea‘tais solutlon was

Varied reaction tines 8
assayed by using GC-FID or GC- ECD or G /MS/MS.
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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with initial chem cal concentrati ons were chosen for
bilization along with varied concentration of
DWPﬁggg salts to alkali contéht as described earlier. The
unbound, non 20 imobilized materials were renoved by
washi ng extensively with distilled or deionized water.
The i bilization of functional transiti tal,
Trangiipp (gl (S Ko FRPRRE e FRADGRRFS Bl AT ORIy Grution, (such as
chloBédsi MahRfted! MEMNphAIES 8 1R NHERISY wab rﬁ&@&'\ﬁm’meﬁ&?als such as
different reaction conditions. 1nmobilization of
activiigd lyrawma) alumamsmt 9ode, mgtapolysidrs, ocatlebsea ruattz samd, @l silica gel

ot B55855n 85 TR Ao U RLAMRL S bR b i v
sodnﬁﬁ |si1105t@ low bbﬁﬁsuﬁlﬁ sﬁlcg'(emb])utlaﬂ drigb@eesk b iabilavedtih aRsthed Wiy by
silicates formation and 1 mmobilization was done

addﬂb%/ Ha%lm seHuf silieale Gmpsfassimy &ligate selusienitarthe imaterale such as
( | )

coth A AR PrRinUlhad bRkl ERTh )yl St A0 Hlcp e

and dmsd:s!pblhchdg omnetehiilied z @ cti@tak trandBom heethlnsitibittd xatd obtaied by
funct,i onal tranS|t|on netal silicate .content

treatigg 9 SHE TP FIGy RFEIRCST) B HIG T30 a5cblaides or

nitraf®8 oP Qﬁagﬁ}ﬁ%@%kﬁg§ | mobi |i zation of functiona
transition netal sili'cates on agropolyners: Transition

Tlanﬁnﬁplalm@@ll (tsévecommmzm@ seingtnese a(n(d zilcgmmtn)) sah$ohuildad(sud1 as

u r opo erive
chlofffsicp HAr ek GRRIHARE BB bk BHS) ESTGATH sHRALF oSltpining sogium
silicat@ b pbidsiimSHBcaddtd bRt lebFrtvd YurRedohd) Grangidon Mhéthll dik@He and
potassiumsilicate solution at pH 3-4 (0.5 g/,

thus aqﬁv&aalpqd trapgitiqup #etal) silicpe Waaboixed Vil aesind suckepe wmé hester, or
blspl%ﬁglex@ﬁhé/ & 31'30%}%[; ?éSﬁ‘IS é)lf c%?l e%%d W?ﬂhgﬁ]lj fa%r Y?(é&crhl gs ¢ Palt octate)

renove non-
and altpvegdotoy pellymerios bftemheuging wn 0P «ihaj 90q’ @ngifet dlfese®habrials were
iljcate.was . .dried roomtenperature or by heating. 5
pow‘%ﬁ%d ﬁoﬁ’?i’%ﬁlmﬁ?siréﬂ pﬁﬁﬁfﬂtﬁl%?nal transition metal SI licate
In aC Bﬁ?&f&i BMbLBGLRRE | HEBSSseHa ihRekibh ngbvlae?% bf (1%”' ?ﬁacmg
a functlo

based on nunber coatings. | nmmobil tion o
lrmnoblhmh tiapntiome tradtals silistratess (sm]wexz sllicatepsepritdvisdicate, zinc silicate,

man Gt Bl i ASGopiR Pe R 18 P RGO GRS,

a) Sohaditien df0sSubleMrinsansh ni¥ERbidlt satiieD t¥ege ald@idaethadyx for
addlngb sodiumsilicate or potassiumsilicate solution

( Olngme ihration| geghi as grtivasesal umyina, Tlaof e t ¢xédeal bisphenol resins,
t r?%gﬁ&lg@?rsn?el osgltjgdhaﬁ"z'lgﬁ dI aﬁH‘gﬁ c?ﬁéled materials were

orou distilled or

b) deTrentize thenatadiix tcontaiiy ﬁqewh bsaltm dwvitlf solation rofodaidiung etlicate or
materials.._The imobilized functlonal transition netal
si PItassien &iljFate it oy cerrpspradiag metal slicpisjwmaliyized og mafrx.

c) 10%&1@{1’(1%%)({%3?@?? AR UFERALd Of dEBﬁIzie&‘ I¥ater! mmo!v}a %ﬁ%blﬂ{q, non-

of functiona ansition net al Icates on silica ge
Tr iamsd)bilimd mﬁiswncssaﬁmm dmt Hmamxn guchohu ctortddO alhingdayl Jluminum

%?%ggﬁkggﬁﬁllcﬁﬁg nagﬂﬁgﬁéiggdlun15|l|cate

d) OrD@%gﬂﬁl@ ekt hAe 2 e(thrEbygfe%b dga%@n afilkAtids and or by heating.
sili‘ca=1:1) solution. The unbound substances were

Anotlgis h@bo@megh@ifvrbb yprggenh iefestipn |reldtes 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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or deionized water and the functional transition netal
cate immobilized silica gel was obtained after
DWR%?Q#ng at 100C. Innnb|llzé$ﬁon of functional transition
nmetal silicates on quartz sand: Quartz sand of various
si zes were washed thoroughly wth Iight acid (0.1% HC ,

r H2 25.1 ater after [ €enoVvi trace
avorfis SiEaben( 3h e dir bl Fiveh BT SRR g0 D e a5Trcn of
imma@Hiizedr figdtigdal reaiRtiopMaREAL dili@itegr (silﬂera shi¢@B, cuprioBilRb®R, zinc
nore content of transition metal |ayer inpregnated on
s1l1ca§qimpnggmfsq: sllisate) apdezirqogivin ailiggte)eePipaRing resins (such as vinyl ester,
or bik é@g@%{rlnse I sg)ﬁ}ﬁiahtk g&énﬁsﬁ{cfggd} g&dgf co%%lé %H‘s% lib rﬁ:agﬁf $ik®fuartz
ymdihoroughly to obtain, imobilized functlonal transition
silicates at 2-3 The 30 unbound,
Now i 1PYF¢’F18§ Sl s Gber e Pe BRI FHR LA Pt gf immobilized
functRHAP MG Wela® sMRSBE Mo&dreREE YRnobM AN Wil da@r‘i’edoélther at
dei oni zed water, and the resultant material was dried
neutrTheactiomvobilitivre-T pH b graldic reagtisintconditines @ pH) | i c ate

content on art an achi eved
Thest, SsGRpo Bl o TOnBEr BF Sews Mg Gntihv eapBuigctop of
imméBRN fuh&ddaD Bagfitidiinetal @ilidhted LSRG VhlOR GBERMatixes ERhESvith
by incorporating in to vinyl ester, or bisphenol or
Wﬂwdﬁ@wﬂﬁﬁpmﬁhm@ﬁlns As previously descri bed silver,

Immglg 11;"% on of 'ﬁ'{h%hpﬁél tﬁgﬁlhgmm? sﬁ@ﬁgsa&Fasc%vﬁt%htaﬁln(ﬁHC h as

0es, nrirates, sulphates) were added to sol ution
Tranﬁf1o1$ Qdd:tbllmsﬁt Isblugibe @5 Kgﬁt/mis)swumadae(fs itd | ety tsd tad)umimaagranules
functional transitijon ta I|IC tes at acid

folloygdh by jalialisiirgie SodHmER: aSaSH diupry i At gt BOTARITR SCEE Orp/ml

alkatt: rs@ﬁ‘é&”l'l? NaARbal tosdﬂtéﬁ%ﬁ@tlo‘ﬁ@lr ﬁaﬂﬂt?b%dm\‘é{ai Rilfc8R! MsHisRd on
Vi ny ester, p enol or i sopt halic resi ns,

activafet] labmtmareVa]hdmscsxmtoa hgtsztagd(ahumha éwoewélmlcrmm) @)e;re chosen

and wer | 1 .omed.to,po r|z afte
to oftgnggeshifardcitipiby MRS iy Niisblesy SRiel 3eRbigf SRS, elone
with qﬁﬁﬂaf eBerRiRAL bdtlcEntBdtieRs vhed QﬁosTeH eRE iiBoBIlizalion WRInE With varied
powdered to obtain desired particle size. 5-20% (W V)
concerftratignoafi watal selisains iatkiabreomtsnhlas dgsqribedeagligred e unbound, non-
r
Hmn?l?ﬁai% - nl.mg i]lgfrgm\iv% rgmpgec‘d F%Walpﬁ% e%ﬁg{é&g gﬁd} E:i gﬁésd glg ac%mmzed
Watem"ﬂlﬁaﬁmﬁ)obﬂimﬁ@n obfuactied] tynsgidnnaitalgsilaoate amtdmy waasshm@d to 1-
. hr ough required size nesh. Functl nal .transit :p
9% éw/w)c%& actowsidaplvitpe bassdnor GambRE © ngO%IPng aﬁﬁ# ? grent etion
grials such 15 as quartz sand: Functional

ransition nmetal silicates (silver silicate, cupric
Immsbilizatmenf fanationsli transitibe mezdl stioaksion algivinioat exidgnd

NGO T RN T p—

metPlsAPRAROIn @5 'gﬁﬁl@tahéllét& ﬁﬁi@t‘i’olﬁ[ aedaifi@shetl aflic¥es Falstion and
doses ranging fromO0.5:1 4:1 (w/ v). This

1mmf)blllllzmqn0m8| dane émrsaddnmn qfép@unssﬂuqaéea@repc&mwm pilipgje pelytion (0.5

I et R R R R

exteSRdly Wﬁﬁ dektilled ol dibgidéd *&dtdt tion of any catal yst or

accel erators_at 700 C to . 900 C or by keeping Lqu?
The jrampekiizaiigre of BmcHoRGR dransitipn 1% fﬁga}ez%qqt% was achieved up to 2-

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

condj

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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Anpunt of immobilized finctional transition mnetal

silicate on a matri x varies based on initia
INFéop@&ent rati on of transiti od0Onetal salt, soluble silica,

the reaction tine, particle size 25 and type of

matri x, and node of inmobilization such as physical or

% These imubilizations in present invention

1mm@gﬁ125<§ Xlaée IHE SPEy s e af E@tassmm giieate salution at pH 3-4 (0.5 g/ml,

n [ i ns ,or, coatin
alkaliTSHROEE! T R halcPOR LER DR SORIL S tringd or
delomZeé 07l’atct tatemovel nkxelmmabiﬂlzas MerlaTsh eandh@@l @alitant agropolymer

|zatLon neans that transition netal salt

contyigig upctional EEnsition etalahqateonas ickabream cesnesafure or by heating,
The GRBIGbAREE YurlkkiBEA tRsitibe Iﬁ@él%mc@[e 59 {eﬁf: fn? Q%roggllgrgqe?s varied from
activated alumna, agropolyner an
2-25/merqephves) RRsedi onaiuner eatings.amphot er | c, passes the
el ectron to charged copper. Agropolyrners contain
transition metal binding reactive sites and can absorb
Immebiinat drcafifunaimeng-angftioh mhaisistlicafts BRtaln &R t o t hem
| N PA-508 32 Physical immobilization of functiona
Micror gipgipiipgncehsiase (solnmaatheemeiasragn grasi), ceds mlu@slewlth transition

t g..int sins.

e R e S oG P AR raRORons e sy, accing
sodllmltsdra:atevc& potabsisib §iltatapgbiieal0. Daanl, hiRalidgGaRY ani 'Pl@é Fi@Btional

disinfection, and in other various fields. The w de
transziiy g isBifatss immebilizedsmptgriplyivere shisll, effeinproush washiag with
distiBdd of alebshitedl HWard:"MBOFANL BSRQGH & 51111 ?mfn%téﬁ 8& r%laterlals The

Accordingly the invention pertalins fo A me
lﬂﬂnpblbmﬂbﬁlngtlQnithtrbmdlmczerdethl,lslhtat@aaitenttoh&ﬁﬂhlbk@ﬂaﬂﬁﬂ@dved up to 3-
10% ate usi n %Ilvated al um na, al um num oxi de,

°§W' E%% nP@?Eﬂé §Udi®z sand, functional transition

netal silicate |ncorporated resins and functiona

transition nmetal silicate containing resin coatings on
hm@@éLﬁﬂEﬁéﬁim%ﬂﬂﬂﬂéﬂmmﬂ6nﬂxﬁﬁﬁdwmm&m@ﬂh@DSﬂFlow di agr am

f bili ctio
e I Ay -
and itrmactslization westagthined 8) tddingkadifinngica ) dﬂpo‘tﬁ%sﬁlﬁl difkite (0.5 g/ml,

ta es such_as agropolyners, activated aluni na,
alkal, ffica | )C%Plkg&n Ao RRoRG GRDSRar e1siviasbest @xtersively with distlled

or da@&ﬁ?e?ls\lvé&gﬂ sid {}ﬁ%ﬁctw?ﬁlnttrﬁlsﬂ | A9nSal HEERD b obliBed silica gel was

subst ances suc
obtained after drying at 100°C.

Immobilization of functional transition metal silicates on quartz sand:

Quartz sand of various sizes were washed thoroughly with light acid (0.1% HCI, or H,S0y)
later after removing of acidic traces, the transition metal salt containing solution was added
and dried at room temperature or in a oven, to obtain, more content of transition metal
layer impregnated on sand particle. Later to the dried metal salt impregnated sand, the
solution of sodium silicates or potassium (sodium to silica ratio=1:1) was mixed
thoroughly to obtain, immobilized functional transition metal silicates at 2-3 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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agropol yners, activated alumna and silica ge

PE% | CAL Addition of trans#tion nmetal salt containing
INPApY8ubst ances  such as cel hlose, al um nium oxi de and

quartz sand. Addition of sodiumsilicate or potassium

silicate containing solution to the substances such

S 158 %I% Qse,. qlun1qun1o¥|d-.and ou%;t% sandtl

bmmﬁﬁbﬁﬁlgmﬂummsaﬁ@ﬁol or |sopthaI|c food gr ade reS|nsvat
various doses ranging fromO0.5:1 to 4:1 (wv) and

As QT déscﬁ@e@ [ VeTe SPPPErWEIBROGICORIY A eharaanede| saits (such as

chloﬂ:(?e%,amﬁ%{e% hhgég)l &’gle ?fqeﬁstov@oﬁut o%OX‘P' %(ﬁl.dlmt 911152&(9 %r po%ssmm
size. 2. Transiti'on me aining

silicaM&oMﬁdiMonﬂlumtsmoaaﬂﬁal $li Eesroat aleidod rdaﬁtbﬁumihd(it[ons(pH 2)

on- g ilized substances by ext ensi ve washing with
and thess, pPABEL GRRGHIPE TEH ol Filipptgs N@r%@lvdq@fr%v@ﬁm%fsuch as
vinyMERQUBH bREhARD- o BRIk ARhs SHRASRNGESIRY catalysts (such as cobalt

octate), and were allowed to polymerize after heating at 70° C to 90° C. Later these

materials were powdered to obtain desired particle size. Later these materials were
powdered to obtain desired particle size. 5-20% (w/v) of functional transition metal
silicates were incorporated in to resins.

The immobilized functional transition metal silicates of desired particle size (in microns)
were obtained by grinding and or by passing through required size mesh.

Functional transition metal silicate containing resin coating on solid matrix materials such

as quartz sand:

Functional transition metal silicates (silver silicate, cupric silicate, zinc silicate, zirconium
silicate and manganese silicate) produced at acidic pH reaction conditions were 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). This functional transition metal silicate containing resin was
coated on solid matrix materials such as quartz sand by vigorously mixing. The resin-
coated quartz sand was dried without addition of any catalyst or accelerators at 70° C to
90°C or by keeping at room temperature for a week, for polymerization.

Amount of immobilized functional transition metal silicate on a matrix varies based on
initial concentration of transition metal salt, soluble silica, the reaction time, particle size
and type of matrix, and mode of immobilization such as physical or chemical. These
immobilizations in present invention can be classified as physical or chemical or
incorporating directly into resins or coating of functional transition metal silicate
containing resins on solid matrix like quartz sand.

The chemical immobilization means that transition metal salt solution reacts or transition
metal content chemically 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 metal on to them.



extensive washing with distilled or deionized water
val of unbound or non-_j mmobilized substances by
prggﬁgnsive washi ng with di%éill ed or deionized water. T
Drying | NCORPORATION Initially preparing transition
nmetal silicates by reacting sodi um or potassium
cat W t h.sol ns ¢ nta|n| .. metal s
physipl o Fehis 83 Gl Bt pp oogal SisEh oTearong GrepHbose
quart@fsmdiea@mtr@mp@eetﬁn ﬁnt@fresli@s)(' c nmetals, like arsenic,
nmercury etc. di si nfection of mcrobes such as
The ltrruﬁ@bﬂlz@éla’@@@rqnal tragisitipnanetalanlératashevoeansiye indusetal epplications
for o%@ﬁﬁlhat? E@ﬁ@%:uﬁhl A@qh%%érsvagﬁé fi 18? dThe \Wd gsgcatt%fil of the
I'S |nven I on descCri nmo DI ron of ona
said tfoadtinkl aransieibal meial | hdaes, is Ant hﬁpcﬁtanwaaspecs ueh tﬁé'inﬂlention
bilization on substances |i ke activated al um
Accogqﬁrlgo

B it riPesi9e, DB b 8amethf gf Pradveipe pwsiopiized functional
transfioB RREAY i 2 Ring! a%ﬁ?&t&@élhﬁmfao QR Sxld8Sd ﬁ%osg Ya&ihe guartz
sand, and silica . ncorporatlon 0 unct |oﬁ%
sand fuaetgingl tomsrtemahets] dl]lm msonpnratetol nesss; arsl Swctiorabtrasitydn metal

- resin or reS| i sopthalic food
Slhcager %Odléa“ﬂlé‘% FPs™ & ??&1115% éf‘o 1(5)101??}%# G |qH a?ﬁ t hese resins.
3. Coating of functional tranS|t|on metal silicates
containing resins on solid matrix like 10 quartz sand.
This invention relates to effective utilization of
i mobi | i zed functional transition nmetal silicates.
Al t hough many net hods are known for decontani nation and
di sinfection using netals, but 15 integrated nethods,
wer e not devel oped for both netal, chem ca
decont am nati on, and or m crobial disinfection.
Present nmethod offers and integrated nethod of
decontam nation and disinfection of drinking water and
ot her polluted water, at cheaper cost and in an



effective way. 20 Brief description of the structura
ils of the functional ansition nmetal silicates
IN/1)‘§531‘%§;)%enczlosed in the acconp%%ying i nformation: Figure
1- A- Conposition analysis of cupric silicate
(synthesized at acidic reaction conditions) using EDAX
Fb“g%_achedj;o S
A ] ( - e
mha&ﬁa|ySIS of cuprlc S|I|cate 25 (syntheS|zed at acidic
reaction conditions). Figure 1-C. XRD (X-ray
diffraction) pattern of cupric silicate (synthesized at
acidic reaction conditions). Figure 2-A: Conposition

anal ysis of cupric silicate (synthesized at acidic
reaction—conditions -and at high tenperatyre: 70 Ctao

tranm%on metal

oo

90 EFEMIsilng EDAX att ached HYSISEM 30 ( ScanrNeQRPERAGTENr on

M croscope). Flgure 2-B: ESR (El ectron spijn resonance)
i H-i-¢cate Ysynthesized

specttoreter—anal ysi
at acijdic reaction conditions and at higher ten‘pelr;ature

70— CTto-90-C) Fi gyre 2-CY XRD (X-ray diffracti¥n)
pattern of cupfic sillicate (synthesi:ed att acidic

A&dﬁa&%d‘agm %Qldl i ons dnq 1%!;10 angtl J enper at niti I, i
sagdmtﬁ)ing sdlu&%n%‘r D8 35 Flﬁg&t&]@n{ tA,EngQJJDOSI ti ()ﬁ},}ﬁﬁﬁ& £ ansfé

FSlSlehel l'i cate (synt hesiszdidosatumheut 1 al (pl-slocﬁxm&)potassmmsmcates
zlgf”éa o B Ebndi 1i ons) | W8l WEIARGat t aghed { 0ViiSElyfons containing
Siic eta
canni ng El ectron M{croscope). Figlre 3{B*"ESR
(El ectron spin|resonance) spectroneter analysis of
cupric silicatg (synthesized at neutral (pH 6-7)

reactifon conditions). 5 Figure 3-C. XRD (X-ray
di ffrgction) pattern of cupr;c silicate (synt hes&ed at
neutral (pH ©r7) re 3). Figure4=A

Conposi tion anplysis|of cupric silicate (smnﬂﬁe@;n%tgghcgetwas
baS| c (pH 10-11) reaction condition$) usi|mgedeDAXith viny! esteror

%S“’@teSEM ( Scanridfiign Exdier fige M| cr os¢ d@ﬁ ins o A

esms at vari

Jemi Bl ectron spichior %ﬁéiﬁgteg spect r OB Eom 0.5:1 to 41 (w/
su&aaksyﬁues of cupric si shbﬁlﬂteﬁsu(‘l&c{lla&ﬂt hesi zed)f’aﬂolbla*gln&thmsm

SopimgQaclihd eact i on contliipinorigyd aRigul e 4- C: ioperyy it ey
aggine P i #°on) pattern|dfcupric silicate (S>ybmidheﬁlremﬁdmat
basic (pH 10-f11) reaction conditions). Filguifgtgumpalsilicate
A . . o] 1ngresmwas coate{ion
Conposition anglysis|of cupric silicate (‘>)ﬁl}11
extrene acidic| (beloyw pH 2) reaction conditi ons by

addi-tien—-of 10/ mM of ;@Aﬂ?and_a:_lo ni gher—tenperature:
15 70$ to 90 C) using EDAX dttached to SEM (Scanj ng
El ect¥Yon M croscope) ., Figur® 5-B:FESR (El ectron spn

resonance) spect r onet er anal ysis of c¢upri¢ silicate

af extremE beun Obl@lll oW pH )Rerp ‘wiibeypy or non-
25%2% &ZU, E1E$qﬁ§ls Lddi ti on 1mmo 11/ ;zi 111]1bSt n es 86% eXt fgl e:cFl fbstances by

ing with

dish'ilegheﬁon&ee maer at ur e: 'K&nst(ﬁedtomel d@)amr Fi gure letgeygﬁgomzed water.
(X-ray diffraction) pattern of cupri¢ silijcate
(synthesi zed at extrene

' ' '

Drying Drying 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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20 acidic (below pH 2) reaction conditions by addition
IN/P%BS O m of 36% HC and at _higher tenperature: 70 Cto
. Figure 6-A: Corrposit%n anal ysis of cupric
silicate (synthesized at extreme acidic(below pH 2)

reaction conditions by addition of 20 mM of 36% HCl and

. at_hi.gher t erature: . 70C _to 90 C) using EDAX. )
This gy A e TS P A O PR ST 68 deeh Slissges, in three
wayfdughege 6-B: ESR (El ectron spin resonance) spectroneter
anal ysis of cupric silicate (synthesized at extrene
. abpgphiliggianoon spbstyncese Hkse iagtmvamz aliutriieen slbyinaudioxiden celfulose,

%, .at. hi t t . 70 C Q...
2ol e R OB T ERSE AL, ol 208
cegdric silicate (synthesized at extrenme acidic (bel ow

E}Q 2) reaction conditions by addition of 20 ml of 36%
FOIPAERAIQR o %ﬁ‘é]ronalst@antsﬁwéﬁ%fﬁlu?rllé@ateﬁon@otr@SH%SI{Qh 3| ViU eester

Treby; cgq;mgéh(glilg [ ' [ t1.C hesized .
art 1r?eut ral (pH 561?%?6}% ?11%%<lal 1 gE;)]ocF g%gedﬁésgldgnagﬁhqﬁ%?ﬁg&g%%%n% with
atheseohgids.t o SEM (Scanni ng El ectron M croscope). Figure
7-B:;. ESR ( El ectron spin resonance) spectroneter o
5. gl iR Re e Spirs iFeuipiérg eping e sp hdl magi like
Ggyzihzrsgggti on conditions). INPA-508 36 Figure 7-C. XRD

(X-ray diffraction) pattern of zinc silicate
(synthesi zed at neutral (pH 6- 7) reaction conditions).
. e 8- A Ltion.apal ysi.s of . zi silicate ..
s et 3oty B RRRN= AR ARR T Paonff Sotbpntl Fintion mew
silicatdsel ow pH 2) and at higher tenperature: 700 C to 900 C)
usi ng EDAX attached 5 to SEM (Scanni ng El ectron
Althqyed ey dpetiodsarg ipews e depmparpmatien ﬁltﬂwélélpqutlplé yenameils, but
: . j [ i c . | zed at
e RREChEORT ;200116 Ryl 08 BBl AERMOFRARES, B o
micr¢highdisinfeetiper Rriesmme methd @fére aQ0 if3pgrafedguétod o€ deddimination
X-ray diffraction attern of _zinc silicate )
and élé’#ﬁcﬁ% i% é{’fﬂ nge%)f“‘iegﬁ%é Stieginollued Waigh (3t GReansh Pt adsin an
effectibetv@yy pH 2) and at higher tenperature: 70 Cto 90 Q).
Figure 9-A: Conposition analysis of silver silicate
_ {J ynt hesi zed at neutral (pH 6-7) reaction conditi onstz_
Brie é?swprzwf&be stmetirabdesmls oEghm finsiomlelrangtion metal sificates
Moot RBinaRe) S ; .(El ectron spin resonance)
are espect ronetgérccoélﬁg%%ﬂ?%ﬂgﬁnélﬁ ver silicate (synthesized
Figueg 1ndutCGombpogisidn6at)lysise af t dupric coilichitd i(onshesizkd i gaidie reaction

- C.. XRD (X iffr ' attern of silver_silicate
Cond%@ﬁ)ﬂt‘ﬁ‘é@i é@é@ag‘éﬁti’ gr%ﬁ\}f &?m“gpfﬁﬁeﬁga’&. IBHPSEBRYi ti ons) .
Figufd JUB:€ ESQ- A 1606 apint Eé%ﬂnﬁ@ ¥pdctroffeted | AniBJsisS bf IC%Q%% sziilticate

(synthesized at acidic ( reaction condition
(synthgsizee et aadisepagtion eenditiong).t o 90 C) usi ng EDAX attached

reol 1 SEMAST A0S BRSSP 68 ELHG i
reacti®h lcuditisnd)i cat e

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 spin resonance) spectrometer analysis of cupric silicate
(synthesized at acidic reaction conditions and at higher temperature :70° 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° O).
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(synthesized at acidic reaction conditions (pH 2) and
IN/P joglgher tenperature: 70 to 90 C). Figure 10-C. XRD
‘%Q ray diffraction) patterm of silver silicate
(synthesized at acidic reaction conditions (pH 2) and
at higher tenperature: 70 Cto 90 Q 25 Fi gure 11- A
S 0 Y,
Figu PP AR g is . AR IEERe MhrEhe o ML AP 8.7
react@htcandigons) msﬁElE(ASK attaihed tcESEM (ISOﬂmMg:]EI@St&&pmcrosdﬁp@)u re

ectron, Spl n resonance Sp ectropnet . .
Flguﬁﬁqéﬁé ESEO ﬁﬁ%ﬁa@elf‘épmne@t &pec rgylﬁfeﬁe@aié@ af CHBYi¢ rsijcate

(syntﬁ&ﬁeé al heh@RGIH 817) tQREMt ERRfIonsfi Qure 11-C XRD (X-ray
ffraction) pattéern of manganese silicate (synthesized

Flgueﬁ 3-C3X R (Krray difffieciBon) patteaof icopricohicktt (syngiesizéd gureetral (pH
S|t|on anal ysi s of manganese silicate

0
67)?@95Pﬁ@§&§8853t extrene acidic reaction conditions

Figutd @l oWCpirpasitian @n@ltysﬁ“cﬂ rlt: Rt yhesiZ &t Hasi®Qpld 10-11)
usi ng_EDAX attached to Scanni ng El ectron

reactm@p@@@@lgﬁé yising @W@Gsch@f} tCFS (@carpug Elegror Ml@l@sqom)
Flguﬁp I4n‘B r ?ggn Syn% ﬁ gp%gﬁén%g()t i r%ﬁfe?er oina[%{ég?f‘ ¢ pr1c silicate

me acl di ¢ reac
(synthe:smédfat o ((lﬁéllowmbh&ibnanmﬂlamnsbu gher tenperature: 70
XRD (X-ray diffraction)

Figugg }‘ﬁﬁgﬂaﬁe@%m@/. CPFf 1@n)( Rfithelspursly slicates(synthes e

10- lf)q.@&hbgeomais ions (below pH 2) and at hi gher
t'enper at ur e: Cto 90 O . Figure 13-A: Conposition

Figuem&lAy é]osnp@{snmn rao@llysls ol supl iccali @t Gymhbesidz d:xﬁtma ecitlicabelow

ot A bR e SRR 0 ST SRR e

70°CtEbTLY @MmSEDAX A&RAGGBEN @@@hﬁﬁg@q&&mﬁwcyo%bépe@f
zirconiumsilicate 10 (synthesized at neutral (pH 6-7)

Figuree JcBESR dBlegiron ows) .refingageg SP8CMERD apidysiayof cupric silicate
(syntgésmea ad?tex oL ’}1 Qﬁtd&e eloQ\]: Al til) or%apclctggnrl] 5%{1 I ?@% gy %8%1%%)1(1“6? &6 dl of

36% H@Hﬁ@@hﬁhl@lﬁh&@ﬁ}béf@ﬁuﬁe GOO(thcr@(ﬂrﬂ)um silicate (synt hesi zed
at _extrene_acidic. reaction conditions (below pH 2) and

Figueg Sifi:¢fhd? (Xempetifftastien) potea ob cg@l@)ﬁﬂwéﬁen@mbmedly extreme
ac1d1@&l§e%§\b Eg}REPE§§%I{ éﬁfﬁﬂﬂin@ Iy'%dﬁftfoﬁlo(ﬁ" M & 8?%89@{@ Eh@Yf ﬁlgher

I ectron spin resonance) spect
tempalaahc/éﬁO%Ccntb 989 €xoni um silicate (synt heS| zed at extrene

G, reaction c ndltlons el ow pH 2) and at higher

Figufihis CAGBLIOn R o o ooy Sreja wnsiesieed R Gycelow

pH 2 'réafcﬁ@&?:d)rﬁﬁr)imﬁqs;l SddHiG oZ b6 SN, SHEI GAd Gt higher temperature:
ynot esized at = 20 extrene acidic reaction conditions

O°C(t@ 80 dw D Ardattachéd ighdiM (Baapeingtilectron Mic®steped0 C) .
Flgure ge% Egﬁb@g%mrgﬁﬁis %etélg%}%lcn)f(fgg%gfme{e% a&n%f’yms 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 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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ESR (JEOL, JES-FA-200), AND XRD (PHI LIPS, PW1830) to

understand the conpositio structure, etc., details.
IN/PA508ow appl i cant provide t?‘fé fol | owi ng speci fic
description by way of exanples and illustrations of

the invention and this should not be construed to limt

Lot [ nv ntion i.n any, manner. Synthesis
Flguzs%gﬁ 58515&?{@{/ g%fﬁ N @S of Zing ﬁrl}ceteéﬁmﬂaatzegm Pgutizh ?pH 6-
7 reg&%rcbgﬁqohg det ai I with the following illustrations 30

Synthesi s of cupric silicate at acidic reaction
Flguc:@ ﬁdﬂi tCampositian adalysts eforhustiedte (yathesiged aft éxtremeGachlic reaction

cond VpeTRY rhfr e AT bRl oG R R R Ahonea

to SENITEJannitREE e @amt Mo RO t| on is acidic. The resultant
preci pitate obtained after renoval of supernatant was

Figuge | &8 aﬁ%r(‘ftl@fém@ugmpywss@nm)s EPesgromictas enalysiy jofgzipe silicate
[
(oynfiEy Rl R Bligich EhRI0n w03 (BB R P TR My R Rfperatuce
70° G’ €)si i cate by using EDAX attached to SEM
(Scanning El ectr n M croscope) further confirmed by

Flgugﬁ&%ﬁ%@ (et e d sctbcrm PEfErAL Zlelr:. gisrie (Prpfyesizeh AEFpIG 8&1d1°
reactidn don@fBnRbv I8 Ghe g ﬁl@le?@éﬁ]%/e%tﬁrebwoed‘ &F$J°QH, Spi n

resonance spectfométer 5 resulted in characteristic g
Figuval%lAs Qn&nndsmopeataiysmmf chvaresibcaie dsperthesitretd edt ovgufrak (pH 6-7)

reactcangeg) st ARy 3 bR sanishe Bictnd rigloscore)

Figu®é |9- Batlﬁmc&uﬁj §fih 6€sdnanet) r pbctdrhétb@hhlQsts agtakiyeer Ssilicate
resulted in 8ﬂ[{)ea s as evidenced in Figure 4, which

(synibpsitesl a8 neitesd (phl €ahtregstiak sondienspeak hei ght, (counts/s)

1 ( .
riguf0 8- CRR AV B oyt Pl NG Rl SRSy SRS RS Bag gy neupl ot
6-7) igacdr’éndficasd 16. 28197 2) 1593. 74 and 32 29018 3)

1470.73 and 39. 79307 This cupric sil
Figuge 10ndy: iamposdignanalysis of sibver éﬂl&zteéswhqmé% aterichy (R 2 eagtion
condmacﬁ erdht Webber :l'énllgérﬁﬁfeedmbx? '0m QI)W'J%]E% k0A% &litaPled?t® SEM
pm arseni ¢ sol ution prepared rom SO m ar senat e
(Scaﬁﬁﬁa@Echky)n Mibvoscapepri ¢ silicate disinfected 2.72x10 5
col i for eria fromdrinkin ter, when . 10ny..of ..
rigug 0 Bor ehibht G s atrenaten Shechametst HEBsisophpiver slicate
(syn®fi Nt Rd rabiifk badinei epH(2hakldat higher 2npbttsree 9p¥ €ao 90°
silicate inhibited the growth of gram positive and

C). gram negative bacteria such as E. Coli, Staphylococcus
Figu v\ﬁgﬁ%ca@g&oﬁ?&g g:{acﬁ?lg)g %%%na 'of %nlgerB 5 &cité l‘tgy&ﬁ@{ieh &, acidic

react@ioounbiticas (3 ¢ Tatd & hdgher temperature: 700 c to 90° C).

Figure 11-A: Composition analysis of manganese silicate (synthesized at neutral (pH 6-7)
reaction conditions) 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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Even at a concentration of 0.06% and 0.125% of this
IN/P,g gic silicate in growth dia inhibited the growth
ij coli (Table 4). 25 This Cupric silicate inhibited
fungal growth of a) Sclerotiumrolfsii b) Rhizoctonia
solani c¢) Fusarium oxysporiumd) Pyricularia oryzae

to 32.93, 73.2, 76. and. 10
P EZBE R 05 Bl % PRl e et BPspsg licar
(synthesigdonekirdehadiefredcing dendilall (Belo®pH ¥ &1 at higher temperature:

o disipfection nature of this Cupric silicate was
70 Ca‘iﬁ’aqoyﬁjéd usi ng Bacteriophages and this 30 cupric

: I t c e S

winf 2564 800 LSS0 Moty TRE AT SRE Rt o

extrehmsatcallalrfmcasn tatditos: (beB2pK A @ad b5 bfp8ér Bijperdthre37¢,C to 90°
Escherichia coli C 3000 (ATCC 15997); NX-174 (ATCC

©)- 13706 - BI ) pl6.6, E. Coli (ATCC 13706); and PRD - 1,

FiguPel 13:A2.CoadJARRE! a'n@ly's1|§Vo?%r@&‘ﬁuﬁgslﬁc)é&hﬂsw%’tﬁéﬂfed(a%-BGEtral (pH 6-7)
19585) . Phages weré assayed as plaque-formng unit

react(OPEU)ldluQnﬁ gising HE) A X ragig gedttd SEM@@amnag]EIeatrsliemgmpe

rigu LA R FCRTY it SRS ete] APgus of Fgpaniuyysicat

(synthsiZed @€ A@Rra® (¥H 607) rea2fibn chidditilspco) . 5 Bat ch absor ption
studi es: Three hundred mlIligranms of the cupric

Figure 13-6aRINAS-1ax diffrpetian) patigen gheiacoanun piligatedsynthasized acheutral
50m conical bottomcentrifuge tube.

(pH é)f7 }e'&&fo% C%tng{t On%bacterl ophage stocks were added to
FlguﬁtOﬂ)MﬂA dfo1ﬁp@ﬁtidrﬁmﬁeysmbf2ﬁebdﬁﬁﬁlersﬂ(cﬁlb (syifthokidd 8at Ak trbi@e acidic
achi eﬁe fi rh%I congentration of approxinat el MlOS )
reactwﬁwﬁ itiops £heih Phi 4130 4t dieher tepmerabieddY (Do WhsCatringaEDAX
attacﬂ&l tB%E@\@?gbaﬂfnntg@eéﬁ%ﬁ%w&d&@@%&.cont aining the mat eri al .

A control tube containing s ed DI and no materi al
Figuyea $4-8: SR (IElpetradspiil hesonatpe} speetremsealasalysib e zpbmimd sﬂﬁnate

o i g o AR B S

7000/\@r9@0@rmved and centrlfuged at 3000g for 5 mn.
1guots of the supernatant and the control seeded DI
Figupg Geﬁﬁ%d(X o defrpetion) | patte, 0§r¥@lrcalsmayédwfa@r (syyhilesized at

S ha d _abov 0
exucBERL kool PaRBELE G ORVRT ) BB S RB O RN B i 0 90
C). viruses such as Ms- 2, OX174 and PRD-1 (as shovvn in

table 7). This cupric silicate exhibited chemc

*Thefypetipng ‘traf&é@élripﬁtﬁ% ﬁh?'c}t%‘”ﬁlﬁ@ﬁé‘b’?fiﬂ PhekM/RPAX éESgﬁMcXL 30),
ESRS FJ’ECYLat 9E§ %9\026@) 42 hFP{ TLIPSNapRIRETANGS LRIGRAS the

[ordform 1,1, or oet hane,
comlioettloapshhmnmetethIMLs t ri ch! or oet hyl ene,

bro di.chl or pet.ha di br oi npch oroe
Nowt%H igant, groy gh E‘gIOVB’F%rﬂi‘F%ﬁ?} Aeicrg) 1onagy way of examples and
illustehtiohd OF 11 RfveR®Y RAARY shAlil$ 561 ¥edohRub@ts nlmlf\ftﬂeegcope of the
t horough m xi ng of cupric silicate with 8.950 ppm
inventionha Reyvephzgies cont ai ni ng wat er, the super nat ant
IS afteré{%rem pitation of cupri c silicate

Syntﬁeés\}seéfé'gr{cﬁélfca pric silicate decontam nated
Syntligsishodlcopied §inces wilCopHéseribdd inGiatad 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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25 decontam nated 5.4 ppm of trihal onet hanes out of

. ppm trihal | onet hanes gs shown in (Table 8). 2.
DWR%?ﬁghesis of cupric silicéﬁ% at acidic reaction

conditions and at higher tenperature (70Cto 90 C): 50
m of sodiumsilicate solution (0.5 ghnl) having 1:1
si.licate to sadi um.rati.0 was d 3Q to 0 m__.cupri
The Sl Perrbth HEP oo oG iy ek g ndr it gh i Ser Hisafe b
using EBADRA £ t© SENE e3cafinibp Fldetré Mictddc&id) endmighitee Rbnfirmed by
overni ght for 12 hours. The precipitate obtained was

analygingemnish S &SorEShalS Giigwedi-41i | | ed or dei oni zed wat er
: qr | i ven. 0 L
i A 0l 00 P BE00 0 TSI
resul@ll ifi hiractedstid € atlaedyf the pealg, WHAK wdrt pedsented dbelsvafanishgyn in
. electron mcroscope and further confirnmed by anal yzing
Figuig Ic R aﬁg\gagﬂe”-CP- AES (Figure 2-A). This Cupric silicate

A) 49BN SuBj 65k t ocpRa| ¥ei S hy) BRFT T OGNy SPigI3 " esonance

spectroneter 5 resulted in characteri'stic g val ues of
This tChpripedicaie wherc lubjertel pr ¥gepttrastbownglass strolted im 8 peaks as
. Figure_2-B, and. Table 1). A 2, 23480 2.06456 This
evidgagf 1 PG éaawﬂlcmgﬂwg St P, Py Pl (G and
AngleBbysis) beshst edpdalts Reakfes@ficd BYlodens adown ifrifgEie 16C, and

whi ch shows 3 significant peaks, and peak hei ght,
Tabl¢ldounts/s) and 10 Angle (2 theta) of these 3 peaks,

[ sent ed I ion Figure 2-C and
12 a%ﬁreg‘“@?.{s%f?é@ss. 63 an 1%2,3%3‘8‘?992?0 06. 74 and
3) 1438.7238409.7830602. 52 and 39.57159 15 This Cupric
. silicate decontam nated arsenic up to 55 8 % a?en i
This soyppLiegats AeconiparRFeharseijznEp 19 Hat et B NS §f i1 paterial was
- . . |
neatid bffniflhe i ERTAAIE hop el Rl RAGAGEL hoAT AR, Witnat
(Tablti19i nfected 2. 72x10 5 coliform bacteria from drinking

. wat er, .when_. 20 10 f cuprj.c silJicate.was,added tpo 1
This| PGt S ol PO OATaH| nEPUF B PR Rl GINE Wales when
10m§ dPRIBlc)silicte W HdAB$tS11REr AUBliFdEmSddntaG@hBe@lriMahs hater (Table

reaction conditions (pH 6-7) Appropriate anmount of

). sodiumsilicate solution (0.5 g/m) having 1:1 silicate

.to sodi.um .rat. s added 1o 100m = of riG. €hlorl
s o A ORISR N R PR Bk B S Bl B Pl s
as ETU06liJ 88phjlasiccy egew, tPateloanbdbdiufigosi)pnd Basillus cablis when
mas_obtalngd after renpval _of supernatant and dried
cuprigfsilisater(R@p Gugrasynixed mith dasipia e dimediy(lablegdi oni zed
Even Bt £ rCPn(égl\ﬁ'aﬁblll L8R 5ok And PPBY, (@] UBRc ]silgcateaﬁ)b growth media
reveal e rom anal ysis of this cupric silicate by
inhibited the growth of E. coli (Table 4).
This Cupric silicate inhibited fungal growth of a) Sclerotium rolfsii b) Rhizoctonia solani
¢) Fusarium oxysporium d) Pyricularia 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-Bl1), 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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usi ng EDAX attached to scanning el ectron m croscope and
IN/P b% further confirnmed by 3|3al yzing with AAS or | CP-AES
IA(' p%jure 3-A). 30 This cuprrc silicate when subjected to
anal ysis by el ectron spin resonance spectroneter
resulted in characteristic g values of the peaks, which

oS el DS el e el B o il Bon By o
their 935 LGS hbblk Bﬁd%%%ﬂ%air bl &lag Utk éribedi Byl S@atsedp8em, and D.S. Dean

jected to X-ra ffraction anal ysis resulted in 6
(Gen@@avcspeasnenéam@@nd@@terlﬁl ritgease 391, WHi dh Sespangand Co., San

signi ficant peaks, and peak hei ght, (count s/s) and
ancés g?e (2 theta) of these 3 peaks vvere present ed bel ow
Batclggsslogigﬁmmdmdﬁgure 3-Cand Table | ). 5 1. 940 90 and
77 . 2. 764,43 and 32, 29276 4.85 a
Thre%bﬂﬂﬂ?@bglﬁhﬁr%ﬂsc%a’ue&“glw Hlisets ‘?S@écaéﬁlf%fiﬁﬁ Jysdehe raé’grﬁl%ceﬂﬁmo

each 'i)? t}a'Ze ztexqi/Pe m%oﬁ%ﬂgot@(fm tc@ﬁtﬁfdﬁ@tt%é al\1]WBSts af HIRAbREkrRYhage

ter of 2.5 ppmarsenic solution
stockp r\&paaéd:bdf mom(htddmfumrdc siemtzed visder((FbPe 7.88.4) thiaghieve final

conc%mél@{rllgxi? 0 Iall?f?rgat % efq}z]a Bﬁ&ﬁf dl?l%e gﬁ%kgr oﬁéﬂ f %%reg'n ed DI Was added

to cadl bf th@lRed@BeLERRANINE tHd thteHialOfA €ditiol AibECEMAnHE mﬂéﬂdDI and
drinking water (Table 1). This cupric silicate

no matatinlowaseadsct pmg@rbd gibakuben vee) seaief! dpestnlenerd s 4 @fta}ry haker (Red

Rotogﬂﬁgﬁ % olaoo er(s) r§01§rgtéﬁc(, 2?1@' 2? 'nﬂma‘t)?ﬁéﬁg%{ %ﬁggggbg rp%)8 "%he tubes

weredBhoB& BIG cdfirifugsdacB0O& Sor 5Nlrtu|n AligsHs ohtler mq:lernatant and the

concentration present_ in of fu
contrgy riegriedi HLowereu pemevess MGHEH%V&&%%S%@ Famdd gt e’ respective
1): Required anount of sodium
Bact&%ﬂhéﬁs%@ée*ﬁﬁ%%%( .5 g/mM) having 1:1 silicate to

Cuprgogllichie dadonaminaisd at et 1% BhO@rinphagt vimpesi such his dYIB e KX174

solution (0. /M) to obtain basic pH condition
and RRID-11(as wnmﬁ%ﬂ? é’gul tant precipitate was obtai ned

This L SE §1 {Wv%l(h te(‘f Lbﬂ%ﬁqﬁ:%f %Eflut%'i‘td déjd’oh%ﬂnngcfbnaﬁfo%érty when this

distill ed or deionized water.
cupri'Eh ﬁhsatd: I(Géd) emgp vmp pédedr &t |t1mha1msetha1@s 8(’3u@11:, aSec}éguoéqjm 1,1,1,

anal ysis qf this cupric
trich ‘i‘ d totega‘gﬂ?ﬁoﬁ@y@ln&ct r otHS]?‘}lo ﬁ’é’ie e anlgI F% d %c]%%oethane
d1b1c§h%bfhld'r6@9aﬂé}’ RAMNSloBGylene,t hréiSoah, | CF; Alihlor-3-bromopropane)
Figure4-A). This cupric silicate when sub ected to

disscavrall yisi svatsy. et rﬂm’roggh nmpxéReH n2n éélpgﬁeé*ﬂlﬁ%iﬁef“é‘ih &30 ppm
trlham gha%lg% glglﬁ glglagge\i% %t §L§) 1%21‘[\!13‘! Hl%ﬁ)&_s‘?sf aI:the H&Eﬂ:}lﬁﬁtugwaf Q:Hprlc
silicak@Dleealdd ik &1p¥1l‘8@1@cﬁ): &caﬁt@ﬁdna‘fé)d ﬁ.ﬂﬁ.\l(ﬁﬁdihﬂiiﬂss Cappici glicate
silicate when subjected to X-r di ffract nal y
decopiaguatedi> PP pletatkglogmethaggs %ﬁ%é’ mmﬂ@@h@’ﬁle%a Sc?ﬁow“ n
(Tabgén ws 1 significant peak, and peak height, (counts/s)
2. Synthesis of cupric silicate at acidic reaction conditions and at higher temperature
(70°C t0 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 oC.



10

15

20

25

30

30 angle ( 2 theta) of this peak is presented bel ow (as
in Figure 4-C and Tagje 1). 1) 152.74 and
IN/P‘%%B@Q%S This cupric sili c‘git e decont am nated arseni c up
to 8 % when 500ng of this material was treated by

mxing with 1 liter of 2.5 ppmarsenic solution

.epared fro odi | ArRe . PA- 508
The RREREIT ot Bt B AR A alid IR alitysn ¥ ot oy
using%E]?)KXlﬁ;ccaEhéd)ﬂoi scainindeedtemi raictasoope @i fokhergonftnesd bywhetyzing
. 250ng of cupric silicate was added to 1 liter of
with At§ ‘?@%‘Aggr@%ﬁﬁ?aﬁéq drinking water (Table 1). 5.
i SRS BEiaL L4 i) S A, Sl
resulteddn tchamactenstiti ¢ valnss ¢k peald, phich e presofite@dekow (as shown in

. a ytical ade HCl was added to 100 ml of cupric
Flgu@{h?%r?r@gﬁ(bégb g/m) solution. To these acidic cupric
A) 20BAgy i de) 30k48g ons, 50 ml of sodiumsilicate solution
This(a ggig i drkd whay is eéltiﬁé- t& -G BhQicROHaWR s REMRAWASTpeaks as

After thorough mxing, the reactants were
evidédreed edFigure 6, ¥Bick show90 pranehnk ppaksosmst péalhheighsy (copnts/s) and

hogirs.. Th reci pjitate ,obt ai ned was, ext ensi vel
Anglg 8 BN RO ST Gt e POy Pel e Sl Bty 3:C end
Tabl@‘l’gn at 100 C. The silicate to copper ratio was 1:
0.53 as reveal ed fromanalysis of this cupric silicate
1) 889.63asd h6-20094X att ached to scanning el ectron m croscope
fur nfirmed by analyzing wth AAS or |CP-AES
2) @Eﬁéﬁpggg%%?ﬁpml s cupric silicate when subjected to
3) 58Dabysiisolsy18d ectron spin resonance spectroneter 15
resulted in characteristic g values of the peaks, which
were presented bel ow (as shown in Figure 5-B and
hi @fb&%'sh' décohBiftatt akedB8H%0 D5 802 Wk Jibnsy 6EBES faterial
T ST cat éca%en Osﬁdéjaect ea tCO X-z)r gy diffraction nzgnal sis e
was tiestall thydmixing vpigak slites of @i piem cazsknian sirgenr eepaedwitprg Hpodium
~sho 3 signjticant peaks, and peak height, (cotults/s)
mse%&%"gﬁ&n@%}e l3'thet a) of these 3 peaks were
This péugﬁé {188t 8ls M @B 2 Fheve ° i Blifdraub&tpaCGromnéinkady &aley, when
1) 400. 70 and 16.19872 2)394.77 and 32.27956 3)330. 02
10mard @9riz Isigpte YaTmidded: tpr i lites of jcelfoamdesirpianied drisling water
(Tab?r enic up to 42 % when 500 ng of this material was
‘?’1 ‘ated by mixing with 1 liter of 2.5 ppmarsenic
3. SOBukth@s o @PAE eiichic amhandl wattivnsenditiens (JEABLB: 1) . Thi's
cupric silicate disinfected 2. 72x£/) g coliformbacteria.
Appropsistechmaikit 9§ sadivay silighie solrdon [y &mbdRving il 15ilicateetoygodium
. a l4i f [ c Ny | Rki
ratio mg“?i %dae%lo%o( _lllggll?ﬁelcs?.cuf)ﬂk G Be Q¥ AM) igchdtd Bklafif neutral pH

condition. 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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6. Synthesis of cupric silicate obtained by addition of
of 36% HO into reagtion nmediumat extrene

IN/P%%?%IT} c reaction conditi onsl(bel ow pH 2): 20 m of 36%

anal ytical grade HC was added to 100 ml of cupric

chloride (0.5 g/m) solution. To these acidic cupric
Thi R dife Al 15085 - SR by liHtd

5 ?%H.rs '\ PA%OS WA mQS) r%wé%{ %lgﬂ%%msa?lﬂy%:%?gsi%gégﬁ Bities as

evidenatiin Fagse g edhichAfhbers 3t digriHeagh pedks, angl fidak heivhe t(emings/s) and

heat up,to 70 Cto 90 C and kept .overnight faqr
angle {38 Fgteot” et 5r Beakpintaat SroEHES Bl s AR L LYK, 3.C and
Tablepshed with distilled or deionized water and dried in
oven at 100 C. The silicate to copper ratio was 1:
1. 094@9Qend £6¢33%Ed from anal ysis of this cupric silicate
b S| attached to scanning el ectron
2. m»g?'g%cgz%%gg%%urther confirmed by analyzing wth AAS

3. 0K CPaAES .(R@ure 6-A). This cupric silicate when
. subjected to anal ysis by el ect ron Spi n resonance )
This eypeie silisptgrdepontapingied @penis UpHa2adt%er When 1005 ef thisgnaserial was

veac g AP HEN B 582315 B e DM 4 i o

(Tableypric silicate when subjected to X-ray diffraction

s B S S v B By 1
mg of @B tilickte HRLALS) tog 'ger|0§ BalifBrh cﬁnt&rﬁﬁfaf‘&i d?frﬂdﬂée\gﬁeé?’(gﬁ%lel).

~ peaks were presented bel ow (as shown in Figure 6- _
This cpabk eilityte intgbitgd fngal zBowthdf 2pSJeR0G8m R)fsizg bR Rizoetnia solani c)

32. 36589 . 3) 5.45 and 39. 31 . Thi ri.g ~Si.hi,cat 0
FusarGh SRR A O iSRS 759 Uha 2800ng o Crg 38.%
respedtBVeBf; nath 0/B5%% nidt@ el €6hdeditra¥ioni piébeid ih rdithtr@édi®bf fnBudpm

arseni c solutjon prepared fromsodjum arsenate 2
4. (Banthesiy of qupris silipatejat bagi¢ reagtion epnditione@tbd 091 192x10 5

) Y ki . .
RequSEL ARG BASLE Ul AL 19 PRIl LYNBR Rl
was added s 0t &f dupik chilgridetalntiod {ablgahl) .to 5taby Biidie pHscontlition

zinc sili ca[ges: 7). Synthesj s, of i;ti nc silicates at )
(10-1 gl dhe Fesade greRifidt ProARapplatie.rppovaliyyprnape and dried
after @mﬂgmy%sﬁ&gwm Sibtin et @eRAl A8 WAk (0- 5 g/l ) having

2:1 sificateto sodium ratio was added to 100 nml of
The sHicate tobppdrdeti¢ #acl1X),.8Dabreytaitd freml anplysis afdhislenpiinsilicate by

. al. pH, .condition. The .resultan eci pit at .
using B Biradhicd 5 Renatngeécenon i SSipa AR RIHEE 5Pt el pyenglyzing
with BRSHPEP R PHigpsladri ed after thoroughly washing with

distilled or deionized water. The silicate to zinc

This pepricosiligase whep subjeeisd rtevoallysisl bl radeatignpys Fesopfnce spectrometer

zinc .silicat.e b i ED . d t C ' .
resud BEoipiant iRt actebiit T Pl ORS00 T Ren sy 0
Figuré#{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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AAS or | CP-AES (Figure7-A). I N PA-508 44 This zinc
when subjected to,analysis by electron spin
IN/P{’ie@gnance spectroneter ‘éﬁr ted in characteristic g
val ues of the peaks, whi ch were presented bel ow (as
shovvn in Fi gure 7-B, and Tabl e 2). A 5.49809 B)

5 0,10 91
s B i AR ) 4 B9 ) BB ER: Rl F e o
dr1nl<t’1@§ whdted WHerB 256RlsS 0ASupHY | ﬁl@d’h@eﬁdwdsn afidedUER - GteMaF Cddliform
shows 3 significant peaks and peak height, (counts/s)
con‘feawaatesi\ﬁgrﬂengvetquEtlasl)of these 3 peaks wer e present ed

28m2c‘ﬁﬁﬁﬁat'éhtr3mz andwseetcrloabmchimmnbanwmaimd ar senic u p

0 98 % am of t rial was_ _ treate
10 nﬂwfrﬁﬁ'/ °erlta§ &g eﬂég a\faszldéefgmg(f 80t CugBE GhlogHe 03 g/

solutinE PES 8fdsd AQl-RPH BhgFige Elﬁﬁt@onsl% (nT%tPngdlg}ﬂ sﬂl&t‘teS sAltin (0.5
silicate disinfected 96% out of’ 10 5 coliform

g/mlpbavieg {4 silicatn T@rSOdkmmgltlwa?taeradded/meﬁelzﬁl@nglgbﬁmzmgc the reactants

were eatl;clé %tﬁg mﬁggdgﬁdﬂ%ﬁ% (Iiéter of g r: ]{23‘3{{1]&50 j’{ﬁg igc?p%a?edobtained
was ©A8aEBRLy whihea wath dstdlkUok ﬂetbﬂleecgwaret Bnd@eHdan @xen i toed C.
bactericidal 20 property by inhibiting the growh of

The slieginin ewrpeciioavnseud-Pais ratrslad from wapyes s thiggupric silicate by

usmé% é?%a%g&{%) cgﬁ?mlié %lﬁé?énltﬁmgéscgé( %}Z@? ﬁé;rl c%tnﬁ ?aag)% alga eyzmg
w1thH@;lS MQ:P&AES((FngI‘Cl‘D'@x)m of zinc chloride soI ut| on (0.5

sodium silicate solution (O m )
This § wararl% alhfatf ‘gtlfrlr sy sstadoooui rsaﬁleetr%gpmaraweanqeosneﬁféometer

resultd® in %ﬁ%@t’eﬁbtf@g Zhies 6MheHEAS, S eﬁtwae lpré%taﬁt@ﬂ pERGS @e gﬂown in

m xi ng, the reactants 25 vvere heated up to
FiguridBleepTabled).ni ght for 12 hours. The resultant

I pi ont zinc silicate was obtained
A)2g]§§'§1 %ﬁn@%f QLE@%& ant and dried after
This tcﬂﬁrﬁ@@ﬂﬂ&hﬁé Mﬁéhbt[‘tﬁlec\fﬂdtfb Hirgy idiffReti@f asteyeNict8RedVat Brpeaks as
silicate to zinc ratio was 1:2.46 as reveal ed from

eVId@ﬁed ipsFiguisd - hvkick ﬁlmlfs?t sigadicantyeakss iand) peakDaoxehit (cauhied) and

t e n [ rt her nfd ke
angleb¢ 2‘2‘[&% (Szﬂﬁ%s% ﬁ af(g §%§%8%g9 %él? m Flgrgr )él) {3 g]iTable
1. Zi nc silicate when subj ected to analysis by el ectron

sgl resonance spectronmeter resulted in characteristic
1) 48 VAP L0698 The peaks, which were presented bel ow (as

2) 3%8%& B ofhgure8-B, and Table 2). A) 4.38410 B)
4.01910 % 2.53191 D) 1.87886 E) 2.01793

3) 330.02 and 39.71761

This cupric silicate decontaminated arsenic up to 42 %, when 500 mg of this 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. Svnthesis 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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I N PA-508 45 This zinc silicate when subjected to X-ray
IN/PzQ—i Bgacti on analysis resulted in 26 peaks as evidenced
é i gure8-C, which shows signi ficant peaks and peak
hei ght, (counts/s) and angle ( 2 theta) of these
3peaks were presented bel ow (as shown in Figure 8-C and

B

were Hegtedigard TG %’ @mdkep’pmtmé’lﬁ 13842 dnern Thé)gl’ealpntmfe obtained

this mater Xi lliter
was exgSiyph RSB GhI b e GO R e R gan arerdoRee
The sl@ca(eT@kagpgr)mna— a8 12012 RirkveaRE Groth g SCbLMiOR%rieulictk by
coliformbacteria fromdrinking water, when
using2B0A afactrdrio ssdrining¢lectigmsnigtideepetand Luithas rconfirnagsl byf anahizing
rin water (Table 2). 15 Synthesis of
w1thgx%|%cgﬁbg—$$§&ﬂggre%)4 ‘Synt hesi s of silver silicates at
This € l%ﬁd @i'hcit@aﬂ{e'noﬁlbjé‘éféd' fol MAKsisGy/elbétion IR rédon@iceSdpkdteimeter
rate 0.5 g/m) solution was m xed with
resultedqm ph@actarmmrﬁ valpes efoliF pasksiware arescnded belown(ag shown in Figure
6-B, glo #ﬁ@glﬁ' lica, 0.5 g/m) having 2:1 silica, transition
atio to attain neutral pHin the reaction.
A)2A\55(ﬁr aedi.03614, of reactants they were thoroughly 20

and the resultant precipitate was obtained b
This &é@ra«‘n@llhﬁ@te tHEnsTHDECHAL f&nﬁ-rawﬁﬁfraﬁr@c?r&?xsa e il magks as
ev1de%5éc?fﬁsl'?1§ﬁlle¥ C’V'vtflﬂclg 'sl'ﬁ;v{réi gm?i'barﬁ%e&’l@ ZR56 WAL RS o1 N oiith/8fland
oven-at The siTicate'to sil 8 ratt o was
anglel(ow tlﬁ:teasofrthvm]i @dal{sr waneaprasentsidsbeddw t fissshoimnviar Figure 6-C and
Tabl ilicate by wusing EDAX attached to scanning el ectron
erh)croscope and further confirned by analyzing 25 with
1) 58083 ahd 1686 /S (Figure 9-A). This silver silicate when
subjected to analysis by electron spin resonance
2) 43patendPdBeI89 resulted in characteristic g val ues of
e ich were presented bel ow (as shown in
3) 3%?‘33%&‘35%?5%d Table 2). A 4.36796 B) 2.37847 C)
This 311 89cd) d2cdADDRa3 atsBhis ptd27 &6, SivhdncHI0engnbfthis material was
jected to X-ray diffraction apalysis resulted Jn 19
treate;sie@kgnﬁgg wally ddise @é 2 bt @E?F@CQOQ?“OWWW%%Q@ sgdium arsenate
(Tab%nﬂn'f' cant peaks and peak height, (counts/s) and
( 2 theta) of these 3peaks were presented bel ow
This (caprls lsdisatei disiBfeaytade®7x N cdlifoire Eterih NkdA-GOingswater, when

45.11 . . I
10mg o%gcugrlc s1l?cgl’([je %v%s Za%ES(? to 1liter of coliform contaminated drinking 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)2421.27 and 46. 27446 3)1835.66 and 27.89129 This
skhver silicate decontam ngted arsenic up to only 4.5%
IN/P‘%/\_E@: 1.0 gramof this matgral al 5 was treated by m xi ng
with 1 liter of 2.5 ppm arsenic solution prepared from
sodium arsenate (Table 2). This silver silicate
. i si nf . 3 (o] r f
This Glof G Fhef LEtHBH 0" Rab R RREREE Bl LML SbbctBmeter
resultdd int earaftertsokigf wimscdnhapdakat elickl Merd(pwgenw legloW {lroshown in
. in_Tahle 2). 10 10) Synthesis of silver silicates at
Egmﬁgﬂﬁﬁégmﬂﬁa%hnlconditions (pH: 2): 8 ml of nitric acid
A)S@%IOUU @) 4 $347 0%C)wasu s9ddeghytoo 01 n pyb.oskdyer nitrate

g/m) solutlon Requi red amount of sodi um

This nlcI s(fﬁéa? (et stu%%g{eﬁr@o -15%@11&1%{:&0@/ g%%s(f %éﬂﬂth(?nn 82péaks as

rans et a t1o was a
ev1deﬁ@dddnfﬂ‘1§|ﬂie$4d wetictniliovat 2 sigoifishitqreaksoambpeak rheight, (ebunts/s) and

After thorough _m xjng, the regactant re heated
Angli) Eiheks) 96 Tesia APREDL CrEePTB AR BT Forsnaon b gigire Fied Table
) resul tant precipitate was washed extensively with
distilled or deionized water and dried in oven at 1000
1) 44%.15hel 31.75%4t e to silver ratio was 1:1.04 as reveal ed
a jS of this silver silicate b usi ng EDAX
2)3éé&g%ﬁggi¥%hgcanning el ectron nicroscopg and fgrther
3) zgp@éh&pggzﬂ%6analy2|ng with AAS or | CP-AES (Figure
20 This silver silicate when subjected to .
This anaslylsatg dbs;onéax@@aﬁeé ﬂrsgplr: fprie 88, ﬁaﬁc@h@pbb@r@ﬁ@f this material was
ulted |n a r| olp y . I
tleate\%E mB(r 1C12J g\%S( sg%% %kféﬁ%ﬁ?}%ﬁ:@?&%ﬁ&?@?l%gcrlllamqérgéhate
(TﬂﬂEQFIe 2). ﬁo 4. 37171 B) 4.04714 C) 1.98189 This silver

i cate when subjected to X-r ffracti.o S
This zigg silicaig 4lﬁnf139teé e"lél’(gm&§f 22@%9%8ﬂ é‘& hagieip {ﬂn?egri%lﬂeg water,

whenV\ﬁO‘ﬁ% 3#%@@ gﬁfe fé(fﬁl B0 IQﬁé}k(ﬁ“ RnehrRe ek il drinking water

angl e eta) of these 3peaks were
Ghbbﬂ@sented bel ow (as shomn in FlgureIO C and Table 2).

2217.87 and 29. 33 684. 55 3
Zine et o RITSROGE Fn25 [T GIE MR APE OB S Hekgidel
propdfySRNinfibithd e 3R ¥ S%Eﬂoé@c@ugiﬂéﬁsq&s $Howe iAdes 5yl
s treate by mXI ng wt ther_of ! ppmarsenlc
: tliedtel phertren idic rpretiongoaditivas(helow 2 pH):

; finoili
o SO eSSy S R SR e

g/mlP 150 e ofsoiiveratiicmesoladee (.5 @/ohl) |hla‘tflﬁg 20ff siticdté fcomdllum ratlo was

contam nated drinking water (Table cheS|s
added/im thendSboasitpinmgtzre 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) 438410 B) 4.01910 C) 2.53191 D) 1.87886 E) 2.01793
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11) Synthesis of manganese silicates at neutral
r tion conditions (pH 7): 5 100 m of Manganese
INPAHE: i de (Mhcl 2 4H20, O. 5g8/m) sol ution was m xed with
required anmount of sodiumsilicate solution (1:1=
sodium silica ,0.5 g/m) to obtain neutral pH (6-7)
is h | Qb . {H'?](- 1§ AGEh nQRsis LRENWER©6 peaks as
This %12%?5@%3{?'6\3&% )%%&&g%id t eé?esuﬁrt ant g&@léi pi tgt e Wasp
evidendetl dh FeghrdBrCdenivhtshoys t heigaifioantpealerand piak hoisht i(piunts/ss and

s washed extensively with distilled or. i oni,zed
angle g B1OTAL 48 CBESF ST oL AR ROt (o oM SR RESrG Jpdh Table
7). manganese ratio was 1:1.94 as reveal ed from anal ysi s of

this manganese silicate by using EDAX attached to
13 287 Bhgndel BBT46n i croscope and further confirmed by
ﬁ@ﬁéﬁﬁ' n%"?SP?% S or |CP-AES (Figurel 1-A). This
dn88e 477 ¢at e when subjected to anal ysis by
3¢legg bR @nd SPigB1ZESOnance spectronmeter resulted in
. Characteristic g values of the peaks, Which V\t@g.e :
This gine silipate degrartainated arsgaic IR 2 37o.FV iy L0aremeot thisqageipl vas
. 2 . i idd
wneate by, i L 3P 0P 9 AR o A TRAHP B Mo g enate
(Tablpepks as evidenced in Figure 11-C, which shows one

o signjficant peak d pe el ght, .(counts/.s Angl.e
Tris 5ng RbEHF CBTTERFS 0/ RtG! SOk Do Ui pFE arERs o GIFa et
when%%‘@ﬁ% af'bit (LQHE&C Thsafdand 1178 JFallitord) conamihéBd QfinRing water
. 65087 Thi s manganese silicate decontam nated arsenic

(Table@).to 12.4% when 1.0 gramof this material was

treated by mxing with 1 liter of 2.5 ppm arsenic

solution prepared from sodium arsenate (Table 2). 25
SyntH&isofiBVGaMSRessi | i cate disinfected 51%out of 2.72x10

2 .

coliformbacteria fromdrinking water, when 500ng of
9) _ niftygthesis of silver sidicatespisnenalagactign Condionsdp-TRi:f or m
cont am nat.e ri:pKi e : ) i
o0 525 SRR DK, 09 0 TREVE i, LD b of
sodive® BidiicAte @BRtioh el aw diriieilidf0 50g/ml) bivid® 2% kiGka,wemisididd evetal
_to 100 m of rr_anlgljanese chlorig&.solL%Iion OSg\ém%.. hl
ratio Gpeffainewial PHandS Hagiony f et agditigptgpactants fhey yvergthigroughly

8/ My i Q heli ! ernatant. The
e g b Y e S et
precipiedte wae atshiedigx tersivRO0 wihtdistBied oaddionked twagsreandi dgied i given at
oL2 hours. The resultant precipitate was washed

100"6xt ensi vel y with distiller water or deionized water

The 8Nhtdid Slhvelr BaRY RAs 3t 191909 rdvealbdNiiBAr 51@13%’@ off iis silver GHicate by
t ed fraom anal ysi s

0 manganese ratio was 1:1:09 as revea )
usingEDARK stachermrssming plepteant michyscors ang B wntigpekby frplyzing

., Scanni ron am,croscope and further confirmed by
W“hz’ﬁgﬁn?fzﬁ%%gg{%ﬁ?ﬁ‘g "1 CP- AES (Figurel 2-A). This
This RNE2NRERe SiHeh GabRcbian @ulykedivedetteorangih tssamalge spectrometer

el ectron spin resonance _ .

resulted in characteristic g values of the peaks, which were presented below (as shown in
Figure9-B, and Table 2).
A) 436796 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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5 spectroneter resulted in characteristic g val ues of
peaks, which were presgnted below (as shown in
N/Pi&‘g@ére 12-B, and Tabl e 2).‘%;) 4.34636B) 4.17458C)
2.18228D) 2.11243 E) 2.05491F) 1.999661 Thi s manganese
silicate when subjected to X-ray diffraction anal ysis

r | t [ e peak as evidenced in Figure 12-C
1)39\7(5-%%“@2%\%8%(5 signi ficant peak and peak hei ght
2)24¢connahshep7449 and angle ( 2 theta) of this peak were

gr esented bel ow (as shown in Figure 12-C and Table 2).
3) 1845.66 0487 4R %4. 65599 Thi s manganese silicate

Tis SR DR LRR D o B AHED) PRt
was aegtedibg woding woth priggaced. St pamasedicusalaicnep@pared Ffom sodium

H%Ta(gdg % Thi s manganese silicate disinfected 58% out
arsengie (329830 5 col i form bacteria fromdrinking water,

This MIRA sPRORWI Shf-FRAIFNLEE &llifbERbatMBSiAM ‘Ell?igldtn% lviatézrij #8én 5 mg

of coliformcontam nated drinking water (Ta
of silSgnsitieatt svasfadded twhlitgrmos coliformn eontapinatd) diSyding eeies (sfiown in
Tablz'k);coni um silicates at neutral reaction conditions (pH
%<7) To 100 m of zirconi um oxychl oride sol ution

10) ( Zy0@kRisiDverQilkagé Bl geidi& pRAti¢Eenaiug ipipf2): sodi um
silicate sol uti on@él: 1= sodium: silica,

cate . 0.5 g/n) was
8 migefgeitria acigpioditipnnédti03p) wes added: tor Shali ofi Gher miEafe (BHeg/ml)
or ' . : tant :pLecipi hat . )
sotugh? 1M ool AR T B AE KLAZ Tha B BHES 03 DutPohion, 21
silicaparansiaad ecttad xiteon siay edldedwo tthisdicglifidd €teo nitraRSsadeti@niozastain 2
er _and dried in oven at 1000 C. The sjld cate {0
pH. Vﬁﬁ%ﬁhpw dPPNEades 15a5iags Warerhepied) Wy tor o al®y st gogrkept
overdiBhtSfof 15 GOMs UMhe SEduliGR Rebitis WAY wWERRY &tdRRBEdWH distilled or
scanni ng el ectron m croscope and further confirned by

deiorireal waterapdviried imagenoat IDCFEAES (Fi gurel 3-A). This

[.rconiumsilicate bj ected to anal ysi,s_ b -
The §EHE I AT mpl 868 danh oS Fostis dr PndBa: PEUT Blyer shcate by
usingEPBAXCAtRIch&d 10CscBniAd S8&rdAf michescPadeR], futhdrcdonBh&1 by analyzing
present ed bel ow (as shown in Figurel 3-B, and Table 2).

with AASorfe’Pa/xBS (Higugd9A)C) 2. 24547 D) 2. 30425E) 2. 18961F)
- 141230 [ [ ' I L4 cat subj O, CV
Tris e eyt R T S Ul S Pk gl it
resulteildgti rcarkSefstid NvEIAeSOBthd Pedksi s/hivhreanipwyested belatve(as shown in
. decontam nated arsenic up to 28.9% when 1.0 gram of
Figugef9-B, aﬂ%@é‘??ip- was treated by mxing with 1 Iiter of
20 s@j ubsa prepared from sodium arsenate

A) 4.?757@9“@32?4.6 ep: om
Tabl e . This zitconiumsilicate disinfected 2% out
This aflvé. sii2oald) wheg shbjeaedntd aCtagr diffrdctiomadaliysik iresplted imd P greaks as

evidq"gahfzgc@gfﬁg&%&ﬁ{% ﬁlﬁ&ﬁﬂ%{d@%ﬁéi&ﬁﬁ?&ﬁ poas A49ed 1ot tdoliSlsrs) 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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drinking water (Table 2). 14) Synthesis of zirconium
IN/P% b&cat es at extrene acidig reaction conditions (bel ow
6 To 100 m of zirconi'um oxychl ori de sol ution, 10
m of 36% HCI and sodiumsilicate solution (1:1=
sodiuin:silica,0.5 g/m) 50 M were added and m xed

. e . %1 N [ ea nt s
This %@é&% %18@%[% g{sbntf%gcgﬁl?gx%% %‘llgcgn ac%e?ﬁ g{/og% ﬁ{lg Ing wa er,lxﬁhen 5 mg
of silh@uilkate e addestd Haat ofmbEfbhnicbﬂthﬁnN@eﬂ dvbasgdwater (Table 2).

extensively wth distilled or deionized water and dried
Synthesis of Manganesegyilieatesthe sj|jcate to zirconiumrati o was

11) 1 QyrfiesSoffEMRah & (IR ARSI ntcbhéitléﬁsr q
cate by uSlIng attache o sca on
100 mi oﬁM&ngfplesaaddorﬁdﬁ (Mecl, 40510, iOingnll)ysolumBn mlrmxeah ovithi ieduired
| CP-.A e Thi s silicate
amofgh3h it Sieaa PBHEREE Ty et ofs BT Passiines 67
in the P&REEPIRIAIm. AR AREkidn) tdyawaet @biovkhls Ianaéal d#@Sthefresultant
t he peaks, which were presented below (as shown in

precipitaje rVéﬂS4018amad1d3yréb¢aém£g th%)suﬂﬁrwa% e 2p18oipBYe) was washed

exten%w?l%l%%ﬁp Xis lle%]bGru%@m aivat et aﬁzl d11ec§9 1:(;’17($v5r 2L %sz’ i zirconium

cate en s ionanal ysis

The $iB&asd t(ﬁdlahghﬂe&ﬁﬁdﬁoa@as E’\ll%%qededld’d froguarelyisGof iy @Bnganese
shows jone significant peak, and peak hei ght (counts/s)

silicagnfay wsing DA Xattagaedilp ssanning deghoaimigrseonsrand ditlhey cpafitgigd by
Table 2). A) 84.80 and
analy%@ﬁé’éﬂ‘g%ﬂgg?{_ﬁ’g&%ﬂ‘%gﬁ%m Pl gatg décon% am nat egn

This amaggaineseu mltoateSMlﬁ:n%subyhﬁﬁd 1to0 agalzsis oby t biisstrormﬂipiif iraonance

vvastreae m Xi n 11 m ar sen
SpecteqInaltr 16 ﬁﬁé’bé@&“ﬁ i %%H‘FSLH# tg %%ét %fh]@i*a e Péf)sentﬁ“ﬁ pelow
(as Smgmlgm%gl Bi &Rt Batld ). nfected 98% out of 2.72x105

coliformbacteria fromdrinking water, when 250ny of

A)1234’1@d31)I3<J%®I5| i cate was added to 1 liter of coli form

nt ani na te T b e
i AR PGl e SRR R TirtsbR0 ol PR s o
ev1ddhb&1 BXPiglileeIT, SyIsieh dhek € tne wgmlﬁcmmblk laha @dalt Heighd, QdtRnts/s),
ansition netal silicates. I'NPA-508 50 15) Arsenic

Anglaéc% e Hathisownae PEFnBBIel ewatedhsiaw éiathormansigiighl-C and

Tablé%t al silicates on activated alum na (size: above 1000
m-’crons): 250 m of Sodi um arsenate sol ution
g)claiBt0dianid39.63082 ppm of arsenic) was passed t hr ough
10x1 cmcolum at a flow rate of 10 The arsenic

nd
This apapeansse silsais desontaminaled qrsesicsw (9 j 1gr oA /Wagvhﬁ% sz R this
mateH3l! W& {rg;[)ecﬁ’g? AR L Wi D1 eV s GBRE %qeﬁlﬁ ‘%muj[—ﬁglpﬁe;%.rédqﬁom

i mobi ['i zed unctlonal transition netal silicates
sodivabareertated Tablesgni ¢ si gni fi cant ly. Cupric silicate

This Iglrangg%elﬁé %ﬁ?ﬁtg H](S rg%étt\il_cgg/ﬁg) out 8{3& gi‘xlod £§ %&%Q&gﬁg 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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Zinc silicate immobilized on activated al um na
IN/P(-j ont am nated arsenic cog%ent 91.98% 10 Manganese
As icate immobilized on activated al um na
decont am nated arseni ¢ content 58.96% Zirconium
silicate imopbilized on activated al um na
] i 591 R84 i $188inganganese
The sfiEARTH HMBRES Bg SheT: L OORL llepkd I bandill B 8D rang
silicate®y akingiHD AXtagtsched to 4@nuing felectron mi¢rescope Ancfrihneadirmed by

al um pa; 100 odi senate sol ution (containing
analyzznw&&%%%?é%ﬁg&@ &?ﬁed through 10x1 cm col um
This Qﬁn?%%ﬁ%sewsﬁi@ﬁt@ Qe Osubidchadn to Daddi@ie iy Sil@@snokpin resonance
i i

i zed functional ™ transition netal silicates on
spectraniciev atsatted inuphanecteyisin @ wdues B tharpeaksrikhigh sverpprgsented below

nm cr.ons I,Z€, ested. The arsenic content
(as ShBWEé%ElguF%Zfﬁe%‘p\ﬁ%geo%t)Uti on was measured by using 20
A) 4.3146BsBER 1ausR . KASSDCRN1243 B) 1.084X1€) 106964l | i zed on

_activated alum na (500m crons) decontam nat ed ugrd%eni C seak
This mpnganesegBligeoss wipd 1§ Bea0SuhrediopRnalyin ZpSugRt 1 one pe
resulted. | L T o \ffeaf heak @h€ peak height ts/s
as evidgRei Fiahlle 12 SR sl Wikl ool g 3T el ettt (counsls)
and afidlalf @-thétf) of RS paal) wérepessented belomt (assheatn ioFigirelPeftapd dible
i mmobi l'i zed functional transition netal silicates on
2). agropol yners: 250 ml of sodi um arsenate sol ution
2) ( GONgaiNiN%53609 ppb of arsenic) was passed through 250
ng of cupric silicate inmobilized on agropol ymer ,
This cengaiesé siicetsl desantaminated prsenie awetoot 0.3 1%opiwhen nl-0 gram of this

arseni c cqont.ent .present in treated. ' .
e SR 0! B PR S A RSty st
(Tablgq?m Tabl e 11 the imobilized functional transition

nme

al silicates_ on agr opol yners absor bed %r seni £ om drinki
This giagganksesilieaty disafpated S&%0I0ug gt & 7 ritbbeelHoy btieria from drinking
agro ner i d %0,0f b Aaminated
watet %Vhﬁﬁggégl%qdﬁgr?g@@gosﬂ?{aa % \ﬁgsf ?‘g%‘{ﬁ ? o plzt?lts _\?P g(?hffgﬁﬁ tgtg i onal
drinkifgaRget (Table®t al silicates by physical immobilization
on_quartz sand_(250-500 mcrons size): |Immobilized
Synt f 1 :on netal silicates were prepared by

13) adgdi ng fS A5ELLRR STREAL at SRk A8l RhdigiofOIpH: i607) t O
q

uart z sand (Z250-500 m crons size), later reacting with

To 160l ufivirGnsirh ogpthdorids sobttian (ZiQR BHIQ 248 sfmbceqykrs amount of
trapsition netal _silicate..on art . .
N R g Ry R o v
Afted HOUH MBSHERGhWolhlginsiked hedltheatsultahopreziptataatasrabidsdl by
m  of sodi'um arsenate solution (containing 2 12"@pm‘§lﬁ1 d
decantirge fliec upeweatanas $bel PEenRitagh WROxWathad CHANEIVANh iBofisiiied or
. at flowrate.of 10 kn. The arsenic content
demlﬁ?eéﬁ‘gﬁt?r ?J#Cﬁ}egéflé)?j’éhs%tmﬁ)@ (iﬂ%'n was neasured by using
The kERAES ARdnivin AAS. wi9 1259k deraled ffororandlybis elf2hisherconium

i mmobi |ized functional transjtion netal silj es
slcisohY B8BTS AR eQ BB OB FSERLPLBMeP S T Pespfed bY
Cupr | A d _ATkNESid1hca e, manganese silicate, and
anal R A B B R B b e ,
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
Figure13-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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arsenic 35% 48.58% 18.87% and 8. 1% respectively,

N/pAC ared to 1.88 Wbarsenig9 decontam nati on by quartz
AS d (control). 15 19) Mercury decontam nation property
of immobilized functional transition nmetal silicates
on activated alum na and agropol ynmer: | nmmobilized

This EIPJ Un? %Ilc&rter A0St dr2RaB tAlent Lp GBLBEoRN Afchi Y8t 8dm of this
alrum na and agropolynmer were reacted separately wth
materfsk veis riyeatdnbyainiiking sivh Ut litensf QZ2¢piR larpple senGor prepared from
.content) in_a batch node of a liter solution at a dose

“ﬂﬂWﬁm%mﬂﬁﬁﬁﬂﬂe%hese materials were mxed well 20 for 1

This DASHidnD sTTRER Ui ¥infeeitl @oRioRd oS 9179k 1 0N Soladen MRERHA Iffom drinking
content (ppb) after treatnent was neasured by usin

iy A . g .
water AnBerf B§Om aof itcaninadsitieatey wap e toul fiseseof. coliterabromtaraigated
. . functi I ansition nmetal silicates sequestered

‘hﬁkﬁﬁﬁ%ﬁ?g?ﬁﬂshithe solution to below detection linits

14) ( ZInHBAYEE %ifboﬁﬁbﬂtl) _eilul@&sd at%Qﬁeﬁe @ctieiicrieadﬁc}ﬂ obmaditionst (beir)w 2pH):

roperty of 1nmobilize unctiona ransitjon _nmeta 3]

To I(SQ chqft %g;omyg@ oxychdgridgsyolatzom, (10 grl Pﬁ 3% Hdl Ead sodium sﬁlcate
solutiﬁgnﬂ%E?}s%c%i&uﬁ@?li&aﬁ%egfgﬁﬁf@ﬂ@ Brefe 3R F}H{:‘&i QL1 After thorough

unctio transition netal silicates on
mixiragthe pelcysies wam dieataé up to7@ithtoRe0 Adhnddept dweriightdbi 12 hews. The

ftnctional transjtjon nmetal silicat s assaved b .
resultam rRPHANe Vi YeaRSd XiatERt With distilled erdSaried Sasr g dried in
ovm1EPWMVC”Eth°d- 30 As indicated in Table 14 the

I'mobi[ized functional transition netal silicates . .
The sbctntamroatied @riotwisnk0.73i dsvisveadsd front analyspbf iy gérceium

s R RS S R LR TR ol o
analy#HERAH AAShrQOPAED IULEES-A3Nd zinc | N PA-508 52
sillicate inmobilized on agropol ymer respectively. Total
This rigemitng piligese tirhsnissbiegied A analysistty erlﬁcﬁf@n £ TRy spectrometer
ot i n, . Pesti ci h Rk BRsOAEY BEOR (as shown i
S L 5 PR L D SR BLY oo
Figue00Bohiyd €itsle 2 A sol ution containing 10 ppm each of

Endosul phan, er hri ri S was assed
A) 4 ST e RES SR L] Alb R SROSERSIREET vad hocre
i PGSR,k 18k O 0 SmRd parBELISRI e ek
evidesiotdutn Biguneld-C eshicheshews loye ignifieany peakpend ppak Beighin(cpynts/s)

Tabl cuprd c.siljcates i mmbiljzed on (ERY; .
and i 7 e ARSI L PTG HBR SRS et T Tiefi14 ~C end
Tdﬂ@?ﬁtiCideS such as Endosul phan, Cypernethrin, and

Chl or pyri phos. Cupric silicate imobilized on
A) 8480 ancat ®89433unmi na decont ami nat ed 59. 7% Endosul phan

. 62. 4% roethri 6..6%: pyx £ pho .

i Y DO ST a RO DA L0 g of i
mateA8l AROk¢ARd teadih@Riithat dider6df 790 frmd essahiohsviytioB3prapered from

ernethrin and 49.1 % Chl or pyri phos respectively.
Sodiu%/lparsenate (Table 2). 0 pyrip p y

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.
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15 22) Bacterial (coliform decontam nation of

' bilized functional transition nmetal silicates on
IN/P‘%\%Bgvat ed al um na: Bacteri coliform (5x105)

containing 500 mM of water was passed through 10 cm

length inmobilized functional transition netal

15) idél ;IISFCg}agtc .Gdegcr)]%%ma(:%,g i Iuom n .Cc onal {ra f1(& ovn\ﬂgit’/a"iltsﬁica%fs on

activire@slutiimng(sbacitve aboCalioomses in a petriplate
cont ai ni ng bacterial growth nmedium As evidenced from

250 rpbef Sedumipssenaterltion depriainiegi Zokaprme 04 A RICbapeespd through

10xlsér{1'c%ﬁh1%§ at defORt Af Bf‘tl@qnﬁﬁ’ﬁﬂ.fﬂ{e"h%érgg'c%hﬁﬁ‘pélg)éent in treated
SiTver silicate, cupric silicate decontam nat

solutmalwadsonsnswed bg using fCP ABaMd @tlAB3% r espectively. Zinc

As e%s}lgl%vlts:% tme ; 2 g|8lc fzeielmdmopﬁirha@g tﬁl ngatiggﬁ; t{zagsi?}ég/orr?legag)silicates absorbed

arsenReGEAfEAlydecont am nation of inmobilized functional
transition netal silicates on agropolyners: Bacterial

Cuprigailidatsy immobitizgdnomartinetee plumisa, slesensaminhicd arganiz $0ntegt 90.10%.

. contai.ning.(functional , ttransition netal, sili.cates
zine S PR G b APFR s hRBR G, Fitif By ongpe
MangHned8 Bilicatd OingAshiRaat 61 ialivael aningia | Rcért@ainatdSaksetit @antent
was assayed in a pet rlﬁl ate contai ning bacterial )
58.963p-ovfiFcomiEm (it cateh Bnpebilireds op el ot alumirg sleeontaminated arsenic
Comeinp?éﬁg%.es that i mT_obi i zed f_racti onal tr_ansi tion netal
Si[i'cates decontani nated coliform bacteria fromwater.
| N/ PA-508 53 Cupric silicate inmmobilized on agropol yner

16) gca C"‘gs o: ri e:g ! i%n _04@ b f[1‘§r1nl - metad 'cates on
differeht @R%0aNE 1 Pfte BAWdif LM 2000,  2500ml and 3000ml of

colirformcontalni ng water respectively. Wereas silver
10001l loif Sadiem anserpid $dlutem ¢epnégniop@l4/pen of @cseniciamian gassdd through

coliformup to 99% from 3000 mj..coljif.orm5 containi .
101G i e BTk o (ORBT: TSGR S oyaryREn el fetiona
transHRE ARéaNkiNadted o he@ed albhimBeaailids 45006fitehd AT MO0 microns

~content from 1000 m, 1500 m and 2000 m coliform .
size,}oere defitetht Bee oiaee comtant mesenkein tagatedesobpitoantssanpashred by using
ICP-RE?BS&%)}’A%S.i mobi | i zed functi onal trans! tion metal

siTicates on al um ni um oxi des, cellul ose: 10 Bacteri al
Cuprizadilidaey, immobilatdbh gctivatedralwasa seimeidrohblr deagifitaminated arsenic up

i nmobi i zed functional transition netal silicates on .
to 9SS urrmpBES o ShEd TorfvemtEmington tRielisdondreatopenh it qric silicate,
i Al ol deli GALE Slufina G 190D BliiBhO K deraniel byl 0se were
Imné[gg%lgﬁf%t&iﬁ elélru kl)aac(tﬁle:r@pgp{lg@gont aﬁganati ojrj1 property.

The coliformcontaining water (460 colonies/nl) was

17) ﬁgfz dh-r :_.o ‘o____ I II0 _#- né Il{] 'g_ l-aséittlor?letal
silicald3®nd@el@dpat i on was assayed by neasuring bacteri al

colonies in a petriplate containing bacterial growth
250 pmbaf sedium 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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The results as shown in Table 18 indicates that
IN/P%— bilized functional transition nmetal silicates
ntam nated coliformb eria fromwater. Cupric
silicate immobilized on alum niumoxide (I gmfilled in
a colum) decontam nated 20 coliformup to 93.47%from
) o i Pgreiish i B ot C OB ARl e 88 il

1mmc§iﬁ]12alﬂiﬁl)10da0m suid 23 B 60 Tl drdBrsipeyp tO 93 71% from
250rnl of . coliform(1.38 x 105) containing water. 25)

Immcéala%eérfrﬂawoalélcfé%}%sakﬁwwbﬂhﬁt%ﬁ@errf: preparedriyomsiding Eepsition metal
salt Joﬁﬁgﬁﬁgm{ltlcf ahb%QnJTFZS@l 500 Sf@?ts?z% 993t ?éicl%%sseg‘rsg&mm

san [ fo m contalning 5 er was
silicatehtooooigbnn]lﬁnndblhmdcfmhclmnnabfrarﬁ&ntmrt metah kilicate ansdplairiursandat&tcess

i cat es n quartz sand r at .
unbofie i TR T G SHOERE At P Gric AL e fbiBl i isg piffgdisilled
or deREicArwabr. 290 i ESsoldhin? aRBdd BBk (c%ﬁﬁﬁrﬁh??rlg ppm of arsenic)

bacterial growth nmedi um Functional transition rnetal

was pespddcthraughi1fmbisin sodeiniog cqlmn 2t %ﬁm refig g nit0am/miant. elche arsenic

conte&]l?gregnt 1nt Q%cp SO ut%ogﬁ% al’fl aurgé (%, (1,‘18 i#?g d&ﬁo arl?% /égg on

As edlegesd ﬁﬂhﬂ&ibl@lm by idtdobilskd figatienal mwn ARth] OilicAbacdated on
sand. Manganese sjilicate immbilized on quartz sand

quartéﬁ@ldzarbﬁ%r@ﬁql AiseRiP pigaHtcantlymobi | i zed on quartz sand

0 5% @ t
CunSS PR R bR s AL SSREE P
arsen{cASp%r, 44. @%,uéSsSﬁ%;l a8l) 8flomespedtonty, t domepafdsl nmritSSS)% arsenic
st or ed ?i n mobi | i zed functi onal
decofipgietion Bh pEran eI Ee Comver ci o aval | Bl 6

19) p ack aaeeirdl 'deBlsltRgindRb € hrofRey D ¢meRbilRed FuRidhRSra¥ion metal
. IOMAng for devel opnent of mcrobral contam nants

§ Y CL al AL e A AIEEIOW

@: t he contam nation of 5

¢l

J A A8 1§
n th st o ter esent st udy .was conduct e
TR O 258 R BB b BPBfe ) gopolymer
were IrBA0RdA debZ@ttly Witbtrhedady donamshd k610t ot @h4 9l Ippbak@surid¥imitent)
liter o fungal contam nated water was passed through

in a brjch wpdsof %bteu aplugen etpAese ofill meile Thesgripdipiialy sgreomixed well
f
ror 139PROURES @iy bk S Bt aplmd Gl el R ARl cament was
neasumirb@atsmg ASh8 l@]hjrdmsattraqueb graphm ﬁﬁnace)at ai ni ng fungal
dlum Cuprjc..silicate i b|||z 0 )
Immg@}ﬁ%?&ow aligstonPRaL ol dHCA T RgUEste e 1 mstg%é‘i’ll%%?n to

belo&ﬁet%tﬁinq{rﬁﬁs @5 bﬁwﬁﬁa el 3( Tabl e 20). 27) Protozoan
Cryptospori di um aU rvun) decont am natl on pr operty ~of

20) i niroteid jdeechtarhimation opra

1 e gram of the cupric S|I|cate |rmob| I|zed on )
%Sl 88t opol ymer s was aseptical |y weighed and placed into

100 HPoXBSA SMit@nAd SmEMMIUBBS -corfeft) PRhd gm&f tHr\@hCP kU column of
cont ai ned gl ass wool to revent t material from

immabilgegdfgnetionaligansitiva mefplisincatering azsenatymenndethy eratelp bound to
the i@ ﬁgzedglf&]?[i]%alart]?xér é\l? rmé?%tstlh g LAs aﬁ%%&%& blifnésftﬁ{a[t‘rihg protein

pac ree I ter
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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dei oni zed water was passed through the colums using a
IN/Pr_rga(%er flex L/'S conputerizgd 20 drive punp (Col e-Palrer
nstrunent Co., Barrington, IL, USA) at a flow rate of
15 mM/mn to assure rinsing of the material. One
mlliliter of the cryptosporidium parvlumstock (2 x

silica O@m%ﬁz@ﬁ dgd aér@ﬂ e%emres%ﬁactﬁleﬁf | TRaldedaefib? QBIAE 8§ 100 ml

pH. 8- 8. seeded dei oni zed water was then

contama@wmgw@gmotehe col um using the above punp at a

! '}dh ecra%glltlgﬁn L

1mmo@ﬂge@5n§,@mgmyg{er§eeded de| oni zed wat er . The oocysts in
the sanples were enunerated by Im nmuno_  Flores gent

A solmscmacgon(alm 10@@%%09 of EﬁéO%@h@ne@w@bﬂnlaﬁé TPWR% fvas

sl TR 34 G A RS R v

alumifi® Bed hgopdlymantat heaty of G5yl mor. Begividewanenbor treafed sobitiNgwas
eans Filters were then dehydrated wth and

esumé"@ﬁﬁ}ﬁﬁcs%?bé%ﬂz@o 40, 80, 90% and vi ewed by

As stoRhfi l‘i% ARSI B IRRRS %lﬁ%bll&@@ on%@ﬂ&h@&yﬁﬁﬁm&eﬁl@ agr é)olymer
counte e titer for each San‘p e was cal cul ate

decorftaArainhied zfpest@q@s smhsas|Endawépham@mdrm@unowdééhl@mrlph@r

Curr TP T e bR Bl S ot
62.4% U}B&Me\(mﬁ{ aﬂdﬂ@é’%'@lﬂ&ﬁyﬁpﬂb@ trés?@cﬁiverr ansiti on netal

sillcates. . E. coli 157: atcc_110195- o
Cupm@@lmteammabmmd R @g@p@lym@f dpwﬁmnﬂ%él 2 ﬁe@@%ﬁ%m 83.4%
it t 8 sil.igat fol l owi ng procedure was
CYPCF’B%HB%%C??9 l?gs,sélorpty Hgﬁ& fEgect J;lm“%ént am nation and
22) baBdcafiabl( colﬁo@@cmmﬂoﬁmfmﬁlhmd Rincadnabttmpkition metal
Preparation: Polio Lsc 1 viral stock preparation was
silicafes op eiysiehalBBiME ng to the methods of Berg Etal .

Bacte{rlja? 88 fornl Z(§)3Hﬁb$(?ﬂt%ﬂfng§d031§k Sf (N_gfeil%)s ‘é@sreﬁ tﬁl%ﬁ@l?do‘/&'n{ fength
sinla een Monkey | s and
1rmnd%llilztedlfﬁm<ﬁ)ﬁelrttanaitloi\/tmhtd s{liviie) orfb‘ltllvgp‘d) @mnlmamlamg@h a flow rate

Inc., 10 Cat# 10010179) containing earl's salts,
of 10jm E’tam’ ne, 100u Penicillin G 100u Strept onyci n,
The Qego%tﬁﬂﬂatlcﬁm%t %Eéa?écﬂ B mdaSurigh bhEBRES, calbflied 0% Eepahplate
Bovine Serum (FBS). The flasks were incubated in a 36C
contaumngjbattmalfgm‘wthsn s to allow the devel opnent of the

As eﬁ’ﬂ%ﬁg&g dtu oG, \a}ﬁlleg? et%eogr?::&ﬁ{nth?%dn T yctrglnﬁg l&ng oﬁ H&?’c{] silicates

decofRalagdae ol fok@ € sighifldaitiyo spibat esibesid, eaqtdlcSalﬂma[te cﬂdEBﬁi)ammated
Aliquots 15 of the Poliovirus Lsc | (ATCC.VR- %%? X
colifepmoetgeniaipdo 98 ¥e andiBad rerrestivele 4inq 8@“’?‘[3 zed on acu"ated

alumm%rateg(])rﬁ%uﬂgl ga‘a% fi R n{gﬁﬂ% vk, The viral aliquots

I'ncubate I'nto the cell nonolayer for
23) 40Bavitdrial Hetdrmmhingtiom ofl bambbihized Suttiofal Nakbition tradtali silicates on
earl's salts L- glutam ne, 100u penicillin G 100u
agropylypeftonysin, 0.25 g/l Anmphotericin B, and 100mm

Bacté_llﬁ?%glﬂ’@% @(Qﬁ‘eﬁgmgowﬁéic Wa@fpawaﬁ tfﬂo@%ﬂf@SO The dbhaskse ‘(\ﬁhetlonal

i ncuba at 36C for 36 hours. his time >90+ of
transttior maalclilaages Texdribiizee on egwppplyimsaheolayp eiopHetirete of £ 8 algnin,
wnt SRR et 5180506 V3o LHFRE B UBHERd Sl

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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supernatant was then collected; aliquoted, titrated,
stored at 70 C till Rot avi rus preparati on was
INnyggﬁ%ucted according to thgﬁprocedure descri bed by Smth
and Gerba, (1982). Briefly, tissue culture flasks
(T-182) were seeded with trypsiniazed MA- 25 104 (ATCC

Cupl‘l& ily %7%1(%5& d @E%#}%Q ﬁ%g]dgczpni %[fd/g?fp to&ﬁ)t %a[cgérlﬁl (coliform

concm&aﬂlons obatitsd Watgl :Ht4am0411,€11teil)093)3/ Penisl ehidn94%7%Q@¢in 2000ml,
Anphotericin B, 100mm HEPES,
250055h o DL celi(rmeccinong Yagsyespertigcly) Jhaeageriver silicate

1mmdbﬂfz'é@ 3h ea%rdp%lﬁné%@ie&ﬂtﬁﬁﬁ@éﬁ%hfo?ﬁl ‘Batol'@% rotrﬁ) |3 ?d)d Hﬁp’ cbiirm

devel opnent of cont | nuous nonol-ayer o
contafriigs kettare 1Zand Islématpr epacktizddo Dnvaglrcaxiobaﬁerl dmntaatmaied [#t.90%,

nS|n nola er P te ff re )
125 BRAPHARC TROR) REL L thee g BI950 T S B ottom
contaMiiaBBVatks. r al stocks were inoculated into the T- 182

fl asks contai ning conti nuous nonol ayer. The viral
24) Bectanat decomtamigationymdonenyi At inmabilizedt finctienat etrinsition metal

Fol | owi ng i ncubation, 35nl of MEM
Slhca%gﬁ]?au ”%ufn 5Xlé¢s E:Tcl.lﬂ;los =508 56 salts, L-glutam ne, 100u

BacteRen¢atifbim Bmﬁalnﬂr@ONat&t ﬁv@sppeﬁ;ﬁ@d’.?lhi’ougﬁ 1&1511(ﬂﬁﬁﬂed functional transition
Anphot ericin B, ng/l Try§5|n and 100nm HEPES was

et HRSEPS ) UERD SO Eng BB ieth Bineiienak srageibien Treke aiisetes on
alurmﬁfu#j?' B&idk Ofe1fi1die JAYS tesfild C@p i l;;“ 5 né.f Eecoﬁtani gﬁgﬁoﬂgh&%ﬁ "The

bited significant t opat ect
colifofiinasksainege wateen(4i60e erzlembsb(m@e ova 2péssedaidocginttheif ugmtbbilized

5 10, 00Q for 20 m n., The supernata s then
functiBpAtispaat miett 56 BH OIS BBV BB Bt 70 C
The Hédohtaﬁﬁﬁano\'{ Wk FREVERN 8% MRasuRaL! Badidried doldhisClih X‘Bp%tnplate
grown and assayed as pfu on Buffalo G een Mnkey Kid ney

Cmﬁmung%mWMb@mMﬂlbydamlagar overlay met hos (Berg et al.

1984).. sa ed.fr
The r{:%u t\;\eaa EP%%I 1{}%{&&)&6 ?%mcﬁ%t tg.PV\{e Plgﬁiz#o}é g%lgﬂpﬁon metal
sihcafeeaam)htaymﬁas@e@hfofrﬂbgct@tw@m@mérl nuous rmnol ayers of

BGM cells. Monaol ayers in T-25 flasks received 1.0 m

Cuprlic seatedmmop: s d eacalinpisinm oaldm(lgmdilfvd 182 cpb@@)\ﬁ@aorsmemated

oy T AR R A 8 85 B 4SS Syl gy oo

sﬂlcaienmmtﬂbdiz(ed ocnnieﬁu]ZbSe (9Tgnasitied in acdluh) émaksnindtbe cohfo1m up

wed t ubate for 40 mn on the
to 93%@%2& @?@nf}%fa e @o%%t%fg ) APIHOPEBE S nd 0. 1% Neut r al
25) R%cﬁéﬁ% R ko SHerty VO AR oBHiz&d Sihdt®niPLheRid 2%al

Bacto Agar (Becton Di CKi nson, Sparks ND). [he nedia
mhmm@@ommbmlaﬁmgﬂ@mh each of the inoculated flasks, and

t he agar. was,. al d to soli n t he nol ayers..
Colitbfieofabine Sl QST Vi Bt DA st {3 SRR Eieonat
transifbh B8taPkiBEMEs cottdRVQla0P TR at AT vERW T 1@t thPhin, The

results of this assay are reported in Table- 20

The fenoataminglioBAWES ouasyeds by Bdasisingobactqsied beshonien (b rpegiiplate
contamr%g;rr%%te%g 1%Vvt1$£1€8{urr¥edal I quots of the received

i'nocu onto recently passed (2-3 days

FunctjonabitirisitioaUsetalrsiticatey mfolsifizdd onl fbrizedahé deddnitamiinkted coliform
i.nocul atign the Q@nolayers in thg fl asks mere ri nsed

bactegigy; e@prig; gilicats HIZeBOn qusHE| st rdecqnantingteds §358 egmpared to
34% H%ﬁ’raﬂ’xﬁgatljon% ATOGHEHMimiobRized 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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25 received 3.0 mM, and T-182 received 6.0 m . The
uent sanpl es mere nmonolayers diluted ten fold in

‘DwRé?@? le PBS and 1.0 m all%ﬁots of the dilutions were

i nocul ated onto nonolayers in T-25 flasks. All

i nocul uns were adjusted to 5 ng/ltr trypsin and they
26) chnt%ﬁ%ﬂ 2R O b ub eABAL SR L efr&ﬁ?qq el (8 mths) stored
OW ng | ncuba
wateisnising immolﬂﬂmﬂb@uctﬁimbunmmmlmetal&ﬂﬂﬁtea/ m . Anphot ercin

B, 5 rqgl. 30, Tr e d 100 ES was_added t o,
ComBgrspel Pt PrrpeiEiuning Heies wor e HSsTRge 0% N ing for
developfeRedfaficadbial @ oftaf@ants 11, fm@%@ d0§ dbSer@ink Qe &Prﬁammanon of

devel opnent. The results of t assay are reported In
fungusa ) eho ostotefly AL OBeSNt Bastye Weal candieiad e detdrmine the fungal

TR 0 POy TR B o

fungz[DehfrmaImnath’B)watEﬁ rwal bas¥PekiolEiNt ] tMOCUbRmACHE cupric silicate
prepared from cultures grown at 37 C.in tryptic soy
immjylzed (OPSBTOHQ Yue)) atpdiow gite of Bymb/ snin pHergal pEesqpoeavas screened

b SRR B, OLERE M, B0 LS BN SHREY v

mediduis or pt| on Studies: Imobilized cupric silicate on

agr.o r..and i nmobiljzed cupric silicate on
Curfi R Lamoufas G4 P APSBOIY CE AEona s tcd Smgun (picriliay spcies)
ﬁom%kgj@gﬂ@{%i,,,%@pﬁglémo 10 x 1 cmglass colums. The

bott om of the col um Ccontai ned gl ass wool to prevent
27) t Haotee nidiamf parwiimyy de¢omtanginatidre porpletynof fiveobilized

col rmswere tI tapped before and after wetting to
m?%%ﬁ%%—%%é@é—hg of the material. Three liters of
One @mnwa&h@agﬁeobﬂﬁdmmuﬁﬁoﬁm@d@ﬂ ApidYSolyrbiérs Righs WedpBcdllyeweilehdd and

onputeri zed drl ve punp (Col e-Pal rer Instrunent Co.
placeéampu 10g dnemjglass colymnsaThe bettasm of Freecalmn Sopringd glasy wool to

prev %ﬁférrﬁat'éhglsfré;‘rg ffg\Yl}lg e{heg,{g ' %gg%g’lﬁ,ﬁmo;\%ge éent y tapped

ot avi rus Vviral
beford edndnafrerdwetihg rto( ﬂsurephhﬂ?or& Backing of the agdrele Thiealliters of
concentration o mately 106 -pfu/m seeded

. f | )
deloneiofiise dy aharerd tHBek ercqimEs HRR PORBHET fies Tb55 Gmpitcrized
drive %@Pﬂ@qﬁstﬁﬁﬁgﬁt éb. @a}rli rf at eU8A %ﬁe["h()\mrgte of 15 ml/min

ractions of the col um |an nt and e uent were
to aspt Heshe df dfe matetihle Qmaswﬂgeter 59 crypO@poridingh mﬁumStcmk @x

10') oo o 2B0 i< oot G roh LB g s . g
wateﬁ\l’i%s&ﬁ@{ PseLbkbuth tBS coltuBh ki BRI BBV Z penpat £flowPhte 028 ml/min

8.4) to achieve final concentration of

fractlapwfdke reltemyinflost prdiefuentTive selderéad afier Wegspassageef 20, 50 and
80 mf?iﬁs&vgc%g:c%{og g vH?% Gl%e %'JE){ Q%eh géa!ﬁg%@%)\ﬁgrg e }Lfrﬂpla?ed b%/ Immuno

Florebatht Aesuy (aﬁd) ermleﬂSi‘nﬂle \&Eﬂhplealvﬁe@e i (Dtbiedcthﬁﬁiglﬁlfat Sdfrtokig cellulose

assage of 00 m _of seeded DI. The sanmple were
acetaiegppigprape @ﬁ%ﬁ% Sféw&d Jadalde- %aéraleti [Reti-GryRigararidiun yngngslonal

f T r I
antlb@dr}ﬂ ‘Sqlﬁw’?r‘g%t%%&g ﬂﬁ%@g@f’rger'a%sﬁ Il%% ?gfé}st ﬁe@ ermlehgdlc?ted
with ﬁld:bth«t@@ﬂ bt’&;es 123820, &Qgtﬁﬁ)l%jtamdwlamdﬁqchnfﬂmeicbm:egnmmbom dlhe
det ecti on viruses.. In C

00CySES WEESPHe Jaat BRaiRidatedch SEhntertnalsireat ot gé&

Cupric silicate immobilized on agropolymer decontaminated Cryptosporidium parvum

significantly (Table 21).
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Marcel Dekker, Inc. New York, NY. P.76-88. Berg, G, R
IPA Safferman, D. R Dahli E}g D. Berman, and C. J. Hurst,
IN'PATY84 USEPA 30 Manual of thods for Virology, U S
EPA, Cincinnati, OR Cuprous silicate inmobilized on
agropol ymrer and cupric silicate imobilized on

<S4S el PRSP MRS e cacs

b.  CBprdoti &l$7:RAt (@tce mirbMidsitrg ddennt@agiimpioh y meperty of 1mmoblhzed

decontan1nated pol jo .Lscl viruses up to 55.9%when 1
ghumsiioal FrapstionmeRhslicAlesy in a col um conpared to 99.9%

The fglﬁowﬂg gﬁ’&;eﬁ{ﬁlen@% A vRAUb L RGhy e Usia de@ntanidh@diB aRf bacterial

mat er In a colum. Cupric’silicate i mobilized on
decontagriogi@inyrepertyjecont am nat ed rota viruses SAll viruses up

al to_48. 8% when 1 gram of material was used in a colum
393—589§53@@@¥8399 9% of decontamination resulted by using
Polio @6c ?v%%cl@ﬁreﬁﬁﬁ@éﬂ s pAfAMER hedBRdin e tHeCmothbdCaft Berg Etal.,
I mmobi | i zed on activated al um na decont am nated_polio

(1984).s cTissuier awlame (fiaske (T7AG23owdie rreadsdgyih @Ypsﬁﬂwﬁu Bnifalg sGreen
Mo D S RSS90 P, CpspRbamplL .
Cat# éﬂ)(@om%c o‘?ohia'(ljxﬁ@g EeairIT'ETDbaHSL zEgluamae | i/(HtuedPemhallimnaG, 100u
contam nated rota viruses 0] 0 10
Strepigpaine - 2fwean] Amphatsrigiad; 10R I%niﬂﬂ’ﬂﬁ% apg ﬁ@%r%%vw o
(FBSfra}“hed %QEE Gy %zhf%@teﬁe lat 68 OYniBiBe f8f 4R0hetdN® @fiow the

In a cohunn e cupric silicate i mobilized
developsmag o fiel oprenucan dnadosxyer olﬁxreills, $he flagks eveae theprapgred for viral

o TS LSBT R 0 oSl O RS s

of thd POFIirR9 &lsc i ADSCIVRIBMYRLA stodks W@iRuliedSintd the Te82 flasks
Functional transition nmetal silicates were i mobilized

contanmwdnntmamg;ehono@n@m The VIrd@hqm waretadlogigdfo gubate into the cell

monoafaé' qu tg{l]]ggﬁi%l gt%%l 1od foﬂ%? | ?f ) oréoglﬁmﬁﬁ@eaﬂ’s salts L-
gluta@HEP P0G Senicillid (RNO0e Is&rp\afr@sﬁ; @3@ Ll A;mpmamhga and 100mm

wat er 20 and assed t hrough a col umm, of, fu ct'QE%
HEPRS sins pddegriormeeing SR 11126k ol Herstst osoioBriad 1 16 g6 hours.
At ﬂu(csﬁ%‘énlme o poﬁ@’}?&}ola%? exhibiddSi g Gt mwob%fc) EffJJﬁ@(CPE) The

ant “content In treat éd sol ution
flaskaSeay alerb irdasd-tigwed- @), and GenEfieco rat GO,NE/ Hsforcﬂbrml@ The

e

Rota&iﬁ. gﬁ{i h\%‘se@oﬂdﬁ&(eé‘é@é&&lﬁgtt@Yﬂeelﬁﬁcedure described by Smith and
or oet hyl ene br onodi chl or oet hane,

Ge1bai| (ﬂa@&ﬁ}omme\smmmeeﬂasae Grd 82))eWh13¢I sepded Withypenigzed MA-

Qut p
104 @ {aitas Alrals 260 SHBURSAEafi 5 P R gl Madiateed
Inc., | (fﬂ? obithb ?@10'79? rboﬁtaﬁﬂlﬁg @fls ggeont gintardhedl (K]u4 Pppinillaf G, 100u
Pol ychl ori nat edbi phenyl s (such as_2, 3- dlchlorobf Owgggﬂum

Streptaniyshn, @rzgsbmgmémphotqr@m Be Hi053m 5}2,]@ yand 10% Feta
r Qbi h 0
(FBSE Ekl%%ﬂqg |€ Hga}ﬁa’ced g% ? | gfrcglgeﬁ lg(?]ry 48 }cl)odltrs ot(f) allow the

devel%pﬁlzﬂigofﬂm&ftmﬁﬁthsymbh(ﬂﬁyaﬁ af edl}xl ﬂﬂnelﬂﬁlﬂ& \asrestl’mmmrepa:ued for viral
Tabl e- 27.
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 earl’s



10

15

20

25

30

Cupric silicate imobilized on silica ge

decontam nated 9.1 ppntofsgent vol atil e organic
IN/PA ounds (such as Benzeng, 1, 4-dichloro; ethane

hexachl oro; benzene 1,2,3, trichloro; 1,3 butadiene,

1,1, 2,3, 4; naphthalene 2-chl oro; acenephthylene;

t he 9nhi » Iy icin B,
e, SRS ARy, G, fol SEERNRL% P, ot
Smg/l- nlypml andlil phemy HERER evasdadded aomptie ng thepfasiy eTheeﬂasks were
nzeng, hexachl oro; ﬁhenantgirepﬁg ant race btd 1ﬁcmn
incubile Hod GIEelor LGP He gt Aot B iogiotise grnbited bk
y efelthe R HR¥IDBAVLP lagll @entrifuged at
Cytopgﬁﬁthgkfg&g (g@hj :clt%gt%]ragltbgr g’m di - n-oct yl ph?%t}gjlaat e; benzgo
10 000 ln)foB26 Iminr Bt hipesatanemze then collecsedhalinegted, theies pad stored at
o ~Pyrene; indeno (1,2, 3-cd)pyrene; dibenzo (a, h)
70" Calli%f-acene: benzo(g, h, 1) perylene) out of 20.8196 ppm
of sem volatile organic conmpounds as shown in Table

24. Cupric silicate immbilized on silica ge
_ﬂzLﬂamnﬂnthnated 10.8 ppm of volatile organic conpounds

i chi han
potof P4°T B dr it B S5950805 dh Bl KeBhONRELDakedney
(BGM) &eldityr &[T@garcch}e@lép henzen@erdenzien8E). 2 Bitieftyt ti;cl samples were
benzene -di net hyl ; oyt hoxyl ene; benz

recet@d@mlyp@(i ﬁwwedé{q’fﬂylé@ 1,4, ?ﬁlﬂu?%tweﬁ% Htoﬁll%ated onto recently passed
(2-3 ag%%ﬁﬂac?ﬁerﬁf) g;%lrso&oBGM HARE: Mgﬂiﬁ?@m PROEWsks received 1.0

met hyl ; benzene 2, 3-trinmethyl;
ml méeutm PHI6pyteitanl 1emd anbdrkSmecdyal @ elﬂh)ﬂhﬁ ipdypng paamples were

dlluteil tgn Ell lghtlpgs‘rtcgﬂté 3%%1@1% fglrﬁ]e gq%rc])ﬁse% til lét‘%%résnwere inoculated onto

monolag% i PToOAZES Th %rﬁ{ﬂé@%fbealldwéﬂ t’tr Irfcubehé dmob@ nziene] the
ntha | ene; benzene 1,2,3-trichloro; benze

monolay@rﬁ 28 ¢MEMD contaipmgA8n @ Bf, a1d40.1 ¥ Neitesy ged I’V @ gt it faual
2,3, 4 n
voluh GF SIS oSy Peh SRt e o, PR PR aR EaR R e mece
was tRED E(Rif%@ 1‘[% eg&lt of Be gnocnlramﬂyt}lasksﬂ;-ahd olimagds ek an\acd toewﬁl)ilfy onto
out o m of volatile or nds as sho
the raamoabse B> ToOksupF s e Ra) MoitPl J60UR i dapaaue
deve%gmg&%%ﬂ%ﬁt@ﬁ%e&%%ﬁ% 1‘?&:01% engr%s %W%?eﬂ&ﬂé@hn qgblebEDZOI C

rc 3- n|tr0an|||ne
Rotadiriti SA 0 pRenaksaydd a6 hmog mhfdmble nugpbgr o M 1106 Sh]éﬁh diriefly, aliquots

of ﬂgf Pe;g:atég@ gé}négee Sl n{n%{::tl?.}aeg cb %gcoeln Ol'latssé’el(gi}c c?aﬁ/'é“') REnuous

mom%l%?{)i} M%A?ﬁop Belfsl IPreAtDiRboAffRANhaFonalagéls Gin &eﬁhm:mere rinsed
onet hanes (such 25 as chloroform

twicd rwitthls@riteet HBEeMQI@ﬂaygr,sh IID rTg%i ﬁ]ﬂs}éqq éecetved 1 Om:ll' inoculum, T-75

" oot i | layers diluted
recciiid g Ao SR o Pk AP OgE hyTans: Vgre mapelayers il
ten fol@,indét&iMleOPBS3ald QrIO IO @1&1[1&))5 ofit thaf diButidb#Q 5verp rmnocﬁulated onto

tri hal onet hanes as shown in Table 28. _Sil er Si.

monolmmb inn T28dflasks.splliipeculjns WeieARIusiAtia s ne it ymwnala tiy were
allovtlei,dl Jg)ﬁjngt} otteP %gnZthg SIH{;JBI%)%F f&h F L OTfBlioWidg dncubation, eMEM, L-

(S or oe ene,

glutdniih€ M 0oL oRdni Tl @Ne, IO(BOSbtmnmyla:th @5 Mmhn’érnphotercm B, 5 mg/ltr
di bronochl or oet hane, tet achI no
Teypsip e Ghigh LIRFE, G BB O L og. 53 Sefam B Tisks vere

then 1&%&%@!68 eRApES; 85| 0S hOWIayisRo -Eﬁqu}l?@ de‘l’&@gﬂeﬁﬁ SEhe results of the
cate |nnDb|f|zed on silica gel decontam nated 7.5
assap prarefortedithdlableeithanes
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(such as chloroform 1,1,1, trichloroethane,

t achl oroet hyl ene, trichloroethylene, I NPA-508 60
1N/PA6$ di chl or oet hane, di br glzmchl or oet hane,

tetrachl oroet hyl ene, bronmoform 1,2, dichlor-

3- bronopropane) out of 9.1725 ppm of tri hal onet hanes as

Wiy irconiumsilicate immobilized on

BaCterblfrﬂuﬁ baeggﬂ—@gﬂé@%%nﬂgnat ed 5.1 ppm of trihal onet hanes
E. Cdlis0¢h7:aH7 o ICOf1d0n95-B11 whs tsub-chlhoedenhansic soy agfar (Dicco

tet hl t hyl t hl t h ,
Laborsioen feCR oM M A e BR<GR P B e iggared from eultures grovn

o | @R8; i Bh& db
w7 RTRAPELLAN ORp: PRGNS 2 B SRR st

spread platimg DmtrYlalhﬁ ®y3gar J9A)Bad irsubatingder 624 Mpvrstat 31 C.
Col Ergﬂert% oé iirmpbi lized functional transition netal

ed by incorporation of functional
Immob{1388 'ch%l@@ siliBit8lonSdgrdfod§Bs dndtignidslized dupHERilica® ot Mtivated

ester I sphenol and i sopthalic resi nszq 10 Bacteri al
alumigo ($¢bmisren 5ize) (Y7 a&mpmallwa\gelgla%is@rdi plaeeshigio 10 x 1 cm glass

colungcmfge Ibo&(grgx Jﬂ#ﬁgt i © {’ﬂ{@gg‘i %uag% twogﬁtt &3 e?'g}ﬁfsﬁ%@trﬁiegﬁ from
flowifethadughi thé calias:. I:tmrtto&mmnm\gere %ﬁnﬂhﬁta‘pﬁécbbéfe&t ad 4fer wetting to

their bacterial decontam nation property. cal i forfn
assurg ptosmrmaskingef dre patsiale dibres Literg E D s ggsse Flafeagg‘ W the golumns
t
usmggxlﬁﬁg‘glg}? féé 4 ?E?Hftgcls 1%%%?\%2)9&#3@@ e- Pathrei"‘ﬂ%\'tl\rlurng{ﬁe@g ¢ Bbrrmgton IL.
USANh miflow tdie Hﬁelideﬂtnminam asaure amsmsoﬁﬁsame‘d:uby nééaslgﬁl oigthe

bact I
Rotaas 0op| SPoGRo Merber anm e SPeli feotigdl SHELAST pEr g ©
achievwe ﬁhﬁldé&l@&ﬁﬁatfbﬁ%f dﬁf@@mhﬂe foéf WFe/hilONBlhe tdedBs®idbioBized water

met al | i cates decontam nated coliform bacteria from

was thert eassect:tlppugh tiel ¢obame usinavhe Rbovscbusmp Bl 8 dleem sAte oS mimin.
ercdyhs GPR o0 ORIE el AL TR end o] Q840 #0900
and mch@rdfadee&&lCDthfHomg GiligRéte Py thy Fafliof wmtau angk and E. Coli

transition netal silicate resin__coatin sand; 1
OLSTgH7 euprieht svlfre arcae aldeddovoRen 5(inl of Srsip frianred paky ADL
pH7. 8"@% 0% ﬁ*;h?eqregfﬁt% onc tr 1‘3“6 Q)Emﬁltg@%ﬁ@ ﬁgﬁﬁ (138Qeeded DI was

e co orm Acter i l'iter
then @mé@ﬂmngh vihad &blunﬂﬁ upiag sthel @bhvopgimpt ftea Skdw ortespzé ml/min.

materials jn co Functi onal transi n ta
Fractigng jof 4be cg %Hﬁﬁ%ﬁt F”@g %‘@Btaf”é’&? a]ﬁ%r“f)g Qg%ﬂw& er he passage of
50 10?%@%?%%&%@1 DEO! ThOSIMBRCHER] RridRy tBlue 4 aBfhyed for the
20, 12% from 500 M and 1000 m from% 23x10 5 /liter
respectitel ios and bmtanmsr@smlmd@bow e biselts@y indigatedrigkFaple- 20.
RefedBSES detoxi fication nature of inmobilized functional
J%see ition netal 30 silicates: To deternine the toxic

SmitlgFs 8. ARt OP. Gesst 11982, NBABY&oBf mbmfdrltﬁegrof\mhl @hd detal:tlon of
transition metal silicates, the snoke_ em ssions

animglovipiset i §h Cof-Geeraoahs. Mofigile ed V\M§ﬂ}9§§ & @thrﬂmaﬁgﬁl Yﬁelogy

|I| I sition nmetal silicates
MarcgEiIRksH. 1 A SACLE SN

Berg, G., R. S. Safferman, D. R. Dahhng, D.Berman, and C. J. Hurst, 1984 USEPA
Manual of Methods for Virology, 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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Uni f orm conbusti on of kerosene was mai ntai ned al ong

Wi th controls. The toxic gases such as carbon
IN/PArSB%xi de, sul phur di oxi de,”Sand NOx (oxi des of nitrogen)

wer e assayed using flew gas analyzer (testo-350)

equi pnent The i mobilized functional transition netal

Silj.cates detoxified toxic ses fr.om kerasene. .
Cuprig ilicis FBROPURGH P AERBVET ARconspIh Moig el viruses up to
55.9% URBEd ONSrath’ 8NShitbi94] RS alsedi inl GaksBmal $empALdECcRA 9blve, of
hydrocarbons rel eased fromthe conbustion. 32.
decortpraigpiipreregwited: tar usig o grawaof matenial Wraccodimy.nmobi | i zed
f tional Jtransit] i) S 1.1 [
Conn 0 e 20 LT e A b DL s
to 48.8%0uBbn | IMFedh | 01z &diterihD wWaghadedotiab tdlansi dongpardet@l99.9% of
silicate (500 ng) .containing filter. (a mni colum
decorgrpiogtion rsalted bynfsingpigegrews of matarial Mignoluthe uni f orm
Cuprfa%ﬁlga{éginﬁlflo iﬁfedgdrgﬂi%gﬁa@ lawn{iﬁ'a H&oﬁﬁfﬂﬁ%&fé&lm&ﬁ Jifd€es up to
snmoke was done by controlli1ng suction by a vacuum punp
70.3%tvhac Hédd gram aof)lmaateria haab ersed cimnnecolechnt compaied np 99.3% of

out| et. of cjgarette. ter passing cigarette snoke the
decoR il onaop AN R Terand & et B SghrT ng 1 11 ¢ or
Cupritaslicafin®¥ b ¥iReddesh WitvhBieAGRIDNE decRtAhinSON tQAYirBes SA11 up to
ni coti ne absorbed in these filters was estinated at WV

86.2%%HemmOusgirary of traaterdald was ceseil nim gokoluonsoneseg to 99.8% of
tandard nicot.i ne.sol ion, B Engl and).. Total tar
deco BB ARDS Rt ROt i #Rys SEbaieREn A Ghume 00 21

The @it aitichieim@obilidet @h dgfopalygiidiCGinBlato clipKt gilicgasesvare! glumina
estimated fromthe g;ass chanber and for conparison

decontpryinatedtie coHble 7dbt Bacied- 20 with out any filter was
28) ¢ aKEMhiAS fRBhaMinatdR FOPMR P ildMLRlided 2unt MMRP Hah&4E0n metal

functtonat transrtion at sritcates reduced tar and
silicards@atsiliva ggl:gni fi cantly. The toxi c gases such as carbon

e it B, Bl AL B, R c
contatgﬁiﬁﬁ{té) sict0ds GEHHIRARRINANFoly B orihAEHP Biplhfbrlﬁff? de Glol @& lorganic

ransition metal silicates containing fillters .
compobends ivblagite ongmitic cgmpennds2@nd plasmolsi yeneatisselvedskeargtFlybingvater

36) .. .This. inventiop.now Wil |l descri t.he, sal i ent -
and 1pgSen (PRl P fitie BE AR ep S bebf shierRiidtiized on sitica
gel (BdINeinl @Madnn tat NSt iDinied AowsSiatd)C alles cheviclgpolRitane Gontent in

silicate nmetal ratio were ﬁ¥nthesized and silicate or

treategesohItion §vas @ptRY ech v HEBeEis T8t orfaeridal or B¢/ MSfMRet i onal

1r L1 | Si::1.C ot
Cupr HR R Horplt G BehontiBin BN srrtt difigofethages (such
as ehtorefeemaci tild, pHuaBlaosthire] ongjraciicrouthiylege,vartiieldoroethylene,
reactants such _as soluble silica having different
bromaRBIoFO I o IR QUOOR AR | oRAPHTANGYEPon Wotiaform, 12,
ichi§fdl3- ﬁﬁ&g) RENGRIZ 8D 58 thpAG fHifal i GaRdidk kRfen POBHRS D3,
dic e%#%gtlv ré@un@?ﬁons (dggontaﬁiaation o€ netaIs,
Cuprichegilicales, idinebitizedt i on oflicai cgdbedecontamgnaedial 2.4ndppm  of
IV PA- 508 62 bacteri,ci dal acti,vi.t.i,es). than fungctional
Pob?m%ﬂ%ﬁgﬁﬁﬁ?ﬁ%fal éFﬁ}caﬁﬁs s%ﬁfﬁg@?§%ﬁkg?ﬁheugpgﬂm??mhﬂWL
tetradd@stbBipB&HYAi t p&Aschlorobiphenyl, hexachlorobiphenyl, heptachlorobiphenyl,
octachlorobiphenyl) out of 3.5729 ppm of Polychlorinatedbiphenyls as shown in Table- 27.

4

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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Functional transition netal silicates synthesized at
acidic pH conditiqns by addition of acid (such
IN/PAagéinl or HNGB) cont ai ni nggvery | ow transition netal
content also 5 possesses functional activities such as
decont am nati on and di sinfection etc. Cont rary

bis (bt aey Pl TpIRE: PrBrlees o CORRah P BTG ¢

brom&pRAY1-sich§etier e véhsdndf etikhéhlordf ﬂﬁﬁ&ﬁh@@heﬂ atah®Pacene; dibutyl
roperties. This may be due to ma\nifl reasons and one

phthajatgs orﬂwﬁnth@re@sorpyrgner, hatengtle Peyhaphbalast nelrescagpubts (2-
h
ot R TR, SR B O HARNES o

fluorahéttehe;sbehz&kpflucrdthege; $Eﬂ120¢33tp@rdﬁéﬂpd€r&d1dt,3-baﬁ>ymne dibenzo (a,
condi ti ons even ]St hi gh dose

h) an&gé‘{?ﬁﬁah?l}?g{% by, epﬁrigle Ht<in 2%@{9%085%9{) §emi volatile organic

comp@{lﬁcﬁ%' —IEF -bfansition netal silicate ratios
oug Si m ar, sonme are functional and the others

Cupriarstlicagn ifmnbifized ah. silidai gel deagritahinkietl yl 00§ ppom of ivotwdild pxganic

of it tal .siljcates,is t
comppybn{gh. S el FARUPTOSHERE: FverEhGroerig TorfifkEopropane:
dibroRR8hlbicin?Mihe UNURHRNESS - dibR1D; Cclfiblobeidlefe; Q?éﬁtéﬁbt e@-dikbthyl;
veri;ést rong decont ami nation and di sinfectio

benzgue ohérdimedyl; Zmthoxiiteseirberzens deweiylsthylic a@a@«? tlyl ,2.g-tetrachloro;
teract a 0 |
o R RPN Rl B£8Ry breen

1,2 3dt1§1bthnyC4-l1§@n pfoplyLint6lueis; renadiley | Rathighylesensddei tatdshloro; 1,3-
| ver silicates, _and zirconiumsili ?at es

dichlggherFumal | fylichheroBAARS e dOBP G pt MAHETRGZeRAdi bidikome  3-
Si _ | IV C t r

o QIDIES 3 oML OSSR g R gl s

1,3,54trcldtieo henzems en3 g-tricklerd; olx3-bu11aré1tva¢bl ,aAdt; shengene 2-br0m0 1 3 5;

|I|catessnthe|zed at ne a H, condi t.i
nitoRagerad T n SRR PP e m e -EHOBR B P aranbgrane 13S0 2
props! 4-8Fdnh SleHlordaniERd) b 519.5 H5th @F voRMRIdIE& € BsnBdunds as shown

neutral or basic pH conditions, do not possess
in Tableer i al decontami nation nature and synthesizing at

pPH c i ONns,.zir qo, at gs t

corobfi PRI ARG 8 Y b N o
benz#ar 4di€ @,455-mechi@sphenbf; osmmaﬁﬂine; al-ﬂn&dplﬁ&mel OvtnitrophBnolj d,4-

and above 0.5 m for testing these functional
dinitrophenoi:t4-pitropwiling; ranfachiprephenath@deof Tkt P of ipheroly g shown
mTaBLez%ent i nvention can be classified as physical or

emcal or incorporating directly into the resins.

Zinc Fheats éhneatbélibedainediliad gelfdecortdreinbtedl6.8 pprobifl tiihalbingthanes (such

! |
rfitﬂr?ﬁqgip?g[yi qo yggﬁlgqfﬁﬁﬁ%{}le;/ ﬁt e rp(gﬂéjrloﬂ%alﬁnfzmt atpghlgroe?hylene

brom'g‘ﬁfchi\é%e%gan@l aimcﬁlﬁochﬁﬁoétﬁadesteﬁfﬁaﬂ%%b&ne PR6:Bforinl€,2, dichlor-
ectron to charged 30 copper. Physical inmobil | zati on

3-bropfopieprot) @nal 9t1r7&51 spmiof trilradaradthanies pxshose ipalsblio¥e on
cel |l ul ose, u sand and b bar a
sivef e Semog e Pl R o EPeatE RBEEH B9pbflfancs (uch

as  WI@oeeal ed1.0n, quaidhlorséighe, | NcBAHOBethslchbe erﬁEloroethylene
appl i cation of the said functignal transition met

bromeilichloaeaskanesdibrpriepblnroethaneategachiorogihyiene. brﬁm@ﬁ?tf%ﬁ 2 dichlor-
Accor t

T A

Mangtﬁlbse\/ﬁEMe ahmabmaed ah uificagel deconkemimedd YJ.ISQZ@@, of eialesyethanes

ot Foran, 20, anctbonal, LR, Ll SHbLEA) e,
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5 Now it is essential to summarize the findings of the
i nvestigations carried by the applicant in the
Hﬂﬂ¥?6@§OMAng Tables 1 to 36. ®Fable 1 denotes the
conmparative functional and structural variability of
functi onal transition nmetal silicate (cupric silicate)

bromeii BTG G RBAPAL ORePorlET Ol s DI gy -2 dctlor

3-broM@piopRid)icky o9, 1725’}ﬁ$rﬂ1 eN@ihalobdedi2nibd AsthowR iR alse |30 C ates
(silver silicate, manganese silicate, zinc silicate and

Zircogiupe gHpaienimsiobilizad en sHirgexe! dpcoptamuanrd Sgaprimef drialemethanes
synqt a 3 p
(such2 40" PERITpmoLE12 SEABIRRAES PREARIbEh e, DR oM Pore,
brom&ﬁ6Iﬂbic1&&1aﬁugilbﬂon&ph18ﬁe&dﬁ&umhhﬁbmhylm&s &romﬂifdrrﬁ, 1,2 odichlor-
e 4 denotes the c rative bacter.i
3-bropyopaRRRS) At Ok Upr 3 cPRIT P Elglﬁng@e%@%?* acsheppiig i@@e 31.

29) (Heltetiat Gecdt@RRhhidP Prafeti@! of Mbﬁ&éé'f&é&tloﬁﬂd 118 HRHibf metal
siITrcate (Ssrircate: transition netal rati o= 1) at a
silicatee nb‘entedéivl 1n¢Dchra®olﬁﬁf famhdﬁabﬁ%ﬁm@@l@lg@s figlp _resins (such

. _property against E. coli.
: Ftei dal property of zinc
Bacte%ai b&ﬁ%ﬁn @Bnt@m‘ﬁ{gnﬁf@t@f fzv@i bRe®thrOughSMridbieskd fAfctiohal transition

bacterial growth nedia, which was tested agai nst
metalStikiggtsd o cobwyn moedeysTheTihebilizefle frpcaenal angitap aneiglj silicates

contagléréftei%g%ah H;]@rtgsg?(# I’o¥ tﬁelhﬁiﬁlcg%ré & g%{:(g{tégglﬁgﬁor?&%ggﬁ#. The coliform

conta@¥¥S PRlkdr UEB0 @BﬂmBywastésééd aroughz 6. grirabloé 1&’md)®ﬂmeé§undtmnal
viral disinfection property functlonal }ran5|t|on net al

transigiop msal 1l caigpiiled st solwgpet 2 fhosv rpiptle Bl/Mdhot es the
The 'ﬂg ﬂn?lﬂgﬁ#gbl 5 ggsggnot RabiRh Igglbgcﬂgﬁe{lycﬁgm‘éy PRl & petriplate

s the arsenic decontam nation
conmﬁﬁngbmmhuﬂgﬂﬁdhmuﬂnnnonal tranS|t|on netal S|I|cates

on act| at ed., ' size: ove .0
The BRIGAABEN T aie a3 6dEes AREmePaRd Skt 38y tnetl
silicaldd @%Edr@ﬁﬁﬂna@eﬁ%@ﬁfo@h%c@ﬁ& fom whtkl. cates on different

sizes on activated alum na. 30 Table 11 denotes the
Cuprigr ssleqartec indmobitizedron dispbenad fresinmBpiansz dacanipreinpish gpliform up to

.cat e ol yners. Table 12

70%%‘ f’ﬁﬁ?,@%p}p r?:h At |‘%§’?%’“a%?18§ eg o%/ transition
30) ”ﬁgaﬁl:lterﬁly hietaiigRativn PRySerigabs ﬁllmiﬁﬁﬁklll trasitionnmetal gilétatez resin

sand (250-500 mcrons size). | N PA-508 64 Table 13
coatipgsrmsagdt he mercury decontami nation property of

f t L;

g R SRR HREL VARG ol STSMALR e R ARG ol B AT o glume
of quaktatsahd (S andrans) natli the cplifopertagteo 3. nd 0! dlitett containing water

transition_ netal S|I|cgte i mobi | zed on agropol ymers.

passes oyl thesSxd sy dige mateaialsda el decont ami nat i on

Funcﬁ@ﬁeﬂ ftlog%&tal Qif@hte tc‘bﬁﬁﬁhﬁg O&i"RbAbd qShrkd §@idedecontaminated
on agropol yners.
cohform bacterla up to 28.79 and 20.12% from 500 ml and 1000 ml from 3.23x10 5 /liter

coliform containing bacteria (Table 33).

31. Toxic gases detoxification nature of immobilized functional transition metal

silicates:
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 ¢m column.
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Tabl e 16 denotes the bacterial (coliform
nt am nati on of i nmmobili,zed functional transition
IN/PAhS{i silicates on acti vatdéd alum na. Table 17 denotes
t he bact erial decontam nation of immbilized functional
transition rret aI 10 si I icates on agropolyners. Table
Umfo:lfr% c%erl])mst?osn eros ﬁet \%5 ma nga I‘i:e% t1 \D% (9 ro% %grt )é{c géses such
oD Zed Funett ona g f I'Iicates®on
as caﬁionfﬁldihdxﬁﬂeo)sulqiﬁﬁr diaridlec id Nlosts(emdaﬁbf ﬁltﬂo%em)eweﬂeegssat}ieé using

bacterial decontam nation propert i mobiljzed
flew gas analyses (tesiq-3p0) @q%mn?ﬁit Ehe ém%& 784 ToRChAngt drngfipy metal

0 t 0 g
sﬂwaﬂe%sggt?%ﬁ ﬁug&%g@?@s) : om 0 fl%n”&gd?ﬁdsﬁ&z 6(Sh{)r\gﬁt ir»]h:)Table 34).
Immaitilired dunetiomel hynsitiampetamsidioates aksd réduved it by drocabaist ielpased
& t al bSI Licates. Table 21 denotes the protozoan
Om Ppoys | di um parvun) decontam nati on property of
32. I Rbtidel ARt WefkiARbn hh@RS bt iRMobBked fifictibeAltRHsi®Bn metal
agropolyner. Table 22 denotes the viral decontam nation
M@operty of i mmbl l'ized functi onal transition 20 netal

a’itlgeélg ‘gh'lP e i &%ﬁ é’[a%? &‘g ﬁésgt & gltglar%ﬂg ; atoﬂé Fhr&g&h immobilized
functfﬁﬁbﬂ teandiod en@iiaslidabe(S00 infig lcon@tnhengiterde @Iﬁﬁi c&mu’ﬁﬂﬁaacﬂd& di 1n al

property of cugél c.silicate imuobilized on silica

ml. pRgHF @laslic HBhotl b upifems byningnifdhg rigargke éi‘ﬁihcu%fﬂ%cﬁﬁﬁlﬁ% o the
f

smokgev&%n& %&dgﬁﬂ%&lﬂfgﬁ%xgﬁg% |b9 a_l_g%ﬁ{éﬁl%sungée %%%%S&?%g glass chamber
connamnéchblshmlmrggmtietofmmgqnettmds decont am nati on property of

cupric . silicat nmpbi L.ized on.si gel. Table 2
After R SigFiREe SRS L BOEGHEL P TR sRer e yoBRrapRite wes
extra%&h@tﬁta%etbﬂémb' lized on silica gel. 30 Table 27

denotes the polychlorinated biphenyls decontam nation

Totalpeampent tof ndotina prbserbsd [in dlese filiermbies lestimeatedrat )Y i %54 wgye| using

e 28 d not es, th than G 0
standfFnEpEss SHOGHROCPE el ATLRARTRIS T FhRRM O otal tar
contenNvE e HREat&DbY abiRrafhodan atctsnet dxtrattiidhel Din@tihangscible. Toxic

decont am nati on property of silver silicate

gases Vers I5ptimated from e glass chpsnber 7k fox cQmPAETIE: @garettiesmoke obtained
t c

14 05, NG OECGRNAT BP0 AL PRI 10 TBAO0E v

transiti‘cbﬁ rﬁdtalhaio@tmtrmm?tad emxbmt:@tmersagmﬁmnﬁy operty of

zirconiumsilicate |mmb|I| abl e
The {GHGHES THB 2 SEDER PATCREO T iﬁqlhlé?wg?% gfmtmgen and
hydrddZFBRRS | {&8dadshiat LGRR! flev T ngshﬂa'lﬁ@r MesRL35)| tfadBent (A the
I ncorporated 1'n to resins.
immobilized functional transition metal silicates containing filters detoxified toxic gases

from cigarette smoke (Table 36).

This invention now will describe the salient features of functional transition metal silicates.
Functional transition metal silicates having varied silicate metal ratio were synthesized and
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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Tabl e 33 denotes the bacterial decontam nation property
IN/P _g %luncti onal transition tal 10 silicate resin

Aol i ngs on sand. Tabl e 34“denotes the toxic gas

(engi ne conbustion) detoxification (% nature of

i mobi i zed functi onal transition netal silicates.
bact<3£rl)1-(ﬁa1§%)lgarcgt)i?//itf(j)ef%jnI %]uo%ltglg{r %ﬂgot %ﬁf sﬁl at%? gfx{tﬁ)émz%ﬁ att nleutral or
basic gbhdit@ises. 15 Tabl e 36 denotes the ci gar ette snoke

detoxification nature (% _of immobilized functional
Functiqngh d1apsigan nivetal sgicpice avadiesizede ot extipng agidie wi§ copgdifipns by

ddithbRSrRER dseng

additbROCBERTER LMENb: ARG YR RAPIR uRMPRLA! Bhient also

possessek | fumttﬂ),nab aétirgtiesssuch caat decomamiranios eandi disiofeeon zienc Contrary
S|I|catezgandfu ctional t sition ,netal .silicate

ﬁmcqo 8

A st prReed, By b S5oers vifdavdfdmion metl

contefd kMt BX QX bffSotiv@ U GRREVIRSSdeco Rt P8 ’pr&ﬁé@t'iész BRfthay be
silica gel, resins (vinyl ester, bisphenol

due tpsrommmamrlsr @m;blog¢ amporrt%éurn@pn laﬁhlatfthﬁcfmn@at@m of more amount

transxﬁlo etngqyd{orxéd’:‘egl %1016% Vr\{[]@{ %wa{écorhp o{él?f:gg aéiﬁa {ngscoan q;oﬁls As

evideﬁébafhelchblés angl S aivrivgsiNatd lﬁépeﬂ"ai Qd b&slb Ic@ﬁhﬁoﬂsadvleﬁ) at higher doses
exhi biting varied functions which are useful in

falledvépr deepntasiinale appe At Hignteck hasfeny offgpiivohet Thg Mgngtion metal
a0 G e OB 000 0 AR S

variability of fuactdnuhit3IDtmamsifiéh m8tahsiticates is the topic of this invention.

—4;3)'_'-

Each functional transition metal silicate has its own uniqueness. Cupric silicates exhibited
very strong decontamination and disinfection properties. Zinc has more freedom or
capacity to interact with silica and functional zinc silicates structuring were done based on
decontamination and disinfection nature. Similarly manganese silicates, silver silicates,
and zirconium silicates functionality was enhanced by optimizing conditions of synthesis.
Regarding silver silicates when they were synthesized at basic or neutral pH conditions
failed to absorb arsenic like toxic metals and silver silicates synthesized at extreme acidic
pH conditions (by addition of nitric acid) absorbed arsenic effectively. Zirconium silicates
synthesized at neutral or basic pH conditions, do not possess bacterial decontamination
nature and synthesizing at acidic pH conditions zirconium silicates attained the desired
bacterial decontamination property. The particle size was uniformly maintained (below 1
pum and above 0.5 pm) for testing these functional transition metal silicates.

These immobilizations in present invention can be classified as physical or chemical or
incorporating directly into the resins. The selected materials for chemical immobilization
(such as agropolymers, activated alumina, silica gel) has the property to bind with
transition metals. Activated alumina, as it is amphoteric, passes the electron to charged
copper.

Physical immobilization of functional transition metal silicates was done on cellulose,
quartz sand, and by incorporating into resins. Transition metal silicate containing resins

were coated on quartz sand.
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The wide application of the said functional transition metal silicates is an important aspect
of the invention. Accordingly the invention pertains to a method of producing immobilized
transition metal silicates using activated alumina, aluminum oxide, cellulose, resins, quartz

sand, and functional transition metal silicate containing resin coated quartz sand.

Now it is essential to summarize the findings of the investigations carried by the applicant
in the following Tables 1 to 36.

Table 1 denotes the comparative functional and structural variability of functional
transition metal silicate (cupric silicate) based on variable parameters of synthesis.

Table 2 denotes the comparative functional and structural variability of functional
transition metal silicates (silver silicate, manganese silicate, zinc silicate and zirconium
silicate) based on variable parameters of synthesis.

Table 3 denotes the bactericidal property of cupric silicates against Staphylococcus aureus,
Bacillus subtilis, Pseudomonas aeruginosa, and E. coli.

Table 4 denotes the comparative bactericidal property of cupric silicates. Cupric silicate
(silicate: transition metal ratio =1:5.15) and cupric silicate (silicate: transition metal
ratio=1:1) at a concentration of 0.06 and 0.0125 were tested for comparative bactericidal
property against E. coli.

Table 5 denotes the bactericidal property of zinc silicate at a concentration of 0.25% mixed
in bacterial growth media, which was tested against Staphylococcus aureus.

Table 6 denotes the comparative fungicidal property of cupric silicates against Scelerotium
rolfsii, Rhizoctonia solani, Fusarium oxysporium, and Pyricularia oryzae.

Table 7 denotes the viral disinfection property functional transition metal silicate (Cupric
silicate).

Table 8 denotes the trihalomethanes decontamination property of cupric silicate.

Table 9 denotes the arsenic decontamination of immobilized functional transition metal
silicates on activated alumina (size: above 1000 microns).

Table 10 denotes the arsenic decontamination of immobilized functional 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 13 denotes the mercury decontamination property of immobilized functional
transition metal silicates on activated alumina and agropolymer.

Table 14 denotes the protein decontamination property of functional transition metal
silicate immobilized on agropolymers.

Table 15 denotes the pesticidal decontamination nature of functional transition metal
silicate immobilized on agropolymers.

Table 16 denotes the bacterial (coliform) decontamination of immobilized functional
transition metal silicates on activated alumina.

Table 17 denotes the bacterial decontamination of immobilized functional transition metal
silicates on agropolymers.

Table 18 denotes the bacterial decontamination property of immobilized functional
transition metal silicates on aluminium oxides, and cellulose.

Table 19 denotes the bacterial decontamination property of immobilized functional
transition metal silicates on quartz sand.

Table 20 denotes the decontamination of fungus (Aspergillus species) from a long time (6
months) stored water by using immobilized functional transition metal silicates.

Table 21 denotes the protozoan (Cryptosporidium parvum) decontamination property of
immobilized functional transition metal silicates on agropolymer.

Table 22 denotes the viral decontamination property of immobilized functional transition
metal silicates and E. coli decontamination nature of immobilized functional transition
metal silicates.

Table 23 denotes the trihalomethanes decontamination property of cupric silicate
immobilized on silica gel.

Table 24 denotes the semi volatile organic compounds decontamination property of cupric
silicate immobilized on silica gel.

Table 25 denotes 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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Table$ 55~ d3ndtes AR08 alomethanes  decontamination property of silver silicate
immobilized on silica gel.

Table 30 denotes the trihalomethanes decontamination property of manganese silicate
immobilized on silica gel.

Table 31 denotes the trihalomethanes decontamination property of zirconium silicate
immobilized on silica gel.

Table 32 denotes the bacterial decontamination property of immobilized functional
transition metal silicates (5%) incorporated in to resins.

Table 33 denotes the bacterial decontamination property of functional transition metal
silicate resin coatings on sand.

Table 34 denotes the toxic gas (engine combustion) detoxification (%) nature of
immobilized functional transition metal silicates.

Table 35 denotes the tar and nicotine absorption property of immobilized functional
transition metal silicates.

Table 36 denotes the cigarette smoke detoxification nature (%) of immobilized functional
transition metal silicates.

The results derived from the present invention gives a scope of synthesizing functional
transition metal silicates (such as cupric silicate, silver silicate, manganese silicate, zinc
silicate) and functional transition metal silicates immobilized on materials such as
activated alumina, aluminium oxide, agropolymers, cellulose, quartz sand, silica gel, resins
(vinyl ester, bisphenol and isopthalic food grain resins), and functional transition metal
silicates incorporated resins and functional transition metal silicate containing 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.
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TABLE: 1

COMPARISION OF FUNCTIONAL TRANSITION METAL SILICATES

Weight of Welght of
ESR % Bacterial the
Name of Sifica: v&w__w_% material | decontami- | materia A
S. No the Parameters of synthesis transition @ values {countsis) and bacterial - nation for arsenic decontaminat;
materigl metal ratio ] " from decontami-
Angle(” 2 theta) | decontami- 272x10° nation from 2.5 ppm
nation ) 7100mD)
{mgiLy (mg
A) 432481 1)2128,25 and
y 1628197
Cuptc Acidic conditions with 10 m! of sodium w 2002t | a1sm74ana
1 slicate silicate [1:2]+100 ml of 0.5 gm/m transition 1:5.15 D) 208807 3228018 10 99 50 69
metal salt solution E) 204673 3) 1470.73 and
’ 38.79307
1) 835.63 and
18.20057
Cuniic Acidio condtions at 70°C to 80°C  with 50 #2230 | 2)70874and
2 m___c%ms i sodium siicate [1:1}+100ml of 0.5 gm/m! 1:0.78 B8) 2.08456, 3) 502,52 and 10 99 50 55.8
fransition metal sat solution 2957159
A3s03s3 | 10 9tand
Cupric Neutral conditions with sodium silicate nwvaouM%ﬂmN 2) qm.t.u and
3 mz_mhgoms [1:41+100 ml of 0.5 gm/mi fransition metal 1:1 D) ‘_.w._ 887 3229276 10 98 50 27.7
salt solution ) 0.05688 3) 694.85 and
) 39.77809
Cupric Basic conditions with sodium sificate \mc wmwmwm 1) 152.74 and
4 a_ﬁ..mi [1:1}+100 mi of 0.5 gm/mt transition metal 1:0.8 Qv 261681 2654983 250 21,69 50 8
salt solution ) °
1) 400,70 and
Extreme Acldi conditions at 70° C 1o 80°C m2dss21 |, (092
5 Cupric with addition of 10 mi of 36% HCl and 1053 B)2.06874 vun m..Ema 10 %9 50 2
shHcate sodium silicate {i:1] +100 ml of 0.5 gm/ml o C) 121231, 3) um.o 02 and
transition metal saft solution. e an
39,71761
1)541.23and
Extreme Acidic conditons at 60° C o 70°C natsset | 2 S
Cupric with addition of 20 mi of 36% HCl and '
& | slicate sodium sillcate [1:1] +100 ml of 0.5 gm/m 1034 B) 203614 3 e 10 % 50 a7
transition metal salt solution. 29 m.mﬁ:
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TABLE: 2 COMPARISION OF FUNCTIONAL TRANSITION METAL SILICATES

Walght of
the material

Weight of the

Stica: ESR XRD % Bacterial | rnstorial for o
Name of the : Peak helght, for rlal " i una_n. "
8. No ‘material Parameters of synthes!s Qna_wﬂr metal G values (countsfs) and decontami- plni 4
Angla{® 2 thate) nation 272210° nation from 2.5 ppm
(mgLy {mg/100mi)
A)5.40808 | 1) 44495 erd
B) 4.55342 275904
- Neutral conditions with sodiurn sifcate [1:1+100 . C)254503 | 2)307.02and 087
7 | Znceiloats mi of 0.5 gvimt transition metal selt soiubon 11213 D} 2.10081 50.58455 0 86.58 100
£)205408 | 3)2633Bend
2827638
A)438410 | 1)2078,889nd
Extrems ackiic conditions at 70° C to 90°C with B)4.01910 11.07467
. addition of 10 i of 38% HC! and sodium siicats i €)253191 | 2)635.44 and 0 23
8 | Zincsiicata [1:4]#100 ml o 0.5 gmimi tranhtion metal sait k248 0) 1.87886 82527 0 878 !
solution, £)201703 | 3)664.98 and
3288120
Maserss | V541 and
Neutral concitionss wi B)237BAT | o) 242127 and 4 45
" itiora with sodium sflicate [1:2]+100 . B Y
8 | Sherslicate | e 5 cmimi transition metal saft sclution, L 5y 4627448 5 5 oo
3) 1835.88 and
27.89129
1)2217.87 and
Extrema ackdic reaction at 70° C to 90°C A 437171 wo.wﬁmua
) corxiitions with addtion of 8 mi of 63-70% HNOs . B) 404714 | 2)68455 a 5 00 -
10 | shersiicate | 4 e silcate [1:4}+100 miof 0.5 gmirml 1104 C) 1.98188 4768093 5 bt
metal salt soLution ) 674.27 and
4231081
Neutral condiions with sodium silcate A)1.93412
1 | Manganese [1:41+100ml of 0.5 girviml transition motel sait 1: 194 B)zogsss | 1) 14B04end 500 51.68 100 12.4
solution . X
A) 439698
Extreme acidic conditions &t 70° G to 80°C with B) 417458
42 | Mangansse addiion of 10 i of 36% HC! and sodium 100 c)218228 | 1) 3288 end 0 . 100 103
sificate silicatef1;1] +100 ml of 0.5 gmV/ml transition e D) 2.11243 24.85599 . .
metal salt solution . E) 2.05491 !
F) 1,999651
AYA.43757
B) 4.18272
Zirconium Neutral conditions with sodiurm sticate [1:1}+100- . C)2.24547 . -
B | icate mi of 0.5 gmimi transition metal sl soiufion t 280 D) 2.30425 - =0 20 0
E) 21898
F)1.23086
AY437236
z umM&gs acidic conditions at 70° C o 80°C with | B)2.82039 .
reonium lition of 10 ml 0 36% HC! and sodium C)1.6259% | 1)8480and 545
¥ Sicate slicate{1:1] +100 m of 0.5 gl tranation: a7 Dy121852 | 1089433 20 8.8 100
metal salt solution . £)1.02930
F) 0.93735
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Bactericidal property of cupric silicates:

(J UW~ ( mv {
9~ tn N N~ "I~ CL Noy=
.

~—t ~1 ~,

Material
embedded Material Silica:
in LB concentration transitionmetal | Test bacteria Result
agar media ratio
No growth
Cupric 0.95% 1:5.15 Staphylococus was
silicate 270 - aureus observed
. No growth
Cupric 0.25% 1:5.15 Pseudomonas | = L,
silicate aeruginosa
observed
) . ... | No growth
C_qurlc 0.25% 1:5.15 Bacillussubtili was
silicate S
observed
. .. No growth
Cupric 0.25% 1:5.15 Eschericia was
silicate coli
observed
Control Significant growth was observed




inmo N $NgQ WA | N PA-508 68 Tabl e:

p§qaperty of cupric silicagegs:
HWRA%Q? in LBtransitionmetal Test

ddedMaterial Silica:
bact eri aResult agar
CupricO 1:5 Staphyl ococuswas 25%5
aur eusobserved No growt h Cupri cPseudononas
| cat eo 1:5. 15aer ugi nosawas 0. 25%bser ved

CGHBLAEAEhl 45RO SERpR B

Tﬁb el gate. .

3 Bactericidal
Mat eri al

medi aconcentrationrati o No growth

g@teo 1: 5. 15swas
ericia silicateo

‘_: l-_\ 1Rr\n| I Was {'\ ’)EO/,. nh\ervcu
Silica: Material Concentration
Name of transition | Name of the
the sample metal ratio pathogen
0.06% 0.125%
) Significant
Cupric silicate grgilvth No growth
Synthesized at acidic 1:5.15 Eschericia was was
reaction T coli observed observed
conditions
Significant .
Cupric silicate grg wih was Significant
synthesized at -1 Eschericia observed ogrowth was
neutral reaction ) coli observed
conditions
Eschericia Significant growth was
Control Coli Observed




Significant growth was observed Contro
4 69 Conparative b
Silica:Materi al
of transi ti onName of the the sanpl enetal

e:
cat es:

e 3

%%teﬂ

ci dal

5 I N PA-508
property of cupric
Concentration Nane

rati opat hogen

0. 06%9. 125% Cupric silicateSSiigniificant No growh
,ﬁ%ﬂt?@sized at acidicl:5 Eschericianaswas 15

&t on. col i served observed ob conditions Cupric
silicateSignificant Significant growmh was synthesi zed

Bacterpeida]gprppectp 8t &1

Wt h was 1 neutra

reaction' coli)bserved conditions EschericiaSignificant
growt h wag Control Col|i Gbserved |5 | N PA-508 70 Table: 5
Bactericidal property of Zinc gilicate Material Silica
Material
e@bedded Material Slhc.a.: Test
in LB . transition . Results
. concentration . Bacteria
agar media metal ratio
Staphylococus No growth
Zinc silicate 0.25% 1:12 phy was observed

aureus

Control

Significant growth was observed




enbedded concentration Materialtransition Bacteria

T Results in LB netal ratio agar nedia No growh Zinc
H\I/P%"l%ﬁ%cat e0. 25%: 12St aphyl ?&ocusms observed aureus

Significant growmh was observed Control 5 I N PA-508

Table: 6 71 Conparative fungicidal property of cupric

Tsaiblli,%at es: Percent reduction in colony dianeter over

dontrol Name of theSilica; sanpl etransi ti onNane of the

at hogen _netal. ratios 0.0625%0..125%0. 25% Scl eroti urn
‘?‘HPP %Veé‘slzg.lgléa(:eme ty of cppYe é’}‘cﬁﬁﬁ’z oct oni a

solani47 761 973 2 synthesized at acidic pH reactionl:
5. 15) Fusari um oxyspori unb7. 870. 076. 8 condi ti ons
Pyricullaria oryzae74.286.2100 Sclerotiiun
rol fsii.0.00.024|7 ) Rhizoctoni a sol aRe22nO®©44d0&%Hn0 in colony
Cupric diameter over control
Name of the Slh?é: Name of the pathogen
sample transition
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 ) i
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 0.0 0.0 68.3
at neutral pH . OXysporium
. 1: 0.78
reaction
conditions
d) Pyricularia oryzae 72.7 85.5 88.5




silicate synthesized) FusariunD.00.068.3 at neutral
IN/Pzg-:géi O xysporium 78 reactio conditions Pyricularia
§ae72. 785.588.5 5 | N PA-508 Table: 7 72 Viral
di sinfection property of functional transition netal
silicate (cupric silicate) Percentage reduction (% of
Tabl _a-;:teri ophages Nane of the Material Ms5-20X174PRD 1
atch a918896 CupricBatch b899594 silicate Batch

. 49298, 5 | N PA-508 Table: 8 73 Trihal onet hanes ..
VirafgBTdinn PO B BBEROYS T el FEaiedomtic silieate)

Concentration of Decontam-nation Nanme of

the(control)Retai nedabhility of the S
No. conpoundcont am nant|( ppPedém@ideantred@éiion Sl i Obf
( ppn’) 1Chl or of or nD. 99750. %ﬂ-@riophages
Name of the Material
MS-2 @X174 PRD-
Batch a 91 88 96
Cupric Batch b 89 95 94
silicate
Batch ¢ 94 92 98
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21, 1, 1 Trichloroethanel. 00160. 4476

NPT

chl or oet hyl enel. 0005926573

dor oet hyl enel. 00060.2064

5r onodi chl or oet hanel. 00080. 8012
6i br onochl or oet hanel. 00030. 7861 5.4 ppm of THM m x
7etrachl or oet hyl ene0. 99870. 6795 8r onof or nD. 99070. 5455

Ehés

Tabl e:

Di chl oro- 0. 94230. 6557 3- Bronopr opane Tot al
Bntration of8.9505.3939 F HM ni x 10 | N/ PA-508 74

9 5 Arsenic decontan1nat|on of |.omobili zed

Trilvdemefhanes decautamigation prapesty| of cupric sgicate ot j v at ed

alum na (size: above 1000 m crans) Percentage of
argeni c decontam nation after|treatnment |of 2.12 ppm
argenic S. NoNane ofi .the material containing water by
pagsi ng t hrough IOcﬁ&@“@PQ@“ ol utm at fljow rate 10
m/imin 1Cupric Silic¢at @®f10 2zinc Silicaep8dtaBfnation
3I\/Emgag\8a§§ a:jﬁecat e38(@etud)i r c Betainedsi | | cagﬁ;@y 66md0
S. NbN/| PA- N} ; cmtyminent ¢ (RlEVbNt ami ng %n?(&ﬂﬁ)’t
of |i moBIPPYEY t r ansi tsolmtionet al sil i cate ?Euprlc
sillicate) on different(gmes of activated alumna 5
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
Dib hi thane 1.0003 0.7861
6 ibromochloroethan 5.4 ppm of THM
mix
7 Tetrachloroethylene 0.9987 0.6795
8 Bromoform 0.9907 0.5455
g |L2Dichloro- 0.9423 0.6557
3-Bromopropane
Total Concentration of
. 5.3939
THM mix 8.950

y
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Amount of arsenic content in ppmafter treatnent of S

NoNanme of the materiall liter sodium arsenate% (2.4 ppm
IN/Péb#Bgti on) in adecontam nat7%n 10cm col utm at 10m / min

flowrate 1Cupric silicate (500nm0.11495.58 2Cupric

silicate (1000nm 0. 3686.05 3Control (1000nm 0. 6873. 64
Tabl%-aﬁt ivated alum na) 4Control solution2.40 (w thout
teatnent) IN PA-508 5 76 Table: 11 Arsenic

decont am nation property of transition netal silicate
Arseple, decontammatione pt imuetilized, Sapcsionaly teansitione metalSsilicates on
activegednglmmingt (siz¢eabaitedi008 nefexams) ani nat i on of “arsenic from
500 ppb of arsenic treated solution Cupric silicate
i mmobill i zed on lagropol yjrer (250 ng)56.48 Table: 12
Decontam nati on property| of functional transition netal
silicates by physical inmobilization on quartz sand
(250- 500 nicrons size) PePereh@ge oPirsenRelRcéntamination
deconfam nati on after treabhffefireRment Oixlghlgrﬁmpgrsteﬁﬁ
SENGT | aN2Zmé 3f BRI Mafcpfii C C&‘Mﬁhiﬂg@@aﬁé‘@&f aliinPas
t hrough 10cm si ze of the co*(mmﬂ FANOA hgwﬁg[ga?(%gn.
1Cupriic silicate35 2Zinc|silicat 648, §mvanganese
silicatel8.87 4Zirconiumsilicate8.4

1 Cupric Silicate 90.10
2 Zinc Silicate 91.98
3 Manganese Silicate 58.96
4 Zirconium Silicate 13.68




5Sand as control 1. 88 10 Tabl e:
tam nati on property
silicate
Initial Mercury content (ppb) Mercuryafter

IR

agro

ition netal
pol ymer

13 Mercury
o,; i rmobi lized fu
55 on activated a

ncti onal
| um na and

60 mn of S. No.Nane of material content (ppb)treatnent

Talen‘ré'e{ A

[
Arsegg:g&

lupric silicate

d’] inaliterimobilized functional watertransition
| silicates 1 ng/m).
bilized224. 21Bel ow detectable limts on a

contamination Prepgiy |9t iaypebilizedstraggitign @@fﬂg

r opol yner

silicatte) pm; diffgrend sizes, of asgivatedAlWRIDCoNt r ol 224. 21224. 21 15

| NV PA-508 5 Table: 14 77 Protein decontam nation
property of functional|transition netal si|icates
i mopi |l i zed on agropo|lyners Protein bindihng (ng) after
treatnment S. NoNane of [the materialwith 100m of BSA
solution (1 ng /nl conguWRevRafgnsenioeanted| um at 8 /
mn flow rate. 1Sil ver |&innneaften treatnpensofi c
ilic ' .sj | | chlite8 sodiiabinsenat® Pesti ci Yal
S- econ g%}ég%ﬁhgﬁaﬁg?gire 0f2.4 ppratsobutiah) ir ans| dé¢contaneination
silicate i mobilized 0102 edJuepaitMoRils %
decontam nation from 1D ppmiieslowGiatle S. NoNane of the
mat efi al sol ution by 1gm of sanple in a colum
Endosul phanCyper net hri nChl or pyri phos Cuprifc silicate
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

pilicaté (cupric




li mobilized on activated59. 762. 446. 6 al um na Cupric
id.bcate 2i mobilized on6l,,783.449.1 agropol yner

IN/P‘?S‘TQP A-508 Table: 16 78 Bactlri al (coliform

decont am nati on property of immobilized functional

transition netal silicates on activated alumna 5
TablF{e{}cent age of coliformdecontam nation after treating
ArsegD gl"ie oft col i f orm (5x 053f ? NC% Nane OL t.he e silicat
; Pﬁ:}ﬁ ({%ﬁ 3'6‘1'1‘?%@“ rl:g Dty oy drapsijon,, mefal, syjcalq) (Gpprjf psilicate)
imm O BROPOSTER col um of functional transition
netal silicates immbilized on activated alum na
1Silver silicate98 2.Zinc silicate43 3. Cufisic
si ld gat e83| 4. %uﬂr{l DA12S é:tgptlrol Beleoontdminakiinl of:ardehic
BaCterial decortant nation propert yireh 3007ppbidfiazeasic
transition|netal silicates on 10 agrpga®éd/sidiGon/ol une
(m) of thecgsld fieam Bagdighied AXL04 7 Titer containing
vat ey passed%,s N hyRe A mPpt er| al t hrough4Bhe
col utmdecont am nati'on containi ngl 250 ng of imobilized
transitionm netat—sitHrcate—on—aro—of—rer—Cuprie

> [ ![i cat e200099 1i mmobili zed on250097. 45

Si
Tablged 2 hol yrer 300094. 87 Silver silicate 2i nmobilized .
Decog tign 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 22421 |Below detectable limits
on agropolymer
2 Cupric silicate immobilized 22421 Below detectable limits
on activated alumina
3 Control 224.21 22421

15



Agropol ynmer Zinc silicatel00061.90 3i mobilized
IN/P% 0014. 28 Agr opol yner 20084. 76 | N PA-508 Table: 18 79
act’eri al decontam nation ?operty of immobilized
transition netal silicates on alum nium oxide and
cellulose. 5 Volunme(m ) of Type of material Wi ght
Tabl%f fé?l iform % containing water S. Nosel ected formateri al
I'n"the(460 col/ m)decontam nation
p i,m%bi | i zatigncol umpassed t hrough col um 1A um njium
rote; ¢FCenigIypisesbBroRsYLy of fupehombpiansitisa auetalsiiiertepwanyhilized
on agropHYIRTA60 col i form col /m 100 (untreated water) Tabl e:
19 Bacterial decontami nation property of inmobilized
transijtion nmetal silicates .10, [tz d Bacterj i
colifornPercentage of coli rlgjratel&%mgﬂ'?g ngga ter. trélitmch
50D01 ) deNanteafithatiaverisf t ef EWIH 0 SBPtltoﬁébll%el
bef or €500m col i f or m cont a| AP §OREEREAtIR), dem column at
Nonat ¢ri al treating witha f|ow ratdmidrminoftew gats. f r om
I Ocros 1 mmoplli1zed onfunctjonal transitionl ength colum
of * funmction Hlveaagwff sandnetal silicat&%0intransition
nmejal [silicates coafed on folummquariz, sand ICUpric
sifi cate3. QPIGBS@S" inc_sjlicate3. 62xi§634 3Manganest
3

53 0

Laed

t

=

D
(7))

Zinc silicate

Table: 15

Pesticidal decontamination nature of functional transition metal silicate immobilized
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 62.4 46.6
alumina

Cupric silicate
2 immobilized on 61.7 83.4 49.1
agropolymer
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3.78x10 silicate 4Zirconiumsilicate2.90x1056 5Sand as
%%Bgrol 1.1x106Bel ow 0. 001 1N PA-508 5 Table: 20 80
IN/P. ntam nati on property of® fungus (Aspergillus
species) froma long tine (6 nonths) stored water by
using i mmobi | i zed cupric silicate on agropol yner.
Tabl JSqums of S. No.Type of material Colum water (nl)
It sizepassed through colum Cupric silicateNo
wt h_of fungus was 1i mobilized_ on2cnil literobserved
Bactm@n@h@rwe@ﬂceatm@%ﬁa@ prepa iy ob impediliped dapctignal (Frapgition
metad piligates ppactvatedalmish f ungus was 2Control observed when
the untreated water was placed on fungal growh nedia
Tabl e: 21 Protozoan (CryptPapaitage ofieobifisrondycontamination
decont api nat i onI pr oioerty Dhftentredting sla[minl oTQoﬁfuirﬁiEq'SQn(a"b
transitiaon netal silicates gsmtaffiRPFayFalt aSRRerat of 10
t eVt umeNgne ehenerpaieribns oxﬁﬁﬁfx‘&hﬁ@%{‘ 10EmS 88388 column of
q
[

banpl epassed t hrough col umm
oocysts|Fraction-A (20n) > ég‘%ga%%fdﬁggfgﬁﬁﬁ?
II.L) 99

rrobtH—zedFracttonr-B— 5u.
1 Silver silicate
2. 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 o
S. No Type of material through the column d ..
. econtamination
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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on agropol yner Fraction-C (80nil)>99.99 15 | N PA-508 81
ble - 22 A Viral decajtam nation property of

IN/P’?'r?ﬁgbi lized functional transition netal silicates B.

E. Coli decontam nation nature of immobilized

functional transition nmetal silicates Percent
Tablg_ ction (% Wight of the Sanpl esanpl e used i nAB

‘ol unmPol i o Lsc 1Rot avirusEkE. coli 0157:H7 SAI|l 1

I 5.94
Bact% :ﬁnﬁ SR 89? Paﬂ’é Iréggglgmé@ll Catlgg%@?%ls{tizmel metal silicates on
al““’g‘ﬂ&ﬁ%"?@ 8’6‘12@“95e€:upr| c silicate i Mmobilized on

activated alunm na 20 grans99.399.899.5 10 Table: 23
Tr| hal onet hanes decont am natji on pradpmetmDof cupric
si|lic ilijca gelcolifdrii PA- 508
CCIIWE %aleé'ﬁﬁ t el %gr??natl containing water | %

S. No ecte or material 1n the .
. (460 col/ml) decontamination
1mmoblllzat10n column

passed through
column
Aluminium oxide
1 (ALOs) 1.0 gm 250 93.47
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 |. o treating with a flow rate of 10ml/min from 10cms
immobilized on . . .
artz sand functional transition length column of functional
quartz 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




S. No. Nane of the conpoundcontrol Retained (ppmon
bility of contam nant the _absorbent sol ution
IN/P%‘ (ppm) 1Chl or of or nD. 99%%0. 9501 21, 1, 1
Trichl or oet hanel. 00160. 9689
3etrachl or oet hyl enel. 00050. 9362
T b4[%'chloroethylene1.00060.9650
ablet 20mdi chi or oet hanel. 00080. 8897
6i br onochl or oet hanel. 00030. 78857. 5 ppm of
Decondamiaytiony peersyte v ofuwggy 0 Aspareiliny apecies) from a long time (6
monghs) fored wotardyrsirsoemohilized cwprie silicrte On PADIVIOES
5 r onopr opane otal Concentration of THM 8. 9507. 5392 ix 82
pmat ogr aphi ¢ |Condi t i| onBolug@ie st ijmat i on of

Chr

ri pal onept hanes [€olukn 20 vkt humm Oven tenperature
S. Nt 1SpEPT maald er (L)

Car

I STRMPEpased throbfh §Ct1 ON TeRsalat ur e
rier gas Flow Makeup gag,hL,ow |Range Run tine

50O

VAR AN—CP—3800 Wi t T Heaid—Space

No growth of fungus was

Cupric silicate
P observed when the treated

1 mumobilized on | 2cm 1 liter water was placed on fungal
Agropolymers rowth modia
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

o .
Name of the Volume of the fraction %o Reductfm.l of seeded
Cryptosporidium parvam
sample passed through column
oocysts
Fraction-A (20ml) >99.99
Cupric
Silicate
immobilized Fraction-B (50ml) >99.99
on
agropolymer
Fraction-C (80ml) >99.99

15
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ZB- 5 30nXO. 25uX0.25 : 35C/5 mn @10C/ mn 250C/1 mn
| ectron Capture Detector 300C 200C with split |ess
IN/FAs Nitrogen 0.5inlhnin 829m/nin 1.0 :27.473 min
1N/ PA-508 Table - 24 83 Sem volatile organic conmpounds
decontam nati on property of cupric silicate
Tab i pbilized on silica gel) 5 Concentration of
coftami nati S. No. Nanme of conpoundcontrol Retained on
ability of contam nant (ppmthe absorbent solution
A. Y@nﬁffﬁﬂﬁmwﬂzewroww -ofi énmebdized 9bmctipnal Humesition metal
SYNe3dgt hl or 00. 8600. 546 3Benzene 1, 2, 3,
trichl oro0. 88060. 184 41, 3 But adi ene,
B. E, ICHj JetOnfantfad@y vareh ol ainanebilized Tupétddhad 769nddén metal
siiceta ht hyl ene0. 8120. 526 7cena t hen0. 7750. 488 8Phenol ,
2,4-bis(1,1-inmet0.3510. 000 9D et hyl Pht hal at e0. 7680. 467

10l uor eneQf 7930. 518 IIBenzene 1-cCil T 30 (A 40386
12i pheny! aigpggh EARe 565 Perdelt redicto (%)
Sample sample used in A B
column i
PolioLsc 1 | ROAYINS g ool 0157:17
1 gram 55.9 48.8 99.4
Cupric silicate
immobilized on
agropolymer
2 grams 99.998 99.991 99.99
10 grams 70.3 86.2 91.9
Cupric silicate
immobilized on
activated alumina
20 grams 99.3 99.8 99.5
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15

20

Tabl%:

gel

13-

NPASHR

Br onophenyl -

0. 8610. 632 henyl et her
chl or 00. 5420. 310 15he t herene0. 7720. 465
racene0. 8120. 5289. 1 pp
pht hal at e0. 6930. 275SVOCs mi X.
19yr ene0. 7000. 252 20enzyl
1Ghrysene0. 6440. 206 22i s(2- 0.6760. 134
Ryl hexyl ) pht hal at e 23Phenol

of t

but yl

. 3,4, 5-tefrabronD. 6710. 124 241 -n-qctyl . o1 .
Trin foiedfaiies e o mIBATIS BFESFG) UG AR it et po silca
26enzo( k) fluoranthene0.6700. 066 27enzo (a)

l4ezene,
he 17i butyl
pht hal at e0. 6910. 187

181 uor ant hene0. 7060. 276

pyrene0. 6800. 035 28ndeno(1, 2, 3-cd) pyrene0. 5330.000
291 benzo(a, h) ant hracene0. 4300. 43 30¢nzo(g, h,|)
peryl ene0. 5170. 039 Tot alCoieacentiomsf on of 20. 8196Pe&b®aminati
SVOCS M x | N PA-508 84 |Chr ogomtbhadr aphiic cqondj 1 i ons| bambility of
S. Nast i ameaf the camRPURb) ot i L gy ¢omammiC ¢ &ﬁ"ﬁ’é’ﬂl‘ﬁidé’l’?gc the absorbent
MB] VARI AN CP 3800 W TH %lWﬁm?gTﬂ@\' 2000 GC /' M5/| MS(ppm)
Col um : WCOT Fused silijca 30MX0.25mm(l d, Coating |CP-
X St {C}E’org’f% rln_low B-eed—+—M5—DF: 895% 10Cat— PO\R.JQ.S((;,IP 58@0
2 |1, 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




Oven tenperature: 60 C @7.0 C/ m n,
260 C @20.0 C/'mn,

00..C @6.0C/ m n,
IN/P%‘r’ﬁ%écti on Tenperat ure: 280C3%i t h split |ess node.

15Carri er
:50. Om n.

T lfsd s

Gas
MS C diti

anps. Mass Def ect

:Helium Fl ow Rate
on 20ons:

1.0/ mn.
Em ssi on Current

Mul tiplier offset

:0mmu/ |

:0 volts 25Cal

Gas

130 C @5.0 ¢ mn,
280 C @15m n.

Run time
110

OOu Count Threshold :2
: OFF Scan

Time: 0.810 seconds Segnent start time :3.00m nutes. ‘
_ e erganiG pommundy deceniamination npraperyw ofneepris milicate
(imngplilizadiomsiliep gedss: 450 nf z 301 oni zati on Mode: EI AGC | on

Semsev

preparation Techni que: NONE | N PA-508 Table: 25 85
Vol ati | e organi ¢ conpounds decont am nati on propj]r)ty of
cupric silicate (inmobillized on silica gel) 5 L
Concentration econtamn .“cRBt.’tfREi%OBf col qunddof econtt?ll}lt;rna;l
: contro etaine on ability o
S.qmt ONaBﬁt(ﬁ"cﬂﬁﬂ)ound contaminant (ppm) the absorbent
solution (ppm) (ppm)
1 Benzene, 1,4,-dichloro 0.696 0.17
2 Fthane 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
4-Bromophenyl-
13 phenylether 0.861 0.632
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  [ndeno(1,2,3-cd) pyrene 0.533 0.000
29  |Dibenzo(a,h) anthracene 0.430 0.43
30 [Benzo(g,h,]) perylene 0.517 0.039
Total Concentration of 20.8196 9.059

SVOCS Mix
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ation of the contam nant (ppm absorbent sol ution

H%@¥$§§%(ppn) 11,1, 1- Trichl oroet hane0. 5000. 500 21, 1, 2-

| or oet hane0. 5000. 500 84
31, 3- Di chl or opr opane0. 5000. 500
4i br onochl or onet hane0. 5000. 500 5t hane

2-Di bro 0.5 6Chl ar obenzene 00. 469 7Benzene
EREnRERRY T BOROA0 SERRG 24 140H 46 26500 S48 ComBmzen
1- net hyl et hyl 0. 5000. 500 10t hane
1,1,2,2-Tetrachl or00. 5000. 488 11r onobenzene0. 5000. 347

G5 M8 or o Tol uene0. 5000V ABPAN §E3RASVITH 66MS 5000. 168
l4enzene, 1Chloro 4- 0.B000RN4260eGG/I MSOMEBBenzene
Colm: Tri net hyl 0. 5000. 2EE®TF Fused 6illca BOMXOQYSmm Id, Coating CP-
¥dl uene0. 5000. 281ppm o VOC i 17Benzene
1, 2-Di et hyl 0. 5000. 281mgxcg8Benzene
1 od-Bked 0sqdr 5000. 328.51:351, 3- Di chl or obenzene0. 5000. 346

Qi ng Di chlorobenzeneo 77 2lenzene
b g 000 é%“ TR ——

: /min /min, 28 15min.
?n?&l‘ltllog%ren%%%?uerg >000. 5 0 C with spht less mode. @
Carrier Gas Hehum
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



25St yr ene0. 5000. 051 26enzylbenzoat e0. 5000. 100
IN/P%Y 2,3,4- 0.5000.122 etr t hyl benzene 28Benzene
-Chl oro 2- 0.5000. 325 propyl 29-Brono
3-chl oroani | ene0. 5000. 097 otal Concentration of
18. 50010. 825 OCs m x | NN PA-508 86 5 10 15 GC M5
Tablghiémm ographic conditions for estinmation of volatile
Oor'gani ¢ conpounds Columm Low Bleed / M5 DF Cat. No

en tenperatur Injectjon Tenperature Carrier Gas ...
Volaﬁ(ﬁé&ﬁg%éommnﬁ? AEcdnEsTRIsAAPR PEDREr AR Suprif piisai Gamobilized
on sijgagelpef ect Count Threshold Miltiplier offset 20 Cal
Gas_Scan Tine Segnent start tine Segnent end tine

Seghent | ow nass
Concentration Decontamin
of control Retained ation of the
S. No. Name of compound 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 1-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 ppm of
16 H-Iso propyl Toluene 0.500 0.281 Vo Cpmix
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 i1,4-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
23 Benzene 1-Chloro 2- 0.500 0.325
propyl
29  #4-Bromo 3-chloroanilene 0.500 0.097
Total Concentration of
OCs mix 18.500 10.825
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IN/PAZ

25 Segnent high Mass |onization Mdde |Ion preparation

Ignl que : VARI AN

CP 3800 TH GC-M5 SATURN 2000 GC /

MB. :WOOT Fused silica®30MX0. 25nm  Coat i ng CP- SIL

8 CB:0. 25 : CP 5860 :40C10 nmnn @3.0 C/m'n,
200C/10rrin :2000C with split less rmde HeIium

Ettrofi o @91&% gg,_g%{?mgi Riffe o

8@3{/180 i nut es.

- 451 z : 45 %%? %, d 30
(%%N/ PA- 508 Tabl e: 26 87 Phen
Uidpric silicate (i mobilj

e| N@Eoofsenﬁrtny 1d,

Concentrati on of econt am natq30a§ng|(|3’

ko Matbl Ret

ai nedon aBi?ity of

canNani nant (ppm t he absor barfEP 5860

Oven temperature
Injection Temperature
Carrier Gas

Flow Rate

Run time

MS Conditions:

Emission Current
Mass Defect

Count Threshold
Multiplier offset
Cal Gas

Scan Time
Segment start time
Segment end time
Segment low mass
Segment high Mass
Ionization Mode
Ion preparation Technique

:40°C/10 min @ 3.0°C /min, 200° C/10min.
:200°C with split less mode.
:Helium

:1.0ml/min.
:50.0min.

:10 micro amps.
:0 mmu/100u
:2 counts.
:0 volts
:OFF
:0.810 seconds
:3.00minutes.
:50.00 minutes.
A45m/z
1450 m/z
‘EI AGC
‘NONE
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15

(p
INPASHOT ot

sol ution ( (ppm 1lenzoic Acidl. 0860. 3475
ophenol 0. 70830. 1077
el. 30420. 3402 4- Ni trophenol 1. 13960. 5004 2
8 ppmof . 5,4-Dinitrophenol 1. 05230. 5258Phenol s m x
6- Ni troanilinel. 08980. 5351
Tshtag! or ophenol 1. 14320. 4607 Total Concentration f
Phenol's m x7.52342. 8175 Chronat ographi ¢ Conditions for

[ i on,_of. Phenals 1 Col yom,  Oven tenperature
Bl BR a8 finflH P‘i"é}%@r@?&}%‘c HicRte (ERpIoRH izl op Stlica, e

Carrier gas Flow Range :VARI AN CP 3800 with Head Space

pm
| or
lin

- ZBWAX_30mX0, 25uX0. 25 1 110C/2 min@O0C/ min 250C 1 nmin
:Fllane lonization Detector :275C :250C with split less
node : Nitrogen :1.|Contémiration:of2| | N PA- 508 Decoiethingnati 27

8 control Retained on ability of
S. N%' Name of compound 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 W-Nitrophenol 1.1396 0.5004
2.8 ppm of
5 D 4-Dinitrophenol 1.0523 0.5258 | Phenols mix
6 A4-Nitroaniline 1.0898 0.5351
7 Pentachlorophenol 1.1432 0.4607
Total Conc_entrauon 75934 28175
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 112



Pol ychl ori nat ed bi phenyl's Secontan}nationlproperty of
c silicate immobilize on silica ge
Hﬂﬂ%bﬁ@%ntratlonDecontanlnat 88 No. Nane of conmpoundof
control Ret ai nedi on ability of contam nant(ppmthe
absorbant sol ution (ppm (ppm
Thb% .£XChIorobiphenyIO 46770. 2723
richl orobi phenyl 0. 53120. 2958

hi henyl 0. 52790. 3426
Po IBEfﬂraC (gh;&eg\ cgntyminptior property of cupric silicate immobilized

on sHica.geh| or obi phenyl 0. 50940. 36872. 4 ppm of PCB ni x
6ept achl or obi phenyl 0. 50150. 4161

7Cbtach|orobipheny|0. 1780. 3845 Total Concentration of

CB m|x3.57292. 43 Chr omat ogr aphi ¢ Condi tions for .

estimation of Pol ychl or (hﬁf@HTﬁgﬂhen/ls. }OdGC Q@gggqpnuu
S. N6eN | tIRARE LRLMhGouEt §Ct 09 coDétobct or | TRatpiaedt ul eiod ability of

I nj egtion '(Ilenpeﬁgllt1 ure| Caxmtaeinapas F owppmkeu D tlk@sbsorbant

Fl ow] Range 20 Run Ti mesolufibh (g 3800 with Head &

1 ZB-% 30nmX0. 25uX0. 25 1110C¢/ 1 mn @O0C/ mn 280410 nmin

- Ele¢tron Capture Detector :300C :2650C with Split |ess

tode R,3-NidHl&@Biphenyl 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




:1.0mM/mn 29 m/mn :19.50 min | N PA-508
e - 28 89 Tri hal onet h s decont am nati on property
IN/P%?SW%%WC silicate inmobilized on silica gel 5
Concentration of econtam nati S Nanme of thecontrol on
ability of No . conpoundcontam nant Retai ned (ppn)the
Tablé‘DQQr bant . solution (ppm (ppm 1Chl orof ornil. 03800. 2471
21,1,1 Trichl oroet hane0. 98570. 9857

Trlhi'l%h{e aélregggﬁot %l Tkt Bf%ggggrég gg zinc silicate immobilized on silica gel

modichloroet hnnn1 02430. 9311

6i br onochl or oet hane] 3020 88416, 8 ppm of THM miPecontaminati
7etrac oroet ene] peery ?033°f8 om)forl nl. 0314 ogggﬁltyof
S.Nel,|2 0319%’@55_1’ Br onbpg (gBIgt a ﬁle absorbant
Concent FUTPBHD f HM mwﬁamwaeﬁnz | r\v PA-508"Tabl'e 5y
29 solution (ppm) PP
1 Chloroform 1.0380 0.2471
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
i 6.8 ppm of
6 Dibromochloroethane 1.0302 0.8841 THM mix
7 Tetrachloroethylene 1.0117 0.7733
8 Bromoform 1.0314 0.7056
g [1,2Dichloro-3 1.0319 0.8541
-Bromopropane
Total Concentration of
THM mix 9.1725 6.7712




Tri hal omet hanes decont ami nati on property of silver
iLigcate imobilized on silica gel 5 Concentration
DNH%Téggontanination S. No.Naff of the
conpoundcontrol Retai nedability of the
cont am nant ( ppm absor bant (ppm sol ution (ppm
Chhorof ornil. 0380. 5317 21,1,1
ric | or oet hane0. 98570. 9857
t rachl or pet hyl enel. 00830. 6784
Tr lh&l D&‘ﬁﬁﬁlﬂ‘iﬁ&eﬁgm Fanatgom propegly of silver silicate immobilized on silica gel
5ranndi chl or get hanel. 02430. 8685
6i bronochl or oet hanel.{03020. 8543 7.2 ppmof |T

7etrachl or oet hyl enel. | 0ddn@n8aGeabK

ronof ornil. 03140. 8543 91, hl or 1. 0

S. Nym ‘b&ﬁ'}f@e?emou@nce@ gmm.%{htOf aﬁl;3;(i r?*-f lzau%?
%iﬂ) dec SRt Y negy

Tab

| N PA-508 Table - 30 nﬁn’
property of manganeseg 3b|||zed silica
gel 5 nhnce”traflnnnrnqranLnnfl No. Nane Of t he

1con@gﬂﬂgg§ cont r ol Retjai ne b||| Y, he absor bant
contan1nant(ppn) ol ut|i on ?gp (ppm Oégl%
1Ch| orof orml. 0380. 6732 21, I, T

271 i gHLloFodtloranden®8570. 989857 0.9857
2A¢4 anhlnrnnfhvlnnp1 00830 0000

LAY

34T ?Qﬁr%%%&ﬁh@ﬂel 0110.99% ke, 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
7 Tetrachloroethylene 1.0117 0.8872 i
8 Bromoform 1.0314 0.8542

1,2 Dichloro — 3 -
9 Bromopropane 1.0319 0.7367

Total Concentration of

THM mix 9.1725 7.1756




5r onodi chl or oet hanel. 02430. 9928

IN/P/Q

onnchloroethanel

etrachl oroet hyl enel. 0117

0302

&

9757.5 ppm of THM m x
916 8ronof orml. 03140. 9921

91, 2Di chl oro- 3-1. 03190. 9604 r onopr opane ot al
Concentration of HM m x9.17257. 4944 | N PA-508 Table -
Tabld1l3§2 Trihal onmet hanes decontam nation property of

Zi rconi um SI licate i nmmpbilized on

silica

gel 5

f
Tl‘lhiﬁg nt ! at Qggﬁﬁ{lt?{% %g«%)pe?rwe of mangl\al%ese sfhcate immobilized on
Sﬂ“méﬁﬂpoundcontan1nant(ppn)absorbant (ppm solution (ppm
1Chl oroforml. 0380. 2227 21 1 1
Trijchl or oet hane0. 98570. 7011 D .
3et|r achl or oet hyl enel|(¥8aRriaD econlt:,‘l'?’t;,na;‘
4rilchl or get hyl enel. O 16 G261 Retained on abiiity 0
S. Nay N3 oh g G paiHich QRdARineh30| S(ppmpm ofth¥Alsarbant
6i lr onochl or oet hanelsgﬁ‘%(@%& (ppm)
7etirachl or oet hyl enel . 8r onof or nml. 03140. 4384
91,12 Dichloro-3-—1.08190. 5112 ronppropane [Tot al
1Cor6ﬁorofglrt| on f THM i x91..(;3%255. )578.61731\5/ PA-508
2 1,1,1 Trichloroethane 0.9857 0.9857
3 Tetrachloroethylene 1.0083 0.0000
4 Trichloroethylene 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
9 }IB’ZDIChIOIO'?" 1.0319 0.9604
romopropane
Total Concentration of
THM mix 9.1725 7.4944




5 Table - 32 93 Bacterial decontam nation property of

' ilized functional transition netal silicates (5%
m/ﬂﬁ]n‘g@)porat ed in to bi sphen@l2 resins Type of

mat eri al Wei ght of Vol unme (m ) of coliforno sel ected

format eri al cont ai ni ng wat er decont am nati on
Tab‘(enc/é)lr poration(4.6x105 / liter) passed Cupric silicate

i ncorporated into 3' 620070 Bi sphenol resins Table
T Eacterl al decontam nation Pr operty of functional
“btarl“a‘ﬂ%t fREn dpeantaminations propestyi af zionivan i silifsto immubilized on

silicagely \ol ume (M) of the coliformbacteria S. NoType of

mat erial 3. 23x105 / liter% contai ni ng water

passeddecont ami nati ¢gn through the 5cmsize materirals in
colum 1 gm of cupri Conickatgaich M xed W th plecthtnhiation
S ]\(}glopt hzi\gamaﬂi%a }Na%509£§m¥l%100 BREMiRAN 100%101}1 the o
Y81 o 10864Ruhd Of QUahiforiilh cr H
94 Table - 34 5 10 T ?ﬁlﬁolélgﬁ fr ﬁjﬁ'ﬂcon‘ous AR om)’
detgxification (% mnature P obi i zed functi onal
transition—retat—sH-icates—No,—{(oxides lof S
4 0
1Nol\/la& O%r(r.‘,nol um si zenit ro%en) 8020(5227
2 1,1,1 Trichloroethane 0.9857 0.7011
3 Tetrachloroethylene 1.0083 0.4120
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
1,2 Dichloro-3-
9 Bromopropane 1.0319 0.5112
Total Concentration
of THM mix 9.1725 5.0579




1Cupric silicate imobilized on silica gel 20cn46. 888. 1

INﬂ%é%&g silicate imobilized on silica gel 20cnl6. 5793. 76
Pf%er silicate inmobiliz& on silica gel 20cnB6.092.5

4Manganese silicate imobilized on silica

gel 20cnR2. 4591. 13 5Cupric silicate containing resin
1@b§99§fd on quartz sand20cmi3. 6796.05 6Silica as

ontTol 20cnl7.294.0 Table - 35 Tar and nicotine
tion progerty of immobilized functional

absor
ecppianpipatipn  Brdpectt ef iMpmokilived tfufiotignadbaankiddn metal

Bacterigh

silicplen (6] inverponatest in(todisphendlofesine of t he

5 sanpl el nmobi |i zedabsor bed by i mobilized functiona
transitionfunctional transition netal siTicgtenetal
iypt ofinatdZINC Weidhialkre | WolRhdel () 9 ?éo 80 o
2Veniraer S || aRiterign 51l figs z e @8 F&jl‘lt{%rénlt%ﬂination
Stldofdranal SUL1Ca 081 2. 29y (o8 fird gvesrs g
silica gel 14.50.30 5zirtonium siticaP8®§

Al um na2.50. 29 Brand nape of Cigarette : Charns
éﬂgkmgkﬁm(gygarette | ength: 6cm average wei ght 0. 775
QBQHQH‘EH%Bé'EOS Tabl e B6 95 Cigarette snpke
4ﬁgﬁéhlkgﬁﬁéon natgne (P of imagei lized functi onag
transition netjal silicptes
Table — 33
Bacterial decontamination property of functional transition metal silicate resin
10 coatings on quartz sand
Volume (ml) of the
coliform bacteria
5 .
S. No Type of material 323 X107 /liter o
containing water passed |decontamination
through the 5cm size
materials in column
lgm 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)




10

5 Nanme of | mobi | i zedWei ght CONoX S. hb.the?nof t he%®%o
i al smat eri al sdet oxi -detoxi- ficationfication
INﬂ%%%@#icSilica gel SOOTY68. 264. 86 silicate
2ManganesSi | i ca gel 500nmg54. 232.43 e silicate
3ZincSilica gel SOOng38.523.4 Silicate
4Zi r.coni umAl um naSOOny73. 3468. 46 silicate 5C
Tabk’g'?%%olyrrer300rrg66.2963.96 upric silicate SO2 Hydroc
detoxji - arbons ficationdetoxifi cation 63.9644. 85
Toxiggasolgnging xogghpstion) detpaification 1 %5686 oCimaredilid functional
trangitjogHmetal gligmss gr ams.  Brand name of Cigarette
:Charminar (nornal) 10 Cigarette |length: 6cm average

wei ght :0.775 grans. | N PA-508 96 CLAINE: (okidefof
SfNect i onal twlangiali on net a!C&hHrFﬁiee (F ) fecti g‘%%
as al decontam nant, a diginfectant, a det %I i cant, ‘a
protjectant, —a m crobi cidejor—conbination—thereet-—5
qonp “§Pﬁ§ﬂ%??é@H@bB?B@P&nsitb@&nnetal toysiglica in QPF
transition rigicgigelilicatelin a ' :
2 Zinc 51l1cat§ _ immobilized on 20em 16.57 93.76
silica gel
3 Silver sﬂlca.te' immobilized on 20cm 16.0 935
silica gel
Manganese silicate
4 immobilized on silica gel 20cm 22.45 9113
5 Cupric silicate containing resin 20 43.67 96.05
coated on quartz sand cm : .
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)
absorbed by
S.No |Name of the sample Immobilized
functional transition
metal silicate

Nicotine amount (mg)
absorbed by immobilized
functional transition
metal silicate

Zinc silicate on Silica gel 17.0 0.60

, Mgnganese silicate on 2275 0.59
silica gel

3 Cupric silicate on silica 26.25 0.73
gel

4 Silver silicate on silica 14.5 0.30
gel

5 Z1rcor.uum silicate on 2.5 0.29
Alumina

Brand name of Cigarette : Charms (normal)

Cigarette length: 6cm,average weight  : 0.775 grams.
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predeterm ned range and a structural conposition for
IN@-60&f f ecti veness, said FT bei ng capabl e of being
i mmobi lized on a suitable maferials or incorporating
into resins and / or coating along with resins on
suitable materials. 10 2. Atransition netal silicate
Table3d ai m 1 wherein a transition netal, wherein said
ratio of transition nmetal to silica in the transition

Cigmeat smoké @ t 0 about
sﬁzews 3. Aaﬁofe‘g%%f'tb ? 6‘%“%%3&1? "g‘ féz"g‘ff%‘EFB?'fﬁliransmon metal

wherein a transition netal, conprising 15 variable
functions even with sirrilar transition netal silicate
i sedor—structur asition having specific

JAST T
Bang,ea? e m&?ﬂi’i'ﬁféc W‘@gbtR[ p&Qern Mht alneSday  [Hydro
. 5§r| ed®act/i on @bndit | ofghe 4| A %r andi t bpnal megal azbon:
si | ijwatexiady |claim 1, erisls t| h@etymic | €defoRACT | Abkoxi- %

conditions as 20 claiped are|vadatisd PHcsphdi t{i@‘ﬂﬁ) detoxifi
during a process for preparing the transitiona Cal !eation

ki | | c@tmc i nclSuehiang] ex K80 a¢l dfd, 1O 12 pireact ant
concadiidagd | Ons: silicate cont ent Tn s;é@u%q_‘e aﬁ?}f. ne 44.85
siljcate sol ution and fratio of transition netal salt

solution to soluble | kalinelsilicate solutjon, variied

en ature Hhtad between 20 tao |95 degrees
cen %f%%c ﬁchécg i na?@Qﬁ‘% heYtebf. | 2.4, A 40.5 29.0
tranSFtf8h petal silidate of tlaim 1, |whereih the
transition petal silidate is |selected from}he group
consisting pf cupric Silicate, silver|silicate,

drangadése i Bilicagel, Zi S0ong 1| CaRS, Z| TEPRT UNTSj5Hicate
and Sdfvaienat i on thereaf. 30 6] Airansi%('ugn ma?la6 342

sillicate of claim1l, wherein the trangition netal

45i i Zi‘r‘é‘é“ i-s—effeective—as ontim hant of| nmetals,

chem calem peéihflmnaes, 0810 bes7D84 cowBidhat|i ofl.17 44.11
theré ate7 "Atransition metal silicate of dlaimi,
wharein the transition netal |silicate is 35 effective

as |a disinflectant of a bacterjia, a fungus, g virus, a
m drobicidg of a pathogen or| conmbi nati ons t/hereof.

5A t|r &upiic i gr\gretcdyme | i308ing qf @d. 20 M|1g39GeETei gy Ehe '34 55
t ransiitaten [metal silicate is| effectijve as a ' '
det oxi fi cant of carbon nonoxilde, sul ghur di oxi de, an

oxide—of40-—+nifrrapn-a-hwirnrarhnn #nl-nn I[N PA-508]| 97

al tarsenic, ner cury:0 .T&agtamst oxi ¢ netal s or
Eﬁ’l‘?ﬂlnﬁ%@lo bkigaretter eof . 10. AChemamisirt (nofindfpt al silicate
bigarattgilengiy: mea@raget\h@glhract)é’%@rarﬁs a coliform
bacteria, a 5 Grampositive, a G am negative bacteria
or conbinations thereof. 11. A transition netal
silicate of claim?7, wherein the fungus is pathogenic
fungi such as Sclerotium rolfsii, Rhizoctonia solani,
Fusari um oxysporium Pyricularia oryzae

E Atran |t|on metal silicate of claim®6, wherein the
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or conbi nations thereof. 10 12. A transition netal

IN/P?JF#O i.cate of claim7, wherein the virus is having

Bctive in nature. 13. Mtransition nmetal silicate
of claiml1l, wherein the transition netal silicate is
15 prepared by a nmethod conprising: (a) adding a

CLAﬁﬂ#éﬂlon of the transition nmetal to a sol uble al kal i

1.

I'cate solution to forma mxture; (b) adjusting pH
g or tenperature of the mxture; (c) formng a
Ftiopek ekl gnﬁgl stisate rGAMY)i offeative ads mdacomlmnant a

?Eﬁéﬂgfietct}@%ﬁ k Hgtoﬁﬁﬂa.ﬁjtr ﬁr%%ec%&gar %}%\Ic{%ét ac%:gf){ 2 Olglnatlon thereof

C IPpIprisingca mtm)rca“nsarisitmﬁ m&thlado Slidal i@ahe tﬂa{mﬁ@ﬂl et 8 dilRBteqin a
ance the transiti on metal silicate conprisin

subs

t 2 a’{ﬁ‘iﬁ PiRedrane and gstrugtugal a@omapwa%for S@ldaﬁﬁfgpqumsswm%@T MS

t Gesld Epable In a

rang egl o ab[)blﬁgbgné\igﬁ?gh%&pa bodt i@ﬁh‘/ﬂlﬁgﬁ of L incgrnopating into

fuﬂfmlﬁ asla| or spating alere witll rdsins onrsaitstilé inaterialt al silicate

is effective as a decont am nant, a disinfectant, a

dg&%m f cantgi m crg CI de or _ conbi nation thereof.
Pilicas obclaind wherainyniaansitipntaeiak whsteimsad ratio

| S)f%hﬁﬁ&l?ﬂlefaﬂ M1ﬁcegﬁ1ciﬁ@tral?sg1<ﬁ1%§t?lsstlh&ge Qfin 80an0e of about 0.34

agropol ynmer, activated alum na um ni um ox adeg

cépﬁgﬂ%égﬂw nyl ester resin, a bisphenol resin, an

i sopthalic food grade resin, quartz sand, silica gel

and .conbi nat i ons..t her epf onposition conprisin
a ‘t FEREPPR otﬂetﬁgtsﬁllca@l ‘Pfioﬁléfné § n@%‘?rﬁlgréttéeélsmﬁnamg& Comp%smg
suRSiRe CRnctidR BV Whd Sinkil# NirdR iRk gr#ekdl CQB@&‘[? qaRs I}%tS&F on

atransition nmetal, wherein aratio transition
t Gtraetigak gompositien thewing pecific RRR(E) shluec ahd sbecifiel XRD pattern
4 to ,.about 19.57 and / or with

f
gﬁﬁ}%ﬁeﬁb Wuéﬂ%afﬁ?%c%q& 'Pe transition metal silicate

is effective as a decontam nant, a disinfectant, a

det exhditiialn 0
N PA-508 98 18. SmTcﬁgeo?oﬂ%%E |1tfvg%&%r%(% [BHER Rerkl1G B %g‘gdm"ns as

t ﬁ@lm@% Are vay leﬂeﬂﬂé caditibnd dulan& B qupceso fisi meparing thi taansmonal

a_bisp noI i.n i SO thallc f ood
ol FRAE bRl sRrhEBTaRCe R toesdanReatiraitns: STicae
C oomerstiih selnble@ilkating 6idichtd §oluAHPEABIallg of trhhFIS k@D sdMBHRHon

silicat onprising a_ transition netal, wherein a
r i PQJB]%)‘F ail?aélﬁglsfhcéw splition, veriasi femparaiise mivéntaingeh dietvieon 20 to

”@S‘ﬁla redd éerﬁgltaﬂe'aiﬁ ch?lrfaﬂ{)‘l%glﬁgrf LAbout 0.34 to about

19. 5 and unc Structure and the
transition netal silicate is effective as a

decﬁ'aﬁﬁm'»mamﬁtal silictits i o7f @aiant wiktreifl&eh®ttdnki€BAt metd! silicate is
mgr bd i de_or conbination ther eof .
selected from the group conmsisting of cupric silicate, silver silicate, manganese

silicate, zinc silicate, zirconium silicate and combination thereof.

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.

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.

A ftransition metal silicate of claim 1, wherein the transition metal silicate is

cffective as a detoxificant of carbon monoxide, sulphur dioxide, an oxide of

nitrnoen a hvdrnrarhan tnhannn tar minatinn as faeria canan ae ale et o1 oot
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10 20. The conposition of claim19, wherein the coating

Dﬂﬂ¥ﬁ56§er conprises aresin gnd a solid material. 21.

10.

I1.

12.

13.

14.

15.

16.

e conposition of clains 4, 16 or 19, wherein the
transition netal silicate is 15 selected fromthe
group consisting of cupric silicate, silver silicate,

[]i cat Lnc silicate, zirconiumsilicate
TRAGRASRSn A BT ofA0% S AT B Eioonan sl L cate
14tfoxicGmetialsi? combeiadibhs thB@of r ansi ti on net al silicate is
effective as a decontimnant of a netal, a chemcal, a
pesticide or microbe or 20 conbination thereof. 23.

The EBbeRingiersilifate plaglai 14vhet6indhe Bakterishie aciolifdrhebacteria, a
t WY ilicat.e s effective as a
i SRR bR ol il faglefa of torioatGhs Fhoret.

m crobe of a pathogen or conbinations thereof. 25 24.
Tha teansifios inkdtalsilefatcCbRIIR® EAwhetbinQhe § ug’gseéa%&e}ur&efungi such

transition netal silicate is effectiv as _ _
d eqsgs%lqrp@gﬁtroléq;u, toRzestgis sdananidusrion dxyxpocivel) @yricaksa ofyzae

aSQQHH; h as carbon nonoxi de, sul phur
gioxigg?&gﬁﬁigf gﬁof nitrogen, a hydrocarbon, tobacco

tar, nicotine or conversion of toxic gases to non-toxic

gas esansition 3fetabellich@t dO88int e v@Rfein 3B Rus A @15\%?1? Siﬁfe]::f%\r/e in
preparing an immbilized transition metal silicate
c&WEFFsing a transition netal silicate in a substance,

t he process conprising the steps of: fa% agging 3 Cance
.OR: €O {Skhg, a transition net o the substar )

ng ;{%)drnrgnﬁgﬁ Iglg‘{als t%lhé:%tgd a}é tcfe‘m{l b§’ \gg%rplﬁlg% Qasifqnoetal silicate is

c qiraresi yga methodiceatneising: t he first produpt to_fprn1a

second product; and (c) renoving a non-inmobilized

n’gf%er i &ﬂd&nlgcﬂﬁqlwns@% pdrapyioeiunetat to 4 eolnblehudkali silicate solution

i mobi Iy ﬁﬁﬂﬁ} i on netal silicate: 1N PA-508 99 5
10 27.t%ﬁ§gb%oces§£of claim 25, wherein the substance
iébbele@hsdngpHnmd/grnmanQHSbsﬂﬁmﬂxuﬂﬁlaP agropplyrer,
i vated .al um na,. al um nium oxi de, cellul ose, viny
Zg%)er LIRS & PR giheiemisingstha traggifiqrsmplahsilivate;f ood
e Khesh : BT .comhi nat.i gns .
PR eor ahle st aitg B Mccirilld ©1668) 1R s BRI o ffeie
metal silicate in a resin, conprising: (a) preparing
t Hecamposdtiani ammprisiad a siahdigat mebY sliRagtiioRlRidl drC&k&bstance,
Wltﬁeh trgnstitri(?nn ?rlletteltlosr,lﬂicate 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 a functional structure and the transition metal silicate is
effective as a decontaminant, a disinfectant, a detoxificant or microbicide or

combination thereof.

The composition of claim 14 wherein the substance is selected from a group
consisting of an agropolymer, activated alumina, aluminium oxide, cellulose, vinyl

ester resin, a bisphenol resin, an isopthalic food grade resin, quartz sand, silica gel

and combinations thereof.

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,
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netal salt; and (b) adding the transition netal

i eresinto forma transition netal
IN/P?(-)%@CMG to th

18.

19.

20.

21.

22.

23.

24,

25.

aining resin. 29. The ﬁﬁocess of claim28, further
conprising polymerizing the resin. 30. The process of
clain128 wherein said polynerizing Is done w thout any

u r e ?s]ho&lo%’t ‘?%lﬁjpfe@ équlﬁ:eén re| I‘?élle %T%:@efdg{gorg ;?grglllg Qonmstmg

pobﬁ/ rewinyBldsRR. redih; al BRpRIHBF §8sin Oh ﬁb@hgﬁczqroocf lﬁﬁcﬂ esin and
ng)rl Sl ng r enovi ng a non-1 ncor por at mat er1 al”.

Eatﬁ}néé@@fof claim 28, further conprising m xing
thetranS|t|on netal containing resinto a solid
af. cl ajm 28, wherejn the

na{%e{?rﬁla tsgg)ﬁa ! ec%1ﬁ§[]ec§§1prlgpgrﬁ H?ﬁﬁlt&ﬁ la]@tal SHicate comprising a

agtrapiiopnmeétal, Gﬂiekdih asetio Gf«@&r{s?tlo?xaﬁgtal &l dili&d ]Ilgiﬁ%] trgﬁsmcl)n metal
co i nati.ons thereof. 25 30 34. A process o

(g 5B e wEcHiabout §r3ddo abouid 967 andy/ oamsthta ﬁunctr@hmtrucmre
bst ance, n
S' doB BrelORbR RO IERL I Pfeely? R B Sty dlsiictant, o

sedeée@nﬁ@hnt Jeomicaotgeidel pr mitshaionABeredf, a vinyl ester
resin, a bisphenol resin, a isopthalic food grade resin

a conblnatlons thereof (b) coating transition ne;al
CCSATRPOSBINNATl2ig Fovheren throtdaingeentiier comphis@sa resin and a

(c) drying or polynerizing or inmobilizing
?ﬁgh?égﬁggglon netal silicate containing resin by
heating at 50 to 90 degrees centigrade and / or by 35

ke"ﬁm cugnpidsétioneaCtlpianks M, XIdI6€ 1 9t wh&eil the TReLiabH rlﬁet 1I Silicate is
letion o polyrrerlzatlon and (d) renoving t

n O’Sﬁ lep IR the Lrawn sensigting 36 CLmrlﬁEEtlh@@b @ﬁlvm silicate, manganese

d &Bhﬁi% he tr ition neta
Sf‘sﬂf&é’ge?g‘ng?ﬂig a| m nn g&\at%%gp 1%%10 ?‘ﬂ (Héet hod. of
claim 35, wherein the material is a netal, a chem cal,

a Tiilesddrrtpodeloﬁrof ¢ThiadsODE 16" orC PITDWRREIOMS tltahﬁﬁgﬁ’ metal /siliéite is
od of disinfecting a materi al using the transition
m?%gi:t“éfﬁ Py dafecopiminpn; pf 2 metsl, cophsmiisilng: pestyidesopasicngpe or
t an effective amount of the transition

ngfgﬁﬁgﬁﬁ?g%¥%ﬁ and (b) disinfecting the naterial.

The composition of claims 14, 16 or 19, wherein the transition metal silicate is
effective as a disinfectant of a bacteria, a fungus, a virus, a microbe of a pathogen

or combinations thereof.

The composition of claims 14, 16 or 19, wherein the transition metal silicate is
effective as a detoxificant of toxic gases and / or toxic chemicals in gaseous forms
such as carbon monoxide, sulphur dioxide, an oxide of nitrogen, a hydrocarbon,
tobacco tar, nicotine or conversion of toxic gases to non-toxic gases or

combinations thereof.

A process for preparing an immobilized transition metal silicate comprising a

transition metal silicate in a substance, 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

(c) removing a non-immobilized material from the second product to form the

immobilized transition metal silicate.
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10 38. The nethod of claim 37, mherein the material is

IN/F%? teria, a fungus, a vi rgs m cr obe or a pat hogen

27.

28.

29.

30.

31

32.

33.

34.

35.

or corrbl nati ons thereof. 397 A rret hod of detoxifying a
naterlal using the transition netal silicate of claim

1, conprising: 15 (a) exposing the material to an
the t ans tion metal silicate and

:
?b?ﬁ%?%%fdﬂ%ﬁ&%%?ﬁe& h§|3“ Hice 1hee R BemaY gtenm ponsisting

390f athagrepolybie acttaedd hming, ﬂ%ﬁﬁﬁné&%?%@&s@ géllﬁﬁl'gster resin,

dlogﬁg%_ 20 an oxi de of n|trogen

t ob Ry resp, @t fsaBthakic tfesd cgrgbsmsmo rquagprhdatiliengel and
t hedieSibatidht thedfet hod of decontaninating a nateri al

using the conposition of clainms 14, 16 or 19,

conprising: 25 (a) exposing the naterlal to an

ef AQEQGWEOﬁnmrpbraﬁﬁg hiensigePesial si0t@nRth re(sf%) comprisin
(:S)ntam natlngt e.material. 42. The nethod r? S1a%m
whePEPFIEHEe fransitiqrametal sificate baireacting heiticatl witlaa transition
pestlcnﬁaﬂpﬁﬂtg@pblnatlon thereof. 30 43. A nethod of
di sinfecting a material using the conposition of clainmns

14(b) 16 agidinpothe temmipion shetgl: siliedte ex feSiesid th hﬁ@rrﬁﬂzt Bidstont Qetal
an effect ve anount of the conposition and (b)

di si nf € EWB $He"aterial . 35 44. The method of claim

43, wherein the material is a bacteria, a fungus, a

PrTHeq#Oc3s oficlaifh 5§ at hogen or
congﬁﬁatléﬁs ?%ereg?ﬂﬁﬂQbﬁﬁHgﬁﬁgéwﬂFgég? i g a
mat eri al using the conposition of clains 14, 16 or 19,

4(5T hearrpedss iof glanml\%E’AvHéfh%n i44d p@@zmeTﬁﬁlgnﬁtdaﬁg vﬁfhoﬁjt %ﬁf}ne’talhc
e, sulph

dnmhgaﬁ %ﬁ}ﬁ&terlal i s carbon nonhox

diGRIgEand ST pllqvgae dre wpetipgarturg ahwm@mﬂ@m’ﬁurettdbmmﬂetlon
t & polyinfPizhiiéh. Or toxi c gases or conbinations thereof.

5 47. The nethod as clainmed in clains 35, 36 41 or 42
wherei n the decontanm nation includes the sequestration

ofThepeoashrof a2 & Giatheasompising femdvild B QIREHPOLRed material.
polychlorlnated bi phenyl's, vol atile organic conmpounds,

a sem é i e or%anl c conpounds |ike pollutant
Pecticss ofefaip38. fhahsraomseisig neixiigrtbel tiansidominetal 8taining

3§es{lrﬂ.t005‘5041%ﬁll\g%ﬁl n the decontam nation includes
renoval and / or absorption and / or sequestration of

pr oteins or pept i des
The process of claim 28, wherein the solid material is alumina, aluminum oxide, an

agropolymer, cellulose, quartz sand, silica gel or combinations thereof.

A process of physical immobilization and / or coating of a transition metal silicate

containing resin on a substance, comprising:

(2) adding transition metal silicate to a resin selected from a group consisting of
a vinyl ester resin, 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.

A method of decontaminating a material using the transition metal silicate of claim

1
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| i ke charged nol ecules. 49. A functional transition

Hyggp§@§.silicate as clained jp,clains 1, 2, 3, 4 or 5

36.

37.

38.

39.

40.

41.

42,

43,

44,

45.

wherein 15 inclusion of desired functionality in a

sel ected functional transitional netal silicate is

attai nable by optim zation of synthetic conditions

t hgpe o [ functionally effective .

{1 anorEBIRTERAS, pAcRl B b5 4 AR 2yEmica pécide or
apidrels ¢reombinationathercofit al ysts and hybri di zi ng or

doping with zeolites. 20 50. A conposition conprising a

tr nsibi$nfget%l silicate i mobilized on a substance as

cl Qi HEA°F AT SISHEEIngA metsrigh using ecrasisitionmottalsiibentobf claim 1,
degdnighifgunctionality in a selected functiona
transitional netal silicate is attainable by

opfe) ni zxppeing dfe msteritletanceffootieti irhows of QY €4 RN metal silicate

enabliquto obtain functionally effective transition
metal silicates to use in various applications such as

cabyl ysdisinfondWBmhAérZding or 25 doping with zeolites.
51. A functional transition netal silicate as clained
in claiml, wherein protection by transition netal

si Thecmetiod i cllaine 37, aphiéreinahe amtefal tis ansicieiiona 'fﬁ{cf,%'s, a virus, a
siljcate containin ubst ances i.n infection an
pd#kﬁ%?éﬁgﬁ?%wgmh?eﬁgnl tWH%ﬁFHPﬁ1of cl eani ng sol utions

30 and / or in the formof detergents and / or

di 4 iRt éNdctoBRAnd a%at@ﬂ?eﬁ'ﬂg?lgsth@%néiti%i{ gre%ajl%gic/%%géf claim 1,

treatments etc.,” to protect om m cro
cHHEHPEAINE: cont ami nations. 52. A conposition conprising

a ansjition tal silicate. imobilized on a substance

a & 35%%:‘153’81 g‘%i“ﬁat‘&ﬁ‘%it‘i’r@nf ectivg agpouliy of fgeiraapition metal silicate
prot ectahédn by transition netal silicates includes
apggication of transition netal silicate containing

subkt ade@yilyingiths meterieh  and pol I ution prone areas in

the formof cleaning solutions and / or in the form of

d r nd /.pr .disipfectants and / or shanpoos and

| TE N Por i 38 s e Ton 5 G promaeanq, G dioxide,
maar @lidalofafittogerQra HYeMcsBbn,CAIBLAY PRt hARGne |V %c5%§se or
102 utility of decontam nation and disinfection 1n |gﬁ
téWEEFﬁF@F@h%Gﬁ%S such as boilers etc. due to
thernostability of the said material.

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.

The method of claim 41, wherein the material is a metal, a chemical, a pesticide or

combination thereof,

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.

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.

A method of detoxifying a material using the composition of claims 14, 16 or 19,

comprising:
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46.

47.

48.

49.

50.

51,

52.

The method of claim 45, wherein the material is carbon monoxide, sulphur dioxide,
an oxide of nitrogen, a hydrocarbon, tobacco tar, nicotine or toxic gases or

combinations thereof.

The method as claimed in claims 35, 36 41 or 42 wherein the decontamination
includes the sequestration of the chemicals such as phenols, trihalomethanes,
polychlorinated biphenyls, volatile organic compounds, and semi volatile organic

compounds like pollutant chemicals.

The method as claimed in claims 35, 36 41 or 42 wherein the decontamination
includes removal and / or absorption and / or sequestration of proteins or peptides

like charged molecules.

A functional transition metal silicate as claimed in claims 1, 2, 3, 4 or 5 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.

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.

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.

A composition comprising a transition metal silicate immobilized on a substance as
claimed in claims 14, 16 or 19, 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

ete., to protect from microbial and / or chemical contaminations.
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utility of decontamination and disinfection in high temperature zones such as

boilers etc. due to thermostability of the said material.



