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I N PA-508 | jgq MAY DOD6 FUNCTI ONAL TRANSI TI ON NETsén? MA}' 2006

| CATES (FTMS) Field of the invention: The pre
IN/P‘M-?PQ tion in general rel ated to the field of functional
transition netal silicates. |In particular, the present
I nventi on relates to synthesis of functional transition

met al F with required structural

conposi ti wl#(gﬁ(sﬁé&t ﬂ@@%&ﬂlg& i kA le SILKGATES(FEMS$)on
FiellsfehPaiviehGpharly relates to synthesis of functional

transition netal silicates such as silver silicate,

Thecmpﬁeinbmypmtiqmn@enznahmlms todhe ﬁﬁldmfrfgmmael tednkitioatneetalndlicates.
i.cate, .havi ng truc ur.al rrpOS| EI on for

in GPESER) YB LT Rl % T R BB BetEh e
silicates I(E’DM(SI) chadh e RRY stiueSiral %@mﬂiﬁﬁoﬂ Y ﬁ{éttbl%@tealaét?wﬁ@é at es

to immobilization of funtional transition netal
Thl%}ﬂVF@ﬁ%ﬂe@Ol(ewulekv wiaterdp synthesiqelfunctignal gamsitidromtte] silicates

i il and zircon
SHCK a@ ?Sélz%ljel)ﬂﬁgéhtg %@'I Vg]{]l%%tg ?llﬁlﬁ‘l Sﬁlgca?eal%?ﬂ%qpﬁ& %b(?aaee and 21rc0n1um
sﬂma@t; dmmingrmmtura:le bbmb(msﬁon (ﬂ(braéifé’ctﬁfa%coﬁﬂainhrfaﬁoﬁeﬁlsmfecnon and
i NnCo Eﬁoratl ng into resins and functional transition
mic ‘1E QFquEféFge containing resin coating on solid
ThidBvEAtion A1KE relHa fozmﬁﬁg'ﬂghﬁiro gff%1 %{8 t?a%‘s‘&%%@%té‘l it Alks (such
di sinfection, m crobi ci
as sﬂ@qr@)hcﬁﬁecmprmmlplamg emkzlsdfcateTimes@né&mIﬁdaWﬁid difcafisid 4iBéhte) on
) si.licates .are useful as decontam nants (by
actnrfn? clal g]s

U Pn g TR 9Xidey, agropalymers, (rgllplese, %‘iaéi@ssaiﬂflo filica gel,
1ncoaiﬁbi@t@ig8mf$1@b1ﬂ§fimd amcHbsd RhRGHG hstal Q¥ ce Mélﬁ?lg cgesm coating on

m crobes such as bacteria, fungi and viruses
solidy atrsubker@errizngand afﬂtdefé@um deasbiapiiv®n, (ismfédtioh, mimefstidal and

tompggst&%,g{m)%gé, e and as protective seed coat

eat 20 m crobial active ingredients in

Thegtefiacigatat $ran$1t1@1ama’ﬂzg Sledattls | 06 SseBildast @b ftadfiSants (by sequestering
xifi ant These functional transition netal
met%? | $ERY 3@6 @Iﬂu AgHeQUs rTgedivgm).cas disiafogteatsu(byi mmoving
t.un f f ty I cr obi
miciBBE% iR o é*aa%z% kfgrﬁ% R Ser A58 B Rus I B0, o o Bieices
(to kudl !ﬁmgalg twaterinb dtoubests) aglohd peseaivd sell addat Qre@@ﬂidnlﬂs) as anti
ared 5to transition neta

.
miciB e e RSP e AR G e i 0l OB 8o Betpsiicants.

Thed¢S Bint@énadl@GasitiamM Adhl QNcatd0RNR! 1!(151? %}é]%l{cgt@oﬁatvﬁﬂ%h are_useful in
5053139, 1991) prepared transitio sificates suc

manggaciring of effeciive catalystsiani eati-@scrobmbpginisstmg cati on

a to renove heavy netals such as | ead,
Bacﬁéﬁ;ﬁ H%?tﬁé’ﬁgent "U4r omi um and arsenic. Wen these net al

Exteskilve eatles butigecdnitd €6 dndzebB@y&fd ARSI agth 1§Qal%9ﬁda’fé‘é Z?.’:Ehtnpared
concent rat| on, these netal silicates conprising wt

to trangitiog Rl HiGHssr s were prepared to reduce the met aI .
In rd?& dn%Q%[sffBH(iﬁé{E ﬂzegtgs 1Q fF ggdon%%q ng ggupoﬁ‘lwtleg geﬁqq msnpatent

pat ent ot nentione

5053di3Pj ¢a91 pﬂdﬁarpéttezntsﬁﬁ)(iﬁﬁlﬂ:ﬁQ silik@@d )sublutasi titakil® and tin silicates,
descri Etl on exa le 14) it _was nentioned about

COmprIFIRg, CRUGH &k¢t }aeg?ré B é%%ﬁ hesvy anglals fiohnay epacstigium, zinc,

chromium and arsenic. When these metal silicates were failed to reduce the metal
pollutant concentration, these metal silicates comprising with cation exchangers were
prepared to reduce the metal pollutant concentration to required level. Although in patent
claims, it was not mentioned about zirconium silicate (US patent 5053139, 1991) but in the

description (example 14) it was mentioned about zirconium silicate preparation along with
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27 MAyaOD4 cation exchanger, and the failure of

zirconiumsilicate ion exchanger to reduce netal A7 MAY%ODA

IN/BfePP81t ant concentration in 2reated water. It was
observed that tin and titaniumsilicates failed to
decontam nate coliform bacteria in drinking water when
they were tested in our |aboratory. 5 In the transition
Catl%teé‘r%mgedn@nd the feibira | of ritcanizms sidhata sios idxvkanger tppetuce metal
wel | known and silicates of
POl A RO A e WL et 1 n detai | for the
It weeblerved tharainveeintituingt shli)dfhéf(slsfdﬂéﬁ ﬁ)SdeQQﬁTtQﬁ‘J) irﬁﬂf@d&ﬁifbl%‘ bacteria in
. fdi sinfection and m cropjcidal properties) an
drmg’tnigmfffr‘%henég%wgﬁett% linoyp bprateryi cat es were known
In the @iﬁsﬁ%@n&@ &ﬂt?gﬁé‘))blﬁpﬁle&i% LMl Léﬁ%r épé)tép rztlrllccalflrl r%r%glranese
pest 10 control ese copper sili
weres et Haovneandpsili¢eatest o fihesmmeiglseoers mu Smdfa:ﬂl ia rdeﬂiill fofé :thhe tefation
ydrated, silica wth supstantially insoluble
benfil RGBS S omaG b REIeT e h o b abpropFighs) and
strudt@ApPesrapdiitton. The synthesis of various types of copper
silicates based on the functional property was not

Copper ffiicates arasa dnevia Seon &Pur (GB 4426513 éomeaticainsal drﬂlohﬁcmltural pest

Qr lated f.or ricul tural

con0R810501 5 AU 0 58 0K 458 e S Sension o
finelynlioided oerasdngidaheih sCoaRealla! Md1i6le HakicCalpper WekhBounds in

with antibiotics to obtain synergi sm between
all(a@%‘ipé’idlt%ﬁﬁb@ﬂé§e%a%tl bi otics (GB 788668) Pr esent

i Ansition
The RS F Poti2uE e Bppe MInGRIsERs LTk I 1o kdd iRt e o
Sl‘udfedran'toagglwwemmm|obs%&zt8ms;h as decont ami nati on,

di f d 2 bi ci dal t t
M, oG alb Rt TGO F6 Bt 65 86T HOL REFsiep gnd soppRyeicate
do rfcb@\gﬁin mh (ﬁbﬂtaﬁ%@ afn&lﬁ%t ﬂl@lﬂalco%@rna“i{utn R)nsﬂgdi‘t@é Jere mixed with

I'i cat es. jects of Che i1 nvention ccor
anuhmg:sm Phiginysyobigism bejﬁvecm@ppnwmnmmmnds mdtamnbmmem(GB 788668).

t.ran |t| si.licates b nt hesj
presel b Db A RR T L e UF Lihcuaislhmel SYuer of Ge reired
struchrhll worhp@stion 25 ARRtdACkictRRI8 Hutl &s Aecd¥BHalON dh§1nfé3t10n and
vent functional transition netal silicates suitab
mlePQ‘Pldélr PIOBELtige o Singthst pPisati v ofrihe motrest myertioasis to mvent novel
reTalel is also the object of
lmmt ?ﬁ@gﬁtﬁmﬂg%‘% to ﬁé%%gﬁg&t‘[rany ton netal silicates

Objexts afahk énvemtionef f ecti ve decont am nati on of netal s,
ol l.ut ant s, pesti ci des from aqueous

o T BE A e Aes el oes [ romeceoter
s1hcdtéth%JHyané§E% HeQUTahe fefRRS ﬁllugﬁlglﬂl;égﬂ%osclhl)ﬂ ﬁ)@tﬂ% ta@}/eél%twmes

m crobi ci dal "property for age as
Anomﬁmbjm’avg @erm:\temugn (Sftollmvﬁﬂanﬁumnomeﬂ tiaositiay ﬁiemb sflieaes swtdle for

I hat ful in mxing
ofteif € ARuE0n R b troBin R pSPactitinade Mgt o, ol eanng

It is Sdﬁouﬂie%lﬁectadfdtheZﬁ%ﬂtﬁ)ﬁsls th Nhfhst 38Bsifon metal silicates suitable for

effective decontamination of metals, chemical pollutants, and pesticides from aqueous

systems.

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

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

zeolites.
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MA7 aoo6 Anot her object of the invention is to invent

i mobilized functional transition netal silicat esﬂ.?’ M/—\)’ &005

IN/RfaPeh are suitable to use i® col utm node as
decontam nants (by sequestering netals, chemicals, and
pestici des from aqueous nedi un), as disinfectants (by

renovin m cr obes such as bacteria, fungi and viruses
Anofhes b ‘%fgélfuglen’éldpm}r@n isakrd impenhiiomobilized dan@iqnab tﬂansiutlon metal
a d ! rotectiv
sitiaToRbich AFE LR SLe i PR Rl o< SeeB il BT Ebesterine

metals, chetrécalening,pesticiadsi figmsussisonsdiany, 4soxikief@amts (by removing
toxi fican ot her objectlve of the inventionis to
mlc’iﬂ’gesef‘i? aﬁ@?ﬁfaaasf SRS PRSI E Py szBedium)rand asmalcrobicides

(to 1Ml Ftipal, bQEteARRA, Ssls] Erﬁfb%z) lécﬁv@:csg cpgda?ttlje%kgleh{)s ,%s antimicrobial
resins, which are suit

aCtl‘ct'eldglmrd@mSnaldtt@rgebgﬁ slequm@!;céumang an@tmﬁcs;;asd&&ﬂﬁ:@h& and

o BRI R T i B8 e

fundtiog4n t@é}iéﬁf@)ﬂsmﬁﬁﬂ Istidhtes %E}dln@(%p&‘aﬁﬁé) b6 4&Rs, (WRicKidd suitable for
fungal , bacterial etc., pests, and as protective see

coluggpmogde éi?@@iﬁﬁm@)antsa@wamuﬁfﬁt@mbmaialsa@hcme:alsn gneé giestitides from

aqm%d’ 2' oxfﬁ gg% Sdl‘“&f i %o@%e’%%&tngggﬁ% net%hstélgﬁraésgar??ena fungi and

viruseviedth iaqiedus rheligday,elndpasi rﬁiﬁﬁﬂh&lﬂése@o N GdrigaNalacterial etc., pests,
transition 15 netal silicates by coating transition

and 3 PEYteCive jSeet 80 dFPRmRiTigay ainpisiobinl Geldve ingeedivts inhdagérgents,
cleafih§ sSMtibANUR hQE gﬁghé{{%ﬂﬁ%ﬁ? as decontam nants (by

sequesteri ng net emcals, and pesticides from
Yet agpilsan wbjeceadf thejpresast idiv@n_tmhestmmlo@bmﬁﬂmed@nmoﬁEIMition

uch as.bacteria, .fungi vi ruses. from aqueous
metaﬁnﬁﬁ € Ya%f byzfﬁat%’ffm%w&b*%eﬁa@%g%(t? BOIE?WHgffGﬁB%Pn Qs @pfawhich
are &fit@ble foPESllmn BHE ASIRLASEEIYE( b%es%euéé%i%lgtrg&% MBlSidals, and

as antimcrobial active ingredients in et ergents,
PeSt@lC@aﬁOnga@GWﬁtm@ﬁtharﬁd dlsmfﬁ@algaﬁaydemxmglm]ambss sushrmhagteria,

nyention: t he abov nd hers
fungf g Ul B Ao oI, il e PG B RS S by el battir etc,
pest§, I &1dS b ippstestBleabeedi ¢dag atcRfindild), afTRBHiEr8BH] faHf'%t i9f&dients in
transition netal silicates conprising reqU|re

detergeptyceleAnan e %W iand &¥iq gas detortficerld. activities, and

Sum q)qtﬂé uRf'éR ing and 25 utilizing these fi mcti onal
sitron e ' silicates for various purposes such as

To rdmt ahe ah‘d)mbbjeﬂs aid sothéreCthie Optesent @ivehiicd @adviddsoadvel @@stional
detoxification from conbusti on, ni cotine and tar

e EORER S gh oRd BT P et ambREnEten msia) piiceics somprising

requfted | 86kt édn‘?}io@ﬁlon Q‘f'ttﬁféﬁfeq HA838lesPLh® mQhod E %rod%pu%g and

i nvention: Accordi ngl e present i1 nveniion pr
ut1hzang10‘uhe$e ffunrdtom@hattmnsmans ntetapnsifiedted foi | varmiespurPBses such as
ver silicat

d f } t
decoflaimmiode Gt Eiant Feffba Frdt &% Sarokitoebin am Smbusiion,

nicofihd riathdetSafieativRtifdm SighlctdkRSkdaL! qgogé}h& e&edéﬁﬁyd 1A HdiRg.
salt solution of transition netal wth a solub

Detailed slepgriptian ¢fthe énveptigni on under deS| red pH

Accchrgﬂiﬁgf, ?ﬁn%lfré%ls%q I nbmg %trgvl& P nc | ona atil 2 W?lg?\n ﬁé{%lsilicates

(FTMB) beledtabrbiy di’tﬁrﬁ&&cﬁtel\/bﬂ\)ér e2loaleb manganese silicate, zinc silicate and

zirconium silicate, said metal silicates being obtained by mixing salt solution of transition

metal with a soluble alkaline silicate solution under desired pH, temperature and silicate to

metal ratio and or by using immobilized form of functional transition metal silicates
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[ bili d terials selected fromacti vat ed
i mobilized on materi a i v _CL:?MA\/o’LDDé

al um na, al um ni um oxi de, agropolyners, cellul ose,
IN/P4ua0& z sand, silica gel, amdl functional transition

netal silicates incorporated resins and functiona

transition netal silicate containing resin coating on

solid matrix such as quartz sand to obtain varied
immegpilizecht en neraieriglat seleetedndrow t ActivatedatilemBast alyotivinal  oxide,
agro? nSIEt’ Itcgfr];ﬁlﬁgee?r uglg?:sgﬁédaﬁglc% e?cgndlvﬁlnf:tli'@nc trg_gsdlon metal silicates

incodeeaied sasingand Suretiona ttahsitiod el sidicste cOR&ining @68 coating on solid
di si nfectants of bhacteria, fungus and viruses,

matt Pl & dRRrsr et ogEAE wasieH “skcan et atia re, Péissuitable
stru&ﬁtapédrﬁf)&ﬁﬂﬁlsfopgclﬁé\;lﬁg Bere (FRAGH l%nalst&‘gngﬁl%ﬁ rQ%thXs!ﬂqcea‘te N riats
(oxi des of nitrogen rocar ons
suchrdsolstoniemetants CﬂfOan]lseclﬁantals; wlestidides, tdisinfpetastenif bacteria, fungus
i nventi.on i des_a novel 6§$ct|onal transjtigpal

I.OVi
and RV MO BaIPDETE AU BhPRCISRIAe] T E Aot sy carbon
mon8kide.C aflfhurnBBABE N8 1(bkiaad 8f nﬁfd%%n)s' ?Hﬁﬁ&%oﬁ@ C%‘Bacco tar, and

Z|rcon|un1S|I|cate said netal sili'cates being obtalned
nicofiye ¢fexi ng salt solution of chloride, nitrates or

oSSR, s SO EERALFPE SRR PR oo b Shonal e

s111c£te stleedd Fdm tcepike sdicate £sibRe sBichieCahfgdnesd Biliddte f Ahd QilicRe and
orma. 15 precipitate, followed 2% washi ng and drying

ercqrw&n sHlisaiepraidmetal silingics; heingrebiainehby iwng Felf splution of chloride,
mt1a§e‘s| 6rc %flgﬁa é/saﬂf ?ﬁje %Fhé %B(?in% qre{ﬁ@ftl%halr %}tejta %ﬂ{]% %1{1 e alkaline
sui t structura rrpos tion, fansi tiona
silicatet smlut®inl wnkt eksieschiphbl, ttemgexﬁtmmtancb I’Iﬁhc&&i &c ngdalfl fa0id to form a
tion,  .disipfecti m. cr obi ci da

decon i
Pm@é‘ﬁ@x%ﬁﬂ wéﬁtbyawashaﬁlﬁ pnd g P precimiaim toopliaid: e fengtion metal
silicAtBE vRH&S 8iliate NG RkiP ri'at15 Y= ‘!N?th psruﬁgfﬁl fou n&ﬂsﬁ%@ﬁion said
transition netal 20 silicafe ectlve a
transgiegensht ayeial amhca‘anlegmbﬁtmgt aanQtICHlSd@Bbxﬁeﬂl daomb, dacontamination,

t ect ant or CoO ation thereof
dls”% 41814 (ﬁjl%{g?la ?t8x1g1f:a1f[ ﬁ&ﬁ“ﬂ THHORBtal to silica in the
IN ah lefb8tinhed oMBedregehnt inkaikteonl thefe 1 éﬁ@\ﬁﬂ&f & ﬁﬁ@ﬁoﬁa@@ﬂﬁmﬁ@ﬁj metal
a structural conposition for sai ef fectiveness, sa

silicgty (ST M) aEfeetiys 4 lacdespnitpainggt, iardiginfertonie d d@WXEﬁQ@m, @anmectant a
mlchﬂﬁltcﬁ o@lcﬁfn%ﬁnatlbg nggr?@g @%ﬂgﬁgsﬁ%g?%t Qbﬁfe {1]515 K rnI %ﬂ:taf tozghfanm the
transiivot hﬁfal 3ﬂi‘wtél nentprafeteritepresgnind p\sentiue,conpokitibA far said
tranS|t|(£ fﬁ%%L wherin sajd ratio_of transition )
effeqtiwpngss. i F ¢iRe CARAbG ghBsing dRmestlized on g wiieble) materals or
F her
incofpo %l%ug@rr%tﬁt AR égﬁggege 216 %v it lujeglﬁl 26 LIH%Y Ehaffidh.
In altcrﬂmnsmnbodrmmnﬁlthe PUATpIti igvengionywhérainl 2 thositén oretal ewhkerin said
n netal silicate ratio bas on
retio it b ety Sk bR it e St Aok fraf o Sbowt 034 to
abowy @b yes and specific XRD pattern obtained by varied
reaction conditions. In still another enbodi ment of the
In yqb enethen embodanent of thagpreseal mventony whetsth # Bawsitionmetal, comprising
. eondi S [ Le % ri ed ondi tions durin
vama%?e ﬂln jc18 og@eélr é%btgir “lgﬁlg a? ﬁl?l?o An§%851 catq ra‘ulo IW\ pn g%uce:lrural
com}bdsﬁ[tﬁal Kdvﬁ{ga‘ipeﬁﬁifca.ESPSOgb ivelatesnd syebifidi XRDeydtteaBbtagediby varied
to 12 PH, reactant concentrations :

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

conditions as claimed are varied pH conditions during a process for preparing the
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silicate content in soluble alkaline silicate sol utian

and ratio of transition netal salt solution to soluﬂﬁa'b4%¥Y‘QD04

IN/PA-&@8 i ne silicate solution,5varied tenperature
mai nt ai ned between 20 to 95 degrees centigrade, and
conbi nations thereof. 5 In one nore enbodi ment of the
present invention, wherein the transition netal
transjtionag anegal; slicates| meludihgf exdrentehasidje dopl 2cBHs iestiang carfcentrations :
s CUPK i.]ic itlver .silicate, nmangapese silicate,
it Rt i ERTs alF it b R E0R o B el sal
solutietee@llubl¢ alkahige §ifiodth esluBom)Odiip® MmREattRenAhBERAbetween 20 to
i nventiqgn, wherein_ the transition netal silicate is
95 degreesaentierads and gewbmafippsihereobf netals, chenicals,
Woy g anhj.nat | .10 ther.eof . | . .
I o R Sp en AT, bt oG et cace i
seledtérk fomatiei groop comdistingsof twpricesilicute, eflfactilivie, adadanese silicate,
. dﬁsinfectant Q? a b%ﬁterLa,,a fungus, a virus, a
Zine HUCHGHF ORI, Pligat g0 eqBRingfion tBeispk nat i ons t hereof. In
In ore i i | il :
TRl BJen kR, SR e TRl fficme s
effeciiye sas e lesontiimgeant off metalsh oemialexpatticidssy | mivtbeslion dodthination
therP oxi de of nitrogen, a hydrocarbon, tobacco tar,
ni'coti ne or toxic gases or chem cal conversion of toxic

In a fasles eaihddinier®of ttBX bes&ill 8V idtbn, CRRYrinthe & 2886 ndebdl Qilicate is
non-toxi ¢ fonn, or conbinations thereof. In an

effectivg gaiarfivintesnt plea pretedmte fungesneivoms, avnéerebinidernd anpstladgsn or
: LG, nmercury, lead, toxic netals or
cmn@% ‘?ﬁ§?$%ﬁ§ thereof. 20 In another enbodi ment of the

In a firthsembred emlesdiment, of iepresent inventhaC ikiesh the tansi@bh ieAMsilicate
am positive, a G am negative bacteria or

. acteria, a . . .
s offegig ii%iﬁégeﬁ@rcg&ﬁr.borlﬁnwldén StlplH dieridRiaprerrideat nitiegen, a

hydrBELBE! botlaBVERE, IHPdhtinbhie fo%(iicn%efs%eog éﬁ@%ﬁnﬁa% lééf{\x@%ﬁ&o&etp*i% gases and

fungi "such as ‘Sclerotiumrolftsii, ctonra sola
/ or tpyis &hé¢miealooopsaining gases Byto nooHt@wic formp by eaebinations thereof,

conbi hati o thereaof.. 25 In still_ another enbodi nent of
In ] P B thh PR gAY Mo TSt SrAR Agroury, lead
toxid Ré@Klor ¥8mbinatif@{ tHE@ef. | N One nore embodi ment of the
resent invention, wherein the transition netal

p \ A : .
In amgtherc gmbodigenp o ghe aufedspt anvestibmdwbenisr thei hegterfaa)s a coliform
dj Ut t transition tal to a soluble
bact i P ppRUE S Gt pdelfh BRREbre BePE fi B Bof )
In yetdjrositer Renbodinaeid df e presepe trakhtich, Gihdidie the S, is (athogenic
form precipitate conprising the transition netal

fungl Sycliay é?leml)u%%lfﬁﬁn REszReLaHia Folgnis Wasgsiee opyipariemg Pyricularia

oryz@¥ @b hniRGiohd ARkl onal nmetal silicate. IN PA-508 6
2--7~ MAY avoL | n one another enbodi nent, the present

In stillnanetiter embpdimeind ef the presepoimiveiton, ehaein the virua is having infective
} aHﬁansition metal silicate immobilized on a substance,
L ® transition netal silicate

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

prepared by a method comprising:

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

(b) 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.
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conprising a transition netal, wherein a ratio of

transition metal to silicain the transition netalZl7F MAY@OIJ

IN/PA-BO&ate is in a range of about 034 to about 19.57 and
/ or with a functional structure 5 and the transition
metal silicate is effective as a decontan nant, a
disinfectant, a detoxificant or m crobicide or

In operbothat emhodihentdhe praser ihwvertlosrprevibesda wemposifiort bemprising a

S INEIT G L OE BRYER VRSN Lt .

com@tisink ﬁ&ran@h%ﬁ‘n’i’étél%éﬂeﬁﬁa Rl dfttR8i8ion Vheétdlto sﬁﬁ:ta% the transition
resin, a bisphenol resin, an isopthalic food grade

metglsdicaie igimn range & @how 0l 34cta agewt By antl)’ wovith mAtrictemal structure
and t tlﬂg r &%Ismonn n?etgl u gﬁlcage clgorr%fgescl%w 8% rgrgﬁ%c’lp iﬁfrﬁaﬁl&es € Hlsmfectant, a

detokrfmaﬁﬂ drlrmrardnixtld& oisdonitgigdtien itigesfpor at ed in a substance,
the transition netal siljcate conprising a transition

In a fithgr emppdingsng oh thegrpssnionventions heisH the sulstanse & Jelasted; fom a

sroup OIRERS D P AgfFbhnet feli @t Palulrind AnbAROR-EL, ABAKLe, viny

esteraradin, iaebli;ﬂlem)]awsmt amnsapﬁ‘ta‘hlc feod igeat ees;lﬁ, @idrecdahd,esiisa gel and
ﬁ*cont na t, a disinfectant, a detoxificant or

com, ‘or conbi nation thereof. In an enbodi nent of

In atfthehd? rn?ogf@ ré]?nbbal‘ﬁ%tt 108 predbif ﬁﬁ\}eﬂtl&m Ercﬁﬂﬂ% LaRGHobitioff comprising a
resin. I n another ‘enbodi ment of e present ‘i nvent |oR

transmh@lr wictal silieate gmiorporated il @gtbednde; dm teangition met&imds:a‘&taongmsmg

ster resi a.bis nol ..resi

a e flelbhov SRR ARG oP Rt ReEnS sitled o BieaBrs BRR i Sicate
is RBORRGS oL ABOE BNty dbbet PY.SeRl /i fvefthi MACRINAY k@8SfuR and the

conposition for a coating conprising a transition
trangiem metal | silicatecisceifRstive phg decentaminant. @ndipiafestant,chdetekificant or

netal to silica in the transition

Hnm%ﬁkh%(g Pm%ﬁﬁﬂghhk%%fa range of about 0.34 to about
In ad ©mbddimedt ¢f the pméﬂn iivehtiong twheresh thgtsnbstinee és ﬁiftﬂmt he

nsitiaqn net silicate is effective as a
In al&&@ T&%ﬁ‘ﬁﬂ%ﬂ? of theyresent wreniipn, Whergisy ?F?Sifbléﬁ”tﬂeﬁéd from a group
conﬁtﬁ@o&' £ V681 Aster azlih nat Bl%eh&efegﬁﬁf a fs\?\%ﬁglﬁd lfocﬂh gfaag Mresin and

nbodi nent “of the present nventi on, ere
cmnbmanmmgh@ﬁmﬁher conprises a resin and a solid

nat er, al re enbodi nent o resent
n yPRy e o TR FeSh SerEos pidedl 2 Bomeiion for a coating
compBsiE aeWardsitm Mol GlIRHR CoRMHshid E‘Qraﬁ&tl@l‘ﬂ Rhdtl, %}hleféﬁ@taeratm of
silver silicate, manganese silicate, zinc silicate,
transifioremgialifn slitd vahe trapsticomsiahsilicen it meqr@nge of abayh8.34 to about
[ odij e i.avent ] on.
19. 5?%&??)5 r‘{gl | gjﬁﬁﬁe al %Iruétrxrl%ca%figﬁ? gr%n tf(%n éa? ghg%%h és effec‘uve asa
decottemtindnit)a digiifectdnt,aa dedd:aficang acheritidle oraccmﬁﬁﬁdttblndﬁer@cﬁf.
m crobe or conblnatlon t hereof. | N PA-508 7
In stalLangthepegybpdieni of thedFesenidRBiPRewberein thaeoaing Sther comprises
%ﬁﬂ; ein the transition netal silicate is
aresér? ect %O\?fea rg%’elggldl sinfectant of a bacteria, a fungus, a
In oné mosg erabodioeobef hEt paespait inegeiwnpwhereonthi nenkitns metal silicate is

her.eof , . C . s s
selectecF from the group consisting of cupric silicate, silver silicate, manganese silicate,
zinc silicate, zirconium silicate and combination thereof.

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

thereof.
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In a further nore enbodi nent of the present invention,

wherein the transition netal silicate 5 is effectl_fg_eiy— MA\/ 2006

IN/PAs5@8 det oxi fi cant of toxic pases and / or toxic
chem cals in gaseous fornms such as carbon nonoxi de,
sul phur di oxi de, an oxi de of nitrogen, a hydrocarbon,
tobacco tar, nicotine or conversion of toxic gases to
In arfmﬂhdrmnihodﬂn&ﬂ&fdhe pmatitriatdnoos, Wheatiaohe tlafsifiBn metal silicate is
nt of the esent invention, wherein when the
effeq{ i o ot 4 ALt o Fgih| AT (A Terabppr & pathogen or
comBinhiiGRtiBerdb¥ Ch is synthesized by mxing 100 m of 0.5
mm transition 10 netal salt solution and 10 m of
Ina ggﬂieumosﬁ ¢rhbedimentaifibd mﬁsetmainvngticm sihervirathd tntitioa rrietal silicate
H condi ti ons have th

s oy i R TP AR aF Rt ST SRS GO st forms such

as cirBbh encdxidel sHpher i6RPOS bkialr ¥ Sh hyliRjcarboh) fb@acco tar,
/transition netal ratlo El ectron |n Résonance ESR

nico‘(née Qiopuepion oAfoxic gmagtn @)n DX B BAGH o@pomb@mﬁ@m thargoD)

dlffractl na ive D
i o B0 o2 0L 0 L RS AR BR8P
silicdty 1525. Eﬁar%smade iamdh&l Q?nthé’s)zeliﬁﬁ&nﬁdnga[@b 220283 1 transition
73 .and 39, 79307 20 I n_anot her enbodi nent of the

47
met% e sptiom e P o, ofviediusn ailigate sokien hiavag isefiam and silica in the
ratiol "2 0%d e h&Rjc zﬁ? Eﬁr&dlﬁéﬂs‘hﬁ% %8 531 n(f\mgg Q}éé}rgctgﬂ n%dr%? ate which

IS synt hesi m Xi ng
Silicar taansitiononetaletatib as &l 1t:5.$ b (eommnitianal mBlysis feodlieumitransition metal
. Silicate solution having sodiumand silica in the
ratlo?atio 1:1 at tenperature in the range of 70 Cto 90 C

Electwldsmnqrdsgﬁaﬁlc@ESRC(@GUaIdeQ)B Ahavgesghe Bpb lsmsﬂg C) 2.31749
characteristic: 25 Silica: transition nmetal ratio as =

1: 0. 78) 288%bsi t | Eh&l04@7ﬁal ysis for silica /transition

- rati ec sonance ESA (g values) =
X 1ag?@aﬁtﬂ’sadlaﬁgﬂszglb%%gﬁ“&%%%}“d. ffraction analysis give
pealoXRRhS ((@ﬁhﬂ‘sls(}‘aﬂi agal Bieed -ght) 1108Wstas495.28097 angl e 2

t het a= %835 63 and 16.20057 30 2) 706.74 and 32.23910

2) 15{9)3 Hopd52. 29848 39. 57159 | n yet anot her enbodi ment of the

3) lﬁoeg%H Jg*égRy i on, wherein when the functional
transition netal silicate is a cupric silicate which

In anheyyentodéimeschftite presemgint@ion] whereth Shemttind fulisti sl ﬁ%sition

b6 . . 2-7-. MAY transitjon tal salt, solutio
metef STERE IS e gHikie Sheeto AR & Piatiaeds B arincig h%ﬂﬁg% 0:5 gm/ml

transSRSH HBRl ?di‘tds&ﬁtidllcﬁd' 50 fnﬁ‘ Sodiah! s‘?hc‘latelsdllﬁﬂﬁlrhzﬂfﬁigt §di \f.rH lBhd silica

condi ti ons have the | ow ng C aracteristic:

in the wetres 1 Hli apriemperature i ﬁho ralge:ofﬂ q oo ds Iutld@‘rwzidla p&l c,cmldmons
fﬁ)r ﬁl |ica./transi.tion netal

have the following characteristic:

Silica: transition metal ratio as = 1:0.78 (compositional analysis for silica /transition metal

ratio)

Electron Spin Resonance ESR (g values) = A)2.23480 B) 2.06456

X-ray diffraction analysis give XRD significant

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

2) 706.74 and 32.23910

3) 502.52 and 39.57159

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

metal silicate is a cupric silicate which is synthesized by mixing 100 ml of 0.5 gm/ml
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ratio) 5 Electron Spin Resonance ESR (g val ues) =

3.10383 B) 2.36522 C) 2.0467 D) 1.21887 E) O. 966&&7— MAY ao6b

IN/PX-5GBy di ffraction analysis &ive XRD significant peak

hei ght (counts/s) and angle 2 theta = 1) 940.91 and

16. 19577 2) 764.43 and 32.29276 10 3) 694.85 and

39. 77809 I n one nore enbodi nent of the present
tranfitiuemeiabsalt soheioei andwlesired dngouht ottodomakilitatanslutibmhaving sodium

t al | [ I
and §fiinal 7 vidfor gt ob seitsiotihsegh o shercissivic:
SilicABrahsiti mefPlrattd e =and (@&ﬁbés@cﬂmﬁﬂ%s@forsﬂ%aumansmon metal

silicate solution having sodium and silica in
ratiodati o 1: 1 under baS| c pH cond|t| ons have the foI I ovm ng

h t jon at
B0 SR R Fo kT PO PR PRI e Forhne L BT
rrel);ll 21887 i OF) 61%688 on Spin Resonance ESR (g val ues) =
71806 B) 3.23001 Q) 2.6168 X-ray diffraction
Xraéirﬁ]éﬁfﬂ?%‘il%n@ sisgirs SRIhsignifspt peak hei ght (counts/s)
52. d 20 I'n one
pealano r e%%g%@rgltﬁ%q o%mt% prlggzle@ﬁ?l ?Iﬁlslen |%$ wher ei n
2) 7Tedhartd¥2.29976t i onal transition netal silicate is a

ic silicate which is synthesized by m xing 100 ni
3)6%&){) fdj@@ transition netal salt solution, 10 nml of

In o%@kgm%lﬂnégt &t thef rc,ss,@ﬁ!t' MR ioh)] %ﬁér@ln Wik (fﬁ‘ndﬁ%ﬁélr{%nsmon
sodi um and silica |n the ratio 1:1 at tenperature in
metal mehora@nxgea orﬂerOSItIcatg wigch 6 symthesizdé by erixirgré0G aildefcO.p Hm/ml

tranﬁl?r} @g{a??aﬁ aﬁﬁ"%{gflaei {‘@Bogaﬁﬁﬁﬁg Ic%t% Isc".):lutlon having sodium
and §i6OABE fdti0 r1a1 uﬂdalbuﬁt $Hf @hdigiohd Keve Alid RN vid afﬁate@lstlc:

rati o) El ectron Spin Resonance ESR (g val ues A)
Silicg: qggpgpng}letzl o as T;)l 08 eppwositigna apalypip florgitice ﬁransmon metal
raltloZnal ysis give XRD significant peak hei ght (counts/s)
d Angle 2 theta = 1) 400.70 and 16.19872 30 2)
Elecﬁ@ﬂsl'zh’ﬁ Rusdn@ide EBBSEE vaﬁ)es)S%OAOZ 74806 39BY1.28001 n &) 2.6168

her enbodi nent _of the present invention, wherein
X-rayera i GRS BHRKRD HAROCRSn  metal ilicate is a

ak%b@%ﬂt oohlsls§ 3h& bw me% SYR§ S 286 RYe4usyi ng 100
pe of .gcgmsrﬁll\l/ t 3 Yso-LOtrajr%/?P:ggn netal salt
In el artatloam, er@Bodiimentf 036% H@Iesmh dn‘&@htinh &ﬂlesadldi\wlmns'thei Gatctonal

sol ution . .havi.ng sodi um and S|Ilca rat.i o
wangorb Bl 5B 220 SRR e 1 PGl ol e A or 05
gm/1BK krafdorR et CsaRHob@tshl t100RE 0h3¥% HOE ah@! J00Ml *E sodium silicate

characteristic: Silica: transition netal ratio as =

solutiephaving seshwesAng; sihingl indhe raisi k1 fabfemperatarg inttheypasige j0§A0° C to
90° a%ghnder extreme acidic pH conditions have the following characteristic:

Silica: transition metal ratio as = 1:0.53 (compositional analysis for silica /transition metal
ratio)

Electron Spin Resonance ESR (g values) = A)2.18421 B)2.06874 (C)1.21231
X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta
= 1) 400.70 and 16.19872

2) 394.77 and 32.27956

3) 330.02 and 39.71761

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

metal silicate is a cupric silicate which is synthesized by mixing 100 ml of 0.5 gm/ml
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5 ratio) Electron Spin Resonance ESR (g values) = A

2.15561 B) 2.03614 X-ray diffraction analysis gi véb@DMA‘/ &Ooé

IN/PA-50fl f i cant peak height (counts/s) and Angle 2 theta

10 =1) 541.23 and 16. 26305 2)414.21 and 32. 36589

3)365.45 and 39.85131 In an enbodi nent of the present

i nvention, wherein when the functional transition netal
trang{ion owtad spls salutionc 26 inkli afai@s WClcdndi $0 sy ndfreediunedilioyte solution

.M. X 10 of 0.5. m_transition netal

bavie Sl i sl 96 g Tt b PBR ks B o Siep £ 205C 1o 90° C and
undeg @k ttém© AeiiR\IH oridtkind Ha o he f&id&iﬁ?chﬁa&é}%ﬁ%?t o 1:1
..under neutral pH conditions have the follow ng
Silicahfpngitioarmetal w@tio ps =g):034 4conepagitisingl analywistfat sitied /tensisionr metal
:12.13 (conpositional analysis for silica /transition

tal ratio) Electron Spin Resonance ESR (g val ues) =
Elecfpn Sp#d886ndjce £SBO@42NE)) 2. 3459356D) B) 200814 E) 2. 05499

X-1. diffraction analysis. give XRD significant peak
X*ﬂﬁéfl@%@“%fb%ftﬂiﬁf%? glye 2P Alggificantpepk eight (%ews/ﬂ angadngls ° 2 theta
= and 32%359%3&@%‘%2 and 59.58455 3) 263.36 and

28.27636 I n anot her enbodi ment of the present
2) 414%leand B3658Ber ei n when the functional transition

| sidd e is azinc silicate which is synthesized
3) 3%£Wgé5§g m of 0.5 gmm 25 transition netal salt
In a® embbdiglent dO1HY prefend B¥ehiidn, Idre? when Me BRALHMM ?ﬂa{lléig(?ﬁ fhetal

.. solution having sodiumand 'silica in the ratio
silicgte i & Zéincusilbcdtn whith isaygbested7y @ixiog d00Anlaofi0.5gmlerl transition
aci di;.c, pH condi.ti ons have .t.he foll.ow,ng. .
meudfithf SARBR Pl CoRlie RGN BRSNS wlile sl Y 15%ing sodium and
silicd in?thé EatipCloNMAddr ne @Rl pHREtRkdit s hiw thé Fdliosand EK-adbdristion
..metal _ratio) 30 El ectron Spin_Resonance R (g val ues)
Silica: trgnsifion guefe) rafjo as ©192d 3¢porppesitiape!l amlysis fayglea fapansition metal
raﬁoz. 01793 X-ray diffraction analysis give XRD significant
eak height (counts/s) and Angle 2 theta 1) 2079.88
Electiol Sfih. RERdiinct RSRAg5@R1ed0= 1AVAYORED6 1) 43334244 @n2l54593

33 3) 4 98 and 32.88120 I n yet another
enggéﬁﬁé%]t onggthsd' ?esent i nventi on, wherein when the
X-ral; UGt @iRdnalysANaLE KRD siBBiRhntHehit G8LE: (cSuRs/S) 4nke 09
' gi licate vvl‘?i}]éshr?s synt ﬁesi zedsp'te)y m %i n(ié: Lio%) )Inilln oé'n%e.:s theta
= gnhnl 1)444.15 and 32.75904
2) 307.02 and 59.58455

3) 263.36 and 28.27636

ratio

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% HCIl and 50 ml of sodium silicate solution
having sodium and silica in the ratio 1:1 at temperature in the range of 70° C to 90° C and
under extreme acidic pH conditions have the following characteristic:
Silica: transition metal ratio as = 1:2.46 (compositional analysis for silica /transition metal
ratio)
Electron Spin Resonance ESR (g values) = A)4.38410 B)4.01910 C)2.53191

D) 1.87886 E)2.01793
X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta
= 1)2079.88 and 11.07467
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5 transition netal salt solution and desired anount _of

sodi um silicate solution having sodium and silicadirF F4/V7 8004
IN/PAH®8rati o 1: 2 under neutralOpH conditions have the

followi ng characteristic: Silica: transition netal

ratio as = 1:19.57 (conpositional analysis for silica

/transition netal ratio) Electron Spin Resonance ESR
2) 83pgfheardids2527 A) 4.36796 B) 2.37847 C) 3.95509 10 D)

I diffraction analysis give XRD significant
3) 66%' a%ael z:]%ggﬁgcount s/s) and Angle 2 theta 1) 3945.11

In ye@ ﬁﬁst& eAABFIment o2 ﬂﬁpré’s‘énﬂiﬁdetﬁﬁﬁ%%ﬂgé@in \31)&1%1188 Surebiomaldransition
7,89129 15 In sti t.her odi pent, of the sent
metaf §{jgaei i SHYFE RIACHBIRUAGYR ﬁ%%qdog@mlxmga@ £ 05 gmimi
transffﬁ)tn%eél Aah%%hﬁth%n@ d§§nleﬁ%fno§1h{ 6&%&&111&"5111&&6 bcﬁutlon havmg sodium

synt hesi zed by m xi ng of 0.5 gin/nil transition
and sriet¢aaih tlseatatiod @ undeone;utﬁll pH Oohdlﬁgnsm)%% NGB | lawth goheiractedistic:

Siliog] FRbiof ey o 1 105 harostifrd] eropias gghﬂff%%ﬁﬁ 16 metal

ratiof about 2 pH) have the follow ng characteristic:
Silica: transition nmetal ratio as = 1:1.04

Electf@@ﬁﬁ@éiqspmmab EgRdByslugs)or Ag#310¢20 / t Brh373470n @b% ap509

@;22‘94%,}actron Spi n Resonance ESR (g val ues) = A)
4.04714 C) 1.98189 X-ray diffraction

X-rapeinsticn giamls@& sdmn'slghﬁamt eelkeik @blinté/Syoandt Shgs © 2 theta
and Angle 2 thet 1) 2217.87 and 29.33483 25 2)
= 684.55 and 4% %?3‘(5913 and 32998897 and 42. 31091 In one nore

2) 2@ Thedi peRtAhet he present invention, wherein when the
unctional transition netal silicate is a nmanganese

3) 188i5la6camtie 7vB9i12% i s synt hesi zed by m xing 100 n1 of 0.5

tran i on t sal t sol ut.i on nd de
tn <87 ot SRRoTHERRG P 1 B Roeht SRYBHOma VPR e gied g0 fupgtiona!
trans%tﬁdn! fdtal @ﬂfcﬁﬁ i5 at é1R/ell silicatBAfdicl @E}fnﬂ{esﬁ% GONAIIALHS ml of 0.5
have the foll ow nEﬂc haracteristic:” Silica’ transition

gm/mbﬁrmmtwmm@ialagiltﬁo mns&fm(l o6 P8Vt HdRaland dasisediasmdut of sodium

sitieqls M ERR ey T f B itogsh 75145 POy itR gcicions abou

2 pHY) Na¥Ah8 @8l 1okling EhatdctdfitiaDa6 X-ray diffraction anal ysis
gi ve XRD si n| ficant peak height (counts/s) .and Angle
Silic: fransitipn H.L9ta11r4180 03= alnﬁ 04 (commmpsitiops] ayakysigdt siliga /transition metal
rat1o$”b°d' ment of the present invention, wherein when the
unctional transition netal silicate is a manganese
Elecsoh BpiatResoinch BSR (gynahiee)s-# zAJ 43717 xi By4.00D14m 6} L. 98189

X- 1am@1ff@%€ér{5n@1q&;s?£§ilvé - %Cfﬂit?{{eték elgflt counts/]}o d Angle 3got‘ileta
= 1) 2217.87 and 29.33483

2) 684.55 and 47.68093

3) 674.27 and 42.31091

In one more embodiment of the present invention, wherein when 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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sol ution having sodiumand silica in the ratio 1:1 at

tenperature in the range of 70 Cto 90 C and under] 7 MAY QAo0b

IN/Péx$G8&me aci di ¢ pH conditions have the foll ow ng
characteristic: Silica: transition nmetal ratio as =
1:1.09 (conpositional analysis for silica /transition
metal ratio) 10 El ectron Spin Resonance ESR (g val ues)
X-ray diffraqti@uaslB)s givd XAIB sighifRadt@R36 heipht @oldt@4Barkd) Angle ° 2 theta
2.05491 F) 1 - Lffraction analysis give XRD
si gni fi cant 6§§§f@é?gygf%%%2nts/s) and Angle 2 theta
In oht @Dt @NBoditheRO IO prscht! i@ fioR ThAe e %}lle(ﬁf tHeN@unctional

present invention, wherein when the functional
transitioqhetel giticats 55 unaapangise sidigate Whicheis siyntbemizadnbysiniiog 60 ml of

i GhiS... sj N M Xi 0 of Q.5 gndml.. ..
0.5 A SN MQRNA R ROn T o e 00k (1 Bpe do Rl e sitcate
solus@d having sddivrataed stlidatinahe Rl NY a6 gipertund (5d {'dn%él ofM0° C to
900¢g}?¢é€5§i o 1:1 under neutral pH conditions have the

1 BUrH G erar acdiemtseanditionshpyecthe fqllosting ehasartoristial

Silich 2rARitR rmetdt A9 Ys CCOMPOFL on %labﬂéfs.sfoJ ic lah§Ron metal
/transition nmetal ratio) ectron-Spi'n Resonance

ratiofSR (g val ues) = A) 4.42797 B) 4.18272 C) 2.24547 D)

. 30425 E) 2.1 1 F).1.230 I n odi pent of _the
Elecfipd SUR RNV EOR (CURbER 5 (e ithe Pufdriopal 218528
trpnsiltipen ng%@,lo54g;1i | Fpabgodey a zirconiumsilicate
whi ch is synthesized by mxing 100 nl of 0.5 gm'm
X-ray [dififigrioromnatisisagive XIRD sighifichmgpeald beight ©6uB§9) 440 Anglel ° 3Gheta
m of sodiu i beat i on 25 having sodi um and
silicain tme)sérdﬁ%:%m?:?[%a#bt enperature in the range of

In a FtHer embBBintenaad thefi@ednt easleh @O vatkdth Gyt th® Rdictib® Sransition
have the follow ng characteristic: Silica: transition
metahgiligpte ige zHcepum siliqateryhich dhpeshesized v minimgyldi0snk of 0.5 gm/ml

v S8 QAR LIRS cl ! L0 Sl g soiom
and sili@2i5 e rafl6 10) urlde? h€ib2] pH cbndiZiSdOhdve the DRI Mmgchatteristic:
.. diffraction analysis gi XRD si gni ficant peak hei ght
Silicg FAEOP I da NG Fel 230 (etnesitionelgmalyes o hen lygngton metl
ratioMAY avob | N PA-508 12 The present invention also
provides a functional transition netal silicates
Elecien Spindtesénavne ESBgiveluss) 5 cA) 42897 veB) 4i 82 Rat e() 2.24547

ma Si k| zipc, silj cate and zirconi um
&ﬁ?ggﬁiﬁ saﬁj‘ﬁ?g&lal }'?}?:daé{ﬁes bei ng obtai ned by

In alestb&meal &f §8lpiddeRNin@Entthl Qhkfteh wikh FR! BSciinab Hhih@dERetal
of . the corresponding transitional netals, with a

silicagy (18191 EropnikeEn isHicats whicht s wothesizerh biindiingld 90 rral of OgHgm/ml
144 cat S | rat] Q f.orm. .

s FPACE] 6 AP 6247 30, YA g Sy e ouon
havigy ecdliym tad eiliamih the\rhtitg 1 {1he t@hperatngrie tasraapewnN70C to 90° C and

figures 1 to 14 qof the acconpanying draw ngs and said
undef pRfRERY ?%%Pfﬁ@elgmogﬁ hredheoliowigsieraserstitict i ons
Silic®&tSHiBH metal ratio as = 1:0.77 (compositional analysis for silica /transition metal
ratio)
Electron Spin Resonance ESR (g values) = A)4.37236 B)2.82039 C)1.92596

D) 1.21652 E)1.02930 F)0.93795

X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta

= 1) 84.80 and 10.89433
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from decontam nati on, disinfection, mcrobicida

an
anti-mcrobial. In an enbodi nent of the present _%_7 MA\/ &ODé

IN/PAFBO8Nt i on, wherein the fung¢2ional netal silicates are
10 optionally | oaded or coated on a substrate sel ected
fromactivated alum na, alum nium oxide, agropolyners,
cellul ose, quartz sand, silica gel, and functiona
The preamilhi/cmmmmﬂm prosidet aafuestidnalt anpmsitiat edtal eficates adldcted from
nctional transition netal, silicat.e containi % )
cupricicalss SierSHRRE HAPBIEoS BB et HrA 2 EReud S, seid
metaP 5B ABd béiRY @Bt B SkiRE oMt SfEstich Wﬂq&%eoﬁutrates or sulphates of
decont am nating an ‘aqueous nedi um 15 confai ni ng
the cowgipendiag imagsitiend lnsetals; tvath xsdlebla a&amml@at@lszlutusawmﬂer desired

o, (B R BN P i B RGP ol af & iding and

dryir§d ktieC pteeipitaleFINB)hasRb etk efnich@i 6 Uowe §i figaakel 51 14/&F the
silicate, manganese silicate, zinc silicate and

accopipARGRE dFAVENES sk said srangifianal ynqtel siicates exbibiingdfupetions selected
of the

ronSHOSHATNELE R0 G o Tt IRl et

In aﬁlelmbmairmlt OTOthS)p’n‘ésl%ﬁS iinedtion) delieraiai e dupdtionan eictdl adilicates are

) X aci dic pH conditions provide better
OP“Qﬂ’éﬂ}SE‘Paé’ﬁ& At %&F? daQn acyBstrate) selgcted élf?érf Prgvied Alvpypa, alumintum
oxids) llgrﬁ[?cflﬁﬁel%}’ REINASIZ QRlaMP A8, RARIaCodNdnd HEMHORAL glajlsmon metal

ons. The présent invéntion further provides a
sﬂ1cactm inoatpofatedi resiné ewd fungticm! aeueidusmeed silinate conthining negin coated

1 crobes eria ungi and viruses, said nethod
OnS@%ﬁ?ﬂ?ﬁﬁﬁﬁ“?ﬁéngl@ﬁwgfm&£5 contacting the aqueous
The PRAEMMnVERtHdN3a1EE Yedvidddne bl oft ﬂ&ﬂﬁtaﬁﬂlﬁﬂlrfge&rﬁbqueous medium
silicates (FTM5) sel ected fromcupric silicate, silver
contaning saquestenng @eﬁﬁds,é@mm@aw pesti¢idess isgifl @mﬂ@ocm@talmng the step
of c% tr%ccto l%' tﬂp iﬁeojusc allrti dél.?rﬁter Rpialnlné\r/]él 1g%onali tca%glih%ghlglre]ta? silicates

(FTMSFmed fry@ndupeio, sﬂl/dﬁﬁ gilver tshiRatel andgineonsilicaret Ahc silicate and
. Silicates synthesized under acidic pH condltlons and
ZIrcopggm gty OREORALY lgqiieé SR avaiehesa PrasiFrigdn a gpntainer.
In aﬂe&ﬁﬁﬁcﬁfﬁkfﬁgf QHe g{ %%\Véfnﬁ(;ﬁ' Qzﬂel‘afn e rtL%Hﬁﬁon nmetal silicates
anot her e odlne of the présent 1 nvention,
synthdsized nladmiacldmmpH atmtlian'lons athd @aleas:ly sgtmtlpébcmﬂahqms qm)\dée better

rotectlon an contt ol at hogeni c, vi.ruses .
deccfgpittisgg s, GameSsgal oyl SIEARE Ru e ehag and
naﬂk@ HROASERAs. | Nvention, wherein the transitional netal

icates selected fromcupric silicate, silver
The sqr¢aenfatne'enmhé@rﬁ@$eprgvudﬁs: at @ethzdrﬂ,f @smﬁ@ang eeilndqueous medium
cont4i Uies> b ctcra 5 e g} @ v ru% 10dC0& tta%gm t step of
Bl PiBes bt 6 BBL ARG oo R refiogo BRI RHR0A] ser
cont&ﬁﬁh@tﬂ@@@ldouﬁnﬁdﬁme Klith, a AdiRY ﬁﬁmtlam tMh$HSE Sneil ahidafeg (FTMS)
t he usage of these novel functional 5 transition netal
seleddd fremtcapri¢ piligete eviyentibcate reangpirge sibiceie; B silisde gnd giggonium
[ etc., for
sitielgt SPGHRN Toude B bPL ML Bee A0t Z0ATRAET C0" o1 coent
In annsr@bddimentt of ttherprasent ipveatiodesherepr cnlmaessmnﬁmonarbrmptat isiligates

novel functional __transition netal sili
synthisized 1 wiler PGING wBt icendipRs 43k SXEPPGRY adfic] ¢i B éonchtﬁns provide

decoﬁ%ﬂﬁ‘a{iﬁﬁ%nd%hélﬁi%@ﬁ&l ofZhitfobed.| i cate and zirconi um
't cate, said process conprising the steps of:

In anothel embodiment of the present invention, wherein the transitional metal silicates

synthesized provide protection and / or control of pathogenic viruses.
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10 (a) addition transition netal salt solution to a

sol ubl e al kali silicate solution; (b) selecting pHAF MAY 2006

IN/PAeb@fi ti ons of reaction i.e.l3 aC|d|c or neutral, or
basic or extrene acidic conditions (by adding aci d
such as HO or HNO3 to reaction nedium) to forma
precipitate, and (c) drying the resultant precipitate

In yefanpthacernbariment ofiibé picomt ieieatiors iwherzin thevtiankitiohal antal sﬂﬁ:ates

e substances, af t. gwth distil]
sele 8 BB AR RN S s AR 4 bt 3 gyrgpium
sﬂlcﬁ]febghoﬁhllllyll@ﬁe& 9r chdled@bn £FERELIEENE cOitainBediBIMBRE Blam positive and
invention, wherein the functional transition netal
grang pegatiye %Cteﬂavﬁuﬁguw and afrusss|gnabling thetuatger eff thesaneevs! functional
e I r |t| t cont ent
angiolf NESE SHiGRS Sh | WEBLENR! SLANR [DRAOMET Hed® RO Heatments,
dlslnfettzaits sindl sleat@gos was, fdopreteatios agairgbinécroBatinfaiozs)
conditions.selected fromacidic or neutral or basic or

The QFesRIINVERHQR ST CBPKSi PIOYIIES #nrOGRsS g Pyenarieg novel functional
t1an<§ﬁ’c5}f3§1@fa[ i Rs @[fTMg Cste%@fea t?b%{x %&ﬁr?cdsﬂléaqg] s?l%IUQ l&tﬁ | hdde@nese
havi ng different aI [ silica . I'n ano
sihcgn;bamn sibente afd zltwn;meshm;te |smdqm>aeemcom\1brmnm the sta:ps ot
SI| t e._havin racteristi.c Lven below is
syﬂillcﬁﬁ PA g‘ﬁf’ F??& ngﬁloﬁito polgole agﬁahl%mcaﬁsﬁ 983 on
(b) 25sd1Bdtiab p$P<|:dnd§tﬁJn'sJ o RcER.eLGheldic, OF ns@eH Whbakik lof @J_'{t?eme acidic

sol ution having sodiumand silica in the ratio 1
uné@rdlfamsc(bli ageingosiil suchras. HG| pi HAIOst ﬁoanq‘»scrttqnamedmtnalto form a
Fﬁglﬁ _mﬁiS 15 (conpositional analysis for silica
't on et al rati o) El ectron Spin Resonance ESR
() ( gdty&ig.lﬂﬁ)remlt‘éht fredidte &) fudctdddDhraksitich Sk dilical® ¥Wthout any
2. 08807 E) 2.04673 X—ray diffraction analysis give XRD
si splnble subwansesattes shigheh waghing it flisiHed angeienized wafer ip-obtain
1) 212825 and 93. 74 and 32.29018 )
1 bAoA Rt ilepdss MAy aoolL | N PA-508 14 In
In ay embedvotiterf theripodéntemtentén, twiergin deefanctionzlendrisdion metal silicates
havn\l/\'h gglﬁa\c/iesrllla a‘éu%\?\/{aﬁz §e§£§oyhv%1%t 3/{1 g%}zeggarﬁ] %Hl(‘r?. har ggéﬁ?‘c{og}?ﬁletaécontent
enhagﬁrt‘éht drrdetiehdeiin @ funteibad] tl‘iﬂélﬂiorﬁﬁétwlt dil(atea Khds Gbnadt seieBlcuBaction
silicate | uti on havin i,umand silica in the ratio
condiogs Sgie %ﬂﬁ%@?é@@f%ﬂ ‘H’“F%é’f&’ﬁ% &r pfiremgrodit pH gendtionsed using
varied oféeptrBd nCOMNEhdthRN SolecredSrdrh Galuble rsﬂféﬁ'hta{ll‘ﬁ@ difedréle alidtiied silica
as = 1:0.78 (conpositional analysis for srlica
ratlo/tran3|t|on metal ratio) Electron Spin Resonance ESR
In aﬁ&h‘\;ﬁaleﬂl%ﬁal,menﬁ) th%3gx§ )m@en%@ﬁ SQhefSid %pﬁ‘& T kAR 'hgﬁng the
anal ysi's glve Ti can
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 angle® 2 theta= 1) 2128.25 and 16.28197
2) 1593.74 and 32.29018
3) 1470.73 and 39.79307
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eak height (counts/s) and angle 2 theta = 1) 835.6

gnd 16. 20057 10 2) 706.74 and 32.23910 3) 502.52 —élqg?' MA\/ 2005
IN/PB9087159 In still another #hbodi nent of the present

i nvention, wherein a cupric silicate having the

characteristics as given bel ow synthesized by m xi ng

100 M of 0.5 gin/nil transition netal salt solution
In yejpdotiesembetimeniuef thefpreseui wwemidn; &\dﬂb@nsalcupm@ mhhawhagmg the

ratio 1 eut r
chac BRI B8 Sae e bt gy Tt 100,670 By eaRSlion
metal S0g0RIohi A0 ANIdiish Silice selutibs Bavihg @cﬂﬁurhlaﬁﬂ sméh@ﬂl the ratio
rati o) Electron Spin Resonance ESR (g val ues) = A)

1:1 agtempgpurgyn theganee <r§)702€G<48 g pyder apirigERH Rynditigssss 20
f
sicfF Y8 LAASHIOR 2150 Y6l 5o ST 590 S AN Ao

ratioll 6. 19577 2) 764. 43 and 32.29276 3) 694.85 and 39. 77809
ment of the present_invention,

EleCt!’/\W'Fb A rég‘g}%‘lng% gﬁl(ggélﬂlés havAh%%‘h@ ) 2Pet8ct eri stics
xraflalfsaetﬁﬁamsiyewgﬁ@ﬁmsﬁﬁﬁﬁ@g by mixing 100 ml of 0.5

transi'ti on netal t solution and desired
peakélnwbh(comﬁts/sbmdﬁngbollemataet sHI&FBiGBranAd 620055 odi um and

e ratio 1:1 under basic pH conditions have
2) 70??#@ 3@(%%49% characteristic: Silica: transition netal

3) 500D d39.57189 0. 8 (conpositional analysis for silica
/transition nmetal ratio) 30 Electron Spin Resonance

In st@gpao(}gr @mbgé@}en}_ offhe3prgse8d BLVBYti@L, XEBRIN @)cugn@ sidigate hayimg the

0L PS8 R AN 45905 B
salt sbl\thBAaﬁ&) Beslizd jambulMPOf s8d @ Psilicute feudOlidvaig Sbﬂbmﬁj bRl licOin the

present invention, wherein cupric silicate having
ra“otlﬂeund@hlé‘?"é‘@% Hicopditiensis gi ven bel ow i s synt hesi zed by

t
Siliclf MrBioh Wl rao B 3 4ok BN 4R sis L hic Mrbysition el
ratlo)sol ution having SOdI um and silica in the ratio 1:1 at
tenperature in ran of 7 0 d u
Electi i Sang ety OB Toabbrar 1 AR 08 L 2§62, i bas7
mehpl 21847 0 BF0.966880. 53 (conposn tional analysis for
silica /transition netal ratio) Electron Spin

X-rarasGeciivoanpgRs (ggfakélmégmﬁsam 2.18421 B) 2.06874 C)
peak%eé ?hé%%gr pea forfﬁgga?go@%b@)mlgﬂé%%gl e 2 theta

2) 764Q13 and 32.29276

3) 694.85 and 39.77809

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

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

Electron Spin Resonance ESR (g values) = A)3.71806 B)3.23001 C)2.6168

X-ray diffraction analysis give XRD significant

peak height (counts/s) and angle 92 theta = 1) 152.74 and 26.64983
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=1) 400.70 and 16.19872 2)394.77 and 32.27956 3)330.02

and 39.71761 In a further enbodinent of the presenfl7 VL4§/<aﬁ>Oé>

IN/PARMISNt i on, wherein cupric $5licate having the
characteristics as given below is synthesized by m xing
100 mM of 0.5 gmm transition 15 netal salt sol ution,

20 Ml of 36% HO and 50 m of sodiumsilicate solution
In oragmatiersabhadimentnat the Ipresent mveteon; athieceid cliprdd silicate having the

t rature i he.range of ,700 C.to under .
charieGTPERER R reibelagtiic Stherisn Y Tine A0 el 1h miegeapiion
metal 8dl{ D@10 1l 0846%AOPARI 40 QNG soalR ¥ifikste §QANHSA havid sodium

/transition nmetal ratio) 20 Electr%§ Spi n _Resonance

and §R inghe ztigek) aktempepatus5s theppnge OBHLA - 9&)C and under extreme
Tl j on anal ysis give XRD significant peak height
acml?é’gf“f??gﬁso?" and Angle 2 theta =1) 541.23 and 16. 26305

Silic2)tébditidh nadtal 3o 365890.3) Bampbbitians a30lySis ¥orlsilén Mndtion metal
. further nore enbodi nent of the present invention,
ratiohherei n zinc silicate having the characteristics as

; : zed i NG of
gy AL MRS RIThiT BSIBC! 0 fans
X-ragdifiaction afalysodiverXRD sigaifiearstqlenlt heiphthavimgs)sadi Amglahd theta

silica,i e ' :1 under neutral pH conditions.
Silicg?4&92Q§W{ﬁ%kﬁﬁétal ratio as = 1:12.13

2) 3ucommpasoti7ongl analysis for silica /transition netal
30 ratio) Electron Spin Resonance ESR (g val ues) = A)

3) 339.Po8dP9B8)1 741 55342 C) 2.54593 D) 2.10091 E) 2.05499

[ diffractjo nal ysi.s. gi ve XRD si.gni fi.can eak .
In a i SRbdRRN OF BF Frothe ufgory NG g “Glicdls Bving the
charadZeri6BOD4s EiReMelody (BsyhildSted OF ki 160 fml®F @Hdm/mI transition
36 and 28. 27636 I n an enbodi nrent of

59. 58455 3) 263, ! » ] _ _
meta pdt Sﬁh&@@ﬁg P 9E A6 7] apdeY0enholAodiuns silicate seluthen having sedium
ey et . . 4
and GBI ATHERR 1234 «heohhn B Ad 5 RN BEA Ay Plnder extreme
acidis pHutonditions.5 10 m of 36% HC1L and 50 ml of sodi um
... Silicate solution havj sodiumand silica in the ratio
Silicy:. tjansitiop gpaial 1atie, P%,:ﬁfé-?‘ﬂ @Oﬂm@@%«g anplysig forgsilaesy trensifien metal
ratiopnder extreme acidic pH conditions have the follow ng

characteristic: Silica: transition netal ratio as =
ElectrorpSpi6 Resompos ESRdpahluas)at y4) 2.16961 siB) 283614 ansi ti on

X-ra}rlna}fﬁlactiornaatrfap})sis give XRD significant peak height (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) 5.49809  B)4.55342 () 2.54593
D)2.10091  E) 2.05499

X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle ° 2 theta

= 1) 444.15 and 32.75904
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10 El ectron Spin Resonance ESR (g values) = A) 4.38410

B) 4.01910 C) 2.53191 D) 1.87886 E) 2.01793 X-rayZl 7 MAY aonb

IN/P4id0Br acti on anal ysis give XRD significant peak hei ght
(counts/s) and Angle 2 theta 1) 2079.88 and 11. 07467
2) 835.44 and 33.52527 15 3) 664.98 and 32.88120 In
anot her enbodi nent of the present invention, wherein
2) 308i02vamd 59i38U8at e having the characteristics as given

3) 23513 Sy} hesi zed by mixing 100 ml of 0.5 g

_ on’ tal sal t sol uti on and_ desired anount _of
In anS&Rb I et df cﬂgé ﬁregéﬂt hveRfol ﬁMie%n s 'SH{E‘aﬁr}ﬁvgd tg_g l@harhcﬁeristics
|

the ratio 1:2 under neutral pH conditions. ica:
as givenalyesow isovynthesiaed byumivingd 0&mi of 0.5 m/(nd trapsition insted kalt solution,

Lysi ilica / Ry rati | ect g
10 nE3F 23 B 3t 80w G0 Sy oFOR hahBigb T n e
ratioQ):1 3t 96hGamEd i KARMEe %frAY lid HOAC! hoD vadd! y&iesedidi@ic pH

XRD signi ficant peak height (counts/s) and Angle 0 2
conditipas javephe following glaracterighig: 32. 29885 2) 2421.27 and
Silicz‘t‘:ﬁgg‘lgﬁéﬁ n%e%al rgtg’?? 2s 8. 204 {c%?rﬂa%%ﬁ?gal Iaﬁa%ﬁi& f@ﬂqﬁfi&eﬁransition metal

enpbodi nent of the present 1 nvention, erein silver
ratiopi | i cate having the characteristics as given belowis

synf hesj zed b Lxi ng 50 m of 5 g nsitio 30
Blecih S 8er 01286 BORGR VANGHI~ o) 6354 he FRCEOLHR de] 783191

anpynig79de SOF) 2P 73 i cate solution having sodi um and

silicaintheratio 1:1 under acidic pH conditions

X-ray diftratticd gmedysisSiive ERD sigaifisartipeak heiglat (cowtts/s) as Angle ° 2 theta
_1:1.04 i ti,qna| alysis for silica /transition
~  metal f)m%§ aflﬂvqll&%g’g 17 a, . 006 17F MAY El ectron
2) 833p4nnRe3onange ESR (g values) = A) 4.37171 B) 4.04714
C) 1.98189 X-ray diffraction analysis give XRD

3) 6641 reinfli3gd¥l 2Beak hei ght (counts/s) and Angle 2 theta

i G, ST B8 RO, FhoBl R TR, s o

charquteaBacd ad piwenthetoty isvaitiedsizedbgnaking 60 nlodt &5 payvinhgransition
the characterjistics as given below is synthesized by L
metapali Sodtipn@nfdesiredrnsogiPhiodin sidicate splutif paying ggdium and silica

in thﬁpiti%tli:f’ﬂn%?ﬂeﬂ?ﬁgﬁgﬁnﬁﬁﬁ%‘f of sodiumsilicate solution

avi ng sodi um an ica in the ratio 1:1 under
Silicarerensidibn pidtal gatch 45 0 hd 9Ha\eorhprsitionhl analysg for silica /transition metal
ratiogzhar acteristic:
Electron Spin Resonance ESR (g values) = A)4.36796 B)2.37847 () 3.95509

D) 2.04657

X-ray diffraction analysis give XRD significant peak height (counts/s) and Angle 92 theta
= 1) 3945.11 and 32.29885
2) 2421.27 and 46.27446
3) 1835.66 and 27.89129
In yet another embodiment of the present invention, wherein silver silicate having the
characteristics as given below is synthesized by mixing 50 ml of 0.5 gm/ml transition
metal salt solution, 8 ml of 69-70% HNO; and desired amount of sodium silicate solution
having sodium and silica in the ratio 1:1 under acidic pH conditions (about 2 pH).

Silica: transition metal ratio as = 1:1.04 (compositional analysis for silica /transition metal

ratio).
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10 Silica: transition netal ratio as = 1:1.94 L

(conpositional analysis for silica /transition netaﬂF7'P4/¥Y A00
IN/PA&1(80) El ectron Spin Resonafice ESR (g val ues) = A

1.93412 B) 2.06655 X-ray diffraction analysis give XRD

significant peak height (counts/s) and Angle 2 theta

1) 148.04 and 30.65087 15 I n one nore enbodi nent of the
ElecpoeSpintResonesne ESR, (ewhbresl 7 AdAgdheise B) #0434 hayi.ngl89

t characteristi S. given bel ow js synt hesized b
X-ra%!a)le(‘fifrﬁcétlofb%la S1s §1V§)- ﬁ])gﬁ_\ﬁc qé}‘?glf giﬂght (cprliqt%{g angy Angle ¥ 2 theta
= solution, 101210f8736%dd3348mnd 50 M of sodiumsilicate

sol ution having sodium and silica in the ratio 1.1 at

2) 684ty 4718898 n "t he range of 700 C to 900 C and under

3)6ﬁ?§7§ﬂ@%22§%b?i0 pH condi ti ons have the foll ow ng
characterisfic: 20 Silica: transition netal ratio as =

In still dndfiger (eodhopdosérti ofrtht pessadt)iaventibar whérkinClagrctiansilitA having
g?;al. rati o) El ectron Spin Resonance ESR (? val ues) =
the chgragferslies aggiven beloygissyndiesiggbly mpying 140 i 9 £)5 gm/gd gasition

Egl% . i i . i .qi . . o
el AR TP ShO U OF LA PR ARAD ypg i
in the gatie 11) uBier 88utaal pIPndEHENS have the follmathetiaranddement  of

N - . ) ; : , i

RN L R G L ——

ratiopynt hesi zed by mxing 100 mM of 0.5 gmm transition
metal salt solution and desired anount of sodi um

Elecigon Peiafesenanae ESR (awlueg) Sod) LAB4AII sB) 2.66655 n the

. 0. re: . pH candition ave t.he 0
Xerof BhSetoncpr AR PERRIT vgRBs BRI bR CHTybTS apgief 2 teta
= ratio as = 11214304 a@pRocssioB7onal anal ysis for silica

/transition netal ratio) Electron Spin Resonance ESR
In onegmorg ephofimentyot the, pregent myventiqp pyherey nyangamsy silippte having the
. . : ~. NAY - .
charel%;c]éf’%ﬂ%ﬁ? 1 1é/r%n éo% . ilf ) nngfh%%g%@ ﬁ)gz%nrxg@e }1?@ ?ﬁvdefmlg ?ﬁ‘?%% tl:lc‘l§51t1on
metahbrdtrsolution @ o iofi 36%i HCatdes thavefisgdivhesilichasdati@r hasting®dium
iven below is synthesized by njxi 10Q f 0.5
and gt 165 s 1 o e g e rabteh B C ooy nd wetes pereme
acidid BH RHdiHbnOharads Wllowihg SRER&RLEL | on having sodi um

.and silicainthe ratio 1:1 at tenperature in the range
Silicgftrapgition meptd ga® antd It 1.6 &rompositional andlysisifeli SligHtransition metal
raﬁofonditions have the followi ng characteristic: Silica:

ransition nmetal ratio as = 1:0.77 (conpositiona

Electefta$pis ResdrancS EBRGa value@nrsi Ag oR46Et aB) 4Nans®p) EHEZigon
Spin Resonance ESR (g values) = A 4.37236 B) 2.82039

ODI24d556  1)2.95465P) EPIN662930 F) 0.93795 10 X-ray
ic-rag iAol RN Yo KR ILKR KR pRhOR LA @O DU AH 2 theta

counts
1) 32.88 and 24.65599

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

characteristics as given below is synthesized by mixing 100 ml of 0.5 gm/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 = 1:2.90 (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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1) 84.80 and 10.89433 In a further nore enbodi nent of

the present invention, wherein functional tranS|Ujﬂa%LT4/\yl&JDD

IN/PA®08] silicates sel ect ed fgsomcupric silicate, silver
silicate, manganese silicate, zinc silicate and
zirconiumsilicate are capable of decontam nate heavy
nmetal s such as arsenic, nercury, 15 etc., thereby

In a énéiel iendpotiimesmt tod thfsprebéméﬂvamﬁvm,l whersiat Zigoaium silicate having the

transitional silicate dec armi agueous ., .
chargs SRS e LVES TGS BIFISHED b T S it . egiig tatsiton
metalA@JlteJolutlohngG‘ﬁﬂ bf 869%6R0t] dHa0t Al HNBIRRAY siRENEEolFRH BRI Pdodium

polfution. In an enbodi nent of the present

and 31Mﬂe1ntth©mt1MéraEtennﬁemm‘cumﬂm rapgeapsTQ it Mt@hnd under extreme

cat fromcu ric.silicate, silver
amd%?*#cgg wnﬁﬁﬁgﬁﬁgfgkgvvgg%¥ tm?lﬁc silicate and
SilicZ: tFmeifiod ihetZCatd hé €at®@77 evaitositionat@algeik Ifokt Slda /transition metal

chem cal s such as tri hal onet hanes, polychlorinated
ratioh; phenyl s, sem volatile organic conpounds vol atil e

: he .
Elecﬁ’érg?ﬂé%ﬁéé%ﬁé’ﬁgﬁéé@?ﬁeﬁ-3%2?-37% crSt PR ) [P edss,
meDall.21652 i cB} £6293nt r B) 0.p3#5t pat hogens such as

X ra%%if?ré%?ér{‘éﬂa Py R HEB e A EP (cogH S peirkyAngle 2 thet

= @b%@gso fnes gei3al transition nmetal 25 silicates usage
a fective pesticides. The present also provides a

In a frbeemerd enbelimpetrdfite presuobirvienech, fhestin metional arssitivometal

e} Shor ! GRS S0GF! Bl SRR bbb 6RE R bt and
zircofin® QcHI® &k |chfaHlE of ABRRIdnhiASE AV nSuS biic & ABEME, Abreury,
sel ected fromagropolyners, activated al um na,

etc., dkarely erabling] themn o uwse dhpseenovgl dimcgiona Hernsiionalc metgb isiligaigs to
decoﬁ&nﬂéﬁé Bg(gusuﬁm%dlasghclhn %C %eLfﬂnP&[u(tgftdﬁgléﬂ%d%{lte? agn%und water,

process ran
induﬁﬁhlqiollaaints adringiottied gowsodstifingetal pelletdred from chi or | des

or sulphates or nitrates to the substrate nmateri
In a%ém@e{llg}fnf Ph ﬁl}ea@r,egeﬁl&nwggpgn wherpingfuaefiong trapsation metal silicates

selec‘f&f i}rbﬂl%ﬁﬁn 0K N él%lf ﬁl?%#@ mahgaidsé ﬁfﬁ@&g’ zigd LitiCde er‘(i mrcomum

PA-50 m xi-ng the transition netal
sﬂ1ca1a| dlecsnxianmlnabm podlated debstalatsechredse tilalordthateep polchlorinated

silicate so tion; heatln t.he ture
biphdh18) serdt ¥l SesafichoSmogin Ol Sl Bty Gnf pheaths
In ah&hdi embﬂén%t ro O t HBRAF 3hvbhBon, aMeRin fincki8AMVirlition metal
unbound non-i nmobi | i zed substancesmgg ext ensi ve
&

sﬂlcmmnﬁl@l \Mamh patfipgans|sheld ap Sclémﬁdim podigii petppiagiptaai, fusarium
oxyspﬁrugﬂ n‘go 18‘311:31%}% gc%& i C%.rhcp nl%' reﬁef e?on s%%h V\%zﬁ ér&%ﬂ{oﬁi metal

e pr I nven 1 on,

silicabPuate & effderiot bestialdes.r ansi tion metal si licate
i Mmobilized on the substrate materi al vari es based .on
The present AlsocALIART # REGCEH 19F Prepering HAPbiliger fncHpna japsition metal

sﬂwé:tgébé'@éc?edsfrl)fnc nk @ﬁwr %agit]{,é? @1I¥éafée R E Lific stk Zﬁnglllcate and
substrate mat ype O ate materia

zircomighe ﬂﬁcatdfnmimdbl]mtil om s sobstas: p’x’mﬁmaﬂ: adelestedc fremi @gtopolymers,
activated alumina, cellulose, aluminium oxide, quartz sand, silica gel and suitable for use
in column or batch mode, said process comprising the steps of:

(@) adding transition metal salt containing solution selected from chlorides or sulphates

or nitrates to the substrate material selected from agropolymers, activated alumina,

cellulose, aluminium oxide, quartz sand, silica gel;

L
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the functional transition netal silicates are
IN/PARYA8bI | i zed by physical orl%henical neans. |In yet
anot her enbodi nent of the present invention, wherein
the functional transitional 15 netal silicates are
i mobi |1 zed upon a solid matrix |ike quartz sand which
(b) i smexing Hisl warfsdion wethlsalt sobwtenanadedasubsiratmthaterial of step (a) with
by directly incorporating the

fu%g%' ﬁéﬁesw'éﬂ§ltlonal nmetal silicates into resins

(c) anBegiagthaaititie 4mweTional O sandidiien thiahale t6iskitleabe10 to 14
contai ning resins on the quartz san In still another

nb@éiﬁ@ﬁ{maﬂmﬁﬁ@ﬁﬁﬁ@sent i nvention, wherein functional
I i f I

(d) : Caﬁ goﬂnﬁﬂﬂngr orS : P{l—i o%ﬁfzgé s%ﬁét%gcgg dqy Egttg}ésﬁ%) véfa%hmg with
SI Histildddeoadelonizéd eater lﬂdinobtahn d&t 1&1m<l$h’miﬁdl funettbnah transition metal
natgrlals sel ected from activated al um na, al um ni um
oxPdeAeSagr opol ymers, cel lul ose, quartz sand, silica

In a¥@bo@hRntaPal FreQint q@\%ﬂﬂ&ﬁ%ﬁé}&hqﬁe ARLA §f ?\Hﬁﬁoﬁﬁ transition
arsenic, nmercury, etc., and this property enab

meta silfodse irhmetilizehon Itlmmlbstrattq: matril vamiepbasgd o 1hnt1@h¢<nmentratlon of

utilit nat ed .dr. nkj ter, .
transffios it et SOTLSIS ViR, B peee e iR kgl P 6 Bbstifls Htreral and
type OF E1@R{FBte nldlerfd, eanﬂﬁﬁ&ie&iﬁ@ﬂidmﬁ%u&{ sich@s Ph@s&@Nbr chemical.

i nvention, wherein functional transition netal
In argthqrcembosinetetthel prasem isvgios, sihpieenths, fuggtiang} transition metal
silicatsd &S%%Db{‘iﬁpc%g@@&&h L,Aba}%in% ZlddGs Si | 1cate and

Zli rconr um Si |ze on raterials sel ected

In yétr omtiee eimbati@tenalofrthe @resahtummimm whxnedethea@mwtﬁxmy mahstional
el | ul ose,, quartz sand, silic are capabl e
metaia sy aisfimpobitizedmnontq wdéawrlf(d}l%%%% &31jdawhich d?nsultable for
colufﬁﬁtxﬁSdea% baks fgcbﬂtaﬁlﬂ‘?aﬁoﬁsoty' &E?é%'ag ora{ﬂf%(fﬁé AR@lional
transition neta I cate uti y to puri water free
transitforfah nefali Isilivaes ointesm esihs and eozimgt the fusntiooali mesitionf metksilicate
resent inv ntlon E$$erein functional transition netal

contgfnlngé%tst“ég F@B?rgd om cupric silicate, silver

In stﬁl bhARdr SmITRANEARSTRNS pldsetiBvenfioRCwhkrbinCRhEHGHAY trhnsifY metal
DD6 | N PA-508 20 zifconiumsilicate i nmobilized on
sﬂw@tger mkqdr@m ipac slisatst silvst Sd@e@nmnga@asq sijcatpr ano gibiage and
le‘COI’ll chgtg' rlllnqlll(%{)qfl?e%r Vnu materlagn% grg‘(ﬁg C{lvdtg Q ll%’HS{ t 111’1’111’111]11’1

abl'ées " the usage o unc |ona ransl

0X1d&E§gibpcﬁyﬂ1b1@,aEéliiﬂés&[ qn#04 esid, Qi‘ho@@l Ofire C@piﬁl@bf&iecontammatmg
rotozoan infections. 5 1n_a further enbodi nent. of the

metaly SBrAS ATBRA R YSEr-e11d ThimBiopeita rnatlenEipe ke fupctional
trans“f‘tﬁ({ 'r‘r‘l@ttafescih@a%sel‘r‘thﬁg td éﬁﬁy%&ﬁl’ &nﬂnjuhgt?{l ﬁrmlahé ger ground water

I'cate, nangane cate, zinc silicate an
amiznmnmnumanmMuedwqumnmmbemnzed on materials selected

fromactivated alumna, alumnium OXIde
In opg Ppqse GEWwodimpt of e pEesey VeRiQle| Whezgin fe%ﬂ*aﬁﬁ a%mon etal
silicAEC QA AGh! Pric RAlchR, Vily %ﬁﬁater QiaﬁgéﬂeEéJ§ﬁ§até rﬁﬁ& WRERE and
and this property enables their usagé of inmobilized 10

zircoiime tsilicate| immemBiadi enmaterials ssldciedafrers acbvated kueruna,cﬁhummum

and or contro at hogeni c.visuses, infecti
oxicy GeRho SR et Do PurtREs B LR & prBc ceadfiror Hifible of
disinBécBiRar tdlFofny NBdcteandal frbmamsitdri @fd niisalproperty enables immobilized

functional transition metal silicate utility to purify water free of harmful microbes.

I n anot her enbodi nent of the present invention, where?[nM \VIAINDé

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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silicates selected fromcupric silicate, silver

silicate, manganese silicate, zinc silicate and A 7F MAY K00k

IN/PA+5080oni um si | i cate cont ai n2ing resins, for use as
decont am nants by sequestering netals, 15 chem cals,
and pesticides from aqueous nmedi um disinfectants by
renmovi ng m crobes such as bacteria, fungi and viruses
zircohjvom sifjceto usnmebilizerd ori cagpdpotymes e keapdtilegoff ulegargaminating

bacteria etc., protective seed coaf, insect/ t
prot b YR PR e AB YO RHGIEUPBREG) (cRebles the usage of
immélaligddoRnétfonalr@dfidtoms@l dliéadsforpditRabRxhd beedHud! 6f protozoan

~_toxic gas, nicotine and tar in colum and batch node,
infec§gpd process conprising the steps of: 20 (a) adding 5

t % 0 e t.l | transkti-on.. [ ..
o o S088°% Ml Y0 UK 0RO YRR Shgiion mo
silicdtéssqeleeted| from aptiballicatel sibiensilicgth) mefigtineg: §ilieatdli ZddugiBeadd and
. step (a) hy heating at 70 Cto 90 C without_ addition of.
zircogiyny, ilicgte 1gym fié}nar{nggeg’alsaqq@ct(ee)frcgqa iaﬁ@wﬁegi glymina, aluminium

'dé,fr%% oMthedRLAN I¥e, GRat £ Q! Sfics ! #E - aré Tabfhid aminati
o oaé nt o% t eepglesent | hvent ig%ﬁ,arv\hgbéebl n%fudr?ccz(t)rllton%]latmg
poliot vieuses, tote vimmexsators iwatar ainé shis peipexty echbiesaheic ugage of immobilized

silicate, silver .silicate, manganese silicate, zinc, .
funciforp) E3ptio il Bt for S EURT 410, O el igbtftesiic viruses
infecti6fd. NS sel ected fromvinyl ester, bisphenol, isopthalic

resins, are capable of decontam nating netals such as
The presasihiieyventien uther peavides aaprdceshifer prepperat fanetraial gransition metal
e ili.zed functional t.ransition netal si..icates ..
i R0t P SRR, SHBRSUM R Do ST g e and
zircogiuau Bilici@t @htamitg aByinQtBe isdTed dbcan@inhidbas by0legeetfering metals,
streans. functional transition netal silicate )
cheniepty, Andh perjickdss ifioms erteats Sadiym, AisHieatandy by rspciipgmicreles such
- pr. nt. 4 [ [ Unct | B ansiyti
o bGP TYBRY. 00 MAERS Rl ARARGLELO AL s,
bactegial dte ap@tectiag gedesoat, Shdectpdserepellent, aitl mGadte aotide Ingrddients in

MAy a-Do. 6 | N PA-S 21 zirconjum silicat.e i ncorporated
detergefit, CleagingSOLORS IS fir At gl 1HG @& MIRTiap A BF I column and

batcH $108, RAUiptoceb SIS isindy ﬁe@ﬁ?@pﬁe of disinfecting

coliformbacteria, fromwater and this property enables

(@) i narslvig b Ze 20Pubyt woredlthe fanesipnal gransigion | metal sibiedtes to the resins
ut | Hi &eést{o Q,urb/f% vvgter free ﬁI .harnful mcrobes. 5
THESFELERR VT &HE% BisPRSY iI9RMEC liSess for prepari ng

(b) SOMiryThoSthb Shixee Df SUph(ad Dyheatiag at 36d, to V0’ t@BIALORIdISE of

as decontam nants by sequestering netals, chem cals,
antityess pracgelstatqrp.ditlaqueous nedi um as di si nfectants

(©) b?’%@gﬁg"@l@Qesmt&{t%a‘%ériﬁtﬂ&&&%ﬁe@ﬂ%..eri a, fungi and

% romaqueous nedi as m crobicides by killing
In arf empodimebaot el @esepe sivenBors . wheasin fapeibnpl theiticaninetahsilicates
antj mcrobial active.ingredients in detergents, .
Selecar@m REPSoH et vl > GEOBHICP @QF&% 7 tlisatcanghgirconium
silicald GRbIJAEt AN htd AsirRiRlecte@ IRIE it Elter, BRbASHR EL&REAR £ERMNare

vi nyl “ester, bisphenol, isopthalic resins contalning
capabla of tlecontaiminatingsetalsrsudetsdrsaiid, neatiey, del @t bt fropeny enables
silver [

. upric.sil.icate i l.i.cat e, .manganesge silicate, .
mmiifeeC fictintl Sinsiomy G SR il GaPapisib donfminated
drinke Rated] PGuhd vaddre®l &fy other metal polluted aqueous streams. functional
transition metal silicate containing resin coated sand

In another embodiment of the present invention, wherein functional transition metal

silicates selected from cupric silicate, silver silicate, manganese silicate, zinc silicate and
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(i) adding the f nctional transition netal silicates _to

the resins in the wv ratio ranging 15 fromO0.5:1 MA\/a-DOé

IN/PA508 (ii) mxing thoroughl2i the functional transition
nmetal silicate containing resin of step (i) with solid
matri x selected fromquartz sand having size from 50
-1000 mcrons at v/v ratio ranging from1.:5 to 1:50,

zircomnoh gifi¢aitd indpyHonaged freo resgisrselbotat] dtbrs aing1 eftes thegph¢ndl) isopthalic

. W thout, additi.on of any catalyst .or 20 accel.erators at
resing gy RpReORG e gt SERE R oG Al aGy JUGPRPRGY Shibles
immoMeledt RnctiHaitianiien fbSlt dinaad utilignsd plefy Hefedlfree of harmful

~ silicate coated solid substance. I'n an enbodi ment of
micrablg® present invention, wherein functional transition
cates ..sel ect r DT CoreSid '

R ERHASS BicB, b PR i3 syb SRSy sl ¥ buarez
sand, ZulteRa farse $ik ldeeditgnigantt 8¢ sequesiariflg nietaigRh&hizalsf and pesticides
decontam nating _netals such as,  arsenic, nercury ,etgi .
from aguegyy mediunmsofeinfegtastsd ERoVingIBIcrobes quh avchactsria) Tungi and

. it o si i e ST AN NERTE RULd f takis ete.
virosid B3 A BOh LB o Gl Ridls by kRl et et
seed prttadtanpods antecthiaqbiebarstive Shgredinmts ih Mewrgentse cleembp dbhtinns and

of the present invention, wherein functional transition

detorfigaaf> oG s ascoBr nd BielFr Grrtl i RS T EREE 10 pipef S

bispteholl %%b@lali@é‘ﬂl%n&%ﬁaiﬁin?'fﬁﬁ‘ét{%nalzirﬂ%_itﬁirﬂ meal giliefds sdlbcted from
zirconfumsilicate coated on sand is capable of . .

cupridisdicateesilven gilivetel frangartssg siliedte, zifiq sihrataeed zaeahiyrhjsglicate said

_‘%éo ert¥ epabl es i.nmobilized functional transition

Proces3 PUPPHSRE USFIePROF ity to purify water free of harnfu

(i) M gadase fidretivid&a@6itibNLRel 508até2td the YedinsAinahd1@rv ratio ranging
enbodi nent of the present invention, wherein the
f uemi0onhfo 4dansition metal silicates selected from

..« C . il - i) !

) SRR PR s Bl A e P SHE S LR of s
met ewitiakslidmaatt edediedofivracunasad taving s, frath vhi-r1000mmicrons
oxi de, agropolygprsh ceLI#Io e, quartz sand, silica
geart,V/‘b’iaUPlljﬁEﬁ”?% gm 1t-§_5’n PYi%H metal 5 sil icates

(iif) ! ”&‘rgfngoﬂét Rid Saed SRl ef UepS ANdwaAskE ddaMidh JFURST LaRBAt or
transi'tion netal silicates “containing resin are
c amatibamtas atl @K toy?0{dC oosby degrise ot sowh tawperaiupfor a week to

nonoxi de, . sul. ph di. oxi de, .nitrou xi.de .and
nyese abRgi R et et AL R SRR S 8 e e 1
In arfB@aBb&fment BEER hrdb@PR i eAB6h, fwitedih d0AdtidnbBRStsiticaNmeRl allicates
silicate containing filters usage as toxic air . .
selectadrfrdm @ugtic SiUCE_ltﬁ, silven silicatro magancad slraRANGIli¢gipand zirconium
.. present inventio re he.. [ it
st PR er EETL pl QR b MR B VPR of AR h By, et
and this propdre, enaBRE aM@sDilel ifemtienal 2tansitioh et tsdlicagen ditility to purify
zirconiumsilicate immobilized on naterjals sel ecte
meta} copfrarEefefladanking WHTaground Watsh aith BYi %ﬂ%‘?f 135?@5815‘? pgueous
el lul ose, quartz sand, silica gel, or functional
ransition netal silicates incorporated into resins or
In asathet emhbddichent toff thenmtseohahvettiomswhenein fretctibnal Stransition metal
silicates. contai.ni q& resin are capabl e of ﬂet oxi.f

siliceg?sg eé:fqdefrwlgnﬁ);l a@n? \Pe& ﬁﬂ’tcﬁfﬁ’ anganese silicate, Jind is,iﬂgate and

zirconium silicate coated on sand is capable of disinfecting coliform bacteria, from water

.Si |-
The GEPL iglshl

stre

and this property enables immobilized functional transition metal silicate utility to purify

water free of harmful microbes.
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reduci ng carbon nonoxi de, sul phur dioxide, nitrous

oxi de hydrocarbons, tar and nicotine and this proﬁéﬁ&ﬁ“ﬁAE/

IN/PAE8l es these immobilized 2unctional transition mnetal
silicate containing filters usage as toxic air and
chem cal purifiers and /or chem cal conversion of toxic
gases to non-toxic gases. 20 In one nore enbodi nent of
In ydt hmt}m&admﬁlmcm effi theqmcsemhmvm'tmnt Wherbinrth¢ fiowabnal transition metal
tran lica el ected from

ric ..
sty eesied aicygric sTicrieapbier faineanBRRH SRS Ficglicat and

zircohlunh @ﬁ‘f’c@teQHﬁnotﬁhie‘anH HReSihls| s%pet«,@dlmkabdwa%@diamﬁnm aluminium
materials selected from activated al um na, al um nium

0x1d@xa$epola@czsp@b9we$es quedr | sahds silicaygah tor fmationadj transigion metal
tional trans'ti n, ne siljcates s
ittt P b Pt s AR 88 WB s Bl PR o it
contdifiiapSedin are dmphble oFideloREyRE t8Dc pass et APYcdrBSh hoabgide, sulphur
capabl e of decontam nating pesticides selected from

dioxids) wpRueEde 2R BY Geer bHsTHD CRMAYSIOR 35 99Fdhis property enables
eS8 YN gl SRCAUREHIRAY Y e o o
purifproperty enabl es these immbilized finttional

tion | i cates as decont mnatso

t.rans t al
In StHLé{l?th?rd%@b‘%WGB‘h BTL o PRt RUT R TS 1 YrelUpFenah iransition
meta! Byientd Qectd®6RIciph o §iliEMEIvaNGlicatd, ﬂ{hﬁgﬁﬂe@@ silisfteMBh@kilicate
Ilicates selected fromcupric silicate, silver
and smﬂcomame sﬂwa*mg ameobilged | @atreatemlﬂ csedctade ﬁltom awtidlated  alumina,
r coni. at e i e n ,m
alunefi o pEopa 5 i R i P SurbiEE. B By dregsiton
metaf %ilicﬂﬂe@ﬁﬁaorﬂ&@feﬁzmﬁ)afﬁﬁms Sdr' 4268 @eled With ffuhmﬁ)hﬂnﬁbnsmon metal
transition netal silicates incorporated into resins or
silicagesn gonaiaingd reain Bref garebleonhidetoxibisiet figpretetsatoke. by Mignjticantly
2 r
redu&ﬁ%@gl{b n‘lfb %Qgigh%ﬂﬁ]]!l Ir ¢ %gépﬁ&?@%@&?%ﬁ?iﬁ%ﬁuﬁr and nicotine
and thisOpropertyesrablds nigest hiviobilzad €urtctiotfia nEaveition ndamlmntcam duvataining
proteins from e waters. generating . from bi oprqcess
filters ygpgsas joxie gir m@&éﬁplcawa&ﬁ%ﬁ} bﬁleﬁnapﬂ CBHEERT 1PA{973H gases
to nonRoRicldsdsher enbodl ment of the present invention,
wherein the functional transition netal 5 silicates
In orpeherctaubddirnentafphd presént iimangon,silievan tlsd funciaere] transition metal
silicate,.zinc,silicate and zir. '

sitedJF TR0 RSB SF5n Gt e A om BB BE el pnfro silicae and

zircoRfilnh ¥cd iginbBiRARd @ Watchialinelc@ed Feom A6HARE] ¥RBHiSa, aluminium
cellul ose, quartz sand, silica gel, or functional

oxide,r agrepalywarsmselnlosss | quatat wad Akies (#sh atte fmicHorpl r aisiipnometal
SIhCEﬁgS %cgr%gla?ed 1nt<§ res{nlén%tsla&? %%)atE& %H‘[gl ﬁﬂ1&¥bnms{r§:%51§&l Pj%@atl %ﬁmates
con I nare capable of decontam na

contdifiam mheﬁreaa@ablal &f mlemﬁmhiyxatl@g eBakids dehetads ﬁgm @fllormated
i mobi | ized functional transition netal silicates for )
hydrpgaghanst Sei std CBROSUEARr GYRBELS URGEITYFfSe SEflbrs. qyRermethrin,
i
s 3 SOORKGTE iRl LB SRRy SR 108 pmobis
functela otuesitidir mmatsificites 83 décoataminagitd ofgestsiiddscat e,

mangapese sil.icate, zinc sil.icate d zircopiu s
In ogg F&?}g reePReRiBIeRT 2B fProRreRgtt éPY%’l“Qn’sgB%l@tneg" ional transition
meta@%‘hbé’t@é &b AU BupAS sifikats) ﬂk/%lﬁ’é@téj% ?%e@@ Qfl AR Sinc silicate
lul ose, quartz sand, si lica gel uncti onal
and tzmanmutm sHicaige tiamobilized apre smptaries p@d@&te@d from caqtigsted s alymina,
alumlmum &Q& ! %%rovf)no}ylﬂﬁlefwlinc%hul%ne,llqugrt%‘ nS' d, Li?Ba E‘éﬁ %% functional transition

metal silicates incorporated into resins or sand coated with functional transition metal

Q006
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silicates containing resin are capable of

decontam nating trihal onet hanes sel ected from jL;LIVLQY AUDOé

IN/PABO®rof orm 1,1,1, trichl dBoet hane,
tetrachl oroet hyl ene, trichl oroethyl ene,
br onodi chl or oet hane, di bronochl or oet hane,
tetrachl oroet hyl ene, bromoformand 1,2, 20 _
silicawi containipg3esin ereoyapalpla 0é dedontagnnatine Ga tpaR ropy an agueous medium
resent invention, whgrei.n th ct I it :
enablﬁ’@t %Flr $F18°C 10 IELOVE &Y ecgef: %Igmp}rngﬁh I%%ﬁscﬂéﬁl W%:Sg? gé{etéél gg}}aerr ating
from §io|}3fdé§§s€indLl§ﬁ‘5}in®r1ﬁ§@n$ uhdegRitde pRitdie c@ithinihatien.and
zirconium silicate imobilized on ma erialsp%electe

d
In a flrthen erehadimertcPfhe prosant IBYeVOR: Whetsw: e funcligpeldemyiiop gnetal
.. cel| , - £ UNehicOBRL silicate and
sitcafi SRS Groniie SRBNG STk e Thongtihert SR 20K sllicate oo
Zircofimséh¢cht€ damedilistd lonfmaetialo selkcted fnosi adtyatedetlwhina, aluminium
..silicates containing resin are capable.of. ..
oxideq EHIRODMFRL PTG PEAT SPHh Weea Bgh &Ry oL egEtipp JRse!
silica?esqﬁc(gff)]frg‘ke R REGOWk satd b&HMdOWARIFRIEIAMAL transition metal silicates
tetrachl orobi phenyl, pentachl orobi phenyl, )
contaeng ¢ bdim raoh icpbabtey lof deepntaminiating inpgve nydmayjefer and this property
oct achl or ghi phenyl .. 1 n_anot her... od] t .
enablgs B anted sy iainnzed, i BRR G PARH SAeel For fifiection and or
cmﬂﬂﬁ%ﬁﬂmgﬁgﬁahkhgates selected fromcupric silicate,
silver silicate, manganese silicate, zinc silicate and..
In fuzthemoreupmbpdiimeat of itharpissent zBErgaLnwhernaihe Wapianab fansition
r.om actjvat al um. . L & 0X] : VAR Sticat
metal SRR s R LD ic@h T e ol ancBPHARA AR licat
and Lrédgihi eMichet ahmobilizkd adre Inatadals peieatedd fiont mctivahsalomina,
sand coated with functional transiti.on netal si%ic ;es.tion
aluminigm ydee 2EI0BOUYRYCEA S5 BElose apgrt sani sic% e i HiPS 1%%?3 B
s M AWRAERHroY RlsB drsaffl GRRie wRNI@NdRalSRARTI@dmetal
mefa F%%?%§?¥$%?ﬂ?%ﬁQEFB?%@%H%?%; 1“1F2-tr§chloro%thane;
silicates3edtitaifing rrogin cpamepabdé bf drowitdninating wiatomethangs seleqted from

o " ESTES R  SB IR AR n,
bron{r‘)tdmo@thzﬂne?’d%bfo%dcﬁf&%&ﬁ@ie, he@amhessteyee, 2bohloform Snd 1,2,
ol uen

e; benzene, propyl; benzene, |chloro 4-nethyl;
dichloemZ-dnandpr@p8et ri met hyl ; 4-iso propyl toluene;
benzenel, 2-.di et hyl ; . henze - dj Q: » tal silicat
I oy B SO LI DR e RSARRe! epritig meta slicees
seledledténlchpng sineatd, el Eien® Inalgharse piliopaend sificate and zirconium
__trichlorobenzene; naphthal eng; benzeng %,Z,S-t |chlorq3.d
silicsfe ripapnbilized, on trpatentls risiecisdnbemeactiyagd 4alppinay, FHygium oxide,
oot ag » : 0e o2 -k @Rl lirdhstion metal silicates
agoﬂ@??%ﬁéﬁ%@ﬁggaé#&r%§€€¢1%ﬁ%§§zypbenzoat%;r S]?? -
incoﬂpogat&i igatd ﬁ:tsmame&d;]llyd Mtem:w'mh fupetigreh grarsiiedrl lﬁue@l silipgtepgutaining
~and 4-bronmo 3- chl oroani .. In yet another e [ toa
resitpfarg KaPie s G INARIAG iRshlofi e BpRE osﬁf_ag%%8 #h 2.3
dichforr@ﬂglﬁetngen ! k‘fi’llloroﬁi;phér?ﬂ,t es t&ﬂcﬁl@kﬂﬂp}fehﬂm C Ujdnitazhlorobiphenyl,
siTicate, silver silicate, nanganese silicate, zinc
hexashlorataplengln Heptachl cohiphenyiani oeteehlpiohipbenilzed on

materials.selected fromactivat U 10 4 A Dnetal
In SgRpeleer oy BER: g ereea nurpids el P Al i Tod Sera
silic98) sel@tted HOEL ERRR! siliéadShltEosilicned, ahangsidse cdicets, zinc silicate and

Incorporated into resins or sand cgated Mﬁtgzélnrtl nal .
zircommmssilidatminmeobilized pn gpaterdals sderied HPRgaGiyae na, alumimnium

oxi%g%g%bﬁlage(sg 502&*]21%%%@ a&jir'tzn Jarre rgﬁlic\éoétﬁ,t o} GuRst@ARI Eransition metal

silicates incorporated into resins or sand coated with functional transition metal silicates
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benzene, 1, 4-dichloro; ethane hexachl oro; benzene

1,2,3, trichloro; 1,3 butadiene, 1,1,2,3,4; AF h4/¥fCQLMDé

IN/PAZPRt hal ene, 2-chl oro; acepgepht hyl ene; acenapt hene;
phenol, 2,4-bis (1,1-inmet); 20 diethyl phthal ate;
fl uorene; benzenel -cliloro-3phenol; diphenyl arnine;
4- br onophenyl - phenyl et her; benzene, hexachl oro;
contgifiad assihaeeapsblant hdfcaﬁ’eﬁﬁnatﬁg b/utaylﬂe @igblhlalcam@ounds selected from

fl uor ant hene ren benzyl tyl phthal ate; sene
11, Ipfrehoreathgicn sy piebiipethase bﬁﬁ@}mpmﬂ% rpgw%f%ﬁthane
etharg 1% o(ﬁbl?]dm(f) h%ﬁ@k@& e %enge%z&@ it H%&H}lh eﬁb%ze&e NZRGethyl;
| udr ant hené; enzo a yrene; indeno(1,2
orthqpyleeeiebendeire haodthylbthylh rﬁtﬁmadehé 2&n’!dacﬂ1h‘n@,ob1gm‘mble1)zen@,52 ~chloro

ol RGP roRHE PR 8P TGN PPNt G 4 oo propy

tolueﬁél | palzese sal rafefllf r esALHPr 110-8ichlotat €1,3xdi¢Melobenzene; 1,4
licate, manganese silicate, zinc silicate and

dlchlmqbcmm,m solnensat en-bursibbizengied | @rdibwoms | drehlerepiopeney 12,4
t11ch{é>é(ﬁeﬂ%aeglt§|eva%§fjarlin}e rsggrrl]zdahe 13,1%,?1 g%éaléorlo )élllz%%elunlgfgq ‘%11&%‘3 benzene

1,3, 4tti@RiBtd; | OP-bikhdi@icdll, 253 11 GatRse | NEANROIAS,ed nittdbense@s] R§rene;
or sand coated with functional transjtion netal
benzglbpnzoaics 4 -5 dAttarameiylpengene; dreazengp kshlorg £- plopyl and 4-bromo 3-
am nati ng phenols (such as benzoi c acid;
CthI%%%ﬁgktrlchlorophenol 3-nitroauuline; 3- nltrophenol;
In yed aimdther@pitedohent f thecbreﬂehf inpheal whékeinrtht fuyghohdl hrensinch metal

pent achl or ophenal b | N PA-508 25 | n one .nore
st OB P SBiEEeYeF AUGHET BATERG: SIFEpHGH SIIRE and
zirconHig bRl indnk Higledl AN mARkidls seflclel GRIR eI EF hiRchifd, QMminium
cupric silicate, silver silicate, nmanganese silicate,
oxide,i sgropalyinerst @ebhrrldse zquacturﬁaum silita @at,eon fimsBpnal Zsahsiion metal

| d f
s1hcagc% @80%8%; 2 lé]l @%%P)g orrgsgp aggfg Wltg)u’%}ngtiongg}{agsniﬁ meyalinsﬂlcates

contAfing r&¥in hlénabhle aF dédoatisdihdtiy Rl &blaﬁlesdrlgarﬁ@t:@ﬁpounds (such as
incorporated into resins or sand coated wth functiona

benzgpean.AtdieHoipet ethang (hegaahloso; dsAzaEnil Aep.r Bighipragled butadiene,
l t
1,1 2?%%11&1&)}{%118;89%%&%%“21@ Lebﬁﬁﬁy%ﬂ ) erﬁépglgegl% bl%ﬁé)l,?éﬁtbﬁgrl #D imet);
diethst gbittalldty, @hotehe;s bemdeas]- dﬂoml-}ph@mi atiplidngranend) odHibnemndphenyl-
of the present invention, n the functlo

ei I
phesyediess ¢ FOHERye P Orp aBReS OSBRI G pfiputyl  phthalate;
ﬂuoréill 1%31%:2:()2ren§] i)éﬁ% b #ff ﬁﬁﬁﬁatenﬁﬁg&ﬂ@Sﬁs@'—étlﬁﬁﬁé@)plﬁh&ﬂ&te phenol,

(0] an coniumsilicate I mp
2,3, 43 Btctmbaing @eh-ecﬂybthﬂmtam apnzey a(b)sdluata;nﬂilma, bmﬁi)nﬂuﬂmnthene

. ~cel | ul
bengl8)  BisPEeuRRETar PRI POR ARt G T pdpsg and Tonzoteh)

pmykﬁgorporated into resins or sand coated wth functiona
transition netal silicates containing resin exhibited
In stifi enotberc prpdiment: o€ theyatesett ipsentioni Avhelpiythe Brgtional (Jrasition

e FRELATBI0FH, 80BhL RIS R0, TRLAL BhGRAE Seoag:

and 1Zm¢BMitinORilicake igintobilled f omchherisls telanad tikaan aeivaled alumina,
silicates selected frogmcupric sil |cate si | ver
alumgpipmceide, ageRghmeas csiliiosntwarts sad. Silch &gh o1 Lipptional transition
i t n i i 1
e RAPLPASHER By PLIRRL L 0L L8 0, b
s111ca§sr oqodiyingresincet lcapabbeof derantamisaing, plehbls (sudpeds, baproic acid;

fun ran . ..
2.4, S-glc forop%enolt 3an1%rlotallnﬁne; 3-nitrophenol; 4-nitrophenol; 2,4-dinitrophenol; 4-

nitroaniline and pentachlorophenol.
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nmetal silicates incorporated into resins or sand coated

with functional transition nmetal 20 silicates A+ MA‘{ OQDD[;

IN/P&GBOBai ni ng resin and havingsvaried netal silicate ratio
exhi biting varied functions gives a nethod to obtain
sel ective conjugates of transition netals along with
silicates for obtaining functionally effective
In odeunciei epttaldirhérSitlid presene irdlenson, iviates tHeofudsttorah trdadifi@limetal
ot her pplicati on such as pmanufacturing of catalysts,
silicaffoselfg E?% fgﬁv%%aﬂ% plligalsi lyehstinatseBpngansse gikcate thHI*Fe?lhcate and
z1rcoaﬂpiki11? (Sei?/‘llg%gqo anhél?:gﬁﬂqulzlia%%ﬁ%fes@fedeﬁ %ﬁﬁﬁes Pl éé’&qglﬁﬁhﬁh aluminium
oxidé,umgropamatist yellwose, splade tsadd.f siticd igehadr ﬁmansmai i toamsitshametal

NIRRT DN R R T I

contaﬁﬁl@lg e&iphdv@MitidiRf bf detontamiiitidh laM@ HisiifddtieA e highREhpPShRRe zones
acterial decontam nation property into Zirconium

such gp ppideas etc., dppte theinemstalfilierdfdbis mﬂéerml c r obi ci dal
In 01&4rJ %\%tﬁ{ ! g&l@%ﬁll]ﬂ%ﬂ'{d {#ﬁégi) nveﬁltlgnéér%lﬁvm ) 1Y rgfng{lsc at Etl%na,l transition

metaﬁ ahaatés setecadl fr@micupristitiedte, saRel @k ining@icsOisicad) Zightilicate
f eatures of the invention. One enbodi nent of the
.Zm;@mmno gilicater gmpobilizad ony HpatpHal selqctads ifkomy nacrm@taﬂ alumina,

alumgrh{suilnﬁ Ade; %ﬁgo%&?@t ghl% %{? ?A’Qﬁprig%gélzg'} %lg}‘l ﬁnal transition

metabfsilicates tincngdrated anwi tdsmn dredaal cdbfed cm]ltlefunc'ﬁbaalsgtﬁltsﬁt&ml sietal

of vari.qus types.of func transiti nmet al .
silicalgy Gopiginag b\%%g ’a}‘?léﬁdr}@&r%&}” d"ﬁé’&%? ﬁ%a”%itt% Clefi3 %E\géﬁfmd Viruses
enabﬁﬁ?ﬁﬁl@ﬁ&?aﬁ TS et m%fa@ﬂﬁbétéﬁ%a%@&ﬁhw?@&&d&o| ution wth

le silica containing alKkal with different
In a Girther gmbbdiatent oﬁtheq)re@ntjlrapnwﬁm Nébreen thealenétpmal transition metal
..._conditiagns such ure, w this,.
slcdi ek ST e S R6E Tyl Y BB Sl {RE A, Snicate and
zircoRiith BEREE dHtiohsINE ih@BBllized LANSAEHAN seTedtad fivhl hE@Ria@S: alumina,

Transition netal salt solution (chlori des or nitrates

alumgpiug axitra propoleTs, cabvles, ubaopang) allica pelj enfunprienal transition
I 1
meta%% IH:Q e? 11%0&1/1550(‘}%65 QH% l%@ ni dsqiﬁ Qﬁe)@’a&tf fl?rgc ! ﬁgr{in g%{rllslltéogt gletal
s111cz(mfs qmtzﬁxﬁﬁg wewirs ad hatigp Variedahenl {ﬂicmet rdube:@thﬁﬁtm;gei/amidieﬁk)nons
or e%lﬁ)dl ssol vi n% amor phous silica .i.n al kfin
givessy iy R § egt}vepc&nggg;ea of Wa§1891i1 SEY snalo%tvg];h s1hcates for
Obtﬁl(’lgigsﬁlhét 0%9119 Ef@&iv@%ﬁ&f&al tYQfsitﬁ)q Iﬁétlﬂ' Flfcatdd té“ug@iﬂ various other
t1os was obtained in a soluble silica solution, b
apphdaths Isuélray mdumf@’mrgmfustatysts, @xal Iybridiziegon doe)m@wnhl A¢olibds.

kali. Di.fferent ..concentrations f transition
In f“?‘b?& mars elﬁ‘%'?oanWg & e E1es, IW%O“S J %ﬁf%a%ﬁleivr“tga"f PhBhusion of
a de§if@NfALMb AUyl ; ¥aelc@fbd MMEtnaP traddiked inetaAtsilthafef Br &finabld by
conditions along with varied tenperatures of reaction

optirpigatei efi aynthatrw eerslitigsessleated fiipne trichisian afreatesict seapestasion|ability
into ?hvm %‘fi‘]tc mclu 10? ro?%%?[éltleﬁt(ﬁﬁorg%%ﬁgﬁglggx%lfpgﬁ% ilt§ %ﬁ%lﬁﬁmgﬂicate

f ansi on ne

inclugXheos iefettive Witdbididat i(bhceehicddal deido Ringeddalatpespekt® into cupric
renmove sol ubl e substances. The resultant purified
silicaiéat erial s of functional transition netal silicates were

NowABRINERHPWill be described in detail so as to illustrate and explain various salient
features of the invention.
One embodiment of the invention is to provide functional transition metal silicates to

decontaminate metals, chemicals and disinfect microbes.
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20 SEM EDAX (ESEM XL-30), ESR (JEOL, JES- FA-200),

XRD (PHI LIPS, PW 1830) and other anal ytical estn@&%%ﬂ’qy 2006

IN/PAPS@Eedur es (such as AAS, [26P- AES etc.,) to understand
the conposition, structure etc., details. These
substances (functional transition netal silicates) were

eval uated for their co arative functional properties
Synthssig bf fisctiemb ilightesi nf ect i on, ni crobi ci dal,

The Séfg‘{htggliﬂ,(fq \%? 1008, 3213?%' f ! a(gtléog‘l?ll %mgsl%c%te{@%'lﬁﬂgs Ldre attained by

reactlgg ARt Qiffie it lc@lﬁbeﬁﬁhﬁdﬁsyoﬂf@ﬁm@Sﬁ ayes dajt whitiomavitingoluble silica
arseni c sequestration acity of the di fferent
contafnimgalkahévith didfesentisBisa @ﬂ@a&ratgqhapé at ¥y1a %EG' wapfiqn conditions such
i.ni.n ter was treated with functional
aSp}ﬁ 41% |0%ur@rr€t al silicate and the sequestered arsenic
Now GBRt@néntloy willdesdribeadnet vfri®i ietodsresed isisynthetie ofidgnctional
esti mated by AAS or | CP-AES. 30 The mi crobi al
tranSl&P%Fﬁf?ééﬂcé ability of these functional transition
T 81 Ish1? &b BfioNashAS 88Y &nitis TR AGIHhLRE) WhE rdAbREND sofubl
1an{f§ er as% f) ?oﬁ\% or enterrgk}ac?erl a%lre?f)ovedrfrom e
silicac (it gl ubdd ed1cdrm1nkli<aigle\/\1a16é1um @k i [frepaneh by eYRTOnd eays e Fych as

dlsso}%ﬁ@t a% %}QEL%B ég{ { ed ?ﬁ%ﬁ{w V\@llc%tgaddeger 153%&’?{ d&%ﬁl‘%&)n& by
dlssown?gaérﬁgﬁbhoﬁs'\gﬂgﬁ 5?10&31(@17 suth a8%ddi@@hydtdxtide omngditaseinad hydrox1de in

transition netal silicates was assayed. The bacter| %
Watela@mmedvas ddon@e@y Vagiediaticaép #keli ratigh vve @&Faﬂlt?éldflé'rﬁoh} e silica

SOIUU&Q(;?’@Q r? %Folv&%g]gl e \é\%%gph%g% HEQ%"&&/ tréqﬁ%&fl Ahdung o?ha?l(ah Different

( er on pe plates contai ni ng

conc&t@bis fBginitiohhBetelosifasohition evekairegeted ddth svhtble sihcd (contammg
functional transition nmetal sjli catles wa ass%

varied grnamst oécqnéaaatmﬁffs@m BH contions R 31 ot ine eimperdtures of

reactiﬁ)glg 8r (%b%l %1%89 ? 5 gﬂﬂct&‘lﬁl' GMlsBdnPme@! ¥ARSes. byrhe Qré@pitate

ni-que ng test materials in the growh
obtalﬁ'edj afuem rehction mg?mmlmanm net seits wigh stleblgrsdigahwasfwashed extensively

n.canpari son with Th di al h
with gistlenar JGER T Her REoBats FONar BLsE hencur od and.
The Pe% 1ﬁ£’1?tapuhﬁ@&1 %attél‘?ﬂs of ridegosdl AMhkitioh nidig sificipgUserdasalyzed by
The mcrobicidal activity of functi aé
SEM/EBASK (EgﬁMnéﬂaBOhuESPs ATBOhadESEdazh, éé\H? éﬂﬁIP PW-

oSiti eand r tive r uch
183680 i GRehEe R TR o RS (R L A%Spsle%l’dé%ns% ) o
und BSOS 8S@poFiksh, EEGAEIE td. Adetls] by m xi ng functi onal
transition netal S|I|cate3|n wt h _nedi a of

Thesba@ul@tanges Nf@lc@p@@k Hragfitign c mekal a51 1pptﬁ%d|\7\5:r% ocmag}a]tﬁdn gfor their
come%ﬁtﬁe m(cbgaatrlgllgq 1Jt18§] \[/I\Pi‘u% b&ﬂt&ﬁflﬁtl&‘@sdi‘%ﬁl@%ﬁﬁﬁdrﬂi\érbﬁﬂmdal

'a 15 w thout functional
toxid fAMRtdxi iR bad nﬁbﬁmf&:ﬁidet)u ddmmﬁd:atllopleai Qs)pef[h:e
conparative bactericjdal nature

f
The {ERG KePONARBRLP A HEaPes COHUEA nh i b I Cafagsration

capa%gg of 'tlllésg i Bt HRCHES ASRAN&H nRSRIsNFhtebasE@hicaoBiaining water
various concentrations (such as 0.06, 0.125,

was ae%a@wmmf fufictivotal traitian metel silieate m@i thie sequastezgdeaysgnie content by
nedi a. 20..The viral de bility of

f“n 1%)%3‘@&?%}%? F’(S’F?ilsmtc?tgﬁﬁs eiStblﬁatﬁég %’E Fﬁ?gg g‘s gWas assayed

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

by measuring the amount of bacteria (coliform or enterobacteria) removed from

contaminated drinking water. Coliform or enterobacteria containing polluted water was

added to normal drinking water and bacterial amount present before and after treatment
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usi ng bacteriophages in water by batch nmethod. The

chemical pollutants decontami nation ability of thede# P4/¥7

IN/PASORt i onal transition nmetal7 silicates was assayed by
addition of functional transition netal silicates to
contam nant such as trihal onmet hanes (chl orof orm
1,1,1, trichloroethane, tetrachioroethylene, 25

with fuictibharieeikhiphanaal blicnedivad hoaaget hBiebacterial assay was done by

di br onoch| oroet hane, tetr hIoroeth l.ene, . bronpfor )
couniingyihe e HICSR28 B b RIPTED AT %ﬁ%togifweﬁgﬂmae@ﬁ%t%tbgkaﬂerw
contatuhﬁé QUG oﬁlﬁéﬁip‘ﬂcgeﬁontaqrﬂﬁ Efb%fl hQRel transition netal

I'Tcates with chem cal pollutants dissolved water for
The Q@nparamct éugidided magyel afanctivank tragphominital gsificatest wen absayed

i SO0 50 AL GRS BT SR Bl Bt

oryzdeNby p&I8d1EEb0T Abdhhi@B di eﬁ%ﬁﬂh’&:ﬂs ﬁMhél cﬂ@h%ﬂﬁin@o@fun us
g iEf)CD or GCI M5/ (%id e%todl ment of '[hgtl nvention is e

and m%aswrlwihﬁ erowisHithg Saaus inrroninerison with aeitialbnl eetedial growth of
t I
the fﬁﬁe% s 98" tgg é))teﬁmgﬁ % eﬂ%hgc} (ggg g%kc%ﬁtnglﬁgdﬁ&g Pg ithe %%wth of the
ﬁmgﬂﬁWiimﬂdﬂm@ﬂd V|ruses) and to detoxify toxic gases
nicotine and tar etc. |IN PA-508 28 1- MAY aoo
The micxpRipidplopetivy of fungtiopartransigigpdretalsilifate Yam asgﬁié@eagaawa gram
r con oS 0 ( I
posicflel SRR ool Blctie0flich{ &0 ShofftopdiahOal NS Bleillns subilis
Pseudmb@ras adesugineda, amnd Bsdhesiat echblalbynmnang afunctianali nranxitide , metal

.. opol artz s and. si. et ..
slce i e G VRE SR et PARGEH | L0 e PR ork POTCTHo i G cpataining
funct¥¥fl aRhSHINE T JiN@ed Wag dWirpAred WAKIMANSI (Ha6RESEl Bfowth media

pot assium silicate solution. This process was achieved
withauwh fiensbionad trapgijion yetad gidiicatg) inmetripdatey sodi um si | i cat e or
The gé)l%lsgr%{l\lljemb%:tle%&ﬁggen% ueugf %11&1%nglh?rann§%o%r In?éiltzﬁ S%Hgﬁe %%ntammg

differegt |rhidtals end qsidedt 131&6 dwaﬁnﬁs@leﬂl @@n@etbacwﬁl@ by addmg various
correspondi ng i nmob d finctional transition neta

concgjtrafipnt é¥ichedsel- bt 9118%@ 089 A))tqfeﬁwwawhtaﬁﬂgav trgetay silicates in
cupric, zinc, manganese, and zirconium (such

go“@%&%ﬁ%brides or 10 nitrates or sul phates of these

The vietl desyntanTinatiei ability ofehak fusitiouartransitipp enetal ailivates was assayed

nganese, and Zzi u It solution, (such as
U$néE% 1°8 66P1WF?¥Q¥E %gkgﬁﬁphates of these netals) was
The 2HRRAT PoBRbHE! QoR@RLRIBhNELiBRAbE These ! fuh6@if] Qfansition metal

potassiumsilicate to obtain réspective functional
sﬂlcattersawsa agsayedrby atldisiph jof efuectmeﬂ tragsifgonoiyetal sBigates 4o sontampnant

such Mg ol ertrlls%i)mi@‘;a%? (%EWBC?&E O | LE 1r € rlc% cggcl#ﬁg} tetragi’ﬁ goeél?ylene

trichlofRehyddrde, bﬂManféﬁIm ‘Setlizky S t(ﬁbl()ﬁid)@ﬂloﬁfétlﬁﬁ@ al tetBehRi)hylene,
and all owed to polynerize after heating at 70 C to 900

bromgformatleh, dithdere-rhoaoprIrgngle¢ataipagaeied Aberobprugh shaking of
the fgl?csf oglgldu&)l%ﬁﬁdnt Jn%ta% 'sﬁf%ateg Ryifh Qﬁe%§ Ee(l 01?0‘?]11.1 O%s_ﬂﬁ\%d LBRr for 15
provi des a method of producl ng
mmultdr[‘lﬂiahhmﬂﬁdt tvﬁﬁn Sd)ﬂtalﬁmgnmhétiorﬁhbsﬁsa[tﬁﬂ&e(as isllhttﬁe was allowed to
silicate, cupric S|I|ca zinc silicate, @g&h ese

precigjtte dof o hoyHs- Zihecemi @Pll‘ﬂt&%tts éyntegfamasqqéf%aate ution was
assaferﬁ hisile ftgctE'TEoE@d Pwm&@@:ﬁmw@) Addi tion of soluble

afsi ton netal t solution to the selected matrix
One £mbodiment of the 1nvent10n 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.

a0l
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i mmobilization such as activated al um na, al um num

oxi de, bisphenol resins, agropolyners, cellul ose,_j__%’— MA‘{ O'lDDé

IN/PALHI8t z sand and silica gel 28b) Treating the matrix
containing netal salts with solution of sodiumsilicate
or 25 potassiumsilicate to obtain correspondi ng netal
silicate imobilized on matri x. c¢) Washi ng extensively
Trangifiph noktalt (Bil‘imdccmped iom inzanganwae,eandt Krcoeivmm)esaltrdohutiod, (such as
mthe matri x, such

bst
chlof R, 7P a1 U B DR Ro M HF LTS 4GP Phhgerals such as
active@l | alPBe, aldkdtitd Safd a%ﬂﬁ;o%‘rﬁér@ &eflflose, Huak ¥hig ZhB&ilica gel

resultant material either by centrifugation, filtration
and amesmn%yg haatobHiged tBmsitieotihetal sifibadiwasnobtained iy treating with

r t.ion. . tona nethod of uct i
sodifth SHERE of BUETRB AR ERahrfs BRAR NP bePb P udie by by
add1r(§ iidibiglty S(bdltnﬁashﬁ’cat@ Wprhotassiuhi SilitRe saiufien 6 the GA4tErials such as
manganese SI licate, .and zirconiumsilicate) by

aCth?‘ﬁé@ll‘B’é‘Pai HAGLH BRI ST QRO BT GO RUIOR A Shnch i silica gel
and h&rr& 51?&\1}%%51%%12%3 ﬂlh?t¥+1la?31taﬁ§1t1019 rm&%ﬂ'\ﬁ@g{ftg% é}& g% o_%%}nfd by

opt I'Tc resins o grade
treat]fdAWlﬁOﬁths Affioilvrer cigmspdinnpmtngahedehendrieoaitm,i (swehndsi ahiorides or

el at to nmet hod .of production of 1immobilized
mua‘iﬁﬁﬁﬁf‘ﬁél O?F%%qu %1% metal silicates (silver silicate,
Tran§itBA infetal (kileat @opp%f NGnc, Shene&REE, akdPAIBARSS St éoﬁﬁfoﬁ (such as
and zirconiumsilicatey cont ai ning resins (such as

clﬂomiqsy)ll nézﬁ@rm sulphatss spthespmetatss iwas addad tb §omt1halcomtama® godium

st gb PORBT oo e RO s eGPl ST T siliche and

thus roptdigsds tleﬁs@Lﬁ’od itheff] Oli€Htd Qs OthixeBMRiTh | rbBif¢ suélbRs tidNadster, or
transition netal silicates. Mst of these

bisphenpbyissing. £at5opAalioegsins©d foqdertads, pitdputzatal yrésfspell as cobalt octate)
i on -1 . R0 di

s UERGHL QRGP NS (S eREORLe B oBeL Lt L el vere

powdia@emmtobta1mﬂési1*eh@aﬁ'mtfmzeof invention i.e., production of

10 i .nmobi | d functional transition netal silicates
In augﬁeﬁﬁl%ﬁv%aimkﬂlh dhe rRiesenk daveafigh gPrarvides & angtherd of producing

imm&iAsdd ﬁﬁnﬁﬁ&g'lﬁétﬁn%bs'tm itveAkiiRBeOfc alfJH? Cstllh%gél zinc silicate,

transition netal [icates on activate
mangﬁmamltqatm mmbtmtomml Bll]SﬂIb)J s@id me(thEcogTﬂming thaﬁolh)d\dh@steps

D Sohtb oS nib RS Bt for o SEisced Wi for
S' InhBgiBzAion SUdMl as adBvaAbKaluming) bl'uﬁﬁ‘mlm 1oxi@éldbiky l&ﬁoﬁ ‘i’esms

obtain functional transition netal silicate inobilized
onagiepdlymesdeediulnge artysandong sdicagsl. of acti vat ed

b) ?ln’rrro@% Ii1?% gh]eog %r%p Ocon ar rﬁ)n nic'eta%e%a.ltwe\m%l At ofI IPIB as111cate or

zed FunctroRar™a Fansi ¥ on wecal el el d

Vapitediune sititate o @btﬂiﬁ&oﬁ’espmdmwrﬁdﬂallsﬂichteainnfdwlmeaain matrix.
concentrations were chosen for. immbilization al ong
©) w. Washing iestgnsively cwith datilled opdeiopizar %@é@rt © fegoyeiupbpund, non-

ﬁﬁxﬁ@t?lh?e%l gL@:)%Pdﬁlb&e ﬁoﬁf"@ﬂe‘ ﬁlratrleQSC Ut'f'\d%ef QMQa, aluminum

Ized materials were rermve
ex@mdcslagmlpyly\mdrh cel]hslbsd Iqemi*tzmandi emcbnhm@bl wat er. The

d) ygr:Lﬁl tlhézésluggﬁgéq}%u 1<3_rq:)y centu%rl]gsaltltoil Oﬁtrgggr? !cmds blychaetatelng

Anothel embodiment of the present invention relates to a method of production of
immobilized functional transition metal silicates (silver silicate, cupric silicate, zinc
silicate, manganese silicate, and zirconium silicate) by incorporating functional transition
metal silicate into resins such as vinyl ester, or bisphenol resins, or isopthalic resins of food

grade.
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9% (W w) on activated al um na based on nunber of

coatings, and different reaction conditions. AF MA\/ A00L

IN/PAISORDbI | i zation of functiomag transition nmetal silicates
on al um ni um oxi de: 25 The neutral al um ni um oxi de
(col um chromat ography grade) was mxed with transition
nmetal salt solution (0.5 g/m) and later functional
AnothdraagbédigenTelf ahe Sirkdeantiwention melhiesnoandnethod of production of
mmc'aqa"fi%ﬁl B oA S GiEPe TS Ut S '@f?@er"%ﬂ%%%' PRy (SIS, zine
e
sﬂwa%é 1111391 aﬂesé-)grhcgﬂ)%t gﬁ?\?&é)ﬁﬁnnwgi;ﬁﬁaté il 'Es@ﬂt i g%gsrlﬁ%(eslﬁ%}% ?ézzmyl ester,
or blmml.reﬁﬁs T @sdapthabibirksizsatfi fond gfadklieeating wal sotid awetiix ililse quartz
netal silicate content was achieved up to 2- 10% (w w)
'on al um ni um oxi de based on nunber of coatings.

Now! B30k dntidAtwiANd QEribsisd bPMa! mdth@iysised @R piRfudliors bf ifabBisized
on agropol yners: Transition netal salts containing

ﬁmctmﬂahtrmmm(rorr@tag/sxhcyltev\d%oadtféhesp ammhﬂwgoa@wemaym gjther at
e PR G RRE R RT LS A RO GaRBEERprct L one
Thesd A listramdis! dx; F)Bﬂnéal}/be@&ﬁ‘ Idﬁ Gio$ thﬂ.hlm: de)}jeC@ﬁ iaventiopAleg $Bddilction of
silicate solution at pH 3-4 (0.5 g/m_, alkali:

mnngl:pl]l;e@afupetlgnal Wlﬁﬁb&?% sHisaiss using %pgs e m@irixes along with
vaneﬁxéa%ﬁ&'lgc‘ﬁ{&ftlé{ﬂth distilled or deionized water to

enove non- |mmb lized materials, and the resultant
Immalmt1mmh1wM1lctlonaIittmnsmtlnm nfemh tsﬂucamabn tetavagidtalwninaet al

S|I|cate i ed re or. heating. 5
Tran gt (1G] ACLPOrit] GHAMIY PARGHEPOro nBLATG 1 lpgeranules
follo%@ 'b? 'ﬂl{aﬁ"bﬂ?&ﬂfeOMHYdﬁB(‘éﬁrchVﬂréo@gm{ 5195&'[6 41 RStafih 8McateVW. Vh/ml,

based on nunber coatings. |nmmobilization of functional
alkalt: mlrr®|=ﬂll<) radrh&ttoal tos¢btaluaﬁle@thmﬁl teanditidrogetal pilepts immobilized on

sctivid Sy v R e Eotp R e PO R TRt chosen

to oSt UlnlAebilifbdS fifciibral aresitibhaRdithli dB¢ten Wagisd &Eéo@loﬁ&dnésyalong
adding sodiumsilicate or got assium silicate sol ut
with (ipitigl gh@ﬁncalapwemratgmﬁ ivesae:|chagen fppdmmpbelizagemalong with varied
t t | t
concgl{tga[?lg 6@{*6&? 8sr Z({’J L{%ﬁ nltmp ciehczrﬂg;l A I]Fef 3"11@ WBbnd, non-
immolgiiged Deattriakt ‘ﬁﬂetlﬁmbedf‘d)bﬁ wals]hmg; reettensivelgrwithmaiskiled pedeionized

rraterlal bilized. functi | transition netal
wated e dismne st me! Bircarel fmsvonasiaCsRrest STeR: veg AgliEg o 1-
9% é?f%?(éﬁq W PASL AN ARG 0RTnuGRRE I0T O atihgIT0RH | diZRfen® rﬂeac’uon
unctional transition netal silicates on silica gel
condfifcassi tion metal salt containing solution (0.5 g/nl)

Immgf

Y : O ; 14l Qn 2 _”
The ﬁéutf?sﬂ’taﬁﬁ&hﬁm %kicﬂeq%lﬁmhoslﬁolﬁétﬂklaphyz Qra@le}(azlat, mixed with transition
ilica=l:1) solution. The unbound substances were

metalva@lh seludot £hS |g\(/1él))ﬂndn1¥thf finstional gnyiion)Eicthisisatefdrgation and
1mmoﬁ1%6%c 190, \&é’lsn ts: € Bfiaadd gt ec{f’irbsf' sghl(aﬂ'b{ﬂﬂa gxsgét%%?lﬁlg r51)1/Lcar1]te solution (0.5
g/ml1 0fkali:| BIREH i17.atlihen vabodndn chémpinahobitiagsi ﬂnataflallsremlre washed

silicates on quartz sand:
extensively with distilled or deionized water.

sand.

The immobilization of functional transition metal silicate content was achieved up to 2-
10% (w/w) on aluminium oxide based on number of coatings.

Immobilization of functional transition metal silicates on agropolymers:

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

derived from seed coats of various crops and functional transition metal silicates were
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Quartz sand of various sizes were washed thorough

|
with light acid (0.1% HO, or H2SO4) 25 |ater af (b7 MAY a00b

IN/PASSUgVI Nng of acidic traces,3ghe transition netal salt
cont ai ni ng solution was added and dried at room
tenperature or in a oven, to obtain, nore content of
transition netal |ayer inpregnated on sand particle.

1mmcblﬁhﬁd Byoaddng sbdied sikhel or%@katssﬁﬂMﬁ@f@ﬁcﬂdﬁcﬁﬂd{t%H BMS(O 5 g/ml,

tion of sodiumsilicates or potassium(sodiu

alkalg, $111%aa—1 Lt iThe uq@ou%gnﬁpr*@a WEIR o‘f’%ﬁl}ﬁ‘h eytqnélvglm g/pth dlstllled or

| LERLES

delolg%éfp Wﬁlte'r _thﬁdreg‘gﬂ %gnégﬁlgink%i Bn%%gaﬁg:ag% tﬁé ré aggopolymer

containing lﬁurmtloballttaneidonﬁ’wml sdrcawtwesrdred lastcm)nctempﬁmtmfe Waby édating

distilled or. dei oni zed water

The AN AH MHIGRER SRTIERR BEIL GHioh SOTE R PRUHmer varied from

225prfé§ﬁt'(W§bés%@@ﬁ'nlﬂn‘%@réﬂ%ﬁﬁés silicate content on quartz
Sand was achieved up to 0.1-1.5 percent (ww based on

nunber of coatlngs 17 MAY ago, | N PA-508 31

anf' [ ' f functional .transiti netal silicates

Immgbl Lzalion, QZS g(r:(lﬁOH% %glgls;tl 190 e taqlsﬂlca;te_s on celﬁﬂogg sphenol  or

Mlc1bSdi’?§t5’lﬁh¢ Ceell@Rs®1 $cAemB r(ﬁYdlﬂMSéMpl@egﬁlﬂbp 8hsSinlé@rwith transition
opper, zinc, zirconiumand nmanganese salts (such_as

metab IRl rqomsningjse hisioa s(0-5 @ph aands IMmebiEza e w2s ¢tawed t hyoadding
t i

ot BT RLLUGR, £k ROLATPIAY o, BOACAES g #R) lbina

transitﬁmcmbtah sition@i iinostslized Rpterinld wére skeiedbhiairnbdrobgh ovdshingl with

o transition netal silicates re mxed with res ns such
distilied oy cfmm@t wiler o FFABReHAIOuBH 9 Bt HAMPRILZEL [Rgerials. The
imm¥bil; Mm%rﬁl Jubﬁslt‘l:(ﬁlt ﬁl:tﬁ?’élﬁcét@ BGe@DnC@lidbte WQ§£&£&)€d up to 3-

& were allowed to polynerize after heating at P
IU%QQ@WXMm@hQ@nmnh@sﬁCOMBmﬁr|aIs were powdered to obtaln
desired particle size. Later these nmaterials were 10
powdered to obtain desired particle size. 5-20% (W V)
Imm6bilikaiet dreaddtiohslaRkitiof e isticates bh kitias g&l: wer e
Incorporated in to resins. The immobilized functiona
Trangitign sietsl salt wentaining sqletiane@. oe/my b vias addagatptsiliqaczes (5 piggons)
Q
and [ EA0EY0n s EAGRLALD AR SELACY APy RERRL 10 piml

alkalgisilicaal ) ssintiai. Mhe gnb@sidsubaaicengeenvahtd ebdai’&;tnl‘dly(with distilled
materjals such 15 as gquartz sand:; Functlon%
or dqipnized Wrish andb e fuslmqr@hfré%sﬂe@} Pyt silicpte dmmobiliggd silica gel was

obmékéhﬁékﬁwng Fﬁprllcate zirconium silicate and

nmanganese I cate) produced at acidic pH reaction
Immobnﬂldattqnmfsfumﬂmealrtranmﬂmnanettsﬁesrhcmjes bn giaid saedt er or

s SR b SRS RO S5 R TS s

later aﬁ@ﬁtelrfé'i}ﬁig Jaefisd frARR (AR HrAhsitRd 1h§t§1 RUCRRtadiNg Bduti @BWhs added
coated on SO|Id matrix materials such as quartz

and élaqzdj atb}pom gmmmuy ot ixi gverTlie obegl, nnore sanisat gf dapsition metal

layer B‘lggfi%l} qug?% sgl%cw 9%1618% tLg%g éédﬁ)ecdlo gd %r@[zkl s%ft‘%%‘?%ﬁng{ed sand, the

solufié{TRET eddiie §ileatés \we%fotas‘sﬁfm pebdiuRY it afilican ratAroLNt w@i mixed
i mobi | i zed functional transition netal silicate on
thorgyghb fo 9ARinedmRREkEednfunFiANe] AngIHffe SrtH at HGHESORt 2 BH. The

unbotuﬂlanﬁ(gr{ n%%l gxfatté% oP ﬁbﬁ-&mﬁi%loﬂglac? n?eltél' GBothbNE1H-BAELS RBre washed

extenswely w1th distilled or delomzed 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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25 and type of matrix, and node of inmmobilization S#CP/)A\/ cSL‘DOé

as physical or chem cal. These i mmbl lizations idl
IN/PAr¥Sent i nvention can be cBhssified as physical or

chem cal or incorporating directly into resins or

coating of functional transition netal silicate

containing resins on solid matrix |ike quartz sand. The
Immebikirdtion| of ifwmatienali trapsition naesalrsdicptes by incompiratingninte virlyl ester, or

bisolS 1torsigl %al%r}esreacts or transition 30 netal content
to the material selected, such as
As metiowsht ddsoaibedmiver, 2QpPRO LGP birétiurs | dndCRag@inese salts (such as
Activated alumna, as 1t _is anphoteric, passes the

chloridesc niteses; SUlPbES)gBErec Al to ?X@‘ﬂ%}j’o Py sedigme sifieap pr potassium
51110%‘%831%%&4118 TR {oRA1 l%lﬂﬁ oﬁgmétgﬁﬁ L& e?c' defific %@tl&@ﬁor}nﬁg&gtﬁ{ 2)

I'cant anmount of transition meta
and ﬂMePébﬁﬁJSd Iiﬁnchenmyrammﬁl Pleyed isdmhtes mand Inhlxzdat\mﬂnnreeifns such as
functi og Emsn tion tal siljcates ?
vinyL&5tuPh @phe aPt SOBRAUC TS ™ ttl‘S‘B‘tltp%‘F Cn@at ¥t (gl o cobalt
octatg—jqeanﬂm@ AllARA {p6I ?&n‘éﬂ@é a?t&aﬁgdtﬁlgoﬁ Wt@toS@do'@aLﬁ%r these
have extensive industrial applicatrons
matedeksowclanpcvmdmcxh toli abitaf elesiresh pmalnb sime. ot]hzacr teesé meuals were

catio nct i
powqerGhdf iqn b AT SRR Ries P B (P ot Aot asgeR meta
silicdtéiewdrd neotpoRited Aceaeshagl y the invention pertains to a

met hod of producing inmobilized functional  transition
The pamabilised fungtiennl Gepsigonseia) sileatea ol Apsied Rartigle pige(in microns)
, i onal
wereiBbifeq e S Ao MBS redBRg b G 209
Functibia thiaosieibn trieaih Silich@ Ron@indig resih lcbatatgeorcwoiitianatiin thate@iin such
coatings on solid matrix |ike quartz sand. aoa6 MNAY
as quaKiz sMdE0g Fl ow di agram of manufacturing process of
Func't kﬁ(@k&lﬁﬁg Il?ﬁeeltnlal[)i\(;sg c%{é? (sﬁ\)'eg%%gét% r gﬁt_sﬂlc%‘%% %ﬁlb g@, zirconium
sihcaau laacﬂ amamgandsy sileated eodiEedvas hcidg pHt ﬂeactmnsmdditenhs overe mixed

A i e L BT o i
froma@5AP@! 4’.'1"5‘('22\51 vRCThiY #®Fional 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.



alumna, and silica gel Addition of sodiumsilicate or é

potassium silicate containing solution to the A7 MAY K00
IN/PS3D8t ances such as agropdadyners, activated alum na

and silica gel Drying Addition of transition netal

salt containing to substances such as cell ul ose,

al um nium oxide and quartz sand. Addition of sodium
Physsall imableilizationpof fiswtioml strdnisti@hemetabsiliaatas wgs stinat drmo peltudose,

t he . supstances. such as cel lul ose, al um num oxi de and

quartg sapd, ond WGHRPORALNGIIALESNSon netal silicate was i xed
The 1%31)@1@26‘6‘ ﬂlﬁcﬁﬂnﬁb’ﬁ arRtIoBm&A] sﬂma% rl‘ﬁ@@éxt%sﬁeﬁﬁ@&@@él' 8pléqaiions

grade resins at various doses ranging from . O.
for dt:@ntlanmnthnl dlsmfecanm zpldl iy rogirar 2iarigust fields. elierwidgiaphleation sy the

lidified
said Jhiifopda BaiGh Frh TGEs"F S e SR apt 4 imagion
Accofdiflai fhk NgvERBInNpavasnsC @b ede®dd Uolidcis@Rthmobilied 3@nctional

PHYSI CAL _Renoval of unbound or non- imopbilized .
transigigp s slicatpy using activated alumina, aluminum oxide, cellulose, resins, quartz

sand, functional transition metal silicate incorporated resins and functional transition metal

silicate containing resin coatings on solid matrix like quartz sand.



extensive washing with distilled or deionized water
Drying | NCORPORATION Initially preparing transiti on.ﬂ_?" MA‘)’ &-Dbé

IN/PARSD&I silicates by reacti @ sodium or potassium
silicates wth solutions containing netal salts
Renoval of unbound or non- immobilized substances by

extensive washing with distilled or deionized water. 1
FlowDdigpragn lofi trsufeatoddg nntesef ofpimmebilizeéd fendtional tansigoin adetal
... of decontam nation of toxic netals, |ike arsenic,
ﬂl—1%‘5ﬁ§rcury etc., and disinfection of mcrobes such as
fungi, bacteria, viruses, and protozoa by functiona
transition netal silicates is described. S MAy &wo4
I N PA-508 34 This invention describes inmobilization of
functional transition netal silicates, in three ways
suc aLl - T nmobi | 7zatT gy ga, Subst ances [Tikfporation
activated alum na, alum nium oxide, c¢ellulose, vinyl
ester resin, bjsphengl resin, isopthalic food grade
resin quartz sand, and sillica 5 gel. 2.
I ncoryoration of functional yransition netal
In to resins such as|vinyl ester resin of bispheno
resin or isopthalic food grade resing and|l ater
Aggiipnyp ﬁmrsmmm? AL th thegétiongsingipnmeBl  Coat i ngniiGhy Prepﬂrmg transition
SRR Wrans! 1 on RIS ITERer cont dbi, TESIHE,
hcd\/at&ﬁt rix like aﬂlle[ﬂf sdd.sand., Thi § JiRsaibh d c6Hhining
alll‘ﬂ@ia,aid@lﬁcaﬁﬁd) ef fective ut| l'ization of i N bi| | nerisds
nsitionm netal silicates. Although many

functional tra
met hods are knpwn for decontam nation and|di si nfection
1ods, Lwere not
chem cal

__usLni§neLaLsr_but 15 not
devel pped for both netal, decontaninatigb, and
Qr cr obi al i si nfection resent

t hod_of fer ¥ and
i ntegrated net hod of [decontam nation| and disinfection
of drinking water and other polluted

sil igat es

sxt te was

. wat er ' mi emg}gé% a:f:stcr or
GRSt AR, i an bisphenol or isopthalic food
grade resins at various doses
ranging from 0.5:1 to 4:1 (w/
v) and polymerizing the resin
without any other metallic
catalysts solidified resins was
powdered to required size.
2. Transition metal silicate
containing resin was coated on
quartz sand.

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

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

!

'

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

Drying

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

'

Drying

'

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

distilled or deionized water.

!

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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effective way. 20 Brief description of the structu a}.l).L MAY&DDL

details of the functional transition netal silicat
IN/PA¥3®8encl osed in the accompaqying i nformation: Figure
].-A Conposition analysis of cupric silicate
(synthesi zed at acidic reaction conditions) using EDAX
attached to SEM (Scanni ng El ectron M croscope). Figure
This 1aBnti&iBRe{dEbes imarbdjration ef dnatice)l tepeitibn anahlesilicates, in three
anal ysis of cupric silicate 25 (synthesized at acidic
Waysrsélgl&gﬁ'on conditions). Figure 1-C. XRD (X-ray
1. GinfrhéG2dtRR) orP BB BIReL iK€ WBtivafedS Al @RI @i Ee de@ilose,
acidic reaction conditions). Figure 2-A: Conposi tion
aviaylyesies resin, digphprol sedin, dsapehalis fonchgrede wdinat quaci dirg, and silica
g@@mti on conditions and at high tenperature: 70 Cto
‘C) using EDAX attached to SEM 30 (Scanni ng El ectron
2. Nhespseape)of fimdiohsl ZanBitiobSfthIEiBeHds0R 6 Rbdind KRANBRES) ester
spectroneter analysis of cupric silicate (synthesized
S Or dispherel cesivrer dumthalic dped gisde sesing apddptet papyaresgingevith
OQ Gito 900 C).  Figure 2-C XRD (X-ray diffraction)
pattern of cupric silicate (synthesized at acidic
3. rEeeingof fooniodnil tonsitendnatl dilighe rcohimber fkins @n:séR0 nGtd0 like
90 Q. 27 MAY aoo/ 1N PA-508 35 Figure 3-A: Conposition
At $¥Y of cupric silicate (synthesized at neutral (pH
6-7) reaction conditions) using EDAX attached to SEM
(Scanning El ectron Mcroscope). Figure 3-B: ESR
This (Eteation orlatspita efiesidvraniclidatiop of timprbilized dnadtipsalstrafsition metal
silica:feumi c silicate (synthesized at neutral (pH 6-7)
8action conditi ons). 5 Figure 3-C. XRD (X-ray
AlthdlighfoiagtrhaRddPat kabwn Bbr Gdekthugirstibh 6@ EsinFecabh q_szih%%taag, but
~neutral épH 6-7) reaction conditions). Figure 4-A:
integratgfomsthois riven apy develaped derphqtle metali chgmécal dyermiaseingtéan, and or

. i . .10- r . n T
mier L 85RHA0 DRl bR S0 KRR HEH08 TR pgion
and disiBfecE&R of EHrgkingowatpiand reenalioe)y] Spestdt aeim¥ cost and in an

anal ysis of cupric silicate 10 (synthesized at basic
effectip3 V8- 1 1)reaction conditions). Figure 4-C XRD
(X-ray diffraction) pattern of cupric silicate

Brief 800fip€ish Z@thatstirai@l detdils bP-tAd Yurtdahl AAnSiE0A i thét@NSlicates
Fi gure 5-A: Conposition analysis of cupric silicate
are epgloprdhiacthe agcompanting RfoRBAdE (bel ow pH 2) reaction

. 0 (_j Ii . addi tii f . .y 0 . n . 4 .
res AL R RCAhIN 80 8 gl S g B s
condaiohs)azagy RIDAREMacakbtori BN (Fdaaging @iedidoa Misespeie). Fi gur e

. 5-B:ESR (El ectron spin resonance) spectroneter analysis
Figugg Efc‘%ip ﬁsii SFfertar SPIY GINMES] ZBE TR PRARSIQOf frpric silicate
(synthe@W: PER)red£RG cbRAiGRNdi ti ons by addition of 10 m

of 36% HCI and at higher tenperature: 70 Cto 90 C).
Figure 1-C: XRD (X-ray diffraction) pattern of cupric silicate (synthesized at acidic
reaction conditions).

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

Figure 2-B: ESR (Electron 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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Figure 5-C. XRD (X-ray diffraction) pattern of cupric

silicate (synthesized at extrenme 20 acidic (belo MAY annb

IN/PR)508eacti on conditions by aldition of 10 nil of 36% HCl
and at higher tenperature: 70 Cto 90 Q Figure 6-A
Conposition analysis of cupric silicate (synthesized at
extrene acidic(below pH 2) reaction conditions by

Figueel 3rAi QlompbsiZion rnalysis3@ckiCic siidatat(syritdsetedt & npaitatl Ypl: 6-7)

70C t0..90.0). usi ED. tt to .SEM (Scanpni n
reactfngop SRR LI aa oy SENE eI ot BBPRGRRSp n
Figuf€S0BAFNR (BREEHK Os?lr"nt eEsoBftRkY ShectR e@éfpéﬂa%s% lok G gﬁ silicate

(synt hesi zed at extreme acidic (bel ow pH r eact
(syntbestesidtat oesrabpha i) reastiomoridtions).of 36% HCl and at

. hi ture: .70 C to C).. Fiqure §-C XRD
rigufl SRR TR iRy arintd ool e (Ppthiiged & heusal G
6-7) feaptidnh@ati#zeds)yat extreme acidic (bel ow pH 2) reaction

. conditions by addition of 20 ml of 36% HCI and at
Figupg 4ty Compositipp énalysis eof qupric tibicayo (onthesizedirae basia: (pH 10-11)
Pt ' i il . t hesi zed a
e AR BRSO SRRl ERLM RS
Figued daBh@&bR EBEN{ Spannesogarick R ahéctvnldiedr astwie bf dupdidr Glicate

7-B: ESR (El ectron. spin resgnance) spectromneter
(synthesized af Easgﬁ%gﬁﬂ@“ﬁﬂlleg‘gﬂléon‘g@ﬁ?ﬁ)h)esi ged at neutral (pH
e Do TRt i L - 3o MAY .
Fieofs 0TRSO EOMIAETENs oL AR B ERA ORI o
10-1birkactian eofdifionshesi zed at neutral (pH 6- 7) reaction

. it .. Figure 8-A: Conposition anal ysis of zjnc
Figufe PA: G Rp ULy St AP P (BN ESq SettpB “Oe (below
pH 2§ 98kibh RBAdi{iBR BWaBkHid) AND @ oPBENEHCI 8APGF RIMEL tendREture:

Cto 90 C) usi EDAX attached 5 to SEM ( Scanni ng

n

70°Cep 881 € bvsing EDéégm)wd 1o g dSemBing bR t(oR| Misrosompe®pi n

. net er analysis of zinc silicate . ..
riguteS SORPCIERRESH IR oSl B0 BePiulineh ibabivs: o1 huric siticat
(synthdsedeawit pktrehe avidiatbeltivg BEY 2)t eagRhadod i Rions B9 abdition T 10) ml of

., Hagure 8-C XRD (X-ray diffraction) pattern of zinc
365&‘%%%@@“@&%76@%@@?‘%1% QtCéxPOdme acidic 10 reaction
Fign eS8 G Rrgur & g R0 R) palen B AHAOSNI AR RERBLIPEL of Sedeme
acidis (haloatpd] Ly yeatties caelticals byeadditidn ¢foHd il DY 36VeHCN ia@d at higher

condi tj ens) WeiLhg EDAX attached to SEM ( Scanni ng
temp%lag%‘?'ri(gnar&8ﬁo§£ope). Figure 9-B: ESR (Electron spin
FigufE6.2D ﬁiﬂﬁﬁ)osﬁﬁ%%ﬁ@@ﬁt&rcu H@E%i%%té (it Vbt é&&éﬁ@é&di)c(below

(synthesized at néutral (pH 6-7) reaction conditions).
pH 2) seapiigucenditiatis hyRBiditken aly 2@linfilf ofakt% oHYC] pad tag highef temperature:

0~Si hNEhy Sk | t hesi at neytral (pH 6-7
10°C R SRR MR SRR s Bsnike tufhonolidrostoihal ysi s
Figuly 6sB1 ¥SR $Elet®a &pinS yoibhaRky efechlonedr dirfalysRHoR)cupric silicate
reaction condition and at higher tenperature: 700Cto

(synthyyizeyl af sxiemEppiicatbelovhal Doemitign 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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(Scanning El ectron Mcroscope). 20 Figure 10-B:

G
(El ectron spin resonance) spectroneter analysis + MA‘/ &ODé

IN/PA&Ishyer silicate (synthesizmped at acidic reaction
conditions (pH 2) and at higher tenperature: 70 Cto 90
C). Figure 10-C. XRD (X-ray diffraction) pattern of
silver silicate (synthesized at acidic reaction

Figufeond: )R sX {rpyiddfracivah) phttdih 9h einc sitiope (aytntiicsized @t feutral @OI 6-
C).. 25 Figure 11-A: Conposition analysis of manganese

7)fe@|ﬁp¥16‘é‘%déﬂ((f§9fnt hesi zed at neutral (pH 6-7) reaction

Flgu%()@ al. t 1tf6§1' dﬁgﬁ@f Ald arhgd &s&ﬂth%%cﬂ RARRAcidic reaction

ron Crosco gure 1 (EI ectron spin
conditioas (tehne )aHslpeemﬂrab iegher temmtayme S7T0S1C toedfl dPesingsEDAXaattached

theS| eutral (pH 6-7) reaction conditions).
to SE&‘% Cﬂkﬁéq@@SF%Rﬁd. ffraction) pattern of

FiguF@3B" @ﬁ{ SEIdERh e shif Yfgs&%bez)e gpe@trom%%r ngilysad of Prin®-silicate
reaction conditions). Figure 12-A HEOSItIOH anal ysi s

(syntbésizedrag extessee sqlduceeetc@op somtitiensi(belawaH dkandeaidhigher gnperature:
700({,[ %b an condi tions (below pH 2) and at hi gher
ture: 70 Cto 90 C) using EDAX attached to SEM

Figuf 8- MRy (KELrag drfeactdng hasaape yinc SilicatyRsyntiZsO6 at extreme acidic
| N PA-508 37 Fi gﬁr e 12-B: ESR (El ectron, spin,r %sonance)
reactipneondignpt @eloxnpiyg pad afhighgs W%@U@r ¥e c%g

. h t
Flguf A %%hﬁ%gm%h ﬁﬁ }}’SESI”BE gﬁb%gﬁ%éaﬁég%ﬂn%s&%g Sdt Cﬁéﬁﬂﬁl 6pH 6-7)
reactfb)l coﬁdlgldnﬁ u];ﬁrg(EDMREiﬂ@éherday SEM (Scawiing B)ecpan ﬁ\rﬁcm_scm_’pe)
i S ot LA Sy e BRSBTS e

(synth bR (19 69)eac®Bn cEalditidisgur € 13- A- Conposi tion
nal ysi s of rconiumsilicate {(synthesized at neutral

Flgu(‘qﬂ PG-XRD (%axytdlﬁfmcuom)jpattﬁeunsﬁ sityst sifjcDAoyndhesiaeth abngugral (pH
6.7 SEM. chﬁq ?}]EI ectron Mcroscope. Figure 13-B: ESR
)feEFté resonance) spectrometer anal ysis of

Figufé 16:Q0 'Gbﬁﬁp?ﬂsitioﬁaah@lysﬁ Q)f Gy tshieste {%dlﬂ@dmzlé& ut scédlic (PH 2§ rehkction
reaction conditions). 7%Hre 13- XRD (

condficnf prst B Bighep ameRaraiuest rC‘céWQmGs). vﬁl%%t@@y%ﬁaﬁw e gEM

at. n reaction conditions). Figure 14-A
(Se o) EPE’C ?%%Alélﬁa 33 Zs of zirconiumsilicate (synthesized

Figué lﬁXBL SR @Elediron spﬁlacésbmncepﬂpbctmmesar(emalww pH sityerasiticate
at _hi gher  tenperature; 0
(synBpsizpeidic S EI VTS ?Phﬁl?f& (Eﬁegt Elﬂg %B%eéﬁmfem §uPet° 20
Q). 14-B: ESR (El ectron spin resonance) spectrorreter
analysis of zirconiumsilicate (synthesized at extrene
Figuzeil0rC: X&L t(Kamy cdifftictipon patfde lofvsilyet Siicatadsmth¢pizgHest acidic

reac AR G AAEEH TR SEBRTE L POR S synt hes zed
Flgu?‘tf: 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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20 extrenme acidic reaction conditions (below pH 2) an
at higher tenperature: 700 Cto 90 C). *The fun&;%‘n%/lﬁ\\f Qoob

IN/PA-s@si tion nmetal silicates?were anal yzed by SEM EDAX
(ESEM XL-30), ESR (JEOQOL, JES-FA-200), AND XRD
(PHI LIPS, PW1830) to understand the conposition,
structure, etc., details. 25 Now applicant provide the

Figuifeol2-BWERB. @etiohispindesanhex)ispectimmanaryanelysie xdmirggnenadsilicate

illustrations of the.invention and t not. bhe
(ynaire QU 1o FEHRE SRR ORRS PP AEHCE bl PR egRrecue:
70° CBROEEY, Synthesis of cupric silicates Synthesis of
~cupric silicate will be described in detail with the
Figufeoll2-€ini XD [(Kersy rdiffrastion) patian cymengasess sHlicaigpesypthesized at

te at aci ti i tions:
oxee S ol TRy SO0 SRR BPhapl: 70t vl
Q). soldl tjm rat(locJ) }Ngszadded to 100 ml of cupric chloride
sol ution c H20 ... Th

Figures13di: iogpositieg apalyip pﬁﬁtwfﬁw@ﬁﬁic@??@lggc“ G Pare o 67
5

L T e

Figutd\i 2B- m B8edihe siih resahance) spoppeeter andlpsinas zircorgumssilicate

as revealed fr nal ysis of .this c [ ilicate b
(synthesized aEWaéfﬁfggqﬂgaeaF O%mdftﬁﬁ’éfﬁm n;plrE: gcf :rolnca =

ru, 50 STBELI2RS 110 0Ol R g
(pH GUpjeacticecconditmng). ysi s by eI ectron spin resonance

Flgut‘ﬁﬁ ZE N %g«%%tﬂ%}]r v ULést g %lg(%ﬁl{clglg g ﬁl%%.t% them cd)Vr:ﬁll e%?r%mgfamdlc

as s
1eact5ng:lé§1§1t1'ons e eﬁ1d]a)t highker fnRASdreB)0°T ﬁBQ@’ECﬁ)smg EDAX
D 2 08507 E) 04673 This Cupric silicate when

aﬂac}s@dﬂOédil\é(ﬂ Qe@mgr%?ctmnfl‘flwpm) analysis resulted in 8

FlguE? SAK i% E%Sg{n ﬁ]\é 5 a(ihc ‘531911 r 0’1:1519% ]éeA&'trﬁmte? ana ?tg‘é\’?)st: ?21r§%mumlso1hcate

(syntﬁé@ieﬂ dt extr é1ﬁ6ta<§i)hc0f3adhbﬂ $enc3t1m&6(k)sloma:r}é zpmedsadngu:r herhparature:
OC( 92)ghown in Figure 1-C, and Table 1). 1) 2128.25 and

70 1‘5’ 9§?}7 2) 1593.74 and 32.29018 3) 1470.73 and

igupe 14 L44P fﬁét'lé tfr QF Ot RMURA LBt AR

R e G e b e R e el

extredye aikit mepctibh ktohdltmm%(rbem BH52)pguich adhighai tenegpsraiptepf0” C to 90°

c prepared from sodi um arsenate (Table 1). This cupric

) silicate disinfected 2.72x10 5 coliform bacteria from

*Théjﬁfn%ﬂ%&l 148660 MABeBilicdOWerf atliped Gy SSEiMAE&J/EX\@ESEMj dad30),
to 1liter of coliformcontam nated drinki ng wate

ESR( THi0k, JES-FA-200), AND XRD (PHILIPS, PW- 1830) to understand the

composition, structure, etc., details.

Now applicant provide the following specific description by way of examples and
illustrations of the invention and this should not be construed to limit the scope of the
invention in any manner.

Synthesis of cupric silicates

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

1. Synthesis of cupric silicate at acidic reaction conditions:

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

washing with distilled or deionized water.
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1). 20 This cupric silicate inhibited the growth o

f
gram posi tive and grans-negative bacteria such as BF F4/VV<BJDOé>

IN/PAGBDE, Staphyl ococcus aureux® Pseudononas aerugi nosa,
and Bacillus subtilis when cupric silicate (0.25% was
m xed with bacterial growh nedia (Table 3). Even at a
concentration of 0.06% and 0.125% of this cupric

The sslidatec@ta@pper rgriowak 1médiSas revehlediftem atdipsigoDibishcupfic Bilicate by

. coli _(Tab] e, 4) Thi s ric silicate inhibited
usingr 4 bk 10 SEUDGSCSTES Ol MTSRive) pIGE e Confied by
analy3f a}frﬂhAQB JFFYSRIA LGS MI%HOA%um d) Pyricularia oryzae

Y?Téb e 6), up to 32.93, 73.2, 76.8, and 100%
This Cappe cilicete] whennsttiedted Brammbitser byaklecioere spin ragonsrcenipeeigometer

In.growmh nedia of fungus (;Table. 6). Viral .
resullg b O it e o B peld Ol pifsked Relgw (as shovn in
FiguidNaB wa&dablsiyng Bact eri ophages and this 30 cupric

silicate disinfected the viruses. The phages used in

A)ABME stBIB35208ei rC) 33648t P2 PNt s HF-940dAd t hei r

. host.s ar 0 ) ! - : - ,

s RSB PN R Rar A0 e Pl v
evideh|3€d3§1 Fig&kl) 4,pﬂzﬁlclﬁ,sh&Ns Gdé%ﬁﬁéﬁl\iv%al@,? 86) peaknicki @R courdts/s) and

pl ,4.2, Salnonella MAY aDb6 | A-508 39 typhimuriu
Angle ATecthatgls 85 fhespr agraks e PESEHGR AelgW @Fé&ﬁ%‘ﬁﬂﬁ HEHE T, and
Tdﬂ&gjts (PFU) using their respective hosts and a

soft-agar overlay described by Snustad, S.A., and D.S.
1) 21D8AA and GeR28197c exper i nBnt593 ik ahd B2EP@IS al vi ruses,

, eeman and Co., San Francisco). 5 Batch
3)Vé§§%fﬁ¥$%ﬁbgftdies: Three hundred mlligrams of the
This 64 Slickd deBh@miBIcRHeRit GRtd 42.5v4, 6iRd 5808 I &GS thatoifaDwas
each of three sterile 50m conical bottomcentrifuge

treatedubpemixing opidt k lites of Re5 bpwtassenisploktion psensedds o oy agenate
(T.b%qﬁ100n1 of sterile deionized water (DI, Ph 7.8-8.4) to
#%cHi eve final concentration of approxi mately 105
This Rfupfierisilickief digi@fectdd Li7hik 1P cofifdrebmasidetiomn divkingddet, when
10 to each of the three tubes containing thg_naterial.
10mgyof giric silicpighrascesidedin] litgr Sealifgmponippynatpd, dripliiag fgfer (Table

1) was al so prepared. The tubes were seal ed then placed on
~arotary shaker (Red Rotor PR70/75, Hoofer Scientific,
This Cyrid siticat®inhitsitedtthergetivwtnos gesd p§Gti e apisgramTegativeoleasteria such

re renpved and centrj fuged at 3000g for m,n. -
o5 Bl pRuSPERGFOoCE Siipeh dardiim ot FHE O de s qupiy when
cupriVBRIR ale]0DY O wed &hik8d WithHabiefifibroRihdn @RS ahedk Jor the

respective °“15 Bacteriophages as described above. .
EverCaipa iconesintragent of dedBntaadi hE2380 Abbist copoigs Birsteei gpstrghenedia

. .. Viruses syc S - 174 and PRD-1 (as shown in

inhiigg e gf?‘."HH‘#iI‘? CSB/SF%@C% i cate exhibited chenmical

This RQlpkidtsathtedaRDRER Fupal WP 0O BESEYrowhaNolfbii $) Rbinotiodia solani
silicate (500 was added to trilial onet hanes gsuch

¢) Fuggrieh logyspooinm d)1Pyricplaria oryzae (Table 6), up to 32.93, 73.2,76.8, and 100%

respectively, with 0.25% material concentration mixed in growth media of fungus (Table

6).

Viral disinfection nature of this Cupric silicate was analyzed using Bacteriophages and this

cupric silicate disinfected the viruses.

The phages used in this study, their isoelectric points (pl) and their hosts are as follows:

MS2 (ATCC 155597-B1), pl 3.9, Escherichia coli C-3000 (ATCC 15997); NX-174
(ATCC 13706 - B1) pl6.6, E. Coli (ATCC 13706); and PRD -1, pl 4.2, Salmonella
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20 trichl oroethane, tetrachl oroethyl ene,

trichl oroet hyl ene, bronodi chl or oet hane, A7 MAY &DOE

IN/pAdsbg onochl or oet hane, tetraohl or oet hyl ene, bronof orm
1,2, diclilor-3-bronmopropane) dissolved in water.
After thorough m xing of cupric silicate with 8.950 ppm
tri hal omet hanes contai ni ng wat er, the supernat ant

typhiROAM AT G 158 eRtiapdst Vﬂéne(a@se@éd aslplagee-faiing aties (PFU) using
reveal ed that cupric sili

t
their tqspac&lve HEStA ARG £ SOfAFAr evaayi fg‘é‘ff Cogoyd ‘Q??ﬂd:gr/% afigy DsS-Pean
(GendlMe erﬁﬁén@@l\%ﬁ? 1{11@{(1:9?1 QihisQf 3795 WPt i dn0RE hehessan
as shown in able 8). 2.

Synthesis of cupric silicate

Francadconci di ¢ reaction conditi ons and at higher tenperature
Bat (70 Cto 90 Cgf 50 m of sodiumsilicate solution (0.5
aclgﬂh%OfPﬂ%?Wg‘l 1 silicate to sodiumratio was added 30

Threé ﬁlmh@éh HilligHRtd 6 Gl Qblidl QilReleUdsofbeptibalig/ wlighedAldeslaced into
horough mxing the reactants were heated up to 70 C

each pﬁﬂf@@: Gerlecd Grelpronispb beiiqyh centtfugetubbuAdiquatiés the bacteriophage
stock I‘%eff? %higt té)r P(g)tg?l rkescéer Sde O%X}eﬁ dAt%{fr {[ﬁ “f’?ls’hg% .tB rbc%i(%e final

IZG vvaer an In ove

concéatrafién YAYFRORMNIPAOSHB/AD Milieers illitiadr eftlee sef@eDI wak iadded
was 1: 0.78, as reveal ed from anal ysi s  of CUPYI C

to ead ¢f thartheessibeg eqniginippihe meteHalh dricqrirol SR SPRG G teefghDI and
no mme {11%%% AEE%) @E?mfe&' r tfgg %b%? %yefer d%m@ﬁlé&eﬁzdnné}rotéﬁ’y tsHak%P@?ed

gur'e prlc silicate
RotoﬁBRF@’GS eldodfor Scnahtyﬁu QAb)yfoe 1 & cuin @h nedium swdr(ar&EUQS) The tubes

e BSAT S B il Lo Ehgrag ol 0. o
contrh] Y¥ERAZDE waRd {dAN &, Jerial) Bt BhdBhssdy&b4e6 & Bspective

pric silicate when subjected to X-ray D| ffraction
Bactamhwsgsde@mbe@dbqvn 7peaks as evidenced in Figure 6,

whi, ows 3 Si d Kk t
o b o PR DR g 2. e
and]g?ﬁgqf‘(a o%ﬁh%&ﬁ@t]gd bel ow (as shown in Figure 2-C and

g/\?%r 1) 835. 63 and 16.20057 2) 706.74 and

This Bﬂlpﬁs 9511®:at63)exabizcc<$ ZhamitaBpoBFtaso dQ®nW1§at(9§1p property when this
Sil.| con am na
Cupﬂéo@ (56 B F“i\ 2 % a#%%%gﬁée%yériﬁcglaé) M'Ux?)ﬁor? LLL

trlclﬂoh;e@l{an@f 2. étrﬁ&ﬂb@éﬁh@l’éh@ SO|tﬁbhl@fbeﬂfywﬁ[ ed broatudsahibrogthane,
arsenate (as shown in Table 1). This cupric, silicat

dibrahoshivesshis, 2tenasiioroethyisnef @WB@&@er i fHiehPEs .bﬁ%}l?@opane)
dlsso|\1va Hehn WARA erlcmao?%mcxlﬁﬂﬁh% (Zfr ldu%ﬁEe siRseadded ¢ @501 ppm

Terof "ol i‘form con nat i nki ng water (Table
trihalbjnethanes containing water, the supernatant analysis after precipitation of cupric

silicate revealed that cupric silicate decontaminated trihalomethanes. Cupric silicate

decontaminated 5.4 ppm of trihalomethanes out of 8.95 ppm trihallomethanes as shown in

(Table 8).

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.
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3. Synthesis of cupric silicate at neutral reaction

conditions (pH 6-7): Appropriate anmount of sodi um-F F%A)/éiﬁk)é

IN/Psisbgcat e solution (0.5 g/mg having 1:1 silicate to
sodium ratio was added to 100m of cupric chloride
(0.59/mM) solution to obtain neutral pH 25 condition.

The resultant precipitate containing cupric silicate
The siicatolnd abpyed rafid Was rlerdorsalas rﬁfea&tirﬁawm adnallytis arfcbugtic eﬂicate by

usmg?‘f%ﬁ)gﬁ( Lo chq%rs:c nég f?lsct w Jté?osg(iégelt %1| d e?_rro_Pg I Onci gy analyzing
wﬁhA%‘Se&JI@}ﬂ’ AfQurgnal o ?.s of this cupric silicate by

usi ng EDAX attached to scanni ng el ectron m croscope and
This lﬁlylpflu rsillvate wherf smhmﬂecbyo mmﬁuaﬁwby mlpciun hpiAAsscmanctechemE@neter
pri.c s en ec
reslff i fhstacin e FEh LB Reps Shishcaid pEREMaT dploFla Sndh in
Figufe®SB| 4Rdrdple £haracteristic g values of the peaks, which
were presented bel ow (as shown in Figure 3-B, and
A) 2.330e| )B) AP648610383 B) 2.36522 C) 2.0467 D) 1.21887 E)
This G966 38ichte Whery saljeded K KAray0Bifiactipm; @la&:‘)@pﬁr feguléd incZpeaks as

oo R L A0, R LT g80 we
Angls (@nhéthrafithede ks, aviciPRads pheeaied bel()ﬁﬁ(@lmlﬁl/vﬁj) indighre 2-C and

angle (02 theta of these 3 peaks were presented bel ow
Tablg &5 shown in Figure 3-C and Table 1). 5 1. 940.90 and
-/64.43 and 32.29276 3. 694.85 and
D 8§SG%$§%S6%§?% cupric silicate decontam nated arsenic up
2)’K@723n332&3%hbn 500ng of this material was treated by
ng.with 1 liter of 2.5 ppmarsenic sol ution
3) 58?@%&?%39575#¥sod|un1arsenate 10 (Tablel). This cupric
silicate disinfected 2.72x10 5 coliform bacteria from
drinking water, when 10 ng of cupric silicate was
This &2igheid silocate décoptansifiated kistmic Mpcio rﬁ5a8rf’/n avleh Pi0nek phghis materlal

Tabl.e 1 ric Si |cat nhibite
was SRUEH oRouse Silted diFURT Aol PP arrbi SRPA Do g, odium
amemae(afy§ﬁwﬂﬁymgg poriumd) Pyricularia oryzae (Table
6), up to 24.7, 59.0, 68.3 and 88.5% 15 respectively,
This wiuptic GilzBt danected 2Jankh ntcpbqu@nb%ﬁfélﬁeﬁ@ml drinigairater, when

us the f
tomB 38, ot s Vs atie Bhd et pafifhh Conbishindl Suliing water
ahbgﬁ?sodlun15|llcate sol uti on (O 5 g/m) having 1:1
|cate to sodlun1rat|o mastadded %o 100_n1 of cupric

3. $i di £y
Appog{lal ar dﬁm} ()ilgoélgnnpﬁ)l ate P(ﬁuﬁ&? kdn %rﬁﬂt) RSP - tl%ﬁlﬁ:a’(é@& sodium

ter renova supe dri ed
ratioafvheaddddotcougbiny ofiacsipiinghdride @i 5/l sﬂlutmn dewbtaunz edutlal pH

water, The silicate to L
concf e G Bl RRRRE b SHAE e Byfihater emova

of supSinB@nERYEr %ta@t%p%r&%hﬁﬁxﬁﬂmrfg%ﬁ{ 8GtinQordetdned Rgerand
urther confirmed by anal yzi ng

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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w th AAS or | CP-AES (Figure4-A). This cupric S”L{;n eMAy&OO[J

when subjected to analysis by electron spin reso
IN/Pspegtrometer 25 resultedd4in characteristic g val ues of
t he peaks, which were presented bel ow (as shown in
Figure 4-B, and Table 1). A) 3.71806 B) 3.23001 C
2.61681 This cupric silicate when subjected to X-ray
This difricr alitato whan slupecsd rte SXHraye diffrantﬁma&mlg&sa&sul&sdi seh pedks as

evideph MBS ohy PaRa S SeERTERD: 24 MEKACR ERESS) and

lePERKhdtS) Bf BREOBEHARE! e (R8s ﬁﬂ%@%lddﬂ K 9Wven 4n Fighd 3-
e eIO(@@I e éi)) 1) 1529674 andefg 54983 ThIS( cupric sil 1fﬁgat eC and

Tabledpcont ami nated arsenic up to 8 % when 500nmy of this
1 n@h@bb% \{\e_si?sﬁeat ed by mxing with 1 liter of 2.5 ppm
arsenrc so ion prepared from sodi um arsenate
2. (7&@MELahd3lZ9M&/ avo6 | N PA-508 42 This cupric silicate
isinfected 21.69% only out of 2.72x10 5 coliform
3. bé%é?@a $9.3m80%r i nki ng wat er, when 250ng of cupric
fz 40 Mm
This ﬁi 1';:] Eﬁ%gte%?%@ggﬁggpgr# L&)etE) g{? é{évlhérpg(?@méf?fq Qt@ltlﬁ%vas
t1eated|b|y| mixirg whhdi ltedoby.5qgheh tuiseric @blufibn piep@ffediiﬁﬁh bﬁdlumrﬁrgenate
action 5 nediuns at extrenme acidic reaction
(Tablﬁ nditions (below 2 pH): 10 ml of 36% anal ytical grade
This &ﬁmvmaéd@i%féc%dl@@zﬂo Of ol 48] beﬁ:téiﬁl i?&h%m(c%fw%fﬂv)hen 10
solution. To these acidic cupric chlorid I ons
mg Oﬁﬂuli)cf: sidigglie wassidfi¢ttat lditg eif goliform (cOnthlrgvtmrli drirfkang wefer (Thblel).

te t mratio de h. )
Tris G B PRSIkt 20 i o S5 B om ol pb B RE3Eggolani
Fusariél ok @pbrigmedPeitul i ordZach@ubRe. 6)] 0F tORAC, BOLA6S.3 and 88.5%

obt ai ned 10 was extensively washed wth distilled or
respegfsiebi W) Wb enategied C@mqeé@atm et iatgragh meglia phungus.

%d from

Requiaéd anbad of @O&Qﬁlr@iﬁd:aWS(ﬁ{ﬂﬁﬁi (fOCﬂlg/E’ﬁl)’Jhaii&ﬁ)g) Dﬁ ﬁlﬁ&td‘ tor dodiim ratio
confirmed by analyzjng

was agded to 40f) ml of guprc §hlmlé%usglum|€10 é@@}l@é? @&t% %a%uﬂﬁs?cgldltwn
(10- 1%2?&%&5&ﬂ1t§r&'ﬂﬁe&§]%a%%§§bé@%8ta g{ﬁ%&ﬁ)&ﬁl Ity @ﬁ»ﬁ fheshd dHed

cteristic ues o i ch
after t}hmemg}nltyembshmlgowﬂ( dustﬂﬂ;dnhvmﬂemmze&wgumre 5-B and TabI el).

A 18421 B) .2.06 C 212
The s{jrafs @ PR TR0 PSS, beieh FaIaL TRl Biss it SGete by
using HD AX RGaKRdas sc&)ﬂh@%@n'nﬂcﬂs&f}% Q8d Gurthd ic6 RS Vk%r a%ala@mg

ni fi cant peaks, and peak height, (counts/s) an
Wlth/éﬁgloel@B-@S fFeglaf)iAr@’f) these 3 peaks were presented bel ow

This glg)sflfgsggvfte Iwrfler'f s%»ljecteg t5"anal ys1s -E)ybellgctrlo)n spul ‘rltgs%ngl%easpgctrometer

resulted in characteristic g values of the peaks, which were presented below (as shown in
Figure 4-B, and Table 1).

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

evidenced in Figure4-C, which shows 1 significant peak, and peak height, (counts/s) and
angle (° 2 theta) of this peak is presented below (as shown in Figure 4-C and Table1).

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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2)394.77 and 32.27956 3)330.02 and 39. 71761 25 Thi g

cupric silicate decontam nated arsenic up to 42 %ﬂ.vﬁ?ed\/’f‘\y a'\DOé

IN/PBOA8NY of this material wag2 treated by mxing with 1
liter of 2.5 ppm arsenic solution prepared from sodi um
arsenate (Table 1). This cupric silicate disinfected
2.72x10 5 colifonn bacteria fron1drinkin% wat er, when

This 1@prinpilodate dipiifectsd 12180 onlysoadded. 72010 °l (tdlﬁ'dSmebactena from

collforn1c nt nat e drlnkl mater Tapl el )
drinldfe  Wagh sV ﬂ?&mgc of; quotiay oh %awﬁead%%ﬁ Sal t g % eojiform
contiﬂ11n§€ed%ﬁﬂklﬁgwdtéﬁ(qam%?)ﬁ| on nmediumat extrene acidic
react{on %pndltlons (be|OMIpH4§)_ 20\n{ of 36%

wprid silidate

cat e sol uti on

10 n(lQ)f53G%\VaHﬂy59§ gl«adegmh )wdgaaduétg tolmo sml dfcaipeict QISR OB g/ml)
rati o was added. After thorough n1X|K% the reactants
Solut\m eT%g’éﬁféac@ﬁ qu@“‘?@bloedt? 6019@01@ ab anlkd sedigresilisan solpgen (0.5

g/ml A hlg% ig. sﬂ%&? LHI'I RS RPIALMe fte 1 &%‘SH%I}I?/% I(leyei rﬁactants

weredweiedarp thOO C@o 9%€eegldl?<; dei oni ze |
ptadverright d@xplibhouratrha prexspifate obtained

0.34.a romanalysjs of this cupric siljicate
was gigjensiye sWﬁ%l % ABd? fii Ire deiopized aer ﬁﬁ‘f driebipyagn ot 1067C
The EOE}'IGEF%E?A eiaﬁﬁllof\k’ﬁ ney SBCQS"er%aﬁ@fjerM a‘?ﬁﬂfFM % ﬂgs %\M&m‘“ﬁ% by

_ Figure 6-A). This cupric srlicat
umngEEMé@ﬂEdhﬁbﬁamahwwgshbymehMEOmmpesmiﬁuweSGHWMmedbyanMymng

. tr resulted in characteristic g val ues of
th?ﬁggﬁ%gﬁghgé(EQ%F%éﬁﬁted bel ow (as shown in Figure
This 5:11?510 andattalh&@l JubjdfedNo dnalp®6ly Blec#oR 3pihdreddaficd YRlctrbmeter

silicate when subLected to X-ray diffraction analysis
resulfedsip|cha@cteristic paakss abtheaeple mdiedh Wereirepgnisd-belowprisshown in

. ) flcant peaks, and peak hei ght, (counts/s)
F@u%%ﬁﬂ%mgT%bg& 2 theta) of these 3 peaks were presented

A)2hehpw (Bp2.868WN | @) F2gesle 6-C and Tablel). 15 1)541.23
and 16, 26305 2)414. 21 _and 32. 36589 3) 365..45 and
This wp%%félfaf?hwé% éﬁbmﬁfée% fq Xy eliffeection anilies aepulipd émidcpeaks as

ev1déﬂat‘:<? g17Fl%l’{9€€V@ e\Qhé Qg s¥g|ﬂif‘r:t: Itall (é %!nd §k h&%ﬁtag&%g%‘& and

rseni’c s utlo prepare
angld Gpdrﬂlstaﬁoﬁlhewispwks &/erezlﬁre{eﬁwkilbelo)w (aEtshewn upFigaresi-Ci emt Eable
1 di sinfected 2.72x10 5 coliform bacteria from drinking
)- wat er, when 10ng of cupric silicate was added to
1) 4@0W0gﬁd@glggtjforn1contaninated drinki ng water

2) 394.77 and 32.27956

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

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

20 ml of 36% analytical grade HCl 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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(Tablel). 25 Synthesis of zinc silicates: 7) Synt i
of zinc silicates at neutral ) yn_?g%MAy olODé

reacti on conditions
IN/PAG50R) : Appropriate anount 63 sodiumsilicate solution
(0.5 g/m) having 2:1 silicate to sodium ratio was
added to 100 m of zinc chloride (ZnCl2, 0.5 g/nl)
solution to obtain neutral p | t ant

H ne.

g/ml) heeiog g:: I siticate emsedininriglio Wae a@dqd;: gégﬁ(tj%tt&gfgﬁ%%ggﬁﬁg 3#%% ts
I enova 0 : i . .

were (SR ot R0 PSR o o At T respaBbtned

_ | e silicate
was ek@n@{dl§ wadiddowMdistlldPorldimszed evetarland dfiedm eveal ayé%"c@f

this zinc silicate b ' E i

The sticaetip SAEPFCRIR BB 3 REHER COBNT R ) 4 hal 5 S *¥

. I - i . .
i 45 89T LR IR e ol 1 a0 b e
wﬁh?@ft??%ﬁ#ﬁﬂsGﬁgmtmeﬁ)spin resonance spectroneter

: ulted in c t i _ .
This g Hhede ml@aasgl %B%Ell(tgtsalnglﬁ %’: %Cel(%]"f)?l;%)‘;ng ?@Ejﬁﬁg’r‘ngf&ﬁbter
resulté?lﬂg gl&)%%rcgt%rf&ic $360% Bhe fedkBIfete GlesentodtbA3widhs Rhdb@OBilFigure

5This zinc silicate when subjected to
6-B, ardrBapled)f fracti on analysis resulted in 8 peaks as

| den in . Figure?-C, which shows 3 signifi
A)Zgﬁﬁﬂpegﬁﬂ%@ﬂa't, (counts/s) and Angle kggltkgﬁgg gsaks
This tHGRE siBche e @ibfecRideneXirey diféhctivn amlyormsulied F §upeeaks as

-9 and Table 10 2). 1)444.15 and 32. 75904 07..02 and
evidehige b @A BWSH A5 Ivineh shyv B SigPsiseIi RS, 2 Beaﬁ% %l%lgt é’o‘m s/s) and
decont ani r j Held e OinOFi

el 2 B0e e e R B R rer cor 2.5
Tdﬂ( nL?rsgnlcTﬁplution prepared fromsodirm arsenate 15

abl e . Is zinc silicate disinfected 96% out of
1) 52L2§%@®1ézéﬁﬁiforn1bacteria from dri nki ng mat%r, when

7 4 ga 8523k silicate was added tolliter of coliform
) ion?gﬁ1na?eg§%r!nklng water (Table 2). Zinc silicate
3) 3a8b.48 aadBRE6t31ati on of 0.25%in the growh nedia

. exhi,bited bactericidal 20 pr y £ DIk 1
This et Bt Seaptgr Bes s LEE LB ofoih bf WP piaial wes
treat@ by YRkiAgShith OF it diQ.SipFﬂnCﬁieﬁaﬁ: afluteonat prepazedifiodi godium arsenate
reaction conditions (below 2 pH): 10 m of 36%

Ghbkﬂ?lyylcal ?rade HC1 was added to 100 ml of zinc

.chl oride soluti : sl )i a0 f | B et
Thisgelie G R0 b TR 2 B B P e e o
10m¥&§F cupric silicate was added to lliter 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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added to the HCO containing zinc chloride solutio

After thorough m xing, the reactants 25 were heaté—%pMAy&DOé

IN/PAL90870 C to 90 C and kept advernight for 12 hours. The
resultant precipitate containing zinc silicate was
obtai ned after renoval of supernatant and dried after
t horoughly washing with distilled or deionized water.

This Zihe sslidatec athen tsnbjeicted toaztrialysi&aby tleR2irdi spm reevlmk:@qui@meter

analysis of this_ zin i cate .oy usin attac
resull ) s AT 6 B B PLR PHESORH TS et Ry (g o i
Flgurpy MRakYabRee)WM th 30 AAS or | CP-AES (Figure 8-A), This
Zinc silicatée when sud(kg ected to analysis by electron
A) 5.49808 r &9drdRde sgackY ﬁéte@)zr]éﬁ)aﬁteé)ﬁrﬁ)%%%r acteristic
g values of the peaks, which were presented bel ow (as
This siowilidate whegwufcBd mnﬁ-faiﬁbiiﬁraﬂt)'on AhalhsigBdshilted)in 8 peaks as

01910 ) _2.53191 D 1 878
eviderfgianF BELICh bt S Sy Ber M R peab T et nd
Angl%? X e%a§ 8&"%!3 t3ﬁ[§‘iak§\&% @ﬁlﬁ%d%lov@(’ds%ﬂﬁlﬁqm ure 9 and Table

whi ¢ hows S|gn| i cant peaks and peak
2). helght (counts/s) and angle ( 2 theta) of these
resented bel ow (as shown in Figure 8-C and
1) 44?‘{;&61 %565%02079 88 and 11.07467 2)835.44 and 33. 52527
2) 3$).654PH eqEs32. 88120 This zinc silicate decontam nated

arsenic up to 72.3% when 1.0gram of this material was
3) 263&61131662833/765’316X| ng W|th 1 liter of 2.5 ppmarsenic

i S54SR PR B AR Sy 050 1.0 38 DBl v

treatedyl tdifg b@tﬁt Hlited off RSt iafdehia golibe prepavddefiord S0dignofirsenate
zinc silicate was added to |Iliter of coliforn

(Table@ht ani nat ed drinking water (Table 2). 15 Synthesis of

This §4nl: \éﬁfc 'dlhﬁ%%%ﬁ ‘969 tﬁyﬁfﬁgﬂ § SQ:()hﬁirhV@arcteﬁwﬂcﬁ@Hﬁﬁlqﬁg water,
react1on con |t|ons 6-7 pH): of silver

whenrrzimmg ef tiAgNIR:ateOwas gdetl )to i @dlfmas cwntammawitdﬁmlﬂng water

T br equi red anmobunt of sodiumsilicate solution (1:1=

(Tabledohi um sil'ica, 0.5 g/m) having 2:1 silica, transition

Zinc r&?ﬁc%{e af At iictRraiohabn on8Y flthd Erdvtht Medih eadibied. bactericidal
ter addition, of reactants they were thoroughl y 20

propariysdinhibatirightbe rgecszmhtoé rStapbyleecqu %uréusv(a% Slwtralm%

8) de(caltlsnftpe. ucpd i .

et 0 l O
10 rﬂl "bf(?%% afdlytided Qréde HOE vﬁtlsbki@e’ﬂ e) 1@0 il |o\f@1incr dﬂo@dev\aﬂutlon (0.5
as reveal ed fromanal ysis of thjs_.si

g/mly |SD|1irJaaf§059dm sidicafg SEipAR &9-p £ERB dayige gc]aﬁ‘HFﬁﬁ t‘é F%EFF&?PO was
adde & HASGEP @mﬂQﬂnguflhg Bf10A80ENARE R¥ieARRloEhMWixing, the reactants

were heated up to 70° C to 90° C and kept overnight for 12 hours. The resultant precipitate

containing zinc silicate was obtained after removal of supernatant and dried after
thoroughly washing with distilled or deionized water.

The silicate to zinc ratio was 1:2.46 as revealed from analysis of this zinc silicate by using
EDAX attached to scanning electron microscope and further confirmed by analyzing with
AAS or ICP-AES (Figure 8-A),

This Zinc silicate when subjected to analysis by electron spin resonance spectrometer
resulted in characteristic g values of the peaks, which were presented below (as shown in
Figure8-B, and Table 2).

A)4.38410 B) 4.01910 C) 2.53191 D) 1.87886 E) 2.01793
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25 wth AAS or | CP-AES (Figure 9-A). This silver

silicate when subjected to analysis by el ectron spiﬁ-?’ HAYMDA

IN/PA©d8nance spectronmeter re4ulted in characteristic g
val ues of the peaks, which were presented bel ow (as
shown in Figure9-B, and Table 2). A) 4.36796 B)
. 2,37847 C) 3.95509 D) 2.04657 30 This silver silicate
This \ginensibeass adeafubtscied rtayXapy Difftaction apalnsiy sesylted dw 26 eppaks as

: - ced.. - ch,_shows
ot PSSO 00 g G U B Sy S R o
angleAi @l theth) 8f thhet Byeakd welgaescBpd ek witk howe SeFigee Bel @W Table

(as shown in Figure9-C and Table 2). 2L "Ay 4006
2 | N PA-508 46 1) 3945. 11 and 32.29885 2)2421.27 and
@@@5%%@)&@5@6 and 27.89129 This silver silicate
econtam nated arsenic up to only 4.5% when 1.0 gram
Df 835dsanded3e72587 5 was treated by mixing with 1 liter
f_2. ic solution prepared from sodi um
gr%(éng}t%%?é{ﬁﬁgam. This silver silicate disinfected
This 2iné2xidte &ebhthMinRtdBatRid 8p td PIBAL WAKL 1D W BF thiVRERriAl was
mg of silver silicate was added to 1lliter of coliform
treategobit ByinaMed Hiitalol A memn arsepistrolutionpreppads &oR)sodiign aGynate
(Tab thesis of silver silicates at acidic reaction
conditions (pH 2): 8 ml of nitric acid solution
This ¢B8-sld%e dsisfratded%t outcer 112:90 *olikem Bicteriatiforh @rifiking water,
g/m) solutjon. Required anount of sodiumsilicate.
when(450pg eloring mlisaieiwas added toy ey okenliferny gontpmmates) drinking water
(TabferZ?.nSi tion nmetal ratio was added to this acidified
sifver nitrate solution to obtain 2 pH After thorough
m xi ng, the reactants were heated up to 70 Cto 90 C

ng kept 15 overnight for 12 hours. The resultant
Sy“tg?sé%‘:‘(fﬁglf'ﬁ'i%hﬁﬁﬁs’\/\/ashed extensively with distilled or

9) dedRmicZRGr WS kiR O defittal Ra QX8R 0ALiHdA6F piihe
Ssilicate to silver ratio was 1:1.04 as revealed from

100 mhaf yidves natfate KAgNSE)s) 0.6rg/mil) jodution Wwys mirsidngitBBAKired amount of

sodit%%%ﬁﬁ?tﬁgsailgg?%g(ﬂ 211]1n=;/ Q&H.St{les Ic%t,ﬁ.nj A&]gﬁg gﬁgﬁ,i A]Egl‘?icg,utrrgnglet{on metal

ratio (d-highili @b@raf\pH BChd PdaStici. | Adr a8HHto6 2d Breiffs 8140) Rt @thrbhly
. anal ysis by el ectron spin resonance spectroneter
mixed eand| the dreptanh ayrecapitaty grascotjaived b sdeshntinge thse sikpsrnanit.c hThe

; - iy Flaurel 0- B .
preciffBF o5 SREIPERBEI Y W ALY pr 2o B B e A i gpen
100°€i | i cat e when subjected to X-ray diffraction analysis

resulted. in 19 peaks as 25 evidenced_ in FigurelO-C,.

The iHgadintos pibE ra1% Pghilt i ocant Tyeaike Tiomy apdwils ohEngpdver silicate by
using{ EIBARK s{aSledd%canning electron microscope and further confirmed by analyzing

with AAS or ICP-AES (Figure 9-A).

This silver silicate when subjected to analysis by electron spin resonance spectrometer
resulted in characteristic g values of the peaks, which were presented below (as shown in
Figure9-B, and Table 2).

A)4.36796 B) 2.37847 C) 3.95509 D) 2.04657

This silver silicate when subjected to X-ray diffraction analysis resulted in 19 peaks as
evidenced in Figure 9-C, which shows 3 significant peaks and peak height, (counts/s) and
Angle (° 2 theta) of these 3peaks were presented below (as shown in Figure9-C and Table
2).
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angle ( 2 theta) of these Speaks were presented bel ow

(as shown in Figurel 0-C and Table 30 2). 1)2217. sZland M'A‘\/ O'IDDé

IN/PA2S0$3483 2) 684. 55 and 47. 88093 3) 674. 27 and 42. 31091
This silver silicate decontam nated arsenic up to 99.0
% when 1.0 grain of this material was treated by
mxing with ILiter of 2.5 ppm arsenic sol ution prepared
1)39z§|_5{ipmlﬁp3lﬁ.mmalrsenate (Table 2). | N PA-508 47 MAyao(6
is silver silicate disinfected 2.72x10 5 coliform
2) 24Pt a4 40-21%f dri nking water, when 5 ng of silver

3) 18%§.gé%§ff]_m§9added tol liter of coliformcontani nated
rinking water (Table 2). Synthesis of Manganese
This siivet silitas decbhjanByated etstmic op toremy 4rids.evken 1.8 grase ofthis material
neutral reactio ndi tions H 6-7 5.1 .
was Qi AL bR Eia BRRab T 25 usBatss s Sy Qeplb dtom, sodium

arsenmf?(?golwyh requi red anmount of sodiumsilicate solution

- (171= sodium silica ,0.5 g/m) to obtain neutral
This ¢iberyilicite distrdeqtedig /2uH M%Q}m asteriariror dripkigs ’Wageﬁegrtlen 5 mg
Wer e..t hor ou ] r 3 L Riatcat -
o L GRRIALAY 158 SR MM LS e aRAGES R Grown
TablPZ)eCi pi tate was washed extensively with distilled or

dei oni zed wat er ,an dtri ed in oven at. 100 10 The

10) siSvnthesis of silves silicates dic peaction conaitigns (HI2 o1 ad from

8 mlat%}allliyrﬁtj gciﬁ)fsohmoﬁ £ es8s adddd ©E nRYoti§ilvae nERAK (0.5 g/ml)
attached to scanntng el’ectron m croscope and further

solut'fmn ;quniafdd byouainaf] spriung sihicath (AKS sodiumchligRe8. X Firglsaytion, 2:1

Q. 1=A). This nganese . silicate when, subjected . :

5111caaﬁgp59‘réqnsm§§;ﬂg§t VES ﬁd e& tq thig &g}#; ecdesﬁjvselr') 8@{21?% Frgel?téorn to obtain 2

pH. 884 hBRubR HRHAhETéSlanG Gerkaledrd @f td 16° Oerak®)’ @hind Hkept
were presented below 15 (as shown in Figurel B

& | -B, an
overr\i,lfhglnl fer 23 howsp. The3asidtam) procipitds ayHyagh vsly with idb%}ﬁéd or
. n subjected.tao X-r di.ffraction analysis resulted
deml’rlﬁe%BW?}‘éra%i@_cékeg né\?iv%ré%@gg d|:‘n Figure |1-C,~ which shows
The 9iN€ats k@ BilVdrGand weeadl: 5.04nd rpealed Heing hhaly{ic ofitiis s8Ysr silicate by

Angl 2 i i
wsind B (e ViR EF GEFe) MR aNEn A TG BTB By snalyzing
with%fé?s Qﬁ@ngsggpg%péz)gyl S manganese silicate

de_conrt am na arsenic up to 12.4% when 1.0 gram of
Thistdiliver silfedteviteh whiectadetat aalyisis b ziepgomispin resqrianes spsctrometer

2.5 ppm arseni c spl utj f [ .
BTSSR AP R L T R AL P g
Figu@4b-Wfand T48% 19, 5 coliform bacteria from drinking
A)437171 B)4.04714 C) 1.98189

This silver silicate when subjected to X-ray diffraction analysis resulted in 19 peaks as
evidenced in Figure10-C, which shows 3 significant peaks and peak height, (counts/s) and
angle (° 2 theta) of these 3peaks were presented below (as shown in Figure10-C and Table
2).

1) 2217.87 and 29.33483

2) 684.55 and 47.68093

3) 674.27 and 42.31091

This silver silicate decontaminated arsenic up to 99.0 %, when 1.0 gram of this material
was treated by mixing with 1Liter of 2.5 ppm arsenic solution prepared from sodium

arsenate (Table 2).
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wat er, when 500ng of nanganese silicate was added to

[liter of coliformcontam nated drinking water "&IMA\/A.DOé

IN/PA0812) Synthesis of mangatiese silicates at extrerre
acidic reaction conditions (below 2 P 30 10 mMl of 36 %
HC1 was added to 100 ml of manganese chloride sol ution
(0.5 g/mM). Sodium silicate solution (1:1= sodium:

This sifver Glélpate disinfected 2)72x BD’ edlifovas batttiadrdrm daiokinigfiatet, when 5 mg

of sty RaARaE P bt Bl Shedlitay conlabmtast{ igoe wile (a2

SyntR&® dHMBho ke dificdteiir s. The resultant precipitate was
washed extensively with distiller water or deionized

11) V\BSmthea&mof}mmmnese si-limtq:s at nepgal Keactipn-condiﬁonﬂm{‘ 6-7):

Th rati 1:.1: 09.
100 ﬂ&is\léilrp Ig{/agg%ege 1;h101e de E‘rﬁz O ?ar%?r%ﬁ lgﬂ evgag mg(lea vgg} reequlred
amouly ofisidiign ElDAXe ablﬁlaslln eldl=t= @ocﬁ@mmnicago S|gﬂﬁl[) I’c@ﬁbtﬁin&fe@ﬁ@lmg 7
and further confirmed by analyzing with AAS or |CP-AE
in the peagtip naediym. phiter ﬁdé%‘ﬁh dbey wiere @Qf(élgMeﬁﬂ%elﬁlbﬁﬂ@cﬂ’éde@l&tam
r p t

P P B e CharT Oy ae SPRAR.  RPESHERRE S nghed
extemmebf \pmledmnﬂﬁdox’abhmed(va&telsimdmw in dxeguat éO(lZJ B and

bI 2 434636 7458C 228
The 168 it Pnginsao s T & Ik titbeded oAl gk his menganese
smca%ebw SSAEBDIAX ArdcRYd @ iR aear&ﬂﬁicyo%bépereﬁﬁtﬂ&tﬁd doBfiRRE! by

peak as evidenced in Figure 12-C, which shows one
analygmgrwﬁhAéﬁtorﬁgamlé&d‘b“lg@akl-h‘e)l ght (count s/s) 10 and

. angl e 2 the of thi wer.e w
his b egal e sithiBoBEr o 5j5s) 655 Megtom o’ fefhance
spectaﬂmﬁ&a%an{éhl if cﬁaﬁg@ﬂﬁ&eg shlubLat e @eﬂ@n AhNeée braksedibelow
up 3 % when 1.0 gramof this material was
(as Sl‘tql"‘é]alflé:dg‘w%hBianq Tale3F 2.5 ppm arsenic sol ution
m sodi um arsenate 15 (Table 2). This
A)19§4ﬁ@6}§r?2%e<§685:3| i cate di sinfected 58% out of 2.72x10 5
This mahgdrmsmlbem(t ohe@ sdbjanediol Xrkeasndiffravaion lanalyuhe fEsﬁIMH’rm Dpeaks as

.. mangan i s added, tg 1 liter col i
evideapist Binf MR d- ¢ d?’aliﬂﬁlkmﬁ@"v%ﬁ’tl% Flg{ﬂ%ﬁﬁllltel’e? an tﬂﬁélgaggt dgounts/s),
Angl@ '((rQQl'iEtééndist'h g ﬁﬁ%l@?ealggfeﬂé?re@lmdh&%@ QSf SIMIICRInFl gﬂell -C and

licateés at ne reaction conditions (pH:
Tablell))o m of zirconium oxychloride solution (Zr CI:12 8H20,

agﬁfgﬁ?ggﬁgrﬁ%%zred anount of sodiumsilicate sol _uti on

ilica, 0.5 g/mM) was added to obtain
This MeAHghddse PicatAUEQIntAsidhted AsentcBY tWer224% hamer ghb Yorhth X&dthis
and the resultant precipitate was obt ai ned by
mategd@curt fregied vy mixpes mathantiterTife2 privet piseric solionvirspraer! from
th distilled or 25 deionized water and
sodnffhEAR Aeblsde Soo
This manganese silicate disinfected 51% out of 2.72x10 ° coliform bacteria from drinking

water, when 500mg of manganese silicate was added to 1liter of coliform contaminated

drinking water (Table 2).

12)  Synthesis of manganese silicates at extreme acidic reaction conditions (below 2
pH):

10 ml of 36 % HCI was added to 100 ml of manganese chloride solution (0.5 g/ml). Sodium

silicate solution (1:1= sodium : silica, 0.5 g/ml,), 50 ml was added to acidified manganese
chloride solution. After thorough mixing, the reactants were heated up to 70° C to 90°C and
kept overnight for 12 hours. The resultant precipitate was washed extensively with distiller

water or deionized water and dried in oven at 100°C.
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The silicate to zirconiumratio was 1:2.90 as re

2. ve d
fromanalysis of this zirconium silicate by usi néf%AMA\/ &ODA

IN/PARS(8ached to scanni ng el ecdB8on mi croscope and further
confirmed by analyzing with AAS or | CP-AES
(Figurel3-A). This zirconiumsilicate when subjected to
anal ysis by el ectron spin resonance spectroneter 30

The silatel tbadanganedearatio tveasi 51108 ag rewdaledsfron amhlefsqgezafkthls mppgenese

sﬂ1cat\$§>§|u‘§i%§$ﬁ§&{)( it el 9@(5 S5 S%%fgo&)ml%roi %)furgl ga(grfgged by

analy,%n S90IEA S br A3RAG ST %.H‘EIZ‘A oni um si | | cat e when
ubjected to X-ray diffraction analysis resulted no
This ﬂﬂmgaa@e @ﬂlﬁd@n@é@nl ﬁuh}f:@@i o1 gnatysig -ty ecleqien é@n resonance

spectrgpg:&q’%lrgs%ﬁﬁé t?rb;:r}gag lesrtféon{/aﬂqg gdflt ﬁ%a?(fs d\?ﬁﬁﬂt\m erl afd below

(as sh%'ﬁl{a[?ﬁg@&ﬁd Byadail%mgz)w t hdl liter of 2.5 ppm arsenic
sol ution prepar rom t ble 2
A) 4 A Bh AT )u?cb&?él8@|)§|1d§‘g?c5§én0%%s§33 Bobot pom1a 5 |

This m%%anggerglﬁéaa?% %E Q&é&lgi dﬁﬁh}? Qlffré Yéﬁt e@falys%@ibl@@ Bn®peak

oni um si IC& ter of coliform
as evidendedIth Fadieel 1247, |vvﬂqc}n showast e s(gﬁaiuiaat 292k abd)pesy heighkisiceunts/s)

Zj,r.coni um icates at extre cidic r ctl
and a&@ﬁcﬁbtzlﬂéﬂ%) q Béll W?Wefﬁf’ris@@temrb g?” @? PR g:glcorl gble
2). solution, 10 M of 36% HA and sodiumsili cat e
solution (1:1= sodiumsilica ,0.5 g/m) 50 mM were
a) adddP ad@4rfi5e89 wel | . After thorough 10 mixing, the

react ant s..wey e, heat ed to7 k
This W@g?ﬂeéﬁtsmf% qego %HPgé{gdl’ e errues% E ?gp(r;é%i;}%lnt g? & has of this
mateMBSHR et N8 VBley ot Bhhpeh Stddid eduttun stepaaed foth sodiver arsenate

and dried in oven at 100 C. The silicate to zirconium
(Table@di o was 1:0.77 as reveal ed fromanalysis of this

This ﬁl:argg'c?n%!% um: b bl s%ﬁ%&e(? ¥gdiSufp t%ﬁ LA M E(ﬂﬁ’@fé’g bta&ef’r& ABR Mehking

nicroscope and further confirnme
wate Fdle} 200 gV il Ihaﬂg%ﬁem siliéaR: AESaddeidgurlelifed oﬁ):ohfﬁtmszontammated
zirconi um silicate when subjected to analysis by
dlllﬂ@lge‘ﬁ@tla’oﬂa@]&?ﬁ resonance spectrometer resulted in

SynthO& AR hfh Sil@ateg! ues of the peaks, which vere
presented petow (as shown in Figurel 4-B, and Table 2).

13) A) S¥htiRsRI zB):orﬁu@ZﬂB@@S al n@@BDEANtion cméﬁmns (oH:2830F)

795, 20. Thi
o 053 BB AR SO0 S S o
soditfry 'sgi%ﬁ?t"ées‘gldtﬁn"_('l g & difin Csilioh €5 gD Weasoqtiled | It@ obfaircanttral pH.

eak, and peak ht (counts/s and angl e t het
Aﬁemddmnrs ﬂma\v(eméh@ropglelsfenm@ %rwe%@nfs%ﬁwﬁﬁ% Vriffsgﬁ%faéﬁ by
decantmg qle supernaef‘an%) Tﬁg p§ C11§ Pt @Rehs 10824 3e’§(tenswely with distilled or

deionized water and dried in oven at 100°C.

The silicate to zirconium ratio was 1:2.90 as revealed from analysis of this zirconium
silicate by using EDAX attached to scanning electron microscope and further confirmed by
analyzing with AAS or ICP-AES (Figurel3-A).

This zirconium silicate when subjected to analysis by electron spin resonance spectrometer
resulted in characteristic g values of the peaks, which were presented below (as shown in
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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54.5 % when 1.0 gramof this material was treated
IN/PARSRENg With 1 liter of 2.5%%pm arsenic solution
prepared from Sodium arsenate (Table 2). This
zirconiumsilicate disinfected 98% out of 2.72x105
coliformbacteria fromdrinking water, when 250ng of
This zhnccmninummszittbi deabetamasmteald disehit cnpltd 28 &, othmIli(} (glram of this

nt an nat 30.drin vvate Tabl e
mate OB R BT O aYch? B Pt Ao Sepgsh from
sodivn&rsEtRE(TBRM)S conducted w t h i mobi I'i zed functi onal
transition netal silicates. /1 :: 7IHAYaoc) 4
This lzwcmms(mhca@ disinfontedeAtocoud ed Grit2a) R aolifarmobadterirofpii drinking

water vﬂﬁnré% %1?08 | tli}lg Q:]ig:g%avlﬁa]lsc%dgﬁé ﬁo gglggwf g‘é"ﬁfl%nﬁ.tc%gtammated

drnﬂ@rgswﬁtaxt(qamlg;tl on (containing 2.12 ppm of arsenic) was

passed through | Oxl em coI unn at a fI ow rate of 10
14) mSmthcms-pﬁéanm' AtoR BLENLICRIC X > ondisigns ghelow 2pH):

e L

solutioma(mletSOdmnnElhadt 0s5 glmlaﬁémlaMQaM andrisnd evell. After thorough
) nificantly. pri c Si_lg lized O ctiyated
mivigg, A1 AT weiR BEHAPD 8 G oS e B ks o5 BHo6y 12 gD The
resulﬁh{ bie gﬁatb RALAshZE Sy @i gy WRl@dilRl YrdBRnized water and dried in
decont am nat ed arsenic content 91.98% 10 Manganese
ovenst 100%&t.e i mobi | i zed on activated al umi na
nt.am. nat.ed arsenic % Zircon

The gflfxgg dp Frcpminm Ht]f)ega%ﬁ t?s\/léﬁvgg (i el ﬁlgalyms oLf”Hns zirconium

silicAEEPIMIRNEDALE st RNSE T feaniiRd tlettonlohicBSk¥opelfd Mfth&bogfirmed by
decontam nation of imobilized functional transition

analmtgayltlsAlA;Sc@tIQé’ RS (dBugl#/r ent sizes on activated
s ST A PO LT B8 L
resul’c‘bﬁ if chhx@Weflﬁtoeg @hludDofrihe rpeﬁlks Bihidhewentprasented befow (as shown in

i rmobi lized lunctional transition nmetal silicates on
Flgurééff'leé{l%ara}élFGPnl na granul es (500 nicrons and 1000

A) 4'3‘7@3’60@ 2.8 )1 9@%9813? €34 £5hE) TR oges 960Nt ent

resen |n tr ate sol ution was neasured by using 20
This Izﬁé’erAﬁﬁ sahr@teowhm&lbjmm tac Xsiiay |dcfﬁtaet;lon md)ms iezettdom 1peak as

25 This zirconiumsilicate decontam nated arsenic ulo%;:?_ MA\[%O'OA

act va ed 500ni cr on
evidged 5 Pl Bt Q™ G0 LB A RCY GRERL (CBuntsly
and &%wk"t@%ét ST @@ pRRt wiel fleeHRE BRI I(ascs'ﬂoeun in Figurel4 —C and
i mmobilized on activated alum na of 1000 m crons size

Tablﬁ{?)abl e- 10). 25 17) Arsenic decontami nation property of

A) 82‘%‘8'&0 :1 29.33f unctional transition netal silicates on
rs 250 Ml of sodium arsenate solution

This (ﬁ&ﬁh@hﬂ kiligate Odecpplamddatal aseic Jupnas SPaske dvhelnr 00 gg'ramZ 6D this
of cuprl c silicate i rranobill i_.zed on agro
mate@@]nyvg$ ierigd A AR With 4156 phte arsemc SO ut1 n prepared from

Sodium arsenate (Table 2).

This zirconium silicate disinfected 98% out of 2.72x10° coliform bacteria from drinking
water, when 250mg of zirconium silicate was added to 1 liter of coliform contaminated
drinking water (Table 2).

Now the present invention will be described in detail based on the experiments conducted

with immobilized functional transition metal silicates.
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I mM/mn. The arsenic content present in treated

opb
sol ution was neasured by using ICP -AES 30 and or%.MA\/ A

IN/PAASOSevi denced from Table 150 the i mbilized functional
transition netal silicates on agropol yners absorbed
arsenic significantly. Cupric silicate inmobilized on

agropol ymer decont am nated_ 56. 48%. of arseni c con ent .
15) JAsrsehis7denontaginafonaofopmehilized functional fransition me 3

f. functional ansint tal sili cat es by phyS| cal
activaf B(GP8 anbld ﬂ)chrh%ﬁ)n nd (250-500 nicrons size
250 m1reTEddling etefdid sdlutiom(contanisg 2i1d rppneo%uhrs@ud:)l wat pass ﬂn@ugh
prepared by adding transition sal t cr%nt ain

10x1 g1 geluaw ?Toacﬂpé’i‘tr%tes%fnao (n?lgéms erﬁriﬁrnbch gonte e}j)resq gug treated

soluti 1‘?%% h@gs#é&&fﬁﬁﬁ%@ A%s%!d'cﬁ%ﬁ to obtain inmmbilized
PUNEt i'onal transition metal silicate on quart z_sand.

As evienesd frumbBabiel 8 riboirmubitized fedtienab spasides mgl silicalghgegrbed
after_through washing with distilled or deionized

arsenigef @Hficay n of sodi um arsenate sol ution (contai ning

Cupn% sﬁ%a{éﬂﬂ?r&fbﬂ@ieﬁ@ﬁ' delivatd@aluRass decontintitghd ddic comtent 90.10%.

contalning colum at a flowrate of 10 m/mn. The

Zinc ailiseai 1mmab®lmeérﬂn aetivatedt aliming deserdprmingted: Fregnigug@ntent 91.98%.
nmeasur.

I O A nten
Mangapgss, sllﬁga[teély US eﬁdmo%l : Ze(gp faRﬁmM%eccﬂrQalﬁﬁlaﬁW gencedontent

unctional transition
58.96%t Hircvhnling @Ilfb&t&ﬁﬁh@ﬁﬁh@m ofj udtitateds aluthiad slocddaianted rargenic
significantly. Cupric silicate, zinc silicate,
conterthhp@¥tése silicate, and zirconiumsilicate
decontam nated arsenic 35% 48.58% 18.87% and 8. 1%
respectively, conpared to 1.88 % arsenic
16) desmaitiardebaitiainatiyn gdantnzotsliaed fupgiomabrpnsitien pepfal silicates on
Mercury decontani nation property of i mobi | i zed
M&&ﬁ?ﬁﬁ@ﬂﬁﬂﬂéﬁg@‘iﬂ% metal silicates on activated
1000?’11 %@SB&L@DQ‘S@%{&Q{MW MeodtARBI2.4 BHe Jf eihlcd Mals passed through
ransition mnet i cates on activated al um na
10x1agn oploiymera floereter efakl e?il/ngépé}lﬁfﬁl@lfy%ﬁ’st o WP%‘E}PFd f“ncuonal
cont ai n 2 r t
ansieBagel RSP Aot o] gt it PRV (GO, Eeay WTbo0 perons
size, J RERGedTBd. €ThahSeN® rc@nféh?(@@sdi\ﬁ id tréf@ed arlutiorhwas mieasured by using
mercury containing solutions and nercuric content (ppb)
ICP-aAFSemdtor égtrent was mneasured by using AAS (hydria

Cupr?%. %ﬁéﬁ}t[]?e qlgﬁ%{% rz%ﬁ I'(B'nt tltfé{%{@flﬁﬂna (500RREd sy 8stohtanghdten@kenic up

Trcates sequestered nmercury fromthe
to 9555)3%% ?aﬂ'e@ to BGJOG% debaatiiemioh iresutted (mtsee@hgnﬁwuﬂnamm salicate,

Protei n decont nati on rt
1mmpbmhmd o1 %Céﬂa?eéﬁ&tmléﬁﬁflgdgaﬁqﬁ?qsé}fﬁ@@? 13/025 silicates:
100 m of BSA solution (1 ng/nm BSA content), was
passed through 2 xlcm colum of immobilized functi onal
17) t r anghdsérd deedrahmsiatio g eIy rofdgmeghilizedeiungtional fransition metal
protein bound to the inmobili zed functional transition
silic a -was assayed by estimating protein
250 SR reRtidD afsbeat 86lutieh YdneasinB)500 Bpbyofmesdni). 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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30 As indicated in Table 14 the i mobilized functi onal

transition metal silicates decontaninated proteidsF MAY

IN/PASKOYer silicate inmobilizedd on agropol yner - absor bed
10ng of BSA protein conpared to 15.4 ng and 3 rig
absorption by cupric silicate imobilized on
agropol yner and zinc I N PA-508 52 J- 11AYa e silicate
18) i moDetdnzadinatioragrappal \ofeunsteapletnsiteinymethb tsdicates dyt physical
oluma IS 100 n1 ont ai ni ng 100 g BSA protein. 21)
. ! 520U IICTONSSIZEL of funct i onal
Im&bﬁl%ﬁ'ﬂlh&ﬁngpﬁ ﬁ‘iSltﬁJnl rh&@lt §Bcatds"WRL 'pképﬁ&q H?,frhddmg transition metal
agropol ymers: 5 A solution containing 10 ppm each of
salt cEnidipsng grietion Oypertrstid (230008 istams syze), dﬁ@sranatsng pébsedium

h a col.u nt.ain bilized cu
siees o g pBrP AP oL P e SRR Ay U Broess
unbotil forfmMobilintd BubitanBaskéei rd@osanifeditthiongh meskiad with distilled
solution was estimated by GC -ECDO p FPD . As shown in
or deipgisjed wiaere 3P inel afi odivan axsenaierBlItion, CanigHIRg £ilgtnay of arsenic)
| Ui r 0 t : -
s G4 Ay R0 M g TR AR iy he i
conte@hpresany i pdrsd sol g was rﬁedsmceatbge ulsmig’dﬁPlAESE dndor AAS.

t t I 9
As e‘ggenlg\@;@a@gg]e?a@@%n ]I%l"] ﬁ?legcﬁ)a)o %h%ren% at ed %ﬂ*zq{%@%ggl%’f’ &J si llggtgs coated on
quartz S %bﬂs@c‘i Xrgelgl:‘ Righficahfiy.cate i mmb' lized on
agr opol yner decontam nat'ed 61. 7% Endosul phan, 83. 4%
Cupricygbeatgt2ing nilzad, ﬁ@tngaﬁﬁsmhoatpym%hm@mles ﬁématwéﬁtquamﬁnated

22 | f tani natjon of, i | 1 zed. .
srsenf RS GHoT™ ot ARGTYD o rbrl2] FORERT o Bt Vg Senic
deco@hiiafian bPaahes é@ﬁé@&hﬂof)or m (5x105) containing 500 m

of water was passed through 10 cmlength ipmmobilized
19) f uncMeaseiy decentamination peapgrty if |imampbilized fieqtional wansition metal

um_n : of 10 mM/mn. 20 The
Sﬂﬂ%@c&%ﬁﬂ%fﬁﬂﬁ S abgj\g)lr‘ren;%ruy nmeasuri ng bacteri al
Immésligsdl RSclichad tfasitibp Inadtel sikeidsadm acf’tg/atbﬂcdlﬁmllraﬂ argi agbpolymer
medi um As evidenced from Tabl el 6 the i mmobi l
werefreasiad wRatataly Al 1@Fr6Hr.‘/n%>(n5a1n1§g pREPES 2428 b R gontent)
ina I:S-‘a‘?gl[H 5868084 G- fshR@Bh lay _ %ydﬂ' GRLEL mSHRALS Svere mixed well
cate decontam nat ed co [ f n content up to 98%
for 1ddr B3Mercaspenttaivmig\soluions argl necatie conmtutippb)zaé@r treatment was

act.i vat ed | um na decont a oli fonn cont ent
measypdiy %E%Aég)(gﬁgtat aitaphgd 1 ﬁitﬁﬁ‘frﬂ%ﬁe ‘on of inmmobilized
ImmbBIAELd f?lﬁé\‘.llorfa[ aasditidPRMeilifibatsd deqGartsd MRrcud@ FORPINE ¥BuSion to

Bacterial coliformcontaining water was passed through
below Beteatiprlomitaasishgwi iubhdle dhal  transiti on netal

ST ARG A T AT I T

silicdtdseat ed sol uti on was assayed in a petriplate containing
acteri al
100 ml of BSA solution (1 mg/ml BSA content), was passed through 2 xlcm column of

immobilized functional transition metal silicates on agropolymer and the protein bound to
the immobilized functional transition metal silicate was assayed by estimating protein
content in treated solutions by Lowry method.

As indicated in Table 14 the immobilized functional transition metal silicates
decontaminated proteins.

Silver silicate immobilized on agropolymer-absorbed 10mg of BSA protein compared to

15.4 mg and 3 mg absorption by cupric silicate immobilized on agropolymer and zinc

300 b
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growm h medium The results as shown in Table 17

i ndi cates that immobilized functional transition rr?g_a:l; MA\/ A00b

IN/PA&i50Bcat es decontam nated c% i form bacteria fromwa
MAY aoo6 | N/ PA-508 53 Cupric silicate imobilized on
agropol yner decontam nated coliform bacteria (coliform
concentration of treated water = 4x104 / liter) 99%
silicag7 id&%bdizdd Dh 8Zeapblyorar 2@ hetiyely.2 FoQurreastcn30Q0me &f 100 ml

ai ni.ng wat er respectively. \Wereas silver
Contaﬁllgigqglg% ¥ zed on agropol yner decont ami nat ed
21) CRdsficiAeh UdchMa@@htibh 0MaB@DOofM fuGethdrhPr Fusi§Nt AERI NGilicates

vvat er. Z| nc silicate rmmobilized on agropol ynmer
ié Poeing3: 90% 14. 28% and 4. 76% col i form

¢ 200011 col
o kO bR e G AR b riphos wes
passefdr thpeigh ya ocﬁlummmbﬂtdmmgdl Euinef immabilibédberid Sificaret(ah activated
sili gat es on al um ni um oxi des, cellul ose: 10 Bacteri al

alumig|ansl 3gioPelyAe) Hiargteitler miELN f2sidde eanienigh treated solution was
. 'a{EH‘ER d.ezepepiypppi onal transition nmetal silicates on

© lmcoI u m)ge. Iyﬁe i mmobi i zed functional transition

As shostnain Kbl hiathmcosnhca&isummnhulmadmcbetwaiedl hluhos®ankagopolymer

decorgiraiegi ot PErHEB AL G 1 HRAPOLP IR AGOTERFSnPRLF APk

CuprRasifefe tRrRWAl N Ectimbélﬁhﬁﬁddecﬁﬁ@ﬁﬁﬁa%@ lsot784 %ﬁ%éu@ﬁhan
netal silicates colums at a flow rate of 5nl/ mn.

62.4%F &y peimastimiman . 6%rCMal$>yaBl§&yeE@eciyvehseasur| ng bacteri aI

Cunr MBI B ReBEh A8 G AR5 A bt o

CypetiiB@ih kha 89l 1$408biRMahod fegfetivdlpn metal silicates
decont am nated coliform bacteria fromwater. Cupric
22) S|M&M@@Mmmnaﬂmmfmmm@mhz%ﬁmcﬁgmal transitieg _metal

ontam nated 20 coliformup to 93.47%
silicale ot o T Fiform (1.15 x 105) containing water
Bactetiap coltformsi(bx 108} eontainingi $00z@il oD wate IWaulpaned(tEroﬂﬁlj]rm cm length

in a colum) decontam nated coljfarm
umn@shﬁ%@eﬁﬁllzs@ﬁaﬂoafmeéa nlfcarqﬁn( actiggied a ﬁ@sya eé\ﬁmaiaﬁarﬂgw rate
of 10WAe. 25) Bacterial decontam nation property of
i mobi lized functional transition netal silicates
The deeingnipatiaqpuardsz assapetl B35 n@aburingr rcendlacolionigs 500 anbetriplate

d through 10 xI cm colum of functional
Comaﬂl%é#m%g@g fNcates coated on quartz sand at a
As dhidncéRt PRl Table 18 / ik NimMBBilIgEr h&IBnARtRBit0AS nRksS aYifehtes
by nmeasuring bacterial colonies in a petriplate

deconfaminafedi aefifbrnt enidicantlyowhitveredliaatn, uprict pidaetp decontaminated
cohfoalrnapo%{tenk 8}% a@‘%%c (E_.I).]I%d ?%%%EE@B%{;@ l%ll‘lé §i 193(5% nmgl%%{l}z%d 3R régtlvated

aluminﬁmehjdtmﬂlﬁdte@ﬁolilﬂd)arhtcbn&ﬁmb melaemt am nat ed 83% corrpar ed

to 34% decontam nation by zinc silicate inmmobilized on
Baciesiak degontappination.efhimampbilizedsfunctional transition metal silicates on

agropolymers:

Bacterial coliform containing water was passed through 250 mg containing (functional
transition metal silicates immobilized on agropolymer) column at a flow rate of 10 ml/min,
and bacterial colonies in treated solution was assayed in a petriplate containing bacterial
growth medium.

The results as shown in Table 17 indicates that immobilized functional transition metal

silicates decontaminated coliform bacteria from water.
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I mmobi | i zed on quartz sand and zirconiumsilicate

i mobi li zed on quartz sand decontam nated coli forﬂﬁ"p MA\/ Q006

IN/PA-60%% and 6% respectivel y 56Tabl e19). MAy & 00 9
| N PA- 508 54 26) Decontam nation of fungus (Aspergillus
species) froma long tine (6 nonths) stored water by
using i mmobilized functional transition netal

Cuprisisilicetet imsnolibnere o iagiopalyaiel abt@itpainkad edlithrinnbdctgyian@bbform

conc S 9 e TOORER R EL RS0, VBB o,

2500hhend a0bewl RatdoRfbref corﬁaiﬁiﬁgg#z&eﬂ Resh&RivelyO'VeRerba! Silver silicate
_ Ogr esent study was conducted to determne the fu
1mm

|
Hizedh OB ferono e slespripminatsr qoRfarmbin fo 84% ftnve BORM Il coliform

: o] i - e 1 0
consbi 730 e (BN 2eL ol i) ge e, 150
14.2808 aadipr. 76 sédlife@t eonteiimbidind i12€d naln 1800 apb laydex00at mé coliform

flowrate of 10 rnl / mn. Fungal presence was screened
contapingiidwatily the treated and untreated sol utions on
24) BSLEHA AbERARRLAN R IYNGR! inBh Mg KB YRS retal
SifTcate |1 nmobiI1zed on agropol ymer decont an nat ed
silicafes ng abin{idsipeodidéd. odlwgeci es) from stored dri nki ng

er..(Table 20). 27) Protozpan yptas.ri.di uni .
Bacte\él\gt %ﬁérn& SUYRIDYE W?ﬂsﬁ) YA B?Séffgﬁ]lr?)'sgg; %‘Prﬁqudlb%qdi gy.gg[lonal transition
metall $IRGEds QhedoltirhaRsdde! PRe MBEAbiISEd FGRE6RA thasiBE nti@BiRfates on

the cupric silicate imobilized on agropol yners was

alumiaBepvkidal ¢silunse grevel testad fop itlsrbadteriad dgeontaninatéon pogesy. The
..colums.. . The bot of, t.he colum_cont ai ne ass. woal.,.
cotfy UGyl SR AP FoiahibF B AFORRRG! PGE PR SntRSbitized
functio@hlUrHRsitibh enctllsuivats velumng e fiywtrappedml/bghore and
after wetting to assure uniform packing of the . )
The degoataminatioph s Rispegds byf megariggi Pedienidt erloniss iBadspeiriplate

. sing a master flex L/S
contaco%%ﬁagg%&%ﬂ%‘ralﬁ% punp (Col e-Palrer Instrument Co.,
The Bausiasghown ihlTabliSAY iadicated thawvimmabbiliaéd fincribhali transttion metal

assure rinsi ngﬂl?% the material. One mlliliter of the

o h
silicates JpRop P A GPR ISP PRUFISHBIERYYIY  x  107) was added to
Cuprié ficHe iBfmSHigsdd & AenRigedidat sh A1l in F&%oﬁir&afamﬁrgﬁﬁinmed

seedec? 1de| oni zed water was then passed, through t _
colifopml wpnto ¥8i47¢6 tihven 2X56wé qduenpiferm 41.45 owlPat eongefiniBg vdter pupric

... fractions of the. col influent and effluent. were ..
s g e (Sl BB s o35 S Sl olform vo
to 93 9eEdesn 9S0ANbZEMifHaAL €138 ¥ N6°) eemyBirg Wiated he sanpl es were

enunerated by | muno Fl orescent A.s.sa I](uIaFA). Briefly,
25) t Mactesiah|deeonjpmination msenestyt b dmplebHizeg (fupetiangl dapsition gaetal

silicaPS &L AL e, HQ{Z ne filter and stained with FITC | abel ed

——aﬁ@r—g?ygﬁuspm—r% run nonocl onal anti body

Colif¢rx ypitadird 600 miak e onn Gasskdchidagh Q0lxdaas, cd@hn of functional
Filters were then dehydrated wth and_ ethanol series

transitioy meted siligates oerigd ethaaizambiatin e rate bt badenee

The FhEhORTRRNR W8 oD N PRe e, Oy A0s iR beiplate

contafniing kateeial prowah Imedaoh.on agr opol yner decont am nat ed

tosporidi um parvum sjgnificant| aple 21). .
Funct%r}a{lptran 1t?on metal silicates 1mmo 19126(1 on quartzy SBS‘IE (Pecontam?nated coliform

bacteria. Cupric silicate immobilized on quartz sand decontaminated 83% compared to

34% decontamination by zinc silicate immobilized on quartz sand. Manganese silicate
immobilized on quartz sand and zirconium silicate immobilized on quartz sand

decontaminated coliform up to 5% and 6% respectively (Table19).
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MA7 & | N PA-508 55 a. Viral decontam nation progﬁLtéy MA\/ &O‘Oé

of immobilized functional transition netal silic
IN/PABSO8E. coli 0157: h7 (atcc $40195-bl) decontam nation
property of imobilized functional transition netal
silicates. The foll ow ng procedure was foll owed to
assay the viral decontam nation and bacterial 5
26) Decmtrnsinitivar ¢fofngusopepergillug] spedieshfionka mgrhipe (G months) stored

PO i oLsc .38araallo RS perfor med
: : L’E%’t%—ﬁgﬁ?f (1984). Tissue
Comrﬁéibﬁapﬁﬁllﬁbléﬁi@ke(g_gd :H%aj(l \gﬁﬁaﬁeﬁﬁ@ﬁﬁdrewl foh 6 tigtBd, iyaad Reing for
falo Geen NMonkey cells and M ni mum Essenti al
deveqummré of mvpbl@bmrgar@mts hﬂs@ dingusc hftepebservipg g gontamination of
001017 t a
funguf o U/ Horéf T oPRefitiudd 8 | ndla @l ) AiBinind A8Y fungel
deconfurpinat@r propartyBof itifobitizdd- fhbkd?eBal anditib@ ¥ dtalt dlicaBoy iGne liter of
Serum (FBS). The fl asks re.i bated in a 36C . ..
funga] \fopiBEIRAcY dYatQFS“ﬁéuWéSqdong‘F%\Ngf‘ emy e¢ALIR n%fﬁtcu%frc {fisate
immoBakh O 3@88%% g0 raféeéfl X)) mﬂ-hﬁurf | B8l ﬁ‘ﬁﬁeﬁm& R@B screened
pr epare r-oviral inoculation by rinsing the
by placingltay ereatediand wittehteRhwdiptvat enBpdtfiplasd Satainieg (fPBS) growth
Aliquots 15 of the Poliovirus Lsc 1(ATCC VR-59) viral
mediWpoeoks were i noculated into the T-182 fl asks
Cuprie Qc@icNbRSoE R AHAHSpATPRE! datBhtamItted/ fuhghs BAIRLONSs species)
were allowed to |ncubate into the cell nonol ayer for
from gtOredidninkibg| Waieu (ff@bleﬂ@b}batl on; 35mL of MEM cont ai ni ng

ﬁlﬂctl'dﬁﬁ&ﬁn%@n@iwﬁ@ﬂic@tegach of the fl asks. The fl asks were

I ncubat ed at 36C for 36 _hours. 20 At this tine >90+
One grava ofdotupyie silicats ipipcbalized o Aerepahimesy Bed ﬁ%f@ﬂﬁ@lysf@g@?dsand
placegigl)F)IO D€ fél%g'ﬁg]élgﬁf Fﬁ@ﬁ&t&ﬁ %?Fkﬁ: éoli‘lﬁﬁ\ﬁ‘éoﬁtgﬁﬁad gBRdwool to

cén fu e at or 20 mn. super nat ant was
preveliheie rﬁﬂhﬁﬂd’r@ﬂ floating) lthrbegh theicohmre dTh%anlumn@ veedle gentizotapped

till Rot t d
beforp i 65 WEDBRIE HauEy BT JGiAG A At Al Ba, TpTBaR S of
delon@e'de\;fé&(p whi ?ﬁé&@d thjoh%l{ el EAMAS (1311’1% BZhaser Be:s €#Sledmplifefized

trypsini aze 04 (ATCC Crl - 378% cells and
driveumpri@iol =Balem lhstunist Ca., (Betamgt@e ILg¥dA) mealflewests afré. ml/min

to assi(:%% Hnﬁég IO 16171?1 te %:%ng%]@ ear%tgg cgﬁ)ltgs%Br@lgm ]I%r@{ﬁhrk%ck 2x
107) REPARLE b 20O nﬁaof]sQQﬂéTﬂelbﬁE&ﬁwaﬁﬂ (iDIJ, ®%.8-8149 TIBDSEeﬂﬁi deionized

Serum (FBS). The flasks were incubated in 36 C
watel] wesiben passecothraghibtisaumng UaIE §if 2bree PeBD & & PREetcHT Spkmin

fractlsrr(%sn L By gé’lﬁggﬂﬁ{l%%f %é%gfﬂu%ﬁ! +v§re c-(l;ﬁ tdd ek sg%gghﬁ@o, 50 and

are I'noc atlon y rinsin
80 mU@f@E@d&fmdﬂi\tdﬂ&vMﬁt H Hehwos phigineth8sdrfig eeweSanimerai¢?Bs) Immuno

gt gL Tt o e 2 TATEC MR S0 AR
aceta?eofﬁ{a&'bﬁn@ 91'11%9 Rhi REAS VR A @Jbele-gheﬁltl\/@xryﬁ{osﬁéﬂuﬁuﬁt Bonoclonal

to incubate onto the cell "nonol ayer for
antib8@y (Gmypt-G@ldbwwivagrtiones et New, Ordeassiila)f Filiews wiere iemidplgydrated

with grellc{ Iethgnoll Iglclar?eAs (38, 5,%0, 90%) and viewed by epifluorescence microscopy. The
oocysts were counted and the titer for each sample was calculated (Table 21).
Cupric silicate immobilized on agropolymer decontaminated Cryptosporidium parvum

significantly (Table 21).
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salts, L-glutamne, 100u Penicillin G 100u

Streptomycin, 0.25g/m . Anphotericin B, 5ng/l Trypsﬂn? MA\/ 00

IN/PAa0$ 100mm HEPES was added5bo each of the flasks. The
flasks were incubated at 36C for 6-8 days. At this
time >90+ of the nonol ayer exhibited significant
Cytopathic Effects (CPE). The flasks were then
f Vérekdecbhiaméuhtion Xyqpeay b sremobil ized; uictionab tragsitgoomgtaf ghcates.

a.
2 . s .then col.lec I

b ¢ P rabeal Eha Gsr b0 b P keo Sl e b RbR e
ERiHoBSR Lansiti fiPleY kilidges. (Lscl) was grown and assayed
as pfu on Buffalo Green Monkey Kidney 10 (BGW cells

The fplowing agafredurﬁeWIa&foﬂﬁé’t’qﬁlo@ BT Hheetirahjdeconfaygipptionzand ppgferial
| es received frozen and thawed slowy to

damn%ﬁneﬂl ]¥89F 3 mere i nocul ated onto recently passed

\hmﬂSﬁmBPﬂﬁMﬁmgﬁontlnuous monol ayers of BGNIceIIs

Monol ayer T-25 fl ask d. 1l
rorolbng rtis n T2 asks el ved 1.9 af Laesam v
(19842\”f #]%ﬁ%t nﬁl@ﬂ?' ﬁe?'skg\e('c[e]f&?' Wtk ﬁ@e&&lﬂ Wil dypdtigidar B'uﬁ‘al%Béreen

iquots o he dilutions were inocul ated
Monkent(BGM) celsodraly®fisinium Es@tidll Mséis. VIR, Qaﬂglm& Mech@tech Inc.,

all o to incubate n.on th
Cath CAERLE O oA BoSEES S o BARBIY al URbor GUEI R ,@n 100u
Strep’ﬁ@'nyameglﬁl /Mpk%lﬁloﬁ:fncﬁltﬁ r 1008 ERES, 2nd %0 Bakd 6l mg@ﬁe Serum
ton Di cki nson, parks M) . The nmedia was th

(FBS)adeed ﬂ'aekseazme dficyliatedi 1o quB&iCe dnqubater sfor Ay hows HQ&HOW the

develP}Prggr& gf akercgnilﬁlé(ﬁu%l%dl f e? Nt 9%11532‘1%&@51&' g'ﬂ%n T&ﬁred for viral

inocuftiof By Ringkigahe &Qn@l@y@tﬂfwéﬁﬂth Pifudpeane Beffated Galind (‘EB S) Aliquots
results of this assay are reparted i.n T@

of therBeliiiiug éSSA(&IC@aB’Ra%% ayebistagksnyere ipe o Btk 83 flasks
contaglvlli‘%%{:)ogltl%ﬁé)&s 11.101%15 | e HrhiGHiahSts wike A1RRVI86 ?ﬁc\ﬁﬁgte 1nt0 the cell

ated onto recent?y passed (2-3days )
mondldyRt fEruel sin. rmmlloay@ fcobatd; 36dh] of INIEM Ezmtmmngoearl’s salts L~

sl ieo DG R 9 O SEP R B ST RohEefs i 858 100mm
HEPI:';S3 i\g%\é&ijed]to h bf‘ﬁfel'ﬁdém The7 Ba8 Weds gicvBdeBal034tC, foﬁBlQ hours.

recelve . The influent sanples were
At thivoimé a9er sf thiel md:reﬂlayet enlnbmdjmgmﬁsaré (Gyreorpds BHecty (GPF. The
al i d|Iu re | a t
flask ég)%q, gqeﬁe %df tr1 gg tuL(Vs’?gOv@ e?%r q 2% rtmn L The

superh@art WaY théd cdifexRal ﬂlcﬁlﬁﬂzdt h@a&te&\@h@ stogdd WOUC tidl dsacubat e
onto the nnnolayer for 40 mn. Follow ng incu,

RotauMEMremaratg:mwamwtlctré@ecqvéwgdp Ithg Brogpdurpdgscri & %y Bmith and
0 0, 25 |

Gerba\-r@ g@)nrﬁﬁé&f@ i}da.le CL%M'?Q%Z% Wgﬂet %e(éhgﬂcﬁgcg ftf}{pm%pazed MA-

104 Agpt%:@lf@i@gﬂfl)lomlls SandgM&ufriuﬁﬁ EssengaleMetiae@MEMS (lsigeg Mediatech

Tnc., 1gas Ut (1908 179%, eco%gé@gg Vogels ,sé e AP FRRA S, 100u

P
e 5 g P A B el o S

(FBS3.UMThe Uldsks edererintubpptd in $096agf arcupDc cf@r 48ahorattor flioyy the
Detroit

deve*gpglﬁatr(g’dhcf F%ﬂﬂnéla‘u% %L)lgglaﬁer I g?sntﬁie fllasgs Vel & grepared for viral

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
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at 37 Cin tryptic soy both (TSB; D fco) for 18 to 2

4 |
hrs. Bacteria were enunerated by 5 spread plating odiﬁ?f%f%yEHDOé

IN/PAt508pt i ¢ soy agar (TSA) and6incubating for 18-24 hours
at 37 C. Colum Adsorption Studies: |Inmobilized cupric

silicate on agropolyner and i nmobilized cupric silicate
on activated alumna (500 mcron size

. Wer & . .
salts, hsgiulemineal 10puvRsnigildis GndOR SEERIOMHED, Q%?Si%g;fﬂc rgphedggicin B,
| yi.m s, t :
smot B, it RIS Yo R h Wi PR, oo ol
incub&ed M CTioe 6c80dayan A twiisairge rP0-y of thp pechobeyieoreghibitel signifeant

CYtOP\QEI!tigeiE?éq:t% ngggfs ufrbg 0 fgfrggsglgg E]!ﬁg -%xfﬁwt{xﬂ ZZ fa%ﬁ]iqc?nfrifuged at
10,00?%'0113%_2 1 iff. Tﬂ@%ﬁé}%ﬁé@ﬁ?%%&hi BAECtEl, iaYi§udtbdiRitrated, and stored at

rer Instrunent Co., Barrington. IL. USA) at a
70°Ctillowser ate of 15 mi/nmin to assure rinsing of the

material. Aliquots of the Rotavirus viral stock were
added to 250 ml of sterile deionized water (D, pH

\mﬁlﬁn§ﬁ§ﬁﬂgmto 15 achi eve final concentrati on of

approximately 106 -pfu/m . The seeded dei gni zed ter.
Polioviass 1 I{bsc1pavasegrovtir dulghsseyrd asopiunen Baiffaly Lheeng %Mwy

t flow rate of ' Eracti - deke
BoMy gttt S AR err AL AT (Bers Ff By LT, BB o0 iiBles were
receivfl fRen 4P thavandioA) ok’ Of Adedisdvedt indohlatdiantp recently passed

I t f the Polio 1 vi t d. i .
B TN GRS NS TN R
ml in§%1,l}1§1{1e'f-l7lf5iq'ﬁ%%e%rj.é ed natel s fabeivels DHA: 8°1R.ifAfludr® samples were

ieve concentration of approximately
diluteHO@n [61d/ i sterT @BSeadie tl0Dh! wlguots dlethe shlvtions Wareowmgeletpd onto

[ um ' h b t fl f '
moncHRAE: ot of i3t L8 SR PRPTeAT S e Pl G R AT n ] & he
monog%yelfs‘_f_gkeg\/lﬁf\/f EnthiRfgPes Faearf 0.1 %0N&A] ReA wis rafxed edthesual

e sanple were serially diluted and assayed f .
volurhdref stegfpmottew 8.2 IBﬁSthﬁﬁalbéiqC’@lni Rickinser suraiisedip g{}% media

The lts . are.indi cat edsin. Takl.e-
o Q3 R b LR, T P dbetepnes ono
the rﬁcd?fglaze@ﬁ. gTIRMABsk@n@lerd ah@c tricobated at a61i @efbr 245 dayssto dllow plaque

rba and S.M CGoyal, ed. Methods in Environment al
develgpmehiomyl enumgragien. Thekaeapts of Hs aW%?R&“ﬁN‘? &5&762(538

Rota%%s%A Ellj ’rwsatl'?:as 5%5%‘129{)@@%%%9 nutbePBAM AL 04 @elﬁﬁ}[ﬂﬁéﬂy, anguots

Manual of Methods for )
of thel feokioey ,satdpBs B, inGtulgied nattd ,re@RtIPupassnds (3 daysat gontinuous

i mmobi | i zed on _agropol yner .and cupric, sili.cat :
monqlarasbpt Mpsd0bsiie Pbaiceioculiinn Ha meadisfy s i Meclagpapieginsed
twicmthl s@%gsle aViNidDlaaakd- id as2s MRs irgcefi@al €.02R) inoddum, T-75

a0o

PA-508 58 Cupric silicate immobilized on
receingt DPahly met Tdd2onteivadra sd. Pesl infuens samplep pepzmgpolpyers diluted

, 9% when ram qf terial Sq.used i I d ont
ten g@%ﬁgr%@ﬂFoﬁgg.ﬁg%gﬁ)q@e@%ﬁ%ﬁ%ﬁ%a?gdﬁggggﬁﬁyég %@Hﬂgfndnlo
mon@l@r}}fr%s o /B Rfskdrah Arihdduliris dealdiusied tE€SpNE/tr siybsioané they were

| bilized on agropol yner decontaminated rota viru L
allov@Al tol ingilyates estouihe Bonadayes fBodhmain. 1FQloXnS AN, FMEM Lo

glutavmvaﬁ%e,ulso%% Iie%ic{illli%oé,u THbu® g{}pﬁgﬁ%i}lpogg'p?go/ﬁleAmphotercin B, 5 mg/ltr
Trypsin, and 100 mm HEPES was added to each of the inoculated flasks. The flasks were

then incubated at 36° C for 7-10, 2-5 days to allow CPE development. The results of the

assay are reported in Table-20.
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decontam nation resulted by using of 2 grains of % MAY &_DOé

material in a colum. Cupric silicate immobilized
INPA»0Bvat ed al umi na decont am’hat ed polio Lscl viruses up

to 70.3%hen 10 gram of material was used in a colum

conpared to 99.3% of decontam nation resulted by using

of! Ei Erams of material in a colum. 10 Cupric silicate
Bacter 1003t ed al uni na decont ani nated rota
E. C¥lirOs HBAATCER 11019586125 e bl Q@& GnQ{%/gﬁ@ts% %{far"‘ﬁﬁcco

used in a colum conpared to 99. 8% of nta
Laboragenigist Edtr@y MBbi Fer &blfe?@@rllgclaﬁr,snoﬁulamrberprqjamdwframmlm grown

o SRR SRR TR T8 0 R PAATRL 200210 vy
spread@ldting 011517yfddz sBREELITA) Akl 1%&1ba@hg forcBL2despniy? gat i on
property o mmobi | i zed functional transition netal
MMHI ca gel: Functional transition netal
Immilieadh ﬁcvgﬁfc%te' @9? %;Mgfﬁqgf frh]lnogﬂzgf C prlgjh m:a%g & atlvated

cont am antS sSuc anes Orl na
alumbiapli@® yhisrons€ine) weleatspaticaliygarighed caﬁﬂ”qﬂauadsmovub at1 leéh glass

A P N e
ﬂow1Bé @ﬁt}hﬁpﬁlle cto[tﬁl'ﬁ?' tl"h@@olﬂi%h?'we?é %éngl?ggprﬁ ;m@ﬁhé (f ?ft@rr\vettmg to

l[1tca gel (6x1 cmcolum at nut e
assure amét)rm favkinghefithe Hiatqmel I Thramhtemwﬁ]bhtvas psassetdrthmug}:i the columns

usingZ el N8 aﬁ@‘%ﬁfj SRS R P s AU (B Hggington. IL.

USA}jﬁﬁﬁrﬂcﬁmrh‘t@tﬁdlg 9/ RRMOhsstifel AALIRE HRN @SitdBUChALI@Rts of the
chloroform 1,1,1, trichl oroethane,

Rotayigsrvaieh B@fﬂb@tehfy pdded to 250 ahll er%ﬂmlbl@n@sﬂd wa2gr (DL, pH 7.8-8.4) to
achlet%e &fﬁgfgh?%‘regtré%ﬁ hgp%}pﬂg}%lgmm hFh rﬁ%ﬁp ARfie seeded deionized water

was tileg Ipbsze@ﬂ&obglomlmoccﬂman&w@umqe abots Qﬁﬁp rapm dw rate of 5 ml/min.
fri hgl onet hanes_as shown i n Tabl e- grl c silicate

Fractmﬁ@ fhei codemp dniyent and @@ue@ewﬁtca}l@cﬁ%é algerthe ppssageoet 50, 100,
and i?ﬂ'i mfosreb&%{h blf(ﬁn) % fqup %ﬁleZP&lqd h C@ik‘eﬁrsqukp Q&P@ 'Coli
) t racni oro

tric Ioro
O157pdhoaeini ght Ob]tlm’ﬁ emrb ad deeix@cdnlotreo BIS@ Imdrtyﬂ sterile deionized water (DI,

o GBS B BTt a0 BB, OB v

then EQQE& thrdfigh tﬁ%‘ Qfohﬁm? 'u'si'n%atthg BTy kﬂtﬁﬂpz 80 a0flow®! dateCBf $€hl/min.
decont am nat ed ppm of sem volatile or gani c

Fractiposd thel solusurc ImﬂmnBendz effbientl weralplsh| cotlegted aftan he passage of

5009850 % Sr BEPERT1he B8t b Pty il LIS o e
respe@t@@“\@ﬁis haa @act@ﬁzﬁﬁ@dl&scrﬁseﬂ abbV A8 O&u R adeindidte LIAT 4MIS 20.
(1,1-inet); diethyl phthalate; fluorene; benzene |
Bieiﬁwﬁor 0-3 -phenol ; di phenyl am ne; 4-
f P, I ef., ; -
smid e IREENY i ERPIN 9L PR AR R AASHL BERi an actction o
animd4ll \umSémt he@ep. @Waea‘lﬁl, S beGoyhl, bdt Yietholdt hialBav2onabityIS¥ielogy.

bIS - eth hex haI ate; phenol, 2,3,4,5-tetrabrom
MarCEthH %‘ﬂﬁaﬁ‘a RS (b) 5 f1 uor ant hene: benzo( k)

Berg,‘c GUOR a§t gf?ﬁmage'ﬁ abaRer{ge Behﬁ‘%? %ﬁ(é ? ﬁ'ufsg) PR4EOSEPA
Benzo (a, h) anthracene’ Dbenzo peryl ene)

Manuah@f MEtha0s R darqdpgy, &F.S &, Ciotiabdtl, ©Hr gani ¢

Cuprous silicate immobilized on agropolymer and cupric silicate immobilized on activated

alumina decontaminated Polio Lsc 1 and Rotavirus SA11 (as shown in Table 22).



10

15

20

25

30

conmpounds as shown in Table 24. Cupric silicate

i mobi lized on silica gel decontam nated 10.8 ppn;-]—%f MAY A006

IN/PAVAggat i | e organi c compounfi® (such as 1,1, 1,

trichl oroethane; 1,1,2-trichloroethane;

1, 3-di chl or opropane; 10 di bronochl or omet hane; et hane

1,2 di bronp; chl orobenzene; benzene 1, 2-di nethyl ;
Cupmbeﬂjz:eﬁeanixn&nﬁmdebnWgrom&mx%ceﬁ@mft?&ﬁlz poléo Lscl viruses up to

| et h I, et han 1 ]_ 2 efr r 0

53. 9(V%r"g%8bi f2“1:afﬁ B 045 ueedﬁel}l %e%g%{r]fg &Jmpared[ to 99.9% of
decon%%ﬂﬁﬁﬂ)% reiuﬂ}ﬂali B |le141gr<\5$12 hydrs dRnzens in i,c@],u&rrt f l met hyl ;

-1so pro tol uene; benzene 1, 2- dlg | enZene
Cuprid sidicate dinimobdized og_aggqp@}ﬂn@ﬂr(gl@w%ate rota vn'uses viruses up
to 48?18?2 ‘glixChl of %.gq %éelgﬁﬁerlglo'\x}égq%ed Na LY RENZ8ABared to 99.9% of

oropropane; 1,2,4-trichlorobenzene;
deconfpihithal reqgted benzige 2, Rads of inetetigrin 2 cobmzene

o e o T SR PSS R ASTE
70. 39%( SN %Bgrﬂzé@ BeRzoat §as ]usgd 3ndat &iEAREESMpAENZONOY 3% of

enzene | oro 2- propyl; 4-bronmo 3-chl oroanil ene)
decor@aihm@lflorﬂlﬁsﬂteﬂmyl wfllgﬁﬂ?@tgrms @ﬁlg@lml@l igewpbiids as shown

in _Table 2 ric I cat I !

Cuprig é}hcé@dgﬁrﬁoi’h]ﬁ‘?gtoé‘o&?v%t iﬁl‘ﬁ%f‘a g%eno gﬁn;(té&ﬁﬁa Ylhust e’SI ﬁAiz:1 gl e
86.204%hé: 18 %raél téf @0 PREeNAlsed 3mnit celamil usmpared to 99.8% of
-ni trophenol ; 4-nitrophenol; 2,4- dinit heno

decorxtammtah«zrawsmliqdé)y yseng G %N@bﬁ@ﬁé‘le?aldﬂta °8¥ 15234 ppm of
hen s as sh | . ina
mhe EARR NP ST oL Rg S0 snf 105 S g et i
decoﬂtﬁrhﬂﬁie@@bbl@ﬂﬁ57(I—BlJlﬁd&teliZS as chloroform 1,1, 1,

trl Chl or oet an ttet raChl o ogumnu%ﬂizﬁd functional transition metal

oTTTral

roethane -tet;échloroethylene br onof or m
mhcﬁ%spnsﬁﬁﬁﬁ#@ 3- br onopr opane) out of 9.1725 ppm of
Functisndhatramstidianestahssiibaen were Tabinobiiged Spny eilica 2ple afCBemical

i mobi lized o

I
contamInFR St RS HE ga?l | gﬂleg,agolg gﬁ%ﬁ%ﬂ, ﬁ%pthinyig %nﬁ PrBi e organic

comptoru 1&%' VBlAR Qﬁc ctoﬁfp'baﬁ‘cﬁ' ah® ghéhvlLere dissolved separately in water
| or oet hyl ene, "30 bronDdlchIoroethane

and pialssmddmmgh aravdirhané fucipral dransifiee il siiatesimpelilize on silica

gel (%ﬂzﬁ qclrgrlpﬁ;z]:q d 52 1r\}&%g | n%zraab(#t % %k/anl%glng@[emgﬁ content in

treated éou&fbh%sml%a bﬁ a6in® GGFID eaGGeEChex @ﬁ/Mﬁ/}v@ ed 7.5
ppm of tri hal onet hanes (such as Chl%rOforP}]ﬂl}n%h h
Cupric filitatoeaelibipes on @twaa&q% Idé%’é@éwwt@ﬁg ppm of tribialoriethanes (suc

trichloroet hylene MY 3- QOB hi¥RAryRAR, 60trichloroethylene,
s IR ol hamih o) hiocty

f'o&t hane nDchIoroethane
bronIoﬁldh&ﬁbﬂtKMrﬁ?t hiybren@chloraettwhor metizeldorogihylgnes - bromoform, 1,2,

3- bronnpropane out 9,172 trihalo Q@g P
dichiorAmpraTHOTFRBE) 661 01 0T SR ERPEN AR o
Cupr? 1 ?Ca%el ]{Eg{r;)%ph%m ngh ed51§eal REM Qfecdrthhlardet Dalne$pm of

such as ch orm 1,1,1, trichl oroethane, )
Polytigbrinatdtisleaylsy| efmicht ri ahl or%dﬁbhomhengl trichlorobiphenyl,

tetrag}ég [ngqlhg%lﬂg ggnglétlgglﬂgfobd s q?g (rflrer)](a %&g?ﬂ% , o r}_1ep‘[ac:hloroblphenyl,
octaaﬂarogﬂiﬁa{}flifp&ﬁ%f 301909 En%ﬂ%?}&hﬁﬂmamﬂblphéﬂyw osabivame Talds- 27.

own'in Table 31. 2 Bact eri al decontam nati a

Cuppe sifieate ymofobiliediohisilacest SrepiaNBled PABRT Phirglgile 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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silicates obtained by incorporation of functional

transition netal silicates into resins (such sﬂ_\ﬁ’ny"r/z*‘v\/ &DDé

IN/PAeSO%r, bisphenol and isopt¥alic resins): 10 Bacteri al
coliform containing water was passed through
i mmobi | i zed functional transition netal silicates on
col um node. The immobilized functional transition

bis (Iybimét); sdiibﬁhghph&lalatm riha'remiengenzesélﬁcshlmr%m%@l edipfiesylamine; 4-

brom P U ARG el e OLAB0 P A SR D RSEE s DR ehlo duty
phthaw’t@rmﬂ@éramﬁe@é@l Id}b;&@@la f Uk ylonBhty] t el oncmﬁe@b bis  (2-
'i cates fille colum, at a flow rate of

ethylhﬂxzy)phthalqﬁ ml@n@bco%ﬁérﬁ-wgﬁbr@m, wet-raeebdy eahthglatee a@@imhg (b)

B IS g PP o B e
h) anB@atdne]j batzsg,thal) peﬁ‘mﬁbd:)l owmedl Q()I.Bd:% @pal of rsams ivblatite organic

nmetal silicates decontam nated coliform bacteria from
comp@pRdsyas sheipp it Tahle Ptat e i nmobi | i zed on bi sphenol resins

3 t 7
R M Ty i
compBaEdSe (suah edetdrit atm:lnlatqedmngr bp - trightvkodthamet |loiaéllclﬂor0pr0pane

|t|o rreta silica resin atings ,0
dibrofpopm ettt | A b oI HOroeoEe SRR d 2 diaffi
benzeM@S1 gQﬁfn@ﬂﬁyp NoriQkyldhk; behAH® 1-RltlldiylZ edand 1,500 -tetrachloro;
mcrons) nd the coliformbacteria 3.23x10" /liter

bromomammuzawlm toluengs berzssadprepylo lbglﬁzenhel@bkwro chinsthys benzene
1,2 3?%@@? eg &%g)ﬂpgq%lgr r{nluerllzeu nl?etnlzgﬂ:all &191%?{ tl!)e%gex%e § %l dichloro; 1,3-

resin coate qua

dichl8@6eiea nﬂﬁﬁﬁchl@l@bbﬁ&ﬁéﬂ batieatj anwutilberZz8nel9 B,ﬂdhbromo 3-
20. 12% from 500 m_ and 1000 m_ from 3. 23x|£5/llt
chlorgpyopans; ni 8dnftﬂﬁhlﬁi“?’f3§n%ﬁa]€t drephthpleng;| Bempgye  B3.3-tighlpgo; benzene

1,3,53A285c0 eoteﬁ%é ' P?h‘-tglgmglﬁf U ¢ pfadlcdBPRbld Zegkunchiwnab 1,3,5;

tranS|t’|on cates: To detérm ne the toxic’
nitrolgAsas:; d;qtrfm fhenaylbmomtai U263, Metnamvﬂmlbanzett fbgnzene ohalhloro 2-

transition ilic e eni.ssi ons
PropMLRITETS SIORDEBIARE b s HE U0 AR B EHRBOHS Ehehown
mTaIb ilized functi onal transition netal silicates
ed in 20x3 cmcolum. | 7 MAY &C&3 | N PA-508 61
Cup1i.dn51f10atcnlmmdbu,152tedmn sxhca(gploémetamsatwhﬂr& ppmeef phepnly (such as

th t The, t
T e
d1mt%%ﬁ&10@54iﬁﬁﬁﬂnﬂ§1bnﬂent§dh REolqat ¥yZ 5234 pphafheols as shown

£ment The i mmobilized functional transition netal
1nTabi€|2 ates detoxified toxic gases from kerosene

Zinc fsﬁlcgtél ona{h@%&o&’}ﬁ“ i1iBa gabcie%?rﬁé&l naged! mgiﬂsbizﬁfﬁalomethatnes (such

fansi t1on |cates o0 reduced
as hoptrefambons, 1tlel easedoroéthanm, t h&tmohﬂbus:thydnne 32tr10hloroethylene

brongaf@giqlrgegléfng? idxfb?émg %iq{ ?;g%rggattczl rglp 1n al Li‘@r ene, bro orm lzze%lchlor-
3-bromopropane) out of 9.1725 ppm of trihalomethanes as shown in Table 28.

Silver silicate immobilized on silica gel decontaminated 7.2 ppm of trihalomethanes (such
as chloroform, 1,1,1, trichloroethane, tetrachloroethylene, trichloroethylene,
bromodichloroethane, dibromochloroethane, tetrachloroethylene, bromoform, 1,2, dichlor-
3-bromopropane) out of 9.1725 ppm of trihalomethanes as shown in Table 29.

Manganese silicate immobilized on silica gel decontaminated 7.5 ppm of trihalomethanes

(such as chloroform, 1,1,1, trichloroethane, tetrachloroethylene, trichloroethylene,
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A mni snoking machine was fabricated to pass t

h
cigarette snoke through i mobilized 10 functiongL:}lvbAt/éicn]é

IN/PALSGNSi tion nmetal silicate60500 ng) containing filter (a
m ni colum packed in a1l m. pipette plastic tip).
The uniform burning of the cigarette with uniform
sucki ng of the snoke was done by controlling suction
bromctr;zclﬂomatﬂmmnndmlmpodtlbmﬂede,ttdr@h@lr@élsylma htsarofoganhécdigifor-

oS 3 L1 5 e SRR Sho PRSP B S0 11

ZircoSiuh §Béfe GAMbBIlREDN YN fsilldagie] We@ntahBngt¥d Sdchea ofittikalomethanes
acetone. Total content of nicotine absorbed in.these

(suchf iap t ellerafern.e s |kt Eighlgroethinos Aetrashlojestiylenss t Arighiprgethylene,
brom%ﬂ%&%ﬂ%;ﬁ eg éi;(%rbr%gl?hl lgo%t’f?ang’ Landal dodh A, '?)?orﬁ@ﬂo%' PQ dichlor-

tar ‘content was esti mated
3-brogipfphed) iongof he7ZCgno nftrimtonsedianenassho i it @rbler3 1 a

cnu0|bIF TOXIC gases were esti =.ed f onlthe gl a

‘_....- ! AB 6 a .s: .". ‘.n ". < Ly C1 y

silica afft ok n é(ﬁ%n&ﬁ}ﬁ@f‘trﬁﬁuﬁ)ﬁ@ﬁétﬂ sﬂlcﬁ%sfiﬁ‘@V\@eshlﬁ such
I | I'Ze unctiona ransition neta

asvnsdhﬁmabBBMmmHmnbwomthanﬂnﬂicotine significantly. The

ases such as carbon r
BactekoL e SHPHER ST L RELRR) DamE Iyt ot e e Byiion
metalusiiSes’ b8 \VoRaH AdatY ZBle {rﬁlﬁ§l§1ﬁzéﬂ5ﬂl)ncﬁ(§haﬂ pEBKtioA riﬁlethlhﬁhcates
I mobi |'ized functional transition netal silicates

contacmmg ssiis et itgstesk r decibRadteréad deentiamigaléers propsrtyr dibye coliform
are k | I
consGAES S SAATREEPDLAP Pl MERS TR pions

transifih @ﬂetaﬂ isllice@t 68ed inFUEsttunaala flovwarasd dfisoml/méd.al silicat es
having varied silicate netal ratlE@MEEﬁ synt hesi zed a |
The dp¢qnéaapinatinn measaPssapst &t MEdFEHIEe RRTIETIr COIQRICR 4l 2] ReIGPIate

Conmgﬁggg%%ggﬁ vﬁﬂ%khhﬂﬂ netal silicates was done at

'on conditions (at acidic or neutral or
The feasiiscasoshoemt incfiabladR dndzlcgtbls g0t gonobilizeh S)ncsiedal fsingijion metal

varied react ol uble silica having
Sﬂm@ﬁsﬂF%F@ﬁP“%Fa ff %@QﬁnaiﬁF¥%@: "Functional transition

Cuprl®lifdas iﬂn’n@@ﬂﬁ@d oY Midpash ek (366pnth) Gefuintanineicdi ctiform up to
possess ef fectlve functions (decontam nation of

70% frotrel (9, medlfahid8al @ *) aplidornt enstaining 9@tesi cr obes, fungi ci dal

30) ¢ M%R&CE tﬁ'ré g&%dgf ﬁﬁ'n ttlb%a{ltfrﬁﬁi {gltnhﬁfetal Filicate resin

coatif@Wn @hdor basic conditions. Functional transition
netal silicates synthesized at extrene acidi

1 gmoafregbri¢ sifisatpynixedigithi §rmbet 1aentbrlicdGER Ve opgtpd 85 10Ryepd)volume
of L%gtggsglgg ég&f mef(!r%gn% oa‘ggdt HhENS i@ dTREA! 3. Q ge MiteRlcSQainthg water

unc actirvities such econt am nation
passé@lr’tﬁldﬁgﬁItl{bfiacqtdnomzetnaten@tmhrca]m;mf uncti onal transi t [ on

nmetal siljcates prepared in basic caonditi 9 ted
Funcfipasarton reial SIEURQHIITES FEUR COAE) PETe ‘F%Hc fipqpataminate
cohfcgrlll}z b%g&%ﬁﬁ)o{z) A 76126058 858,185H 300 RI1QRENDOE $nl £ildhh 3. myo Betiter

r'easons and one | nportant reason is that
uﬂﬁb@@c&ﬁmﬁﬁgm@ﬂeﬁﬁ(Tﬁﬂ@lﬁnnunt transition neta

eatn,afl lt?;r(a%ls it1o % metal
X . cupPf1tC

S]‘hc%l_:;lcate prepared at baS|c condltlons even at higher
es

To determine the toxic gases detoxification nature of immobilized functional transition
metal silicates, the smoke emissions from combustion of kerosene engine, was passed

through the immobilized functional transition metal silicates packed in 20x3 cm column.
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failed to decontanm nate arsenic or disinfect bacte

[
effectively. The transition netal silicate ratio ﬁ' MA\/&ODé

IN/PAedO8hough sinilar, sonme areélfunctional and the others

are non-functional. This variability of functionality

of transition netal silicates is the topic of this

i nvention. Each functional transition nmetal_silicate
Unifotmasorhbustiomof kieosgnsrieasgnaiaiesl @loglg|W1@aq0@§°§xﬁﬁ%?°e%?ogasisss“°h

ery stragng cont. a i and -di sinf-ect.i d usi
o b QLA YOI BER e g i
flew 3t SaB@r \Uekid-30) | g@ipart f. Oinc irmohllized fongiohalc famsition metal
_structuring were done based on decontam nlfflti on a;fdble 34)
silicatel$ sdefPalied dRxitaares. IQmhikeEsFye ﬁ&f{@’é’ﬁ%@b E9E dPes @ -
Immo?ilfz (? ?furfb'ti:ohglattrﬁﬁitionﬁﬁgtalz LilEAE 583 $dducEtRShydrocarbons released

unctional ity was enhanced by optim zing conditions of
from Sy RbMBEIt®HN. Regardi ng silver silicates when they were

Sq'l ._3.'_ cAatio] al l.é(l; ?ﬁ%lﬁg(?%hl&l:cﬁ%} %&élﬁbﬁ %getal
silica Ll icates synthesized at extrene acidic pH conditions
——%%y addition of nitric acid) absorbed arsenic

A misfsmiiigmbghinZives Gbirigated it pesatesscigatpite Fagks tgoygh immobilized

neutral..or basic. di ki b t ; ked in a 1
functiG R PP AR RHar) O1 cRen £ G (o HETRERSn pacled n a
ml. pfg\)%&éi blastHisPNthd iERSZhieRRidnhstibheat esthatrifimetcking of the

esired bacterial decontam nation ‘_E%ggerég The1 ber
smokpavasidone byi contigHEgunichet BY y YASHRTR Tasard e # 8lass cppm

a above. 0. : esting these functional
comletcp%ﬁgis?ipglﬁlgr?glpg{@fsﬁf‘?dﬁ %tget' es. These immobilizations in
AfterRfags@ntighmte Biioka ticafunbiéoral fewssitidrehetad sibhgtgiconlaingie filter was

chem cal or incorporating directly into the resins.
extraqtpd WiB |26#PBY nmaterial s for chemical inmobilization

Total cc‘olﬁ?efﬁﬁ 7 AARRCUINIBES /in Akdsk it vab usiinated st [ ¢ 2 5gehh using
has the property to bind with transition netals.
standAett hicatied salirtionsn@5Ya sstandaidsnigaginfos@rien, s Eaglapd). Total tar
el ectron to, charged .. 30, copper. ' i I Joj,ZBfel :
con ) Spu 2 5720 85 e SRS o FPLRLF L st gl o
gaseCRbk Whi@ffted fOMAfHeZ:148 BHam B dnd Yori dongirisomadipargtte sthoke obtained
resins. Transition netal silicate co tgl in regl %sfu tional
with wet anychlédrevasotakepuay eantiohnds shawpAn §@ble ég )T’ﬁ‘gn%?l zed functiona
licati.on, of [ A | nsition metal
transgfq%in&%@@éhﬁageséﬁéqlzg%gﬁt@%ﬁﬁgg%ée%%ﬂhgéﬁ? he inventi on.
The AXROFMeNGICH dsharbonvemidxide, paphai disxifie NOméeides effnitrogen) and
produci ng i mobilized _transitiqn netal silicat.e Si
hydregearhopat WercaPEHY ‘?f]a,US‘éllguﬂfWuﬁ?soﬁ? &er céﬁtq}?%@e Fql%lglilfﬁts aﬂ ¥ the
imm @A SO (ARG bRk AR ds BRI dhorifibd eafiegases
containing resin coated quartz sand. Now it is
fromesgeditd smhokleq Tsblm3@).i ze the findings of the

.i.nvestigatians, carri.ed t appkican LNtk - .
This figyenHop W@W-pg&dggm ipe dhe sagér_xt f?ag‘glieg Bt {:nglgﬁ(gol%aéjg‘gl%%ﬂg(ﬁl metal s.ﬂlcates
FunGOARaEAkiki%E nfdiGliarahawng vatidiglics@metabratiabivdre syntbésized and

unctional transition netal silicate (cypric sili ca}teﬂ ;
silicktase thetah comtentadihengraneater ecsease 1k § Auneienal trapgytion ppetalpilicates
enot es. t he copparati.ve f i: Wk dic oH
s SRS SRR A EIACR o BAPhdittome s
concfit%ﬂs)’ 8hd Siihp Gakied rdeRGRNRSE as isblublkt @licaziavingsdiffersat alkahgilica
zirconiurn silicate) based on variabl e paraneters of
ratiosynt hesi s.

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 3 denotes the bactericidal property of cupric

silicates agai nst Staphyl ococcus aurcus, BaC|IIus-5L:F h4’*7/5UDC%

IN/P/sGB8i | is, Pseudonobnas acrugi nosa, and E. coli. 15 Table
4 denotes the conparative bactericidal property of
cupric silicates. Cupric silicate (silicate:
transition netal ratio =1:5.15) and cupric silicate
bactefisidhli acdiveies) thandfiuh¢tomahehesitionr mefabsilicafs aynthesized at neutral or
ntration of 0.06 and 0.0125 were tested for
PRt ve bactericidal property against H coli
Functi@fl Qransilenahes] shRakacdyftesizathlat RKOBAE taciAt Zp?H Néonditions by
silicate at a concentration of 0.25% m xed
additign o @eiddpucrasvidGl predNGs) apritairingaisTy oyt ransdien ms;tal content also
possclRAMMLRRRC EUR AU GHF. oo R Giafy ARBR 5D SORASATPAUL! (Chftrary
ﬁmctiSﬁell tﬁzﬁitionrmetﬁlodlﬁsams, praburzd)ﬁt eRicacondit@ns wn}ELlsazrﬂramitlon metal
sporium and Pyricularia oryzae. Table 7 denotes the
contem d ég exsit e‘%f@thr% Pinfsetiony of drseRtpmiRAtion PAPRSTHSSo nl e My be
due B! ﬁ?ﬁ}a?éﬁs&@ﬁ{d Gne Ebﬁﬁﬁ Glason s HRR! Be FolEARESE Wfe amount
tri omet hari es ontarnlnatlon property of cupric
transisioh | methk hydwmlzides Qaldepovidls silivetear gewiuce dxlacajhalmm patditoons. As
.. Of | I l.ized functjonal tra on nef. i C
evidefie TP 1o SaPUR IR0 BiEbeEb g G000 Y o Rghfrgloses
failedl & ASERMRBinhBCarBri€ YrCAidRERD balkRAtdrRBRy.| THORIahiiE6S metal
functional transition netal silicates on different
silicatsi ratdes adhonglt sivalaadomlewnt fractigal Fxbihe othets @e noné@noﬁlheal This

. ar.sen n nat .0n_Q bi.li.zed fu
varia i FpgEATy AP RE P mlat LR o SPo P Tt $Bpon,

Each ¢@teibR4 tiaRAsitioR el aiTicarta its PHARSEduEnesk. Uu@fis isflicetds exhibited
nmet al substances by physical inmmobilization on quartz
very SHPRE cizguﬁasm@amﬂ @fl@rfhﬂgf%gn PINEHES 508154 has- mgre,freedom or

r |
capacgt?f%tg G 1t1‘i]' %hg% Q]I? 1 0 8{1 c%ﬁg ?ﬁteggﬁgﬁﬁsﬁ%g gfglte ncg)trﬁe based on
decorﬁhﬂﬂrﬁﬁ@ﬁ@n@ﬂl&ﬁiﬁbﬁuﬁt edual u&mﬂhrl&nﬂa@nﬁﬁcdﬂwm siTadn | slicates,

14 denotes the protein decontam nation prope
and 24 GRS ARSIV W ST B oRanep Rl gBRa B0 ynthesis.

R«::gaﬁﬂﬁé3 By MRicstes WhEREy Irrd SNt &5 el B bRES bk Gle@dl pH conditions
decontam nation nature of functional transition netal
failedstol dbs@bersemivoliid foxzdnenlsagd aﬂmrwmlmags sYuthbszetloat datrome gcidic

ot o BB TSRl P 5500 BELAF R0 SR 85k

synth@sisdl Mneuf@Pbe bisic Gen @61ﬁ§tldrﬁed@ @6t phdsads BIRERMAL ABtdhddinhiation
of imobilized functional transition netal 10

naturg jahgl c,sal_tﬂégswng & reoidis] p@@dltmablzgcqraumeﬁﬁmaé@ gtipgned the desired
bactegglﬁ%&%g% na Crgg)tn Spetrlgf 1%8?1‘?1]c%ps? [ \Xla é%ﬂﬁgﬁ”ﬁg njlin%tg%ed (below 1

pm afKhistes 0.5n6) €liésing Sigese Tiadetional %aﬂﬁﬁ@i estal bhﬁc:ha;{;t er i aI

decont am nation property_ of inmobilized functl?na
These immobilizations in present inveftion can be classified as physical or chemical or

basic gg I

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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transition netal silicates on quartz sand. 15 Tab
denot es the decontam nation of fungus (Aspergillusﬁ:%9r4/A7[éLDCHé

IN/PAspegies) froma long tined&36 nonths) stored water by
using i nmobi lized functional transition netal
silicates. Table 21 denotes the protozoan
(Cryptosporidiurra parvun2) decontam nation property of
The wideryilicai@dof thastiddnadtionalarsisitioometatsilicatsislis eminggorant aspect

agropol yper. Table 22 denotes.the vira cont am.nat i
of e RRny Alorsiabufe b onins op Mot G g e
transifibh hfedl 88icaRs ufing a&ivatdet@ninamii@iduanonas, WeBuldte, resins, quartz
i mobi | i zed func%lonal transition nmetal silicates.

sand, Tad functional éapsiten mistal silicaia corpinhgresin dedehauariziiand.on
property of cupric silicate immobilized on silica gel.
Tabl e 24 denotes the sem volatile organic conpounds
Now €€ estail hekiamapzopeiindirgh of tprincestigiidislcagRtiey the applicant
i nobj i zed on silica gel. Table 25 denotes the
lnﬂWJBH@VWEQEBFQAﬁPé conpounds decontami nation property of

Table lfpﬁérfote 'tllxé %ﬁfnﬁ)aﬁa@@ bfu 1&t¥0?1g1 Qfa Sét}dcﬁﬁalg @Lmab]—gt?l 6f %ﬁnctlonal

denotes t he decont am nati on property cupric
transisibh el ellﬂcm&nnﬁrlczsdcbam) basidloncarigide palﬁﬁleﬂéabbiésyﬁﬂlesis

d tes t pol ychl.ori nat ed bi phenyl econt am na
TableBofetsy fe COBPRRIS | REstigal oBiersaa VO Gn feftionsl
transJ@f?lrﬁetﬁS&ﬁ@ﬁ@st gfvihglitdi, hahBtLaiesd esantiapi e ahi %conlum

property of zihc silicate |nnDb|I|zed on silica ge

silicateNbisad 508 a6 8bIT phtagmeRds denyothssist he tri hal onet hanes

Tableidfrﬁr%tt r%eegt 6%{]%(%1 lpger 'St lo?fm.].p;rlbc: o c%lassslélgam agl'ﬁflococcus aureus,
Bacillusishigtl Reédua Basnsher et @d¥h Nt iIF olpr 0per ty of manganese

silicate irmobilized on S|I|car? 5 Table 31 denote
Table ﬁéemqtﬁmﬁlﬁmﬁmmg bagleridalnTaeg opf pHBisatligptess Cupric stlicate

(sﬂm%é Lgr {[‘L%%glg o, a %@ Aﬂtdz gﬂarf&n sifichtk C@ﬂﬁ@ﬂe. tfgiaah& 3fetal

amnation pr
rauo#lnn)oehlal toneentfationtof @n@d and 0.8025 wemntested dbdr @Jmpawhfesba(:ﬁmldal
incorporated in to resins. Table 33 denotes the
propeily A2aSE- @8cont ami nat i on property of functional

Tabld § Et%}%'tés'tﬁé"bﬁér?éldal #R)p%h'y lo¢ 2ing sflfé§t'e Rt § 98k deBESIANOfYBIN6 mixed

34 denotes the toXic gas (engine conbustion)
in bademai)glrcﬁwmam:dm whigh was tested @galnst iloceesys fugens.i onal

ipon neta icates. Ta 5 denotes_the .
Tabich BT R RBES LG B BisRRRy Soeratric 2ed ot SSblerotum
rolfsif, WHzEdcRMdd soldri AN Sshiiin RdxhEioRiumS hhd Eﬁﬁ(ﬁﬁarlalcﬁyﬂ'aém e 36
denotes t he C|%arette snoke detoxification nature (% .
Tablep7 depaiesoihieivivad disipdeatiograpperty 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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transition nmetal silicates. The results derived from

the present invention gives a scope of synthesi zi n@L? MAY XOO

IN/PA-508t i onal transition net@l silicates (such as cupric
silicate, silver silicate, nmanganese silicate, zinc
silicate) and functional transition netal silicates
i mobi lized on materials such as 20 activated al um na,

Tablealldnilenoten thel akmrcmgrwohtynﬁmaﬁioncpﬂobaﬂty)sﬁ, immabilized aindgtional

i ns Vi nyl er, hisphenol and
wansiigh el st 58 o i<t OLiAERS S RREe | onal

Tabld NAN&nbic8 th8®rlein Ebédn@ﬁﬁﬁﬁldnn ?wpeay et @Ha Sra88fon metal
functional transition netal i Cate containing resin

Sm%@NWEwmgﬁmm%ﬁmdﬁmvmledrmtw silicate ratio

varied,fupctions which are s
TabIGE, @bl ng ot AEbhAUTaligh e Rk fypmgion mea
mhuﬁﬁ&ﬂh&ﬁﬁﬁﬁxﬂﬂﬁg@ybﬁhaﬁZIng or doping 25 mﬁth zeolites
MA7a006 | N/ PA-508 66 N OUAWNz p ~ Fb 3 "'
Table léﬁenﬁ{ﬁs + the ghactsgsiah (gpl1fmg@1)$dqag@3‘§mg1anog gf ggmoblllzgd.;functlonal

transifion n¥etal S8R ates 9n 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.

6
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Table 29 denotes the trihalomethanes 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: 4

COMPARISION OF FUNCTIONAL TRANSITION METAL SILICATES

ESR E&%.Mn e__ % Bacterial Ee—%.”w o
Name of Sifica: P Bﬂﬂw_n_ﬁ 3»”.1@_ decontami- | material bﬂwao
S. No the Parameters of synthesis transition G values : - nation for arsenic .
rial metal ratio (counts/s) and bacterial f d tami- decontamination
mate Angle(® 2 theta) | decontami- 5 - : from 2.5 ppm
nation 27210 nation
{malLy {mg/100mi)
A) 4.32481 1)2128.25 and
g 1828187
o Acidic conditions with 10 m! of sodium w 286265 | 2150374 and
1 slicate sificate [1:2]+100 mi of 0.5 gm/ml transition 1:5.15 D) 208807 3220018 10 99 50 69
o metal salt solution Ej204673 | 3 147073and
i 38,79307
1) 83563 and
1620057
Cumiic Acidic conditions at 70°C to 80°C  with 50 Ay2zugo | 210674and
2 ny m! sodium sificate [1:1}+100m} of 0.5 gm/mt 1:0.78 B) 2.06456. 10 99 50 55.8
cliicate transition meta! saft solution 3) 502.52 and
39.57159
1) 940.91and
mw fvcrodll BT
Cunric Neudral conditions with sodium silicate Q.m .oAmq 2)764.43 and
3 m__m:%ms [1:11+100 m! of 0.5 gm/ml transition metal 1:1 D) _.u._ 887 3229276 10 a8 50 277
salt solution ) 0.96688 3) 694.85 and
’ 39.77809
Cuaric Basic conditions with sodium sificate ww wm%wm 1) 152.74 and
4 mm_.._bwm»m [1:1}+100 mi of 0.5 gm/m! transition metal 1:0.8 €) 261681 2654983 250 21.69 50 8
salt solution i ‘
1) 400.70 and
Extreme Acidlc conditions at 70° G to B0°C m2a21 |, EAHTZ
5 Cupric with addition of 10 mi of 36% HCland 1:053 8)2.06874 vum Nwmmm 10 % 50 2
sificate sodium silicate [1:1] +100 mt of 0.5 gm/ml o C) 1.21231. 3 um..o 02 and
transition metal salt solution. ) 330,02 an
39,71761
1) 541 23 and
. ” o o 16.26305
mmamaa.»ggo conditions w~ 60°Cto70°C 2) 2.45561 2) 41421 and
g | Cupric with adfion of 20 ml of 36% HCI and 1:0.24 B)203614 |  32.36589 10 % 50 277
sificate sodium sillcate {1:1] +100 mli of 0.5 gm/ml : * 3 um.m 45 and y
transition metal salt solution. vam 85131
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TABLE: 2 COMPARISION OF FUNCTIONAL TRANSITION METAL SILICATES

Weight of Welght of the
Slica: ESR XRD the matertal | % Bacterdl mataia for ok
8.No znh.-oﬂohm_“_u Pacameters of synthesis transition metal G values ”_uonr _.n_.n_“.i tor bacterial a_n.n.“w..o: decontami- decontamination
ratio Angla(® 2 thota) nation 2 72x10° nation from 2.5 ppm
{mgiLy {mg/100mi)
AY540808 | 1) 44445 and
B) 4.55342 3275004
. Neutral condiions with sodium sificate [1:11+100 . C)254503 | 2)%7.02and 087
7| Zncsilcats mi of 0.5 gvimd fransition metal salt solution 11233 0) 2.10081 50,5345 =0 86,58 100
E)205493 | 3)26338and
2827638
AYAZ8410 | 1) 207088 wrd
Extreme ackiic conditions at 70° C to 50°C with B) 4.01810 1107487
’ addition of 10 mi of 38% HC! and sodiurn siicats . c)253181 | 2)635.44 and 723
8 | Znosilcats [7:4] +100 mi of 0.5 grmimi tranation metal sait 24 D) 1.87888 3352527 20 88.78 Too
aclution, E)201783 | 3) 66458 and
3268120
masares | Ve tand
! Neutral conditions with sodium eficats [1:2+100 BI23TBT | 5 o 45
8 | Siversiicate | 1 ¢ 0.5 g tranerion matal salt salution, 1857 &) 2.98609 45.27446 5 5 1o -
. )2 3) 183569 and
27.89129
1) 2217.87 and
Extreme ackiic reaction at 70° € 0 90°C A) 437171 20,33483
) corxdiions with addition of 8 mi of 63-70% HNO; . B) 404714 | 2)68455 and o
10 | Shersiicate | o oodium sicate [1:1]+100 mi of 0.5 gl nI04 C) 1.96188 47.68003 § "4 100
meta) sat ol ution 3) 674.27 and
4231091
Neutral conditions with sodium sifoate A)1.93412
11| Manganess {1:41#100ml of 0.5 grvimi transtion metal salt 13 1.94 B)2osess | 1) 148.04and 500 51.68 100 124
icate [t 30,65087
A) 439658
" : wusawsa_o conditians at 70° C to 80°C with B) 4.17458
anganesa ition of 10 mi of 36% HC| and sodium ) Cy218228 | 1)3288and 03
2 | gicate sicatef1:4] +100 ml of 0.5 gnven! transition 1:1.09 D)211243 | 24855099 S0 . 588 100 1o.
metal salt solution E) 2.05491 '
F) 1,998651
Ay 4.42757
) . B) 4.18272
Zirconium outral conditions with sodium slicate [1:11+100- . C) 2.24547 0
B | sicate 1ol of 0.5 gmirmi transition mital sat sofution 1200} 5y 2anes - 0 20 100 =.
E) 21898
£) 1.23086
AY4.37236
2 Maai acidic conditions at 70° C to 90°C with 1 B)2.82039 :
reonium difion of 10 mi of 36% HC and sodium €)182508 | 1)8480and
" Sicate siicate{:1] +100 ml of 0.5 gmim! transftion o7 D)12i852 | 1085433 0 8.8 100 545
metal salt solution . £)1.02930
F) 0.93795




Fq-J-7 MVACOL INPA- 508 67 W(~@t~~t q3!.gMgM~ 0
3le3 g ~~.0922~9g~9gSg ~z$yBSg~"3.z '~8 ~ s

IN/PASK®8

Table: 3

_993 o[ rmonm A mb6AmA sf |
r' Dsany a. amdl s N

» N-{QR-}?Yy

Bactericidal property of cupric silicates:

~~3 oomﬁ% MAY A006

nmnm nonmm-

Material
embedded Material Silica:
in LB concentration transitionmetal | Test bacteria Result
agar media ratio
No growth
Cupric 0 ) Staphylococus was
silicate 0.25% 1:3.15 aureus observed
. No growth
Cupric 0.25% 1:5.15 Pseudomonas | = L.
silicate aeruginosa
observed
. . ... | No growth
(?Fpr}[c 0.95% 1:5.15 ]SBacﬂlussubuh was
sthicate observed
. " No growth
Qﬁprf 0.25% 1:5.15 Ejfihe“‘“a was
stiicate observed
Control Significant growth was observed
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Table: 4

Comparative bactericidal property of cupric silicates:

Silica: Material Concentration
Name of transition | Name of the
the sample metal ratio pathogen
0.06% 0.125%
Cupric silicate Sfrxti;llcant No growth
Synthesized at acidic Eschericia &t was
) 1:5.15 A was
reaction coli observed observed
conditions
Cupric silicate Sf(g):;tf;llcggs Significant
synthesized at Eschericia &t growth was
) 1: 1 . observed
neutral reaction coli observed
conditions
Eschericia Significant growth was
Control Coli Observed




3Y g$ a I NPA-508 Table: 3 Bactericidal property of4]= MAy K006
IN/P&:%E@ c silicates: 68 t4Ay 06 Materi al
eddedMaterial Silica: in LBtransitionnetal Test
bact eri aResult agar nedi aconcentrationratio No grow h
CupricO 1:5 Staphyl ococuswas 25%5
ibld:&at e. . aur eusobserved No growth Cuprico
1. 5. 15Pseudonmonaswas 0. 25% si | i cat eaer ugi nosaobser ved

ﬁ\!ao ‘9‘5&@53’0% %%?%Aglﬂéﬁybtl li o 1: 5 15was 0.25%

A rowth o Cupric
15 15Esehertetawas 25 st+Hecatie—cot uba rved
Significant growh was observed
Material
en¥bedded Material Slhc.a.: Test
inLB ] transition ) Results
. concentration . Bacteria
agar media metal ratio
Staphylococus No growth
Zinc silicate 0.25% 1: 12 pag/reus was observed

Control

Significant growth was observed




Control 5 -:1-7-- MAy cOO 6 | N PA-508 Table: 4 897 MAY &00L
prioperty of cupric silicates:

Concentration Nane oftransitionName of

rati opat hogen 0. 06%0. 125% Cupric

IN/PA(S??

arative bactericidal
I ca: Materi al
the the sanpl enet al

silicateSignificantNo growth growth Synthesized at
BeidigCEscherici awas reactionl: 5. 15col i obwas
servedobserved conditions Cupric

LeSkanj. f.i esi zed at 1:
(iﬁgg 3%V%%§11mm@ﬁ&&§ ﬂg‘&mfﬁﬁﬁﬂgxo gerved neutra
reacti-oncol)bserved—condi-tions—EsehertetaStgntfeant
gr owt h| was Cbntr)ICbI|Cbserved 5 MAY aoa 6 | N PA-508 70
Tabl e: |5 Bactericidal property of|Zinc silicate . |
Material Silica:| enbedded Materigpl tPerigent jrgduction in colony
diameter over control
Name of the S‘l‘??‘ Name of the pathogen
sample transition
metal ratios
0.0625% | 0.125% 0.25%
a) Sclerotium rolfsii. 0 0 32.93
Cupric i i i 4 61.9 73.2
silicate b) Rhizoctonia solani 7.7 . .
synthesized
at acidic pH ) ]
reaction 1:5.15 c)Fusarium oxysporium 57.8 70.0 76.8
conditions
d) Pyricularia oryzae 74.2 86.2 100
a) Sclerotium rolfsii. 0.0 0.0 24.7
b) Rhizoctonia solani 22.9 44.0 59.0
Cupric
silicate _
synthesilzec}ll 2{ o Fusarium 0.0 0.0 68.3
at neutrg p 1:0.78 ysp
reaction
conditions
d) Pyricularia oryzae 72.7 85.5 88.5




Test Results in LB concentrationnetal ratioBacteria
agar nedia No growh Zinc silicateo 1: A7 PLA\féiCK)é
IN/PALZSR aphyl ococuswas observéd 0. 25% aur eus Significant
growm h was observed Control 5 2~ Mgt '/ ctQOL | N PA-508
Table: 6 71 Conparative fungicidal property of cupric
silicates: Percent reduction in colony dianmeter over
TableeGntrol Nanme of theSilica: Name of the pat hogen
sanpl etransition netal ratios 0.0625%0. 125%). 25%
Viral Qudigfeetionpropetyl of fun OR@2 B3in€itioninsethl dicate (upmicssilicate)
sol ani 47.761.973.2 silicate synthesized at acidic pH
reactionl: 5. I5)Fusar{um oxysporirunb7.870.076. 8

conditions Pyricularia oryzae74.286.2100. a) er Qtel{um
rol fsii.0.00.024.7 ) Rni ZES‘ECSWP%fso %‘%‘?‘3’??‘9429@59.03

acteriophages
Name of the Material
MS-2 oX174 || PRD-
Batch a 91 88 96
Cupric Batch b 89 95 94
silicate
Batch ¢ 94 92 98
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Cupric silicate synthesized) FusaiiunD.00.068.3 a
neutral pHL: 0.78xysporiumeaction r conditions ﬂ—? MA\{ &DOé
IN/PAP$G8 cul ari a oryzae72.785.588.5 5 4-- | M\/ &00OG

| N PA-508 Table: 7 72 Viral disinfection property of
functional transition netal silicate (cupric silicate)
Percentage reduction (9% of bacteri ophages Nane of the
Mat erial PRD- Ms-20X1741 Batch a918896 Cupri cBatch
Ta®B9894 silicate Batch c949298 5 -:~2-7-7- MAY 09i 04

| N PA-508 Tabl e: 8 73 Tri hal onmet hanes decont am nati on
TRibAPRAEHafés ddephiatninntio ptepebty@frapric sdicateon

of Decont am nati on Nanme of the(control)Retainedability

of Tthe S, No. compoufdcont am nant (ppm abslor bent (ppm
soljution (PPmM
Concentrati
on of .
. Decontamination
SN Name of the co(lffa‘;flriflgn . Fet:‘r:;‘ed ability of the
PO compound solution PP absorbant (ppm)
(ppm)
1 Chloroform 0.9975 0.4146
2 1, 1, 1 Trichloroethane 1.0016 0.4476
3 Tetrachloroethylene 1.0005 0.6573
4 Trichloroethylene 1.0006 0.4064
5 Bromodichloroethane 1.0008 0.8012
6 Dibromochloroethane 1.0003 0.7861 5.4 ppm of THM
mix
7 Tetrachloroethylene 0.9987 0.6795
8 Bromoform 0.9907 0.5455
g |.%Dichloro- 0.9423 0.6557
3-Bromopropane
Total Concentration of
. 5.3939
THM mix 8.950
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1Chl or of or nD. 99750. 4146 21, 1, 1 A7 Mxy 006

t ha 00160. 44
IN/PASéégrachloroethylenel 0005§96573
4ri chl or oet hyl enel. 00060. 4064
5r onodi chl or oet hanel. 00080. 8012
Thbl 6ibr onochl or oet hanel. 00030. 7861 5.4 ppm of THM m x
gtrachloroethyleneo 99870. 6795 8ronnforn0 99070. 5455

91, 2, D chl oro-0. 94230 357 3- Broq&H Tot a .
Arsent; dspptestination; o Snmiebizes fapefipsl: any lmy%%é silicates on
activatrd phnging (5izes| above 1900 migrens)c decont ani nati on of

i Mmobilized functional transition netal silicates on

acti vated al um na (size:| above 1000 microns) 5
Per cent age of arsenic decontam nation after treatnent
of 2.2 ppmarsenic S. NoNane of the nmaterial containing
wat er| by passi ng t hr ough Bércemtsgesofzasemit derpndamidasion
rate 10 m/mn 1Cupric Sl afatteiinent 872.02 ppm arsenic
SiNd catheitde §BtheVANQARESE Johiaiding Whi&Oby! passiipthvdagh
Silicatel3. 68 10 1~ MA &006 (s Rbe2Bfindr Bt Bow Fate 1D
ml/min

1 Cupric Silicate 90.10

2 Zinc Silicate 91.98

3 Manganese Silicate 58.96

4 Zirconium Silicate 13.68




Arseni ¢ decontam nation property of imobilized
transition netal silicate (cupric silicate) on A= MA\/ &OOé
IN/PAHSD8 erent si zes of activat®d al unmina 5 Amount of
arsenic content in ppmafter treatnent of 1 liter
sodi um arsenate% S. NoNane of the material (2.4 ppm
sol ution) in adecontam nation 10cm colum at 10m / mn
Tablé:|1dw rate 1Cupric silicate (500nn) 0.11495.58 2Cupric
silicate (1000nm 0. 3686.05 3Control (1000nm 0. 6873. 64
Arsefigcd écoatamtination pirnpértyt Gd ninmmébibizddu tiaosiziod Ometal tsilinate (cupric
silicatd)@atdiHetent s2ts dAicti€atad dlivnRA 508 76 Table: 11 Arsenic
decontam nati on property of transition nmetal silicate
(cupric sificate) 1mmpbilized on agropolypers
decont am nati on of arsenic S. No. Nanme of the
mat eri al from 500 ppb of arsenic treated so| ution Cupric
silijcate i mMmobilized oo cfagsempotontant ( 250 ng) 5
Table: 12 Decont am nat | @pph QfteF indahertfict i onal
transition netal silicategted¥odiiMShrGahate MPbilizggion
S.Na qui¥ame efthd atsdabop % &g %omu%ﬁ il ¥7 CPA@EERhation

arseni ¢ decontam nati op fhsof| S

the paterial 2.12 ppm ars |cc a|n|n waf er by
pass| ng through 10cm s ze of"thé e cgl um at|flow rate
10m { m n.

1 Cupric silicate (500nm) 0.114 95.58

2 Cupric silicate (1000nm) 0.36 86.05

3 Control (1000nm) 0.68 73.64

(activated alumina)

Control solution 24 0
(without treatment) )




1Cupric silicate35 2Zinc silicate48.58 3Manganes
silicatel8.87 4Zirconiumsilicate8.49 SSandgas 21-7 M’A‘\/ K00k
IN/PA608 rol 1. 88 10 Table: 13 Mércury decont ani nati on
property of imobilized functional transition netal
silicates on activated al um na and agropol yner
Initial Mercury content (ppb) Mercuryafter 60 mn of S
TableydINane of material content (ppb)treatnent with in a
Arsetict decomtabinatioad piroperty cofalkranaitient meetal tsiloateregcupric silicate)
immabilizedadresgrbpolymndry . lupric silicate
i mobi | i zed224. 21Bel ow detectable limts on agropol yner
2upric sil|cate i mobiTized224. 21Bel ow debgct abl e
limts on Activated al um na 3Confy :
MAI Naoc6 | N/ PYarsoef thaishagerials 77 E;%f%%ﬁ‘%ﬁ?ﬁﬁf
decont am nati on property of functi one%l ép Fididon met al
SstH-eates—tarobi-tzed—on-agro & 1
bi ndj ng (mg(;upéﬁsélicajterlgg?m#d\ﬁﬁt h 100n 66.4BSA sol ution
(1 ng S. NoNargrgPlinfs (mik™8e} al /M concentration), 2¢m
colum at S / min flowrate 1Silver silicatel0. 0
5 2Cupric silicatels. 4 3Zinc silicate3.0 Table: 15
Tabl®d2t i ci dal decontam nati on nature of functi onal
Decohtaaiiahtib®nprofierty fl fedti@nalmipAxisitiotedmetal 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.

any ~An

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 224.21 Below detectable limits
on activated alumina
3 Control 224.21 22421

15



10 on agropol ymers % decontamni nation from 10 ppm
pesticide S. NoNane of the material solution by

LaioMAY 006

IN/PA&afPl e in a col utm EndosulPhanCyper net hri nChl or pyri phos
Cupric silicate linmobilized on activated59. 762. 446. 6
alum na Cupric silicate 2i mobilized on6l. 783.449.1

agr opol yi ner

1t MA7a006 | N/ PA-508 Table: 16 78 Bacteri al

Tabl¢:cldl i f orm) decontami nation property of inmobilized

functi onal

transition netal silicates on activated

Proteih detoraamiafongniopgety off fowdtiohal trad€tion netalsdidades iafhebyilized

on agm?a@hﬁ;gs 500nl of coliform (5x105) containing water at

5 low rate of 10 S. No.Nane of the materialm/mn from
10 eny | engt h col um ot TU[nCtI onal] transition netal
silicates i mobilized on aé’trpgﬁggpﬁgf&@??tr‘gwem

I \h cat eR8ma of e makdrt ate43V1. selytegsl mg
51% upi na” as Ocont?]or Bel ow [0/ Jutskeetratign)B2onsoluhn at
decontam nati on pr operty oﬁ i mol8inkli/ et flavanstet | on
retal—st++eates—on—i0—agropotynmers—Volume—(nt)—of the
cdl i f or m batilwver sidic4x104 / |iter contai h.6g water
passed¥%-S—NeType—of—raterialthrough—the
cd@ umdecorgmcrsdicaten contjai ni ng 250 nip.6f i mobi i zed
transitTom metat_;

3 Zinc silicate 3.0

Table: 15
Pesticidal decontamination nature of functional transition metal silicate immobilized
10  on agropolymers
% decontamination from 10 ppm pesticide
S. No Name of the material solution by 1gm of sample in a column
Endosulphan Cypermethrin | Chlorpyriphos
Cupric silicate

1 immobilized on activated 59.7 62.4 46.6

alumina
Cupric silicate

2 immobilized on 61.7 83.4 49.1

agropolymer




10

silicate on a ro of mer Cupric silicate200099
1i mobi |l i zed on250097. 45 Agr opol yner 300094. 87 Si

IN/PAiS0Bcat e 2i nmobi | i zed on300099 Agr opol ymer Zi nc
silicatel00061.90 3i mobilized on150014. 28

Agropol yner 20004. 76 i S-
Bacteri al

Tabley Hnsi t i

cel | ul ose.

on net al

MA -OO 6 | NV PA-508 Tabl e:
decont am nati on property of
silicates on
5 Vol unme(m ) of coliform Type of
Bactemisle¢colifovigi) gheconfapinh tiomipngpextyt ef ¥nBiobilised| faotichal transition

18 79
i rmobi | i zed

al um ni um oxi de and

metall silioReebh aktivated Ah(dim@ col / m ) decont am nati on
i mrobi |'i zati oncol unmmpassed t hrough col utm 1Al umi ni um

| vl MAY QD06

oxi del. D gnP5093. 47 (ALZ03pe2ERhbebPesor d%ﬁi&@ﬁ%a?ﬂen
3Control 460 coliformcol/ i’thOtn(aM g@d pomh bsg
19 Bacterial decontam nati OQothra ata 11%@
1 rSaMNaiL t | Aamebfithesmhteciad es ? "ﬁgh =% ter (I)
¢ol i f or Per cent age of col i f‘BIBfﬂ"é qé umn
500m ) decont ani nati on aftér PEYeY haifieatesnt
hefores500m. _coliformcontai nlmmomlzsd ogtac’qvate alumlna
Norrqterlaltrsq iEﬁ é%thaflowrate of 1 /mnfrom
10cros i|imobili zed onfunctlional transiti onI ength col um
of E.unci Ion kmc 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 ..
.o, 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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quartz sandnetal silicates intransition nmetal sili

coated on columquartz sand 1Cupric silicate3. SSXQE%SMA\/ 8006
IN/PARZDBC silicate3. 62x10534 679 Manganese78x10 5 3

silicate. 4Zirconiumsilicate2. 90x1056 5Sand as

control 1. 1x106Bel ow 0. 001 -J-77 MAY a0d | N PA-508

Tabl e: 20 80 Decontam nation property of fungus
Tabl¢:Apergi | | us species) froma long tinme (6 nonths)

stored water by using inmobilized cupric silicate on
Bactag4lo dedont@minabiodopropertyf of SmuNebilipel ofansitiosr madtalokilicnmtes on
alumiuef oxXidt hndReellllbsesi zepassed through col urm No growth

of fungus was Cupric silicateobserved when the treated

ITobi 1 zed ofnZcmL it er watjer Vago |ihR N [fTungal
Agropol ynersgrawth nedia G gwm h of [ was observed
wh@gpe htmandrid gt edWaighttofol wat er S aced an fungal
S. Ngr{ovkdlectatlior Tabheiter2dl in the conftaining Water | % o
. e (460 col/ml) decontamination
immobilization column
passed through
column
Aluminium oxide
1 (AlLOs) 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 . . .
terial present before 500ml coliform containing water at
S.No |. ma ae treating with a flow rate of 10ml/min from 10cms
immobilized on . . .
¢ d functional transition length column of functional
quartz san 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




Prot ozoan (Cryptosporidi um parvum decontam nati

property of

i mobilized 10 functi onal

IN/PAs308 cat es on agropol ymer #9Reduction of seeded Nane of
t heVol ume of the fracti onm Cryptosporidin parvum
sanpl epassed t hrough col ummoocysts Fraction-A

(20mL) >99. 99 Cupri c

Silicate i nmmobili zedFracti on-B

Tablet 30 ) >99. 99 on agropol yner Fraction-C (80ml)>99. 99 15

_J_t MMy d-o a6 INPA- 508 81 Table - .
Decontaarimition nabperty pefoffengus GAspengilps | speeigs)f fiom idepg time (6

22 A. Viral

month§)abdrie ivaiteiny abing dmbiobilized cipHc silicateohi agropolymer.

5 decont am nati on nature of

i mmobilized functi onal

transition neta sil Ll'camrﬁebpen

reduction (%

Weilght of the S I NnAB col u ol {0 Lsc
S. NoRgEypei of wsatexial @gﬂg@ %mrﬁgzg@r anb5. 948. 89914 cupric
sillicate i mobil|ized o %gﬁ%pl ymer 2
gr-3r599--99899-9D19999—10—grar ns707386: 2919
D No growth of fungus was
Cupric silicate : observed when the treated
1 immobilized on | Zcm 1 liter water was placed on fungal
Agropolymers growth media
Growth of fungus was
observed when the untreated
2 Control water was placed on fungal
growth media
Table: 21

Protozoan (Cryptosporidium parvum) decontamination property of immobilized
10 functional transition metal silicates on agropolymer

. % Reduction of seeded
Name of the Volume of the fraction Cryptosporidium parvum
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

transiti ogﬁ%'e?alMAy o'I_OOé
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Cupric silicate imobilized on activated alum na 20Q
grans99. 399. 899.5 10 ~. 9 MAY aoC6 Table: 23 A7 MA 4006
IN/PA+50Bal onet hanes decont am n&lti on property of cupric
silicate inmobilized on silica gel 5 I N PA-508
Concentration of econtami nati S. No.Nanme of the
conpoundcontrol Retained (ppmon ability of contam nant
Table k@2absor bent sol ution (ppm (ppm
1Chl or of or n0. 99750. 9501 21, 1, 1
A. Viral akdcontaaiinatiail . pkbpeotyO @8 9immobilized functional transition metal
silB&@itésachl or oet hyl enel. 00050. 9362
4ri chl or oet hyl enel. 00060. 9650
B. B! @hdiel RS ARRe haPBR80r 88 dobilized functional tramsition metal
sﬁat@sr onochl or oet hanel. 00030. 78857. 5 ppm of
et rachl or oet hyl ene0. 99870. 9041TEEM m X

e o f ar Nn. . 000N7Z0--72200 04 ')on AN EQ
yrumnmorurrinu. govurv. 1oUopJL, LLJI bIII O

Br onopr opdne Total Cong¢entration BF”?FM"@“@@ (%392 i x
82 Chr onmt o&f%ﬁ}ﬁ(&‘t%n ditions for estinmation nf

Thampleonet |lsampde uged in A B
column ) Rotavirus .
Polio Lsc 1 SA11 E.coli O157:H7
1 gram 55.9 48.8 994

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

15 20 GC Colum Oven tenperature Detector Detectqr
Tenperature Injection Tenperature Carrier gas Fl 959-777' MA\/ é\_OQé
IN/PAEW8uUp gas flow Range Run82ine VARI AN CP 3800 with
Head Space ZB- 5 30nXQO 25uX0 25 35C/5 min @10C/ m n
250C/1 mn Electron Capture Detector 300C 200C with
split less nobde Nitrogen 0.5m/mn : 29inl/mn 1.0
Table:2B 473 min | N PA-508 Table - 24 83 .27 MA7 acC Semi
vol ati |l e organi ¢ conpounds decont am nati on property of
Trihalopretibarses | decah@amigation pirbpared od wuprit isdicage inbbilized on silica
gel Concentration of Decontam nati S. No.Nane of
conmpoundcontrol Retained on ability of

Concentration of Decontaminati
control . on ability of
S.No. | Name of the compound contaminant Retained (ppm) the absorbent
solution (ppm) (ppm)
1 Chloroform 0.9975 0.9501
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
6 [Dibromochloroethane 1.0003 0.7885 7.5 ppm of
7 Tetrachloroethylene 0.9987 0.9041 THM mix
§  [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



cont am nant Mt he absorbent solution (ppm (ppm
1Benzene, 1, Elppdl chl or 00. 6960. 17 2t hane A7 MAY Aoob
IN/PAeSO8chl or 00. 8600. 546 3Benz8he 1, 2, 3,
trichl oro0. 88060. 184 41, 3 But adi ene,
1,1, 2,3,40.7750. 437 5Napht hal ene, 2-chl oro00. 8760. 644
6cena hth | ease0. 8120. 526 7cena thee0. 7750. 488 8Phenol ,
TablR -24bi s( 1, 1-i met 0. 3510. 000 9Di et hyl Pht hal at e0. 7680. 467
10l uor ene0. 7930. 518 11Benzene 1-chl oro-3 keno0.5740. 386
Semﬂaﬂlﬁﬂenyi‘@ﬂiiime&mﬁﬁﬂﬁdSG&Clﬁtﬁﬁﬁﬁﬁﬁﬂegyd erfy YF1Qupde silicate
(imnpdtaIddedh@lical ggzene, hexachl or 00. 5420. 310
15Phenant her ene0. 7720. 465 16Ant hracene0. 8120. 5289. 1 ppm
of the I7Dbutyl phthalfate0. 6930 275SySCSnix-:
18l upr ant hene0. 7060. 276 19P) j ene0. 7000. 252 20enzyl
butyl phthal at e0. 6910. 187oikthtratiened. 6440. 206 22Dséchtaminati
6760,134 thyl hexyl)) pht hal asr@3Phenol Retained on ability of
S'g\?%, 4, §%9%Wé710- 186ntdfiinditoct Y| (ppm) the absorbent
pht hal at e0. 7290. 105 25en%9ﬁgmnggﬂﬁ@anthene0.6980.06¥ppnn
26enzo( k) fluoranthene(. 6700.0 27enzo (a)
pyrepe0. 6800. 035 28I ndeno(1, 2, 3-cd) yrene0. 5330.(000

29i b&enrdne, hit,-dishloracene0. 43069643 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
13  [r-Bromophenyl- 0.861 0.632

henylether

14 [Bezene, hexachloro 0.542 0.310
15  Phenantherene 0.772 0.465
16  |Anthracene 0.812 0.528 9.1 ppm of the
17  Dibutyl phthalate 0.693 0.275 SVOCs mix.
18  [Fluoranthene 0.706 0.276
19  [Pyrene 0.700 0.252

20  Benzyl butyl phthalate 0.691 0.187
21 (Chrysene 0.644 0.206

Bis(2-

22 ethylhexyl)phthalate 0.676 0.134

23 |Phenol, 2,3,4,5-tetrabrom 0.671 0.124

24 Di-n-octyl phthalate 0.729 0.105

25  Benzo(b) Fluoranthene 0.698 0.061

26  [Benzo(k) fluoranthene 0.670 0.066

27  Benzo (a) pyrene 0.680 0.035

28  |Indeno(1,2,3-cd) pyrene 0.533 0.000

29  |Dibenzo(a,h) anthracene 0.430 0.43
30  Benzo(g,h,l) perylene 0.517 0.039

Total Concentration of 20.8196 9.059

SVOCS Mix




30enzo(g, h,1) perylene0.5170. 039 Total Concentrati f
20. 81969. 059 SVOCS M x ~~-MAY() QQ~ | N/ PA-508 84 _&r_l;,g MA\/ o’looé

IN/PAGHO®Mat ogr aphi ¢ condi ti ons84 or estimati on of sem
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15
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25

30

vol atil e organi c conpounds 5GC Ms: VARI AN CP 3800 W TH
GC- M5 SATURN 2000 GC / MS/ Ms. Col umm : WCOT Fused
silica 30MX0.25mm Id, Coating CP- SIL 8 CB Low Bl eed /
QIEometographic cpodisions s cemagRierBhvelails SF SN CHRPUEdse
7.0 Cnmn, 130 C @5.0 Cnin, 200 C @6.0C mn, 260 C @
20.0 Cmn, 280 C @15mn. Injection Tenperature :280C
@CtNSsplit | ess node. VRERIAN €P 3&a& WIHE GGaMS| ow

Rate: 1.0/ m n. Run ti BATYRNDO0D GEOMES/QdRdi tions: 10

(B16HQ anmps. Emi ssion Cyeemntrives silibe b ewtx 035 md/ Cofting CP-
unt Threshold :2 counts. S5Multiplier offset :0 volts

| Gas : OFF Scan Timeg@:PB10 seconds Segment start tine
Low Bleed / MS DF :0.25.

Cat. No :CP 5860

Oven temperature :60°C @ 7.0° C/min, 130°C @ 5.0° C/min, 200°C @
6.0°C/min, 260° C @ 20.0° C/min, 280°C @ 15min.

Injection Temperature :280°C with split less mode.

Carrier Gas :Helium

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

Tonization Mode EI AGC

Ion preparation Technique :NONE



1 3.

00m nut es.

Segnent end tine :50.00 m nutes.
| ow mass: 45m z Segnent high Mass: 450 mlz 30l oni zat i

Seg

IN/PRE8: ET AGC | on preparati oBS Techni que : NONE | N/ PA- 508
Vol ati | e organi ¢ conpounds
decontam nati on property of cupric silicate

Tab

(i mobi lized
Tablg: 2No. Nanme of conpoundof control

| e: 25 85 MAY aoc/,

on silica gel) 5 Concentration econtamnn
Ret ai ned ation of the

cont am nant (ppm absorbent solution (ppm (ppm 11,1, 1-

Volafild aighoicaehipnumds He0chtainazibnIprdperty of cupric silicate (immobilized

on silica gél) or oet hane0. 5000. 500 31, 3-Di chl oro
pr opane0. 5000. 500 4i br onochl or onet hane0. 5000. 500 5t hane

VOCs mix

1, 2F D br onp0. 5000. 500 bCnhl or obenzéneD. 5000. 469 /Benzene
1,3tdinmeth | 0.5000. 500 ne0. 5000. 500
1- net hyl et hyl 0. 5000. 50(?80%%;‘%%? 19&%&%%
s& 1 2me%%achl or%g. SOOB.MwércmRemmo. 540" 45
-Ne L ¥ Foioreay OOO.cillg,imi( 2 ene(ppmapy! 0. 5BBICEES
143gnzene, 1Chl oro 4- |solution (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  @-Iso propyl Toluene 0.500 0.281 V OC mix
17 Benzene 1,2-Diethyl 0.500 0.281
18 Benzene 1,2-Dichloro 0.500 0.328
19 |1,3-Dichlorobenzene 0.500 0.346
20 [1,4-Dichlorobenzene 0.500 0.477
21 Benzene 1,3,4-trichloro 0.500 0.500
22  [1,3-Butadienel,1,2,3,4 0.500 0.007
23  Benzene 2-Bromo 1,3,5 0.500 0.281
24 Nitrobenzene 0.500 0.500
25  |Styrene 0.500 0.051
26  Benzylbenzoate 0.500 0.100
1,2,3,4-
27 Tetramethylbenzene 0.500 0.122
73 Benzene 1-Chloro 2- 0.500 0.325
propyl
29  4-Bromo 3-chloroanilene 0.500 0.097
Total Concentration of 18.500 10.875

ol MAY aoch
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0. 5000. 246 net hyl 153enzene 1, 2, 3-Tri net hyl 0. 5000:3_27951\4/\‘7‘ 20056

IN/PRAs@R ppm o 16-1so propyl T Bueneo 5000. 281i

17Benzene 1, 2-Di et hyl 0. 5000. 281m x 18Benzene

1, 2- Di chl or 00. 5000. 328 191, 3- Di chl or obenzene0. 5000. 346
201, 4- Di chl or obenzene0. 5000. 477 21Benzene
Chordatbkrapiio coklliBORGoPEimation of volatile organic compounds

2213 But adi enel , 1, 2, 3, 40. 50P0r DO AR PEH HEMIT
1 3, 50. 5000. 281 24N|trobenz 1%9 % MS.

reneO 5000. 051 26enzy|
3 4 0. 5000. 122 etranEt E@a@zﬁﬂ% gée ME0-25mm  Id,
5000. 325 Y 29- E
%g 8 e0.5000. 097 T AP Concentration of

10. 825 oCs nmix I N PA-56B58605 10 15 -7- MAY f
QB leerestEeogr aphi ¢ ceMUCH0ams @ 810° E5minga20QE/ BImin.
{edionlemperpaiiec conpounds 200 GvBith wplRi Lagy roRle3800 W TH
CarigeGasl umm Low Bl eed / MS:HRfum

Flow Rate :1.0ml/min.

Run time :50.0min.

MS Conditions:

Emission Current :10 micro amps.

Mass Defect :0 mmu/100u
Count Threshold :2 counts.

Multiplier offset :0 volts

Cal Gas :OFF

Scan Time :0.810 seconds
Segment start time :3.00minutes.
Segment end time :50.00 minutes.
Segment low mass 45m/z
Segment high Mass 1450 m/z
Ionization Mode :EI AGC

Ion preparation Technique :NONE
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15

Cat. No Oven tenperature |Injection Tenperature '/_]_;LMA\/ 200l
Carrier Gas Flow Rate Run_tinme MsS Conditions: Em ssion

IN/PA=)0% ent  Mass Defect Coud¥ Threshold Milti plier
offset 20 Cal Gas Scan Tinme Segnment start tinme
Segnent end tine Segnent |ow mass 25 Segnent hi gh Mass
11(%51 5%5 on Mode |on preparation Techni qgue SATURN 2000

g / MB. :WCOT Fused silica 3OI\/I><O ZSmn Coati ng CP-

SIL 8 CB :0. 25 CP 5860 :40C/ 1.0 m @ C/mn, 200
Phenglidgcontamipgtion PIePEHY iof cHRIdE il gale Grpiapbilized on silica gel)
:1.0mM/mn. :50.0mn. 10 mcro arrps. :0 nmu/100u : 2
counts. :0 volts OFF :0.810 seconds :3.00m nutes.

Concentration of Decontaminati
control Retained on ability of
8. No. | Name of compound contaminant (ppm) the absorbant
solution (ppm) (ppm)
1 Benzoic Acid 1.086 0.3475
2 R24,5-Trichlorophenol 0.7083 0.1077
3 3-Nitroaniline 1.3042 0.3402
4 W-Nitrophenol 1.1396 0.5004
2.8 ppm of
5  p,A-Dinitrophenol 1.0523 0.5258 Phenols mix
6  #-Nitroaniline 1.0898 0.5351
7 Pentachlorophenol 1.1432 0.4607
Total Conc_entra‘uon 75934 2 8175
of Phenols mix

Chromatographic Conditions for estimation of Phenols

GC :VARIAN CP 3800 with Head Space
Column :ZB-WAX 30mX0.25uX0.25

Oven temperature :110°C/2 min@10°C/min 250°C/1 min
Detector :Flame Ionization Detector

Detector Temperature :275°C

Injection Temperature :250°C with split less mode

Carrier gas :Nitrogen

Flow :1.0 ml/min

Range 112
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15

20

:50.00 mnutes. :45nfz :450 in/z :El AGC :NONE
30 2~ "Ay aoo 6 | N PA-508 Table: 26 87 Phenol s Mz may aovk

IN/P4e¥8nt am nati on property oB8cupric silicate
(immobilized on silica gel) 5 Concentration
of Decont ami nati control Retai nedon ability of S. No.Nane
of conpoundcont am nant (ppn)t he absorbant sol ution
Table 2y (ppn) 1Benzoi ¢ Aci d1. 0860. 3475
2,4,5-Trichl orophenol 0. 70830. 1077
Polygidonnatedabiphemds . d30ei9mid:(tib Niptopzptye nb kdpric 3BRat0dmabRized
on sipipargelf 15, 4- Di ni t rophenol 1. 05230. 5258Phenol s ni x
Ni troanilinel. 08980.5351 7entachl orophenol 1. 14320. 4607

Total Concentration7.b2342. 8175 of Phenol's m X
Chr omat ogr aphi ¢ Conditions for estinption of Phenols 10
& Colum Oven t enper Goucentrddivect pr - Det ect bDecontaminat
s, Nempenat ur gfclof;ml)mne t|on ofesnerodt ur e Heddine®r 0d6n bility of
contaminant (ppm) the absorbant
solution (ppm) (ppm)
1 2,3-Dichlorobiphenyl 0.4677 0.2723
2 Trichlorobiphenyl 0.5312 0.2958
3 Tetrachlorobiphenyl 0.5279 0.3426
4 Pentachlorobiphenyl 0.5174 0.3501
. 2.4 ppm of
5 Hexachlorobiphenyl 0.5094 0.3687 PCB mix
6 Heptachlorobiphenyl 0.5015 0.4161
7 Octachlorobiphenyl 0.5178 0.3845
Total Concentration of
PCB mix 3.5729 2.43

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



Range : VARI AN CP 3800 with Head Space :ZB-WAX
INPAORQ, 25UX0. 25 £ 11002 ming@l0Ci min 2500/ min_ :F aid 7 MAY aook
0 ation Detector :275C89250C with split |ess node
:Nitrogen :1.0 M/mn :12 -1:7 MAY aC)DL 5 | N PA-508
Tabl e - 27 88 Pol ychl ori nated bi phenyl s decont am nati on
r rty of cupric silicate immobilized on silica gel
Tabl%ag%Znt rationDecontam nat S. No. Nane of conpoundof
.control Retai nedion ability of contam nant(ppmthe
Trlhgg%qﬂa%ms despritamipatigaupyopepiy)of zinc silicate immobilized on silica gel
1, 3-Di chl orobi phenyl 0. 46770. 2723
2ri chl or obi phenyl 0. 53120. 2958 taminati
3etf ac mqor ogiifggényl 0. Gurgntratios of z;O:biill?t;fnz?
. Nient achivamg nyl 0. 517dgnt8dol .
> Ng):xacl i compoupdeny| 0 SoauamBaRE2. 4 DSHIBE (BE \the absorbant
6eplt achl or obi phenyl 0. 56LL%iOn 4 Hrh) (ppm)
Zctlachl orobi phenyl 0./51780. 3845 Totlal Concentratilon of
1CB Ms.f57292. 43 Chriomat gg{;gﬁhl ¢ Conditions for
est|rati i of Pol ychl ori Bi phenyl §:247d GC  |Col um
Oveln tTenperature

2 1,1,1 Trichloroethane 0.9857 0.9857
3 Tetrachloroethylene 1.0083 0.6021
4 Trichloroethylene 1.0110 0.7881
5 Bromodichloroethane 1.0243 0.9311
6  [Dibromochloroethane 1.0302 0.8841 iﬂ;ﬁ};?n&f
7 Tetrachloroethylene 1.0117 0.7733
8 Bromoform 1.0314 0.7056
o [ ;)nﬁlg;aie 1.0319 0.8541
Total Concentration of 9.1725 6.7712

THM mix




Detector Detector Tenperature 15 Injection Tenperatur

Carrier gas Fl ow Makeup gas Fl ow Range 20 Run Ti nﬁ-ge MAY&OOQ
IN/PAVAR AN CP 3800 with Head ®pace :ZB-5 30mXQ 25uXO. 25

:110C¢ 1 min @O0C/ mn 280C/ 10 mn :Electron Capture

Detector :300C :250C with Split |ess node :Nitrogen

:1.0mM/mMn 29 mM/mn 1.0 :19.50 mn | N PA-508 89
Tablet-3 aoo Table - 28 5 Trihal onet hanes decont ami nation

property of zinc silicate inmobilized on silica ge
Trih@vmediires diecon tafdeatint @ropeety iof Shwasticate inheckilizédbsilica gel

ability of No . conpoundcontam nant Ret ai ned (ppmthe

absprbant . solution|[(ppm (ppn INhoroforml. 03800. 2471
et achl or o6t hyl ened. COBR AU of Decontamination
S. No. [Nare of the cor)lll ound : contro Retained ability of the
P contaminant (ppm) absorbant (ppm)
solution (ppm)
1 Chloroform 1.038 0.5317
2 1,1,1 Trichloroethane 0.9857 0.9857
3 Tetrachloroethylene 1.0083 0.6784
4 Trichloroethylene 1.011 0.7789
5 Bromodichloroethane 1.0243 0.8685
6 Dibromochloroethane 1.0302 0.8543
7.2 ppm of THM
mix
7 Tetrachloroethylene 1.0117 0.8872
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




4ri chl or oet hyl enel. 01100. 7881
L pdl chl or oet haned. 02430, 9311 A7 MAY Q006

nochl or oet hanel. 03020%. 8 ppm 8841 . THM mi x x

7etrachl or oet hyl enel. 01170. 7733 8r onof or nl. 03140. 7056

91,2 Dichloro-3 Bronopropanel. 03190. 8541 Tot al
Tabg;o__ng‘@ntration of HM m x9.17256. 7712 | N PA-508 Tabl e -

9 7- "Ayaoo6 -1-- Trihal omet hanes decontam nation

Jproperty of silver silicate immobilized on silica ge
T,’{“&‘H’E%tb}f'z%ﬁ Aeronérminagian aproparty oof Sangenesanslicite timobilized on
silica gebyoundcont r ol Ret ai nedabi ity of the

cont am nant (ppn) absor bant (ppm sol ution (ppm
1hl prof ornil. 0380. 5317 21,1, 1
Tri chl or oet hane0. 98570983 frati Decontaminati
3etrach|oroethylene1.0§§§§£~§gﬂ Retained on ability of
S. Npx- | Nanee ofcthiayebmpetnd 1 10. ! the absorbant
5ronDdichIoroethanel.GE%?ﬂ&%%%S (ppm) \(ppm)
6i bf onochl or oet hanel.[836YH. ®BEY |7. 2 ppm of | TH
Zetrachl aroet hyl enel.[01170. 8872mi X
8ronof or ml. 03140. 8542 91,2 Dichlloro - 3 - 1.03190. 7367
1, ongb}qqﬁf@ﬁg 1.038 0.6732
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
1,2Dichloro-3-
9 Bromopropane 1.0319 0.9604
Total Concentration of
THM mix 9.1725 7.4944




Total Concentration of HM m x9.17257.1756 5 | N PA- 5(_)§;:7_ MA‘/ dODé
mN/Pebhe - 30 91 17- MAyaCC~ nghalonethanes

econt am nati on property of’“nanganese silicate _ _

i mobi |ized on silica gel 5 Concentrationecontaninati

S. No. Nane of the conpoundof control Retainedon ability
TabRf_3e absorbant contam nant (ppn) ol ution (ppm (ppm

1hl or of onnl. 0380. 6732 21,1,1
Tril{?g‘lf C‘gt %}rlgsre 5512? £ glélﬁlglf 985!70%03%&766%01_ zirconium silicate immobilized on
silica 8l b or oet hyl enel. 0110. 9011

nmodichl oroet hanel. 02430, 9928

1?5' chl or oet hanel. 03020. 99757. %5 ppm of [THM m x etr
7etr@ac 1.01170. 9916 |[Concertratiyn ¢ne Decontamination
g, @1 onof oNaindFIHE. 9921 SflecHdiahl ORRtadned. - 03190596 Ofthe
' T8mopr opaegpotmdal  Conesthidrn | O(pgily O- (L TARrhAH h)
solution (ppm)
| Chloroform 1.038 0.2227
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
9 [L.2 Dichloro-3- | 4 4319 0.5112

Bromopropane

Total Concentration

o f THM mix 9.1725 5.0579




| N PA-508 Table - 31 92 !'lam MAS' ¢ OO6 Tri hal onet
decont am nati on property of zirconiumsilicate ;ﬂ§§?$4;q7/cﬁCX)é
IN/PA¥8bi | i zed on silica gel9
Concentrati onDecontam nation S. No. Nanme of theof
control Ret ai nedability of the
oundcont am nant (ppm absorbant (ppm solution (ppm
TablFC{E’Ipor of or ml. 0380. 2227 21,1, 1
Tri chl or oet hane0. 98570. 7011
Bact@rialr detdmsamindtidne qaopoOadp30f 4ha®bilized functional transition metal
silicates (SPb )anoatpoyhtedai t0 bisph&rd Fesins
5 5r onodi chl or oet hanel. 02430. 7130 5.1 ppm of THM m x
61 br onochl or oet hanel. 03020. 6321

f g@gﬁh@;&;tr Oplligﬂggg edpen) ﬁﬂﬁﬁp (03140. 6384
e chCt‘aL or 01 ; mfi%l_'%g;llg %n & ne )&e%gtammatlon

Cﬁ?&iﬂ%a@gﬂrabl e - 32 93 ’érl a'tecﬁ)eg%sﬁf(gm mati on

property of i nmobi i zed functlonal transiti on netal
hk% j@ I ncorporjpated in to bisphenol [resins 5
t al Wi ght pfVolume (m) of colifforn
Pg?nnte16@hcontaining vioer decont ai nat i
%’ ret*on(4. 6x105 /| liter) passed

Table — 33

Bacterial decontamination property of functional transition metal silicate resin
10 coatings on quartz sand

Volume (ml) of the
coliform bacteria
: 3.23x10° / liter %
S.No Type of material containing water passed |decontamination
through the Scm size

materials in column

1gm of cupric silicate
mixed with 10ml of

1 isopthalic resin was 500 28.79
coated on 100ml volume 1000 20.12
of quartz sand (500

microns)
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Cupric silicate (5% incorporated into3.6 gnQOO?Of;L;; p4,¢7 Aoo0b
Bi sphenol resins Table - 33 Bacterial decontam nattTon
IN/P%TSQgerty of functional tra¥sition metal silicate resin
10 coatings on quartz sand Volume (m) of the coliform
bacteria S. NoType of material 3.23x105 / liter%
T bcorZ],'t ai ni ng wat er passeddecontam nati on through the 5cm
able— mterials in col um 1gm of cupric silicate m xed
wth 10m of isopthalic resin was50028.79 coated on ]
Toxi¢ gasr{enging spmbosian) 1dete¥ifieation ¢%od griquyesefpimymebidiszed functional
transition met\sili@ded | N/ PA- 508 Table - 34 94 Toxic gas
(engi ne combustion) detoxification (%9 nature of
i mmobi | i zed functional transition nmptNd, (sxidecet es 5
S.Wm |(oxi des Mdtesial NoMat er i| &t Jl@huSizes| Zeitkégeayn) SD286, %
Cupriic silicate imobilized on silica gel 23cnd6. 888. 1
Zing _silicate inmmopj 't zed|[on 2Sitical get 20CMi6. 5793. 76
$i | vEPPIES filieae BRmARbEsd P ed opggi | i cp gel 20gnB86. 0D2.48 1
Manganese sisilicegele 4i rmobi|l i zZed on sjlica

gel40cne2. 4591 13

5 1NC SI 1cate_: _ immobilized on 20cm 16.57 93.76
silica gel

3 Silver sﬂlca-tf.: immobilized on 20cm 36.0 92.5
silica gel

Manganese silicate

4 immobilized on silica gel 20cm 22.45 9113
Cupric silicate containing resin
5 20cm 43.67 96.05
coated on quartz sand
6 Silica as control 20cm 17.2 94.0
Table — 35

Tar and nicotine absorption property of immobilized functional transition metal
silicates

Tar amount (mg) Nicotine amount (mg)
absorbed by absorbed by immobilized
S.No [Name of the sample Immobilized . .
. .y functional transition
functional transition eye
metal silicate metal silicate
1 Zinc silicate on Silica gel 17.0 0.60
5 Me_lnganese silicate on 99 75 0.59
silica gel
3 Cupric silicate on silica 26.25 0.73
gel
4 Silver silicate on silica 145 0.30
gel
5 ercor}lum silicate on 25 0.29
Alumina
Brand name of Cigarette : Charms (normal)

Cigarette length: 6¢cm,average weight : 0.775 grams.



5Cupric silicate containing resin20cm3. 6796. 05 coat ed
on quartz sand 6Silica as control 20cni7. 294. 0 Tabl. &L= MAY 2006
IN/BY5:598r and ni cotine absor pt3%n property of immobilized
functional transition netal silicates Tar anount
(mg) Ni cotine anbunt (ng) ied absorbed byed by
[ bilized absorbed NoNanme of the
Tabgg%| el mobi | i zedf unctional transition functional
_transitionnmetal silicate netal silicate 1Zinc silicate
Cigaretisismiake dptoxific0nodtaia g ot iemsbilized fientiodal #a0sifin metal
silicgtdsi ca gel 3Cupric silicate on silica26.250.73 gel
5 4Silver silicate on silical4.50.30 gel 5Z rconium
silicate on2.50.29 Alum na 10 Brand nanme of Cigarette
Chalr REme Rer 3O engtHa 6C erage gyl ght:
3. 1007175 Frit f%:)bﬁAf-Z%gE g fg'?& 1 9Eo 6| Thaf e 36 5?92 Hydroc
a gq]gfﬁ%hglss ke det oxilf | falfl on (g:ﬁfure éo ° of ° rbons
i TET98d| funct i onal AFRRLY 1 i95H0% et pfletoxir| j dagted-5 |« _
Nane of | rmopi | i zedViéi ght CONox SEEREIRI oficgtiony| dirabans |detoxifi
t hellamr aterial smaterial sdet oxitdet oxit det oxj - Ygation
It i clatGUHET cat Poise Belat i| ofifisrox| f i68at i pr64186upl i 63i96i cq 44.85
gel |[560i¢8®8. 264. 8663. 9644. 85

2  |Manganes Silica gel 500mg 54.2 32.43 40.5 29.0
e silicate

3 Zinc Silica gel 500mg 38.5 23.4 12.6 34.2
Silicate

4 Zirconium Alumina 500mg 73.34 68.46 71.17 44.11
silicate

5 Cupric | Agropolymer | 300mg 66.29 63.96 67.56 34.55

silicate
Cigarette weight: :0.775 grams.
Brand name of Cigarette :Charminar (normal)

10 Cigarette length: 6cm, average weight :0.775 grams.
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sil | cate 2l\/anganesS| i ca gel 500ng54. 232. 4340. 529I %eMAV &006

gate 3ZincSilica gel 500ng38. 523. 412.634.2 Si
IN/PZ\Z rc

oni umAl umi na500ny73. 3468. 4671. 1744. 11 silicate
5Cupri cAgr opol yrmer 300ng66. 2963. 9667. 5634. 55 silicate
Cigarette weight: :0 .775 grans. Brand nane of

cLAMgrette (Chatmnar (normal) 10 Cigarette |length: 6cm

1.

average weight :0.775 grans. | N PA-508 96 CLAIMS: ~~

1. Af tional transition netal silicate
(F}T(‘r\/é)r‘cg?l?aéctfarn\?u’gl%élsﬁ%ﬁtaé etlisatea i TR} effactidi 8§ nf deoanminat, a

dedigmifdctamans 'deﬁ)xm&}@ 5& ?H}tectﬁlt ITL Cntll%lb(%,bé?lg% OBfCqubéq?gppl thereof,

conbi nat i on t her eof risin
me¢QRIPTiSiNgsd rdtipaof tratsitéort nnaras td bitica tRthRl travkitios %&al:c $liéhte in a

d t tural conposition for
D PP I akE 8 By postion focssbaTestipmeborig FTMS
Nivedd 0 rporatin )
R F%%F‘ﬁs“;%@nﬁf obRBlBCAB0Y hileBichatcNIR R Ut diing into
suebiah i rRitcepting gond @ith restnst arasuitable amtereldal sil i cat e

of claim1 wherein a transition netal, wherein said
silicain the transition

I
Lgég 319 {) ?agssilézla‘%nrp t a5 ]ggﬁgqema%ga@sﬂ@)rgmeta{ cyvl“mmsald ratio

19)f‘:'br'én51ﬁon ﬁqetdl a&ilith ﬁﬂh@’%‘éﬁém@ﬂ Ik GRLif AL isgh% 1angc(13 Cff é'lbout 0.34
wherein a transition metal conpri si ng

f UpaPoWAS-5dven with sinilar transition metal sili cate
rat| 0 based on structural conposition having specific

ec.fjc XRD pattern obtained by
varl %%’Sl}r{lglég el ﬁ g]é:ﬁg f 81%“1 E Wheter, Asranssieal mgisl.atomprising

sivlatialele efuabtigsakvanl wih @&l ARV 'n‘feg?lr §& %oﬁtlo based on
conditions as 20 clained are vari ed con i ONS

dFHPFYrah cpmpesisen thevingr speific NgSR (g Vahmm sihd i spék&ﬁc R B pattern
Siohlaaes JaReh yé?icﬁ?n exridr enme acidic to 12 pH, reactant

concentrations &0 ont ent i n s_oI ubl e al kal i ne
silicate solution and ratio of transition netal salt

s@ tttmsdtonat enesd|sulla®: &f Maih @ewﬁbllehlcﬂl%evgélglé ‘ﬂ&{c%n c})/géljclons as

t enper at ure mai nt ai ned bet ween
cé& IP@C}’ agevaripddr i neptlitians dnlsng Iaeprecn‘ss f<215p15parl-hg the transitional

rein the
U nRRdishicaRs qi%l@({img %n{rcat EC]I gc ga 15?1 reagtw;.gt concentrations: silicate
tranS|t| on neta

to soluble alkaline silicate solution, varied temperature maintained between 20 to

95 degrees centigrade, and combinations thereof.

A transition metal silicate of claim 1, wherein the transition metal silicate is
selected from the group consisting of cupric silicate, silver silicate, manganese

silicate, zinc silicate, zirconium silicate and combination thereof.

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 transition metal silicate of claim 1, wherein the transition metal silicate is

effective as a detoxificant of carbon monoxide, sulphur dioxide, an oxide of

nitrooen a hvdrncarhan tnhannna tas sinatine aetmel e oeme o - 1
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10.

11.

12.

13.

14.

15.

16.

sel ected fromthe group consisting of cupric sil 'a(%gf—j’MAy Koo b

silver silicate, manganese silicate, zinc silic

r¥%8oni um silicate and conBVnation thereof. 30 6. A
transition netal silicate of claim1l, wherein the
transition netal silicate is effective as a

decontim nant of netals, chem cals, pesticides,

i 2 tEBEEOR metal siisais £F iclsim 1oh wtherstn thy metels RIS cnic) meneirg|lead,

Si bk feah&a9h r%j@h@?# onsGL& N the transition netal

silicate 1Is ectirve as a disinfectant of a
bacteria, a fungus, a virus, a mcrobicide of a

p aA hagstion et ¥hicat d fAMGmt ) G)ﬂ%@&n 118 bt fad 03! ctohg{f'mr@atc?elria, a

icate. of claim1l, wherein the transition mnet
s i Prapnpositive, a Sramaegative becigriger eonilfinaions theteafar bon
nmonoxi de, sul phur d|0X|de an oxide of 40 nitrncen n

hv PA- 508 97 ~~- NA7 .
ggﬂgﬁ{lﬁpﬁeﬁﬁn E |ﬁ fr%%lgll Ty e’\yg‘F‘g‘d? 5i Rt geisdagirpuch

t s Suitratian a@lﬁlﬂmﬁajcﬁ)md'@ﬂ&ﬂ I Busali @@ Gxysgoptht PYRERbSa 8fyzac

conbi n%tl ons thereof. 10. Atransition netal silicate

of T CPEOHaHoNsfigtegf-n t he bacteria is a coliform
bacter| a, a 5 Gam p05|t|ve a Gram negative bacteria

t ransition al. . .
o't R ATE 08 ol 7 PPt aths T beHg dnfegtve in
fmaglre.such as Sclerotiumrolfsii, Rhizoctonia solani,
Fusari um oxysporium Pyricularia oryzae or
conmbi nations thereof. 10 12. A transition netal
SIAIt@@ﬁ]@Oéfm@qablsﬂicme ofhelagnnl,t Weerginr the {rsnsitéon n@tal silicate is

E,fr%f;}édvtg,églmﬁl% an% 13. Atransition netal S|I|c_ate

erern Pﬁggtransnlon metal silicate is

1%a)r epdding doyolatidresihbe rafdiiéd fletilio 4 luBIRAIRG ﬁhcate solution
solutlon of the transition netal to a sol uble al kali

si | i cat® U8 4MUgHTC: t 0 form a nixture; (b) adjusting pH
ang) | ILERRBHARHT Br Rkl o iliiele) form ng @

preC|p|tatecn'pr sin ansition netal silicate;

2@6)( d) fomsing agreotaty gunqgmﬂgethmmmmrt atel §iticabt ai n the
nsiti opal taI silicate. 14. A _caonposition

%pr i SY4g g o gﬁ@?g the Prefipitgte ) qbit%%lfl@ trapsibiepalimetal Birate-

subst ance, the transition nmetal silicate conprising a

t rABBSthh 6%&@6@11&%2&1%&1& Lakd %ﬂg;a?e 1&1[“[151381 do oD 3 sugstance

to silicaint transition netal

r dreg &randitierb outalOsilidate ccodprishput t1sHion ametal, @hetdint B Atio of
ture, and the tran3|t| on nmetal silicate

f t. |
ifggsé*r“(??‘g%ﬂ%g Caaln&E%Hﬁ%%tﬂﬁ%ﬁ@ silicats isiippaergent abgut 0.34 to
d@b@iﬂl@lfﬂ?@ﬁfd /06t WS B GRAGHHE QfuchtO T AR NSRESS 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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15. The conposition of claim 14 wherein the subst aEﬂ_%L MA\?’ O’ZDDé

INﬂi@Sﬁf'eCted froma group %g consi sting of an

18.

19.

20.

21.

22.

23.

24.

25.

agropol ynmer, activated al udPna, al um ni um oxi de,
cellul ose, vinyl ester resin, a bisphenol resin, an
i sopthalic food grade resin, quartz sand, silica ge
an ] | O t.hereof, 16. A canposition_ conprising a .
e o A T T € Rt 45 S P t sieo BOB bGP R Eesising
350f hevinyhnsiet i lefin/Tet dlsphidol Gadig, ﬁoﬁE]tBthﬁiid"Qfo@d grade resin and
transition nmetal, wherein a ratio of transition met al
t oCURPINRLPTS thereps. ¢ r ansition netal silicate is in a
range of about 0.34 to about 19.57 and / or with
f upct . St t nd the transition netal,.silicate.
| PRI kS ead Sl Tl PSR i, csioprsog
detransitfonaaettl, svherdit babii6 bl GaitionCaBRI 241 int EHSRSition metal
I N.PA-508 98 -1:7- MA y 4006 18. The conposition o
cl SRS In gaaesiof abeig O Hstorrbpyt 1961 7eamd d @r withra Bangimmapstructure
C i Sk s i .esin, bi sphenol r.esin,
o SRR RO siept! DO R R o o Freg AR Bhen ATt o
t hdateoficand, ali@icrdbicideposimbiomidhaherdofcoat i ng conpri sing a
transition nmetal silicate conprising a transition

al, wherein a ratio of transition netal to silica in
t he% FORpRIstiof Pl 19.svhereinttee fonting farthexrmgempoisesdoasin and a
0. Rfatouabgut 19.57 and / or with a functiona
structure and the transition netal silicate is
effective as a decontam nant, a disinfectant, a
detexédnipaiiton of elbionobé,cidler 09, whebinaki @msiharaah ifcate is
20. TGﬁjéonp sition of claim19, wherein the coating
f iele ?iﬂ'p‘?lF SEQUR, CPRtEapfdcupricsli¢age. nalver siicate2 manganese
Thei GQRTPRS kil I . erein the
t?gﬁgifioﬁsﬂgggiﬁgP R@gggc%gam%gn@%pégpg mF?@nwthe
group consisting of cupric silicate, silver silicate,
mefigaregesitoil dfcebiens 74,6 6i 19 CRh&einzihe GmMikioh Shithcalitate is
an%fconblnat on thereof . 22. The conposition of clains
1£7e§7%ps foflecRpaniient phe metlahsd chamicaleapessiide cat midrebe or
efcb8®lda¥6n arérdeconti m nant of a netal, a chemical, a
pesticide or mcrobe or 20 conbination thereof. 23.
The conposition of clains 14, 16 or 19, wherein the
t e siompositiortd] clainsi DRtIS 61519,ef@6hi e tAassifion metal silicate is
di 'nfectan&vof a baﬁt ria, a fungus, a virus, a
meié%tbvé: %512 disinthctng ha bapteria mivRgEs: erdrushe meerbbe pba pathogen
The c6apRessIs tR&Gegf clains 14, 16 or 19, wherein the
transition netal silicate is effective as a
det oxi fi cant of toxic gases and / or toxic chemcals in
gd$emesipbsitins of slaimsalst, d&r o1, noigeih dBe t&HBBN metal silicate is
d%ﬁ%&g%%man oxi.de of _nitrogen, a hydrocarbon,

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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tobacco tar, nicotine or conversion of toxic gases ]t% MAVAOO@

non-toxi c gases or 30 conbinations thereof. 35 25-

HWPéﬁK@ess for preparing an i #obilized transition mnetal

27.

28.

29.

30.

31.

32.

33.

34.

35.

silicate conprising a transition netal silicate in a
substance, the process conprising the steps of: (a)

addi ng a solution conprising a transition netal to the
S

ub% RIAESSS 06 clygp mSa whetepsthe sylstanee is (elocteddigimg %oup consisting
S i i sl i to the.first,producgt to .
: gérﬂr%ra]h ;%gbé%%&, %ért{égﬁegta?lh%%l%aa?!%un?uem §}dﬁgceiluldose, vinyl ester resin,
nom-bisphersil | iezied anaisepthalic foaimgtdde se@OREaRs QEMET silies gel and
form,the. i bilized transition netal silicate.
adigns ick

II@W@? 50y o~ HAyaoo6 27. The process of claim

25, wherein the substance is selected fron}a group
CONStRLS : : . ] ed alumna, .

o o) e A SRR AR L L S {pehping

bi (phemutpariagithg tramsifi@optiahbilicaté bpdegriage siiRsicnwitlb&ahdtion
sand, silica, gel. and combinations thereof. 28. A _
procesén%?“?ﬁcﬂFborating a transition nmetal silicate in

a (besi ndd@@nBE itfenBifion (rﬁ@talf’é_’i%@é' thet REntHADHH L ﬁl&smeo%aﬂnetal

silicate by reacting a silicate wth a transition

met al $anfeiniBgEesib) addi ng t he transition netal
silicate to the resin to forma transition netal

cont ai ni n sin 9.. The pr.acess, of claim 28, further

c ?ﬂlﬁrﬂf%ﬁeﬁ%%ﬁ?%%?f%% CPMBrisIAg PRlYMSHzIngHke eBeess of
claim 28, wherein said polynerizing is done wthout any
mefiRl drb&ess &P chith &gy SthefMd sdid ?w%}ﬁlllelr&#jrﬁng o€ \751%%%% hily ' metallic
m xture at roomtenperature till" conpl étion o

poRipist incht ooallovBig tidheagionceixsurefat edomi renRratiieriilhesmpletion

cogmri sin gennving a non-incorporated material. 20 32.
The B ocg%§“g¥ claim 28, further conprising mxing the
transition netal containing resin to a solid material.

23 m8Qrc3ss dMGailt BE ¢ eheP Lo ﬁélﬁ%ge?ndoﬁ% ﬁ&lgaécgg)g?@#é %aterial.

material is alumna, alumhum ( (
cel lul ose, quartz sand, silica gel or conbinations

t A godces3df clainp 2 8castherafoniprigigaaixiigdmie biahéi#al bl 2Bgtaining
or co ting.of a.transition netal silicate

resin to a sotid material.
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:

() 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;

() 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
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AN

containing resin on a substance, conprising: (a) adgiﬁ—gMA\/ &ODé

transition metal silicate to a resin selected fro

INPr598p consisting of a vir0 ester resin, a bisphenol

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

resin, a isopthalic food grade resin and conbinations
thereof; (b) coating transition netal silicate

coptaining resin _on soljd matrix such as quartz sand,

(c eng‘#ﬂg of Flagp By whersinthe gratqrighisis metal, aehemécal, a pesticide or
t raRsdvel P RofBiRkiosd hiegf € containing resin by heating

at 50 to 90 degrees centigrade and / or by 35 keeping

the reaction m xture at roomtenperature till

c chrphethddoof disinfErting rEmaEALll Wihg 88 dransition @B HhcA6f claim 1,
non-i mmobilized material. 35. A nethod of

d&OBW'SWenat ing a material using the transition netal

Si¢hy ca ; | it . - 0, . Th .
mithoa ‘SPoGTE R bl KRR e B oodom lfa stcae
chemi cand a pesticide or microbe or conbinations

t eof.. .37. .A pet hod. of disinfecting a material using
thj’t r hsgnln{eiztg}gtﬁg% er??‘l icate of claim1, 5

conprising: (a) exposing the nmaterial to an effective
anmydnt, ; I thi:cat d .

di si nf i fﬁ’ge“% HEPSR ARG TRY Baggldl 4 8t taus, o pirus, 2
3 icigbe oe a pathogemert emitanatioss thebm€t eri a, a fungus, a

virus, a mcrobe or a pathogen or conbinations

thereof. 39. A .nethod of detoxifying a material using .

¢ RSP oS ROREA Tegtpial Qi BEghS cmaFifo metzl swisicsphgjsim 1,
1%0 ?ﬁggéposing the material to an effective anount of
the transition netal silicate and (b) detoxifying the
mdder i gkposiitg thigheatenitl hodn effectivei am@8t ofithertednsitiohenetal silicate
naterialdis car bon nonoxi de, sul phur dioxide, 20 an

oxi de 6f ni trogen, a hydrocarbon, tobacco tar, nicotine

ofb} OXidetodEFy RS thE mafedighi nations thereof. 41. A nethod
of decontamnating a material using the conposition of

clains 14, 16 or 19, conprising: 25 (a) exposing the
mdihe mehod o daine}d, edieioie thenpatatial 6§ carben monadetsubphuadidxide,
( ont.-am. nating.the materigl. 42. The met hod of

P SR VoD Rih P Rttt iro oL, it gpses or
a cp@binatbikerhereof,

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,

AT AT e
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conbi nati on thereof. 30 43. A nethod of disinfectkﬂgag.h4/43/ élCXDé

mat eri al using the conposition of clains 14, 16 o

INPA®8ri sing: (a) (b) 35 expdding the material to an

46.

47.

48.

49.

50.

51.

52.

ef fective amount of the conposition and disinfecting
the material. 44. The nethod of claim43, wherein the
IS a bacteria, a fungus, a protozoan, a

eri al | ) IS, | .
ﬁlt?sl?etaowéﬁla% 4 orwhergiatthpomatsrialis canbbi menwids, tulwhue dfoxide,

4 t . e i £Vi a teri,al usi.ng the .

Soum Olae O iflecflsh e SRS, RIBR. b5 Toip ases o
1Soniyati@@htied®f. The met hod of clai m 45, wherein the
material is carbon monoxide, sul phur dioxide, an oxide

of .nitr n, nydr.ocarbon, tobacco tar, nicotine or

t o%ec%ﬁggsascﬁam@gnlﬂi Glaifisots 30rbk epft2 whergin tinelepartitrothation

asn@h@d i Ii: 3 . erein, the

degont ggﬁﬁaéﬁggét%%tlﬁl %gtehse t e@%@% usglél% \r/gag\t lgeﬁl OIC')ST q’iﬂﬁaéomethanes’
c nolychbdrimated dfipleesy shenlatik, organib abmpetiiBnes] semi Vola‘[ilgj organic
ol ychl orinat ed bi phenyls, volatile organic conpounds,
gﬁﬁ%ggﬁ?&VﬂFéF’P@ngaﬁﬁﬁF%& conpounds |ike pol | utant

chem cals. 10 48._The net hod as plained in clai ns 35,

36Tt lmBihod %s WG REH n (MG A e20RkaM BAkh QbherdilGHY %géc’or{ltad]ﬂination
removal and / or absorption and / or sequestratio
printledasgempval epptli/ de stbsdrplien atbr gredtquastaton 88 profdns ér peptides
fqnct'onaé tEanPition netal silicate as clained in

o 18 heted sio

ezg’u €

% or 5 wherein 15 inclusion of desired
functionality in a selected functional transitiona

MeA Bnctibhd] GBhSitibR AdthidlinaR g B tiinr@lgi Lﬁgb?,;iﬁlnor 5 wherein

synthetic conditions therefore enabling t

f undediemef {spired festiovaity iianseltttod fnetiahal Siahkitah# sndtal silicate
u ' [ious_.appl.ication uch as catalysts and i
b APt Y P REI0g 08 PiteBe copdlons reiggdre gnabling to obtain
C GuniBhAllyOsTfee 0P trhsditich Retal RSS9 Rsd Bl Bkiofid hiftRkeo

i mobi l'ized on a substance as clained in c%éﬁﬁs 15?838“5
ocatelystmad dybridiniages depingwidersplites functionality in a

sel ected functional transitional netal silicgte S

att ai nable by optim zation of synthetic conditions

¢ PR BPLIoR BT e DTt ot e gp et gbstance as
t chied iDRlaifBUA, 151 b CALARIIR IHSBsibR of MLPMP functionality in a
applications such as catal ysts and hybridizing or 25
déf}p(ﬁ@d viegtionabtiapgigonal mefal 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

atn  tn smsendand Lomian el LS LX) 1t



51. A functional transition netal silicate as claiqu;7b4;vfcicx36
IN/P E § wherein prote @éon by transition netal
Aé ? cates |ncludes applic on of transition netal
silicate containing substances in infection and
pol lution prone areas in the formof cleaning solutions
3gltlﬁ'§'d of dRE ﬂt{j}nfnhﬁ ﬁ gmﬂ:@&&{ gf?gﬁgh %ﬁg‘gpéra zones such as
di ST Hf 6ctants and ? anpoos an seed Goat
t beAtmetet dueatoahcmtcxstabﬂiry efthe kaid mamrmi.obl al and / or
chem cal contam nations. 52. A conposition conprising
a transition netal silicate imobilized on a substance
as 35 clained in clainms 14, 16 or 19, wherein
protection by transition netal silicates includes
application of transition nmetal silicate containing
substances in infection and pollution prone areas in
the formof cleaning solutions and / or in the form of
detergents and / or disinfectants and / or shanpoos and
/| or seed coat treatnents MAy 4006 | N PA-508 102
utility of decontam nation and disinfection in high
tenperature zones such as boilers etc. due to
thernostability of the said naterial.




