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(.()N lt.N ri
Research PaPers:
slnrll.li rn,l,Fir.l'rl -',,1 'r,,, "

hq),n.nnr, nt,l, 1,.r,,! l, ,,,.'r ,r,,,r
r0 n.slrl.nDn !n t\rn,'l

/ini,rit,tx\llrLr) \,n!!i{',ti) r!.r,,rr.,.il

..r ir \
t,l(n\! rL,l.r rrrl\rk 

'r1nt^. 
1.'r (r'n \ rlrr r.iD! lli (,

R.nn,ril olmfrhrl, n.trr.rt."t",i,l,"..r "-,i, ""it.,ri"i

Slrd\orph'.n,!irtnrirJlpirJr*kt.1\nnfsil.reiil06lsir.m\hririnr i/!,ih!lryl,,nfininr, Oisr r Ahm.il.nx.tr, \1 \ r

ll(n^1.\.r*lnrd$ hr.i..rrt*sr",ti,",iii*;i'it".i,"r"L{r','r.r,'d,,tr,n|rr, 1.,,1'n,.. rh,l,l.hl.l{.
\rL \"1.f:,,.! 'r li l, ', lr,,r:', ll':,,.t,, i|dlla,,l\i , rrl )\

lu.r.;;.,,i-, "i.,r. r.i(n!., r'.r 'n,ilhl,,ri:.1{ldi"iir' i-ri,' i,. ..,,rr,","", ,rul'ir$ rxB6,!1

, ph.kx dultri( d nd !onopnon,.rl,rl!li ,lrgirdrlir)n ol h.r h( hire iii(rar l,\ 
' 
hlr 1 \rnr a.C tO ,

I il,r (. rl,.'r!,,,i rii (,un!,rnr tl s0n,in... I

Ch.nJr kri,r n 
'n 

.nd biol{,*tr I \rudir! of !omr i! nril^i/. h.rilirn mrlal ( omflc\ 6 (h ri\ rrl trnr hnlr./onr n hil n,i* liNind i 6 - Ez
!\ Iii.,..,.1
\..o r oirtr)!i(, ph'l,x Jl Jl!. r. J ben renredial(iur(t,lor k.nrm.nt oi $dn'sik! fit-Ba

Phfsi((kh.nrai rlnudi.!, d.l(lbn,nd id.nli{i.ilioooto.Srni.! lron itdu.lri.rl s,r(!'

iroriiiiir uu.,rv.i' "liotri"i, 
a 1,r,y,i i.r-;i,i,*G- '
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Mt]l lll)()Pll) l,ll()l()( AtAt Y\t tN
t)Y[s ltt Iiov^t -A\rt()RtRt vt, lv

1h.r,.rr:',ri ii,,r ,L ttL!.,i,i\ ,,,,,.,,i
,,. jr 11, . .. , l \,,..\ i

nr,rirrt',.rl,,i r 
r 

, , 
' 

| . i 1 , , , r . . i r r t l j r , r |ttrr j r., Irr,Il.,r I,jr t,,,,1,, r.. L ,,r,rrt I

It'rrrL)\.ri ,r,L ir,irr. tU'\)Lrih,rtIII tir(rrrl rl,l,LLrrr ,irt,...7r irrr,.:/.,,r.,rr.,..irr
r!!rr!l.rl\, rr ir,,r.r 1l!,1),rir l|!rlrrt N \ ( ,rr j)lr trr ,1,1t\.r , r,, L ill . r1n.r,t r1!1.,r

X(rt\od':l),i,,r r.r ii) ii.L1,.r \. r,.rt,1!rl(,r t!.itr,, ,i,t)lhl(n,,1,!\\ Lt,,.r,rL,,!ri

lnlrodu(lion:

a).SJn, |'llul.rnl.( {r.L rr1,,,),Lrir,),,1|q,,!ti]l)Ll)!
.)J \.,n., i,l,,.r.r{l rr.,r) ..1!.,i,rl I,tittl.nt\ Df{\.!(,
r,\l$i^el! un:l : !\r,r.il ,f(li,r,r(\ rn, turtil,t r1,\i,1,,.
pi.irlios, prnlins, ir)nn(, { ,|.I pl rnr.tr(,1rli(.rl\ tl \
e\trn rJred rh.rt .1bo ri t01i, l:, rnl{,it\ ,!\r{l nirxtuslnr\
.rre lril in lhe {'ilju, I! r,ririf! ttr,.(trinB ptu,"\ ) Thp

rirr.rrrll oihrshh .(r,,n{, r..rir \rrtrJ if tr) o!r,r1},y!irri
rJri.' !en.)u. p]lYironnrr) .rJ .,,r(] ,unr.rr he.rlrh ( {)ii1, \

' 
^1lor 

o[rhe dt('s rrc difn uh 1o i.nn\e du| r.) thrrrr,r|r[ler
' n.riuret-], lr.Dp.ol)ni.r1ir.,,rrhl r'llL|,nrsrrdiiii(Ult.s

they tum kr p.rrs lh(NBh (o|!,,rrl,)ri,rllre.rtnreni \y\ton)s

un,rfic(r.d ,!lon popuL nx.rhrnl. tor rlrp n movil ironl
!\',rilf w.x.r.rreAdvnncea)\i.l.rt|lrr l,|o( c\{''s lAOP's)\lnr,,
lhele mpth(xlt bri'rk dorn thc r,r( n)xr.ld uler inb sm.tl{,r

( .ndies!harmlulslrbstancoclrkeN,(lO-NH,.et( thrli\
dllo knorvn .ls mineraliz;ltion. Phol( x n r,r lyst like Fe,O ,, CdS,

wor,8iv,o,, Nbro,. erc. aft prov"n to tra.ln efiicient

L,irrrr,dt)ll,](,r',,t!r],,n I'() lr)nrtr\ rr,llr, i,rl,,r.\1
, ,1,,, , l\ ,, , .!,i ,n,l',).,rr ',l,,txrl Tra) 'l!r,11 llqlr

.n 1,,. r! r,,r li !y.(l rt ri Lil\1ll '! ( rl{i !|rlr,r .n|., nn,ir
s,,\, l.f!rh.l,rr,.r,{lhnn-r-lr)rii, lijVrirl), l](hi..nr !.N
111, rrl la) r)lxit,r.rl.rl\\t [..]rr.i, lIr'r)Jn1i l]! tlrl. r).rl

n rrrlJl,,)n (, liO , nnri|l.jirn, (, Tr(), .l)url(,fir!. J,(l
l)\{i(,1\,/inglil,I)'rmt)i(tiA,tr! n.rFrrrnr,, i(r-10,

r .5 ()iBn ,rl 
'rn 

r\t lr) rr!,,n g.rt,, llj. \-vo|r8r,rr. elre(ls
, ,1 ... ,t,, ,{'1,. ,t,.,:,, \ .,t 1,h .,,1,,.
.rt.,\, Jtr.l r(,rv t.i or T( )_ tt siri n lrrll{t lhJt N J.d f
r.) (1, )t)e(llil)_ hr.lh,gh({v 

'l,lL, IBhr d( trviiv ih.ln N{lopd
,,rF ri(itIdTrO \ n( o N rJo,).rnt impr{)v.(lthe vi'ilne-trgtrt
JL!)rtrlon rnd lh(,(lopcd F rl,) onhir(d lhr <urfdrr
.r(i,iily rnd rh,,.r{l$rrrlrrrn {)i J{.Il\. rl]] trvbJ rt_tl

lyrrh,,e7ed ( nnd Fe (1) rlirpr\i Ii() .rn.l rt \h0\!ed hrgh€r

.nli!rly lh.rn TrO_ rr)r thr (l(\ r)nrtr)silion ot l)hrnol ilr

'ruilrple 
ures. Ou.prpvn,us resorn h showed trvr; dop.rnrs

h.r(lmD!. benefi( rrleffe( tr lhnr. !ingle one lor enhnncrnS

th..tbsr)r ioninlhevisibl.lilhtrr'Bi.,n.rndimpft)\inqrhe

l)lr(,lrx.rlalylic r( tivity oi IIO- (l.l,l.t). In lhi! worl, lnLltipl.
(lr)tunli modrii.d fio,, nnmoly, C, N, S, rnd rr', $erc

r|,vrk1red via r Lrtile sol-g.l prt:r ('ss, whi(h lhilwed .rn

,,rhrnaed.rclrvity (omt).lred lr) TiO, orvrng lo lhc

r o(lifr( .ttiolr hy lh1.\o (iot).rnl(

Molhods for Prcpnrnlion of N.tnomnlerialt :

l)riierenl m.lh(xltnlenppIe.i k).i(),{! Niltogen, C'}lbon,

5ultrrr rt(. likl' nan nrEl.tl in plx)l(rrl.llysl The methd! drilr'r

\hhougl kJnrition metrl n orlrrreri ph(,1(x.rl.llysh rll,
dn$e Lrnder vieibl.,,lrght rrra.irt {rr, the rlticirr( y is nill
lOh t(,l J{.x r( rr u-, Rp. ""rr\, ,,,, ,.r,g n(,nIr-:J .,r,r, ..'kh^'.\.nrtr.lrrsr.x"r,.,tn,,tr 

t,, p,r ,rn flt,o'rrr,,.

"l'tr.ror' .huwsl rha r 
, 

r , 
. , , . . 1 , , r . i . I rh. -.,J,t,.r .

lP_l'l'yrr ^.*rprr,t w,r,r n.,,\..., -, ,,.,,.,,,,.,r_, ,Ir,r,.

;-trord(,hdredrhpl,an,ri,,.. | | t,.,1,,r,,.rtsr.r,,-1,r.rq,.
'"',)rh.surfa(Anrth,,, 

JtJ,:.t \\".,g, l,rl .l. r,1,,d."1
i
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hnrn Journl ol I n.h{.rt .rnri I nrn ornr.nr.rt tn,!r#. h. vot. ,, {t.,t), ,intrnn.(nn,tr. (?ol ti)

\J L r,,1 . ,

r'r,\(),r rt t rjlr, ,\ ,l ,rt L I \r |\( ) I r!
rr, |lrer,rt\,\,.,.\1, !... ,rt ,r,tli ,r \rr,.lIr,,t
:,,, l0]]r I ,,.i... 

,L ,r,,r(,i\() r,|i)
\\.-.,J,1i1 r,, \
I r, rirr\I(.r!,r. i'.i, . r , .. I \ \ r,,t ,n !t j\ i)l
.trlliilior t' t. L,r,,.r , ,i ,t r(t i,,, rr \lt r, Lrt ,r \r i,rt
'!,r I h ll,, !tLi ( .\ \,r, ,,.,1 /.lr t,rt,L r,rt !t(\ r, i,
\'tl.l..ni\l l\ \,:rtr nr:i.ri.,r..,1, I \\.1.h |!,r,\ L I iirr:Ir\ \ rlt
l\i $.jtrr.rrr.i I,iir.i t, I. , ,,t\,, ,r1,.lL,.rr,i.,,..r,:{.Itr
.i'(al,,l.rlr,,j\r,rr.ir.!,|,I L I ,.: rrJ.rn,\rr.j! rin)1n iljr
:-) ,t.nxi i!i:i1,,, ( n)r I h. I i,

.Sl a \.r rl. In)iNit I ( I rr r,, (r.,l.rl\( n., t!(,r).!r(t tr!.r

. rrl-r t, lr\rlr,ri\. . t,r,\ /... r \, ,.1 i;r.tn um !j|r1,:lx)\rdr,.,:

t.,,r)lrD. .,ln),tef rrlr !! i,rLr -(r,t-t n .i i]|i(.rl
L'rep.rr.rri,rr. ItlfrL 1l !rr.rn !|r nrt,riip(...r(ien,t!li1rx\r!
'ir,\od N,lir lrr rrl (n li,1 ;)\l ,j (oho ,,,rurti)n ti,,
.rrurion $,rr.!r(ie(l rii,ilr \;-. r1) l(l r.l. ri{r,rI/.(l N.,ll]
rtniarnrnsrr'!.ril,'fl li,,rr.i I, n,iuti,)lrs.r\th(Fl)uLtlr ).

r]lr\ed usrng .r n,Jlrnfl1 .r t'. ror -l h. l) llr. .i)lr rioN.

'.rquired a.nori. .i rh,,)r," .r. ,!.v)l\ ed rn 5 nrL d.in Lz.{l

re.lte. 
',i,as 

addcLJ. l:r. nri\rurr, \!.r.:l rp.li, 6 h .rnd d eC

ilr even 31 80 C n,r l l h. lhr .o id produ. I lormerl !v.r!

a!lhe.c.rl.ine(lrl rll{l (i re.rl)' ,,r1!r. ror 6 h r. rir !,) qet (1,

\. rod 5.Joped I a) t).,)r((.,r.,1\.r lhe .!eight li,i oi
lhrou.e.a doptd Tr(). r,r' (.'nrr,rll{1.r1 0, 1, I t. l {).rnd 1 5

\nn and rhe lrnrfJ$ r)lrt.rinc,l \\er( ldjolrr(l Ji TCNS0.

TCNS1, TCNS3, I rllrS l, lC\5 !{)rn.lTC\51; rrtt)e.nvell

!15)_

l.lC.N-5lld, rd:( ' .\J' .irr ' 'r,/',r.' rrr,, ' I:"I

arnbienl lenlprr"rlur. Ailtr ff.illirr'lr( d rring lirr i0 Irlrn, I

,rrxtL,reol lmL fvl() \"JlPr. jrnl rl)5()luk''lh"nol'lnil Inrl_

nitri( acid \'!.!s r(ldL'd t,r!p!tite rnlo lhe JLo!r'

iojution,follo\,red l)y llririr)g:,)r b h nnLl Jging iJverlrighl I)
obtain the 8el. The gel \!al dnr(l 'rt BO' C ior ']lx')ul 1{l h irr

.,,r ! rr, tl r rrr 'l rrl. lrrri' l)rf'1r]r'r rl

.rlr ',.rrr,r, "/i rrrrl! rrr:rllLr"r' ;'

l!, iI r,rl, ,, !1, 1,' o ri I l,lrr)' l r1 ll/

1,, '', ,,'l'lt ,|,,,

t I,,L,.l,rl lir'rrr'rrrr' lr' I rr":rr

l, rrnr,r ,, r"' !!'') l''"'rl i '' '

( I , \. r. i r'^r/' ' l r'rrlr lh' 'r' '

,!l1l rtlh,,trrLir l:rrrklr!rrr'rrrrrl''ir'11
,.r,' ll, i"

i(rntrLr.rl,lr'(,,nii'fl'.)r _ rrrrl ( rr' f'l i r'" I '/
rLrli.,l|r rl,)trnl\rrr(r\'rr\l!rrr\r'\ ( l \l'r'r' .

irfJ \ (.rl( nr1l,,l-lii)( n{lhilr' IMLIIL''ILLrI '

.rir.rtnxr\t,ir{'n lr),

IUI Ior)nrh.'i,.!(.rd).,n'sLrlirlr{,rk}l),{lil) l),d( , . lr I

:t(O Inn)l),, 1| l)urr, r9') o rl,.:( R .rr)(l ()I I1rr i ,

,)i1..'diq90r.\aRr\'(fc{ll+r)l\,'rln llrrirrl )rJr i i i'.
nnd nrngfetr.rll-v !tiffed i,)r l{) nr n.Al lli ri ,',.r ')a, r,

10.075 nlo r r)i l. lr.rbrilfl lrlnn.rl. iliJ 0 ,,\( ll ,,- ,

pft\1rrtor wr! ilor\,v .r(1.le.l l. lhc !,,lrl1!ni rvf,lelr \,f
\rffr)unded rr .rr i(e l)rrh. rh,n, 1lr(,.r\.rl v,,r,.
\r.rs(llrnrl11) I 2 h .r ra .r!.d ior :/.1 h,Jn(l lhr,\.rtrr ,1,,.

renn)vedrtul)rC ir.rir.Thel)rp(lt)rtrl{'\\.r.irn.ill\ (.1. r,,,j

nl 5u0, 5i0,or {i00.(l t)r .l h in d nrUiilr r)!r,n il I ireJtI11:

r.rte ol 5'Ci rirn,l. I hc ol)tr fe.l . rt.il.^t\ .ire r(rron\t ,,.

TCSI, TCS2,.ind TCsJ, rc(ro.tiyel,. Jo{,rmprft, rhr riii\i
of lhe prep.rrdtion J]lclho.l\ on ltre n.tr!rrv ,)a 1[.
phoiircrlJ y\r. .odopcrl tr()_ ph(,ro.Jl.rl)\l! \i,n, it,.
prepared dire( tly bv cal( rniog amorlihoutllO or.rnJl.rte
rO \!rh"r.. \tu,FU rl,,.rr,.J.rn.l .,"r.tbOL ( trr..

saniples nre dsnored.r\ TCS.I and TCS5. respe( rivel! Thr

lolvdcrs before (nl(tn:tlion .rl(, denirtecl .r:il CS I /p, TCSI/p
ICSI/p, TCS.i,rp, dn(t TCSS/p, rospe( ti\?ty. pure 1i() i!.(
I n ndrpdb),1 r,'cr \),tn.'\.r...f l,.rrJLrr\t ritn.r.,tF .r\r.,r..
nrrrounded Ly an ice l).rth fi ir.

Civen .h.i.i.!eriTntion is i om E.S. Agorlu et .rl.
MdterialsTodry: Pro(ee.tillLs2 J909 _ ]920 ( 201 i ) whr(h
5howincoQor.rli(nr oinrrn lclnl with nrd.ri ill oanopJtirdlJ.

Conclusion:

. Nanomnieri.tls pn)lin8 to be .rn impofianl polluurrl
removinS nraterials. Recl,nlly n.oomatenall are pref.I.d

""ti"j I ,\\ ,1 ll,Lri,r, fr rl ,,D
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l\i.'n lfltrnil or ( rrr{rrr ''l

.r ".x1 :,.,

.nntl r\n,n'rtrr "rrlrnv-'! 
l'' \"1 r'}(ll)

by varous doprnts nr{'llrr)rl' .rrr'1 rlr'l) l'l r'rr'rrl lrlrl

0anomalerirl dojrerl t!ilh rl1)nrr:, l.rl\ ,r1" 'llr'r'rrr1l llr{ rr

impoflance in phrr.r( alJiv\ ! bi,(.rrr!,', )r llr,'rr I 'llrl ,rl,\r 'r1)rr)ll
apacrvand effe( tivl,n.\\.rik,r fi g.rr.r, l],r.

PrtviousJy sinBlc r)o0illrl.ti! \\hr r,, rl,r1r,rl ll lrrsI
n'baterol'. 

rh,r, rr r,Ir,, . j rrrr,t,rl ul r- ., r ' . , r' t,,'I
phq.,(dtdlyst.,r,. 

t,v(,i,u,,1 ,,r^ , ... 1. .. ;,,1,.r \
t ( L,.

*rrhlFhclo,.rra:v.r,

I|",".-,,,t,r0,trr. tl ,.,r..,

I

I

l.rlI[,\l inr.rgc; tl), \t\1 iDrngt; 1(] tDs tpe(lrunr of Cd' C' N' !-'li)pr(l '/ro L{r'6 
"' 

Gdl

.

I

I

ii.tn In,l),)rl,rl1lrrt'.rLllrr,'r !lr rrl,lr()lI)tJLliv)l\,1)t\.lLr!'1ri

tht\ l.n lor t)h.li{ ,Lr.i \ '1 rr,' rron ,r Ll nrirn' .rl)trli.rt( r in

wrrle urlql rrt rrr r .rl,l, '.r,i.rr r.rrli.(ron.

(-orr' (lr,rirr! .,ll tlrrs' .,,1,,r1', rt li rn\!xrrl.nll lo iuu:
oh rl rrrllir I rl)r r I lrloll,( 'rt.rlr ' ' I rrcxr" hr'rtrr"ri thrrr l rri'rt t'

.rxl lrclrl lr,rPl)lrrr , ,llr.x rl\ ' \luitii)L('$trrre\ "n be u'({l

li)r llr(' rrlr,)illl( tL,, I Lri \ lrt {r' r' ('rrlrnl Srilnrr' B()r{'n e(

nr,lrnrr't.rl. r!lrrr lr rrr, lt1l( (n'\llri''. 1!)$ {on (henli('llt

lil,0Lrtl'.t,tx)l\,'lh\l"n('.rllrllr('rlLtlrl(l)llrlirletl''('tn[x!u\(l

dllalnnn{'l n'.ll)Pl \rL rr "t L 'lrr lrclrrrt'slrg.ltt'rlin llenl I(llu|1'

B
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Iir\ p(A. l),i,1\ ,l.r! ll,r,,\,,,,t,tt.r! ,.. L , ],.,
rrn,r,{irri,. ll",lllrr,rrtr,,rrr,,,, L,,

\. f)r,.r,,. \ :.. ,, | | |

\ \ 1)\,.1,,t (,rr, ;;, 1.rr l2(,1!;r.

.' \\ 1,.r,,lt rr (;tirl),.,. I N,, ,,r, (,
( ,, {,1'1. .}8, I t4 {t99ltl.

ll ( i,rrl(!,) I \i!r, I I' I ir.u), I.r 11 t,., \ ( .,1

Il.tJ. 8l, .t.l l (t990).

U.ill(,\ ( \nrrq.\ /tr. r!.IM ,: \! ,,,:,[,1
t..., t.i {l{,.,, lU ,

Ol),r) T , T. iit!u,, \1 \1.rl.Lrnrur., ( r. , r t,'ll ,

32, laJ 12003t.

arrn. tl. A Nrnri)u !\, Wf!i. l. t, !. .r). /
Zh,,aS. l. Hrn$,l, I rxlir.r I R,(1 1,,/ | t,h\\
ChPm (1.. I il, 1l6b t21t)7t.

Burd.r, C.. Y Lou,X Cheri, AC.S s,,nr,r.t5n)rr
I.L Coi.. Nr'lo Len.l, to49l2o03).

t!.rl, R . t. Nlorii<ilt.a, T. Ohw.rki, ( \o( , \ r1j.r
5r tPncP, 293, 269 l2o()1).

lh!tu, T. M. Mjyoihi, y lnyrnr.r, (). ,\.1.,jir rorr).
S.5u8rhdr.r App,:Cat.l Bj tnvir.nr., .tz, .t1) I (2003).

li, D, N Ohashi, S Ht\hit",, I K,,trrtr,,/hnI H
ll.n.'.Ja. , Sotjd Sl.ire Chenr . l78, Jlr) I (20(,j).

Irybt,9-, d al.l_ LalnrL. Mrk{_, t5t, {,-t J (1008).

Yar8. ,\., C. Cao, K Hohn, L t,rt t,rjn, R.
MrShll;ng, K. Klabund€ .l. Cdtat ,252, )1L et,Ol).

Yan8, X., C. Cao, I tri.kio!r, K. ot ), R
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