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and Characterization and Modiffication of Mesoporous

Material SBA-16 With Ultrasonication

S.B.Shete

Department of Physics, S.G.B. College, Purna (Jn) * 431 511'

A5stract: Sphcncril palticlcr ()l rr)t:\ol)or'otrs srlielr Sl];\ l(r u itlr r'ultic Itt)-ltii:tt'tte ttLrrl \\('re stntilcsizt:tl .

lrt low ltll usnrg Plr-rronic trllT .is [crrrpliirc unci Ilrec hLrsk rIlll,.\iur silicrt sL,Ltt'tc 'l'hc tiilinrctcr of lllc

sphcrical particlcs carr lrc e ontlrillcd in thc rangc o1 ()..i ii LLrrr [r-i, r'rrrt ittg Sphc|icrr) l),tlIlr'lt': 'I
nrcsopr)rogs silica SBA-16 rvitlr eubrc IrrrJnr strLlctulc \\'clr] s\rrthcsizcd at lttll p]l Ltsittg [)ltrrilrlic l;l]7

as tcnrpllrte ancl RHA as siiica soLlrcc. Thc cliaurctcr ol the :phcrierl parliclc\ eatl ire cotltt'tllltrtl irl tht

liIrgt o] {i.-5 8 ptrtr [rr' r'ltrving . r rrtltcsis tcnll]criiturc t -1.f "(' ,\ sltltl'p irattsititltl l'r-ont larllc particlc is

()b\ar\,c!i. l1 i: sugqr:stcri tl-ri.Lt tlti: rrror'1th01t',s1 1p|11tri1i()ri r\ (itlr' lo lt clllingc itl lrrr.lrtrltris ittttl

ettrrcltrrsl.Ltrrrrt [rle 0i rhc silicir:()r]irc lLrrr.l,is lr iesUli tlrc li-rcttlirll rrl lrl-ll lrlii'cllts rr'ill.lillcI Iht:

SgA- l6 saprpics rvr-rc chulie tcrizr,rl itsirrr:. pouclcl X-rirr i.ii1'l rre Litrrr (XItD). s!illlrllll:1 e iectt'otl

rtri6r1iscop\,(Sltl\1 t.tralsprissictpi-iecllr)n rlucI()\copl't'fli\ltarld Nilnrgctl atlsorlltiorr tcehtlitltrcs

(sl11;sl"fls. SBA- l6: Sphcrical prrticlcs: SYnthesis t(lnjprrritlttre: \'1or'lllrologr': Ir 1.27

Introduction:
Sphencul particles ol r.nesoltorur-ts silicl SBA-l(l with eLibic Iru]rtt strtlctLtrc lvere s-\'ntitc:izccl lit lilir

pll using Plrrronic I,rl27 as ten-rplarc anLl I?.Hr\ as silica soLircc. Thc clilrnlctei ol thc sphcriclrl pirrtrclc:

crn br: rontrglled in the rangc ol {) 5 li lrnt t'rv r,trrlirrg ,'l'lrr' slntltcsis ol nlcsol-lLrroLti tt.tltte t'lrils [r1 ir

licitiir-l,clvstltl rctrrplatc ,119g11111isttt \\it\ r'uf()l.t('Ll r tiee k .l .S .,'l rrl 199). Krc.gc ('J'.. t.'1 ,i/ lt)!)'ll ['hc

ltrtrpcr.tics gl thesc rnat.erials itrlke tltcrti.rttrl]cti\c lor-;.iLisLrr'1tlrt)n. !r.ttrtl\ris.:ttllltriLtioit. i. l'tittiielll

\cirsiltg^ gptical cLraLins, tirgg.lelirct'r .rncl c:lecirirrtrc rlilrlie:.ttirrtts. litrt'praetluitl ptil'l)()sc\. tilc,rrcl'ltll

rnorphology ol a nrcsopororrs ntirtcrial is a rtt'ecs.ur) rerlurrr'ttrcttt iil conlLlirlittiorl with tht'ir itltcrrrltl

sltitcturc. Stsi\-16 is a rtiesol'r0rous ilIrttrrial with 3D cir[rie po|c ltl'l'itngelnerll ctlrt'csp,rrttlitttt ttl Itll.itlt

sl)it(,a !,.roup {Boissicre('..r.,1 ir/ l0()l). In flrrs borll-eettltctl .irhie strtlctl.llr' Cldh lllls()l-\()l()Ll\ l\

ettrtrtcei,.:rl riith if: cigilt,tr'iilc\l rreiglibL,ur-: (o l()r'll] li tttitltitltt.'eLl()lllll s-\\lclll r)l lllc:()l)()l()tis llct\\\)ik

(SlLku116til \". r,1 rri.l(X)()t. I)uc l,r il. lrrige cage. lrrgh \ulli.r!u lrre.i rttcl itigh thcrrrtirl :tiihilitr'.llltltlsrltl

SP, t,t rrll-0()Et. tlris irrutcriul lrp[)ciit'\ to ltc one ol'ilrc bcsl urtttiirlutes lirr catlrlylic \Lll)])or t ltrtti llirekirlrl

nlrlcriiiis lil-scparatirln. Lsing IrllT es r surtirctant is lhe corntttr)tt \\tt\ o1's1'tttlicstztrlg StlA-l(;iZhri,r

l).. et Ltl 199u. Van clcr Voor't P. at u12002;. HollcVer. tlrerc arc also rL-ports on altcrrlatiic \r.lll.tuliirll\

srrcl'r as Fl08 lKipkcrltrrti P.. at rtl 2001), a blend o1'PI2J and Irll7.
i\{icro porttLrs zeolitc irre rvitlcly rrscd as solid acicl catalvsts. { ShaocliartShcr. (t Ltl l(X)7tbut ihL'ir

applications arc intrirrsically lintrtcr-l by clrrr.vback ol'ztrolitc is thrt tl'rc stttall rizc ot'tltc cltltlli'rcls tlcss

than ().8 lntl and c.ayititrs (<1.5 u1r)intposcs dil'1 Lrsion liuritltirrrt: trr tcaclittt.ts that catt caLrsc irigh buui.

prcssgtc pn tlg'ur s\slcnl\. Thc rliuicrr:iorrs ol'tltc zcrrlitc rtticru l)olcs (< I rtlrr). Illc\oi)()r()tl\ (l.i0rtrlrt

Irrril lriAcftr l)()te s (> -50 nrn) pcrntil. liisle r rttigtlrtiott rrl gLrcst tttoie e rt]cs in tllc liost. liatticri trt'k:. Sitlt c

1ir\t n11I, s triinslCrot th1' teitL'Iiurts.rrttl l)l()(iLlets ttl iLntl Il'ont tlrc irrtr\c sitcs is rCqt.rircd iirIe.tlltlt:is
(KresgcC.T..et qt lL)92), the concept of itrlusing nru\r)Pr,r'()Lr\ nrIr) zt'olitc palticlas llas aLtrectcc[ tlltrch

attcntion. Re cent progress inr,olring thrs issrreri to ordcrcrl nrc\op()r'oris ntiltcrii.lls sttclt lt: l\{('\'1-+I.

SUA-l(r rntl SBA

I -5. 
'l he sc nlc\()l)()r()Lls ttt.tte riuls l-111r c ltot'c tliittlte tcts

o Ior Llic e litlrlvtic e ottr et'siott tti bLrlkt re lte tirtlt\. blll r

ol -1.() nrrr - S {)nnl:rncl rrhrhtt e;tliiltti. pro1rr,'t'tit:

Unl rrrtrtttlrlel r. rr hctt c()lllpi.ti'url tr itl-i tiliet,r l)()l oLi\
n \ 'r'r

I \Y\u,rlitu rKue hr J., ar ul.:l()()li i. thc eittli

Y r':rn l.e irttl'ihutcLl t() thc lrttl()rpltu,trs Ity
'Co-or{inqt?&".rrctr cll,rls havc bce rr e ,rr/4j

hrrilotlturttutl stirt'riIitl itrc rclliiiciI i\)\','. \\ illcli

i(rLous r.l'illis. 1(, llrvg1'u0tl1c Lhis itrw{utll. \(rll-rc

[rij\I rtrc.,rp()tuLl\ ()r Illirr'r() drt5-fidr4 I(Irh\'
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zcolitc nticro porcs. T'ltesc rlatcrials callccl
nric.rolileso,/rracr() porcs rvoLi]ci flr1hcl. cxte nd
ct ul 200)t

[{icnrrchical zr:o]itc rlurcriuls
thc applicuriorr o1'zcolite as solid

il rth conrbinaliorrs ol

:Lr'tri r \ ,rtt .lut \, ,,trt I I' .

i

\,|aterial and methods: SIl,\ cotttl'tositc u'rrh dil'lcrcnt conccntrirtions har,c hccn prcpirr.cd uniler.acirjie
r()n(litlons in thc pr,-.scncc ol trihjoek copojVrncl FllT hr trsing RH,\ li: rrlicli \ourcc 1(rgrn ol
Ijl-17*;ts tlisst'rlrcr-l rrt ll()grlt oi lllo.-5lrrr ,l corre . tl(ll. rrrrti T.igrrr .r'bLrtiin()l untlcmrrr..rcrrr,\rr.l.r ,r
lh t. obtain honrogcneoLrs s0lutiorr llt +-i,,C [o tltts solLitiolt -1..5grrt ol IIHA *its r.riltlcr]..[.lte r,rrtL,.c *rrs
stirrcd liri all()tilc1-l-l hoLrrs 't-lltt'rtsortie trclitrncnr is rrrrrr .rL l)r)\\er 7() lirr.10 prin'l-irtrrr tlrc srritrtirr. is

6h {Cliilrrilr.Lr []abirt rl ul )012\.
I.l.csult and discussion :

XRI)-stuclies;

As-strlthcsizcci lortlts ol RtlA-SIl;\-16 (60.7().80 itnri 9()iexhibit u rypical pirr{cr-r) r.r.ir1 u 'c^strolig (l 101 rel'lectitlll at low ansle L ll('arrcl other \\'cakcr lcl'lcctions as shrl,ur. in Irr r i ,,\-i 7(). x0t
According to Beck el rrlthese l'e llection lines can be inde recl bascd on a hc-xugonal Lrnit ccll parirrctcr(a',= r2cll l0) ln thc XRD pattelrt o1' the calcinerd IiHA-sllA-16(6(/)C). ontul tt,. (llg) r.cflccri', i,.rlbservecl p|onriilently .The prcscncc of onlt, r I l0t rcl'lcction in thc e llcincci srrmplc sLrsge \ts thlI thrsotatcriiri (locs not p()ssit\s Lhe u,cil tlclinerl lrcrir{orrlrl ,lr-rir\ \ al.tcr. ulrle inaliorts. in borh tlte lrs_
s\ nthcsizecl arcr clrlcincrj \linlplL:\. ihc nrlrinr,r, \tr()ns I)('11\ u ith ( r r(l) re f rcution is ru uns i() lrighcr
dllrlsPitcit)9 vaiucs rvillr inct'clrsc in lclrrpelrtLtrc ol ityclrrrtltcr.r;11 \_vpthc\is lr.,t (i(),,(. (. 90,,1 ir.tjafteru.'rrds it low'ers (Fig.lr\) ancl (Irig l Bt.

'I-llc sirrrtplc I(ll,\-SIIA-l(r(80) in its us-51,11111.,sizccl litr.pt sh6r.vs u ciilicrcnr XRI) pirr{cr.' as irrl:iu l-'\.'lllc highcr lttt!lc pt'rtks tlttc lo (ll0r entl otirtl re licctr(),1\ lrc likclr t, lirsr, t,sulhcr. lirr.rirrrr
oitL: hrtrrl,-l ltctrk. 

-fhis l\ (luc (o tlrc irtrrlrhiljt,\ ()1 tltc::rlrplg trt tlre hrglrct.t.,ltl)criltrpc. t.rrrlilii.uri lpr.the
le rlt(l\iil r)l'\Lll'l iictill)i nto]ccrrlc: Ilrc\cnt ite tucctr rht,sriictitc sltects.

9t Cr.r stalli nit.r, a nd,\c tivati on Finergl. :

The percentcrystal linit,rr tll tlic strnip)c's clrau,n at dit{'eient synthesis tcnrperirrsres irr tl.rtrcr1'stul l i zation ki neti c r'r'as obrai nctr b' rhc iiril.r.i,.i nc rc i.ti,n

,,,i Cr-rL|iIlinrtr, =, !-tlLl_l_L_l-l\_l}:t lyilL:l Lutknou,n rrrlrte r.ilrl r l(X)
Surn ol pclik hciuhLs rrl stlinrliLrrl ntiticr.iiLl

T.able I sunttttiu-izes the rralues ttf itrter planar spaciirg (tl i,alLrcsl dcn'ecl l'r..r X-rir-\ clillracti..patterll fbr R[{A-SBA-16 (100 'it crystilllirtc) ancl was uscd i.rs a i)rrrcut sa,prc rirr. [rrrhrr sturiv. 
.I.he

kirlclic ctt.r'c desc.ihrnp thc itlcrclisc in thc cr-r'stallinirr .l' thc e r.r,stals w irh thc :r,rrhcsrs rcirl)criitrir.e(bctiirc itrlr'l altcl cltlcittitttort) i: trcurl',' 'S' shlrpcd tlrlt tlcpcntls (). i-iitc rrl e.rr\r_,r.si.,. -l.hr: rr;rc.1.

to crlsullizatitltt oi RI-iA-sBA-16 phiise ll'ns initilrll;- slor,,u l.r.rl tlicu it incrc,scd shirr.pl_1.hcru,ccn 7()r,c
f.r.^1() 

hi(,"(' lUllpuq.l br suhrcclrrcnt rltrr

ffii::r1;##:ffi:ffi;:jl., ;i*,r:r:r.rx;:ri
"'-ffio%1t:..r::::,.,; ' "''{Hi{(su";"'')*,-l}" "' "; : '1' *"'." !s)-

!nrlpil:,?y:ll:X''Ilfmlt{iii{' \Qxrrr# shri G,,ru ,*ffg:ll,hryidva,:i,,
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T'hc sarr.rltlcs sl nthcsiz.cd irt r-lill'ct.cnt tcnrpcfiltLr|cs iLtr c .tls,r lrur:tl ihrtr;tutt'r'l/.c(l hr' \ ]-

lidsor.pIii,-clesorptiL)n srLrdr. 'l]rc isolhcrnts tibtaincrl iiotll N2-lltlsrlrptrt)n-dc\()rllti()ll atttl

corrcsponding BJH porc. siz-c,.listribLttitln is shilrvll in trig I l'\. r]i. i\ccordirlc Lo IL.iPr\(l c1't'rilltrtti'tt'

these isothcr.n.rs 0l'RHA-sBA-l(r iu.c 0l'rype iv. which is thc eharaetc|istic tlt rlles()p()r()Lls rllaleriaj '

The rsrrther.ms crhibit thlc-e slages. Thc lirst stirge is I lincar part ullnost uoing throLrgh thc origirt' l hictr

is 6uc 1.. ,tonoiavcr.rlsprptron 9t'rritlor1en on thr] *alls iil thLr tll0sopol'otls (11/11() < 0lr' '1'hc rceotld

stage i: characterizccl bl it stccp ,ruteir\u rn rrcls.rpti.rr (u ithirr rhc rclrltii'c Pl'c\sLlrc P/p0 rlrllr: .l'01-

().+)riu. trr c,,illurl,eonrlcnslrtiorr ol \-l in tlrc Polc ehrrnncls 
-['litr 

ltltrt:,l1ou'r l.]tstercsis l:tlt Slttlil'rlr':s

RL.l,\-StJA-l(r (()0tand ll.[{A-SI],'\-l(t rS0t. u lincui increlr.c ill iirl\orpti\)ll lit lrrri prcssurcs is oh:ct'rctl

lbllou,ed ltv a stcCp lncrcirse iu litrrrrcrr Lrprlkc lltl ii rclltrrc l)l-r'\\ulc ol' 1-r,ril,,;' 11 I ] r) -i I lrtttl 0 li-i) l:

for llll.\-SBA-16t60) anil RIL\ SIJ,\-16( fi0). rcspcctirclY rlLr.'t0 ellpilllr|r (ollticrlsiltl()rr irlsitie thc

ntcs()pofr)Us lrig I (,\) lirr Itt-l..\ Sll,,\,16( 60.70.80t. l-hq hroirrl lt1'stcrcsis ltxrl-r irl thc isothcrttr lor.

ItH,\ SIl,r- 1616()t t-cilccts rlisorrL-.r irt rl'rc shapc irnri si/c ol thc nrc:op()r()l.ls. 
'['his stcp ()l tlrc isothcirll i:

slrirpcl.t.i pllA,slt,\-16(g()) rnrircating ii llarrr)\\ l)()rr'\r.ic rli;tliirurion.-l-lttts. lts thc crlstlrllization

p()rc \i/-c r.lisrribLrriort Fig.2 rB) lirr Rll,.\-sBr\-l6 (60,7(). iLntl s()t 't hc Nl-rttlsot'ptir)lr-Llc\oll)ti()rr

i:.thcrrrs arrd the ,or.c siz-c distribLrtion ol tlrc Sunr;:rle I{llA'SlJ,'\-l(r t9()l ltrc ltltrrld thltt tltc ltrslt'r't'i:

lo.p is r il,idc re,ge of r.e lliiirc pru\\urc\. p/pr) (0.lfi-1.(x)1. 'I'hc sititpe tlt ihe llYsttrcsis ltrop ettttlirllls

{.he tirrnri-ttion of a laniellar phasc.'lhc pclre size chstributron bccorries brclaclcr.'ThLrs. thc Xli'D rcsirlts

arc corrljrured by,N2-adsorlltion-ciesorprion data. which arc sinlilar to those. rcportcrcl ti>r SIIA-l6' Irl

por.c sizc clistribution cLlrvL-. nrrr()\\,anci sharp pclk is tlbscrvctl irl thc tlianlt'tcr rangc l(')-15 A shou'itlg

Lrnilirrnr purc siz--c.'l'hc isothcr.nrs ol thc ltllA-SIl.\-1(r sirnrl.rle.:lrrru srnitll lrrstcrestt lixrll irl 1111'llru'cl.

I)rcss,L.c r.egi.ns. W'c notcrl thut thc \ullrrec irrclrs ttl ultlt'inetl l<ll'\ StJ,'\'l(r:ltrrlplcs itr'' ('()illl)llIrlli\cl\

rritirr: titan as s-vnlhcsizcil I{liA Stl,\ l(r lrntl it is rrtcre rt:irlg \ rtll lllc trruturrse ilr rl\\ti'llll/irlioll

lL,tlln(,lliltll'C.'lht'!lltrl'e rttllltr'C illt:t { }i\'r)111 'qri:,rtr ilrtlr"ll tt'lr t)l l''ll ti;trt u* 1l1r1t1;lrlrrll 'l I'll(''

Tablc I prcsents a suntntar), o1'ell the paral'Irctcrs obLi.ti nccl lr\ tltLtt,se tl \()liriit)rl .rrtd poutitr X-

.i5 rlil'liucrrr)l.l plttte,t. Thc r-r1it ee ll plLrllrctcr (air) has lrcen eitlcttlatcci bv tirc lirl'rtlrrla it,, = "'2 
tl il()

-ilrr r.i,ull thiekncss hus Lrccn cilleUluLed bV subtrlreIing Ihr po|c,-liutrictcr obtlrincd llotlt N2-sorlltiorl

lrrrnr tlic Lrrrit cell lllu.uiilctcr-{ir,,). It i: otrscr-r,cri llrrrri thu i.rlrLrlriIcrl riutu IlliLt \l)ilcil]g rrtlLte ol lltost

llttr.ltsc ptak lrr d,rr, is slrghtl\ ir'ie rces.. arrd tlte p0r'c ciiarttctct ts tlce rcascil r'r ith itte rcli-tc ili te ritPe Ilittrrc

ol'hr,tlrothcrrnal slnthcsis ll-trn'r 6()"(. t,.r s0"('. lt is tluc t() irrcrcusc in tlrt' $irll tl'tickncss tll the ptli'cs ol'

Rl-lA-SIIA- 16. 'i he surt'ac:e urca is incr..asecl lvith thc inc:rcase irr syrrthcsis tellllle raturc trolll (r0i'f' ttl

g0,)C d,c [o thc progressivc fi;rrnution ol'orclcrccl mcsophasc siliea. Howevcf. thc sltt'lltcc al'cll tiL'crcllsc\

ri,ith lurthcr increasc. in synthesis temperaturc clue to silicil porc si.rrinkagc.'l"his sLlggcsts thltt itlcrcasitlg

the synthesis tc'tperalure can acceleratc the silicate conclcnslltiort otl the siiica r'r'all. uhich subsc:cltlcnll\

thickens the silica ll'ltrncutlrk

'l-irLrs. rl'rc aborc rcsr,rlts ini.iiilrc that in irvcittitltcr.tttrtl srtttilctt: trl I{tl.'\-5lJ'\-l(r tllolccLllitr

sicre s, tc*rpcrlrtLirc plals lr srgnrl'ie lurt rrrlc. ,\n inefcirsc rrl llic .'t-\slitlll/.lltlt)llicllll)e lilitlrlr ltirtlt (r( )'(' l.
gO"C irrcr.cltses thc long-r'arrgc orclcl in [hc struetLrrc it\ \\eil ;.rs tilc r'r'all tilicknus:.1 thc ItllA'St]'\-i(r

ruolcculitr sievcs. LIowevcr. uith fiirther increirsc in thc rerl]pcrittLtrc t() 90"C]. thc hcr;.tgtlttiLl llllrttc

^chaug.:s to a Iart.tcllar ol.tt: tinc]eL the sYnthesis c'ontlitioris'

d in lrig
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It is obsc|r'cci Lhat thc avcritsc diarrctcr ol thr pirrtielcs is slrulrti.i irrercuscd irs tlrc :_r,rriircsi:
tcnlperlltLlre rs elelatecl ll'ont (r0{)(l to i)01)C ai'tel culcrnations. Ilo*evcr uhcn thc st,nthtris te r]rpcrat.ri,
wiis llt-tlttt.td 8()r'C' thc preparecl satrtplc has signif iecl lr hiuh-qLlilrt\ :rtructrrriil nrorp5glegl.

'l'able l: Fll'l'ect ol'crrstallizittiorr terrperaturc orr Structr-rral anrl terturul proJrcrtils ol'

il
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lI-ilif,l
!x4 I

il
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RTIA.SI}A-I6

As synthesized

Samples dtro

Unit cell

paramet
er

S.A.
(m'lg)

Averagc
p0re

diameter(
Ar

Pore

volume
(ml/g)

Average
wall

thickness

tAr

t)t

Cr.vstal-
larrit.v.,

Rl{i\-StJA-
l(r(60)

10.1 3 lE 99 )_11 .)2 l{)

RHA-SI]A-
I(r(70i

2l.-5 r 30.97 I l6.ll .ll

I{ ti,^\-.S IiA-
I 61 80)

:-r_++ 75 70I .15 t5. ll ()+t6 {\.+-l 1l

r{}{A-sBA-
I 6190r

23. r2 I i.19 606.70 l+ 9r ()Ll8li 8.l t 6l

I,'or Calcined Samples
Iil1,\-5UA-

l6(60r
(,rr].-l-| I l5 r, r 1) -l9l slr I +r

RI iA-SI]A.
l 6( 70)

t.,5.55 i(r.79 7 I 1.6-5 2 7.l.l 0.5t.] 9.:+6 (o

RI'IA.SBA-

I 6( 80)

26.93 38.78 719.10 29 16 0.56Ii c). (r l t(x)

ItI{A-SI]A.
I 6(901

13.68 3,1.. l0 6fJ9 I I :-5.21 0..501 8.8e

t

l
i

_-r.+ \ -r .) . /.+

lh-- jFi :. , .
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s Analyzerl b.v EDAX
Sample name Si AI Si/Al ratio

'fi Metal ion
wtc/t

;\l-RHA-SilA- I(;
(in ge l:Si/Al=.1; -56.,! I i4.6ii S r/Al=.1.ll7

+l

A]-ItI,IA.SBA. ]6
lirr gcl Sr/Al=7r 6-1.61 9.+:

Si/Al=6 86

Al-RH.\-S8,,\_ I6
trn ccl Si/,,\l=9)

(r9 .l() 7.8.1
.Si/'\l=li 3,5

:r9
]'i-IiHA_SI]A I(;
(in gcl Sr/Al=lr 68.-17 111

'fi =l ()I

Ti- R Fl,.\-S 8.,\-
l6irrr gcl Si/r\l=-l l

61.7 t l.7tt Ti =i.ii.l
\]

'f i-RI-tA_,Sit,\_ t6
tin gcl Si/.,\l=6 )r

64.1 t l.8 r
l-i =.5.7(r

+()

[''st S.r'nthe.sis Nl,dification of' R lr {-srtA - 1 6 rr.1. ;\ r..' rn*tar io,s :

Irt boLh lrosl svtlthcsis rrttrtiilierrrion thirt is tlrc p|ePu|ution ol ,{l RllA,SuA-l(l urrtl 
.i-r -l{llr\_sllA- l(l tlrc tii.ecr \Yntht'sis lllcthotl is trscci. .'\lLiiarriu, is.p'.p.ridc as .,\r pr.c cLlr\()r u,lrs crrfrrrr-rcrrlirr .\l irtc.rporation ilii'the silica tru,c w',r-k.'l'hc pll .l"rtr. g.i ri,,as kept Ior.r.s, t, el.lcctircincot'ptlratiotl oi'AI The aqucotts s.,iution of'Al"r w'a, atictcrL .trop tr1, clrop in hvclrothcrrnal s.r,nthe sis gclpt.epat'ecl as described in the earlier sectionclill'erent conccntrirtion ol'AiLrmina { in gel Si/AI = -1"7,9 tThc sarlples ohtainecl al'lt-rr the f iltraliorts a.c ti'red at .oor, tc*pcratLrrcs unci crrlciirecl irt .5-50,,(.firr ii lr. T'his sarnpies are clcsisnurcri us ,Al_RIJ,A_SBA_ j(r rirr gcl Sil.Al = -+.7.9) lrnti rhis sirntplcs rircchrt'itctcrizcd x-RD. F.DAX, sL.\1. F"fltt. fhc,brai,crtsi),rt ,,i,r,,,i,,i,,,.,, ,,,,rn,.',' ' ''

Post Sr nthesis Nlodification of RIL\-SBA-16 b1, 'tir{ nret,r i'ns:
l-ilailiLllll is.llrop.ritlc lrs 

-l-i 
Prc ctirso'rvas cnrpl.rcri firr'fr irc.i-poriti., rrt. rirc sriica lr.rirrctl.rk T'lrc pI-i ol thc gel t'as kcpL Iilw \() to c1l'ccti'c i.e.r'y.r.r'ati.. rl1'Ti.'fhc irquc.us sri]Lrti.rr.1.T.i,,tllts atlcict{ d..p by tlr.p in hr'clr.thctr*l s-i nthcsis rcl pr.cpur.erl irs rlcscrihccj i. the curlicr \Lrctror)cill'fcrcnt cotlcentratton irl 1i1;11111,,', r rn gci sllli = l.-i.6 t I hc surrrplcs rrbtuirrcd ul'trrr.tht l,iltr.rrri.irs irrcdricd at I'(\)nr tenrpcratrlres anrl euicincrl rrt 5-i()r,C lirr. li Ir. :'l,,,, ,,,,,,,1i", rrr.c dcsisnarcd lrs 

.l-i-Rll.\ 
SUA_l6 lirl gtl 'Sii-Ir = 1"1' 6littlcl thts siirnplcs.r|e chli|reir,r rzecl X-R.l). []Di\x. sll\,1. rrrlR I,hc obrainr.ci,Sifl'i rrtio tabLriarccl in table 2.

RESULTS AND DISCUSSION:l) I'i,erg1 l)isprrsire .\nar.rsis ,r' X-ra.r (F]I).\x ):
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rA)(B)

Irig.6(A) UDAX IN{AGI'S OF (a) At-I{HA-SIIA-t6 (Si/At=4), (b)Al-t{HA-SI}i\_t6 (Si/Al=7) arrct

(c) Al-RHA-SII\- I 6 (Si/r\l=9).

(li) FIDAx I\,tAGFtS Ot'(a) f i-RI,tA-Sti,\-t6 (gel Si/'[i =2r,

(b) Ti-RHA-SIiA-16 tgel Si/'ti =4) and (c) 'Ii-RllA-SIIA-16 (gel Sif i =6).

X- rav difTraction ( RHA-SBA- I 6,,,\ l- RHA-StsA - I 6, Ti - lt HA -SItA- I 6 )

This section givcs cletailecl inlbrnration on chaructcriz.lrtion data ol'tlrc RI-lA-SIlA,l6. Al-
IitlA-SIIA-16 and Ti-RHA-SBA-16 sanrpies lvith di l'tercnt Si/AI rrtios ancl w'ith clil'lcrcnt ]]iolc rirrro ()r

Ti- erchanged respectively.
'fhc XRD patterns of'thc caicincdparenr Rll,\-SB,\ I(r. \l RI{A-SBA-l6 antlTi-RIlA-SUt-I6

sittttPlcs u'ith tlit'l'erent Si/Al rltios in gei (-1.7 anci t)1 and uirit clil'l-clc.nr Si/'Ii rarios in scl (1.-l.end (rr

rcspectivcil,,urc prcsenteLl in Fig.7 (A. tl. C1 iespectively.
Tlrc spcctt'lt shou'ecl XRD pattcrrrsidcnticll [o thaI r'c1>ortcd firr stanclari] SIl.\ l(r ltateriirls.

Beckcl ,r/. intitrxetl thcse peaks lor ahcxagonal unit cell. thc paronrclcr o1 which rvas ealcullitcii liorn Lhc

ccluirtion iq, = \i2cl ,,,,.Oncalcination ol'santples. thc peak is shit'tcti to loiuer cl ,1,, spacir.tu vlrlLre prohal.rlt,
dLtc toconclcrlsation ol'irrterrtal Si-Oll {roups girirrt r'r\c i(} u crrntnrctinn ot'tlrc unit ccll 'fhc rrrtrt ecll
paranlcter altd rl-spacirrc r"rl'thc,\l-llHr\,SBz\-l(r. T'i-Rtl,,\-SIl:\-16 sarllltlcs artrl t{H.,\-Sfl,\-l(r rrr.c

gircn in Tablc 2 .

fhc slight incrcase in cl-spacing ancl urrit cell panrntetcrs ol'both Ai-lll'lA-SIIA-l(r lncl 'lr-
ItHA-SB,\-l(t coltiltarcd to Rll.'\-SIIA-16 suggcsts thc plesenec ol Alunrinunr ancl 'lit.rnirrnr rn tlc
lilltllct'r0t'k rcsl-lcctirelv. Thc increasc in Lrnil ccll plrnir)letct orr,,\l or'li inuorltgnti,rp is prp[atr]r clLrc trr
thc t'clllirccrtrent o1'shortcr Si-O lrorrtls b\, 1r,,,,*ar:\J-() anLl l-r-O honds in the sIr.uctrrre r.gs,cctirc]r. It is

aiso ohscrlccl that along uith art increitse in the Lrnit ccll pulanrc{cr. tlre ( I i0) t.lillracrigp pcak huc.rrr(s
brtiader ancl less illtellse with incrclsinc AlLrniinurl or'IitlrniLlnt contcltt. pniblblr Lrcctiirsc.l tlrc

- i.,^shrrrtr:c .l rltc Al-O-Al and Ti-O-Ti bond angl

!*ry"l()r)irl 
r))r'\()l)()r'().\ \lr.Lturc. 

,f#

ist()rtion irr thc long rangc orclclinl ol' thc

pEiFiiiF,ql-or l# Sr'iil GurLr Srdih;iwitil iilhavidyllaua
Furna (Jn,) Uist.parbhanl '
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o.l

ml
lml
ml/
rm1
trml

'11

tll

C)

Irig.7 : A) XRD patterns ol'calcined pltrent IIHA'SllA-16 sarrrple'

R)Al-RllA-SIIA-16(i'e'Si/'\l=:l'7'9tC)Ti-lUlA-SIi/\-16(Si/'fi=2'-l'6)

Irig. 7 ( B. (.) illUstr.irtc tlrirr irr rrll rhc rrtirlilicrl I'o|ttt: ol Rll'\-SuA'16 rltrtlPl':' tlict.c ltre

rrargiror cha,gcs i, tl-rc crysta,iaitr btrt *lrr.si,\) ehir,gcs in rhc 1r''rre fr'ltlt\ ;rtttl strltctttt'ltl

*rorphologv ar.e being obserr,.cd ulrcr nrodillcation *'rth ciill'crcrt arrl()tlllts ol Al'' arrd'I'i'';'crcct'lttgtt

This indicates the structnral stabrlity ot'the pu-eut sanrplc lLntl prescncc ol rl'rctal iolrs rtl the irltrrt-

crvstalrinc v.icrs.r-the Ii.HA-SBi\,r6. r'hc perccurcr\sriiriritl'ot'tho sarrplcs rs cl*rut \\'lth thc

irli()rrrt rrr- Lrtctril i.apcrccrrt irr thcrrr. trr aar tltr. 'r'lrhl.' r. {r lrs rirc rrre i.l rtrtrs pe rccllt ttte t-e tttct itl

ru()rril.iciltlor. r.r. increusc in tlrc crr,:trrriirirr trr'trrc saai'rcr \\ii\ ()b\cr\ctl rip i. Sr/l\l-'-l :trtti Si/ 
-l'l'-6'

But lVhci-t si/Al > -l urrr,l Si/'l i > (r t c. iiltcn tllc tttctal itrtt etttlcctttrittiotl ine rcil\f \ tht'rr illu 'rrlrlltit'

crccrincs i.r.nr gtrocl crl,star rirritl,tu.,.rpl.r..rs naturc. 
-rhis is bcelrr-rsc.r'tlie r'act that. ''\l iLsclt is lt,r'itlg'

irn ai,oqrhoLls ,atLlrc and ri ber,g str,,g earLh,rctal it prorlr"rces other amargarr.*rti..s i, tl'rc st'LrctLtrc

inl'lucncin-u the crystitllirrity. hence the moclilication was stopped alter Sr/AI="1 ancl rnorc tlrart Si/Tr=6

incorpor.ati', to retai, the crvstailirir.v.1,the saurplc. Tlrccrvsraliirit'or the sa*rplc r'^s l(x)l'i ttrr

R|IA_St]]l\-l6.ltthc'Al.rrlctalitlnctrttccntt.lrtiorrinltl.l,\.SBA.l(lw'asSi/r\l-.4cristlillirttt-''r,rits
r)3.5,,t ancl thcn graclually clccr.easetl tur Si/.\l=7. g ir: gl.J.i and li6,-!91 respecti'clr' Ilori'c'cr' il thc

'Ti' uietll roll concL'lltration in 11['l\-SBA-16 lr'ar (l i1 u'a: (')(r.irri lrnd tlrcn grltclttltlli dcereit:tti ILrt'J

rttttl I it. li'l.3',i antl '!0'J'ii rcspcctirclr'

Fig. g clcprcts the .()-l.clati,, bctrvcen 7 crvstirllirrill ltttcl clrneentratiorr ol Ai anii 
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Table 3 :Physicochemical properties of Al-RHA-SBA-16 and Ti-RHA-SIIA-16 samples

Sanrple d, tn
SurfaceArea

(m2/g1

Pore

Volume(ml/
g)

I)ore

clianretcr( A
,,)

o/o

Cr1'stallunit.l

Aciditv
(mrnole/g)

ItFIA,SI]A-i6 -ll. l(r 951. I l 0.65 _'_ /..\ 100 00r-t

Al-ltLtA-SB:\- l6
(Si/Al='11

3-1.-r2 u-51.(x) 0.76 I8.6 9E.-_i 0. I9l

r\l-ltFlA-SBA- 16

tSi/Al=7t
3+.61 ti26.46 0.11 3l .l 9 r.3 0.0x6

AI.RI{A.SBA.I6
(Si/Al=9)

3.5.75 938.61 0.69 26.8 865 0.0.14

'ri-R[-tA,sB A- r6

tSii f i -lt -+5.56 7 89..1(r ().(r l t{) 9 E( ).-+ ().0 1 r

Tr-Rl'lr\-SBr\- l6
(Si/Ti =-lt

.1.5.85 809 58 0 bii 30 :l 81 .l ()()I9

Ti-RFiA-SI]A- I6
(Si/Ti =6)

.+5.58 916.2-5 0.12 .19.8 96..5 0.01,1

CONCI,USION:
Tlrc eon'clltion ot' the r'rork l'Cportrrl t-rt(('lrnilito l;irlrro ci rr1 l()ll).is Lrsirtg rortttttcl'cirtil-\ uruilirhlc

chcnricals but our rescluch is by Lrsing low cr.rst rvastc nlrteriul. Wc got thc sanrc rcsrtlt its rcportcd.

All the characterization techniclLres perfbrured in this stuclv rcvcals tllrt r,lell orrlercr-i

nresoporous r.naterial ol'unilblrl herrr-gonal array can be synthesized very cortvcnientl\ uncl in ii vdrl
short span ol tinre 1'rorl an agro wlistc rice husk ash instead ol conimerc,iul expcusive silielr soLrrccs.'Tlrc

palanretric vlriation such as changc uf's1'nthesis tcnrpcratLrrc hclps to optinrirc thc slrrthcsis conclitrLrns.

The lvcll orderecl nrcsop()r'()ir\ rnutr'riul RII \-SIIA l6 can hc \\'nthcsizc(l at 80')C filr 4.5h kccpinu pll
ol gcJ 6.9 ancl calcinctl lrt 55(t('C.l lru ll)|rrrcnt actirtrtion e ntiu\ ol utlrvcrsion rrl svntlrcsis ce I to l{)() i,'i

crtrtallinc RHA-SllA- i(r phasc r,'lis I 8{.(rlkJ/rrrolccrtlculiitcrl b\' ,.\rrlrurrru: ut[trtitir]
Relcrancrs:
l. Ilcck J.S., Vartuli J.C., Iloth WJ.. l,eonow'icz N'I.li., Kresgc L'.'[., Schmitt l(.D., \\ Chu
C.I'.,D.1-1. Olson. E.W. Sheppard. S.ll. lv'lcCullen, J.13. Fliggins. J.1.. Schlenkcr. {l9t)l). A Ncr.r []lrrrilr
of \4csopurous MolecLriar Sicr cs Plcparcrl ri ith l.rcprirl ('rvstal 'l-crnplatcsJ. Anr. ('hcrn. Srre .

:i l-1: l0Si-t -1-1.

J.Carniato l'abio, ['aul (leo, Stefano Chiara l]isioCaldarelli and Nlarchese Leonardo(l()llt.()n
thc orgilrtic/ittitrgertie inttrf itcc bctuce'n nrLr\op()rous SIlr\-l{r:ilrelr luld its sirLrctirraltlrluetirt! ptrli rtttr
rr conrbinctl F'f-lll lrnil solirl -stlte \\Ill rluili li,1.l-11(t()
4. Iludson SP. Padera ltl', l-anger R, Kohane DS. ( l()Oli) Thc brocorrrpntibi)it1 ol'nrcsoporous

sil icates. Bionraterials. 29 :404-5-5-5

S.Kecht.J, Schlosstrauer A, Bein ''t. ( lo0 tctitrrtalizittioir ()l' thc ()Lrtar. iilrd inrier surl'rces

in ^rncsoptiroLrs sr Iicl tranopartrclcs. Chcr
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