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Synthesis and Characterization and Modification of Mesoporous
Material SBA-16 With Ultrasonication

5.B.Shete
Department of Physkes, 5.G.B. College, Purna (nd - 43511,

Abstract: Spherical particles of mesopurous silice SHA- T with cubic lndm struciine sens synthesiced,
at lew pH using Pluronic FI27 as wimplate and Rice husk (RHA G s siliey sarce The duimeeier of the
sphicrical paticles can be contelled i Ox range oF (0.5-8 jm by warying Sphereal patcles ol
mesoporous silica SBA-16 with cubae Im3m structune were synthesioed s low pH wsng Fluromw F12Y
as emplate and RHA s sthica source. The diameter of the sphencal particles con be comtra led o rhe
runge of 13 - 8 pm by varying ssuthesis empennire 145 °C. A shurp wunsivion rom large particle is
) cserved, Ity cuggested that this nustphology trossition s due fooa chunue m lsadrobyses
comderation re of the sthicw soore wisd as g pesult the eembly of FLYT meeelles will ditfer, The
SEA-10 samples were chunstorized asing powder Xeray diffraction (KR scasiiuig - elecivon
iicremeepy (SEMLtransmissioneleeiron microscopy (TEM S and Nirogen adseeption wechrgues:
Reywords: SBA-1A; Spherical panicles: Synthesis temperature; Morphology: FI2T
Introdoction:
Spherical parmicles of mesoporous silics SEA- 16 with cubic lndm streciure wens synthesized an luw
pH using Pluronic FI27 as wemplite and RHA b= silica souree. The diameter of the spherical pariicles
can be controlled in the range of .58 pm by warying The synthess of mesoparous miterals by o
Tguad-crystal vemplize mechanism was reported « Bevk LS of af 1942, Kresge CTo er af 1 The
properties. of these materials mube then stmctie o alsorpeion, cialysis, sepamtion. chemsal
sening, optical coaung, drug delivery and ehectronie upphicativis, Fuw proctacil parposes, the averall
morphology of o mesoporods. matendl is 0 pecessary reguircaent o combination with their miereal
struciure, SBA-16 1= 0 mesopemus msenal with, 30 cubie pone d@erangement correspoding 10 hndm
space group (Bobsierel Ler @f 200L In this hody-centred cubic structure cach mesapurobs s
comneted with ity eaghn nearest neighbsours o form o moltdeeectiomal system of mesapurous metwork
(Sakwmeto Y, e aof OO0 D toofs Laree cnge., bugh suace anes and high thennal stabality, (Hodson
SP. v af2000E Y, thes motenal appears 10 be ane of the best condidiities, lue catalylic suppot il [rackaing
materials for separation. Using FI27 as o surlactant s the cummon way of symihesiang SBAC O b
Ca, e gl 199%, Van der Woorlt Poed ol 20020, However, there sre alsd repens on gliersagve surfaciants
such as FIO8 | Kiphembm P, e of 2000, o blend of P23 and FI27
Micro porous zeelite are widely wsed as solid acid catalysts, ( Shaodiznihen, ef of 20877 bt theid
applications are intrinsically limited by deawback of seolite bs than the small size ol the channels (less
U (3,8 nin) pnd cavities (= L5 nm b imgses difTusson oiacons on reacions Lhant wann caise fugh back
s on Fluswe syespemms. The dimen-aans of P seclie micne pores i< 2w, s aParis | L:5ikim
anil st poees 12 50 nme permit Dster migratson ol guest mwlecibes i the o Iramnew wrks, Sewe
Foaat isins transfer of the rémitants o produsts w and Feon the e silies s reguimed fon capilysis
{KresgeC Toeral 1992), the concept of infising mesoparous infn zecdite paricles has auracted much
aremtion, Recent progress imvolving this isswed 1o ordered mesoporors matenils such o MOM-41,
SHEA- G sd SHA
18, Thest mesoporous malerals hive pone dmmeters of 30w S0no and exhibil calobiic propertics
o T the calilyiie comversion of bulky reavBuis, bk uilarmnatel s, when LTI with e parous
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eevkile micre pores. These materials ealled Hierarchical spodite mtenials  with combinations o
micrmesnimacr pores would further extend the applicasion of ceolite as <ol seid (Van der Yoo P
er ol 202

Material and methads: SEA composite with differem concentrations have been peg pared: under pedie
conditions in the presence of Trblock copelymer FI27 by iisdng RHA sy salica source f e ol
FI1ZTwas dissalved m [ 20gn of H205em ol cone. HOL and 7 5gm of hutanal sisder MELNeG sirrny
Ih w obtain homogeneaus soluton ot 43°C e this selution 4.52m of RHA wos wdded. Thy mxiure wis
stiered Jor another 24 hours  Ulrason ic weatmens s grven an power W lor 3 min Then iy solution (4
taken Teflon coared auockrve aml hydrothermul eatment |« given o BIEC fur 24 s The syasthesized
fesaporous compuesiee was Tillered amd dried inaie The sample is calcined at | S0 min ut S3YC fug
b { Ciirmuilo Fabio er of 2012),

Result aind discussion:

J NRI-stuclies:

As-synthesized forms of RHA-SBA- 16 (60, 70, B0 and 900 exhibit o typreul partesn with a very
strong (| Wb reflecuon a bw angle 1. 14"%nd other weaker reflections us shown n Fg | AT, 8,
Acvording o Beck et althess reflecton lines can be indexed based on @ bexagonal unit cell parameter
t= v2d 1N the XRD patiern of the calcined RHA-SBA-oial'c), only the ©1 10} retlection i
observed prominealy The presence of only {1101 refection in the calcined sarnple siggests that s
material dues nol possess the well defined hexagonal amavs ulter calcinations, In Buth the -
wyithesised aml calimed samples, the mannly siromg peak withi 1 HE peflection i« sl higher
dispaeing values. with increase in lempensure ol brvidrothernul syithesis ram &€ 1 W'C gnd
atberwards i fowers (Fig 1A and iFig.| 8)

he sample RHA-SBA- 16RO in iis is=synthest gl Toeme dhows g ilferent XED PaLEE T 1% i1
Fig, 1-AThe higher-angle peaks due 1601 141 and wher reflechons. are likely 1o fuse fopeiher fartimng
vk bresil preak. This s ilue i e ostabilicy of thig satipthe at the Bl teimpersune. raguired i e
remunvanl ol surtiac ling modecules presen) bevween the sty whwrs

% Crystullinity and Activation Energy:

The percentervsallinity of the sampies. drmwn ar different synthesis lempensiunes in the
erystullization kinetic was obiained by the Following relation

Swm ol the peak beighs of unknown mieiel fHI

W Crvtallingly = v ;
Sum o peuk hecghts of standund material

Tuble | summarizes the valses of infer planr spicing { vuluesy dorived (rom M-miy il Fracing
pattern lor RHASBA-16 (100 5 crystullined and was used o @ parent sample for furher study. The
Kinety curve describing the incregse in the crystatlmiey of the crestals with the svirthesis LErnperiig
Ihofure anmd alter caleination) is oerly "5 shaped thal depends. v fale of conversion Thys 1vpe ol
stgmoiclal nature of erystalbzation curve indicies 1w distect stages, mamely anindiection penod wmd g
crystal growth period. Tt s seen from he Fig. |1CItha up o S0FC (e rate of conviersion of TRy
W erystllzstion of RHA-SBA-16 Phase was indtaally slow and then it mereised sharply between 700

el = pplBsgrsoe i o
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BET surface area und [:m“m velumme of RHA-5SBA-16

The samples symthesized o different lemperitines five il been characteriood by WNZ-
adsorption-desorption  study,  The  psotherms ubsgined o W2 alsorprion-desirplion and
cormespending BIH pore sire distribution is shown in Fig 30a, B According o ILPALC classification,
these isotherms of RHA-SBA-16 are of type 1V, which is the characterisic of mesopotaus mislerial.
The isotherms exhibit thece stages, The First stage is a lincar past slmos aning through the vrigin, which
s due o monolaver adsorption of niwagen on the walls uf the mesoporous (ppll < .20 The secind
stuge is charscterized by & steep incredse wn adsurpoon Cwithin the rebisbive pressune pplh range of 0.2-
(b ale to capillary condensation of N2 m (he pore chanrels Pl s show s hysieresis For Samples
RHA-SBA-16 (601 and RHA-SBA- 16 (800 a hnear increas in sdsorplai al lavw pressures 15 observixd
follwed by o steep inerease in nitrogen uptabke fan ekl prossane of prpe U V1AL wnd 0254035
for BHA-50A-16060) and RHA-SBA-THE0, spectively due 1o caplliany cimdensation e 1
mesaporous Figo 2 (AR lor RHA-SBA-T6B0, TIL K, The oo hysteresis loop o the wotherm [o
RHA-SHA- LRG0 reflects disarder in the shape and size of the meseporos, This siep ol e Lsather is
sharper tor RHA-SEA- 1681 indicatig & murmow pere s72e distrabagion. Thus, as the crystafhzation
ermperalane increwses from 6070 1 BI'C, the step ol the isatherm becames sharper ndicating marrowe
pore siee distrbuion Fig. 2 (B) fr RHA-SBAEO o), T0 and BU), The N2-adsorplon <desorption
psatherms s the pore size disinbution of the Sample RHA-SBA- Ve 100 e Tvaimad thin the hysteresas
oo is a wide range of Telitive pressunes, pipn (0,281 00 The shape of the bysterdsis ko coniirms
the Tormation of a lamellar phase. The pore size distribution Becomes brogder. Thus. the XRLD resulis
are confiemed by N2-adsorption-desoeption data. which are similar o those. reported for SBA-16. In
pore stge Uistributhon curve, narmw and sharp peaik s observed in the dinmeier ring: 2025 A showing
untiform pore size. The isotharmes of he RHA-SBA-LA smmples show small Bvstenesis bk im the B
pressune peguons, We noted that the sarfice arews ol cilomed RHA-SHA | fsamples are comparaively
mere i s synthesied RHASEA- 16 and it s ereasing willh (e nerese 1 enskallizatm
femperatyie, The more suriace arci | TRE B i) is an indiatnon of well myrrow dispersion ol pores.

Table 1 presents i sammary of il the parmmeiers obtaincd by filrged sorpie wid poswider X-
ray dliffracien patem, The wmt cell parameier G bus boen caloabued by the losmuli a, = <2 d 110
Fise wall thickness has been colcutied by subtrcting the pone dismetes obtaned from: N2-surption
froat the unit cell parsmeter dad. 0 s observed i e tahutitedd dana thian spasang valie ol rsd
intense peak at dyg is slightly merease and the pose daimeter - diecreised will iereasd in Lemym e
ol Bydroharal synthests from B 1o MUUC, 1 is due b ingrease i the wall thicknes of the pores of
RHA-SBA- 6 The sorfuce grea is incregsed with the meresse in synthess lemperiure rom B 10
(' Jue to the progressive formation of ordered mesophase silica, Hiswever, the surkwe arca decnsisss
with further imcrease in synthesis temperature due 1o silica pore shinnkige. This e geses thal increasing
the synthesis temperaiure can accelerate the silicate condensation on the silica wall, which subseyuently
thickens the sihiea tromewaork,

Mhas. thie above reselts indicae tat m bydmhermal synthess of RHA-SHA- I ibolecubar
saeves, tenvperature pliys a signibscant role A inurense wl e coystllietiontempenune o {TE T
S0 incremses the long-range rder in the structune as well us the wall thickness af the RHA-SHA-IG
melecular sieves, However, with further inerease in the wempersture le H1C the hesagonal phase
changes 10 a lamellur one under the synthesis conditions.

"Wl and TEM-Analysis:
SEM armages of EHA-SH/
are roughly sphevical in shupe wig
Gn—ﬂrdlﬂmrj with dinmeters of 7w IREAS
1QAC =
PTI T—. MMhMﬂM# T T R T, L : I'lj]hi-i.i - :I-.I.ll|'|'.|r-u.1n.'|il.‘|-'.'-'-:-'"l'|j.':l|..;'l.r B
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1 % observed that the gverage diameter of he particles. goshightly merewsed ad the synihesis
lemperatune 15 elevated from 807'C 10 W0'C afier culdinations, However when the sviihesis emperalung
wits wround 80'C. the prepared semple b signified a bish-gualicy streteral el
Fable 1: Effect of crystallization temperature on Steactoral and textural Propertics of
EHASBA-IG
A Averuge Averuge
Limid eell s b
As synithesized n:ﬁ I.L I 5.A. frare *_1:;::“ wall ¢ T_l I
mam ples iy e imeE iiameter thickmess it
er 1 il : Lanity
Al 1A
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Fhdalh
FEHA-SHA- 2151 AL 36,42 ¥.r
BT
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1431 8015
RHA-SBA 2313 Kk e B0, T 2441 {1458 K% 67
R
Forr Caleined Samples
RHA-5HA- 2343 %74 fhd, 34 2541 L1452 b B 41
[ dspinll
RHASBA- | 3538 | 3679 | 111468 73 | 0533 | uan | 6
16 Tk
KHA-SBA- 2693 ABTR 779,70 2016 L T 9.h? LMY
[kl
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Fig. 1: XRD patterns of ( A) as-synthesized and (B calcined samples of RHA-
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Fig.3: (A1 Ny sdsorption-desorption isolherms and (B) pore size distribution of RHA-SEA- 16 (66,

70, %01 symihesized an 60'-80"C
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Post Synthesis Modilication of RY A-SEA-16 by Al metal ions:

I bikh post syathesis modificarion (hat s e prepurtinm of ALRHA-SHA-I1h and Ti-RHA.
SEA-I6 1w dires synthesss method s wsaed . Alunnium IsprePR e s A PR CUTSOE deils crplined
lar Al ICorparuti imo e silicn fnove wiork. Ths pH o ahe 2l wak keépt bow s o ehlective
incerporation of Al The ugueous soliion of A wos gdded drop by drop in hydrotherml writhesls gl
prepured os deseribed in the earlier sectiondilferent concenteation of Aluming  ( in gel SivAl =474

The samples obtained after the Hiltrations are deied at room tempersiures and caloined @ S50
for § b This samples aee desegnated o ALRHA-SBA-|4 fin gel 56AlL= 479 and 1hes sitmples jre
charctensed X-RD, EDAX, SEM. FTIR Ihe obuaimed SUAT rativ tibulaed in whle i

Post Synthesis Modification of RHA-SBA-16 by Ti™ metal ions:

Titamium isupropoxide . Ti Preeursor was employved lor Th meorponstion mts the silica Frimig
wirk, The pH of the gel was kepl low b 1o effective incorportion of Ti. The e st icon of Ti'
wis dudded drop by drop in hvdrothermal synthesss gel prepared v descnbed 1 e carlicr sedtanm
different concentrgtion of titnium | in got 5= 246 1 The ke s obganed after the filtratinns are
driedd at rovm tlemperatures and cabewed ur 350°°C 1ir 8 b This simples re designared 5s Ti-RI1A-5R -
WA i el SUTH = 2, 4, &) gl this sy e chataciericed X.RD. EDAN. AEM, FTIR. The obiimed
54T ratio whulied in whie 2,

HESULTS AMND DISCUSSIOMN: Eneryy Dispersive Analysis of X-ray (FDAX):

Table 2 : Elemental Composition of (he Samples Analyzed by EDAX

2 | 3 - | Ti Metal ivn |
_Sumplr nums S Al hil'.-il:u!m _ Lo
Al-REHA-SBA- 14 : SiAl=1457
: A 4, s
(n gel-5i1rAl=4) %81 M8 = 4 -
o Eel Sital=T s =7
AL-RHA-SB A |6 " [ SiiAl=k X5
! 1 | g
fin gel SiA = B30 T4 _ i)
Ti-RHA-SBA-1h =l Fi=lu
(i gel Si/Al=2) BEAT | 174 ! : =0
] m . =
Ti-EHA-ERA. Ti=343
Ly Ly
Ioiin pel Sifal=4 ) GATE] LT8R | : =4
Ti-RHA-SBA-16 e | Ti =570
(i et SilAl=6p | i e _ 8 | =n |

>
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Fig.60A 1 EDAX IMAGES OF (a) ALRHA-SBA-16 (SifAl=d), (b) ALRHA-SBA-F6 (S¥Al=7} and
(eh ALRMA-SEA-T6 (S A=
(B EDAX IMAGES OF (a) Ti- RHA-SBA- 16 (gel SETi =25,
(b Ti-RHASBA-LG (gel SUTT =4} and () TI-RHA-SBA-LG (el 5901 =65,

Neray dilfraction (RHA-SBA-16, ALRHA-SBA-16, Ti-RHA-SEA-16)

This section gives dewiled infonmation on characieriztion Qs of 1he RHA-SHA-Ih, Al
RHA-SBA-I0 and Ti-EHA-SBA- 16 <amples with difVerent SiPAL ratios and itk dilarent mohe miio ol
[i- exchunged respectively

he ARD paterns of the calcinedpirent RHA-SBA- 16, ARHA-SBA- 16 wnd Ti-RHA-SBA- 16
snples with different 3EAL ratos i gel 14, 7 and 9 and wath different S9T0 ratios ingel 123 Land 60
respectively are presented in Fig. 7 0AL B O respectively.

The spectra showed XED panernsidenical to thiat reporied for standard SBAC TG malerials
Beckher . indesed these peaks Tor ahexagonal unic cell, the porimeter of which wos coloulzied fromn the
eoisiti i = 82y Oncelcination of sampdes, 1he peak is shified o lower o spariing value probably
due wesndedsation of mdermal 5-0H groeps giving mse 1o o contraction of the wnig eell, The uni cell
parumeter and d-spacing of the AFRHA-SBA-16, TiRHA-SBA-16 sames and EHASBA- |6 are
Livenin Table 2,

The slight increase in d-spacing and unit cell parameters of both ARHA-SBA-16 and T
RHA-3BA-16 compared w0 RHA-SBA-16& sugeesty the peesence of Aluminum and Titaniom in the
[ramcskark, respectively. The inerease vo unit cell purnmeter on Al oe Th ineorparatsom is probably due 1o
the meplecement of shorer Si-0 bonds by bonger ARG and Ti-0 bonds i the strsctune respective v, 1 s
lso ohserved that along with an incredse i the umit cell parometer, the 0 diffmction pek Becomie
broader and less inense with increusiog Alumunum or Tianium content, probably Becuise ol 1

distartion in che lomg eange irdening ol the

T -
FRINCIPAL
Shei Gury Badchiswami }*:uha"l-:ln"‘v':l

AT unal mesoporaus s ure

ghange ol the ALLQ-Al and Ti-O-Ti bond angle
A%,
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Fig. 7 : A} XRD patterns of calcined parent RITA-SEBA- 18 sl
B AR A-SEAC G (e, Shal=d, 7, 9 ) Ti-RHA-SH A 16 (51 Ti=24.00

Fie. 7 (B, €) lustrae it o all the weddifved - formes of RHA-SBA- M sample, there wiy
marginel ¢hanges m the erystllinity buy almuost no chuanpes in the phose punty aned  strugiurl
merpholoiy are being ohsarved afler modiTeation with different amounts of Al and Ti™ percentage
This indicates the structural stabality of the parent sample and presence of metal wws in the mir-
erystalling voids of the EHA-SBA- 16 The pescenterystalimily ol the samples 14 drasn with ihe
o wl metal ompereeat 0 them. From the Tahle 212 us the metal wns percent inciises 10
modification, an increas i e erystitllinity ol the samphos wis whserved up o SuAl=d and 51 Ti=t
Bur when QifAl > 4 amd S7Ti = 6 ne. when the metal jn concentmtian inertises then the sample
dechines Troum good ervstalbiniy 10 arnoephous nature, This is beciuse ol the Tt that, Al itsell is having
an aironphous nature and Ti being srong egrth metal it prinduces other amal gaimations i e sruclune
imtluencing the crystallinity. hence the modificalion wis stopped afer SitAl=4 and more than SiTi=6
nearperiElion Lo petain the crystallinity of the sample. Theervstallinity of the sample was HE¥E T
RHA-58A-16.10 the *A metal jon coreentrikin 1 RHA-SBA-Ih was SifAL = 4 crystallmty was
g% 553 i then gradually decreased for SiAl=7. 8 iy 91 ¥ und 86,55 respectively. However_ il the
Tt metal won concentration in RHA-SBA-16 was & ¢ ws UB 5% and then gradually decreased bar 4
ek T as 84,37 aned BOA% pespectiwly.

Fig. ¥ depicis the co-relation hetween Torystallingy and concenttution of Al and Ti wetal s,
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CONULUSHO N
The corrélation of the work repored b Carmiatir Fabis i g 200 2 1s using eomamercaally wonlable
Clzmicals but our research 5 by using low cust wasie metenial. We got the same sesult s reponcd.

All the choractenemion wechngues performed im0 this siody  revenls thoe well  ordered
mesoporous matenal of uniform hexaoonal urray con be synthesized very convenientiy wnd in g vers
short sgan of time from an agro waste rce hush ash instesd of commercial expensive silica sourees. The
parranetric warkaticn soch os change of ssintheses empesiiure belps o aptimize the syithesis conditions,
The swell ordered mesoporous muteriad RHASBA- 6 can be symbesized s ®'C 1'or 4.3h kecping pH
of gl 5.5 cind calcined al A0 The siprparent activation enveg s oF conversion of syvithess gel o HHI S
crystalline RHA-SBA-LG phizse wies DL GIR W maslec aleulaned by Aorhenis couakion,

Beferances:

1. Beck )5, Vartuli J.C., Roth W.]., Leonowicz M.I, Kresge O, Schmitt K.D, W Chu
CTGDH. Olson, EW, Sheppard. 5.8, MeCullen, J.B. Higgins, L. Schleaker, (19925 A New Family
of  Mesoporous  Moleculor  Sweves Prepared  wath Lwgusd Creystial Templates, Am. Cheane Si,
[EEEIT. RS W

SCarniato Fabio, Panl Geay, Stefans Chiara BisioCaldarelli and Marchese Lesmarda 200 2
e ofgamichinorgme e hewedn mesoporous S A & sl aid it strturldiecting poalymer
weonibined FT-IR amnd solid <tice MMR siudy | T3 1600

4, Hudson 5P, Padera RF, Langer K, Kohane D5, | 2008 The biocompatibility of mesoporos
stlicaves. Biomaterials. 29:4045-53,

s h.l:l.ht J uhluwhuul:r A, Bein T | 200 e e

el Lastion ol the outer amd ner serfoces

PRINCIPAL
n-prdinator
= ;:_AZJ“ | Gury Buddhinwami f‘!;!huwdrah
iwomi Miohavidyaiays Purna (o) Dist Farbhan

hrl'::-_l ' =
PI.:Irﬁ.--. =-:I=:" "'"'|-|'1| é'-'l1r||-|_||1. .:l

e T "l'tl:hhfh* s b it s |l.|I|L'.|||| ]|:|||I— idizireoe i e ez Lo



B. Aagdhar international Peer-Reviewed Indexed Resea reh potirnal ISSN :

2276-9308
“ 1 Impact Factor - ( (SIIF) -Z673 | g 00h
T special Issue | apag

- = e —— e — s E— i I

TrilockCopolymers as Templates In Mesoporous Siliea Formation:R  Structural
Dependence on PolymerChain Length and Synthesis
7 Krespe U.T. Leonowicz ML.E. Roth W.l.., Vartali J.OC, Beck L5199 Nuure 354
Chrderedmesoporons molecular sieves syrthesized by a liguid-crystal remplinte mechisnism 7
% Sukamoto Y. Kameda M., Terasaki 0., Zhao DY, Kim 1.8, Stucky G, Shin HoJL, Ryvoo R
Mot AUH TR ddb,
4 ShaodianShen, Deng Yan, Zhu Guibo Dengsen Mao: Wang Y uhonpGuishenWu . Jun
LiXignfhenlin Guanzheng Lu . £hao Dongyuan, 07 1 Mawr Sced Lenhite-Like
ZinePhosphonoearboxylate  Framework and (e Transformation  inte Twae- and - Three-
DimenstopalStroetures TO57-70R1
WL Vun der Yourt P Benjelloun M., . Vansant E.F 20023 Rt omalization of the synthesis of SBA-
I controlling (he micro- and mesoporosity. ). P, Chern. B 10 9027
i1, Fhao D, Huoe ()., Feng 1. Chmelka B.F., Stucky Gl b9 1 A Chem. Soc. | HI
Triblock-Copolymer-Directed Synifses wlLarge-Fore Mesoporoas Silici Fibers file

|
cu-?rmmtnr e B*;J'FHWJTFEL__
QaC U Euddbiouams y
Shri Gur Barddhiswar| Mahavidyaly3 Furna {Jhlsmhﬂiﬁ:{am

Purna {Jn) Dist. Pacbhand - A31511 (.3

mma | W ahwite — s e s b o Famail = gadhjrsascral 00 g i,




