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ABSTRACT:
Spherical particles of mesoporous silica 58A-16 with cubic Im3m structure were synthesized at low pH

using Pluronic F127 as template and RHA as silica source. The diameter of the spheiical particles 
"oi b"

controlled in the range of 0.5-8 pm by varying Spherical particles of mesoporous'silica SnllO with cubic
Im3m structure were sltnthesized at low pH using Pluronic Ft 27 as template and kHA as silica source. It is
suggested that this morphologt transition is due to a change in hydrolysis and condensation rqte of the silica
source and as a result the assembly of Fl27 micelles wilt differ. The 58A-16 samples were characterized
using powder X-ray dffiaction (XRD), scanning electron microscopy (SEM, transmission electron
microscopy (TEM) and Nitrogen adsorption techniques.

KEYI'VOR.DS; SBA-16; Spherical particles; Synthesis tetmperature; Morphologt; pluronic Fl2Z.

{NTfi.OilUCTISN:
Spherical particles of mesoporous silica 58,{-16 with cubic Im3m structure were synthesized at low

pH using Pluronic F127 as template and RIIA as silica source. The diameter of the sphericul pu.ti"t", can be
controlled in the range of 0.5-8 pm by varying' .The synthesis of mesoporous materials by a liquid-crystal
template mechanism was reported The properties of these materials -ake them attractive f* uatorpiion,
catalysis, separatiotl chemicalpensin-g, optical coating, drug delivery and electronic applications. For practicai
pu{poses, the overall morphology of a mesoporous material is a necessary requiremint in corhbination with
their internal structure-.SBA-16 is a mesoporous material with 3D cubic pore arrangement corresponding to
lm3m space group In this body-centred-cubic structure each mesoporous-is connecfid with its eight neaiest
neighbours to form a multidirectional system of mesoporous netwoik2-aDue to its Iarge cage, high surface area
and high thermal stability. This material appears to be one of the best candidates ior "it"f,ti support and
packing materials for separation. Using Fl27 as a surfactant is the common way of synthesizing SBA-
16.However, there are also reports on altemative surfactants such as Fl08,a blend of il2 z 

^"aiizi;;7 
---'

Micro porous zeolite are widely used as_ solid acid catalysts, but their applications are inkinsically
limited by drawback of zeolite is that the small size of the channels (iess than 0.8 run; ana cavities (<1.5 nrn)
imposes diffrrsion limitations on reactions that can cause high back piessure on flow systems. The dimensions
of the zeolite micro pores(.2 l*), mesoporous (2-50nm) ind macio pores (> 50 nmjpermit faster migration
of guest molecules in the host frameworks. Since fast mass transfer of the reactants #a proo*ts to and from
the active sites is required for catalystse-rr,the_concept of infusing mesoporous into zeolite particles has
attracted much attention. Recent ,progress involving this issued to ordered mesoporous materials such as
MCM-41, 584-16 and 584-1512-16. These mesoporous materials have pore diametirs of 3.0 nm- g.0nm and
exhibit-catalytic nronert]e;r-ff,,h. "3?Yi" 

conversion of bullry reactants, but unfortunat"ty, *t ., compared
with micro porous zeoliterT-r8,the catalytic activity and hydrothermal stabiiity are retativety-tow, which can be
attributed to the amorphous nature of the mesopo.o.,s walls. To overcome this problem, ,o*" recent research
efforts have been concentrated on introducing mesopo.ors or macro pores linked to the zeolite micro pores.

Kecent &dvances in l\la notechnology
-\. \i-l\Ir)?

''r\-),r'

5U

s-0rfli,.!eto
I*AC

,'Jl*,'{:,llB[1-31-,m,YiHt#*rr,,

,\"1 ! r.

.lr{#
irr
il
i!
t

iiil
t!
!!

,'!

I
i!
il

i.t

ff
I



Volume - 1 | lssue - 2 | Nlarch - 2{119

Rerielr o[ Rcse:rrclt
would

t rtt ar extend the apptt< ,* r .r-:*+. --^..- oilicntr[UrU]tr1 gau-,'* 
Y Al"* *i9 ].i -^ -u" ,orous Silicate

wfrH*{fiHlffri#ff*l'*ffi**ffiruffi
ffi r#:,fd'.h.:qi'm*r,.+,wff 

i?'H,''li'+,lff 
.}fifr*fl,l'ffi

,*tr#trl*rui#ffi**161it':*x"i,'$ 'ili*'

Al, and Ti, creates flow r-swro *-^- -

}Xtfi tr*Xffi :-ffi$f,?tTi:lll;g:"##AJHJJJ#"f fi ,rff :tr-i:"S:f ''r#t

*;lg*f,n.mffi**t***kg*l*Nry**'ffi'ffiil''fl 
'**Hi]ffi':llfl lllttffiil,lx:l

at 5000C in automateo murrrs rsuE--

16. . r !^--.

pos'{Sva'ihesisffi..ffi 
#J,f, :ttff"".".1*if #I;f; rit'*'t+r"ni65i1;6gigg

uHt
k#llr$. -*.t " "** "'r'"'",,',.1ff;Yil'#'# 

l;"'ii' *t';:'' u *' 
llll'"'iffi ffi ;;

i##*.k1r**,r*ffi5:T'tril1i;i*i6i'1^=
postsvnthes- ry:i,ffi*'.tfiji;It#*;lXf'-If-$"flhlt*"" 

exchanged l': ry;IH"Tfr'Tl?
To tune and t

*tffiij#p;H#*i;*'ffi ffi*t}lsH*,l*li'i::'ffi
itrdd"#"f'#!*:fi iffi #"r'"11""#'l,[,ffi $*ltfr*;[fg3ryf **'.tmft ffil
;;i.u*t was evaporated' l}; ffiH-H'#[U;:i6 *" hu" 

"*'

i

!
\.
\\

l(.

31

o* anotechno!ogY

Co-ordinator
IQAC

$hri Gunr Budclhisvushfi i Mahavl'lyalaya

*:'
PRINCIPAL

Shri Guru Buddhiswrmi Hahavirlyri;1,a
b,,--^ / t- \ i:*r Fi-., ,

Sti{ rr,q1 i

1
\
\



a

ll:vicw ofResearch Volume - I I Issue - 2 | Nlarch - 2019

calcined samples by EDAX. These modified forms were named as Ti-RHA-SBA-16 (2wto , 4wtoh and
6wt%).

I{ESl-LTS A}it} l}lS;( t,55l0i\ir
Energy Dispersivc Anal-v-sis olf X-ray (IillAXi:

Table I Elemental Co of the Samnles Ara

(A) (B)
r;g.1. (A) [nAX IMAGES Or (a) AI-RHA-SBA-I6(Si/AI*5], (b) AI-RHA-SBA-I6(Si/Al=9) and (c) Al-

RHA-SB.d- I 6(SilAl=I I ).
(B) EDAX IMAGES OF (a)Ti-RHA-SBA-16 Qwtokl, (b) Ti-RHA-SSA-16 {4tvto/a} and {c} Ti-

RIIA-SBA-16 (6x"f Yoi.
The observed.,EDA{ spectra for all the modified samples analyzed are shown.in Fig. l.(A, B). In

EDAX, X-ray photons emitted from the sample are dispersed by a crystal and plotted,as a function of energy.
The X-rays betng analyzed came from the area being imaged, so elemental composition is determined as a
function of location on the sample. Outstandingly it is observed that the atomic percentage of Si, Al, Ti and O
in modified forms of the RHA-SBA-16 are almost uniform. Even the SilAl ratio is observed to be within the
range in case of modified RHA-SBA-16 which shows that, the elementary compositions in the modified
samples are uniform. Tlre observations made by using SEM-EDAX correlate well with the XRD data for all
the analyzed samples. The amount of Ti. metalio *iight percentage in all the samples is found to be around
1.93-5.7lwt%. The metal compositions after the modification with the RHA-SBA-16 samples are given in
Table l.
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calcined samples by EDAX. These modified forms were named as Ti-RHA-SBA-16 (2wto/o, 4wto/o and
6wt%).

ITESUI,TS ANI} I)IS( t 55IUI:
Iinergy Dispersive Antl.vsis of X-ray (IitlAX):

Table X Elemental ComFosition cf thc Samples Ana ENAX

(A) (B)
rig.l. {A) ADAX IMACES Or (a} AI-RHA-SBA-16(Si/AI=5}, (b}.dl-RI{A-SBA-16($ilAI=e} and {c) Al-

RHA-SBA-l 6(SiiAl:t I ).
(3) EDAX IMAGES CIF (a)Ti-RHA-SBA-16 Qwt$k|, (b) Ti-RHA-SRA-16 t4wt%, and (c) Ti-

R[L4,-SBA-I6 (6rx %i.
The observed.;ED{X spectra for all the modified samples arr,lyzed are shown.in Fig. l.(A, B). In

EDAX, X-ray photons emitted from the sample are dispersed by a crystal and plotted as a function of energy.
The X-rays being analyzed came from the area being imaged, so elemental composition is determined as a
function of location on the sample. Outstandingly it is observed that the atomic percentage of Si, A1, Ti and O
in modified forms of the RHA-SBA-16 are almost uniform. Even the Si/Al ratio is observed to be within the
range in case of modified R[IA-SBA-16 which shows that, the elementary compositions in the modified
samples are uniform. The observations made by using SEM-EDAX correlati well with the XRD data for all
the amlyzed samples. The amount of Ti. metal ions weight percentage in all the samples is found to be around
1.93-5.7lwl%. The metal compositions after the modification with the RHA-SBA-16 samples are given in
Table l.
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Fig.2. (B, C) ii 
lchanses in the crvstarinitv but ;i;;;;;;*** ;Jh:_&." ,*nt.:*. structurar morphology are beingobserved after modification witrr oird*i rro*, of Al*'.;;;fFi...*ug.. This indicates the structuralstabilitv of the parent sample.and p';;;;;;;;i ;r;l;;il#_.frtarine voids of the H_RHA_'BA_16.The percent crystallinity or*'" tumpr., is a.u*r, with the urnourt or-"rut ion percent initem. From theTable 2'as the metal ions percent incieases in modificati"r, ; i;;;;J" i, th.."ryrtalrinity of the,samples wasobserved up to si/A1=4 and owz orri nu;;;", si/Al > ; *Jii ir.;.poration is more than 6wr% i.e. whenthe metal ion concenrration irc."are. ;;;#r":rleg-a*,*fti#**o cry (ariniry to amorphous nature.This is because of the fact.that, At-id;lfj;'tiuring3r, amorphous nJtu.e.and Ti being strong earthmetar itproduces other amalgamations'i" th" .tr*ri. irnu.n.i"g ,h."d;talinrty, hence-the modification wasstopped after Si/Ar:4 and more tnan aix-or 

Ji_,1rr"rr".#""'* ,J,"ir.rr" ;r;r;ir,#-oi;1" sampre. Thecrystallinitv of the samole was t00ozo for H-"niia-sea-io.iitr* ,art #q{ ion ctncentraii* i, H-RHA-'BA_16 was sTAl : + ..yrfu.li"iiv ;;;;;.;%;;jtrr., gruaurir;;;#.d f"r si/Al=7, g as ql.sN and, 86.5%o
respectively' However' if the 'Ti' ."rur i"n J"ncentration r,i u-nH,c-iB.A-i6 was 6wtyo, it was 96.5yo and
th en gradua, v decreas ed for 4wtyo;;;; ;i. ;, 84.3%o.a.nd80. 4% resp ecti very.Fig' 3'depicts the co-relation t"t*""n z crystallinity una .or"'.rt ation of Al and Ti metal ions.
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Fig'3 ilff'ect o{'the mefal r:tncentrafion on Pereenl cr.ysfailinitrr:f}i-}{I{A-sl}A-l{r

,..,.," "TIf;TiJhf'P^lTTi:#,'#1;:,,Lffff;::T"ifr Ji 
8 0 

0 showed no peaks rhererore, the

icochenrical propcrties of .4 l_Il,HA_SBA 6 and 'l'i- Ftr A.I 
'T

Sample drro
Surface
Area(m

'ts.i

Pore
Volume
(mUs)

Pore
diameter(

A5

o//o
Crysta
IIanitu

Acidity
(mmole/g)

33.16 954.22a1-pga53a:16-
(s/AF4)

0.65 100 0.014
33.32 852.00 0.76

--
0.71

28.6 98.5 0.192at-rura-sna_to-
*_GyAF7) 34.62 826.46 31.2 91.3 0.086AI-RHA-SBA-I6

(s/AFe) 35.75 938.61 0.69 26.8 86.5 0.044
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Ti-RHA.SBA.G

Qw,a

- 2019

45.56 789.36 0.62 30.9 80.4 0.017

0.019

,"*

Ti-RHA.SBA:G'
(4yto/o) 45.8s 809.58 0.68 30.4 84.3ri-RIi$BA:G
(6wtye) 45.58 926.25 0.72 29.8 96.s
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(2wt%) ('twt%) (6wt%)
Irig. 8. Scan*ing s:ectron rnicrograph of Ti-RHA-S}A-16'

Scanning electron micrographs of all the modified AI-RHA-SBA-16 (SilAF4,7, 9) and Ti-RHA-

58A-16 (2,4, dwt %) samples is presented in Fig. 7.and Fig. 8.respectively. The micrographs rweal fwo

111orpfrofogio, such as hexagonal and spherical habit and majorrty of them are hexagonal shaped agglomerates

of small p-urti"t", of the size between 3.10-10.60A0.It is seen that the morphology of the crystals gets affected

as the mital ion percent gradually increased. The SEM photograph of H-RHA-SBA-16 samplr shows bigger

crystal size whili the moiified forms the metal ions havi decreased crystal size which may affect the surface

properties of the H-RHA-SBA-16 which tend to use it for different applications.

1

1I

,.L,
': r.., ...,r.::r': 'xaiw,&ti}frtft#f* I ,

/.,r\
\/ r,,

Fig.g.FTIR specira of cnlcinedll-RHA-SBA-16 ancl its modified for:ns with Al*'and Ti**ions.

The IR spectra of lattice vibration of calcined H-RHA-SBA-16 AI-RHA-SBA-16 and Ti-RHA-SBA-

16 are presented in (Fig. 9.(A, B)). The spectra shows four main absorption bands between the regions 1210-

1230, iO45-10S0, 790-815 and 440-470 cm-t. The T-O-T lattice vibrations are found to shift to lower wave

numbers for AI-RHA-SBA-i6 probably due to the incorporation of Al into the channel walls, as Al-O bond is

longer than Si-O bond.- 
The band in the region 1210 to 1230 cm-1 is due to external asymmetric stretching vibrations of five

member Si-O rings, which is an evidence for the presence of 8 member rings in the walls of;SBA-16 structure'

This band becories less intense in the calcined samples indicating probably a rearrangement of the wall

structure due to high temperature treatrnent.
The band in the region 1045-1090 cm-'due to internal asymmetric stretching mode of SiO4(TO,

skeleton appeq:rs to be the strongest band iir the spectra of all silicates. The broadening of this band on

calcination may be due to superimposition of many bands ascribable to. TOa arising from different Tp-T
*gf.r, Ai. Uana is significantiy shifted to a lower wive number (l066cm-t). This may be due to the stretching
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of Si-O bond by long chain surfactant molecules forming micelles around which the SiO4 species are wound

during formation of-the mesoporous molecular sieves. Interestingly, this band at- 1066 cm-t of mesoporous

moleJuhr sieves is found to bi shifted to the higher wave number i.e.-1085 cm-' on removal of the surfactant

molecules during calcination. This suggests that contraction of Si-O bond takes place during calcination,
which has also been confirmedby XRD characterization.All IR spectra exhibit one common feature, a band at
.-970 cm-l. The correct interpretation of this vibrational bandhas been a matter of extensive studies. Fig.9.

shows that within corporation of metal ions, the intensity of this band marginally increases. This band is

generally considered as a proof for the incorporation of the heteroatom into the framework.
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