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Abstract: Spherical particles of mesoporous silica 58A-16 with cubic lm3m structure were
synthesized at low pH using Pluronic Fl27 as template and RHA as silica source. The diameter of the
spherical particles can be controlled in the range of 0.5-8 pm by varying Spherical particles of
mesoporous silica 38,{-16 with cubic Im3m structure were synthesized at low pH using Pluronic
Fl27 as template and RHA as silica source. It is suggested that this morphology transition is due to a
change in hydrolysis and condensation rate of the silica source and as a result the assembly of Fl27
micelles will differ. The SBA-16 samples were characterized using powder X-ray diffraction (XRD),
scanning electron microscopy (SEM), transmission electron microscopy (TEM) and Nitrogen
adsorption techniques.
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Introduction:
Spherical particles of mesoporous silica SBA-16 with cubic Im3m strucfure were synthesized at low

pH using Pluronic F127 as template and RHA as silica source. The diameter of the spherical particles
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 (Beck J.S.,et al 1.992, Kresge C.T., et al 1992). The
properties of these materials make them attractive for adsorption, catalysis, separation, chemical
sensing, optical coating, drug delivery and electronic applications. For practical purposes, the overall
morphology of a mesoporous material is a necessary requirement inpombination with their internal
structure. 5BA-16 is a mesoporous material with 3D cnbic pore arrangement corresponding to Im3m
space group (Boissiere C.,et al 2001). In this body-centred-cubic structllre each mesoporous is
connected with its eight nearest neighbours to fona a multidirectional system of mesoporous network
(Sakamoto Y, et al ,2000), Due to its large cage, high surface area and high thermal
stability. (Hudson SP., er al2008), this material appearc to be one of the best candidates for catalytic
supporl and packing materials tbr separation. Using Fl27 as a surfactant is the common way of
synthesizing SBA-16(Zhao D., et al 1998, Van der Voort P. et at 2002). However, there are also
reports on alternative surfactants such as Fl08 (I(ipkemboi P., et a|2001), a blend of Pl23 andFl2T .

Micro porous zeolite are widely used as solid acid catalysts, ( Shaodian Shen, et at 2007)btrt tl.rcir
applications are intrinsically limited by drawback of zeolite is that the srnall size of the channels (less
than 0.8 nm) and cavities (<1.5 nm) imposes diffusion limitatioirs on reactions that can cause high
backpressure on flow systems. The dimensions of the zeolite micro pores (< 2 nm), mesoporous (2-
50nm) and macro pores (> 50 nm) permit faster migration of guest molecules in the host frameworks.
Since fast mass transfer of the reactants and products to and from the active sites is required for
catalysts (Kresge C.T., et al 1992), the concept of infusing fitesoporous into zeolite particles has
attracted much attention. Recent progress involving this issued to ordered mesoporous materials such
as MCM-41, 58,4-16 and SBA-15. These m"soporous materials have pore diameters of 3.0 nm-
8.0nm and exhibit catalytic properlies for the catalytic conversion of bullry reactants, but
nnfortunately, when compared with micro porous zeolite (Kecht J., et a1,2008 ),. the catalytic
activity and hydrothermal stability are relatively low, which can be attributed to the amorphous nature
of the mesoporous walls. To overcome this problem, some recent research efforts have beer"r

concentrated on introducihg mesoporolrs or macro pores linked to the zeolite rnicro pores. These
mffiials called Hierarchical zeolite materials with conrbinations of micro/meso/nracro pores would
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mqqqlials called Hierarchical zeolite materials with combinations of nticro/meso/nre

N"J#>-,tend the application of zeolite as solid acid (Van der Voort P., et at2002),y 
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Material and methods: sBA composite with difrerent concentrations have been prepared uncieracidic conditions in the presence of tiiblock cop,olymer Fl27 byusing RHA as silica r,i.,r." l.69* ofF127was dissolved in 120grn of H2o,5gm of conc. ucr and 7.5grn of britanol under magneticstiring th to obtain homogeneous solution at 450c to *rir roiuiion 4.5gm of RHA was adclecl. Tiremixture was stined for another 24 hours .Ultrasonic treatment is giren at power 70 for 30 min Thenthe solution is taken Teflon coated autoclave anrl hydrothennal trlatment is given to g00c for 24 hrsThe synthesizecl mesoporous cotnposite was filtered and driecl in air .The sample is calcined at 1.5.c/min .at 5500C for 6h (-amiato Fabio er al20t2).

Resulf and discussion:

XRD-studies:

As-syrthesized forms of RHA-SBA-16 (60,70, 80 and 90) exliibit a typical patterr with avery strong (110) reflection at low angle 1,140and otirer'weaker reflections ,, ,t o*, ii Eig.t a_izO,80)' According to Beck et.al these re{Iection lines can be indexed basecl on u tl"^ugorut unit cellparameter (ao: lzat10).In the XRD pattern of the calcined RHA-SBA-I6(600c), only the (110)rellection is observed prominently .The presence of only (110) reflection in the calcined samplesuggests that this material does not possess the well definei hexagonat arrays after calcinations.In both the as-synthesized and calcined san-ples, the maiily strong peak with ( 1 l0) reflectionis srvung to higher dllsspacing values with increas. lni.-p.rrr,i. orhydrothermal synthesis ti.om600C to 900C anci afterwards itlowers 1Eig. ia; and (Fig. t B).

Tire sample RHA-SBA-16(80) in its as-synthesized form shows a different XRD pattern as inFig' 1-A'Thehigheranglepeaksdueto(i10)anclotherreflectionsarelikelytofusetogetherforming
one broad peak' This is clue to the instabilityof the sample at the higher temperature, requiretl fortheremoval of surf-actart morecules present between the siliiate sheets.

7o Crystallinity and Activation Energy:

The percent cryslallinity of the samples dlaw'n at dif}'erent syntiresis temperatures in thecrystallization kinetic was obtained by the following relation.

orccrtrtallinitr: nmaterialx100' Srunofpeakheights orffi
The characteristic peaks of RHA-sBA-,16starts appearing atier^75"c and the fully crystallineplrase is obtained arouncl 800c (with 20= 1.r40,2.530, iiq' ur;a s.zouuuiu.rj. lti, ,*.irral shortercrystallization telrperaturc may be clue to higher reactivity of the source of silica extract derivecl fromRIIA'The most crystalline sample in the syn"thesis system was treatla as 100 % crystalline. It is alsoobserved from the powder XRD profiles that obtainetl characteristic peaks closely match with thereporteci data.

Table 1 summarizes the values of inter.glanar spacing (d values) derived from X-raydiffraction pattern for RHA-sBA-16 (100 Yo crystaliine) ard *us ise,t as a parent sample for fl*thersfudy' The kinetic curve describing the increasi in the crystailinit/ or the crystals with the synthesistemperafttre (before and after calcination) is nearly "s" shaped that depends on rate of conversion.This fype of sigmoidal nature of crystallization curve inaicates two distinct stages, namely aninduction period and a crystal growth period. I] 
5_1een fi";;dFig. 1 (c) that up to 600c the rate of

::T::::"iJ"1jT?ltyl,_,."^,"f,",1i:,Ii11.or nna_ssA_lil;;:. was initialy srow and then itq*tif;lilgt#rt' trfr,:,ffir
'."t\--L)
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BET surt'ace area and pore volume of RIIA-SBA-16
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16 rrolecr.rlar sieves. Holvever, with further increase in the

changes to a lamellar one under the synthesis conditions.

FTIR-studies:

The FTIR spectra of RHA-SBA-16 (60, 70, and 80) after calcination are illustrated in Fig.3.

The broad band arouncl 3450 cmr is due to surface silanols and adsorbed water molecules which

indicate the siiica fiamework is hydrophilic. For calcined RHA-SBA-16, the disappearance of peah at

i1li.l crn-' and 2842.3 
"n1-t "un 

be conclucled that the calcination at 5500C is complete. This

indicates that the organic template has been removed cornpletely due to calcination.RHA-SBA-16

tends to adsorb water vapors in air since the srrface of silica framework is water liking, the stretching

mode of HzO is observed at 1585.6cm-1. Bands observed at 1154.1 cm-r and 1084.0 cm-tare

characteristics peaks of asymrnetric Si-O-Si stretching. Another characteristics peak is the syrnnetric

Si-O-Si stretching obse,'r.cl at7g5.6 cm-'. However, the peak at 2325.2 cm-' is prominently founcl to

be changed due to the etlect of synthesis temperatute. The effect obsetved for RHA-SBA-16(80) is

noticeable, which is also supported by the XRD analysis and sotption studies of the samples.

V) SEM and TEM-AnalYsis:

SEM images of RHA-SBA-16(60, 80) are depicted in Fig.4 represents that the ensuing

particles are roughly spherical in shape with no agglomerations. Small spl-iericalpafiicles are of RHA-
^SeA-f 

OlSOl with ciiameters of 7.6 to 18.4A0.

It is observecl that the average diameter of the particles is slightly increased as the synthesis

temperahrre is elevated frorn 600C to 900C after calcination. However when the synthesis temperature

was around 800C, the prepared sample has signified a high-quality structural morphology.

TEM-Analysis:

Fig. 5 represents the TEM images of RHA-SBA-i6synthesizecl at 800C. TEM image of the

pareut RHA-SBA-l6samples provided strong confirmatiol of tlte retaintneut of mesoporous stntctltre

of tn" supports. The characteristic hexagonal silicate structures shown on TEM, supports the

observation made by low angle XRD.

Tabte 1: Effect of crystallization temperature on Structural and textural properties of
RHA-SBA-16

As
synthesized

Samples
d,,o

Unit
cell

parame
ter

S.A.
(-'lg)

Average
pore

diameter(
A)

Pore
volume
(ml/g)

Average
wall

thickness
(A)

o//o

Crystal-
lanity

RHA-SBA-
1 6(60)

20.1 3 28 99 2t7.22 10

RHA-SBA-
1 6(70)

2t.51 30.91 326.42 22

RHA-SBA-
I 6(80)

23.44 JJ. /) 7 0t.35 25.32 0.416 J.4J 7t

RHA-SBA-
1 6(90)

23.12 33.29 606.10 24.9r 0.488 8.38 67

For Calcined Samples

RHA-SBA-
i 6(60)

23.43 33.14 664.34 25.63 0.492 8.1 1 41

RHA-SBA-
I 6(70 )

25.55 36.79 1|t .65 27.33 0.523 9.46 60

RHA.SBA-
1 6(80)

26.93 3 8.78 779.10ilE: 29.16 0.568 9.62 100

RHA-SBA-
l 6(90)

lJ.o5 34 /b)7
/.P,r:''$

.rt6&9.PlP;
'r---i

i?*\s.zt
,;)f'e\

0.501 8.89 87
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l6 molecular sieves. However, with further increase in the temperature to 900C, the hexagonal phase

changes to a lamellar one under the synthesis conditions.

FTIR-studies:

The FT1R specrra of RHA-SBA-16 (60,70, and 80) after calciuation are illustrated in Fig.3.

The broad band around 3450 cmi is due to surface silanols and adsorbed water moleoules which

inclicate the sitica fl-amework is hyrlrophilic. For calcined RHA-SBA-16, the disappearance of peak at

)ig.Z ",r' urd 2842.3.*-' 
"un 

be conclucled that the calcination at 5500C is complete. This

indicates that the organic template has been removed corrpletely due to calcination.RHA-SBA-16

tends to adsorb water vapors in air since the srrface of silica framework is water liking, the stretching

mode of HzO is oUr.i.J at 1585.6cm-1. Bands observed at 1154.7 cm-r and 1084'0 cm-'are

characteristics peaks of asyrmnetric Si-O-Si stretching. Another characteristics peak is the symrnetric

Si-O-Si stretohing obr.rr",l at195.6 cm-'. Howev.., th. peak at 2325.2 
"n 

-' is prominently founcl to

be chalged.lLre to the effect of synthesis temperature. The effect obsetved for RHA-SBA-16(80) is

noticeab-ie, which is also supportecl by the XRD analysis and sorption stndies of the samples.

Y) SEM and TEM-AnalYsis:

SEM irnages of RHA-SBA-16(60, 80) are depicted in Fig.4 represents that the ensuing

particles are roughly sphelical in shape u'ith no agglomerations. Small spherical parlicles are of RHA-

SBA- 16180) with tliameters of 7.6 to 18.4A".

It is observed that the average diameter of the particles is slightly increased as the synthesis

temperahlre is elevated from 600C to 900C after calcination. Horvever when the synthesis temperature

was around 800C, the prepared sample has signified a high-quality structural rnorphology.

TEM-Analysis:

Fig.5 represents rhe TEN4 images of RHA-SBA-l6synthesizetlat 800C. TEM image of the

parent RHA-SBA-l6samples provided strong confirmation of tlte retainuent of mesoporolls stntcture

of tn" supports. The characteristic hexagonal silicate structures shown on TEM, sttpports the

observation made by low angle XRD.

Table 1: Effect of crystallization temperature on Structural and textur:rl properties of
RHA-SBA-T6

As
synthesized

Samples
dr ro

Unit
cell

parame
ter

S.A.
(m'lg)

Average
pore

diameter(
A)

Pore
volume
(ml/g)

Average
wall

thickness
(A)

o//o
Crystal-
lanity

RHA-SBA.
1 6(60)

20.13 28.99 211.22 10

RHA.SBA-
\6(70)

21.5 | 30.91 326.42 22

RHA-SBA.
r 6(80)

23.44 -iJ. /) 70t.35 25.32 0.416 8.43 7l

RHA-SBA-
r 6(90)

23.12 33.29 606.10 24.91 0.488 8.38 61

For Calcined Samples

RHA-SBA-
16(60)

tJ.+) )).t+ 664.34 25.63 0.492 8.1 I 41

RHA-SBA.
16(70 )

25.55 36.19 7 tt.65 tt.3J 0.523 9.46 60

RHA-SBA-
l 6(80)

26.93 38.78 779.70 29.16 0.568 9.62 100

RHA-SBA-
l6(90)

23.68 '^ff_ryqF.,ffi"
0.501 8.89 87

{rg i 
ssiirrrss.? I'i'ltl

\ \,iir\ ' ., j
,,\l**i,*;x;isil,*i' ,tt, -t ,h -'afltl Illilm.

b,'*!i?4 :, 3"tT tt -4 {t3 }.

\ *1-'1.4j ilr;*'u*e^tr t\{v" t ,fiaiaz* *{hT{"k

Co'ordinator
IQAU ' .

r h,i G,uu tsu d d hrsw.anrr'I'Iili{l,ffi*

W=-'
PBIN,;IPAL

*i,,1 * ;fi//"ll &rti*il,lf $"



.Xv;rn\ WY^1;'at

{ li {-; {l ?,i'ir" i;". -ip $' L"x*;t**"} q}ta r t*'} t}

&?ib'Ti t ff "ry 
"'$"-'h ttu\'!-

Vt)t-',,t! a*i'**-'i' Nrt"l '&cxxw 
2\3'&*

:srr.1'r
rmi i
*'i I :.il*. ;i,*'l1i"r;r)
'\w"i \*-"---
ra$.1

*r*.J" I'n -i "', lu r {E-A."li.1i:l))fi 'tffi{ '' 5,,n -"e --1.**'.--*#
E t*to,] ^

= a**.i i;i '**-"*g:*:1:1n|o'
usji*
$1{ i
:1 '. -t;Hu.-;b'"'-16t';f,1lel . ___1ji;*=+:-i*r rol--***-*l**- ; 0

rA{,P
*L

B

(A) : ^-*^rae of RHA-sBA-16(600C to 900C) for synthesis

Fig. 1: XRD patterns or (A) as-sv*th"i"o "id$l;i.'i',::iirSB}E 
or RIIA-S,

Fig.1 : (C) Eft-ect of synthesis temperature ou crystallizatiot't

i
I
I

Vn*
t
I

I

I
I

,i

i

(B)

(A).Fffi"''- ** 
tistribution of RtrA-sBA-16

Fig.2: (A) N2 adsorption-desorPti?tlt'1,rffi;#H,'r:J:#":' 
.-rerr rro

:_**-v:-
PRINCIPAL

i

I

I

I

I

t
r

:::effi}3:a"*i,1r?,iil



Yrrni $"'hr.,{

i i.r.'0" ,l"t:.,; r *r{:irl} f }-i,;{cri ,{$$l"nu[]

pore diameter and wall thiokness. This is because at high pH, solubility of silica in*eases
rapidly due to which a higher amount of silica is left in the solution at the end of the
synthesis. As the pH increases up to 6.9 the nucleation rate becomes higher forming smaller
particles and higher surface area as statistically expressed in table i.

& ,_-, , ? , a . .; ^ / i? * - , ,-N -a L

-, rrl" tri{,1 l\il",f "(z "i4.t, '. .tr L}nrJ ,I(l"ltr

{.}
L}

o
F

llave numb{.r. cm''

Fig. 3: FTIR spectrum of RHA-SBA-I6 (60, 70, 80) Synthesized at 60,70 and 800C

are illustrated in Fig.3. The broad band around 3500.2 cm-rindicates hydrophilicity of silica
fi-amework. The appearance of peaks at2932.lcm-r and 2843.8 cm-' for samples can be concludeci due
to the effect of Sulphate ions of H2SO4 during precipitation. However, the peak at 2932.1 cm-' is
prominently found to be changed due to the effect of pH during synthesis.

The effect observed for RHA-SBA-16 (6.9) is significant, which is well sr"rpported by the
XRD analysis and sorption studies of the samples. Rest of the peaks represents the usual stretching for
tunctional groups involved in SBA-16

Fig. 4: SEM images of RHA-SBA-16(60, 80) synthesized. at 60 and 800C

The morphology
monitored by SEM as sho

of the RHA-SBA-16 as a function of pH of gel was directly

The SEM results

""'i51t"*..sHnffi]",i"x1,,.:'ifH

il,:',51'-''ilfn,j:[il;i :. ., :,,r

surface starts to becomelqugh and form
particles increases wlfL@er-i+rereasing

re depicted in Fig.4 reprryR?frfflhnLth. resulting
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particles are almost spherical in shape having diameters ranging fiom 2'0-14'0A0 without

agglomerations.
It is observed that the average diameter of the particles is considerably altered as the

pH is raised from 2.3 lo 8.6. Howev., *h.n the pH of gel was around 6'9' the prepared

sarlple indicatecl a good stntctural morphology'

Fig.5:TEMimagesofRHA-SBA-16(80)synthesizerlatS00C

Fig.5. represents the TEM in-rages of RHA-SBA-16 synthesized at 800C and calcined

at 550uc. TEM image of t1-re parent RHA-'BA-r 6 sampres proviiled str-rrdy verification of the

retainrnent of mesoporous structure. The characteristic hexagonal silicate structures shown on

TEM, sttpports the obser-vation made by low angle XRD'

CONCLUSION:
The correlation of the work reportecl by (Carniirto Fabio e/ at 2012) is using commercially

available chemicals bnt our research is by using low cost waste lnaterial. We got the same resttlt as

repoted. ,. , :,- 1r-:^
A1l the characterization techniclttes pertbrmed in this study reveals that well ordered

mesoporous material of uniform hexagonal urruy .un be synthesized very conveniently and in a very

short span of time fro* o, agro wastJ rice husk ash insteatl of commercial expensive silica sottrces'

The parametric variation ,.r& u, change of synthesis ten-tpetattlre helps to optimize the sy,thesis

co.clitio,s. The well orderecl lnesoporous mateiialRHA-sBA-i6 can be sytttheiizecl at 800c for 4'5h

heeping pH of gel 6.9 and calci[ed at SSOuC.fne apparent activatiou energy of conversiotl of

sy*thesis gel to 100 %o crystarline RHA-SBA-I6 phaseivas 1g4.62kJlmolecarcr-rrated by Arrl-renius

equation.
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