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Utilization of Agro-Waste Material RHA in to a Mesoporous Material
SBA-16
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Department of Electronics, 3.G.B. College, Purna (In)—431 511.

Abstract: Spherical pamicles of mesoporous silice 53BA-16 with cebic Im3m strocture were
| synthesized at low pH using Pluronic F127 as template and RHA as silica source. The diameter of the
' sphencal particles can be controlled in the mnge of 0.5-8 pm by varying Spherical particles of
| mesoporons silica SBA-16 with cubic Im3m structure were synthesized at low pH using Pluronic
' F127 as terplate and THA as gilica source. It is suggested that this morphology transition is due o a

change in hydrolysis and condensation rate of the silica source and ag a result the assembly of F127

micelles will differ. The SBA-16 samples were characterized using powder X-rmy diffraction (XRD),
| scanning electron microscopy (SEM), transmission electron microscopy (TEM) and Nitrogen
f adsorplion technigues.

Reywords: SBA-16; Spherical particles; Synthesis temperature; Morphology, Pluronic F127

Introduction:
Spherical particles of mesoporeus silica SBA-16 with cubic Im3m structure were synthesized at low
pH using Pluronic F127 as template and RHA a5 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-erystal template mechanism was reported (Beck 1.5, er af 1992, Kresge C.T., ¢ af 1992), The
propertics of these materials make them attmctive for adsorption, catalysis, separation, chemical
sensing, optical coating, drug delivery and electronic applications. For practical purposes, the overall
morphology of a nwsoperous malerial 15 0 necessary requirement in comibimation with their internal
structure. 3BA-16 is a1 mesoporous material with 30 cubic pore arrangement comesponding to Im3m
space group (Boissiere Coet af 2001% In this body-centred-cubic structure esch mesoporous is
connected with its eight nearest neighbours o form a multidirectional system of mesoporous netwark
(Sukamow Y, ef @f 2000), Due to s large cape, high surface arca and high thermal
stability, {Hudson SP., er al 2008), this material appears to be one of the best candidates for catalytic
| support and packing materials for separation. Using F127 as a surfactant is the common way of
| synthesizing SBA-16(Zhaa D, ef af 1998, Van der Voort P. er af 2002), However, there are also
repoits on alternative surfactants such as F 108 (Kipkemboi P., ¢ of 2001 ), a blend of P123 and F127 .
Micro porous seolite are widely used as golid scid caralysts, { Shaodian Shen, ef af 2007)but - their
applications are intrinsically [imited by drawback of zeolite i that the small size of the channels {Jess
than 0.8 nm) and cavities (<1.5 nm) imposes diffusion limitations on reactions that can cause high
back pressure on flow systems. The dimensions of the zeolite micro pores (< 2 nm), mesoporous {2-
Hnm} and macro pores (> 50 nm) permit faster migration of guest molecules in the host fromeworks.
Since fast miss transfer of the reactants and products to and from the active siles is reguired for
ctalysts (Kresge CT., et @l 1992), the concept of infusing mesoporous into zeolite particles has
stiracted much attention. Recent progress involving this issued to ordered mesoporous materials such
gs MOUM-41, SBA-|6 and SBA-15 Thes¢ mesoporous materials have pore diameters of 3.0 nm—
8.0nm and exhibit catalytic properties for the catalytic conversion of bulky resctants, but
unfortunately, when compared with micro porous zeolite (Kecht J., & af. 2008 ). the catlytic
activity and hydrothermal stability are relatively low, which can be attributed to the eEmorphous nature
of the mesoporous walls. To overcome thiz problem, some recent research efforts have been
concentrated on introducing mesoporous Or macro pores linked to the zeolite micro pores. These
idls called Hicrarchical zeolite materials with combinations of micro/meso’'macro pores would
tendd the application of zeelite a5 soled acid (Van der Yoort P, et af 2002)
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Material and methods: SBA composite with different concentrarione have been prepared under
scidic conditions in the presence of triblock copolymer F127 bor using RHA as silica sonuree L.6gm of
Fi27wis dizsolved in 120gm of H20.52m of conc. HCL and T5gm of butanol under EEntic
stirring [h to obtain homogeneous solution at 45°C 1o thiz solution 4.5pm of RHA was added. The
mixture was stirred for another 24 hours . Ultrasonic treafment is given at power 70 for 30 min Then
the solution is taken Teflon coated autociave und hydrothermal treatment is given to 80°C for 24 hs
The synthesized mesoporous composite was filtered and dried in air The sample is calcined at 1.5°C/
min_at $50°C for 6h (Camiato Fabio.er af 2012),

Fesulf and discussion:

XRD-siudics:

As-synthesized forms of RHA-SBA-16 (60, 70, &0 and O0) exhibit a typical pattern with o
very strang (110) reflection at low angle 1.14%nd other weaker reflections a5 shown in Fig.1 A4{70,
8. Aceording to Beck eraf these reflection limes can be indexed based on a hexagonal yail cell
parameter (3= ¥241100.In the XRD pattern of the calcined RHA-SEA-16(60"C), only the (110)
reflection s observed prominently \The presence of oaly (110) reflection in the calcined sample
saggests that this material does not possess the well defined hexagonal arrays atter calcinations.

In both the as-synthesized and calcined sarnples, the manly strong peak with (11 1 reflection
i= swung to higher d; jspucing values with increase in temperature of hydrothermal synthests from
BU°C 1o 90°C and afterwards it lowers (Fig.1 A) and (Fig.1 B).

The sample RHA-SBA-16(80) in it as-synthesized form shows a different XRED pattern ag in
Fig. I-A.The higher angle peaks due to (110 and other reflections are likely to fuse together forming
ene broad peak. This is due to the instability of the sample at the higher temperature, required for the
removal of surfactant molecules present between the silicate sheets.

“ Crystallinity and Activation Energy:

The percent crystallinity of the samples drawn at different synthesis temperatures in the
erystallization Kinetic was obtained by the following relation,

T Sum of the peak heiglits of unknown materinl 10
Crtall =
Yersrhlingy Sum of peak heights of standard material

The characteristic peaks of RHA-SBA-| 6starts appearing after 75°C and the fully erystalline
phase is obiained around S0°C {with 265 1.14%, 2.53%, 324" and 5.20%alues). This unusizl shorter
crystallization temperature may be due to higher reactivity of the sowrce of silica extract derived from
RHA.The most crystalline sample in the synthesis system was ireated as 100 % crystalline, It i5 also
observed from the powder XED profiles that obtained chasacteristic peaks closely match with the
reported dit.

Table | summarizes the valees of inter planar spacing (d values) derived from X-ray
diffraction pattern for RHA-SBA-16 (10 %% crystalline) and was used ag 4 parent sample for furthe:
study. The kinetic clirve degcribing the increase in the crystallinity of the crystals with the symthesis
temperature (before and sfler calcination) is nearly "8" shaped that depends on rate of conversion.
This type of sigmoidal nature of crystallization curve indicates two distinet stiges, namely an
induction period and a crystal prowth period. It is seen from the Fig, 1 (C) thas up to 60°C the mate of
conversion of amorphous 10 crystallization of RHA-SBA-16 phase was nitially slow and then i
mereased sharply between 70'C fo 80°C followed by subsequent slow down, By the application of

enmus equition to the kinetics of crysiefia bl RHA-SBA-16, apparent activation energy of
version of aluminosilicate gel o L Wer prmtithins phase was found to be 106, 1 2kImole” in the

“present erystallization system, L"—:D,___
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BET surface ared and pore velume of RHA-SBA-16

The samples synthesized at different temperatures nave alsp been characierized by M2-
ad&u@im-msﬂrmi:}n gtudy. The isotherms  obtained  from N2 -adserption-desorpiion and
corresponding BJH pore cize distribution i shown in Fig. 2 (A B) According 1o IUPAC
classification, these isotherms of RHA-SBA-16 are of type v, which is the characteristic of
mesaporous material- The izotherms exhibil three stages. The first stage is o linear part almost going
thrgugh the origin, which is dug to monolayer adsorption of nitrogen on the walls of the mEsopoTUlS
(p'ph = 0.2} The second Stage 13 characterized by B stocp INGTESE iry adsorption (within the relative
pressure p/pl) range of 0.2-0.4) dae to capillary condensation of NI in the pore channels Thig purt
shows hysteresis.

The pipovalue 8l which the inflection starts 15 selated to the diameler of the mesoporous, The
shatpness in this sLep indicates the uniformity of the pore size distribution, The third stage in the
adsorption 1setherm is an almest horizontal part after the refative pressurc pippof-0.35 and is duc 10
multilayer adsorpiion on the cule surface of the particles, In addition, a lysteresis Loop at relative
pICSSAE Y Pe 0.8 corresponds to o capillary condensation i the inter particle pores.

For Samples RHA-S BA-16 (60) and RHA-SBA-16 (B0), a hnear increase in adsorption 2t Levar
pressures i observed followed by a stetp - erease in nitrogen uptake (ata relative pressure of PP
0314041 and 0.25-0.35 for RHA-SBA-16(60} and RHA-SBA-16(80), respectively due to capillary
condensation inside the mesoparous Fig. 2 (A for RHA-SBA-16(60, 70, R0y, The broad hysteresis
loop in the jwotherm for RHA-SBA-16{G0} reflects disorder in the shape and size ol the mesoporiis.
Thia step of the isotherm is sharper for RHA-SBA-16{80) jndicating a narrow pore give distribution.
Thus, a5 the crystallization temperaturs ingreases from 60°C 10 #0°C, the step of the isothenm hecomes
sharper indigating narrower pore size distribution Fig. 2 (B) for RELA-SBA-16 (60, 70, and £0)

The w2-adsorption-desorplion isotherms and the pore EIZE distribution of the Sampic RHA-

gRA-16 (90) are found that the Wysteresis loop is & wide eange of relative pressures, Pra (0.25-1.00). !
The shape of the hysteresis loop confirms ihe Formation of a lamellar phase. The pore size distribution

hecomes broader,

Thus, the XED resulls are confirmed by N2 -adsorption-desorption dafa, which are similar 10
(hose, reported for SBA-16. 1n pore iz distribution CuTve, NAITOW and sharp peak 13 abserved in the
diameter range 20-13 A showing uniform pore size. The isotherms of the RHA-SRA-16 samples show
small hysteresis loop In the lower pressure regions We noted that the surfuce areas of calcined RHA-
SBA-1Gsamples are comparatively more than a5 synithesized EHA-SBA-16 and it 15 increasing with
fhe inCreass 10 crystallization temperatuse. The more surface asd {TﬂE.ﬁm’-‘g] is an indication of well
narrow dispersion of pores.

Table | prescits 3 summary of all the parameters obtained by nilrogen sprption and wiker
X-ruy diffraction pattern. The unit ¢ell parameter (2} has been caleulated by the forguala ag= v d110.
The wall thickness has been calculated by subtracting thé pore diameter obwined from N2-gorption
from the unit cell paraeies {(mgh It 15 ohserved from the tabulated daa that spacing value of most
injense peak at dip i3 slightly increase anid the pore diameter is decreased with incrense in temperuiure
of hydrothermal synihesis frm G0PC to 80P Tt is dup (o meTease i the wall thickness of the pores of
RHA-SBA-16. The surface area (& increased with the increase in synthesis temperature from H0°C 10
op’C due to the progressive formation of ardered mesophase “ilica. However, the surface area
Jeereases with further increase in synthesis temperature due to silica pore shrinkage. This suggests
that increasing the synthesis emperature ca0 accelerane the silicate condensation un the silica wall,
which subsequently thickens the silica framework.

5, temperature plays 3 significant role. An increase of the erystallization temperature from 60"C

| ‘?{h\' Thus, the above results indicaie that in hydrothermal syntivcsis of REHA-SBA-16 moleoular
ﬁ vo BO'C increises e lpng-range order i the sLosciure as well as the wall thickness of the RHA-5BA-
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BET surface ared and pore volume of RHA-SBA-16

The samples synthesized at different temperatures nave also been characterized by N2-
:L':l‘&lilrp'lim-c'ﬁiﬂl'ﬂﬁ':}n gtudy. The isptherms  obtained  from W1 -adsorption-desorpiion and
corresponding BJH pore cize distribution i shown in Fig. 2 (A B) According 1o IUPAC
classification, these isotherms of RHA-SBA-16 are of type v, which is the characteristic of
mesaparous material- The izotherms exhibit three stages. The first stage is o linear part almost going
through the origin, which t¢ due to monolayer adsorption of nitrogen on the walls of (he mEsoporuis
(p'ph = 0.2) The second stage 18 characterized by a stecp inerease in adsorplion {within the relative '
pressure p/pl) rEnge of 0.2-0.4) dae to capillary condensation of NI in the pore channels. This part
shows hysteresis.

The pipovalue 8l which the inflection starts 15 selated to the diameler of the mesoporous. The
sharpness in this SLEp indicates the uniformity of the pore size distribution. The third stage in the
adsorpion sethenm is an almest horizontal part after the relative pressimn pippof-0.33 and is duc 10
mliilayer adsorpiion on the guter surface of 1he particles, In addition, 8 hystercsis loop at relative
QFCSSAE Y Pe 0.8 corvesponds 1o o capillacy condensation i the inter particle pores.

For Samples RHA-SBA-16 (60) and RHA-SBA-16 (B0), a hnear increase in adsorption i Loy
pressures is observed followed by a steep ' erease in nitrogen uptake (ata relative pressure of ppe=
0314041 and 0.25-0.35 for RHA-SBA-16(60) and RHA-SBA-16{30], respectively dus capillary
condensation inside the MESOPOTYUS Fig. 2 (A) for RHA-SBA-16(60, 70, 30} The broad hysteresis
loop in the jwotherm for RHA-SBA-16{00) reflects disorder in the shape and size of the rmesoporois.
This step of e isotherm is gharper for RHA-SBA-16{8H indicating a narndw pore size distribution.
Thus, a5 the crystallization temperaturs increases from 60°C 10 #0°C, the step of the isotherm hecomes
sharper indigating narreWer por size distribution Fig. 2 (B) for RELA-SBA-16 (60, 70, and B0}

The n2-adsorption-desorplion isotherms and the pore EIIE distribution of the Sampic RHA-
gRA-16 (90) are found that the hysteresis loop is & wide eange of relative pressures, Ppa (0.25-1,00)
The shape of the hysteresis loop Sonfirms the formation of 2 lamellar phase, The pore size distribution
hecomes broatder,

Thus, the XED resulls are confirmed by N-adsorption-desorption difa, which are similar 10
those, reported fof SBA-16. In pore sizé digtribution Curve, Harmow and sharp peak 13 observed in the
diameter range 20-13 A showing uniform pore size. The isotherms of the RHA-SRA-L6 samples show
small hysteresis loop In the lower pressure regions We noted that the surface areds of caleined RHA-
§BA-lOsamples are comparatively oo than as synthesized EHA-SBA-16 and it 13 increasing with
the increase in crystallization temperatuse. The more surface ansd {TﬂE.&uf-‘g] is an indication of well

narrow dispersion of pores.

Table | presents 3 summary of all the parameleTs obtained by nitrogen sorption and wiker
X -ruy diffraction pattern- The unit gell parameter (2} has been calculated by the formula ag= v 110
The wall thickness has been calculated by subtracting the pore diameter obwined from M2-sorplion
from the unit cell pararcies (mgh. It 15 ohserved from the rabulated dam that spacing value of most
intense peak at di 18 slightly increase and the pore dlameler is decreased with incrense in temperuiure
of hydrothermal synihesis from S0FC to B0°C. It is due to increase i the wall thickness of the pores of
RHA-SBA-16. The surface area i< increased with the inerease in synthesis temperature from 60°C 10
o' due to the [IOgTESSIvE formsation of erdered mesophase silica. Howevet, the surface ared
Jeereases with further increase in synthesis temperature due to silica pote shrinkage. This suggests |
that increasing the synthesis tempierature Ca0 accelerane the silicale condensation un the silica wall, [

which subsegquently thickens the silica frameworic.

| 5‘{‘\' Thus, the above results indicate that i hydmmmﬂal gynilscsis of RHA-SBA-16 molesiular
“\35?“5’ termperature plays significant role. An increase of the crystallization temperature from 60°C
yo BO'C increises We long-range order i the stouciure as well as the wall thickness of the RHA-5BA-
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16 melecular sieves. However, with further increase in the temperature to 90°C, the hexagomal phase
changes to & lamellar ooe under the synthesis conditions.

FTTR-studies:

The FTIR spectra of RHA-5BA-16 (G0, 70, and 80} after calemation are iliustrated in Fig.3.
The broed band arounsd 3450 cm™ i5 due 1o surface silanols and adsorbed water molecules which
indicate the silica framework is hydrophilic. For calcined RHA-SBA-16, the disappearance of peak ai
2879.2 ¢m” and 2F42.3 cm? can be concluded that the calcination at $50°C is complete. This
indicates that the organic template has been removed completely due to caleination RHA-SBA-16
tends to adsorb water vapors in air since the surface of silica framewaork is water liking, the stretching
mode of HiO is observed at 1585.6cm”. Bands observed at 11547 cm' and 1084.0 om’are
charscteristics peaks of asymmetric $i-0-5i stretching. Another charactenistics peak is the symmetric
Si-0-Si stretching observed at 795.6 cm’' . However, the peak at 2325.2 em” is prominently found to
be changed due to the effect of synthesis temperature. The eifect observed for RHA-SBA-16(ED) 1=
noticesble, which is also supparted by the XBD analysis and serption studies of the samples.

v} SEM and TEM-Analysis:

SEM images of RHA-SBA-16{60, 80) arc depicted in Fig4 represents that the ensung
particles ure roughly spherical in shape with no agglomerations, Small spherical particles are of RHA-
SEA-L6(80) with diameters of 7.6 to 15.4A",

It is observed that the averape diameter of the particles is slightly increased as the synihesis
temperature is elevated from 60°C to 90°C after calcination. However when the synthesis temperature
was around 50°C, the prepared sample has signified a high-quality structural mempkology.

TEM-Analysis:

Fig. 5 represents the TEM images of RHA-SBA-|Gsynthesized at 80°C. TEM image of the
parent RHA-SBA- | Gsamples provided sirong confirmation of the retainment of mesoporous strusture
of the supposts. The characteristic hexagonal silicate structures shown on TEM, supports ithe
obgervation made by low angle XRD,

Table 1: Effect of erystallization temperature on Structural and textural properties of

RHA-SBA-16
Lt Average Average
:yuu:e'sm " cell 15.{-:. W T:ﬁ':m “.‘f’:i“ c-:fm
Saniples e Pﬂ:::m mig) o Ul (mi "Ei] lanity

RFAA-SEA- | 2013 | 28.99 | 21712 i - 0
16( 60

RELA.SBA- | 2151 | 3097 | 32642 = . T 22
s 160700

RHA-SBA. | 2343 | 3375 | 70035 | 2532 1416 a3 7
| 6{30)

RHA-SBA- | 2302 | 3329 | ole’0 | 249 468 B.38 &7
16(90)

For Colcined Samples

RHASBA- | 1343 | 3374 | 66434 | 2563 442 B0 4
| 16(60)

RHA-SBA- | 2555 | 3609 | 71165 | 2733 0523 5,46 &l
164 T}

. RHA-SBA- | 2683 | 3878 | 77200 | Z2%.l6 0568 9.62 100

B B0}

b RHA-SBA. | 2368 0301 RAd a7

1 6410
ozt "o
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16 molecular sieves. However, with further increase in the temperature 1o 90°C, the hexagonal phase
changes to a lamellar ene under the synthesis conditions,

FTIR-stwdies:

The FTIR spectra of RHA-SBA-16 (60, 70, and 80) after calcination are illustrated in Fig.3.
The broad hund around 3450 em” is due to surface silanols and adsorbed water molecules which
indicate the silica framewerk is hydrophilic. For caleined RHA-SBA-16, the disappearance of peak at
2879.2 cm™ and 28423 em™ can be concluded that the calcination at S50°C is complete. This
indicates that the organic template has been removed completely due to calcination RHA-SBA-16
tends 10 adsorh water vapors in air sinoe the surface of silica framework is water liking, the stretching
mode of HyO is observed at 1585.6cm”. Bands observed at 11547 om” and 10840 cm'are
characteristics peaks of asymmetric Si-0-5i stretching. Another characteristics peak is the symmetnic
%1-00-5i stretching observed at 7956 cm”, However, the peak ot 2325.2 cm” is prominently found 1o
be changed doe to the effect of synthesis wemperature. The effect ebserved for RHA-EBA-16{80} 15
neticeable, which is also supported by the XRI analysis and sorption studies of the samples.

V) SEM and TEM-Analysis:

SEM images of RHA-SBA-16(60, §0) are depicted in Fig4 represents that the Ensuing
pirticles are roughly spherical in shape with no agglomerations. Srsall spherical purticles are of RHA-
SEA-16(30]) with dizmeters of 7.6 to 1844

It 15 ohserved that the average diameter of the particles is slightly increased as the synthesis
temperature is elevated from 60°C 1o 90°C after calcination. However when the synthesis temperature
wras around B0'C, the prepared sample has signified a high-quality structural moesphology.

TEM-Analyvsis:

Fig. § represents the TEM imnges of RHA-SBA-| fsynthesized at 80°C. TEM image of the
parent RHA-SBA-1 6samples provided strong confirmation of the retainment of mesoporous structure
of the supports. The characteristic hexagonal silicate structures shown on TEM, supports the
observation made by low angle XHED.

Table 1: Effect of crystallization temperature on Structural and textural properties of

RHA-SBA-1&
Lt Average Average .
;ymi?nii:ﬂ 3 et W el O R " et cn_::m-
Samiples 15 F'E::“'- ki) ﬁm:{;mﬂ (ml'gi hl::.llt] lumity

RHA-SBA- | 20.13 | 28599 [ 217X & = m
| 6{ 6

RHA-SBA- | 21.51 | 30597 | 32642 = . = 22
1670

RHA-SBA- | 2344 | 3375 | 7035 1532 BA16 8.43 T
LGB0

RHASBA- | 23.12 | 3329 | 60670 2491 D488 838 &7
LSy

Far Calcined Samples

RHA-SEA- | 2343 | 3374 | 66434 25.63 04ur a1l )
L G{50)

RHA-SHA- | 25535 | 3672 | 7il63 27.33 0.523 9,46 il
16(T0)

- RHA-SBA- | 2693 | 3878 | 779.70 29.16 0568 9,62 100
16050
V RHA-SBA- | 23.68 T T B
| Gi90)
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pore diameter and wall thickness. This 15 because at high pH, solubility of silica increases
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 1.

Fig. 3: FTIR spectrum of RHA-SBEA-16 (60, 70, 80) Synthesized at 60, 70 and $0°C

are illustrated in Fig.3, The broad band around 33002 em indicates hydrophilicity of silica
framework, The appearance of peaks af 2932, lem” and 28438 cm™ for samples can be concluded due
to the effect of Sulphate ions of H.S0, during precipitation. However, the peak at 29321 em™ is
prominently found to be changed due to the effect of pH duning synthesis.

The =ffect cbserved for RHA-SBA-I6 (6.9} 1z sipnificant, which 15 well suppered by the
XRD analysis and sorption studies of the sampies. Rest of the peaks represents the usual stretching for
functional proups involved in SBA-16

Elr !LE t 1. 'I!:

Fig. 4: SEM images of RHA-SBA-16(60, B0) synthesized at a0 and 80'C
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m"‘,}h paterial surface starts 1o becomesqueh
fifeiscale particles increases w@m&ermﬂmg
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particles are almost spherical in shape having diameters ranging from 2.0-14.0A" without
agglomerations.

1t is ohserved that the average diameter of the particles is considerably altered as the
pH is raised from 2.3 to 8.6, However when the pH of gel was around 6.9, the prepared

sample indicated a good gtructural morphology,

Fig. 5: TEM images of RHA-SBA-16{80) syn theskzed at 80°C

Fig.5, represents the TEM images of RHA-SBA-16 synthesized al #0°C and calcined
at 550°C. TEM image of the parent RHA-SBA-16 samples provided sturdy verification of the
retainment of mesoporons structure, The characteristic hexagonal silicate structures shown on
TEM., supports the observation made by low an gle XRD.

CONCLUSLON:

The corrclation of the work reported by (Camiato Fabio ef al 2012) &5 using commercially
available chemicals but our rescarch is by using low cost wasle material. We got the same resull as
repoled, :

Al the charcterization techniques performed in this study reveals that well ordered
mesoporous material of uniform hexagenal array can be synthesized very conveniently and in a very
short span of time from an agro waste rice husk ash instead of commercial expensive silica sources.
The parametric variation such as change of synthesis temperature helps to optimize the synthesis
conditions, The veell prdered mesoporous material RHA-SBA-16 can be synthesized at #0°C for 4.5h
keeping pH of gel 0.9 and calcined al $50°C.The apparent activation encrgy of conversion of
gynthesis gel w0 1) % crystalline RHA-SBA-16 phase was 1 &4 62k} mole caleulated by Archenius
pauation.
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