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Abstract;

Rice Husk is the by-product produce dur-
ing rice milling. Sustainable yga of Rice Husk
Ash (RHA) and Rics Husk (RH) in Industrial Se¢-
tor and other fields depends upon its physical
and chemicsl properties. This research contrib-
utes holistic approach to the potential use of
rice husk towards synthesis of meso-porous
material than the traditional uzes of husks. ¢
not only reduces the cost of materfal but also
results In the reduction of the environmental
Ereenhouse affects, Attempts have been made
to investigate crystallization kinetics of SBA -
16. The various synthesis parameters were In-
vestigated during crystallization of S84 -16, The
activation energy of crystaliization kinetics of
SBA -15 was calculated using Arrhienius equa-
tion and found to be 184.62 kI / mole in the
Present system of synthesis,

Key Words. Rice Husk Ash, SBA -16, Pluronic
F127, Crystallization Kinetics, Dielectric proper-
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INTRO ON:

Hazardous wastes are generated annu-
ally throughout the world by all industries and
their disposal poses mazjer challenges and seri-

. ousenvironmental problems. This creates seri-

L ous health risks, taking into account that the

. @mount of discharged material is expected to

“Ecrease in the future, In the recent years, there

2= been a growing interest to find creative Ways

"B any 1o reduce natural waste and industrial

:'-' e to overcome environmental pollution but
= &5 effective utilization?,

ki As we know that, Rice is a primary

Fr=of food. Its production covers almost 1%

Earth’s surface. Globally, approximately

on tons of rice’ is produced every year.

IBES = 3 major rice producing country and an-

el mroduction of rice husk js approximately

& million tons®, For every 100 kg of paddy

Billed, about 22% of husk i produced’ Even

%= some of this husk is converted into end

it such as feedstock and adsorbent but

BRIET i cither dumped as a waste ar burnt

% Lausing environmental and health prob-

e Therefore, one of the chief principles of

= technology is to utilize the A 35 3 raw

=l or renewable resource for ma king high

Sed, versatile materials rather than de-

; @s it has high silica content (=20%).

B Quitealotof research groups have taken
8= achanitage of this silica composition and

I o endeavors in making micro* and

L meesoporous® zeolitic materials synthesized from

L meeacted silica through them. These materials

. W wide applications as adserbents, In ion

- hange, as molecular sieves, catalysts'sate,

=ares o conventional microporeays zealites,

_ POTOUS Materials possess many advan-

- S nuch a5 high surface area, large pore size

P m amordered structures?,

Santa Barbra University discovered new

iy {SBA-n) of MEsoporous materials, amang

3 3BA -16 possesses hexagenal molecular
| s hawing fairly uniform Pares with pore di-

ameter of 20-1004. They Possesses large sur-
face area (more than 9o mY/gl, which is at-
tractive for designing new selective heteroge-
Nedus catalyst in production of fine chemicals
on large scale.

Our research endeavors the use of no-
cost raw materials such as agro waste rice husk
for our further investigations because it add
value; reduce the cost and create effective uti-
lization to protect the environment'™ 1 |t has
rotential application in synthesis of highly use-.
ful porous ma-teﬁals used in water purification
technolegy, as industrial catalyst, supporting
materials, exchanger, molecular SIEVES Bte.
Experimental: Materials and Methods for Syn-
thesis of mesoparous sBA -16:

Hydrothermal synthesis of SEA =16 was
carried out in hydrothermal reactor at autog-
Enous pressure under stirring conditions, The
chemicals used during synthesis were Pluronic
F127, Butanal, Hydrochloric acid, Deionized
waterele,

The rice husk silica extraction was car-
ried out using acid hydralysis method, Initialhy
the collected rice husk was washed with delon-
ized water and then dried ar BO"C far 24h. This
husk was thea treated with 3.0 M HCl acid soly-
tion along with heating at 100°C. This hydro-
lyzed rice husk was rinsed with distilled water
until pH reaches to 7, then it Was again dried at
100°C for 24 h. Finally, the rice husk was cal-
Cined at B00C far 4h in muffle furnace, The rice
husk ash was mixed with 3.75 M NaOH solution
and stirred overnight to extract the silicate from
the ash. The molar co mposition of the synthe.
sis gel was as follows:
D.Blﬁ[ﬂi:D.HHESIF-lz?}: 2.0BBuOH: D.91HCI:
117H.0

The synthesis of silica SBA-16 was made
as following.

salution of 2.5 g of Pluronic F127 {Sigma
Aldrich) in a mixture of 120 g of distifled warer
5 g of concentrated HC| (37%) and 7.5 g of bu.
tanol was first prepared. After one hour stirring
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INTRODUCTION:
Hazardous wastes are generated annu-
ally throughout the world by all industries and
their disposal poses majer challenges and seri-
. ousenvironmental problems. This creates seri-
b ous health risks, taking into account that the
. @mount of discharged material is expected to
rrease in the future, In the recent years, there
s been a growing Interest to find creative ways
S only to reduce natural waste and industrial
M to overcome environmental pollution but
A £
e s effective utilization?,
As we know that, Rice is a primary
= of food. Its production covers almiost 1%
Earth’s surface. Globalky, approwimately
on tons of rice? is produced BVETY year.
TRIE = 3 major rice producing country and an-
moduction of rice husk is approximately
milion tons®, For every 100 kg of paddy
about 22% of husk fs produced? Even
igR some of this husk is converted into end
et such as feedstock and adsorbent but
2 & either dumped as a waste ar burnt
. Causing environmental and health prob-
/ Therefore, one of the chief principles of
= techinalogy is to utilize the RHA 35 3 raw
meeeial or renewable resgurce for ma king high
ded, versatile materials rather than de-
as it has high silica content (>50%).
Quite 3 lot of research groups have taken
awantage of this silica tomposition and
P mese endeavors in making micro* and
* muf zeolitic materials synthesized from
f mcted silica through them. These materials
e wide applications as adsorbents, in ion
| ewrongs oc malecular sieves, catalysts'&Wate,
=ared o conventional microporaus zealites,
—eeOfOUs materials possess many advan-
=s such as high surface area, large pore size
@ ordered structure®?.
Santa Barbra University discovered new
iy {5BA-n) of mesoporous materials, amang
LN SBA -16 possesses hexagenal molecular
= hawing fairly uniform pores with pore di-

ML
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ameter of 20-1004. They POSSESSes large sur-
face area (more than 9o mi/gl, which is at-
tractive for designing new selective heteroge-
neaus catalyst in production of fine chemicals
on large scale.

Our research endeavors the use of no-
cost raw materials such as agro waste rice husk
for our further investigations because it add
value; reduce the cost and create effective uti-
lization to protect the environment'™ ! |t has
rotential application in synthesis of highly use-.
ful porous ma-teﬁals used in water purification
technology, as industrial catalyst, supporting
materials, exchanger, molecular SiEVes ete.
Experimental: Materials and Methods for Syn-
thesis of mesoparous SBA =16:

Hydrothermal synthesis of SEA =16 was
carried out in hydrethermal reactor at autog-
ENOUS pressure under stirring conditions, The
chemicals used dy fing synthesis were Pluronic
F127, Butanal, Hydrochloric acid, Deionized
water ele,

The rice husk silica extraction was car-
ried out using acid hydralysis method, Initially
the collected rice husk was washed with deion-
ized water and then dried at BO"C far 24h. This
husk was then treated with 3.0 p HCl acid solu-
tion along with heating at 100°C. This hydro-
lyzed rice husk was rinsed with distilled water
until pH reaches to 7, then it Was again dried at
100°C for 24 h, Finally, the rice husk was cal-
Cined at BOO"C for 44 in muffle furnace. The rice
husk ash was mixed with 3.75 p MNaCH solution
and stirred overnight to extract the silicate from
the ash. The molar co mposition of the synthe.
sis gel was as follows:
tr.s:lsrﬂ,:u.nuaslr-lz:-'}: 2,0BBuOH: D.91KHCI:
117H.0

The synthesis of silica SBA-16 was made
as following.

Salution of 2.5 g of Pluronic F127 {Sigma
Aldrich) in a mixture of 120 g of distifled warer.
= g of concentrated HO (37%) and 7.5 g of buy.
tanol was first prepared. After one hour stirring
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at 45°C, 17 g of RHA 4.5g were added and the
mixture stirred for further 24h.The ultragonic
treatment is given at 45 min. The step was fol-
lowed by a hydrothermal treatment of 24 h at
100°Cin Teflon coated stainless steel autoclave.
Drying of the as synthesized sample was per-
formed at room temperature overnight part of
the dry sample was calcined under air flow by
inereasing the temperature 1.5°C per minute Lp
te550°C and malntaining it at this temperature
for 6 h sample hereafter named cale-S8A-16. by
Fabio et al.,"" The samples weTe synthesized at
60°C, T0°C, BOPC and 90°C and are nominated
as RHA-5BA-16 (60, 70, 80 and 90) respectively.
After the crystallization, the solids were filtered,
washed with deionized water and dried at 100°C
far 2h. The products were finally calcined at
S50°C for 4.5hrs in air and has been evaluated
by X-ray diffraction, M. sorption studies etc.
Characterization:

To elucidate the structural features®,
morphology’, pore architecture?, thermal sta-
bility"', adsorptive' and catalytic behaviarl?,
surface area' etc: the synthesized samples are
characterized by technigues such as XRD, .-
sorption, FTIR, etc.

Results and Discussion: o

XRD-studies:

* Crystallinity = Sum of the peak heights of
unknown material x 100

sum of peak heights of standard material

Fig.1 shows the XRD patterns of the
samples calcined at 450, 500, 550, 600 and
650°C designated as RHA-SBA-16 (450, 500,
550, 600 and 650) respectively. As shown in the
Fig.IRHA-5BA-16 (450), the XRD pattern ob-
tained for the sample calcined at calcinations
temperature 450°C, the only reflection at (110)
plane is more intense, it sUggests that the ma-
terial does not possess theWell defined hex-
agonal arrays even after the calcinati

| iy

peaks along with single most intense peak with
(110} reflection at 2& value 1.12°, The d,, value
is shifted to a higher value up to 600°C Fig. 1
RHA-5BA-16 (500, 550, and 600).In the low 2-
theta region of 1°-10° the XRD pattern at 550°C
exhibits all prominent diffraction peaks which
could be indexed as {110], {200) {210) and etc.
reflections, respectively. This is characteristics
of lang range ordered hexagonal array of paral-
lel silica tubes in RHA-SBA-16mesoporous
phase. Therefore, the sample calcined at 550°C
can be treated as 100 % crystalline sample. As
calcinations temperature in advance increased
above B00C, a considerable decline in the in-
tensity of (110) peak and d,,, value shifted to
the somewhat inferior value indicates canden-
sation of the silanol groups in the pare walls.
This can direct to the reorganization of silica
walis of RHA-5BA-16 accordingly decreasing the
crystallinity very immaterially,

Even though at 600°C, the long range
order of hexagonal array and textural morphal-
ogy Is still preserved. This resembles that syn-
thesized sample of RHA-S5BA-16 is thermally
unwavering up to 600°C as accounted.On the
other hand, if the calcination temperature is in-
creased up to 650°C and above, the hexagonal
phase transforms into the lamellar form which
onadditional calcination crumples the structure
which is reflected as the absence of XRD peaks
in RHA-5BA-16 (600) at and above 650°C.
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Fig. 1: (C) XRD patterns of calcined samples of
RHA-5BA-16 (450, 500, 550, and 600) at vari-
us temperatures.
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role to optimize the ymithesis Condition, BA-15:

= Erystaﬂ'im‘w and Activation Energy:
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M evaluated, Tha percent canversion from
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-16 phase j5 Shown in the Fig. 2
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in Fig.4 The broad band around 3475cm® fmay
be due to surface silanols and adsorbed water
maolecules which indicating the silica framewark
is hydraphilic. For calcined RHA-SBA- 16, the dis-
appearance of peak at 29229 cm* and 2852.5
cm* can be concluded that the organic template
has been removed completely at 550°C. How-
ever, the peak at 3500.1 em? js prominently
found to be changed due to increase in calcina-
tion temperature.,

The effect observed for RHA-SBA-16
(600) is significant. Since the surface of silica
framework is water liking, the stretching mode
of H.0 is observed at 1540.1cm This peak is
reduces as calcination temperature increases
indicating removal of water molecule. Bands
observed at 1213.6 cmy*and 1061.9 ermiare char-
acteristics peaks of asymmetric 5i-0-5i stretch-
ing. Another characteristics peak is the symmet-
ric 5i-0-5i stretching observed at 780.2 em®,

Fig.4: FTIR spectrum of RHA-SBA-16 (450, 500,
250, 600) calcined from 450-600°C
SEM and TEM-Analysis:

SEM images of RHA-SBA-16 (500, G600)
are depicted in Fig.5 represents that the par-
ticles are nearly in spherical form exclusive of
agglomerations. The typical diameter of tha
particles is moderately same although the cal-
cination temperature is raised from 450°C to
B50°C representing an excellent thermal stabil-
ity. The diameter of spherical particles is found
to vary in the range of 2.6A° to 9.984°, which is
consistent with the XRD and N, sorption data.

& SEM photo graph of RHA-SBA-16 at 550°C
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indicates a good structural mor
TEM-Analysis:

Fig. 6 represents the TEM images of
RHA-3BA-16synthesized at 80°C and calcined at
550°C. TEM image of the parent RHA-SBA-
1Bsamples provided sturdy verification of the
retainment of mesoporous structure. The char-
acteristic hexagonal silicate structures shown
an TEM, supports the observation made by low
angle XRD.

Fig. 5 S5EM images of RHA-5BA-16 {500, 550)
calcined at 500and 550°C

— i

Fig- 6 TEM images of RHA-SBA-16 (550) cal-
cined at 550°C

Table 1 : Effect of calcination temperature on =

Structural and textural properties of RHA-
S5BA-16
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Dielectric properties : The sample used for di-
electric properties as RHA-SBA-16 {550} .For
preparing the pallets Polly vinyl alcohol (PVA) is
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used as binder Pallets 10mm diameter were tion

made and mass of pallet were measured alsa
the thickness of pallet were measured .Jo re-
move the binder from the sample the pallets
were kept in furnace at 200°C for 2 hrs.The read-
ings were taken on the reading impedance ana-
lyzer HIOKI model No,IM 3570

Fig.7 shows the frequency variation of
dielectric constant for the samples of RHA-SBA-
16. It can be observed from the figure that the
dielectric constant for the samples decreases
with increase in frequency.

Fig.7 Dielectric constant and the frequency
variation

Dieebrcirir fogs s iy

=
" LHI i I

Fig.8 Dielectric loss with the frequency varia-
tion

Fig.8 shows the frequency variation of
dielectric loss for the samples of RHA-SBA-15
't can be observed from the figure that the loss
shows that the dissipation for the sam ples de-
Creases with
Increase in frequency™.

Fig.5 shows the frequeney varlation of
loss tangent for the samples of RHA-SBA-16. It
can be observed from the figure that the loss
tangent for the samples decreases exponentially
with Increase in frequencey,

P o —u= RSN
LB

imwamd 1

A

Fe-a

200

1 o
LE-x7

T ‘T.u-u R

Fig.10 ac conductivity with the frequency
variation

Fig.10 shows the frequency varia
with ac conductivity for the sa mples of RHA-*

1&. It can be observed from the figure tha
conductivity of the samples decreases expo-
nentially with Increase in frequency.
CONCLUSION:

All the characterization tech niques per-
formed in this study reveals that well ardered
mesaporous material of uniform hexagonal ar-
ray can be synthesized very conveniently and in
a very short span of time from an dErc waste
Fice husk ash instead of commercial expensive
silica sources. The parametric variation such as
change of synthesis temperature helps to opti-
mize the synthesis conditions. The well ardered
mesoporous material RHA-5BA-16 can be syn-
thesized at 80°C for 4.5h keeping pH of gel 6.9
and calcined at 550°C The apparent activation
energy of conversion of synthesis gel to 100 %
crystalline RHA-S5BA-16 phase was 184.62k)
mole caleulated by Arrhenius equation, The dif-
ferent dielectric characteristics are analyzed for
the sample RHA-SBA-16.
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