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Rice Husli is the by_product produce dur_ing rice milling. Sustainable use of nice Hust
Ash (RHA)and Rice Husk (RH) in lnUuiirialSec_
tor and other fields depends'upon iis pf,Vsical
and chemical properties. This ,"r".rii tontrib-
u.tes.holistic approach to the poa.n,iri use ofrice husk towards synthesis of ,"r*porow
material than the traditional uses of husks. ltnot only reduces the cost of material but alsoresults in the'reduction of the 

"nriroir"n,.fgreenhouse effects. Attempts trave Ueei madeto investigate crystallization kineti., 
"i SgA -

1!:,Ih: various synthesis parameters i,ere in-
ye.slisated during crystaltization of SgA;. il;
::t]*lion energy of crystailization kinJcs'oi
sBA -16 was calculated using arrf,.iirc equa-tion and found to be tg4.6i L.l / rofu in thepresent system of synthesis.
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mlm::gr"wing interest to find creative ways
ws& to reduce natural waste rralrirririr
hMtcovercome environmenta I pollution but
,frs effective utilizationl.

t-*" know that, Rice is a primary
offo,od. lts production covers almost L%Eatht su rfa ce. Globally,' rppro*ir.t"iy
ffiun tons of rice2 is producej.r.t ;;;;ffimma nnajor rice producing country;;j;^_

Hmgrn of rice husk L ,rrro*,r*"r,
y .?1{:.For every 100 kg or p.oJv
ebout 22% of husk is producedi.Even

tractive for designing new seleciire heteroge_
neous catalyst in production of fine chemicals
on large scale.

Our research endeavors the use of no_
cost raw materials such as agro waste rice huskfor our further investigations because it add
value; reduce the cost and create effective uti-lization to protect the environrn.nt"lii lt has

ff,:.T1rl 
app$ation in synthesis of highty use-

rut porous materials used in water purification
technology, as industrial catalyst, rrrron,n,
materials, exchange4 moleculai sieres et..
Experimental: Materiats and fVlettroOs for Syn-
thesis of mesoporous SBA _16:

Hydrothermal synthesis of SBA -16 was
carried out in hydrothermal reactor at autog_
enous pressure under stirring conditions. The
chemicals used during synthesis were pluronic
F727, Butanot, Hydrochloric acid, Deionized
water etc.

The rice husk silica extraction was car-ried out using acid hydrolysis method. tnitially
the collected rice husk wai washeJ *i,f, deion_
ized water and then dried at AOoC for. i+h. This
husk was thes treated with 3.0 M HiiJ.iA ,olr_tion along with heating at 1OO,C. Th;;yd?;_
lyzed rice husk was rinsed witfr Oistiliel water
until pH reaches to 7, then it was ,erin JriuU ,t100'C for 24 h. Finally, the rice hJsf was cat-
cined at 8000C for 4h in muffte frrnace. ihe ri.e
husk ash was mixed with 3,75 M IVaOH solution
and stirred overnight to extract the siricate from
the ash. The molar composition of the synthe-
sis gel was as follows:
0.9lSiO.:0. OOgS(F-tZt): 2.08BuOH: 0.91HCt:

The synthesis of silica SBA_16 was made
as following

ameter possesses largEfur_
face area (more than 9oo ,%j;;;;;r";;-

ta n o I was firs t p re pa re d, Afte i o n 

" 
t, o r r"rtirri, n

-

some of this husk is converted into end
ffi sugh as fee.dstock and adsorbent Lut
mrffi 

either dumped as a waste or burnt
ffi causing environmental a nd health proO-
yTr., one of the chief principles of

ffi@nology is to utitize the RHA ri. ir*

to conventional microporous zeolites,
us materials possess many advan_

sndr as high surface area, targe pore size
mordered structure6. 7.

Santa Barbra University discovered new
Pa-n) of mesoporous materials, among

-10 possesses hexagonat moleculai

P,f.t fairly uniforrn pores with pore di-

Solution of 2.5 gof pturonic F127 (Sigma
Aldrich) in a mixture of l2og of dist,lleO'rrt.,;

.l::1.:r:..ntrated Hct FTrd rnd r.;; of bu_
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m,Yrr:g.wing interest to find creative ways
mfu to reduce natural waste rrJlrirrir'rr
hMtoovercome environmenta I pollution but
,frs effective utilizationr.

tr_ 
*. know that, Rice is a primary

offood. lts production covers almost L%
Ea-tht surfa ce. Globally,' rppro*ir.i"iy
ffiun tons of rice2 is producej.r.t ;;;;fua rnajor rice producing country.;j;;-

ffion of rice husk is approximatiiy

ffi-T1{:.ro:."rury 100 kg of paddy
ebout 22% of husk is proal."aiiru,l

ffi,some of this husk is converted into end
ffi such as fee.dstock and adsorbent but
mT,e$ 

eirher dumped as a waste or burnt
ffi;causing environmental a nd health proO-
jyTr., one of the chief principles of

mm,@t&nology is to utilize the RHA rr. r.r*
ffior renewable resource for making high

ffi versatile materiats rather tf,an Ou_

-"- 
has high silica conte nt (>g}o/o).

ffi, ' 
qr-O"a lotof researchgroups havetaken

4r&hrarrage of this silica iomp"rni"rlro
&r endeavors in making ,i.rol ,nO

il&mfis@@ro us s zeo I itic materia ls synthe s ize d fro mI'mmacmd silica through them. These materials
,ry wfde applications as adsorbents, in ioni e,as molecular sieves, catatfsis;r.*e1s.

to conventional microporous zeolites,
us materials possess many advan_

smdr as high surface area, targe pore size
mordered structureo. 7.

Santa Barbra University discovered new
Pn-n) of mesoporous materials, a mong

SitsA -16 possesses hexagonal moleculai

P,t*t fairly uniform pores with pore di-

tractive for designing new seleciire heteroge_
neous catalyst in production of fine chemicals
on large scale.

Our research endeavors the use of no_
cost raw materials such as agro waste rice huskfor our further investigations because it add
value; reduce the cost and create effective uti_lization to protect the environr.nt"lii lt has

ff,:.T1rl 
app$ation in synthesis of highty use-

rut porous materials used in water purification
technology, as industrial catalyst, .rrron,n,
materials, exchange4 moleculai sieres et..
Experimental: Materiats and fVlettroOs for Syn-
thesis of mesoporous SBA _16:

Hydrothermal synthesis of SBA -16 was
carried out in hydrothermal reactor at autog_
enous pressure under stirring conditions. The
chemicals used during synthesis were pluronic
F727, Butanol, Hydrochloric acid, Deionized
water etc.

The rice husk silica extraction was car-ried our using acid hydrolysis meth;d. tnitially
the collected rice husk was washeJ *i,f, deion_
ized water and then dried at AOoC for. Z+h. This
husk was thea treated with 3.0 M HiiJ.iO ,olr_tion along with heating at 1000C. Th;;yd?;_
lyzed rice husk was rinsed witfr Oistiliel water
untilpH reaches to 7, then it was rerin JriuU rt100'C for 24 h. Finally, the rice hJsf was cat-
cined at 8000C for 4h in muffte frrnace. ihe ri.e
husk ash was mixed with 3,75 M waOH solution
and stirred overnight to extract the silicate from
the ash. The molar composition of the synthe-
sis gel was as foltows:
0.915iO.:0. OOgS(F-tZt): 2.08BuOH: 0.91HCt:

The synthesis of silica SBA_16 was made
as following

ameter possesses largE sur_face area (more than 9oo ,%j;;;;;r";;-

ta nol was first pre pa red, Aftei o n" trorr"rtirrinn

-
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mixture stirred for further 24h.The ultrasonic (110) reflection at 26 value 1.1"20. Thedrrovalue
treatment is given at 45 min. The step was fol- is shifted to a higher value up to oOoodtig. r
lowed by a hydrothermal treatment of 24 h at RHA-SBA-16 (500, sso, and 600).ln the low 2-
100"c in Teflon coated stainless steel autoclave. theta region of 10-100, the XRD pattern at 5500C
Drying of the as synthesized sample was per- exhibits all prominent diffraction peaks which
formed at roorn temperature overnight part of could be indexed as (110), (2OO) (210) and etc.
the dry sample was calcined under air flow by reflections, respectively. This is characteristics
increasing the temperature 1..5"C per minute up of long range ordered hexagonal array of paral-
to550"C and maintaining it at this temperature lel silica tubes in RHA-SBA-l.6mesoporous
for 6 h sample hereafter named calc-SBA-16. by phase. Therefore, the sample calcined at 5500C
Fabioet al.,lsThe samples we?e synthesized at can be treated as 100 % crystalline sample. As
500c, 700c, 80oc and 90oc and are nominated calcinations temperature in advance increased
as RHA-SBA-16 (60, 70,80 and 90) respectively. above 6000c, a considerable decline in the in-
Afterthe crystallization,thesolidswerefiltered, tensity of (110) peak and drro value shifted to
washed with deionized water and dried at 1000C the somewhat inferior value indicates conden-
for 2h. The products were finally catcined at sation of the silanol groups in the pore walls.
5500c for 4.5hrs in air and has been evaluated This can direct to th; reorganization of silica
by X-ray diffraction, Nr-sorption studies etc. walls of RHA-SBA-16 accordingly decreasing the
Characterization:

To elucidate the structurat features8, Even though at 6000C, the long range
morphologye, pore architecturelo, thermal sta- order of hexagonal array and textural morphol-
bilityll, adsorptiveu and catalytic behaviorl3, ogy is sfill preserved. This resembles that syn-
surface areala etc:'the synthesized samples are thesized sample of RHA-SBA-IG is thermally
characterized by techniques such as xRD, N2- unwavering up to G00oC as accounted.on the
sorption, FrlR, etc' other hand, if the calcination temperature is in-
Results and Discussion: ,F creased up to 6500C and above, the hexagonalXRD-studies: phase transforms into the lamellar torm rihich.
% Crystallinity = sum of the peak heights of on additional calcination crumples the structure
unknown material x 100 which is reflected as the absence of XRD F,eaks
Sum of peak heights of standard materia! in RHA-SBA-16 (600) at and above 6sooq

Fig.1 shows the XRD patterns of the
samples calcined at 450, SOO, 550, 600 and
6500C designated as RHA-SBA-16 (450, 5OO,
550, 600 and 650) respectively. As shown in the
Fig,1RHA-SBA-16 (4S0), the XRD pattern ob-
tained for the sample calcined at calcinations
temperature 4500C, the only reflection at (110)
plane is more intense, it suggests that the ma-
terial does not possess therwell defined hex- Fig. 1: (C) XRD patterns of calcined samples of

RHA-SBA-16 (450, 500, 550, and 600) at vari-
temperatures.

Therefore, the above results indicate

l \Qnhgonal arrays even after the calcinati

fflAry rhe diffractograms ca6ef
'gfor4fflg6les as increase in their */oTiat

, Ieprerature from 500 to 65OoC
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Fig. 5 SEM images
calcined at 500and

of RHA-SBA-16 (500, 55OI
5500C

,1. Fig. 4 : FTIR spectrum of RHA-SBA-16 (450, 5OO,
550, 600) calcined from 450-6000C
SEM and TEM-Analysis:

SEM images of RHA-SBA_1G (500, 600)
are depicted in Fig.5 represents that the par_
ticles are nearly in spherical form exclusive of
agglomerations. The typical diameter of the
particles is moderately same although the cal-
cination temperature is raised from 4500C to
6500C representing an excellent thermal stabil_
ity. The diameter of spherical particles is found
to vary in the range of 2.640 to g.9gAo, which is
consistent with the XRD and Nrsorption data.
S& SEM photo graph of RHA-SBA-16 at 5500C

Fig. 6 TEM images of RHA-SBA-IG (S50) cat-
cined at 5500C

Table 1 : Effect of calcination temperature on
Structural and textural properties of RHA-
sBA-16

h[dt s4
ln'ld d.m.U

(mY!)
W.[ thBE 3

tAl

x
Cry3trl
irlty

BU-S&.
15{450)

22.15 31.90
69

23.31 33.ES 618.21 25.38 0.479 81

26.93 38.7E n9.70 29.16 0.Jd 9,6: 100

FM-5m,
16(6@) 2539 37.2a 767.7! 2E.25 0.547 9!3 96

RHA,5S.
151650) 24.21 34.A6 744.22 26.99 0.506 1.87. 88

Dielectric properties : The sample used for di-
electric properties as RHA-SBA-IG (550) .For
preparing the pallets polly vinyl alcohol (pVA) is

Journal
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in Fig.4 The broad band around 3476cm{ may
be due to surface silanols and adsorbed water
molecules which indicating the silica framework
is hydrophilic. For calcined RHA-SBA-1G, the dis-
appearance of peak at ZgZZ.g cm-1 and 2g52.5
cm-1 can be concluded that the organic template
has been removed completely at 5500C. How-
eve4 the peak at 3500.1 cm-r is prominently
found to be changed due to increase in calcina-
tion temperature.

The effect obseived for RHA-SBA-15
(600) is significant. Since the surface of silica
framework is water liking, the stretching mode
of HrO is observed at 1G40.1cm-l.This peak is
reduces as calcination temperature increases
indicating removal of water molecule. Bands
observed at 1213.6 cm{ and 1061.9 cm-1are char-
acteristics peaks of asymmetric Si-O_Si stretch-
ing. Another characteristics peak is the symmet-
ric Si-O-Si stretching observed at 7g0.2 cm-1.

Oct. To Dec. 2020
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stru ogy.
TEM-Analysis: r i

Fig. 6 represents the TEM images of
R[-|A-SBA-l6synthesized dt B00C and calcined at
5500C. TEM image of the parent RHA-SBA-
l6samples provided sturdy verification of the
retainment of mesoporous structure. The char-
acteristic hexagonal silicate structures shown
on TEM, supports the observation made by low
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move the binder from_the-sample the pallets can be Juserveo from the figure that the losswere kept in furnace at 2000c for 2 hrs.The read- tangent for the sampres decreises exponentialyings were taken on the reading impedance ana- with rncrease in frequency.lyzer HlOKtmodel No.tM 357O
Fig.7 shows the frequency variation of

dielectric constant for the samplei of RHA-SBA_
15. lt can be observed from the figure that the
dielectric constant for the samples de.creases
with increase in frequency.

Fig.7 Dielectri. .onrtant and the frequency
variation

Fig.10 ac conductivity with the frequency
variation

Fig.10 shows the frequency varia.
with ac conductivity forthe samples of RHA_S
L6. lt can be observed from the figure tha.
conductivity of the samples decreases expo_
nentially with lncrease in frequency.
CONCTUSION:

All the characterization techniques per_
formed in this study reveals that well ordered
mesoporous maierial of uniform hexaglnal ar_
ray can be synthesized very convenient]y and in
a very short span of time from an agro waste
rice husk ash instead of commerciat expensive
silica sources. The parametric variation such as
change of synthesis temperature helps to opti_
mize the synthesis conditions. The wellordered
mesoporous material RHA-SBA_16 can be syn-
thesized at 800C for 4.5h keeping pH of gel 6.9
and calcined at 5500C.The apparent acti-vation
energy of conversion of syhthesis gel to IOO %
crystalline RHA-SBA-16 phase was tg4.6lkJ/
mole calculated by Arrhenius equation. The dif-
ferent dielectric characteristics are analyzed for
the sample RHA-SBA-16
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Fig.8 Dielectric loss with the frequency varia-
tion

Fig.8 shows the frequency variation of
dielectric loss for the samptes of RHA-SBA-16.
It can be observed from the figure that the toss
shows that the dissipation for the samples de-
creases with
lncrease in frequency22.
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Fig.9 loss tangent with the frequency
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