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I. INTRODUCTION

Hazardous wastes are generated amually throughout

the world bv all indusuies and their disposal poses

major challenges and serious environmental problems'

T,hiscreatesserioushealthrisks,takingintoaccount

that the amount of discharged material is expected to

'increaseinthefuture.Intherecentyears'therehas
been a growing interest to find creative lvavs not only

to reduce naturai u'asLe and indusuial hazard to

overcome environmental pollution but also its

effective utilization 1'

As we know that, Rice is a primary source of food' Its

producdon covers almost 1olo of the Earth's sutface'

Global1y, approximately 700 million tons of rice2 is

produced every year' India is a major rice producing

.orrr,ry and annul production of rice husk is

approximately 20 million tons3' For every 100 kg of

Wl""Z,o/oorhuskis-ffi

size and an ordered str-ucture6' 7

c,g-o1d]}ator I lls ts an ccess article drstl1buteglllda

wl'ilch Permlts
and ltc
Attributto n

Different Dielectric properties of synthesized Mesoporous Molecular sieves

Rice Husk Ash -584-16
Shete S.B.

DepartmentofEiectronicsS'G'B'College'Purna'Maharashtra'lndia

f.:ffiis rhe by-prortucr produce during rice milling Susrainable l" ."t,*:",tll',T^': ::::,::: li:.
Husk(Ri{)inlndustria]sectorandotherfieldsdepencisuponitspirysica}andchemicalproperties..],hrs
researchcontributesholisticapproachtotheporentiaiuseofncehusktowardssynthesisofmesopolous
mareriar tiran rhe rraditional uses of 

'iusks. ' 
not onry reduces the cost of materiar but also results in tire

reducdon of rhe environmental greenhouse effects. Atrempts ha'e been made ro investigare crystallization

kinetics of SBA 16. 
.the various synrhesis paramerers r.vere investigared during crJ'stallizarion ol sllA 16 'Ihe

activation energy of.crystallization kinerics of SIIA -16 u,.as carcrilared using Arrhenius equation and lound to be

IB4.62kJ / mole in the present system of s1'nthesis'

Keywords.Rice}{uskAsh,PlurontcFl2T,CrystallizationKinetics,Dielectricproperties.

though some of this husk is convertecl into end

prodr.t such as feedstock and adsorbent but rnost' is

either clumpecl as a waste or burnr openli'' causing

environtrlcnral ancl health problems 'l'herefbrc' one o1

the chief pnnciples of green technology is to utilize

the RllA as a ralv material or renelvable resource lilr

making high value added' versatile materials rather

than depleting, as it tras high silica content (>90oto)'

Quite a lot of research groups have raken thc

advantag,c of this silica !ompositit)I1 and maclc

endeavors rn making micro4 and mesoporous5 zeoliric

materials synthesized from ertracted silica through

them. These materials have wrde applications as

adsorbents, in ion exchange' as molecular sieves'

catalystsl6 1B etc' Compared Lo conventional

microporous zeolites, mesoporous marerials possess

many advantages such as high surface area' large pore

lhri fi r:iu Euddirislvami liaharridyalrya
Furi':a iJn.i Dlrt.Parhharri

1.,irior.,i", in anY mediut'n 0roperl}/ cited

unrestrrcteci non'comnlerclal tlse'

F;
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Santa Barbra lJniversity discovered nerv family (SBA-

n) of mesoporous materials, among them SllA 16

possesses hexagonal molecular sieves having fairl,v

uniform pores wirh pore diameter of 20-100A' They

possesses large surface area (more than 900 m2lg)'

il'hich is attractive for designing new selective

heterogeneous 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 utilization to protecl the

environmentlg 21. It has porendal applicadon in

synthesis of highly useful porous materials used in

water purification technology, as industrial catalyst'

supporting materials, exchanger, moleculat sieves etc'

II. METHODS AND MATERI.AL

Experimental: Materials and Methods for Synthesis of

mesoporous SBA -16:

Hydrothetmal synthesis of SBA -16 was caried out in

hydrothetmal reactor at autogenous pressure under

stirring condidons. The chemicals used during

synthesis were Pluronic F127, Butanol, Ilydrochloric

acid, Deionized water etc.

The rice husk silica extraction was carried out using

acid hydrolysis method. lnitially the coliected rice

husk was u,ashed wirh deionized water and then dried

at 800C for 24h. 'fhis husk was then rreated rvith ll0

M IlCl acid solution along rvith headng at 1000C''fhis

hydrolyzed rice husk vn'as rinsed with distilled water

until pH reaches to 7, then it was again dried at 100"C

for 24 h. I'ina1ly, the rice husk was calcined at 8000C

for 4h in muffle furnace. The rice husk ash was mlxed

rvith 3.75 M NaOH soludon and sdrred overnight to

extract the silicate from the ash.

The synthesis of silica SBA-16 was made as follorving'

Solutron of 2.5 g of Piuronic F127 (Sigma Aldrich) in a

mixture of 120 g of distilled water, 5 g of concentrated

and 7.5 g of butanol was first PrePa

- lssue 1 'Publlshed BFebruary LO 2021 - I)age No 4?5'431

Alter one hour stirring at 45 oC, 12 g of RllA 159,

were adderj anci the mixture stirred for further

21h.The ultrasonic Lreatment is given at 45 min '1'her

step was lbllorved by a h,vclrot}rermal treatmeni of 24

h at 100oC in lleflon coated stainless steel autoclave'

Drying of the as synthesized sample was perforned at

room temperature overnight pan o{ t}re drv sample

was calcinecl under air florv by increasing rhe

temperarure 1.5oC per minute up to550o(l and

maintaining it at this temperature for 6 h sample

hereafter namerl calc-SBA-16' by Irabio et al''15 'fhtr

samples were synthesized at 600C1, 700C, B00C and

900C and are nominated as RHA-SIIA 16 (60' 70' 80

and 90) respecdvely. After the crystallization' rhe

solids were hltered, rvashed lvith deionized watc:r and

dried at 1000C for 2h. T-he products rvere finally

calcined at 5500C for 4.5hrs in air and has becn

evaluated by X ray diffracdon, N2'sorption studies

etc.

Characterizadon:
'1'o elucidate the structural features8, morphologl4'

pore architecturel0, thermal stability11, adsorptivel2

and catalytic behaviorl3, surface area14 etc: the

synthesized samples are characterizecl by techniques

such as XRD, N2-sorPdon, FTIR, etc'

III. FJSUTTS AND DISCUSSION

)G'D-studies:
o/o Crystalliniry = Sum of the peak heights sf
*rLrro*n material x 100 Sum of peak heights of

standard material 
.

Fig.1 shorvs the XRD patterns of rhe samples calcined

at 450, 500, 550, 600 and 650'rC designated as Rl{A

SBA-16 (450, 500, 550, 600 and 650) respectively As

shown in the Fig.lRHA-SBA-16 (450), the XRI)

pattern obtained for the sampie calcined aL

calcinations temperalure 4500C, the onlv reflection at

(i 10) plane is more intense, it sr'rggcsrs that thc

marerial does not possess the rvell defilled hcxagonal

even after the calcination.

ific Research in Sc ajsrst.com)
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'i'he diffractograms gained for the samples as increase

in rheir calcinarion temperature from 500 to 650"C

shorvs rhree u'eak peaks along with single most

intense peak with (110) reflection at 20 value 1 120'

The drrovalue is shifted to a higher value up to 6000C

!-ig. 1 RHA-SBA-16 (500, 550, and 600)'in the low 2-

theta region of 10-100, the XRD pa[tern at 550{rC

exhibits all prominent cliffraction peaks rvhich could

be indexed as (110), (200) (210) and etc' reflections'

respectively. This is characteristics of long range

ordered hexagonal array of parallel silica rubes in

RHA-SBA-l6mesoporous phase' 'fherefore' the

sampie calcinc'ci at 550"(l can be treated as 100 o"ir

cqrstalline sample As calcinations rempr'rature in

advance increased above 6000C' a cotrsiderable decline

in the i.ntensity of (110) peak and drro value shifted to

the somervhar inferior vaiue indicates condensation of

rhe silanol groups in the pore walls' This can direct to

the reorganization of silica walls of RIIA SBA 16

accordingly clecreasing the crystallinity vely

immateriallY.

Even though at 6000C, rhe long range order of

hexagonal array and texlural morphology is still

preser-ved. This resembles that slmthesized sample of

RIIA-SBA-16 is thermally unwavering up to 6000C as

accounted.On the other hand, if the calcinarion

temperaturc is increased up to 6500C and above' lhe

hexagonal phase transforms into rhe lameilar form

u,hich on additional calcination crumples the

s[mcture which is reflecred as the absence of XRD

peaks in RHA 58A-16 (600) at and above 6500C'

Volume B lssue 1 ljutrlrshed B February 10.2O2L Page No 421 431

Fig. 1: (C) >CRD patterns of calcinecl samples of RHA-

Sne-fO (450, 500, 550, and 600) at various

rcmperatures,

Therefore, the above results indicate that calcination

temperarure plays a note\lrorthy role to oprimize the

synthesis condition'
o/o Crystalliniry and Actiradon Energy:

Table 1. Summarizes the values of inrer p}al'rar spacing

(ri values) derived from X-rav cliffraction pattem for

RtlA SllA 16 (100o/o crystalline) sample' 'l'he percent

crystallinity of the samples drau'n at" rliversc

calcination temperarures in the crysuilization kinetics

wasca1cu]aLecl..I'heobtainedva]uesofo,bcrystalliniry

were piottecl as a lunction of calcinalion lcmperatule

from wirich the gradient of crvstallization has been

evaluated. The percent conversion lrom amorphous

to100o/o crystalline prorluct of RFIA-SBA'16 phase is

shown in the Fig. 2

Thereforc' this most (100or'o) crystalline sample l'as

used as a parent sample lor further study'

E

I
J
F
UI

uo
s

95

g0

85

B(,)

75

450 500 550 buu

CALCINATION lEMPERATU RE (,C)

Fig.2 Effect of calcination temperamre on

crystellization

The kinetic cur-ve describing the increase in the

crystallinity of the crystals with rhe calcinarion

[emperature depends on rate of conversion' it is seen

from rhe Fig.2 that upto 550('C the rate of ctlnvcrsion

oi amorpirous to crystallization of RIIA SBA 16 phase

was very.- acute inirially but fol'low-ed by a subsequent

slorv dolvn.'fherefore, the rate of crystallizarion

:ch,-'..]

R.iA-38A-16i5C!11

RiA-3BA-161(5ql

e,5fl Sutu.ui"*"-
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decreases as the process approaches to the completion

indicated by constancy (100 o/o) in percent

crystailization.

Using Arrhenius equation to the kinetics of

crystallization of RHA-SBA-16' acdvation ellergy was

reported around 103'74kJ molei in the present

crystailization scheme'

BET surface area and pore volume of R}IA-SBA-16:

The sampies RHA-SBA-16 (450' 500' 550' 600 and

650) s1'nthesized for 4'5h with different calcinations

temperatures have also been characterized further by

N2-sorpdon studies to find BET surface area and the

conesponding pore size distribudon' 'Ihe adsorpdon

desorption curve obtained for RHA-SBA 16 (550' 600)

is shown in the Fig3 These isotherms are of type IV as

, lssue 1 - Published B February 10 2O2L Page No 427'4:31

rhe calcination [emperature of 600"(] ancl above 'i'hesc

obsen,aLionsrevelsthehexagonalphaseStarls
rransfotrning to lamellar phase with lack of specihc

structural features, which are in well accordance rvith

XRD patterns.

SEM and TEM-AnalYsis:

SEM images of RHA-SBA-16 (500' 600) are clepicted

in Fig.4 represents that the particles are nearlv in

splre.ical form exclusive of agglomerations 'llire

typical diameter of the pafticles is moderately same

although the calcination temperature is raised from

4500C to 6500C representing an excellent thermal

stability. 'l'he diameter of spherical panicles is lound

to vary in the range of 2 6A" ro 9'98A" ivhich is

consistentrviththeXRDandN:sorpdondata'[he
SEN4 photo graph of RI{A SBA-16 at 550')(l indicates

a good structural morPhologY'

TEM-AnalYsis:

Fig.5 represents the 'fIlM images of RHA SBA

l6synthesired at B0'rC and calcined at 550'rC 'l!'NI

image of the parent RHA SBA l6samples providcd

sturdy verification of the retainment of mesoporous

structure. 'fh-e characteristic hexagonai sriicate

structures shown on TEM' supports the obsen'ation

expected for 58A-16 molecllalieY

RHA-SBA-16 (6WC)

r, there is a slight decrease in wal1 thickness at

made by low angle XRD'

ftg, ; SUNI irnages of RHA-SBA-16 (500' 550) calcined

at 500and 5500C

Fig .3 N2 adsorption-desorptioo isotherms and (B)

por.riredistributionof(a)RHA-SBA-16(5500C);(b)

T'he obsen'ations regarding N'r-sorpdon and XRD

'l studies are statistically depicted in Table l From

which lve can conclude that' as the calcination

temperature is increased after 5500C' at the ramp of

lr'C, surface area got reduced by 1'5m'?/g' It is

probabiy because of the collapse of gel structure due

to the rapid release of water from the pores'

Moreover, there is an auxiliary aiterarion in the

average pore diameter and wall thickness' Pores with

narrow distribution start forming from 500 oC and

increases as calcination temperature increases' The

meanwallthicknessoftheporesandporevolume
increasecl rvith calcination remperature lronl 500t'C to

Fig.5 TEM

55CPC

images of RHA-SBA-16 (550) calcined at

^ta 61tt{U 
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Dielectric propenies : The sample used for dielectric

propenies as RHA-SBA-16 (550) .For preparing the

pallets Polly vinyl alcohol (PVA) is used as binder

Pallers 10mm diameter were made and mass of pa11et

were measured also the thickness of pallet were

measured .To remove the binder from the sample the

pallets were kept in furnace at 2000C for 2 hrs.The

readings u,ere Laken on the reading impcdance

analyzer HIOKI modei No.IM 3570

I"ig.6 shows the frequency variarion of dielectric

constant for the samples of RHA-SBA-I6. It can be

obser-ved from the figure that the dielectric constant

for the samples decreases with increase in frequency.

1 060

900

750

6(}0

450

constant

4567

Log f
and the frequency variation
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2 3 togf5 6 7

Fig.7 Dielectric loss with the frequency variation

Fig.7 shorvs the frequency variation of dielectric loss

for the samples of RHA-SBA-15. It can be observed

from the figure that the loss shorvs that the dissipadon

for the samples decreases with

Increase in frequencv22.

SBS(A)

Fig,8loss,*r.r,, *,* *. &::":, u"rir.i"oo 
7

Fig.8 shows the frequency variation of Ioss tangent {or

the samples of RHA-SBA-16. It can be obsen'ed from

Lt 
t,

700

600

I Goo

a 4oo

V soo

E 2oo
ox 1OO

o

300

't 50

o

U
L

qJ
o

o,a

o-7ta

3 0.6

Y 0.6

A o-4

o-3

Table 1 : Effecr of calcinarion remperaffie on Structural and texnrral properties of RHA-SBA-16

Sample drro
Unit cell

Parameter

S.A,

(m'/g)

Average

pore

diameter

(A)

Pore

vohrme

(mue)

Average

Wall thickness

(A)

o/o

Crystal-

Iiniry

RHA,SBA

16(4s0)
22.15 31.90 69

RFIA SBA

16(s00)
23.51 33.8s 6i8.21 26.38 0.479 7.47 B1

RrLA,SBA-

16(ss0)

26.93 38,78 779.74 29.16 0.568 9.62 100

RHA SBA-

16(600)
25.89 37.28 767.13 28.25 0.547 903 96

RHA.SBA

16(6s0)
24.21 34.86 738.22 26.99 0.s06 7.87 BB

-r- SBS(A)

ioae
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the figure that the ioss tangent for

decreases exponendally with Increase in

FAO Food Outlook, !'ood and Agriculture

Organizarion of the United Nadons, November'

(201i).

\4.'\\$/. maps of rvorld.com.

Corma, A. Chem. Rev.95, 559 614, (1995)'

Kresge, C. T.; L,eonowicz, M II'l Roth' \\' J ;

Vartulli, J C. U.S. Patent 5, 098, 684' (1992)"

Schulz Ekloff G, Stud. Sud. Sci' Catal',85, p 145'

(1994)

the samples t2l

frequency.

sBS(A)

t.,s f u

Fig.gac conductivicy with the frequency variation

Fig.gshows the frequency variation with ac

conductivity for che samples of RHA-SBA-16' It can

be observed from che figure that ac conducrivity of

the samples decreases exponendally with Increase in

frequency.

rV. CONCTUSION

All the characterization techniques performed in this

sfirdy reveals that well ordered mesoporous materiai

of uniform hexagonal array can be synthesized very

convenientlv and in a very short span of time from an

agro waste rice husk ash insread of commercial

expensive silica sources" The parametric variarion such

as change of synthesis temperature helps to oprimize

the sy, rthesis conditions' The rvell ordered

mesoporous material RHA-SBA-16 can be synthesized

F ur gOiC for 4.5h keeping pH of gel 6'9 and calcined at

5500C.The apparent activadon energy of conversion of

slmthesis gel ro 100 o,/o crystalline RliA SBA-16 phase

was 184.62kJ/mole caiculated by Arrhenius equation'

fhe different dielectric characteristics are analyzed

for the sample RHA-SBA-16.
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