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Abstract:
Rice Husk is the by-product produce dur_ing rice milling. Sustainable use of Rice HuskAsh (RHA)and Rice Husk (RH) in rnOuriii.rsec_

tor and other fields depends upon its fnysicatand chemical properties. This r.rurr.h lontrib-
u.tes holistic approach to the pr,.riirirr. 'Jf
rice husk towards synthesis of ,.ro_porom
material than the traditional uses of husks. ltnot only reduces the cost of material but alsoresults in the reduction of the environmentat
greenhouse effects. Attempts have been madeto investigate crystallization kineti;;; SBA _
16. The various synthesis prrrr.,.^ Jrere in_
ves.tigated during crystallization of SBA _fO. fh.activation energy of ciystarization kinetics ofSBA -16 was calculated using arrf.,"nirr'"qu._
tion and found to be 1g4.6 Z kJ / mole in thepresent system of synthesis.
Key Words. Rice Husk Ash, SBA -LG, pluronic
F 1.27, Cry sta I I iza tio n Ki n etics, O ie te c-tric p Io pe r_ties.
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allv throughout the world uv u-it inaurtries and tractive il';[";i.?."',X IijS];r]?,:[:UJ.their disposal poses major challenges and seri. neous catalyst in production of fine chemicalsous environmental problems. This creates seri_ on large-scale.ous health risks, taking into account that the "Our 
r.ru.rch endeavors the use of no_amount of discharged material is expected to cost raw materiars such as agro waste rice huskincrease in the future' ln the recent years, there for our further investigations because it addhas been a growing interest to find creative ways varue; reduce the cost and create effective uti-not only to reduce natural waste and industrial lization to protect the environmentls-2l. rt has

:ffi1t#J:fif,:;:l#:1"'tarpollution but potentiai apprication in syntiesis of highry use-

As we know that, R ce ,,. l,lii:y l::ffi?jJ,l;j:13l;,:::?::,:,ili::j;HXl;
source of foo.d. lts production covers almost 1% materialsl exchanger; molecular sieves etc.of the Earth's surface' Globally, approximately experiientar: Maieriars anJrvlettrods forsyn-700 miilion tons of rice2 is producei every year. thesis of mesoporous sBA -1G:,lndia is a major rice.producing countryand an_ HyOrotf,.rmal synthesis of SBA _16 wasnul production of rice husk L approximately carried or, in hydrothermal reactor at autog-20 million tons3. For every roo kg of ,paddi .;;r;p;;rsure under stirring conditions. Themilled' about 22o/o of husk is prodiced2.Even .r.,.rl.lr ,sed during synthesis were pruronicthough some of this husk is converteJl;,;;; ;;;;:T*.not, Hydrochtoric acid, Deionizedproduct such as feedstock and adsorbent but wateretc.most is either dumped as a waste or burnt -il" 

rice husk sirica extraction was car-openly' causingenvironmentaland health prob- ried out ,iing aciu r,vororvri, ,ethod. rnitia,ylems' Therefore' one of the cr'ier principles of ffre cottected rice husk was washed with deion-green technology is to utilize the RHA as a raw ized water and then dried at g,oc for 24h, Thismaterialor renewable resource for making high rrust< waithen treated with 3,0 M Hcr acid soru-valueadded'versatilematerialsratherthande- 
tion arong with heating at i.gooc. This hydro-pleting' as it has high silica content (>go%). lyzed rice-husk was rinsed with distilled waterQuite'a lot of research groups have taken until pH ,."r.r,., to 7, then it was again dried atthe advantage of this silica iomposition and 1oo"c for 24h. Finally, the rice husk was cal-made endeavors in making microa and .in.Jrtaoiocfor4hinmuffrefurnace.Therice

mesoporouss zeolitic materials synthesized from trust< astr was mixed with 3.75 M NaoH solutionextracted silica through them' These materials and stirred overnight to extract the siricate fromhave wide applications as adsorbents, in ion the ash. the molar composition of the synthe-exchange, as morecurarsieves, catarysts;6-r8etc. sis ger was as foilows:compared to conventionar microporous zeorites, 
91iiio.,o.oorr1" r2rl: 2.*gBuoH: 0.9rHCr:mesoporous materials possess many advan_ tLlH2Oz

:i1Tff:.tHTlT::;.t"u' large pore size rhe svnthesis orsirica s84-16 was made
santa Barbra University discovered new " 

*"olJif;,;on 
of 2.5 g of pluroni cFt27 (sigmafamily (sBA-n) of mesoporous materials, among Aldrich) in a mixture of 120 g of distilled wateI

:lil,Ti,fl"Hfi',,.;l'J::."i:l-T:":'::i .1i:i;,;l;ntrated Hct (37./")and 7 5 g or bu-

ameterof20ffi
l1fl :: :;r;:T: li: i:l'i:1."-1 :y:; ra ce a rea ( m o re, n. li"JrT:);;:Tffim

sieves having fairrv unifo* poi., with pore di- tanorwas,,r:ffi:;:ftiffI?#n7o:rT:r?nt
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Y$liltfi';#
atZFe;i2?d--nu-,A
mixttrrp <tirrod $a, r,,-*umixture stirred ror rurther zar,.l,. rr";;fi ir'd',H::,ffTi5ilil:tl ;1mmtreatment is given at 45 min' The step was fol- is srrirteJ to a higher varue up to 6000c Fig. 1iH:J:lill#[,:::i:f::::1"::1i11 ;HAr;il;; (s00, sso, and 600) ,n the ,ow 2_l.00oc in reflon coated stainless steet autocrave. ,n".. **,il iil":r?,:l;^Tl-?illJ[:[, ;IreDrying of the as synthesized sample was per exhibits all prominent diffraction peaks whichformed at room temperature overnight part of could be indexed as (1L0), (2oo) (210)and etc.the dry sample was calcined under a'ir flow by ,.l.lttrr, respectivery. This is characteristicsincreasing the temperature L'5oc per minute up or rong l..nge ordered hexagonal array of paral-to550"c and maintaining it at thistemperature rer sirica tubes in RHA-sia-tor.roporousfor 6 h sample hereafter named tttt-saa-ro. oy phase. Therefore, the sample carcined at 5500cFabio et al''1sThe samples were synthesized at can be treated as 100 % crystailine sampre. As600c' 700c' 80oc and 900c and .,. ior,nrr.a carcinations temperature in advance increasedas RHA-S84-16(60, 

!O,8oand90) respectively. above 6oooc, a considerable decline in the in-After the crystallization, the solids werl firtere!, *,, 
"it110) 

peak and drro varue shifted towashed with deionized water and dried at L0ct0c the somewhat inferior varue inoicates conden-for 2h' The products were finally calcined at sation oiarru siranor groups in the pore wars.5500c for4'5hrs in airand has been evaluated rhis can iirect to the reorganization of sirica
HI:1"x"T::lj'J,n, 

*,-rorption studies etc. wails of RHA-sBA-1.6 accordingry decreasing the
To erucidate the structurar featuress, 

crysta,initv ve.v;ru1";;llri, 
,n. rong rangemorphologye' pore architecturelo, thermal sta- order olhexagonar array and texturar morphor-bility11, adsorptive12 and catalytic behavior,r, ogy is ,,ifi pr.r.red. This resembles that syn_surface areala etc:the synthesized r.rpt.r rr. ili.rir.J ,.rypre of RHA-s84_16 is thermaily

;::Ji:::'fr:i,:|.:"n'iques such " iio, w,- ,n*.r.iine up to 6000c as accounted.on the
Results and Discussion: other hand, if the calcinatibn temperature is in_

XRD_studies: creased up to 6500C and above, the hexagonal

f*,,m **t ;":,T;l 
t h e p e a k h e ig h t s o r : [:: [::'. iJff ; :n :i: Jilfl iiJ: H,xlX[

sum or peat rreierrts or standard materiar ilTfllilIl;fiiril :[l:'ffi."r xno p"t'
Fig.L shows the XRD patterns of the

samples calcined at 450, 5OO, 550, 600 and
6500C designated as RHA-SBA-fO 1oiO, SOO,
550, 600 and 650) respectivelyoAs shown'in the
Fig.lRHA-SBA-16 (450), tt,u i"nO 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 the well defined hex- Fig.l: (c) xRD patterns of calcined samples ofagonal arrays even after the carcination. RHA-SBA-I 6 (450,500, 550, and 600) at vari-The diffractograms gained for the ous temper.,rr"r.

;:Hl:: ?,.i,fffi:i:':.H:'::11::i1'l:l ,.i- il;;erore, the above resurts indicare

-_-- -h-{ta-11-q

RHAsbl-ln6Da,

perature from 500 to 6500c shows three weak that carcina;;';;;:r#r'r:"ri;::trH;Xl:
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spacing (d values) derived t., X_-rr, ,,r_ 6h+ ^^,^:- _..

l"': :*lthe gradien; ; ;ffi,:|,'o';H:'"''ffi:*.-10 morecurar sieves.

i'# il # :ilil: H; I 3;lr# ffi &lti{ | ;i:;:[ H :l d] ]HilX"#; :i1il ,3;illine) sampre' The percent crystarinity or ,r," findBETsurf,sampres drawn at diverse carcination."rp..._ size distribl!rr:.;rTi[iliffi;::}*ol*;
!i.I[i:!,'i[Tljfi:::,YJjl,T.*vj;,"'" 

.,,;" ;;;;neo ror nHn-sen i6 (550, 600) is

flll].ffi H.:::,:aif ;;"i"';,:,;:l,H: 
i,: ffi [:?:.:l:: Il: : :::t J,i,,,,. o r typ e

been evaluateO. }n. percent .orrurr,o,i'irlli
amorphous tol}O%crystalline product of RHA_584-16 phase.is shown in the Fig. 2- 

-- -
Therefore, this most Oo6iq crystailinesample was used as astudy. t Parent samPle for further

f,t,..1.U, adsorption_desorption 
isothe rms

illJ.?,n,i:ii:.q,,-,liuutionor-61'*io_rro.
i :l / \ 16 {5500c}; (u) nrra-seA;;Goo,c) 

nnA-)uA-

$ ;l / The observations regirding w,_rorptirn
s ;J / ;ljjlr,::1oi::,,:. ',.,,"i.,iiv"0.'r,".0 ,,.,Table L. From which 

__-._r,wsrry utrI,creo tn

the carcinat;r';;;; 
we can conclude that, as

,torc, ,, ;#ffi:erature is increased after

rlrrrorl hrr 1 E_2 ,_, ,. ., 
L0C, surface area got re_

ctra of RHA_SBA-1.6 (450,

ff,ijffi o t ca I c' n a tio n te m p e ra t u re on :ffi'#:,';:[it .',X:Jfi :t [:hj L',::[
The kinetic curve describing the , 

of water from the pores. nooruoru, there is an, 
ltu .,,,i, iii,,i, ;iil: :il,.i:?ffi1iffi:i:: :,t,:X *5 ffi#,I#*[i ffi *,ilnation temperature depends ;;r;;;';;'.o_nver_ tribution start formin gf rom.soo,,c and increases

sion' rt is seen u"T 
ln: r,e.i,il rJio ssorc ,r;;il;;n temperature increases. rhe mean

,ltl!it.i;r;Ji;ffix?;:ilsT3',"1*'v,t,r. 
warr*rickness of the pores and pore vorume in-initiauybutrolowedor.i,o*J:;i;;il,iil:: 
ffi:;",:?Jth.carcinat,* iu,ru,ature rromTherefore, the rate of crysta[izr,-,or"a"*.urra, 

Hor,ras the process .oo::Tr'^,o-ii. ."r0,.,,o, w.rr tr,i.rinli]!? il:':ri::i,irliffiffiJ:i:i[:ff' constancv (7oo %) in p.r..,i, ..vr- or uoorC.nd above. These our"rrutions revels
- usingArrheniusequationtotheki the hexagonal phase r,.r,r ir.nsforming toof crystailizaiion oi nna_sBA_16, ,.,,ru,ifflfs lamellar phr.:: wi*r ral oi,r".,r,. structurat

ersy was reported around tos.t4kr ;.Lfi:;# llil[ii: 
which are in weil ,..J,rrn.u with XRDpresent crystallization scheme. r?,h

I xHr-sBA-t6,1



Y#:lf;';r;,,
ffi
is.4 Thp hrnrrl h-^,J ^-^.in Fig.4 The broad band aroun, ,Or'iri'r., ftffi:ir:;:be due to surface silanols and adsorbed water Fio R t

m o r e c u r e s w h i c h il;;; ;;; il : ffi ;T #j il *ro_ol_t, uil: i$:::,,ir: J,r# :ff f, :: :lis hydrophilic' ForcalcintJRHa-sea-ii, arr. o,r- s5o0c. trvt irrg. of the parent RHA-sBA-appearance of peak at2922tg cm'1and 285.2.5 lssamples provided sturdy verification of thecm-1can be concluded that the organic t"rpt.t" retainment tf ,.roporous structure. The char-has been removed completely ti ssooc. Ho*- acteristic hexagonar siricate structures showneveI the peak at 3500' 1 cm-1 is prominently on re n,l, ,rpports the observation made by row
I:":i:"^Tchanged 

due to increase in latcina- angte XRD.tion temperature.
The effect observed for RHA_SBA_LG

(600) is significant. Since the surface of ,iti..
framework is water liking, ttre stretciing ,oOu
of HrO is observed at j.G40.1cm-1.This ieak isreduces as calcination temperature increases
indicating removal of water molecule, Bands
observed at 1.213.6 cm-land 1061,9 cm-rare cha r_acteristicspeaksofasymmetricSi-o.Si'.,..,i-',,.ffiffi,o,
ing. Another characteristics peak is ttre symmet- catcined at 500and ssoocric SI-O-Si stretching observed at lSO.i'c:m".

Fig. 4: FTtR spectrum of RHA-SBA-16 (4S0, S0O,
550, 500) calcined from 450-6000C
SEM and TEM-Analysis:

SEM images of RHA_SBA-IG (500, 600)
are depicted in Fig.S represents th.t th" p.r_
ticles are nearly in spherical form exclusive ofagglomerations. The typical.diameter of theparticles is moderately same although the cal_
cination temperature is raised from 4500C to
9t0:C 

representing an excellent thermal stabil_
ity. The diameter of spherical particles is founO
to vary in the range of 2.640 to 9.9BAo, which is
consistent with the XRD and Nrsorption data.
The SEM photo graph of nHa-Sia_io .t ssooc

rjS. 6 TEM images of RHA-SBA_16 (550) cat-
cined at 55OoC

Table 1 : Effect of catcination temperature on
Structural and texturat properties of RHA-
sBA-16

tl{r o[

t ln'lrt
rAr (nl/d tll

x

Inlry
31.S

59nxr.!Gl-
16{5m) 13.E5 518.21 26.38 0.479

0.5s

1.17 6:
RHA.SBA.

15i5S0)
26.93 38.78 779.?A 29.16 t@

rgalsul-
r6{5@) 25.89 3?.2A ?67_13 s41 903 96

RHA.5M.
24.2t 34.!5 7)a.22 26.99 0. s05 7.E7 88

Dielectric properties : The sample used for di_
electric properties as RHA_SBA-16 (550) .For
preparing the pallets polly vinyl alcohol (pVA) is

I
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Trd: .rld mass of pallet were measrr.d ,tro Fig.9 shows

**ll l:' :: : ::r,lli *",", ".,;;; ; r." ;:,o,,,,,!'5n? ;j:.H :hm:H il-11,1: : ::ples of RHA-SBA-16. tt
ililX:l: :,;l*: j:J, ffi ff: :, : 

ji: rft ;; ;; ;;, :,,,"J.. ?,"# trJll,T: I fi i it J [, jwere kept in furnace at 2000C for) frrs.ffrJreaO_

r"9.y:i:Jn., ",ir,.;ffiffffi]L.'ff:. flf;:::l:::::j?:::::decreisesexponentia,,vwith lncrease in frequency.
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tryzer HIOKI model No.tM 3570
Fig.7 shows the frequency variation of

dielectric constant for the sa'mplei ofnHa_SgA_
16. lt can be observed from the figure tiat thedielectric constant for the samplls J"lruur.,
with increase in frequency.

Q

;50)

Fig.7 Dielectric constant and the frequency
va riation

Fig.10 ac conductivity with the frequency
variation

Fig.10 shows the frequency variation
with ac conductivity for the samples of RHA_SBA_
16. lt can be observed from ,f," figrr" that acconductivity of the samples du.rlrrl, .rpo_nentially with lncrease in frequency.
CONCLUSION:

ro,,. o fl I l: :? ilx'::[:llT ::.1] ffi #;
mesoporous material of uniform hexagonal ar-
ray can be synthesized very convenient'ly and ina very short span of time from an agro waste
rice husk ash instead of commerciaL lxpensive
silica sources. The parametric variation such as
change of synthesis temperature tretps io opti-
mize the synthesis conditions. The wellordered
mesoporous material RHA-SBA-16 can be syn_
thesized at g0oC for 4.5h keeping pH oigef O.gand calcined at 5500C.fhe apparlnt u.tiration
energy of conversion of synthesis gel to IAO %crystalline RHA-SBA-16 phase was $q.AZfl/
mole calculated by Arrhenius equation. The dif-ferent dielectric characteristics are analyzed forthe sample RHA-SBA_16.
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