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ABSTRACT KEYWORDS
Rice husks are an important by-product of rice milling process and are Rise husk ash;
major waste product of the agricultural industry. They have now become a Pyrolyzed rise husks;
great source asaraw biomass material for manufacturing value-added sili- Structure;
con composite products, including silicon carbide, silicon nitride, silicon Morphology;
tetrachloride, magnesium silicide, pure silicon, zedlite, fillersof rubber and Thermal;
plastic composites, adsorbent and support of heterogeneous catalysts. Kinetics characteristics;
Thebulk and true densities of raw rice husks (RRH) with different moisture Aerosil.

and sizes were determined. The rice husk was subjected to pyrolysis in
fluidized-bed reactor in air or nitrogen atmosphere. The controlled thermal
degradation of therice husksin air or nitrogen leadsto production of white
rice husksash (WRHA) and black rice husks ash (BRHA) respectively. The
products obtained were characterized by X-ray powder and
thermogravimetric analysis, | R-spectroscopy, scanning el ectron microscopy
and nitrogen adsorption. WRHA contains almost pure (>95mass %) silica
in a hydrated amorphous form, similar to silicagel, with high porosity and
reactive surface OH groups. BRHA contains different amounts of carbon
and silicain amorphous form with high specific surface area and porosity.
On the basis of non-isothermal heating of raw rice husksin air or nitrogen
media was established, that the kinetics of the pyrolysis process were best
described by the equation of Ginstling-Brounshtein, valid for diffusion-
controlled reactions, starting on the exterior of spherical particleswith uni-
form radius. The values of activation energy, frequency factor in Arrhenius
equation, changes of entropy, enthalpy and Gibbs free energy were calcu-
|ated for the formation of the activated complex from the reagent. Theaim of
the present microreview isto presented our investigations of the study and
characterization of raw rice husks and the obtained from them thermal deg-
radation black and white rice husk ash.

© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION rice husks and the products obtained from itsthermal
degradation at different conditions. Large quantitiesof
Review of theliteratureon theproblem ricehusksareavailable aswastefromricemillingin-

A number of reviews® have been dedicated to  austry- According to the statistical dataof Food and
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AgricultureOrganization (FAO), theworld annua paddy
production isapproximately 582 million tons. Oryza
sativa L. husks (Rice husk) comprise 22-25 % of the
ricegrain and, therefore about 145 milliontonsof rice
husksresidue are produced”. These husksare not of
commercial interest and cause serious pollution prob-
lems. It isnecessary, then, to consider theuse of this
residuein polymer formulationswith aclear positive
effect totheenvironment. Thechemicd condituentsare
foundto vary from sampleto samplewhich may bedue
to thedifferent geographical conditions, typeof paddy,
climatic variation, soil chemistry and fertilizersusedin
the paddy growth##19, Thechemical analysisof these
rice husksisfound to befor instance 66.67 % carbon,
223 % SI0,, 7.1 % H,0, 0.82 % AlLO,, 0.78 %
Fe,0,, 1.10% K0, 0.78 % Na,0, 0.24 % CaO and
0.21 % MgO24, The organic part is composed ap-
proximately of 42.8% cdllulose, 22.5%lignin, 32.7 %
hemicdluloseand other organic matter about 2 %. Hemi-
cellulose (xilan) isamixture of D-xylose-17.52 %, L-
arabinose-6.53 %, methylglucoronic acid-6.53 % and
D-gaactose 2.37 %29, The natureof silicaismainly
amorphous and has beentermed opalinesilica®. The
slicon aomsare concentrated inthe protuberancesand
hairson theouter andinner epidermis of the husksin
the predominant form of silicagel. Becauseof itshigh
silicaandlignin content, thericehusksareinsolublein
water, tough, woody and abrasivein naturewith low
nutritive properties and resistanceto weathering™. It
iswell knownthat therice huskshaveahigh calorific
value (13 MJkg?), high (20-22 %) ash content(>89,
andissufficient to promote sustainable combustion pro-
cess, thusreducing the cost of fuel requiredfor thecon-
version process. Figure 1 showsthat milling of 1tone
of paddy produces about 220 kg ricehusks, which are
equivalent to approximately 150 kWh of potential
power.

Theenergetic balance shows, that utilization of the
rice husksasafuel may be convert paddy milling pro-
cess from consumer to producer of energy. The ob-
tained ash containsnearly 95 % silicaand isanimpor-
tant renewable source of silica. Burning is a cheap
method of extracting the silicafrom ricehusksfor pos-
siblecommercial use, but it brings up the associated
problemsof uncontrolled particleszeand variableim-
purity levels, mainly intheform of intimately mixed car-
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bon. Because of growing environmenta concern and
theneed to conserve energy and resources, effortshave
been madeto burn the husks under controlled condi-
tionsandto utilizetheresidua ashinavariety of end
products. Thecontrolled burning of theraw rice husks
(RRH) inair leadsto production of whitericehusk ash
(WRHA) or so-called “white ash” containing almost
pure (>95 %) slicainahydrated amorphousform, smi-
lar tosilicagel, with high porosity and reactivity. This
slicacan beused asan excdlent starting materia sfor
synthesis of advanced materialssuch assilicontetra-
chloride™?, magnesium silicide™, sodium silicate*?,
zeolitd*™ and etc.[5%8, Thisslicaisanexcdlent source
of very high purity elementa silicon, useful for manu-
facturing solar cellsfor photovoltaic power generation
and semiconductorg01%29, \Whiterice husk ash can be
used also inthe cement and fertilizer industries (asa
pozzolone and as anti-caking component, respec-
tively)2-23,

The controlled pyrolysisof theraw rice husksin
nitrogen atmosphereleadsto production of black rice
husk ash (BRHA) or so-called “black ash” which con-
tainsdifferent anountsof carbonandsilica Thismate-
riad hasvery high porosity and may beused asastarting
materia for the synthesisof silicon carbided?% and sili-
con nitride*?", Propertieslikehigh surfaceareaand
porosity give additiona advantageto the WRHA and
BRHA for their possible use as adsorbentsfor adsorp-
tion of dyes, pigments*® and heavy meta iong*52 from
agueous solutions, catal ytic support and catal ysti?-34.

Intherecent years, theraw rice husk and rice husk
ash are used as afillersin rubber®d and plasti %3
composites. Thethermoplastic composites, filled with
low cost reinforcing natural fillersarewidely usedin
construction and automobileindustriesand in many

Process energy required
6l kWh (heat and power)

per tonne of paddy
l 650 — 700 kg
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Waste:

220 kg husks ~150 K'Wh power
Figurel: Power generation potential fromricehusk mills
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Figure2: Laboratory ingallation for combustion of raw
rice husks in fluidized bed reactor: 1-air compressor
Black and Decker, 2— tank for liquid petroleum gas, 3-
distributor for gases, 4-manometer, 5-air Rota meter, 6-
quartz fluidized bed reactor, 7-gasbur ner, 8-ashestosin-
sulator, 9-porousquartzdiaphragm, 10-electrical heater,
11-electrical transfor mer, 12-voltmeter, 13, 14 15-ther mo
couples, 16-economizer, 17-separator, 18-temperature
recorder, 19, 20-thermoregulators, 21-PC

ot b
i ""&'

Figure3: Appear anceof ungrounded RRH-a, BRHA-b and
WRHA-c

TABLE 1: Bulk and truedensty of ungrounded and grounded
raw rice huskswith different moisture

Moisture, Bulk density, kgm™ Truedensity, kgm™

wt.% ungrounded grounded ungrounded grounded
7.1 101.2 287.8 1019 1502
24.2 105.5 251.6 1054 1456

consumer goods. Theinterest towardsnaturd fillersis
stipul ated by their immanent advantageslikeavail abil-
ity, highfilling levels, low cogt, renewability, biodegrad-
ability, low density, high specific strength and non-
abrasiveness®"%,

RESULTS
Thethermal degradation of theraw ricehusksfrac-

tionwith size0.63-0.25 mmwas carried out in alabo-
ratory install ation equipped with quartz fluidized-bed

——— Rev/ew

reactor, presented onfigure 2.

For the present study, the cal cul ation procedure of
Coats and Redferni*? was used. Datafrom TG and
DTG curvesinthedecomposition range 0.1-0.9 were
used to determinate the kinetic parametersof the pro-
cess. Thekinetic parameters can be derived using a
modified Coatsand Redfern equation:

Sincethe pyrolysisof therice husksiscarried out
most often in fluidized bed reactors, it isimportant to
know thebulk and truedensitiesof raw ricehuskswith
different moisture and sizesfor the assessment of the
process hydrodynamics. TABLE 1 showsthedataon
the bulk and true densities of raw ungrounded and
grounded rice huskswith different moistures.

Ascanbeseenfrom TABLE 1, thebulk density of
ungrounded rice husksincreased with theincrease of
moisture, whereasthe true density decreased. At the
sametime, thetrue density of ungrounded husksin-
creased and that of grounded husksdecreased. Thus,
ground ricehusksswel | when moist. Density (bulk and
true) of ungrounded husk increased with moisture con-
tent whereasthe density of grounded husk decreased.
The sametendency was observed by other authorg*¢l,
whereitispointed out that there ationship betweenthe
moi sture content and true density islinear within the
limits of the moisture content in both the ungrounded
and grounded conditionsof rice husks.

Figure 3 presentsthe photography of ungrounded
raw rice husksand after itstherma treatment in nitro-
genorinair amosphereat 700°C.

It can be seen from figure 3 that the pyrolysis of
ricehusk RRH (a) in nitrogen medium gave BRHA (b),
whilethe combustioninair gave-WRHA (c). These
products are porous; they have high specific surface
areaand may be used as adsorbentsfor different com-
pounds out of solutions. The morphology of raw rice
husk, black and whiterice husk ashwasexamined by a
scanning € ectron microscopy. SEM micrographsof raw
rice husk, after combustioninair and after pyrolysisin
nitrogen amospherea 700°C arepresented infigure4.

The main components of rice husk areinlemma
and palea form, which tightly interlock with each
other, Figure 4 showsthe outer epidermis of raw
ricehusk, whichiswell organized and hasacorrugate
structure. Theouter surface of lemmaishighly ridged,
and theridged structureshavealinear profile. Theepi-
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F|gure4 Scanning electron micr ogr aphsof ungrounded RRH (A); WRHA (B) and BRHA (C) at 700°C

-. Ty

A W,
It ly,
r\..:..vu-#.m!—..-\_ = ,.l,l.'\-"""" -Mv..r“"r

pl,
*MN- 'I"J'Mu .-\f
iy
b o M \““ e
iy MWW‘" “-,-‘; .F.'\-_.,'
et ,..a-\.-‘\"-‘ﬁh Phushart

S
[ P, s st e PP Cd

Intensity

_A..I_-\.l Lpams P o
| 1 i L |

Brggg angle (20)
Figure5: X-ray diffraction patter nsof: grounded RRH-a,
BRHA-b, WRHA —c and Aerosil A200 Degussa-d

dermd cdllsof lemmaarearangedinlinear ridgesand
furrows, and theridges are punctuated with prominent
globular protrusiong?%171841 The outer surface of
lemmaad so contains papillaeand hairsof varying sizes,
but they were often broken at their basesinthemateria
examined, and thereforearenot illustrated. Ascan be
seeninfigure4A, the structure of raw rice husk was
globular. Therelatively stable Si-O carcassand biom-
ass assembled around it formed the structure of rice
hull. Thesilicon atomsare presented al over, but are
concentrated in the protuberances and hairs(trichomes)
on theouter and inner epidermis, adjacent totherice
kernd. After combustion of ricehuskinair (Figure4B),
the morphol ogy tended to maintainitsoriginal shape
athoughtheproduct isbrittleandloosewhen carefully
pinched withthefingers. Theonly differencethat can
be observed wasthat the globul eswere shrinked and
compacted dueto therel ease of thevolatile products.
Thehard residuewasformed of most pure SO, (96.8
%). Asit has been pointed out*”, therate of combus-
tion process depends strongly on the vapor diffusion
ratefrom thebulk of the spherical globules. Thestruc-
ture of the pyrolysis product obtained in nitrogen me-
diumwasasoglobular (Figure4C), but dueto thelower
percentage of volatile productsreleased, the solid resi-
due contai ned significantly more carbon (22.6 %). In

CHEMICAL TECHNOLOGY

thiscase, therefore, theinitia globular structureof rice
husk was al so preserved dueto thehigh therma stabil-
ity of SIO,. Thelast two SEM micrographs showed
that many residua poresaredistributed withintheash
samples, indicating that WRHA and BRHA ishighly
porousmaterid withlargeinternd specificsurfacearea
Therice husk might have become broken up during
thermal decomposition of organic matter, thusobtain-
ing highly porous structure. By comparison of these
micrographs, it isobserved that the surface of raw rice
husk isrelatively nonporous, whereas burned or pyro-
lyzed ricehusk exhibit porous surface, asindicated by
theporestructureanalysis (nitrogen adsorption).

Thepyrolysisof rice husk caused decomposition
of organic part and breaking of the bondswith Si. The
XRD patterns of the raw rice husks, pyrolyzed and
combustedricehusks, aswel asAeros| A200 (Degussa
AG Germany) whichisnon-porous highly dispersed
silicaare shown on figure5for comparison(“?.,

Figure 5 shows X-ray diffraction analysison the
ricehusk beforeand after therma decompositioninni-
trogen or air medium. All thetree sampleswere amor-
phous, athough abroad diffused pesk centered at about
20 = 22.5° was observed. No reflexes, characterizing
cristobalite or tridymite phase were noticed in the
samples studied, indicating the absence of any crystd -
line phases. Curve () from figure 5 representsthe X -
ray diffraction of the raw rice husk. A broad hump
around 20 = 22° was noticed, indicating the presence
of amorphoussilica(disordered cristobalite). Thesame
resultswereobtained for the BRHA and WRHA, as
well asfor Aerosil Degussa(curve c¢) used for com-
parison. Themaximaof thediffused peakswerefound
tovary from 20 = 22° for raw rice husks to 26=20.7°
for whiteash. The pyrolyzed rice husks showed an d-
most flat maximum spreading from 20 = 21°t0 20 =
26°. This could be attributed to a gradual change in the
bonding of sliconwithorganic materid inraw ricehusks

A udéan Journal
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TABLE 2: Physicochemical characteristics of the RRH,
WRHA,BRHAandAR

Parameter RRH WRHA BRHA AR
SiO,, mass % 20.2 94.2 54.0 100
Moisture, mass % 7.1 - - -
Mean particle size, um 80 50 60 20
Surface area, m* g * <1 228 141 273
True density, g cm® 147 22 1.8 2.2

tosilica-silicabondinginwhiteash. According to*184243
thepartidly crystallinecellulosein naturally aged raw
rice husksshow an XRD peak at 20 =26.7°- The XRD
pattern for the raw rice husks, presented on figure 5
withitsmaximum at 20 = 23° suggests that the silicon in
raw rice husk isbonded with organic materid.

Going alittle deeper into the structure of the or-
ganic compounds present in rice husks, the concept of
the bonding of silicon with organic moleculescan be
confirmed. About the bonding of silicon with organic
molecules, it may be said that cellulose (CH, O, ,
being apolysacchari de and the main component of rice
husk, does not seem to possess considerable bonding
ability. Lignin, which coexistswith cellulose, ismostly
inert and thereforeit isa so not expected to be suitable
for bonding. Theremaining four organic components
included in hemicelluloseare d dehydes (monosaccha
rides), which become polar dueto an electrometric ef-
fect. In the adehyde group, the e ectrometric effect
operates as shown bellow!*™:

H H
[ L,

—C=0 —>» —(C=0

Thistypeof electron transfer isbrought into play
only under theinfluence of an attacking reagent. The
natureof silicon bondinginricehusk iscomplex and it
appearsto bebonded with the carbohydratesonly. The
poss blebonding of siliconwith four a dehyderesidues
intheraw rice husk, asindicated above, may beillus-
trated with thefollowing schemé"#4:;
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Figure6: IR spectraof RRH-a; BRHA-b, WRHA-c, and
Aerosil A200 Degussa-d

The pyrolysisof raw rice husk causesthe decom-
position of theorganicmateria and bresking of thebonds
between silicon and the organic material. The Si-O
groups become attached to each other to produce a
low formof crigobdite. Theresulting carbon and amor-
phoussilicain thewhite ash showed an XRD pattern
with abroad maximum. Upon complete burning, the
single phaseamorphoussilicashowsadiffused XRD
peak with amaximum at about 20 = 21.8°. Thus, the
X-ray diffraction patterns of rice husk ash showed a
curveresembling that of silicagel without any charac-
teristic peak. For both thermally treated samples, peaks
characterizing crigtobditeand tridymite phaseswere not
registered. Cristobalite was detected at temperature
above 727°C, while at 1150°C both cristobalite and
tridymitewerepresent. Theseresultsarein congstence
withthoseobtained in other studies*. Aerosil Degussa
used asreference hasa so amorphousstructuresmilar
tothat of WRHA.

According tothedatafrom X-ray analysis(Figure
5) theall used products are amorphous. The physico-
chemicd characteristicsof theseareshownin TABLE 2.

Thedifferent groupsinwhich sliconexigs, eg. S-
loxane Si—O-Si and silanol Si—OH, are best observed

] CHEMICAL TECHNOLOGY
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TABLE 3: Absorption bandsinthe R spectraand their as-
signment

Region,

om L Assigned to Refs.
3600-3100 O-H stretching vibration — [9-11], [25,46]
3000-2850 C-H stretching vibration [9,11,25]
C-O stretching vibration of
1720-1700 ketones, aldehydes, [9,11,47]
lactones or carboxyl groups
1620 H,0 bending vibration [10,11,46,47]
Aromatic C=C vibrations,
1615-1600 activated by neighboring [9,25]
oxygen groups
1500-1415 C-H deformation [25]
CH21 CH31 Si (CH3)1
1500-1200 C(CH,) [25]
1500-1000 Aromatlp C:_C skeletal [25]
vibration
1360-1310 C €A C O skelewd [11,25]
vibration
1100-1000 Si—O stretching vibration [10,11,25,43,46]
970 SiC (reflection) [25]
Characteristic S—C bonds
898-825 appears beside Si-O [25,46]
vibrations
Antisymmetric S—O
825-800 stretching vibration [25.43]
796, 1003 Characteristic of Si-O [10]
bonds
480-445 Bending v;pﬁrgnon of O- [10,11,25,43]

in IR spectra. Figure 6 presents IR absorption spectra
of raw ricehusksafter pyrolysisin nitrogen or combus-
tion in air at 700°C and for comparison-Aerosil
Degussa.

Infrared spectroscopy providesinformation onthe
chemical structureand surfacefunctiona groupsof the
samples. ThelR spectraof ricehusk gavetypica bonds
of Si—-O-Si stretching (very strong at 1096 cm™ and
strong a 798 cmt) and bending vibrations (very strong
at 466 cm!'). The bands at 3437 and 1633 cm! cor-
respond to the O-H vibrations(®1242434647 |t can be
seen fromfigure 6 (pectrum @) that raw ricehusksare
characterized by broad band between 3750 and 2800
cmrt. The O—H stretching mode of hexagonal groups
and adsorbed water can be assigned to thisband. The
position and asymmetry of thisband at lower wavenum-
bersindicate the presence of strong hydrogen bonds. A
very weak band at 3750 cmr? can be assigned to iso-
lated O—H groups. The adsorption band observed at
2920 cm* wasrelated to diphatic C-H groups and the
very small peak near 1720 cm! was attributed to the

C=0 stretching vibrations of ketons, aldehydes, lac-
tones or carboxyl groups. The weak bands at 1600
cnrt and 1500 cm! correspond to bending vibration
of H,O molecules physically adsorbed onto rice husks
and C—H deformation vibrations, respectively. The weak
band at 1400 cm* corresponds to a C-O stretching
vibration of carboxylate groups. The predominant ab-
sorbance peak at 1320 cmt was dueto stretching vi-
brations and the one at 450 cmtwas due to bending
vibration of siloxanebonds (S—0-Si). The peaks be-
tween 1200 and 700 cm* are attributed to vibration
modes of the S—O network.

After thepyrolysisof ricehusk innitrogen medium,
the IR spectrum of the black ash obtained did not differ
significantly from that of raw rice husks, except for the
quite higher intensitiesof the bands at 1045 and 450
cnrt. This can be explained with the decrease of or-
ganic matter content and itstransformation into active
carbon. Thethermal treatment of ricehusk inair, how-
ever, resultedin very different IR spectrum (Figure6,
spectrum c). Wide, highly intense peak was observed
with maximum at 3420 cm™!, attributed to the stretch-
ing vibrations of silanol groups. The bands at 1050-
1150 and 790 cm™! correspond to the Si—O stretching
vibration and the bending vibration at 450 cm! ap-
peared sharper as the organic matter was no longer
present. The positionsof thisfeaturearethe sameas
those observed for commercia gradesilica. Probably,
thedliconaomwasinitidly attached totheoxygenatom
inraw rice husk and, after thethermal decomposition,
the combination of silicon and oxygen atomslead tothe
formation of amorphoussilica. Inaddition, it can be
also observed that the peak for thewhite ash sample
was sharper peak than that of the black ash sample,
indicating that the percentage of silicacontentsincreased
whenthericehusk isburnt in air. The IR spectrum of
whitericehusk ash sllicaisthe sameasthoseof Aerosl
A200 Degussa. Thismeansthat both productshavea
similar nature. In TABLE 3 are summarized the ab-
sorption bandsand their assignmentsobservedinthe
IR spectracf theinitia and thermally trested ricehusks.

According to the data obtained from the
thermogravimetricanalys s, thetherma decomposition
of ricehusksin ar medium occurred inthreemain sages
of massloss, namely, remova of moisture (drying); re-
lease of organic volatilematters (devolatilization) and

CHEMICAL TECHNOLOGY
A udéan Journal



CTAIJ, 4(1) June 2009

Sevdalina Chr.Turmanova et al. 7

——— Rev/ew

TABLE 4: Kineticcharacteristicsof ricehusk thermal degradation

Sample
Parameter A B C
T<T, T>T, T<T, T>T, T<T, T>T,
Tp exp) K 593 633 853
Tp (cac) K 597 634 855
Ea, kJmol™ 187.1 23.1 175.1 5.3 228.3 54.8
A, mint 3.45x 10% 204x10"  1.78x10®  560x10° 6.49 x 10 3.89
k, min* 1.14x10*  1.85x10° 6.32 x 10 2.05x 10°® 6.78 x 10°® 1.17 x 10°
-AS*, Jmol K™ 14.7 306.4 39.9 336.6 69.9 284.5
P 0.171 9.88 x 10" 83x10° 2.60x 10" 2.2x 10" 1.38x 10
AH?, kJmol™ 182.2 18.2 169.8 0.04 221.2 47.7
AG?, kImol™ 190.9 199.9 195.1 213.1 280.8 290.4
R® 0.9899 0.9951 0.9988 0.9822 0.9852 0.9947
dm/dt and ash. According to Stefani et a.[ hemicelluloseis
e degraded first at temperatures between 150 and 350°C,
cellulosefrom 275to 380°C andfindly ligninfrom 350
‘ DTG to 550°C. The second and major mass|oss of nearly
: PR e 7 50 % isattributed to the breakdown of the cellulose
B 16 constituent to combustiblevolatiles, water, carbon di-
s __ oxideand char. Using apyknometer as described pre-
()] 11N . .. . .
E |, Wi vioudly, thetrue densities of thewhiteand black rice
8 ! bosne husk ash weremeasured to be 2200 and 1800 kg m3,
A | reme A, respectively. Itisconsiderably morethan thetrue den-
= 1 T 1 sity of grounded row rice husk. Thelower density of
i - thelatter was dueto the high content of active carbon
N i init (> 20%).
e oy The kinetic mechanism and kinetic parameters of
G G non-isotherma degradation of rice husksin nitrogen or
R e air medium have been described in detail ini*?. The
Temperature/°’C smaller kinetic parameters obtained inthethird stage,

Figure7: TG and DTG curvesof thesamples: combustion
inair flow of grounded ricehusks(A), pyrolysisin nitro-
gen flow (B), and burningin air flow of carbonized rice
husks (C)

oxidation of fixed carbon (s ow combustion)442444l,
TheTGand DTG curvesof studied samplesare pre-
sented onfigure?.

Ascan beseen fromfigure 7 (curveA), themass
lossinthefirst stagetook placeintherange 77—-150°C
and isaccompanied with small endothermal effect. The
mass lossis about 7 % and it is associated with the
evolution of adsorbed water inthesampleand externa
water bonded by surfacetension. The observed fea-
turesof thetherma decomposition of ricehuskscanbe
explained onthebasi s of the decomposition behaviors
of itsmgor condtituents: cellulose, hemicdlulose, lignin

compared to these obtained in second stage, may be
duetothefact that lignin, which haslower decomposi-
tion ratesthan cdlulose and hemi cellul ose components
inrice husk, was condensed to char.

The TG datawere eva uated using 14 mechanism-
based equations. Thebest corrdation wasobtained with
theequation of Gingtling-Brounshtel ni54,

Ascan beseen, thekinetic curveshavetwo linear
regions: the first one at temperatureslower than O,
(peak temperaturein DTG curve) is steeper and the
second oneat higher temperatureshasasmaller dop.
For detailed study of the mechanismsof both stages,
theva uesof the activation energy E, frequency factor
A, change of entropy AS”, enthalpy AH”, Gibbsfree
energy AG” were cal culated for the formation of the
activecomplex from thereagent and P=exp(AS’/R) is
thestericfactor (TABLE 4).

" CHEMICAL TECHNOLOGY
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Besdethevaueof thecorreation coefficient of the
linear regression anaysis R?, the second criterion used
was Ty, Thistemperaturewas cal culated from the
crosspoint between the corresponding straight linesand
was compared to the experimental ly determined refer-
encetemperature T, | which, inturn, correspondsto
the peak temperatureinthe DTG curve. Ascan beseen
from thetabl e, the difference between thesetwo tem-
peratureswaslessthan 4°C. It meansthat the equation
of Ginstling-Brounshtein wassdl ected correctly and that
astudy onthekineticsof pyrolysisof rice husk should
takeinto account thediffusion of volatile productsfrom
insidelayers of the biomass. The higher values of E
observed at T< T, show that theinitial releaseof vola-
tileproductsoccursunder kinetic-diffuson control while
themuch lower valuesof E at T< T, indicatethat py-
rolysistakesplace under typica diffusion control. The
similar valuesof activation energy found for thefirst
stages samplesA and B show that therel ease of vola-
tileproductsduringburninginair or pyrolysisinnitro-
gen medium occursby smilar mechanisms. Thediffer-
encein E valuesfor second stage shows that the re-
lease of volatile productsin nitrogen occursat lower
activation energy due to their lower content in the
samples. At thesametime, the oxidative burning of the
pyrolysisproduct (sample C) occurred at much higher
activation energiesfor both stages. Thismeansthat the
diffuson of thevolatile productswas much morediffi-
cultinsample C because of thehardly deformable Si-
O carcass. For monomolecular reactions of decompo-
stiontaking placewithin thesolid phase, valuesof the
frequency factor of theorder of 10 show that thero-
tations of the active complex and the reagent do not
change during the reaction. At values of ca. 10" the
reagent canrotatefreely whilethe activecomplex can
not rotate®. Thenegative val ues of the change of en-
tropy of theformation of the active complex meanthat
the active complex can be characterized by a much
higher “degree of arrangement*%. Besides, higher de-
greeof “arrangement’” was observed in the second stage
(higher vdlueof AS"). Thesignificantly lower than unity
values of the steric factor P in the second stage give
enough groundsto classify thisstage as“slow”™. For
thefirst stage, however, theva uesof Paremuch closer
to unity, so the first stage may be considered as
“faster”™,
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CONCLUSION

The method of therma treatment of raw rice husks
hel psto solvethe disposal and pollution problems of
thericemillingindustry and givean excdllent starting
materia sfor preparation of advanced high-quality ce-
ramic powders, such assilicon carbide, silicon nitride
and magnesum ilicide, which aregood for application
inhightemperaturemateria engineering, especidly for
turbine engines. In addition, small scaleof puresilica
powder can bewidely used for production of high pu-
rity elemental siliconfor eectronic, adsorbents, cata-
lyst support, astixotropic agents, thermal insulator and
filler of rubbersand plastics, etc.

Theresults obtained were considered enough to
concludethat the cheap raw rice husksand the prod-
uctsof itsthermal degradation (BRHA and WRHA),
after vigoroudy grounding and mixing, can successfully
beused asfillersfor polypropyleneto replacethe ex-
pensive synthetic additiveAerosi| in the preparation of
different composites.

Currently the using of the raw rice husksand the
productsof itsthermal degradationisan object of in-
tensvely studies. Theabundance of awastefrom paddy
millingindustry, aswell asitsinteresting complex of
behaviorsareprerequisitefor successfor obtaining of
cheap and valuabl e productsand givesanew aterna
tivesforitsgpplications.
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