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Abstract

A relevant task of today’s materials science is enhancing the characteristics of the materials combined with
reducing energy consumption and environmental impact during their synthesis. Silicon dioxide is one of the
materials for an extremely wide range of application. Currently, the requirements for the operational
characteristics of silicon dioxide concern the production of nanosized amorphous silicon dioxide of high purity. The
production of silicon dioxide can be made environmentally friendly by using the rice husks as a renewable and
cheap raw material. The technology for production of silicon dioxide from the rice husks is less energy-consuming
in comparison with traditional processing of quartz and this technology produces a significantly lower pollution
impact on the environment. To obtain high purity silicon dioxide from the rice husks, the authors have proposed to
extract the amorphous component of cellulose prior to the heat treatment of plant raw materials. This operation
was carried out during 6 hours at a temperature of 100 °C with stirring the pulp in a 15 % sulfuric acid solution.
Analysis of the phase composition of silicon dioxide obtained from the rice husks after the acid treatment showed
that the amorphous phase of silicon dioxide is obtained in the temperature range of 600-650 °C. Based on the
results of studying the Kinetics of thermal destruction of rice husks under the non-isothermal conditions, a
mathematical model of the process has been proposed, which makes it possible to determine the degree of
decomposition of the rice husks, depending on the temperature of their heat treatment. This is necessary in the
design of equipment for processing the rice husks in the production of high purity silicon dioxide.
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AHoTanisa

AKTya/JbHHM 3aBJaHHAM Cy4acCHOro MaTepia/lo3HAaBCTBA € MiJABHIEeHHA XapaKTepPHUCTUK MaTepiasiB NpH 3HWKEHHI
€HeproBUTPAT i eKOJIOriYHOro HaBaHTAXKeHHA Ha HaBKOJIMIIHE cepeJOBHILe NMPH iX cuHTe3i. OAHUM 3 MaTepiaais
HaJA3BHYallHO IIMPOKOro CHEeKTPy mnpusHadyeHHd € cuiinii (IV)okcua. Bumoru jJo ioro exkcnjayaTtaniiiHux
XapaKTepUCTHK Ha Cy4yacHOMY piBHi 3BOAATBCA J0 OTPpMMaHHsA HaHopo3MipHoro amop¢Horo cuainii (IV) okcuay
BUCOKOI yucToTu. EKosiorizaniss Bupo6HunTBa cuiiniii (IV) okcuay moxe GyTH AOCATHYTA BUKOPUCTAHHSM B AAKOCTi
NMOHOB/JKBaHOI i JgemeBoi CHPOBUHM BigX0JiB pHCOBOro BHUPOGHUITBA - pPHCOBOro JIyminuHHA. TexHoJioris
oTpuMaHHA cuainii (IV) okcuay 3 pucoBOro JIylinMuHHA € MEHII eHeproBUTPaTHOI0 B NOPIBHAHHI 3 TpaAMLiliHOIO
nepepo6ko0 KBapny i piBeHb 3aGpy/AHIOI0YOro BIJIMBY Ha HAaBKOJIMIIHE cepeAoOBMINEe TaKoi TeXHOJOrii icToTHO
HWkK4Ye. i orpuMaHHa cuiainiii (IV) okcuay 3 pycoBOro JIylinuHHA 3 BUCOKMM CTyneHeM YHMCTOTH B AaHiil po6oTi
3alpONOHOBAHO MPOBOAUTH IepeJ, TepPMOOGPOGKOK POCAUHHOI CHUPOBUHM eKCTPAaKLiiHMH BUTAT aMopQHOI
CKJ1a4,0B0i nes10/1034. lig onepania nposoauiace 3a Temneparypu 100 °C npoTAromM 6 roiuH nNpu nepemilmyBaHHi
nyabnu B 15 %-My po3uyuHi cyjbdaTHOI KUCI0TH. AHasi3 ¢asoBoro ckjaagy cuiiniii (IV) okcuay, orpumaHoro 3
pHCOBOro JyIINWHHSA MicJA KHUCJAOTHOI 00pPOOKM, moka3saB, 1o amopdHa ¢asa SiOz mMoxe OGyTH ojeprkaHa B
Aiana3oHi Temnepatyp 600-650 °C Ha mizcraBi pe3ysibTaTiB A0OCHigKeHHA KiIHETUKHM TepMOJeCTPYKUii pucoBoro
JYIINWHHA B Hei30TepMiYHOMY peXHMi 3anponoHoBaHa MaTeMaTH4YHAa MOAe b MpoLecy, AKa J03B 0J1s€ BU3HAYaTH
CTyNiHb PO3KJIaJaHHS PUCOBOro JIYWIMUHHA B 3aJIe)KHOCTi BiJ, TeMnepaTtypu ioro TepmMoo6po6ku. lle HeoGxizHO
AJIA IPOEKTyBaHHA 06/1aJHAaHHSA 3 NepepoGKU PHUCOBOro JyHNUHHA B BUPOGHUNTBI cuiainii (IV) okcuay BHCOKOI
YHCTOTH.

Knawouosl cnoea: KiHeTHMKa TepMOJeCTPYKLil; pUCOBe JYILUNMHHA; MaTeMaTU4HAa MOJe/b; Lel0/103a; PO3KJaJaHHH;
cunigit (IV) okcug,
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AHHoOTAa U

AKTyanbHOI 3aja4yeil COBpeMeHHOro MaTepHaJoBeeHUsA ABJIAETCA NMOBbIIIEeHNe XapaKTepUCTHK MaTepUaJioB IpH
CHM>KeHMHM 3HeprosaTrpaT M 3KOJO0TMYecKOoll HarpyskM Ha OKpY)KaoIyl cpeiy NHpH HX cuHTe3e. OAHUM H3
MaTepuaJoB 4Ype3BblYaWHO INIMPOKOTO CNeKTpa Ha3HaYeHUs ABAAeTcA AUOKCHUA KpeMHHMA. TpeGoBaHUA K
3KCIJIyaTallMOHHBIM XapaKTepHCTHMKaM AMOKCHUAA KPEeMHUA Ha COBPEeMEHHOM YpPOBHe CBOAATCA K IOJIy4eHHIO
HaHOpa3sMepHOro amMop}pHOro AMOKCHAA KPEMHHS BBICOKOH 4YHCTOTBHI. JKOJIOrM3anusA NPOM3BOACTBA JHOKCHAA
KpPeMHHS MOXKeT GbITh JOCTHMIHYTAa MCHOJb30BaHHMEM B KayeCcTBe BO30GHOB/ISEMOro U JelleBOro Chipbsl OTX0J0B
PHCOBOTO NMPOU3BOACTBA - PHUCOBON menyxu. TexHo/OrHsd MoOJy4YeHHUs AUOKCHAA KPEeMHUSA M3 PHUCOBOH HIeJIyXH
sIB/IeTcs1 MeHee 3Hepro3aTpaTHOW IO CPaBHEHUI0 C TPAAMIMOHHONW NepepaGoOTKON KBapuna M YpOBeHb
3arpA3HANINEro BO3JAeHCTBHA Ha OKPYXKAKWIIYK cpeAy TAaKOH TEXHOJOTMH CyLeCTBEeHHO HWXKe. /A mojydeHus
AUOKCHAA KPEMHHsS M3 PHMCOBOHM IIeJIyXH C BBICOKOW CTeleHbI0 YHMCTOThl B HacToslleil paGoTe mpeja0XeHO
NPOBOAMTL IHepeJ; TepMOOGPAGOTKOM paCTUTEJBHOTO ChbIpbsl 3KCTPAKIMOHHOEe M3BjJeYyeHUe amopdHoil
cocTaBasOIlell Le/a10J103bl. JTa omepanus nposoauaack npu temneparype 100 °C B TedeHHe 6 4acoB mpu
nepeMelIMBaHUU NyJblbl B 15 %-HOM pacTBope CepHOM KHUCJA0THI. AHA/IU3 (a30BOro cOCTaBa JUOKCH/A KpEeMHHUH,
NMOJIy4eHHOT0 U3 PHCOBOM IIeJIyXHU Moc/jae KHCJIOTHON 06pa6GoTKH, MoKasas, 4To aMmopdHada ¢dasa SiOz mosyyaerca B
Auana3oHe TeMmneparyp 600-650°C. Ha ocHOBaHMM DpPe3y/IbTAaTOB MCCJeJOBaHUSI KUHETHUKHU TepMOJAEeCTPYKIHU
PHCOBOIl IIeJlyXM B HEHM30TEPMHUYECKOM peXHMe NpejsoKeHa MaTeMaTHdecKas MoJjeJb Iponecca, KoTropas
MO3BOJIsIET ONpeAe/IATh CTeNeHb pPa3J/IOKeHHs PHCOBOI IIeJlyXxd B 3aBHCHUMOCTH OT TeMIepaTypsl ee
TEepMOOGPAGOTKH. ITO HEO6GX0AUMO AJis NPOEKTHPOBAHUA OGOPYAOBAHHMA MO NMepepaGoTKe PHCOBON LIEJNyXH B
NPOMU3BOJCTBE AUOKCHUAA KpEeMHHUS BbICOKOH YHCTOTHI.

Knawoueevle cnoea: KHHETHKAa TepMOJECTPYKLMM, pUCOBas IllejyXa, MaTeMaTHdecKass MoJieslb, LIeJIUII0JI033a, DPa3J/ioXKeHHe,
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Introduction

Today, technological progress is closely
related tothe use of the unique properties of the
nanostructured materials. Nanomaterials have a
wide range of applications and are an integral
attribute of all science-intensive technologies [1,
2]. One of the multifunctional nanomaterials is
nanosized silicon dioxide [3]. Silicon dioxide
nanoparticles are used in the production of
composite and ceramic materials, drugs, and
catalysts [4; 5]. The increased interest in silicon
dioxide nanoparticlesis due to their large specific
surface area, high chemical and physical stability,
and low toxicity [6]. High-purity silicon dioxide is
the major raw material for the semiconductor
industry and for the production of ceramics and
polymer materials [7; 8].

The production of nanosized silicon dioxide
uses energy- and labor-intensive methods, which
reduces its economic efficiency. The industrial
synthesis of silicon dioxide is carried out using
sodium silicate, which is obtained by melting
quartz sand and sodium carbonate at 1300 °C.
This technology not only requires a lot of energy
and additional operations for purifying the
product, butalso causes significant damage to the
environment [8]. An alternative method for the
synthesis of silicon dioxide nanoparticles is the
processing of agricultural waste biomass, in
particular, rice husks [9]. The ash content of the
rice husks is about 20 % by weight. This solid

residue of the combustion of the rice husks
contains 80-95 wt. % of silicon dioxide [10].

Amorphoussilicon dioxide obtained fromrice
husks has been proposed to be used for the
production of ceramics [11], as filler in polymer
compositesand in the production of zeolites [12].
Adsorbents based on such silicon dioxide can be
used to purify wastewater from heavy metalions
and organic pollutants [13]. In [14], an
adsorption ceramic membrane was prepared on
the basis of nanoparticles of silicon dioxide
obtained from the rice husks. By the example of
the purification of an aqueous solution of
methylene blue from a dye, it has been shown
that this membrane can successfully serve as an
easily re-generable adsorbent for purifying
wastewater from organic pollutants. High-purity
amorphous silicon dioxide has a large specific
surface area and can be used as an adsorbent or
catalyst carrierin fine chemical synthesis [15].

In the synthesis of high purity amorphous
silicon dioxide with ultrafine particle size, it is
necessary to pretreat the rice husks and ensure
proper control of its combustion conditions. To
remove impurities of metal oxides from rice
husks, it hasbeen proposed touse pretreatment
of plant materials with solutions of mineral acids
[16; 17]. It was shown in [18] that the purity of
silicon dioxide obtained from rice husks without
pretreatment was 97.2 wt.%, though its purity
reaches 99.7 wt.% after acid treatment of the raw
material. The treatment of rice husks with
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solutions of hydrochloric and sulfuric acids
before calcination was discussed in [19; 20]. To
reduce the cost and toxic impact on the
environment, it was proposedin [21] touse citric
instead of hydrochloricacid. It was shownin [22]
that the effectiveness of removing calcium
impurities from rice husks through the use of
citric acid depends not only on the acid
concentration, but also on the temperature and
time of processing the raw material.

High purity silicon dioxide can be obtained
from the rice husks by its alkaline extraction
followed by acid treatment and calcination [23].
The use of such a sol-gel method for the synthesis
of silicon dioxide makes it possible toachievethe
content of the basic substance at the level of
99.9 wt.% [24].

With any method of obtaining silicon dioxide
from the rice husks, the temperature and time of
heat treatment are the major factors that
determine the crystallographic state of the
product obtained. In [25; 26] it was shown that
the optimal temperaturesofthe heat treatmentof
the rice husk for obtaining the amorphous silicon
dioxide are close to 600 °C. For controlled
synthesis of amorphous silicon dioxide of
predicted purity, itis necessary tounderstand the
nature of thermochemical transformations which
accompany this process and to operate with their
kinetic parameters.

The purpose of this work is to study the
kinetics of thermal decomposition of rice husks
after the extraction of cellulose from them, to
determine the kinetic parameters of this process
under non-isothermal conditions and to

constructa mathematical model that corresponds
to the established thermochemical
transformations.

Research methods

The study of the kinetics of thermal
decomposition of the rice husks was carried out
using plant raw materials that were pretreated.
To obtain silicon dioxide of increased purity, it
seems expedient to carry out the purification of
the rice husks from cellulose by its extraction
prior to their heat treatment. This operation
consisted of processing the feedstockwitha 15 %
aqueous solution of sulfuric acid for six hours.
Amorphous cellulose, the so-called hemicellulose,
passes into the acidic solution. Crystalline
cellulose and cellulose bonded with lignin
(celolignin) cannot be removed from the rice
husks in this way. Extraction was carried out in a
250 cm3 five-necked flaskequipped with a stirrer,
areflux condenser and athermometer and placed
in athermostatic water bath. The temperature of
the extraction process was maintainedat 100 ° C.
After the process had been finished, the insoluble
residue was filtered through a Schott glass filter
under the vacuum and rinsed with distilled
water. The rinsed residue was dried in a drying
oven ata temperature of90-95 °C to its constant
weight.

The elemental composition of the residue after
extraction of the amorphous cellulose was
determined by the method of displacement
chromatography using a CHNS/0 2400 Seriesll
analyzer. The results of the analysis are shown in
Table 1.

Table 1

Elemental composition and ash content of the rice husks after extraction of amorphous cellulose

Description

Symbol, unit of

Actual value, wt %

measurement
Ash content on dry state Ad% 31.88
Mass fraction of carbon C4.% 32.06
Mass fraction of hydrogen Hd% 4.68
Mass fraction of nitrogen Nd.% 0.28
Mass fraction of oxygen 094,% 31.10

When the mass fraction of bound water
removed from the rice husks at 100 °C had been
determined, the arbitrary formula of the rice
husk molecule free from amorphous cellulose
was composed based on the data on the
elemental composition (Table 1):
C2.67H3.8401.92N002-0.53 Si02-0.42H-0.

The kinetics of thermal decomposition of the
rice husks, free from amorphous cellulose, was
studied with the use of the derivatographic
method. Data on the change in the mass of

samples under the non-isothermal heating
conditions in  combination  with  the
physicochemical methods of analysis of
decomposition products made it possible to
establish  the sequence of chemical
transformations corresponding to the destruction
of the rice husks and to calculate the kinetic
parameters of the process.

Screening of the derivatogram of 200 mg rice
husksamples was carried out with the use of the
"Paulik F. - Paulik]. - ErdeyL." derivatograph in
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the air in the temperature range of 20-1000 °C at
a heating rate of 10 K/min. The system of
differential equations was solved by the Runge-
Kutta method.

Results and discussion

Analysis of the thermogram of a sample of rice
husks free from amorphous cellulose showed
(Fig. 1) that there are three extrema on the DTA
curve. The endoeffect corresponds to a
temperature of 95°C and the two exoeffects
correspond to temperatures of 330 °Cand 603 °C.
The observed endoeffect is obviously caused by
the loss of water which is part of the structure of
the rice husks. The exoeffects correspond to the
processes of thermal destruction of crystalline
cellulose ata temperature of 330 °Cand lignin at
a temperature of 603 °C [28].

TG
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=117
== DTA
2100 4 )
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95
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0 ’ ’ . ’ .
0 200 LT D B 1004
T,"C

Fig. 1. Derivatogram of the thermal decomposition of the
rice husks, free from amorphous cellulose

Based on the change in the sample mass and
its elemental analysis, it can be said that the
destruction of the cellulose, remaining after
extraction, proceeds at a temperature of 250 -
470° C and leads to the formation of a product of
the following arbitrary composition:
C2.67H3.8401.92N0.02 *0.53 Si03. In the temperature
range of 470 - 730 ° C, the organic component of
the rice husks is completely destructed with the
formation of silicon dioxide.

The endothermic effect observed at a
temperature of 760 ° C (Fig. 1) is not
accompanied by a change in the sample mass.
Apparently, in this case, there is a change in the
structure of silicon dioxide from the amorphous
to the crystalline state. To verify this assumption,
X-ray phase studies of the products of calcination
of the rice husks, free from amorphous cellulose,
were carried out; the calcination products were
obtained at temperatures of 600, 700, and 800 °
C. As can be seen from Fig. 2, the diffraction

pattern 1 does not contain diffraction peaks and,
therefore, the silicon dioxide sample is X-ray
amorphous. Diffraction pattern 2 shows the weak
peaks at dux. = 3.35; 2.45; 1.98; 1.67, which
indicates the impurities of the crystalline phase of
silicon dioxide. In diffraction pattern 3,
corresponding to a silicon dioxide treatment
temperature of 800 °C, these peaks are quite
distinctand indicate the transition ofamorphous
silicon dioxide to the crystalline state. Therefore,
the recommended temperature range for
obtaining amorphous silicon dioxide is 600-
650°C.

2007
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Fig. 2. X-ray diffraction patterns of the products of
calcination of the rice husks, free from amorphous
cellulose: 1-600°C; 2 -700°C; 3-800°C

Based on the foregoing, it is possible to
present the process of thermal destruction of the
rice husks, free from amorphous cellulose, as the
form of successive transformations, which occur
during the non-isothermal processing ofthe raw
material under study:

C2,67H3,8401,02N0,02:0.53S102:0.42H,0 —
C2,67H3,8401,92N0,02:0.53Si02+0.42H20 1)

C2,67H3.8401,02N0,02:0.53S102+1.460, -
C1,24H 1,7200,92'0.5 3Si02+0.01N2+1.06H,0+1.43CO>

(2)
C1,24H1,7200,92:0.53Si02+1.2102—
0.53Si02+0.86H,0+1.24 CO: (3)

Equations (1)-(3) contain seven components.
The symbols for the number of moles of the
participantsin the reactions are given in Table 2.
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Table 2

Component Symbols

Component

Symbols

C2.67H3.8401.92No.02 -0.53 SiO2- 0.42 H20

ni

C2.67H3.8401.92N0.02 -0.53 SiO2

n2

C1.24H1.7200.92:0.53 SiO2

n3

N2

n4

H20

ns

CO2

ne6

Si02

n7

We construct a mathematical model
describing the process of oxidative thermal
destruction of the rice husks, free from
amorphous silicon dioxide. The model consists of
three differential kinetic and four algebraic
material balance equations:

% = _klnl (4)
dn
d_;: klnl_k2n2’ (5)
dn
d_; = kznz - kans (6)
n, =0,01n} —0,01n, —0,01n, (7)

n, = 2,34nY —2,34n,-1,92n, -0,86n,  (8)

N, =2,67n) —2,67n, —2,67n, —1,24n, 9)

n, =0,53(n’ —n,—n, —n,) (10)
where k; - k3 are the rate constants of reactions
(1)-B3),s%

T - time,s;

n;°is the initial number of molesin 100 grams of
therice husks, free from amorphous cellulose;

n; - ny are the current numbers of moles of the
corresponding components.

To solve the proposed mathematical model, it
is necessary to determine the rate constants of
the reactions (1)-(3). We use the formal equation
of the rate of transformation based on the law of
mass action [20], presented in the form:

=k-a”, (11)

where 7 is the time at which the degree of
transformation a« hasbeenreached;
k is thereaction rate constant;
p is a quantity, that is formally similar to the
order of the reaction.

The degree of transformation was determined
by the formula:
— WO _Ws
W, -W,
where Wy is the initial mass of the sample;
Wsis the mass of the sample ata temperature T;
Wk is the final mass of the sample.

(12)

a

Suppose that the reaction rate constant is
determined in accordance with the Arrhenius
equation [8]:

k =k, exp(—%j.

where E is the activation energy;
ko is the preexponential factor;
R isthe universal gas constant;
T is the temperature.
Given that the heating rate is constant

(13)

dT .
U=—=const in

q the thermogravimetric
T
analysis, we can write:
da Kk, E
— =—=exp(——)dT. 14
iy p( RT) (14)

When integrating (14) for the case p = 1, we
obtain:

Tk E
o =[2exp| — [dT .
“ I p( RT)

ou

(15)

In accordance with the results of
derivatographicstudies, we will take as reference
the extrema temperatures expressed in Kelvin
degrees: Ts1=368K, Ts2=603K, Ts3=876 K.

The variable © is taken with an arbitrary
interval in the temperature andisequalto®=T -
Ts. Replacing the variable T in equation (15) by @

0
o 1 ( Tsj
and taking into account that TR we
S

obtain the integral expression:

k, RTs? E 0
o =2 exp| — 1-— 16
E p[ RTs ( Ts)} (1)
or Enfna:C+E—'6;, (17)
RTs
where ¢ _jp[ % . RTs"|__E (18)
u E RTs
Dependence (17)islinear, and the slope of the
dependence curves plotted in coordinates

W =Inlna can be used to determine the
activation energy of reactions (1)-(3).
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Fig. 3. Dependences of W * on the temperature difference 0 for reactions (1)-(3):
1 - for reaction (1) at atemperature of Ts1 = 368K, 2 - for reaction (2) ata temperature of Tsz = 603K, 3 - for reaction
(3) at atemperature of Ts3 =876 K

Based on the graphical dependences shownin
Fig. 3 and using the equations (13) and (18), the

kinetic parameters of the reactions (1)-(3) were
calculated, which are summarized in Table 3.

Table 3

Kinetic Parameters of the Thermal Decomposition of the Rice Husks, Free from Amorphous Cellulose

Chem.i cal T,K Preexponential factor, ko, ¢! Arbitrary a ctivation
reaction energy ofthe reaction, E, ] / mol
1 368 1.54- 102 31.75- 103
2 603 143 33.25- 103
3 876 1.09- 102 79.11- 103

The obtained kinetic parameters of the
successive stages of the heat treatmentoftherice
husks, free from amorphous cellulose, were used
to determine the space-time characteristics when

—=nl, =—-n2,

3[—-n6, —-n7, —-Tem

solving the system of equations (4-10) by the
Runge-Kutta method using the Mathcad 14
software (Fig. 4).
-n3, ——-nd4, —-n5,
n6

T.K

1273

1293

107, 5

Fig. 4 Proportion of the components of the reaction mixture in the thermal decomposition of the rice husks, free
from amorphous cellulose

The proposed mathematical model makes it
possible to calculate the degree of transformation
of the rice husks, free from amorphous cellulose,
into silicon dioxide, depending on the
temperature of the thermal destruction process.
The corresponding dependence,obtained by the

calculation with the use of equations (4-10), is
shown in Fig. 5 by a solid line. The
transformation degree values obtainedaccording
to equation (12) based on experimentaldata are
indicated on the graph by dots.
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o
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Fig 5 Dependence of the degree of transformation of the rice husks, free from amorphous cellulose, on the heat
treatment temperature:
¢ « ¢« experimental data;

Good agreement between the calculated and
experimental values of the degree of
transformation, corresponding to the certain
temperatures of heat treatmentofthe rice husks,
indicates the adequacy of the proposed model
and satisfactory accuracy of the obtained kinetic
parameters of the process. Consequently, the
considered mathematical model can be used in
the design of reactors for processing rice husks,
free from amorphous cellulose, to obtain
amorphoussilicon dioxide of increased purity.

Conclusions

1. To obtain high-purity silicon dioxide from
the rice husks, it has been proposed to carry out
the preliminary acid treatment of the raw
materials with 15 % sulfuric acid. At this stage,
the amorphous cellulose is removed, which
reduces the contamination of the synthesized
silicon  dioxide  with  carbon-containing
compounds.

2. On the basis of experimental data on the
elemental composition of the products of thermal
destruction of the rice husks, free from
amorphous cellulose, a chemical scheme of
sequential transformations of the feedstock has
been established as a function of the processing
temperature. It has been shown that the
formation of silicon dioxide occurs as a result of
successive  transformations of arbitrary
molecules C2.67H3.8401.92N002-0.53 Si02-0.42 H:O0,
C2.67H3.8401.92N0,02:0.53 Si02, C1.24H17200.92:0.53Si0;
atthe temperaturesof95,330and 603 °C.

3.A mathematicalmodel hasbeendeveloped
that describes the kinetics of thermal
decomposition of the rice husks, free from
amorphous cellulose. The kinetic parameters of

calculated curve.

the process were obtained and an experimental
verification of the adequacy of the proposed
model was carried out. Ithasbeen shown that the
formation of silicon dioxide with a
transformation degree equal to unity occurs at a
temperature of 650 °C.
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