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Cuniyiii xap0io xapaxmepusyemocsa wupo-
KUM CNEKmpPOM KOPUCHUX eaeKmpoQizuuHux,
AHMUKOPOITUHUX | MIYHOCMHUX 8]1ACMUBOCMEN.
B axocmi cuposunu s cunme3sy cuniuiii kap6ioy
8€NUKI NePCneKmueu mawomo 6i0Xo00u pucogozo
supodHUYMEa, 00 CKAAOY AKUX 6X00AMb CROIYKU
Kpemmito i KapOoHEMICHUX OP2AHIMHUX PEHOGUH.
Hewesusna i docmynuicmo maxoi cuposunu 00y-
M0OBI010Mb HEOOXIOHICMb PO3POOKU MeEXHON02IU
ompuManis 3 Hv020 cuniyiil Kap6ioy. Baxcaueum
HANPAMKOM 8 MEXHON02ii Cunme3y CUNiuii Kap-
0i0y € ompumanms npooyxKmy 6uUCoKoi uucmomu.
s eudanennus 00MiwoOK 3 puco6020 JYWNUHHS
HeoOxiOHe nposedenns ii nonepednvoi excmpak-
uitinoi 00podxu. Bcmanoeneno, wo excmpak-
yiiina 00podKa puco6020 NYWNUHHA KUCIOMHUM
PO3UUHOM 3a0e3neuye OMUCMKY CUPOBUHU 610
CnoayK Memasis i HAOIUWMKO0BOI Kilbkocmi Kap-
Oonemicnux xomnonenmie. /Ins euoanenns 0omi-
WOK CROYK Memanié i HAOAUWMKO08Oi KinbKoCcmi
KapOOHBMICHUX CROMYK 3 PUCO6020 JYWNUHHS
3anpononoeana excmpaxuis 600HUM POIUUHOM
cymimi 10 % cipuanoi ma 15 % oumogoi xuc-
aom. Ompumano uacosi 3anexcHocmi cmyne-
HS eKCmpaKuii uearon03u 3 pucoeozo JYwnun-
Ha. Budineno 0ea uacosi nepioou npomixanns
npouecy. Iloxazano, wo excmpaxuis uearono-
3U 3 PUC0B020 JYWNUHHA NIONOPAOKOBYEMBCS
nceeoo nepwomy nopaoky peaxuii. Pospaxoeani
KoHcmanmu weuoxocmi ma enepeii axmueauii
npouecy excmpaxuyii 0 060X HACOBUX nepio-
die npouecy. Enepezia axmueauii excmpaxuii
6 nepuomy nepiodi cmanosumv 10,75 x/Ic/monn,
6 Opyzomy nepiodi 3nauenmns emepeii axmueayii
cmanoeums 26,10 x/xuc/monv. Bcmanogneno, wo
30invwenns memnepamypu excmpaxuii 6io 20 0o
100 °C npuseodumv 0o nidéuwenns edexmus-
Hocmi npouyecy 6 0eéa pasu. Iloxazano, wo cumi-
Uil xap6io, cunme306anull 3 puco6020 AYWnum-
HA nicas il excmpaxyiunoi o0podKu, € uucmum
KpUCmaninHum Mamepianom 3 po3mipom vacmu-
nox 6i0 1 0o 20 mikpomempie

Kntouosi caoea: pucose nywnunns, excmpak-
uin, yemonosa, cuniyitl kap6id, xKoncmawma
weuoxocmi, enepeis axmueauii
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1. Introduction

Silicon carbide is one of the most important materials
that has been widely used in various industries. This material
is characterized by a set of useful strength, electrophysical,
and anti-corrosion properties. The hardness of silicon carbide
is second only to the hardness of diamond, which predeter-
mined its use as an abrasive material. Given its high thermal
conductivity, SiC is a valuable material for the manufacture
of bearings. Of practical interest is the silicon-carbide-based
ceramics, which has both heat resistance and high chemical
stability. Along with a conventional use in the abrasive,
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fire-resistant, and metallurgical industries, it is increasingly
used in electrical engineering, the space sector, and nuclear
power generation. Silicon carbide has semiconductor proper-
ties. This makes it possible to use it as a wide-zone semicon-
ductor for high-temperature high-power electronic devices.
The operational stability and reliability of semiconductor
devices made on its basis are maintained at temperatures
of up to 600 °C. The high width of the exclusion zone and
high thermal conductivity make it possible to obtain devices
based on silicon carbide, which can work under extreme con-
ditions — at elevated temperatures and under the influence of
radiation [1]. In the optoelectronic industry, silicon carbide



is used to fabricate LEDs, photodiodes, as well as optical
units for terrestrial and space-based telescopes [2]. Silicon
carbide is used to make solar cells, to create mirror elements
in optical systems, in nuclear power generation.

In [3], it is proposed to use silicon carbide to produce
temperature and magnetic field sensors. Work [4] reported
a study of the optical properties of SiC obtained by implant-
ing carbon to silicon. The authors established, for the re-
sulting material, the dependences of the refraction index and
the extinction coefficient on the energy of photons. It is con-
cluded that the surface has enhanced roughness and there are
defects in the crystal lattice of the material synthesized by
a given method. The authors of [5] showed that the optoelec-
tronic properties of silicon carbide can be improved by the
introduction of intermediate states into the prohibited zone.
Implementation of a given effect implies the supplementing
of the structure of the crystal with transitional metals of
group VIII from the periodic system. This opens a larger
number of channels of photon absorption, thereby increasing
the absorption of sunlight by solar cells.

Powdered SiC can be used for the manufacture of non-
linear semiconductor resistors, high-temperature heaters,
wave absorbers. The scope of silicon carbide application is
constantly expanding and is finding completely new uses.
For example, in the environmental protection, when creating
filters to purify gases from the diesel engines [6], in nano-
technology in the manufacture of injectors for the submicro-
spraying of fuel mixtures [7].

In recent years, the scientific field has been actively de-
veloping that studies the biological compatibility of silicon
carbide and its application in medicine [8]. Thus, this mate-
rial can be used in the creation of frames of bone implants,
neurological implants and sensors, glucose sensors. Silicon
carbide is proposed in [9] to be used as a material for osteo-
synthesis and the elimination of facial skull bone defects. It is
obtained by impregnating with liquid silicon a carbon frame
derived from pyrolysis from wood, in which the cell morpho-
logy of the tree is preserved.

Modern silicon carbide technologies are largely based
on the Acheson method. The method implies conduct-
ing solid-phase chemical reactions at high temperatures
(1,400-2,500 °C) [10]. The crystalline product, the color
of which can vary from light green to black, is obtained in
electric resistance furnaces from purified quartz sand and oil
coke. To obtain fine powders, the synthesized products are ad-
ditionally subjected to prolonged grinding. This method ex-
cludes the possibility of obtaining material of increased purity.

A promising direction in the field of high purity silicon
carbide synthesis is the processing of rice husks [11]. This
raw material contains up to 23 % (by weight) of silicon di-
oxide and up to 36 % (by weight) of carbon in the form of the
main organic ingredients — cellulose and lignin. Preliminary
chemical cleaning of this raw material seems appropriate be-
fore the electrothermal treatment.

In this regard, it is a relevant, technologically, and eco-
nomically sound task to study the kinetics of extraction
processing of rice husks in obtaining silicon carbide.

2. Literature review and problem statement

The synthesis of silicon carbide, along with the traditional
Acheson method, is carried out from gas-like raw materials
using silanes and other organic compounds. This synthesis

makes it possible to obtain high-purity silicon carbide, but the
cost of products increases significantly [12, 13]. High-tem-
perature synthesis, plasma chemical methods, and ash-gel
method are used to produce silicon carbide nanopowders [ 14].

The most economically feasible way to synthesize sili-
con carbide is to receive it from rice husks. The use of rice
waste as a raw material for such synthesis reduces the cost
of production. Work [15] reports the synthesis of silicon
carbide during rice husk pyrolysis at 1,400 °C in an inert
environment. In order to increase the output of the product,
it is proposed to carry out the pre-treatment of raw mate-
rials with sodium silicate [16]. The authors of [11] obtained
silicon carbide by the carbothermic restoration of rice husks.
The raw materials were charred in a combustion furnace. The
carbonized rice husks were crushed and then treated with
hydrochloric acid of varying concentrations. That allowed
the removal of metal compounds from the raw materials. The
resulting powders were mixed with metallic silicon powder
and exposed to pyrolysis at different temperatures in the
atmosphere of argon or nitrogen.

The proposed methods of synthesis of silicon carbide
from rice husks do not provide a product free of impurities.
This is due to the presence of excess carbon in the raw mate-
rial relative to silicon. Extracting organic components from
the rice husk can be used to reduce the carbon content of
rice husks.

Obtaining cellulose by extracting it from the rice husk
using sulphuric acid is described in [17]. Thermogravimet-
ric analysis was used to investigate the thermostability of
rice husk fibers and the cellulose nanocrystals obtained.
Paper [18] reports the environmentally friendly process of
separating cellulose from rice husks. The multi-stage process
involves the extraction of lignin through alkaline treatment
and further delignification with a mixture of acetic and nitric
acids. The proposed method of extraction processing of rice
husks is promising for producing cellulose with high purity
and crystallinity. Work [19] reported a two-stage chemical
method of extracting microparticles of cellulose from rice
husks. The authors of [20] note the high physical and chemi-
cal properties of cellulose fibers derived from rice husks by
extraction. The process of alkaline extraction followed
by acid deposition of pure silicon dioxide with minimal min-
eral contamination was considered in [21]. X-rays revealed
the amorphous structure of the resulting silicon dioxide.

As shown by our review of the scientific literature, carry-
ing out pyrolysis without first preparing raw materials leads
to the contamination of silicon dioxide with carbon. The
presence of compounds of various metals in the rice husk also
requires the organization of the pre-cleaning of raw materials.
At the same time, there are ways of the extraction treatment
of rice husk aimed at obtaining valuable organic products. In
this regard, it is important to study the patterns of extraction
processing of rice husks in obtaining silicon carbide.

3. The aim and objectives of the study

The aim of this study is to establish patterns in the
process of extraction treatment of rice husks to ensure
a predetermined ratio of silicon and carbon in the pyrolysis
synthesis of silicon carbide. This would provide an oppor-
tunity to improve the technology of obtaining silicon carbide
from plant raw materials as regards its regulated cleaning of
carbon-containing compounds.



To accomplish the aim, the following tasks have been set:

— to investigate the effect of temperature on the time de-
pendence of cellulose extraction degree and to assess the effec-
tiveness of cleaning rice husks from impurities of metal com-
pounds and carbon compounds when using an acid extractant;

—to determine values for the constants of speed and
activation energy of the extraction treatment of rice husks
depending on the time interval of the process.

4. Materials and methods to study the extraction
treatment of rice husk

In the current work, we used rice husks whose mean com-
position is given in Table 1. To reduce the carbon content of
rice husks, cellulose was extracted before pyrolysis.

Table 1

Mean composition of rice husk [22]

Substance Content, % by weight
Water 2.4-11.35
Protein 1.7-7.26
Fat 0.38-2.98
Ash 13.6-29.04
Cellulose 51.28-65.8
Lignin 21.4-46.97

The empirical formula of cellulose is (C¢H¢O5),. When
cellulose is treated with concentrated acids, the formation of
jelly-like sediment is observed, which is difficult to separate
from the insoluble part of the rice husk [23]. Therefore, the
diluted aqueous solutions of sulphuric acid were used in our
study. Acetic acid was used as an additive to produce a porous
carbon structure. Fig. 1 shows that increasing the concentra-
tion of acetic acid in the extractant leads to a decrease in the
time to achieve the maximum degree of extraction.

This effect is observed when the concentration of acetic
acid changes from 5 to 15 % (by weight). Further increase
in the content of acetic acid in the extractant has almost no
effect on the course of the time dependence. Based on the
data obtained, a solution containing 10 % (by weight) of
sulphuric acid and 15 % (by weight) of acetic acid was used
as an extractant.
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Fig. 1. Time dependence of the degree of extraction
of cellulose from rice husk at 100 °C with a solution
containing 10 % (by weight) of sulphuric acid and variable
concentration of acetic acid, % (by weight):
1—52—10;3—15;4—20

We studied the process of extraction of cellulose from rice
husks at a laboratory installation shown in Fig. 2.
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Fig. 2. Schematic of the laboratory installation to study
the extraction process: 1 — reactor; 2 — thermostatically
controlled jacket; 3 — thermostat; 4 — heating element;
5 — electric drive of the mixing device; 6 — transformer;
7 — pin thermometer; 8 — alcohol thermometer;
9 — water refrigerator

A sample of crushed rice husk weighing 5 grams was
placed in thermostatically controlled reactor 1. 50 ml of the
extractant was also poured there. The temperature of the ex-
traction process was maintained in the range of 20 to 100 °C.
The reactor was thermostatically controlled by circulating
hot water through reactor jacket 2. Water was pumped by the
pump of thermostat 3. The predefined temperature values were
maintained by contact thermometer 7 installed in the thermo-
stat. The reaction mixture was intensively stirred with pro-
peller mixer 5. The mixing device was powered by an electric
drive. The duration of the process varied from 0.25 to 3 hours.

When studying the kinetics of cellulose extraction from
rice husks, at the end of the experiment, the insoluble residue
was filtered through a Schott glass filter under a vacuum using
a waterjet pump. The rinsed sediment was dried at a tempera-
ture of 90-95 °C in the air environment to a constant mass.

The degree of extraction was calculated according to
formula:

; ey

where G; and Gy are the initial and final mass of the experi-
mental sample, g.

The values of o, derived from equation (1), are the aver-
age quantities, whose calculation involved experimental data
from five identical experiments. The standard deviation of
the values of a did not exceed 0.053.

Samples of rice husks after extraction, used to synthe-
size silicon carbide, were obtained by filtering the sediment
through a paper «blue tape» filter. The sediment, taken to
a magnesite-chromite crucible, was exposed to pyrolysis
in the argon atmosphere at the MF-1700M muffle fur-
nace (Russia) at 1,500 °C for 2 hours.

The X-ray pictures of silicon carbide were acquired form
the diffractometer DRON 3.0 (Russia) at Cugq-radiation.
The inter-plane distances on the X-ray pictures of the sam-
ples were compared with data from the ASTM library (Ame-
rican Society for Testing and Materials).

We studied the surface morphology of rice husk samples and
its elemental composition using the REMMA 102-02 (Ukraine)
raster electron microscope with an energy dispersion X-ray
spectrometer. The measurement error did not exceed 0.15 %.



The bulk density of silicon carbide was defined as the ra-
tio of the weight of the batch to the volume it occupied. The
mass of a silicon carbide batch was determined by the diffe-
rence between the results of weighing a measuring cylinder
of 25 cm® with a silicon carbide batch and an empty cylinder.
The volume of powder in the cylinder was determined after
it was sealed at an oscillation amplitude of 40 mm and a fre-
quency of oscillations of 100 min~" for 10 minutes.

5. Results of studying the extraction process patterns

5. 1. Time dependences of cellulose extraction degree
and the evaluation of the effectiveness of cleaning rice
husks from impurities of metal compounds and carbon
compounds

In the heat treatment of rice husks in the atmosphere of
inert gases at a temperature of 1,300—1,500 °C, silicon car-
bide is formed according to the chemical reaction equation:

Si0,+3C=SiC+2CO. 2)

Rice husks contain silicon and carbon-containing compo-
nents such as lignin and cellulose. The carbon content in the
starting raw material exceeds the stoichiometric amount re-
quired for the progress of reaction (2). Excess carbon can be
removed by extracting organic components. Moreover, this
process can be carried out in a controlled manner and extract
a strictly specified number of carbon-containing components.
The extraction of cellulose with acidic solutions, compared
to lignin, proceeds at a higher rate. Therefore, it can be con-
sidered that the regulation of carbon content in rice husks
by acid extraction is carried out by extracting the predefined
amount of cellulose.

Energy dispersion analysis of the elemental composition
of rice husk (Table 2) indicates the presence of metal com-
pounds such as iron, barium, calcium, potassium, manganese,
aluminum in the sample.

Table 2

The content of elements in the starting rice husk
and the husk after extraction treatment, % by weight

Element starting risk husk husk after treatment
C 35.51 25.52
(¢} 47.54 55.93
N 0.31 0.28
Si 12.31 18.26
Fe 2.54 0.000
Ba 0.52 0.005
Ca 0.31 0.005

Mn 0.25 0.000
K 0.37 0.000
Al 0.34 0.000

Following the extraction treatment, metal content in rice
husks is negligible. Thus, the acid extraction of rice husks
ensures its purification from impurities of metal compounds,
thereby increasing the purity of starting raw materials to
produce silicon carbide.

Time dependences of the degree of cellulose extraction
from rice husks are shown in Fig. 3. An intensive change in

the degree of extraction occurs over the initial 30 minutes of
the process. The rate of extraction subsequently slows down.
As the temperature of the process increases, the degree of ex-
traction increases. Moreover, the character of dependences of
the degree of extraction is maintained regardless of the tem-
perature of the process. Thus, the resulting experimental de-
pendences can be divided into two sections. The first section
corresponds to the time of the process from 0 to 0.5 hours.
The second section of the curves corresponds to the time of
the process of 0.5-3 hours.
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Fig. 3. Time dependence of the degree of cellulose
extraction from rice husks at temperature, °C:
1—20;2—40;3—100

The increase in the temperature of the extraction process
leads to its acceleration and increases the degree of ex-
traction. At the same extraction time, a temperature change
from 20 to 100 °C causes a nearly doubling of the degree of
cellulose extraction. This may be due to the intensification of
hydrolysis destruction of glucoside and acetal bonds in cellu-
lose, providing its fuller extraction from rice husks.

Based on the data on the kinetics of cellulose extraction
from rice husks, it is advisable to calculate the corresponding
changes in the SiO,:C ratio depending on the time and tem-
perature of extraction. Fig. 4 shows that the SiO,:C stochio-
metric ratio, equal to 1:3, is achieved at extraction at 100 °C.
At lower extraction temperatures, the amount of carbon in
the extractant-treated rice husk is excessive.
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Fig. 4. Dependence of the SiO,:C ratio in rice husks on the
time of extraction treatment at temperature, °C:
1—20; 2 —40;3— 100

After extracting cellulose from rice husks over 3 hours
at a temperature of 100 °C, pyrolysis of the prepared raw
materials was carried out. The resulting product was sub-
jected to X-ray examination. Fig. 5 shows the product of rice
husk pyrolysis after extraction treatment is silicon carbide.



The clearly expressed peaks, observed on the X-ray picture,
indicate the crystalline shape of the resulting silicon carbide.
The blurred halo of the X-ray amorphous phase appears to
correspond to the amorphous silicon dioxide that does not
react with carbon. The presence of silicon dioxide may be
due to a slightly inflated SiO,:C ratio in the rice husks, used
for the silicon carbide synthesis, treated with the extractant.
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Fig. 5. X-ray picture of rice husk pyrolysis products after
extraction treatment

A micro-photograph shown in Fig. 6 was acquired to esti-
mate the size of the silicon carbide powder particles.

Fig. 6. Microphotography of silicon carbide powder

Silicon carbide powder, synthesized from rice husks, is a
polydisperse mixture with particle sizes from one to twenty mi-
crometers. The bulk density of the powder is 215-225 kg/m?.

3. 2. Calculating the constants of speed and activation
energy of the extraction treatment of rice husks

For the predicted synthesis of silicon carbide of the pre-
defined purity, it is necessary to establish kinetic parameters
of the process of extraction treatment of rice husks. Provided
that the extraction process obeys pseudo first order, the time
dependence of the degree of extraction can be represented
by equation:

~In(1-a)=fr, (3)

where ks the constant of speed, s !; T is the time of the process.

Graphic dependences that were built from equation (3) for
the first section of curves in Fig. 3 are straight lines (Fig. 7).
Therefore, the assumption of a pseudo first order of the pro-
cess of extraction of cellulose from rice husk is adequate to
experimental data. The tangent of the slope angle of the lines
is equal to the rate constants of the extraction process.

Similar dependences were built for the second section of
curves in Fig. 3. Built in the semi-logarithmic coordinates,
the dependences are straight lines (Fig. 8) whose tangent of
the slope angle is equal to the constants of extraction speed
at the appropriate temperature of the process.
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Fig. 7. The first section of the time dependence of the degree
of cellulose extraction from rice husk, represented in the
semi-logarithmic coordinates, at a temperature of, °C:
1—20;2—40;3—100

To determine the energy of activation of cellulose ex-
traction from rice husks, we would use the Arrhenius equation:

k=k,-e """ (4)
where k is a constant of speed; kg is the preexponential factor;

E is the energy of activation; R is the universal gas constant;
T is temperature.
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Fig. 8. The second section of the time dependence of the
degree of extraction of cellulose from rice husk, represented
in the semi-logarithmic coordinates, at a temperature of, °C:

1—20;2—40;3—100

When the logarithm of expression (4) is taken, we derive
the dependence in the form In(k)=f(1/T). Energy of the
activation process of cellulose extraction from rice husks is
found from the tangent of the slope angle of the respective
straight lines (Fig. 9).

The calculated kinetic parameters are given in Table 3.

The resulting values show that the activation energy
of the extraction process conducted over a period of 0.5 to
3 hours is larger than twice the energy of the activation of
the process in the initial period. This leads to a significant
reduction in the extraction rate after 30 minutes of the pro-
cess. It should be noted that in the first period of the process
arather high degree of extraction is achieved. The increase in
temperature to 100 °C means that the degree of extraction
in this period reaches almost the maximum value.
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Fig. 9. Dependences of the constant of speed of extraction
on temperature in the Arrhenius coordinates, built for:
1 — the first section of curves in Fig. 3; 2 — the second
section of the curves in Fig. 3

Table 3

Kinetic parameters of the process of cellulose extraction
from rice husks

First section of time Second section of time
Tempera- dependence dependence
ture, °C -
k105,51 | E kJ/mol | k10°%s™' | E kJ/mol
20 5.12 0.09
40 8.7 10.75 0.19 26.10
100 12.9 0.89

6. Discussion of results of studying the kinetics
of the extraction treatment of rice husks when obtaining
silicon carbide

The use of rice husks as raw materials for silicon carbide
seems very promising both in terms of rice waste disposal and
the possibility of flexible regulation of the parameters of the
appropriate technology. It is possible to achieve an increase
in the purity of the resulting product by pre-cleaning raw
materials from excess carbon.

The choice of an extractant for cleaning rice husks from
cellulose showed (Fig. 1) that the optimal extractant for the
maximum extraction degree was the extractant consisting
of 10 % (by weight) of sulfuric acid and 15 % (by weight) of
acetic acid. However, the presence of metal compounds in rice
husks makes it difficult to obtain pure silicon carbide, so it is
necessary to extract them from the starting raw materials. The
use of a mixture of acids as an extractant has made it possible to
translate insoluble forms of metal impurities into water-soluble
salts and separate them from rice husks. Table 2 demon-
strates that the residual content of metals in raw materials
is negligibly small. Reports of acid cleaning of rice husk from
metal impurities using hydrochloric acid are available in [11].
Removing excess carbon from the starting raw materials by
extraction, proposed in the current paper, is innovative.

In order to establish the technological parameters for
the extraction cleaning of rice husk from cellulose, empirical
evidence on the kinetics of the process is needed. Time depen-
dences of the degree of extraction of cellulose at different tem-
peratures showed (Fig. 2) that the extraction process proceeds
at different speeds at the initial moment and after 30 minutes.
The calculated speed constants make it possible to predict the
timing of extraction at the predefined temperature in order to
achieve the required degree of cellulose extraction.

Fig. 4 shows that the stoichiometric ratio of silicon di-
oxide to carbon (dotted line) in the silicon carbide synthesis
reaction (2) is achieved in the course of the extraction process
at 100 °C. At the same time, the raw materials prepared in this
way before heat treatment did not ensure the complete trans-
formation of silicon dioxide into silicon carbide. The blurred
halo of X-ray amorphous phase, which can correspond to
amorphous silicon dioxide, indicates that the amount of cellu-
lose extracted as a result of extraction was greater than neces-
sary. Therefore, when obtaining pure silicon carbide from rice
husks, depending on the conditions of pyrolysis, the necessary
SiOy:C ratio may differ from the stoichiometric one.

Thus, our experimental data on the kinetics of extractive
removal of cellulose from rice husks, and the corresponding
speed constants, would make it possible to determine the
extraction time with the required degree of extraction under
practical technological conditions.

7. Conclusions

1. It has been shown that the use of a solution containing
10 % (by weight) of sulphuric acid and 15 % (by weight) of
acetic acid as the extractant makes it possible to ensure the
cleaning of rice husks from impurities of metal compounds,
The proposed extractant provides for the extraction of
carbon-containing components up to 25 % of the original
sample mass. It has been demonstrated that an increase in the
extraction temperature from 20 to 100 °C results in twice the
efficiency of the process. It has been established that the time
characteristics of the extraction process have two regions.
The first region corresponds to the process time from 0 to
30 minutes. The second extraction region corresponds to the
time of the process from 30 minutes to 3 hours.

2. We have established the kinetic parameters of the
extraction process, which correspond to two regions of the
time dependence. The activation energy of extraction over
the first period is 10.75k]J/mol; in the second period, the
activation energy value is 26.10 k] /mol. The speed constant
of extraction increases with the increase in temperature.
When the temperature increases from 20 to 100 °C, the
speed constant increases, in the first period, from 5.12-10~>
to 12.9-10 3571, In the second period, this change ranges
from 0.09-107° to 0.89-107°s~L. It has been shown that sili-
con carbide, synthesized from rice husk after its extraction
treatment, is a crystalline material with the size of particles
from 1 to 20 micrometers.
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