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Abstract — The thermal transformations of rice husk obtained from rice cultivated in the Kyzylorda Region were
investigated to determine the appropriate conditions for its preliminary thermal treatment prior to silicon carbide
production. The study was conducted using differential thermal analysis (DTA) with a high-temperature simultaneous
thermal analyzer STA300. The main temperature ranges of the thermal transformations of rice husk were determined.
The DTA curve revealed an endothermic effect with a maximum at 150 °C, associated with moisture removal, as well
as exothermic effects in the range of 300-440 °C and at higher temperatures, which were attributed to the sequential
removal and transformation of organic components. It was established that the main mass loss occurred in the
temperature range of 300-600 °C. Based on the results of thermoxidative treatment, the maximum removal of volatile
components was achieved at 600-700 °C with a treatment duration of 10-20 min. The obtained results provide a basis
for selecting the temperature conditions for the preliminary preparation of rice husk and can be used in the development
of a technology for its further application as a silicon- and carbon-containing raw material for silicon carbide
production.

Keywords — rice husk, thermal analysis, differential thermal analysis, DTA, thermal transformations, pyrolysis,
thermoxidative treatment, volatile components, silicon carbide.

KPEMHWI KAPBUIH AJTY YIIIH KYPIII KAYBI3BIHBIH, JIU®®EPEHIIAAJIIbI-
TEPMUAJIBIK TAJTJAY OAICIMEH TEPMUAJIBIK TYPJIEHYJIEPIH 3EPTTEY
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AHnoamna — 3eptrey xymbIchiHAa KpI3pUiopna OONBICEIHAA OCIPUITeH KYPIINTEH AallbIHFaH Kypilll KaybI3BIHBIH
TePMISDIBIK TYpJICHYJEpi 3epTTENIN, OHBl KPEMHHH KapOHIiH aly ajAblHa aJJblH aja TePMISUIBIK OHACYIIH THiMII
KaFJaimapel aHBIKTANIBL 3epTTey >Koraphel Temmeparypanbl STA300 Oip mes3rinmeri TepMUSIIBIK aHATH3aTOPHIH
KOIIJaHa OTBIPHIN, MU(QepeHnnanabl-TepMusuiblk Tannay (JTA) omicimen xyprizimmi. Kypimm KayeI3BIHBIH HETI3Ti
TePMISDIIBIK TYPJICHY TIPOIECTepi JKYPETiH TeMIlepaTypaiblK apanbikrap aHbkTanapl. JITA xucererHma 150 °C
TeMIepaTypajga MaKCHMyMFa JKETETiH, BUIFAIIBIH KOWBUTYBIMEH OaiIaHBICTHI SHAOTEPMILIIBIK dcep, coHmaii-ak 300-
440 °C xoHE >KOFaphl TeMIlepaTypajap aiMarblHIa OpPTaHWKAJBIK KOMIIOHSHTTEPHiH OipTiHAEN >KOHBUIYBI MEH
TypJcHyiHe OalIIaHBICTHI SK30TEPMUSIIBIK dcepiep aHbIKTanasl. Herisri macca sxoramyel 300-600 °C Temmepatypa
apaibIFBIHAA JKYpETiHi OenriyeHmi. TepMOTOTHIKTBIPFBINI ©HJCY HOTIKeIepi OOWBIHIIA YINNa KOMIOHEHTTEpPIiH
6apsramia xoiteutysl 600-700 °C temmepatypanga 10-20 MUHYT ©HIEY Y3aKTBIFBIHIA KAMTaMAacChI3 €TUIETiHI aHBIKTAJI/IBL.
AJIBIHFaH HOTIDKENEp KYpill KaybI3blHA ANJBIH aja OHJEY JKYPTi3y[diH TeMIlepaTypasiblK pEeKHUMIEPiH Herizaeyre
MYMKIHAIK Oepeni koHe OHbI KpeMHHI KapOWIiH any YIIiH KypaMblHIa KpeMHHH MEH KeMipTeri Oap mmMKi3aT peTiHae
OJaH opi Naii1anaHy TEXHOIOTHACHIH 93ipiey/ie KOIAaHbLUTYbl MYMKIH.
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Annomayun — B pabore wuccienoBaHbl TePMHYECKHE NPEBPAIIEHUS PHCOBOH INENyXH, IOJTYYEHHOH W3 pHca,
BbIpalieHHOro B KBI3bUIOpANHCKONH 00J1acTH, C 1IENBI0 OINpPEEIeHUs] PallMOHABLHBIX YCJIOBUI €€ MpeaBapUTebHOM
TEPMUUECKOH 00pabOTKM JUIsi MOCIEAYIOLIEro MOdy4YeHus KapOuaa kpemHus. VcciegoBaHue MPOBOIMIIM METOIIOM
i depeHINaTbHO-TEpPMUYECKOr0  aHAIM3a €  HUCIONB30BAaHMEM  BBICOKOTEMIIEPATYPHOTO  OJHOBPEMEHHOTO
Tepmudeckoro aHanuzatopa STA300. YcTaHOBIEHBI OCHOBHBIE TEMIIEPATypHbIE HHTEPBAJIBI TIPOTEKAHUS TEPMUUECKUX
npeBpaienuii pucooii menyxu. Ha JITA-kpuBoii BbIsIBIEH dHAOTEpMUYECKHH dpdekT ¢ MakcumymoM mipu 150 °C,
CBSI3aHHBIN C yJaJeHUeM BIard, a Takke sk3orepmuueckue d¢p¢extsl B odmactu 300-440 °C m mpu NOBBIIICHHBIX
TeMIiepaTypax, OOYCJIOBJEHHbIE IOCIEAOBATENbHBIM YNAICHHEM W TIPEBpAIEHUEM OpPTraHMYeCKHMX KOMIIOHEHTOB.
VY cTaHOBNIEHO, YTO OCHOBHAS IOTEPS MACChl MPOUCXOMUT B TemnepaTypHoM auamnazone 300-600 °C. Ilo pesyapTatam
TEPMOOKHCIIUTEIBHON 00pa0OTKH ONpeeNIeHO, YTO MAaKCUMAIIBHOE YIaJIeHHE JIETYYHX KOMIIOHEHTOB JJOCTUTAETCsl IPU
temrnepatype 600-700 °C u mnpomomxurensHoctn o0padotku 10-20 mun. [lonydeHHble pe3ynbTaThl MO3BOJISIOT
000CHOBaTh TEMIIEPATYPHBIH PEKUM MPEABAPUTEIBHON IOATOTOBKH PHUCOBOW LICNYXH U MOTYT OBITH MCIIOJIb30BAaHBI
NP pa3paboTKe TEXHOJIOTUH €€ JajbHEHIero NPUMEHEHHs B KauecTBEe KPEMHHUII- M YITICPOICOAEPIKAILETO ChIPbS IS
MOJTYYeHHs1 KapOuaa KpeMHHSI.

Knwuesvle cnosa — pucoBas 1ienyxa, TepMHUYECKHH aHanu3, auddepeHuanbHO-TepMudeckuil anamms, JTA,
TEepMHUYECKHE NPEBPALIECHHUS, TUPOJIN3, TEPMOOKUCIHUTENbHASI 00pa00TKa, JeTy4le KOMIIOHEHTHI, KapOuI KPeMHHUS.

KEY FINDINGS The Acheson process [2] is an industrial

The thermal transformations of rice husk method for producing silicon carbide. The

were investigated by differential thermal analysis  synthesized silicon carbide obtained by this method
using a STA300 analyzer. The main temperature is used in the manufacture of abrasive tools, as a
ranges of thermal effects and mass loss were vapor source for crystal growth by the Lely method,
established, and the conditions for thermoxidative and for the production of silicon carbide-based
treatment ensuring maximum removal of moisture products by pressing and slip casting. According to
and volatile components at 600-700 °C for 10- this method, low-ash coke or petroleum coke is
20 min were determined. The obtained results can be  added to silicon dioxide, followed by heat treatment
used to justify the preliminary preparation of rice in which an electric current is passed through carbon
husk as a silicon- and carbon-containing raw electrodes and the core at a temperature of 2500—

material for silicon carbide production. 2600 °C. The process duration is approximately 40
h. Green or black polycrystalline silicon carbide is

INTRODUCTION also added to the charge.
Silicon carbide (SiC), owing to its unique Until the early 1980s, the Lely method [3] was

properties, including high  hardness and the only industrial method for producing silicon
refractoriness, is widely wused in electrical carbide crystals for the semiconductor industry.
engineering, semiconductor, radio engineering, Even today, SiCrystal (Germany) uses the Lely
tooling, and other industrial applications. Existing method to produce polished 6H- and 15R-SiC
industrial methods for producing silicon carbide crystals. The Lely method is based on the
from mineral raw materials are highly energy- evaporation of polycrystalline silicon carbide at
intensive and costly, while the resulting silicon temperatures of 2500-2650 °C, followed by vapor
carbide does not always meet the required quality  condensation on randomly formed nuclei.
standards [1]. The spontaneous nucleation characteristic of the
Lely method results in the uncontrolled formation of
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a large number of small crystals. The use of seed
crystals eliminates these limitations and enables the
growth of large-diameter bulk single crystals.
Currently, this approach is known as the Physical
Vapor Transport (PVT) method. The method is
based on the condensation of a supersaturated vapor
generated by the sublimation of synthesized silicon
carbide onto a single-crystal seed.

Industrial silicon carbide is produced in two main
varieties, distinguished by color: green and black.
They differ relatively little in chemical composition
and abrasive properties; however, green silicon
carbide contains fewer impurities and is considered a
higher-quality abrasive than black silicon carbide.
The production of silicon carbide by carbothermic
reduction [4] can be represented by the following
equation:

Si0,+3C—SiC+2CO (-1120cal) (1)

The formation of silicon carbide involves the
interaction of silicon dioxide with carbon at a
temperature of 2200-2300 °C. In the present study,
the production of silicon carbide from rice husk is
considered. Rice husk obtained from rice cultivated
in the Kyzylorda Region was used as the raw
material. To determine the main physicochemical
characteristics of the pyrolyzed rice husk, the
samples were subjected to thermal analysis using
differential thermal analysis (DTA).

Research Gap. Although rice husk has been
widely studied as a renewable silicon- and carbon-
containing raw material, insufficient attention has
been given to the detailed characterization of its
thermal transformations under controlled heating
conditions for subsequent silicon carbide production.
In particular, the temperature ranges of the main
thermal effects, the stages of moisture and volatile
component removal, and the relationship between
thermal behavior and the conditions of preliminary
thermoxidative treatment require further
clarification. Therefore, a detailed DTA-based study
of rice husk is necessary to establish rational
conditions for its thermal preparation prior to silicon
carbide production..

Scientific Novelty. The scientific novelty of
this study lies in the identification of the main
thermal transformation stages of rice husk using
differential thermal analysis (DTA) and the
determination of the corresponding temperature
ranges. The temperature conditions and duration of
thermoxidative treatment required for the effective
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removal of moisture and volatile components were
established. The obtained results provide a scientific
basis for the preliminary thermal preparation of rice
husk as a silicon- and carbon-containing raw
material for subsequent silicon carbide production..

MATERIALS AND METHODS

Differential thermal analysis (DTA) is a
thermal analysis technique used to investigate
thermal effects occurring in a material during
heating or cooling. The method is based on the
simultaneous measurement of the temperatures of
the sample and an inert reference material under a
controlled temperature program and determination
of the temperature difference between them:

AT=T«T, (2)
where T is the temperature of the sample and T, is
the temperature of the reference material.

In the absence of thermal effects, the
temperatures of the sample and reference material
change in a similar manner. When a physical or
chemical transformation occurs in the sample, a
temperature difference develops between the sample
and the reference material, which is recorded as a
peak on the DTA curve.

Differential thermal analysis was performed
using a high-temperature simultaneous thermal
analyzer STA300 (Figure 1). The method is based
on recording the temperature difference between the
investigated sample and the inert reference material
under a controlled temperature program. During
heating, changes in the thermal behavior of the
sample associated with physical and chemical
transformations were recorded.

The analysis was performed over a temperature
range from room temperature to 1250 °C. The
heating rate was set within the range of 1-80
°C/min, depending on the experimental conditions.
The instrument is equipped with a controlled gas
supply system that allows measurements to be
performed under inert, oxidizing, or reducing
atmospheres, as well as under static or dynamic
conditions. The temperature resolution of the
instrument is 0.1 °C, while the DTA/DSC
measurement range is 0 to £500 mW.

The obtained thermal curves were used to
determine the onset, peak, and endset temperatures
of endothermic and exothermic effects, as well as to
establish the temperature ranges in which the
corresponding  physicochemical  transformations
occurred.
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Figure 1 — Schematic diagram of the DTA equipment

RESULTS AND DISCUSSION
Within the investigated temperature range, the
DTA curve (Figure 2) shows a pronounced
endothermic effect with a maximum at 150 °C, which
is associated with moisture evaporation. An
exothermic effect at 300 °C is also observed,

indicating the onset of volatile component release and
continuing through the temperature range of 390, 440,
and 790 °C. The mass loss associated with moisture
removal and the release of volatile components
amounted to 7.5-10% and 50-60%, respectively.

Figure 2 — DTA curve of the thermal transformations of rice husk

Thermoxidative treatment (pyrolysis) of rice
husk (RH) was investigated to determine the mass
loss associated with moisture and volatile organic
components during heat treatment in the temperature

28

range of 150—700 °C, at atmospheric pressure, and for
treatment durations of 10-60 min. It was established
that the mass loss of RH at 150, 200, 300, 400, 500,
600, and 700 °C was 7.02 and 11.88%, 7.07 and
10.53%, 23.92 and 43.46%, 52.32 and 52.74%, 57.32
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and 61.20%, 62.38 and 62.34%, and 62.20 and optimal for the maximum removal of moisture and
61.84%, respectively, for treatment durations of 10  volatile organic components from rice husk. The
and 60 min. Therefore, to achieve maximum removal  obtained results can be used to substantiate the
of volatile components from RH, thermoxidative conditions for the preliminary thermal treatment of
treatment should be carried out in the temperature rice husk prior to its further use as a silicon- and

range of 600-700 °C for 10-20 min. carbon-containing raw material..
CONCLUSIONS AUTHOR CONTRIBUTION
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