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The study of the processes occurring in the temperature range of the main decomposition of the organic mass
of coal (OMC) makes it possible to understand both the general patterns and the specifics of the decomposition
of solid fuels. This temperature interval is used to calculate the kinetic parameters of the process, which carry
important information both about the nature of the structural-chemical transformations and about the structure
and direction of thermal destruction of OMC. In this article, to study the kinetics of pyrolysis of coal, the method
of thermogravimetric analysis was used, in which heating of coal samples was carried out in ceramic crucibles
in the temperature range of 25-900 °C at different heating rates (5-25 deg/min) in nitrogen and oxygen media.
Coal from the Kenderlyk deposit was chosen as the object of study. Based on the constructed differential DTG
curves (dependence of the sample mass change rate on time) at different heating rates, the kinetic parameters
of pyrolysis of coal were calculated using the equations of non-isothermal formal kinetics. The effect of the
rate and temperature of coal heating on the kinetic parameters of pyrolysis of coal has been studied. The main
stages of OMC decomposition are revealed. It has been found that the heating rate of coal samples significantly
affects the temperature and process rate corresponding to the main decomposition maxima on the differential
DTG curves. The dependence between the kinetic parameters of pyrolysis of coal in the temperature range of the
main decomposition of OMC on the rate and temperature of heating, as well as between the kinetic parameters
at different stages of the main decomposition of coal, is analyzed.

Keywords: thermogravimetric analysis, coal, pyrolysis, DTG curves, kinetic parameters, decomposition stages,
heating rate.
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W3y4enue mpolieccoB, MPOTEKAIOIIMX B TEMIIEpaTypHOM HHTEpBaJle OCHOBHOT'O Pa3JIOKEHUS OPraHUUECKOM Mac-
cbl yriist (OMY), To3BOJISIET MOHSATH Kak 00IIMe 3aKOHOMEPHOCTH, TaK M CHELM(PUKY pa3sioKeH!sI TBEPABIX TOTLIUB.
ITOT TeMIMEepaTypHbIA MHTEPBAJI NCMONB3YeTCs Ul pacueTa KNHETHYECKUX MapaMeTpoB Iporecca, KOTOphIe HECYT
BaXHYI0 MH(OPMALIMIO KaK O XapaKTepe CTPYKTYPHO-XMMUYECKUX MPEBPAIIEHU, TaK ¥ O CTPYKType U HaIlpas-
neHnu TepmozectTpykuun OMY. B naHHO# cTaThe IS MCCNeJOBaHUsI KUHETUKH NMPOIN3a YIJIS MCTIOIb30BAIIH
METOJI TEpPMOr'PaBUMETPHYECKOTO aHAIM3a, B KOTOPOM HarpeB 00pasLioB yIVId IPOBOIMIIN B KEPAMUYECKUX TUIVIAX
B MHTepBaje Temrneparyp 25-900°C npu pasHbIX CKOpOCTX HarpeBa (5-25 rpaa/MuH) B cpeflax a3oTa U KUCJO-
pona. B kauecTBe 0OBbeKTa HCCeOBaHMsI BRIOpaH yroib MecTopokaeHust Kennepnsik. Ha ocHOBe TTOCTpOeHHBIX
mrddepernmanbabix KpuBbix DTG (3aBUCMMOCTB CKOPOCTH M3MEHEHHST Macchl 00pasiia OT BpEMEHH) ITPY Pa3HbIX
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CKOPOCTSIX HarpeBa paccuMTaHbl KNHETHUECKHE MTapaMeTphl MMPOIN3a YIVIA, C MCIIONIb30BAHNEM YpaBHEHHI HEN30-
TepMUuecKol (hopMasIbHOW KMHETHKH. VI3y4eHo BIMsIHIE CKOPOCTH 1 TEMIIepaTypbl HarpeBa yriisl Ha KMHEeTHJe-
CKHe TapamMeTpsl IHpoIn3a YIuist. BeisBIeHb OCHOBHBIE cTaauy pasnoxeHruss OMY. YCTaHOBJIEHO, YTO CKOPOCTh
HarpeBa 0Opa3LOB yIJid 3aMETHO BIMSAET Ha 3HAYEHUs TEMIIepaTypbl U CKOPOCTH IpOLiecca, COOTBETCTBYIOLIUE
MaKCUMyMaM OCHOBHOTO pa3iioxeHus Ha auddeperumanbabix kpusblx DTG. IIpoanamisupoBaHa 3aBUCUMOCTh
Me:k1y KHHETHYECKMMU TapaMeTpaMy IUPOJIN3a yIJs B MHTEpBaJle TEMIIEPATyp OCHOBHOTO pasnoxeHuss OMY or
CKOPOCTH ¥ TEMITEpaTypbl HArpeBa, a TakXke MeXIy KHHETHUECKUMH MTapaMeTpaMy Ha Pa3HbIX CTAANSAX OCHOBHOTO
Pa3IOKEHUS YITISL.

KitoueBble c10Ba: TepMOrpaBUMETPUYECKUI aHAIN3, YToiib, Muponu3, kpusble DTG, KuHeTnyeckue napa-
METPBI, CTaJJU! PA3JIOKEHUS, CKOPOCTh HarpeBa.
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Kewmipnin opranukansik MaccacblHbiH (KOM) Herisri biabIpaybIHbIH TEMIIEpaTypasiblK, MHTEPBAJIbIHAA KYPETiH
TIPOTIECTePIi 3ePTTeY KATTHI OTHIHIAPIBIH bIIBIPAYBIHBIH KBl 3aHABUIBIKTAPHH 14, SPeKIIeTiKTepiH Ae TYCIiHY-
re MyMKiHziK Oepefi. By Temrieparypa apajibifbl KYPbUIBIMIIBIK-XUMHSIIBIK, TYPJICH/IipYJIepIiH CUMATbI TYpasbl
na, KOM-HbIH TepMOIECTPYKIHMACHIHBIH KYPbUIBIMbIMEH OAFbITHI TYPAJIbIIA MAHBI3/IBl AKNAPATTHl OEpeTiH Mpo-
HeCTiH KMHETUKAJIBIK, MapamMeTpiiepiH ecenTey YIIiH KoaaaHbpuiansl. byn Makana aa Kkemip NUpou3iHiH TepMU-
SUTBIK, IECTPYKLMSCHIHBIH KMHETHKACHIH 3€pTTey YILIiH TepMOrpaBUMETPUSUIBIK Talgay 9ici KOJJaHbBUIbL, OHJA
KOeMip YJriIepiH KbI3Ablpy KepaMUKaIbIK, TUTEIbAEPAE a30TIEH OTTETi opTajapbiHaa opTypii (5-25 rpagyc/mun)
KbI3IbIPY KblTgamabiFbiHAa 25-900 °C Temmneparypana xyprisinni. 3eprrey oobekTici peringe Kenaipnik ke
OpHBIHBIH KeMipi TaHaanapl. Canbiarad DTG (yiri MaccachIHBIH €3Tepy KbUITAM/IBIFBIHBIH YaKBITKA TOYEIIUIIT)
I dpepeHInaNIBIK KUCBIKTap HeTi3iHAe opTypii KbI3IBIPY KbUIIAMABIKTAPBIHIA KOMip MUPOIU3iHiH KUHETHUKA-
JIBIK TIapaMeTpIiepi U30TEPMUSUIBIK, eMec (hopMalTbJbl KUHETHKA TeH IeYepiH KolgaHa OThIphII ecentenai. Kemipai
KBI3/IBIPY KBUIJAMABIFBIMEH TEMIIEPATyPACHIHbIH UPOJIA3 MPOLECIHIH KMHETUKAIBIK ITapaMeTpiepiHe acepi 3epT-
tenai. KOM-HbIH bLObIpaybIHBIH HETi3r1 Ke3eHaepi aHbIKTanabl. Kemip yiriepiHid Kei3apipy xkbuigamapirsl DTG
I dpepeHInanIbK KUCHKTaphIHIAFbl HETI3T1 BIIBIPay MaKCUMyMIAPhIHA COMKEC KeJIETiH TeMITepaTypaMeH Mpo-
LiecC KbUIIAMIBIFBIHBIH MOHEPiHE alTapIbIKTal ocep eTeTiHi aHBIKTaIIb. KeMip muponm3iHiH KMHETHKAJIBIK, 11a-
pameTprepi apachiHAarsl Tayescizaik, KOM-HiH Herisri siasipay TeMIiepaTypajapblHbIH apaJIbFbIHIAFB! KBI3ABIPY
JKbULIAMIBIFBIMEH TEMIIepaTypachiHa, COH/IAN-aK KOMIpAiH HEri3ri bIIbIPAybIHbIH 9PTYPIIi Ke3eHIepiHAeri KuHe-
THKAJTBIK, TIApaMeTpiiep apachiHIAFbl OalIaHbIC TaIaHA/IBI.

Ty#iiH ce3aep:TepMOrpaBUMETPUSIIBIK Tajaay, kemip, mupoiu3, DTG KuchKTapbl, KHHETHKAJIBIK, [TApaMeTp-
Jiep, BIIBIpAY Ke3eHAepi, KBI3IbIPY KbUTIAMIbIFbI.

Introduction. When studying the kinetics of thermal
decomposition of solid fuels, the thermogravimetric
analysis (TGA) method is widely used, both in
isothermal and dynamic modes [1-4]. The express
method of dynamic thermogravimetry has become
widely used. The proposed methods for determining
the kinetic parameters of non isothermal pyrolysis
can be divided into model (model fitting) and model-
free, or isoconversion (model-free) [S]. When applying

the model method, it is sufficient to carry out one
thermoanalytical measurement. In the general case, the
problem of determining the constants is reduced to the
selection and “fitting” of a mathematical model for
the reaction rate to the experimentally obtained kinetic
curve or its individual sections [6]. At the same time,
kinetic analysis using non-isoconversion methods does
not allow one to evaluate the dynamics of coal pyrolysis
at different stages, since the resulting total value of the
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apparent activation energy is a complex function of the
reactions occurring at individual stages.

Non-isothermal methods make it possible to obtain
in a relatively short time a great deal of information
about the nature of the decomposition process with
registration of all transformation stages in a wide
temperature range. At the same time, the study of
the processes occurring in the temperature range of
the main decomposition of the organic mass of coal
(OMC) makes it possible to understand both the general
patterns and the specifics of the decomposition of solid
fuels. This temperature interval is used to calculate
the kinetic parameters of the process, which carry
important information both on the nature of structural
chemical transformations and on the structure and
direction of OMC thermal destruction [7]. At the same
time, the composition and properties of coal thermal
processing products depend not only on their structural
and chemical characteristics, the nature of various
chemical additives, temperature, pressure, medium
composition, but also on the size of coal particles and
the nature of heating (slow, high-speed) [8].

Mathematical models that are used to determine the
kinetic parameters of thermal degradation of coal cause
certain difficulties due to their complex structure, the
variety of types of chemical bonds and simultaneously
occurring reactions [9,10]. Therefore, the choice of an
adequate kinetic model of thermal destruction is an
important research problem.

The purpose of this work is to study the kinetics
of the pyrolysis of coal using the TGA method. Coal
from the Kenderlyk deposit (Kazakhstan) was chosen
as the object of study. The objectives of the study are
to determine the main stages of OMC decomposition,
to study the influence of the rate and temperature of
coal heating on the kinetics of pyrolysis of coal.

Materials and methods. The experiments were
carried out on a TGA4000 thermogravimetric analyzer.
Standard test methods for the analysis of coal according
to ASTM D7582-12 ”Standard Test Methods for
Proximate Analysis of Coal and Coke by Macro
Thermogravimetric Analysis” was used. Coal samples
were heated in ceramic crucibles in the temperature
range of 25-900°C at different heating rates (5-25
deg/min) in the presence of nitrogen and oxygen.
The sample weight was 1 gram. The experiments
were carried out in two stages. At the 1st stage, the
temperature was raised from room temperature 25°C
to 40°C and kept at this temperature for 15 minutes
to stabilize the temperature. At the second stage, the
test sample in crucibles with a closed lid was heated

from 40°C to 915+3°C. The heating rate in different
experiments was set at 5, 10, 15, 20, 25 °C/min. When
the furnace is heated, the TGA device weighs the closed
crucibles at certain intervals and records the data in a
special program.

The initial data for calculating the kinetic parameters
of the process under study were taken from the data
of a special program (on a computer), which displays
the values of the masses of coal samples (mg), heating
rate (°C/min), time (sec), temperatures (°C). These
parameters are fixed at certain intervals during the
entire period of programmed heating.

To characterize the process of pyrolysis of OMC,
the following indicators were chosen: mass loss of
samples in various temperature ranges; temperature
Thax velocity v, rate constant k,,, corresponding
to the highest rate of mass loss (i.e., the maxima
of the main decomposition on the DTG curves at
the inflection points); pre-exponential factor k, and
activation energy E, related to the stages of the main
thermal decomposition of coal. Due to the diversity and
complexity of physicochemical transformations, these
kinetic parameters describe not certain reactions, but
the overall processes of pyrolysis of OMC, therefore
they are considered as “effective parameters” of formal
kinetics [11].

The kinetic parameters of the main thermal
decomposition of OMC were determined based on the
equations of non-isothermal formal kinetics [12]. The
Arrhenius law is used as the initial equation, which
describes the dependence of the reaction rate constant
(k) on temperature:

k = kye B/RT (D
where k, — pre-exponential factor; £ — activation
energy; — absolute temperature.

Equation (1) can be represented in the differential
form:

v=da/dt = f(a)kye F/ET )
where v — process speed, o — OMC conversion rate,
f(a) — conversion function.

According to experimental data [11], the processes
of the main thermal decomposition of coal proceed in
the first order, so the function f(a) = 1 — «. Then,
using the logarithm, equation (2) is transformed to the
form:
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Equation (3) is a linear equation y = b+ a - z, in
which y = In [ﬁ %] , b=lInk,, = —E z =
1/RT, which makes it possible to lay the experimental
points on a straight line, from the tangent of the angle of
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inclination of which to the abscissa axis, the activation
energy of the process can be calculated, and from
the segment cut off along the ordinate axis, the pre-
exponential.

To obtain reliable results, experimental data are
calculated using the least squares method, according to
which the coefficients a and b are equal:
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Based on (4), the activation energy and the pre-exponential are determined:
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The calculation of the kinetic parameters of the
pyrolysis of OMC using the above equations (1-7) was
carried out using the computer program MathCAD, in
which the initial data are: arrays of mass values (weights
of undecomposed coal), time, temperature, as well as

@)

n

the values of the serial numbers of the start and end
points decomposition stages on the DTG kinetic curves
and the number of these points.

Results and discussion. The characteristics of the
coal from the Kenderlyk deposit are shown in Table 1.

Table 1 - Characteristics of coal from the Kenderlyk deposit

heat of combustion,
Composition of coal, % (kcal/kg)

higher | lower
W- Al Vdaf Cdaf Odaf Hdaf Ndaf Sdaf Qr Qr
1043 | 9.62 | 41.37 | 74.41 | 1882 | 479 | 1.57 | 0.41 | 6203 5752

Figure 1 shows the DTG curves of coal in a Kenderlyk deposit were revealed on the differential
nitrogen atmosphere at heating rates of 10-25 deg/min. DTG curves, where peaks with maxima of the mass loss
When analyzing the curves, three stages of the main rate (inflection points) are observed.
decomposition of the organic mass of coal of the
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Figure 1 - DTG curves of coal in nitrogen environment

The first stage with a maximum at temperatures
T .ax 1s mainly associated with the release of oxygen-
containing gases due to the decomposition of side
groups of macromolecules (because carbon-oxygen
bonds are the least thermally stable). At this stage,
the bonds between the main structural units are
predominantly broken, side chains are cleaved and
partially decomposed, O,, N, S are partially removed.
The yield of volatile substances in this temperature
range is low. In the 2" stagea peak is observed with a
maximum, which is responsible for the increase in the
intensity of the group of thermosynthesis reactions due
to an increase in the reactivity of the substances heated
by the OMC. In this case, decomposition reactions
of hydroxyaromatic and heterocyclic fragments can
occur, as well as thermochemical transformations of
humic substances and the synthesis of new, more
thermally stable compounds based on them, an increase
in the number of unsaturated bonds, and the rate of
formation of volatile substances increases [13]. At
the third stage the thermal decomposition reactions

Table 2 - Values of mass loss of coal samples and temperature T

of the most thermally stable organomineral complexes
develop, by the end of this stage, the release of the bulk
of the resin and gaseous hydrocarbons is observed, the
process ends with the formation of semi-coke. With
a further increase in temperature, the aromatization
and polycyclization reactions are intensified (with the
elimination of gaseous products, mainly H,, and in
a smaller amount, CH,, CO, N,), and the formation
of higher molecular polycyclic systems of a network
structure occurs.

At the 3rd stage of OMC decomposition at heating
rates 3 from 10 to 25 deg/min, peaks with a maximum
mass loss rate are weakly pronounced (decreasing
with increasing (), which is associated with the
superposition of several processes and the impossibility
of their separate estimates for the calculation of kinetic
parameters (Figure 1).

Tables 2-5 show the results of calculating the kinetic
parameters of the pyrolysis of coal from the Kenderlyk
deposit using the above method.

max At various stages of decomposition in a

nitrogen environment

Speed of | Mass loss from sample, % Tmax, °C

heating, | 34 3000¢ | 300-600°C | 600-900°C | 30-900°C | Stages of decomposition
°C /min 1 2 3

5 11.28 18.74 10.82 70.84 135 | 347 | 461

10 10.27 17.01 971 37.89 161 | 389 | 513

15 9.95 17.23 09.02 36.20 173 | 402 | 547

20 9.52 16.98 8.04 35.44 192 | 429 | 582

25 09.08 16.15 847 33.70 217 | 443 | 621
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Table 3 - Values of mass loss of coal samples and temperature T,

max

oxygen environment

at various stages of decomposition in an

Speed of | Mass loss from sample, % Tmax, °C

heating, | 35 300°C | 300-600°C | 600-900°C | 30-900°C |-Stages of decomposition
°C/min T (2 |3

5 14.87 2372 14.09 52.68 143 | 364 | 467

10 13.92 2281 13.26 49.99 170 | 383 | 515

15 12.81 21.79 12.13 46.73 181 | 420 | 532

20 11.59 20.45 1127 4331 208 | 448 | 558

25 11.18 19.43 10.83 4144 232 | 462 | 581

Table 4 - Kinetic parameters of thermal destruction of OMC in a nitrogen environment

Speed of | Basic decomposition stages
heating, | Iststage 2nd stage

e 1:83(’61 ll(?)’2 c! 1];:;;;101 lfgag( ’c'l 11(00’4 c! Eqe, kJ/mol
5 2.75 4.92+0.16 | 72.45+2.84 | 2.46 3.72+0.12 | 97.29+£3.82
10 1.82 6.27+0.19 | 68.29+2.73 | 1.59 2.93+0.08 | 92.16%3.57
15 3.47 6.71+0.15 | 65.07+2.26 | 2.84 2.14+0.16 | 84.53%£3.19
20 2.61 5.62+0.18 | 58.38+2.47 | 1.95 2.51+0.09 | 79.84%2.85
25 4.28 3.8440.13 | 56.92+2.39 | 03.01 3.68+0.14 | 76.82+2.63

Table 5 - Kinetic parameters of thermal destruction of OMC in an oxygen environment

Speed of | Basic decomposition stages
heating, | Ist stage 2nd stage

/min l1<8'a3x’c'1 11(002 ¢! E??r’nol 158?3)(’0'1 11(8:‘ ¢! Eqei kl/mol
5 2.28 3.46+0.10 | 68.93+2.71 | 2.91 4.29+0.38 | 94.72+3.81
10 1.97 2.18+0.13 | 65.17+2.39 | 3.28 3.7840.19 | 88.41+£3.49
15 291 2.93+0.21 | 60.52+2.27 | 1.94 2.2710.17 | 82.37+3.47
20 3.84 3.07+0.18 | 54.83+2.16 | 2.61 1.75£0.13 | 75.83+3.49
25 2.37 3.92+0.08 | 50.64+1.92 | 3.74 3.14+0.17 | 72.68+3.23

As can be seen from Tables 2 and 3, the values of
mass loss of coal samples (for nitrogen - up to 40.84 %,
for oxygen — 52.68 %) indicate a low thermal stability,
and hence a low stage of metamorphism, due to the
content of a large amount of oxygen in coal in the form
of functional, ether groups and other forms, as well as
low values of ash content and moisture (table 1).

The analysis of the obtained data showed that for
all coal samples in the temperature range of 300-
600 °C (the second and third maxima) the greatest
mass loss of OMC is observed (Tables 2, 3), since
the main degradation reactions occur in this area.
This means an increase in the rate of formation of

volatile substances due to an increase in the reactivity of
substances heated by OMC, most of which is converted
into condensable hydrocarbons: resins and pyrolysis gas
with the simultaneous formation of pyrogenetic water
vapor. These mass losses of coal significantly exceed
the losses in other intervals of 30-300 °C and 600-900
°C, the values of which are approximately the same.

An increase in the heating rate of coal leads to a
noticeable decrease in the total mass loss of OMC —
40.84-33.70 % and 52.68-41.44 % for nitrogen and
oxygen, respectively. The latter indicator shows the
degree of influence of the residence time of coal
particles during thermolysis. This is more clearly seen
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in Figure 2, which also shows that the oxidative effect
of oxygen contributes to a more significant increase
in the loss of OMC mass with an increase in the
heating rate compared to the effect of a neutral medium

54 -
52 F
50 1
48 |
46 -
44 +
42
40 -
38
36 -
34
321

Weight loss of coal, , %

(nitrogen), and this difference is more noticeable
especially at low heating rates of 5 deg/min and 10
deg/min.

in an oxygen
environment

in a nitrogen
vironment

30 T T
0 5 10

Heating rate, °C/min

Figure 2 - Values of mass loss of coal samples at heating rates of 5-25 deg / min in nitrogen and oxygen
environments

An increase in the heating rate 3 at all stages
of OMC decomposition leads to a shift in the
temperature values T,,, (corresponding to maximum
decomposition) towards higher values, which reflects
an increase in the thermal stability of coal (Figure 3).
So, for a nitrogen environment, an increase in Tmax

for the 1% stage AT, = 82 °C, for the 2" stage AT,
= 96 °C, for the 3" stage AT,,, = 160 °C. For the
oxygen environment, the increase in T,,, for the 1st
stage AT, ., = 89 °C, the 2™stage AT,,,, = 98 °C, the
3rd stage AT, =114 °C.

max

O 700
< 600 - 3 cragus
E
=
500
2 cragus
400 -
300 -
1 cragua
200 .’/“‘/’,/k/"
100 T T T T T
0 5 10 15 20 25
B, °C/min

Figure 3 - Dependence of the temperature at the inflection points on the heating rate of coal at various stages of
decomposition in a nitrogen environment

An increase in the heating rate 3 leads to an increase
in the rate v,,,, of the OMC destruction process. At the
same time, the approximation of points by a straight line

makes it possible to obtain approximate relationships
between v,,,, and {3 (Figure 4). At the same time, the

difference between the speed v,,,, at the 1st stage and
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the speed v, at the 2nd stage (ie the difference Av,,,
between the velocities at the inflection points) also
increases with increasing (3. This relationship between

Av,..« and B is described by a similar function close to
linear.

1 stage

0.4
2 stage
f(x)=0.0136612 x —0.0015936
0.3 4 R*=0.996039728702482
o
&
024 =,
}'—é f(x)= 0.00723034 x~+0.0135156
0.1 4
¥
.
0 T I I T T
0 5 10 15 20 25

Heating rate, °C/min

Figure 4 - Dependence of the rate of destruction at the inflection points on the rate of heating of coal at various
stages of decomposition in a nitrogen environment

During the transition from one stage of the
main decomposition to another with an increase in
temperature (over the entire range of f), there is a
noticeable increase in E, (Tables 4, 5) and k, (by
2 orders of magnitude, i.e. ky, ~ 10* s}, kg, ~ 10*
s'h, i.e. more and more stable molecular structures are
involved in the process of OMC destruction. But with
an increase in the heating rate {3 (within each stage of

decomposition), the activation energy E, ., decreases.

The kinetic parameters of thermal destruction of
Kenderlyk coal obtained in this work are in good
agreement with similar parameters for coals from other
Kazakh deposits [14-15]. In these works, the rate
constant k. (~107 s!) and the pre-exponential factor
ko (~10% 57! and ~10* 57!, respectively, for the 1% and
2" stages of the main decomposition of OMC) have
comparable values with those for Kenderlyk coal, and
the activation energy was in the range of ~30-100
kJ/mol.

Conclusion. Thus, the article reveals the dependence
of the kinetic parameters of the coal pyrolysis on
the rate and temperature of heating, describes the
dependence between the kinetic parameters at different
stages of the main decomposition of coal. The kinetic

compensation effect is also established, the equations
of linear regression of the activation energy and the
pre-exponential factor are derived. The data obtained
show that a longer thermolysis time has a more
significant effect on the coal degradation process
than its heating rate. It should be noted that the
process of basic thermal decomposition of OMC itself
can be approximately described by the equation of
formal kinetics of the Ist order, i.e. the equation of
monomolecular transformation, since the exponents of
the process under study vary within ~1.0-1.2 [15].
In general, it can be noted that the calculated values
of the activation energy of the stages of the main
thermal decomposition of coal are commensurate with
the energies of chemical bonds.
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