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CALCULATION OF KINETIC PARAMETERS
OF THERMAL DECOMPOSITION OF COALS
OF VARIOUS DEPOSITS OF KAZAKHSTAN

Abstract. The article studies the influence of the heating rate and the fractional composition of OMC on the
kinetic parameters of the process of thermal destruction, it is revealed that an increase in the heating rate leads to a
decrease in the degree of thermochemical destruction of OMC. The coals of the Saryadyr deposit (Pyatimetrovyi,
Nadezhnyi), Maykube (Shoptykol), Bogatyr (Ekibastuz) were taken as research samples. The dependence of the
kinetic parameters of thermal destruction of coal in the temperature range of the main decomposition of OMC on the
rate and temperature of heating and fractional composition, as well as between the kinetic parameters at different
stages of the main decomposition of coal, is analyzed. It was found that the heating rate of p samples of coal
significantly increases the temperature Trax and the destruction rate virex, and also reduces the activation barriers of
the process. A study was also conducted of the effect of heating in the temperature range of 30-900 ° C on the degree
of thermochemical destruction of coal samples Saryadyr (Pyatimetrovyi, Nadezhnyi), Maykube (Shoptykol), Bogatyr
(Ekibastuz). The results showed that the coals of the Maykube deposits are subjected to maximum decomposition
(more than 40% by weight). This indicates their lower thermal stability, and hence the lower stage of metamorphism
with respect to other coals studied, due to the content of a large amount of oxygen in them in the form of functional,
ether groups and other forms. In this case, the process of thermal decomposition occurs at lower temperatures, during
which a large number of low molecular weight volatile substances are formed in the form of vapors of resins and
gases, and very few non-volatile liquid-phase products are formed, i.e. the stage of transition to the plastic state is
absent. These factors are in agreement with the fact that these coals contain a large amount of volatile (51-57%).

The coals of the Bogatyr and Saryadyr deposits, when heated, have the lowest reactivity (decomposition degree
less than 30%), which is due to the low amount of oxygen-containing compounds and a high carbon content.
Minimal weight loss is also associated with a lower moisture content (2-3%). The higher stage of metamorphism of
these coals is due to the fact that their structure has a high degree of crosslinking and a large number of developed
polyaromatic formations.

Key words: coal, thermal destruction, decomposition stage, heating rate, kinetic parameters.

Introduction. Most of the kinetics ofthermal destruction are based on the results of thermal analyzes
(thermogravimetry, differential thermal analysis, derivatography, etc.) [1,2]. Among the methods of
thermal analysis of solid fuels, differential thermal and differential thermogravimetric analysis methods
are most widely used [3]. The thermogravimetric method allows one to obtain the TG (temperature
dependence ofthe sample mass) and DTG (temperature dependence ofthe rate of change of sample mass)
curves when the temperature of the system changes according to a given linear law [4]. These
experimental curves make it possible to judge the thermal stability of the test substance, the composition
and thermal stability of substances that are formed at intermediate stages. This method is especially
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effective if a sample of a substance emits a sufficient amount of volatile substances as a result of various
physicochemical processes (evaporation, combustion, etc.) [5].

Depending on the temperature conditions of the process, two research schemes are distinguished:
1) an isothermal scheme, when the sample is placed in a stationary temperature field; 2) non-isothermal
circuit, when the sample is heated at a constant speed. One of the main advantages of the isothermal
method is that the experimental data lend themselves very easily to rigorous mathematical processing. But
there are also disadvantages that are expressed in the long duration of the experience, the complexity of
observing the conditions isothermal, the impossibility of determining the activation energy according to
the results of one experiment. The non-isothermal method is devoid of all the shortcomings of the
isothermal method; therefore, this method has become widespread, allowing for a relatively short time to
obtain great information about the nature ofthe decomposition process with registration of all stages ofthe
transformation in a wide temperature range [6]. The most common differential thermal and
thermogravimetric methods of analysis. The application of these methods allows one to calculate the
kinetic parameters of the corresponding processes, the thermal effects of the reaction, the onset
temperature of decomposition, and other important characteristics [7].

The aim of this work is to determine the kinetic parameters of the process ofthermal decomposition
of coal from the Saryadyr (Pyatimetrovyi and Nadezhnyi) and Maykube deposits and the Bogatyr mine.

Research methodology. To characterize the process of thermal decomposition of coal, the following
indicators were selected: loss of mass of samples in various temperature ranges; temperature Tnex, speed
Tmex, speed constants kmex, corresponding to the highest mass loss rate (i.e., the maxima of the main
decomposition on the DTG curves at the inflection points); preexponential factor kO and activation energy
Eact related to the stages ofthe main thermal decomposition of coal.

The presence of various competing sequentially parallel processes during the thermochemical
transformations of coals (according to the molecular and radical-chain mechanism) often leads to
fluctuations in the total reaction order in the range 0.5-1.5. It is impossible to describe the whole process
of coal decomposition using one first-order equation (monomolecular transformation), since in real
conditions the decomposition of the organic mass of coal (OMC) occurs under the mutual influence of
substances of different nature constituting OMC [8, 9]. But the process of basic thermal decomposition
can be described by the equation of formal kinetics of the first order and calculate the Act. Therefore, due
to the variety and complexity of physicochemical transformations, these kinetic parameters describe not
certain reactions, but the total processes of thermal decomposition of OMC, therefore they are considered
as “effective parameters” of formal kinetics [10].

The kinetic parameters of the basic thermal decomposition of OMC were determined based on the
equations of nonisothermal formal kinetics [11]. The mathematical processing of the curves was carried
out in accordance with the procedure [12]

Thermogravimetric analysis to study the kinetics of thermal destruction of coal was carried out in an
inert nitrogen atmosphere at different heating rates within 3-15 deg / min and coal fractions with granule
sizes d = 0.2-5 mm, the DTG curves of Saryadyr coal (Pyatimetrovyi and Nadezhnyi) are presented.
Maykube and Bogatyr in a nitrogen environment.

Results and its discussion. It was revealed that the change in the mass of coal occurs in five stages.
The temperature range 25 -110 °C corresponds to stage I, which corresponds to the release of pyrogenic
water. Stage Il corresponds to the interval 110-450 °C, where, under the influence oftemperature, gaseous
substances, mainly carbon dioxide and hydrogen sulfide, begin to be released from the molecule of
organic matter of coal. The jump in the mass change of stage Ill at a temperature of 450-560 OC is
explained by the fact that resin begins to be released in this temperature range, this stage is usually
associated with the bituminization process, when the bulk of the coal tar begins to form, but there is not
enough heat to evaporate it. With further heating (above 560 ° C) a small amount of gas is released, the
resin is almost not released, therefore, at stage IV, the yield of volatile components is not significant.
Then, at stage V, another jump in mass loss is observed in the temperature range of 860-900°C, this is due
to the fact that in this temperature range there is an active decomposition ofthe mineral part of coal.

The analysis ofthe curves revealed three stages ofthe main decomposition ofthe OMC ofthe studied
coals on the differential DTG curves, where peaks with maxima of the mass loss rate (inflection points)
are observed (figure 1).
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Figure 1- Dependence of temperature at inflection points on coal heating rate
at different decomposition stages

First stage with maximum at Tnextemperatures in the range 134-2260C is related to evaporation of
water, release of oxygen-containing gases due to decomposition of side groups of macromolecules (since
carbon-oxygen bonds are least stable in thermal terms). At this stage, it is preferable to break the bonds
between the main structural units, cleavage and partial disintegration of the side chains, partially remove
O2 N, S [13]. The volatile yield in this temperature region is low. In the 2nd stage, a peak is observed with
a maximum of at 357-4530C, which is responsible for increasing the intensity of the thermosynthesis
reaction group due to increased reactivity ofthe substances ofthe heated OMC. Atthe same time reactions
of decomposition of oxyaromatic and heterocyclic fragments can take place, as well as thermochemical
transformations of humic substances and synthesis of new more heat-resistant compounds based on them,
increase in the number ofnon-organic bonds, the rate of formation of volatile substances increases [14]. In
the third stage with peak with maximum at 462-5530C thermal flow reactions of the most thermostable
organomineral complexes develop, by the end of this stage the extraction of the main mass of resin and
gaseous hydrocarbons is observed, the process is completed with formation of semi-coke.

W ith a further increase in the temperature, the aromatization and polycyclization reactions intensify
(with the removal of gaseous products, mainly H2 and in a smaller amount - CH4, CO, N2), the formation
ofhigher molecular weight polycyclic systems of a mesh structure [15].

At heating rates P from 6 to 15 deg / min at the stage ofthe decomposition of WMD at temperatures
Tmex in the range of 462-553 °C, peaks with a maximum mass loss rate are weakly expressed with a
tendency to decrease with increasing p. This is associated with the imposition of several processes and the
impossibility of their separate assessment for the calculation of kinetic parameters.

The results of processing DTG curves at various heating rates in the range of 3-15 deg / min are
presented in tables 1-4.

The degree of coal conversion of the Saryadyr deposit (Pyatimetrovyi) during thermolysis decreases
with a decrease in the residence time of coal particles in the high temperature zone, as evidenced by a
slight decrease in coal mass loss (from 31.6-30.9%) in the range of 3-15 deg / min) at increasing the
heating rate (table 1).

Table 1- Mass losses of samples of coal samples brand Saryadyr (Pyatimetrovyi)
in various temperature ranges and Tnaxvalues at the stages of decomposition

Loss of mass from the sample,% Tmax, C
Speed
heating Decomposition stages
°C/min 30-300°C 300-600°C 30-900°C
1 2

3 4.796 26.899 31.641 35.16 681.79
6 3.549. 25.863 29.422 61.53 438.63
9 3.561 25.446 29.183 69.95 450.38
12 3.507 25.642 29.306 71.58 454.06
15 4.457 26.478 30.935 77.32 461.51

For coal ofthe Saryadyr (Nadezhny) field of the grade, a certain decrease in the loss of coal mass is
shown, a decrease in the loss of coal mass from 28.3 liters to 22.1%, with an increase in the heating rate in
the range of 3-15 deg / min (table 2).
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Table 2 - Mass loss of samples of coal samples brand Saryadyr (Nadezhnyi)
in various temperature ranges and Tmax values at the stages of decomposition

Speed Loss of mass from the sample,% Tmax, C

heating Decomposition stages

°C/min 30-300°C 300-600°C 30-900°C ) )
3 2.930 25.164 28.269 111.94 450.13
6 2.896 19.768 22.674 60.89 453.33
9 2.506 19611 22.134 75.24 460.67
12 2.916 19.496 22.535 77.12 465.22
15 2.766 19.341 22.107 78.45 471.87

For brown coal samples of the Maykube deposit of grade B3 (Shoptykol) in the range of
3-15 deg / min, there is a slight increase in the weight loss of the sample from 19.3 to 38.3%, for samples
of coal ofthe Bogatyr deposit (Ekibastuz) a decrease in weight loss from 21, 3to 19.4% (tables 3,4).

This is due to the brand of the studied coal samples Saryadyr (Pyatimetrovyi and Nadezhnyi),
Bogatyr belong to stone, and Maykube brown B2 grades, respectively, due to the different structure of the
morphological composition, the trend ofthe weight loss ofthe samples is different.

Table 3- Mass losses of samples of samples of coal grade B3 Maykube (Shoptykol)
in various temperature ranges and Tirax values at the stages of decomposition

Speed Loss of mass from the sample,% Tmax, C
heating Decomposition stages
°C/min 30-300°C 300-600°C 30-900°C . )
3 1.909 17.579 19.380 71.26 484.6
6 10.800 29.367 40.648 75.90 439.38
9 9.619 29.108 38.849 80.95 442.42
12 9.819 27.658 37.477 87.87 483.43
15 10.108 28.043 38.336 90.20 452.16
Table 4 - Mass loss of samples of coal samples brand Bogatyr (Ekibastuz)
in various temperature ranges and Trexvalues at the stages of decomposition
Speed Loss of mass from the sample,% Tmax, C
heating Decomposition stages
°C/min 30-300°C 300-600°C 30-900°C . )
3 2.009 19.225 21.369 52.67 448.76
6 1661 17.342 19.080 57.83 462.90
9 2.866 19.814 22.674 62.74 453.33
12 1.866 17.215 19.081 68.35 47751
15 1.909 17.579 19.380 71.26 484.67

The analysis of the obtained data shows that for all samples of the studied coals in the temperature
ranges of 30-300 ° C, the mass loss ofthe OMC has the smallest values (table 3.3-3.4). In the temperature
range 300-600 ° C, where the second and third maxima are observed, higher mass losses of OMC are
observed. Apparently, this is due to the release of the bulk of the vapor of the resin and gaseous
hydrocarbons with the simultaneous formation of vapor of the so-called pyrogenic water. In the general
temperature range of 30-900 °C, the mass loss of OMC is low, due to the high ash content and low
volatility.

An increase in the size of coal particles d = 0.2-5 mm leads to a slight increase in the degree of
decomposition of OMC (7-8%) and does not significantly affect the kinetics ofthe studied process.
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Table 5- Kinetic parameters of thermal destruction of OMC of coal

Decomposition stages

Speed
heating 1 stage 2 stage
°C/min ke ko, Eac, e ko, Eac,
10'V 1 10V 1 KK/MOMb 10'V 1 0V 1 KDK/MONb
3 135 2,72+0,13 43,740,92 1,23 1,45+0,03 98,2+3,7
6 1,65 7,42+0,64 46,3+2,76 1,19 1,9440,12 93,3+2,9
9 147 1,89+0,11 40,3+2,61 134 0,71+0,03 86,8+3,6
12 1,69 2,78+0,18 44,8+2,23 152 0,54+0,06 82,6134
15 1,39 1,65+0,06 38,3£1,75 1,32 0,47+0,02 80,1+4,8

As the study showed, when passing from one stage ofthe main decomposition to another for the coals
under study and when the temperature increases at various speeds in the range from 3 to 15 deg / min,
with an increase in the heating rate, a significant increase in Eact (approximately twice) is noted. The
difference between the activation barriers of the 1st and 2nd stages within the same heating rates is
38-54 kJ / mol. Moreover, the probability of rupture of certain types of bonds during the destruction
process increases noticeably, as evidenced by the differences between the values of ko at the first and
second stages (by 1-2 orders of magnitude, i.e., kOi ~102c 1, ko2 ~103-104c J).

In general, it can be noted that the calculated values of the activation energy are commensurate with
the energies of chemical bonds. An increase in the heating rate P from 3 to 15 deg / min at all stages of
decomposition for the studied OMC coals leads to a shift in the temperature values Tmax (corresponding
to the maximum decomposition) towards large values (ATmx«1000Q and an increase in the rate vnex of
the destruction ofthe OMC. The value ofthe velocity vimexat the 2nd stage is higher than at the 1st. In this
case, the approximation of points by a straight line allows us to obtain approximate dependences between
vmex and P, shown in figure 2 (R2is the reliability ofthe approximation). At the same time, the difference
between the velocities at the inflection points Avmexatthe 1stand 2nd stages also increases with increasing
heating rate P and the relationship between Avmax and P is described by a similar function close to linear
(y = 0.011 «x - 0.026, R2 = 0.967).

Thus, an increase in the heating rate has a more significant effect on the speed of the process with a
higher activation barrier, and also contributes to a slight decrease in the Eact values at the 2nd stage of
decomposition (98.2-80.1 kJ / mol). However, this does not have such a significant effect on the overall
degree of decomposition of coal, which is most likely due to the compensation of a higher heating rate
with a shorter duration ofthe thermolysis process (and vice versa).

y p. rpag/mMux

Figure 2 - Dependence of the rate of destruction at the inflection points
on the rate of heating of coal at various stages of decomposition

As can be seen from the data in tables (1-4), the coals of the Maykube deposits are subjected to
maximum decomposition (more than 40% by weight). This indicates their lower thermal stability, and
hence the lower stage of metamorphism with respect to other coals studied, due to the content of a large
amount of oxygen in them in the form of functional, ether groups and other forms. In this case, the process
of thermal decomposition occurs at lower temperatures, during which a large number of low molecular
weight volatile substances are formed in the form of vapors of resins and gases, and very few non-volatile
liquid-phase products are formed, i.e. the stage of transition to the plastic state is absent. These factors are
in agreement with the fact that these coals contain a large amount ofvolatile (51-57%).
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The coals of the Bogatyr and Saryadyr deposits, when heated, have the lowest reactivity
(decomposition degree less than 30%), which is due to the low amount of oxygen-containing compounds
and a high carbon content. Minimal weight loss is also associated with a lower moisture content (2-3%).
The higher stage of metamorphism ofthese coals is due to the fact that their structure has a high degree of
crosslinking and a large number of developed polyaromatic formations [16,17]. When such fuels are
heated, the resin yield is negligible. In this case, mainly reactions of cleavage from macromolecules of
relatively small groups and side chains occur, followed by cyclization and ordering of the structure.

Conclusions. Thus, the influence of the heating rate and the fractional composition of OMC on the
kinetic parameters ofthe process ofthermal destruction was studied, it was revealed that an increase in the
heating rate leads to a decrease in the degree of thermochemical destruction of OMC. The dependence of
the kinetic parameters of thermal destruction of coal in the temperature range of the main decomposition
of OMC on the rate and temperature of heating and fractional composition, as well as between the
kinetic parameters at different stages ofthe main decomposition of coal, is analyzed. It was found that the
heating rate of P samples of coal significantly increases the temperature Tmax and the destruction rate
vmax, and also reduces the activation barriers of the process. A study was also conducted of the effect of
heating in the temperature range of 30-900 ° C on the degree of thermochemical destruction of coal
samples of stone Saryadyr (Nadezhnyi) brand, Saryadyr (Pyatimetrovyy) brand, Bogatyr brand and brown
Maykube brand B3.
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value coal products” and project No. IRN AP05131004 "Development of technology for underground
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equipment”.

b. T. EpmaFam6eTl XK. M. KaceHoBal H. ¥. Hypranuesl,
M. K. KasaHkanosal C. M. MapTeMbAHOB?2

kKeMip XMMUACbI XX3He TeXHOMorna MHCTUTYThi» XLLUC, Hyp-CynTaH, [asakcTaH;
2T OMCK MONMTEXHUKANbIK YHUBEpCUTETY ToMcK, Peceit

LA3SALCTAHHbBLL TYP/11 KEH OPblH KOM1P1 TEPMWAbL, blAbIPAY
KWHETUKACBIHbL, MAPAMETP/IEP1H ECENTEY

AHHOTauMsA. Makanaga TepMuUsAnbIK LEeCTPYKLUMUA MPOLeCcLL), KMHETUKaNbIK napameTpnepwe KOM dpakums-
NbIK Kypambl MEH KbI3AbIpY XbI1AaMAbITbIHbIL, 3CEPi 3epTTENAY KbI3AbIPY XblAgamAbIrbiHbIL apTybl KOM Tepmoxu-
MUSNbIK LECTPYKUUA [3pEeXecll asaiTaTbiHbl aHblKTangbl. 3epTTey Ynrici petwge Capblagblp (MSTUMETPOBbIN,
HapgexHsblin), Maiike6e (LUonTbiken), boratbipb (ELW6aCTY3) KEH OPHbIHbIL KeMipi anbiHAbl. Kemip TepmogecTpyk-
UMACbl KMHETUKanblK napameTpnepwiy KOM Hen3n bigbipay TemMnepaTypacbiHbIL KbI34bIpy XblAAamAbirbl MeH
TemnepaTypacbiHa XX3He (pakuMsanblK KypaMblHa Tayenainiri, coHgan-ak Kemipgil, Herisri bigblpay caTbiCbiHAArbI
KUHeTMKa/bIK napameTprep apacbiHAarbl Tayenginiri tangangsl. Kemipgiy B YArinepiHiy Kbi3gblpy XblAgamabirbi
Tnvex TemnepaTypacbl MeH VIaxX 4eCTPYKUMS XbINAaMAbITbIHbIL M3HL eA3Yip XXorapblnaTajsl, COHAal-aK NpoLecTLy,
aKTUBaUMANbIK KedeprinepiH asaitagbl. CoHbiMeH KaTap, 30-900°C TemnepaTtypanblK WHTepBanjarbl Kbi3yabil,
Capblagpblp (MaTumeTpoBbIi, HagexHbiin), Maitag6e (LLlonTbiken), BoraTeipb (E6acTy3) Kemip YnrinepiHiy, Tepmo-
XUMUSNbIK LECTPYKUUA A3pexeciHe 3cepi 3epTTengi. 3epTTey HATUXeC KepceTKeHAel, Malike6e KeH OpHbIHbIL,
KeMmipi 6apblHLIa biAblpayra yibipaiiabl (MaccaHbly, 40%-aaH actambl). Byn onapapil, TepMUALIK TyPaLLblibITbIHbIL,
TEMEH eKeHAIriH KepceTedi, ArHM KypambiHAa (YHKUMOHANAbIK, 3QMpAik Ton 3He 6acka fa HbicaHgap TYpiHgeri
OTTEMNHL, Ken MesfulepiHe 6aiinaHbICTbl, MeTaMOp(u3M 6Gacka 3epTTeNreH KemMipMeH CanbICTbipraHja TeMeHTri
caTblHbl KepceTegi. byn peTTe TepMUsAnbIK bigblpay npoLea TeMeH TeMnepatypaa 6actanafbl, 0/ Ke3fe Lwalibip MeH
raz 6y TYpiHAe TeMeH Monekynanbl ywna 3aT Mefwepi Kebeieai, an ywnauTbiH CyiblK (a3anbl eHimaep eTe a3,
ArHM NnacTukanbik KYWre eTy caTbiCbl XOK. KepceTinreH qakTopnap aTanraH KeMipAil| YWKbIWTHIMbI KeMn Meflepgi
(51-57%) KaMTUTbIHbIH agpceTe” boraTbipb, Capblagblp KEH OpHbI KEMIPiHiL KYNi Ken, KbI3Ablpy Ke3iHae el TEMeH
peakuusanbiK KabineTke ue (bigblpay fspexea 30%-gaH a3), O6yn KypamblHA@ OTTenm 6ap KOCbIIbIC CaHbIHbIL,
a3fblrblHa XX3HEe KeMipTeri KypaMblHbIL, XXOrapbl/birbiHa 6ainaHbICTbl 601bIN Kenear A3 Menwepae binranra (2-3%)
6alinaHbICTbl Macca WbIrbIHbI Aa a3 60naabl. Kemip MeTamopduraMiHiL, )orapbl caTbiCbl 0M1apAblL, KypblIIbIMbIHbIL,
XOrapbl AapexecLue X3He faMblraH noavapomMaTukablk KerncaHabl TY3ifimaepre 6ainaHbicTbl. KeMip MaccacbiHbIL,
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03repyi 6ec catblga xypear 25°C-110°C Temnepatypanbly, MHTepBanbiHa NUPpOreHai cyably, 6eniHyi | catbira calikec
kenear Il keseH 110-450 OC apanbirbiHa C3ilkec, M~ HAa TemnepaTypa 3CepiHeH KemipAlly, OpraHuKasblK 3aTblHbIH
MOneKynacbiHaH GipiHLWI Ke3eKTe ra3 Tapi3gec 3arTap, HerisiHeH KeMipTeK AUOKCUAT XaHe KYKIpTri cyTeri 6enwear
111 caTbl 450-560 OC TemnepaTypaja MaccaHblH KEHETTEH e3repyi, TeMnepaTypaHbIH OCbl MHTEPBa/bIHAA LWalbIPAbIH
6eniHyi apkbinbl TYCiHAipineai, 6”n caTblHbl 3€TTe KeMip LaiblpblHbIH HETi3ri maccacbl nmaiiga 6onraH Kesge
6UTYMUHM3aLMA npoueamMeH 6alinaHbICTbipafbl, 6ipak 6”1 peTTe OHbl 6ynaHAbIpy YLUiH Xblay XeTkinikcis. OpaH
3pi kbI3gblpy ke3wge (560 OC xorapbl) a3 Menwepge ras 6eniHedi, 1V ke3eHge MuaTbiH KOMMNOHEHTTEPAIH WbITYbl
aiTapnbikTali 6onMaraHfblKTaH, laliblp aca 6eniHbeigi. OpaH 3pi V catbiga 860-900 0C TemnepaTypanbik
MHTepBasga MaccaHbl XoranTyfa Tarbl 6ip esrepic 6aiikanagbl, 6™n ocbl TemnepaTypanblK WHTepBanga KemipgiH
MUHepangbl 6eniri 6enceHAi biabipaibl.

K" vcbikTapgpl Tangayga AT auddepeHymanibl KACbIKTapaarsl 3epTTeneTiH kemipgiH KOM Herisri bigbipay
Y fepiciHiH YL caTbICbl aHbIKTaAbl, OHAA MaccaHbl XOranTy XbiNAaMAbIrbIHbIH MAaKCUMYM LWbIHbI 6alikanagbl (Miny
HYKTenepi).

TYWin cesgep: Kemip, TePMUANbIK AECTPYKLMS, biAblpay CaTbiChl, Kbi3blpy XbIIAaMAbITbl, KUHETUKAIbIK
napameTpep.

b. T. EpMaFaMe6eTl XX. M. KaceHoBal H. ¥. Hypranunesl,
M. K. KazaHkanosal, C. M. MapTeMbsAHOB2

ITOO « IHCTUTYT XUMUK yrns n TexHonorum», Hyp-CyntaH, KasaxcraH;
HaumoHanbHbIl ViccnegoBatensckuii TOMCKUIA MOAMTEXHUYECKUIA yHUBepeUTeT, Poccus

PACYHET KWHETUHECKUX NAPAMETPOB TEPMWYECKOIO PA3TOXEHNA YT NEW
PASMNYHBIX MECTOPOXAEHWNWN KASAXCTAHA

AHHOTauuMsa. B cTaTbe NpoBefeHO M3y4yeHWe BAUAHME CKOPOCTM HarpeBa W (pakumoHHOro coctasa OMY Ha
KWHETUYEeCKMe napamMeTpbl MpoLecca TEPMUUYECKON AeCTPYKUWUW, BbISBMEHO, YTO YBE/MYEHUE CKOPOCTW Harpesa
MPUBOAMT K YMEHbLUEHWIO CTeMeHW TepMoXUMMYeckol fectpykuun OMY. B kauyecTBe 06pa3L0B MCCNefoBaHMS
B3ATbl YrAn mectopoxaeHns Capblagblp (MaTumeTpoBblin, HagexHsbiii), Maiiky6e (LLlonTbikonb), boraTteips (JKu-
6acty3). [NpoaHanM3MpoBaHa 3aBUCUMMOCTb KWUHETUYECKMX MapaMeTpoB TepMOAECTPYKUWUM Yrns B WHTepBane
TemnepaTyp OCHOBHOIO pa3fioxeHnss OMY 0T CKOpOCTU U TeMnepaTypbl Harpesa U PPakLMOHHOro coCTaBa, a Takxe
MeXIY KWHETUYECKMMU napaMeTpamy Ha pasHbIX CTafuaX OCHOBHOIO pasfioXeHWs Yrns. YCTaHOB/IEHO, 4TO
CKOpOCTb Harpesa B 06pa3sL0OB Yrns 3aMeTHO MOBbILLAET 3HAUYEHUS TeMMepaTypbl TNaX ¥ CKOPOCTY VITEX AeCTPYKLNK,
a TaKXXe CHUXaeT aKTMBaLMOHHble 6apbepbl npouecca. Takke NPOBefeHO WCCMefoBaHWe BAWUSHUA Harpeea B
TemnepaTypHOM uHTepBasie 30-900°C Ha cTeneHb TepMOXMMWYECKONW AecTpyKuuu o6pasuoB yrneit Capblagbip
(MsTMeTpoBbIA, HagexHbiid), Maiiky6e (LLonTbikonb), BoraTbipb (3kubacTys). PesynbTaTbl NOKasanu, 4TO
MaKCMManbHOMY pa3fiOKEHUIO MOABEPralTCA Yrnnm MecTopoxaeHuin Malikybe (6onee 40% oT Macchbl). 3T0
YyKa3blBaeT Ha UX MEHbLUYH) TEPMUYECKYHD YCTOAYMBOCTb, a 3HaUMT W 60Nee HU3KYI CTaguio MeTamopgusma
OTHOCUTENbHO APYIUX WCCNeA0BaHHbIX Yrel nU3-3a cofepXaHus B HUX 6ONbLIOrO KOAM4ecTBa KMUCIopoga B Buie
(hYHKLUMOHANbHbIX, 3UPHBLIX FPYNn 1 gpyrux gopmax. MNpy 3TOM NPoLEecc TEPMUYECKOro pasnoXeHWs HacTynaet
npu 6onee HU3KMX TemnepaTypax, BO BpemMs KOTOPOro o6pasyercs 60/blUIOe KOMNYECTBO HU3KOMONEKYNAPHbIX
NeTy4ymx BeLLecTB B BUAE NapOB CMOJ Y ras3oB, a HeleTyunx XXuaKohasHbiX NpoAyKToB 06pa3yeTcs 0YeHb Masno, T.e.
CTafua nepexoja B NiacTUYeCKOe COCTOSAHME OTCYTCTBYET. YKa3aHHble akTopbl HAX0AATCA B COrnacum ¢ TeM, 4To
[aHHble YrAy copepxxat 60nblioe KonmMyecTBo fieTyumx (51-57 %). Yrnm mectopoxaeHus boraTeipb, Capblagblp
BbICOKO30/IbHble MPU HarpeBaHUM 001afat0T HaMMeHbLUeid peakUMOHHON CNOCOOGHOCTbIO (CTeMneHb pPasnoXeHWs
meHee 30%), u4TO 00YCNOBNEHO HWU3KUM KOAMYECTBOM KUC/OPOACOAEPXAlUUX COEAUHEHUA W BbICOKUM
cofepxaHuem yrnepoga. MUHUManbHble NOTEPU MACChl CBA3aHbl TaKXKe C MeHbLIMM cofep)KaHuem Bnaru (2-3%).
Bonee Bbicokas cTagus MetamopduM3ma [JaHHbIX yrfieil 06ycnoBieHa TeM, YTO MX CTPYKTypa 06/1afaeT BbICOKON
CTEMEeHbI0 CLUMTOCTU U BGONbLUMM KO/IMYECTBOM Pa3BUTbIX MOMapomaTuyeckmx obpasoBaHuil. OnpeaeneHo, yTo
M3MeHeHWe MaccCbl Yras NpoucxoauT B NATb CTaguidi. TemnepaTypHoMy MHTepBany 250C -1100C cooTBeTCTBYeET
cTagua |, 4TO COOTBETCTBYET BblfeNeHMe NMPOreHHoin sogel. Il ctagmsa cooTBeTcTBYeT MHTepBany 110-450 oC, rge
nof [feicTBMeM TemnepaTypbl W3 MOMEKYNbl OPraHWM4eckoro BeLLeCTBa YIS HauMHalOT BbILENATCH, B MEPBYHO
ouepefb, rasoobpasHble BeLLecTBa, B OCHOBHOM JMOKCWUA yrfiepoja u cepoBofopos. CKayok B M3MEHEHUM Macchl
ctagum 11 npn Temnepatype 450-560 OC 06bsCHAETCS TeM, YTO B AAaHHOM MHTepBane TemnepaTyp HauyuMHaeT
BbIJENATbCA CMONMa, 3Ty CTaguio 06bIYHO CBA3bIBAET C MPOLECCOM OUTYMUHM3ALUKM, KOrja HauymHaeT 06pa3oBbl-
BaTbCA OCHOBHAsA Macca YroflHOM CMOJIbl, HO MPX 3TOM HeOCTaTOYHO Tenna Ans ee ucnapeHus. Mpu ganbHewem
HarpeBaHuu (Bbile 560 0C) BblaenseTcs HebOMbLLIOE KONUYECTBO rasa, CMOfia MoYTU He BblAenseTcs, NO3TOMY Ha
cTaguun IV BbIX0O4 NETYUYMX KOMMOHEHTOB He3HauuTeNbHblA. [anee Ha cTaguum V B TemnepaTypHOM WHTepBane
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860-900 OC HabntofaeTcs eLle O4MH CKa4YOK B MOTEPe MaccChl, 3T0 06BACHAETCA TEM, YTO B JaHHOM TeMMepaTypHOM
WHTEpBasie MPOUCXOAUT aKTMBHOE Pa3fioKEeHWe MUHepanbHOW YacTu yrasa. Npu aHanu3e KPUBbIX BbIIBJEHbI TPU
CTagun OCHOBHOro pasnoxeHus OMY wuccnegyembix yrneih Ha auddepeHumanbHbiX Kpuebix AOTE, rae
Hab04aloTCa MUKKU C MAKCUMYMaMM CKOPOCTU NOTePM Macchl (TOUKM nepernba)

KntoueBble cnoBa: yrofib, TepMuyeckas AecTpyKuUms, CTafns pasfiodXeHus, CKOPOCTb Harpesa, KMHeTUYecKue
napameTpbl.
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