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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 B samples of coal
significantly increases the temperature Ty, and the destruction rate v, 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 of thermal 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 of the sample mass) and DTG (temperature dependence of the 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 of the decomposition process with registration of all stages of the
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 of thermal 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 T, speed
Tmax, Speed constants K., 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 of the 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 of temperature, 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 IIl at a temperature of 450-560 0C 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 of the mineral part of coal.

The analysis of the curves revealed three stages of the main decomposition of the OMC of the 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 Ty, temperatures in the range 134-226°C 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
0O,, 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 357-453°C, which is responsible for increasing the intensity of the thermosynthesis
reaction group due to increased reactivity of the substances of the heated OMC. At the 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 of non-organic bonds, the rate of formation of volatile substances increases [14]. In
the third stage with peak with maximum at 462-553°C 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.

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

At heating rates p from 6 to 15 deg / min at the stage of the decomposition of WMD at temperatures
Tmax in the range of 462-553 °C, peaks with a maximum mass loss rate are weakly expressed with a
tendency to decrease with increasing . 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 T, values 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 of the 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 " 5
3 2.930 25.164 28.269 111.94 450.13
2.896 19.768 22.674 60.89 453.33
9 2.506 19.611 22.134 75.24 460.67
12 2916 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 B; (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 of the Bogatyr deposit (Ekibastuz) a decrease in weight loss from 21, 3 to 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 B, grades, respectively, due to the different structure of the
morphological composition, the trend of the weight loss of the samples is different.

Table 3 — Mass losses of samples of samples of coal grade B; Maykube (Shoptykol)
in various temperature ranges and Ty, 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 " 5
1.909 17.579 19.380 71.26 484.6
10.800 29.367 40.648 75.90 439.38
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 T, values at the stages of decomposition
Speed Loss of mass from the sample,%
heating Decomposition stages
°C/min 30-300°C 300-600°C 30-900°C " 5
3 2.009 19.225 21.369 52.67 448.76
6 1.661 17.342 19.080 57.83 462.90
2.866 19.814 22.674 62.74 453.33
12 1.866 17.215 19.081 68.35 477.51
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 of the 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 of the 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 kmaxa ko, Eacrs kmax, ko, Eacrs
107 ¢! 10%¢! kJ[x/Momb 10°¢! 10*¢! kJIx/Mob
3 1,35 2,72+0,13 43,7+0,92 1,23 1,45+0,03 98,2+3,7
1,65 7,42+0,64 46,3+2,76 1,19 1,94+0,12 93,3+2,9
1,47 1,89+0,11 40,3+2,61 1,34 0,71+0,03 86,8+3,6
12 1,69 2,78+0,18 44,8+2.23 1,52 0,54+0,06 82,64+3.4
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 of the 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 kg at the first and
second stages (by 1-2 orders of magnitude, i.e., ko, ~10% c'l, Koy ~10-10* c'l).

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 (ATmaszOOOC) and an increase in the rate v, of
the destruction of the OMC. The value of the velocity vy at 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
Vmax and B, shown in figure 2 (R? is the reliability of the approximation). At the same time, the difference
between the velocities at the inflection points Avy,,, at the 1st and 2nd stages also increases with increasing
heating rate § and the relationship between Avmax and [ is described by a similar function close to linear
(y=0.011-x-0.026, R*=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 E,. 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 of the thermolysis process (and vice versa).
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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 of volatile (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 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 [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 of the process of thermal 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 of the main decomposition of coal, is analyzed. It was found that the
heating rate of B samples of coal significantly increases the temperature Tmax and the destruction rate
vmazx, 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 B;.
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KA3AKCTAHHBIH TYPJII KEH OPbIH KOMIPI TEPMUSJIBIK BIABIPAY
KNHETUKACBIHBIH ITAPAMETPJIEPIH ECEIITEY

AnHoTanus. Makanaga TEpMHUSUTBIK AECTPYKIUS IPOLECiHIH KUHETHKANBIK mapamerpiepine KOM dpaxmms-
JIBIK KYpambl MEH KbI3JIbIPY JKbUIIAMIBIFBIHBIH dCepi 3epTTeII i, KbI3AbIPY KbULAaMAbIFbIHBIH apTybl KOM Tepmoxu-
MUSUTBIK JIECTPYKIIMSI JIOPEKECiH azallTaThiHbl aHbIKTaAbl. 3eprrey yarici peringe Capwiaabip (IIsTMeTpoBBIH,
Hanexwsrit), Maiike6e (LLlonteixen), borateips (Exi0acTy3) keH OpHBIHBIH KeMipi ansiHabl. Kemip TepmMonecTpyk-
LUSIChl KMHETHKANBIK mapamerpiepinin KOM Herisri blaplpay TeMIlepaTypachblHbIH KbI3IBIPY JKbULIAMIBIFBI MEH
TEeMIIepaTypachiHa KOHE (PPAKIUSUIBIK KypaMbIHA TOYEJIUIIr, COHal-aK KOMIPIIH HETIi3rl BIAbIPAY CAThICHIHIAFHI
KUHETHKAJIBIK TTapaMeTpJiep apachlHAarbl TOYSNIUTrT Tanaanasl. KemipaiH B yariaepiHiH KbI3AbIPY JKbUIAAMIIBIFBI
Tyax TEMIIEPATypachl MEH V,x NECTPYKIHMS JKbUIJaMIBIFBIHBIH MOHIH €J9yip JKOFapbUIaTajbl, COHai-aK MpOLEeCTiH
aKTUBAIMSUIBIK Keneprutepin azaitanel. CoHbiMeH Kartap, 30-900°C temmepaTypanblK HHTEPBAIIAFBI KbI3YABIH
Capoianpsip (ITstumerpossiii, Hagexnsrit), Maiike6e (LLonTeike:x), boratsips (ExidacTy3) kemip yirinepiniy Tepmo-
XUMIUIBIK, TECTPYKIUS IOpEeKeciHe acepi 3epTTenmi. 3epTTey HOTIKeci KepceTkeHael, MalikeObe KeH OpPHBIHBIH
KeMipi GapbIHIIA bIIBIpayFa YIIbIpaiiabl (MaccanslH 40%-1aH actambl). Byi1 onapabIH TEpMUSIIBIK TYPAKThUIBIFBIHBIH
TOMCEH eKEH/ITIH KepceTeli, SFHA KypaMbIHAa (YHKIMOHAIABIK, 3(QHUpPIiK TOI *XoHE 0acka Ja HbICAHAAp TYPiHICTi
OTTEriHIH KOIl MeJIepiHe OaimaHbICThl, MeTaMop(u3M Oacka 3epTTEIreH KOMIPMEH CallbICThIPFaHaIa TOMEHTI
caTBIHBI KepceTeni. by peTTe TepMUsIIBIK BIABIPAY MPOIeci TOMEH TeMIepaTypasa 0acTaigasl, 01 Ke3/1e Maiblp MeH
ra3 Oy TypiHIe TeMEH MOJIEKyJajbl YIINa 3aT MeJepi keOeileni, aj ymmnaiTeiH cyibIK (a3aibl eHiMaep eTe as,
SFHU TUIACTUKAJIBIK KYHI'e OTy caTbICchl )O0K. Kepcerinren dakropnap arairaH KOMIpAiH YIIKBIITHIFEl KO MEJIIIEP/i
(51-57%) xamTuThIHBIH KepceTeni. borareips, Capblafblp KeH OpHBI KOMIPIHIH KYIIi KIl, KbI3JbIpy Ke3iH/e €H TOMEH
peakImsuIblK Kabinetke we (piapipay mopexkeci 30%-maH a3), Oy KypamblHAa OTTEri Oap KOCHUIBIC CAHBIHBIH
a3/IbIFbIHA JKOHE KOMIPTETi KypaMbIHBIH )KOFapbUIbIFbIHA OaiaHbICThI 00JbIN Keneni. A3 Memnmepae buraira (2-3%)
OaiimaHBICTBI Macca HIBIFBIHBI 1a a3 Oosaael. KeMip MeTaMopu3MiHIH JKOFapbl CaThIChl OJIAp/AbIH KYPBUIBIMBIHBIH
JKOFaphI TOpeKeciHe J)KOHE TaMBIFaH MMOJINapOMATHKANBIK KOTICAHABI Ty3iIiMaepre OaitmansicTel. KeMip MaccachIHBIH
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e3repyi Gec catbia sxypeni. 25°C-110°C TemmepaTypanbik MHTEPBANbIHA THPOTeH I CyIbIH Oeminyi I caTbiFa coiikec
keneni. 11 keser 110-450 °C apanbirbiHa coffkec, MyHIa TeMIIEpaTypa dcepiHeH KOMIpIiH OpraHHKAIbIK 3aThIHBIH
MOJIEKyJIaChIHAH OipiHIII Ke3eKTe ra3 Topi3liec 3aTTap, HeTi3iHeH KOMIPTeK AUOKCHUI XKOHE KYKIPTTI CyTeri OemiHe.
11T catbr 450-560 °C Temneparypajia MacCaHbIH KEHETTEH ©3repyi, TeMIIepaTypaHbIH OChl HHTEPBAIBIH/A WAMBIPIBIH
GexiHyi apKbUIBI TYCIHAipiNeni, OyI CaTBIHBI oNETTe KOMip IIaHBIPHIHBIH HETi3ri Maccachl maima OoiraH KesJe
OUTyMHHHM3AIUS TpoueciMeH OaitmaHBICTBRIpansl, OipaK OyI peTTe OHBI OyJIaHIBIPY YIIIH JKBUTY JKeTKimikci3. OmaH
opi Ke3apIpy Kesinge (560 °C xorapsr) a3 Memurepae ra3 Geminesi, IV KeseHIe YIIaThiH KOMIOHEHTTE/IH MIBIFYbI
aifTapibIKTail GOJIMAFaHIBIKTAH, IIAlblp aca OGeminbeiini. Oman opi V catbima 860-900 °C TemmepaTypaibik
HHTEpBAJIJa MACCaHbl JKOFAITYyIa Tarbl Oip e3repic Oaiikamaipl, Oy OChl TEMIIEPATyPANIbIK WHTEPBAIIA KOMIPIIH
MUHEpaAIIBI 06IIiri OSICCH Tl BIABIPANIBI.

Kuceikrapaer Tanmpayna ATK nuddepennumanabl KuchIKrapaarsl 3eprrenetin keMipaig KOM Herisri sigsipay
YAEPICIHIH YII CaTBICHI aHBIKTAJIBI, OH/Ia MACCAHBI )KOFAITY JKbULIAM/IBIFBIHBIH MAKCUMYM IBIHBI OailKanansl (MiTy
HYKTeIepi).

Tyiiin ce3mep: KeMip, TEPMHUSUIBIK IECTPYKLHUS, BIABIPAY CATBICHI, KBI3ABIPY KbLIIAMIIBIFbI, KHHETHKAIBIK
napameTpIiep.
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PACYET KHHETUYECKHUX TAPAMETPOB TEPMHUUYECKOI'O PA3JIOKEHMS YIJIEHN
PA3JMYHBIX MECTOPOXXJIEHUM KA3AXCTAHA

AHHOTanusl. B cratee npoBeneHO U3yueHNE BIUSIHUE CKOPOCTH HarpeBa M (pakiuoHHOro cocraBa OMY Ha
KMHETHYECKHE IMapaMeTphl Mpolecca TEPMUYECKON AECTPYKLUH, BBIABICHO, YTO YBEJIMYEHHE CKOPOCTH Harpena
NPUBOJHUT K YMEHBIIECHHIO CTEHNEHH TepMOXxuMHUueckoil nectpykuuu OMY. B kadectBe 00pa3loB HCCIIEAOBAHUS
B34Thl yrim Mectopoxxaenust Capoiansip (IlsitumerpoBsiit, Hanexnsiit), Maiiky6e (Illonteikons), borateips (Oxu-
Oacty3). IlpoaHanu3upoBaHa 3aBUCHMMOCTh KHHETHUECKHX MapaMeTPOB TEPMOJESCTPYKIMU Yyl B HHTEpBale
TEMIIEpaTyp OCHOBHOTO pasiioxeHus OMY OT ckopocTH U TeMIepaTypbl Harpesa 1 (pakMOHHOTO COCTaBa, a TAKKe
MEXAYy KHHETHYECKHMMH TIapaMeTpaMH Ha pa3HBIX CTaJUSAX OCHOBHOTO pa3joXEHHs YIJIS. YCTaHOBJIEHO, YTO
CKOPOCTbH Harpesa J 00pa3ioB yIiis 3aMETHO MOBBIIIAET 3HAYCHUS] TEMIEPATYPBI Tyax B CKOPOCTH Vi NECTPYKIIHH,
a TaKKe CHIKAeT aKTHBALMOHHBIE Oapbephl mporecca. Tarkke NPOBEAEHO HCCIEIOBAaHHWE BIMSHMS HarpeBa B
temnepatypaoM uHTepBaie 30-900°C Ha cTeneHb TEPMOXHMHYECKOW AECTPYKIUH 00pa3noB yried Capbelambip
(IlarumetpoBsiit, Hanmexwsrit), Maiiky6e (Illomreikons), Borateipp (Dxmbactys). PesymbraTel moxazamm, d9TO
MaKCHMaJIbHOMY PpAa3JIOKCHMIO IIOIBEPTalOTCSl yINIM MecTopokaeHuid Maiikyoe (6onmee 40% ot maccsl). OT0
YKa3blBaeT Ha MX MEHBIIYI0 TEPMUUYECKYIO YCTOWYMBOCTb, a 3HAYUT M Oojee HHM3KYI0 CTaJui0 MeTaMopdu3Ma
OTHOCHUTENBHO APYTHX HCCIEIOBAaHHBIX YIIIEH U3-3a COAEP)KaHHUSA B HUX OOJBIIOr0 KOJIWYECTBA KUCIOPOAA B BHUIE
(YHKIMOHANBHBIX, Y3QUPHBIX rpynn u Apyrux ¢opmax. [Ipu sToM mporecc TEpMUYECKOTO Pa3JIoKeHUs] HACTYHAeT
npu Oosiee HU3KHMX TeMIeparypax, BO BpeMsi KOTOpOro oOpasyercst OOJbIIOE KOJHYECTBO HHU3KOMOJIEKYIISPHBIX
JIETYy4YMX BEILECTB B BUJIE TIAPOB CMOJI U ra30B, a HEJNETYYHX XKHUIKO(a3HBIX ITPOLYKTOB 00pa3yeTcsi O4eHb Mo, T.€.
CTaaus Mepexo/ia B INIACTHYECKOE COCTOSHIE OTCYTCTBYET. YKa3aHHbIC (PaKTOPhI HAXOMATCS B COTJIACHH C TEM, YTO
JTaHHBIE YTJIM coJiepXkaT Oouipinoe KoiandecTBo Jerydux (51-57 %). Yram mectopokaeHus borarteips, Capblagsip
BBICOKO30JIbHBIE IIPY HarpeBaHHM OO0JIQNAlOT HAaMMEHbIIEH PEaKIMOHHOW CIIOCOOHOCTBIO (CTENEHb Pa3JIOKCHHUS
meree 30%), dYTO OOYCIOBIEHO HHM3KMM KOJMYECTBOM KHCIOPOACOJCPKAIINX COCIUHEHHMH ¥ BBICOKHM
CoJIep’KaHHeM yTiepoaa. MUHMMaIbHbBIE TOTEPH MAcChl CBA3aHBI TAKXKE C MEHBIINM colepKaHueM Biaru (2-3%).
Bonee BrIcokast craamsi MeTamopdu3Ma JaHHBIX yTiieil 00yCIIOBICHAa TeM, YTO WX CTPYKTypa o0JjagaeT BBICOKOH
CTEIICHBIO CIIUTOCTH M OONBIIMM KOJIMYECTBOM Pa3BUTBHIX MOIHAPOMATHYECKHX OoOpas3oBaHmil. OmnpeneneHo, 4To
M3MEHEHHE MAacChl yIUIsi MPOUCXOAMT B TATh crammii. Temmeparypuomy mutepsany 25°C -110°C coorBercTByer
cTazms I, 9TO COOTBETCTBYET BBIIENCHHE MUporeHHoi Bompl. 11 cragms cootsercTByer mutepsany 110-450 °C, rae
o1 HeﬂCTBHeM TEMIIEPATYpbl U3 MOJICKYJIbI OPraHWMYE€CKOro BCHICCTBA YIJIA HAYUWHAIOT BBIACIIATCA, B IEPBYIO
ouepelb, ra3000pa3Hble BEIECTBA, B OCHOBHOM JIMOKCHJ yriiepona M cepoBoaopo. Ckauok B U3MEHEHUH MAacChl
cramun 111 npu Temneparype 450-560 °C oObsicHseTCss TeM, YTO B JAHHOM HHTEPBANE TEMIIEPATYD HAYMHACT
BBIJICIISITECSL CMOJIA, 3Ty CTaJMI0 OOBIYHO CBS3BIBAET C IPOLECCOM OMTYMHHM3AIMM, KOTIZla Ha4MHAeT 00pa3oBbI-
BaThCsl OCHOBHAS Macca YroJIbHOM CMOJIBI, HO NPH 3TOM HEJOCTaTOYHO TeIula sl ee ucnapenus. [lpu nanpHeiiniem
narpesanny (Bbime 560 "C) Bblensercs HeGONbIIOE KOMMYECTBO Ta3a, CMOJIA MOUYTH He BBLIEIAETCA, HOITOMY Ha
craguu IV BbIXOA JIETydyHX KOMIIOHEHTOB HE3HAuuTeNbHbIM. Jlajee Ha craguu V B TEMIIEPATYpPHOM HHTEpBaJIe
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860-900 "C HaGmrosaercst elme OJMH CKAauOK B IIOTEPE MACCHI, 3TO OOBACHSAETCS TEM, YTO B JAHHOM TEMIIEPATYPHOM
MHTEpBaJIEC MPOUCXOIUT aKTUBHOE PAa3lIOKECHHE MHUHEPAIbHON 4YacTh yrisd. lIpw aHanmm3e KpHUBBIX BBISBICHBI TPU
CTamguu OCHOBHOTO pasnoxenns OMY wccnenyembix yrieil Ha muddepennumansapix kpuBeix AT, Tme
HaOJII0JAI0TCS TUKK ¢ MAKCUMYMaMH CKOPOCTH TIOTEPH MacChl (TOUKH neperuda)

KiroueBble cioBa: yroib, TepMUYECKast AECTPYKLHSI, CTAANS PA3JIOKEHUs, CKOPOCTh HArpeBa, KUHETUYECKHE
apaMeTpsl.
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