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Kinetics of Thermolysis of a Low-Temperature Tar
in the Presence of a Catalyzer Agent with Deposited Metals

The thermal decomposition of low-temperature coal tar (LTCT) obtained from the coals of Shubarkol Komir
JSC of the Republic of Qazagstan in the presence of nanocatalysts with metal oxides (iron, cobalt and nickel)
supported on microsilicate was studied for the first time. Microsilicate acts as a carrier and catalyst. Microsil-
icate is a product of the Karaganda silicon plant of “Tau-Ken.temir” LLP. The main chemical component of
the original microsilicate is silicon oxide. The individual and chemical phase composition of the microsilicate
was determined using X-ray spectral analysis. The particle size of the initial microsilicate and the mixture of
microsilicate with metal oxide catalysts (nickel, cobalt, and iron) was determined using a nanosizer. Stages of
thermal decomposition of LTCT and a mixture of LTCT with catalysts under conditions of programmed heat-
ing up to 640 °C in a nitrogen atmosphere have been established. On the basis of thermogravimetric analysis,
the kinetic parameters (activation energy, mass loss rate, and pre-exponential factor) of LTCT pyrolysis and
mixture with added catalysts were determined. The modeless integral isoconversion Ozawa—Flynn-Wall
method was used to determine the kinetic parameters. The values of the activation energy for the thermal de-
struction of the LTCT in the absence and presence of the nanocatalyst ranged from 54.04 to 297.5 kJ/mol. A
kinetic compensation effect was revealed, probably due to the multicomponent composition of the LTCT and
the influence of added catalysts to the LTCT. The thermogravimetry method showed a high effect of the sup-
ported catalysts on the thermal degradation of LTCT. This method was used to determine the values of the ac-
tivation energy and the pre-exponential degradation factor for the LTCT and the mixture with catalysts at dif-
ferent heating rates, which allows a detailed interpretation of the thermal analysis data. The obtained results
of the kinetics of decomposition of LTCT can be used to create a database for mathematical modeling of the
process of processing this type of raw material.

Keywords: kinetics, accelerant, microsilica, low-temperature coal tar, thermogravimetric analysis, iron, nick-
el, cobalt.

Introduction

At present, thermogravimetric analysis is widely used to study the kinetics of thermal decomposition of
organic materials, such as LTCT, coal, and polymeric materials [1-5]. Due to the complex composition of
LTCT, it is very important to obtain information about the kinetics of LTCT decomposition in the presence
of various catalysts containing metal oxides of Group VIII of the Mendeleev Periodic Table. To determine
the kinetic parameters of the thermal decomposition of LTCT in the presence of catalysts containing metal
oxides (iron, nickel, cobalt), the integral method presented in [1] and the method for determining the thermo-
kinetic parameters from the inflection point on the thermogravimetric curve [2] were used. Sources [6, 7]
evidence that the mathematical models, which are used to determine the kinetic performance of polymer deg-
radation, cause certain difficulties when applied to the thermal breakdown of low-temperature coal resin
(LTCR) due to their complex structure, the variety of chemical bonds, and simultaneously occurring reac-
tions. In this regard, one of the most important tasks facing the researchers is the designing of recommenda-
tions for the selection and development of an adequate kinetic model of LTCR thermal breakdown in the
presence of a catalyst and the formation of a database of kinetic performance.
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The organic mass of LTCT contains various aromatic, heterocyclic compounds. Due to the complex
composition of the LTCT, it is difficult to select an efficient and selective catalyst for LTCT processing
based on the kinetics of decomposition of the LTCT organic matter. When studying the kinetics of pyrolysis
of organic substances, the thermogravimetric method of analysis (TGA) is widely used [6]. In the literature
[8-10], various methods are known for determining the kinetic parameters of nonisothermal pyrolysis, which
can be divided into model (model-fitting) and model-free (model-free) or isoconversion. One of them is the
Ozawa-Flylin-Wall model-free method for calculating the kinetic parameters [11, 12], which requires the
construction of kinetic curves at different heating rates.

The purpose of this work is to study the kinetics of thermal degradation of LTCT in the presence of cat-
alysts with oxides of nickel, cobalt, and iron supported on microsilicate using thermogravimetric analysis
methods.

Experimental

For the study of thermokinetic decomposition of low-temperature coal tar the raw material obtained
during coal coking at the coking plant of JSC “Shubarkol komir” was used.

Physical and chemical characteristics of low-temperature coal tar JSC “Shubarkol Komir”y» presented in
the paper [13].

The used microsilica performs the role of carrier and catalyst — the product of Karaganda silicon plant
LLP “Tau-Ken.temir”.

The component chemical composition of the initial microsilica was determined by using X-ray and
spectral analysis (Table. 1).

Table 1
Composition of initial microsilicate after leaching
Content of components, %
SiOz Ti02 A|203 Fe,O3 Cao MgO MnO P,0Os K,0 Na,O
95.5 0.02 <0.95 <1.0 -0.5 0.4 0.04 0.06 <0.1 0.3

The initial microsilicate was preliminarily grinded, then samples with a particle size of 0.1 mm were
taken by screen analysis. The initial microsilicate was leached using a 20 % hydrochloric acid solution to
remove alkali and alkali earth metals.

The size of the particles of the original microsilica and the catalyst samples were determined by using
the laser particle size detector Nano-S90 (Fig. 1).
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Figure 1. Particle size (sample 1) of the source microsilica

Figure 1 shows the particle size of the original microsilica — 232 nanometers. Size of metal-coated cat-
alyst particles: sample 2 (microsilica+Ni) — 324.2 nanometers, sample 3 (microsilica + Co) — 139.4 na-
nometers, sample 4 (microsilica + Fe) — 196.3 nanometers.

The catalyst was obtained by wet impregnation of leached microsilica with a 1.5 % solution of
CoClz-6H:0, NiCl,-6H,0, FeSO4-7H-0 salts. The salt-soaked microsilica was kept in the dryer for 2 hours,
at 80-90 °C, and then dried at 105 °C also for 2 hours. Further, the catalyst samples obtained were calcified
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in the muffle oven at 550 °C for 2 hours (applied catalyst). The component chemical composition of the mi-
crosilicate after leaching was established using the X-ray spectral and gravimetric method and was presented
in the (Table 2).

Table 2
Composition of initial microsilicate after leaching
Content of components, %
SiOz Ti02 A|203 Fe,O3 Cao MgO MnO P,0Os K,0 Na,O
97.439 0.023 <0.95 <1.0 0.414 0.304 0.033 0.057 <0.1 0.276

As it can be seen from the data in Tables 1 and 2, the chemical composition of the initial microsilicate
before and after leaching changed insignificantly.

Thermogravimetric study was performed using a Labsys Evo TG-DTA/DSC 1600 derivatograph (Seta-
ram, France) in corundum crucibles in the temperature range from 30 to 600 °C in a nitrogen flow (flow rate
of protective and purge gases was 20 and 50 ml/min-! respectively). The sample weight for DTA analysis
was 0.01 g. Kinetic parameters of thermal decomposition (rate constant, activation energy, and pre-
exponential factor) of low-temperature coal tar (LTCT) with catalysts and microsilicate were calculated by
the methods presented in works [11, 12]. Kinetic characteristics were determined on the basis of TGA —
data at three different heating rates of 10, 20, and 30 deg/min~*. Calculation and report of measurement re-
sults was performed using the software package “OriginLab” and the Python distribution “Anaconda3”.

The model-free Ozawa-Flynn-Wall (OFW) method was used [11, 12] when calculating the Kinetic pa-
rameters of low-temperature coal resin (LTCR) thermal breakdown in the presence of a catalyst.

Results and Discussion

We previously used the integral method to determine the thermogravimetric parameters [1] and the
method by the inflection point on the thermogravimetric curve [2].

The curves dependence of samples mass loss on temperature are shown in Figurel at heating rates p —
10 °C/min, B — 20 °C/min, B — 30 °C/min at intervals of 140480 °C using the Ozawa-Flynn-Wells (OFW)
method. The reactivity of a substance can be described by the activation energy value.

The determination of the activation energy values was based on the generalized value expression (1) for
the rate of the solid-phase reaction under nonisothermal conditions:

da/dT = A/ V1 (), (1)

where a is fractional conversion of raw material; f is the linear heating rate of samples, °C/min; A4 is the pre-
exponential factor, ¢*; T is the absolute temperature, K; £ is the activation energy, kJ/mol; R is the gas con-
stant, kJ/mol K; f(a) is a mathematical model of the dimensionless kinetic function depending on the type
and mechanism of the reaction.

The value a in equation (1) is the relative degree of oil sludge transformation, defined as
a = ms — m/ms — m; where ms and my are the initial and final mass of the substance, m is the mass of the sub-
stance at the measurement point [14].

Ozawa-Flynn-Walls Method According to the Ozawa-Flynn-Walls method of non-isothermal kinetics,
when integrating and then taking logarithm equation (1), we obtain expressions (2)

InG(a)=In(AE/R)—InB+Inp(z). 2)
G(a) for a first-order reaction is equal to

[da/fa=[da/l-a=-In(1-a);

p(z)ze’zlz—_[Z e’/zdz;z=E/RT.

Using the Doyle approximation [15] we obtain equation (3) for substitution into expression (2):
In p(z) =-5.3305 — 1.052z. 3)
The OFW method is based on the assumption that the reaction rate at a constant value of o depends on-
ly on temperature. When analyzing non-isothermal kinetics, the following equation is used:

Ing, =In[ A,E, / Rg(a) | -5.331-1.052E, / RT,; . (4)
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Substitutions (2) and (3) provide the OFW equation (4) to calculate how thermal breakdown rate of cat-
alyst mixtures with LTCR depends on inverse temperature calculated the activation energy and the pre-
exponential multiplier [15]. Thermogravimetric (TG) curves (Fig. 2) were constructed by low-temperature
coal tar to assess the influence of metal-coated microsilicate catalysts (iron, nickel, cobalt) on the thermal
degradation rate. Thermogravimetric (TG) curves (Fig. 2) were constructed by low-temperature coal tar to
assess the impact of metal-based microsilica catalysts (iron, nickel, cobalt) on thermal degradation rates. For
this purpose, based on the thermogravimetry data of the low-temperature coal resin and the catalyst for their
mixtures of a known composition, TG curves and mass loss rates were calculated at three heating speeds 3
— 10 °C/min, B — 20 °C/min, B — 30 °C/min, which described the thermolysis process of the low-
temperature coal resin mixture and with the catalyst (Fig. 2 a—f).
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1 — low-temperature coal tar; 2 — low-temperature coal tar with applied nickel;
3 — low-temperature coal tar with cobalt applied; 4 — low-temperature coal tar with iron applied

Figure 2. Thermogravimetric mass loss curves (a), (), (¢) and mass loss rate (b), (d), (f) of tested NCC samples
in the presence of microsilica with applied catalyst

On the curves, the mass loss rate at three heating speeds B is one maximum (Fig. 2 b, d, f), due to the
decomposition of the organic mass of low-temperature coal tar in the presence of nickel, cobalt and iron to
the formation of volatile substances. It has been established that, when iron is applied to microsilica (Fig. 2
b), the maximum decomposition of the organic mass of low-temperature coal tar is achieved at a temperature
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of 525 K. When the nickel applied to microsilica, the maximum decomposition rate of the organic mass of
low-temperature coal tar is reached at a temperature of 537 K (Fig. 2 d) and when iron is added, there is a
maximum decomposition of the organic mass of low-temperature coal tar at 579 K (Fig. 2 f).

Equation (4) implies that for a series of temperature measurements of thermal degradation of low-
temperature coal tar catalyst mixtures obtained at different  heating speeds of samples and fixed values of
their transformation degree a, the graph of the function Inp = f (1/T) gives straight lines (isoconversion lines)
the tangent of the inclination of which — 1.052E/R is directly proportional to the activation energy [15] (Fig.

3 a-d).
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a— low-temperature coal tar; b — low-temperature coal tar with nickel applied to microsilica,
¢ — low-temperature coal tar with cobalt applied to microsilica;
d — low-temperature coal tar with iron applied to microsilica

Figure 3. Heating rate logarithm dependence  — 10 °C/min, § — 20 °C/min, p — 30 °C/min
low-temperature coal tar mixture samples

The experimental points lie adequately on straight lines in the entire range of conversion degrees, indi-
cating the correct Doyle approximation used in the mathematical treatment of thermogravimetric data. The
calculated activation energy values and preexponential multiplier shows a high correlation coefficient

(R?>0.997) of Table 3.
Energy Activation of Thermal Destruction of Low-temperature Coal Tar Blend and Microsilica with

Applied Catalysts (Table 3).
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Table 3
Energy Activaition of Thermal Destruction of Low-temperature Coal Tar Blend
and Microsilica with Applied Catalysts
. Sample 1 . S_qmple 2. . ?ﬁ‘mp'e 3 . S_qmple A
Relative low-t ture coal tar (microsilica + Ni 1.5 % | (microsilica + Co 1.5 % | (microsilica + Fe 1.5 %
degree of (low emperatu + low-temperature coal | + low-temperature coal | + low-temperature coal
: without catalyst) . - - . . .
conversion, o tar, particle size 0.1 mm) |tar, particle size 0.1 mm) [tar, particle size 0.1 mm)
Ea, KJ/mol InAc? Ea, Kd/mol | InAc?! | Ea Kl/mol InAc! | E, KJ/mol InAc?t
0.1 297.5 87.6 62.18 18.8 54.04 17.09 69.53 20.92
0.2 172.3 50.2 157.3 41.5 59.27 17.74 67.32 19.57
0.3 122.3 35.7 121.2 31.6 62.18 17.93 66.42 18.77
0.4 112.3 32.3 117.4 30.01 65.01 18.11 62.84 17.47
0.5 95.9 27.4 110.7 27.79 63.35 17.31 60.51 16.55
0.6 87.3 24.7 99.9 24.88 65.34 17.40 62.06 16.56
0.7 86.7 24.1 93.2 22.94 70.91 18.22 62.22 16.28
0.8 80.9 22.2 86.8 21.15 74.99 18.72 60.75 15.65
0.9 74.1 20.1 71.6 17.59 77.98 18.89 60.48 15.25

On the Figure 4 activation energy dependence on conversion rate (o) of low-temperature coal tar with-
out catalyst and sample mixture of low-temperature coal tar with catalyst. Ozawa — Flynn — Wells Curve —
E = (a)) (Fig. 4) shows the complex process of thermal destruction of the low-temperature coal tar mixture
with the catalyst.
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1 — low-temperature coal tar; 2 — low-temperature coal tar with nickel applied to microsilica;
3 — low-temperature coal tar with cobalt applied to microsilica;
4 — low-temperature coal tar with iron applied to microsilica

Figure 4. Dependence of activation energy E on the level of conversion of a samples (Ozawa — Flynn — Wells analysis)

Figure 4 shows the calculated activation energy values represented by the thermal breakdown degree o
of low-temperature coal resin and the sample mixture of the low-temperature coal resin with catalyst. It is
shown that for Sample 1 activation energy with increased conversion decreases from 297.5 to 74.1 kJ/mol.
Sample 2 with the conversion degree from 0.1 to 0.2 the activation energy increases from 62.18 to
157.3 kdJ/mol, and further conversion increase rate leads to a reduction in activation energy from 121.2 to
71.6 kd/mol. For Sample 3 with increased conversion rate, there is a significant change in activation energy
from 54.04 to 77.98 kJ/mol. Slight activation energy change with conversion degree obsession is observed
for sample 4 from 69.53 to 60.48 kJ/mol.

Figure 4 shows that for the sample, the first stage of thermal decomposition is flowing with a high
amount of activation energy, which may be due to a low degradation of high molecular weight asphaltene
and tar compounds. Thermal decomposition of the low-temperature coal tar mixture with nickel, cobalt and
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iron applied to microsilica is described by more complex kinetic curves. The initial stages of the activation
energy of sample 2, sample 3 and sample 4 proceed with a lower activation energy than for sample 1. It
seems to be due to the fact that an organo structure with added metals is formed, the latter act as a catalyst,
that is, they accelerate the reaction of the destruction of the organic mass of the low-temperature coal tar and
thus lead to a decrease in the activation energy (Table 3 and Fig. 4.). Among the number of metals added to
the microsilica, cobalt and iron were the most influential, and the addition of nickel with an increased con-
version rate of 0.1-0.2 leads to an increase in activation energy and a pre exponential factor, and further in-
creasing the conversion rate from 0.3 to 0.9 significantly reducing the activation energy. Low activation en-
ergy appears to be associated with the splitting of the weakest oxygen-containing, nitrogen-containing bonds
and the influence of catalytic additives on the thermal degradation of low-temperature coal tar. High activa-
tion energy values are associated with low volatility of condensed aromatic hydrocarbons contained in the
original low-temperature coal tar. Solid semi-coke is formed by condensation of solids that do not degrade.

Conclusions

The information above about the influence of catalysts on the destruction of low-temperature coal resin
shows that the method of thermogravimetry makes it possible to determine sufficiently the influence of the
applied catalysts on the thermal breakdown of low-temperature coal resin. On the basis of TG-analysis, the
kinetic parameters (activation energy and pre-exponential factor) were determined using the model-free
OFW method. The obtained experimental data on the kinetics of LTCT destruction were verified by correla-
tion coefficients (R?> 0.997).

By changing the organometallic structure of low-temperature coal tar with applied catalyst due to meta-
bolic reaction with metal, it is possible to control the process of thermal destruction, changing its speed and
Kinetic parameters, and to test selected catalysts for thermal destruction of low-temperature coal tar.
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MeTtaniapMeH 0aiiBITHIJIFAH KATAJIN3IIK KOCNA KATHICHIHIAFbI
TOMEHTEMIIEPATYPAJIbI IAHBIP TEPMOJIN3iHIH KHHETUKACHI

ArFam per MeTall OKcuarepi (TeMip, KOOalbT >KOHE HHUKENb) Oap MHKPOCHIMKATKA EHri3UIreH
HaHOKaTaIM3aTopJapAbH KaThicybiMeH Kaszakcran PecmyOmmkacer «Illy6apken Kemip» AK kewmipiepineH
IBIHFAH TeMeHTemIlepatypaibl TackeMip madbelpbiHbl (TTTII) TepMHIIBIKBIIBIpAYBl  3€pPTTEII.
MUKpOCHIMKAT TachIMaJIAyIIbl J>KOHE KaTalu3aTop KbI3METiH arkapaigsl. Mukpocwmmkar — «Tau-
Ken.temir» JKIIC Kaparanael KpeMHHI 3aybITBIHBIH ©HiMi. bacTamkbl MHKPOCHIMKATTHIH HETI3Ti
KOMITIOHEHTI KPEeMHHUH OKCHAl. MUKPOCHIHMKATTBIH JKEKe JKOHE XHMHUSUIBIK (ha3ajblK Kypambl PEHTTEHIIK
CHEKTPIIIK Tajmay apKbUIbl aHBIKTANABL. bacTamkpl MUKPOCHIMKATTBIH OONIICKTEpiHIH emeMi >KoHe
MHUKPOCWIMKATTBIH METaJUl OKCHAl KaTalu3aTOpiapbIMeH KOcCmachl (HHKeIb, KOOAIbT >KOHE TeMip)
HaHOCal3epaiH KeMmeriMeH TaObuimbel. A3oT atMmocdepacsiHaa 640 °C neifin OarnmapiaManaHfaH KbI3OBIPY
skarnaibinaa TTTIH TepMusuibIKbIAbIpay caThichl skoHe KaTanuzaTopiapMmen TTTIL xocnacel genenieHreH.
TepmorpaBumeTpusiiblk  Tangay Herizinge TTTIHI muponusi skoHe kaTanmszaropnap KocbutraH TTTII
KOCHACBHIHBIH KHHETHKAIBIK IapameTpiepi (aKTHBTEHAIPY SHEPIUsICHl, MAaCCAHBIH JKOFAITY >KBUIIAMJIBIFbI
JKOHE aJIBIHIAFbl SKCIIOHSHIHANB! KOOCHTKIII) aHBIKTanabl. KMHETHKaNIBIK apaMeTpiiep i aHbIKTay YIiH
OzaBa — @muHH — VYOWIABIH MOZENBCI3 HMHTErpajibl N30KOHBEPCHSUIBIK  9fici  KOJIAHBUIIHI.
Hanokatammzarop Oap Oonran >xoHE OoNMaraH Ke3le TOMEHTEMIIEpATypalbl TAacKeMip IIAHBIPBIHBIH
TEPMUSUTBIKBIIBIPAY aKTUBTCHIIPY SHEPTUACHIHBIH MoHIepi 54,04-ten 297,5 xJx/Monbre OeiiH aybITKUIIBL.
Kunernkanblk KommeHcanust ocepi aHBIKTAIABL, OyJl TOMEHTEMIIEpaTypalbl TacKeMip HIaibIPBIHBIH
KOIIKOMIOHEHTTI ~ KypaMblHa  JXOHE  TOMEHTEMIIepaTypaibl  TacKeMip  IIalBIphIHA  KOCBUIFAaH
KaTalnu3aTopiIap/blH acepiHe OailmaHbICTBl 00Mybl MYMKiH. TeMeHTeMIepaTypaibl TacKeMIp IIaHbIPhIHBIH
BIIbIpay KMHETHKAChIHAH albIHFAH HOTIIKENEpAl KOPCeTUIreH IIMKI3aTThIH TYPIiH KaiiTa eHjiey mnpoleciHue
MaTeMaTHKAJIBIK MOJIENIbICY 1l JKYPri3y YIIIiH AepeKTep 0a3achlH Kypy Ke3iHJe naiiiananyra 0oabl.

Kinm ce30ep: KWHETHKA, KaTalU3aTOp, MUKPOCHUIIMKAT, TOMCHTEMIIEPATYpalbl TACKOMIp IIAHBIPhI, TEMIp,
HHUKEIb, KOOANBT.

C. Tanax, M.U. baiikenos, A.M. I'tonbmanmues, Ma ®31-10H,
I'. Mycuna, T.O. XamutoBa, A.H. bonat0aii

KuneTnka repMosin3a HU3KOTEMIIEPATYPHOM CMOJIbI
B PUCYTCTBUM KATAJIMTHYECKON 100ABKHU ¢ HAHECEHHBIMH METAJLJIAMHU

BriepBbie M3ydeHO TEPMHUYECKOE Pa3ioKeHHE HU3KOTEMIeparypHoi kameHHoyroabHo# cMombl (HKC), mo-
nyderHoi n3 yrieir AO «llly6apkons xomup» Pecriy6onuku KazaxcraH, B IpUCYTCTBHM HaHOKATalIW3aTOPOB
C HAHECEHHBIMH Ha MHKPOCHIMKAT OKCHIBI METAIIOB (Kene30, KOOAIbT W HUKeNb). MHUKPOCHIMKAT
BBITTONTHSIET POJIb HOCHUTENS M KaTamm3aropa. MHKpPOCHIMKAT — MpoayKT KaparaHIMHCKOTO KPEMHHEBOTO
3aBozia TOO «Tau-Ken.temir». OCHOBHBIM XMMHYECKUM KOMIIOHEHTOM HCXOJIHOTO MUKPOCHIIMKATA SIBIISCTCS
OKCHJ KpeMHHA. VHIUBUIYanbHBIH W XUMUYECKHN (Ha30BBI COCTaB MHUKPOCHIMKATA OMPEACISIN C TOMO-
IBIO0 PEHTT€HOCIIEKTPAILHOTO aHanu3a. Pa3Mep 4acTUIl HCXOAHOTO MUKPOCHIIMKATA U CMECH MUKPOCHIIMKATa
C KaTalu3aTopaMH OKCHAa METAJUIOB (HHMKENb, KOOAIBT M JKEJIe30) ONpPEACNsUId C IMOMOIIBI0 HaHocai3epa.
VYcraHoBneHsl craauitHocTs TepMopasnokeHus HKC u cmece HKC € karanmuszatopamu B yCIOBHAX
nporpammupyemoro Harpesa 1o 640 °C B atmocdepe azota. Ha ocHOBe TepMOrpaBUMETPUYECKOTO aHAIHM3a
OTIpe/IeNICHbl KHHETHYECKHE TTapaMeTphl (SHEPTUs aKTUBAIMH, CKOPOCTh MOTEPUH MACChl H MPEI3KCIIOHEHIIN-
anbHbI MHOXUTENb) nuponn3a HKC u cmecn HKC ¢ noGaBneHHbIME KaTanuzatopamu. Ui onpeaeneHus
KAHETHYECKUX MapaMeTPOB HCIOJIb30BaH O€3MOIENIbHBII MHTETPaIbHBI H30KOHBEPCHOHHBIN MeTton O3aBa—
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Kinetics of Thermolysis of a Low-Temperature Tar ...

Onuue—Yomna. 3HaueHus sHepruM akTuBanuu tepmopaectpykiuuu HKC B oTcyTcTBUM M B IPUCYTCTBHU
HaHOKaTalInu3aTopa HaXOAWIUCh B auanasoHe 54,04-297,5 k/[x/mMonb. BeisiBlieH KHHETHYECKHH KOMITEHCAIIN-
OHHBIH 3] deKT, BeposTHO, 00YCIOBICHHbBIH MHOTOKOMIIOHEHTHBIM coctaBoM HKC u BiusiHueM 100aBieH-
HBIX KatanmzaTopoB kK HKC. Metox TepMorpaBUMeTpHHy 1oKa3ayl BEICOKOE BIIMSHIE HAaHECEHHBIX KaTan3a-
TopoB Ha TepmoecTpykio HKC. C momomipio JaHHOTO MeToza onpe/ieieHbl 3HaUYeHUs SHEPTHH aKTHBAINKI
U npeadKcroHeHnuanbHbii MEoxkuTens gectpykiuuu HKC u emecu HKC ¢ kaTanusaropamu npu pa3iuuHbIX
CKOPOCTSIX HarpeBa, 4YTO IIO3BOJSIET IIOAPOOHO HWHTEPIPETHPOBATh JAHHBIC TEPMHUUYESCKOTO aHaIH3a.
Ilonmyuyennsle pe3ynpTaThl KHHETHKH pasziokeHns HKC MoryT OBITH HCIOJB30BaHBI IPU CO3JAHHUU 0a3bl
JaHHBIX OJIs TPOBEJECHHS MaTeMaTHYECKOTO MOAENUPOBAHUS Mpoliecca MepepabOTKH yKa3aHHOTO BHAA
CBIPBSL.

Kniouesvie cnosa: KnHeTHKa, KaTaan3aTop, MUKPOCHIMKAT, HU3KOTEMIIEpaTypHas KAMEHHOYTOJIbHAs CMOJIa,
JKEJIE30, HUKENb, KOOAJIbT.
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