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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.
Microsilicate is a product of the Karaganda silicon plant of “Tau-Ken.temir” LLP. The main chemical com-
ponent 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 heating 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 fac-
tor) of LTCT pyrolysis and mixture with added catalysts were determined. The modelless integral
isoconversion Ozawa—Flynn—-Wall method was used to determine the kinetic parameters. The values of the
activation energy for the thermal destruction 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 multi-
component composition of the LTCT and the influence of added catalysts to the LTCT. The
thermogravimetry method showed a high effect of the supported catalysts on the thermal degradation of
LTCT. This method was used to determine the values of the activation energy and the pre-exponential degra-
dation factor for the LTCT and the mixture with catalysts at different 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
thermokinetic 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 poly-
mer degradation, 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
reactions. In this regard, one of the most important tasks facing the researchers is the designing of recom-
mendations 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.

© 2022 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 1


https://doi.org/10.31489/2022Ch4/4-22-13
mailto:saika_8989@mail.ru

S. Tyanakh, M.I. Baikenov et al.

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”» 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, %
S|02 T|02 A|203 Fe,03 CaO MgO MnO P,O;y K,0O 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
CoCl,-6H,0, NiCl,-6H,0, FeSO,-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

2 Bulletin of the Karaganda University



Kinetics of Thermolysis of a Low-Temperature Tar ...

in the muffle oven at 550 °C for 2 hours (applied catalyst). The component chemical composition of the
microsilicate after leaching was established using the X-ray spectral and gravimetric method and was pre-
sented in the (Table 2).

Table 2
Composition of initial microsilicate after leaching
Content of components, %
SlOZ T|02 A|203 Fe,03 CaO MgO MnO P,O5 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
(Setaram, 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 analy-
sis 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 Fig.1 at heating rates f —
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/Be = f (), (1)
where a — is fractional conversion of raw material; B — is the linear heating rate of samples, °C/min; A — is
the pre-exponential factor, ¢*; T — is the absolute temperature, K; E — is the activation energy, kJ/mol;
R — is the gas constant, 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 o in equation (1) is the relative degree of oil sludge transformation, defined as
o = ms — m/ms — m; where mg and m; are the initial and final mass of the substance, m is the mass of the sub-
stance at the measurement point [8].
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). )
G(o) for a first-order reaction is equal to

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

p(z):e’Z/z—J'Z e?/zdz;z=E/RT.

Using the Doyle approximation [16] 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:

InB, =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, 16]. 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 B — 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 3 is one maximum (Figure 2 b, d, ), 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 (Figure
2 b), the maximum decomposition of the organic mass of low-temperature coal tar is achieved at a tempera-
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ture 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 (Figure 2 d) and when iron is added, there is
a maximum decomposition of the organic mass of low-temperature coal tar at 579 K (Figure 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]

(Figure 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, B — 20 °C/min, § — 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 [16] 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).

CHEMISTRY Series. 2022



S. Tyanakh, M.I. Baikenov et al.

Table 3
Energy Activaition of Thermal Destruction of Low-temperature Coal Tar Blend
and Microsilica with Applied Catalysts
Sample 1 — Sample2  Sample 3  Sample 4
Relative (microsilica + Ni 1.5 % | (microsilica + Co 1.5 % | (microsilica + Fe 1.5 %
(low-temperature coal tar

degreg of without catalyst) + Iow-t.empe_rature coal | + Iow-t.empe_rature coal | + Iow-t_empe'rature coal

conversion, o tar, particle size 0.1 mm) |tar, particle size 0.1 mm) |tar, particle size 0.1 mm)
E., KJ/mol InAc™ E,, KImol | InAct | E, KImol | InAct | E, KI/mol | InAc*
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 o 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 kJ/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 Figure 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
conversion rate of 0.1-0.2 leads to an increase in activation energy and a pre exponential factor, and further
increasing the conversion rate from 0.3 to 0.9 significantly reducing the activation energy. Low activation
energy 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
activation 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 de-
grade.

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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MeTaagapMeH 0albITHIIFAH KATAJN3IIK KOCIA KATHICBIHIAFbI TOMEH
TeMIEePATYPaJIbl IAWBIP TEPMOJIN3iHIH KMHETHKACHI

AjFam per MeTall OKcuaTepi (TeMip, KOOambT >KOHE HHKENb) Oap MHKPOCHIMKATKA EHri3UIreH
HaHOKaTanu3aropyap/slH KateicybiMeH Kasakcran Pecmybmukacer «llly6apken Kemip» AK kemipnepinen
QIBIHFAH TOMEH TeMreparypaibl TackeMmip madbslpbiHble (TTTILI) TepMUsUIBIK BIABIPAybl 3€pPTTEII.
MUKpOCHIMKAT TachIMaJAyIlbl J>KOHE KaTallM3aTop KbI3METiH arkapaisl. Mukpocunukar — «Tau-
Ken.temir» JKIIC Kaparannel KpeMHHil 3aybITBIHBIH ©HiMi. bacTamkbl MHKPOCHIMKATTBIH HETi3ri
KOMIIOHEHTI KpPEeMHHH OKCHZl Ooibim TaObuTamgbl. MUKPOCHIMKATTHIH JKEKE >KOHE XHUMILUIBIK (ha3aiblk
KYpaMBbl pEHTTeHIK CIEKTPIIK Talgay apKbLIbl aHBIKTAIABL. bacTamke! MIMKi3aT MUKPOCHIMKAT KOHE METaIlT
OKCHATEPi (HUKENb, KOOATBT jKOHE TEMIp) CHTI3UINeH MUKPOCHIMKATTHIH OOJIIEKTEPiHiH eeMi Ja3epilik
NETePMUHAHT KOMETIMEH aHBIKTaIAbl. A30TThI atMocdepana 640 °C neifiH Oargapiamananfad KbI3IBIPY
JKaFJalbIHIa TEPMUSUIBIK BIABIPAY KE3€HAEPi OpPHATBUFAH. TepMOrpaBUMETPHSIBIK Tajlgay HETi3iHIe TOMEH
TeMIIepaTypanbl TaCKOMIp INaHBIPBIHBIH MHPOJIU3IHIH KHHETHKAIBIK MapaMmeTpiiepi (aKTHBTEHY SHEPTHSICHI,
JKBULIAMJIBIK, Macca JKOFANTY JKOHE HSKCIIOHCHIMANIbl (aKkTop) KOHE TOMEH TeMIlepaTypajbl TacKeMip
HmIaifbIpbIHa KOCBIIFaH KaTaju3aTtopnap Kocrackl O3aBa — OuuHH — Y0Ju1 MOJIeNCi3 MHTErpalibl H30KOHBEP-
CHSJIBIK SIICIH TaiijiaylaHa OTBHIPBIN ecenTtesai. ToMeH TeMrepaTypaibl TacKeMip HIafbIpHIHBIH HaHOKAaTa-
JM3aTOPCHI3 JKOHE TOMEH TEMIIepaTypaibl TaCKeMip IIaHBIPBIHBIH KaTBICBIHIA TEPMHSUIIBIK BIIBIpAy YIIiH
aKTHBTEHIIPY OJHEPTHACHIHBIH MoHAepi 54,04-tern 297,5 k/[x/Moipre neiin aybITKUABL KWHETHKAIBIK
KomrieHcarust 3¢ dekrici aHBIKTaNIbl, OJJKIM, TOMEH TEMIIepaTypaibl TACKOMIp MIAHBIPBIHBIH KOIIKOMIIO-
HEHTTI KYpaMbIHA JKOHE TOMEH TeMIIepaTypalIbl TaCKeMip MIaHbIphIHA KOCBIIFAH KaTalH3aTOPIAP/BIH ocepiHe
GaitnanpicTEl. TeMEH Temmeparypanbl TacKeMip MIAHBIPHIHBIH  bIAbIpay KHHETHKAaChIHAH —AJIBIHFaH
HOTIDKeJIep Il KOPCETIIreH MIMKI3aTThIH TYPiH KalTa eHJIey NMPOIECiH MaTeMaTHKAJIBIK MOJCIBACYAl KYpPri3y
YIIH AepeKkTep 0a3achlH Kypy Ke3iHJe naiiiananyra 0onaspl.

Kinm ce3depi: KUHETHKA, KaTaIM3aTOP, MUKPOCHIMKAT, TOMCH TEMIIEPaTypalbl TACKOMIp IIAHBIPBI, TEMIp,
HHUKEIb, KOOANBT.

C. Tanax, M.U. baiikenos, A.M. I'toneMmanmues, Ma ®31-10H,
I'. Mycuna, T.O. XamutoBa, A.H. bonat6aii

Kuneruka TepMoJin3a HU3KOTEMIIEPATYPHOM CMOJIBI
B IPUCYTCTBMH KATAJIUTHYECKOH 100ABKH ¢ HAHECEHHBIMH METAJJIAMHU

BriepBrlie n3ydeHo TepMuueckoe pasiioxkeHHe HU3KoTeMIepaTypHoi kaMeHHoyronsHoi cmounsl (HKC) moiry-
uyeHHol u3 yrieit AO «llly6apkons xomup» Pecrryonmukn KasaxcraH B MPHUCYTCTBHH HaHOKATalIM3aTOPOB C
HAHECCHHBIMH Ha MHKDPOCHJIMKAT OKCHIbI METa/uioB (Kele30, KOOanbT M HHKENb). MHKPOCHIHKAT
BBINIOJHSAET POJb HOCUTENA M KaTanu3aropa. MHKpocHIMKAaT — HpoayKT KaparanIuHCKOro KpeMHHEBOTO
3aBoga TOO «Tau-Ken.temir». OCHOBHOM XMMHUYECKUH KOMIIOHEHT MCXOJHOTO MHKPOCHIJIMKATA SIBJIAETCS
OKCHJl KpeMHUii. HANBUIYaIbHBI M XUMHYECKUH (Da30BbIil COCTAB MUKPOCHJIMKATA ONPEIesUTH C IOMO-
IIBIO PEHTT€HOCIIEKTPAILHOTO aHanu3a. Pa3Mep 4acThIl HCXOAHOTO MUKPOCHIIMKATa U CMECH MUKPOCHIINKATa
C KaTaJu3aTopaMH OKCHJ METaJuIOB (HHMKENb, KOOAJIBT M )KEJe30), ONpele/sid ¢ MOMOLIBI0 HaHocai3epa.
VYcranosnena craamitHocTs TepmopasnokeHuss HKC m cmece HKC ¢ karanmsaTopamm B yCIIOBHSIX
nporpamMmupyemMoro Harpesa 10 640 °C B atmocdepe azota. Ha ocHOBE TepMOTpaBUMETPHIECKOTO aHANN3a
OIIpEe/IeNICHbl KNHETHIECKHE apaMeTphl (JHEPTUs aKTHBAIMHU, CKOPOCTh IIOTEPUH MAacChl U MPEIIKCIIOHESHIIH-
anbHbIi MHOXHUTENb) nuponnza HKC u cmecu HKC ¢ noGaBneHHbIME KaTanuzaTopamu. s OHpeaeseHus
KUHETHYIECKHX NapaMeTPOB HCIONb30BaH 0€3MO/IeTbHBII HHTErpanbHbIi N30KOHBEPCHOHHBIH MeTo O3aBa —
OnuuH — Yomna. 3HaueHus sHeprun aktupanuu tepmojectpykiuun HKC B oTcyTcTBHE M B MPHCYTCTBHM
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Kinetics of Thermolysis of a Low-Temperature Tar ...

HaHOKaTalIn3aTopa HaXOAWIUCh B ananasoHe 54,04-297,5 k/[x/mMonb. BeisiBlieH KHHETHYECKHH KOMITEHCAIIH-
OHHBIH 3()(eKT, BeposiTHO 00yCIIOBICHHBI MHOrOKOMITOHEHTHBIM coctaBoM HKC u BnusiHueM 100aBiIeHHBIX
katanu3aropoB k HKC. Merton TepMorpaBUMeTpun MOKa3al BBICOKOE BIUSHUE HAHECEHHBIX KAaTalHM3aTOPOB
Ha Tepmozectpyknuio HKC. C momormpio JaHHOTO MeToJa OIpeJeIeHb 3HAUSHUs] YHEPIUU aKTHBAUH H
npeadkcrnoHeHnuanbHbi MHOkUTeNb gecTpykiuu HKC u cmecu HKC ¢ katanusaropamu Ipu pas3iduHBIX
CKOPOCTSIX HarpeBa, 4YTO IIO3BOJSIET IIOAPOOHO HHTEPIPETHPOBATH JAHHBIC TEPMHUYECKOTO aHaIN3a.
Tlomyuennsle pe3ynbraThl KuHeTHKH pasznoxkeHnss HKC MoryT OBITH HMCIIONB30BaHBI HMPH CO3MAHHU Oasbl
JaHHBIX AT TPOBEICHHS MaTeMaTHYEeCKOro MOJENHPOBAHUS Tpoliecca MepepaboTKM yKa3aHHOTO BHA
CBIPBSL.

Kniouesvie cnosa: KuHeTHKa, KaTaau3aTop, MUKPOCHIMKAT, HU3KOTEMIIEpaTypHas KAMEHHOYTOJIbHAsI CMOJIa,
JKeJIe30, HUKEb, KOOAJIbT.
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