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The article proposes a method for producing synthetic pitch based on a two-stage processing
of tar obtained from the semicoking of coal from the Shubarkol deposit. The first stage involved
hydrogenation of coal tar followed by the separation of a fraction with a boiling point above 270 °C from
the resulting hydrogenate. The research results showed that the phenol content in the hydrotreated
fraction decreased from 23.73 to 4.67 g/L compared to the initial tar, while the benzene content was
37.6 g/L.

At the second stage, the hydrotreated fraction with a boiling point above 270 °C was subjected
to thermal treatment to obtain synthetic pitch. The effect of thermal treatment pressure on the
physicochemical properties of the resulting synthetic pitches was investigated using EPR spectroscopy.
According to the EPR spectroscopy results, an increase in the concentration of free-radical states in
the synthetic pitch is associated with an increased asphaltene content.

In addition, increasing the thermal treatment pressure from 2.5 to 3.5 MPa led to a decrease
in the penetration value of the synthetic pitch from 91 to 31 mm, indicating an increased proportion
of high-molecular-weight aromatic hydrocarbons in its composition. The resulting material, enriched
with aromatic hydrocarbons, is promising for use in the production of carbon materials, electrode
masses, and binders.

KEYWORDS: coal tar, hydrogenation, asphalt, coal, thermal treatment.

HE®Tb N TA3 &8 2026 2 (152) 249



HEPTEXUMUNA

NOJTYHEHWE CUHTETUYECKOIO MNEKA METOZ1OM
ABYXCTAAUNHOM NEPEPABOTKU KAMEHHOYTOJIbHOU CMOJ1bl

H.T. CMAT'YINOBA, kaHOnaaT XMMNYeCKMX HayK, acCoLMMpOBaHHbIA npodeccop,
Nazumsmagulova@gmail.com

N.0. AMQAPOBA poktopaHT, Laura.aidarova12@gmail.com

JN.K. KYOPEEBA, kaHongat XMMuU4ecknx Hayk, accoLumMmpoBaHHbIv npodeccop,
Leila.Kudreyeva@kaznu.kz

KA3AXCKUA HALIMOHATBbHbLIA YHUBEPCUTET UMEHWU ANb-®APAB
Pecnybnuka KasaxcrtaH, 050040, r. Anmatsl, np. anb-Papabu, 71

B cmambe npednoxeH crnocob rnomy4yeHuUsi CUHMemu4YecKo20 reka Ha ocHoge 08yxcmadulHol
nepepabomku CMOIbI, MOyYEHHOU rpu MoTyKOKco8aHUU yarisi MecmopoxoeHus LLly6apkern. lNep-
8asi cmadusi pouecca 3akrJasnack 8 2udpoaeHuU3ayuu KaMeHHOY2071bHOU CMOJIbI U 8bI0e/IeHUU
u3 obpa3sosasuweeocsi 2udpoceHusama hpakyuu ¢ memrnepamypou kurneHusi eoiwe 270 °C. 1o
pesynbmamam uccredosaHull ycmaHoe8reHo, 4mo codepxkaHue ¢heHoro8 8 cocmase 2udpoobpa-
6omaHHOoU ghpakyuu cHuU3unock ¢ 23,73 0o 4,67 2/r1 no cpasHeHUo ¢ UCXOOHOU cMmosol, moada
Kak coldepxxaHue 6eH3ona cocmasurno 37,6 a/n.

Ha emopoti cmaduu eudpoobpabomaHHas hpakyusi ¢ memnepamypou KuneHus ebiwe 270 °C
rnodeepeanacb mepmuyeckol obpabomke ¢ nony4YeHUeM CuHmMemu4yeckoeo neka. BnusHue das-
JIeHuUs1 npoyecca mepmMmuyeckol 0bpabomku Ha ¢hu3UKO-XUMUYECKUE roKa3amersiu rosy4eHHbIX
CUHMemuyeckux nekos uccredosaHo memooom IlP-cnekmpockonuu. CoanacHo pesyrbmamam
OlP-criekmpocKonuu, nosbiweHuUe KoHuyeHmpauuu ceobodHopaduKasibHbIX COCMOSIHUU 8 CUHMe-
MUYECKOM rneKe c8s3aHO C ygeruyeHuUeM cooepxxaHusi acghasibmeHos.

Kpome moeo, npu nosbiweHuu dasnieHusi npouyecca mepmuyeckoli obpabomku ¢ 2,5 do 3,5
Mrlla 3HayeHUe neHempayuu CUHMeMUYeCcKo20 rneka cHu3unock ¢ 91 do 31 MM, ymo ceudemerib-
cmeyem 06 ygenuyeHuu AosU 8bICOKOMOIEKYIISIPHLIX apoMamuyeckux yareeodopodos 8 e2o cocma-
ge. [NonyyeHHbIl Mamepuar, 0bo2awéHHbIl apoMamu4ecKuMu yarneeodopodamu, nepcrnekmueeH
0151 IPUMEHEHUS 8 NPou3800cmMee yarepoOHbIX Mamepuarsos, 31eKmMpOoOHbIX MacC U C8S3YIOWUX.

KITOYEBBIE CJIOBA: kameHHOy20rnbHasi cMorna, sudpuposaHue, aceharibmeHsbl, y2orib,
mepmuyeckasi obpabomka
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Makanada LLlybapken KeH OpHbI KOMIPIH apmhblnali KOKCmey apKbifibl anbiHFaH walblipobl
eki cambiribl eHOey Hezi3iHOe cuHmemuKarblK ek any macini yYcbiHbinobl. bipiHwi cambida mac
KeMmip wadlblpbl andbiMeH audpo2eHu3ayusinaHobl, arn my3sinaeH eudpo2eHu3ammaH KalHay mem-
nepamypacsbi 270 °C-maH xofapbl 2u0poeHOenzeH pakyusi beniin aneiHObl. 3epmmey Hemu-
XKenepi 6olibiIHWa 2udpoeHoenzeH hpakyusi KypambiHOarbl ¢heHorndapobiH Mesiwepi bacmankbi
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walbipMeH carnbicmbipraHda 23,73 e/n-0eH 4,67 a/n-2e deliiH memeHOedi, ar 6eH30710bIH M6rl-
wepi 37,6 2/nn Kypadsi.

OHOeydiH eKiHwi cambicbiHOa KaliHay memnepamypacbi 270 °C-maH xofapbl 2u0poeHOen2eH
bpakyuss mepmusinbIK 6HOenin cuHmemukarbiK neK anblHObl. AnbiHFaH CUHMemukarblK nekmepoiH
pusuKa-xUMUsnbIK KepcemkiwimepiHe mepMusifibiK eHOey rnpoueci KbicbiMbiHbIH acepi OINP-criek-
mpockonusi 8dicimeH 3epmmendi. AP-cnekmpockonusi Homuxkernepi 60lbiHWa CUHMemukasbIK
nekmeei 6oc padukandbl KyUnep KOHUeHmMpauusiCbiHbIH XOfapbinaybl acghanbmeHoep MeuepiHiH
apmybimeH balnaHbicmebl.

CoHOau-aK mepmusinibiKk 6HOey MpoUeCiHiH KbicbiMbiH 2,5 MIMa-0aH 3,56 MIlMa-ra apmmbipraHda
CUHmMemukarblK nekmiH neHempauyus maHi 91 mm —0eH 31 Mm-2e memeHdOedi, by nek KypambiHOa
JKOFapbl MOJeKyasnbIK apoMammbl KOMipCymeKkmep yreciHiH apmkaHbiH 0anendelidi. Apomam-
mbI Kemipcymekmepee 6ali byn mamepuarn Kkemipmekmi Mamepuanoap, 371eKmpo0mbiK Macca-
nap xoHe balnaHbicmbipywsl Mamepuandap eHJipiciHOe KondaHyra muimoi 6051bim mabbinadbl.

TYUIH CO3[EP: mackemip walibipsl, 2udpozeHdey, acchanbmeHOep, Kemip, mepMusinbIK
oeHdey.

aromatic hydrocarbons, alongside polycyclic structures incorporating heteroatoms

within their rings. The sum of these substances is about 95 % of tar components.
In addition, tar contains phenols, organic bases, a number of quinoline and acridine. Coal
tar is a unique, unparalleled source of raw materials that currently meets more than 95%
of global demand for condensed aromatic and heterocyclic compounds.

Scientific work was carried out for the purpose of quantitative and qualitative analysis
of the component composition of coal tar. A detailed analytical study of its composition
and chemical structure will be of great importance for its further processing. Using a
combined method of planigraphy — gas chromatography/mass spectroscopy (GC/MS),
the composition of coal tar was studied. The results show that the aliphatic compounds
in the coal tar mainly included various paraffinic hydrocarbons C6-C28, alkenes and
small amounts of alicyclic compounds. Aromatic groups mainly consist of monoaromatic
compounds, polycyclic aromatic hydrocarbons (PAH-s) and some heterocycles containing
N and S (PAN-H, PASH). The ester groups in the coal tar contain some oxygen compounds
and several aromatic compounds with N and S. The main components of the polar groups
in the coal tar were various phenols, methyl and dimethylphenols, naphthols and their
derivatives. The analysis gives a satisfactory result, offering an acceptable theoretical
basis for further processing and disposal of coal tar [1].

The source of formation of resinous asphaltene substances is aromatic hydrocarbons.
The main components of the polar groups in the coal tar were various phenols, methyl and
dimethylphenols, naphthols and their derivatives. The reduction of phenols into aromatic
hydrocarbons has long been of interest from the point of view of the use of phenols of
primary tar [2].

It has been shown that the hydrogenation of phenols can be carried out in several
ways: 1) hydrogenation of the benzene ring with the preservation of the hydroxyl group;
2) hydrogenation to hydroaromatic ketones; 3) conversion of phenols to aromatic and
alicyclic hydrocarbons; 4) hydrodealkylation of higher phenols with the formation of
lower phenols:

ntroduction. Coal tar primarily consists of a blend of bicyclic and polycyclic
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Therefore, along with the study of ways to rationally use individual phenols, the
efforts of researchers are also aimed at finding the possibility of converting individual
fractions of primary tar into valuable chemical products without isolating individual
components. For such use of phenols, their hydrogenation processing can be of great
importance, allowing, depending on the process conditions, to obtain either phenol and
cresols or hydrocarbons from higher phenols [1-4].

As shown in the mentioned works, phenol and its homologues were converted into
aromatic hydrocarbons and their derivatives by the hydrogenation process. These aromatic
hydrocarbons and their derivatives are the main source in the production of resinous
asphaltene substances, which are the main structural component of raw materials.

During hydrogenation without preliminary dehydration and distillation, highly reactive
tar compounds are actively stabilized by saturating them with both molecular and atomic
hydrogen when transferred from a hydrogen donor, since these reactions occur at a lower
temperature than the formation of atomic hydrogen from a molecular hydrogen. Several
scientific works [5] have been carried out on the possibility of manufacturing raw materials
for the production of various products by changing the chemical composition as a result
of the process of hydrogenation of coal tar.

Hydrogenation technology is an important process for the chemical alteration of
low-grade oils, such as coal tar. This study proposes a new systematic methodology
for determining the characteristics of mixture flows for kinetic modeling of the coal tar
hydrogenation process [6-7].

It is not possible to obtain pitch of the required quality by fractionation of coal tar,
including pitch with an increased softening point. For these purposes, the use of highly
aromatic tars is necessary. Among the available methods, thermal treatment under tar vapor
pressure is the most important, as it primarily ensures an increase in the softening point
to 85-90 °C and higher, as well as an increase in the content of the a, and B fractions. As
a result, the aromaticity of the pitch increases. The optimal combination of the a, and 3
fractions is achieved at pitch softening points of 105-110 °C. Processing of the high-boiling
anthracene fraction of coal tar into pitch binder appears to be a promising approach [8].

In this regard, based on the work done, it is currently possible to develop the direction
of deep processing of coal tar and expand the possibilities of using products derived from
it in new industries, increasing the role of coal tar as a unique raw material.
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Materials and methods

Based on the results of these works, experiments were carried out on primary tar
obtained by partial coking of coal from the Shubarkol deposit (Kazakhstan). The physical
and chemical properties of coal tar are listed in 7able 1. The oil from Kumkol deposit
(Kazakhstan) with a boiling point above 270°C was used as H-donor of the distillation
residue with the following characteristics: density at 20°C 0.8077 g/cm?®; viscosity 9.69
mm?/sec; content, wt.%: paraffins 14.73; asphaltenes 1.52; tar 8.2; elemental composition,
wt. %: C 83.85; H 11.27; S 1.81; N 0.80; O 2.27.

Experiment on the hydrogenation process

The process of hydrogenation of coal tar was carried out in a high-pressure reactor Parr
Model 4848 (Parr Instrument Company, Moline, Illinois). The stirred reactor was heated
to a temperature of 400°C using a digital controller Parr 4848 through a heater connected
to the current source. When the effective content of Mo in the catalyst reached 0.05%,
and the mixture of coal tar and H-donor in a ratio of 1:1 was brought to a temperature of
420°C, the stirrer was evenly enabled. Before launching, in order to establish the inert
medium and the initial pressure (1 MPa), the technical argon collected in the cylinder
was introduced into the reactor with pressure control in the gas reducer. The pressure in
the system of 4 MPa was controlled by a pressure gauge.

Determination of softening temperature

Determination of the softening temperature of the samples was carried out in an
automatic device Lintel ® KiSh-20. The range of automatic determination of sample
softening temperatures is 20-200°C. Atmospheric pressure is 680-800 mm Hg. According
to this method, the molten sample is poured into a standard copper ring and held until
completely solidified. Then a steel ball of a certain size is placed on the surface of bitumen
and placed on a special stand in a glass with water. The temperature at which the ball
under the action of its own gravity will pass the sample layer in the ring and touch the
control disk under the ring is taken as the softening temperature.

Determination of penetration

Determination of asphalt penetration was carried out by an automatic penetrometer
for oil products MON-20B. Penetration range is 0 - 630 penetration units. Displacement
meter error is £0.05 mm. Penetration time is from 1 to 3599 sec. Delay time before
penetration is from 0 to 3599 sec.

The molten sample is poured into a brass cup. After cooling, the cup with the sample
is placed for 1 hour in a water bath, the temperature of which is 25°C. After 1 h, the cup
with the sample is placed on the disc-table of the standard device - the penetrometer. The
degree of hardness (penetration) is determined by the depth of penetration of the needle
into the sample for 5 sec under the load of 50, 100 or 200 g. The penetration unit is the
needle penetration depth of 0.1 mm.

Gas chromatography-mass spectral gas-liquid chromatography

Group hydrocarbon tar samples were determined on the "Crystal 50000.2"
chromatograph. Flame ionization detector used for many organic compounds,
Programmable evaporator (on-column). Capillary column, carbon dioxide cooling option
for column oven (for ASTM D7169 method)
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Result and discussion

Composed of elements boiling in the 65-500°C range, coal semi-coking tar is a viable
feedstock for synthetic pitch manufacturing.

The properties of synthetic pitch are influenced by the nature of the raw materials.
By appropriate selection of raw materials, materials of various properties can be obtained.
The characteristics of the primary tar obtained by semi-coking of coal from the Shubarkol
deposit are shown in Table 1.

Table 1 - Physico-chemical parameters of primary coal tar

Indicator Parameter value
Density at 20°C, kg/m? 1071
Elemental composition, wt. %:

C 91.11

H 5.50

S 0.35

N 1.46

O (different) 1.58

As can be seen from 7able I, the sulfur content of the raw materials is 0.35 wt. %.
During the hydrogenation of raw materials, sulfur in the tar composition acts as a
sulfidizing agent.

Prior to the study, a gas chromatography-mass spectral analysis was performed to
quantify the chemical composition of the primary tar. The quantitative content of the
chemical composition of the primary tar is presented in Table 2.

Table 2 — Quantitative content of coal tar

Name of identified Concentration of . .
substances substances, g/I O, W

Phenol 23.73 7.65
2-methylphenol 14.31 8.65
3-methylphenol 36.91 8.94
2,4-dimethylphenol 17.19 9.74
3-ethylphenol 23.77 9.95
diht/crjr:c(::(:)l;lekzzene >-30 1081

As shown in the table, the proportion of phenol and its homologues in the chemical
composition of coal tar is relatively high. The proportion of phenol is 23.73 g/. The process
of hydrogenation of coal tar was carried out in order to convert the phenols contained in
the tar and their homologues into aromatic hydrocarbons and their homologues.
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To achieve a lower sulfur content in the final pitch or coke, the most effective
approach is to reduce the sulfur concentration in the feedstock used for coking. Although
desulfurization of already finished products is an acceptable solution for materials with high
sulfur content (4—7%), it should be taken into account that this process leads to a decrease
in their density and a deterioration of mechanical strength [9]. Heavy hydrogenated coal tar
is a valuable product with low density, characterized by a high hydrogen-to-carbon (H/C)
ratio, minimal heteroatom content, and a negligible amount of metallic impurities. These
properties determine its excellent processability and technological performance [10]. A
moderate increase in temperature during hydrogenation is an effective method for removing
heteroatoms, particularly sulfur. At a hydrogenation temperature of 390 °C, the aromatic
compounds present in the feedstock become polarized due to the cleavage of molecular
chains and subsequent polycondensation. The composition of the raw material has a decisive
influence on the formation of the needle coke structure: in particular, a higher content of
tricyclic and tetracyclic aromatic compounds in the refined feedstock directly contributes
to achieving a higher degree of graphitization in the final needle coke product [11].

Hydrogenation of coal tar was carried out at a temperature of 420°C and a pressure of
4 MPa, with a catalyst of 0.05 wt.% MoS, and a hydrogenate was obtained. Hold up time —
1 hours. Since the largest amount of asphaltenes is concentrated in the fraction boiling
above 270°C, and with prolonged exposure of these compounds, the decomposition of
asphaltenes occurs with the formation of oils, as well as tars, carbenes and carboids, the
conversion of phenols into aromatic and alicyclic hydrocarbons.

As can be expected, under these conditions, both destruction and structuring processes
occur. During the hydrogenation process, the main changes occur with alkyl and naphthenic
fragments of asphaltene structures. Hydrogenation of coal tar is carried out at 420°C and
a pressure of 4 MPa, with 0.05 wt.% of catalyst MoS,. The results of hydrogenation of
coal tar are presented in Table 3.

Table 3 — Results of coal tar hydrogenation

o o ) o ) o Fraction
Temperature, °C >180°C | 180-250°C | 250-270°C above >270°C, %
Without catalyst, 420 2,6 11,0 18,4 50.0
420 2,8 26,0 21,0 68.0

The mass of the fraction obtained with the participation of the catalyst is greater than
the mass of the fraction above >270°C obtained as a result of the coal tar hydrogenation
process. That is, compared to the mass obtained without the participation of the catalyst, it is
increased from 50.0 wt.% to 68.0 wt.%. The influence of the hydrogenation process on the
chemical composition of the obtained fraction with a boiling point of over 270°C was studied.

To stabilize the highly reactive compounds of the primary tar, we carried out
hydrogenation refinement without prior distillation in the presence of a hydrogen donor
by saturating it with both molecular and atomic hydrogen when transferring it from a
hydrogen donor, since these reactions occur at a lower temperature than the formation of
atomic hydrogen from a molecular hydrogen. In the work, the residue of distillation with
a boiling point above 270°C of oil from Kumkol deposit was used as a hydrogen donor.
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This, in turn, reduces the coke formation process and increases the yield of the liquid
product. For example, in the following work the coke formation passed through a minimum
at 510°C. Among the diluents such as tetralin, cyclohexane, crude and pure benzene, and
synthetic and low-temperature gasolines, decrease of coke yield was observed with tetralin
and cyclohexane in the hydrocracking of tar [12].

This, in turn, reduces the viscosity of the resulting hydrogenate with the possibility
of its further oxidation. That is, the viscosity of the mass obtained as a result of the
oxidation process of the hydrogenate decreases. The results of comparison of the
chemical composition of the fraction with a boiling point above 270°C with the chemical
composition of primary coal tar are presented in 7able 4.

Table 4 — Results of comparison of the chemical composition of the fraction with a boiling point above
270°C with the chemical composition of primary coal tar

Name of identified Concentration of substances, g/l
substances coal tar fraction above >270°C
phenol 23.73 4.67
2-methylphenol 14.31 1.2
3-methylphenol 36.91 35
2,4-dimethylphenol 17.19 0.65
3-ethylphenol 23.77 0.73
benzene - 37.6

As can be seen from the table, the proportion of phenol in the fraction with a boiling
point above 270°C decreased from 23.73 g/l to 4.67 g/l compared to primary coal tar, and
the proportion of benzene — 37.6 g/1.

The enhanced proportion of aromatic hydrocarbons within coal tar's chemical
composition, which are integral to the structural makeup of synthetic pitch, enables its
future utilization as a source material for coke manufacturing.

Mesophase pitch is primarily formed through the process of thermal polycondensation,
which can be conventionally divided into two stages. First, the raw material undergoes
thermal decomposition: aromatic and cycloalkane compounds are dehydrogenated, and
long aliphatic chains are cleaved, leading to the formation of numerous reactive radicals
and low-molecular-weight species. Then, these reactive intermediates undergo free-
radical polymerization, forming large polycyclic aromatic molecules. However, due to
the complex composition of the raw material, these stages may occur simultaneously and
interdependently [13].

Further, the thermal treatment of the fraction with a boiling point of over 270°C was
carried out at a temperature of 500°C, 2,5-3,5 MPa, the physical and mechanical parameters
of the pyrolyzed product were determined (7able 5).

As can be seen from the table, with increasing oxidation time, the penetration value
decreases while the softening temperature increases. The penetration value of the light
synthetic pitch is 91 mm, which is the highest value among the studied pitches, indicating
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Table 5 — Physical and mechanical properties of synthetic pitch

Temperature | Pressure, Penetration Softening . s
Type E@ MPa (25°C) Point Density kg/m
Light
synthetic pitch 200 25 91 80 2075
Heavy
synthetic pitch 500 35 31 111 2093

its lower hardness. In contrast, the penetration value of the heavy synthetic pitch is 31 mm,
reflecting its higher degree of condensation. The softening temperature of the light synthetic
pitch is 80 °C, whereas the heavy synthetic pitch exhibits a higher softening temperature.
The density of the heavy synthetic pitch is higher than that of the light synthetic pitch.

Pressure of the thermal treatment process significantly affected the softening
temperature and penetration value of light and heavy synthetic pitch.

In continuation of studies on the production and forecasting for synthetic pitch, the
effect of the pressure of the thermal treatment on the quality of the final product was
studied using EPR spectroscopy (7able 6). The EPR spectral characteristics of the samples
under investigation are detailed in Table 6 and Figure 1,2.

Table 6 — Characterization of EPR spectral features for the analyzed specimens

No Samole Name Free radicals EPR line width, factor
’ P (spin/g) ersteds g
2 | Light weight synthetic pitch 7.8:10"7 5.5 2.0031
3 Heavy synthetic pitch 1.1-10'® 53 2.0030

It can be seen from the table that the width of the EPR line and the g-factor change
little in these samples, the exception is heavy synthetic pitch, for which there is some
decrease in the width of the EPR line and the value of the g-factor, clusters are possibly
formed from a large number of condensed cyclic rings.
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Figure 1— EPR - spectra of light synthetic pitch (500 oC, 2,5 MPa)
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Figure 2 — EPR - spectra of heavy synthetic pitch (500 oC, 3,5 MPa)

The structure of the pitch is characterized by the presence of radicals linked by
intermolecular dipole-dipole interactions [14]. The concentration of free radical states
in heavy synthetic pitch is greater than in light synthetic pitch. This may be due to
the formation of additional asphaltenes in synthetic pitch, which are mainly carriers of
paramagnetism. The presence of a large number of paramagnetic centers is a distinctive
feature of coal tar pitch [15]. This, in turn, clarifies the increase in softening point value
from 80°C to 111°C. The parameters of the EPR spectra of the test samples prove changes
in the penetration value of light synthetic pitch (80°C) and heavy synthetic pitch (111°C).

Conclusions

1. Due to the relatively high proportion of phenol and its homologues in the chemical
composition of coal tar, a hydrogenation process was carried out in order to reduce the
proportion of phenol and its homologues in the composition of coal tar. The reaction was
performed at a temperature of 420°C and a pressure of 4 MPa, with a Mo-containing
catalyst of 0.05 wt. %, a hydrogenate was obtained.

2. Using gas chromatography-mass spectral analysis, it was shown that an increase in
the proportion of aromatic hydrocarbons involved in the formation of structural components
of cementitious materials as a result of the hydrogenation process makes it possible
to use it as a raw substance for the further production of road materials. As a result of
hydrogenation, the proportion of phenol compared to primary coal tar decreased from
23.73 g/l to 4.67 g/1. The proportion of benzene was 37.6 g/I.

3. Light and heavy synthetic pitch was obtained by pyrolyzing the boiling fraction
with a boiling point above 270°C at a temperature of 500°C, 2,5-3,5 MPa.

4. Changes in the physical and mechanical parameters of asphalt obtained by
pyrolyzing a fraction with a boiling point above 270°C were analyzed by EPR spectroscopy.
The softening point value of light synthetic pitch is 80, the softening point value of heavy
synthetic pitch is 111. On the example of heavy synthetic pitch, a decrease in the width
of the EPR line and the value of the g-factor possible leads to the formation of clusters
from a large number of condensed cyclic rings and specifies that the softening point value

is111. @
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