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Abstract. The paper considers the process of fuel compound production on the basis of light
distillate of coal tar (CT). The analysis of group and individual composition of CT fractions is carried out,
the main components including aromatic hydrocarbons, phenols, heteroatomic compounds and
asphaltenes are revealed, and their physical and chemical characteristics are established. The technique of
stabilisation of mixtures of CT distillate and petroleum fuel oil using a surfactant - acrylic acid - has been
developed. It is shown that surfactant introduction provides a high degree of homogeneity and stability of
fuel compositions, preventing the formation of precipitates even during long-term storage. Optimal ratios
of light distillate and fuel oil (70:30 and 50:50) allow to obtain fuel compounds, the characteristics of
which meet the requirements for boiler and furnace fuels. The obtained results demonstrate the promising
application of light distillate of CT for creation of highly efficient fuel products, which opens new
opportunities for processing of coal-chemical raw materials. The proposed approach contributes to
improving environmental safety, reducing the toxicity of the final product and expanding the raw material
base for fuel production.
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1. Introduction

Coal tar (CT), a by-product of coke production, has a significant industrial
potential due to its complex chemical composition, including condensed aromatic
hydrocarbons and other high molecular weight compounds [1-3]. However, its
multicomponent nature, high reactivity, and the presence of carcinogenic and
toxic compounds make its processing technologically challenging. With the
growing global demand for alternative fuel sources and high-yielding chemical
products, the processing of CT becomes an important area of scientific research
and industrial application.

Current global trends demonstrate high activity in the field of development
of coal tar processing technologies for obtaining fuel compounds and valuable
chemicals. For example, in China, industrial plants for the production of diesel
fuel from CT have been introduced, which allows not only to effectively utilise
waste, but also to solve the issues of energy balance [4,5]. Similar studies are
actively conducted in the EU countries, where special attention is paid to the
creation of environmentally safe recycling processes [6-12].

This paper studies the possibilities of using light fractions of coal tar
produced by “Shubarkol Komir” JSC for the synthesis of fuel compound. The
study is aimed at developing an innovative approach to the processing of tar,
including the use of hydrocarbon component and surfactants, with an assessment
of the performance characteristics of the resulting products.

The results of the work have not only practical value for the industry of
Kazakhstan, but also correspond to the world trends in the field of creation of
effective and environmentally friendly technologies for processing of carbon-
containing waste, as the results of the study lays the foundation for the formation
of competitive technologies that can ensure sustainable development and
diversification of industrial production.

2. Experimental part

Objects and methods. Medium-temperature coal tar (CT) produced by
Shubarkol Komir JSC was used for the study. The fractionation process was
carried out using nitrogen to prevent secondary reactions and improve heat
transfer.

The component composition of the fractions was analysed using IR
spectroscopy and chromatography-mass spectrometry. NICOLET 5700
spectrophotometer (FT-IR) with Fourier transform in the range of wave numbers
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400-4000 cm-! was used to determine the qualitative composition of CT. The
spectra were processed and interpreted using OMNIC software.

Chromatographic analysis was performed on an Agilent 6890 N instrument
(Agilent Technologies, USA) with a DV-1 capillary column (27.5 m, 0.32 mm, 10
um).

Fuel oil of 100 grade with boiling point of 350-360 °C was used as a
hydrocarbon component.

The calorific values of fuel compositions based on light distillates of coal tar
were determined using Elementar Vario Micro Cub and calorimeter B-08NA ‘K’.

Toxicity indicators of fuel compositions were determined in accordance with
the interstate normative document GOST 12.1.044-2018 ‘Fire and explosion
hazard of substances and materials’ (paragraph 13), which allowed to establish
the hazard class of the samples under study.

3. Results and Discussion

The distillation results showed that the lightest fraction of CT (up to 170°C)
is 3.6% of the initial resin mass, and the main yields come from the absorption
(19.3%) and anthracene (17.2%) fractions [13]. The residue - pectic - was 36.5%
of the mass of CT, with characteristics corresponding to GOST: softening point
127°C and volatile content 50.6% [13].

The analysis of IR spectra showed that the light fraction is characterised by a
high content of aromatic hydrocarbons, including benzene and its derivatives.
This fact is associated with the formation of azeotropic mixtures and complexes
in the composition of CT. In this connection, phenol and naphthalene impurities
appear in the benzene fraction, and naphthalene is contained in the phenol
fraction, etc. Figure 1 compares the IR spectra of the distillation fractions of CT
with the IR spectrum of the initial CT and determines their convergence
coefficients (Table 1).
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Figure 1 — Comparison of IR spectra of initial CT and light (benzene) fraction
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Table 1 - Coefficients of convergence of IR spectra of fractions of CT distillation with IR spectrum of
initial CT

Ne Fractions Convergence coefficient, %
1 Light, % 68
2 Phenolic, % 78
3 Naphthalene, % 74
4 Absorbent, % 83
5 Anthracene, % 86

Fractions 4 and 5 are the closest to the initial resin in terms of chemical
composition, which indicates the predominance of hydrocarbons in this fraction,
constituting the organic mass of CT. Thus, the basis of the fraction ‘organic
bases’, according to the data of chromatography-mass-spectral analysis are
nitrogen-containing heterocyclic compounds of quinoline and carbazole types
with an admixture of aromatic amines and carbonitriles. The phenolic fraction
contains mainly phenols with the number of rings from 1 to 4, furans and long-
chain alkanes Cis-C2. Asphaltenes include arenas of various degrees of
condensation with predominance of three- and four-ringed ones, as well as
sulphur-, nitrogen- and oxygen-containing heteroatomic compounds - thiophenes,
quinolines, furans. Qils, the dominant fraction of CT, include mainly aromatic
compounds of hydrocarbon composition, including unsaturated ones of indene
series. Neutral resins are a mixture of nitrogen- and oxygen-containing
heteroatomic compounds - quinolines, carbazoles, carbonitriles, furans and
ketones.

According to the results of group chemical analysis, the main fractions of CT
are oils (63.6 %) and asphaltenes (11.7 %). The total share of other group
fractions is less significant - 24.7 %. It should be noted that among the majority of
valuable, expensive individual hydrocarbons constituting these fractions, CT also
contains substances that give it carcinogenic (pyrene, benz(a)pyrene,
benzfluoranthene, benz(a)anthracene, etc.) and toxic (carbazole, carbonitrile)
properties. This fact complicates the classified use of coal tar and its distillates.

Nevertheless, the obtained data on group and individual compositions of CT
fractions confirm the necessity of their use as a raw material source for obtaining
a variety of commercial products. In particular, for obtaining fuel compound on
the basis of fractions of CT with achievement of significant reduction of its
toxicity and carcinogenicity by mixing with commercial fuel oil.

It is known that petroleum fuel oils and coal tar are mutually insoluble.
When they are mixed together, a precipitate precipitates, presumably salting
occurs. In addition, the surface tensions of fuel oil and coal tar are different.
Between petroleum and tar oils there is, for equal viscosity, a difference in
surface tension of about 10 dyne/cm. The mixture was therefore stabilised by
the introduction of surfactants. Acrylic acid was tested as a surfactant.

Light distillate (n.k.-360°C) and fuel oil are dispersed systems, the state
of which depends on the temperature of experience, heating temperature, in
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connection with what, at mixing, the same temperature of components 60-80

°C was chosen.

Light distillate, surfactant and fuel oil were mixed

sequentially. Duration of mixing 10-60 minutes to obtain a homogeneous
mass. The ratio of components (light distillate:fuel oil) in the fuel compound
was, % - 30:70, 50:50 and 70:30. Surfactant was introduced in the amount of
0.5; 0.6; 1.0 or 4.0 %. As a result of homogenisation we obtained highly
dispersed fuel compounds with high stability to stratification during long-term
storage. Fuel compound of composition light distillate: fuel oil 70:30, as well as
50:50, have characteristics commensurate with those of commercial fuel oil and

heating oil shown in Table 2.

Table 2 - Quality indicators of the developed fuel compositions.

Ne Indicator Normative Indicator value
document Fuel Fuel Fuel oil | Domestic
composition | composition [commerci| heating oil;
L4 L5 al
(70% light (50% light | M-100; |ST RK 2951-
distillate distillate 2021
+30% fuel oil) | +50% fuel | GOST
+0.6% oil) 10585-99
surfactants) +0.6%
1 | Kinematic viscosity at 20°C, | GOST ) ) 3
not more than, mm2/s 33-2016 8.0
Kinematic viscosity
2 |ats0°C, GOST 1451 23.04 - -
2 33-2016
not more, mm#/s
Kinematic viscosity
at 80°C, GOST
3 ot more, mm?/s conditional, | 33-2016 5.388 7.598 1184 -
°VU:
Kinematic viscosity
4 |at100°C, o |3416 5.208 5.0 -
not more B
L ; GOST
5 Flash point |rlopen crucible, 4333- 116 102 110 )
not less than °C
2014
Ash content, GOST
6 not more, % 1461-75 01 0.006 0.14 0.02
Mass fraction of water, GOST
7 not more % Ef?Z' 0.4 0.7 1 traces
Coking ability, %, GOST )
8 | not more % 19932-09 | 177 240 0.35
9 Content of water-soluble GOST Weakly absence absence | absence
acids and alkalis 6307-75 | alkaline
. STRK 0.5
10 r':’(')ﬁ;ﬁ“;:” of sulphur, 1 AstMp [ 0.02 0.02 9% |(GosTR
' 4551- ) 51947)
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One of the most important technical characteristics of fuel is its calorific
value. Heat of combustion of fuel is the amount of heat released during complete
combustion of fuel. Values of heat of combustion of fuel compositions on the
basis of light distillates of coal tar make 39517 - 42 000 kJ/kg that correspond to
the interval of value of working lowest heat of combustion of furnace fuel oil
(Qrn = 35 500 - 42 000 kJ/kg) and boiler (furnace) fuel (Qrn ~ 40 000 kJ/Kkg).
Thus, the obtained fuel compositions, by many quality indicators, meet the
requirements and norms for boiler (furnace) fuel and by some indicators - for
commercial fuel oil. Toxicity indicators were determined and on their basis the
hazard class of fuel compositions in accordance with the interstate normative
document GOST12.1.044-2018 ‘Fire and explosion hazard of substances and
materials’, item 13 (Table 3).

Table 3 - Toxicity indicators and hazard class of fuel compositions according to GOST 12.1.044-2018
‘Fire-explosive hazard of substances and materials’, item 13.

Ne | Composition Toxicity Hazard Name of the category of
index, class, (Tn) fuel composition hazard
class
HCLsu
g/m?

(30 % Light distillate
1 + 70 % Fuel oil) + 0.6 % 72.36 (T2) Moderately hazardous
surfactant (acrylic acid)

(50 % Light distillate
2 + 50 % Fuel oil)+ 0.6 % 43.22 (T2) Moderately hazardous
surfactant (acrylic acid)

(70 % Light distillate
3 + 30 % Fuel oil) + 0.6 % 37.44 (T3) Highly hazardous
surfactant (acrylic acid)

4 100 % Light distillate (original) 55.72 (T2) Moderately hazardous

5 100 % Fuel oil (commercial) 30.33 (T3) Highly hazardous

Analysis of the data in Table 3 shows that according to the value of the
toxicity index of combustion products, the initial light distillate belongs to
moderately hazardous materials.

10
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4. Conclusion

The results of this study confirm the prospects of using light distillate of CT
as a basis for fuel compounds production. The study of the group and individual
composition of CT fractions showed a wide range of valuable hydrocarbon
compounds, including aromatic hydrocarbons, phenols, heteroatomic compounds
(quinolines, carbazoles, furans) and asphaltenes, which can be used in various
technological processes. A key limitation of the use of CT distillates remains the
presence of carcinogenic (pyrene, benz(a)pyrene) and toxic compounds
(carbazole, carbonitrile), which requires additional measures for their processing
or neutralisation. Nevertheless, the proposed method of producing fuel
compounds using surfactants such as acrylic acid, oleic acid and waste coolant
allows to significantly reduce the toxicity and carcinogenicity of the final product.
It has been experimentally established that the introduction of surfactants in
concentrations from 0.6% ensures the stability of the obtained fuel compositions,
preventing the formation of precipitates even during long-term storage. Optimal
ratios of fuel compound components (light distillate: fuel oil) in the range of
70:30 and 50:50 provide characteristics comparable to commercial boiler and
furnace fuels. The resulting fuel compounds exhibit a high degree of
homogeneity, thermal and chemical stability. Their properties such as viscosity,
density and heat of combustion meet the regulatory requirements for liquid fuels.
In addition, the proposed approach to the processing of CT allows to minimise
waste and expand the raw material base for the production of fuels.

Thus, the proposed technology of obtaining fuel compounds on the basis of
light distillate of coal tar represents an environmentally and economically
justified solution that allows to process secondary products of coal chemistry into
high-quality commercial fuels.

Conflict of Interest: The authors declare that there is no conflict of interest requiring disclosure in
this article.
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Pestome. B cTathe pacCMOTpPEH IpOLECC IONYYECHUs TOIUIMBHOTO KOMIIayHIAa HAa OCHOBE JIETKOTO
mucturata kameHHoyronsHoOH cmouel (KYC). [lpoBenén aHanm3 rpynmoBOro W HWHAWBUIYaTBHOTO
coctaBa ¢paxuuii KYC, BbISBICHBI OCHOBHBIC KOMIIOHEHTBI, BKIIIOYAs apOMATHYECKUE YTIIEBOJOPOIBL,
(eHOIIBI, TeTepoaTOMHBIE COSAMHEHUSI U ac(albTeHbl, a TAKXKE YCTAHOBJIEHBI UX (PU3MKO-XUMHYECKHE
xapakTepuctuku. Pazpaborana meronuka cradbummnsanuu cmeceit quctmwniata KYC u HedTsaHOro Masyra ¢
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HCIOJIb30BAHUEM IOBEPXHOCTHO-akTUBHOTO BemiectBa ([TAB) — akpuoBoit kucnotsl. Ilokazano, uTo
BBereHue [IAB oOecrieunBaeT BBICOKYIO CTEIEHb TOMOI'CHHOCTH U CTaOMJIBHOCTH TOIUTMBHBIX
KOMITO3UINH, MpefoTBpanias o0pa30oBaHUE OCAJKOB Jake NPH UIUTENBHOM XpaHeHHH. ONTHMaibHbIC
cooTHOmIeHUsT nérkoro auctiwuiatTa u masyta (70:30 u 50:50) MO3BONSAIOT MOMYYHUTh TOIUIMBHBIC
KOMIAyH/Ibl, XapaKTEPUCTUKH KOTOPBIX COOTBETCTBYIOT TPEOOBAHUSIM K KOTEJIbHBIM U NEYHBIM TOIIMBAM.
[Tony4eHHbIe pe3ynbTaThl JEMOHCTPUPYIOT HEPCIECKTHBHOCTh NMpHMeHeHHs nérkoro auctwuisita KYC
JUISL CO3/IaHUsI BBICOKOA((EKTUBHBIX TOIUIMBHBIX MPOJYKTOB, YTO OTKPBIBAET HOBBIC BO3MOXXHOCTH JUIS
nepepaboTKU  yIIIEXUMHYECKOTO  ChIpbs. [IpeioeHHBI MOAXON  CHOCOOCTBYET — IIOBBILICHHIO
9KOJIOTHYECKOH 0e30MacHOCTH, CHH)KEHUIO TOKCHYHOCTH KOHEYHOTO NPOJYKTa U PACHIMPEHUIO CHIPHEBOH
0a3bl JUIs IPOU3BOCTBA TOILIUBA.

KiioueBble c10Ba: KaMEHHOYTOJIbHAsI CMOJIA, JIETKUN AMCTHIUIAT, TOIUIMBHBIA KomnayHa, [TAB, ma3yr,
KOTEJIEHOE TOTLIHMBO.

Kaoupbexoe Kaiipam Advipoexosuu Jlokmop xumuueckux HayK, npogeccop
Ab1opos Apman JKymazanuesuu HUnorcenep-mexnonoe 1 xkamezopuu
by3aes Hypoaynem Amansrconynot PhD cmyodenm

Opanbaes Hypcynman Hypasicanynot Mazucmp

Ceiimxan I'ynnapa baxanasp

[aovika Cepzeit Menedorcep no xumuu yens

Cagpponosa Huecca Anexcanoposna Hauanvnux nabopamopuu yenexumuu
Konovioaes Cynxap Cosemsrcanosuu baxanasp

Owakoaes Manc Tneyoepouesuu Jlokmop mexHuueckux Hayk, npogheccop
Ecnenoemos Acvinbex Anumbexosuu Jlokmop xumuyeckux Hayx

Illumuioaes Cepuxbexk Anmuinbexosun  Kanoudam xumuueckux Hayx, OoyeHm

KOMIP LIAMBIPBI dKEHLT JUCTUJIJIATBIHBIH HET'I3IHJE dKAHAPMAM
KOCBUIbICBIHBIH, CUHTE3I

K.A. Kaoupéexoe™, AJK. Abropos, H.A. Bysaes, H.H. Opanéaes, I'.T. Ceiimxanl* C laovika?,
H.A. Cagpponosa, C.C. JKonovivaes* M.T. Owaxéaesa*, A.A. Ecnendemos', C.A.Illumvidaes*

'0.B. bexmypoe amvinoazvl Xumus biabimMoapsl uncmumymol, Anmamot, Kazaxcman
2ERG-0iy 2vlibimu-3epmmey dicone undicunupune opmanvizbiy JKIIC, Acmana, Kazaxcman
SERG-0iy evirvimu-3epmmey sicone unscunupune opmanvizuiy KIIC, Iaenodap, Kasaxcman
4Osbexani Konibexos amvindazer Oymycmix Kazakcman nedazozuxansi ynusepcumeni,
Hlvimxenm, Kazakcman

*E-mail: kkairati@mail.ru

Tyiinoeme. Makanana sxeHin kemip maibipbiabiH qucTUuiAThl (K1) Heriinmeri OTbIH KOCIACBIH ay
nporeci Kapactbipbuiaabl. KII ¢pakuusuiapbHBIH TONTHIK JKOHE JKEKe KYpaMblHA Tajjay >Kyprisiuii,
HETi3rl KOMIIOHEHTTEp, OHBIH IIiHAE apOMaTThl KeMipcyTeKTep, (eHoIaap, TeTepoaToMIsI KOChUIBICTap
JKoHe acalbTeHIep aHBIKTAIABI )KOHE OJapIblH (HM3MKA-XUMHUSUIBIK CUMaTTamanapbl Oenrinennai. bB3
(GetTik OenceH i 3aT) — aKPUJT KBIIIKBUIBIH Maiifanana oteipbir, KILI iucTuimisTel MeH MyHail Ma3yThIHBIH
KOCIaJapblH TYPAaKTaHIBIPY oici o3ipieHai. berrik-OeinceHnl 3aTTapabl €HII3Y OTBIH KYpaMbIHBIH
JKOFapbl OIPTEKTUIIrT MEH TYpaKTHUIBIFBIH KaMTaMackl3 €TETiHI, TINTI y3aK CaKTay Ke3iHJe MeTiHAiIepaiy
naiiga GoybIHa K01 OepMeiTiHI kepceriired. JKeHiT QUCTHILIAT TeH Ma3yTThIH OHTalJIbl apaKaThIHACHI
(70:30 sxone 50:50) cunarraManapbl Ka3aHABIK XOHE TEII OThIHAAPbIHA KOWBUIATHIH TallanTapra ColKec
KEJIeTiH OTHIH KOCHAJapbIH allyFa MYMKIHIIK Oepeni. AJIBIHFaH HOTHXKENEp KOMIPIIH XHUMHSIBIK
[IMKI3aThIH KaiTa eHACY/IIH KaHa MYMKIHIIKTEPIH alIaThIH JKOFaphl THIM/II OTHIH ©HIMJIEpIiH jkacay YIIiH
skeHin quetmuattel K1 nadinanany yomecin kepcerei. ¥ ChIHBUIFAH TOCLT AKOIOTHSUIBIK KAYiMCi3miKTi
JKaKcapTyFa, COHFbl OHIMHIH YBITTBUIBIFBIH TOMEHJETYre >XOHE OTBIH OHJIPICIHIH MIMKi3aT 0a3achlH
KEHEHTyre KeMeKTece .
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Tyiiin ce3gep: keMip IIAHBIPHI, XKEHUI JUCTHJUIAT, OTHIH KOCBHIHIBICHL, OCTTiK O€NCEHHi 3aT, MasyT,
Ka3aH/BIK OTBHIH.
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