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PROSPECT COAL PROCESSING TECHNOLOGIES

Abstract. A huge amount of coal mined from Kazakhstan deposits requires the
development of a waste-free technology based on deep processing . One of the intermediate
products of coking coal processing is coal tar. As a product of processing of coal tar, coal
tar pitch can be converted into target products with great economic demand. The production
of fiber based on them will find wide application in medicine, biotechnology, energy, in
treatment facilities, in construction for obtaining composite materials, etc. And to adjust the
production of these products, new enterprises are needed near coal deposits. This, in turn,
will open up prospects and improvement of new technologies for in-depth processing of
domestic raw materials.

Keywords: coal, deepprocessing, coal tar, pitthcomposite materials.

Coal is a raw material for the chemical industry. The most important branch
of coal processing is the coke-chemical industry. During coking, which is carried
out by heating coal to 900-1100 °C without air access, a number of products are
obtained: coke, gas, coal tar, ammonia water, etc. [1].Coal coking is a widespread
technological process, consisting of the following stages: preparation for coking,
coking itself, capturing and processing volatile products [2].

Coal tar is a mixture of predominantly bi- and polycyclic aromatic hydro-
carbons, as well as polycyclic systems with heteroatoms in the rings. The sum of
these substances is about 95% of the coal tar components. In addition to them, the
coal tar contains 1-2% phenols, 2-3% organic bases, mainly a number of quinoline
and acridine. Coal tar is a unique, unparalleled source of raw materials that
currently covers more than 95% of the world's demand for condensed aromatic and
heterocyclic compounds. The total number of substances in the coal tar is about
10 thousand, of which more than 500 substances have been identified. Appro-
ximately 50% of the coal tar is a non-boiling fraction - pitch, which is a mixture of
polycondensed polycyclic aromatic hydrocarbons and their polymerization
products [3].

The inevitable product of high-temperature destruction of the organic mass of
coal coking is coal tar, with a yield of 3-4% of the weight of the coal charge. Coal
tar contains up to 10.000 compounds, ~ 300 of whichhave been identified so far.
Most of the compounds in tar are contained in amounts of less than 1% [4].

Chemists have long been interested in coal tar. In 1819, naphthalene was found
in the coal tar, later anthracene (1833), aniline, phenol, quinoline (1834), benzene
(1845), pyridine (1854). For a long time, coal tar was a burdensome by-product and
was used as a fuel. The growth in coke production has led to the need to search for
new areas of application for coal tar [4].
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Julius Rutgers, who built a coal tar distillation plant near Berlin, took the first
decisive step in 1860. By distilling the coal tar, they began to obtain coal oils for
the impregnation of railway sleepers. By the end of the 19th century and in the
20th century, with the development of the organic chemistry industry, coal tar
became the most important source for the production of organic substances [4].

In the second half of the twentieth century, sharp changes took place in the
technology of processing coal tar with a widespread rejection of periodic schemes
and a transition to continuous ones with the maximum extraction of target products
from fractions, both marketable products and as raw materials for the organic
synthesis industry [4].

Currently, the decrease in the export potential of coals from Kazakhstan
deposits connected with the adoption of the Russian Federation Government decree
from January 24, 2012, which provides the consumption replacement of the
Ekibastuz coal by Kuznetsk coal from Russian power stations. In addition, some of
the Russian thermal power plants switched to natural gas combustion and the new
implemented projects moved to Kuznetsk coals[5].

In 2020, Kazakhstan ranked as 10th in the world in terms of proven coal
reserves (2.4% of global reserves) and the 9th largest in the world in terms of output
(2.08% of world production), according to the BP Statistical Review of World
Energy 2020 [6].

Before coal tar processed, considerable attention is given to preliminary
preparation for the purpose of its dehydration, desalting and ash removal, including
the destruction of dispersed systems and removal of decomposition products -
ash,water with salts dissolved in it, as well as salts contained in the coal tar. De-ash
removal of the coal tar consists in the removal of the dispersed phase by decanters,
vibro-separators, and centrifuges, which can significantly reduce the water content
in it. The salts contained in the coal tar and above the coal tar water have a very
complex composition. The predominant component (80% by weight of salts) is
ammonium chloride. There are also other ammonium salts such as thiocyanates,
sulfites, sulfates, cyanides, etc., which necessitates the removal of water without
evaporation by other methods: centrifugation, chemical and electrical demulsi-
fication [4].

Coal tar is a unique source of raw materials that currently covers more than
95% of the world's demand for condensed aromatic and heterocyclic compounds. It
is polyazeotropic-polyeutectic system, where intermolecular interactions of its
components lead to the formation of numerous azeotropes, eutectics, mixed crys-
tals. Consideration of coal tar as a physicochemical system opens up new opportu-
nities for studying its properties and improving the technology of its processing.
The production of about 350 million tons of coke per year in the world is accom-
panied by the output of almost 14 million tons of crude coal tar. However, not all
of the coal tar is available for recycling, as some coke ovens in the USA and China
operate in a non-chemical recovery process and the coal tar is burned directly in the
coke production process. The most important features of polycyclic compounds are
their thermal stability and stability to oxidation, as well as toxicity to micro-

246



ISSN 1813-1107 Ne 4 2020

organisms. This allows the use of technical mixtures based on the products of
processing of coal tar for the manufacture of various protective coatings and
antiseptic oils that protect wood [3].
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Figure 1 — Schematic model of carbon mesophase

One of the ways to process coal tar is to produce pitch (figure 2). As we know,
there are two main types of pitch: isotropic (ordinary non-mesophase) and
anisotropic (mesophase). Mesophase pitches are obtained by heat treatment, as a
result of which chemical reactions occur with a change in structural characteris-
tics - the formation of mesophases. Heat treatment is carried out in a wide
temperature range in an inert atmosphere of nitrogen, argon or helium [7]. The
formation of liquid crystal structures (mesophase) occurs in the temperature range
300-500 °C [8]. Mesophase crystallites are composed of condensed high molecular
weight aromatic compounds with an interplanar spacing of 0.35 nm. The course of
mesophase transformations depends on the physicochemical characteristics of the
feedstock and the temperature regime of processing. An important characteristic of
pitch is the content of sulfur and insoluble residues, which determine the quality of
the pitch [9]. The preparation of mesophase pitches with a high degree of aroma-
ticity is described in [10]. In this work, the authors presented the results of studies
on the production of polyaromatic coal tars by extraction of low-temperature soot.
The quality of mesophase pitches and their fiber-forming properties are determined
by the degree of aromaticity of the initial coal tar, the presence of highly condensed
structures in it [11]. A schematic model of the carbonaceous mesophase is shown
in Figure 1 [12]. The transition of carbon pitch to the mesophase structure occurs
through the stage of formation of an intermediate istropic-mesophase structure
under the influence of temperature. The transition is accompanied by the removal
of gaseous products and a change in the H/C ratio [13].
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Figure 2 — Micrograph of coal tar pitch

Mesophase pitches are used as raw materials for high-modulus carbon fibers
[14, 15]. The work [16] presents the results of studies on the production of carbon
fibers by drawing mesophase pitch from melts (figure 3). The fiber diameter was
8-22 um with an average tensile strength and elastic modulus of 800-1200 MPa and
130-160 GPa, respectively. On the basis of mesophase pitches, monolithic carbon
structures with a developed specific surface area and a strict hierarchical pore
structure are obtained [17]. In [18], the authors presented the results of industrial
testing of the technology for compounding coal tar and oil refined product. The
released pilot batch of the compound pitch was characterized by a lower content of
benzo(a)pyrene and was used in the production of the pinned anode mass.

Figure 3 — SEM images of fibers based on coal tar pitch
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The most important indicators of the quality of the coal tar from the point of
view of its processing are the content of components insoluble in quinoline, mois-
ture content and ash content.

These indicators affect:

1) the number of stages of coal tar purification;

2) the quality of the pitch as a distillation residue.

Over the past 15 years, there have been two major changes in the quality of
coal tar. First, the content of components insoluble in quinoline decreased[3]. This
is due to the shutdown of old coke oven batteries with poor sealing of the coking
chamber doors. Secondly, the solids content of the coal tar has increased due to the
use of younger and finer coals. In addition, the latest coke oven batteries are equip-
ped with powerful gas extraction systems to reduce harmful emissions into the
atmosphere, which increases the carryover of solids into the tar stream. These chan-
ges have caused some difficulties for consumers of coal tar fractionation products,
as they require pitch with a high content of components insoluble in quinoline and
a low content of unbound carbon. At present, a wide research program has been
implemented and new methods have been developed to ensure high binding
properties of pitches for the production of electrodes.

Conclusion. Our country, possessing vast reserves of coal, must develop new
ways of processing the released reserves of coal. The processing of local coals into
coal tar and the further production of coal tar pitch opens up an opportunity for our
country to develop new technologies, such as the production of nanofibers. The
interest in nanofibers production caused by the fact that the mechanical properties
of these materials, such as tensile strength, bending and compression, the elastic
moduli increase with decreasing fiber diameter and accomplish a theoretical limit
when reaching the nanoscale level.
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Pesome
A. M. Umaneaszel, b. Kaiioap

KOMIP/II OHJIEYITH
MTEPCITEKTUBTI TEXHOJIOT MSIJTAPEI

KazakcTtaHabIK KeH OpBIHAApBIHAH MOJ OHAIPIITEH KOMip OCHI cajaga KaJIbIKCHI3
TEXHOJIOTUSIHBI NIaliIaIaHbIll, OTAaHJBIK KOMIpAl TEPEH OHJIEYTe HEeri3JereH *aHa TeXHO-
JIOTHSIHBI JIaMBITY MYMKIHICH KakeT erei. KokcreneTiH keMipiai eHIey eHIMICpiHIH
0ipi — Tac xkemip malbipbl. Tac KeMip MIAHBIPBIHBIH KAJJBIFbI, SFHU KaFbl SKOHOMHKAJIBIK
TYPFBIJa YJIKEH CYpPaHbICKA M€ KYHJBUIBIFBI JKOFaphl KOCBIMINA OHIMJIEpre ailHaIIbIpyFa
Oonazapl. MpIcanbl, Tac KOMIp IIAHbIPbl KAIABIFBIHAH TAJIIBIKTAp, MEAMLIMHAIBIK Mpera-
parrap MeH Kartap OMOTEXHOJIOTHs, SHEpPreTHKa, Ta3apTy JKyHelepiHne, KYpbUIbICKa Ka-
KETTI KOMITO3UIMSIIBIK MaTepHrajaap oHe T.0. OyibiMaap amyra Oomaibl.

Kemip mmKi3aThIHEIH KONTEI OHIIpLTyiHEe OaiIaHBICTHI, KEH OPBIHIAPHIHBIH JKaHbI-
HaH jKaHa KOCIMOPBIHAAP/IBI 1aMbITy MYMKIHAIr aibiagsl. by e3 ke3erinae 3KCcIopTThIK
LIEKTEYJIEP/l PeTTel, JIEYMETTIK LIMEIEHICTI TOMEHIETE/li KIHE TEXHOJIOTHSHBIH JKaHa
canacelHbIH Kazakcranga epkeHeyiHe K0 aliaipl.

Tyiin ce3mep: kewmip, TepeH OHICY, KOMip IIaHBIPHI, MIAHBIP, KOMIIO3UT Mare-
puangap.
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Pesome
A. M. Umaneaszel, b. Kaiioap

I[NEPCIIEKTMBHBIE TEXHOJIOI'U
IMEPEPABOTKU VTJIA

OrpoMHOE KOJNUYECTBO YTILIIOOBITOE W3 Ka3aXCTaHCKUX MECTOPOXKICHHU TpeOyer
pa3BuTHs 0€30TXOJHON TEXHOJOTMH Ha OCHOBEHX IIIyOOKO# mepepaborku.. OmHuUM 13
HPOMEKYTOYHBIM POIYKTOM MEpepadOTKU KOKCYIOIIETOCs YIJIA SBISETCS KAMEHHOYTOJIb-
Has cModa. Kak npoykT nepepaboTku KaMEHHOYTOJIBHOM CMOJIBI, KAMEHHOYTOJIbHBIH HeK
MOXET OBITh Pe0Opa3oBaH B 1IE€JEBbIEC MPOIYKTHI C OOJIBIIUM SKOHOMUYECKUM CIIPOCOM,
[Tpo03BOJCTBO BOJIOKHA Ha OCHOBE WX HAMIyT HIMPOKOE NPUMEHEHHWE B MEIUIIMHE,
6I/IOTeXHOJ'IOFI/II/I, OHEPI'CTUKE, B OUMCTHBIX COOPYIKCHUAX, B CTPOUTEJIILCTBC JJIA MOJYYCHUA
KOMIIO3UTHBIX MaT€pUajIoB U T.A. n JJI HaJIaIKM TPOU3BOJACTBA HAa3BAHHBIX HpOI[yKI_[I/Iﬁ
HEOOXOAMMB!I HOBBIE NPEANPUATHS BOJIU3U YTOJNBHBIX MECTOPOXKICHHH. DTO B CBOIO
04YepCib, OTKPOIOT NEPCIEKTUBLI 1 COBCPIHICHCTBOBAHUA HOBBIX TCXHOJIOTUU yI‘Hy6HeHHOﬁ
nepepaboTKU OTEUYECTBEHHOTO ChIPhSI

KunroueBsble ciaoBa: yroip, riiyookas nepepaboTka, KAMECHHOYTOJIbHAs CMOJIa, TeK,
HAaHOBOJIOKHA.
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