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sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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SMOKELESS FUEL PRODUCTION —
SEMI-COKE FROM COAL

Abstract. In the article, the coal pyrolysis of the Saryadyr field (layer "Pyatimetrovyi") was carried out in the
temperature range 250-550 °C at a heating rate of 10-15 °C/min and with holding time at 550 °C for 1, 2 and 3 hours.
As a result of pyrolysis, semi-coke was produced (as a smokeless fuel), as well as combustible gas and liquid pro-
ducts (resin). The technical and elemental compositions of the obtained pyrolysis products were studied using
thermogravimetric and chromatographic analysis, energy dispersive X-ray spectroscopy. The combustible gas with
the highest calorific value was obtained at a temperature of 350 °C. The dependence of the influence of the holding
time in the pyrolysis process (at 550 °C) on the yield and elemental composition of the products.

Key words: coal, Saryadyr, pyrolysis, semi-coke, combustible gas, resin.

Introduction. During the direct combustion of coals in the ordinary form in furnace with layer com-
bustion, significant fuel losses occur due to underburning and entrainment. The efficiency of use of coal in
these furnaces (containing up to 50% of fines) is not more than 50-60%, and when burning coal and coal
fines (class 0-6 mm) thermal efficiency decreases to 30-40% [1].

The modern ecological situation in the world tightens the requirements to the quality of the burned
municipal and domestic fuel. At the same time, fuel burned in the municipal sector should have low sulfur
content, the reduced smoke and the necessary granulometric composition [2].

Thus, the organization of production of smokeless fuel - semi-coke for domestic consumers has a
great economic importance, both in terms of economic efficiency, and rational use of natural resources
and ecological safety of the environment [3-6]. At the same time, non-caking and weakly caking coals
should be used in order to obtain the semi-coke.

The main methods of thermochemical processing of solid fuels are gasification, high-temperature
coking of coals and thermal treatment of fuels at temperatures of 500-600 °C (semi-coking) [4]. At the
same time, for the last process, the main for the last several decades is semi-coking in furnaces with inter-
nal heating by a gas coolant. All other methods have found industrial application only in individual cases
or are promising in connection with new developments.

Analysis of the world practice of producing smokeless fuels [5, 7-14] shows that the process of pyro-
lysis with the simultaneous production of still gas and liquid products is particularly relevant, and
especially in connection with high ecological requirements, is of definite scientific and practical interest.

The process of semi-coking allows the production of a medium-temperature char, which can then be
burned without the emission of any harmful emissions (carbon dioxide CO,, hydrogen sulfide H,S,
nitrogen oxides NOx, etc.) [15, 16]. In addition, the products of the semi-coking of solid fuels are also
combustible gas (due to the predominant content of CO, H,, CH,) and liquid products (resin) [17]. Liquid
pyrolysis products can be used as heating oil. Combustible gas (after purification) and semi-coke can also
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be used as an energy fuel for its combustion (in cogeneration plants, boiler houses, domestic furnaces) to
generate thermal energy, as well as in GPI and gas turbine stations for generating electricity. Refined
flammable gas (with a certain ratio of H,/CO) can be a raw material for the production of motor fuels
(gasoline, diesel fuel) and other valuable chemical products (methanol, ethanol, etc. more than 300 spe-
cies). The acquisition of these products makes it possible to increase the efficiency of the use of primary
energy of solid fuels in comparison with the process of direct combustion.

The purpose of this paper is to investigate the pyrolysis process to produce semi-coke, flammable
gas, and liquid products (resins).

Research methodology. The coal of the Saryadyr field ("Pyatimetrovyi" layer) located in the Akmo-
la region (Erementau district) was chosen as the object of the study.

The humidity, ash content, and volatility of the Saryadyr coal and the resulting semi-coke were ob-
tained from the Thermoster Eltra thermogravimetric analyzer (according to ASTM D7582-12 Standard
Test Methods for Proximate Analysis of Coal and Coke by Macro Thermogravimetric Analysis).

Elemental analysis of carbon samples was carried out on the elemental analyzer Euro EA-3000, and
also by energy dispersive X-ray spectroscopy using a SEM device (Quanta 3D 200i) with an attachment
for energy dispersive analysis from EDAX at a resolution of 3.0 nm at 30 kV (high vacuum mode);
<12 nm at 3 kV (low vacuum mode); with an accelerating voltage from 200 V to 30 kV and with an
increase from x50 to x100000. Elemental analysis is determined from Be to U. Samples were attached to a
copper holder using conductive adhesive paper. Previously, a thin conducting layer of carbon was applied
to the surface of the samples in a special vacuum installation for better passage of the charges. The energy
of the exciting electron beam during the analysis was 15 keV, the operating distance was 15 mm.

Pyrolysis of coal was carried out on a laboratory installation, shown in figure. Preliminary, the coal
was fractioned to fractions of 20-40 mm and loaded into a cylindrical quartz reactor (3).

A

Schematic diagram of a laboratory pyrolysis installation:
1 - gas cylinder (argon); 2 - reactor; 3 - LATR; 4 - thermal sensor; 5 - direct refrigerator;
6 - a flask for cleaning gas from tar; 7 - gas outlet

The reactor is wrapped in a nichrome spiral and insulated with asbestos to heat the furnace. The
temperature in the reactor was set by means of a heating element (LATR) (4) and monitored according to
the indications of a digital thermal sensor "Aries TRM1" (5) equipped with a thermocouple of the
chromel-alumel type introduced into a special pocket of the reactor. The temperature in the reactor was
maintained with an accuracy of = 0.2 °C.

The technological process was carried out in an inert argon medium in the temperature range 250-
550 °C at a heating rate of 10-15 °C/min and held at 550 °C in three stages: for 1, 2 and 3 hours. Argon
was supplied from a cylinder (1) to a reactor at a predetermined flow rate of 20 ml/min, which was set
using a flowmeter. After the reactor, the gas was sent to the cooler (6), from where part of the condensed
gas was drained into the flask (7) to purify it of resinous substances. Unreacted gases were sent to vent (8).

The elemental composition of the gas (produced during pyrolysis) and liquid products was deter-
mined on a chromatograph of the Chromos GC-1000.

The calorific value (kcal/m®) of the pyrolysis gas, consisting mainly of the combustible components
CO, H2, CH4, was determined by the formula:
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0:=0,01(nco Oco + nmp Oua + nens Qcna + Airs Owos),

where nco, 1, Hcns, Hps — components concentration CO, H,, CHy, HpS (v. %) in gas; Oco, Onz, Ocha,
Owss — the calorific values of the components respectively CO, H,, CHy, H,S (numerical values were used
from [18]).

Results and discussion. The results of the analysis of technical and chemical compositions of Sa-
ryadyr coal are given in tables 1, 2.

Table 1 — Chemical composition of Saryadyr coal («Pyatimetrovyi» layer)

Indicator, wt.% Content
humidity on the working mass W', % 2.56
ash content A", % 19.71
volatile V&£, % 50.54

sulfur on the working mass S, % 0.59

carbon content C*f, % 82.98
hydrogen content H*', % 5.59
oxygen content 0%, % 9.76

nitrogen content N%, % 1.08

Combustion heat of fuel Q';, kcal/kg 5215
Chemical composition of mineral part, wt.%

SiO, 59.6
ALO; 14.5
F6203 8.2
CaO 1.9
MgO 1.3
K20+N320 11.7
SO; 2.8

The results of the energy-dispersive X-ray spectroscopy for Saryadyr coal samples are given in table 2.

Table 2 — Chemical composition of Saryadyr coal («Pyatimetrovyi» layer)

Initial coal Coal,' . Coal, Ny Coal, L

Element 1 hour - holding time 2 hours - holding time 3 hours - holding time
wt.% at. % wt.% at. % wt.% at. % wt. % at. %

C 77.07 84.05 87.80 91.80 92.69 95.55 89.88 93.07

(0] 14.84 12.15 8.09 6.35 3.71 2.87 7.32 5.69

Al 2.30 1.12 1.09 0.51 0.42 0.19 0.64 0.29

Si 5.48 2.56 2.93 1.31 3.02 1.33 2.01 0.89

S 0.30 0.12 0.09 0.04 0.15 0.06 0.16 0.06

Chromatographic analysis of the composition of pyrolysis gas from Saryadyr coal, held at 550°C for
1, 2 and 3 hours, showed that the most caloric gas is observed at temperatures of 350 and 450°C. Their
calorific values are ~3500-3900 kcal/m® and ~4100-4400 kcal/m’, respectively, due to mainly, except for
CO (=2-8%) and H2 (=9-27%), high methane content (up to 43%). There are H,S (=1-3%), ethane
(=3-6%), propane + propylene (1-2%) in small quantities.

With a further increase in temperature to 550 °C, the calorific value of the gas is significantly reduced
to 3200, 3400, 2700 kcal/m®, respectively, with a holding time of 1, 2, 3 hours.

Tables 3—5 show the material balances of pyrolysis products of Saryadyr coal (per 400 grams of coal).

The data from table 6 show that the appreciable influence of the holding time of coal during pyrolysis
affects the calorific value of the produced semi-coke. At the shortest time (t = 1 hour), the calorific value
has the highest value and is 6271 kcal/kg, which is significantly higher than the similar parameter of the
initial coal (5215 kcal/kg). With further increase in the exposure time, this parameter decreases.
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Table 3 — Material balance of pyrolysis products of Saryadyr («Pyatimetrovyi» layer) (T =550 °C, t = 1 hour)

Pyrolysis products of coal (400 g) Content
g m’ %
Solid residue (semo-coke) 334.7 - 83.67
Gas 18.5 16.1 4.62
Liquid products (resin) 6.5 - 1.62
Water 30.7 - 7.67
Balance discrepancy 9.6 - 2.40
Total 400.0 - 100.00

Table 4 — Material balance of pyrolysis products of Saryadyr («Pyatimetrovyi» layer) (T =550 °C, t = 2 hour)

Pyrolysis products of coal (400 g) Contenz
g m %
Solid residue (semo-coke) 287.4 - 71.85
Gas 44.2 - 11.05
Liquid products (resin) 35.0 - 8.75
Water 25.0 - 6.25
Balance discrepancy 8.4 - 2.10
Total 400.0 - 100.00

Table 5 — Material balance of pyrolysis products of Saryadyr («Pyatimetrovyi» layer) (T =550 °C, t = 3 hour)

Initial products Content3
g m %
Solid residue (semo-coke) 263.5 - 65.87
Gas 62.4 543 15.60
Liquid products (resin) 10.2 - 2.55
Water 53.7 - 13.42
Balance discrepancy 10.2 - 2.55
Total 400.0 - 100.00

Table 6 presents data on the technical and elemental analysis of semi-coke from Saryadyr coal.

Table 6 — Results of technical and elemental analysis of semi-coke

from Saryadyr coal, obtained at a temperature of 550 °C and a holding time of 1-3 hours

Parameter name and
unit of measurement

Coal,

1 hour - holding time

Coal,

2 hour - holding time

Coal,

3 hour - holding time

Humidity analytical, W, % 1.36 1.64 2.24
Ash content, A%, % 23.72 26.13 27.92
S, % 0.32 0.27 0.28

QJ, keal/kg 6271 5987 5689

cof o 67.97 68.17 67.80

HY, % 3.07 1.78 0.68

N¢, % 1.34 1.20 1.23

0% % 3.58 2.45 2.09
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Conclusions. The analysis of the results showed that, depending on the type of the main product
to be obtained, one should select a particular regime with a certain holding time of the coal (1-3 hours)
at a given temperature. At holding time in the process of pyrolysis of coal at a temperature of 550 °C for
1, 2 and 3 hours, the main products are respectively the smokeless fuel (semicoke) in an amount of
83.67 (wt.%) with the highest calorific value, resin 8.75 %) and a combustible gas of 15.60 (wt %).

Thus, for the most rational use of solid fuels (in contrast to their direct combustion), their complex
processing is necessary to produce various hydrocarbon products with high added value, since their total
cost can significantly exceed the cost of the raw materials.

The present work was carried out within the framework of the scientific and technical program
No. IRN BR05236359 on the topic: "Scientific and technological support of coal processing and produc-
tion of high-conversion products of carbon chemistry", funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.

Bb. T. Epmaraméer, H. ¥. Hypraiues,
M. K. KazankanoBa, 7K. M. KacenoBa, JI. /I. AOblirasuna

«Kemip xumusice xxone Texaonorus nHCTUTYTeD JKIIC, Acrana, Kazakcran

TAC KOMIPJEH )KAPTBLJIAN KOKC —
TYTIHCI3 OTBIH AJTY

Annoranus. Maxkanana "Caperagsip" («[I9THMeTpOBBID) IIACTH) KEHIITiHIH KOMIpPIHIH MTHPOJI31 KENTipisreH,
250-550 °C Temmepatypa apaibIFbIHIA, KBI3ABIPY KbeuimamMabirsl 10-15 °C / mun Kypanst sxoHe 550 © C-ma 1, 2 xoHe
3-carat ycrangsl. [lupomm3 HOTHXKECiHAE >KapThUIai KOKC (TYTIHCI3 OTBIH), JKAQHFBINI Ta3 XOHE CYHBIK eHIMuIep
(mraiieIp) anbHABL. TepMOTPaBUMETPIIK JKOHE XPOMATOTpadisUIBIK TalAady OIiCTepiMeH, SHEProAHCIEepPCHSITBIK
PEHTTeH i CTIEKTPOCKOMHSI apKBIIB TUPOITU3 HOTIKECIHE aJIbIHFaH OHIMHIH TEXHHUKAIBIK JKOHE SJIEMEHTTIK KYpaMbl
aHbIKTANABL. JKBUTyBI aliTapieikTail skorapbl ra3 350 °C Temmeparypama ty3immi. [lmpomms ypmici kesiHme
(550 °C) ycrany yakpITBIHBIH 6HIMHIH 2JIEMEHTTIK KYpaMbl MEH IIBIFBIMBIHA TOYEIIUTITI aHBIKTAIEL.

Tyiiin ce3aep: xemip, Capblamsip, MTUPOIU3, )KAPTHUIAH KOKC, JKaHFBIII ra3, MIanbIp.

Bb. T. Epmaraméer, H. ¥. Hypraiues,
M. K. KazankanoBa, 7K. M. KacenoBa, JI. /I. AObL1razuna

TOO «MHCTUTYT XMMHH YTII M TEXHOJIIOTHI», AcTaHa, Kazaxcran

IOJYYEHUME BE3JIbIMHOI'O TOIIJIUBA —
MMOJYKOKCA U3 KAMEHHOI'O YIJIA

AnHotanusi. B crarbe nposeneH nuponus yrist MmecropoxaeHust «Capblagsip» (mnact «IIsTumerpoBsiiiy) B
unTepBane remueparyp 250-550 °C mpu ckopoctu Harpesa 10-15 °C/muH u ¢ Beiaepxkoi npu 550 °C B Teuenue 1, 2
u 3 yaca. B pesysnprare nuposnsa noiaydeHsl IOIYKOKC (B KayecTBe O€3AbIMHOTIO TOIUIMBA), a TAKXKE TOPIOYHH Ta3 U
JKUJIKHE TIPOJYKTHI (cMoiia). MeToaMu TepMOrpaBUMETPHUECKOTO U XpOMaTorpadMueckoro aHajIn30B, SHEProInC-
MIEPCHOHHOW PEHTTEHOBCKOM CHEKTPOCKONMM W3y4YeHbl TEXHMYECKUH M 3JIEMEHTHBIA COCTaBbl MOJYYEHHBIX MPO-
JOYKTOB mposu3a. ['oprounii ra3 ¢ HanOoJbIIEN TEMIOTBOPHON CIIOCOOHOCTRIO TIOyUeH Tpu Temmeparype 350 °C.
VYeraHoBieHa 3aBUCHMOCTD BIIHSHUS BPEMEHH BBIIEPXKKHU B mporecce mupouusa (pu 550 °C) Ha BBIXO U JIEMEHT-
HBII COCTaB MPOJYKTOB.

KioueBsie ciioBa: yrons, Capblafblp, MTUPOIN3, TIOIYKOKC, TOPIOYHI ra3, cMoJa.
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