UDC 662.742.1 https://doi.org/10.33271 /nvngu/2021-1/039

Karaganda Technical University, Karaganda, the Republic of
Kazakhstan, e-mail: dauletzhanov@gmail.com

N. A. Drizhd,
orcid.org/0000-0001-7269-7626,
Zh.T. Dauletzhanova,
orcid.org/0000-0001-9682-5127,
N. M. Zamaliyev,
orcid.org/0000-0003-0628-2654,
A.Zh. Dauletzhanov,
orcid.org/0000-0002-1770-3728

INFLUENCE OF TECHNOLOGICAL PROCESS PARAMETERS
ON QUALITATIVE CHARACTERISTICS OF COAL THERMOLYSIS PRODUCTS

Purpose. To determine and compare the qualitative and quantitative characteristics of products obtained under different cok-
ing conditions to streamline the process and consider the deeper use of recycled materials at Shubarkol Komir JSC.

Methodology. Based on the existing coking technology on the basis of the enterprise, two variants of temperature exposure to
coal were tested. The first option is heating coal to 900 °C, which is carried out by slow thermolysis of coal in a stream of ascending
gases. The second option is high-speed heating of coal to 900 °C with further loading of the released products into the chamber for
additional pyrolysis at 800 °C, which is carried out with the development of reactions involving oxygen-containing gases from the
furnace and from the outside.

Findings. At the production site as well as under laboratory conditions, the composition and quality characteristics of the prod-
ucts of heat treatment of long-flame coal under various temperature effects were determined. Differences in the composition of
decomposition products were noted and their quantitative yield was determined.

Originality. Analytical data on coking products have been obtained and the dependences of their quantitative and physical
parameters on different applications of thermolysis on the coals of the Shubarkol deposit have been established.

Practical value. The results of the work allow improving the technology of coke production by introducing an additional stage
of pyrolysis, which will lead to an improvement in the consumer properties of coke, and also create conditions for the development

of methods for using secondary production products.

Keywords: coal, Shubarkol, volatile substances, pyrolysis, coking, thermolysis, thermal degradation

Introduction. Coal, as a solid, is a complex dispersed sys-
tem consisting of three main parts: organic matter, moisture
and mineral components, which, being in interaction, deter-
mine, in general, the physicochemical properties of the sys-
tem. It is actively used as a fuel for the production and conver-
sion of energy, and with the development of the chemical in-
dustry and the demand for rare and valuable materials in other
industries, the demand for coal increases [1]. Meanwhile, a
significant decrease in the need for coal raw materials as an
energy source is predicted in the next 30—40 years, therefore,
the rational use of rich coal deposits is the study and develop-
ment of processing technologies for this source of raw materi-
als [2].

The world chemical industry has successfully mastered
technologies for the production of liquid fuels and rare metals
from coal. Coal is a raw material for obtaining composite car-
bon-graphite materials with a high content of carbon, gaseous
fuel of high calorific value, methods of plastic production have
been developed [3]. The lowest-grade coal, its very fine frac-
tion and coal dust are processed and pressed into coal bri-
quettes, which are excellent for heating both industrial prem-
ises and private houses. In total, with the help of chemical
processing of coal, more than 400 types of products are pro-
duced, which can cost tens of times more than the initial prod-
uct [4].

More than 50 % of coal production falls on the provision
of the energy sector of the economy of the Republic of Ka-
zakhstan as fuel, and 20 % of the coal produced is exported in
physical terms. At the same time, every year there is a decrease
in external demand for Kazakhstani coal, therefore, the coun-
try’s coal industry needs other ways of rational use of the ex-
tracted raw materials. Thus, at the beginning of 2019 the Re-
public of Kazakhstan hosted a forum of the country’s coal
miners, where the need for the development of deep coal pro-
cessing was noted [5]. Thus, with all the peculiarities of the
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geological origin of coal reserves on the territory of Kazakh-
stan, the study on the qualitative characteristics of raw materi-
als is a fundamental step in the development of the country’s
coal processing industry.

Shubarkol coal, suitable for both power engineering and
metallurgy, has a high calorific value and low ash content with
a lower sulfur and moisture content; it can be used in the tech-
nology for producing alumina [6].

A significant advantage of coal as a raw material for the
production of high-quality coke is the following:

- low ash content (49), which, according to the research
results, averages 2.0 %;

- low content of total sulfur (S8Y) on average 0.21 % and
very low content of phosphorus (P?), equal to 0.005 %;

- high yield of volatile substances (V,,, = 43—45 %) with
low ash content (49 = 3—5 %), which makes it possible to ob-
tain the country’s own gas in the required amount as a heat
carrier for the process;

- the content of fixed carbon (Cy,) is high enough for grade
D coal and is 55.3 %;

- the gross calorific value (Q%s) of coal is 7400 kcal/kg
(30.98 MJ/kg), the net (Qri) — 6460 kcal/kg (27.05 MJ/kg),
which indicates the possibility of using coal as an energy fuel [7];

- hygroscopic moisture (Whi) in coal is 5.0 %, and also
when viewed under a microscope, vitrinite grains of regular
shape have clear even boundaries. This indicates the absence
of signs of oxidation;

- high density (real and apparent), low porosity, equal to
15.8 % and a small pore volume (0.138 g/cm’);

The structural strength of coal (coal free from cracks) of
the 6—3 mm class is relatively low and averages 62.8 %.

To ensure more efficient use of coal in the process of cok-
ing in vertical furnaces with internal heating at Shubarkol
Komir JSC, it is necessary to study the dynamics of changes in
the composition and quality indicators of heat treatment
products of long-flame coal, depending on the level of tem-
perature exposure. It is known that during the heat treatment
of coal, structural transformations occur in coal and, as a re-
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sult, changes in the composition and volumes of steam-gas
products, consisting of its own gas, chemical products (includ-
ing tar) and pyrogenetic moisture. Thus, the study on the pe-
culiarities of pyrolysis variations, under conditions approach-
ing the operating conditions of furnaces and their possible
options, the determination of all thermolysis products will
help to assess the ways of rationalizing coke production.

Experimental part. Property studies on the products after
coal thermal decomposition. The experimental technique was as
follows: The experiments were carried out in a single-section
coking oven (clause 4.2 of GOST) [8]. The method is based on
heating the test coal to 900 °C (without air access) in a coking
oven to obtain primary chemical products, which are then sent
for subsequent pyrolysis into a special chamber heated to
800 °C, where they are kept in within 20 minutes.

During the experiments, it was taken into account that in
the process of coking in vertical furnaces with internal heat-
ing at Sary-Arka Koks LLC, “raw” coal D is heated from low
temperatures to 750—800 °C (in some places of the furnace up
to 900 °C). Therefore, in contrast to the conditions of GOST
18635-73, experiments were carried out when heating coal in
a coking oven from 500 to 900 °C every 100 °C in two ver-
sions:

I — capturing the formed primary chemical products with-
out sending them to the additional pyrolysis chamber;

II — capturing the formed chemical products and directing
them to the additional pyrolysis chamber heated to 800 °C.

In both versions, the yield of chemical products (gaseous,
liquid and solid), the composition of the emitted gas, its den-
sity and the heat of combustion were determined.

The options for the temperature impact on coal were se-
lected from the following considerations. Heating without ad-
ditional pyrolysis (basic version) can correspond to the condi-
tions of slow heating of the furnace coal in the flow of rising
gases. Heating with pyrolysis corresponds to the conditions of
high-speed heating with the development of reactions with the
participation of oxygen-containing gases from the furnace and
from the outside (air suction). Both options are possible under

the actual operating conditions of the furnace [9]. The results
of the experiments are shown in Tables 1 and 2.

Analysis of the yield and composition of gaseous products
during heating of Shubarkol coal within the range from 500 to
900 °C was carried out on the basis of the results obtained (Ta-
bles 1 and 2).

The yield of chemical products was determined in accor-
dance with GOST 18635-73 “Method for determining the
yield of chemical coking products” at the installation, the dia-
gram of which is shown in Fig. 1.

Property studies on the coke after different temperatures of
additional calcination. As a rule, the use of carbonaceous ma-
terials that play the role of carbonaceous reductants or fuel is
associated with their entry into the zone of high temperatures
of the technological unit (blast furnaces, electrothermal, sin-
tering, carbide, phosphoric, and so on).

This experiment will make it possible to evaluate the pos-
sibility of improving the properties of coke by introducing ad-
ditional pyrolysis into the coking process. Including observa-
tion of the change in the quality of coke during secondary
heating will allow considering the effectiveness of application
in various high-temperature industries.

Experiments on heating coke of three classes (25—40, 10—
25, 0—10 mm) were carried out in two stages: 1) heating (cal-
cination) to 700—900 °C and 2) high-temperature heating to
1000—1700 °C.

Results and discussion. When heated, about 42—45 % of
volatile products are released from long-flame coal, and the
bulk of them are intense - in the range of 400—600 °C. At low
temperatures, only unstable side groups of atoms are split off
from the macromolecule of the coal substance, mainly in the
form of CO,, H,0 and heavy hydrocarbons (resin vapors), the
process ends with the formation of semicoke. With a further
increase in temperature, the reactions of aromatization and
polycyclization are intensified (with the elimination of gaseous
products, mainly H,, and in a smaller amount — CH,, CO,
N,), the formation of higher molecular weight polycyclic sys-
tems of a network structure occurs. This process requires sig-

Table 1
The yield and composition of chemical products when heated (500—900 °C) Shubarkol coal without additional pyrolysis
Temperature, °C
Indicators

500 600 700 800 900
Chemical product yield
on (dry weight), %: mass
- pyrogenetic moisture - 0.90 4.18 9.54 8.60
- resin 15.93 18.16 15.23 10.53 10.03
- benzene 1.40 1.66 1.71 1.30 1.00
- ammonia 0.14 0.17 0.28 0.40 0.46
- gas 5.84 10.23 13.37 15.01 16.14
- semi-coke (coke) 76.69 68.88 65.23 63.22 62.31
Gas composition, % by volume:
H,S 1.56 1.16 1.52 0.86 1.41
CO, 26.87 18.65 14.15 10.98 8.99
C,H, 0.0 0 0 0.49 0.30
0, 10.67 7.56 5.02 3.82 3.20
CcO 8.41 14.91 18.27 20.33 20.02
H, 0.0 0.0 10.25 17.77 21.20
CH, 7.77 24.44 28.47 28.17 28.29
N, 44.78 33.31 22.32 17.59 16.59
Sum H,, CO, CH, 16.18 39.35 56.99 66.27 69.51
Gas density, kg/m? 1.4286 1.2730 1.0959 0.9389 0.9253
Gas combustion heat (lowest), MJ/m?, kcal/m? 3.82 10.63 13.61 14.87 15.13

913 2540 3251 3552 3614
Gas output, m’/t dry coal:
- actual 53 103 154 193 230
- reduced to 16.76 MJ (4000 kcal) 13 65 125 176 208
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Table 2

Yield and composition of chemical products when heated (500—900 °C) of Shubarkol coal with additional pyrolysis at 800 °C

Temperature, °C
Indicators

500 600 700 800 900
Chemical product yield
on (dry weight), %:
- pyrogenetic moisture 6.74 5.10 7.30 8.36 7.03
- resin 6.84 6.25 3.65 2.28 2.47
- benzene 1.04 1.04 1.08 0.86 1.04
- ammonia 0.14 0.20 0.42 0.52 0.45
- gas 10.84 17.90 21.87 24.10 27.27
- semi-coke (coke) 74.40 69.51 65.68 63.88 61.74
Gas composition, %:
H,S 1.09 0.82 0.52 0.47 0.38
CO, 13.77 12.85 12.84 11.92 9.35
C,H, 10.46 5.79 3.48 3.23 2.01
0, 0.50 0.50 0.50 0.50 0.50
CcO 17.66 20.63 19.16 19.81 21.31
H, 12.73 15.23 26.08 31.51 33.20
CH, 39.40 38.10 32.10 28.09 25.35
N, 4.39 6.08 5.32 4.47 7.90
Sum H,, CO, CH, 69.79 73.96 77.34 79.41 79.86
Gas density, kg/m? 1.0215 0.9811 0.8804 0.8314 0.8044
Gas combustion heat (lowest), MJ/m?, kcal/m? 24.00 21.37 18.83 17.90 16.56

5733 5105 4497 4276 3955
Gas output, m’/t dry coal:
- actual 113 165 252 300 396
- reduced to 16.76 MJ (4000 kcal) 162 210 283 321 391

nificant energy consumption and is being developed in the
area of high temperatures (800—900 °C). The release of light
components into the vapor-gas phase occurs mainly when the
thermally active C—C bonds are broken, leading to the de-
composition of coal macromolecules [ten].

Option I — without additional pyrolysis of products.
When coal is heated from 500 to 900 °C, the gas output (ac-
tual) increases by 4.5 times (from 53 to 230 m?/t of dry coal).
At the same time, the content of CO, (from 26.87 to 8.99 %),
0O, (from 10.67 to 3.20 %) and N, (from 44.78 to 16.59 %)
sharply decrease. At the same time, the content of the follow-
ing components increases: H, — from 10.25 % (at 700 °C) to
21.20 % (900 °C), CH, — from 7.77 to 28.29 % and CO —
from 8, 41 to 20.02 %. In general, when heated from 500 to
900 °C, the content of combustible components (H, + CO +
CH,) increases by 4.3 times (from 16.18 to 69.51 %). At the
same time, the combustion heat of gas increases by 4 times
(from 913 to 3614 kcal/m?) and its density decreases (from
1.43 to 0.92 kg/m?).

Fig. 1. Diagram of the installation for determining the yield of
chemical coking products in accordance with GOST 18635:

1 — coking oven; 2 — tubular electric pyrolysis furnace; 3 — nozzle;
4 — thermal converters; 5 — tubular electric oven for a cotton filter
with a thermostat; 6 — thermometer; 7 — water pressure gauge;
8 — calcium chloride tube; 9 — absorption flasks for CO, and H,S;
10 — absorption flasks for unsaturated hydrocarbons; 11 — tubes
with activated carbon; 12 — gas meter; 13 — measuring cylinder;
14 — absorption flask for ammonia; 15 — filter for collecting resin;
16 — quartz insert; 17 — reaction quartz tube

Option II — with additional pyrolysis of products. The gas
output (actual) increases by 3.5 times and reaches a maximum
value of 396 m*/t at 900 °C. Less dramatically, in comparison
with option I, the CO, content decreases (from 13.77 to
9.35 %), the N, content increases from 4.39 to 7.90 %. The
content of O, according to the conditions of the experiment
(according to GOST 18635-73) was taken constant (0.5 %).
The content of low-molecular combustible components (H, +
+ CO + CH,) continues to grow — from 69.79 to 79.86 %; how-
ever, the total heat of combustion decreases (from 5733 to
3955 kcal/m?), apparently due to a 1.55-fold decrease content
of CH, (from 39.40 to 25.35 %).

Studies have shown that when Shubarkol coal is heated to
900 °C with additional pyrolysis (at 800 °C), the hydrogen
concentration in the gas increases and is about 33 %, and the
sum of H,, CO, CH, gases reaches 80 % (Table 2). Any dilu-
tion of gaseous products with low-reactive components, for
example, in variant I or in the low-temperature region (500—
600 °C) in variant II, reduces their reduction capabilities: the
H, content is about 12—21 %, the H, + CO + CH, share de-
creases to 66—74 % (Tables 1 and 2).

Figs. 2 and 3 show the dynamics of changes in the yield of
chemical products from coal, respectively, without imple-
menting additional pyrolysis and after additional pyrolysis.

Fig. 4 shows the dynamics of the formation of the sum of
gases H,, CO, CH, from coal without additional pyrolysis (a)
and with additional pyrolysis (b) of coal.

Fig. 5 shows the dynamics of changes in gas density during
tests for options I and 11.

Fig. 6 shows the dynamics of gas discharge without addi-
tional pyrolysis and after additional pyrolysis.

As for the resin for heat treatment of coal, its main amount
is formed at the stage of semi-coking at a temperature of 550—
600 °C. Under conditions when volatile products leave the re-
action zone without being exposed to higher temperatures as
in option II, the resulting resin hardly changes its primary
character.

The quality of the resulting resin is shown in Table 3.
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Qualitative characteristics of coke when heated within 700—
900 °C. High viscosity and heat of combustion (9150 kcal/kg)
should be noted among the important performance indicators
of resin quality. There is also an increased content of phenols
(22.4 %). The pour point of the resin is at +10 °C.

Changes in the quality characteristics of coke calcined to
900 °C are shown in Tables 4 and 5.

For 25—40 mm coke, with an increase in the heating tem-
perature from 700 to 900 °C (Table 4), the yield of the original
25—40 mm class decreases from 92.5 to 84.6 %, although the
formation of 0—10 mm fines is minimal (1.9-2.3 %).
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Fig. 5. Gas density for option I (without additional pyrolysis)
and option 11 (after additional pyrolysis)
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Fig. 4. The sum of H,, CO, CH, (the difference in outputs with
and without additional pyrolysis):

Sum of H,, CO, CH,, %

a — without additional pyrolysis; b — after additional pyrolysis

The mechanical strength of the calcined coke is quite high
and in terms of the yield of 25—40 mm class is 67.7—60.6 %
with the formation of fines (0—10 mm) up to 4.3—5.5 %.

For the 10—25 mm class, calcination to 900 °C did not
significantly affect the decrease in the yield of the main
class — from 98.6 to 97.3 % and the formation of fines —

450
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50 I I
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500 600 700 800 900

Temperature,°C
EOption]  WOption I

Actual gas yield, m3/t of dry coal

Fig. 6. Gas make for option I (without additional pyrolysis) and
option 11 (after additional pyrolysis)

Table 3
Characteristics of pitch from coal grade D
4 = I IS ) R . Fractional composition, Calorific
i) 2 20 ., = S o Elemental composition, % .
S |3 Je | g 5 e S § % (vol) up to, °C value,
= =l o b= 3 . o = Qdo,
k=] o S| 2 =) = = 335 ER:
S | ARY|5zE| L8| £8 | £E8 C H | 0+N | 8 200 | 240 | 280 | 320 | (kcal/kg)
1 1.024 9.0 0.11 +10 22.4 82.8 8.8 7.8 0.6 11.0 27.5 41.0 71.5 9150
11 1.026 10.0 0.11 +10 21.6 83.3 8.5 7.5 0.4 10.0 29.5 43.0 74.0 9230
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Influence of the coke calcination temperature on the change in its size and strength

Table 4

After calcination After dropping
Clas, mm | Cacinaton,c | Grmlometic composiion (%) | \JUEEL | Granulometriecompostion (9) | | ITEL
mm mm
25-40 10-25 0-10 - 25-40 10-25 0—10 -

25-40 700 92.5 5.3 2.2 311 67.7 21.5 4.8 27.1
800 88.4 9.7 1.9 30.5 60.9 33.6 5.5 259

900 84.6 13.1 2.3 29.9 60.6 351 43 26.1

10-25 700 - 98.6 1.4 17.3 - 96.6 3.4 171
800 - 97.3 2.7 17.2 - 96.4 3.6 17.1

900 - 97.3 2.7 17.2 - 95.8 4.2 17.0

from 1.4 to 2.7 %. The mechanical strength of the coke after
calcination remained quite high and ranged from 96.6 to
95.8 % with minimal formation of fines (0—10 mm) from 3.4

to 4.2 %.
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a

Fig. 7. Change in coke properties:

m900°C
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Changes in the material composition and physical and
chemical properties of coke classes (25—40, 10—25 and
0—10 mm) during their calcination to 700—900 °C are shown in
Table 5, and comparative diagrams are shown in Figs. 7, a, b.
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Table 5
Changes in the physical and chemical properties of coke depending on the calcination temperature
Series of experiments
Indicators
1 2 3
Experimental conditions:
- class of coke size, mm 25—-40 | 25—-40 | 25—-40 | 10-25 10-25 10-25 0—-10 0—-10 0—-10
- calcination temperature, °C 700 800 900 700 800 900 700 800 900
- calcination time, min 30 30 30 30 30 30 30 30 30
Technical analysis, %:
we 3.1 3.3 2.4 4.4 4.7 5.1 3.1 5.0 3.4
Al 42 49 4.9 5.8 5.8 6.0 5.2 5.8 5.8
yHaf 3.56 2.83 2.49 2.58 2.52 2.33 3.76 2.56 1.56
5 0.21 0.24 0.26 0.25 0.26 0.28 0.29 0.26 0.26
Carbon content (C™), % 92.4 92.4 92.7 91.8 91.8 91.8 91.2 91.8 92.7
Specific electrical resistance in class 6—3 mm, 45.3 41.2 20.6 39.5 27.4 15.2 88.5 60.9 21.2
p=0.2kg/cm?, p, Ohm - cm
Density, g/cm?:
valid, ddr 1.676 1.668 1.718 1.638 1.690 1.692 1.654 1.692 1.739
apparent, dda 1.144 1.146 1.149 1.124 1.136 1.143 1.141 1.127 1.141
Porosity, Pc % 31.7 31.3 33.1 31.8 32.8 324 31.0 334 34.4
Total pore volume, Wiot., cm’/g 0.277 0.273 0.288 0.273 0.289 0.284 0.272 0.296 0.301
Structural strength, Ps, % 77.4 78.1 80.4 75.8 78.7 80.1 75.4 75.8 76.5
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After heat treatment of coke classes at 700—900 °C the fol-
lowing changes in their properties took place. Common signs
of the influence of the calcination temperature on the quality
of all classes of coke are:

- increase in ash content (by 0.2—0.7 % abs. depending on
the class of coke);

- a sharp decrease in the yield of volatile substances, espe-
cially in the class 0—10 mm (from 3.76 to 1.56 %);

- almost unchanged content of fixed carbon (C*) for
classes 25—40 and 10—25 mm and a slight increase in C* for
class 0—10 mm (from 91.2 t0 92.7 %);

- the development of a porous structure with an increase in
the total porosity for all classes — on average from 31.0—31.8 to
32.4—34.4 % and the total pore volume — from 0.272—0.277 to
0.284—0.301 cm®/g;

- a sharp decrease in electrical resistivity (ESR) for the
25—40 mm class — by 2.2 times, for the 10—25 mm class — by
2.6 times and for the 0—10 mm class — by 4.2 times. However,
its level after calcination of all classes (15—88 Ohm-cm) sig-
nificantly exceeds the USE of metallurgical coke (2.5—
4.0 Ohm - cm);

- increase in structural strength, especially in classes 25—40
and 10—25 mm from 75.8—77.4 to 80.1—-80.4 %, and less sig-
nificantly — for fines of class 0—10 mm — from 75.4 to 76.5 %.

High-temperature treatment of coke in the range of 1000—
1700 °C. Changes in the physicochemical properties of coke of
the 10—25 mm class were studied when heated to 1000—
1700 °C (Table 5).

The tendencies of changes in the properties of coke during
high-temperature calcination are as follows:

- in comparison with the original class, during calcination,
its ash content increases to 4.9—5.2 %;

- the yield of volatile substances changes particularly
sharply: at 1000 °C the sleep is 2.0 % (for the initial one —
4.4 %), and at 1700 °C it decreases to 0.8 %;

- the content of the total sulfur of coke in the conducted
experiments increases from 0.22 to 0.26 %, although there is
information on the calcination of metallurgical coke, indicat-
ing a decrease in sulfur when heated to similar temperatures;

- the content of fixed carbon increases from 92.9 to 94.1 %.
The carbon content per organic matter (C %) reaches its max-
imum value (98.30 and 98.65 %) for cokes calcined at 1400
and 1700 °C. In the elemental composition of cokes calcined at
1700 °C, the content of hydrogen and oxygen sharply decreas-
es — to 0.24 and 0.27 %, respectively (for the initial one, 1.28
and 3.33 %);

- by an order of magnitude (in comparison with the initial
coke), the specific electrical resistance decreases from 66.6 to
3.0 Ohm - cm, which at 1400—1700 °C approaches the level of
ECS of metallurgical coke (2.5—4.0 Ohm - cm);

- the reactivity at 1000 °C is at the level of that of the initial
coke 15.02 against 4.78 cm’/g - s, and at 1400—1700 °C it
sharply decreases, reaching 2.24—2.75 cm?®/g - s. However, this
level is rather high in comparison, for example, with blast fur-
nace coke (0.30—0.60 cm’/g - s);

- the structural strength of coke at 1700 °C decreases to
73.1 % (for the original 80.9 %);

- the porosity of the calcined coke increases and reaches
an average value of 42.5 % (for the original 27.4 %). With an
increase in temperature, the values of the actual and apparent
density decrease. The total pore volume during calcination in-
creases and amounts to 0.434—0.459 cm’/g.

Conclusion. Coal grade D of the Shubarkol deposit by its
complex of material and mineral composition, physicochemi-
cal and mechanical properties is a unique raw material for the
production of a special carbonaceous product from it in ther-
mal furnaces. The quality indicators of coal have created the
practical implementation of industrial production of coke in
vertical furnaces with internal heating at Shubarkol Komir
JSC. A ssignificant disadvantage of coal is its lowered values of
structural and thermal strength indicators, which can cause
relatively fine coke to be obtained.

In general, the research results indicate a sufficiently high
reductive ability of volatile products of thermal decomposition
of long-flame coal and the possibility of their significant in-
crease by additional pyrolysis. Comparative analysis of gas
composition when heating Shubarkol coal to 500—900 °C
without additional pyrolysis and with pyrolysis of emitted

Table 6
Change in the properties of coke during high-temperature heating
Indicators Initial coke class 1000 °C 1400 °C 1700 °C
10—25 mm

Technical analysis, %:
Al 3.0 5.2 49 5.1
ydaf 4.4 2.0 1.1 0.8
Sd 0.18 0.22 0.25 0.26
Carbon content (C%), % 92.7 92.9 94.0 94.1
Elemental composition (on organic matter), %:
Cdaf
H! 93.48 96.27 98.30 98.65
N/ 1.28 0.52 0.28 0.24
o 1.72 0.91 0.77 0.57
Ned 3.33 2.07 0.39 0.27

0.19 0.23 0.26 0.27
CO, reactivity at 1000 °C, KCO,, cm’/g - s 4.78 5.02 2.24 2.75
Specific electrical resistance in class 6—3 mm, p = 0.2 kg/cm?, 66.6 7.0 34 3.0
p, Ohm - cm
Density, g/cm?:
valid, ddr 1.579 1.687 1.631 1.616
apparent, dda 1.146 0.974 0.944 0.928
Porosity, % 27.4 42.3 42.1 42.6
Total pore volume, Wtot., cm3/g 0.239 0.434 0.446 0.459
Structural strength, Ps, % 80.9 77.6 75.5 73.1
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products suggests the influence of volatile components of coal
on the thermal regime of coke ovens, the chemical and hydro-
carbon composition cause different total thermal effect of the
process and their role in the formation of the structure and
indicators of the quality of the resulting coke, in particular:
porosity, mechanical strength, electrical resistivity, destruc-
tion in CO,, and so on.

The quality of coke during secondary heating was investi-
gated to assess the effect of additional pyrolysis, as well as its
applicability in various high-temperature industries. Analysis
of changes in the quality of coke classes after secondary heat-
ing to 700—900 °C shows that heat treatment generally im-
proves their physicochemical properties, especially when used
as a carbonaceous reductant, for example, for ferroalloy pro-
duction and as a class 0 fuel —10 mm for ore agglomeration.
Exposure to high temperature coke in all cases leads to further
compaction of its fine-pored structure, which is associated
with the process of intramolecular rearrangement of the coke
substance (its condensation and graphitation). At the same
time, the coke retains high sorption capacity, pore volume,
and inner surface. However, the coke obtained from coal of
grade D, under high-temperature heating, is subject to slight
graphitation and at the same time retains a relatively developed
porous structure and high indicators of physical and chemical
properties.

As for the coal heat treatment resin, its main amount is
formed at the semicoking stage at a temperature of 550—
600 °C. Under conditions when volatile products leave the re-
action zone without being exposed to higher temperatures, as
in option II, the resulting resin practically does not change its
primary character.

In this regard, it is necessary to assess the rationality of us-
ing option II, where the actual release of volatiles differs by
1.5-2 times from the main scheme, while the energy con-
sumption for maintaining additional pyrolysis at a constant
temperature of 800 °C is also significant.

When coke is heated to temperatures of 1000—1700 °C,
typical for metallurgical and chemical processes, the ash con-
tent Ad increases to 4.9—5.2 %, which is still an acceptable in-
dicator for production needs [11]. Obviously, the preservation
of low values of the ash content of the feedstock provides high
quality coke for high-temperature production.

Thus, the data obtained as a result of comparative tests can
be used for planning production operations and technologies
with the disposal of coking products and other thermal effects
on coal. The component composition of the resin helps to as-
sess the feasibility of processing secondary raw materials on
the basis of an already operating industrial facility. For exam-
ple, the chemical composition of the resin makes it possible to
develop methods for distillation and extraction of individual
groups of organic compounds. Phenol can serve as a raw mate-
rial for the mining industry proper in the synthesis of poly-
meric antipyrogenic coatings for stacks of coal and coke during
open storage or transportation of coal products in bunkers and
wagons.
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BB mapaMeTpiB TEXHOJIOTIYHMX MPOLECIB
HA fAKICHI XapaKTepPUCTUKU MPOAYKTIB
TEPMOJTi3y BYTLLIA

M. O. dpixnco, K. T. layremaucanosa, H. M. 3amanies,
A. K. Jlayaemocanos

KaparannuHcbkuii TexHiuHuit yHiBepcutet, M. KaparaHna,
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Mera. BusHauuTH ii MOpiBHATH SKIiCHI Ta KiJbKiCHi Xa-
PaKTepUCTUKU MPOAYKTIB, OTPUMAHUX 32 Pi3HUX PiBHIB BU-
KOPMCTAHHSI KOKCYBaHHs, JJIs palioHami3alii TeXHOJOriu-
HOTO Mpoliecy i po3risay OiIbil ITMOOKOT0 BUKOPUCTAHHS
BTOpUHHOI cupoBruHU B yMoBax AO «lllybapkonab Komip».

Metoauka. Buxonsuu 3 iCHYI0UOi TE€XHOJIOTii KOKCYBaH-
Hs1, Ha 0asi mianpueMcTBa OyaM AOCHTIIXKEHi IBa BapiaHTa
TeMIIepaTypHOTo BIUTMBY Ha ByTijuid. [lepimii BapiaHT — Ha-
rpiBaHHs Byriuis 10 900 °C, 1110 TpOBOAUTS ILIJISIXOM TTOBiTb-
HOTO TEPMOJIi3y BYTi/UISl B TIOTOLI BUCXiIHUX ra3iB. Jdpyruit
BapiaHT — IIBUAKiCHe HarpiBaHHs Byriuig 1o 900 °C 3 mo-
JAJTbIIMM 3aBaHTaXKCHHSIM TIPOAYKTIB, 110 BUIUISIOTHCS 10
KaMmepu it noaaTkoBoro mipojisy npu 800 °C, sikuii mpo-
BOIUTBCS 3 PO3BUTKOM PEaKIIiif 3a yJacTi KNCHEBMICHUX ra-
3iB i3 meyi Ta 330BHi.

Pesyabratn. Ha Bupo6HU4YOMY MaiinaHuuKy Ta B 1abopa-
TOPHUX YMOBaX BU3HAYEeHi CKJaj i SKiCHI XapaKTepUCTUKU
MPOIYKTIB TEPMiUHOI OOPOOKM JOBrOMOJIYMEHEBOIO BYTLLISI
MpU Pi3HUX TeMIepaTypHMX BIUIMBaX. Big3HaueHi BimMiH-
HOCTIi y CKJIali MPOAYKTIB pO3KJIagaHHs 1 BU3HAYEHO KiJlb-
KiCHMI 1X BUXilI.

HaykoBa noBusna. OTprMaHi aHAJITUYHI IaHi O TIPO-
JIyKTaM KOKCYBaHHSI Ta BCTAHOBJICHI 3aJIEXKHOCTI iX KiJIbKic-
HUX i (pi3MYHUX MMapaMeTpiB Bil Pi3HUX BapiaHTIB 3aCTOCY-
BaHHSI TepMOJIi3y Ha Byriyuti LLlydbapkoabckoro pogoBuiia.

IIpakTyna 3HauuMicThb. Pe3ynbraTu poO0TH 103BOJISIIOTH
YIOCKOHATIOBATU TEXHOJIOTiI0 KOKCOBOTO BUPOOHUIITBA
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LLJISIXOM YBEJIEHHSI 1OAaTKOBOI CTafil MipoJii3y, 110 Npu3Beae
JI0 TIOKpaIleHHS CITOXMBYMX BJIACTUBOCTEN KOKCY, a TAKOX
CTBOPIOIOTb YMOBU /IS PO3POOKU METOAUK BUKOPUCTAHHS
BTOPUMHHUX MTPOIYKTiB BUPOOHUIITBA.

KimrouoBi cnoBa: gyeinna, Illybapkons, nemiwoui pevogunu,
niponi3, KOKCY8aHHs, MepMoni3, mepmiuHuil po3xkaad

Bimsine mapamMeTpoB TEXHOJIOTHYECKHUX
MPOLECCOB HA KAYECTBEHHbIE XAPAKTEPUCTUKHU
NPOAYKTOB TEPMOJIM3A YIjei

H. A. llpuxco, K. T. laynemmucanosa, H. M. 3amanues,
A. 2K. Jlaynremoicaros

KaparannnHCKMiT TeXHUYECKMi1 yHUBEPCUTET, . Kaparanma,
Pecnyonnka KasaxcraH, e-mail: dauletzhanov@gmail.com

Henb. OnipenenTh M CPaBHUTh KAYECTBEHHbBIC M KOJTUYE-
CTBEHHbIE XapaKTEPUCTUKU MPOAYKTOB, TMOJYYEHHBIX MPU
Pa3HBIX YCIOBUSIX KOKCOBaHMS, VISl pallMOHAIM3AlIMU TeX-
HOJIOTMYECKOTO MPOIIECca U pacCCMOTPEHMUS 0oJiee r1yO0KOoro
HCIOJIb30BaHMSI BTOPUYHOTO ChIpbsl B ycioBusix AO «Illy-
O6apkoib Komup».

Metoauka. Mcxonst U3 CylIEeCTBYIOLIEH TEXHOJIOTUU KOK-
coBaHUsI, Ha 6a3e TIPeANPUITHS ObUTM UCTIBITAHbI 1BA Bapy-
aHTa TeMIepaTypHOIro BO31eiCTBUS Ha yrob. [1epBhlii Bapu-
aHT — HarpeB yis 10 900 °C, KoTopblii TPOBOIUTCS MyTEM

MEJIJICHHOTO TEPMOJIN3a YIJIsl B TIOTOKE BOCXOMISIIITUX Ta30B.
Bropoii BapuaHT — ckopocTHOe HarpeBaHue yrist 1o 900 °C ¢
NaJIbHEUIIel TOTPY3KOii BBIIEISIONINXCS MIPOITYKTOB B KaMe-
py st gornojaHuTenabHoro nupoausa npu 800 °C, KoTopsblit
TIPOBOIUTCS C PA3BUTHEM PEAKIINI C y4aCTHEeM KMCIOPOICO-
JepXKallMX ra3oB U3 MeYr U U3BHE.

PesymbraTl. Ha Tpon3BOICTBEHHOI IUIOIIANKE W B Jia-
GOpaTOPHBIX YCIOBUSIX OIPEIe/IEHbI COCTaB U KAYeCTBEHHbIE
XapaKTePUCTUKH ITPOIYKTOB TEPMHUUECKON 00pabOTKHU TV H -
HOILIAMEHHOTO YIJIsI TP Pa3JIMYHBIX TEMIIEPATYPHBIX BO3-
neiicTBusix. OTMeUeHBI pa3Inurs B COCTaBe MPOAYKTOB pa3-
JIOXKEHMSI U ONpeieIeH KOJTUIECTBEHHBIN MX BBIXOJ.

Hayunasa noBu3Ha. [ToyueHBl aHAJIMTHYECKUE TAHHBIC
I10 MPOAYKTAaM KOKCOBAHMsI M yCTAHOBJICHBI 3aBUCUMOCTHU UX
KOJIMYECTBEHHBIX ¥ (PU3MUYECKUX ITAPAMETPOB OT Pa3HbIX Ba-
PUAHTOB IIPUMeHEeHYsI TepMoin3a Ha yruisix LLlybapkonbcko-
IO MECTOPOXIEHUSI.

IIpakTyeckas 3HaYMMOCThb. Pe3ynbTraThl pabOThl MO3BO-
JISIIOT COBEPIIEHCTBOBATH TEXHOJIOTUIO KOKCOBOTO IIPOM3BOI-
CTBa ITyTeM BBeIEHMUs JOIMOJHUTEIBHOM CTamuy MUPOJIM3a,
KOTOpasI IIPUBEIET K YIy4IIEHHUIO IIOTPEOUTEILCKIX CBOMCTB
KOKCa, a TaKXe CO3Ial0T YCJIOBUS JUIsT pa3pabOTKN METOIUK
KCITOJIb30BaHMsI BTOPUYHBIX IIPOAYKTOB IIPOM3BOACTBA.

Kuiouesbie cioBa: yeoas, lllyoapkons, semyuue sewjecmaa,
NUPOAU3, KOKCOBAHUE, MEPMOAU3, MEPMUUECKOE PA3N0UCCHUE
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