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Abstract. This study aimed to evaluate the effect of both
inorganic (boron carbide nanopowders and silicon carbide
(carborundum) and organic lean (petroleum coke) additives
on the quality of coke produced in a laboratory furnace, as
well as on its electrical properties. Analyzing the results of
the quality assessment of the obtained coke, it can be
argued that the addition of a fixed amount (0.25-0.5 wt.%)
of non-caking nanoadditives allows to regulate the process
in the plastic state in order to increase the coke strength.
This modification affects the coke quality and has a
significant dependence on the grade composition of the coal
charge. The use of nanoadditives is especially important for
coal charges with poor coking properties. Adding 5% of
petroleum coke to the coal charge leads to an increase in the
gross coke yield by 1.2-1.3%; a decrease in coke ash
content by 0.2-0.3%; an increase in the total sulfur content
in coke by 0.15-0.23%; deterioration in both mechanical
(P25 — by 0. 1-0.6%; 110 — by 0.1-0.2%) and coke strength
after the reaction (CSR — by 0.6-1.0%), coke reactivity
(CRI - by 0.2-0.3%), as well as structural strength (SS by
0.3-0.4%), abrasive hardness (AH by 0.7-1.0 mg) and
specific electrical resistance (p by 0.002-0.007 Omxcm).
The obtained data may indicate an increase in the order
degree of the coke structure and the appearance of a larger
number of nanostructures. In addition, it should be noted
that a sharper deterioration in blast furnace coke quality is
observed when using a coal charge characterized by a lower
coal content of the Concentrating Factory Svyato-
Varvarynska LLC.
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1. Introduction

It is known that blast furnace coke plays a very
important role in iron production. Therefore, the quality of
blast furnace coke is constantly monitored to ensure its
high strength and resistance to CO,. On the other hand,
standard test results cannot adequately predict the
behavior of coke in blast furnaces, as they do not
accurately reflect the actual operating conditions. In the
blast furnace, coke is exposed to temperatures above 1600
°C and gases/vapors, mainly CO, and H,O, which change
its strength and structure, while industrial coke testing is
limited to lower temperatures. For example, ISO
18894:2018 specifies the equipment and methods used to
determine the reactivity of lump coke (nominal lump size
>20 mm) in carbon dioxide at elevated temperatures
(1100 °C) and its strength after reaction in carbon dioxide
by tumbling in a cylindrical chamber.

The nanotexture of coke has been described in
several studies using transmission electron microscopy
(TEM),' or determined by small-angle neutron scattering
technique (SANS).” According to TEM data, the coke
nanotexture is characterized by molecular orientation
domains, the size of which varies from 5 nm to several
micrometers. Molecular orientation domains (MOD)
consist of polyaromatic basic structural units arranged in
parallel planes of aromatic layers that are either miso-
riented or locally oriented. The size of polyaromatic basic
structural unit is about 1 nm; it is formed by polyaromatic
layers (4 to 10 rings) isolated or superimposed on each
other in two or three layers. Optical microscopy classifies
MODs smaller than 300 nm as isotropic texture, while
those with a size >300 nm are part of an anisotropic
texture. These molecular orientation domains increase
continuously in size with increasing temperature, even
above 2000°C. Changes in the pore carbon distribution
have been widely studied by petrographic methods by
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Suarez-Ruizand Crelling.” Such studies have shown that
at temperatures below or around 1300°C, the porosity of
coke hardly changes, but increases significantly at higher
temperatures. This explains the behavior of coke as an
inert material in coke production; thus, its addition to coke
charges has an important impact on the properties of
metallurgical coke.

The porosity changes significantly only at higher
temperatures. The oxidation of coke by its minerals,
although occurring at lower temperatures, becomes much
more intense at about 1300°C according Sakurovs.” An
alternative explanation has been proposed. It states that at
temperatures below 1400 °C, any increase in coke
porosity caused by carbon rearrangement is canceled out
by the melting and flowing of some mineral material that
blocks the pores. At higher temperatures, the increased
ordering of the carbon according to Zhu, Zhan, He,4
creates pores. Petrographic methods have a maximum
resolution of about 1 micron. However, Sakurovs et al.,1
smaller pores, nanopores, are known to exist in coke and
can be expected to change during annealing as well.
However, the decreasing availability of primary coking
coals and problems with their supply force coke
companies to look for alternative raw materials and
process mixtures with deteriorated properties by Flores
etal”’ Therefore, petroleum coke (PC) has become an
interesting component of coke production in this context.

Over the years, petroleum coke has been used in
various proportions for the production of metallurgical
coke, from 5 to 40 wt.%. However, in many cases it is
unclear how and why the addition of petroleum coke
affects the properties of metallurgical coke. There are
conflicting reports in the literature about the positive
Zhang et al.® or negative by Malaquias, Flores, Bagatini’
impact of PC on coke quality.

Currently, in Ukraine, most coking coals have high
sulfur content and produce coke with CRI and CSR values
averaging 40% according to Larionov et al.®

In addition, many of the coals used for coking are
oxidized, which also worsens the CRI and CSR of the
blast furnace coke produced. Similar conclusions can be
found in Shmeltser et al.,” Gunka et al.,'’ Shved et al."
and Zelenskii."

Therefore, there is a growing interest in modifying
coal, which is in a plastic state during coking, in order to
improve the coke quality and expand the resource base of
coke production in the current shortage of coking coal.
One of the ways is to introduce various modifying
additives into the coke charge according to Nag et al."

Summarizing the long-term practice of many
researchers and producers of coking coal charges with
various additives, it is possible to propose a conditional
classification of these additives into three main groups
depending on their technological origin. (Table 1).
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Table 1. Classification of coal charge additives

Coal charge additives

Inorganic and
non-sticky

Organic

(caking) Mesogenic

The group of inorganic additives includes oxides,
carbonates, carbides, etc., and the sintering ones include
anthracite, semi-coke, coke fines, and soot.

Organic additives are mainly solid and liquid was-
tes of petrochemical (acidic tars, oil sludge, used oils, lub-
ricating and cooling fluids) and coke-chemical industries
(acidic tar, carbon blacks).

It should be noted that the introduction of sintering
and organic additives into the charge is not generally
driven by the trend towards high quality coke. Most often,
this is due to the need to dispose the production waste
without reducing the quality of coke and coking chemicals
or by reducing the need for coke fines and dust (in the
case of sintering additives).

Mesogenic additives, for example, petroleum and
coal pitches, are of particular interest. They reduce ther-
moreactivity and under certain conditions pass into the
mobile mesophase according to Zelenskii."* This meso-
phase also plays a special role in the sintering process of
the coal composition and the formation of a strong coke
structure with certain properties. This is important because
the main properties of coke, such as strength, micro- and
macro-crack development, and reactivity, are related to its
anisotropic structure. The use of nanomaterials as
additives is also effective. Their addition improves the
wear resistance, strength, crack resistance, and other
characteristics of hard alloys. Al,Os, SiC, TiN, TiCN, WC
nanopowders for example, were used as modifying
additives Wu, Sun, Zhu, Wang and Zhang.15

The effect of B4C and SiC micro- and nanopo-
wders on coke quality was studied by Kumar, Jayakumari,
Tomas with co-authors.'"® It was found that the reaction
between these additives and active oxygen obtained from
oxygen-containing compounds during coal carbonization
leads to a decrease in condensation and crosslinking
reactions and an increase in secondary cracking reactions.
This leads to an increase in the size of the aromatic layer
and the degree of anisotropy in the modified coke
structure, which is responsible for a significant impro-
vement in coke quality.

This study investigates the effect of adding both
inorganic (boron carbide and silicon carbide nanopow-
ders) and organic (petroleum coke) additives on the
quality of the coke produced, including the specific
electrical resistance of blast furnace coke, which is
characterized by the degree of orderliness of its structure
according to Miroshnichenko et al."’



The Influence of Organic and Inorganic Additives on the Specific Electrical Resistance of Coke

2. Experimental

2.1. Methods

To determine the quality indicators of coals, coal
mixtures and obtained blast furnace coke, the following
standard methods were used:

ISO 17246:2010 Coal — Proximate analysis;

ISO 18283:2022 Coal and coke — Manual
sampling;

ISO 17247:2020 Coal and coke — Ultimate
analysis;

ISO 334:2020 Coal and coke — Determination of
total sulfur;

ISO 1170:2020 Coal and coke — Calculation of
analyses to different bases;

ISO 7404-5:2009 Methods for the petrographic
analysis of coals — Part 5: Method of determining
microscopically the reflectance of vitrinite;

ISO 7404-3:2009 Methods for the petrographic
analysis of coals — Part 3: Method of determining maceral
group composition;

ISO 18894:2018 Coke — Determination of coke
reactivity index (CRI) and coke strength after reaction
(CSR);

ISO 1953:2015 Hard coal — Size analysis by
sieving;

ISO 5074:2015 Hard coal — Determination of

Hardgrove grindability index;

DSTU 7722:2015 Hard Coal. Method for deter-
mination of plastometric indexes.

The chemical composition of ash was determined
according to DSTU 9045:2020 Solid fuel. A method of
determining the chemical composition of ash. The basicity
index (By) and the base/acid ratio (I,) were calculated by
Miroshnichenko et al.*® according to the equations:

1004 (Fe,05 + CaO + MgO + Na,O + K,0)
(100 -V %' )(Si0, + AL,05)

B,

where 4% is an ash content of coal in the dry state, %; yaal

is a volatile matter in the dry ash-free state, %.

Index of abrasive hardness according to Ginzburg
and Index of structural strength according to Gryaznov
were determined by authored methods.

To determine the specific electrical resistance of
coal coke, we used DSTU 8831:2019. The essence of this
method is to measure the voltage drop when a direct
current passes through a compressed column of coke with
a particle size of less than 0.2 mm, enclosed in a matrix
between two punches (Fig. 1).

The coking of coal mixtures was carried out in a
laboratory 5-kilogram electric coking furnace (Fig. 2).

The essence of the method is as follows. A metal
chamber with the width of 150 mm, length of 270 mm,
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and height of 300 mm was inserted into an electric furnace
preheated to 1100 °C. The chamber was loaded with 4.5-
5.0 kg of the tested coal mixture of a given grinding class
of less than 3 mm with a mass fraction of total moisture of
8+0.5%; the loading density was ~800 kg/m’. After
reaching a temperature of 950+10 °C in the center of the
loading center, the experiment was stopped.

Fig. 2. Laboratory 5-kg electric coking furnace

Test duration was 2 hours 50 minutes — 3 hours.
Coke quenching was dry. The coke was weighed and
the yield of dry gross coke was determined per loading
of dry coal.

2.2. Materials

2.2.1. Charges with an Organic Lean (Petroleum
Coke) Additive
Coal concentrates (Pavlogradska CPP, Dobropilska

CPP, grade “G (G1)”; Dobropilska CPP, grade “G(G2)”;
Svyato-Varvarynska CPP, grade “K” ) were studied by the
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methods of proximate (W', A, %, V), plastometric (x,
y) and petrographic (Ro, petrographic composition) analy-
ses. The experimental results are shown in Tables 2 and 3.

Analyzing the above data, it can be concluded that the
studied coal is characterized by the inherent values of quality
indicators. However, it is necessary to note the reduced ash
content of the “G (G1)” coal (4.6%), which can positively
affect the ash content of the coke obtained from it.

Technological indices of the petroleum coke qua-
lity are given in Table 1. The ultimate and granulometric
compositions are in Tables 4 and 5.

It should be noted that petroleum coke has low ash
content (0.5%) and fairly high total sulfur content
(4.08%). The values of volatile matter (13.2%) and carbon
content (89.87%) correspond to the “P” grade coal.

Hardgrove's grindability coefficient (HGI) of the
studied petroleum coke is 94 units, and the Rog’s index
(RI), which characterizes its cohesiveness, is 14 units.

Table 2. Technological properties
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The values of HGI and RI also correspond to the “P”
grade coal. Given the above, it can be expected that
petroleum coke in the coal charge will function as a
lean component.

The results of the granulometric composition of
petroleum coke indicate that it is characterized by the 0-3
mm class content of 54.1%. Taking into account the value
of its Hardgrove grindability coefficient (94 units), we can
conclude that in the process of its simultaneous grinding
with coal components, it will be thoroughly crushed.

Four wvariants of coal blends were investigated
(Table 6). Variants 1 and 2 are typical variants for coal
charges of Ukrainian coke-chemical plants, which differ
in the content of “K” coal (52 and 58 %).

In variants 1+PC and 2+PC, 5% of petroleum coke
was introduced instead of Dobropilska CPP grade
“G(G1)” coal. The results of proximal, plastometric, and
petrographic analyses are shown in Tables 7 and 8.

Proximate analysis, % Plastometric
Component Grade SIS, indexes, mm
WI Ad Sdt V{aj X y
Pavlogradska CPP DG 2.1 6.4 1.38 42.3 48 9
Dobropilska CPP G (G]) 1.3 4.6 1.11 39.3 44 16
Dobropilska CPP G (G2) 1.1 6.2 1.33 38.7 38 16
Svyato-Varvarynska CPP K 1.1 9.1 0.69 27.3 25 15
Petroleum coke 0.6 0.5 4.08 13.2 Not defined
Table 3. Petrographic characteristics
Index of
Petrographic composition reflection
Componen Grade (without mineral impurities), % vitrinite,
%
vt Sv 1 L 2FC R,
Pavlogradska CPP DG 69 0 24 7 24 0.62
Dobropilska CPP G (G]) 63 0 26 11 26 0.78
Dobropilska CPP G (G2) 71 0 23 6 23 0.78
Svyato-Varvarynska CPP K 87 0 12 1 12 1.17
Petroleum coke Not defined
Table 4. Ultimate composition of petroleum coke
Ultimate analysis (dry, ash-free state), %
C{aj H{aj N{aj Std 0 {daj
89.87 4.11 1.02 4.08 0.92
Table 5. Granulometric composition of petroleum coke
Granulometric composition (mm), % Average particle
diameter, mm
>]3 6-13 3-6 1-3 0.5-1 <0.5 d;
13.7 18.2 14.0 19.6 11.5 22.9 6.15
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Table 6. Compositions of coal charges
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Variant, %
Component Grade 7 TTPC B STPC
Pavlogradska CPP DG 6 6 6 6
Dobropilska CPP G (G1) 21 16 18 13
Dobropilska CPP G (G2) 21 21 18 18
Svyato-Varvarynska CPP K 52 52 58 58
Petroleum coke 0 5 0 5
Blend 100 100 100 100
Table 7. Technological properties of coal blends
) Proximate analysis, % Plastometric indexes, mm
Variant
w* A° S V7 X y
1 1.2 74 0.95 33.1 33 15
1+PC 1.2 72 1.10 31.8 31 14
2 1.2 7.6 0.92 324 32 15
2+PC 1.2 74 1.07 31.1 30 14
Table 8. Petrographic characteristics of coal blends
Petrographic composition Index of reflection
Variant (without mineral impurities), % vitrinite, %
Vi Sv I L DFC R,
1 78 0 18 4 18 0.97
1+PC 78 0 18 4 18 0.93
2 79 0 17 4 17 1.00
2+PC 79 0 17 4 17 0.96
Table 9. Characteristics of coke
Content, Ro, Proximate analysis, % Basicity
Rank of coal 9 o 7 v ) mm index
Erunakovsk mine; G 25.0 0.632 8.0 38.5 041 9.5 2.00
Dobropol’skaya  enrichment
facility (EF): G 5.0 0.783 6.4 373 1.30 13.5 3.09
Abashevskaya EF; GZh + Zh 7.0 0.781 8.9 37.2 0.59 25.0 2.53
Abashevskaya (Esaul) EF; Zh 12.0 0.777 8.0 37.0 0.64 22.5 346
Duvanskaya EF, Zh 6.0 0.970 9.5 31.9 1.30 21.5 3.56
Wellmore EF, Zh 10.0 0.949 7.4 33.0 1.08 22.5 2.80
Donetskstal’ EF; K 18.0 1.154 8.7 28.0 0.65 13.5 2.21
Severnaya EF; KO 13.0 1.119 93 25.3 0.70 16.0 2.80
Pocahontas EF; OS 4.0 1.492 8.0 18.5 0.75 12.0 1.34
Total 100 0911 83 32.8 0.71 16.0 2.56

Fig. 3. Nanopowder of boron carbide

Fig. 4. Nanopowder of silicon carbide
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Analyzing the results given in Table 6 and 7, it can
be concluded that the addition of petroleum coke leads to
a decrease in ash content (by 0.2%), the rate of volatile
substances release (by 1.3%), the thickness of the plastic
layer (by 1 mm) and the vitrinite reflection (by 0.04%).

2.2.2. Charges with an Inorganic Additive
(Nanopowders of Boron Carbide and Silicon
Carbide)

The additives are introduced into the production
charge from the coal preparation shop of Zaporozhkoks
PJSC. Table 9 shows the composition and characteristics
of the charge used in the experiments.

The additives introduced into the charge are crys-
talline nanopowders of boron carbide and silicon carbide

Table 10. Characteristics of modifying additives

Denis Miroshnichenko et al.

(carborundum) produced by the Research Institute of
Refractories. Their appearance is shown in Figs. 3 and 4,
and their brief characteristics are given in Table 10.

3. Results and Discussion

3.1. Coke with an Organic Lean
(Petroleum Coke) Additive

The gross coke yield, parameters of proximate
analysis (4%, S%, V'), mechanical strength (Mas, M),
structural strength (SS), abrasive hardness (4H), and
specific electrical resistance (SER) of coke were
determined after coking. The results of coke quality study
are given in Table 11 and Table 12.

Sample Additive Content in sample, wt.% Particle size, nm
1 Standard charge (without B B
additives)
2 B,C 0.25 <100
3 B,C 0.50 <100
4 SiC 0.25 <100
5 SiC 0.50 <100

Table 11. Quality indicators of the obtained coke

Expected mechanical
Vari Proximate analysis, % Coke yield, % Mechanical strength strength of production
ariant [
coke, %
Ad Sdt V«’tlj BK P25 110 M25 M[O
1 104 0.86 0.8 70.8 93.2 6.1 90.2 7.6
1+PC 10.2 1.01 0.7 72.0 92.6 6.3 89.6 7.8
2 10.6 0.77 0.8 71.1 93.4 5.8 90.4 7.3
2+PC 10.3 1.00 0.7 72.4 93.3 5.9 90.3 7.4
Table 12. Quality indicators of the obtained coke
Index of abrasive hardness Index of structural strength Reactivity and strength after
Variant according to Ginzburg, mg according to Gryaznov, % reaction, %
AH SS CRI CSR
1 59.4 83.3 41.7 40.2
1+PC 58.7 82.9 41.9 39.2
2 59.8 86.3 41.2 40.0
2+PC 58.8 86.0 41.5 39.4

Analyzing the results of determining the quality of
the coke produced, it can be argued that the addition of
5% petroleum coke to coal charges leads to

1) increase in gross coke yield by 1.2-1.3%;

2) reduction of coke ash content by 0.2-0.3%;

3) increase of total sulfur content in coke by
0.15-0.23%;

4) deterioration of both mechanical (P25 — by 0.1-
0.6%; 110 — by 0.1-0.2%) and post-reaction (CSR — by

0.6-1.0%) strength, coke reactivity (CRI — by 0.2-0.3%),
as well as structural strength (SS — by 0.3-0.4%) and
abrasive hardness (AH — by 0.7-1.0 mg).

The effect of the petroleum coke addition on the
electrical resistance of blast furnace coke obtained with its
participation is shown in Fig. 5.

The results shown in Fig. 5 indicate that the
specific electrical resistance p increases by 0.002-
0.007 Ohmxcm with the addition of petroleum coke. The
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increase in the resistance may be caused by an increase in
the porosity of coke obtained from coal and petroleum
coke blends.

0,095
% E
2 x 0,09
£ E
s
@
o g 0085
o o mwithout PC
£ 5 o008
&g mwith PC
=N
v o 0,075

1 2
Variant of coal blend

Fig. 5. Specific electrical resistance vs. variant of coal blend

In addition, it should be noted that a sharper

deterioration in blast furnace coke quality is observed
when using coal charge with lower coal content from
Svyato-Varvarinskaya CPP. This is a consequence of the
positive impact of this coal on the quality of blast furnace
coke produced with its participation.
The results obtained by Barsky®' and Pyshyev er
indicate that the quality indicators of coal and coal
blends have a decisive influence on the quality indicators
of blast furnace coke obtained from them.

Our results are consistent with the previous ones of
Flores with co—authors,24 where petroleum coke, as an inert
material, greatly impairs the flowability of coal but some
interaction with coal can occur due to the release of volatile
substances from petroleum coke, which smooths out this
negative effect. In addition, no significant effect of
petroleum coke on the type of coke texture was found. All
coke matrices (binder phase) were formed by ring texture

223
al.

Table 13. Proximate analysis of coke
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components, the proportion of which decreased with
increasing participation of petroleum coke. In addition, it
was found that coal inert substances are more reactive to
CO, compared to petroleum coke, which is consumed first.
The latter, together with the negative impact of petroleum
coke on coke structure and cohesion, can be crucial for
achieving CSR requirements for blast furnaces.

3.2. Coke with an Inorganic Additive
(Nanopowders of Boron Carbide and
Silicon Carbide)

The proximate analysis of coke obtained in box
coking is summarized in Table 13.

It is evident from Table 13 that introducing
additives in the charge in quantities up to 0.25 wt.% has
no effect on the ash content of coke. The ash content
slightly increases with 0.5 wt.% additives.

Table 13 shows that the introduction of additives
into the charge in the amount of up to 0.25 wt.% does not
affect the ash content of coke. The ash content slightly
increases at the introduction of 0.5 wt.%.

Table 14 shows the effect of additives on CRI and
CSR.

Analyzing the given indicators, it can be argued
that the coke quality is improved with the additives:

— B4C (0.25 wt.%) with a registered 3.0 % decrease
in CRI and a 7.6 % increase in CSR;

— B4C (0.50 wt.%) with a registered 2.8 % decrease
in CRI and a 5.7 % increase in CSR;

— SiC (0.25 wt.%) with a registered 2.1 % decrease
in CRI and a 5.5 % increase in CSR;

— SiC (0.50 wt.%) with a registered 2.6 % decrease
in CRI and a 4.4 % increase in CSR.

Sample W, % A% % Vo S %
1 0.72 11.6 0.95 0.68
2 0.57 11.9 0.89 0.69
3 0.46 12.4 0.81 0.67
4 0.75 11.8 0.92 0.67
5 0.52 12.2 0.94 0.65
Table 14. Values of CR/ and CSR for produced coke

Sample Additive, content in the sample, wt.% CRIL % CSR, %

1 Standard charge (without additives) 41.6 35.8

2 B,C, 0.25 38.6 434

3 B,C, 0.50 38.8 41.5

4 SiC, 0.25 39.5 41.3

5 SiC, 0.50 39.0 40.2
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Table 15. Physico-chemical properties of coke
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Sample Gryaszul‘lecl)l\:g :lgli;,mral Combustibility, s Elecmcgazl ;’:ﬁlstmty, Por((;:‘.lty,
1 80.1 23 0.175 45.6
2 85.3 28 0.150 429
3 84.5 27 0.155 435
4 84.1 25 0.147 444
5 83.6 27 0.156 423

The additives improve the hot strength index
(CSR) and have a little effect on the reactivity index
(CRI).

The improvement in CRI and CSR values of coke
with nanoadditives B4C and SiC is confirmed by analysis
of other physico-chemical properties of coke: the
Gryaznov structural strength, combustibility, and porosity
(Table 15).

The effect of adding inorganic nanoadditives to the
charge is illustrated in Fig. 6.

0,18

0,17
0,16
0,15
0,14
0,13
2 3 4 5

Variant of coal blend

W without additives

W with additives

Specific electrical
resistance, Omxcm

Fig. 6. Specific electrical
resistance vs. variant of coal blend

4. Conclusions

Analyzing the results of determining the quality of
the coke produced, it can be stated that the addition of 5%
of petroleum coke to coal blends leads to an increase in
the gross coke yield by 1.2-1.3%; a decrease in coke ash
content by 0.2-0.3%; an increase in the total sulfur content
in coke by 0.15-0.23%; deterioration of both mechanical
(P25 — by 0.1-0.6%; 110 — by 0.1-0.2%) and post-reaction
(CSR - by 0.6-1.0%) strength, reactivity of coke (CRI —
by 0.2-0.3%), as well as structural strength (SS — by 0.3-
0.4%), abrasive hardness (AH — by 0.7-1.0 mg), and
resistivity (p — by 0.002-0.007 Ohmxcm). In addition, it
should be noted that a sharper deterioration in blast

furnace coke quality is observed when using a coal charge
with lower coal content from Svyato-Varvarinskaya CPP.
This is a result of the positive impact of this coal on the
quality of blast furnace coke produced with its
participation. On the other hand, taking into account the
slight deterioration in coke quality and certain technical
and economic objectives of each individual coke plant, the
introduction of up to 5% of petroleum coke into the coal
charge as an additive can be used to utilize it and increase
the gross coke yield.

At the same time, the introduction of a certain
amount (0.25 wt.%) of non-caking B4C and SiC
nanoadditives allows modifying the processes occurring
during the plasticization of the coal charge, with a
subsequent increase in coke strength.

Thus, the CRI and CSR wvalues of coke are
improved when modifying nanoadditives are introduced
into the coal charge in an amount not exceeding 0.25
wt.%. The effect of B4C and SiC nanoadditives on coke
properties significantly depends on the rank composition
of the charge. The proposed additives are particularly
effective in charge with poor coking properties. The
additives can be introduced into the charge by means of a
feeder (e.g., a screw feeder), which feeds a dosed amount
of the additive (0.25 wt.%) to the belt conveyor together
with the charge. The feeder should be preceded by a final
crusher (for production of <3 mm class). The crusher acts
then as a mixer. As we know, it is necessary to mix the
additive evenly throughout the entire volume of the
charge. Another option is to inject one component of the
charge into the bottom of the silo with compressed air.
This involves installing an additive hopper in the existing
pneumatic system.
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BILIUB OPTAHIYHUX I HEOPTAHIUHUX
JTOBABOK HA IIMTOMMM EJJEKTPUYHHUM OITIP
KOKCY

Anomayin. Memolo yvoeo Oocniodcennss 6yna oyiHka
BNIUBY SIK HEOPSAHIYHUX (HAHONOPOWIKIE KapOidy 6opy ma kapoioy
KpemHilo (kapbopyno)), mak i opeaniuHoi onicHiolo4oi (Hagpmosozo
KOKCY) 000a80K HA SIKICMb KOKCY, 8UPOOIEHO20 6 1a00pamopHIil neu,
BKIIOUAIOUU eNEKMPULHY CIPYKIYPHICIb. AHANI3VIOUU pe3ynbmanmu
BUSHAUEHHSL IKOCIMI OMPUMAHO20 KOKCY, MOXCHA KOHCIMAMY8Amu, o
66edenns ixcosanoi kimvkocmi (0,25-0,5 mac. %) necnixmusux
HaHO0006a60K 0ae 3MO2y peynosami npoyecu 8 NIACTUYHOMY
cmani 3 Memoio nioguujents MiyHocmi Kokcy. Bnaue maxol
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Mooughikayii Ha AKICMb KOKCY ICMOMHO 3a1€ACUMb 8I0 COPMOBO20
cKnaoy 8y2inbHoi wiuxmu. Buxopucmanns nano0o6asox 0cobnugo
akmyaivhe 0Nl 8VLIbHOI WUXMU 3 NO2AHUMU  CRIKIUGUMU
enacmusocmamu. Beedenns 5% Hagpmosozo kokcy y eyeinvHi
WIUXTNU NPUBOOUMb 00 30i1bUIEHHS 8ATI0B020 BUNYCKY KOKCY Ha 1,2-
1,3%; 3nuocennss 3omvrnocmi koxcy na 0,2-0,3%; 30invuienns
3azanvHo20 emicmy cipku 6 kokci Ha 0,15-0,23%,; nocipuwienns
cmany Ak mexaniunoi miynocmi (Pys — na 0,1-0,6%; 1;p — na 0, 1-
0,2%), max i miynocmi nicna peaxyii (CSR — na 0,6-1,0%),
pearyiinoi 30amnocmi (CRI — na 0,2-0,3%) xokcy, a maxodxc
cmpyxkmypHoi miynocmi (CM na 0,3-0,4%), abpasuenoi meepoocmi
(AT na 0,7-1,0 me) i numomozo enexkmpuunozo onopy (p Ha 0,002-
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0,007 Omx*cm). Ompumani Oani Modcyms ceiouumu npo 30iib-
WileHHs CMYNeHs. 6NOPSOKOBAHOCHI CMPYKMYpU KOKCY [ Nosgy
6invuioi kinekocmi Hanocmpykmyp. Kpivm moeo, cnio 3aznavumu,
wo pisKkiue RNocipuients SIKOCMi OOMEHHO20 KOKCY CHOCMEpI-
2aemvbcs Y pasi GUKOPUCMAHHA GY2LIbHOI WUXMU, WO Xapak-
mepuzyemoca  Hudcuum emicmom eyeinia L[3® “Ceamo-Bapsa-
PUHCLKA™.

Knrouosi cnosa: naghmosuil Kokc, 8Y2ilbHi WUXMU, KOK-
CYBaMHA, AKICMb OOMEHHO20 KOKCY, eKONO0ZIUHA CMPYKMYPHICHb,
Hanonopu, Mmooughikayis,
KpemHiio.

Hanooobasku, Kkapbio 6opy, Kapbio



