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Abstract—In the present research, means of reducing the content of the >80 mm class in metallurgical coke
at coke batteries 1, 3, and 4 of Ural Steel are considered, in the light of the need to minimize batch cost and
maximize coke quality (specifically, the strength indices M10 and M25). This problem was suggested by stu-
dents in production education groups at the Novotroitsk branch of Moscow Institute of Steel and Alloys
(MISIS). This first article in the series is a literature review, beginning in the 1960s. The influence of the fol-
lowing factors on the content of the >80 mm class is discussed: the rank composition of the batch; its moisture
content; and coking parameters such as the coking time, the temperature in the controlled heating channels,
and the coking rate. The second article will be devoted to mathematical analysis of a passive experiment based
on Ural Steel data, with the goal of identifying the factors affecting the content of the >80 mm class in the
coke produced at Ural Steel; the results of this analysis will be compared with literature data. The third article
will present models of the content of the >80 mm class in the coke produced, with subsequent optimization
and testing by laboratory coking.
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INTRODUCTION
Overall, Russian industry faces a shortage of skilled

employees; coke plants are no exception. Each enter-
prise approaches this problem in a different way:
examples include increased salary; increased benefits;
organization of staff trainings (including high-level
management skill building); and development of cor-
porate values and team cohesion. One approach to
staff development adopted at Ural Steel, in collabora-
tion with Moscow Institute of Steel and Alloys
(MISIS), is to create production education groups. In
such groups, students in various disciplines are
required to solve real production problems. This
approach allows enterprises to engage students actively
in production processes, while the students are able to
compare their skills with those required in practice

and to gain a deeper understanding not only of theo-
retical disciplines but of their relationship with indus-
trial practice. The work of the students in the produc-
tion education groups involves direct mentoring by
highly qualified production specialists.

Experience at Ural Steel shows that the blast fur-
naces perform less well when the metallurgical coke
employed has a high content of the >80 mm class, as
confirmed by prior research. At Krivorozhstal, when
the initial coke used at 5000-mm3 blast furnace con-
tains 35% of the >60 mm class, considerable quantities
of coke fines (<3 mm) are formed and are entrained
from the furnace by the smokestack gas. The content
of fines is 49.0% at the lower level of the furnace shaft
and 26.8% in the hearth. The conclusion was that effi-
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Table 1. Some results from [19]

Here G (a dimensionless quantity) is the gas permeability of the coke, according to Syskov. Higher G indicates greater gas permeability.

Experiment

Packing 
density
of coke

in coking, 
g/cm3

Heating 
rate, 

deg/min

Granulometric composition (%) by size class, mm Coke characteristics

>60 40–60 25–40 10–25 ≤10 de, mm G

1

0.650

1.3 63.2 13.2 6.4 3.6 13.6 60.0 230

2 2.0 71.2 20.2 1.3 0 4.3 62.6 265

3 3.0 58.9 33.4 1.6 2.6 3.5 60.5 259

4 4.5 17.7 56.9 18.5 3.0 3.9 47.6 246
cient operation of the 5000-mm3 blast furnace requires
elimination of the >60 mm class [1].

When the >60 mm class is replaced by the 40–60 mm
class, blast furnace productivity is increased by 3.2–
3.4% and coke consumption is lowered by 1.6–1.7%,
according to [2]. Blast furnace performance when
using the >60 mm is even worse than when using the
>40 mm class.

In coke production at Ural Steel, the goal is to
decrease the content of the >80 mm class in the met-
allurgical coke employed. At least two approaches are
possible here: mechanical crushing of the large coke
fraction; or organization of the coking batch and coking
conditions so as to minimize the yield of the >80 mm
class. Each option has its disadvantages.

Mechanical crushing of the >80 mm class will
produce large quantities of smaller classes (including
<25 mm) [3, 4]. That necessitates increase in coke
plant productivity and sale of the excess <25 mm coke.
For a coke plant within a steel mill, that approach may
be ruled out, on account of the expense of buying and
installing a crushing system; increased wear of the
equipment and coke battery as a result of the increased
productivity; and the negative economic impact in
that steel, rather than coke, is the primary product.

The other approach, based on appropriate adjust-
ment of the coking batch and coking conditions, nec-
essarily depends on modeling and prediction of the
coke’s mechanical characteristics, such as M10 and M25
[5–14]. In other words, prediction and optimization
of the yield of >80 mm coke must be supplemented by
model prediction of M10 and M25.

We select an approach based on modeling to
decrease the production of the >80 mm coke class,
taking into account that the literature provides well
developed and tested algorithms for such modeling
[15–18].

The goal of the present work is to establish coking
parameters corresponding to minimum yield of the
>80 mm coke class at Ural Steel coke batteries. This
problem will be addressed in three parts devoted to dif-
ferent topics.

1. A literature review to identify factors in batch for-
mulation and coking with a significant influence on
the formation of large coke pieces (Part 1, this work).

2. Statistical diagnostics of the correlations
between the identified parameters so as to create a rep-
resentative sample for model construction. The results
are compared with the conclusions of the literature
review in part 2.

3. Construction of mathematical models describ-
ing the relationships between the significant factors
already identified, on the one hand, and the yield of
the >80 mm coke class and the mechanical indices M10
and M25, on the other. After optimization on the basis
of the models, several optimal compositions of the
coal batch are proposed, so as to minimize the yield of
the >80 mm coke class, increase M10 and M25, and
reduce coke production costs. The proposed batches
are tested in laboratory coking at Ural Steel on a Niko-
laev furnace, in accordance with State Standard
GOST 9521–2017 (Method of Determining the Cok-
ing Properties of Coal) (Part 3).

LITERATURE REVIEW
The influence of the batch heating rate in a labora-

tory coking furnace with a one-time load of 6 kg on the
granulometric composition, gas permeability (deter-
mined by the Syskov method), and mean diameter of
the coke pieces was studied in [19]. Table 1 presents
the basic results. It is found that increasing the heating
rate decreases the yield of the >60 mm coke class.

The performance of Zaporozhe coke plant with
coking periods of 14 h 43 min and 15 h 45 min was
compared in [20]. The rank composition of the coking
batch was as follows: 23.5% G, 35.5% Zh, 21.0% K,
and 20.0% OS. Table 2 presents the results of coking.

We see in Table 2 that the content of the >80 mm
class increases (by 9%) with increase in the coking
COKE AND CHEMISTRY  Vol. 68  No. 1  2025
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Table 2. Test results for coke after different coking periods [20]

Coking 
period

Temperature 
in heating 

channels, °C

Mechanical 
strength 

(Sundgren 
drum tests), 

kg

Strength (Micum 
drum tests), % Granulometric composition (%) by size class, mm

machine 
side

coke 
side

М10 М40 >80 80–60 40–60 25–40 <25 >60

14 h 43 min 1318 1360 338 6.6 78.8 20.5 35.2 33.9 8.0 2.4 55.7

15 h 45 min 1278 1318 343 6.8 80.0 29.9 36.6 29.9 22.4 1.2 66.5

Table 3. Technical analysis and plastometric indices of coal
samples [23]

These ranks correspond to ranks KO and KS defined in State
Standard GOST 25543–2013.

Coal 
rank

Technical
analysis, %

Plastometric 
indices, mm ΣLC

Ad Vd х y

К10 8.8 21.8 36 12 44.5
К2 7.3 18.9 33 9 51.0
period. The mechanical characteristics M10 and M40 of
the coke may be regarded as approximately the same,
since the permissible discrepancy in parallel measure-
ments is 1.0% for M10 and 3.0% for M40, according to
State Standard GOST 5953–2020 (ISO 556:1980).

The change in granulometric composition and
strength (M10 and M40) of the coke with variation in
moisture content of the batch at Kharkhov coke plant
was studied by specialists at the Ukrainian State
Research Institute of Coal Chemistry (UKhIN) in
[21]. In the experiments, a 200-kg laboratory furnace
was employed. The rank composition of the coking
batch was as follows: 30% G, 34% Zh, 18% K, and
18% OS. It was found that increase in the moisture
content from 7.8% to 13.5% decreased the content of
the >80 mm class in the coke from 18.8% to 11.4%.
However, the mechanical strength M10 and M40 of the
coke declined: from 8.8% and 79.0%, respectively,
when the moisture content was 7.8% to 10.8% and
76.5% with 13.5% moisture content.

Crushing of the >80 mm and >60 mm classes in
coke was considered in [22]. The coke obtained from
an experimental serrated crusher (designed by
UKhIN) was more uniform and had improved
mechanical properties. However, deficiencies of the
method were also noted. When the system was set to
crush the >80 mm class (14.5–28.7% of the initial
coke, in the experiments), this class was not elimi-
nated. Its content was decreased to 10–15%, with
increase in the yield of the <25 mm class by 6.0–7.5%
of the initial mass of the >80 mm class. When the sys-
tem was set to crush the >60 mm class (46.8–60.3% of
the initial coke), the >80 mm class was completely
eliminated. However, the yield of the <25 mm class
was increased by 8–10% of the initial mass of the
>60 mm class, with corresponding decrease in the
utility of this technology.

Decrease in the coking period decreased the overall
size of the coke and its content of the >80 mm class,
according to [22]. In addition, increasing the final
coking temperature to 1100°C along the axis of the
coking chamber also decreased the content of large
classes in the coke.
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Statistical analysis of data for Kuznetsk steel works
over 12 years provided useful practical information
[23]. Table 3 presents the characteristics of the specific
coal ranks recommended. Increasing the content of
those ranks considerably reduced the proportion of
the >80 mm class in the coke produced. These ranks
correspond to ranks KO and KS defined in GOST
25543–2013.

The strength of coke in the 40–60 mm class was
found to be higher than that of the >80 mm class by
25–30 kg (the residue in the Sundgren drum) in [23].
In the drum tests, the content of fines (<10 mm)
increased by about 30 kg.

At Avdeev coke plant, the influence of quenching
methods of coke quality was investigated in [24]. At all
stages of the experiment, comparison of screening
data for coke after dry and wet quenching revealed no
significant difference in granulometric composition,
but the coke strength (M10 and M25) differed. Depend-
ing on the productivity of the dry quenching system
(one, two, or three coking chambers per hour), M40
was 5.4, 3.8, or 1.0% larger than in wet coking.

The rate of batch heating is the factor mainly deter-
mining the size of the coke produced, according to [2].
The independent factors considered were the coking
characteristics—in particular, the rate of temperature
increase in the batch and the final temperature at the
center of the coke cake. The responses were assessed in
terms of the coke strength (M10, M25, and M40) and the
content of the >80 mm class in the coke produced.
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Table 4. Operational characteristics of coke ovens [25]

Characteristic
Furnace run, h

24.1 20.5 18.6 18.0 17.8 15.9 16.0 16.4 17.3

Temperature in the heating channels, °C:

machine side 1141 1201 1246 1261 1275 1306 1314 1309 1286

coke side 1160 1235 1285 1305 1316 1352 1356 1353 1329

Granulometric composition (%) by size class, mm:

>80 15.2 10.7 8.1 8.0 8.5 7.6 7.4 7.8 7.5

80–60 34.3 28.9 22.7 25.1 24.5 21.1 19.8 19.7 18.5

60–40 35.7 40.8 45.7 45.7 45.2 46.3 45.3 45.4 45.4

40–25 11.4 16.2 20.3 17.8 18.5 21.6 24.6 23.4 24.8

<25 3.4 3.4 3.2 3.4 3.3 3.4 3.5 3.6 3.4

Mechanical strength of coke, %:

М25 88.6 88.6 88.1 87.6 87.7 87.3 87.4 87.1 87.9

М10 6.8 6.9 6.8 7.0 6.9 7.0 7.0 7.1 6.7

Technical analysis, %:

Wr 4.8 4.7 4.6 4.5 4.5 4.5 4.6 4.5 4.6

Ad 10.7 10.4 10.4 10.3 10.3 10.3 10.4 10.5 10.5

Vdaf 1.1 1.1 1.1 1.1 0.9 1.1 1.1 1.1 1.1

Sd 1.7 1.7 1.69 1.66 1.67 1.68 1.68 1.69 1.67
With increase in the heating wall temperature and
in the coking period, the size of the coke was found to
be uniform and smaller; however, the influence of the
coking period was very small. With constant wall tem-
perature, increase in the coking period was accompa-
nied by increase in coke strength (resistance to abra-
sion) on account of increase in the heating rate of the
batch and increase in coke readiness. It was concluded
that, in order to improve coke quality, the temperature
in the heating wall should be as high as is consistent
with integrity of the lining on the chamber walls. The
coking period should be selected so that the tempera-
ture of coke–lining contact at coke discharge from the
oven is no more than 1180–1190°C, but should be at
least 14 h.

Table 4 presents operational data for coke battery
1A at Mariupol coke plant [25]. On that basis, the
variation in content of the >80 mm class may be pre-
dicted as a function of the coking period. With
increase in temperature in the heating channels, the
yield of the >80 mm class was found to fall.

The yield of the >80 mm class in the coke was con-
sidered as a function of the total content of lean com-
ponents in the batch in [26]. The range observed was
20–30% for the content of the >80 mm class in the
coke and 19–31% for the total content of lean compo-
nents in the batch. Decrease in content of the >80 mm
class in the coke was observed with increase in the total
content of lean components in the batch.

The coke quality index Iqu was proposed to take
account of the coke’s granulometric composition in
estimating its value in [27]

where deq is the equivalent diameter of the coke pieces,
mm; CSR is the coke strength after reaction with CO2,
%; and the empirical coefficient k = 1.45 and 2.60 for
coke produced with dry and wet quenching, respec-
tively.

Analysis of Iqu shows that increase in the equivalent
diameter keq leads to increase in coke quality for the
same quenching method, with unchanged CSR. Note
that Iqu was derived from statistical data in the range
deq = 42.0–48.0; the content of the >80 mm class was
7.1%, on average. Therefore, the results in [27] are
consistent with previous findings, since deq does not
exceed the value (for example, 60 mm or more) in the

qu eq ,I d kCSR= +
COKE AND CHEMISTRY  Vol. 68  No. 1  2025



REDUCING THE CONTENT OF THE >80 MM CLASS 15
granulometric composition of the coke considered in
[27]. The 40–60 mm class predominates.

CONCLUSIONS
The most significant factors affecting the content

of the >80 mm class in the coke produced are the cok-
ing rate, the temperature in the heating channels, and
the coking period, as well as the content of KO and KS
coal in the batch. In addition, the yield of the >80 mm
class is lower with greater moisture content in the
batch, but that is associated with worse values of M10
and M25 for the coke.

Correspondingly, the following means of decreas-
ing the content of the >80 mm class in the coke are
effective.

1. Increasing the coking rate (increase in tempera-
ture in the heating channels with constant coking
period).

2. Increasing the content of KO and KS coal in the
batch.

FUNDING
This work was supported by ongoing institutional fund-

ing. No additional grants to carry out or direct this particu-
lar research were obtained.

CONFLICT OF INTEREST
The authors of this work declare that they have no

conf licts of interest.

REFERENCES
1. Buzoverya, M.T., Moskalina, F.N., and Shuliko, S.T.,

Coke performance in a 5000 m3 blast furnace, Koks i
Khimiya, 1981, no. 6, pp. 17–19.

2. Naumov, L.S. and Sklyar, M.G., Improving the quality
of metallurgical coke by using modern technological
processes of charge preparation and coke production
and treatment, Koks i Khimiya, 1982, no. 1, pp. 10–16.

3. Muchnik, D.A., Formirovanie svoistv domennogo koksa
(Formation of Blast Furnace Coke Properties), Mos-
cow: Metallurgiya, 1983.

4. Muchnik, D.A. and Gulyaev, V.M., Raschety i progno-
zirovanie pokazatelei kachestva metallurgicheskogo koksa
s ispol’zovaniem PK. Uchebnoe posobie (Calculation and
Forecasting of Metallurgical Coke Quality Indicators
Using PC: A Training Manual), Dneprodzerzhinsk:
Dneprodzerzhinskii Gosudarstvennyi Tekhnicheskii
Universitet, 2007.

5. Stankevich, A.S. and Zolotukhin, Yu.A., Determining
the technological value of coal on the basis of coke-
quality predictions, Coke Chem., 2015, vol. 58, no. 7,
pp. 233–244. 
https://doi.org/10.3103/s1068364x1507008x

6. Eremin, I.V. and Gagarin, S.G., Analysis of coking
feedstocks based on a petrographic model, Coke Chem.,
1992, no. 12, p. 13.
COKE AND CHEMISTRY  Vol. 68  No. 1  2025
7. Gagarin, S.G., Assessment of petrographic model for
the prediction of coke strength, Coke Chem., 2011,
vol. 54, no. 4, pp. 114–119. 
https://doi.org/10.3103/s1068364x11040028

8. Zolotukhin, Yu.A., Kraskovskaya, T.F., and Kupry-
gin, V.V., Anisotropy of vitrinite reflection for coal and
anthracite, Coke Chem., 2023, vol. 66, no. 1, pp. 1–16. 
https://doi.org/10.3103/s1068364x23700394

9. Zolotukhin, Y.A., Berkutov, N.A., Kuprygin, V.V., and
Kupryanova, S.N., Predicting the quality of wet- and
dry-quenched coke at EVRAZ NTMK in a passive in-
dustrial experiment. 2. Predicting M25 and M10, Coke
Chem., 2021, vol. 64, no. 11, pp. 508–518. 
https://doi.org/10.3103/s1068364x21110089

10. Zolotukhin, Y.A., Berkutov, N.A., Kuprygin, V.V., and
Kupryanova, S.N., Predicting the quality of wet- and
dry-quenched coke at EVRAZ NTMK in a passive in-
dustrial experiment. 1. Predicting CSR and CRI, Coke
Chem., 2021, vol. 64, no. 10, pp. 440–450. 
https://doi.org/10.3103/s1068364x21100082

11. Zolotukhin, Yu.A., Andreichikov, N.S., Eremin, A.Ya.,
Kraskovskaya, T.F., and Kuprygin, V.V., Formulating
coal batch for coking: A review, Coke Chem., 2021,
vol. 64, no. 3, pp. 97–104. 
https://doi.org/10.3103/s1068364x21030108

12. Zolotukhin, Yu.A., Osadchy, S.P., Denisenko, E.V.,
Andreichikov, N.S., Kuprygin, V.V., and Zorin, M.V.,
Predicting the quality of OAO Altai-Koks coke by lab-
oratory and box coking 2. Box coking, Coke Chem.,
2019, vol. 62, no. 8, pp. 335–352. 
https://doi.org/10.3103/s1068364x19080064

13. Zolotukhin, Yu.A., Osadchy, S.P., Denisenko, E.V.,
Andreichikov, N.S., Kuprygin, V.V., and Zorin, M.V.,
Predicting the quality of OAO Altai-Koks coke by lab-
oratory and box coking 1. Laboratory coking, Coke
Chem., 2019, vol. 62, no. 5, pp. 177–201. 
https://doi.org/10.3103/s1068364x19050053

14. Zolotukhin, Yu.A., Golubtsov, S.N., and Karakash, K.P.,
Influence of coal processed at Kuznetskaya enrichment
facility and OUOU EZSMK on coke quality. 1. Labo-
ratory studies, Coke Chem., 2017, vol. 60, no. 7,
pp. 267–277. 
https://doi.org/10.3103/s1068364x17070067

15. Smirnov, A.N., Petukhov, V.N., and Alekseev, D.I.,
Classification of models for predicting coke quality
(M25 and M10), Coke Chem., 2015, vol. 58, no. 5,
pp. 170–174. 
https://doi.org/10.3103/s1068364x15050087

16. Díez, M.A., Alvarez, R., and Barriocanal, C., Coal for
metallurgical coke production: Predictions of coke
quality and future requirements for cokemaking, Int. J.
Coal Geol., 2002, vol. 50, nos. 1–4, pp. 389–412. 
https://doi.org/10.1016/S0166-5162(02)00123-4

17. North, L., Blackmore, K., Nesbitt, K., and Ma-
honey, M.R., Methods of coke quality prediction: A
review, Fuel, 2018, vol. 219, pp. 426–445. 
https://doi.org/10.1016/j.fuel.2018.01.090

18. North, L., Blackmore, K., Nesbitt, K., and Ma-
honey, M.R., Models of coke quality prediction and
the relationships to input variables: A review, Fuel,
2018, vol. 219, pp. 446–466. 
https://doi.org/10.1016/j.fuel.2018.01.062



16 ALEKSEEV et al.
19. Kazinik, E.M. and Makarov, G.N., Influence of tem-
perature regime on coke quality, Koks Khim., 1962,
no. 6, pp. 20–25.

20. Elenskii, F.Z., Effect of coking period on coke quality,
Koks Khim., 1962, no. 11, pp. 27–28.

21. Ivanov, E.V. and Fartushnaya, R.M., Influence of
charge moisture content on physical properties of coke,
Koks Khim., 1965, no. 7, pp. 31–32.

22. Bogoyavlenskii, K.A., Semisalov, L.P., Zashkvara, V.G.,
et al., Improvement of physical and mechanical proper-
ties of metallurgical coke by crushing coarse grades,
Koks Khim., 1969, no. 6, pp. 22–39.

23. Mykolnik, Ia., Leontev, A., Yuferov, A., and Efimov, S.,
Carbonization of charges with increased proportions of
moderately caking coals, Coke Chem., 1971, no. 8, p. 16.

24. Sklyar, M.G., Semisalov, L.P., Sytenko, N.V., et al.,
Improvement of blast furnace coke quality at dry
quenching, Koks Khim., 1971, no. 10, pp. 21–23.

25. Mel’nichuk, A.Yu., Braun, N.V., and Boranbaev, B.M.,
Assessment of physical and mechanical properties of
metallurgical coke, Koks Khim., 1991, no. 9, pp. 11–18.

26. Lyalyuk, V.P., Shmel’tser, E.O., Lyakhova, I.A., and
Kassim, D.A., Influence of the batch properties and
coking technology on the granulometric composition
of coke, Coke Chem., 2014, vol. 57, no. 10, pp. 398–
404. 
https://doi.org/10.3103/s1068364x14100044

27. Minin, S.I., Mironov, K.V., Koshkarov, D.A., Mikha-
lev, V.A., Polovets, M.V., and Gileva, L.Yu., Influence
of the granulometric composition of coke on its metal-
lurgical value, Coke Chem., 2022, vol. 65, no. 9,
pp. 381–385. 
https://doi.org/10.3103/s1068364x22700028

Translated by B. Gilbert

Publisher’s Note. Allerton Press remains neutral
with regard to jurisdictional claims in published maps
and institutional affiliations. 
AI tools may have been used in the translation or
editing of this article.
COKE AND CHEMISTRY  Vol. 68  No. 1  2025


	INTRODUCTION
	LITERATURE REVIEW
	CONCLUSIONS
	REFERENCES

		2025-05-13T13:20:47+0300
	Preflight Ticket Signature




