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The paper presents the results of a statistical assessment of the adequacy of the developed mathematical
models for predicting the Hardgrove Grindability Index (HGI), Free Swelling Index (FSI), and ignition
temperature (t_ign) of gas and lean coal blends intended for pulverized coal injection (PCI).

At the first stage, the additivity of these parameters was investigated using binary blends of gas and
coking coals prepared under joint charge preparation conditions. It was established that the HGI of a
blend tends toward the value of the harder component, the FSI toward the value of the less caking
component, and the ignition temperature toward the value of the more easily ignitable component,
indicating a systematic deviation from simple additivity. Based on the identified relationships, regression
models were developed to correct the calculated values.

At the second stage, the applicability of the models was verified for predicting the properties of 12
variants of gas and lean coal blends (30-50% and 50-70%, respectively). Model adequacy was evaluated
by comparing calculated and experimental values using the correlation coefficient, coefficient of
determination, standard deviation of residuals, mean absolute error, and systematic bias. The models for
HGI (r = 0.958; D = 91.71%) and ignition temperature (r = 0.928; D = 86.21%) demonstrated high
accuracy and can be applied in technological calculations of PCI blend composition. The model for FSI
showed a moderate level of correlation (r = 0.577), which is attributed to the limited range and discrete
nature of the parameter; however, its accuracy corresponds to the metrological capabilities of the
determination method. The obtained results confirm the feasibility of applying the developed models for
predicting the properties of coal blends under industrial conditions.

Keywords: coal, coal blends, statistical assessment, pulverized coal injection (PCI), additivity,
mathematical models.

Corresponding author: V.V. Koval, e-mail: kovalen79@gmail.com
Manuscript received 2026/02/23

Accepted for publication 2026/03/30

Published 2026/04/17

How to Cite:

1. Koval V.V. Statystychna otsinka adekvatnosti rozroblenykh matematychnykh modelei sumishei hazovoho ta pisnoho
vuhillia dlia PVP / V.V. Koval // Vuhlekhimichnyi zhurnal. — 2026. — Ne 1. — S. 3-13. https://doi.org/10.31081/1681-
309X-2026-0-1-3-13

2. Koval, V. V. (2026). Statystychna otsinka adekvatnosti rozroblenykh matematychnykh modelei sumishei hazovoho
ta pisnoho vuhillia dlia PVP. Vuhlekhimichnyi Zhurnal, (1), 3-13. https://doi.org/10.31081/1681-309X-2026-0-1-3-13
How to obtain the full text of the article:

- within 2 years from the date of publication — upon request by e-mail: post@ukhin.org.ua

- after 2 years from the date of publication — free access in the database “Scientific Periodicals of Ukraine” of the
Vernadsky National Library of Ukraine by the link:

http://www.irbis-nbuv.gov.ua/cgi-
bin/irbis_nbuv/cgiirbis_64.exe?Z211D=&121DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=juu_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=PREF=&S21COLORTERMS=0&S21STR=ukhj

This article is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0/

References

1. Stefanovi¢ P. Review of the investigations of pulver-ized coal combustion processes in large power plants in
laboratory for thermal engineering and energy. Part B / P. Stefanovi¢, D. Cvetinovi¢, Z. Markovi¢, B. Repi¢ et al. //
Thermal Science. — 2019. — Vol. 23. — Suppl. 5. — P. S1611-S1626. https://doi.org/10.2298/TSCI19S5611R


mailto:kovalen79@gmail.com
mailto:kovalen79@gmail.com
https://doi.org/10.31081/1681-309X-2026-0-1-3-13
mailto:post@ukhin.org.ua
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=juu_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=PREF=&S21COLORTERMS=0&S21STR=ukhj
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=juu_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=PREF=&S21COLORTERMS=0&S21STR=ukhj
https://creativecommons.org/licenses/by/4.0/

2. Ishii K. Advanced pulverized coal injection technology and blast furnace operation / K. Ishii (Ed.). — Amsterdam:
Elsevier Science, 2000. — 550 p.

3. Tang C. Optimizing combustion efficiency in blast furnace injection: A sustainable approach using biomass char and
coal mixtures / C. Tang, J. Pan, D. Zhu, Z. Guo, C. Yang, S. Li // Sustainability. — 2024. — VVol. 16. — P. 6140.
https://doi.org/10.3390/su16146140

4. Xiong P. Synergistic optimization control of blast furnace coal injection based on raceway state feedback / P. Xiong,
G. Cui, D. Lv, Y. Zhang // Metallurgical Research & Technology. — 2024. — Vol. 121. — P. 505.
https://doi.org/10.1051/metal/2024057

5. Chai Y. Experiment research on pulverized coal combustion in the tuyere of oxygen blast furnace / Y. Chai, J. Zhang,
Q. Shao, X. Ning, K. Wang // High Temperature Materials and Processes. — 2019. — Vol. 38. — Article htmp-2017-0141.
https://doi.org/10.1515/htmp-2017-0141

6. Stupak Ye. Doslidzhennia spaliuvannia pylopodibno-ho tverdoho palyva ta vplyvu yoho indyvidualnykh vlas-
tyvostei na perebih pochatkovykh stadii horinnia / Ye. Stu-pak, T. Khokhlova // Suchasni Problemy Metalurhii.. — 2024,
—Ne 1. —S. 120-140. https://doi.org/10.34185/1991-7848.2024.01.09

7. Koval V. Determination of Mechanical Strength of Coal and Coal Charges / V. Koval, D. Miroshnichenko, O.
Bogoyavlenska / Advances in Chemistry Research. VVol. 85. Chapter 5.— New York: Nova Science Publishers, 2024. —
P. 193-287 / [Elektronnyi resurs]. — Rezhym dostupu: https://novapublishers.com/shop/advances-in-chemistry-research-
volume-85.

8. Miroshnychenko D.V. Prohnoz rozrakhunku koefitsiientu rozmolozdatnosti vuhilnykh shykht / D.V.
Miroshnychenko, V.V. Koval // Vuhlekhimichnyi zhurnal. — 2022. — Ne 6. — S. 4-13. — ISSN 1681-309X.
https://doi.org/10.31081/1681-309X-2022-0-6-4-12.

9. Miroshnichenko D. Effect of the quality indices of coal on its grindability / D. Miroshnichenko, V. Koval, O.
Bogoyavlenska, S. Pyshyev, E. Malyi, M. Chemerinskiy // Mining of Mineral Deposits. — 2022. — Vol. 16. — No. 4. — P.
40-46. doi:10.33271/mining16.04.040.

10. Montgomery D.C. Introduction to linear regression analysis / D.C. Montgomery, E.A. Peck, G.G. Vining. — 5th ed.
— Hoboken: Wiley, 2012. — 672 p.

11. Evans J.D. Straightforward statistics for the behavioral sciences / J.D. Evans. — Pacific Grove: Brooks/Cole
Publishing Company, 1996. — 600 p.

12. Hyndman R.J. Another look at measures of forecast accuracy / R.J. Hyndman, A.B. Koehler // International Journal
of Forecasting. — 2006. — VVol. 22. — P. 679-688. https://doi.org/10.1016/j.ijforecast.2006.03.001.



