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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan, 
Series of Geology and Technical Sciences has been indexed in the international abstract and citation 
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science 
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal’s compliance with international standards of scientific peer 
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process 
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index 
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications, 
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant, 
original, and scientifically significant research in the fields of geology and technical sciences. 

«Қазақстан Республикасы Ұлттық ғылым академиясының Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналы 2016 жылдан бастап халықаралық 
реферативтік және ғылымиметриялық Scopus дерекқорында индекстеледі және тұрақты 
библиометриялық көрсеткіштерді көрсетіп келеді.

Сонымен қатар журнал Web of Science платформасының (Clarivate Analytics, 2018) 
халықаралық реферативтік және наукометриялық дерекқоры Emerging Sources Citation Index 
(ESCI) тізіміне енгізілген.

ESCI дерекқорында индекстелуі журналдың халықаралық ғылыми рецензиялау талаптары 
мен редакциялық этика стандарттарына сәйкестігін растайды, сондай-ақ Clarivate Analytics 
компаниясы тарапынан басылымды Science Citation Index Expanded (SCIE), Social Sciences 
Citation Index (SSCI) және Arts & Humanities Citation Index (AHCI) дерекқорларына енгізу 
қарастырылуда.

Scopus және Web of Science дерекқорларында индекстелуі жарияланымдардың 
халықаралық деңгейде жоғары сұранысқа ие болуын қамтамасыз етеді, олардың дәйексөз алу 
көрсеткіштерінің артуына ықпал етеді және редакциялық алқаның геология мен техникалық 
ғылымдар саласындағы өзекті, бірегей және ғылыми тұрғыдан маңызды зерттеулерді 
жариялауға ұмтылысын айқындайды.

Научный журнал «News of the National Academy of Sciences of the Republic of Kazakhstan, Series 
of Geology and Technical Sciences» с 2016 года индексируется в международной реферативной 
и наукометрической базе данных Scopus и демонстрирует стабильные библиометрические 
показатели. 

Журнал также включён в международную реферативную и наукометрическую базу данных 
Emerging Sources Citation Index (ESCI) платформы Web of Science (Clarivate Analytics, 2018).

Индексирование в ESCI подтверждает соответствие журнала международным 
стандартам научного рецензирования и редакционной этики, а также рассматривается 
компанией Clarivate Analytics в рамках дальнейшего включения издания в Science Citation Index 
Expanded (SCIE), Social Sciences Citation Index (SSCI) и Arts & Humanities Citation Index (AHCI).

Индексирование в Scopus и Web of Science обеспечивает высокую международную 
востребованность публикаций, способствует росту цитируемости и подтверждает 
стремление редакционной коллегии публиковать актуальные, оригинальные и научно значимые 
исследования в области геологии и технических наук.
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Abstract. Introduction. Differences in the material and elemental composition 
of coal used as an energy fuel directly affect combustion efficiency, heat balance, 
ash and slag formation, and environmental performance. This study aims to 
comparatively evaluate the elemental and mineral composition of 2 BR, B - 2, and 
B - 1 coal grades from the Angren coal deposit supplied to the Angren Thermal 
Power Plant. Methods. Samples of 2 BR, B-2, and B-1 coal were analyzed using 
X-ray fluorescence (XRF) analysis with an AL-NP-5010A spectrometer after 
sample preparation in accordance with applicable standards. The contents of the 
principal elements, including carbon, aluminum, silicon, phosphorus, sulfur, iron, 
and calcium, were determined and comparatively evaluated. The relationship 
between the organic carbon fraction and mineral components was assessed in terms 
of their potential influence on combustion processes. Results. The B-1 sample 
contained the highest carbon content (47.2%) and the lowest total content of the 
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analyzed mineral elements Al, Si, P, S, Fe, and Ca (15,3%). The 2BR sample was 
characterized by higher contents of silicon, phosphorus, and sulfur, whereas B-2 
exhibited the highest iron content. These differences indicate a higher proportion 
of combustible carbon in B-1 and potentially more favorable conditions for heat 
release. The increased concentrations of mineral and sulfur-bearing components 
in 2BR and B-2 may contribute to greater ash formation, slagging, and the 
generation of sulfur-containing gaseous products during combustion. Discussion 
and Conclusion. The predominance of the carbon fraction in B-1 is consistent 
with favorable combustion characteristics and useful heat release associated with 
the exothermic oxidation of carbon (ΔH  = - 393.55 kJ/mol). The higher mineral 
and sulfur contents of 2BR and B - 2 may increase heat losses and environmental 
impacts. Therefore, coal beneficiation, blending with suitable additives, and/or 
flue-gas treatment should be considered before their use as energy fuels.

Keywords: coal fuel, carbon, coal brand, environmental hazard, exothermic 
process, slagging
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Аннотация. Өзектілігі. Энергетикалық отын ретінде пайдаланылатын 
көмірдің заттық және элементтік құрамындағы айырмашылықтар оның 
жану тиімділігіне, жылу балансына, күл мен қож түзілуіне, сондай-
ақ қоршаған ортаға түсетін экологиялық жүктемеге тікелей әсер етеді. 
Көмір құрамындағы органикалық көміртекті фаза мен минералдық 
компоненттердің арақатынасы жылу бөліну қарқындылығын және жану 
процесінің ерекшеліктерін анықтайтын маңызды факторлардың бірі болып 
табылады. Зерттеудің мақсаты-Ангрен көмір кен орнының Ангрен жылу 
электр станциясына жеткізілетін 2BR, B-2 және B-1 маркалы көмірлерінің 
элементтік және минералдық құрамын салыстырмалы бағалау және олардың 
отындық сипаттамаларына ықпалын анықтау. Әдістер. Зерттеу нысаны 
ретінде 2BR, B-2 және B-1 маркалы көмір үлгілері алынды. Үлгілердің 
элементтік құрамы рентгендік-флуоресценттік (XRF) талдау әдісімен AL-
NP-5010A спектрометрін пайдалана отырып анықталды. Зерттеу алдында 
көмір үлгілері қолданыстағы стандарттар мен әдістемелік талаптарға сәйкес 
дайындалды. Көмір құрамындағы негізгі элементтердің, атап айтқанда 
көміртек, алюминий, кремний, фосфор, күкірт, темір және кальцийдің мөлшері 
анықталып, олардың өзара арақатынасына салыстырмалы талдау жүргізілді. 
Алынған нәтижелер негізінде органикалық көміртекті фаза мен минералдық 
компоненттердің жану процесіне ықтимал әсері бағаланды. Нәтижелер. B-1 
үлгісінде көміртектің ең жоғары мөлшері-47,2% және зерттелген минералдық 
элементтердің (Al, Si, P, S, Fe және Ca) ең төмен жиынтық мөлшері – 15,3% 
анықталды. 2BR үлгісінде кремний, фосфор және күкірт мөлшерінің жоғары 
екені байқалды, ал B-2 үлгісі темірдің ең жоғары мөлшерімен сипатталды. Бұл 
айырмашылықтар B-1 көмірінде жанғыш көміртекті фазаның салыстырмалы 
үлесі жоғары екенін көрсетеді. Сонымен қатар, 2BR және B-2 құрамындағы 
минералдық және күкіртті компоненттердің жоғары мөлшері күл мен қож 
түзілуін, сондай-ақ күкірт құрамды газ тәрізді өнімдердің пайда болуын 
арттыруы мүмкін. Талқылау және қорытынды. B-1 көміріндегі көміртекті 
фазаның басым болуы көміртектің экзотермиялық тотығу реакциясымен 
(ΔH=−393,55кДж/моль) байланысты тиімді жылу бөлінуімен үйлеседі. Ал 
2BR және B-2 көмірлеріндегі минералдық және күкіртті компоненттердің 
жоғары мөлшері жану кезінде қосымша жылу шығындары мен экологиялық 
әсердің артуына ықпал етуі мүмкін. Осыған байланысты аталған көмір 
маркаларын энергетикалық отын ретінде пайдаланар алдында алдын ала 
байыту, тиісті энергетикалық қоспалармен араластыру және/немесе түтін 
газдарын тазарту технологияларын қолдану мәселесін қарастыру қажет.
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Аннотация. Введение. Различия в элементном и минеральном составе 
углей, используемых в качестве энергетического топлива, оказывают 
существенное влияние на эффективность их сжигания, тепловой баланс, 
интенсивность золо- и шлакообразования, а также экологические 
характеристики теплоэнергетических процессов. В связи с этим 
сравнительное исследование состава углей различных марок представляет 
практический интерес для оценки их потенциальных топливных свойств и 
определения рациональных направлений использования в теплоэнергетике. 
Цель. Провести сравнительную оценку элементного и минерального состава, 
а также потенциальных топливных характеристик углей марок 2BR, B-2 и B-1 
Ангренского угольного месторождения, поставляемых для использования 
на Ангренской тепловой электростанции. Методы. Исследованы образцы 
углей марок 2BR, B-2 и B-1. Элементный состав определяли методом 
рентгеноспектрального анализа с использованием спектрометра XRF 
AL-NP-5010A после предварительной подготовки проб в соответствии с 
установленными стандартами и методическими требованиями. Проведен 



247

ISSN 2224-5278  5.2026

сравнительный анализ содержания основных исследуемых элементов, 
включая углерод, алюминий, кремний, фосфор, серу, железо и кальций. На 
основе полученных данных оценены соотношения углеродной составляющей 
и исследуемых минеральных компонентов, а также их потенциальное влияние 
на процессы горения и образования золошлаковых остатков. Результаты. 
Установлено, что образец угля марки B-1 характеризуется наиболее высоким 
содержанием углерода - 47,2 % - и наименьшим суммарным содержанием 
исследованных элементов Al, Si, P, S, Fe и Ca - 15,3 %. В образце марки 
2BR выявлено повышенное содержание кремния, фосфора и серы, тогда 
как уголь марки B-2 характеризуется наиболее высокой концентрацией 
железа. Полученные результаты указывают на различия в элементном 
составе исследованных образцов и позволяют предположить наличие у угля 
марки B-1 более благоприятных потенциальных топливных характеристик. 
Повышенное содержание компонентов, связанных с минеральной частью 
угля, и серы в образцах 2BR и B-2 может способствовать увеличению 
образования золошлаковых остатков и выбросов серосодержащих газов при 
сжигании. Обсуждение и заключение. Сравнительный анализ элементного 
состава показал, что уголь марки B-1 отличается более высоким содержанием 
углерода, что потенциально может оказывать положительное влияние на 
его теплотворные характеристики. При этом полное окисление углерода 
сопровождается выделением теплоты в соответствии с экзотермической 
реакцией, стандартная энтальпия которой составляет ΔH° = −393,55 кДж/
моль. Более высокое содержание отдельных минеральных компонентов и 
серы в углях марок 2BR и B-2 может обусловливать увеличение количества 
золошлаковых остатков и экологической нагрузки при их энергетическом 
использовании. Для повышения эффективности применения исследованных 
углей целесообразно рассмотреть возможность предварительного 
обогащения, смешивания с другими видами топлива или применения 
современных технологий очистки дымовых газов. Полученные результаты 
могут использоваться при предварительной оценке качества угольного 
топлива и выборе направлений его дальнейшего исследования.

Ключевые слова: угольное топливо, углерод, марка угля, экологическая 
опасность, экзотермический процесс, шлакообразование

Introduction. Currently, coal fuel is considered the main source of strategic 
economic and political importance among the types of fuel in the energy sector 
and systems of the Republic of Uzbekistan. In Uzbekistan, which is developing 
economically, the demand for electricity and fuel energy is also increasing sharply, 
and at the same time, the inability of natural gas extracted from the territory of 
the Republic to meet all energy needs, as well as the presence of gas exports, 
necessitates the effective and rational use of coal as a substitute for gas energy, and 
its effective use is becoming one of the main scientific and practical tasks.

In recent years, the volume of coal used as fuel in thermal power plants in 
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Uzbekistan has increased rapidly, and the number of new power units has been 
put into operation. At the same time, the material composition of different grades 
of coal used as fuel differs significantly from each other. Such differences directly 
affect the combustion efficiency of coal, the amount and effect of ash and slag 
generated, as well as the efficiency of equipment operation and its impact on the 
environment (Benson and others, 1999).

From an ecological point of view, the combustion of coal depends on the quantity 
of the main mineral components in its composition (Ward, 1999). In particular, 
the number of elements such as silicon, iron, aluminum, sulfur, and calcium are 
one of the main factors determining heat exchange processes, slagging in steam 
boilers, the composition of flue gases released into the air, and at the same time 
the amount of harmful substances released into the atmosphere. In particular, the 
use of coal-based fuels, which currently emit sulfur tetroxide and other gases, is 
causing environmental problems. This situation is expected to lead to an increase 
in air pollution levels in large industrial and energy enterprises in the Republic of 
Uzbekistan and adjacent areas. 

Also, the wrong choice of coal brand as fuel and its use without proper study 
of its material composition are factors that negatively affect the environment. 
The increase in the amount of ash and slag waste generated after the use of coal 
mass as fuel, and the problems associated with their storage and processing, lead 
to pollution of soil and water sources, which increases environmental risks at 
industrial energy enterprises. Therefore, it is possible to ensure environmental 
safety by conducting a materially in-depth practical and scientific study of coal 
brands used as fuel in industrial and energy enterprises.

Economically, the presence of beneficial and harmful additives in coal is a 
factor that directly determines the cost of generating electricity. The use of low-
grade coal as fuel results in additional energy losses during the combustion 
process, various technological interruptions, and, at the same time, an increase in 
various maintenance costs.

Taking into account these factors and serious environmental hazards, a 
comparative study of the material composition of 2BR, B-2, and B-1 coal produced 
from coal mined from the Angren coal field in the Republic of Uzbekistan using 
modern X-ray spectral analysis methods is a scientifically and practically urgent 
task. Such studies may allow improving environmental and economic efficiency at 
Angren Thermal Power Plant, which uses this fuel, by purposefully selecting the 
coal brand, refining it, enriching it before burning it, or adapting it to combustion 
processes (Basu, 1999).

The main goal of this research is to determine the main elements and substances 
based on them in the material composition of 2BR, B-2 and B-1 coal mined from 
the Angren coal mine using X-ray spectral analysis methods, to assess the structural 
differences of the minerals found in their composition, and to form relevant and 
substantiated conclusions based on the results obtained in terms of fuel efficiency, 
environmental and economic efficiency. 
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Materials and Methods. The objects of this study were selected as coal grades 
2BR, B-2 and B-1, which are used as fuel at the Angren Thermal Power Plant 
in Uzbekistan. These coal grades are of great importance in the production of 
electricity in our Republic, due to their widespread use at the Angren Thermal 
Power Plant. Coal samples of grades 2BR, B-2 and B-1 were taken from samples 
of coal mass in real conditions supplied by “Uzbekkumir” JSC to Angren TPP 
JSC for the purpose of conducting scientific project research on the topic of 
“Development of coal enrichment and gas extraction technology for the needs 
of construction materials industrial enterprises” funded by the state program at 
Tashkent State Technical University.

Before submitting the coal samples for laboratory analysis, drying, cleaning, 
homogenization, and spectral analysis were carried out in accordance with the 
requirements of standards such as ISO 18283: 2006, ISO 9516-1: 2018, and ISO 
1171: 2010.

Samples of grades 2BR, B-2, and B-1 taken from the Angren coal mine were 
subjected to X-ray spectral analysis (Setup X-ray) using an XRF AL-NP-5010A 
spectrometer to determine their elemental and mineral composition (Figure 1). 
This method is distinguished by its ability to quickly and accurately determine the 
main and secondary elements and substances in coal samples (Tiainen et al., 1999; 
Bekpulatov et al., 2024).

Figure 1. XRF AL-NP-5010A brand spectrometer device.

The spectral readings obtained from coal samples of grades 2BR, B-2, and 
B-1 were processed using special software and the corresponding results were 
recorded. Mineralogical differences between coal grades were also substantiated 
by comparative analysis of the intensities generated for each element.

The analyses were carried out on an XRF AL-NP-5010A spectrometer equipped 
with a high-power X-ray source. During the measurement process, X-rays are 
focused on the sample surface, resulting in characteristic radiation spectra. Based 
on the obtained spectral lines, the characteristic peaks of the elements present are 
identified and their values are found.
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In practical and research processes, the presence of the spectral intensities of 
chemical elements such as C, O, Al, Si, S, Fe, and Ca as major elements has been 
analyzed. These indicated elements are the main mineral part of coal and at the 
same time the main component elements that determine ash formation, efficiency 
during combustion and environmental performance.

Results. The classification of spectral intensities by energy indices made it 
possible to determine the chemical structural states of coal, the binding energy of 
minerals and the participation of the total mass in combustion processes, and its 
main physicochemical properties (Figure 2). 

a)

b)

c)

Figure 2. Spectral intensity of the elements present in the composition of coal samples of 
grades 2BR (a), B-2 (b), and B-1 (c) obtained from the Angren coal mine.
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The results of spectral analysis of 2BR, B-2, and B-1 coal samples showed that 
the ratio between the organic carbon phase and the mineral components present in 
the samples varied significantly (Table 1).

Table 1. Number of major elements found in coal samples.

Item name 2BR B-2 B-1
I (cps) Quantity, % I (cps) Quantity, % I (cps) Quantity, %

C 6371 44.7 6225 43.7 6621 47.2
O 5128 36 5055 35.5 5257 37.5
Al 869 6 878 6.2 698 5
Si 613 4.3 596 4.2 464 3.3
P 489 3.4 447 3.1 347 2.5
S 401 2.8 327 2.3 262 1.9
Fe 147 1 450 3.1 209 1.5
Ca 251 1.8 266 1.9 167 1.1

From Table 1, when comparing the differences in the composition of coal 
samples of grades 2BR, B-2 and B-1, it can be seen that the B-1 coal sample 
had the highest carbon content, which was 47.2%. This indicator was 43.7 and 
44.7% in samples of B-2 and 2BR brands, respectively, which indicates a higher 
combustion energy of B-1 brand coal. The oxygen content in the B-1 brand sample 
was 37.5%, which indicates a higher oxidation level of the coal in this sample 
compared to other brands. In samples of B-2 and 2BR brands, this indicator was 
35.5 and 36%, respectively. 

The research analysis shows that the B-2 and 2BR coal samples have 
significantly higher Al content than B-1, with the B-2 sample containing 6.2% 
and the 2BR sample containing 6%, while the B-1 coal sample contained 5%. The 
Si content was also low in the B-1 coal sample, at 3.3%, and in the B-2 and 2BR 
grades, at 4.2% and 4.3%, respectively. Based on these indicators, it is likely that 
the B-2 and 2BR coal samples will have high ash content. The amounts of P and 
S, which are considered harmful additives in the samples, were found to be the 
highest in the 2BR coal sample. In this coal sample, P was 3.4% and S was 2.8%. 
These figures indicate that the B-1 and B-2 coal samples contain less phosphorus 
and sulfur than 2BR, with phosphorus being 2.5% and 3.1% and sulfur being 1.9% 
and 2.3%, respectively.

Also, according to the analysis of metal elements, the highest iron content 
was determined in the B-2 sample, which was 3.1. The B-1 and 2BR grades have 
1.5% and 1%, respectively, indicating a high probability of ash slagging in B-2 
grade coal. Calcium content is higher in B-2 and 2BR, which affects the melting 
temperature of the ash.

Discussion. The energy of combustion of coal is determined by the percentage 
of organic matter in its composition. The combustion of coal, which has a high 
carbon content, can be represented by the following exothermic reaction (Elliott, 
1980) (1):
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C + O2(g) → CO2(g), ∆H° = - 393,55 kJ/mol                              (1)

This chemical reaction is the main source of heat generation, and the high 
energy intensity in the low-energy region in the spectral analysis of the B-1 coal 
sample suggests a relatively higher contribution of the carbonaceous phase (Riazi 
et al., 2015; Yusufu et al., 2012). In coal samples 2BR and B-2, the presence of 
significant proportions of other mineral components along with carbon and organic 
phases leads to a decrease in the amount of heat released during the combustion 
of the coal mass.

The total heat balance released from a coal mass during its combustion can be 
expressed by the following formula (2):

Qall =Qcomb. – (Qmin.phas.+ Qloss+ Qlos.gas-rays)                             (2)

where, Qall - the total heat balance amount released from the coal mass during 
the combustion process; Qcomb. - the amount of heat released from the oxidation of 
carbon and volatile substances in the coal; Qmin.phas. - the amount of heat spent on 
the mineral in the sample mass; Qloss - the amount of heat lost due to ash formation 
after the combustion process; Qlos.gas-rays - the amount of heat lost by radiation of 
gases formed during the combustion process (Karayigit et al., 2006).

In the samples of coal of grades 2BR and B-2, the increase in the amount of 
Qmin.phas. and Qloss showed that the increase in the amount of waste is the main factor 
causing the decrease in energy efficiency. At the same time, the high proportion of 
the mineral phases present in the total mass of the sample indicates the presence 
of structures in which aluminosilicates and iron oxides are common (Fig. 3). As 
a result of the adhesion interaction of these phases at high temperatures, eutectic 
mixtures are formed at low temperatures (Raask, 1985), and this reaction proceeds 
as follows (3):

F2O3 + SiO2 → F2SiO5                                           (3)

These eutectic compounds liquefy at temperatures between 1100 and 1200°C 
and adhere to the walls of steam boilers, leading to the formation of a slag layer 
(Gupta et al., 1999; Bryers, 1999).

The presence of sulfur compounds in the composition of coal creates step-by-
step oxidation reactions during combustion (4,5):

S + O2 → SO2                                                     (4)

SO2 + O2→ 2SO3                                                    (5)

This raises the possibility that the 2SO3 that is eventually formed will react 
with water vapor to form sulfuric acid (6):
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2SO3 +2H2O → 2H2SO4                                    (5)

This low-temperature reaction leads to corrosion of metal structural equipment 
in thermal power plants, which reduces their service life by several times. The 
high sulfur intensity in 2BR and B-2 coal samples indicates the activity of this 
chemical process [15].

Calcium-containing compounds present in the mineral composition of coal 
mass rarely have the ability to form bonds with SO2 (6):

CaO + SO2 + O2 → CaSO4                                     (6)

However, based on the analysis results, the low ratio of calcium to sulfur is not 
sufficient to fully ensure the neutralization process. As a result, some of the gases 
produced are released into the atmosphere (Ma et al., 2018).

Based on the results obtained and the analyses performed, thermodynamic and 
kinetic analyses in a simulated form show that high carbon content in B-1 coal 
and the weak bonding phases of other adjacent minerals ensure a high combustion 
rate of B-1, which is explained by the Arrhenius equation (Arisoy et al., 2015) (7): 

                                              (7)

Here, the predominance of the combustible organic carbon phase as the active 
energy Ea is relatively low. In coals of grades 2BR and B-2, the abundance of 
mineral phases leads to a decrease in the combustion energy (Wang et al., 2012).

Based on the above analyses, it is shown that the B-1 coal sample has high 
combustion efficiency and low slagging, as well as relatively good environmental 
performance (Sager, 1999). In the case of 2BR and B-2 coal samples, the high 
content of adjacent, harmful minerals, the formation of complex chemical and 
thermodynamic processes during combustion, require enrichment, mixing with 
other energy additives, or the introduction of gas purification technologies before 
using them as fuel in the thermal energy system.

At the same time, the following results were obtained from the analysis of 
technogenic waste samples collected at JSC “Angren Thermal Power Plant,” 
which is the main consumer of the Angren coal deposit.

Table 2. Certain physicochemical indicators of industrial waste samples from the Angren 
Thermal Power Plant.

Samples Moisture, % Volatile Matter, % Ash Content, %
A-1 3.57 8.1 85.93
A-2 3.15 15.0 78.25
A-3 0.35 2.5 96.69

The moisture content of the technogenic samples of the Angren Thermal Power 
Plant was 3.57%, 3.15%, and 0.36% for samples A-1, A-2, and A-3, respectively. 
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The mass loss upon heating was 14.07%, 21.75%, and 3.31%, respectively. The 
content of volatile fractions was 8.1% in A-1, 15.0% in A-2, and 2.5% in A-3.

Considering of these results in conjunction with the elemental composition of 
the coal allows for the description of structural changes in the combustion process 
of Angren coal. While the carbon content in the initial coal samples ranged from 
43.7 to 47.2%, mineral components are concentrated in ash and slag products 
after coal combustion. Therefore, technogenic samples, particularly the A-3 fly 
ash sample, are characterized by a low content of organic and volatile components 
and a high proportion of mineral residue.

Overall, the B-1 coal sample is characterized by the highest carbon content 
(47.2%) and the lowest total content of mineral elements Al, Si, P, S, Fe, and Ca 
(15.3%). A higher content of Si, P, and S was noted in the 2BR sample. These 
structural differences indicate that the ratios of organic and mineral components 
in various samples of Angren coal are not identical and can be evaluated as one 
of the factors influencing their combustion properties and the composition of the 
resulting ash and slag waste.

Conclusion. A comparative physicochemical study was conducted on samples 
of 2BR, B-2, and B-1 coal mined from the Angren coal mine and supplied as fuel 
to “Angren IES” JSC based on X-ray spectral analysis. The study confirms that 
the thermodynamic efficiency, heat balance and environmental performance of the 
organic carbon phase in coal are the main factors determining the heat balance 
and environmental performance of the coal. Also, the dominance of the organic 
carbon phase in the 2BR coal sample is characterized by a high exothermic ∆H° 
= - 393.55 kJ/mol during combustion, which provides useful heat release. This is 
explained by the reduction in energy loss in the heat balance between the mineral 
phases in the sample and justifies the high combustion efficiency of B-1 grade 
coal. 

The high content of related minerals in the composition of 2BR and B-2 brand 
coal samples leads to heat loss, as most of the heat released during combustion 
is spent on these minerals. It also increases the formation of slag at low melting 
temperatures in the presence of aluminosilicate and iron oxides. At the same time, 
the oxidation of sulfide minerals leads to the formation of SO2, SO3 gases, which 
increases environmental hazards. 

The results of the study indicate that the high energy efficiency of B-1 grade coal 
and the poor quality of 2BR and B-2 grade coal cannot be directly used at “Angren 
IES” JSC or other industrial enterprises. At the same time, it is recommended to 
process 2BR and B-2 coal to obtain a higher quality of fuel.
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