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Abstract. The article is devoted to the synthesis and comparative analysis of humic 
acids derived from brown coal from the Kuznetsk and Kumuskuduk deposits. Using 
advanced analytical techniques, including infrared (IR) spectroscopy, elemental analysis, 
and thermogravimetric analysis, we evaluated the physicochemical properties of humic 
acids from these two geological sources. The research revealed significant differences in 
chemical composition, functional groups, and thermal stability, attributed to the distinct 
geological formation conditions of each deposit. In particular, variations in carboxyl 
and hydroxyl group content were observed, impacting the sorption and complexation 
capabilities of the humic acids. This comparative study highlights the potential of humic 
acids from both deposits for applications in environmental remediation, agriculture, and 
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wastewater treatment. The findings provide new insights into the influence of geological 
factors on the structural characteristics and reactivity of humic acids, thus expanding the 
possibilities for their practical use and further technological development. This allows 
us to assess their potential application in various industries, such as agrochemistry, 
ecology and medicine. Thus, the research results obtained are a significant contribution 
to the field of coal chemistry and ecology, and can also serve as the basis for further 
research and development in the field of the use of humic acids as environmentally 
friendly additives and sorbents.
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Аннотация. Бұл зерттеу Кузнецк кен орыны және Күмісқұдық кен 
орындарының қоңыр көмірінен алынған гумин қышқылдарының синтезі мен 
салыстырмалы талдауына арналады. Жетілдірілген аналитикалық әдістерді, 
соның ішінде инфрақызыл спектроскопиялық талдау, элементтік талдау және 
термогравиметриялық талдау әдістерін пайдалана отырып, біз осы екі геологиялық 
көздерден гумин қышқылдарының физика-химиялық қасиеттерін бағаладық. 
Зерттеу нәтижесінде әрбір кен орнының геологиялық түзілу жағдайларына 
байланысты химиялық құрамы, функционалдық топтары және термиялық 
тұрақтылығы бойынша елеулі айырмашылықтар анықталды. Атап айтқанда, 
гумин қышқылдарының сорбциялық және комплекс түзу мүмкіндіктеріне 
әсер ететін карбоксил және гидроксил тобының құрамындағы өзгерістер 
байқалды. Бұл салыстырмалы зерттеу қоршаған ортаны қалпына келтіруде, ауыл 
шаруашылығында және ағынды суларды тазартуда қолдану үшін екі кен орнының 
гумин қышқылдарының әлеуетін көрсетеді. Нәтижелер гумин қышқылдарының 
құрылымдық сипаттамалары мен реактивтілігіне геологиялық факторлардың әсері 
туралы жаңа түсініктер береді, осылайша оларды практикалық қолдану және одан 
әрі технологиялық дамыту мүмкіндіктерін кеңейтеді. Мұндай айырмашылықтар 
бұрын бұл кен орындары үшін толық зерттелмеген. Сонымен қатар, зерттеу 
нәтижелері Кузнецк кен орыны және Күмісқұдық кен орындарынан алынған 
гумин қышқылдарының экологияда, агрохимияда, ауыл шаруашылығында және 
ағын суларды тазартуда қолдану үшін жоғары әлеуетке ие екенін көрсетті, алайда 
олардың тиімділігі кен орнына және функционалдық топтардың құрамына 
байланысты өзгеруі мүмкін. Алынған нәтижелер гумин қышқылдарына 
негізделген технологияларды дамытуға жаңа мүмкіндіктер ашып, геологиялық 
факторлардың олардың химиялық құрылымы мен қасиеттеріне әсерін тереңірек 
түсінуге мүмкіндік береді.

Түйін сөздер: қоңыр көмір, гумин қышқылы, Күмісқұдық, Кузнецк кен орны, 
функционалдық топтар

© С. Тянах1*, T.O. Хамитова2, А.П. Науанова2, Д.М-К. Ибраимова3, 
А.С. Дарменбаева4, 2025.

1 Карагандинский университет имени Е.А. Букетова, Караганда, Казахстан; 
2Казахский агротехнический исследовательский университет им. Сейфуллина, 

Астана, Казахстан;
3Казахский национальный университет имени аль-Фараби, Алматы, Казахстан; 

4Таразский университет имени М.Х. Дулати, Taраз, Казахстан.
E-mail: saika_8989@mail.ru

ИЗУЧЕНИЕ СВОЙСТВ ГУМИНОВЫХ КИСЛОТ, СИНТЕЗИРОВАННЫХ 
ИЗ БУРЫ УГЛЕЙ КУЗНЕЦКОГО И КУМУСКУДУКСКОГО 

МЕСТОРОЖДЕНИЙ

Тянах Сайрагул — PhD, Карагандинский университет имени академика Е.А. Букетова, Караганда, 
Казахстан,
E-mail: saika_8989@mail.ru,  https://orcid.org/0000-0001-5343-4695;



258

ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

Хамитова Толкын Ондирисовна — PhD, агрономический факультет, Казахский агротехнический 
университет им. С. Сейфуллина, Астана, Казахстан,
Е-mail: khamitova.t@inbox.ru; https://orcid.org/0000-0002-4691-3732;
Науанова Айнаш Пахуашовна — доктор биологических наук, профессор, Казахский 
агротехнический исследовательский университет им. С. Сейфуллина, Астана, Казахстан, 
Е-mail: nauanova@mail.ru; https://orcid.org/0000-0002-5250-1961;
Ибраимова Дана Мыкты-Кереевна  — кандидат химических наук (К.х.н.), старший 
преподаватель кафедры Аналитической, коллоидной химии и технологии редких элементов 
химического факультета Казахского национального университета имени аль-Фараби, Алматы, 
Казахстан,
E-mail: dana_kereevna@kaznu.kz, ORCID: https://orcid.org/0000-0002-1761-9745;
Дарменбаева Акмарал Сабетбеккызы — доцент кафедры химии и химической технологии, 
Таразский университет им. М.Х. Дулати, Тараз, Казахстан,
E-mail: maral88@mail.ru; https://orcid.org/0000-0003-2974-0398

Аннотация. Данная статья посвящена синтезу и сравнительному анализу 
гуминовых кислот, выделенных из бурого угля Кузнецкого и Кумускудукского 
месторождений. Проводя исследования с использованием современных 
аналитических методов, таких как инфракрасная спектроскопия, элементный 
анализ и термогравиметрический анализ, были изучены физико-химические 
свойства гуминовых кислот, полученных из указанных геологических 
источников. Исследование выявило значительные различия в химическом 
составе, функциональных группах и термической стабильности, обусловленные 
различиями в геологических условиях формирования каждого месторождения. В 
частности, обнаружены вариации в содержании карбоксильных и гидроксильных 
групп, которые оказывают влияние на сорбционные и комплексообразующие 
свойства гуминовых кислот. Проведенное сравнительное исследование 
подчеркивает перспективность использования гуминовых кислот из обоих 
месторождений в экологической реабилитации, сельском хозяйстве и очистке 
сточных вод. Полученные результаты способствуют более глубокому пониманию 
воздействия геологических факторов на структурные характеристики и 
реакционную способность гуминовых кислот, открывая новые возможности для их 
практического применения и дальнейшего технологического совершенствования. 
Подобные различия ранее подробно не изучались для этих месторождений. Кроме 
того, исследование показало, что гуминовые кислоты из обоих месторождений 
имеют высокий потенциал для использования в экологии, агрохимии, сельском 
хозяйстве и очистке сточных вод, однако их эффективность может различаться в 
зависимости от месторождения и состава функциональных групп. Полученные 
результаты открывают новые перспективы для развития технологий на основе 
гуминовых кислот и позволяют лучше понять влияние геологических факторов 
на их химическую структуру и свойства.

Ключевые слова: бурый уголь, гуминовые кислоты, Кумускудукское, 
Кузнецкое месторождение, функциональные группы

Introduction. Kazakhstan ranks among the top ten coal-producing countries in the 
world, with large deposits of lignite and sub-bituminous coals, especially in regions like 
Karaganda, Ekibastuz, and the Kumuskuduk fields. These deposits are rich in organic 
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matter, making them ideal for the extraction of humic acids. The country’s vast reserves 
offer a reliable, cost-effective source of raw material for producing humic substances, 
positioning Kazakhstan to meet both domestic and international demand. Humic 
substances are known for their ability to improve soil quality, increase water retention, 
and remediate polluted soils by binding heavy metals and organic contaminants. 
Kazakhstan, with its history of industrial activity and mining, faces significant 
environmental challenges, including soil and water contamination. The extraction and 
application of humic substances from domestic coal sources offer a promising solution 
for mitigating environmental degradation, thus stimulating the market for these materials 
(Polish, 2023; Mendeleev, 2024; Tyanakh et al, 2022).

The market for humic substances derived from coals in Kazakhstan is on an upward 
trajectory, driven by the country’s abundant coal resources and the growing demand 
for sustainable agricultural and environmental solutions. With continued investment 
and government support, Kazakhstan is well-positioned to expand its production and 
export capacity, making humic substances a key contributor to its green economy 
and environmental initiatives (Margaret et al, 2015). Humic acids (HAs) are essential 
components of natural organic matter, widely distributed in soils, sediments, and water 
bodies. These complex, heterogeneous macromolecules are formed by the decomposition 
of plant and animal material over time and play a crucial role in various environmental 
and biological processes. Humic acids possess unique physicochemical properties, 
including the ability to chelate metal ions, adsorb organic pollutants, and enhance soil 
structure. As a result, they are extensively studied for their potential applications in 
agriculture, environmental remediation, and industry. Despite the significant interest 
in humic substances, their properties are influenced by their origin and the conditions 
under which they are formed, necessitating further research on humic acids derived 
from different natural sources (Chen Y et al, 1976; Kairbekov et al, 2014).

Brown coal, or lignite, represents a promising raw material for the extraction of 
humic acids due to its high organic content and relatively low degree of carbonization. 
The Kuznetsk Basin in the central region of Kazakhstan and the Kumuskuduk region 
are two significant deposits of brown coal with differing geological and environmental 
characteristics. While these deposits are abundant, the properties of humic acids 
synthesized from their brown coal remain insufficiently explored. Understanding the 
relationship between the source material and the properties of the resulting humic acids 
is critical for optimizing their use in various practical applications (Kairbekov et al, 
2023; Dzheldybaeva et al, 2022).

This study focuses on the synthesis of humic acids from brown coal extracted 
from the Kuznetsk and Kumuskuduk deposits, with the objective of analyzing and 
comparing their physicochemical properties. Through detailed characterization, 
including elemental analysis, functional group identification, and molecular weight 
distribution, this research aims to elucidate the factors that influence the performance 
of humic acids derived from these distinct coal sources. The findings of this work are 
expected to contribute to the development of more efficient humic acid-based products 
and technologies in agriculture, environmental management, and industrial processes, 
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while also advancing the fundamental understanding of humic substances from different 
coal deposits (Kairbekov et al, 2014; Arziev et al, 2002; Feng et al, 2024).

Materials and methods. The physico-chemical characteristics of lignite from 
different deposits can exhibit substantial variability due to the geological conditions 
under which it formed, as well as the composition of its organic and mineral constituents. 
Essential parameters for evaluating lignite’s suitability for diverse applications—such 
as energy production, chemical processing, and environmental protection - include 
moisture content, ash content, volatile matter yield, and the types of functional groups 
present.

In this study, lignite samples from the Kumuskudyk and Kuznetsk deposits were 
examined. These samples represent coal resources with specific physicochemical 
properties, making them valuable for investigating the extraction of humic acids and 
assessing their potential applications in fields like agriculture and environmental 
management. Analyzing these samples provides deeper insights into lignite’s 
composition and structure, along with its reactivity with various agents in the process of 
humic substance extraction.

The Kumuskudyk coal mine, one of Kazakhstan’s largest coal-producing sites, 
is operated by the joint-stock company "Sat Komir Mining Company." This mine, 
located in the Bukar Zhyrau district of the Karaganda region approximately 35 km east 
of Karaganda, primarily produces B-3 lignite. Similarly, the Kuznetsk coal mine, an 
important coal operation in Kazakhstan under the Kuznetsk company, is situated in the 
same district and approximately the same distance from Karaganda. The Kuznetsk mine 
is one of the top ten coal producers in Kazakhstan and is also known for its output of 
B-3 lignite.

In the initial phase of the study, lignite samples from the Kumuskudyk (KUM) and 
Kuznetsk (KUZ) deposits were selected as raw materials for humic acid extraction. To 
enhance surface area and improve the efficiency of humic acid extraction, each sample 
was pre-ground to a particle size of 0.5–1 mm using a "Vibrotechnik ShKD-6" crusher. 
Subsequently, the coal samples were dried in an oven at 80°C for 8 hours to eliminate 
moisture. 

Extraction of humic acid from coal using the hydro-alkaline method. Humic acids 
were extracted from lignite by an alkali extraction method, which involves subsequent 
precipitation of humic acids from alkaline extracts using hydrochloric acid. This method 
isolates humic acids through their reaction with NaOH, followed by separation via 
precipitation, as described by the following equation. 

Coal+ NaOH → HA–COONa + HMA–COONa + FA–COONa
2HA–COONa + 2HMA–COONa + 2FA–COONa + 3HCl →
 2HA + 2HMA + 2FA + 3NaCl                                         			     (1)

Humic acids were extracted from the coal samples by adding NaOH, followed by 
precipitation using an acidic reagent. During the extraction, 10.0–20.0 g of coal was 
accurately weighed to 0.0001 g and placed in a 250 cm³ flask. In the next stage, 100 
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cm³ of a 4% sodium hydroxide solution was added. The mixture was heated to 80°C 
and stirred on a shaker for 2 hours. The resulting suspension was filtered or centrifuged 
to remove undissolved carbon residues, which were subsequently rinsed with a small 
amount of alkaline solution. The remaining solid carbon was dried and weighed for 
further analysis. The volume of the filtered solution was recorded, and the humic acid 
content in the final product was determined (Ismailov et al. 2023; Das et al. 2021; Das 
et al. 2015).

Humic acid was precipitated by adjusting the pH of the solution to 2-3 using a 5% 
HCl solution. The mixture was then allowed to settle for 60 minutes, after which the 
humic acid precipitate was collected on a pre-weighed (blue-strip) filter paper. The 
precipitate was thoroughly rinsed with distilled water to remove any impurities and 
residual reagents. Following filtration, the filter paper with the precipitate was carefully 
removed from the Buchner funnel, folded, and pre-dried. It was then placed in a pre-
weighed beaker and dried in an oven at 80°C until a constant weight was achieved, 
ensuring complete moisture removal and enabling accurate measurement of the humic 
acid mass obtained (Wells et al. 2015; Ulzhalgas, 2022).

The elemental composition of the samples. The elemental composition of the samples 
was analyzed using a CHNS-O UNICUBE organic elemental analyzer from Elementar 
Analysensysteme GmbH (Germany). This analysis was carried out in the laboratory 
of Nazarbayev University. The analyzer operates on the classic Dumas-Pregl method, 
which involves combustion of the samples in the presence of an oxidizing agent within 
an inert gas stream. During the combustion process, oxygen was supplied continuously, 
leading to the formation of analytical gases such as carbon dioxide (CO₂), water (H₂O), 
molecular nitrogen (N₂), and sulfur dioxide (SO₂). To ensure precise sample weighing, 
a Mettler Toledo XPR6U Ultra-Microbalance was investigated. Samples were placed in 
disposable tin boats with a thickness of less than 0.01 mm and sealed with tweezers to 
prevent sample loss. 

Weight range: suitable for use from micro quantities (<1 mg) to macro quantities 
(approximately 1 g), with a maximum of 15 mg of organic matter. Element concentration 
ranges are as follows:

•	Carbon (C): up to 14 mg absolute or 0–100% (up to 50 mg in CN mode*).
•	Hydrogen (H): up to 2 mg absolute or 0–100%.
•	Nitrogen (N): up to 10 mg absolute or 0–100%.
•	Sulfur (S): up to 3 mg absolute or 0–100%.
•	Oxygen (O*): up to 6 mg absolute or 0–100%.
Accuracy: less than 0.1% absolute composition (for a homogeneous substance), 

depending on sample type, analysis mode, and configuration. Sample combustion was 
conducted in a quartz reactor within ELEMENTAR's Unicube analyzer, equipped with 
a high-temperature-resistant ceramic lining, enabling combustion at temperatures up to 
1150°C without the use of catalysts. The oxidation column was maintained at 1150°C, 
while the reduction column was set to 850°C. Each sample was analyzed in triplicate, 
and the results were averaged for accuracy. Calibration and verification of the equipment 
were performed using a sulfonamide standard from Elementar Analysensysteme GmbH. 
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Tin boats with dimensions of 4x4x11 mm and high-purity gases, helium (99.9999%) 
and oxygen (99.999%), were used in the measurements. The base standard applied was 
ASTM D5373, which specifies test methods for determining carbon, hydrogen, and 
nitrogen in coal samples, as well as carbon in coal and coke samples, using combustion 
analysis techniques.

Results and discussions. Analysis of the elemental composition of samples. 
The carbon (C), hydrogen (H), nitrogen (N), sulfur (S), and oxygen (O) content in 
various samples was determined using a CHNS-O UNICUBE elemental analyzer from 
Elementar Analysensysteme GmbH. The analysis provided average values for the 
content of oxygen (O), carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) in brown 
coal from the Kuznetsk open-pit mine (sample KUZ-2024) and in the ash produced after 
its combustion (sample Zola KUZ-2024). The results are presented in Table 1. 

Table 1. Average Content of Oxygen (O), Carbon (C), Hydrogen (H), Nitrogen (N), and Sulfur (S) in 
Brown Coal from the Kuznetsk Open-Pit Mine and in the Ash Resulting from Its Combustion

№ Name Oxygen (O), 
%

Carbon (C), 
%

Hydrogen 
(H), % Nitrogen (N), % Sulfur (S), %

1 Kuz-2024 24.62 56.02 5.085 0 0.155
2 Zola Kuz-2024 11.56 12.33 0.16 0.43 0

Brown coal from the Kuznetsk open-pit mine is notable for its high carbon content 
(56.02%), indicating a substantial calorific value and suitability as a fuel source. The 
elevated oxygen (25.07%) and hydrogen (5.085%) levels suggest a significant amount of 
volatile compounds, contributing to high reactivity and enhanced combustion efficiency. 
The absence of nitrogen minimizes the risk of nitrogen oxide (NOₓ) formation, which 
is beneficial for its environmental impact. Additionally, the low sulfur content (0.155%) 
implies a reduced likelihood of sulfur dioxide (SO₂) emissions, though monitoring SO₂ 
emissions during combustion remains essential to mitigate air pollution.

The ash sample exhibits a marked reduction in oxygen (to 11.56%), carbon (to 
12.33%), and hydrogen (to 0.16%) content compared to the original coal, indicating that 
a substantial portion of oxygen and hydrogen was released as combustion gases, such as 
carbon dioxide (CO₂) and water vapor (H₂O). The presence of 12.33% carbon in the ash 
suggests residual organic material, which could support the use of ash as a component 
in organomineral fertilizers. The nitrogen content of 0.43% in the ash is likely due to the 
formation of nitrogen compounds (NOₓ) during coal combustion in an air atmosphere. 

The reduction in oxygen and carbon content following combustion results from the 
transformation of these elements into gaseous combustion products. The remaining 
carbon content in the ash at 12.33% reflects incomplete oxidation, which could allow for 
the potential reuse of the ash. Hydrogen, initially at 5.085% in the coal, is nearly absent 
(0.16%) in the ash due to its release as water vapor. Sulfur, initially present at 0.155% 
in the coal, is entirely absent in the ash, suggesting it volatilized during combustion as 
gaseous compounds, such as sulfur dioxide (SO₂).

The ash produced from the combustion of brown coal shows potential as a 
component in organomineral soil ameliorants. The residual carbon and nitrogen content 
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may contribute to enhancing soil fertility and improving soil structure. The absence of 
sulfur in the ash is advantageous from an environmental perspective, as excessive sulfur 
content could result in soil acidification. The low hydrogen and oxygen levels in the ash 
further indicate its predominantly mineral nature, which can positively influence the 
soil's physical and chemical properties.

In conclusion, the ash derived from brown coal of the Kuznetsk open-pit mine has 
potential for use in soil improvement. However, further analysis is required to assess the 
presence of heavy metals and toxic elements to provide a comprehensive evaluation of 
its suitability for this purpose.

The elemental analysis of brown coal from the Kumuskuduk open-pit mine revealed 
that its primary components are carbon (C), oxygen (O), hydrogen (H), nitrogen (N), 
and sulfur (S). According to the data in Table 1, the average carbon content in these 
samples was 50.855%, reflecting typical characteristics of low-grade brown coal from 
this region. This level of carbon suggests a relatively high calorific value, as carbon is 
the primary energy source in fuel combustion. However, the notable oxygen content 
(25.07%) indicates a high level of moisture and oxygenated compounds, which 
diminishes the coal's energy efficiency. The results are presented in Table 2.

Table 2. Average content of oxygen (O), carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) in 
brown coal from the Kumuskuduk open-pit mine and in the ash produced after its combustion

№ Name Oxygen (O), 
%

Carbon (C), 
%

Hydrogen (H), 
%

Nitrogen 
(N), % Sulfur (S), %

1 Kum-2024 25.07 50.855 5.294 0.455 0.138
2 Zola Kum-2024 11.56 11.14 0.136 0.36 0

The hydrogen content in the sample is 5.294%, which significantly contributes to the 
calorific value, as hydrogen releases substantial energy upon combustion. Therefore, 
its presence enhances the fuel’s energy potential. The nitrogen content was found to 
be 0.455%, which is relatively low. This is beneficial for the coal's environmental 
performance, as higher nitrogen levels can lead to nitrogen oxide (NOₓ) emissions 
during combustion, a source of atmospheric pollution. Additionally, the sulfur content in 
Kumuskuduk brown coal is 0.138%, which is also low. This low sulfur level makes the 
coal environmentally preferable, as it minimizes sulfur oxide (SOₓ) emissions, reducing 
the potential for acid rain formation during combustion.

Analysis of the coal ash revealed a notable reduction in carbon content to 11.14%, 
indicating that a substantial portion of the organic matter was consumed during 
combustion. Additionally, the minimal levels of hydrogen and sulfur in the ash further 
confirm their extensive burnout during the combustion process.

The analysis of the elemental composition of brown coal from the Kumuskuduk 
deposit leads to the following conclusions:

•	 The coal has a high carbon content (approximately 51%), suggesting a substantial 
calorific value. However, a relatively high oxygen content (25%) implies significant 
moisture, potentially reducing the efficiency of its energy use.

•	 The low sulfur (0.138%) and nitrogen (0.455%) levels contribute to its 
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environmentally friendly profile, resulting in minimal pollutant emissions during 
combustion.

•	 The hydrogen content of 5.294% enhances the coal’s calorific value, though 
moisture and oxygen remain key factors impacting its energy potential.

•	 Coal ash analysis confirmed an efficient combustion process, evidenced by a high 
degree of organic burnout and minimal residual elements, such as carbon, hydrogen, 
and sulfur.

In summary, brown coal from the Kumuskuduk mine shows promise as a fuel source 
for the energy sector, particularly due to its low sulfur and nitrogen content, which helps 
to minimize its environmental impact.

The analysis of coal ash composition (sample Zola Kum-2024) suggests its potential 
for use as a component in organomineral ameliorants. Despite a reduction in carbon 
content from 50.855% in the original coal to 11.14% in the ash, the remaining carbon 
in the ash is still significant, indicating the preservation of organic material. This 
organic component can positively influence soil structure, enhance water retention, 
and promote the growth of soil microorganisms, which are crucial for improving soil 
fertility. The nitrogen content (0.36%) in the ash, although low, could contribute to the 
nitrogen balance of the soil, benefiting plant growth by providing a small but valuable 
source of this essential nutrient. The absence of sulfur in the ash is beneficial from an 
environmental perspective, as excessive sulfur content can lead to soil acidification, 
which harms soil fertility. Thus, the lack of sulfur makes the ash environmentally safe 
and suitable for use in soil amelioration.

The oxygen content (O) of 11.56% and hydrogen content (H) of 0.136% in the ash 
indicate the presence of oxidizing components, which may participate in reactions 
with other substances in the soil. However, these low values suggest that the ash will 
primarily function as a mineral component, enhancing the physical structure of the soil.

The analytical data for coal ash from the Kumuskuduk coal mine (Zola Kum-2024) 
suggest its potential as a source of organomineral ameliorants. The ash contains sufficient 
carbon to enhance soil structure and fertility. Additionally, its low sulfur and nitrogen 
content renders it suitable for agricultural applications. However, to comprehensively 
evaluate the ash's agricultural suitability, it is essential to assess the presence of heavy 
metals and other potentially toxic pollutants. The concentration of these elements could 
severely restrict the ash's applicability in agronomy and pose risks to both ecosystems 
and plant health.

Characterization of functional groups. The functional groups in the samples were 
identified using an FSM 1202 FTIR spectrometer. To prepare the samples, carbon was 
ground and mixed with potassium bromide (KBr) to form tablets. The spectra were 
acquired over a wavenumber range of 4000–400 cm⁻¹ with a resolution of 4 cm⁻¹. The 
analysis primarily focused on the absorption bands corresponding to specific functional 
groups, including carboxyl (-COOH), hydroxyl (-OH), aromatic (C=C), as well as 
aliphatic hydrocarbon (C-H) groups. The results are illustrated in Figure 1.
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Figure 1 - IR spectrum of the sample

As illustrated in Figure 1, the band in the 3800–3600 cm⁻¹ region corresponds to 
water bound to the coal surface or hydroxyl groups formed during chemical reactions. 
In the 2000–1600 cm⁻¹ range, absorption peaks related to C=O bond vibrations are 
observed, which can be attributed to carbonyl compounds such as ketones, aldehydes, 
or carboxyl groups. These bands in coal are likely due to oxygen-containing functional 
groups involved in oxidation processes. The band between 1600–1300 cm⁻¹ is associated 
with the deformation vibrations of C–H and C=C bonds in aromatic rings. Given that 
coal contains numerous aromatic structures, this range can provide insights into the 
aromaticity of the carbon skeleton; stronger bands in this region suggest a higher 
content of aromatic carbons. The 1000–750 cm⁻¹ region may indicate the presence of 
substituted benzene rings (aromatic hydrocarbons) and C–H in-plane vibrations, as well 
as vibrations of carbon–oxygen bonds in structures such as ethers or alcohols, if these 
functional groups are present.

Differential scanning calorimetry (TGA)/DSC analysis. Thermogravimetric 
(TG) and differential scanning calorimetry (DSC) analysis were conducted using 
a LABSYSTMEvoTG-DTA/DSC instrument (SETARAM, France) to evaluate the 
thermal stability of the samples and investigate their decomposition behavior upon 
heating. Coal samples were placed in aluminum oxide crucibles and subjected to a 
constant heating rate of 10°C/min in an air atmosphere, reaching a maximum temperature 
of 800°C. During the analysis, changes in sample mass were continuously recorded, 
allowing for the determination of the temperatures at which key stages of organic matter 
decomposition occur. This also facilitated the quantification of moisture, volatile matter, 
fixed carbon, and ash content. Additionally, TGA provided insights into the stability of 
the organic components of the coal and its potential reactivity. The results are illustrated 
in Figure 2.
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Figure 2 - Results of TG/DSC analysis of Kumuskuduk coal

As shown in Figure 2, the first phase of mass loss occurred between 100–150°C, 
which is attributed to the evaporation of moisture. The second phase, occurring 
between 200–400°C, is associated with the release of volatile substances, including 
low-molecular hydrocarbons and other organic compounds. The third phase, spanning 
400–600°C, corresponds to the decomposition of the primary organic matrix of coal, 
involving the breakdown of complex macromolecules such as humic substances and 
hydrocarbons. The remaining mass between 600–800°C reflects the mineral content 
(ash), which was further corroborated by the ash residue observed following the TG 
analysis.

Characterization of pore sizes and volumes, moisture content, and density. In 
the course of the experiments, the ash and moisture content of coal samples from the 
Kumuskuduk (KUM) and Kuznetsk (KUZ) deposits were measured. The results of 
these analyses are presented in Table 3. 

Table 3. Ash and humidity content of the coal samples.
Indicator KUM KUZ

Ash content, Аа, % 22 7,4
Humidity, Wа, % 8,24 9,5

The results revealed that the ash content of coal from the Kumuskuduk deposit is 
22%, with a moisture content of 8.24%. The volatile substance yield for this sample is 
50.86%. In contrast, the coal from the Kuznetsk deposit exhibited a considerably lower 
ash content of 7.4% and a moisture content of 9.5%. The yield of volatile substances 
in the Kuznetsk coal samples ranges from 47% to 50%. These findings highlight 
significant differences in the characteristics of the coals from the two deposits, which 
could influence the selection of appropriate technologies for their processing and the 
extraction of humic substances. 
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Quantitative determination of humic substance yield from coal waste. The 
experiments resulted in the extraction of humic acids from coal samples of the 
Kumuskuduk deposit using the alkaline hydrolysis method. From 10 g of Kumuskuduk 
coal, 0.7 g of humic acids were obtained, corresponding to a yield of 7%. The yield 
of humic acids for Kuznetsk coal was 6.3%. This made it possible to carry out a more 
accurate comparison between the two research objects.

In the optimization of humic acid extraction, various process parameters were 
examined, including alkali solution concentration (1–4%), temperature (20–80°C), and 
reaction time (30–120 minutes). Experimental results indicated that the most efficient 
separation of sodium humates occurred with a 4% alkali solution at 80°C for 120 
minutes.

Higher alkali concentrations facilitated more complete extraction of humic acids, 
whereas increasing the temperature above 80°C resulted in a reduction in sodium 
humate yield (from 4% to 2%) and significant changes in the product composition. This 
is attributed to the hydrolysis and leaching of carboxyl and polysaccharide fragments, 
which led to an increased relative content of aromatic structures (up to 44–45%).

Prolonging the reaction time beyond 2 hours did not notably enhance the extraction 
of humic acids. Therefore, the optimal conditions for humic acid extraction were found 
to be a 4% alkali solution, 80°C, and a reaction time of 120 minutes.

Spectroscopic analysis of humic substance content and investigation of structural 
characteristics. Humic acids were extracted from coal samples of the Kumuskuduk 
and Kuznetsk deposits through alkaline hydrolysis in the course of the experiments. 
The extracted humic acid samples were subsequently analyzed using infrared (IR) 
spectroscopy and thermogravimetric (TG) / differential scanning calorimetry (DSC) 
techniques. The results are illustrated in Figure 3.

Figure 3- Infrared (IR) spectra of the extracted humic acids

As shown in Figure 3, the absorption band in the 3800–3550 cm⁻¹ range corresponds 
to the vibrations of O–H groups, which are characteristic of hydroxyl groups found in 
both free water and hydrogen bonds within the structure of humic acids. The 2100–
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1600 cm⁻¹ range displays absorption bands associated with carboxylic acids, aldehydes, 
ketones, and esters. The 1600–1250 cm⁻¹ region is linked to the vibrations of aromatic 
C=C bonds, typical of humic acids, which contain aromatic rings in their structure. 
Deformation vibrations of C–O bonds in carboxylic and phenolic groups may also 
appear in this range, indicating the presence of complex oxygen-containing functional 
groups in humic acids. Between 1000–600 cm⁻¹, absorption bands are observed for 
deformation vibrations of C–H bonds in aromatic rings and C–O–C bond vibrations 
in esters and ether groups. The low-frequency range of 600–500 cm⁻¹ corresponds to 
out-of-plane vibrations in aromatic systems and deformations of C–C bonds in carbon 
chains. Thermogravimetric analysis of the humic acids was conducted in an inert 
atmosphere up to a temperature of 1000°C. The results are illustrated in Figure 4.

(a)

(b)
Figure 4 - Results of TG/DSC analysis of humic acid samples (a) -  KUZ; (b) – KUM
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As observed from the thermogravimetric analysis curves of the humic acids, in the 
temperature range of 30–175°C, there is only a minor mass change, likely due to the 
presence of residual water. The decomposition of the sample occurs in two main stages. 
The first stage, between 200–500°C, is characterized by the breakdown of volatile 
substances and functional groups such as carboxyl, phenolic, and methoxyl groups. 
During this stage, small organic molecules associated with aromatic structures are also 
decomposed, leading to a significant mass loss. This stage involves the release of water, 
carbon dioxide, and other low-molecular-weight gases. The second stage, occurring 
between 550–1000°C, involves the degradation of more stable aromatic structures and 
condensed polycyclic systems, resulting in further mass loss and the formation of carbon 
residues. This stage is associated with carbonization, where organic matter is converted 
into carbon, and the formation of a stable residue similar to coke. These stages illustrate 
the sequential thermal decomposition of humic acids, from the breakdown of lighter 
functional groups to the formation of stable carbon structures.

Analysis of the chemical composition of the humic product. Subsequently, the 
elemental composition of carbon (C), hydrogen (H), nitrogen (N), sulfur (S), and 
oxygen (O) in humic acids (HA) extracted from the brown coals of the Kumuskuduk 
and Kuznetsk deposits was determined using the CHNS-O UNICUBE elemental 
analyzer (Elementar Analysensysteme GmbH). This analysis was conducted to assess 
the elemental composition of the humic acids, providing insights into their chemical 
properties and potential applications in agriculture. 

Table 4 presents the average percentage values of chemical element content in humic 
acids derived from different deposits. 

Table 4. Average content of oxygen (O), carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) in 
humic acids

№ Name Carbon (C), 
%

Hydrogen 
(H), %

Nitrogen (N), 
%

Sulfur
(S), %

Oxygen 
(O), %

1 Humic acid (Kuznetsk) 49.605 3.071 0.93 0.391 45.263
2 Humic acid (Kumuskuduk) 46.69 3.079 0.63 0.172 48.26

Humic acid from the Kuznetsk deposit shows a higher carbon content (49.605%) than 
that from the Kumuskuduk deposit (46.69%), suggesting a greater degree of aromaticity 
or polymerization in the organic material of Kuznetsk coals. Hydrogen content is 
nearly identical in both acids, with 3.071% in Kuznetsk and 3.079% in Kumuskuduk, 
indicating similar hydrogen-containing structural groups in both samples. Nitrogen 
content differs between the two, with 0.93% in Kuznetsk humic acid and 0.63% in 
Kumuskuduk, potentially reflecting a higher presence of amino groups or proteins in the 
Kuznetsk sample. The sulfur content in Kuznetsk humic acid (0.391%) is significantly 
higher than in Kumuskuduk (0.172%), possibly due to a higher concentration of sulfide 
or organic sulfur compounds. Kumuskuduk humic acid has a higher oxygen content 
(48.26%) compared to Kuznetsk (45.263%), which may indicate a greater presence of 
carboxyl groups, enhancing the acidity and reactivity of the substance.

The elemental analysis results suggest that humic acid from the Kuznetsk deposit 
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contains higher levels of carbon, nitrogen, and sulfur, which may indicate a more 
complex structure and potentially distinct properties compared to humic acid from the 
Kumuskuduk deposit, characterized by a higher oxygen content. These compositional 
differences likely stem from variations in the coal formation conditions at these deposits 
and may influence their respective application areas.

Humic acid from the Kuznetsk deposit is the most suitable for producing 
organomineral ameliorants. Key reasons include:

•	 High carbon content (49.605%): Carbon forms the organic backbone of humic 
acids, with a high concentration indicating greater aromaticity and polymerization, 
enhancing the stability of the organic phase in soil. This structure supports long-term 
soil improvement and boosts fertility.

•	 Elevated nitrogen content (0.93%): Nitrogen is essential for plant nutrition, and 
its higher concentration in Kuznetsk humic acids enhances their utility in organomineral 
fertilizers and ameliorants. This nitrogen content promotes plant growth and optimizes 
soil agrochemical properties.

•	 Sulfur content (0.391%): Although high sulfur can be unfavorable in some cases, 
it benefits organomineral ameliorants by supporting amino acid and enzyme synthesis 
crucial for plants, thus enhancing nutrient availability.

In summary, the balanced composition of Kuznetsk humic acid—with its elevated 
carbon, nitrogen, and sulfur levels—makes it ideal for organomineral ameliorants, 
improving soil properties and supplying essential nutrients to plants.

Conclusion. The study of lignite from the Kuznetsk and Kumuskuduk deposits 
yielded valuable insights into their physicochemical characteristics, highlighting their 
potential for various industrial applications. Key properties, including ash content, 
moisture, and volatile matter, support the suitability of these coals for use in energy 
production and industrial processes.

The analysis revealed that lignite from both deposits exhibits low ash content and 
high volatile matter yield, making it promising for thermal processing techniques such as 
gasification and pyrolysis. These properties indicate its high potential as a raw material 
source for the chemical industry, particularly in the production of synthetic gases and 
liquid hydrocarbons. Elemental analysis, combined with infrared (IR) spectroscopy and 
thermogravimetric (TG) analysis, provided critical data on the chemical composition 
and structure of the coals, identifying key functional groups and elemental contents 
relevant to their industrial potential.

Additionally, humic acids were extracted from coal samples from both deposits using 
alkaline hydrolysis and further analyzed through elemental analysis, IR spectroscopy, 
and TG/DSC analysis. The comparative analysis of the physicochemical properties of 
humic acids from these brown coals revealed substantial differences attributable to the 
distinct geological formation conditions of the deposits.

Based on the research conducted on humic acids synthesized from brown coals 
of the Kuznetsk and Kumuskuduk deposits, significant differences in their elemental 
composition and structural properties were identified. The Kuznetsk-derived humic 
acid demonstrated higher carbon, nitrogen, and sulfur content, suggesting a more 
complex molecular structure, with increased aromaticity and polymerization, which 
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are beneficial for soil stability and fertility enhancement. Conversely, humic acid from 
the Kumuskuduk deposit exhibited higher oxygen content, potentially contributing to 
greater reactivity in soil applications.

These compositional differences indicate that humic acid from the Kuznetsk deposit 
is particularly promising for the production of organomineral ameliorants, as its balanced 
elemental profile enhances its potential as a soil conditioner and nutrient source. The 
findings of this study highlight the importance of deposit-specific characteristics in 
determining the suitability of humic acids for various agricultural and environmental 
applications. Further research could focus on the application-specific performance of 
these humic acids in soil ecosystems to validate and optimize their use in agronomy.
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