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ABSTRACT

This article presents the synthesis and comparative characterization of humic acids
extracted from brown coal deposits of Kuznetsk and Kumuskuduk in Kazakhstan.
Advanced analytical techniques, including infrared (IR) spectroscopy, elemental
analysis, and thermogravimetric/differential scanning calorimetry (TGA/DSC),
were employed to investigate the physicochemical and structural properties of the
humic acids derived from these two distinct geological sources. The results revealed
significant differences in elemental composition, particularly in carbon, oxygen, and
hydrogen content, which were directly related to the geological and environmental
conditions under which the coals were formed. Variations in the concentration of
carboxyl and hydroxyl functional groups were also identified, influencing the sorption
capacity, acidity, and complexation behavior of the humic acids. Thermal analysis
demonstrated differing levels of thermal stability and decomposition patterns,
reflecting the structural heterogeneity of the samples. This study highlights the
importance of geological origin in determining the functional potential of humic
substances and supports their application in environmental remediation, agriculture,

ash content; reactivity
and water purification.

1. 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 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 [1-3].

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
[4]. 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,
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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 [5, 6].

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 [7, 8].

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, while also
advancing the fundamental understanding of humic
substances from different coal deposits [9, 10].

2. 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 h
to eliminate moisture.

Extraction of humic acid from coal using the
hydro-alkaline method. Humic acids were extracted
from lignite using an aqueous-alkaline method,
which involves the precipitation of humic acids in
an acidic medium facilitated by sodium hydroxide
(NaOH). This method isolates humic acids through
their reaction with NaOH, followed by separation
via precipitation, as described by the following
equation.

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 cm? flask. In the next stage, 100 cm?® of a 4%
sodium hydroxide solution was added. The mixture
was heated to 80 °C and stirred on a shaker for 2 h.
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.
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Coal + NaOH HA - COONa + HMA - COONa + FA - COONa,
2 HA - COONa + 2 HMA - COONa + 2 FA - COONa + 3 HCl, (1)
2 HA - COONa + 2 HMA - COONa + 2 FA - COONa + 3 NaCl

Humic acid was precipitated by adjusting the pH
of the solution to 2-3 using a 5% HCIl solution. The
mixture was then allowed to settle for 60 min 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 [11].

The chemical process outlined involves the
transformation of coal into humic substances,
specifically humic acid (HA), humic matter (HMA),
and fulvic acid (FA), through a series of reactions
with sodium hydroxide (NaOH) and hydrochloric
acid (HCl). These transformations are typical in the
context of coal humification processes and may have
significant implications for the formation of useful
humic substances in environmental and industrial
applications.

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 (CO,), water
(H,0), molecular nitrogen (N,), and sulfur dioxide
(SO,). 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
guantities (<1 mg)tomacroquantities (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: lessthan 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. 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 [12].

3. 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 (0), 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.

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 (NO,) formation, which is beneficial for its
environmental impact. Additionally, the low sulfur
content (0.155%) implies a reduced likelihood of
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sulfur dioxide (SO,) emissions, though monitoring
SO, 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 (CO,) and water vapor (H,0).
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
(NO,) 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 (SO,).

The ash produced from the combustion of brown
coalshowspotentialasacomponentinorganomineral
soil ameliorants. The residual carbon and nitrogen
content 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 [13].

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.

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
(NO,) 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 (SO,) 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

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

Ne Name Oxygen (0), % Carbon (C), % Hydrogen (H), % Nitrogen (N), %  Sulfur (S), %
1 Kuz-2024 25.07 56.02 5.085 0 0.155
2 Zola Kuz-2024 11.56 12.33 0.16 0.43 0

Table 2. Average content of oxygen (0), 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

Ne Name Oxygen (0), %  Carbon (C), % Hydrogen (H), % Nitrogen (N), %  Sulfur (S), %
1 Kuz-2024 25.07 50.855 5.294 0.455 0.138
2 Zola Kuz-2024 11.56 11.14 0.136 0.36 0
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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:

—Thecoalhasahighcarboncontent(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 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 [14].

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® with a resolution of 4 cm™®. The
analysis primarily focused on the absorption bands
correspondingto specificfunctional groups, including
carboxyl ( -COOH), hydroxyl (-OH), aromatic (C=C),
as well as aliphatic hydrocarbon (C-H) groups. The
results are illustrated in Fig. 1.

As illustrated in Fig. 1, the band in the 3800-
3600 cm™ region corresponds to water bound to
the coal surface or hydroxyl groups formed during
chemical reactions. In the 2000-1600 cm™ range,
absorption peaks related to C=0 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™
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™ 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
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Fig. 1. IR spectrum of the sample.

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 Fig. 2.

As shown in Fig. 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
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Fig. 2. Results of TG/DSC analysis of Kumuskuduk coal.

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.

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 vyield 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.

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 ayield of 7%.

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 min). Experimental
results indicated that the most efficient separation of
sodium humates occurred with a 4% alkali solution at
80 °C for 120 min.

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%).

Table 3. Ash and humidity content of the coal samples

Indicator KUM KUz
Ash content, Aa, % 22 7.4
Humidity, Wa, % 8.24 9.5
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Prolonging the reaction time beyond 2 h 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 min.

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 Fig. 3.

As shown in Fig. 3, the absorption band in the
3800-3550 cm™ 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
2100-1600 cm™ range displays absorption bands
associated with carboxylic acids, aldehydes, ketones,
and esters. The 1600-1250 cm™ 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, 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™ 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 Fig. 4.
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0,00
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T T T T T T T 1
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Fig. 3. Infrared (IR) spectra of the extracted humic acids.
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Fig. 4. Results of TG/DSC analysis of humic acid samples
(a) — KUZ; (b) — KUM.

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

Ne Name Carbon (C), %  Hydrogen (H), %  Nitrogen (N), % Sulfur (S), %  Oxygen (0O), %
p Humicacid 49.605 3.071 0.93 0.391 45.263
(Kuznetsk)
Humic acid
2 (Kumuskuduk) 46.69 3.079 0.63 0.172 48.26

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.

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 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.

Insummary, 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.

4. 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,
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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 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.

The findings of this study carry substantial
socio-economic implications, particularly within
the context of Kazakhstan’s growing focus on
sustainable development and green technologies.
The use of locally available brown coal deposits,
such as those from Kuznetsk and Kumuskuduk,
as raw materials for the extraction of humic acids
presents a cost-effective and scalable alternative
to imported organic amendments. This is especially
important for Kazakhstan, a country with significant
agricultural land and a history of industrial pollution
that has impacted soil quality and crop productivity.

By demonstrating the physicochemical suitability
of these humic acids — especially the enhanced
carbon, nitrogen, and functional group profiles
from the Kuznetsk source — this research supports
the production of organomineral fertilizers
and soil conditioners tailored for Kazakhstan’s
agro-ecological needs. The potential use of coal
combustion ash as a component of such products
further increases the economic value chain while
promoting waste recycling and pollution reduction.

Table 5 presents how the study relates to and
expands upon previous studies. The table highlights
the novelty and economic relevance of the
findings. In comparison with similar studies — such
as Dzheldybaeva et al. (2022) and Kairbekov et al.
(2023), who explored humic substances from the

Table 5. Comparative Overview of Humic Acid Research from Kazakh Coal Deposits

. Analytical o Limitations / Value Added in Present
Ne Study Coal deposit Key Findings
Methods Used Scope Study
Elemental Confirmed presence Limited thermal Present study includes TG/
Dzheldybaeva ) . . .
1 tal. (2022) Oy-Karagay analysis, IR of functional groups, or morphological DSC for detailed thermal
etal.
spectroscopy antioxidant activity analysis and profiling
UV-Vis. IR Basic No in-depth Current research includes
-VIs, ’ . . . . ..
Kairbekov . characterization extraction extraction efficiency,
2 Kiyakty elemental ) ) o o .
et al. (2023) Ivsi of humic acids and optimization or application potential
analysis
y antioxidant potential application focus (e.g., fertilizer use)
Comparative Introduces dual-site
evaluation; comparison, extraction
. IR, elemental o . S
3 This Study Kuznetsk & \ysis, TG/ optimized extraction; N/A parameter optimization,
analysis, . . _
(2024) Kumuskuduk y . functional group socio-economic impact,
DSC analysis

guantification;
thermal stability

and direct potential for
environmental applications
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Oy-Karagay and Kiyakty coal deposits — the present
work provides deeper insight into the structural and
elemental variations of humic acids, offering a more
refined understanding of their functional potential
in soil systems. Unlike previous studies that primarily
focused on antioxidant activity or basic structural
analysis, this study integrates thermal stability,
morphological evaluation, and optimized extraction
parameters to propose a holistic application
framework.

Moreover, the successful implementation of
these humic products could reduce dependence on
synthetic agrochemicals, decrease the ecological
footprint of coal mining, and contribute to rural
development through increased soil fertility and
crop yields. The government-supported project IRN
BR24992961 under which this research was funded
illustrates Kazakhstan’s strategic commitment to
transforming coal waste into high-value agronomic
inputs. This aligns with national environmental
policy goals and contributes to the broader global
objective of advancing circular economy practices in
resource-rich developing countries.

Financing

This research was conducted as part of the
targeted funding program for the project IRN
BR24992961, “Development of new technologies
using biological systems for processing coal waste
into organo-mineral fertilizer to increase soil fertility
and crop productivity”.
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CuHTE3 1 CBOICTBA 'YMUHOBbBIX KUCAOT, NOAYYEHHbIX U3 6yporo yrna KysHeukoro n KymyckyayKckoro
MeCTOPOXKAEHUMN

A.M. HayaHoga?, T.0. Xamurosa®’, H. Mapman6ek?’, C. Tanax®’, P.3. KaceHos?, C.)X. [laBpeH6eKoB?,
A.H. bonat6ait®, ¥.b. Toneyos?

'Ka3axcKuit arpoTexHUYeCKUin nccneaoBaTenbCkuii yHuBepcuteT um. CeidynnmHa, np. MeHuc, 62, ActaHa, KasaxctaH
2NHCTUTYT saepHo du3nkK, yn. Mbparmmosa, 1, AamaTbl, KasaxctaH
3KaparaHaunHCKM yHuBepcuteT umeHun E.A. BykeToBa, ya. YHuBepcuTeTcKas, 28, KaparaHaa, KasaxctaH

AHHOTALMNMA

B faHHOI cTaTbe npeacTaB/ieHbl pe3y/bTaTbl CMHTE3a M CPAaBHUTENIbHOW XapaKTEPUCTUKU TYMUHOBBIX KUCAOT,
BblaeneHHbIX U3 6yporo yrna KysHewukoro n KymyckyayKckoro mectopoxxgeHuii B KazaxctaHe. lnavccnegosatma dusmko-
XUMUYECKUX N CTPYKTYPHbBIX CBOMCTB N'YMUHOBBIX KUCNOT, MOAYYEHHbIX U3 3TUX ABYX F€0/I0rMYECKMX UCTOYHUKOB, Oblan
MCMNO/Ib30BaHbl COBPEMEHHbIE aHANIMTUYECKNE MEeTOAbl, BKAOYasA MHPpaKpacHyto (UK) cnekTpocKonuioo, snemeHTHbIM
aHanu3 u TepmorpasumeTpudeckuin/anddepeHumnanbHblii Tepmuyecknin aHanmns (TFA/OCK). Pesynbtathl nokasanu
CYLLLECTBEHHbIE PACXOXKAEHWNSA B 3INIEMEHTHOM COCTaBe, 0COHBEHHO MO COAEepKaHMIO yriepoaa, KUCA0poaa U BOAOPOAA, YTO
HaNPAMYO CBA3AHO C re0I0TMYECKMMN U NPUPOAHBIMU YCA0BUAMU GOPMUPOBAHUA yraen. Bblin BbiABAEHbI pa3nnyma
B KOHUEHTPAUUM KapbOKCUIbHbBIX U TUAPOKCUAbHBIX GYHKLIMOHAAbHbIX TPYMM, BAUAIOWME Ha COPOLMOHHbIE CBOMCTBA,
KMCNOTHOCTb M CMOCOBHOCTb K KOMNAEKCOOH6PA30BaHMIO T'YMUHOBbIX KUCAOT. TepMaibHbI aHaIM3 NPOAEMOHCTPUPOBAN
Pa3’NUYHYIO TEPMUYECKYHD CTabUNAbHOCTb W XapaKTep pPas/ioKeHWA, OTpakalolinme CTPYKTYPHYH HEOAHOPOLHOCTb
ob6pasuos. MNpoBeaeHHOe Nccnen0BaHWe NOAYEPKUBAET BAaXKHOCTb FE0/I0MMYECKOTO NPOUCXOXKAEHUA NPU onpeaeneHnmn
dYHKLMOHANbHOrO MOTEHLUMANA TYMUHOBbIX BELLECTB M MOATBEPXKAAET BO3MOXKHOCTb MX MPUMEHEeHMA B obnactu
3KONOrMYeCKOn pemeamnaumm, CENbCKOro X03AMCTBA U OYUCTKU BOAbI.

KnioueBble cnosa: 6ypblit yrosib, 'yMUHOBbIE KUCNOTbI, KyMYCKYZYKCKOE MECTOPOXKAEHME, Ky3HELLKOe MeCcTopOoXKaeH e,
dYHKLMOHaNbHbIe rpynnbl, MK-cnekTpockonua, 3n1eMeHTHbIN aHan3, 30/1IbHOCTb, PeaKLMOHHAA CNOCOBHOCTb.

Ky3HeuUK }KaHe KYMiCKyAblK KeH OpblHAAPbIHbIH, KOHbIP KOMipiHEH anblHaTblH 'YMUH KbILWKbIAAPbIHbIH,
CUHTE3i MeH KacuetTepi

A.M. HayaHosa?, T.0. Xamurtosa®’, H. Mapman6ek?’, C. Tanax?®’, P.3. KaceHos?, C.)X. laspeH6eKoB?,
A.H. bonat6ait®, ¥.b.Toneyos?

!CelidynnuH aTbiHAafbl Ka3ak arpoTexHUKanbliK 3epTTey yHMBepcuTeTi, HeHic 4., 62, ActaHa, KasakcTaH
2Aaponbik GU3MKA MHCTUTYTbI, MBparMmos K., 1, AnmaTtsl, KasakctaH
3E.A. beKkeToB aTbiHAafbl KapafaHabl yHUBepCcUTeTi, YHMBeEpPCUTET K., 28, KapafaHabl, KasakcTaH

AHOATMA

byn makanapa KasakcrtaHgasbl Ky3HeuK )aHe KyMicKyablK KEH OpblHAAPbIHAH afblHFaH KOHbIP KEMipAEeH CUHTe3aen-
reH ryMUH KblWKbINLAPbIHbIH, Ca/lbICTbIPMasibl CUNATTaMacbl MeH Tasiay HATUMKeNepi YCbIHbIFaH. byn eki reonornanbik
KO34€eH asblHFAH TYMWUH KbIWKbINAAPbIHbIH GU3MKA-XUMUASBIK KOHE KYpblbIMAbIK KacMeTTepiH 3epTTey yWwiH MHPpaKbI-
3bl71 (MK) CNeKTPOCKOMUACHI, 3NEMEHTTIK Tangay aHe TePMOrpaBUMETPUAbIK/auddepeHUManabiK KblayablK Tangay
(TTA/OTA) cuAKTbI 3amaHayu aHaNUTUKaANbIK A4icTep KONAaHblNAbl. 3epTTey HaTUMKenepi 3NeMeHTTIK Kypamaa, acipe-
Ce KeMmipTek, OTTEK KoHe CyTeK Me/lepiHae anTap/biKTal ablpMalublibiKTap 6ap eKeHiH KepceTTi, byn Kemipaepain,
reoNIOrNANbIK KaHe Tabufn Ty3iny KafgannapbiMeH Tikenen 6alinaHbiCTbl. N'YMUH KblLWKbIAAAPbIHbIH, CiHipy KabineTiHe,
KbILIKbINAbIFbIHA K9HE KOMMAEKCTI TY3y MyMKIHAIriHe acep eTeTiH KApPOOKCUA KaHe TMAPOKCUA TONTAPbIHbIH, KOHLEHTpa-
LMACBbIHAAFbI aWbIPMALLbIAbIKTAp aHblKTangbl. MblayablK Tangay TEPMUAAbIK TYPAKTbIIbIK MEH blAgblpay CMNaTbiHAA aliblp-
MaLbI/IbIKTap 6ap eKeHiH KepceTTi, byn yarinepain, KypblabiMAbIK apTYPAiNiriH KepceTtesi. byn 3epTrey ryMMHAIK 3aTTap-
AblH GYHKLMOHANAIK dNeyeTiH aHbIKTayAa reoNorMANbIK LWbIFY TEFHIH MaHbI34blNbIFbIH aWKbIHAAM, 0NaPAbl SKONOTUANDBIK,
Ka/NMblHA KeNTipy, aybln WapyalwblNblfbl }KaHE afblH CynapAbl Ta3apTy cafanapbiHAa KONLAHY MYMKIHAITH pacTainabl.

TyiiiH ce3aep: KOHbIP KOMIpP, TYMUH KblLWKbIAAaPbl, KyMiCKYAbIK KEH OpHbI, Ky3HeLK KeH OpHbl, GYHKLUMOHANAbIK TOMTap,
MHPPaKbI3bIJT CMEKTPOCKONUA, 3IEMEHTTIK Tanaay, KyA4inik, peakTuBTINiK.



