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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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ocep eTeTiH KapOOKCWII »OHE THIPOKCHI TOOBIHBIH KYpPaMBIHIAFBl ©3repicTep
Oaifkanpl. by canmbpIcThIpMalTbl 3epTTEY KOpIIaFaH OpTaHbl KAJIIBIHA KEATipyIe, aybll
HIapyalibUIBIFBIH/IA )KOHE aFbIHIbI CYJIap/Ibl Ta3apTy/a KOJIJaHy YIIIiH €Ki KeH OPHBIHBIH
TYMHH KBIIIKBUIAPBIHBIH OJICYeTiH KopceTemi. HoTmxkenep TyMUH KBITITKBUIIAPBIHBIH
KYPBUIBIMJIBIK CUTIATTaMAJIaPhl MEH PEAKTUBTLUIITIHE TeOIOTHSIIBIK (paKTopIapabIH ocepi
TypaJibl )KaHa TYCIHIKTep Oepe/Ii, OChUIaiiia ojap/ibl MPaKTHUKAJIBIK KOJIIaHY KOHE 0J1aH
Opi TEXHOJIOTHSUIIBIK TaMBITy MYMKIHIIKTepiH KeHenWTeai. MyHaail ailblpManibuIbIKTap
OypblH OyJI KEH OpBIHAAphl YIIIH TOJBIK 3epTreamercH. COHBIMEH Karap, 3epTTey
HoTmwkenepi Ky3Herk keH opbiHbI koHe KyMICKYIBIK KEH OpBIHJIApbIHAH aJIbIHFaH
TYMHUH KBIITKBUIIAPBIHBIH SKOJIOTHS/IA, arpOXUMUS/IA, aybll IIapyallbUIbIFbIH/A JKOHE
arbIH CyJIap/bl Ta3apTyia KOJJAaHy YIIH )KOFaphl QJIEyeTKE e SKEHIH KOpCeTTi, anaiiaa
OJIapIbIH THIMIIIITT KeH OpHBIHA >KoHE (YHKIMOHAIIBIK TONTAPIBIH KYpaMbIHA
0aifmaHpICTBl  ©3repyl MYMKIiH. AJIBIHFAH HOTIDKENEp TYMHH KBIIIKbIIIaphlHA
HET13/IeJTeH TeXHOJIOTHUSIIAp/bl JAMBITYFa KaHa MYMKIHIIKTEp alllblll, TeOJOTHSIIBIK
(bakTOpIapIbIH OJAPIBIH XUMHUSUIBIK KYPBUTBIMBI MEH KaCHETTEpiHe 9CepiH TepeHipeK
TYCiHyTe MYMKIHJIIK Oepei.

Tyiiin ce3aep: KOHBIp KOMip, TyMUH KbIIIKbUIBI, KymicKyabIK, Ky3Helk keH OpHBI,
(hYHKITHOHAIBIK TOTITAP

© C. Taunax'*, T.O. Xamurosa®, A.Il. Hayanosa?, JI.M. -KepeeBua’,
A.C. lapmenbaeBa‘, 2025.

! Kaparangunackuit yauepcuteT umenn E.A. Bykerosa, Kaparanma, Kazaxcran;
’Kazaxckuii arpOTEeXHUYECKHIA HCCIIeI0BATENbCKHi YHIBEepcUTeT nM. Ceitdymmna,
Acrana, Kazaxcran;

’Ka3axckoro HalMOHAIBHOTO YHUBEPCHTETa UMeHH anb-Dapadu, Anmarsl, Kasaxcras;
“Tapasckuii yausepcutet umenn M.X. Jlynaru, Tapas, Kazaxcran.

E-mail: saika_8989@mail.ru

W3YUYEHUE CBOMCTB I'YMHUHOBBIX KHCJIOT, CAHTE3MPOBAHHBIX
U3 BYPHI YIVIEH KY3HEIIKOI'O U KYMYCKYJIYKCKOI'O
MECTOPOXJIEHUN

Tanax Caiiparya — PhD, Kaparanaunckuii yausepcuret nMeHn akagemuka E.A. bykerosa, Kaparanna,
Kazaxcran,
E-mail: saika_8989@mail.ru, https://orcid.org/0000-0001-5343-4695;

257



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

XamuroBa ToaxbiH OnaupucoBia — PhD, arponomuueckuii Gpaxynsret, Kazaxckuii arpoTeXHU4YeCKUit
yausepeuteT uM. C. Celipymiuna, Actana, Kazaxcras,

E-mail: khamitova.t@inbox.ru; https://orcid.org/0000-0002-4691-3732;

HayanoBa Aiinam IlaxyamoBHa — 1okTop Ouonorndeckux Hayk, mnpodeccop, Kazaxckuit
arpoTeXHUYECKUi nccnenopatenbckuil yuusepeutet uM. C. Celidynnuna, Acrana, Kasaxcran,

E-mail: nauanova@mail.ru; https://orcid.org/0000-0002-5250-1961;

Jana MbikTbI-KepeeBna U6paumoBa — kananaat xumudeckux Hayk (K.X.H.), crapmmii mpenogaBarens
Kadeapsl AHATUTHIECKOH, KOJIIOMTHOM XUMUH U TEXHOTOTHH PEIKHX HIEMEHTOB XHMHUIECKOTO (haKynbTeTa
Kazaxckoro HanmoHanbHOTO YHHBEpCUTETa MMeHH anb-Dapadu, Anmarsl, Kazaxcran,

E-mail: dana_kereevna@kaznu.kz, ORCID: https://orcid.org/0000-0002-1761-9745;

JlapmenoaeBa Axmapasn CaleT0eKKbI3bl — JOLEHT Kadeapbl XUMHH M XMUMHYECKOH TEXHOJIOTHH,
Tapasckuii ynusepcutet umM. M.X. [lynaru, Tapas, Kazaxcran,

E-mail: maral88@mail.ru; https://orcid.org/0000-0003-2974-0398

AnHoTanus. J[aHHas cTaThs TOCBAIICHA CHHTE3y W CPAaBHHUTEIBHOMY aHAIN3y
TYMUHOBBIX KHCJIOT, BBIJCNICHHBIX U3 Oyporo ymist Kysuenkoro m Kymyckymykckoro
mecTtopoxkaeHuil. I[IpoBoas wucciienoBaHUs C  KMCIOJb30BAHUEM COBPEMEHHBIX
AHAJIUTUYCCKUX MCTOJ0B, TAKHUX KakK I/IH(i)paKpaCHail CIICKTPOCKOIINAA, DJIEMEHTHBIN
aHAJIM3 W TEPMOTPAaBUMETPHUYECKUN aHamu3, ObUTH H3Y4eHBl (PH3UKO-XUMHUYECKHE
CBOMCTBA TYMHHOBBIX KHCIJIOT, TIONYYEHHBIX U3 YyKa3aHHBIX TeOJOTHMYECKUAX
HUCTOYHUKOB. lccineaoBaHue BbIABWIO 3HAUUTEIBHBIC Pa3iuuMsi B XUMHUYECKOM
coctase, ()YHKIIMOHAJIBHBIX TPyNIaxX ¥ TEPMHUYSCKON CTaOMIIBHOCTH, 00YCIOBJICHHBIC
Pa3NUYHsIMU B TEOJIOTUYECKHUX YCIOBHAX (POPMUPOBAHUS KOKIOTO MECTOpOXKACHUS. B
YaCTHOCTH, O6H3py>KeHBI Bapualu B COACPKaHUU Kap6OKCI/IJIBHBIX U TUAPOKCUIIbHBIX
TpyMIl, KOTOpBIE OKa3bIBAIOT BIUSHHE Ha COPOIMOHHBIE W KOMILIEKCOOOpasyroIme
CBOMCTBA TYMHHOBBIX KHCIOT. [IpoBeseHHOE CpaBHUTENBHOE WCCIIEIOBAaHHUE
MMOTYEPKUBACT TIEPCHEKTUBHOCTh HCIIONb30BAHHUS TyMHUHOBBIX KHCJIOT M3 000MX
MECTOPOXJICHUH B 3KOJIOTUYECKON peaOMIMTAIlUU, CEIIbCKOM XO3SICTBE M OYHCTKE
cTouHbIX BOJI. [loydeHHbIe pe3ynbTaThl ClIOCOOCTBYIOT OoJiee IITyOOKOMY TOHUMaHHIO
BO3ZICHCTBUS TEONOTHYECKMX (DaKTOPOB HA CTPYKTYpHBIE XapaKTePUCTHKH U
PEaKINOHHYIO CIIOCOOHOCTh TYMHUHOBBIX KUCIIOT, OTKPBIBAst HOBBIE BOBMOYKHOCTH JJISI IX
MIPAKTHYECKOTO MPUMEHEHHS U TaJTbHEHIIETO TEXHOIOTHIECKOTO COBEPIIICHCTBOBAHMS.
[TomoOHBIe pa3iuuus paHee MoapoOHO HE U3YYATUCh ISl STUX MecTOpoxaeHni. Kpome
TOTO, UCCIJICJIOBAHUE TOKA3aJI0, YTO T'YMHUHOBBIC KHCIOTHI U3 000MX MECTOPOKIACHUMN
HMEIOT BBICOKHU MOTCHIHAJI AJIA HUCIIOJB30BaHUSA B 3KOJIOTMH, arpOXHUMHUH, CEIILCKOM
XO3AHCTBE M OYUCTKE CTOYHBIX BOJ, OAHAKO UX 3()(HEKTHUBHOCTH MOXKET pa3INyuaThCs B
3aBUCHMOCTH OT MECTOPOXJICHHUS W cocTaBa (YHKIHOHAIBHBIX Tpymil. [lomydeHHbIE
pe3ybTaThl OTKPHIBAIOT HOBBIC TIEPCHEKTHBBI JIJISI PA3BUTHS TEXHOJIOTHI Ha OCHOBE
TYMUHOBBIX KHCIIOT U TIO3BOJISIFOT JIYYIlI€ MOHSATH BJIMSHHE I'€0JIOTUYECKUX (PaKTOpoB
HAa UX XUMUYECKYIO CTPYKTYPY U CBOUCTBA.

KualoueBble cioBa: Oypblii yroiab, TYMHHOBBIE KHCIOTBHI, Kymyckymykckoe,
Kysnenkoe mectopoxaenne, pyHKIIMOHATHHBIE TPYIITIHI

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 + 3HCI —
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 cm?® flask. In the next stage, 100
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cm® 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
etal. 2015).

Humic acid was precipitated by adjusting the pH of the solution to 2-3 using a 5%
HCI 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 (CO-), water (H20),
molecular nitrogen (N2), and sulfur dioxide (SOz). 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

. Oxygen (0), | Carbon (C), Hydrogen . o o
Ne Name % % (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 (NO) 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 (CO:) and water vapor (H20). 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 (NOy) 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 (SOz2).

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

Ne Oxygen (O), | Carbon (C), | Hydrogen (H), | Nitrogen o
Name % % % (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 (NOy) 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 (SOy) 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™' with a resolution of 4 cm™'. 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 ™' 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=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™ 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 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, Aa, % 22 7,4
Humidity, Wa, % 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.

0,30

0,25

0,20 - — Kys (rym)
— Kym (rym)

0,15
0,10

0,05

S

T T T T T T T T 1
o] 500 1000 1500 2000 2500 3000 3500 4000 4500

Figure 3- Infrared (IR) spectra of the extracted humic acids
As shown in Figure 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-
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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 Figure 4.
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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
Ne Name Carbon (C), Hydrogen Nitrogen (N), | Sulfur Oxygen
% (H), % % (S), % (0), %
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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