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

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

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

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

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Introduction. Differences in the material and elemental composition
of coal used as an energy fuel directly affect combustion efficiency, heat balance,
ash and slag formation, and environmental performance. This study aims to
comparatively evaluate the elemental and mineral composition of 2 BR, B - 2, and
B - 1 coal grades from the Angren coal deposit supplied to the Angren Thermal
Power Plant. Methods. Samples of 2 BR, B-2, and B-1 coal were analyzed using
X-ray fluorescence (XRF) analysis with an AL-NP-5010A spectrometer after
sample preparation in accordance with applicable standards. The contents of the
principal elements, including carbon, aluminum, silicon, phosphorus, sulfur, iron,
and calcium, were determined and comparatively evaluated. The relationship
between the organic carbon fraction and mineral components was assessed in terms
of their potential influence on combustion processes. Results. The B-1 sample
contained the highest carbon content (47.2%) and the lowest total content of the
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analyzed mineral elements Al, Si, P, S, Fe, and Ca (15,3%). The 2BR sample was
characterized by higher contents of silicon, phosphorus, and sulfur, whereas B-2
exhibited the highest iron content. These differences indicate a higher proportion
of combustible carbon in B-1 and potentially more favorable conditions for heat
release. The increased concentrations of mineral and sulfur-bearing components
in 2BR and B-2 may contribute to greater ash formation, slagging, and the
generation of sulfur-containing gaseous products during combustion. Discussion
and Conclusion. The predominance of the carbon fraction in B-1 is consistent
with favorable combustion characteristics and useful heat release associated with
the exothermic oxidation of carbon (AH = - 393.55 kJ/mol). The higher mineral
and sulfur contents of 2BR and B - 2 may increase heat losses and environmental
impacts. Therefore, coal beneficiation, blending with suitable additives, and/or
flue-gas treatment should be considered before their use as energy fuels.

Keywords: coal fuel, carbon, coal brand, environmental hazard, exothermic
process, slagging
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AHHOTANUs. O3exminici. DHSPTETUKAIBIK OTHIH PETIHIE TaiiTaaHbIIATHIH
KOMIpIIH 3aTTBIK JKOHE 3JIEMEHTTIK KYpaMbIHIAFbl albIpMalIbUIBIKTAp OHBIH
KaHy THIMJIUTITIHe, XbUTy OalaHChIHA, Kyl MEH KOX Ty3UTyiHe, COHaaii-
aK KopLIaraH OpTara TYCETIH JKOJOTHSJIBIK JKYKTEMere TiKeJel ocep eTemi.
Kemip KypaMblHOarbl OpraHMKajdblK KoOMipTekTi ¢(aza MeH MHHEpaJIbIK
KOMIIOHEHTTEP/IIH apaKaThIHACHI KbUTy OOJIIHY KapKbIHABUIBIFBIH KOHE IKaHY
MIPOTICCIHIH ePEKIIeNIKTePiH aHBIKTAaUTBIH MaHBI3ABI (haKTOPIapABIH Oipi OOJBIIT
TaObUIagbl. 3epTTEYNiH MaKcaTbl-AHI'PEH KOMIp KEH OPHBIHBbIH AHIPEH >KbLIY
ANIEKTp CTaHIMACHIHA KeTKizueTiH 2BR, B-2 xone B-1 mapkansr kemipiepiHiH
AIIEMEHTTIK )KOHE MUHEPAJJIBIK KYPaMbIH CaJIbICTBIPMalibl Oarajiay KoHE OJap bl
OTBIHJBIK CHIIaTTaMajlapblHa BIKHAJIBIH aHbIKTAy. Odicmep. 3epTTey HBICAHbI
petinge 2BR, B-2 sxone B-1 mapkanbl kemip yarijiepi aublHIBL. YJTiLIEpAiH
ANIEMEHTTIK Kypambl peHTreHaik-gmyopecuenttik (XRF) tanmgay omicimen AL-
NP-5010A cnexTpomeTpiH maijanaHa OTBIPBIN aHBIKTAIIBL. 3epTTEy ajIbIHIa
KOMIp YITiJIepi KOJIaHBICTAaFbl CTAHAAPTTAp MEH 9/IiCTEMEIIK TalanTapFa colikec
naiipiHnangel. Kemip KypaMblHOarbl HETI3r 3J€MEHTTEpAiH, aram alWTKaHza
KOMIpTEK, AIIOMUHUH, KpeMHHIA, Hochop, KYKIpPT, TeMip ’KoHE KaJIbIHKAIH MeTIepi
AHBIKTAJIBII, OJIAPJIbIH 63apa apaKaThIHAChIHA CAJBICTBIPMAJIbl TaJIAY HKYPri3iiii.
ATBIHFaH HOTHIKEJIEP HEeTi31H/Ie OPTaHNKaIBIK KOMIPTEKTI (haza MEeH MIUHEPaJIbIK
KOMITOHEHTTEP/IiH KaHy MPOIleCciHe bIKTUMAI acepi Oarananabl. Homuorwcenep. B-1
YJIriciHIe KOMIPTEKTIiH eH Korapbl Memepi-47,2% xKoHe 3epTTelIreH MUHEPaIIbIK
anemenTTepaiy (Al, Si, P, S, Fe xxone Ca) eH TeMeH kUbIHTBIK Momepi — 15,3%
anbikTanel. 2BR yaricinge kpemHuit, hocdop xoHe KYKipT MOJIIIEPiHiH KOFaphl
eKeHi OaiKanpl, aj B-2 ynrici TeMipiH eH )KOFapbl MeJIIIepiMEH CUIaTTaIbl. by
aiipIpMambUTBIKTap B-1 Kemipinae skaHFBIIT KOMipTEKTi (ha3aHbIH CaJIbICTHIPMAITbI
yieci )xoraphl ekeHiH kopceteni. ConsIMeH Katap, 2BR sxone B-2 KypaMbIHIarbl
MUHEPaNIbIK JKOHE KYKIPTTI KOMIIOHEHTTEPIIH OFapbl MeJepi KyJl MEH KOX
TY3UIyiH, COHAal-aK KYKIpT KypamIbl ra3 Topi3ai eHIMAepIiH mnaiina OoxybIH
apTTBIPYBl MYMKIH. Taixuliay gicane Kopbimuinobl. B-1 keMipiHgeri KoeMipTeKTi
(dazanblH 0ackiM OOJYbl KOMIPTEKTIH 3K30TEPMIUSUIBIK TOTBIFY PEaKIUsSChIMEH
(AH=—393,55x/I>)x/M01p) OaiilaHBICTHI THIMII XbBUTy OeJiHyiMeH yinmeceni. Am
2BR xone B-2 kemipiepiHaeri MHHEPAIABIK JKOHE KYKIPTTI KOMIIOHEHTTEPIIIH
YKOFapbl MeJIIIepi )KaHy Ke3iHe KOCBIMINA JKbUTY LIBIFBIHAAPHI MEH KOJIOTUSIIBIK
ocepAiH apTyblHa bIKHAI €Tyl MYMKiH. OcCblFaH OaliJlaHBICTBI aTajFaH KeMip
MapKaJlapblH SHEPreTUKANBIK OTHIH peTiHle NaiijajiaHap ajJblHAa ajjablH ana
0alibITy, THICTI PHEPreTHKAaJbIK KOCHAJIapMEH apajacThlpy JKoHe/HeMece TYTiH
ra3apblH Ta3apTy TEXHOJOTHSUIIAPbIH KOJIJIAHY MACEIECiH KapacThIpy KaxkKerT.
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AHHOTauus. Beeoenue. Pa3nuuns B 3J€MEHTHOM M MUHEPAIbHOM COCTaBE
yIiIed, HCHONb3yeMbIX B Kaue€CTBE HHEPreTHMUECKOro TOIUIMBA, OKa3bIBAIOT
CYIIECTBEHHOE BIHSHHE Ha S(PPEKTHBHOCTh UX CXKUTAHUs, TEIUIOBOW OanaHc,
UHTEHCUBHOCTb 30J0- U LUIAKOOOpa30BaHUs, a TakkKe 3KOJOTHYecKHe
XapaKTePUCTUKU TEIUIODPHEPTeTHUECKUX IpouleccoB. B c¢Ba3m ¢ 3TUM
CPaBHHUTEIBHOE HCCIICAOBAHUE COCTaBa YIVICH Pa3jIMYHBIX MapOK MPEICTaBIISET
MPAKTUYECKUH WHTEPEC JUIsl OLICHKH MX MOTEHIMAJIbHBIX TOIUIMBHBIX CBOMCTB U
olpesieNIeHs] pallMOHAJIbHBIX HAIlpaBJIEHUH MCIIOJIb30BAHUS B TEIJIODHEPIETHKE.
L]ens. IlpoBecTu cpaBHUTENBHYO OLIEHKY 3JIEMEHTHOI'O U MUHEPAJIBHOIO COCTaBa,
a TaKXKe MOTeHINAIbHBIX TOTJTUBHBIX XapaKTEepUCTUK yriiei mapok 2BR, B-2 u B-1
AHI'PEHCKOTO yrojbHOTO MECTOPOXKIEHUs, IOCTAaBIAEMBbIX ISl MCIIOIb30BAHUS
Ha AHTPEHCKOW TEIIOBOW AIIeKTpocTaHImu. Memoodsi. VccnemoBanbl 00pasIisl
ymeid mapok 2BR, B-2 u B-1. DnemeHTHBII cOoCTaB ONpENENsIA METOIOM
PEHTIeHOCIEKTPAJIBHOTO aHalu3a C HCHonb3oBaHueM crekTpomeTpa XRF
AL-NP-5010A mocne mpeaBapuTeNbHON MOATOTOBKH NMPOO B COOTBETCTBHUHU C
YCTaHOBJICHHBIMH CTaHIAPTaMH U METOJUYECKUMHU TpeboBanusMu. [IpoBenen
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CPaBHHUTENBHBI aHAINW3 COJEPKAHUS OCHOBHBIX HCCIEAYEMBIX 3JIEMEHTOB,
BKJTIOYAs YIJIEPO, allFOMHHUH, KpeMHUH, Gocdop, cepy, xene30 u Kaipiumii. Ha
OCHOBE IOJTyYEHHBIX JIAHHBIX OIICHEHBI COOTHOIIICHUS YIIIEPOIHOMN COCTABIISIONICH
Y MICCIIeAyEeMBIX MHHEPAThHBIX KOMITOHEHTOB, a TAK)KE X TIOTEHITHAIBHOE BIHSHNE
Ha MPOIIECCHl TOPSHMSI U 00pa30BaHUs 30JI0IIAKOBBIX OCTATKOB. Pesynvmameoi.
YcranoBieHo, uTo oOpaser yrist Mmapku B-1 xapakrepusyercs HanOoiee BBICOKUM
cofiepkanuem yriaepoaa - 47,2 % - 1 HaMMEHBIINM CYMMapHBIM COJEpKaHUEM
uccnenoBanubix anmemeHToB Al, Si, P, S, Fe u Ca - 15,3 %. B oOpa3ue mapku
2BR BBIABIICHO TOBHIIIICHHOE CoOAep)kaHue KpeMHms, ¢ocdopa U cepsl, Tormaa
KaK yrojib Mapku B-2 xapakTepusyercsi HauOoJee BBICOKOW KOHIEHTpaluen
xenesa. llomydeHHBIE pe3ynbTaThl YKa3bIBAIOT HA pa3iduds B DIIEMEHTHOM
COCTaBE MCCJICAOBAHHBIX 00PA3I[0B U MMO3BOJISIFOT MPEANONIOKATE HATHYNE Y YIS
Mapku B-1 Gosee OmaronpusTHBIX MOTEHIIMATBHBIX TOTUTUBHBIX XapaKTEPUCTHK.
[ToBbIllICHHOE COMIEPIKAHUE KOMIIOHEHTOB, CBS3aHHBIX C MHHEPAIbHOW YacThIO
yois, U cepbl B oOpasuax 2BR u B-2 moxker crnocoOCTBOBAaTh yBEIMYSHUIO
00pa30BaHMs 30JI0NILTAKOBEIX OCTAaTKOB M BEIOPOCOB CEPOCOAEPKAIINX Ta30B MPH
cxuranuu. Obcyxcoenue u 3axnovenue. CpaBHUTEIbHBIN aHAIN3 3JIEMEHTHOTO
COCTaBa IMoKasall, YT0 yrojib Mapku B-1 oTimuaercs 6osee BBICOKUM COJEpIKaHUEM
yIjiepoja, 4To IMOTCHIMAIbHO MOXET OKa3bIBaTh IOJIOKUTEIBHOE BIUSHUE Ha
€ro TEIUIOTBOPHBIC XapaKTEePUCTUKH. [Ipw 3TOM MONHOE OKHCIEHHUE yriepojaa
COTIPOBOXK/IAETCS BBIZCIIEHHEM TEIUIOTHl B COOTBETCTBHHM C 3K30TEPMHYECKOI
peakiuel, craHgapTHas dHTaIbIUs KOTOpol coctaBiser AH® = —393,55 kJ[x/
Moib. boiiee BbICOKOE coziepiKaHHE OTIENbHBIX MHHEPAIBbHBIX KOMIIOHEHTOB U
cepbl B yisix Mapok 2BR u B-2 MoxkeT 00yciI0BIMBaTh YBEJIUYCHHUE KOJIMYESCTBA
30JIONIIAKOBBIX OCTAaTKOB M IKOJOTHUYECKOW HArpy3KH IMPH HX 3HEPreTHUYECKOM
HCIOJIb30BaHuu. [t moBbIieHus 3((EKTUBHOCTH IPUMEHEHUS UCCIICA0BAHHBIX
yoIed  1enecoo0pa3Ho  PacCMOTPeTh  BO3MOXKHOCTH — NPEABAPUTEIHHOTO
oOoramieHusi, CMEIIMBAHUA C JPYTHMH BHIAMH TOIUIMBA WM TIPUMEHEHUS
COBPEMEHHBIX TEXHOJIOTMI OYUCTKH JILIMOBBIX Ta30B. [loJly4eHHBIC pe3ysibTaThl
MOTYT HCIOJB30BaThbCs TPH TIPEABAPUTEIHHON OIICHKE KadecTBa YTOIHHOTO
TOIUTMBA M BBIOOPE HAMPABICHUNA €TO JaJhHEHIIIETO UCCIICIOBAHNUS.

KuarodeBsble ciI0Ba: yroibHOE TOILTUBO, YIJIEPOJl, MapKa YIiis, SKOJOTHIeCKas
OITaCHOCTH, 9K30TEPMHUECKHI MpoIece, NTakooOpa3oBaHue

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

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

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

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

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

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

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

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

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

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

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

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

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

a)

6 12 ]

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

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

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

C 6371 44.7 6225 43.7 6621 47.2
O 5128 36 5055 35.5 5257 37.5
Al 869 6 878 6.2 698 5

Si 613 43 596 4.2 464 33
P 489 34 447 3.1 347 2.5
S 401 2.8 327 2.3 262 1.9
Fe 147 1 450 3.1 209 1.5
Ca 251 1.8 266 1.9 167 1.1

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

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

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

Discussion. The energy of combustion of coal is determined by the percentage
of organic matter in its composition. The combustion of coal, which has a high
carbon content, can be represented by the following exothermic reaction (Elliott,
1980) (1):
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C+0,, — CO,,, AH® = - 393,55 kl/mol (1)

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

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

Qall :Qcomb._ (Qmin.phas.+ Qloss+ Qlos.gas-rays) (2)

where, Q_, - the total heat balance amount released from the coal mass during
the combustion process; Q_ - the amount of heat released from the oxidation of
carbon and volatile substances in the coal; Qmm'phas‘ - the amount of heat spent on
the mineral in the sample mass; Q, - the amount of heat lost due to ash formation
after the combustion process; Q... - the amount of heat lost by radiation of
gases formed during the combustion process (Karayigit et al., 2006).

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

F,0,+ SiO, — F,SiO, 3)

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

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

S+0, — SO, 4)
SO,+ 0,— 250, (5)

This raises the possibility that the 2SO, that is eventually formed will react
with water vapor to form sulfuric acid (6):
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250,+2H,0 — 2H,S0, (5)

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

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

Ca0 + 80, +20, — CaSO, (6)

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

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

By
k=A-e ET (7

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

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

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

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

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

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

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

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

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

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

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