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STUDY OF CHEMICAL ELEMENTS IN THE
COMPOSITION OF THE SHUBARKOL COAL BY
X-RAY FLUORESCENCE METHOD

Abstract. This article talks about ways to use analytical methods in the study of the chemical composition of coal, which is the main source of energy for the developing
countries of the world. It is known that coal production in the world has been developing very intensively in recent years. In this regard, the issue of using analytical methods
in coal production is on the agenda. Also, it is said that with the help of analytical methods based on physical phenomena such as X-ray, gamma ray and neutron interaction,
it is possible to evaluate the quality of coal before burning it. The article describes how to study and monitor the coal ash content in the mine before it is mined, using X-ray
fluorescence, one of the most suitable analytical methods.
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IIy0apkes keMipiHiH KYpaMbIHAAFbl XUMHSIBIK 3J1eMEHTTEP/Ai peHTIeH-(DJIyOPeCeHTTIK JlicIIeH 3epTTey

Annarna. byt Makanana gamyIisl eJjiep YIIiH HeTi3ri dHeprust Ko3i OOkl TaObIIaThIH KOMIPAIH XUMUSIIBIK KYPaMbIH 3epTTEY/Ie aHATMTHKAIIBIK 9ICTEpAI KOIJaHy
sKoJapbl KapacTtbipbuiaibl. COHFBI JKbULAAPHI dJIEMIE KOMIp OHIIPY KapKbIHIbI TYpP/E JaMbII Kejle )KaTKaHbl oenriii. OckiFaH OaiiaHbICThI KOMIp OHIIpICiHIe aHATUTH-
KaJIbIK 9JficTep/ii KoaaHy mMoceneci 3ekTi 00ubin oThip. COHBIMEH KaTap PeHTICH, FaMMa-CoyJie )OHEe HEeITPOHapAbIH ©3apa dPEKeTTeCyi CHAKTHI (PU3UKAIBIK KyObLIbIC-
TapFa HeTi3/e/IreH aHATNTHKAIIBIK O/{iCTeP/iH KOMEriMeH KOMIP/IiH carnachlH OHBI JKarap ajjibiHa Oaranayra OonaTbIHbI aiThIIFaH. Makasaza eH KOJIailbl aHaINTHKAIIBIK
auictepaiH 0ipi — peHTreH-(IyopecleHTTIK Tajaay apKblUIbl KOMipAi eHAIpyTe JIeliH KeH OPHBIH/A OHBIH KYJI KYPaMbIH 3epTTey jKoHE OaKblIay >KOJIaphl CHUIIATTasa bl.

Tyiiinoi co30ep: ananumukanvly 20ic, KOMIp, PeHMeeH, KOMIp KYAiHiY Moauepi, MUKDOIIEMEHM, 2aMMa-cayie, KyKipn.

HccenenoBanne XuMu4ecKHX 371eMeHTOB B cocTase LllydapkyJibekoro yriisi MeToaoM peHTreHoGuIyopeclieHTHOT0 aHAIN3a
AHHOTa].(l/lﬂ. B crarne paccMaTpuBarOTCA CIrocoObI NPUMEHCHHUA aHAJIMTHYCCKUX METONOB IIPHU U3YUCHUHU XUMHUYECKOI'0 cocTaBa yIuis, KO’I‘Oprﬁ SABJIACTCSA OCHOBHBIM
HCTOYHUKOM DHEPIryH JJIs1 pa3BUBAIOIIMXCA CTpaH MHUpa. I/ISBeCTHO, 4TO MPOU3BOACTBO YIUIA B MHUPE B IOCICAHUE IOAbl pa3BUBACTCSA OY€Hb HHTEHCUBHO. B cBsi3u ¢ aTUM
BOTIPOC MCIIOJIB30BAHUS aHATTUTUIECKUX METOIOB B yFOJlLHOﬁ TIPOMBINIIEHHOCTH BBIXOIUT HaA HCpBbIﬁ miaH. Takxe OTMEYACTCs, YTO C IIOMOIIBK) aHAJTUTHYICCKUX METO-
0B, OCHOBAaHHBIX Ha (i)]/[3]/['-ICCKI/IX SIBJICHUAX, TAKUX KaK B3aHMOHCﬁCTBHC PCHTICHOBCKHUX J'Iy'-ICfI, raMma—queﬁ u HCﬁTpOHOB, MOXXHO OLICHUBATh Ka4€CTBO yIVIsL 10 €ro
coxkuranus. B crarbe OITUCBHIBACTCA, KaK M3Yy4aTbh U KOHTPOJIMUPOBATH 30JIbHOCTH YIJIA IIPU €TI0 I[Oﬁ]:l'—[e, HCIIOIB3Ys peHTFeHO(bHyOpeCHeHTHBIﬁ aHaJIu3, OOUH U3 Haubosee

TOAXOAAIIMX aHATUTUYCCKHUX METO/10B.

Knrwouesvie cnosa: ananumuueckuti ,wemod, Ye0ilb, peHmeeH, 3014 Y2, MUKPOIJIeMeHm, caMMdad-1y4, cepa.

Introduction

The fact that modern electric heating stations are becom-
ing larger and larger, and water — boiling boilers are starting
to work in high temperature conditions, is increasing the in-
terest of specialists in the mineral substances contained in
the main fuel needed for these stations-coal. Corrosion of
boilers and hot water pipes at high temperatures is largely
due to sulfur, chlorine, alkali elements and ash content of
coal. When coal is burned in electric heating stations, carbon
dioxide and other toxic gases are released into the sky. These
gases not only pollute the air, but also heat the atmosphere
more and more. Therefore, the countries of the world began
to worry about this and sound the alarm. Therefore, it is clear
that coal users and coal producers want to know about the
mineral substances contained in coal and toxic and harmful
substances that are formed after burning coal [1, 2].

Previously, such elements as C, H, O, N, S, Si, Fe, Al,
K, Ca, Mg in coal and coal were identified by chemical
research. And if the micro-element content in coal is -0.1%
or even lower, then it would be difficult to study it chem-
ically. Therefore, the way to solve this problem is that the
study of the elemental composition of coal by the method
of X-ray fluorescence, which is a method of nuclear phys-
ics, is gaining wide application. Such research works are
widely covered in such European countries as Germany,
the Czech Republic and Poland. Kazakhstan is rich in coal,
so it is important to use lightweight portable X-ray flu-
orescence spectrometers in coal fields to regularly check
and evaluate the quality of coal seams. This is one of the
important tasks of our time [3, 4].
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From the point of view of environmental protection and
environmental conservation, this will also be very import-
ant. Registration of X-ray of sulfur 2.308 keV S-Ka, mea-
surement work has been widely studied and discussed in
the works of a number of foreign scientists [5—7]. Accord-
ing to these works, a good result was achieved after the
corresponding adjustments were made mathematically due
to the effect of the influence of the elements contained in
coal on each other. When determining sulfur, iron, ash and
other elements in coal using the classical chemical method,
a large number of chemical reagents are required and other
materials take a long time. And in the work of a number of
scientists, it has been shown that using the method of X-ray
fluorescence research (XFR), it is possible to detect not
only sulfur, iron, but also more elements at the same time,
with great accuracy [8, 9].

Due to its ecological importance, one of the most stud-
ied and most recorded elements in coal will be sulfur (S).
The sulfur content in coal averages 10-12% of the total
mass. Coal ash is the mineral substances contained in coal
that do not burn when it is burned. The more minerals
are contained in coal, the higher its ash content. Coal ash
mainly consists of compounds of elements such as silicon,
aluminum, iron, calcium, magnesium, titanium, and potas-
sium [1, 2].

Research on the composition of coal ash using nuclear
physics methods has been conducted with great intensity
over the past 20 years, the work of many research scientists
has been published in this field, as well as new research
techniques and methods have been introduced [9-11].
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Research methods and results

During the work on determining the elements in coal and coal
ash by X-ray fluorescence, a sample of Shubarkul coal was tak-
en as an object (UG-1) (Figure 1). The elemental composition
of these samples was determined using an «energy-dispersive
X-ray fluorescence device with an XFD-21 semiconductor de-
tector» in the Laboratory of Nuclear Physics Analysis Methods
at the Institute of Nuclear Physics in Almaty. At first, the coal
was prepared by grinding in a special device. The obtained sam-
ples were placed in a mold and examined on an energy-disper-
sive X-ray fluorescence device with an XFD-21 semiconductor
detector, showing the following results (Figure 2).

Figure 1. UG-1 Shubarkul coal sample.
Cyper 1. UG-1 Illyb6apkea kemip yJirici.
Puc. 1. O6pazen llyd6apkoanckoro yriast UG-1.

Figure 2. X-ray spectrum of the Shubarkul coal sample
UG-1.
Cyper 2. llly6apkoas ken opHbl UG-1 keMmip yJricinig
PEHTIeH CIeKTpi.
Puc. 2. Pentrenosckuii ciektp odpasua yrinsa UG-1
y6apKoJIbCKOr0 YroJabHOT0 MeCTOPOK/ACHNS.

In these studies, using an energy-dispersive X-ray fluores-
cence device with a semiconductor detector, it is possible to
observe more than 100 gamma-ray peaks in the spectrum cor-
responding to 31 elements in carbon, such as Sr, Ag, Se, Fe,
Nb, Ni, K, Th, Cu and others. However, the main disadvantage
of this method is that the research instrument used is designed

Table 1

Indicators (mass fractions) for the determination of chemical elements in a crushed UG-1 Shubarkul coal sample taken as
a standard by X-ray fluorescence analysis (additional Z = 1.19, total amount: 0.97%, number of elements: 31)

Kecme 1

Cmanoapm peminde anvinzan ILllyoapkon xen opnot UG-1 Kemipiniy ycakmanzan ynzicin penmezen-gyopecyenyusnsl
manoay apKulivl XUMUANBLK IneMenmmepoi anvikmay kopcemxiwmepi (Kocotmwa Z = 1.19, scannwt comacwi: 0.97%,
nemenmmep canwl: 31)

Taonuya 1

Ilokazamenu (maccogwle 001u) 01 Onpedeenus XuMuuecKux j1emennos 6 usmenvuennom oopaszye yensa UG-1
¢ Illybapronbckozo y20nbH020 MECHOPONCOCHUS, 63AMOM 6 KaUecmee CIaHOapma, Memooom peHmzenopuyopecyeHmnozo
ananu3za (Oononnumensvuiii Z = 1.19, cymmapnoe cooepicanue: 0.97%, konuuecmeo 3nemenmog: 31)

Element Indicator (mass fractions) Element Indicator (mass fractions)
Fe 0.1731£0.00049% Cu 0.0021140.000065%
Zn 0.00222+0.000041% Pb < 0.000140.000042%
Ag 0.9+0.01 r/T Cd 2.1£0.02 r/T
Th 0.2+0.02 r/T U 1.0+0.02 r/T
K 0.30+0.023% CaO 0.435+0.0139%
Se <0.0001£0.0048% Ti 0.029+0.0025%

V <0.0001£0.00092% Cr 0.0010+0.00049%
Mn <0.01+0.00026% Co 0.0007+0.00018%
Ni <0.0001%0.00011% Ga <0.0001+0.000027%
As <0.0001+0.00011% Se <0.0001+0.000018%
Br 0.0011940.000029% Rb <0.0001%

Sr 0.00294+0.000012% Y 0.00%

Zr 0.00% Nb <0.0001%
Mo <0.0001% Pd <0.1r/t

BaS04 0.02+0.001% w <0.0001+0.00011%
Bi <0.0001+0.000035%

Topnuuit sicypnan Kazaxcmana Ne3’ 2026



[eoTexHoMOIIA

Figure 3. X-ray spectrum of the Shubarkul coal ash
sample UG-1.
Cyper 3. llly6apkous keH opubsl UG-1 kemip Ky
yariciHiH peHTreH cmekTpi.
Puc. 3. PenTreHoBckuii cnekTp 00pa3ua yroJbHoM 30J1b1
UG-1 lly6apKkoJabCKOro yroJibHOT0 MeCTOPOKIeHHUS.

to study rocks, and therefore it is not able to identify many el-
ements. Compared to coal, the composition of the elements in
the coal ash was determined more accurately (Figure 3).

Conclusions

If we compare the indicators (mass fractions) from Ta-
bles 1 and 2, the iron (Fe) content in Shubarkul coal sam-
ples is Fe = 0.1731£0.00049%, whereas in Shubarkul coal
ash the iron (Fe) content is Fe = 3.12+0.003%. Therefore,
the absolute difference can be calculated using the formula:
Fel = summa (Fe (UG-1) — Fe (ash))/N. and it turns out that
Fel =2.9469+0.00251%.

In this study, it was noted that an energy-dispersive X-ray
fluorescence device with a semiconductor detector «XFD-
21» makes it possible to determine the composition of coal
ash more accurately and visually than the composition of coal
itself.

Table 2

Indicators (mass fractions) for the determination of chemical elements by X-ray fluorescence analysis (XFA) in the ash of a
UG-1 Shubarkul coal sample taken as a standard (additional Z = 1.19, total amount: 0.97%, number of elements: 31)

Kecme 2

Cmanoapm peminoe anvinzan Illyoapkon ken opnovt UG-1 komip yaziciniy Kyain penmeen-hyopecuenyusaiol
manoay apxwliivl XUMUAIbIK IAemMenmmepoi auvikmay kopcemkiwmepi (Kocoimuwa Z = 1,19, srcannot comacwr: 19,70%,
Inemenmmep cauvi: 31)

Tabnuuya 2

Ilokazamenu (maccoewvie 001u) 013 oOnpedeneHus Xumuueckux nemenmos 6 3one oopasya yena UG-1 Lllybapkonsckozo
Y2071bHO20 MECHOPOHCOCHUA, 83AMO20 8 KAUecHee CmAanoapma, Memooom penmezenopayopecyenmuozo ananuza (P@OA)
(0ononnumenwvuuiii Z = 1,19, cymmapnoe cooepycanue: 19,70%, konuuwecmeo nemenmog: 31)

Element Indicator (mass fractions) Element Indicator (mass fractions)
Fe 3.12+0.003% Cu 0.0296+0.00017%
Zn 0.1210+0.00023% Pb 0.0412+0.00014%
Ag 0.6+0.2 r/1 Cd 101.1+0.03 /T
Th 10.540.6 r/T U 6.8+0.4 /T
K 0.59+0.022% CaO 14.48+0.033%
Se <0.0001+0.012% Ti 0.679+0.0056%

V 0.012+0.0029% Cr 0.0140+0.00083%
Mn 0.066+0.0006% Co 0.0083+0.00074%
Ni 0.0256+0.00022% Ga 0.00175+0.000075%
As 0.0087+0.00011% Se 0.00026=+0.000032%
Br 0.1128+0.00013% Rb 0.00182+0.0001%
Sr 0.06935+0.000071% Y 0.01634+0.000036%
Zr 0.01978+0.000043% Nb 0.00132+0.000017%
Mo 0.00132+0.000018% Pd 0.1£0.1 r/t

BaS04 0.0309+0.0033% w <0.0001+0.00039%
Bi 0.0003+0.00015%
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