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Abstract

This article discusses the advantages of X-ray fluorescence analysis (XRF) techniques for the determination of ash in
coal. The quality of coal depends on the amount of ash contained in it. On the other hand, ash causes irreversible
environmental damage when using coal as a source of energy. Since coal is considered as the most important source of
energy, coal quality is directly related to ash, which correlates with its non-combustible minerals and elements. Some
elements such as S (sulfur), Ti (titanium), Ca (calcium), Fe (iron) after burning coal can have an adverse impact on the
environment. Thus, we have demonstrated in this study how we can determine the ash content consisting of non-
combustible minerals in the composition of coal and, thus, assess the quality of coal using X-ray fluorescence research.
It also describes how we can determine coal ash samples using the XRF analyzer 123-1 in online, which is one of the
most optimal methods in nuclear physics.
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OIMPEAEJIEHUE COJIEPKAHUSA 30J1 B YIJIE C IOMOIIBIO
PEHTITEHO®JIYOPECHEHTHOI'O AHAJIM3A

B 371011 cTaThe 00CYKIAIOTCS IPEUMYIIIECTBA METOIOB peHTreHodyopecienTHOro aHanm3a (PO A) s onpenencHus
307161 B yrie. KauecTBO yriis 3aBHCHUT OT KOJMYECTBA CoJiepikaiieiics B HeM 30Jbl. C Apyroil CTOpOHBI, 30J1a HAHOCUT
HeoOpaTUMBIH yIiepO OKpYy Kalollei cpeie Ipy UCTIONb30BAHUU YIJIS B KAU€CTBE UCTOYHHUKA SHEPTUU. [[0CKOIBKY yToJib
cuuTaeTcs HauboJee BAXKHBIM HCTOYHUKOM YHEPTHH, KAUeCTBO YIJIs HANPSIMYIO CBS3aHO C 30JI0H, KOTOpasi COOTHOCHUTCS
C ee HErOpPIYMMHU MUHEpaJaMu U dsieMeHTaMu. HekoTopsie aneMenThl, Takue kak S (cepa), Ti (turan), Ca (kanbiwmii), Fe
(>kemne30), MOCIe CKUTaHUSl YIJII MOTYT OKa3blBaTh HEOIArOMPHUATHOE BO3JCHCTBHE HA OKPYXKAIOUIYIO cpeny. Takum
00paszoM, B 3TOM HCCIEIOBAaHUU MBI MPOJIEMOHCTPUPOBAIH, KaK Mbl MOXXEM OIPEAETUTHh 30JbHOCTh, COCTOSIIYIO U3
HETOPIOYMX MHUHEPAIOB B COCTaBE YIS, W, TAKAUM OOpa3oM, OLEHHUTh KAYeCTBO YINIA C IOMOIIBIO PEHTTEHOBCKHX
(ITyOpecleHTHBIX MCCIIeIOBaHUNA. B HEM Takke ONMMCHIBAETCS, KaK MBI MOXEM OMPEACIIATH MPOOBI YIOJIbHOM 3076l B
pexume onnaitn ¢ nomouisto POA ananuzatopa 123-1, KOTOpPBIH SBIASETCS OJAHUM M3 CaMBIX ONTHMAJIBHBIX METO/IOB B
SIIEPHON (hU3UKE.

KaroueBble cjioBa: peHTTeHODITYOPECICHIINS, aHAI3, SHEPTHS, SKOJIOTHS, 30J1a, YTOJIb.
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KOMIPIIH KYJIIH PEHTT'EH ®JIYOPECHEHIIUA 3EPTTEY OAICIMEH AHBIKTAY PEHTT'EH
®JIYOPECHEHIMSA 3EPTTEY OAICIMEH KOMIPAIH K¥YPAMBIHJIAFBI KYJIII AHBIKTAY

byn wmakamaga xemipaeri Kyingl aHBIKTay[blH peHTreH dQuiyopecueHTTik 3eprrey (P®3) omicrepiHin
apTHIKIIBUIBIKTaphl Typaibl alThutanbl. KeMipai sHeprust kesi peTiHIe NalaiaHfaH Ke3jie, KOpILIaraH opTara 3HsSH
kenripeni. Kemip sHeprustHbIH MaHBI3/AbI K31 OOJBIN CaHAJATHIHIBIKTAaH, KOMIPAIH carachkl OHBIH KypaMBIHAAFBI KYJTe
Tikenie OaillaHBICTHI SFHM OHBIH JKaHOAWTHIH OeJiriHmeri MuHepajmap MeH sJieMeHTTepre OaimaHbIcTHl. Kemip
KaHraHHaH Kedin S (kykipt), Ti (turan), Ca (xambimii), Fe (Temip) cusSKTB KeHOip 31eMeHTTep KopIlaraH opTara Kepi
ocepin Turizyi MymkiH. Ocwl 3epTTeyae 0i3 KeMip KypaMbIHIAFbl )KaHOAWTBIH MHUHEpajaapliaH TypaTeiH Kymai PD3
OMiCIMEH KaJiail aHbIKTayFa OOJAaTBHIHABIFBIH KOHE COJT apKBIIBl KOMIP/iH camachliH Kajai aiasiH-ana 0oypkan Oaranayra
O0maTEIHABIFEIH KopceTTik. COHBIMEH KaTtap, KejieMi Kimriripim, cammarsl a3 P®D3-123 anann3aTOpBIHBIH KeMeTiMeH
KeMip KYJIiH OHJIallH peXKUM/Ie Kaslail aHBIKTayFa OOJIaThIH/IBIFBIH KOPCETTIK.

Tyiiin ce3aep: penrren QiyopecueHIys, 3epTTey, IHEPTHsl, SKOJIOTHs, KYJI, KOMIp.
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Introduction

Using X-rays, can be obtained important information about the atomic structure of a solid, the electronic
structure of chemical bonds, and its elemental composition. From this point of view, the study of matter by X-
rays is the most convenient and versatile technical tool in modern science and technology [1].

In recent years, the study of the elemental composition of coal by the method of X-ray fluorescence anysis
has begun in many countries around the world. As a result of this research, it was proved in practice that by
determining the elemental composition of coal and its ash, its quality can be immediately assessed in advance
in the ground, during its production, preparation, transportation and combustion. It is also possible to quickly
determine the ash, moisture, calorific value and carbon content of sulfur, arsenic, iron and other microelements
in the coal with the help of modern X-ray analyzers with high sensitivity and separation of elements from coal
[2-3]. Coal ash is a non-combustible mineral substance found in the combustion of coal. The higher the mineral
content of coal, the higher the ash content of coal. Coal ash is based on a mixture of elements such as silicate,
aluminum, iron, calcium, magnesium, titanium and potassium [4]. The study of the composition of coal ash
by the methods of nuclear physics has been carried out at a high pace over the past 20 years, and many research
scientists in this field have published new research techniques and methods [5-6]. Recent advances in the use
of X-ray fluorescence have shown that many elements in coal and its ash can be studied simultaneously, thus
allowing to determine the most economically important parameters that lead to the classification of coal [7].
As in many countries around the world, coal is the main source of energy in Kazakhstan. According to some
data, Kazakhstan's coal reserves are about 35 billion tons. Kazakhstan ranks 8th in the world in terms of coal
reserves and has 4% of the world's total coal reserves. The most valuable energy and coking coal for the
industry are concentrated in 16 fields [8-9]. The Republic of Kazakhstan is one of the ten largest coal producers
in the world market, and the third largest in the CIS in terms of reserves and the first in terms of per capita coal
production and it is planned to increase coal production in the coming years [10-11].

Method for determination of ash in coal by XRF

Detection of ash in coal by XRF method is carried out by studying the X-rays scattered from the coal. It
should be noted that when determining the ash in coal, there are a number of errors due to various chemicals
in the ash, the effects associated with the size of the coal granules and the effect of moisture on the coal.
Determination of ash content in coal was carried out using a microprocessor-controlled 256-channel,
proportional detector XRF 123-1 analyzer made in the Czech Republic.

The radioisotope of plutonium-238 (Pu-238) with an activity of 10 mCi was used as the source of activity.
The size of coal samples measured by XRF 123-1 spectrometer was about 10 grams, the size of coal granules
was about 3 mm, the moisture content of coal was 30%, and the experimental time was 500 seconds.

To determine the amount of ash (Ad) in coal samples, fluorescence radiations of the elements Ca (calcium),
Fe (iron) and radiation scattered by the source of plutonium-238 (238-Pu) were measured. The empirical
coefficient method was used to reduce the matrix effect caused by the influence of interacting elements, such
as Fe and Ca. Based on the verification of equations of different calibers, the following equation (1) was chosen
by the results to more accurately determine the amount of ash (Ad) in coal.

(Ad) =a0 + alP (Ca) / P (BS-Pu) + a2P (Fe) / P (BS-Pu) + a3/ P (BS-Pu) (D)

Where: P (Ca), P (Fe) are the peak areas of Ca and Fe, P (BS-Pu), the area of the peak scattered by Pu-
238, a0 ...... a3, - empirical coefficients.

The net areas of Ca, Fe, and peaks scattered by Pu-238 were calculated by the integration of simple peaks.
For this purpose, a calibration program called "Sn" was developed according to the GW-Basic algorithm. With
the help of this program, first the empirical coefficients were calculated, and then the chemical and XRF results
of coal ash were compared. Table 1 shows the comparison of the ash content of coal determined by the XRF
method with the results determined by the chemical method.

According to X-ray fluorescence, the ash content in coal ranged from Ad = 9.05-18.95%. The standard
deviation between the chemical and XRF results is S1 = 0.748%.

The standard deviation was calculated by the following formula:

i=l

N
\/ Z (CXRF - CChem )
Sl==

N-1 (2)
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Table 1. Chemical and XRF results of ash in coal samples and comparison of results

No Code Ad %, Chem. Ad %, XRF Delta 6
1 20 16.26 15.80 -0.46
2 21 14.81 15.48 0.67
3 22 16.60 16.62 0.02
4 23 18.95 18.29 -0.66
5 24 11.96 11.93 -0.03
6 25 12.53 13.30 0.77
7 26 12.93 13.41 0.48
8 27 11.10 11.05 -0.05
9 28 13.17 11.56 -1.61
10 29 11.11 11.46 0.35
11 30 11.99 11.69 -0.30
12 31 10.61 12.13 1.52
13 32 13.94 13.85 -0.09
14 33 11.95 11.89 -0.06
15 34 10.62 11.12 0.50
16 35 10.49 10.62 0.13
17 36 11.77 10.32 -1.45
18 37 9.05 9.33 0.28

Conclusion

In this study, we showed that isotope X-ray fluorescence method is one of the methods of nuclear physics,
where it can quickly and accurately determine the amount of ash in coal, thereby predicting the quality of coal
before burning it. For this purpose, we are convinced that the XRF 123-1 analyzer made in the Czech Republic
will be an indispensable tool. The ash content in the coal samples determined by the XRF method ranged from
Ad =9.05-18.95%. The amount of chemically determined ash in these coal samples and the standard deviation
between its XRF results are S1 = 0.748%. In Kazakhstan, which is rich in coal, it is possible to make a
preliminary assessment of the quality of coal in coal mines by using such portable lightweight XRF analyzers,
which can be carried by hand, weighing only 10 kg, thus determining the economic efficiency of coal as a fuel.
We conclude that it can be an effective approach.
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