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Physico-chemical investigation of stone coals of «Karazhyra» field

Results of physico-chemical research of stone coals from the Karazhyra field presents in this work. The fol-
lowing technical indicators of coals were studied: moisture, ash, yield of volatile component, sulfur content,
elemental composition, heat capacity, morphology and particle size. The results of the technical analysis indi-
cate low ash and moisture. X-ray fluorescence spectral analysis indicates the presence of rare earth metals in
the composition of coal. The surface morphology and particle size of coal samples were characterized by
scanning electron microscopy. Results show that the surface is heterogeneous with areas characterized by a
dense structure and porous texture. On the surface also observed micron-sized clusters. The average fraction
size is 0-300 millimeters. Areas with a porous texture has a corrugated surface with open slit-like and tunnel-
like exits forming a system of pores with a size 2—10 microns. Thermal stability was determined by differen-
tial scanning calorimetry. On the sample surface was spectroscopically identified oxygen-containing and ni-
trogen-containing groups. Coal has a relatively high heat of combustion, a high yield of volatile compounds,
characterized by a relatively low ash value, moisture, low sulfur and nitrogen content. Demonstrated the pos-
sibility of using the Karazhyra field coals in almost all branches of the national economy.
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Introduction

Stone coals are the largest source of organic raw materials. Its relevance in the near future is significant-
ly increasing due to the depletion of oil, this predetermines the possibility of use it in almost all branches of
the national economy from an elementary household furnace to space vehicles [1-4]. Coal is the most com-
plex organomineral formation, and therefore has variety properties. Deep knowledge is need about the fea-
tures of the chemical structure and reactivity of the organic component of coal and the role of mineral com-
ponents in the processing and mining of coal. The increased interest in the coals of the Karazhyra field be-
cause of their high quality stimulates the search for new innovative methods of its application. Section
«Karazhyray is a coal-mining enterprise of Kazakhstan located in the East Kazakhstan region, on the territo-
ry of the former Semipalatinsk nuclear test site. The area of the deposit is 21.4 km?, which located 9 kilome-
ters from the site «Balapany» [5]. Coal reserves are 1.3 billion tons [6]. D grade coal produces in this deposit,
and the size of the fraction is 0—300 millimeters [7]. The volume of production for 2017 is about 7-9 million
tons. According to the journal «Kazakhstan», the coal of the Karazhyra field is suitable for the production of
rare earth metals [8]. Previously, the coal extraction process of the Karazhyra deposit was carried out and
optimized on the Soxhlet apparatus with organic solvents [9]. According to the results of the extraction prod-
ucts study by IR spectroscopy and chromatography-mass spectrometry (CMS) was shown a preferential
presence of alkanes (38.17 %), aromatic hydrocarbons (7.72 %), naphthenes (6.38 %) and oxygen-containing
hydrocarbons (5.53 %).

Experimental

Materials and methods

Moisture. Moisture is an important component of coal, from both scientifically and practically point of
view. Moisture is ballast and reduces the useful mass of coal when coal is used as energy fuel. Wet coal ig-
nites faster during storage, it freezes at minus temperature throughout transportation, creates certain difficul-
ties on the heat supply route of the combined heat and power (CHP), etc. According to the results of the
analysis, the coals of the Karazhyra deposit are generally characterized by a low analytical moisture content,
on average, it is 14.0 %. Content of moisture in the fuel depends on several factors: coal mining technology,
transportation and storage conditions, natural factors, petrographic composition of coal, coalification degree,
formation depth and ash content.
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Ash content is one of the most important and the most variable indicators of coal quality. In the course
of field operation, additional dilution of coal by rocks of soil, roof or rock interlayers occurs. The average
ash content for the deposit was 19.8 %.

The yield of the volatile components of coal from Karazhyra field is average 47.0 % value and depends
on the number of microcomponents of the initentite group in the composition of coals. Increasing these com-
ponents reduces the yield of volatile components.

Coals of the Karazhyra field are low-sulfur, the average content of sulfur is 0.4 %.

Elemental composition of coals is closely related to their physical and technological properties [10]. De-
termination of sulfur, carbon, hydrogen, nitrogen, oxygen and phosphorus content was carried out on the
Labsys Evo analyzer (Setaram, France).

Results and Discussion

The results of the technical analysis of coal presented in Table 1. According to this table the studied
coal has low ash and humidity.

Table 1

Qualitative characteristics of coal

No. Indicators Index Average

value, %
1 |Moisture \\ 14.0
2 |Ash A 19.8
3 |Yield of the volatile components \% 47.0
4 |Sulfur S 0.4
5 |Carbon C 75.5
6 |Hydrogen H 53
7 [Nitrogen N 1.7
8 |Oxygen O 16.8
9 [Phosphorus P 0.04

The qualitative composition of the carbon samples was determined from group bands in IR spectra,
which obtained by IR Fourier spectrometer Cary 660 FTIR (Agilent technologies, USA). Figure 1 shows the
IR spectra of the investigated coal. The spectra show peaks characteristic of stretching vibrations of amides,
aromatic hydrocarbons, aromatic and aryl alkyl ethers, alcohol hydroxyls (Table 2).
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Figure 1. IR spectra of the coal from the «Karazhyra» field
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Table 2
Characteristics of IR spectra of the investigated coal from the «Karazhyra» field

Nature of Type of groups Frequency, sm™
oscillation ’

VoH Hydroxyl groups 3693 (m), 3619 (m), 3392 (m)

Vcu Methylene groups in the benzene ring 2928 (m)

Ve—c Double carbon bonds of primary amides 1616 (s)

VHC-CH Unsaturated compounds (aromatic hydrocarbons) 913 (m) — 798 (m)

Vcoc Aromatic and aryl alkyl ethers 1282 (w)
V0o -OH- Primary alcohols 1097 (m) — 1033 (m)

VcHa Methylene groups 1450 (m)

Note. s — strong; m — medium; w — weak bands.

The investigation of coal samples of the «Karazhyray field were carried out using an Epsilon X-ray flu-
orescence spectrometer (Panalytical, Netherlands).

The obtained data are presented in Figure 2 and Table 3. The analysis of XFA showed that the percent-
age of silicon (5.024 %), aluminum (2.764 %), calcium (2.232 %) exceeds all other indicators. The lowest
percentages are zinc (0.008 %), manganese (0.0006 %), chrome (0.011 %). Generally, according to the re-
sults revealed 16 elements in the composition of coal.
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Figure 2. X-ray pattern of the coal sample from the «Karazhyray field

The morphology and particle size of the coal were determined by scanning electron microscopy (SEM)
using a JSM 6390 LM JEOL microscope. Table 4 presents the results of the study. The sample surface is
non-uniform with areas characterized by a dense structure and with a porous texture. On the surface also ob-
served clusters with micron size. Areas with a porous texture have a corrugated surface with open slit-like
and tunnel-like outcrops forming a pore system with a size of 2—10 um (Fig. 3, 4).
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Table 3

The results of the analysis of the coal sample from the Karazhyra field obtaining by XFA
No. Element Sample 1 Sample 2 Sample 3 Average value, %

1 Mg 0.097 0.099 0.095 0.097

2 Al 2.770 2.769 2.755 2.764

3 Si 5.027 5.033 5.012 5.024

4 P 0.432 0.437 0.439 0.436

5 S 1.074 1.070 1.071 1.071

6 Cl 0.445 0.444 0.444 0.444

7 K 0.424 0.426 0.421 0.423

8 Ca 2.235 2.234 2.229 2.232

9 Ti 0.442 0.443 0.441 0.442

10 \Y 0.021 0.021 0.021 0.021

11 Cr 0.012 0.011 0.011 0.011

12 Mn 0.007 0.006 0.007 0.006

13 Fe 1.469 1.469 1.461 1.466

14 Ni 0.017 0.017 0.017 0.017

15 Cu 0.030 0.030 0.030 0.030

16 Zn 0.008 0.008 0.008 0.008

Figure 3. Scanning electron microscope (SEM) image of a sample of coal from the Karazhyra field —
a site with a dense morphology of a surface with a porous texture

Based on the data of XFA and SEM, it can be concluded that the results of the analyzes diverge: the use
of XFA provides a more accurate and broad list of fixed components in coal composition than SEM. This is
due to the fact that XFA allows to explore the entire structure of coal pulverized in powder. A certain section
of coal and only the surface are investigated with scanning electron microscopy.

Figure 4. Graph of coal analysis of Karazhyra field by scanning electron microscopy (SEM)
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Table 4
Sample analysis result by SEM, %
No. Na Al Si S Fe
Sample 1 2.18 3.39 4.94 49.08 40.42
Sample 2 2.19 3.53 5.09 49.36 39.84
Sample 3 2.06 3.59 5.20 48.91 40.24
Average value 2.14 3.50 5.07 49.12 40.16

Thermal stability of the stone coal samples from the «Karazhyra» field was determined on DSC EVO
131 Setaram by differential scanning calorimetry (DSC) (Research were performed on the basis of the «Insti-
tute of Polymeric Materials and Technologies» in Almaty). Based on the analysis given in Figure 5, the
moisture of the coal evaporates at temperature 126 °C, and then with further heating of the coal to 750 °C its
structure destroyed. In the range 50-75 °C the loss of mass of coal was 67 %.

Heat of combustion is the most important characteristic of thermal properties. The higher heat of com-
bustion for dry ashless state Q, characterizes the natural type of coal, the degree of its coalification and the
material composition. The lowest heat of combustion of the working mass of coal Q;, expresses the amount
of heat that can be practically realized during combustion and directly depends on the ash content and hu-
midity of the coal. On average, the lowest calorific value of coal samples is 4650 kcal’kg, at A, = 19.8 % and
W,=14.0 %.
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Figure 5. The graph of the interaction of coal from Karazhyra field with heat (with thermal effect)

Conclusion

Thus, the coal of the Karazhyra field belongs to grade D (long-flame), and the fraction size is
0-300 millimeters. Coal has a relatively high heat of combustion, a high yield of volatile compounds, also
characterized by a relatively low ash content, and small content of sulfur and nitrogen. Coefficient of
grindability of coal is equal to 1.06, so indicates that it is hard coal. With the set of physical methods were
identified oxygen and nitrogen containing groups, aromatic compounds, presence of metals. Consequently,
the coals of the Karazhyra field are not only good energy fuels, but also an alternative source of raw materi-
als for the chemical industry, and the opportunity to extract it by the open method makes it suitable for use in
many areas of the national economy.
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«Kapa:kbpipa» KeH OpHbI TaC KOMIpiH (pU3HKA-XUMHSIBIK 3€PTTEY

Maxkanana «Kapaxsipa» KeH OpHBI Tac KOMIpIHIH (H3MKa-XUMHSIIBIK 3epTTEY HOTHIKENEepi KeTipijreH.
KeMmipaiH MBIHa TEXHHKAIBIK KOPCETKIIITEpl 3EPTTENIHII: BUFAIIBUIBIFGI, KYJIUIIN], YIIKBII 3aTTapAbIH
LIBIFBIMBI, KYKIPT MOJIILIEP], 3TIEMEHTTIK KYPaMbl, KbUTy CHIHBIM/IBUIBIFBI, OOJIIICKTEPAIH MOP(HOIOTHICH MEH
enmeMi. KemipaiH TeXHHUKaIBIK capanTaMa HOTIDKENEepl OHBIH KYJIUIITT MEH BUFAIJBUIBIFEI TOMEH EKCHIH
nonenaeni. PeHTreHo(IIyopecueHTTIK CIIeKTPIIK Tanaay KeMip/[iH KypaMbIHa CHPEK Ke3JIeCeTiH MeTajiap
Oap exeHiH kepcerTi. KemipaiH MOpQOJIOTHACH MEH eJIeMi CKaHepJeyIli 3JIEKTPOHIBI MHUKPOCKOIINS
omicimen 3eprreninai. Kemip yiriciniH OeTi OpTEKTi, THIFBI3 JKOHE KEYEeKTI KYPBUIBIMIBI ayAaHIapMeH
CHIIATTaJaThIHbl aHbIKTATAbl. «Kapaxeipay KeH OpHBIHBIH Tac kemipi JI (Y3aK >KajbIHIbI) MapKachlHa
xatansl. Connaii-aK OeTTiK ayJaHia MUKPOH/BI eJeMl kiactepiiep ae Gaiikanpl. PpaKkuusHbIH OpTala
ommemi 0-300 muutumeTpai Kypaiiasl. Keyekti KypbuibiMabl ayaangapaa, 2—10 MKM eJteMIi caHbUIayJIbl
JKylle Ty3eTiH amIbIK CaHbUIAy Topi3fec JKOHe TYHHEN Topi3lec IIBIFYBl 0ap OWBIKTBEI Oerrep Oap.
TepMoaHaINTHKAIBIK HOTIDKEINIEp HETI3IHIE Tac KeMip YIriepl TepMISUIBIK TYPaKThl eKeHi, YIATiHIH OeTiHae
KypaMBIH/Ia OTTET1 JKoHE a30T 0ap TONTapAbIH OOJybl CHEKTPOCKOMISUIBIK TYpAe aHbIKTangsl. Kemip cambic-
TBIPMaJIl TYPJE JKOFapbl JKaHy JKbUIybIHA, JKOFapbl IIBIFBIMIBI YIIKBII 3aTTapFa He JKOHE TOMEH
KYJIUTITIMEH, BUTFAILABLUIBIFBIMEH, KYKIPT IIeH a30TThIH a3 MeJiepae 0oxybiMeH epekiueneneni. Aa = 19,8 %
xoHe Wa=14,0% OonraHna, KeMip CbhIHAMaJapblHBIH Ta3a KaUIOPUSUIBIK MOHI oprama 4650 kkai/kr
Kypaiiapl. «Kapaxpipay KeH OpHBI KOMipiHIH XaJbIK IIapyallbUIbIFbIHBIH OapiiblK cajajapblHAa Haijanany
MYMKIHZIr1 KepceTinai.

Kinm ce30ep: Tac xemip, MOp(OJIOTHS, CIIEKTPOCKONHS, PEHTTEHO(UIYOPECIEHTTIK TaiAay, SJIEKTPOHIBI
MUKPOCKOIL.

P.T. IumxymanoBa, b.b. basxmerosa, H.b. Kacenona, A.H. Knusenko

Pu3nKo-xuMHYECKOe UCCIeJ0BAHNE KAMEHHbIX yrﬂeﬁ
MECTOPOKACHUA «Kapamupa»

B crarbe mpuBeneHbl pe3ynbTaThl (HH3UKO-XUMUYECKOTO HCCIEJOBAaHUS KAMEHHBIX YTJel MeCTOpPOXKICHUS
«Kapaxxsipay. V3ydeHsl crefyomue TEXHUUECKUE MOKa3aTelH yriel: BIaXXHOCTb, 30JIbHOCTh, BBIXOJ JETY-
YMX KOMIIOHEHTOB, COAEPKAHUE CEPBbI, ITEMEHTHBIH COCTaB, TEIIIOEMKOCTb, MOP(OIOrH U pa3Mep YacCTHIL.
Pe3ynpTaThl TEXHUUECKOTO aHAIU3a YU CBUAETEILCTBYIOT O €0 HU3KOM 30IbHOCTU U BIaXHOCTU. PeHtre-
HO(ITIOOPECIEHTHBII CHEKTPAIBHBIA aHAIN3 YKa3blBaeT HA HAINYHE PEIKO3EMENIbHBIX METaUIOB B COCTAaBE
yrist. Mopdororuro u pasmMep 4acTUIl YUt ONPeesUIH METOJOM CKaHUPYIOIIEH JIEKTPOHHOW MHUKPOCKO-
UM, YCTAHOBJIICHO, YTO ITOBEPXHOCTH OOpasla yriss HEOJHOPOJHAs C YJacTKaMH, XapaKTepH3YIOIIMMHUCS
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IUIOTHOW CTPYKTYPOH M MOPUCTOM TEKCTypoil. Yroab MecTopokaeHus «Kapaxpipa» oTHOCHTCA K Mapke [
(mmuuHOIIIaMeHHBIX). Ha moBepxHOCTH HaOMIONAIOTCA TakXkKe KIAacTepbl MHUKPOHHOro pasmepa. CpemHuit
pa3mep ¢pakimu cocrasimsier 0-300 MM. Y4acTKu ¢ IOPHCTOI TEKCTYpOit MMEIOT pUGIICHYIO TOBEPXHOCTH C
OTKPBITBIMH IIENEBUIHBIMI U TYHHEICBHAHBIMH BBIXOAAMH, 0OpasyIOIMMHU CHCTEMY HOp pa3smepoMm 2—10
MKM. Ha ocHOBaHMY TepMOAHAIMTHYECKHUX PE3yJIbTaTOB YCTAHOBJICHA TEPMUYECKask yCTONIMBOCTH 00Opa3LoB
KaMEHHBIX YIJIEH, CIIeKTPOCKOIMYECKH MICHTH(OUINPOBAHBI KUCIOPOA- U a30TCOAEPIKAIIUE TPYIIIBI HA I10-
BEPXHOCTH 00pa3IoB. YToib 001a1aeT CPaBHUTEIHHO BEICOKOH TEIIIOTOH CropaHus, BEICOKUM BBIXOJIOM Jie-
TY4HX COEAMHEHMH, OTIMYIAETCS] OTHOCUTENBHO HU3KOH 30JIbHOCTBIO, BIAKHOCTBIO, HEOONBIINM COJEPKAHH-
eM cepbl M a30Ta. B cpeaHeM HH3LIas TEIUIOTa CropaHusi 00pasloB yrisi cocrasiseT 4650 Kkan/Kr mpu
A,=19,8% u W,=14,0 %. IlokazaHa BO3MOXXHOCTb NpPHUMEHEHUsI yriei mecropoxieHus «Kapaxsipa»
MPaKTUYECKU BO BCEX OTPACISAX HAPOAHOIO XO3SHCTBA.

Kniouesvie cnosa: KaMeHHBIE yrimy, MOpq)OJIOFI/ISI, CIICKTPOCKOIINA, peHTI‘eHO(i)IIIOOpCCL[CHTHLIﬁ aHalinu3,
DJICKTPOHHAasA MUKPOCKOTIINSA.
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