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CONTENT OF URANIUM ISOTOPES
IN COALS OF KAZAKHSTAN

Abstract. The content of natural isotopes of uranium (uranium-238 and uranium-
234) is considered in the presenting paper. The samples of coals from three main coal
deposits, located on the territory of Kazakhstan (Karazhyra, Shubarkol and Ekibastuz)
were analyzed by alpha-spectrometric method after the corresponding chemical sepa-
ration, which included separation of radionuclides by liquid-liquid extraction (30% solu-
tion of TBP in toluene) and preparation of counting sample by electrodeposition. The
measurements were done at the high resolution alpha-spectrometer (Canberra, semicon-
ductor PIPS detectors) and the Alpha Analyst program was used for processing spectra.

The content of total uranium increases in the following series: coal of Karazhyra
deposit < coal of Shubarkol deposit < coal of Ekibastuz deposit.

The results showed that the most safety is coal from Karazhyra coal deposit
(0.55£0.12 Bg/kg and 0.85+0.14 Bg/kg for uranium-238 and uranium-234, correspon-
dently). The highest values of concentration of uranium isotopes were recorded for coals
of Ekibastuz deposit, but even for it the content of uranium-238 is much lower than the
average natural radionuclide activity concentrations in coal.

Keywords: coal, uranium isotopes, alpha-spectrometry, Karazhyra, Shubarkol,
Ekibastuz.

Introduction. In recent years naturally occurring radioactive materials got
increasing attention all over the world [1].Naturally occurring radionuclides may
become concentrated in the residues, waste material and end products due to non-
nuclear industrial activities such as burning fossil fuel, phosphates and fertilizers
production, metals and rare earth elements mining, oil and gas production.

In primary energy consumption, the coal takes second place approximately
29% share after oil, which takes the first place about 33% share as of 2015 [2].
Kazakhstan contains Central Asia’s largest recoverable coal reserves, 3.69% of
the world total. The greater part (63%) of counted (i.e. measured) reserves con-
sists of bituminous coal, found in Karaganda, Ekibastuz and Teniz-Korzhankol
basins, Kushokinsk, Borly, Shubarkol and Karazhyra deposits, and elsewhere.

As a result of coal firing wastes such as fly ash, slag and flue gas are also
produced [3]. Coal, residues and wastes produced by the combustion of coal
contain naturally occurring radionuclidesof uranium and thorium series [1, 4].
The average natural radionuclide activity concentrations in coal are given as
20 Bq kg™ for U, #*Th and decay products [3]. Uranium in coal is mainly
associated with organic matters, and a lesser extent occurs in minerals [5].
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In the process of coal combustion, the natural radionuclides can be partially
released to the atmosphere [6], resulting to increas of human exposure.

After high-temperature combustion most radionuclides in coal end up in ash
and slag, which are further reused to make building materials such as cinder
bricks. These bricks release radon and its decay products. which lead to increase
the public exposure [1]. Another application of coal fly ash is in road construction
and asphalt's mixture [7], in order to increase subgrade support capacity of pave-
ments [8]. The natural radionuclide activity concentrations of the coal combustion
products are much higher than the average concentrations in the Earth’s crust. The
average natural radionuclide activity concentrations for**®U, ?*Ra, #°Pb, #°Po,
22Th, #®Th, and *®Ra are 200, 240, 930, 1700, 70, 110, and 130 Bq kg™
respectively [3]. In this direction, coal-based thermal power plants are considered
as the most important source of technologically enriched natural radioactivity [9].

The amounts of natural radionuclides caused human exposure by different
ways depend on a number of factors, including initial concentrations in coal[4].
The determination of initial concentration of uranium isotopes in coals of
Kazakhstan is a goal of this investigation.

MATERIALS AND METHODS

Object description. The Karazhyra deposit is one of Kazakhstan’s higher
grade coal deposits containing more than 1 billion tonnes of reserves with a large
proportion being open pittable. The Karazhyra field was discovered in 1967, and
locateon135 km south-west of Semey city towards the Zhana-Semey district of
the East Kazakhstan region. Thedepositareais 21.4 km? and brand D coal is
mined.

The Shubarkol deposit located in the Karaganda region, 350 km south-west
of the city of Karaganda. The area of deposit is 70 km?. Explored reserves of
1.5 bil-lion tons. Discovered in 1984, explored in 1984-1986. Brand D coal is
mined.

The Ekibastuz coal deposit was discovered inthe second half of the
19™ century in Bayanaul area, Pavlodar region.The area of deposit is 155 km?* with
a length of 24 km and a maximum width of 8.5 km. Total geological reserves of
coal is about 10 billion tons. According to industrial marking, they are classified
as weakly baking (CC grade).

Determination of uranium isotopes. To pre-crushed coal samples about
mass of 5 g U-232 tracer with precise activity was added. Samples were left for
24 hours. Uranium was extraction from the coal sample by 10% solution of
sodium carbonate. After desorption process, the solution was filtered. Obtaining
sample was boiled during 20 minutes for removing of carbon dioxide. 2 sm* of
1% FeCl; was added. After which iron hydroxide from the solution was preci-
pitated by ammonium hydroxide until it reached pH = 8-9. Process of coagulation
was carryed out. After coagulation, the precipitate was filtered and was dissolved
in 50 ml of hot 7M HNO3. The solution of nitric acid contains uranium isotopes.
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Radiochemical separation by extraction was used for separation of uranium
from other alpha-emitting radionuclides. 15 sm® of 30% solution of tributyl phos-
phate was added in a separation funnel to the previously prepared solution. The
solution was shaken for 5 minutes. In this step, uranium compounds from the
inorganic solution was extracted to organic phase. The separation of impurities

was done by 15 ml of 7M HNO; (2 times) and 15 ml of 0.04M HF in 0.25 M
HNO;.

Figure 1 — Sequential circuit for determination of uranium isotopes
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The last step was re-extraction of uranium from the organic to aqueous
phase. 15 ml of bidistilled water was added in separation funnel and was shaken
during one minute. This procedure was repeated three times.

The sample obtained after re-extraction was evaporated and beaker was
treated by concentrated nitric acid three times in order to remove residues of
organic substances.

Uranium isotopes were electrodeposited at stainless steel disc. The procedure
consist of adding 4 ml of 0.5 M HNO3, 4 ml of 1%Trilon B, 1 ml of 25 % NH,CI
and 1 ml of saturated (NH,),C,0O, to the beaker containing the dry residue after
evaporation. The solution was put into electrodeposition cell and the pH was
adjusted approximately to 8-9 by the adding ammonium hydroxide. Electro-
deposition of uranium was conducted during 45 minutes with a current of 1-2 A
[11, 12].

The applied radiochemical separation is represented at the figure 1.

Samples were measured by high resolution alpha-spectrometer (Canberra,
semiconductor PIPS detectors) and the Alpha Analyst program was used for
processing spectra.

RESULTS AND DISCUSSION

The results obtained by alpha-spectrometry method are presented in the
charts (figures 2-5).

Figure 2 — The concentration of uranium-238 in coals

The lowest content (0.55+0.12 Bg/kg) of uranium-238 was in coal of
Karazhyra deposit, as the highest was incoal of Ekibastuzdeposit and was equal to
3.910.4 Bg/kg, so even in it the content of uranium-238 was lower than the
average natural radionuclide activity concentrations in coal [3].
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Figure 3 — The concentration of uranium-234 in coals

The content of uranium-234 was also higher in coal of Ekibastuzdeposit and
was equal to 5.0£0.4Bg/kg, as the lowest value (0.85+0.14 Bg/kg) was found in
coals of Karazhyra deposit.

Figure 4 — The 2*U/2*8U isotopic ratio in coals

The isotopic ratio 2*U/*®U was higher than equilibrium in all investigated
samples.
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Figure 5 — Concentration of uranium in coals

The content of total uranium increases in the following series: coal of
Karazhyra deposit (44110 pg/kg) < coal of Shubarkol deposit (105+17 pg/kg) <
coal of Ekibastuz deposit (314+28ug/kg).

The obtained results show that the most safety from radiological point of
view is coal from Karazhyra coal deposit.

Conclusions. The obtained results showed that the most safety from radio-
logical point of view was coal from Karazhyra deposit. Where the content of
isotopes of uranium were the lowest and radiactivity equal about 0.55+0.12 Bqg/kg
and 0.85+0.14 Bqg/kg for uranium-238 and uranium-234, correspondently.The
content of total uranium compounds increase in the following swquences: coal of
Karazhyra deposit (44110 pg/kg) < coal of Shubarkol deposit (10517 pg/kg) <
coal of Ekibastuz deposit (314+28 pg/kg).

The highest values of concentration of uranium isotopes were recorded for
coals of Ekibastuz deposit, but even for it the content of uranium-238 is much
lower than the average natural radionuclide activity concentrations in coal [3].
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KA3AKCTAH KOMIPIH/IETT
YPAH M30TOIITAPBIHBIH MOJIIIEPI

¥ CHIHBUFAH MakKaliaga ypaH H30TONTapbiHbiH (ypan-238 xaoHe ypaH-234) mMeepin
aHBIKTay KapacThIpbUIFaH. Ka3zaKCTaHIAFbl YII HETi3ri Tac KeMip KEH OpPBIHAAPBHIHBIH
(Kapaxsipa, Ilybapken sxone ExibacTy3) keMip yiriaepi CYHbIK-CYHBIKTHIK JKCTPAK-
musicel (30% TB® Tonyosna) skoHe 3IeKTPII TYHIBIPY 9MICIMEH CaHAK YITiCiH JalblHaay
CHUSIKTBI THICTI XMMUSUIBIK NANUBIHABIKTAH KCHiH, aab(a-CIeKTPOMETPHS 9ICIMCH Tajja-
HBULABL. OIIIeM MAJTiMETTEepi MKOFAphl aKbIPATHIMIBUIBIKKA HE alb(a-CIeKTPOMETPIE
(Canberra, sxapteutaii etkisrin PIPS nerekropiapbl) amblHABI, CHEKTPAI OHACY YLIIH
Alpha Analyst 6armapmamMachl KOJIIaHBUIIBL.

Y paHHBIH >KaIIbl MeIIIepi Kemeci pertre apranpl: Kapaxsipa KeH OpHBIHBIH KoMipi <
[Tybapxen keH OpHBIHBIH KoMipi < ExiOacTy3 KeH OpHBIHBIH KOMIipi.

3eprreynep Kapaxplpa KeH OpHBIHBIH KOMip YITUIEpl pagWalysuIbIK TYPFBIOA €H
Kayircis ekenniria kepcerri (0,55+0,12 Bx/kr xaone 0,85+0,14 Br/kr cokecinie ypan-238
xoHe ypaH-234 yuiin). EkibacTy3 KeH OpHBIHAH aJbIHFaH KOMIp YIriIepiHae ypaH
W30TONITAPBIHBIH €H JKOFapbhl KOHLEHTPALMSICHl aHBIKTANBL, anaiina ypaH-238 wnzoro-
TIBIHBIH MOJIIIEpi KOMipJeri TaOUFH paJnOHYKIMITEPiH opTalla KOHIEHTpalusuIapbIHaH
QJIEKaii1a TOMEH.

Tyiiin ce3mep: xemip, ypan usoronTapsl, anbga-cnekrpomerpusi, Kapaxsipa, 11ly-
6apxen, Exibacrys.
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COZIEPXXAHHME N30TOITIOB YPAHA
B VI'JIX KASAXCTAHA

Conepskanue U30TONOB ypaHa (ypana-238 u ypana-234) B yrisix pacCMaTpUBaeTcs B
npeacTaBaeHHON craTbhe. OOpasipl yIiis TPEX OCHOBHBIX YTOJNBHBIX MECTOPOXKICHUH,
pacmonokennbix B Kasaxcrane (Mecropoxaenue Kapaxoipa, [lly6apkons u Dxubacrys),
ObUTH TPOAHAIN3UPOBAHBl C HCIOJB30BAHUEM allb(a-CIIEKTPOMETPUUECKOTO METO/a
1oCJIe COOTBETCTBYIOIICH XMMHYECKOW IOATOTOBKHM, KOTOpas BKIOYana paszecHue
PaJHOHYKIHMAOB KUAKOCTHO-KUIKOCTHON dKcTpakiumei (30%-ubiii pactBop THD B
TOJIYOJIe) U IPUTOTOBIICHUE CYCTHOTO 00pa3lia METOIOM JJICKTPOOCaXaeHHs. M3MepeHust
IPOBOAMINCH Ha aib(a-crieKTpoMeTpe Bbicokoro paspemenust (Canberra, momympo-
BogHUKOBEIE PIPS-meTexTops), /st 06pabOTKH CIEKTPOB HCIOIb30BANIACH MPOrpaMma
AlphaAnalyst.

Conepxanue OOLIETO ypaHa yBEIWYMBACTCS B CIEAYIOUIEM Psy. Yrojlb C MECTO-
poxnenust Kapaxeipa < yrois ¢ mectopoxaenus 1llybapkons < yrons ¢ MECTOPOKAECHHA
Okubacrys.

Pe3ynbraThl OKa3any, 4To HanOoee OE30MaCHBIM SIBIISIETCSI YTOJIb MECTOPOKICHUS
Kapaxsipa (0,55+0,12 Bbx/kr u 0,8510,14 Bx/kr ans ypana-238 u ypana-234, cooTBeT-
cTBeHHO). CaMble BBICOKHE KOHIICHTPAIUK H30TOMOB ypaHa ObLIH 3apeTHCTPHPOBAHBI TS
YIS ¢ MECTOPOXKICHUSI DKNOACTY3, HO JAaXke JUI HEro cojiepkaHue ypaHa-238 HaMHOTO
HIDKE, YeM CPEJHHE KOHIIEHTPALUH NPUPOIHBIX PaUOHYKIHIOB B yIIIE.

KnaioueBsle cioBa: yroiis, M30TONBI ypaHa, aibda-criekrpomerpus, Kapaxbipa,
[Ty6apxomns, Jxudacrtys.
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