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The natural gamma-ray spectra measurements were performed in order to deter-
mine Th, U and K concentrations in seven lignites and one bituminous coal. Th/U
mass ratio and uranium isotopic ratio 238U/235U of the samples measured were
determined and discussed.

1. Experimental procedure and aparatus

The concentration of Th, U and K has been determined in seven lignites and
bituminous coal by gamma-ray intensity measurements of relevant natural radio-
isotopes.

Measurements were performed with low-background Ge(Li) spectrometer
(N > 30 keV) = 0.88 + 0.01 cps, efficiency 5.4% and FWHM = 2.5 keV, where
N denotes integral background count rate above the treshold of 30 keV.

The lowest concentrations of Th, U and K which can be determined with
this spectrometer are 5 - 10~ 7 gfg for Th and U and 2 - 10~# gfg for K for 1 kg
samples and data acquisition time of 200 ks. However, data acquisition time could
be shortened by an order of magnitude if now commercially available high effici-
ency Ge(Li) spectrometers are used.
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Dried coal samples have been ground and enclosed in one litre air-tight poly-
ethylene bottles, and were kept two to three weeks closed before the commencement
of the measurements. The identical type of containers were used for the determi-
nation of experimental efficiency curve by measurement of the homogeneous
admixture of 832 g »Banoviéi« lignite and 401 g of natural phosphate from Morocco.
The uranium concentration in the natural phosphate had been determined previously
(125 4+ 12 ppm). It has been also proved that 238U in phosphate is in equilibrium
with its daughters (226 Ra)"). The efficiency callibration curve has been obtained
in the energy range 144 - 2447 keV, using the strongest gamma-lines of 23%238(
decay and their daughters.

The activities of Th and U have been determined by the intensity measure-
ments of the most intensive single gamma-lines in the thorium and uranium families.
The absolute gamma-ray intensity data for absolute activity calculations are chosen
from several recent publications 2~5). For each line chosen, the activity had
been determined, and then weighted averaged for each spectrum. Finaly, activities
were averaged out over different runs. Each sample was measured two to three
times, and data acquisition time varied from 200 to 260 ks per spectrum.

The background spectrum has been measured several times between coal
sample measurements (with one litre of triple distilled water in the sample position)
so that possible variations of the background line intensities can be captured. Weigh-
ted average of background line intensities have been used for the background sub-
traction.

2. Results and discussion

All the coals measured, are located on the geological time scale between the
Middle Miocene to the Upper Oligocene ®, and if left unperturbed in close geolo-
gical system should contain 238U in the equilibrium with 226Ra (234U).

Due to the fact that coal had been ground and heated, and that some of the
samples had had different history after the removal from the deposite, it is im-
portant to check the 238U - 226Rga equilibrium, because the determination of U
heavily rides on the gamma-spectrometry of radium daughters. (The equilibrium
checking by the method used?, is equivalent to the gamma-spectrometric deter-
mination of uranium isotopic ratio R = 238U[235U = 138.)

All the results of the measurements are presented in Table 1, and the last
column contains uranium isotopic ratio R. As it is evident, only for the lignite »Bano-
viéie ratio R has substantially smaller value than 138. In this case U has been deter-
mined from 235U gamma-lines. The average Th/U mass ratio calculated from the
data in the Table amounts 1.2 and it is much smaller than the average value in the
Earth’s crust (& 3), probably due to the lower solubility of Th natural compounds
in water?. It should be noticed a somewhat low concentration of potassium in the
lignite »Bogovina¢« and small concentrations (the lowest for this gamma-spectro-
meter) of all three élements in the lignite »sKrekas.

Gamma spectra in Figs. 1 and 2 belong to the lignites »!Bogovina« and »Mora-
vage, respectively. The lignite »sBogovina« is unique sample in this set with five
times higher concentration of U than Th (Th/U ratio 0.2). The lignite »Moravac
has the highest concentration of thorium and potassium, and together with lignite
»Rembas« the highest Th/U weight ratio, closest to that in the Earth’s crust.
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TABLE 1
COAL WEIGHT, CONCENTRATION [g/g] 10-¢ Th/U R
SAMPLE (8] Th U K -
MORAVA 920 109 + 0.6 |53 +1.4 (1.27 + 0.14) 104 2.0 | 108 £ 35
SOKO 950 60 + 0.4 |5.1+03 (5.05 + 0.62) 102 | 1.2 | 141 £ 50
REMBAS 1000 47+ 04 (22+02 |(3.26 % 045)10° 21 | 111+ 50
BOGOVINA 1140 1.8+ 0.6 |89+ 1.1 < 1.7-10? 0.2 | 156 + 59
IBAR 1215 76+ 11 | 7.0+0.8 (8.04 £ 0.93) 103 1.1 | 123 £ 42
KREKA 935 < 04 < 0.5 <2:102 - —
ZIVINICE 952 14 + 04 < 0.6 | (1.05 &+ 0.21) 103 — —
BANOVICI 1043 0.9 +04 1.6 £ 06 | (1.15 &+ 0.19) 103 06 | 70+ 32

Concentrations of Th, U and K in coals in ppm. Th/U mass ratios and uranium isotope ratios
R. All coals are lignites but sIbare« which is bituminous. Coal samples are named after the relevant
mines in S. R. Serbia and S. R. Bosnia and Herzegovina.
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Fig. 1. Natural gamma-ray spectrum of »Bogovinas lignite. With D. E. double . escape peaks are
denoted. The background has not been subtracted.
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Fig. 2. Natural gamma-ray spectrum of sMoravas lignite. With S. E. and D. E. single and double
escape peaks are, respectively, denoted. The background has not been subtracted.
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ODREDIVANJE TORIJUMA, URANA I KALIJUMA
U NEKIM DOMACIM UGLJENIMA

P.R. ADZIC, A. H. KUKOC i R. STEPIC
Institut »Boris Kidrite-Vinéa, p. p. 522, 11001 Beograd

UDC 513.16

Originalni naué¢ni rad

Odredene su koncentracije Th, U i K u sedam lignita i jednom mrkom ugljenu,
na osnovu mjerenja prirodnih gama-spektara. Mjereni su i diskutirani maseni
odnos Th/U i izotopski odnos 238U/235U.
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