
ISSN 0101 3084

CNENISP

men Instituto de Pesquisas
Energéticas e Nucleares

DETERMINATION OF TRACE METALS IN NUCLEAR-GRADE

URANIUM DIOXIDE BY X-RAY FLUORESCENCE

SPECTROMETRY

Vara Lucia RiMro Salvador and Kangu Imakuma

PUBLICAÇÃO IPEN 130 ABRIL/1988

SÂO PAULO



PUBLICAÇÃO IPEN 130 ABRIL/1988

DETERMINATION OF TRACE METALS IN NUCLEAR GRADE URANIUM

DIOXIDE BY X-RAY FLUORESCENCE SPECTROMETRY

Vera Lucia Ribeiro Salvador and Kengo Imakuma

DEPARTAMENTO DE METARLUGIA NUCLEAR

CNEN/SP

INSTITUTO DE PESQUISAS ENERGÉTICAS E NUCLEARES

SAO PAULO BRASIL



Série PUBLICAÇÃO IPEN

INIS Categories and Descriptors

B11.10

URANIUM DIOXIDE

I RACE AMOUNTS

X RAY FLUORESCENCE ANALYSIS

X-RAY SPECTROSCOPY

Publicação aprovada ptla CNEN tm 16/08/85.



DETERMINATION OF TRACE METALS IN NUCLEAR GRADE URANIUM

DIOXIDE BY XRAY FLUORESCENCE SPECT ROME TRY

Vera Lucia Ribeiro Salvador and Kengo Imakuma'

ABSTRACT

A method h described for the simuitaneout drtarrnnation of lew concentrations of Ce. Cr. Cu. F», Mn and

Ni m nuclear-grade uranium dioxide by X-ray fluorescence spectrometry. without the use of chemical treatment. The

lower limtts o* detection range from 2 M99 ' 'or nickel and manganese to 5 W 9 ' t o > copper. Samples axe prepared

in the form of double-layer pellets with boric acid *s a binding agent. Standards are prepared in a UjO» matrix, which

is more chemically stabfe than UOj and has similar matrix behaviour. The correlation coefficients for calibrai ion curvas

•re better than 0.999. Errors range from 2.4% for chromium to 6.8% for nickel.

DETERMINARÃO DE ELEMENTOS TRAÇOS EM DTOXIDO DE URÂNIO DE

GRAU NUCLEAR POR FLUORESCCNCIA DE RAIOS-X

RESUMO

Dcsrrevcse um método para a determinação simultânea de temos teores de Ca. Cr. Cu. Fe, Mn e Ni em d»6

xirk> de urânio de grau nuclear peO técnica de fluorescénci» de raios-X. sem a utilizaçdb de tratamento quírrwco

Obteve-se um limite mínimo de detecto entre 2 H9 . g ' ' para o níquel e manganês > 5 M 9 ' o*» o cobre

As amostras foram preparadas na forma de pastilha prensada de dupla camada, utilizando-se ícirlo bonco como

aglutinante

ü j padrões foram preparados em matriz de U i O g . por ser mais estivei quirmcameme que a matriz de UOj ,

H apresentar compo'tarnento matricial muno semelhante

Os coeficientes de correlação das curvas de cstibracão foram melhores que 0.999.

A faixa de erro nas determtnacAes foi de 2,4% para o crôrmo a 6,8% para o níquel
r

INTRODUÇÃO

Many termonuclear reactors utilize uranium dioxide as fuel, which must have a high grade of

purity in order to guarantee safe operation. Several techniques have been developed for the determination

of trace elements in nuclear materials. Trace concentrations are usually determined by neutron activation,

optical emission spectrometry, atomic absorption spectrometry and spark-source mass spectrometry. These

techniques are very sensitive but can show some limitations depending on the elements to be determined

ID this work. X ray fluorescence spectrometry was investigated for the determination of some

impurities in nuciear fuel, namely Ca, Cr, Cu, f-t, Mn and Ni The concentration range studied was

0.001 0.015%[1|.
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EXPERIMENTAL

Preparação ot Standards and Sample

Standard* were prepared by adding krfown amounts of Ca, Cr. Cu. Fe. Mn and Ni to 1.0 g of
Specpure UjO» and adding boric acid to give a total mass of 2.0 9. These mixtures were ground >n a mortar
and pressed at 1.6 ton c m ' 2 for 1 min into a circular mold(40-mm diameter) to form » double tayet
pellet Samples were mixed with boric acid in a 1 1 ratio and pressed into pellets as described tor standards.

A commercial standard disk of aluminium metal was prepared for detection ot fluctuations of
X-ray intensities

Study of Characteristic First-order Reflection Ko line

The high mass absorption coefficient of uranium in the matrix causes a considerable absorption
effect on the characteristic lines of the elements of interest. An approximately constant amount of uranium
was utilized in t.ie standards and samples in urder to compensate for this effect.

The Ko lines of the elements, detected with a tungsten target tube. LiF (200) analyzer crystal,
and scintillation counter, are shown in Figure*! The positions of lines and possible interferences from
other elements were examined for each spectrum.

• 1 ' • . • • . • ••.-• 1

Figure 1 - The Ko spectra of Ct, Mn, Fft, Ni and Cu, and the L spectrum of uranium recorded with a
I iF (?00' analyzer, scintillation counter and tungsten X-ray tube.



Instrumentation

The commercial, semi-automatic X-ray spectrometer used wts coupled with a stabilized 3kW
generator A tungsten target X ray tube was used for Cr. Cu. Fe, Mn and Ni; a chromium tube and a flow
proportional counter were used for calcium. The analyzer crystal was LiF (200) for all elements except
calcium for which a €DOTH>20> crystal was used Tube voltages and currents were 50 kV and 50 mA.
respectively, for all elements except calcium, tor v»hrch the current M s 35 mA.

A six-position specimen chamber permined sequential measurements of fluorescence intensities

of six pellets. For each set of measurements, the spectrometer was loaded with five standards or samples;

the remaining position was occupied permanently by the aluminium standard.

The Siemens relations (6] for several pairs of currents and voltage, i.e.. •lD)V4/lf =the minimum
vahie. and the DiazGuerra relation 13), i * . . [lit + 1,>>'A-Ilb)*} = the maximun value, were used, where
Ib is the background intensity and l f is the net fluorescent intensity. For these condition, the sensivities
and lower limits of detection are expected to be maximal and minimal, respectively. Conditions established
in this manner are summarized in Table I

RESULTS AND DISCUSSION

Calibration Graphs

The standards were processed in triplicate and, for each standard, the average net intensity was
plotted vs. concentration (Figure 2). Background intensity was subtracted from each sample spectrum and
the fluctuation of the counts was corrected, when necessary, by means of a standard pellet. Least-squares
statistics for the calibration graphs are listed in Table II
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The error caused by the use of a UjO» matrix instead of UOa « • * neglected because the

absorption awficiunts of U,Og and UO,, for the wavelengths considered, are nearly the seme[6j.
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Figure 2 — Calibration graphs: (1) Calcium; (2) nickel; (3) copper; (4) iron; (5) manganese; (6) chromium.

Table I I

Least-squares Statistic for Calibration Graphs
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The imprecision and inaccuracy of the methods were tested on samples containing 1.0g of
standard n° 95-2 U.,O8 from New 8rur»wick Laboratory. The results, based on a minimum of five
replicates for each sample, are listed in Table I I I . The values obtained for imprecision and inaccuracy
are less than 5% for all elements except copper and nickel. The larger errors for these two elements are
probably caused by interfering lines from other elements.

The sensitivities and estimated detection limits {3a criterion) m% given in Table IV.



Table I I I

Imprecision and Inaccuracy for the Method
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Table IV

Sensivity and Lower Limit of Detection

Elemi-n' Sensitivity * Lower limit of
(10 3 counts s'll%) detection («g p"')

C:i 17.0 4
Cr 2.2 4
Cu 10.1 5
F - 6.9 3
Mi, 3.7 2
Mi I ' .O 2

The use of double-layer pressed pellets has contributed to improve detection limits, because
of the low degree of dilution. When fused pellet» are usod, the detection limits for calcium, copper and
iron are usually about 400-500fig g"' [2]. The impreci.ion and inaccuracy of the method are similar
to those achieved with emission spectrometry [4].
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