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ABSTRACT

Corrections for matrix absorption in energy-dispersive X-ray fluorescence
analysis based on the measurement of Compton scattered radiation using a high
resolution Si(Li) semi-conductor dedector is one of the important factor for
the determination of the concentration of uranium in geochemical samples con-
taining different concentrations of iron., Characteristic U L, and U Lg X-rays
were excited by Mo and Pd K x—rays. Intensities of U Ly or U Lg X-rays were
measured as a function of uranium content., Correction for Compton scatter in-
tensities minimized the matrix absorption effects. The error by regression an-
alysis when using Mo K X-rays to excite U Ly X-rays in samples containing up
to 280 ppm uranium was * 25 ppm of which up to 11 ppm was due to counting sta-
tistics, When Pd K X-Rays were used to excite U LB X-rays the error was up to

17 ppm.

OZET

Farkli miktarlarda demir igeren jeokimyasal &rneklerde uranyum konsantras-
yonunu yiiksek resolusyonlu Si(Li) yari-iletken dedektdri kullanarak X-igini
fluoresans analiziyle tayin etmede en dnemli faktdrlerden bir tanesi Compton
sagilma radyasyonundan faydalanilarak matris sogurma etkisinin diizeltilmesidir.
Uranyumun kendine 6zgli U L, X-Iginlari Molibden ve Palladyum K X-Isinlari ile
uyarildi. UL, ve U Lg X-1g1nlarinin giddeti uranyum konsantrasyonunun fonksi-
yonu olarak bulundu., Compton sagilma radyasyonuna gére X-1gin giddetlerinde
yapilan diizeltmeyle matris sopurma etkisi ortadan kaldirildi. Uranyum Ly X-1-
sinlari ile uyarilmasinda 280 ppm uranyum igeren orneklerde regresyon anall-
ziyle bulunan hata * 25 ppm olmugtur. Bu hatanin 11 ppm sayim istatistiginden
kaynaklanmaktadir, Uranyum L X-iginlarini uyarmada Pd K X-iginlari kullanildi-
g1 zaman bu hata 17 ppm kadar ¢ikmigtir.

INTRODUCTION

Energy-dispersive X-ray fluorescence analysis is finding inc-
reasing use for the measurement of mineral concentrations in the
walls of boreholes, in rock specimens and in samples of material
removed from boreholes.

Equipment based on a high resolution Si(Li) semiconductor de-
tector and a low power air cooled X-ray tube is suitable for anal-
ysing geochemical samples. When producing quasi monochromatic X
-rays limits of detection of a few ppm can be obtained /1,2/.

One of the main limitations in achieving the highest accuracy
is interelement effects of which matrix absorption is the most im-
portant.

* This work has been carried out at Nuclear Physics Division, A.E.R.E.Harwell,
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The magnitude of matrix absorption effects and methods of cor-
recting the intensity of excited characteristic X-rays for them
can be optimised by careful choice of the energy of the excitation
energy.

In this work the advantage of selecting the optimum energy for
uranium L X-rays are described.

INTERELEMENT EFFECTS

In general, the magnitude of matrix absorption effects very
considerably depending on whether the absorption coefficients for
the exciting and characteristic radiations of any interfering ele-
ments which might be present are significantly different from the
absorption coefficients of the principal rock forming elements.
Significant differences in the magnitude of matrix absorption ef-
fects also arise according to whether the absorption edges of the
interfering are above or below the absorption edges of the wanted
element. This type of absorption effect is intrinsic to the samp-
le and cannot be avoided : it can only be allowed for by compensa-
tion methods /3/.

Iron, manganese and calcium are usually the main interfering
elements when determining the concentration of uranium in geoche-
mical samples. Apart from the fact that they are all usually pre-
sent at high concentrations their absorption edges are all below
the energies of U L X-rays, therefore having relatively high ab-
sorption coefficients for U L X-rays.

If the energies of the Compton scattered and fluorescence X-
rays are different, provided the absorption edges of the main in-
terfering elements are not between the two energies adequate com-—
pensation can normally be achieved.

RESULTS

The X-ray tube, which had a tungsten anode, was used in con-
junction with a "scatter type" excitation energy selector which
was arranged to produce Pd K (21, 24 keV) and Mo K (17.5, 20 keV)
Palladium K X-rays are just above the U L, absorption edge (20.9
keV) and are therefore ideal for exciting U Lg X-rays, and Mo K
X-rays are just above the U L, absorption edge (17.16 keV) /4/.

The fact that the intensity of Ge K X-rays produced from the
tungsten X-ray tube is approximately twice that of Mo K X-rays and
four times that of PD K X-rays when operating the X-ray tube at
45 Kv and constant beam current will also improve the relative
sensitivity of the measurement when using the optimum excitation
energy.

Twenty-six geochemical samples which had a particle size of
less than 200 mesh contained up to 280 ppm uranium with iron con-
tents varying from 5 to 22 per cent were provided. The samples al-
so contained variable and unknown concentrations of rubidium. As
it was not possible to completely resolve U L_ (13.438, 13.613
kev) from Rb K, (13.335, 13.394 keV) X-rays, it was necessary to
correct the U L, measurement for variations in rubidium content
by subtracting 27% of the measured Rb K, X-ray intensity for each
sample.

Determination of concentration of uranium

Characteristic U L, X-rays were excited by Mo K X-rays produ-
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ced in a "scatter type" excitation energy selector with the X-ray
tube which had a tungsten anode and was operated at 45 kV 400 u A.
Characteristic U L, and U LB X-rays were then excited by Pd K X-
rays produced under the same operating conditions.

The measurement times were automatically adjusted so that for
each set of measurement a constant number of Compton scattered in-
cident X-rays were detected, 120,000 for Mo K X-rays, and 200,000
for Pd K X-rays. The measurement times in both cases varied from
200 - 350 seconds depending on the iron content of the samples.

Figs. 1-3 give the intensity of U L, or U Lg X-rays (c/sec)
as a function of uranium content for the three measurements. The
U L, reading was adjusted by substracting 27% of the Rb K, charnel
reading to allow for the overlap of their unresolved peaks. It is
seen that matrix absorption effects are approximately of the same

magnitude in each case.
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Fig. 1. Intensity U Ly X-rays (c/sec) excited with Pd K X-rays as a function
of uranium content.
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Fig. 2. Intensity U Lg X-rays (c/sec) excited with Pd K X-rays as a function
of uranium content.
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Fig. 3. Intensity U L, X-rays c/sec excited with Mo K X-rays as a function of
uranium content.

Fig. 4 gives the observed intensity of UL,  or U La for the
selected number of Compton scattered incident X-rays and it is
seen that straight line calibration graphs are obtained in each
case. (The U L, reading being adjusted as described above).

Table-1 shows the errors due to counting statistics (95% C.L.)
for all three measurements. It is seen that both the U L, determi-
nations are approximately the same and are better than the U Lg
determination. The reason that there is little or no advantage in
using Mo K rather than Pd K X-rays to excite U L, is mainly due
to the fact that there is a corresponding increase in the number
of unresolved Rb K, X-rays appearing in the U L, channel.

TABLE-1. Comparison of errors due to counting when determining
the concentration of uranium.

Errors due to

Uranium Content counting statistics (95% C.L) ppm*
(ppm) * & *kx * %
Pd K Pd K Mo K
20 10 14 9
100 11 16 10
200 14 17 11
* Measurement time varied from 200 - 350 seconds (clock time)

** Measuring U L,
*** Measuring U Lo,
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Fig. 4. Variations in the corrected intensity of U L X-rays as a function of
uranium content for different energies of exciting radiation.

Table-2 gives the uranium content determined by neutron acti-
vation analysis and also the corresponding value determined by
the X-ray fluorescence technigque when exciting U L X-rays with Mo
K X-rays. The error by regression analysis being * 25 ppm of which
up to 11 ppm is directly attributable to counting statistics.

The remaining error is probably mainly due to errors in the
Rb K, correction factor that was estimated from only a relatively
small number of samples.

CONCLUSION

Using a low power X-ray tube producing gquasi-monochromatic X-
rays it is possible to use the intensity of Compton scattered in- -
cident X-rays to correct the measured characteristic U L X-rays
for matrix absorption due to iron at concentrations varying from
5 to 22 per cent.

The error by regression analysis when using Mo K X-rays to ex-
cite U Ly X-rays in the same samples which contained up to 280 ppm
uranium was * 25 ppm of which up to 11 ppm was due to counting
statistics. Corrections for variation in Rb K, X-rays which were
not completely resolved from U L, by the Si(Li) detector were ne-
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cessary.

The corresponding error when exciting U Lg X-rays with Pd K

X-rays was up to 17 ppm in the same measurement time.

TABLE-2. Comparison of the analyses of the uranium content of

the samples.

Uranium Content

Sample Number PpT
Neutron XRF
1 42 28
2 277 284
3 155 150
4 35 20
5 4 8
6 19 20
7 28 20
8 60 44
9 39 30
10 13 12
11 50 64
12 11 24
13 48 35
14 140 58
15 23 25
16 14 8
17 154 139
18 4 18
19 133 150
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