J.RADIOANAL.NUCL.CHEM. ,LETTERS 128 /5/ 393-401 /1988/

ISOTOPE DILEEION ALPHA SPECTROMETRY WITH SPIKE
ENRICHED IN 233y FOR THE DETERMINATION OF URANIUM
IN GEOLOGICAL SAMPLES

H.M. Shihomatsu, S5.S5. Iyer

Laboratory of Nuclear and Isotope Geology,
Departamento de Processos Especiais,
Instituto de Pesquisas Energéticas e Nucleares
(IPEN/CNEN-SP), Caixa Postal 11049, Pinheiros,
Sao Paulo, Brazil

Received 12 September 1988
Accepted 29 September 1988

Isotope dilution alpha spectrometric [IDAS/
method has been developed for the determination
of uranium in geological materials. The spike
employed was uranium enriched in the isotope
233. The results of the analysis for rock and
ore samples show that the precision and accu-
racy of the method are comparable to other
analytical techniques and the method can be
employed for routine analysis.

INTRODUCTION

Interest in accurate and precise methods for the de-
termination of uranium and thorium in natural materials,
especially geological samples, is ever increasing due to
their application in the field of U~-Th-Pb systematics,
which can add valuable data to the investigation of pro-

. : : . . 1
posed repositories for high level radicactive waste .
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fidded to that these determinations are important in ura-
nium exploration as well as for environmental monitoring.
0f all the methods employed in the determination of the
concentration of uranium, mass spectrometric isotope
dilution [MSID/ offers the greatest advantage in term of
precision and accuracyz. However, the method is expensive
and cannot be employed for routine analysis. Stuckless
et al.3 have shown that alpha spectrometry, combined
with isotope dilution, offers adequate accuracy and

that the technique can measure the long lived isotopes
238y, 234y, 23074 yhich is useful

in distinguishing radioelement disecuilibria4. The iso-

in the decay chain /[

tope spike employed by Stuckless et al.3 was uranium en-
riched in the isotope 236, which is expensive and dif-
ficult to obtain. Hence in the present work an attempt
is made to use the more commonly available spike enriched
in 233U.

The details of the experimental procedures adopted
in the dissolution, isctope dilution, chemical separation,
electrodeposition, alpha activity measurement and the
calculation of the results are presented in this work.
The precision and accuracy of the method are evaluated
by comparison of results obtained by other methods for

the same samples.

EXPERIMENTAL

In Figure 1 are shown the various experimental steps
involved in the determination of uranium by isotope di-
lution alpha spectrometryv. The spike used ‘is prepared
from 233U supplied by CEA Fontanay, France and is ca-
librated by mass-spectrometric isotove-dilution method

and the concentration is found to be 4.80xlo_812x10"10
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Fig. 1. Schematic diagram of the exverimental steps in-
volved in the determination of uranium by IDAS

g Ufg sol. Welghed amounts of sample and spike are sub-
jected to dissolution and chemical separation procedure
and the separated uranium fraction is electrodeposited
in a stainless steel disc and the experimental conditions

emnloyed for the electrodeposition are given in Table 1.
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TABLE 1

Experimental conditions employed in the electrodeposi-
tion of uranium

Electrolyte NH4C1

Volume and concentraticon of electrolyte 5 ml, 3N

Current density 0.8 A cm™3

pH of solution /sample and electrolyte/ 1.0

Distance between the electrodes 0.5 cm

Time of electrodeposition 90 min
MEASUREMENT

The alpha measurements are carried out with an ORTEC
dual alpha spectrometer model 576 coupled to a multi- .
channel analyzer and data processing eguipment. The
enerqgy resolution of 23 keV /FWHM/ at 5.486 MeV f241Am1
was obtained under routine conditions. As the alpha
energies of 233U and 234U peaks overlap the ratio of
the activities of alpha is measured in terms of the in-
238y 14.195 mMev/
233U and 234U fvd (82 MeV/.

The equation employved in the calculation of the con-

tegrated area of the alpha peak of

and the sum of the peaks of

centration of uranium is:

L . m.EE ' M, thA3!spx3+;FA4fSE_x4j- l—RMRsp o
s sp m Mspr IFAS;’S)\BJ Ry—R_
where:
CS,CSp = concentration of U in the sample and the
spike solution, respectively (g Ufg sol.);
ms,msp = masses of sample and spike, respectively /[g/f;
Ms’Msp = atomic masses of U in the sample and the

spike, respectively /g/;
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‘3:hy0 kg = alpha decay constants of 233yr 234y ang
238U, respectively;
KFA8! = atomic fraction of 238U in sample;
s
233 234 i
U and U in

!FA3fsp, !FAqfsp = atomic fraction of

the spike solution, respectively;

RSp = alpha activity ratio of 23801{233U+234U) in
spike;
RS,RM = alpha activity ratio of (233U+234U)!238U in

the sample and mixture, respectively.

The samples were counted for 80,000 sec due to the

238

low activity of U and the uranium values obtained

were corrected for reagent and other blanks.

RESULTS AND DISCUSSION

The analytical data for the determination of uranium
in two granite and two pitchblende samples are shown
in Table 2. In order to reduce uncertainty in the factor
/Ry-R./ in Eq. /1/, a change in the activity ratio of
RM in the spiked samples by at least ten times the ini-
tial wvalues of the unspiked sample would be necessary6
and as can be seen from Table 2 such values are obtained
in the analysis. The concentration of uranium in the
sample shows an internal precision about 2% and a total
precision is about 5% for all the samples, except for
517 for which it is about 10%. In order to evaluate
the accuracy of the method, the results are compared
with the values obtained for the same samples by iso-
tope dilution mass spectrometry with 233U fRef. 5/ and
235U fRef. 7/ spike, isotope dilution alpha spectro-
metry with 236y spike4 and other techniques /Table 3/.
The results obtained in the presént study seem to agree

well with those by the different techniques. A large
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variation in the uranium wvalue observed for sample GM 1
/50,11/ is due to the heterogeneous distribution of
uranium in the sample and this has an important impli-

4’5'8. The precision and ac-

cation in sampling methods

curacy obtained in the present work is of the same or-
p 3 . ]

der as obtained by Stuckless et al. using spike en-

riched in 236U demonstrating that spike enriched in

233U can also be applied for routine uranium determi-
nation in geological and other samples. The method is
simple and relatively less expensive compared to MSID.
The precision and accuracy of the method can be improved
by different deposition techniques9 and correction
procedures for the contribution of tail in the alpha

10
spectrum .

CONCLUSION

Uranium enriched in 233U can be employed as a spike
in accurate and precise determination of uranium by iso-
tope-dilution alpha spectrometry. The sample spike has
the advantage of serving as an isotope diluent in the
uranium determination by isotope-dilution mass spectro-
metry. The accuracy and precision of the method are
comparable to other techniques like delaved neutron,

X-ray fluorescence, neutron activation, etc.

The authorities of IPEN are thanked for their con-
stant encouragement and for providing the necessary fa-

cilities.
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