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Abstract

The isotope 139Ce is widely used as a component of calibration multisources. In our
laboratory preparation of high purity carrier-free 139Ce was worked out. The thick target
yield of 139Ce produced by bombardment of'39La with 13 MeVdeuterons was found to be
4,3 /uCi/fdAh. The product 139Ce was separated from macroquantities of lanthanum by
extraction with diethyl ether (DEE) in the system DEE- HNO} The optimum conditions of
139Ce isolation were determined.

Introduction

The procedure of chemical separation of cerium from other lanthanides follows the
technique suggested by Wylie1 - cerium oxidated to the +4 state is extracted with diethyl
ether as the eerie nitrate complex. Extraction of eerie cerium was examined by several
workers employing, for example, tributyl phosphate2, di(2-ethyl hexyl)orthophpsphoric
acid3 etc., and it has generally been accepted that the butyl phosphate extraction is
preferable. But, as Wylie points out, while ethyl ether extracts less than 0,3 % of lanthanum
from 5 M nitric acid, butyl phosphate extraxts as much as 4-7% of lanthanum from its
nitrate solution. Other disadvantages of TBP are the necessity for reduction of cerium
before back-extraction into water and the necessity for an additional treatment to overcome
phosphate contamination of the product. On the contrary, the use of ethyl ether as
extractant has made possible to omit these procedures and let to obtain high purity product.
Therefore, ether is to be prefered for the separation of eerie cerium from other rare earths in
spite of the greater stability claimed for the TBP systems.

The aim of our work was the test the method and to determine the best conditions
for separation of carrier-free l39Ce from lanthanum target.

Experimental

Production of mCz
Radionuclide 139Ce was obtained by irradiation a lanthanum oxide target with 13

MeV deuterons. Target thickness was 160 mg/cm2. The reaction 139La(d,2n)139Ce took
place on the lanthanum of natural abundance (139La-99,91%, 138La-0,09%). Besides of the
main product, some quantity of l40La emerged via reaction 139La(n,y)l40La. The yield of the
reaction leading to the production of 139Ce was 4,3 uCi/uAh under these irradiation
conditions.

Determination of extraction coefficients
After irradiaton, the target was dissolved in 0,5 ml of 7M HNO3. A series of 20uJ

aliquots of this solution, added into water solutions of nitric acid (2 -11 M respectively)
containing small addition of KBrO3 were used as aqueous phase. Ethyl ether, peroxides-free
and pre-equilibrated with nitric acid was the extractant.

Extraction was carried out by mechanical mixing of equal volumes (2:2 ml) of both
phases. The thermodynamic equilibrium was reached within 2 min. After that, the phases

'Wylie A.W.; J. Chem. Soc. (1951) 1474
2Peppard D.F., Gray R.D., Marcus M.M.; J. Am. Chem. Soc. 75 (1953) 6063
3Peppard D.F., Mason G.W., Moline S.W.; J. Inorg. Nucl. Chem. 5 (1957) 141



were separated from each other and radioactivity of aliquots was measured using a 35 cm3

HPGe detector coupled with a multichannel analyser (SILENA).
Changes of nitric acid concentration, occuring during contact with ether were

determined by titration of the aqueous phase after extraction with NaOH.

Separation ofl39Cefrom the target

The optimum conditions of separation were adjusted on the basis of the extraction
coefficients of 139Ce and l40La determined as a function of HNO3 concentration. The
irradiated target was dissolved in 5 ml of 9M HNO3. After oxidizing cerium with KB1O3,
the solution was extracted twice with equal volumes of peroxide-free ethyl ether. Then the
etheral extracts were joint together and 139Ce was extracted back into water.

Radioisotopic purity of the product was checked on the basis of y-ray spectra
measured before and after the extraction.

Results

Extraction coefficients of Ce(IV) and La(III) were studied as a function of nitric acid
concentration. The results are given in Fig. 1.
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Fig.l. Extraction coefficients of Ce(IV) and La(III) nitrates versus HNO3 concentration.

It follows that the extraction coefficient of eerie nitrate increases with increasing
nitric acid concentration, it reaches a maximum value for 8-9 M HNO3 and then gradually
decreases with higher HNO3 concentration. The extraction coefficients of lanthanum nitrate
are low (about 3xl0"3) and almost constant for the whole range of acid concentration.

By comparing both functions, the optimum HNO3 concentration for the separation
of cerium was found to be 9M. The separation ratio at this point is 2x103.

It is well known that ethyl ether extracts quite large amounts of nitric acid - even up
to 85% of total acid in the solution4. Therefore it seemed important to check on the transfer
of acid to the organic phase under the experimental conditions. The results of alkalimetric

4Vickery R.C.; Analytical Chemistry of the Rare Earth, Prgamon Press 1961
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titration of the aqueous phase after extraction show that in the 5-11M range of acid
concentration no more than 14% of nitric acid was transferred to ethyl ether. It corresponds
to the reduction of nitric acid concentration by about 1,2 M.

The kinetics of extraction was also studied. In Fig.2, variations of extraction
coefficient D depending on time of aqueous and organic phases contact are shown.
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Fig.2. Extraction coefficients of Ce(IV) nitrate as a function of time of phases contact.

It follows that equilibrium is attained after 2 min of shaking and remains until 5 min.
The longer contact extremely diminishes extraction of cerium nitrate. It is a consequence of
cerium reduction to trivalent state, induced by natural ultra-violet radiation incident on the
etheral solution during extraction.

To verify the suggested separation conditions, deuteron-irradiated lanthanum target
was processed as described in the experimental part of this paper. It was found that two
consecutive extractions transferred 96% of 139Ce from the nitric acid into ethyl ether and
finally into back-extracting water phase. No 140La activity was detected in the final product
(Fig.3, 4). It was calculated that content of lanthanum was 0,19% of target mass.
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Fig.3. y-ray spectrum of lanthanum target.
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Fig.4. y-ray spectrum of 139Ce after purification.
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Conclusion

As follows from our work, etheral extraction is an applicable method of separation
of cerium from other rare earth metals. The process is fast - the time of chemical isolation,
starting from the moment of dissolving the target is no longer than 15 min. The yield of
chemical processing as well as nuclide purity of the final product is very high.

The preparation of 139Ce made in our laboratory was good enough to be used as a
component of calibration multisources.

Streszczenie

Sprawdzono metodq otrzymywania i wydzielania i39Ce z tarcz lantanowych.
Okreslono, ze wydajnosc grubej tarczy naswietlanej deuteronami o energii 13
MeVwynosi 4,3 139Ce separowano metodq ekstrakcyjnq stosujqc jako
rozpuszczalnik eter dwuetylowy. Oznaczono wydajnosc procesu i czystosc
izotopowq preparatu. Wyniki zinterpretowano pod kqtem przydatnosci do
otrzymywania 1S9Ce, stosowanego jako skiadnik zrddel kalibracyjnych


