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Extraction of neptunium with benzyl alcohol solutions of tetra-
cycline is studied as a function of the pH of the aqueous phase.
Separation of neptunium irom uranium with tetracycline-benzyl
aleohol solution is presented.

INTRODUCTION

In previous works the behaviour of the antibiotic tetracycline (TC) as
a complexing and extracting agent for uranium, thorium, scandium and
the lanthanide elements as well as the determination of stability constants
of the lanthanide-TC complexes have been reported. b This paper pre-
: sents the study of neptunium extraction into a TC-benzyl alcohol solution
as a function of the pH of the aqueous phase, as well as the separation

239 :
of Np from neutron irradiated natural uranium.

EXPERIMENTAL
239
Np used in the extraction experiments was obtained by irradiation

of 10 mg of U30 with epithermal neutrons, for about 8 hours, in the

8
swimming pool IEA-R1 research reactor. Cooling time was about 16

10 -2 -1
hours. The epithermal neutron flux was equal to 6 x 10 ncm “sec .
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Two mm thickness cadmium containers were used to irradiate the U‘%OS in

order to minimize, or practically to eliminate, the thermal neutron

fission of 23‘)U.

2
"39Np purification

The 239Np solution used to study the percentage of metal extracted,
was separated from thermal neutron irradiated uranium by coprecipitation
of trivalent neptunium with lanthanum fluoride.5 Reduction of neptunium
to - III oxidation state was carried out with hydroxylamine hydrochloride
instead of 902. After precipitation of lanthanum fluoride, the precipitate
was dissolved in a mixture of HNO3 and HSB03, and neptunium was oxidis-
ed with KBr03 and HQSO4. The lanthanum ions were eliminated from the

solution by repeated precipitation as LaF_. The supernatant solution con-

tained the oxidised neptunium. Radioactivae purity was checked by half-life
determination (integral mode py-ray counting) and by 7 -ray spectrometry
with a Ge(Li) detector. The half-life corresponded to 2.35 days in agree-
ment with the tabulated half-life of 2391\11::. The 7-ray spectrum present-

ed only the 239Np photopeaks.

Extraction experiments

The organic phase was prepared of a 10_2M TC solution in benzyl
alcohol (p. a. grade, Carlo Erba). The benzyl alcohol used had been
previously washed with distilled water. Sodium chloride solution was
added to two milliliters of the aqueous phase containing the neptunium
and the final volume adjusted to give a 1.0M NaCl solution.

The extraction systems consisted of 5.0 ml of the organic-TC solution
and 5.0 ml of the neptunium-NaCl or of neutron irradiated uranium
(U022+)—N3C1 aqueous solution. The pH of the aqueous phase was adjusted
to the desired values by adding diluted solution of NaOH. Both phases
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were then equilibrated by shaking mechanically at 25°C. The phases were
then separated, centrifuged and the pH of the aqueous phases mleasured
again. Previous experiments had shown that extraction equilibrium was
reached within 15 min for low pH values and at about 40 min for pH values
around 4.0 or higher.

In the case of neptunium extraction, aliquots of one milliliter of both
phases were taken for counting in a 5x4.4 cm well-type Nal(T]) detector
coupled to a single-channel y-ray spectrometer. The concentration of
uranium in both phases was determined by epithermal neutron activation
analysis. ) Fig. 1 presents the results of the extraction experiments.
From this figure it is seen that neptunium can be separated from irradiat-
ed uranium if the organic phase containing both elements is stripped at

a pH value around 2.0 or if extraction if formely carried out at this pH

value.
100 Np
X
w 50
0 | | I . ]
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Fig. 1. Uranium and neptunium extraction curves. TC-Benzyl alcohol
solution: 10-2M. NaCl solution: 2.0 M. Uranium (UOE*) solu-
tion: 5x1079M. 239Np: carrier-free
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TABLE 1

Separation of neptunium from uranium

. Equilibrium Percent metal in organic phase
pH U Np
1.90 96 2.5
2.00 97 5.0
2.50 99 10
4.35 97 95
4.70 98 95

To study the separation procedure 1. 68 mg of U308 was irradiated and
cooled as described before and dissolved in 4M HNO, solution. Dilutions
were made using 1.0M NaCl solution so that a 5X10_5N[ solution of ir-
radiated uranium was obtained. A 10.0 ml aliquot of this aqueous nep~
tunium-uranium-NaCl solution, was equilibrated with 10.0 ml of the
IOHQM T C-benzyl alcohol solution in the same way as described previously.
After separation of the phases by centrifugation, aliquots of 2.0 ml of
both phases were withdrawn for 239Np counting using a Ge{Li) detector
coupled to a 4096-channel analyser and counting the 106 keV, 228 keV and
277 keV photopeaks for 2?’S’Np. Uranium was analysed by taking 101ul of
each phase and irradiating them with epithermal neutrons and counting
the 74.6 keV photopeak for 239U. ¢ Results are presented in Table 1.

To be sure that neptunium had been extracted as the Np-TC complex

. 239 _
a set of experiments was carried out in which the Np solution was

agitated (250(3, for 15 min) with benzyl alcohol alone, i. e., in the absence
of TC. The pH of the aqueous phase at which the experiments had been
carried out were 2.80, 3.75 and 4.70 and the percent extraction values
obtained in each case were 0.3% , 0.14% and 0.3%. respectively. These

extraction values =how that in the absence of TC molecule, neptunium
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remains virtually totally in the aqueous phase. The very low percent

extraction values found were probably due to the slight miscibility be-

- tween benzyl aleohol and water. Previous work had also shown that uranium

(uranyl ion) was not extracted by benzyl alcohol in the absence of TC.

Thanks are due to ' Laborterdpica Bristol" for providing the tetra-

- cycline samples.
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