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SOLVENT EXTRACTION OF THE LANTHANIDE ELEMENTS,
SCANDIUM, URANIUM AND THORIUM
USING TETRACYCLINE AS COMPLEXING AGENT*
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Hydrogen ion dependence and extractant dependence of the extraction of the lantha-
nide elements, scandium, uranium and thorium into a solution of tetracycline in benzyl
alcohol have been determined. Possibility of using the tetracycline—benzyl alcohol system
for separation of the lanthanide clements present in a mixture, as well as for the sepa-
ration of uranium from those elements, was tested. In the first case discontinuous counter-
current technique was used. In the second case a single step solvent extraction procedure
was applied.

Introduction

Several analytical methods have been developed using tetracycline, aureomycin
terramycin as complexing agents for various cations.'™
One of the first applications of tetracycline for an analytical separation was a
vent extraction procedure presented by MASTERS® for the determination of
St in environmental grass samples. MASTERS® studied also the application of
tetracycline for the extraction into benzyl alcohol of Ti, S¢, Fe, Ni, Y, Nb, Tl
Pb.

In a previous paper, NASTASI and LIMA’ have shown the formation of com-
plexes between tetracycline and the lanthanide elements and scandium. In that
r they have presented the hydrogen ion dependence of the extraction of some
lanthanide elements, namely, La, Nd, Sm, Dy, Lu and Sc, as well as the extrac-
t concentration dependence for La, Eu and Lu. The extraction system was a
tion of tetracycline hydrochlorile in benzyl alcohol. To show that the metal

*From a thesis submitted by M. J. C. NASTASI to the Institute of Chemistry, University
8do Paulo, in partial fulfillment for a Doctor of Sciences’ Degree. Work supported by the
issio Nacional de Energia Nuclear.
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extracted into the benzyl alcohol phase was bonded to the tetracycline molecule
the radioactive lanthanide solution was contacted with pure benzyl alcohol at
pH values, No activity was detected in the organic [_;IIHSE showing that the extr
species was the lanthanide-tetracycline complex.

The scope of the present work was to extend the study of the solvent extra
tion behaviour to all the 15 lanthanide elements as well as to uranium and the
rium and to study the application of the system tetracycline—benzyl alcohol for
separation of the mentioned elements.

The effect of the presence of a supporting electrolyte (NaCl) on the extracti
as well as the effect of ageing of the extractant solution on its extractant propé
were studied. The variation of distribution ratio with metal concentration was e
amined in order to verify whether or not polynuclear complexes were present in
conditions under which the work was performed.

Experimental
Freparation of solutions

Radioisotopes of the rare-earth elements, scandium and yttrium were obtained
by thermal neutron irradiation of their respective oxides (BDH, 99.9% purity).
2-3 mg of each oxide were irradiated in a thermal neutron flux of about
5-10"* n-cm™? -sec™ for 30 min or for 8 hrs, depending on the half-life of t
specific radioisotope considered. The oxides were dissolved in drops of hot HCl
except in the case of CeQ, in which it was necassary to use hot H,S0,. The r
sulting sulfuric acid solution of cerium was passed through a bed of cation ex
resin and the cerium ions were eluted with 6N HCl solution. '*7Pm carrier free
isotope was obtained from New England Nuclear (Boston, Mass.) and suitable ali-
quots of the original stock solution were diluted with 0.IN HCI solution.?** Th
tracer used was separated from a solution of uranyl nitrate using the procedure
described by PALOMARES and TRAVESL® The uranyl chloride solution was ob
tained by dissolving nuclear grade ammonium diuranate with concentrated HCL
Tetracycliné hydrochloride (TC) (Laborterdpica-Bristol) was dissolved in slightly
warm (60 °C) benzyl alcohol (Carlo Erba, p.a.). The solution was cooled to room
temperature and benzyl alcohol was added up to the desired concentration value,

\
Distribution ratio determinations

The metal ions concentration of each solution was equal to 107°M, except in
the cases of promethium and thorium in which carrier free isotopes '*7Pm and
*3*Th were used.
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‘

Jetermination of the distribution ratio, D, was carried out as follows: a 5.0 ml
tion of the aqueous phase containing the nuclide under study was added to
ml of a 5.3M sodium chloride solution, so that the final ionic strength, y. of
aqueous phase was ¢ = 0.9M.
lo the aqueous phase a 5.0 ml portion of the tetracycline — benzyl alcohol solu-
1 was added. After the addition of the organic phase the pH of the aqueous
se was adjusted by adding small volumes of 0.1N solutions of hydrochloric acid
of sodium hydroxide., A Metrohm Herisau E 350B pH meter coupled to a Met-
m combined electrode was used to measure the pH values. Both phases were
ught into contact by shaking for I5 min at room temperature. Previous experi-
nts’ had shown that equilibrium was reached before this time. The phases were
n allowed to settle, separated and each of them was centrifuged for 5 min.
quots of one milliliter of both phases were taken for counting using a single
nnel gamma-ray spectrometer coupled to a 5.08 - 4.45 cm Nal(Tl} well-type
tillation detector. In the case of '*7Pm the activity was measured using a pro-
ional gas flow counter. Uranium concentrations in the various extracted solu-
ns were determined by epithermal neutron activation analysis, following the
hnique presented by ATALLA and LIMA.°
The dependence of the extraction on the hydrogen ion concentranion was studied
tween pH 1.50 and 3. 50 for the lanthanides and between 0.50 and 2.00 for Sc.
and Th (Fig. 1). The initial tetracycline concentration in the organic phase was
sal to 107?M. The extractant dependence was studied for a tetracycline concen-
tion range varying from 1.25-107*M to 20.0 - 107'M. In this case the pH value
which each set of experiments for a specific lanthanide was carried out was
[d constant, Table I.

Table |
p values at which extractant dependence was studicd

— B . : i _f —- SN0 AN FIGS, R o s Epoy
| La Ce | Pr Nd | Pm Sm Eu Gd i Th Dy L Ho Fr Tm ¢ ¥Yh Lu

| SN SENY) So) I J( : ]
3.0013.00 | 3.05 | 280 | 780"‘30"'4 250 | 240 0.2.40!2.3_%,340

In order to verify the influence of addition of an electrolyte solution into the
ttraction system, the percentage of metal extracted was determined for systems
ith and without NaCl. The pH of the aqueous phase in both experiments was the
me as well as the extractant concentration (107>M) (Table 2).

Aqueous solutions of tetracycline are not stable but its solutions in benzyl al-
dhol are effective as extractant for a rather long time. as shown in Table 3. The
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Table 2 .
Percent europium extracted (70F) o
In the presence or absence of sodium chloride

b
pH T
NaCl 0.9M |  No NaCl

— i
220 | 190 | 0.5
240 | 325 | 1.5
260 | 65.0 | 5.0
2.80 l 86.0 ' 10.6

Concentration of tetracycline solution: 107* M.
Concentration of europium solution: 107 *M.

Table 3
Effect of ageing of the tetracveline-benzyl
alcohol solution on s extracting propertics, for a terbwum solution

Time, | I l N
Tdays Ii ! ‘
“%E i6211653J65? 66[5.

Concentration of tetracycline solution: 1074 M.
Concentration of terbium solution: 107 ° M.
lonic strength (NaCl)y: 0.9M.

partition experiments were carried out at a pH value equal to 2.50 using '®°
as tracer. The tetracycline solution concentration was equal to 1072 M.

Eventual formation of polynuclear complexes was studigd by determining the
distribution ratio as a function of pH for three different initial lanthanum conge
trations, namely 1-107°M, 5-107°M and 10- 107°M, and a constant TC
centration (1072M), Table 4.

Separation studies

Lanthanide elements separation. Multiple extraction procedures are, in gene
required for separation of closely related substances such as the lanthanide elem:
Two different mixtures of lanthanide elements were chosen to study the sep:
of the lanthanides using the system tetracycline — benzyl alcohol: a mixture of
and Tm and a mixture of Pr, Eu and Yb. '
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Table 4
Distribution rutio values as a function of mctal concentration, for the case
of La-TC complex

l: lg D
pH |— 1

[ 1-107" M= 5107 M* 10- 107 M*

4L— i

2001 | -2.490s ~2.5259 -2.3643
215 | -21260 —2.1389 ~2.1008
230 | 17474 1 17709 1.7238
240 | —1.5346 | —1.6105 ~1.4547
250 ‘ -1.3380 - —1.3321 —~1.1671
265 | -0.9842 ~0.9927 0.8301
2.80 l ~0.6700 ~0.6702 ~0.4047

i

*La concentration.
Tetracycline solution concentration: 1072 M.
lonic strength {(NaCly: 0.9M.

For the La — Tm pair a 10-step extraction procedure was carried out, while for
Pr, Eu and Yb mixture a 23-step extraction was required. 50 ml of a 5 107°M
peous metal ion solution (0.9M NaCl, pH 2.50), were shaken for 15 min with

ml of 1-107*M tetracycline — benzyl alcohol solution. The phases were allowed
settle, separated and the organic phase was transferred to the next separatory
nnel. 50 ml of fresh organic solution of tetracycline were then added to funnel
mber zero and 50 ml of aqueous solution (0.9 NaCl, pH 2.50) to funnel num-
one and so on, until the final 10" or % step was reached. In each funnel
phases were separated, centrifuged and aliquots of 2.0 ml of each phase were

en for determination of the radioactivities due to the radioisotopes '*®La, '"*Tm,
“Pr, '2Eu and '7FYb. For these separation experiments as well as for the sep-
tion of uranium from fission products, to be described below, the counting-

es were determined using a 4096-channel Hewlett-Packard pulse height analyser
pled to a Ge(Li) detector (27 cm?).

Separation of irradiated wranium from some fission products. U;0g was irradiated
500 hrs in a thermal neutron flux of about 10'? n-sec™ -em™ and cooled

1 10 months. The irradiated U305 was dissolved in concentrated hydrochloric

id and the uranium concentration was made equal to 10™°M by dilution with a
9M NaCl solution. This solution was used to isolate uranium from the long-lived
thanide fission products. The main gamma-ray emitters fission products, still

sent after a 10-month cooling time were '*7Cs, ®*Zr, **Nb, '°3Ru, '°°Ru,
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'91Ce and '"**Ce. The pH of the aqueous phase was equal to 1.90 and the co
tration of tetracycline in the organic phase 107*M. A single extraction step wa
used in this case. The uranium present in both phases was determined by using
epithermal neutron activation analysis method.’

Results and discussion

The presence of the supporting electrolyte, NaCl, at a concentration equal o
0.9M, greatly enhances the metal extraction at any given pH. This enhancement
shown in Table 2 for an experiment carried out using 1S27158 1y tracer.

The results of partition experiments carried out during 18 days, with the sa
107*M stock solution of tetracycline hydrochloride in benzyl alcohol, have she
that this solution can be kept for this period of time without changing its extn
ing properties, Table 3.

Results of partition experiments carried out with three different concentrati
of lanthanum tracer, namely 1-107°M, S-107°M and 10- 107°M are presents
in Table 4. An “F” test applied to the data of Table 4 showed that the coeffid
a and b for the three straight lines g D = a pH + b are the same, showing that
no polynuclear complexes are formed for this metal concentration range. '

Hydrogen ion dependence

Fig. | presents the extraction curves for thorium, uranium, scandium and the
lanthanide elements, with the exception of gadolinium, erbium, holmium and li
tium. whose curves were too close apart to the curves for other lanthanides (G
to Fu; Er and Ho to Dy: and Lu to Yb).

From the extraction curves it can be seen that separation of thorium, uraniug
and scandium from the lanthanide elements, can be achieved provided the ext
tion operation is carried out at a suitable pH value. Those curves show also
a single extraction operation is not enough to separate subsequent lanthanide ¢
ments one from the other, as is the general case for the lanthanide elements. In
order to get this separation a multiple countercurrent extraction procedure has it
be used.

Fig. 2 presents the variation of Ig D as function of pH of the aqueous phas
From this figure it can be seen that it will be easier to get a separation betwe
the members belonging to the group of the “light” lanthanides than between th
of the “heavy” lanthanides group.

294 /. Radioanal Chem. 35 (19
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Fig. 1. Extraction curves for thorium, uranium, scandium and the lanthanide clements. Con-

centration of tetracycline solution: 1072M. Concentration of mctal ions: 10 *M. lonic
strength: 0.9M (NaCl)

!

25

15

il

prh
Fig 2. pH dependence of the extraction of lanthanide ions into tetracycline—benzyl alcohol.

Concentration of tetracycline solution: 10 *M. Concentration of lanthanide ions: 10 %M,
lonic strength: 0.9M (NaCl)

Extractant dependence

The least square method was used to determine the slopes of the plots Ig D vs.

fetracycline concentration for each of the lanthanides. The values obtained are
fown in Table 5.
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- Since no hydrolysis of the lanthanide elements is likely to occur in the pH range
which the partition experiments were carried out and since it has been shown’

at CI” is not coextracted with the complex formed. the lower than 3 slopes

gues found for Ig D as a function of pH or as a function of tetracycline con-
entration in the organic phase, would indicate a stepwise formation of the com-
EXES.

Wnaration of the lanthanides

From the lg D = f(pH) lines presented in Fig. 2 the distribution ratios, D, of
ll the lanthanides, at any given pH value, can be evaluated. The separation factors,
=D,,,/D,. of any pair of lanthanide elements can thus be calculated, giving an
dication of the feasibility of a separation between the two elements.

Separation factors, . have been calculated for solutions of pH equal to 2.50.
om the § values taken from Table 4 the following mixtures were studied as
ples of separations: lanthanum and thulium: and praseodymium, europium and
flerbium.
A multiple extraction procedure was used in both cases. For the lanthanum
wlium pair, whose separation factor is 52.55, a 10-step extraction procedure was
ough. For the praseodymium, europium and ytterbium mixture a 23-step extrac-
on was required, since the values of the separation factors are 4.05, 5.38 and
1177 for the Pr— Eu, LEu — Yb, and Pr — Yb pairs. respectively.

The distribution curves for the multiple extraction separations are presented in
g 3 and 4. The ordinate values represent the fraction T, |
each tube (total amount in both phases) and the abscissa values are the cor-
sponding serial number of the tubes. The theoretical value of the fraction T |
the solute present in the r'™ tube after n transfers is given by CRAIG'®

of element present

: 1
T = Df
if'(n 1) (D41

here D — the distribution ratio.

Fig. 3 shows that lanthanum and thulium are completely separated in a 10-step
ocess. Fig. 4 shows that a 23-step process gave a complete separation of the
-Yb pair. However, a larger number of steps was necessary in order to obtain
complete separation of praseodymium, europium and ytterbium.

The recoveries found for praseodymium, europium and ytterbium were 66.8%,
H9% and 81.6%, respectively. Although a complete coincidence of theoretical and
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3. Distribution curves for lanthanum and thulium for a 10-step countercurrent extraction

process
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4. Distribution curves for prascodymium, europium and ytterbium for a 23-step counter-
current extraction process
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Fig. 6. Separation of uranium and fission products: gamma-ray spectrum of the radioisoto

present in the aqueous phase

experimental curves was not found, their general pattern is in fair agreement.
experimental distribution curve for europium shows a shift to the right and t
maximum that should be located in tube 11 is displaced towards tube 14.

BROWN et al.'' have also found a shifting of the experimental curves
to the theoretical ones when studying the countercurrent extraction of the

earth acetylacetonates.

Separation of wranium from some fission products

The total recovery found for uranium was equal to 88.0%. From this amo
92% were in the organic phase and 8% in the aqueous phase, what is in goot

300 1. Radioanal. Chem. 33 _.
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agreement with the uranium distribution curve presented in Fig. 1, for a pH value
gqual to 1.90.

Figs 5 and 6 present the gamma-ray spectra of aliquots of both phases. It can
be seen that no radioactivity due to cerium or cesium was found in the organic
phase and that no zirconium was found in the aqueous phase, although niobium
ind ruthenium distributed between both phases.

The authors are grateful to Dr. N. GALVAO., Industrial Director of Laborterapica-Bristol
nd to Mr. A. A, LARANIJA of the same laboratories, for preparation and purification of the
fetracycline samples.
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