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LANTHANIDES. 1. BEHAVIOUR OF THE ELEMENTS La AND Yb IN
THE HTTA-TBP, HTTA-HDEHP, HDEHP-TBP SYSTEMS'"

Déborah |. T. Févaro and Laura T. Atalla

ABSTRACT

In this paper the behaviour of Yb and Ls in extraction systems, using as extractant binary mixtures of
thenoyitrifluoroacetone {HTTA), di-(2-ethyl hexyl) phosphoric acid (HDEHP) and tributylphosphate (TBP) is studied,
by means of the radiocactive tracers 1404 and 169y, Ditferent concentrations of nitric acid snd NaNO; as ssiting
out were used as agueous phase.

Distribution coefficients obtanined for the two slements, using a mixture of HTTA-TBP were found to be
much higher than those obtained with each of the extractants, showing synergistic effect.

A small synergistic effect was seen to exist for La, but an antagonistic effect wes observed for Yb, when a
mixture of HTTA pius HDEHP was used in both cases. An antagonistic effect was aiso found for Yb by using a mixture
of HOEHP pius TBP, whereas the extraction of La was found to be independent in the TBP concentration when this
mixture was used.

INTRODUCTION

Cunningham and co-workers'3) were the first to observe the phenomenon which occurs in the
extraction of metallic species by mixtures of extracting agents. They observed that the distribution
ratio of the ions Pr*? and Nd** obtained with mixture of HTTA and TBP, was much greater than that
obtained with each of the extracting agents used separately, in the same conditions. This phenomenon
was named synergism or synergistic effect by Brown and co-workers!2),

Blake et al“’, studying this phenomenon, observed a large enhancement in the extraction of
uranium (V1) by means of a mixture of dialkyiphosphoric acid {RO);PO{OH) and neutral reagent
(RO;)PO.

Irving and Edgington“o’, investigating analogous systems in which the dialkylphosphoric acid
is replaced by HTTA, found strong synergistic effects in uranium (VI) extraction.

Healy:s’ showed that synergism is a general effect, occurring in the extraction of alkaline earths,
trivalent lanthanides, trivalent actinides and thorium (IV).

A review of the papers concerned with the synergistic effect in the extraction of lanthanides
showed that several researchers observed this effect in the extraction of these elements!4.7.9,11,13,16,18)

Irving and Edgington'' ! observed synergistic effect in the extraction of Pu*?, Am*? and Eu*?
by mixtures of HTTA-TBP and HTTA-TBPO (tri-n-butyl phosphine oxide), in cyclohexane.

(*) Paper presented at the “XXII| Brasilian Congress of Chemistry”, held in Blumensu, 8. C., Brasii, from 10 to 16
October 1982. Work partly supported by the ''Comisslo Nacional de Energis Nuclesr”.



Zangen!18' studied the synergistic extraction of trivalent lanthenides snd actinides, alkaline earths
and thorium from hydrochloric solutions, using 8 combination of a mono acidic phosphste or phosphonate
ester (the chelating agent] with a neutral organophasphorus compound (the synergist) at different
concentrations, in cyclvhesane.

Farbu and coworkers'4! studied the synergistic extraction of trivalent lanthanides from perchloric
medium, by mixtures of HTTA and TBP, in carbon tetrachloride. The results obtained showed 3 large
synergistic effect.

Hirashima and co-workers'®! studied the effect of some reagents together with HDEHP for the
extraction of the lanthanides in hydrochloric medium. The reagents investigated were TBP, HTTA, AA
(acetylacetone) and TOA (tri-n-octylamine). They observed that the addition of both TBP and AA or
TOA gives rise to an antagonistic effect whereas the addition of HTTA leads to a synergistic effect.
Mathur and co-workers' '3 studied the synergistic extraction of Eu{l1l) with mixtures of HTTA
and some neutral oxodonors, like TBP, in benzene. They confirmed the occurrence of the synergistic effect
in all the mixtures studied.

Kandil and Farah'1?’ presented some results for the extraction of Tb*? and Eu*? with HDEHP
using seven different solvents. They observed antagonistic effects for the extraction of these elements
with mixtures of HDEHP plus TBP and HDEHP plus TOPO (tri-n-octylphosphine oxide).

Acrording to Marcus and Kertes“”, the synergim is essentially an organic-phase reaction, due

to at least one of two fundamental factors:

1. the extractive power of the extracting agent increases if another extractant is added to
the solution,

2. the composition of the metal-bearing species in the organic phase, when using a mixture
of extracting agents, is not the same as in the case of a one extractant system. Thers is
an enhancement in the organic character of the complex formed between the metal and
the extracting agents, giving, as a consequence, 8 major extraction.

However, the diversity of systems in which the synergism has been observed indicates that the
mechanism cannot be the same in all cases. According to Marcus and Kertes!14), there are four different
types of synergistic combinations:

— chelating agent plus 2 neutral ligand. For instance: HTTA + TBP.

alkylphosphoric acid plus a neutral ligand. For instance: HDEHP + TBP,

combination of two neutral ligands. For instance: TBP + TOPO.

combination of two acid ligands. For instance: HTTA plus AA or HTTA plus HDEHP.

The purpose of the present work is to study the extraction behaviour of the ions La*? and Yb*?
by using mixtures of HTTA plus TBP, HTTA plus HDEHP and TBP plus HDEHP, in cyclohexane and by
using '*%La and '%°Yb as radioactive tracers.

The elements La and Yb respectively, the lig,. test and one of the heaviest of the lanthanides,
were chosen to point out any possible difference in the behaviour of all the elements of the group.

An attempt is also made in order to establish which mixtures of extracting agents exhibit the
highest synergistic effect in the extraction of lanthanides and which ere the best experimental conditions
for the occurrence of this effect.
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Having in mind all the results obtained experimentally, it is intended, afterwerds, to verify
the feasibility of using these mixtures for the individual separation of the lanthanides.
EXPERIMENTAL
Equipments used:

— Nuclear Chicago single-channel analyser, model 8775, coupled to a well-type 5.1 x 4.4 cm
Nal(Ti) scintillation detector.

— Mechanical stirrer thermostatized at 25°C.

— Cylindrical separatory funnels, 20 mi capacity.

Reagents

Besides the usual chemical reagents, the following were also used:
— TBP of commercial use, purified as described by Roif'7).
-- HDEHP of Consolidated Midiand Corporation used without previous purification.
— HTTA of Aldrich Chemical Co Inc., used without previous purification.

The HTTA was left under vacuum in the presence of P,O; during 24 hours.
- HNO; p.a. Carlo Erba.
-- Sodium Nitrate p.a. Baker € Adanson.
— Cyclohexane BDH Laboratory Reagents, used as diluent.
~ Radioactive Tracers — '¢°Yb and '*®La were obtained by irradiation of 2 mg of the

respective oxides in thermal neutron flux of 10’ 2n.cm™2.5"' during 8 hours. After the

irradiatior the oxides were dissolved with 10 mi of HNO; 1072M.

The water used throughout the experiments was distilled after being deionized.

Experimental Procedure

The aqueous phases were prepared by keeping constant the concentrations of the metallic
ions{10"*M) and of the salting out agent (NaNO; 1M),

The pH the aqueous phase was varied by adding HNO, or NaOH. The organic phase were prepared
by dissolving convenient emounts of the extracting agents with cyclohexane in order to obtain the desired
concentration.

Prior to the metal extraction experiments the orgenic phase were shaken with » solution having
the same pH and the same saiting out sgent concentration as that of the aqueous phases in order to
establish the equilibriumn between the two phases.



With & minutes of contacting time the equilibrium of extraction was achieved. To gst more
assurance 8 contacting time of 10 minutes was chosen for the following « eriments.

A O/A ratio of one wes used in all experiments(5 ml volume). After the mixing and the settling

of the two phases the activities of 1 ml aliqucs of the organic and aqueous phases wers measured.
Considering that no loss occurs during the extraction, it can be assumed thet.

C=51IC, + Cp)

where,
C = count rata of the radioactive tracer used in the experiment
C, = count rate of 1 ml of tt: aqueous phase after equilibrium
Co = count rate of 1 mi of the orgsnic phase after equilibrium

The distribution ratio (D) of the metal ions is given by the equation.

Co

D= —
CA

since the two phases volumes are the same
Determination of the Synergistic Factor''®)

The evaluation of the synergistic effect was studied bv means of a syaergistic factor. This
synergistic factor, F, is given by:

Dy,

" b, +D,
where,

D, = distribution ratio obtained with the extracting agent 1.

D, = distribution ratio obtained with the extracting agent 2.

Dy 2 = distribution ratio obtained with a mixture of the extracting agents 1 and 2.
The magnitude of F repressnts synergism or antagonism:

where,

F > 1 ———— » synergistic effect 2xists or

F < 1 ———— » antagonistic effect exists



A) EXTRACTION WITH ONE EXTRACTANT

In order to evaluste the antagonism or the synergism, 8 comparison between the distribution
data obtained with each extractant separately and with the mixtures was made.

— Extraction with TBP — Figure 1 shows the extraction curves obtained for La and Yb by
using TBP 1M. The pH varied from 1 to 4.

- Extraction with HDEHP — As HDEHP is a good extractant for lanthanides, several
extractions were carried out by using a concentration range from 2.6x 1073M to
50 x 10°2M. In Figure 2 the extraction curves obtained with HDEHP 1 x 10-2M and

5x 10°2M are reported.

— Extraction with HTTA — The best experimental ~ »nditions for La and Yb extraction were
obtained with HTTA 0.1M. The corresponding extraction curves are presented in Sigure 3.
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Figure 1 -- Extraction Curve of the Eiements La and Yb, in HNO, Medium, by Using 1M TBP in
Cyclohexane. [La] =[Yb] =1 x 107*M, [NaNO; ] = 1M.

B) EXTRACTION USING A MIXTURE OF FXTRACTING AGENTS
Two series of experiments were carried out:
a) experiments in which the final concentration of the extracting agents was kept constant and

b) experiments in which the concentration of one extracting agent was kept constant and the
concentration of the other was changed.
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Figure 2 — Extraction Curve of the Elements La and Yb, in HNO; Medium, by Using HDEHP in
Cyclohexane. [La]=[Yb] =1 x 107°M, [NaNO, ] = M.
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Figure 3 — Extraction Curve of the Elements La and Yb, in HNO; Medium, by using 0.1M HTTA in
Cyclohexene. [La] =[Yb] = 1x10"*M, [NaNO, ) = M.



B.1) Extractions with HDEHP and HTTA mixtures
a) constant final concentration

For the extraction of both La and Yb the final concentrstion of both extractants combined was:

(HDEHP ] + {HTTA] =1 x 107*M

For La a pH of 2.5 was used in the aqueous phase, whereas for Yb (which is more easily extracted
with HOEHP) a pH of 1.0 was chosen for the aqueous phase. Figures 4 and 5 show the variation of log D
versus the concentration of the two extractants for La and Yb, respectively.
b) variable final concentration

Two different concentrations were choser for HDEHP and the HTTA concentration was varied.
For La, the following experimental conditions were used:

[HDEHP ] = 2 x 1072M
[HDEHP ] = 4 x 107°M
(HTTA ]} from 1 x 10°*M 10 1 x 10°'M

pH (aqueous phase) = 2.5

In a same way, to study the behaviour of Yb, the following conditions were used:

[HDEHP ]} =8 x 10°*M
[HDEHWP ] = 2 x 107%m
[HTTA] from 1 x 10*M to 1 x 10°'M

pH (aqueous phase) = 1.0

The results obtained are summarized in Tables | and I,

B.2) Extractions with HDEHP and TBP mixtures
a) constant final concentration

In order to study the behsviour of La, the following conditions were used:

[HOEHP] + [TBP] =1 x 107*M

and pH = 2,6 for the squeous phasse.
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Figure 4 — Varistion of the Distribution Ratio of La Versus the concentration of the Extracting agents
(pH of the Aqueous Phase = 260, [La] =1 x 107*M, [ NaNO; | = 1M).
D, - Distribution Ratio of Las Obtained by i'sing HDEHP (1) ss extracting Agent.

D, - Distribution Ratio of La Obtained by Using HTTA (2) as Extracting Agent.
D, o — Distribution Ratio of La Obtained by using a Mixture of the two Extracting Agents
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Table !

Distribution Ratio of La as a Function of the Concentration of HTTA,
for two Fixed Concentrations of HDEHP in the Organic Phase.
pH of the Aqucous Phase = 2.45

[ HDEHP |
[HTTA], M 4 x 1073M 2 x 107*M
D,, D, + D, € D, , D, + D, F
- 0.06 0.06 1.0 21 2.1 1,0
1 x 107 0.06 0.06 1.0 2.3 2.1 1.1
5x 107* 0.06 0.06 1.0 2.4 2.1 1.1
1x 1073 0.06 0.06 1.0 24 2.1 1.1
§x 10°° 0.11 0.06 1.8 2.9 2.1 14
1x 10°? 0.20 0.06 33 38 21 1.8
5 x 10?2 0.60 0.06 10 9.2 2.1 4.4
1x 10! 11 0.06 18 174 21 8.3
Table Il
Distribution Ratio of Yb as a Function of the Concentration of HTTA, for
two Fixed Concentrations of HDEHP in the Organic Phase.
pH of the Aqueous Phase = 1.00
[ HDEHP |
(HTTA |
4 x 10°°M 2 x 107
M
D,, D, + D, F D, . D, +D, F
- 4.3 43 1.0 1.7 1.7 1.0
1 x 107 46 43 1.1 18 1.7 1.1
6 x 107* 45 43 1.0 2.1 1.7 1.2
1x10°? 49 43 1.1 16 1.7 09
5 x 103 48 43 1.1 1.7 1.7 1.0
1 x 1072 5.1 43 1.2 14 1.7 - 08
6 x 1072 5.0 43 1.2 20 1.7 1.2
2 x 107! 42 43 1.0 20 1.7 1.2
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The curves obtained in these experiments are depicted in Figure 6.

For Yb, the final concentration of the extracting agent was 8 x 10™3M and the pH of the aqueous
phase was 1.0. Figure 7 shows the curves obtained in these experiments.

b! variable final concentration

Two different concentrations were chosen for HDEHP and the TBP concentration was varied.
For La the following experimental conditions were used:

[HDEHP ) = 6 x 1073M
[HDEHP ] =2 x 107*M
[TBP ] from 5 x 10°*M to 1.83M
pH (agueous phase) = 2.6
The results obtained are summarized in Table JIl.
The experimental conditions used for the study of Yb are:
[HDEHP ]| =6 x 1073M
[HDEHP ]| = 1 x 107M
(TB” ] from 1 x 107*M t3 1.83M
pH (agueous phase) = 1.0

The results obtained in the two series of experiments with Yb summarized in Table 1V.

B.3) Extraction with Mixtures of TBP and HTTA
a) constant final concantration
Two experiments concerning La and Yb were carried out by using the same conditions, i.e., finsl
concentration of the extracting agent equal to 0.1M and pH of the aqueous phase equal to 3.6. The curves
obtained for the extraction of La and Yb are reported in Figure 8 and 9, respectively.

b) variable final concentration

Two different concentrations were chosen for HTTA and the TBP concentration was varied. For
the study of La, the following experimental conditions were used:

[HTTA] =1 x 10"'M
[HTTA] =2 x 10°'M

[TBP ] from 1 x 1073M to 1.83M

pH (aqueous phase) = 3.6
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Figure 6 — Varistion of the Distribution Ratio of La Versus the Concentration of the Extracting Agents.
{pH of the Aqueous Phase = 2,60, [La ] = 1 x 10°*M, [ NaNO; ] = M),
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Table Wi

Distribution Ratio of Laas a Function of the Concentration of TBP, for
two Fixed Concentrations of HDEHP in the Organic Phase.
pH of the Aqueous Phase = 2.45

[HDENWP ]
| Tep |
5x 107°M 2 x 107’M
M
D, , D, + D, F D,., D, + D, F
2 x 1074 - - - 1.84 19 1.00
5 x 1074 0.055 0.06 1.0 - - -
2x 1073 - - - 1.90 19 1.00
5 x 1073 0.061 0.06 1.0 - - -
2 x 1077 - - - 2.00 19 1.05
25 x 1072 0.061 0.06 1.0 - - -
5 x 10°? 0.083 0.06 14 - - -
1 x 10! 0.098 0.06 16 2.20 19 115
2 x 107! - - - 2.20 19 1.156
25 x 10°' 0.107 0.06 18 - -~ -
5x 107! 0.105 0.06 1.7 - - -
1.0 - - - 2.10 1.9 1.10
18 - - - 2.30 19 1.20
- 0.06 0.06 - 1.90 19 1.00
Table 1V
Distribution Ratio of Yb as a Function of the Concentration of TBP, for
two Fixed Concentrations of IDEHP n the Organic Phase.
pH of the Aqueous Phase = 1.05
-
[HDEHP ]
(18P
8 x 10°3M 1 x 10°IMm
M
D, , D, + D, F D, 2 D, + D, F
- 04 04 1.0 1.8 1.8 1.0
1 x 1074 0.6 04 15 40 1.8 22
5x 1074 - - - 35 18 1.9
1x 107 0.6 0.4 1.5 34 1.8 19
1 x 1072 06 0.4 15 28 1.8 18
5 x 107? 04 04 10 20 18 1.1
1 x 10! 0.2 04 0.50 09 1.8 05
5x 10! 0.03 04 0.075 0.07 18 0.04
1.0 0.02 0.4 0.05 0.04 1.8 0.02
18 0.03 0.4 0.075 0.04 5. 0.02
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Figure 8 — Variation of the Distribution Ratio of La Versus the Concentration of the Extracting Agents.
(pH of the Aqueous Phase = 3.4, [La ] = 1x 107*M, [ NaNO; ] = M)
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Figure 9 .- Varistion of the Distribution Ratio of Yb Versus the Concentration of the Extracting Agents.
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The experimental conditions used for the study of Yb are:

[HTTA]) =1 x 10°2M

[HTTA] =4 x 10°2M

[TBP | from 1 x 107*M to 1.2M

pH (aqueous phase) = 3.5
The results obtained for La and Yb, are summarized in Tables V and VI, respectively.

Teble V
Distribution Ratio of La as a Function of the Concentration of TBP, for two Fixed Concentrations of

of HTTA in the Organic Phase. pH of the aqueous Phase = 3.40

[ HDEHP ]
[TeP] 1 x 107'M™m 1.6 x 10°'M
M 0,2 0, + 0, F D2 D, + D, F
- 0.03 0.03 10 10 10 10
1x107? 15 0.03 500 - - -
2 x 107} - - - 28 1.0 28
1 x 1072 340 0.03 11333 - - -
2 x 10°? - - - 453 1.0 453
5 x 1077 1485 0.03 49500 - - -
1 x 10! 2574 0.03 85800 - - -
2 x 107! - - - 617 10 617
5 x 107! 2305 0.03 76833 - - -
8 x 10! - - - 961 1.0 961
10 1935 0.10 19350 - - -
1.6 - - - 1008 1.2 840
18 1800 0.20 9000 651 1.2 542
Table VI
Distribution Ratio of Yb as a Function the Concentration of TBP, for
two Fixed Concentrations of HTTA in the Organic Phase.
pH of the aqueous Phase = 3.40
[ TBP | [HTTA ]
1 x 1072M 40 x 10°2M
M D, , D, + 0, F 0y.2 D, + D, F
- 02 0.2 10 0.5 0.5 1.0
1 x 1074 1.2 0.2 6 - - -
4 x 1074 - - - 22 05 4
1 x10°? 4.7 0.2 px] - - -
4 x 10°? - - - I er7 0.5 134
1 x 107? 103 0.2 515 - - -
2 x 10°? 346 0.2 1730 - - -
4 x 1077 - - - 1545 0§ 3080
5 x 10?2 394 0.2 1970 - - -
2 x 10! - - - 2067 0.6 4134
4x 10" 345 0.2 1725 2345 0.5 4690
8 x 107! - - - 2837 0.5 5674
1.0 146 0.2 730 - - -
1.2 - - - 1048 0.5 2096
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DISCUSSION

According to the results summarized in Figure 1,2 and 3 it can be seen that HDEH? is the most
efficient of the three extractan.s studied, under the experimental conditions already described.

From a point of siew of the study of the synergistic effect, it is possible to estabiish (Figure 2)
that the concentration of HDEHP used to extract La connot excee: 1x 1072M, when the pH of the
aqueous phase is 2.5. In the same conditions the pH of the aqueous phase cannot exceed 1.0 for the
extraction of Yb.

From Figures 1 and 3 it can be concluded that it is more convenient to work with a fixed
concentration of HTTA an.i change the concentration of the other extracting agent i.e., TBP. The HTTA
concentration in the mixture cennot exceed 0.1M in order to avoid a complete extraction of La with
HT TA alone. According to Figure 3, the extractions of La and Yb are of about 1% and 40%, respectively,
when a HTTA concentration of 0.1M and a pH of 3.5 for the aqueous phase are used. For this reason, the
HTTA concentration was kept constant and that of TBP was changed.

Change in the TBP concentration in the mixtures with HTTA or HDEHP have very little or no
influence on the lanthanides extraction when the action of the extracting agents is considered separately.

Evidence of the Synergistic Effect

The mixtures of HTTA and HDEHP, according to Figures 4 and 5 and Tables | and 11, do not
present a pronounced synergistic effect in the extraction of the two lanthanides. An enhancement is
observed in the extraction of La (Table |) when the HTTA concentration is increased ana the HDEHP
concentration is kept constant and equal to 2 x 10"2M. The same effect was not observed for the Yb
{see Table II).

Hirashima'®' also observed the same trend in the synergistic effect in the extraction of the
lanthanides wi'h the mixture HTTA plus HDEHP. This effect decreases as the atomic number of these
elements incrcases and, still according with Hirashima‘m, this behaviour is dependent on the ionic radius
of the lanthanides.

The HDEHP plus TBP mixture (see Table Il and Figure 6) presents the same effect on the
extraction of La as the solution of HDEHP. On the extraction of Yb, on the other hand, an antagonistic
effect is observed as tne TBP concentration is increased (see Table 1V). This effect is clearly seen in
Figure 7, that depicts the variation of the distribution ratio of Yb versus the concentration of both
extracting agents. For these experiments the summation of the two concentrations in the mixture was
kept constant. This antagonistic effect was explained by Ferraro and Peppard!S’ assuming a direct
intc -action between HDEHP and TBP molecules, with consequent formation of an association product
which removes these reagents from the extraction system. The effect increases as the concentration of TBP
in the mixture also increases. It is interesting to remark that in the present work the antagonistic effect
was observed only in the extraction of Yb.

A pronunced synergistic effect is observed in the La and Yb extraction with mixtures of HTTA
plus TBP (see Tables V and VI and Figures 8 and 9). This effect is very evident because both HTTA and
TBP, when used separately, are not good extractants for the lanthanides, as it can be seen in Figures 1
and 3. 1t is interesting to observe that HTTA is a good axtractant for the heavy lanthanides (YD), but is
quite ineffective for the light ones (La). Despite the fact that the distribution ratio is high for the two
lanthanides, when a mixture of HTTA plus TBP is used, an inversion seems to occur, i.e., the La extraction
is favoured with regard to that of Yb. This behaviour was aiready discussed by Healy!8) who established,
8s 8 general rule, that the HTTA alone forms more stable complexes (Ln(TTA);) with heavy lanthanides
than with light ones, but the synergist (the weak donor, TBP, in this case) forms a more stable complex
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{Ln(TTA),;(TBP);) with the light lanthanides than with the heavy ones, whereas the mixture of the
extraction agents is used (HTTA + TBP).

Comparing the effect of the mixtures HTTA pius TBP and HDEHP plus TBP in the lanthanides
extraction, Baes'!) attributed the differences observed in their behaviour to two major factors:

1. the complexes formed between M({A; H), and TBP are much less stable than those formed
between M(TTA), and TBP, where A;H is a dimer of HDEHP and Z is the metal charge;

2. the interaction between the HDEHP and TBP is much stronger than that between HTTA
and TBP, because the hydrogen bond between two phosphoryl oxygens (HDEHP and
TBP) is stronger than that between a phosphoryl group (from TBP) and a carboxilic group
(from HTTA).

RESUMO

Estudou-ss 0 comportamento do Yb e do Ls em sistemas de extraciio onde o agente extrator foi constituido
por misturas de tenciltrifluoracetona (HTTA), écido di-(2-etilhexil) fostdrico (HDEHP) e tributiifosfato (TBP), dois
s dols.

O comportamento dos elementos citedos foi acompenhedo por meio dos tragadores radioetivos "°Ln [} l“Yb.
A fase squoss useds em todss as extracses continhe HNOj3 em viriss concentragles ¢ NaNO; como agente selino.

Observou-se que usando a mistura (HTTA-TBP} os siementos citedos apresentaram ume razlio de distribuiclio
bem malor que a obtids com cade um dos dois agentes extratores usados isoladaments, mostrando assim a existéncie
de um efeito sinérpico.

Usando 8 mistura (HTTA-HDEHP) observou-se um pequeno efeito sinérgico peras o La e um efeito antagdnico
pera 0 Yb. Observou-se também, um efeito antagdnico para o Yb, enquanto 8 extraclo do La independe ds concentracio
de TBP, quando foi usade @ mistura HDEHP-TBP.

REFERENCES”

1. BAES, JR., C. F. The synergistic effects in organophosphate extraction system. Nucl. Sci. Engng.,
16:405-12, 1863.

2. BLAKE JR., C. A.; BAES JR.. C. F.; BROWN, K. 8. COLEMAN, C. F.; WHITE, J. C. Soivent
extraction of ursnium and other metals by acidic and neutral organophosphorus compounds.
in: UNITED NATIONS. Pesceful uses atomic energy: proceedings of the 2nd international
conference . . . , held in Geneva, 1-13 September, 1958, v.28: basic chemistry in nuclear energy.
Geneva, 1958. p. 289-98.

3. BROWN, K. B.. COLEMAN, C. F.; CROUSE, D. J.; RYOM, A. D. Progress report on raw materials for
april, 1957. Oak Ridge, Tenn., Oak Ridge Nastionsl Lab., Apr. 1857. (ORNL-23486).

4. CUNNINGHAM, J. G.; SCARGILL, D.; WILLIS, H. H. The solvent extraction of praseodymium and
noodimium, Harwell, UKAEA Research Group, 1964. (AERE C/M 215). APUD MARCUS,
Y. &KERTES, A. S. lon exchange and solvent extraction of mets! complexes. London, Wiley-
-Interscience, 1969.

{*) Bibliographic references reisted to documents belonging to IPEN — CNEN/SP Library were revised sccording with
NB-88 of Amocisclo Brasileirs de Normss Técnices.



10.

1.

12.

13.

14.

15.

16.

17.

18.

FARBU, L.: ALSTAD, J.; AUGUSTSON, J. H. Synergistic solvent extraction of rare-earth metal
ions with thenoyltrifiuoroacetone admixed with tributylphosphate. J. /rzrg. Nucl. Chem.,
36(9): 2091-5, 1974.

FERRARO, J. R. & PEPPARD, D. F. An infrared and isopi¢ tic investigation of the interactions
between tri-n-buty! phosphate and mono-(2-ethylhexy!) phophoric acid. J. Phys. Chem.,
§6(3) 53941, 1961.

HEALY, T. V. Harwell, UKAEA Research Group, 1968. (AERE-R-5941). Apud FARBU, L.;
ALSTAD, J.; AUGUSTSON, J. H. Synergistic solvent extraction of rare-earth meta! ions with
thenoyltrifluoroacetone admixed with tributylphophate. J/ /norg. Nucl. Chem., 3;6(9):2091-5,
1974.

HEALY, T. V. Synergism in the solvent extraction of di, tri an tetra-vaient, metal ions-l. Synergic
effects of ditferent phosphate esters..). /norg. Nucl. Chem., 19(4):314-27, 1961.

HEALY, T. V. Synergism with thenoy! trifluoracetone in the soivent extraction of metallic species.
Nucl. Sci. Engng., 2(4):413-20, 1963.

HIRASHIMA, Y. &MUGITA, J. Synergistic extraction of lanthanides with di-(2-ethylhexyl) phophoric
acid and some reagents. J. /norg. Nucl. Chem., 38(6):1199-202, 1976.

IRVING, H. & EDGINGTON, D, N. Synergic effects in the solvent extraction of the actinides-i.
Uranium (V). J. /norg. Nucl. Chem., 3__5(2):158-70, 1960.

IRVING, H. & EDGINGTON, D. N. Synergic effects in the solvent extraction of the actinides-iV.
Trivalent plutonium, americum and europium. J. /norg. Nucl. Chem., 2_1(2):16980, 1961.

KANDIL, A. T. & FARAH, K. The solvent extraction of terbium and europium by di-(2-ethylhexyl)
phosphoric acid and various organophosphorus compounds. J. /norg. Nucl. Chem., 1_2(2) 27780,
1980.

MARCUS, Y. & KERTES, A. S. /on exchange and solvent extraction of metal complexes. London,
Wiley-Interscience, 1969.

MATHUR, J. N,; PAI, S. A, S. A.; KHOPKAR, P. K.; SUBRAMANIAN, M. S. Thermodynamics of
synergistic extraction of europium (111) by mixtures of thenoyifiuoracetone and some neut-al
oxo-donors. J. Inorg. Nucl. Crem., £(1):149-50, 1861.

NAVRATIL, J. D.; MARTELLA, L. L. Extraction behaviour of americium and plutonium with
mixed solvent extractants, Sep, Sci. Tech., 2(9) :11147-55, 1981.

ROLF, R. F. Extraction of zirconium with tri-n-butyl phosphate. An/. Chem., 2(1):149-50, 1961.

ZANGEN, M. Some aspects of synergism in solvent extraction-Il. Some di, tri and tetravalent metal
ions. J. /norg. Nucl. Chem., 2___5(8):1051-63, 1963.



