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ABSTRACT

The effect of temperature on the extraction of U(VI) and Np(IV) by trilaurylamine (TLA)
and Aliquat-336 in Solvesso-100 from aqueous nitric acid was studied. The results show that
the distribution coefficient of Np(IV) decreases with increasing temperature. From these data
the enthalpy change (A H) for the extraction of Np(IV) was calculated and was found to be
—8 to —9 kcal mole™!. An attempt was also made to calculate the free energy (AG) and
entropy change (A S) associated with the extraction of Np(IV). In the case of U(VI), however,
the temperature had very little influence on the distribution coefficient values

INTRODUCTION

The long-chain amines offer several advantages for their use in the
separation and purification of actinides. As temperature is known to in-
fluence the extraction behaviour of metal ions it was considered of interest
to study the effect of temperature on the extraction of actinides by long-chain
tertiary and quaternary amines. Only a couple of such data for actimdes—
amine systems are reported in the literature [1,2]. The present paper reports
the data obtained on the extraction of U(VI) and Np(IV) by trilaurylamine
(TLA) and Aliquat-336 in Solvesso-100 from aqueous nitric acid as a
function of temperature. Attempts have been made to calculate some of the
thermodynamic parameters associated with the extraction process froni the
data obtained.

EXPERIMENTAL
Materials

Neptunium-237, 2®Np and 2**U were obtained and purified as described
earlier [3]. TLA, Aliquat-336 and Solvesso-100 obtained from K and K Lab.,
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General Mills. U.S.A. and Esso Standard Co., Holland, respectively. were
used as received. All other chemicals used were of A.R. grade.

Procedure

Neptunium-237 was spiked with 2**Np to facilitate the estimation of Np
by gamma counting. Ferrous sulphamate (~0.01 M) was used as holding
reductant to xeep Np as Np(1V). Equal volumes of the aqueous nitric acid of
the desired concentration containing either Np(IV) or U(VI) and the amine
solution ir Solvesso-100 of the desired concentration were pipetted into
ground glass stoppered equilibration tubes. The tubes were immersed for
half-an-hour in a thermostated water bath kept at the desired temperature
and subsequently were equilibrated in the water bath for 30 min. The
temperature of the bath was maintained within =0.1°C. At the end of the
equilibration, suitable aliquots from both phases were pipetted out for the
radioassay of the actinide 1on. Neptunium was estimated by gamma count-
ing of #**Np using Nal(T1) detector coupled with a single channel analyser.
*3U was assayed by alpha liquid scintillation counting. The experiments
were done in triplicate and the agreement between the values of distribution
coefficient was normally better than =2%.

RESULTS AND DISCUSSION

The effect of temperature on distribution coefficients (K ;)

The distribution coefficient data obtained for the extraction of U(VI) into
20% TLA and Aliquat-336 from 2 M nitric acid at various temperatures are

TABLE 1

Vanation of distribution coefficient of U(VI) between nitric acid and amine—solvesso-100
with temperature

HNO,; =2 M, Amine=20 volume %.

Temp, Ky
@)
TLA Alig-336

10 0.78 1.53

20 0.79 1.56

30 0.81 158

40 0.80 1.62

50 0.83 1.71

60 0.84 1.94
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TABLE 2

Variation of distribution coeffictent of Np(IV) between nitric acid and TLA-Solvesso-100
with temperature

HNO, TLA K,
(M) (v%)
20°C 30°C 40°C 50°C 60°C
1 1 0.14 0.077 0.047 0027
5 3.88 243 1.50 0079
10 16 30 1110 6.51 351
2 1 0.36 022 0.14 0.094 0.061
5 820 5.44 3.60 222 1.47
10 32.50 20.90 14.20 10.40 7.40
4 1 0.46 0.28 0.18 0.12 0.082
5 9.20 6.60 4.30 2.81 1.94
10 36.20 25.80 16 32 11.12 7.76

given in Table 1. It can be seen from the data that the distribution coefficient
of U(VI) is almost independent of temperature.

The data on Np(IV) as a function of temperature with different con-
centrations of amines and nitric acid are given in Tables 2 and 3. The data
show that the distribution coefficient of Np(IV) decreases with increasing
temperature at all the concentrations of amines and nitric acid used here.
This 1s similar to the observation reported by Danesi et al. [1] for the
extraction of Pu(IV) into Alamine-336.

TABLE 3

Vanation of distribution coefficient of Np(1V) between nitric acid and Alig-236-Solvesso-100
with temperature

HNO, Alig-336 K,
M) (V%)
30°C 40°C 50°C 60°C

1 0.05 0.647 0.415 0276 0.146
0.10 2.05 1.31 0.52 0.44
050 20.45 13.38 9.44 4.78

2 0.05 0.66 0.43 0.28 0.17
0.10 2.0 1.31 0388 0.59
0.50 30.5 21.2 13.90 9.1

4 005 0.42 0.25 0.15 0.09
0.10 1.47 0.91 0.55 0.33

0.50 233 15.1 9.80 6.20
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Calculation of the enthalpy change associated with the extraction of Np(IV)
The data obtained were used to calculate enthalpy change (A H) associ-

ated with the extraction process. The equilibrium for the extraction of
Np(1V) into TLA from nitrate medium can be given by

Npg, + 4 NO, + 2TLA:-HNO, = Np(NO;)(TLA H™ )2, (1)
the equilibrium constant for which can be expressed by
Np(NO,) (TLAH™),

[Np**][NOS]Y[TLA - HNO]®

A similar equilibrium reaction can be written for Aliquai-336.

The various species of Np(IV) present in the aqueous solutions are Np*™ |
Np(NO;)**, NL(NO;)3* etc. If Cy, is the total concentration of Np(IV) in
the aqueous phase at equilibrium it can be shown that

cm=mfﬂ@+$@hwﬂ" (3)

where B, represents the overall concentration stability constant for formation
of the n'™ complex Np(NO,){*~"" given by

pn —n)*
Np** +n NO; =Np(NGQ,)¥ ™™ (4)
From eqgns. (2) and (3) it follows that

K41+ 3 B,[NO;Y”
1

K= : 2 (5)
[NO;]’[TLA - HNO;]

where K is the distribution coefficient of Np(IV).

A few distribution coefficient data for the extraction of nitric acid into
TLA were obtained at room temperature and 50°C which showed that the
extraclion of nitric acid is almost independent of temperature. This may be
true in the case of quaternary amines also. It is, therefore, reasonable to
assume that equilibrium concentration of nitrate ion in the aqueous phase
and of the TLA-HNO; in the organic phase remain constant over the

temperature range studied. If the value of the term (1 + X, 8,[NO; 17) does

1
not change significantly over the temperature range studied, the Van t
Hoff’s equation in the form given by eqn. (6) can be used to calculate the
overall enthalpy change A H associated with the extraction of Np(IV)

Alog K, —AH
A(1/T) ~ 2.303R (6)
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Fig. 1. Variation of distribution coefficient of Np(IV) with temperature from 2 M nitnic acid,
(1) 1%, (2) 5%, (3) 10%TLA in Solvesso-100.

TABLE 4

Enthainy changes for the extraction of Nrgd [V} into aming /Solvesso- 100 fram aguenus nitde
aah

HNO; — AH (kcal mole™ )
(M)

TLA (V %) Alig-336 (V %)

1 5 10 0.05 0.1 0.5
I 9.88 8.53 9.1 8.55 8.83 745
z AV 34z 3z »ae 25 303
4 8.51 8.03 7.63 10.31 9.99 9.50
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Fig 2. Vanation of distnbution coefficient of Np(IV) with temperature from I M nitric acid.
(1) 0035%. (2) 0.1%. (3) 0.5% Aliquat-336 in Solvesso-100.

The log K, of Np(IV) vs. 1/T were plotted at all the concentrations of
amines and nitric acid and were found to be straight lines. Typical plots for
TLA and Aliquat-336 are shown in Figs. 1 and 2, respectively. The values of
AH calculated using eqn. (6) are given in Tabled. It 1s seen that the
extraction of Np(IV) from different nitric acid and amine concentrations is
exothermic. Besides, the AH values are approximately constant both for
TLA as well as for Aliquat-336 the value being about —8 to —9 kcal
mole~!. The present value of AH for Np(IV) compares well with the AH
value {AH = —8.2 kcal mole™!) reported by Danesi et al. [1] for the
extraction of Pu(IV) into Alamine-336. From their data it can be inferred
that approximately the same A H value is obtained for the extraction from 4,
5.4 and 9 M nitric acid and this, too, is similar to tae A H value obtained for
Np(IV) in the present work. X

It has been reported that enthalpy changes associated with ion-exchange
are generally small [5]. The amine extraction is analogous to ion-exchange
and thus the same may be applicable here also. As the Af value is almost
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the same for different concentrations of tertiary as well as guaternary amines
it appears that the extracted metal species interactions in the organic phase
are small.

Calculation of free energy (AG) and the entropy (AS) changes associated with
the extraction of Np(IV) by TLA

The calculation of free energy and entropy changes associated with eqn.
{1) is possible only when the value of K is known. Attempts were made to
calculate these valuss for Np(IV) from 2N nitric acid at 30°C with TLA.

The value of (1+ Y, 8,[NO; }”) was determined by the method suggested

earlier [4] to enable1 the calculation of K using eqn. (5). This involves the

measurement of distribution ratio values for Np(IV) from perchloric and

nitric acids by TTA If K and K, are the distribution ratio values respec-

tively for the same concentration of HCIO, and HNQ, it can be shown that
o] n

== (1+ g Nos)" )
d 1

provided that the nitrate complexes of Np(IV) are not extracted into TTA
and that the activity coefficients remain the same both in perchloric and
nitric "acids. The fcrmer assumption is known tc be valid [6]. The values of

(1+ X B,INO; ]") obtained by this method are given in Table5. Using

these \lralues from eqn. (7) the values of K were calculated (eqn. (5)) assuming
that the activity coefficients of various species involved in TLA extraction of
Np((1V) remain unichanged at constant nitric acid and TLA concentrations.
Further, the values of frme energy (AG) and entropy change (AS) were

TABLE §
n
Determination of (1 + 3, 8,INO; 1)
1

Acid TTA K of Np(IV) K3/Ky=(1+ 3 B(NOT )
i
M) M)
HCIO, HNO,
(KD (Ka)
1 0.075 10.9 2.2 4.95
2 0.14 7.96 0.54 14.8
4 0.320 7.72 0.093 834
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TABLE 6
Summary of K, AG, AH and AS associated with the extraction of Np(IV) with TLA
HNO,; =2 M; temp.=36°C

TLA K —AG —AH —AS
(%) (kcal mole™ 1) (kcal mole™ ') (e.u.)
1 1319 4.33 8.60 14.1
2 1305 4.32 8.42 13.5
10 1253 430 7.32 9.98

calculated using the following equations

AG= —RThhK (8)
AG=AH—-TAS (9)
The values thus calculated are summarised in Table6.
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