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ABSTRACT 

The effect of temperature on the extraction of U(V1) and Np(IV) by tnlaurylamme (TLA) 
and Aliquat-336 in Solvesso- from aqueous nitric acid was studied. The results show that 
the drstnbutlon coefficient of Np(IV) decreases with increasing temperature. From these data 
the enthalpy change (AH) 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 (As) associated with the extraction of Np(IV). In the case of U(VI), however. 
the temperature had very little mfluence on the distribution coefficient values 

INTRODUCITON 

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 quatemary 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(V1) and Np(IV) by trilaurylamine 
(TLA) and Aliquat-336 in Solvesso- 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 frocl the 
data obtained. 

EXPERIMENTAL 

Materials 

Neptunium-237, =*Np and =%J were obtained and purified as described 
earlier [3]. TLA, Aliquat-336 and Solvesso- 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 238Np to facilitate the estimation of Np 
by gamma a~unting. Ferrous sulphamate (h 0.01 M) was used as holding 
reductant to -ueep Np as Np(IV). Equal volumes of the aqueous nitric acid of 
the desired concentration containing either Np(IV) or U(VI) and the amine 
solution ir Solvesso- 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 *O.lOC. At the end of the 
equilibration, suitable aliquots from both phases were pipetted out for the 
radioassay of the actinide ion. Neptunium was estimated by gamma count- 
ing of 238Np using NaI(Tl) detector coupled with a single channel analyser. 
‘33U was assayed by alpha liquid scintillation counting. The experiments 
were c!one in triphcate and the agreement between the values of distribution 
coefficient was normally better than ‘2%. 

RESULTS AND DISCUSSION 

The effect of temperature on drstrzbutron coefjlcrents (K,) 

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

TABLE 1 

Vnnatlon of dlstrrbutlon coefficient of U(W) between mtrlc acid and amme-solvesso- 
with temperature 

HNO, =2 M, Amrne=20 volume 55;. 

Temp. 

(“C) 
Kd 

TLA Aliq-336 

10 0.78 1.53 
20 0.79 1.56 

30 0.8 i 1 58 

40 0.80 1.62 

50 0.83 1.71 

60 0.84 1.94 
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TABLE 2 

Variatron of distribution coefftctent of Np(IV) between nitnc actd and TLA-Solvesso- 
with temperature 

HN03 TLA 
WI (v%) 

Kd 

2ooc 3o”c 40°C 5ooc 60°C 

1 1 0.14 0.077 0.047 0 027 
5 3.88 2.43 1.50 0 079 

10 16 30 11 10 6.5 1 351 
2 1 G.36 0 22 0.14 0.094 0.06 1 

5 8 20 5.44 3.60 2 22 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 drstribution coefficient 
of U(W) 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. [l] for the 
extractron of Pu(IV) into Alamine-336. 

TABLE 3 

Varration of drstrtbutton coeffictent of Np(IV) between nttnc actd and Ahq-336-Solvesso- 
with temperature 

HNO, Aliq-336 Kd 

W Wf7) 
3o”c 4o”c 50°C 60°C 

1 0.05 0.647 0.415 0 276 0.146 
0.10 2.05 1.31 o.s2 0.44 

0 SO 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 0 88 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 23.3 15.1 9.80 6.20 



302 

Caiculation of the enthaby change associated with the extraction of Np(lV) 

The data obtained were used to calculate enthalpy change (A\H) associ- 
ated with the extraction process. The equilibrium for the extraction of 
Np(IV) into TLA from nitrate medium can be given by 

NP:; + 4 NO-;;, + 2 TLA . HN03io, = Np(NO,),(TLA H+)z,,, (1) 

the equilibrium constant for which can be expressed by 

[Np(NO,),(TLA H+ >2] 
K= [NP~+] [NO;]~[TLA - HNO,]~ 

(2) 

A similar equihbrium reaction can be written for Aliquat-336. 
The various species of Np(IV) present in the aqueous solutions are Np4’, 

NP(NO,)~+, Np(NO,)$+ etc. If CNp is the total concentration of Np(IV) in 
the aqueous phase at equilibrium it can be shown that 

C,, = [Np4’] ( i + 2 P,[NO;] “) 
1 

(3) 

where fl, represents the overall concentration stability constant for formation 
of the nth complex Np(NO,)IP-“I* given by 

Np4+ fn NO, 5 Np( NO,):-“‘* (4 

From eqns. (2) and (3) it follows that 

(5) 

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 
extraction 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 n 
temperature range studied. If the value of the term (1 + 2 &,[NOc I”) does 

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

Alog K, -A.H 

W/T) = 2.303 R (6) 
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Fig. 1. Variation of distnbutlon coeffxlent of Np(IV) with temperature from 2 M nitnc aad, 
(I) 1%. (2) 5!%, (3) lO%TLA in Solvesso-100. 

- AH (kcal mole-‘) 

TLA (V %) Aliq-336 (V %) 

1 5 10 0.05 0.1 0.5 

I 9.88 8.53 9.2 8.55 8.83 7.45 
‘z B.&Y 8.42 332 s\.zG B.L?r ihs 
4 8.51 8.03 7.63 10.31 9.99 9.50 
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Fig 2. Variation of distnbutlon coefflclent of Np(IV) wth temperature from I M nitric actd. 
(1) 0 05% (2) 0.X!%. (3) 0.5% Ahquat-336 in Solvesso-100. 

The log K, of Np(IV) vs. l/T were plotted at all the concentrations of 
amincs and nitric acid and were found to be straight lines. Typical plots for 
TLA and Aliyuat-336 are shown in Figs. 1 and 2, respectively. The values of 
AH calculated using eqn. (6) are given in Table4. It is seen that the 
extraction of Np(IV) from different nitric acid and amine concentrations is 
exothcrmic. Besides, the AX 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 A.H 
value (AH= - 8.2 kcal mole”) reported by Danesi et al. [l] for the 
extraction of pU(Iv) into Alamine-336. From their data it can be inferred 
that approximately the same AH value is obtained for the extraction from 4, 

5.4 and 9 M nitric acid and this, too, is similar to tae AH value obtained for 
Np(I\r) in the present work. 

It has been reported that enthalpy chdnges 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 AH value is almost 



the same for different concentrations of tertiary as well as quaternary amines 
it appears that the extracted metal species interactions in the organic phase 
are small. 

Calculation of free energy ( AG) the entropy 

TABLE 5 

Determination of (1 + i &[NO; 1”) 
1 

Acid l-7-A 

W Of) 

1 0.0; 5 10.9 2.2 4.95 
2 0.1.‘) 7.96 0.54 14.8 
4 0.30 7.72 0.093 83.4 
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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. = 30°C 

TLA 

@j 

K -AG -AH 
(kcal mole- ’ ) (kcal mole-‘) 

-AS 
(e.u.) 

1 1319 4.33 8.60 14.1 
2 1305 4.32 8.42 13.5 

10 1253 4.30 7.32 9.98 

calculated using the following equations 

AG= -RTlnK 

AG=AH- TAS 

The values thus calculated are summarised in Table6. 

(8) 

(9) 

ACKNOWLEDGEMENTS 

The authors wish to thank Dr. P.R. Natarajan, Head of the Radiochem- 
istry Division, for his interest in the work. 

REFERENCES 

1 P R. Danesi, F. Orlandmi and G. Sctbona, Radiochtm. Acta, 4 (1965) 9. 
2 G. Callori, A. Geofiroy and J. Arroyo Suarez, ETR-99 ( 196 1 j 
3 R. Swarup and S.K. Patil, J. Inorg. Nucl. Chem., 38 (1976) 1203. 
4 S.K Paul. V.V. Ramakrishra, G.V.N. Avadhany and 1M.V. Ramamah. J. Inorg. Nucl. 

Chem., 35 (1973) 2537. 
5 F. Helfferich. Ion Exchange, McGraw-Hill, New York, 1962, p 166. 
6 S.V. Bagawde, V.V. Ramakrishna and SK. Patil, J. Inorg. Nucl. Chem . 38 (1376) 1339. 


