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Solvent extraction of Pr, Gd and Yb with mixtures of HTTA and TOA has 
been investigated. The values of the synergistic equilibrium constant have been 
calculated. Some tendencies of the synergistic extraction of lanthanides have 
been discussed. 
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Einige Tendenzen in der synergistischen Extraktion yon Lanthaniden mit einer 
Mischung aus Thenoyltrifluoraceton uTd Trioetylamin ( Kurze Mitteilung) 

Es wurde die synergistische Extraktion von Pr, Gd und Yb mit einer 
Mischung aus HTTA und TOA untersucht. Die synergistisehen Gleichge- 
wichtskonstanten wurden berechnet und die Auswirkungen spezifischer Ver- 
suchsbedingungen auf das Extraktionsgleichgewicht diskutiert. 

Mixtures of chelating ext rac tants  and highmolecular weight amines 
have been used in several cases for synergistic extract ion of lanthani- 
des 1-6. The influence of the factors tha t  affect the extract ion equili- 
br ium have been studied 1,2,4,6 but  these studies still lack details on 
specific tendencies of the lanthanide synergistic extraction. 

Studies of the extract ion of lanthanides (Pr, Gd and Yb) with 
solutions of thenoyltrif luoroacetone ( H T T A )  and Trioetylamine (TOA)  
in CHCls, CaH6, CC14 and CsI-Ils from aqueous phase containing HC1, 
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HNOa and HCI04 have been undertaken now to elucidate the effect of 
both diluents and acids. 

The synergistic extraction of metals may be expressed by the 
equation 

n +  M aq) + nHTTA(org ) + m S(org ) ~ M  (TTA)n Sm(org ) + n H+(aq) 

where M is the metal and S is the synergist. I t  may be shown easily that  

l o a d  = logK + npH + nlog[HTTA] + mlog [S] 

where D is the distribution coefficient, K is the synergistic equilibrium 
constant and n, m are stoichiometric coefficients. 

The extraction of the metals with H T T A  and TOA separately was 
not studied because it is negligible at these experimental conditionsS, 9. 

I f  the concentration of the extractants is constant i. e. [HTTA] and 
[TOA] >> [Ln a+] and the polymerization in the organic phase, and 
hydrolysis and complexation in the aqueous phase occur to a negligible 
extent, the plots of log D vs. pH, log D vs. log [HTTA],  and log D vs. 
log [S] will be linear. The values of n and m can be determined from the 
slopes. The values of n and m were found to be approximately 3 and 1 
respectively. Almost in all eases the experimental points fit a linear 
relationship with a correlation coefficient of 0.997 or better and so the 
indicated composition of the extracted species is Ln(TTA)sS.  The 
values of the synergistic equilibrium constant as well of pHso (pH at 
which 50~ from the metal is extracted) and the slopes are given in 
Table 1. 

I t  was found that  the metal extraction increase in the order 
CHC13 < C6H6 < CC14 < CsHls and in the order HCIO 4 < HNO 3 < HC1 
for diluents and acids. The diluents with high solvation ability stabilize 
the polar amine salts (in which the amine is transformed easily in the 
presence of acids in the aqueous phase 10,11) so that  the formation of the 
synergistic adducts is hindered more when such diluents are used and 
the values of the equilibrium constant are the lowest. On the other 
hand, the differences between these values--when synergists are TOA 
salts of various acids--are the highest for CHC1 s which is the diluent 
with the highest solvation ability and they are the lowest for the most 
inert diluent (CsHls). This is due to differencies in the solvation of the 
amine salts. 

The tendencies of the synergistic extraction may be understood 
better if our earlier studies 6 are taken into consideration. I t  was found 
that  using relatively active diluents as C6H G and CC14 results in the 
amine salt acting as synergist but  when inert diluents as octane and 
cyclohexane are used both the amine salt and the amine act as 
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Table 1. Extraction of lanthanides with HTTA/TOA mixture~': logD vs. pH 
relationships. [HTTA]=4.10  2M for CsH1s and 8"10-2M for the other 

diluents. [TOA] = 5" 10 -3 M in all experiments 

Metal Diluent HC1 HNO3 HC1Q 
logK pHso slope logK pHso slope logK pH~o slope 

Csttls - -2 .99 3.17 2.75 --3.10 3.20 2.99 3.22 3.23 3.16 
Pr CC14 --3.35 3.00 2.75 --3.75 3.11 2.78 3.96 3.18 3.30 

C6H 6 3.75 3.12 2.77 4.25 3.28 3.04 --4.45 3.34 3.30 
CHC1 a --4.54 3.38 3.07 --5.06 3.56 2.73 5.27 3.61 3.14 

CsHls 2.00 2.85 3.00 --2.11 2.89 3.10 --2.35 2.95 3.01 
Gd CC14 --2.50 2.73 2.95 --2.74 2.78 2.83 2.82 2.80 2.89 

C6H 6 --2.82 2.81 2.87 --3.13 2.91 3.22 3.35 2.97 2.95 
CHCI~ 3.91 3.17 2.94 4.20 3.26 3.09 4.41 3.36 3.29 

@SIll8 1.50 2.68 2.82 --1.62 2.72 3.01 --1.86 2.80 3.04 
Yb CC14 1.98 2.53 2.90 --2.08 2.56 3.02 --2.29 2.63 3.11 

C6H 6 --2.28 2.63 3.10 --2.55 2.72 3.08 --3.04 2.87 2.96 
CHC1 a --3.27 2.96 3.01 --3.58 3.05 3.12 4.13 3.24 3.04 

synergists ,  i.e. the amine  salt par t ic ipa tes  in the fo rmat ion  of one par t  
of the adduets  and  the amine  in the r ema in ing  part .  I t  is clear t h a t  the 

fo rmat ion  of those adduets  in which the amine  is synergis t  is no t  so 

affected : ne i ther  by  the d i luen t  because of the weak in te rac t ion  of the 
a lmost  nonpo la r  TOA with the iner t  d i luen t  10, nor  by  the acid used;  

this con t r ibu tes  add i t iona l ly  for smaller  differeneies between the values  
of the equ i l ib r ium cons tant .  

Experimental 

HTTA (Merck) and TOA (Fluka) were used as supplied. The solutions of 
the metals were prepared from the oxides Pr6On, Gd203 and Yb203 (Fluka, 
puriss.). Arsenazo I I I  (Fluka) was p.a. Other reagents used were of A.R. 
quality. 

10 ml each of the aqueous phase and organic phase were shaken mechanical- 
ly. Equilibrations were reached within 1 h. The concentration of the metals was 
determined photometrically using Arsenazo IIIT: an aliquote part of the 
analyzed solution with pH2 3 was poured into a 25 ml flask with 5 ml 0.01~o 
Arsenazo I I I  and 10ml buffer solution (pH=3) .  A volume of 25ml was 
adjusted with water. The absorbanee was measured at the wavelength 665 nm 
against Arsenazo I I I  solution as a reference. 

The aqueous phase acidities were measured by a pH-meter with an 
accuracy of 0.01 pH unit. The ionic strength was maintained at 0.1 with (Na, H) 
C1, NO3, C104. 

The initial concentration of the metals was 2.5.10 4 M in all experiments. 
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