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The extraction enthalpies A/P of Ce, Eu, Gd, Tb nitrates using TBP in the 
presence of different salting-out agents in aqueous phase were determined. It was 
established that the extraction process is the most exothermic in the case of LiNO 3. 
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Extraction enthalpy) 

Der Einflufl verschiedener Aussalzmittel auf die Extraktion yon Ce, Eu, Gd und Tb 
mit Trim-butylphosphat 

Es wurden die Extraktionsenthalpien AH ° yon Ce-, Eu-, Gd- und Tb-Nitrat 
unter Verwendung von TBP in Gegenwart verschiedener Aussalzmittel in 
w/iBriger Phase bestimmt. Es wurde festgestellt, dab der ExtraktionsprozeB im 
Fall von LiNO 3 am meisten exotherm verl/iuft. 

Introduction 

Tri-n-butyl phosphate is still one of  the most  convenient extraction 
agents used for the separation of  lanthanides and actinides [1-6]. The 
extraction is carried out from solutions with high HNO3 concentration or 
neutral [7]. In the latter case it is necessary to use salting-out agents which 
increase the concentration of N O  3 on one hand and. cause dehydration of 
the lanthanide cation on the other hand to make the extraction process 
easier. We can formulate the whole process as follows: 

Ln (H2O)3xa+q ~ Lt13a; + X H2Oaq (1) 

Ln3a + + 3 NO3"aq + 3 TBP o -~ Ln (NO3)3" 3 TBP o (2) 

The first stage refers to the dehydration of  the lanthanide cation. The 
lower the water activity, the more advanced is the dehydration of  the Ln 3 + 
cation. The second stage should not depend on the water activity. 
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Therefore the whole enthalpy of the extraction at constant T B P  concen- 
tration depends on the course of  the first stage. The aim of this paper was 
to show the influence of  the different salting-out agents on the enthalpy for 
the extraction of Ce, Eu, Gd, Tb nitrates using T B P .  

Experimental 

Ce(NO3) 3 was a product of Polskie Odczynniki Chemiczne (99% purity); 
Gd20 3, Eu20 3, Tb20 3 produced by Johnson Matthey (spectral purity); T B P  
Merck (analytically pure); HNO3, C6H 6 Polskie Odczynniki Chemiczne (ana- 
lytically pure); LiNO 3, NH4NO3, NaNO 3 Polskie Odezynniki Chemiczne (pure). 

To determine the extraction enthalpy the extraction of the lanthanides in the 
range 10-50 °C in the following systems was performed: 

Ln(NO3) 3 - 6 M NH4NO 3 - 1 M T B P  

Ln(NO3) 3 - 6 M NaNO 3 - 1 M T B P  
Ln(NO3) 3 - 5.2 M LiNO 3 - 1 M T B P  

The measurements of the distribution coefficients were performed using the 
following isotopes (with the different half-periods given in bracket): 141Ce(32 d), 
152Eu(13 y), 153Gd(200 d), 16°Tb(73 d). The radioisotopes were obtained as the 
result of the neutron activation of the respective oxides or nitrates (in the case of 
Ce). A 1 M solution of T B P  in benzene was used as the organic phase. As the 
aqueous phase the solutions of Li, Na, and NH4NO~ were used. These were 
prepared by the dissolution of the appropriate amount of the salt in 0.1 M HNO3 
to prevent the hydrolysis of the lanthanides. The extraction was carried out in a 
separatory funnel connected through a water jacket with the thermostat. The 
temperature was controlled using a thermometer immersed in the solution. Equal 
volumes (50 cm 3) of both phases were used during extraction. Few drops of active 
solution of lanthanide nitrate (prepared by dissolution of the active oxide in 0.1 M 
HNO3) were introduced into the separation funnel before each extraction. After 
shaking both phases for 10 minutes and separation of the phases, the precise 
volumes of both phases were taken and the content of the separation funnel was 
adjusted to the next temperature. At least three sets of measurements for five 
temperatures were performed. The activity of y-emitters was measured with the aid 
of a NaI(T1) scintillation counter. Three samples were taken from each phase and 
transferred to the special cells where their activities were measured in a period of 
1 minute 3-5 times. The distribution coefficient was calculated from the ratio of 
the activities in the organic and aqueous phases. The typical set of the activities 
of Gd is given in Table 1. 

Result and Discussion 

It  is easy to notice that the temperature change of the distribution 
coefficients is the quickest one in the case of  LiNO 3 and the slowest in the 
case of  NH4NO 3 (see Figs. 1-4). Table 2 lists the values of  extraction 
enthalpies calculated from the following relationships: 

- d l n K  
A H  ° = • R (3) 

d(1/T) 
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Fig. 1. The change of the distribution coefficient of Ce with temperature (6 M 
NaNO3: t °C = 10, 17, 25, 35, 50; lgD = - 0.063, - 0.156, - 0.254, - 0.410, 
- 0.520; 5.2 MLiNO3: t °C = 10, 17, 25, 35, 50; lgD = 1.12, 0.97, 0.77, 0.62, 0.39) 

Fig. 2. The change of the distribution coefficient of Gd with temperature (5.2 M 
LiNO3: t °C = 10, 17, 25, 35, 50; lgD = 1.63, 1.49, 1.33, 1.15, 0.89; 6 MNH4NO3: 
t °C = 10, 17, 25, 35, 50; lgD = 0.005, - 0.071, - 0.150, - 0.225, - 0.350; 6 M  

NaNO3: t °C = 10, 17, 25, 35, 50; lgD = 0.610, 0.512, 0.421, 0.298, 0,137) 

d l n K  d l n D  
(4) 

d ( l / T )  d O / T  ) 

where  A H  ° is the  ex t rac t ion  en tha lpy ,  K the equi l ib r ium cons tan t  o f  the  
ex t rac t ion  react ion,  D the d i s t r ibu t ion  coefficient,  R the gas cons tan t ,  and  
T the abso lu te  t empera tu re .  
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Fig. 3. The change of the distribution coefficient of  Eu with temperature (5.2 M 
LiNO3: t °C = 10, 17, 25, 35, 50; lgD = 1.55, 1.41, 1.23, 1.06, 0.86; 6 MNH4NO3: 
t °C = 10, 17, 25, 35, 50; lgD = 0.018, - 0.050, - 0.120, - 0.196, -- 0.316; 6 M  

NaNO3: t °C = 10, 17, 25, 35, 50; lgD = 0.65, 0.55, 0.45, 0.33, 0.18) 

Fig. 4. The change of the distribution coefficient of  Tb with temperature (5.2 M 
LiNO3: t C = 10, 17, 25, 35, 50; lgD = 1.73, 1.57, 1.41, 1.22, 0.96; 6MNH4NO3: 
t °C = 10, 17, 25, 35, 50; lg D = 0.15, 0.073, 0.004, - 0.085, - 0.202; 6 M NaNO 3: 

t °C = 10, 17, 25, 35, 50; lgD = 0.73, 0.65, 0.54, 0.42, 0.26) 

I t  was poss ible  to a p p l y  this re la t ionships  assuming  no change  o f  the 
act ivi ty  coefficients o f  L n  3 + with t empera tu re .  The  abso lu te  value  o f  the 
ex t rac t ion  en tha lpy  is the highest  in the case o f  LiNO3 and  the lowest  in the 
case o f  N H 4 N O  3 for  all  l an thanides .  This means  tha t  in the case o f  low 
wate r  ac t iv i ty  the l an than ide  ions  occur  p r o b a b l y  in the more  de hyd ra t e d  
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form [Ln(H20)3x + with x < 9], contrary to the situation when high water 
activity favours the full hydration of the lanthanide ion [formation of 
Ln(H20)~ + is possible]. 
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