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Abstract – Pyrochemical processing of spent nuclear fuel leads to the dissolution as chlorides of fission 
products (FPs) that have to be removed in order to recycle the salt. Precipitation technique have been 
tested for the removal of these FPs in the LiCl-KCl, salt selected as reference, with different results. Salt 
decontamination from lanthanides can be easily achieved as solid precipitates of oxychlorides or single 
phosphates; however, for the alkaline and alkaline-earth metals this technique is not suitable. Within the 
EUROPART project (VI FP of the EC), a new route that consist of the electrodeposition of these FP on a 
liquid lead cathode (LLC) has been considered, including the Li and K constituting the electrolyte. First 
results obtained with Sr and Cs are presented are presented herein. Although according to the 
thermodynamic potential values the electrodeposition order on LLC is Ba, Sr, Li, K and Cs, during our 
experiments it was not possible to distinguish the electrochemical signals corresponding to the individual 
elements and their co-extraction occurs.  

 
 

INTRODUCTION 
 
After the actinide (An) separation the molten 
chloride salt, LiCl-KCl, contains several fission 
products (FPs) as chlorides. In order to recycle 
the molten salt into the process, the recovery of 
these FPs has to be done. 
Within the EC projects PYROREP and 
EURPART several experimental studies related 
to the LiCl-KCl decontamination using the 
precipitation technique, both by means of 
carbonates and phosphates, have been 
performed. Results obtained indicate that this 
technique is suitable for the recovery of 
lanthanides or transition metals FPs, however, it 
is not appropriate for the recovery of alkaline 
and alkaline-earth metals. Thus, these elements 
would build up in the molten salt and after some 
loops, the salt will have to be replaced. Besides, 
due to the content on heat generating FPs, 90Sr 
and 137Cs, these elements have further to be 
isolated. 
Nabeshima et al [1] proposed the following 
treatment for the recovery of alkaline and 
alkaline-earth FP: 1) Recovery of Li by 
electrolysis from the primary residual salt 
mixture into liquid Cd; this Cd phase containing 
the Li would be recycled back to the An 
separation step by reductive extraction. 2) 
Electrolytic reduction of residual FPs and Na 
into a LLC. 3) Recovery of these FPs by 
oxidation of the LLC with B2O3. 
Based on this work we have tried to recovery 
directly these FPs into a LLC from the LiCl-KCl, 
as this electrolyte is the one selected as reference 

for the envisaged separation process in chloride 
media within the European projects. This process 
does not envisage, at this moment, a reductive 
extraction step with Cd, therefore, the Li will be 
also recovered in the Pb cathode. 
 
EXPERIMENTAL 
 
Preparation of the salt mixture was performed in 
a glove box under Ar(g) atmosphere. In most of 
the experiments except in one, the amount of salt 
mixture used was 65 g of LiCl-KCl, which was 
placed in a vitreous carbon crucible. Only in one 
experiment 95 g of salt mixture placed in an 
Al2O3 crucible was used in order to have a bigger 
volume of salt. 
The salt mixture was dehydrated by heating 
under vacuum for more than 24 hours, then 
melted under Ar(g) atmosphere. Once melted, 
the molten salt was purified by HCl(g) treatment 
for 45 minutes, followed by Ar(g) for another 45 
minutes, in order to removed the dissolved HCl. 
Solutions were prepared by direct addition of 
SrCl2 6H2O (Merck, >99%, previously 
dehydrated, using the same procedure as for the 
salt) or CsCl (Aldrich, 99.9%). Concentrations 
tested varied from 0.065 to 0.25 mol kg-1. The 
metal chloride was added after the melt 
purification and an additional purification with 
HCl(g) was then performed. Temperatures tested 
varied from 450 to 550°C. 
Electrochemical studies and electrolyses were 
performed using a potentiostat-galvanostat 
Autolab PGSTAT 30 (Eco-Chimie) controlled 
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with an Autolab GPES software 4.9. Electrodes 
consisted of: 
- Reference electrode: AgCl/Ag (0.75 mol/kg 
AgCl in LiCl-KCl). 
- Counter electrodes: either graphite or vitreous 
carbon rods (∅= 3 mm). 
-Working electrodes: inert tungsten wire (∅= 1 
mm) and lead cathode (m.p.=327.6 °C). Two 
types of devices were used: i) Close-end Pyrex 
and quartz tubes (∅= 5.5-8 mm, and ∅= 10-12 
mm, respectively) with a hole (∅∼ 4.5 mm) 
placed at ∼10-15 mm from the bottom. ii) Pyrex 
crucibles (∅inner= 9-10 mm, H=15 mm) used for 
the electrolyses experiments. The amount of Pb 
used varied from 1-6.5 g depending on the 
cathode used. Before its use, the lead was 
washed with concentrated HNO3 in order to 
remove the oxide layer, then distilled water and 
finally with ethanol. The electric contact was 
made either with a W or Mo wire (∅= 0.5 mm) 
isolated from the melt to avoid electrical contact. 
After the electrolyses, the solidified lead 
cathodes were washed with distilled water in an 
ultrasound bath to remove the adhered salt, and 
then in ethanol. Salt samples were dissolved in 
HNO3 (1 vol%) whereas the Pb cathode was 
dissolved, completely or partially, in HNO3 (5 N) 
[3], Li, K, Sr and Cs concentration were 
determined by ICP-MS, A.A. (Sr) and Flame 
Emission (Li and K).  
 
RESULTS 
 
Thermodynamic assessment 
 
Thermodynamic calculations were performed in 
order to estimate the reduction potential of the 
alkaline and alkaline-earth FPs, both in the 
molten electrolyte and at the liquid lead. For the 
molten salt, reduction potentials were calculated 
using thermochemical data of pure solid 
compounds, using the HSC software [3].On the 
liquid lead cathode, the potential value of the 
different FPs were estimated using the data of 
the activity coefficient obtained from V. A. 
Lebedev [4]. Potential at 450°C are indicated at 
Table I. All potentials are referred vs. the Cl2/Cl- 
reference electrode.  
 
TABLE I. Theoretical reduction potentials 
Element E/V on W E/V on Pb 
Sr -3.698 -3.014 
Li -3.616 -3.129 
K -3.805 -3.420 
Cs -3.856 -3.462 

According to these values, neither Sr2+/Sr nor 
Cs+/Cs redox couples can be observed on a W 
electrode, as their reduction potentials are more 
negative than that of the Li system. Therefore, 
their electrodeposition on W will lead to the co-
reduction with Li, or even K in the case of Cs. 
On lead, the reduction potential of Sr is slightly 
more positive than that of Li, thus, in this 
cathode it could be possible to observe this 
system. However, Cs has a very negative 
reduction potential and its electrodeposition will 
be very difficult. 
 
Electrochemical study of Sr and Cs on W and 
LLC. 
 
In order to establish the optimum conditions to 
perform the electrolysis experiments an 
electrochemical study using the cyclic 
voltammetry technique (CV) was conducted 
using both type of electrodes.  
 
Electroactivity Domain of the LiCl-KCl on W 
and Pb Electrodes 
 

Figure 1 shows the electroactivity domain of the 
eutectic LiCl-KCl at an inert tungsten electrode 
and at a reactive lead cathode at 450° C. On the 
W electrode, the cathodic limit corresponding to 
the reduction of the solvent, Li+/Li, has an 
experimental value of -2.58 V, and the anodic 
limit, oxidation of the chlorides of the melt (2Cl-

/Cl2(g)) occurs at ∼ +1.2 V, both vs. AgCl/Ag. 
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Fig. 1. Cyclic voltammograms of the LiCl-KCl 

eutectic at 450 °C at W and at LLC. 
 

On liquid lead electrode, the reduction of Li+ into 
metal Li, occurs at about -1.65 V. The anodic 
limit, the oxidation of the Pb into Pb2+ ions, 
occurs at ∼ -0.45 V. In the figure it is observed 
that the use of the Pb cathode produces a clear 
shift of the cathodic potential limit towards more 
positive values (∼ 1.0 V), this shift is due to a 
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decrease on the activity of Li in Pb produced by 
the Li-Pb alloys formation. 
Fig. 2 shows the cyclic voltammograms of Cs 
and Sr in LiCl-KCl at W inert electrode; the 
cathodic potential limit established for the CVs 
is in both cases more negative than that of Li. In 
both voltammograms it is observed two anodic 
peaks, the first peak (more anodic) corresponds 
to the oxidation of the metal Li to Li+, however, 
is not possible to determine if the second peak 
corresponds to the K+/K, Sr2+/Sr or Cs+/Cs 
systems.  
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Fig. 2. Cathodic limit applied for CsCl = -2.7 V 
(0.09 mol kg-1, S=0.27 cm2) at 550 °C, and -3.1V 
for SrCl2 (0.065 mol kg-1, S=0.43 cm2) at 450 °C. 
 
On LLC, only in one experiment with Sr was 
possible to observe a small cathodic wave, 
otherwise the CVs show the same shape as the 
one obtained without Sr or Cs cations, thus, 
being impossible to establish the potentials at 
which electrolysis could be performed. 
 
Electrolysis on LLC 
 
Strontium 
 
In the case of Sr, both potentiostatic and 
galvanostatic electrolyses were performed. 
Experimental conditions are indicated in Table II 
and Table III, respectively. 
 
TABLE II. Potentiostatic electrolyses 

E /V Q/C [Li] 
mg/g 

ηfaradic 
% 

[Sr] 
mg/g 

ηfaradic 
% 

-2.35 538 32.94 85.15 13.58 5.56 
-2.50 3584 80.39 31.18 62.59 3.85 
-2.70 2714 81.39 41.70 56.49 4.58 
 
For the potentiostatic electrolyses the initial Sr 
concentrations in the electrolyte were 0.11, 0.19 
and 0.2 mol kg-1 for run 1 (-2.35V), 2 (-2.5 V9 
and 3 (-2.7 V), respectively. The final 
concentrations in the LLC are indicated in Table 
II. 

During the electrolysis the recorded anode 
potential value varied from +1.16 to +1.2 V vs. 
AgCl/Ag, in agreement with Cl2(g) production. 
According to these results, the amount of Sr 
electrodeposited on Pb was quite low; the faradic 
yield does not overpass the 5.56 %. It is also 
observed that for the electrolyses performed at 
the most negative potential the electrodeposition 
yield becomes smaller than that performed at -
2.35 V; it could be caused by the 
electrodeposition of Li and less likely Sr at the 
surface of electrode material instead onto the 
lead, this would explain the black deposit 
observed at the Pyrex and quartz surface (see Fig 
3). For the Li, as it was expected, the faradic 
yield is higher.  
 

  

 

 

Fig. 3. Black deposit at the Pyrex and quart 
surface, and lead cathode after washing. 

A single galvanostatic electrolysis at a current 
density of -0.186 A cm-2 was performed at 500°C 
for 1:05 h. The initial concentration of Sr in the 
electrolyte was 0.2 mol kg-1. During the 
electrolysis Ar(g) was bubbled into the melt in 
order to enhance the removal of the Cl2(g), 
produced on the anode, from the molten salt. 
Evolution of the cathode and anode potential and 
the cell voltage are indicated in Fig. 4. Cathodic 
potential was quite stable during all the 
electrolysis at a value around -2.15 V. 
In order to check the Sr concentration 
distribution along the depth of the cathode, the 
solidified Pb was sliced in three disks, upper (1), 
medium (2) and bottom (3). Results obtained in 
terms of Li and Sr concentration are shown in 
Table IV. Potassium concentration on Pb was 
also analyzed, however, due to its very low 
concentration it is not indicated in the tables. 
The low faradic yield observed for Sr could be 
explained in terms of its low concentration in the 
salt with respect to the Li and K ones. Moreover, 
it could also be affected by the reaction of the 
Cl2 produced at the anode with the lead cathode.  
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Fig. 3. Potentials evolution during the 

galvanostatic electrolysis of Sr on LLC 
performed at 500 °C and -0.186 A cm2. 

 
TABLE III. Galvanostatic electrolysis 

Disc Q/C [Li] 
mg/g 

ηfaradic 
% 

[Sr] 
mg/g 

ηfaradic 
% 

1  36.99 102.2 16.58 7.26 
2 503 37.62 103.9 17.22 7.54 
3  36.35 100.4 15.31 6.70 
 
As far as Sr and Li concentration along the 
height of the cathode is concerned, it can be 
observed that the distribution of the two cations 
is quite homogenous.  
 
Caesium 
 
Preliminary electrolyses at constant current were 
performed in order to find the optimal conditions 
to recover Cs into liquid lead. The experimental 
conditions are indicated in Table IV. It indicates 
the Cs+ concentration after the electrolysis, the 
charge passed, and the Li concentration on Pb 
after the electrolysis (Cs was not detected) as 
well as the electrolysis efficiency obtained. 

Initial Cs+ concentration in the electrolyte was 
0.084 mol kg-1 for run 1 and 0.093 mol kg-1 for 
run 2. 
 
TABLE IV. Galvanostatic electrolyses 
run J /A cm-2 Q /C [Li]mg/g ηfaradic% 
1 -7.2 25 0.82 45.4 
2 -17.9 50 1.03 29.3 

As it is shown in Fig. 4, the cathodic potential 
registered during the electrolysis varied from -
1.8 to a maximum of -2.016 V vs. AgCl/Ag. The 
anodic potential varies in the range of +1.05 - 
1.15 V vs. AgCl/Ag corresponding to the 
chloride ions oxidation to Cl2(g).  
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Fig. 4. Evolution of the Pb cathode potential and 
charge passed during the electrolysis (run 2) at 
450°C. 

According to these results only Li was 
electrodeposited on the Pb cathode with a faradic 
yield lower than 50%. As for the Sr case, this 
low yield could also be affected by the Cl2(g) 
formed at the anode that reacted with the Li-Pb 
alloy formed. 
 
CONCLUSIONS 
 
It is not possible to observe the redox system for 
the reduction of Sr and Cs, neither on W nor on 
Pb, using the cyclic voltammetry technique.  
In order to establish the best conditions to 
perform the recovery of these two FPs, 
electrolyses at constant current and potential 
were performed. First results show that the 
recovery of Sr and Cs leads to the co-deposition 
of Li and K. 
Concerning the potentiostatic electrolyses, the 
best results were obtained for the lower potential 
applied, as a high amount of Li is deposited on 
the cathode crucible instead on the Pb. 
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