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Abstract – Many trials have been performed in ATALANTE's shielded cells to demonstrate the technical 
feasibility of processes involving minor actinide separation. They required developments of new extractors 
as well as a step by step procedure have been used to lower the risks of malfunction during high active 
operation. The design of the extractors developed by CEA has included shielded cells restrictions, 
miniaturization to lower the quantity of high active material and wastes and the care for being 
representative of industrial equipments. After individual shake down inactive tests, with actual phases, 
each process experiment scheduled in ATALANTE has been tested at G1 Facility in Marcoule. The 
objective was to reproduce as much as possible all the equipments chosen for active tests. This procedure 
has demonstrated its efficiency to detect many problems that would have heavy impact if they have been 
discovered during active trials. It was also used for operators' training. 

 
 

INTRODUCTION 
 
The search for new hydrometallurgical processes 
for minor actinide separation has led the CEA to 
develop suitable apparatus for carrying out 
feasibility tests on representative aqueous 
solutions produced by the dissolution of 
irradiated nuclear fuels. 
Two major constraints had to be taken into 
account: on the one hand, the need to reduce the 
amount of effluents produced by the trials as 
much as possible, and on the other, the need to 
use laboratory apparatus whose results could 
reliably be extrapolated to industrial-scale 
equipment. 
Several types of apparatus were developed or 
adapted to meet these criteria (Figure 1): 
- Pulsed columns with an interior diameter of 15 

mm [1]; 
- - Mixer-settlers specifically developed to 

allow for the limited accessibility to the 
apparatus (only one working side can be 
reached in a shielded line); 

- - Laboratory centrifugal extraction contactors 
[2], [3]; 

- - Couette-Taylor flow extraction column. [4]. 
 
Over and above simply supplying the equipment, 
the CEA had to run trials under representative 
conditions to make sure it functioned correctly. 
 
 
 

 
Fig. 1. extraction apparatus developed to meet 

Atalante’s needs. 
 
THE APPROACH ADOPTED 
 
Several steps can be identified prior to high 
activity trials: 
- Apparatus design in consultation with the 
teams in charge of the high activity trials, so as 
to be fully aware of the special issues regarding 
its implementation in a shielded cell: bulk, ease 
of dismantling, limited accessibility, etc. 
- Follow-up of the apparatuses’ construction, 
- Individual checking of hydraulic operation with 
water, then with phases representative of those 
used in the separation processes 
- Implementation of separation processes 
coupling the different apparatus chosen under 
inactive conditions. In the framework of 
experiments related to advanced separation, the 
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major actinides, uranium and plutonium, are not 
present and the objective is to extract the minor 
actinides which are present with the fission 
products in the raffinate coming from the first 
fuel reprocessing cycle. The minor actinides 
have chemical properties very similar to those of 
lanthanides, which is why the inactive trials 
made use of lanthanides. This methodology has 
of course its limits when the process being tested 
is intended to separate actinides from 
lanthanides. In such a case, the inactive trials 
cannot prove the process’ efficiency, but its 
implementation with all the reagents and in the 
presence of lanthanides alone nevertheless 
enables potential problems to be identified. 

 
Implementation of the processes under 

inactive conditions has several objectives: firstly, 
to check the process’ correct operation from the 
hydraulic and chemical points of view (for all the 
functions where lanthanides are representative of 
actinides) and also to make sure of the sound 
basis of the technical solutions employed, be this 
in terms of the choice of the different apparatus 
(extraction equipment but also pumps, flow 
meters, control devices, in-line analyses, etc.) or 
in terms of positioning (altimetry, distances 
between the apparatus, links used, and so on). In 
this context, it became clear, particularly in the 
light of lessons learned from the trials, that it was 
of primary importance to create a mock-up as 
representative as possible of the most significant 
apparatuses’ location as planned for the shielded 
line in order to avoid being confronted with 
implementation problems which could have been 
identified and for which solutions could be found 
more easily at the inactive trial stage. 
 
FEEDBACK FROM THE INACTIVE 
TRIALS 
 
Here, we do not intend to give a complete 
overview of the inactive trials carried out, but to 
illustrate some facts which enabled us to find 
concrete solutions. 
 
DIAMEX Trials in Couette-Taylor Columns 
and Centrifuge Extractors 
 
Trials run for the whole process showed that 
precipitates appeared in the extraction column 
(Figure 2). Their analysis showed them to be 
lanthanide oxalates linked to the use of oxalic 
acid as a complexing agent. Overly weak acidity 
in the washing step caused these precipitates to 
appear. Analysis of the trial results enabled the 

modelling team to suggest a modified process 
flowchart. 

 
Fig. 2. Precipitate observed during inactive 

DIAMEX trial 
 
Elsewhere, it became clear that it was necessary 
to have columns with hydrophobized internal 
surfaces, in order to be able to function in 
continuous organic phase mode. A silanization 
treatment to the glass external cylinder was 
applied, and the stainless steel rotor was coated 
with a Teflon film. 
Under the optimized configuration, the inactive 
trials enabled the DIAMEX process’ stability to 
be extended to a period of approximately 100 
hours. 
 
DIAMEX trials in pulsed columns 
 
Once the 15 mm diameter pulsed columns of the 
Atalante’s CBP shielded line had been decided 
on to carry out the DIAMEX process high 
activity trials, preliminary inactive trials were 
run in the G1 facility. Some column hydraulic 
malfunctions were identified, coming from 
wetting effects of the aqueous phase on the 
internal surfaces which very significantly 
reduced the interfacial exchange area (Figure 3). 
 

 
Fig. 3. : Emulsion sticking to the walls of a non 

hydrophobized column 
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A hydrophobization treatment in situ for the 
columns was then sought, as, to not endanger the 
timeframe for the high activity trials, dismantling 
the columns in the shielded cell could not be 
envisaged. The result obtained (Figure 4) 
showed that it was possible to establish a 
satisfying emulsion in the column. 

 
Fig. 4. : Emulsion in a hydrophobized column 

 
These trials in pulsed columns were also the 
opportunity to see that the breakdown of a vital 
element (in this case, the solvent pump) and its 
replacement in 3 hours, given the longer time 
imposed by the difficulties of working in a 
shielded cell, do not mean the trial has failed and 
that restarting following a suitable procedure 
enables a return to a state of equilibrium. Figure 
5 shows the on-line spectrophotometry 
monitoring of the neodymium content of the 
back-extraction aqueous phase after restarting 
the solvent pump: it can be seen that equilibrium 
is recovered rapidly (half an hour between each 
vertical line on the figure). 
 

 
Fig. 5. : Evolution of neodymium content in 
back- extraction after a solvent flow problem 

 

These trials, carried out in G1 with the help of 
operators responsible for implementing the 
processes in the  Atalante shielded lines, were 
also intended to train the personnel in the 
implementation of the new separation processes 
in a less complex, more easily-understood 
environment. 
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