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Lecture of a phase diagram: Experimentalist/ Engineer  
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Colloidal/“nano“/Meso eye :surfaces curvature 

Interaction/Foreces/Potentials: free energy 



Reading a binary phase diagram : CiEj-water 
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Chevalier Y, Zemb T. The structure of micelles and 
microemulsions. Rep Prog Phys 1999;53:279–371. 



Reading a binary phase diagram : a( CiEj-water) 
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Mesostructure : Chevalier Y et ThZ The structure of micelles and 
microemulsions. Rep Prog Phys 1989;53:279–371. 

Colloidal forces :Wennerström H, Lindman B. Micelles. Physical chemistry of 
surfactant association. Physics Reports 1979;52:1–86. 



Effect of adding salts 
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 SCHOTT H. Salting in of Nonionic Surfactants by Complexation with 
Inorganic Salts. Journal of Colloid and Interface Science 1973;43:150–5. 



The separation via T-cycling 
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Effect on Thermosensitive complexants 
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C10E8-Lys 

Nonionic precursor: 
CiEj, n-alkyl polyoxyethylene glycol 

Complexing group:  amino-acid (lysine)  + 

• linear • branched 



Phase diagrams  
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Coulombeau H et al.; Effect of recognized and unrecognized salt on the self-
assembly of new thermosensitive metal-chelating surfactants. Langmuir 
2004;20:4840–50. 



Ternary phase diagram: reading 
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Kunieda Hand Shinoda-1980 



Flexible case : curvature (fish) cut 

11 
Kahlweit M, Strey R and Busse G.; Phys Rev E47 (1993) 4197 



Flexible case : topology cut 
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Microemulsions containing extractants ? 

Formulation : Extractant (p0=2) and detergent (p0= 1/3) ? 
C. Bauer and O.Diat 
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Identification of phase limits in chem. engineering 

Bauer C et al.,  Liquid/liquid metal extraction:  
Eur Phys J Spec Top 2012;213:225–41. 15 
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An intrinsic multi-scale approach : 



The coupled cascades and solvent treatment 
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II.A. Neptunium Separation
In the first-cycle extraction/scrubbing operation of

the La Hague plants, though the major fraction of the Np
inventory are co-extracted with uranium and plutonium
[3], significant fraction of the Np inventory are still found
in the high active raffinate. So, the objective of the studies
was to increase the extraction yield of Np at a value
higher than 99 % by a modification, as limited as 
possible, of the extraction/scrubbing flowsheet.
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Fig. 2. Adapted PUREX flowsheet tested in CBP hot cell. 

Using the PAREX code, a flowsheet (figure 2) has
been designed and then tested in April 2005 on about 13
kg of irradiated fuel in the CBP hot-cell (figure 3). In this
flowsheet, two pulsed columns (15 mm diameter) of 4 m 
high are devoted to the extraction step in order to be
representative of the residence time of the industrial
extraction pulsed column which is 8 m high. In
comparison to the standard PUREX flowsheet, the main
modification concerned the acidity of the feed which was
increased from 3 molar to 4.5 molar. This increase of the
feed acidity allows to increase the recovery yield of
neptunium from 75 % to more than 99%. The
concentrations of neptunium in the two raffinates were
lower than the detection limit of the analytical method
used.

Fig 3. ATALANTE CBP hot cell (commissioned 2003)

II.B. DIAMEX process
The technological demonstration test of the

DIAMEX flowsheet (including solvent treatment, figure
4) was performed in November 2005 in the CBP facility
on genuine solution of the PUREX test for neptunium
separation. Experimental recovery yields of americium
and curium were consistent with the objectives (> 99.9%)
and confirmed the results obtained before.
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Fig 4. Flowsheet and main results of the run in the CBP 
hot cell.

II.C. SANEX process
For the second step, the actinide lanthanide

separation, the process tested is based on an actinides
selective stripping. In this process, the DIAMEX solvent
is supplemented by an acidic extractant, the HDEHP, to 
ensure effective extraction of Ln at pH > 2. A mixture of 
HEDTA (actinide-selective polyaminocarboxylate
complexing agent) and citric acid (pH 3 buffer) was
selected for selective stripping of the trivalent actinides.
This SANEX flowsheet (figure 5) was tested with success
in the ATALANTE facility in December 2005.
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Fig 5.  Flowsheet of the SANEX process implemented in
the end of 2005
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( 2 and 3 ): the ienaic point of view 

•    
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