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Introduction

One of the main concerns related to the disposal in deep geological repository of the conditioned
nuclear wastes generated after reprocessing of spent fuels is related to the presence within these
wastes of long lived radionuclides (LLRNs), and particularly those of the so-called minor actinides,
neptunium, americium (Am) and curium (Cm). Within its 4 th Framework programme (FWP), covering the
period 1996-1999, the European Union supported several research contracts in order to define
processes for the Partitioning of the LLRNs from the wastes in view of their subsequent Transmutation
{P-T scenario) or Conditioning (P-C scenario). NEWPART was one of these contract aiming to define
solvent extraction processes for Am and Cm partitioning.

The main achievements obtained in the course of this research are highlighted in this article.

Results and Discussion

Strategy of the Research

The main choices of the selected strategy are the following: (i) among the LLRNs, those of Am and Cm
were selected for partitioning, (ii) the target waste to be treated consists in the high active waste
(HAW) issuing the reprocessing of the spent fuels by the PUREX process, (¡ii) no modification of the
oxidation state of the target elements to be extracted will be done; consequently the chemistry will
concern the trivalent Am and Cm (An(lll)), (iv) most of the reagents to be used should fulfill the CHON
principle.

Among the difficulties to solve one can mention: (i) how to extract the An(lll) from the acidic HAW? (ii)
how to separate the An(lll) from the most abundant lanthanides(lll) (Ln(lll)) from acidic feeds?

To overcome these problems one process including two steps was studied: (i) the first one consists in
the co-extraction of An(lll)-f-Ln(lll) from the acidic HAW by a diamide (malonamide) extractant. This
corresponds to the so-called DIAMEX process, (ii) the second process, named SANEX, performs the
An(lll)/Ln(lll) group separation by the selective actinide extraction from rather acidic feeds. Two ways
were developed for the definition of SANEX processes, both based on the use of extractants bearing
soft donor atoms either nitrogen of sulphur.

For both DIAMEX and SANEX research areas, fundamental studies and process development were
carried out.
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DIAMEX process

Basic understanding of the extractive properties of the malonamide ligands was improved. This was
done in particular by the determination of the structure of the solvates which are formed between the
extractant E and the M{lll) nitrate. In all cases, malonamides were found acting as bidendate ligand
towards M(lll) ions, as shown in Figure 1.

Process developments were carried out principally using the dimethyldibutyltetradecylmalonamide
(DMDBTDMA) extractant. Several flow-sheets were developed and tested. In particular, a DIAMEX
process flow-sheet (Figure 2) was successfully tested at the ITU (Karlsruhe) in a centrifugal contactor
test-loop using a genuine HAW. Moreover, a new diamide, the DMDOHEMA, was chosen by CEA to
design an improved DIAMEX process.

SANEX processes

Nitrogen Terdendate Ligands

Several families of N-terdendate ligands were studied. But the most exciting results obtained so-far are
certainly those related to a new family of ligands developed by Kolarik at FZK, the bis-'\ ,2,4-fr/-azinyl-
pyridines, the so-called BTPs, able to selectively extract the An(lll) from the Ln(lll) from 1 to 2 mol/L
nitric acid feeds. Figure 3 shows the crystal structure of a solvate formed between a Gd(lll) ion and a
BTP ligand. In this crystal the Gd(lll) ion is bound to nine N atoms belonging to three BTP molecules. A
SANEX process based on the use of a BTP extractant was successfully designed and tested at
Marcoule first, then at the ITU.

New Acidic t//-thiophosphinic acids

New 6/s-substituted c//-thiophosphinic acids were developed at FZJ. It was found that these new acidic
S-bearing ligands are able, in synergistic mixtures with neutral O-bearing ligands, to extract selectively
the An(lll) over the Ln(lll) from highly acidic solutions. A process using a mixture of 6/s-chlorophenyl-tf/-
thiophosphinic acid + fr7-/7-octylphosphine oxide (TOPO) was designed at FZJ and successfully tested
with synthetic spiked solutions in a centrifugal contactor test loop.

Conclusions

The research carried out within the NEWPART programme was highly successful: several DIAMEX and
SANEX processes were developed and successfully tested in hot conditions for the partitioning of Am
and Cm. About fifty papers were published in International Journals and Proceedings of International
Conferences. The European collaboration in this field will be pursued within the 5th FWP of the
European Union during the period 1999-2002.


