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Abstract 

   In the pyrometallurgical partitioning process, uranium, plutonium and minor actinide dissolved 
in a LiCl-KCl eutectic salt are selectively collected in the metal form by the electrorefining and/or the 
reductive extraction using a liquid metal. Actinide metal and nitride can be anodically dissolved into 
the molten salt. On the other hand, actinide oxide is hardly dissolved and actinide cation immediately 
reacts with oxide ion in the salt to give the precipitate of oxide or oxychloride. 

   For applying the pyrometallurgical partitioning process to oxides, the oxides have to be 
pretreated to remove oxygen. Therefore, CRIEPI has developed both of the reduction process to 
convert oxide into metal and the chlorination process to convert oxide into chloride. 

   The lithium reduction process is expressed as follows: 

   MO2 + 4 Li (LiCl) → M + 2 Li2O (LiCl) . 

Actinide oxide, MO2, is reduced by adding lithium metal in LiCl salt bath at 650˚C. It was 
experimentally verified that UO2, NpO2, and PuO2 could be reduced into metal. As for AmO2, the 
Li2O concentration in the salt had to be less than 5.1 wt% for the complete reduction into metal. 
Beside, the simulated spent MOX fuel test indicated that U-Pu alloy was obtained with the rare-earth 
remaining as oxide and that a part of plutonium, americium, curium and rare-earth dissolved into the 
salt as MO2

- and deposited at the bottom of the crucible. 

   Recently, the electrochemical reduction process is being investigated as a more efficient 
reduction process. In the process, oxide is loaded at the cathode. By the electrolysis, the oxide ion is 
released into the salt and the metal remains at the cathode, while oxygen or carbon dioxide gas is 
generated at the anode.  

    Cathode:  MO2 + 4 e- → M + 2 O2-

    Anode:   2 O2- → O2 + 4 e- , 2 O2- + C → CO2 + 4 e-  

About 100 g of UO2 was successfully converted into metal and the behavior of fission products 
during the electrolysis was verified. In addition, MOX was also reduced into metal. 
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The chlorination process using Cl2 and carbon has been developed. An experiment was 
performed for the oxide given by the denitration of a simulated high level liquid waste. All of elements 
containing uranium, rare-earths, noble metals etc. were converted into chloride in a salt bath at 700˚C, 
when some transition elements such as molybdenum, iron and zirconium volatilized. The chlorination 
using ZrCl4 was also studied. ZrCl4 has a high reactivity with oxygen, but is not corrosive to refractory 
metals such as steel. The actinide and rare earth oxides were allowed to react with ZrCl4 in a molten 
salt bath at 500˚C to give metal chlorides dissolving in the salt and a precipitate of ZrO2.  

    Each pretreatment method for oxide has its advantages. Therefore, the suitable pretreatment 
method depends on the purpose in the pyrometallurgical partitioning and the reprocessing process. 
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