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Abstract 
After reprocessing spent nuclear fuels, recovered U and Pu can be used again as new 

fuels to save the natural U resources. At the same time, it reduces the long-term 
radioactivity of high-level wastes to remove the minor actinoids (MA) and to lead their 
nuclear fission by neutrons. In the present study, various material conversion steps by 
chemical/electrochemical reactions and the material separation steps required for the 
reprocessing of spent oxide or metal (next generation) nuclear fuel have been investigated. 
The consecutive multistep processes, furthermore, have been demonstrated in a safely 
closed space based on the optimum transport of various high temperature melts; liquid Cd 
and LiCl–KCl binary molten salts including their slurries. 

In Chapter 1, the background and the object of this work have been described in 
detail, where the attention was focused on chemical and electrochemical material 
conversion, the material separation, and the construction of their consecutive 
processes for the improved reprocessing . 

In Chapter 2, a new low-temperature reaction using MoCl5 has successfully 
been proposed for the chlorination of MA oxides, which come from high-level 
wastes. The chlorination of ZrO2 and Nd2O3 (as simulants) by MoCl5 can proceed 
at over 200 K lower temperature than conventional C +Cl2 method, which might 
suppress the corrosion damage. 

In Chapter 3, the reductive extraction of actinoid (AN) chlorides at the molten 
salt|liquid Cd–Li alloy interface has been studied in order to separate rare-earth 
(RE) chlorides contained as the fuel-poison from upstream materials. After redox 
reactions at the interface, AN metals have been extracted in Cd phase more 
selectively than RE. The effects of another impurity of NaCl contaminating the 
LiCl–KCl salts were small on the AN–RE separation factors. 

In Chapter 4, metallic U and Pu could be recovered successfully from their 
oxides by the consecutive [Li reduction]  [electrorefining]  [distillative 
purification] process.  

In Chapter 5, the various transport methods for high-temperature melts (liquid 
metals, molten salts including their slurry) have been studied extensively in order 
to optimize the required setup for the above various operations. The obtained 
knowledge was useful to construct a consecutive [electrorefining]  [distillative 
purification] small plant, which demonstrated highly efficient and rapid operation 
for Gd as an simulant of U/Pu. 

In Chapter 6, the summary of this work has been described in addition to 
further subjects. 

 


