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Nuclear fuel recycling is one of promising options to resolve current issues arising from energy
security and nuclear wastes. Spent nuclear fuel has chemically been treated to extract fissile materials
in most commercial reprocessing plants. In contrast, this method still has several safety and security
concerns arising from use of large amounts of organic solvents and potential isolation of highly purified
plutonium. Furthermore, advanced reprocessing should require enough space to explore applicability for
thorium—uranium based nuclear fuel cycle. In order to overcome such challenges, simple and versatile
reprocessing are being required for the future. On the basis of such viewpoints, nuclear fuel materials
selective precipitation method with novel precipitants of diamide building blocks are proposed in this
study. This thesis is made up of 6 chapters.

Ch. 1 introduces the background of this thesis. The significance of closed nuclear fuel cycle
associated with world energy situation and general reprocessing methods are described. Furthermore,
molecular concept of double—headed pyrrolidone derivative (DHNRP) designed for efficient recovery of
Actindes (VI) from HNO; (aq) has been proposed towards advanced reprocessing.

Ch. 2 discusses syntheses and characterizations of DHNRPs. The accessibility of DHNRPs has been
successfully demonstrated by preparation of 12 kinds of compounds which follows the novel molecular design
concept.

Ch. 3 takes up syntheses and characterizations of uranyl nitrate complexes with DHNRPs. The sparingly
soluble U0,*" has been attained by forming 1-D chain coordination polymer chain of U0;(NOs)s units with
DHNRPs as expected.

Ch. 4 focusses on syntheses and characterization of actinide (IV) complexes with DHNRPs. As the results
of precipitation test for An"" (M =U, Th), DHNRPs bearing arbitrary bridging moiety did not allow formation
of any deposits of tetravalent actinides. In contrast, another DHNRPs bearing 1,4/1, 2-cyclohexylene
bridging moiety afforded sparing soluble crystalline precipitates.

Ch.5 discusses precipitation behavior for nuclear fuel materials (U0,*, Th'") and simulated fission
products. It is revealed that separation/co—precipitation of U0,*" from/with these tetravalent actinides
can be achieved by employing appropriate DHNRPs. Based on these findings, nuclear fuel materials selective
precipitation method towards advanced reprocessing has been proposed.

Ch. 6 summarizes all results and discussions.
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