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Thesis Summary (approx.300 English Words )
In the severe accident (SA) at the Fukushima Daiichi Nuclear Power Station (FDNPS) in March 2011,

core meltdowns occurred at unit 1 to 3. In Unit 2, there is a possibility that metal-oxide coexisting debris
may be generated and damaged the reactor pressure vessel (RPV), which is different from conventional
typical SA scenario. Recently, fundamental research is in progress on the elemental behavior of metal-
oxide coexisting debris in SA. To estimate progression of SA at unit 2, in which various phenomena
overlapped, it is important to expand knowledge of complex behavior of debris through large-scale
simulation tests. However, implementation of large-scale simulation test is legally restricted due to use of
the nuclear material uranium (U), and non-radioactive surrogate for U is desired. This study focused on
substituting U with lanthanide (Ln), and aims to elucidate thermodynamic conditions in which substitution
is effective. For this purpose, we investigated phase equilibria and oxidation behavior of simulant debris
containing U or Ln by literature research and experiment, and considered similarity of U and Ln. First, we
conducted a literature survey on phase equilibria of systems containing U or Ln, and evaluated Ce is
suitable for surrogate for U in various Ln element. Subsequently, we collected further phase equilibrium
data between metals and oxides in Ce-containing system and performed an oxidation test on Ce-containing
simulated debris. In comparison with U-containing system, these results showed similarities in the specific
oxygen partial pressure range or degree of oxidation of the simulated debris. Based on these results, we
evaluated the conditions under which the substitution of U by Ce is effective to evaluate reaction behavior
in metal-oxide coexisting debris and steam oxidation behavior of the simulated debris. Furthermore, by
systematically investigating the phase equilibria between metal and oxide in Ln-O systems, we evaluated
distribution ratio of Ln-based fission products (Ln FPs) and neutron poisons (Gd) between metal and oxide

debris.
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