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[#%22] In Unit 2 of the Fukushima Daiichi Nuclear Power Station, Zr—containing metallic debris
could have been formed, relocated into the lower plenum, and re—melted at a temperature lower
than the melting point of metallic oxides, followed by the failure of reactor pressure vessel (RPV).
The Zr-Ni—Fe ternary system is an important subsystem to evaluate chemical interaction between
the re—molten metallic debris with stainless—steel and Ni—alloy based structure located in the lower



head of RPV. In this study, the Zr activity was measured along two sections in Fe—Ni—Zr ternary
system by chemical equilibrium technique: xZr = 0.1 section and xZr = 0.15 section, respectively.
A decrease of Zr activity was found with Ni added to the Fe—Zr alloy, which may result from
associates being formed between Ni—Zr. Based on the experiment data, the partial mixing enthalpy
of Zr was calculated, revealing that the dissolution of Zr into the Ni—Fe mixture is an exothermic
reaction, generating increasing heat with the rise in Ni content. Furthermore, the influence of the
non-—ideality of the mixture on the diffusion behavior in Fe—Ni—Zr solution was discussed by
considering the chemical potential as the driving force for diffusion. The thermodynamic factor
matrix [I'] defined in Maxwell-Stefan formulation was calculated along xZr = 0.15 section. The
thermodynamic data obtained in this study provides a better understanding on the molten pool
formation in the context of integral accident progression in Unit 2.



