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In a nuclear reactor using boron carbide (B4C) as control rod material, such as
boiling water reactor, it is considered that core structure materials mainly made of stainless
steel (SS) would be collapsed by molten metallic corium (SS-B4C melt) originated from
control rod during a severe accident (SA). Therefore, collapse behavior of solid SS by
SS-B4C melt should be investigated in order to predict the damage condition of reactor after
the accident for decommission, as well as to evaluate core disruptive accidents of reactors for
improving safety of nuclear reactors. However, previous studies were mainly focused on solid
state reaction (SS/B4C, B4C/Zircaloy), and there are few reports on the reaction between
molten metallic corium and the core construction materials such as solid SS. Therefore, in this
dissertation, the reaction experiments (immersion experiments) were carried out with a focus
on the collapse behavior of solid SS by SS-B4C melt.

The findings suggested that infiltration of SS-B4C melt into solid SS grain
boundaries takes place. Based on the Kinetic analysis, it was revealed that the collapse mode
of solid SS by SS-B4C melt is corrosion-erosion —the grain detachment from solid SS due to
infiltration of the SS-B4C melt into the SS grain boundaries.

To evaluate the corrosion-erosion behavior, reaction experiments under various
conditions were conducted. The results suggest that the grain size of the SS rods affects the
dissolution rate; the smaller the grain size is, the faster the dissolution rate is. Also, the
collapse rate of solid SS by SS-B4C melt was evaluated, and a prediction formula was
proposed. In addition, some safety recommendations was proposed for suppressing the
collapse of SS structure by SS-B4C melt in SA.
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