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This study investigates measures to mitigate stress corrosion cracking (SCC) in shrouds used in
nuclear power plants. Chapter 1 discusses how extended operation of these plants contributes to CO:
emissions reduction and stable power supply; however, SCC poses a significant challenge to their
safety and durability. In this context, the study focuses on applying grain refinement techniques
to austenitic stainless steel (SUS304L) to inhibit SCC. Chapter 2 examines SCC behavior under nuclear
reactor operating conditions, specifically the effects of dissolved oxygen (DO) concentration.
Results indicate that low DO concentrations (< 1 ppb) lead to intragranular SCC, while high DO
levels (20000 ppb) cause intergranular SCC due to the detachment of iron and chromium oxide films.
Chapter 3 explores a technique for achieving an ultra—-fine grained stainless steel through dynamic
recrystallization using numerical analysis. Although surface grain refinement was observed, it was
difficult to achieve grain refinement in the matrix due to grain growth during rolling and heat
dissipation from the rolls. Chapter 4 investigates an ultra—-fine grained stainless steel through
static recrystallization via non—-isothermal annealing after severe cold rolling. It shows that a
high heating rate (> 0.093 ° C/s) can consistently produce a 1 pm ultra-fine grain microstructure.
Chapter 5 reveals that fine—grained SUS304L with a grain size of 28.4 um or smaller enhances
resistance to intragranular SCC by suppressing serrations. Chapter 6 confirms that fine—grained
SUS304L can suppress intergranular SCC by forming a thin Cr:0s oxide film, preventing thicker oxide
films and reducing crack formation. Chapter 7 confirms that combining shot peening with finer
particles and recrystallization processing increases equivalent plastic strain and creates a fine
grain microstructure, enhancing SCC resistance. Finally, Chapter 8 concludes that grain refinement
is a promising technology for improving shroud durability, supporting the safe operation of nuclear
power plants.
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