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Study on the ceramic materials for solid type breeding blanket

in fusion reactor
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ABSTRACT

Ceramics are promising candidates as structure/functional materials of a solid type breeding blanket
because of their high-temperature stability and low radioactivation property in neutron irradiation
environments. Ceramics such as SiC/SiC composites and Li,TiO3 breeder are expected to be adopted
as structure and functional materials in the fusion systems. In this study, operating conditions and
integrity of materials are discussed based on the evaluated characteristics with an improvement of the
fabrication methods to apply the ceramics in the solid-breeding blanket system.

Chapter 1 is an introduction, where the importance of fusion energy toward the continued growth
of a sustainable society on earth is emphasized. The motivation and objective of this study are also
explained. Chapter 2 presents the background of study on SiC/SiC composites, Li;TiO3 breeder, and
the fusion energy by referring to the literatures. Chapter 3 cares about the mechanical properties of
SiC/SiC composites with different fiber reinforced architectures. Though the mechanical strength
values such as in-plane and inter-laminar shear strength were not to be significantly modified, but the
elastic modulus was affected by the fiber reinforced architecture. Intersections of the fiber bundles are
suggested to behave as obstacles for deformation and crack propagation according to the comparison
of fracture surface and load-displacement curves. Chapter 4 discusses the oxidation behavior of
SiC/SiC composites. The weight change of the composites was confirmed at 600 °C in oxidizing
environment. Because the carbon exists at the matrix/fiber interface in SiC/SiC composites, the
degradation of mechanical properties is considered to be caused by the oxidation of carbon. The SiC
coating for the composites is suggested to be necessary as an oxidation barrier.

Chapter 5 describes the improvement of a slurry droplet wetting method for Li>TiO3
breeder to obtain good physical properties. The fabricated Li,TiO3; pebbles were satisfied
the properties such as spherical shape with 1mm diameter, suitable grain boundaries
(5~10um), and a homogeneous microstructure. The carbon exists in the Li,TiO3; breeder
because the organic binder is added to the slurry for the shaping. Because the residual
carbon is expected to cause the discoloration of the sintered body during the sintering in
the He + 1%H, atmosphere, the pebbles need to be thermally treated at 600 °C for 20h
before the sintering process. Chapter 6 proposes optimal operation conditions of the Li»TiO3
pebble bed based on the sintering and creep behavior during the operation. Chapter 7
discusses the compatibility between SiC/SiC composites and Li;TiOs3 tritium breeding

materials. The optimal operation conditions of the blanket made by the SiC/SiC composites



and Li,TiO3 breeders are suggested.
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