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ABSTRACT

SiC-based ceramics are considered as candidate materials for the advanced nuclear energy systems such as the generation IV reactors
and the fusion reactors due to their excellent high-temperature strength and irradiation resistance. The advanced nuclear energy systems
and their main components adopting ceramic composites were briefly reviewed. A novel fabncatlon method of SiC¢SiC composites

by introducing SiC whiskers was also described. In addition, the charged-particle irradiation (si®

* and H' ion) into CVD SiC was

carried out to simulate the severe environments of the advanced nuclear reactors. SiC whiskers grown in the fiber preform increased
the matrix infiltration rate by more than 60% compared to the conventional CV1 process. The highly crystalline and pure SiC showed
little degradation in hardness and elastic modulus up to a damage level of 10 dpa at 1000°C.
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Fig. 1. (a) reactor system cutaway and (b) coated fuel particle
of the Very High Temperature Gas-Cooled Reactor
(VHTR).>”
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Fig. 2. Schematics of blanket modules of (a) ARIES-AT, (b)
TAURO, and (c) DREAM reactors.”
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Table 1. Major Specifications for Recent International Projects Using SiCy/SiC as Structural Material for Breeding Blankets®
TAURO, '96 ARIES-I ARIES-AT DREAM, '97
Normal operation
Fusion power 3000 MW 1925 MW 1719 MW 5500 MW
Electrical power 1000 MW 1000 MW 1000 MW 3000 MW
Net efficiency 45% 49% 5% >45%
Blanket lifetime 5 years 7.2 years 2 years <4 years
Mode of operation continuous continuous continuous continuous
Plasma geometry
Major plasma radius 94m 6.75m 52m 16m
Aspect ratio 4.5 4.5 4 8
Wall loads (FW, divertor) _
Max. FW surf. heat flux 0.5 MW/m’ 0.5 MW/m’ 0.7 MW/m’ 0.5 MW/m’
Max. Div. surf. heat flux 5 MW/m® 45 MW/m’ 5 MW/m’ 5 MW/m®
Avg. Neutron Wall load 2 MW/m® 2.5 MW/m’ 43 MW/m® 3 MW/m®
In-vessel components
Structural material SiC/siC SiC/SiC SiC/SiC SiC/SiC
Breeding material Pb-17Li Li,ZrOs Pb-17Li Li,O
Neutron multiplier - Be Be
Coolant Pb-17Li, 2 MPa He, 10 MPa Pb-17Li, 1 MPa He, 10 MPa
Coolant inlet/outlet temp. 450/860°C 350/650°C 650/1100°C 600/900°C
FW protection SiC (CVD) SiC (CVD) SiC (CVD) SiC (CVD)
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Fig. 3. Depth profiles of displacement damage and distribution
of silicon and helium ions which were calculated using
TRIM-98 code by assuming average displacement
threshold energy of 35eV, stoichiometric chemical
composition, and a mass density of 3.21 g/cm3.

Fig. 4. SEM microstructures of the SiC whiskers grown in (a)
the first whisker growing and (b) the second whisker
growing steps.
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Fig. 5. Comparison of densification rate of Tyranno-SA/SiC
composites made by WA-CVI and conventional CV]
processes.
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Fig. 6. SEM microstructures for the fracture surfaces of
Tyranno-SA/SiC  composites with the interphase
thickness of (a) 150 and (b) 300 nm.
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Fig. 7. Flexural strength of Tyranno-SA/SiC composites as a
function of the interphase thickness.
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Fig. 8. Hardness and elastic modulus of CVD SiC before and
after ion irradiation.
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