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Abstract

To mitigate tritium permeation through structural materials in a fusion reactor blanket, functional ceramic coatings have
been investigated for nearly half a century. For the establishment of a liquid blanket system, the coatings require not only
tritium permeation reduction but also the tolerance to irradiation damage induced by neutrons and corrosion by liquid
tritium breeders. In this study, deuterium permeation measurements under exposure to liquid lithium-lead were performed
for a heavy-ion-irradiated zirconium oxide coating sample to elucidate the synergy of irradiation and corrosion on
hydrogen isotope permeation. The irradiated sample decreased the deuterium permeation flux by two orders of magnitude
under lithium-lead exposure in comparison with the undamaged one. The activation energies of permeation and diffusion
of the sample were larger than those of the undamaged one at around 450 °C and decreased to the level of the undamaged
one at 600 °C. The results indicate that the voids formed by ion irradiation aggregated in grain boundaries of the coating,
resulting in an increase in the energy barrier of diffusion at low temperatures and then a decrease due to the defect recovery
at high temperatures. Besides, a corrosion product layer formed on the coating during lithium-lead exposure increased the
energy barrier of solution. The synergy of irradiation and corrosion on deuterium permeation was developed at lower

temperatures before the defect recovery.
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Figure 1 Depth distribution of damage concentration and
Ni concentration calculated by SRIM-2013.
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Figure 2 Arrhenius plots of deuterium permeation flux for
F82H substrate and ZrO,-coated sample with Li-Pb.
Numbers next to symbols represent test sequence.
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Figure 3 Arrhenius plots of diffusivity for F82H substrate
and ZrO,-coated sample with Li-Pb. Numbers next to
symbols represent test sequence.
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Figure 4 Surface SEM images of irradiated-ZrO,-coated
sample after permeation with exposure to Li-Pb.
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Figure 5 Free energies of formation of the Li compounds
calculated by MALT.
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