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Abstract

Tritium permeation through structural materials in a fusion reactor is a critical issue from the viewpoints of fuel
loss and radiological safety. To solve this issue, fabrication of tritium permeation barrier coatings has been investigated
for several decades. In recent years, heavy-ion irradiation tests and corrosion tests using liquid lithium-lead alloy have
been conducted to understand the coating characteristics. However, in an actual reactor, the coatings are exposed to these
environments simultaneously. Therefore, the elucidation of combined effects is required to apply the coatings to fusion
reactors. In this study, zirconium oxide coatings were fabricated by metal organic decomposition and exposed to static
lithium-lead for 500 h at 500 °C after iron-ion irradiation with the displacement damage of up to 16 dpa at room
temperature. After the Li-Pb corrosion tests, all the samples with and without irradiations showed the formation of
corrosion products, and the amount of the products and their stability depended on the damage concentration. As for the
samples with the displacement damages of 8 and 16 dpa, the coating thicknesses reduced in comparison with the as-
fabricated coating, while no decrease in thickness was confirmed after corrosion tests for unirradiated sample. These
results suggest that the corrosion was promoted by microstructural changes associated with ion irradiation.
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Figure 1. Depth distribution of damage concentration by
irradiation of 2.8 MeV Fe ions in ZrO»-coated sample with
a displacement damege of 16 dpa.

3. HEREER

3.1 FEOHNT

Figure 2 (2, FEMEHF K00 0.8 dpa, 8 dpa, BL
16 dpa DIEEHE % 5 2 7-REHZ BT DK Li-Pb
IR ZE B % O F ) SEM 8% /R, 2T ORERER%
AEHZRB W T F82H EHITEH L TR LT, #E 1
V2R SE DR K & WE R AERM DT S iz,
IRERBATOWETIC O RFBIIFEL TE Y, F]
RFIZ 35T 2 B8 O RIBRAK DN 0, ZERHFNTFRF L
EHDREEEZLND, LIEto T, WENDKE
N ZIO B L VF U AL DOIGICEE L, a4k
MIZZBEORBNGFLELIZE THREIND, ERKS
L UN0.8dpa DIRERE % 5 2 7-30BHClE, KR OIE
BB L, BE%ORE Tl Y1 X
DREVER LR DML ST, 8dpa DIRERE
ZHZ2 BT, BEWERAERDE SRR S,
FOREITHL EIRIZBEATERIRTH -T2, T2,
ERIE SEM BT OB E— Ak > THEEL
oo TNHOZ LD, BRI OE A EVIRE
Li-Pb D2 ARREE I L | £ < OIS R4 D3Rk
L7zZ LR END, 16 dpa DIREEEZ 5 2 7-
B OFHIT IR > 7228, S BARWITE 091
HIEEL Tz, ZHE, 8dpa DIEEHE & 5 x 7=
BFEHHE L T < OB KIENFMEL, BRERN LY
REINT-Z ERBEREZEEZ NS, EDZ &
Nh, BRAERYO R L O EMITIREGHE K
FT D2 ERNRBENT,

—RRIEFATIE R

Figure 2. Surface SEM images of the samples (a) before
and after Fe irradiation with the damage concentration of
(b) 0.8 dpa (c) 8 dpa (d) 16 dpa.
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Figure 3. Cross-sectional TEM images of the samples after
Fe irradiation with a damage concentration of (a) 8 dpa (b)
16 dpa.
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Figure 4. Coating thicknesses of samples unexposed and
exposed to Li-Pb for 500 h at 500 °C before and after
irradiations at R.T. with the displacement damages of 8
and 16 dpa.
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