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Microstructure of Oxide Scale Formed on FeCrAl-ODS Cladding
Material under High-Temperature Moist Air
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Abstract: To improve the high-temperature oxidation resistance of nuclear fuel cladding materials, FeCrAl-based oxide dispersion
strengthened steel (FeCrAI-ODS) is developed by powder metallurgy technology. The FeCrAI-ODS alloy is oxidized in high-temperature
moist air at 1100 ‘C and 1200 °C for different times. The microstructure of oxidized FeCrAl-ODS alloy is qualitatively and
quantitatively analyzed by SEM, XRD, EDS and TEM. The weight gain of FeCrAI-ODS alloy at 1 200 °C is faster than that at 1 100 °C,
but the growth trend of oxidation kinetics curve is consistent. The oxidation weight gain is very fast in the first few hours, and then slows
down with the formation of protective oxides. Due to the existence of oxygen potential gradient, Al-Y-Ti-Zr-O-rich precipitates are
observed on the surface of the oxide layer. With the extension of oxidation time, the precipitates became more obvious, and the dense and
regular oxide layer adhered well to the alloy material. The dense and regular oxide layer formed on the surface of FeCrAI-ODS alloy in
high-temperature wet air up to 1100 ‘C and 1200 ‘C can improve the high-temperature oxidation resistance of the alloy, and can

effectively improve the service life, safety and reliability of nuclear fuel elements. The study of the microstructure of oxide scale formed

* HER ARG (52071168) Rz B & Mt SJm A R (202002AB080001) % B H »
Fund: Supported by National Natural Science Foundation of China (52071168) and Rare and Precious Metal Materials Genome Engineering Project of Yunnan
Province (202002AB080001).
20210924 W F ¥, 20220622 W FIME ik



o541 I

R At FeCrAl-ODS A1, 5 M EHE AL 2 (1 B 141 27 51

on FeCrAl-ODS cladding material under high-temperature moist air can provide some theoretical guidance and technical support for the

development, preparation and application of the alloy.
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Fig. 1 Oxidation kinetics curve of FeCrAl-ODS alloy in
moist air after oxidation at 1 100 and 1 200 ‘C for 192 h
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Fig. 2 Surface XRD pattern of FeCrAl-ODS alloy in moist air
after oxidation at 1 200 °C for different oxidation times
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Fig. 3 Surface morphology SEM of FeCrAI-ODS alloy in
moist air at 1 200 °C for different oxidation times
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Fig. 7 TEM analysis of the columnar grains beneath
the oxide layer of FeCrAI-ODS alloy in moist air after
oxidationat 1100 ‘C for 96 h
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