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Fig.1 Distributions of He" irradiation damage dose and concentration
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Fig.2 TEM bright field images of the microstructures (a, b)

and size distribution of the second phase particles (c, d) of

Zr-0.75Sn-0.35Fe-0.15Cr-xNb alloys: (a, ¢) x=0 and (b, d) x=1.0
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Fig.3 TEM bright field images, SAED patterns and EDS results of the second phase particles in ONb alloy (a-c) and 1.0Nb alloy (d)
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Fig.4 TEM bright field image of the cross-sectional microstructure of the irradiated ONb alloy (a), under-focused (b) and over-focused (c)

magnified TEM bright field images of region B marked in Fig.4a
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Fig.5 TEM bright field image of the cross-sectional microstructure of the irradiated 1.0Nb alloy (a), under-focused (b) and over-focused (c)

magnified TEM bright field images of region B marked in Fig.5a
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Fig.7 HAADF image of the irradiation damage peak region about 4.3-5.0 um away from the outer surface of the ONb alloy (a);
TEM bright field image (a) and HRTEM image and the corresponding FFT pattern (b) of P1; EDS element mappings (d-g)
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Fig.9 SEM images of fracture morphologies of the oxide films formed on the ONb alloy (a, al, b, b1) and 1.0Nb alloy (c, c1, d, d1)
corroded in 360 ‘C/18.6 MPa LiOH water solution for 83 d
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Fig.10 SEM images of fracture morphologies of the oxide films formed on the ONb alloy (a, al, b, bl) and 1.0Nb alloy (c, c1, d, d1)
corroded in 360 ‘C/18.6 MPa LiOH water solution for 201 d
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Microstructural Evolution Under He" Irradiation and Its Effect on Corrosion Behavior
of Zr-0.75Sn-0.35Fe-0.15Cr-xNb Alloys

Yi Lisha', Zhang Xingwang®, Lin Xiaodong®, Yao Meiyi!, Hu Lijuan', Li Jianjian®, Liang Xue?, Peng Jianchao?,
Xie Yaoping®, Zhou Bangxin®
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)
(3. Shanghai Institute of Applied Physics, Chinese Academy of Sciences, Shanghai 201800, China)

Abstract: Zirconium alloys used as fuel claddings in water-cooled nuclear reactors generally serve in a harsh environment of
high-temperature high-pressure water and strong neutron irradiation. Nb is known to play an important role in improving the corrosion
resistance of zirconium alloys. Therefore, studying the microstructural changes and its effect on the corrosion behavior of zirconium alloys
with different Nb contents before and after irradiation can provide a basis for the design of advanced zirconium alloys. In this work,
Zr-0.75Sn-0.35Fe-0.15Cr-xNb (x=0, 1.0, wt%) alloys were prepared and irradiated with 2 MeV He" at 300 °C. The effects of irradiation on
the microstructure and corrosion behavior of the alloys were investigated by using scanning electron microscope and transmission electron
microscope. The corrosion environment was 360 °C/18.6 MPa/0.01 mol/L LiOH aqueous solution. The results reveal that the number,
average size and crystal structure of the second phase particles in Zr-0.75Sn-0.35Fe-0.15Cr-xNb alloys change with the increase of Nb
content prior to irradiation. After He™ irradiation to 1 dpa, however, a large number of He bubbles and <a>-type dislocation loops are
induced in the radiation damage peak region in the alloys. To some extent, addition of Nb can affect the number of He bubbles and
dislocation loops, and elemental diffusion from the second phase particles. The corrosion results show that He" irradiation or addition of
1.0wt% Nb could accelerate the corrosion of Zr-0.75Sn-0.35Fe-0.15Cr alloy, but the irradiation could reduce the acceleration effect of Nb
on the corrosion of Zr-0.75Sn-0.35Fe-0.15Cr alloy.

Key words: zirconium alloy; Nb content; ion irradiation, microstructure; oxide film
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