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Fig.1 Surface morphologies of Zircaloy-4 specimen corroded in
deionized water at 300 “C: (a) optical microscopy (OM)
and (b) scanning probe microscopy (SPM)
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Fig.2 Selected area electron diffraction pattern (SAED) (a), bright field image (b), and dark field image (c) of oxide layer at the fracture

surface of corroded specimen
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Fig.3 Surface morphology of oxide layers formed on two different grains (a), selection area electron diffraction (SAED) pattern of region

Aiin Grain 2, Z.A.=[5139] (b), and selection area electron diffraction (SAED) pattern of region B in Grain 1, Z.A.=[0110] (c)
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Fig.4 High resolution TEM image of oxide layer, and FFT analysis of m-ZrO,, a-Zr substrate, t-ZrO, and b-ZrOy marked by 1, 2, 3 and 4,

respectively
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Fig.5 Dislocations in the oxide layer: (a) HRTEM image of oxide layer, (b) FFT pattern, (c) IFFT image of (101)m, and (d) IFFT image

of (010)m
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Fig.6 Strain maps of Fig.5¢ and 5d obtained by GPA: (a) eyy strain map of (101)m, (b) exx strain map of (010)m, (c) Gauss analysis of a

dislocation in (101)m at A-B position, and (d) Gauss analysis of a dislocation in (010)m at A-B position
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Oxide Layers Formed Earlier on Zircaloy-4 Alloy Corroded
at 300 <C in Deionized Water

Wang Zhen, Zhou Bangxin, Wang Boyang, Yao Meiyi, Li Qiang, Zhang Jinlong
(Shanghai University, Shanghai 200072, China)

Abstract: Thin specimens of 3 mm in diameter for transmission electron microscopy observation were prepared using Zircaloy-4 plate.
Corrosion tests of these thin specimens were conducted in an autoclave at 300 €/8 MPa in deionized water for short time exposure. The
oxide layers formed earlier on Zircaloy-4 specimens have been investigated using optical microscopy, scanning probe microscopy and
electron microscopy. The results show that the different thicknesses of oxide layers formed on metal grains with different orientations
present different colours. The oxide layers are mainly composed of columnar grains with m-ZrO,, but a small amount of t-ZrO, and c-ZrO,
could be also detected. In addition, a kind of zirconia having bcc structure with a=0.88 nm is observed. Semi-coherent orientation
relationships between the o-Zr matrix and the zirconia with different crystal structure are observed: (1011 )ez//(020)mzr0,//
(002)1-2:0,//(020)c-zr0,. Therefore compressive deformation of 3%-~7% occurs in different directions for different crystal structure of
zirconia. A lot of dislocations appear in oxide crystals and the strain in the area around the dislocations is about —4.8% to 3.5% obtained by
geometric phase analysis (GPA).

Key words: Zircaloy-4; corrosion; oxide layer; crystal structure; crystallographic orientation relationship
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