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Table 1 Chemical composition of the Zr-0.3Nb-xCr alloys (w/%)

Alloy Nb Cr Zr
Zr-0.3Nb-0.2Cr 0.18 0.17 Bal.
Zr-0.3Nb-0.5Cr 0.20 0.47 Bal.
Zr-0.3Nb-1.0Cr 0.33 1.02 Bal.

Lath crystal

El1 Zr-0.3Nb-xCr &4 BSE 55 TEM Hl3714
Fig.l BSE (a, c, €) and TEM bright field (b, d, f) images of the Zr-0.3Nb-xCr alloys: (a, b) Zr-0.3Nb-0.2Ctr, (c, d) Zr-0.3Nb-0.5Cr, and (e, f) Zr-0.3Nb-1.0Cr
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Fig.2 TEM image of the second phase particles in the Zr-0.3Nb-1.0Cr alloy (a), high magnification view of the second phase particle (b),

SAED pattern of the second phase particle in Fig.2b (c), HRTEM image of the second phase particle (d), FFT pattern corresponding

to the second phase particle in Fig.2d (e)
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Table 2 EDS analysis results of the second phase particles

marked in Fig.2a (at%o)

Particle Zr Cr Nb
1 59.80 37.70 2.50
2 71.70 27.20 1.10
3 66.90 32.20 0.90
4 62.30 36.80 1.90
5 70.00 28.40 1.60
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Fig.3 Corrosion mass gain curves of Zr-0.3Nb-xCr, Zr-4 and

N18 alloys in 400 “C/10.3 MPa superheated steam
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Fig.4 SEM morphologies of oxide film fractures of Zr-0.3Nb-xCr alloys after corrosion in 400 ‘C/10.3 MPa superheated steam: (a, b) Zr-0.3Nb-0.2Cr
alloy after exposure for 3 d, (c, d) Zr-0.3Nb-0.5Cr alloy after exposure for 100 d, and (e, f) Zr-0.3Nb-1.0Cr alloy after exposure for 100 d
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Fig.5 HAADF (a), bright field (b) and dark field (c) images of the oxide film formed on the Zr-0.3Nb-0.2Cr alloy after corrosion for 12 h

in 400 ‘C/10.3 MPa superheated steam
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Fig.6 HAADF image (a) and EDS element mapping (b, c) of the columnar crystal region in the oxide film, and HRTEM image (d), EDS and

FFT analysis (e) of the second phase oxides at about 100 nm from the O/M interface of Zr-0.3Nb-0.2Cr alloy corroded in

400 °C/10.3 MPa superheated steam for 12 h
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Table 3 EDS analysis results at the positions about 100 nm
from the O/M interface of Zr-0.3Nb-0.2Cr alloy
after 12 h corrosion in 400 °C/10.3 MPa superheated
steam in Fig.6d (at%)
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Fig.7 HRTEM image (a), FFT patterns (b, c) and EDS line scanning along arrow (d) at the O/M interface of the Zr-0.3Nb-0.2Cr alloy
corroded in 400 °C/10.3 MPa superheated steam for 12 h
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Fig.8 Cross sectional morphologies of the oxide film formed on the Zr-0.3Nb-0.5Cr alloy corroded in 400 ‘C/10.3 MPa superheated
steam for 28: (a) HAADF image, (b) bright field image, and (c) dark field image
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Fig.9 HAADF image (a) and EDS element mapping of Cr (b), Nb (c), and O (d) for the oxide film formed on the Zr-0.3Nb-0.5Cr alloy

after corrosion for 28 d; enlarged image of the dashed region marked in Fig.9a (e) and EDS line scanning at the O/M interface

along the arrow in Fig.9e (f)
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Fig.10 HRTEM image (a) and FFT patterns (b-e) corresponding to different regions in the second phase particle at about 800 nm from the
O/M interface of the Zr-0.3Nb-0.5Cr alloy corroded in 400 “C/10.3 MPa superheated steam for 28 d

* 4 10a FAEIX K EDS 3 #7455
Table 4 EDS analysis results of different regions marked in

Fig.10a (at%o)

Region e} Zr Cr Nb
1 43.99 28.62 26.63 0.76
2 51.07 22.60 25.26 1.07
3 58.41 36.42 5.01 0.16
4 58.18 38.76 2.38 0.68
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Effect of Cr Addition on Microstructure and Corrosion Behavior of Zr-0.3Nb Alloy in
400 °C/10.3 MPa Superheated Steam

Zhang Chi'?, Fan Zhouyang*?, Lin Xiaodong®, Peng Liting"?, Liang Xue?, Li Yifeng"?,
Chen Wenxia?, Peng Jianchao?, Li Qiang?
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: Zr-0.3Nb-xCr(x=0.2, 0.5, 1.0, wt%) alloys were prepared and then corroded in 400 °C/10.3 MPa superheated steam in an
autoclave. The microstructures of the alloy matrix and oxide film were characterized using SEM and TEM in order to investigate the effect
of Cr on the microstructure and corrosion behavior of Zr-0.3Nb alloy. Results show that the second phase particles in the Zr-0.3Nb-xCr
alloys are face centered cubic and hexagonal close-packed ZrCr, phase with a size in a range of 10~100 nm. With increasing the Cr
content, the size of second phase particles is nearly unchanged, but their number is increased. Appropriate Cr addition to the Zr-0.3Nb
alloy could promote the growth of columnar crystals in the oxide film and delay the transformation from columnar crystals to equiaxed
crystals, thereby improving the corrosion resistance of the Zr-0.3Nb alloy. The corrosion resistance is relatively better when 0.5wt% Cr is
added to the Zr-0.3Nb alloy. This may be due to the compact oxide film and the presence of a sub-oxide layer at the oxide/metal interface,
which could delay the microstructure evolution of the oxide film and thus improve the corrosion resistance of the Zr-0.3Nb-0.5Cr alloy.
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