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Fig.1  Mass gain curves for the Zr-Nb-Cu alloys after autoclave 

tests in the super-heated steam of 500 3/10.3 MPa 
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Fig.2  SEM images for fracture morphology of Zr alloys after corrosion tests: (a) Zr-remelted with exposure 1 h, (b) Zr-0.1Nb with exposure 

1 h, (c) Zr-0.2Nb with exposure 1 h, (d) Zr-0.05Cu with exposure 7 h, (e) Zr-0.2Cu with exposure 7 h, (f) Zr-1.0Cu with exposure 

500 h, (g) Zr-2.5Nb with exposure 500 h, (h) Zr-0.2Nb-0.05Cu with exposure 7 h, (i) Zr-0.1Nb-0.2Cu with exposure 7 h,          

(g) Zr-2.5Nb-0.2Cu with exposure 500 h, (k) Zr-0.2Nb-0.2Cu with exposure 500 h, and (l) Zr-0.2Nb-1.0Cu with exposure 500 h 
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Fig.3  TEM microstructures of the cross-section of alloys after corrosion tests (the images (a~d) and (a

1

~d

1

) are bright-field and 

corresponding dark field images, respectively): (a, a

1

): Zr-0.2Nb with exposure 1 h, (b, b

1

) Zr-0.2Nb-0.2Cu with exposure 15 h,  

(c, c

1

) Zr-1.0Cu with exposure 15 h, and (d, d

1

) Zr-0.2Nb-1.0Cu with exposure 15 h 

a 

a

1

 

b 

b

1

 

c 

c

1

 

d 

d

1

 

Matrix 

Oxidation film 

1 µm 

Matrix 

Oxidation film 

1 µm 

Matrix 

Oxidation film 

1 µm 

0.5 µm 

Matrix 

Oxidation film 

Matrix 

Oxidation film 

1 µm 1 µm 

Oxidation film 

Matrix 

Matrix 

Oxidation film 

Oxidation film 

Matrix 

1 µm 

0.5 µm 



�2764�                                         ��
 ¡¢�£�                                            � 47� 

 

 

 

 

 

 

 

 

 

 

 

¤ 4  Zr-0.2Nb-0.2Cu1
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Fig.4  HRTEM images of Cu-rich region in the oxide films near 

O/M interface of Zr-0.2Nb-0.2Cu alloy after 15 h corrosion 

test 
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Table 1  EDS analysis of Cu-rich regions in Fig.4 (at%) 
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7 51.44 6.93 41.63 
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¤ 5  Zr-0.2Nb-1.0Cu1
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Fig.5  TEM microstructure of Cu-rich region near the O/M 

interface in Zr-0.2Nb-1.0Cu alloy after 15 h corrosion test: 

(a) bright field image, (b, d) dark field images, and     

(c) selected area electron diffraction pattern of copper-rich 

phase 

 

 

 

 

 

 

 

 

 

EDS results of microcracks zones (at%) 

Zone Zr Cu O 

1 49.59 - 50.41 

2 55.81 - 44.19 

3 54.48 0.34 45.18 

4 54.66 0.77 44.57 
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Fig.6  TEM microstructure and EDS analysis of the micro- cracks 

in oxide film near O/M interface of Zr-1.0Cu alloy after 15 h 
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Corrosion Behavior of Zr-Nb-Cu Alloys in 500 °C/10.3 MPa Steam 

 

Li Qiang, Ma Shuai, Yang Yanping, Liang Xue, Peng Jianchao, Yao Meiyi, Zhou Bangxin 

(Laboratory for Microstructures, Shanghai University, Shanghai 200444, China) 

 

Abstract: The corrosion behaviors of Zr-Nb-Cu alloys in 500 °C/10.3 MPa superheated steam were investigated. Results show that severe 

non-uniform corrosion occurs in Zr-Nb-Cu alloys with low content of Nb or Cu elements, while Zr-0.2Nb-0.2Cu and Zr-0.2Nb-1.0Cu 

alloys demonstrate relatively good corrosion resistance. The non-uniform corrosion behavior has been fully inhibited in Zr-0.2Nb-0.2Cu 

alloy, but further increase in the amount of Cu element shows slight effect on the corrosion resistant behavior. The microstructure of 

zirconium alloys (especially the micro-pores, micro-cracks) is strongly related to the oxidation of alloying elements and precipitates. The 

presence of Nb in zirconium alloys can delay the oxidation of Zr

2

Cu phase and the corresponding diffusion of the oxidation products. 

Moreover, Nb element can also inhabit the formation of the cracks in the oxide film and delay the transformation from columnar to 

equiaxed crystal morphology. Therefore, the addition of Nb element can improve the corrosion resistance of the zirconium alloys 

containing Cu element. 

Key words: zirconium alloys; Nb; Cu; corrosion behavior 
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