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Study on Effect of Tungsten Inclusions on Corrosion of Zr-Nb Alloy Plug Welds

Yang Mingxin, Hu Yong, Zheng Kaiming, Wang Hui, Cao Linyuan

(China Institute of Atomic Energy, Beijing 102413, China)

Abstract: As an unstable factor on the zirconium alloy cladding, the weld is more prone to corrosion, resulting in
damage to the cladding. In order to ensure the safe and stable operation of the reactor for a long life, it is necessary to
explore the influencing factors of weld corrosion, so as to improve the corrosion resistance of the cladding weld. In the
experiment, the water side corrosion experiment of Zr-Nb alloy cladding end plug welded joint was carried out in
high temperature and high pressure kettle to study the effect of tungsten inclusion on the corrosion behavior of
weld. The results show that the tungsten element exists in the form of W,Zr in the weld matrix and W,Zr affects the
compactness of the oxide film during the corrosion process, thereby accelerating the corrosion process of the weld;
after corrosion, tungsten is widely distributed on the surface of the sample, and is enriched in the corrosion pit,
spherical particles are observed at the damage of the oxide film and we can speculate that the composition is CaWOy;
the tungsten content has a great influence on the corrosion rate of the sample, the higher the tungsten content, the
faster the corrosion rate.
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Table 1 Tungsten content of plug welding joints
No. Content No. Content
1 0.46 s 9.49
2" 2.40 6" 13.41
3 5.51 7* <<0.1
4* 8.10

o et 5% SR FH v s 38 400 7K HE — [ 2 v U o P
KIS, R 1E N 360 °C/18.6 MPa, JEMhAr i A&
A R A A S A B I 25 B K VR, R R
650 mg/kg, HHWKE AN 3.5 mg/kg, pH=7.4. B 1 A4

[2] (o]

B NS SRR R R 3
Fig.1 Macrographs of samples with different tungsten contents:

(a) 1" sample; (b) 3" sample; (c) 6" sample; (d) 7* sample
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Fig.2 Surface morphologies of samples with different tungsten
contents after 120 days of corrosion: (a) 1 sample;

(b) 3* sample; (c) 6" sample; (d) 7 sample
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Fig.3 SEM morphologies of samples surface after corrosion with different days: (a) 1* sample, 42 d; (b) 1* sample, 73 d;
(c) 1# sample, 120 d; (d) 3# sample, 42 d; (e) 3# sample, 73 d; (f) 3# sample, 120 d; (g) 6# sample, 42 d;
(h) 6# sample,73 d; (i) 6# sample, 120 d; (j) 7# sample, 42 d; (k) 7# sample, 73 d; (1) 7# sample, 120 d
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Fig.4 XPS characteristic peaks of tungsten on surface of samples

with different tungsten contents after 42 days of corrosion
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Fig.5 Surface morphology of 2* sample after 42 days

of corrosion
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Table 2 EDS analysis results of tungsten enrichment on

the surface of 2* sample

Element w/% x/% Error/%
(0] 23.27 66.19 15.10
W 60.03 14.86 5.10
Ca 16.69 18.95 1.69
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Fig.6 Morphology (a) and Kikuchi patterns (b) of precipitates in

longitudinal section of 5* sample after 42 days of corrosion
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