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Fig.2 SEM morphology at low magnification of cross-section of oxide film on test alloy surface after corrosion for different times under
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Fig.1 Mass increment of test alloy after corrosion for different

times under different content of dissolved oxygen

2.2 RBENEEERESMERAEHRIIE
P P 2 70 DL« 204 97 i 4R M R 300 pg o L
B, JEgih 14 A, 30 G 4 2 1 Y S TRRSER Hh B
(S, AR, AR/ R (O/M) FHfiJeHs
FGEAR s IR 130 dJ5, A H AR 1) 34 38 119 6L
290, FACRR BRI, FUEECOTRE ; FE 0300 AU,
AAL I BT R, HA RS ) , R e 2
KA T IR EEYT, FALBE IR B K. M A
i 1 000 pg« LU, ik 14 dJs Ak e

T e g =

R L G

v HEA

(c) 300 pg-L*, 130 d

(f) 1 000 pg-L, 300 d

different content of dissolved oxygen

12



YL EHH

M, KT EBEATEY TS 2 R Z AL B F B AR R

MATERIALS FOR MECHANICAL ENGINEERING

WL, AR / SR S -8, H 355 JE i 130 d
J, ST A LR BRI , ST R IR RAR s 1
300 dJE, AR B T R a1 A AL, JF
SRR 2T WA, WSk TR T
JEE ST, BB hah 7122564, ¥t i) 8 i sh =
AN, W] DIE o fOW S5 F 28 fb 45 5 B R . 45
A LRI 16 < T AU MBS ) 32 I ot 1]
A LIS T
®1 TRBBESETERARNEELREERE
FHENEE
Table 1 Thickness of oxide film on test alloy surface after
corrosion for different times under different content of

dissolved oxygen
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Fig.3 SEM morphology at high magnification of cross-section of oxide film on test alloy surface after corrosion for 300 d under different

content of dissolved oxygen
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Fig. 4 Polarization curves of test alloy after corrosion for different

times under different content of dissolved oxygen
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dissolved oxygen
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Fig. 5 Mott-Schottky curves of test alloy after corrosion for different times under different content of dissolved oxygen
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Table 3 Carrier concentration in oxide film of test alloy
after corrosion for different times under different content of

dissolved oxygen
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Fig. 6 Electrochemical impedance spectra of test alloy after corrosion for different times under different content of dissolved oxygen:

(a) Nyquist plot and (b) frequency-phase angle plot
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Fig. 7 Equivalent circuits under different corrosion time conditions
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Table 4 Impedance spectrum fitting results of test alloy after corrosion for different times under different content

of dissolved oxygen

WAURR  mbE L/ R/ Q/ R/ Q/ R/
W /(pg e L) d @-cm ) (107Qecm?esny 10 °Qeem ) (100Qecm’ss®) 7 (10 °Qecm )

14 372.6 13.000 0.70 1.75 84.00 0.90 0.69

300 130 224.9 13.100 0.57 0.28 25.70 0.70 2.34

300 449.0 3.040 0.77 2.22 4.38 0.68 17.65

14 468.4 1.850 0.71 7.82 5.17 0.62 12.90

1000 130 135.4 493.000 0.28 0.10 17.90 0.64 2.23

300 160.0 0.094 0.77 9.40 7.06 0.74  157.00
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Influence of Dissolved Oxygen in Water on Microstructure and Electrochemical

Properties of Oxide Films on Low-Tin Medium-Niobium Zirconium Alloy

WANG Xutong!, LI Jiuxiao!, YU Yixiao?, ZHAO Zhiwei!, ZHENG Fengxin’, ZENG Qifeng*, LIU Qingdong?

(1. School of Materials Science and Engineering, Shanghai University of Engineering Science, Shanghai 201620, China;
2. School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
3. School of Materials Science and Engineering, Shanghai University, Shanghai 200444, China;
4. School of Nuclear Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The corrosion experiment of a new Zr-0.4Sn-0.7Nb-0.3Fe-0.1Cr-0.15Mo-0.120 low-tin medium-
niobium zirconium alloy in the environment containing dissolved oxygen with mass concentration of 300, 1 000 pug« LL~!
for 300 d was carried out in an external autoclave. The microstructure change of oxide film on alloy surface during
corrosion was studied. The electrochemical properties of the alloy after corrosion were characterized by off-site
electrochemical detection. The effect of dissolved oxygen on the electrochemical properties was analyzed. The results
show that during corrosion, in the environment containing dissolved oxygen, the thickness of oxide film on alloy surface
increased linearly with time. The number of cracks in the oxide film increased, and the fluctuation of the oxide film/
matrix interface intensified. When dissolved oxygen content was relatively large, the mass increment of the alloy after
corrosion was relatively large, and there were more cracks in the oxide film. After corrosion for 130 d in the environment
containing dissolved oxygen, the self-corrosion potential and polarization resistance were the smallest, and the self-
corrosion current density was the largest. The corrosion resistance of the alloy was not only related to the thickness of
the oxide film on surface, but also affected by the defects in the oxide film. After corrosion for 300 d in the environment
containing dissolved oxygen, the impedance spectrum showed the characteristics of multiple arc resistance. When the
dissolved oxygen content was higher, the number of arc resistance was more.

Key words: zirconium alloy; high-temperature and high-pressure corrosion; oxide film; dissolved oxygen;

electrochemical detection
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