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Fig.3 TEM images (a, ¢) and SAED patterns of SPP6 in Fig.3a (b) and SPP9 in Fig.3c (d) for the 0.03Ge alloy

£1 003Ge AEFE_HETELER Fe/Cr EFLL{E (FFRE 3a 1 3c PHS)
Table 1 Contents and Fe/Cr ratios of the second phase particles in the 0.03Ge alloy (corresponding to the No. in Fig.3a and 3c)

No. Cr content/at% Fe content/at% Ge content/at%  Zr content/at% Nb content/at% Sn content/at% Fel/Cr
SPP1 22.36 36.15 - 41.16 0.17 0.16 1.62
SPP2 19.01 40.63 - 39.72 0.45 0.18 2.14
SPP3 11.64 31.19 - 56.49 0.51 0.17 2.68
SPP4 0.84 0.41 2.47 95.68 0 0.6 0.49
SPP5 0.19 4.43 1.44 93.43 0.01 0.5 23.32
SPP6 22.85 38.17 0.06 38.41 0.47 0.05 1.67
SPP7 7.32 17.33 0.04 74.26 1.05 0 2.36
SPP8 14.81 34.83 0.09 49.61 0.59 0.07 2.35
SPP9 6.01 17.39 0.10 76.07 0.08 0.34 2.89
SPP10 9.03 21.38 - 68.57 0.57 0.43 2.37

um

N
%
S
b

4 0.03Ge/DE/44d. 0.03Ge/300D0/42d #il 0.03Ge/1000DO/42d F¥F i [ A AL IE T D 35 SEM B
Fig.4 Fractural surface SEM images of the oxide film on the 0.03Ge/DE/44d (al-a3), 0.03Ge/300D0/42d (b1-b3) and 0.03Ge/1000D0O/42d

specimens (cl1-c3)
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Fig.5  Fractural surface SEM images of the oxide film on the 0.03Ge/DE/404d (al-a3), 0.03Ge/300D0O/300d (b1-b3) and

0.03Ge/1000D0/300d specimen (cl1-c3)
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6 0.03Ge/DE/44d F: i S AL A AT HAADF 14, EDS JTER M40 & O/M Fr AL EDS LA % 53 47
Fig.6 HAADF image (a), EDS mappings (b-h), and line scanning analysis along SL1 (i) and SL2 (j) marked in Fig.6a of 0.03Ge/DE/44d specimen

m-Fes0; [001] m-ZrO, [122

K7 0.03Ge/DE/44d #F fh S AL BEHh 55 —AH ) HRTEM {31 FFT FE £
Fig.7 HRTEM images (a, b) and FFT patterns (c-h) of the second phase particle in the oxide film on 0.03Ge/DE/44d specimen
(Fig.3c-3h, correspond to regions 1-6 marked in Fig.7a and Fig.7b)
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Fig.8 TEM images (a, b), HRTEM image (c) and FFT patterns (d, e) of the O/M interface on the cross-section of 0.03Ge/DE/44d
specimen (Fig.8d and 8e correspond to regions 1 and 2 marked in Fig.8c)
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Fig.9 HAADF image (a), EDS mapping (b-h), and line scanning along SL1 (i) and SL2 (j) of the cross section on 0.03Ge/1000DO/44d specimen
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Fig.10 TEM image (a) and SAED pattern (b) of the second phase particle in the oxide film on 0.03Ge/1000 DO/42d specimen
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Fig.11 HRTEM images (a, b) and FFT patterns (c-g) of the oxide film on 0.03Ge/1000 DO/42d specimen (Fig.11c-11g correspond to

regions 1-5 marked in Fig.11a and Fig.11b)
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Table 2 Content of element with different valence states in the oxide films on the 0.03Ge/DE/194d and 0.03Ge/1000D0O/130d

specimens (at%o)

Valence state DE DO
Sn 48.23 19.30
sn** 19.39 10.12
Sn** 32.38 70.58
Fe 27.75 25.51
Fe? 46.16 48.95
Fe** 26.09 25.54
Cr 10.07 11.50
cr** 68.20 62.93
cr® 21.73 25.57
Ge
Ge* 78.12 70.93
Ge* 21.88 29.07
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Fig.14 Schematic diagram of microstructure evolution of oxide film on the Zr-1Sn-0.35Fe-0.15Cr-0.10Nb-0.03Ge alloy in the DE
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Corrosion Behavior of Zr-1Sn-0.35Fe-0.15Cr-0.10Nb-0.03Ge Alloy in 400 °C
Super-heated Steam with Different Oxygen Contents

Xu Shitong®, Yao Meiyit, Bai Yong*, Huang Jiansong®, Lin Xiaodong!, Hu Lijuan®, Xie Yaoping®, Liang Xue?,
Peng Jianchao?, Xu Jing?®, Zhou Bangxin*
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: In order to explore the corrosion behavior of Zr-1Sn-0.35Fe-0.15Cr-0.10Nb-0.03Ge (wt%) alloy in 400 °C super-heated steam
with different oxygen contents, Zr-1Sn-0.35Fe-0.15Cr-0.10Nb-0.03Ge alloy specimens were put into static autoclave and dynamic
autoclave for super-heated steam corrosion tests under deaeration, 300107 dissolved oxygen (DO) and 1000=10"° DO environment at
400 <C/10.3 MPa. The scanning electron microscope, transmission electron microscope, and X-ray photoelectron spectroscope were used
to characterize the microstructure of alloys and oxide films, as well as the valence state of the alloying element. Results show that
compared with the deaeration environment, the average corrosion rate of Zr-1Sn-0.35Fe-0.15Cr-0.10Nb-0.03Ge alloy in 30010 DO and
1000=10° DO environments is increased by 23.5% and 29.4%, respectively, indicating that DO can accelerate the corrosion of the alloys,
and the higher the DO content, the more obvious the corrosion acceleration effect. DO not only promotes the oxidation of Fe, Cr, Sn and
Ge in the oxide film, but also accelerates the reaction process of Zr—ZrOy—ZrO, in the transition layer at the O/M interface. Based on the
above two aspects, a mechanism of DO accelerating the corrosion of zirconium alloys at 400 <C/10.3 MPa is proposed. The increase in DO
content in the corrosive environment leads to an increase in the concentration of 0% and OH™ participating in the reaction in the oxide film.
On the one hand, this promotes the oxidation of alloying elements, leading to the increase in defects and local stress in the oxide film; on
the other hand, this also accelerates the evolution of Zr—ZrO,—ZrO, at the O/M interface, resulting in higher stress in the oxide film and
providing less time for stress release during oxidation. The roles of the two aspects both promote the generation of pores and cracks, and
accelerate the diffusion of 0% and OH", thus accelerating the corrosion of zirconium alloys.

Key words: zirconium alloy; corrosion; dissolved oxygen; microstructure
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