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Analysis of Formation Mechanism of White Corrosion Spots on Zr-Sn Alloy Tube

Ding Yuhang, Li Yuli, Gao Quan, Sun Taotao, Zhou Xuan, Zhang Wei

(Xi’an Western Energy Material Technology Co., Ltd., Xi’an 710299, China)

Abstract: The nuclear-grade Zr-Sn alloy tube developed abnormal white patchy corrosion products during the
400 °C/10.3 MPa superheated steam corrosion test, resulting in a deviation in the mass gain curve. The morphologies
and chemical elements of the oxide film, along with the second phase in the substrate, were characterized to analyze
the formation mechanism of the corrosion white spots. The study shows that the oxide film in the white spot area is
significantly thicker than in the normal regions, with a more porous structure and abundant cracks. Residual F element
is detected within the oxide film in the white spot area, where it reacted with zirconium ions to form white zirconium
fluoride (ZrF4). These corrosion products accumulate at the cracks on the oxide film surface, forming visible white
spots, and resulting in a pronounced inflection point in the sample’s mass gain curve. The reason for the appearance of
F element on the surface of Zr-Sn alloy tube is incomplete cleaning after pickling, which results in the fluoride ions in
hydrofluoric acid remaining on the surface of the tube.
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Table 1 Primary chemical element range of Zr-Sn alloy tube
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Corrosion test results of Zr-Sn alloy tube in superheated steam: (a) photos of specimens; (b) corrosion mass gain curves

Avatange AT B4 Ab 3

2 HBRERH
2.1 EEERAASH

B2 D JE b A 1 4 R R o AL 2 T
JE3 R ot A T T DX 8 B X R A 235 5
AL, RGN 2%, EFXIES5AKRKX
WA R SR Y N 12,5 %, EHEZER, HHHHAE
YA S T S o 1 B ) DR IR
22 FEZHESH

X Zr-Sn A& REAT RO, Tl v AE S AR R
Fe. Cr &4 03 LA/NIREUI A (1) Zr(Fe,Cr), 55 —

K 2

Fig.2 Metallographic photographs of substrate in corroded specimen: (a) overall view; (b) white spot region; (c) normal region
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Fig.3 Morphologies of the second phase in the substrate of

corroded specimen: (a) white spot region; (b) normal region
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Fig.4 Fracture morphologies of oxide film on corroded specimen:

(a, b) white spot region; (¢, d) normal region
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Fig.5 Surface morphologies of oxide film on corroded specimen:

(a, b) white spot region; (c, d) normal region
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Fig.6 XPS spectrums of oxide film on corroded specimen:

(a) white spot region; (b) normal region
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Fig.7 Fine spectrums of F element in oxide film on corroded
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