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Fig. 1 Mass gain vs. exposure time for Zr-Nb-Fe and Zr-1Nb
specimens corroded in lithiated solution (360 C, 18.6 MPa,
0.01 mol/L)
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Fig. 2 TEM images and SAD patterns of second phase particles(SPPs) in Zr-Nb-Fe alloy: (a), (al) BCC-5-Nb; (b), (b1) FCC-Zr(Nb,

Fe),; (¢), (c1) HCP-Zr(Nb, Fe),
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Fig. 3 Morphologies of oxide film on Zr-Nb-Fe tube specimens corroded in lithiated solution: (a) Macro morphology of specimens;
(b) External surface of cellular bulge after 160 d exposure; (c) Cross section of cellular bulge after 160 d exposure; (d) Fracture
surface of arrow in (c); (e) Magnified morphology in (d); (f) Fracture surface of none-cellular bulge area; (g) Microstructure of

cellular bulge after crack; (h) 3D morphology of part region in (g)
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Table 1
corroded in lithiated solution (360 C, 18.6 MPa, 0.01 mol/L)

Hydrogen uptake and Fyy of Zr-Nb-Fe alloy

Exposure time/d ~ Hydrogen uptake/(pg-g™") Fyu/%
42 19.8 10.0
130 20.7 6.0
150 233 6.5
160 62.6 2.9

P1: #-Nb-O *

[100] M-ZrO,

[T11] T-ZrO,
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Iyl 4%k PL. P2, BEES O/M AR (1 BE 25 43 & 720
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FALFEER R . WA 41)~(b4)Fir, X P1 A& JH H
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Fig. 4 TEM image(a) and HRTEM image(b) of f-Nb-O in oxide film and FFT patterns around f-Nb-O(b1)—(b4)
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Corrosion behavior of Zr-Nb-Fe alloy corroded in lithiated solution

GUO Xiao-bo"% ZHANG Jin-long" %, CHEN Bing"?, TAN Jun®, PENG Jian-chao"?,
CHEN Liu-tao®, YAO Mei-yi"?, GAO Chang-yuan®, ZHOU Bang-xin'*

(1. Institute of Materials, Shanghai University, Shanghai 200072, China;

2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China;

3. China Nuclear Power Technology Research Institute, Shenzhen 518031, China)

Abstract: The corrosion behavior of Zr-Nb-Fe in lithiated solution(360 ‘C, 18.6 MPa, 0.01 mol/L) was investigated by

autoclave tests. The microstructure of Zr-Nb-Fe alloy and the morphology of oxide film were observed by OM, SEM and
TEM. The results show that the second phase particles(SPPs) including f-Nb with a body-center cubic(BCC) and

Zr(Nb, Fe), with a hexagonal close packed(HCP) structure and face-center cubic(FCC) structure are observed in

Zr-Nb-Fe alloy. The corrosion mass curve breaks away when the Zr-Nb-Fe alloy is corroded for 150 d, then the corrosion

rate increases rapidly. Cellular bulge morphology is forms on the external surface of oxide film and the surrounding oxide

film is thick and loose. Cellular bulge morphology formed on the tube specimen is roundish compare with that formed on

the plate specimen. The hydrogen uptake of specimen after breaking away increases but hydrogen uptake fraction

decreases. So the formation of cellular bulge morphology is related to the unabsorbed hydrogen diffusing out through

oxide film.

Key words: Zr-Nb-Fe alloy; LiOH solution; cellular bulge; hydrogen uptake fraction
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