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Table 1 Chemical composition of Zr-1Nb-xCu alloys (w/%)

Alloy Nb Cu Zr
Zr-1Nb-0.05Cu 0.95 0.055 Bal.
Zr-1Nb-0.1Cu 0.98 0.10 Bal.
Zr-1Nb-0.2Cu 0.96 0.20 Bal.
Zr-1Nb-0.35Cu 0.92 0.33 Bal.
Zr-1Nb-0.5Cu 0.97 0.50 Bal.

Zr-1Nb 0.98 0.01 Bal.

Bl 1 JB4lHT Zr-INb-xCu & & BAA M TEM &
Fig.1 TEM images of Zr-1Nb-0.1Cu (a), Zr-1Nb-0.2Cu (b), Zr-1Nb-0.35Cu (c), and Zr-1Nb-0.5Cu (d) before corrosion test
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Table 2 Details of the precipitates in Zr-1Nb-xCu alloys

SPPs type Zr-1Nb- Zr-1Nb- Zr-1Nb- Zr-1Nb-
0.1Cu 0.2Cu 0.35Cu 0.5Cu

B-Nb Major Major Partly Partly
Zr(Fe, Cr, Nb),  Minor Minor Minor Minor
Zr,Cu - Minor Partly Partly

Cu & =N % 0.5%K, & & 7EKh 180 d B Kk £
Pr, BPr)E b E SR M, JEE 210 d B H I
€ (R TOIR JE TR R, R S e BN IR SE K 3 240 d, U1
PR ok BAE A 7 189 K K T I B, IR A A R A
HIEW % . WNE 4 Msey e el DLE 3,
Zr-1Nb-0.5Cu Ff 5t F 1 0 H IR £ 3 651 R i
B, HERMOER—F, ML EmRTFER
HILE IS .
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2 Zr-1Nb-xCu &< 55 —AHI¥) EDS fig i
Fig.2 EDS spectra of the second phase particles in the Zr-1Nb-xCu alloys: (a) p-Nb, position A in Fig.1a; (b) Zr(Fe, Cr, Nb),, position B

in Fig.1b; (c) Zr,Cu, position C in Fig.1c; (d) Zr,Cu, position D in Fig.1d
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Fig.3 Mass gain of the Zr-1Nb-xCu alloys vs exposure time in
superheated steam at 400 °‘C/10.3 MPa
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Fig.4  Surface morphologies of the Zr-1Nb-xCu specimens

corroded in superheated steam at 400 “C/10.3 MPa for
300 d: (a) Zr-1Nb, (b) Zr-1Nb-0.1Cu, (c) Zr-1Nb-0.2Cu,
(d) Zr-1Nb-0.35Cu, and (e, f) Zr-1Nb-0.5Cu
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Fig.5 Curves of mass gains vs the Cu content of the Zr-1Nb-xCu
specimens after exposure for 300 d in 400 ‘C/10.3 MPa
superheated steam and exposure for 750 h in 500 ‘C/10.3
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Fig.6 Fracture surfaces morphology of oxide film formed on Zr-1Nb-0.1Cu (a, al), Zr-1Nb-0.35Cu (b, b1) and Zr-1Nb-0.5Cu (c, c1)
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corroded in superheated steam at 400 ‘C/10.3 MPa for 270 d
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Corrosion Resistance of Zr-1Nb-xCu Alloys in Super-Heated Steam at 400 <C

Zhang Xin', Yao Meiyi*?, Peng Jianchao?, Zhou Bangxin?
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: The effect of Cu content on the corrosion resistance of Zr-1Nb-xCu alloys (x=0~0.5, mass fraction, %) was investigated in
superheated steam at 400 <C and 10.3 MPa by autoclave tests. The microstructure of the alloys and the fracture surface of oxide films on the
corroded specimens were observed by TEM and SEM, respectively. The results show that when the addition of Cu in the Zr-1Nb alloys is below
0.2%, the main second phase particles (SPPs) are A-Nb in smaller size, Cu mainly dissolves in the a-Zr matrix, and the corrosion resistance of
the alloys is improved markedly with the increase of Cu content. When the addition of Cu is above 0.2%, the SPPs of Zr,Cu are precipitated.
The size and amount of Zr,Cu particles become larger with the increase of Cu content. The Zr-1Nb-0.35Cu alloy, in which the SPPs of Zr,Cu are
moderate in size and amount, shows the best corrosion resistance. However, the Zr-1Nb-0.5Cu alloy, in which the SPPs of Zr,Cu are larger and
more, shows the worst corrosion resistance and nodular corrosion appears during the autoclave tests in superheated steam at 400 <C.

Key words: zirconium alloy; alloying element Cu; corrosion resistance; microstructure; nodular corrosion
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