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Effect of Ge addition on corrosion performance of
Zr-4 alloy in lithiated solution
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Abstract: In order to investigate the effect of Ge addition on the corrosion resistance of zircaloy-4 (Zr-4) alloy, the
corrosion performance of Zr-4+xGe (x= 0.1%, 0.5%, mass fraction) was studied in lithiated solution with 0.01 mol/L
LiOH at 360 C by out reactor autoclave testing. The microstructures of the alloys and the compositions of the second
phase particles (SPPs) were investigated by TEM and EDS. The results show that compared with Zr-4 alloy, the corrosion
resistances of Zr-4+xGe alloys containing 0.1% and 0.5% Ge are markedly improved, while the corrosion resistances
decrease slightly with the increase of Ge addition. The addition of Ge decreases the solid solution content of Sn in the
o-Zr matrix. When the Ge content is 0.1%, the second phase particles precipitate as Zr(Fe,Cr), and Zr(Fe,Cr,Ge), in
Zr-4+xGe alloy. When the Ge content reaches 0.5%, a part of Ge precipitates as Zr-Sn-Fe-Cr-Ge or Zr;Ge SPPs. The solid
solution of Ge in the a-Zr matrix and small SPPs of Zr(Fe,Cr), and Zr(Fe,Cr,Ge), are beneficial to the corrosion
resistance of Zr-4+xGe alloy, while the corrosion resistance decreases due to the precipitation of Zr-Sn-Fe-Cr-Ge and
SPPs of Zr;Ge with large size.
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Fig. 1 Changing curves of corrosion mass gain of Zr-4+xGe
alloys with exposure time in lithiated solution with 0.01 mol/L
LiOH at 360 C
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Fig. 2 TEM images of alloys and SAD patterns of
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second phase particles(SPPs): (a) Remelted Zr-4;
(b) Zr-4+0.1Ge; (c) Zr-4+0.5Ge; (d) SAD pattern of
SPP-4 in Fig. 2(b), indicated as Zr(Fe,Cr,Ge),;
(e) SAD pattern of SPP-13 in Fig. 2(c), indicated as
Zr;Ge
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Table 1 EDS analysis results for SPPs

Mass fraction/% Type of
Alloy SPPs No.
Zr Fe Cr Sn Ge SPPs
1 79.92 11.77 6.93 1.37 -
Zr(Fe,Cr),
2 66.87 21.24 11.90 - -
HCP
3 60.21 25.16 14.63 - -
Zr-4+0.1Ge
4 93.74 0.30 0.26 1.28 4.41
Zr(Fe,Cr,Ge),
5 86.32 7.10 4.07 2.14 0.36
HCP
6 86.62 6.81 3.12 0.91 2.54
7 76.08 14.38 8.32 1.22 -
Zr(Fe,Cr),
8 61.55 26.42 12.03 - -
HCP
9 80.15 13.23 6.62 - -
10 82.60 3.99 0.32 11.94 1.16
Zr-4+0.5Ge 11 81.72 5.33 0.79 11.37 0.78 Zr-Sn-Fe-Cr-Ge
12 80.37 5.39 0.89 12.12 1.22
13 80.69 0.39 0.47 0.41 18.03
Zr3Ge
14 82.83 0.34 0.38 0.78 15.67
TET
15 80.97 0.49 0.39 0.68 17.48

Ak, A RSP RR I 28 —4H(100~200 nm)Zr-Sn-Fe-Cr-
Ge Fl Ge & =1 HRUST UK (400~ 600 nm)fF) Zr-Ge
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[EYAAE o-Zr FEARF P Sn HT Y, I Zr-Sn-Fe-Cr-Ge
5T
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TV it 250 d SRS AR T TE SR
Fig. 3 Surface morphologies of oxide films on Zr-4+0.1Ge (a)
and Zr-4+0.5Ge (b) alloys corroded in lithiated water with 0.01
mol/L LiOH at 360 “C and 18.6 MPa for 250 d
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Fig. 4 Fracture surface morphologies of oxide films on remelted Zr-4 alloy (a, a;) corroded for 190 d and Zr-4-0.5Ge alloy (b, b;)

corroded for 250 d in lithiated water with 0.01 mol/L LiOH at 360 ‘C
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