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ABSTRACT The corrosion resistance of Zr{0.7Sn{0.35Nb{0.3FefGe (x=0.05, 0.1, 0.2, mass
fraction, %) alloys was investigated in lithiated water with 0.01 mol/L LiO H at 360 /18.6 MPa by
autoclave tests. The microstructures of the alloys and oxide Ims m the corroded specimens were
observed by TEM and SEM. The results show that the corrosion reistance of the Zr{0.7Sn{0.35Nb{
0.3Fe alloys in lithiated water at high temperature under high pressue is markedly improved by Ge
addition. The alloy with 0.1%Ge shows the best corrosion resistanceln Zr{0.7Sn{0.35Nb{0.3Fe{ xGe
alloys, there exists ne Zr(Fe, Cr, Nb), and Zr(Fe, Cr, Nb, Ge), second phase particles (SPPs)
with a close{packed hexagonal crystal structure (hcp) and coese Zr;Ge SPPs with a tetragonal
crystal structure (TET). The oxide Ims formed on the Zr{0.7Sn{ 0.35Nb{0.3Fe{0.1Ge alloys cor-
roded for 220 d are compact and thin. The micro{pores and micro{cacks are hardly detected and
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many ZrO, columnar grains exist in the oxide Ims formed on the Zr{0.7Sn{0.35Nb{0.3Fe{0.1Ge alloys.
This indicates that the suitable amount of Ge could not only delay the process that the vacancies di use
to form micro{pores and micro{pores develop to form micro{cracks, but also could retard the evolution
from ZrO, columnar grains to ZrO, equiaxed grains.

KEY WORDS zirconium alloy, Ge, corrosion resistance, microstructure, oxide Im
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Fig.3 TEM images (alc) of Zr{0.7Sn{0.35Nb{0.3Fe{

second phase particles (SPPs)
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Fig.2 Weight gain curves of Zr{0.7Sn{0.35Nb{0.3Fe{ xGe
alloys corroded in lithiated water with 0.01 mol/L
LIOH at 360  /18.6 MPa for 310 d
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TEM SAED
xGe alloys and SAED patterns (d, e) of

(a) Zr{0.7Sn{0.35Nb{0.3Fe{0.05Ge
(b) Zr{0.7Sn{0.35Nb{0.3Fe{0.1Ge
(c) Zr{0.7Sn{0.35Nb{0.3Fe{0.2Ge
(d) SAED pattern of SPP 4 in Fig.3a, indicated Zr(Fe, Cr, Nb, G e)2
(e) SAED pattern of SPP 7 in Fig.3b, indicated Zr 3Ge
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Table 1

Details of SPPs in Zr{0.7Sn{0.35Nb{0.3Fe{ xGe alloys in Fig.3

Arrow Chemical composition of SPPs (atomic fraction, %) Fe/ Nb ZriGe Type and size
Zr Fe Nb Ge Cr

1 79.88 13.83 4.62 { 1.67 2.99 { Zr(Fe, Cr, Nb) »
2 74.00 18.30 5.52 { 2.18 3.31 { hcp, about 50 nm
3 85.85 10.20 3.10 { 0.85 3.29 {
4 88.13 6.78 1.90 2.77 0.42 3.56 31.81 Zr(Fe, Cr, Nb, Ge);
5 74.79 14.78 5.49 2.28 2.66 2.69 32.80 hcp, about 100 nm
6 87.41 6.29 2.63 3.03 0.64 2.39 28.84
7 76.84 0.35 { 22.34 0.47 { 3.43 Zr3Ge, TET
8 79.29 0.26 { 19.95 0.50 { 3.97 400|500 nm

4 360
Fig.4 Surface morphologies of the oxide Ims on Zr{0.7Sn{0.35Nb{
(b) alloys corroded in lithiated water with 0.01 mol/L LIOH a

/18.6 MPa/0.01 mol/L LiOH

220 d
0.3Fe (a) and Zr{0.7Sn{0.35Nb{0.3Fe{0.1Ge
1360 /18.6 MPa for 220 d
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Fig.5 Low (a, b) and high (c, d) magni ed fracture surface morpholo  gies of the oxide Ims on Zr{0.7Sn{0.35Nb{
0.3Fe (a, c¢) and Zr{0.7Sn{0.35NDb{0.3Fe{0.1Ge (b, d) alloys  corroded in lithiated water with 0.01 mol/L
LiOH at 360  /18.6 MPa for 220 d
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6 360 /18.6 MPa/0.01 mol/L LiOH 220d
Fig.6 Low (a, b) and high (c, d) magni ed inner surface morphologie s of the oxide Ims on Zr{0.7Sn{0.35Nb{0.3Fe
(a, c) and Zr{0.7Sn{0.35Nb{0.3Fe{0.1Ge (b, d) alloys corro  ded in lithiated water with 0.01 mol/L LiOH at
360 /18.6 MPa for 220 d

.

7 Zr{0.7Sn{0.35Nb{0.3Fe{0.2Ge 360 /18.6 MPa/0.01 mol/L LiOH 70 d

Fig.7 Cross{sectional morphologies of oxide Im on Zr{0.7Sn{0.3 5Nb{0.3Fe{0.2Ge alloy corroded in lithi-
ated water with 0.01 mol/L LiOH at 360 /18.6 MPa for 70 d
(a) STEM image (b) EDS of SPP 1 in Fig.7a (c) TEM image
(d) EDS of SPP 2 in Fig.7c (e) dark eld image
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