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Environmental Effect on Corrosion Behaviour of Zr-2.5Nb Alloy
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Abstract The corrosion behaviour of Zr-2.5Nb alloy with different microstructures was investigated at 400°C under
different environments of H.O, D:O and O.. The Zr-2.5Nb alloy with either martensitic & - Zr phase or «-Zr and 8-Zr
phases was the most sensitive to corrosion in O, environment while the Zr-2.5Nb alloy containing e-Zr and 5 Nb phas-

es was resistant to corrosion to a similar extent in all the corrosive environments. These contradictory results were il-

lustrated in terms of the cathodic controlled corrosion reaction. The difference in operational conditions of CANDU and

RBMK reactors was also discussed. The oxide film of all

the Zr-2.5Nb alloys is mainly composed of monoclinic ZrO.

phase. The fraction of tetragonal ZrO. phase decreases with increasing oxide thickness.
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Table 1. Chemical composition of Zr-2.5Nb alloy
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Fig. 1. TEM micrographs of (a) quenched, (b) aged and (c) an-
nealed Zr-2.5Nb alloys.
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Table 2. Summary of heat treatments given to Zr-2.5Nb alloy

Heat Treatment Microstructure
Quenching 10007 for 15 min, followed by martensitic o’ - Zr
quenching in water
Aging Quenching followed by heating a-Zr, ~Nb
at 550°C for 10 days
Annealing 8507 for 1 hour, followed by a-Zr, f-7r
air cooling
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Fig. 3. Change in weight gain with oxidation time obtained
from Zr-2.5Nb alloy in H.O steam of 10MPa and O. gas at 400
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Table 3. Analysis of the diffraction peaks of annealed Zr-2.5Nb alloy corroded in 400°C steam for 58 days

Diffraction Zr-Nb System
No Angle, 26 Theoretical
(Degree) Phase 08 JCPDS No
NbO,(1O) | 2358 2-181LG
1 2396 .. NbO. (231) 8373 1 19880
Nb,O; (011) 24.23 22-1196 (%)
Nb:0s (011) 24.23 22-1196 (*)
NbO, (131) 24.71 19-859 (%)

1; symbols follow the quality mark guidelines of JCPDS
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Fig. 5. The X-ray patterns of the aged Zr-2.5Nb alloy after oxi-
dation at 400°C(oxide thickness 1.0xm), (a) Intensity 5000 and
(b) Intensity 1000.
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Table 4. X-ray reflection intensities of Zr-2.5Nb and Zircaloy~4 corroded in H.O steam of 10MPa at 400°C

Specimen Heat Treatment Oxide m(111), m(11D), 11D Xt
P Thick.(m) Integrated Intensity (%)
1.9 413 0 94 185
Quenched

400 430 38 54 10.3

Zr-2.5Nb
1.0 202 0 44 17.9

Aged

10.0 766 0 53 6.5
Zircaloy-4 Commercial 1.1 335 30 73 16.7
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