2001

Nb Zr

Effects of Intermediate Annealing on the
Corrosion Behavior of Niobium-containing Zirconium Alloys
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Abstract

Effects of intermediate annealing temperature on the corrosion behavior were investigated for
Zr-0.4Nb-0.8Sn-FeCrMn and Zr-1.5Nb-0.4Sn-Fe alloys that were intermediate annealed at
various temperatures. The relationship between the corrosion behavior and the precipitation
characteristics was discussed. The corrosion resistance of the alloys was apparently degraded
with increasing intermediate annealing temperature, especially in Zr-1.5Nb-0.4Sn-Fe.
Zr(Fe,Cr),-type precipitates were found in Zr-0.4Nb-0.8Sn-FeCrMn irrespective of intermediate
annealing temperature. In Zr-1.5Nb-0.4Sn-Fe, b-Nb precipitated on lower-temperature
annealing while b-Zr on higher-temperature annealing. The examination of particle size
distribution revealed that the corrosion behavior of the alloys was dominantly affected by b-Zr
larger than the specific size.
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Table 1. Chemical compositions of the Zr alloys used in this study (wt.%).

Nb Sn Fe Cr Mn Zr
Al 0.4 0.8 0.3 0.2 0.1 Balance
A2 1.5 0.4 0.1 Balance

Table 2. Characteristics of precipitates in the Zr alloys manufactured by different annealing
conditions.

Process A Process B Process C
Zr(Fe,Cr), Zr(Fe,Cr), Zr(Fe,Cr),
Al HCP HCP HCP
52 nm 69 nm 85 nm
b-Nb Zr(Fe,Cr), b-Zr Zr(Fe,Cr), b-Zr Zr(Fe,Cr),
A2 BCC HCP BCC HCP BCC HCP

53 nm 73 nm 178 nm
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Fig. 1. Flow chart of manufacturing process for sheet specimens.



Fig. 2. Transmission electron micrographs of (a, b, c) Zr-0.4Nb-0.8Sn-FeCrMn and
(d, e, f) Zr-1.5Nb-0.4Sn-Fe alloys after stress-relieving at 470°C for 3h.
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Fig. 3. Corrosion behavior of Zr-0.4Nb-0.8Sn-FeCrMn (Al) and
Zr-1.5Nb-0.4Sn-Fe (A2) alloys at 360°C in pure water and in
lithiated water containing 70ppm Li.



Fig. 4. Transmission electron micrographs of precipitates in (a, b, ¢) Zr-0.4Nb-
0.8Sn-FeCrMn and (d, e, f) Zr-1.5Nb-0.4Sn-Fe alloys that were intermediate-
annealed at (a, d) 570°C, (b, €) 630°C and (c, f) 730°C.
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Fig. 5. TEM bright field image, selected area diffraction
pattern and EDS spectrum of Zr(Fe,Cr),-type precipitate
in Zr-0.4Nb-0.8Sn-FeCrMn alloys that were
intermediate-annealed at 730°C for 3h.
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Fig. 6. TEM bright field image, selected area
diffraction pattern and EDS spectrum of b-Nb
precipitate in Zr-1.5Nb-0.4Sn-Fe alloys that were
intermediate-annealed at 570°C for 3h.
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Fig. 7. TEM bright field image, selected area
diffraction pattern and EDS spectrum of b-Zr
precipitate in Zr-1.5Nb-0.4Sn-Fe alloys that
were intermediate-annealed at 730°C for 3h.
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Fig. 8. Relationship between mean particle diameter
and weight gain, showing that mean patrticle size is
well correlated with corrosion resistance of the alloys
irrespective of precipitate types.
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