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Abstract Effects of final annealing temperature on the precipitate and oxidation were investigated for the Zr-1Nb
and Zr-1Nb-1Sn-0.3Fe alloys. The microstructure and oxidation of both alloys were evaluated for the optimization of
final annealing process of these alloys in the annealing temperature regime of 450 to 800°C. The corrosion test was per-
formed under steam at 400C for 270 days in a static autoclave. The oxide formed was identified by low angle X-ray
diffraction method. The £-Zr was observed at annealing temperature above 600°C. Above 600°C, the precipitate area
volume fraction of Zr-1Nb and Zr- INb- 1Sn-0.3Fe alloys appeared to be increased with increasing the final annealing
temperature. The corrosion resistance of Zr- 1Nb was higher than that of Zr- INb-1Sn-~0.3Fe alloy. The corrosion rate
of both alloys were accelerated due to the formation and growth of 8- Zr with increasing the annealing temperature.
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Table 1. Chemical composition of experimental alloys

Nominal Composition(wt%) |Analyzed Composition{wi%)
Zr-1Nb Zr-1.01Nb
Zr- 1Nb-1Sn-0.3Fe Zr-1.0Nb-0.98Sn-0.3Fe
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Fig. 1. Optical microstructures of Zr-1Nb and Zr- 1Nb- 1Sn-0.3Fe alloys after
final annealing at 450°C, 600°C, and 800°C for 3hr.
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Fig. 2. TEM micrographs of Zr-1Nb and Zr- 1Nb- 1Sn-0.3Fe alloys with final annealing temperature.
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Fig. 3. TEM micrographs and EDS spectra of Zr-1Nb annealed
at 450°C,: (a) bright field, (b) dark field, (c) SAD pattern, and
(d) EDS spectra.
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Fig. 4. TEM micrographs and EDS spectra of Zr-1Nb annealed
at 800°C,: (a) bright field, (b) dark field, (c) SAD pattern, and
(d) EDS spectra.
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Fig. 5. TEM micrographs and EDS spectra of Zr- INb-1Sn-
0.3Fe annealed at 500°C,: (a) bright field, (b) dark field, (c)
SAD pattern, and (d) EDS spectra.
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Fig. 6. TEM micrographs and EDS spectra of Zr- INb-1Sn-
0.3Fe annealed at 700°C,: (a) bright field, (b) dark field, (c)
SAD pattern, and (d) EDS spectra.
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Table 2. Variation of properties of the Zr- 1Nb and Zr- INb-1Sn-0.3Fe alloys with final annealing temperature.
Temperature | o 500°C 600 700°C 800°C
Alloys
£t Benriched | A-enriched Bulmap), 8 3
PPt type B-enriched(minor) ' '
ppt. shape round round round, oval needle(n_lapr). needle
oval{minor)
Zr-1Nb t. size(nm) - 310 460, W365 x 1.7450
d ppL. sizetnm ' W211 x L2100
ppt. area vol.
fraction(%) B - 51 8.1 113
Nb content in 433 423 1438 73 6.4
ppt.(wt%)
ZrNbFe(mapr), | ZrNbFe(majr), | ZrNbFe(major),
ppt. type B-enriched(minor)| 8-enriched(minor)|  B.(minor) ZtNbFe, & B
ppt. shape round round round, oval round, oval needle
Zr-1INb .
-1Sn-0.3Fe ppt. sue(nm') - - 42.0 54.0 W580 x 1.9820
ppt. area vol.
fraction(%) 7.2 10.8 154
Nb content in
oDt (Wtd) 29.0 23.7 9.9 5.7 42

- : Not measured
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$33 LA Nbe o 4.2% 573 2 vls 239 8
-Zrite] A=t webA vpx A 220} A5E
F5 F §¥ 25 H4EEY Nb #5e] #islged, 7r
-1Nb #F°] Zr-1Nb-1Sn-0.3Fe 3ol v]s & 95
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Fig. 7.Corrosion behaviors of Zr-1Nb and Zr-1Nb-1Sn-0.3Fe
alloys with final annealing temperature for 270 days.
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Fig. 8.Weight gain vs. grain size and precipitate area volume
fraction of Zr- INb and Zr- 1Nb- 1Sn-0.3F¢ alloys with final an-
nealing temperature.
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Fig. 9. X~ray Diffraction pattern on Zirconium oxide formed on Zr- INb and Zr-1Nb- 1Sn-0.3Fe

alloys in steam at 400°C(weight gain : 25mg/dm?).
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