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A Study on the Recrystallization Behavior and Microstructure of Zr, Zircaloy-4 and Zr- Nb Alloys
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Abstract To investigate the effect of annealing temperature and time on the recrystallization behavier and micro-
structure of Zr-based alloys, the specimens of Zr-0.8Sn-0.4Nb-0.4Fe-0.2Cu, Zr- INb, Zircaloy-4, and unalloyed Zr
were cold- worked and annealed at 400, 500, 600, 700, 800, 500°C for 30 to 5000 minutes. The hardness, microstructure
and precipitate of the specimens were investigated by using micro-hardness tester, optical microscope and transmis-
sion electron microscope, respectively. The recrystallization of Zr-based alloys occurred between 400°C and 600°C. As
the conient of alloying elements increased, the hardness and recrystallization temperature of the alloys increased
though the grain sizes after recrystallization decreased. It was supposed that the hardness of Zr-based alloy with Fe or

Cu increased during recovery by the formation of Fe or Cu precipitates.
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Table 1. Chemical composition of Zr-based alloys.

AL Chemical composition(wt.%)
oys Sn Fe Cr Nb Cu Zr
Unalloyed Zr - - - - -
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K04 0.8 0.4 - 04 0.2
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Fig. 1. Variation of knoop hardness of Zr-based alloys after an-
nealing for one hour at 400, 50C, 600, 700, 800 and 900°C.
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Fig. 2. Variation of Knoop hardness of Zr-based alloys with annealing time and temperature.

Table 2. Activation energy for the recrystallization of Zr-
based alloys.

Alloys U“a;fyed Zircaloy-4| K04 | M5 type
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(K)/Mole)
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Fig. 3. Time required for the half-recrystallization of the Zr-
based alloys at different temperature.
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Fig. 5. Optical microstructures of K04 alloy.
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Fig. 6. Variation of grain sizes of Zr-based alloys with time and temperature.
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Fig. 7. TEM micrographs of K04 and M5 type alloys after annealing at 400 and 600°C for one hour.
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Fig. 8. EDS spectra of precipitates in K04 and M5 type alloys
after annealing at 400 and 600°C for one hour.
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