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Recrystallization and TEP Behavior of Zr-based alloy by addition of Nb and Sn
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A& Eo] ool wi- 2ot ort, Sn Hrbell 23 AAH Y 2 &7 i vk Nb B} Snef 77} Zr 329 AAY AFE
a2fHe g gzl AL TE4ES & Snoll &7 XY 183 FARAANA LAY S¥Ao] A o] F L EFNH R X
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7HAgkch.

Abstract To investigate the effects of the addition of Nb and Sn on the recrystallization of Zr-Sn-Nb alloys, both
Vickers micro-hardness test and TEP measurement were carried out on cold-worked specimens annealed at various
temperatures from 300°C to 750°C. The microstructures of heat treated specimens were analyzed by optical micro-
scope, SEM, and TEM. The study of microhardness and microstructures showed that both recrystallization process and
grain growth were retarded as the activation energy was increased by the addition of Nb and Sn. Especially, the
addition of Sn was more effective on retarding recrystallization. Precipitates were formed more easily when Nb was
added because the solubility of Nb into Zr is lower than that of Sn. However, the recrystallization process was affected
more by Sn than Nb because the strain field formed by substitutional Sn repressed the dislocation movement. TEP
was increased due to the decrease of electron scattering as recovery and recrystallization were proceeded and saturated
when the recrystallization completed. However, when precipitates formed, TEP was increased because the decrease of
solute concentration near the precipitates caused the decrease of electron scattering.
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Table 1. Chemical composition of two kinds of fabricated Zr-based alloys.

(at.%)
Alloy Nominal chemical composition Results of ICP analysis
designation Sn Nb Zr Sn Nb Zr
SW-2 02 0.76 0.23
Zr-0.85n-xNb SW-8 0.8 08 0.76 0.87
SW-10 10 0.75 0.98
bal. bal.
NS-8 0.8 0.68 0.38
Zr-0.4Nb-xSn NS-14 14 04 1.14 0.38
NS-20 2.0 1.70 0.39
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Fig. 1. Flow chart for fabrication of Zr-based alloys.
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Fig. 2. Variation of Vickers microhardness of Zr-0.8Sn-xNb
alloys with various annealing temperature for 60 min. (a) Thick
Reduction : 30% (b) Thick Reduction : 60%
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Fig. 3. TEM micrographs of Zr-0.8Sn-0.8Nb alloys after annealing at 500°C for 60 min. (a) Thick
Reduction : 30% (b) Thick Reduction : 60%
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Fig. 4. Optical microsgraphs of Zr-based alloys after annealing at various temperature for 60 min.
(Thick Reduction : 30%) (a) SN-2 (b) SN-8 (c) SN-10
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Fig. 5. Optical micrographs of Zr-based alloys after annealing at various temperature for 60 min.
(Thick Reduction : 60%) (a) SN-2 (b) SN-8 (c) SN-10
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Fig. 6. TEM micrographs of Zr- based alloys after annealing at 600°C for 60 min. (a) SN-2 (b) SN-8

(c) SN-10
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Fig. 7. SEM micrographs of precipitates of Zr-based alloys with various annealing time at 600°C. (a)
SN-2 (b) SN-8 (¢) SN-10
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Fig. 8. SEM micrographs of precipitates of Zr-based alloys after annealing at 600°C for 60 min. (a)
SN-2 (b) SN-8 (c) SN-10
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Fig. 9. TEM micrographs of Zr-0.8Sn-0.8Nb alloys after an-
nealing at 600°C for 60 min. (a) TEM image of the precipitate
(b) SAD pattern of the precipitate of boundary (¢) SAD pattern
of the precipitate of matrix
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Fig. 10. Variation of Vickers microhardness of Zr-0.4Nb-xSn
alloys with various annealing temperature for 60 min. (a) Thick
Reduction : 30% (b) Thick Reduction : 60%
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Fig. 11. Optical micrographs of Zr-based alloys after annealing at various temperature for 60 min.
(Thick Reduction : 30%) (a) NS-8 (b) NS-14 (c) NS-20
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Fig. 12. Optical micrographs of Zr-based alloys after annealing at various temperature for 60 min.
(Thick Reduction : 60%) (a) NS-8 (b) NS-14 (c) NS-20
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Fig. 13. TEM micrographs of Zr-0.8Sn-0.8Nb alloys after various annealing time at 600°C (a) Smin.

(b) 10min. (c) 30min. (d) 60min.
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Fig. 14. TEM micrographs of Zr-0.4Nb-1.45n alloys after various annealing time at 600°C {(a) Smin.

(b) 10min. (c) 30min. (d) 60min.
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Fig. 15. SEM micrographs of precipitates of Zr-based alloys with various annealing time at 600°C.
{a) NS-8 (b) NS-14 (c) NS-20
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