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Table 1. Chemical composition of Zr- based alloys (wt.%)

Bal.

Zr

0.1

Cu 

1.2

Nb

composition



Process

Melting

β-treatment

Hot rolling

Annealing

1st CR &
Annealing

2nd CR &
Annealing

3rd CR &
Annealing

ΣA(hr)

A B C

Vacuum Arc Remelting

1020℃, 30min

630℃, 10min

Fig. 1 Manufacturing process of the specimens

580℃, 3hr

620℃, 3hr

2.73×10-20

Final Annealing 510℃, 2.5hr

620℃, 2hr

620℃, 2.hr 620℃, 2hr

3.83×10-18

620℃, 2.5hr

1.20×10-22

470℃, 2.5hr

570℃, 2.hr
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Fig. 2  Corrosion behavior of  the  Zr-based alloy a) 360℃ in Water, 
b) 360℃ in 30ppm LiOH, c) 400℃ in Steam
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Fig. 3  Dependence of ΣA on weight gain in Zr-based alloys after 150 day corrosion:
a) 360℃ in Water,  b) 360℃ in LiOH,  c) 400℃ in Steam
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Fig. 4 TEM images of the alloy after final annealing with the accumulated 
annealing parameters
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Fig. 5 XRD spectra on the oxide layer formed in 360℃ water for Zr-based alloy :
a)  ΣA= 1.20x10-22 hr,  b) ΣA= 2.73x10-20 hr,  c) ΣA= 3.83x10-18 hr
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Fig. 6  Fraction of tetragonal ZrO2 in the oxide of equal weight gain (≒ 30mg/dm2 )
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Fig. 7   Hydrogen pick-up fraction of  the Zr-based alloy  after  corrosion in
360℃ water for 90 days
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Table 2 Equivalent mean diameter and type of second precipitates
the with annealing parameters

ppt. type

ppt. size
(nm)

∑A

Zr-1.2Nb-0.1Cu

3.95x10-20hr 4.09x10-19hr 3.35x10-17hr

103 nm69 nm 80 nm
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Fig. 5  TEM bright field (a), dark field image (b), SAD pattern of precipitate(c) 
and EDS spectrum (d) in Zr-based alloys with A  process
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Fig. 6  TEM bright field (a), dark field image (b), SAD pattern of precipitate(c) 
and EDS spectrum (d) in Zr-based alloys with A  process
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