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Table 1. Chemical composition of Zr-based alloys

MeltingMeltingMeltingMelting (VAR)MeltingMeltingMeltingMelting (VAR)

ββββ----quenchingquenchingquenchingquenching
(1020℃ x 30min)

ββββ----quenchingquenchingquenchingquenching
(1020℃ x 30min)

Hot rolling Hot rolling Hot rolling Hot rolling 
(60%, 590C x 20min)

Hot rolling Hot rolling Hot rolling Hot rolling 
(60%, 590C x 20min)

AnnealingAnnealingAnnealingAnnealing
(580℃ x 3hr)

AnnealingAnnealingAnnealingAnnealing
(580℃ x 3hr)

Final annealingFinal annealingFinal annealingFinal annealing
(470, 520, 580(470, 520, 580(470, 520, 580(470, 520, 580℃℃℃℃ x 2.5hr)x 2.5hr)x 2.5hr)x 2.5hr)

Final annealingFinal annealingFinal annealingFinal annealing
(470, 520, 580(470, 520, 580(470, 520, 580(470, 520, 580℃℃℃℃ x 2.5hr)x 2.5hr)x 2.5hr)x 2.5hr)

1111stststst Cold rollingCold rollingCold rollingCold rolling (40%)

Annealing  Annealing  Annealing  Annealing  (570℃ x 3hr)

Table 2. Manufacturing process for Zr-based alloys

2222ndndndnd Cold rollingCold rollingCold rollingCold rolling (40%)

3333rdrdrdrd Cold rollingCold rollingCold rollingCold rolling (40%)

Annealing  Annealing  Annealing  Annealing  (570℃ x 2hr)
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Table 3. Summary of precipitates characteristics in D and E alloys
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Fig. 1 Microstructures of D alloys after final annealing at 470℃, 520℃,
580℃ for 2.5 hr
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Fig. 2 Microstructures of E alloys after final annealing at 470℃, 520℃,
580℃ for 2.5 hr

50 m



Fig. 3 TEM micrographs and EDX spectra of precipitates of D alloys after final
annealing at 520℃ for 2.5 hr; (a) 0.1wt.% Cu, (b) 0.3 wt.% Cu
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Fig. 4 TEM micrographs and EDX spectra of precipitates of E-0.05Cu alloys after final
annealing at 520℃ for 2.5 hr; (a) Zr(Nb,Fe,Cu)2 type  (b) -enriched type
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Fig. 5 Corrosion behavior of D alloys after final annealing at 520℃ for 2.5 hr; 
(a) 360℃ water, (b) 400 ℃ steam
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Fig. 6 Corrosion behavior of E alloys after final annealing at 520℃ for 2.5 hr; 
(a) 360℃ water, (b) 400℃ steam
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Fig. 7 Corrosion behavior of D alloys after final annealing at 470℃, 520℃, 580℃
for 2.5 hr; (a) 360℃ water, (b) 400℃ steam 
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Fig. 8 Corrosion behavior of D alloys after final annealing at 470℃, 520℃, 580℃
for 2.5 hr; (a) 360℃ water, (b) 400℃ steam 
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Fig. 9 X-ray diffraction pattern on zirconium oxide formed in 400℃ steam of 
Zr-based alloys after final annealing at 580℃ for 2.5 hr (weight gain: 30mg/d㎡); 
(a) D alloys (b) E alloys

0.05 0.1 0.2 0.3
25

30

35

40

45

10

12

14

16

18

20

Fr
ac

tio
n 

of
 te

tr
a-

Zr
O

2

 

 

W
ei

gh
t G

ai
n 

(m
g/

dm
2 )

Cu (wt.%)

 

0.05 0.1 0.2
35

40

45

50

3

6

9

12

15

Fr
ac

tio
n 

of
 te

tr
a-

Zr
O

2

 

 

W
ei

gh
t G

ai
n 

(m
g/

dm
2 )

Cu (wt.%)

 

(a) (b)

Fig. 10 Variation of weight gain and the fraction of tetragonal-ZrO2 on zirconium oxide 
formed in 400℃ steam of Zr-based alloys after final annealing at 520℃ for 2.5 hr; 
(a) D alloys (b) E alloys 
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Fig. 11 Impedance spectra of zirconium oxide formed in 400℃ steam of Zr-based alloys after
final annealing at 520℃ for 2.5h r; (a) D alloys (b) E alloys 
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