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Abstract

The effect of Cu addition on the Zr-based alloy that developed for nuclear fuel
cladding in KAERI was investigated. The alloys were finally heat-treated at 470, 520,
580C for 2.5 hours. They were also examined for their microstrues using optical
microscope and TEM. The corrosion tests of the alloys having different Cu content
were tested in both 360C water and 400C steam environment. In addition, the oxide
characteristics were analyzed by using low-angle X-ray diffraction and Electrochemical
Impedance Spectroscopy (EIS). With the increase of Cu content, the Cu concentration in
precipitates were increased. At the corrosion test for 300 days, the corrosion rate was

decreased with the decrease of Cu content.
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Table 1. Chemical composition of Zr-based alloys

i oy | Nb Sn TRM Cu Zr
alloy group (Fe+Cr)

0.2 1.1 0.5 0.05 Bal.

D 0.2 1.1 0.5 0.1 Bal.

0.2 1.1 0.5 0.2 Bal.

0.2 1.1 0.5 0.3 Bal.

1.5 0.4 0.1 0.05 Bal.

E 1.5 0.4 0.1 0.1 Bal.

1.5 0.4 0.1 0.2 Bal.

Table 2. Manufacturing process for Zr-based alloys

Melting (VAR)

g

B—quenching
(10200)_x 30min)

g

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

i

Annealing
(58001 x 3hr)

g

1st Cold rolling  (40%)

i

Annealing (57000 x 3hr)

Ny

2nd Cold rollin

Q

(40%)

T

Annealing (5700 x 2hr)

=

3d Cold rolling  (40%)

=

Final annealing
(470, 520, 5800 x 2.5hr)




Table 3. Summary of precipitates characteristics in D and E alloys

Zr—

alloys (wt.%)
group

meam mean
phase type structure composition diameter

(at.%) (nm)

Zr(36)
0.1 Fe(31)

; Zr(Fe,Cr,Nb,Cu), HCP Cr(28) 86
Nb(4)
Cu(l)

Zr(34)
Fe(31)
0.3 Zr(Fe,Cr,Nb,Cu), HCP Cr(28) 102
Nb(3)
Cu(4)

Zr(35)
Fe(26)
Nb(34)
Cu(1)

0.05 Zr(Nb,Fe,Cu), HCP 98

B-enriched BCC 21(65)
E Nb(35)

85

Zr(36)
Fe(26)
Nb(37)
Cu(3)

Zr(Nb,Fe,Cu), HCP 137

0.2

Zr(63)

B—enriched BCC
Nb(37)

87
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Fig. 1 Microstructures of D alloys after final annealing at 47001 , 52001 ,
5800 for 2.5 hr
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Fig. 2 Microstructures of E alloys after final annealing at 47001, 52007,
5800 for 2.5 hr



Fig. 3 TEM micrographs and EDX spectra of precipitates of D alloys after final
annealing at 52000 for 2.5 hr; (a) 0.1wt.% Cu, (b) 0.3 wt.% Cu

Fig. 4 TEM micrographs and EDX spectra of precipitates of E-0.05Cu alloys after final
annealing at 5200 for 2.5 hr; (a) Zr(Nb,Fe,Cu), type (b) B-enriched type
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Fig. 5 Corrosion behavior of D alloys after final annealing at 5200 for 2.5 hr;
(@) 36000 water, (b) 400 [ steam
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Fig. 6 Corrosion behavior of E alloys after final annealing at 5200 for 2.5 hr;

(@) 36000 water, (b) 40000 steam
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Fig. 7 Corrosion behavior of D alloys after final annealing at 47001 , 52001 , 5800

for 2.5 hr; (a) 3600 water, (b) 400001 steam
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Fig. 8 Corrosion behavior of D alloys after final annealing at 47001 , 52001 , 5800

for 2.5 hr; (a) 3600 water, (b) 400001 steam
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