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Abstract

The effect of Cu addition on the corrosion of Zr-based alloys that developed for
nuclear fuel cladding in KAERI was investigated. The corrosion tests of the alloys
having different Cu content were performed in distilled water at 360C, steam
environment at 400C and 70 ppm Li conditions. The alloys were also examined for their
microstructures using the optical microscope and the TEM equipped EDS and the oxide
property was characterized by using low-angle X-ray diffraction. In different
environment of corrosion test more than 390 days, the transition of corrosion rate of the
Zr-based alloys was differently observed with Cu addition. The corrosion resistance
were gradually increased with the increase of Cu content and the tetragonal ZrO- layer

was stabilized on the Cu-containing alloys.

Key words: Zr, Fuel cladding, Corrosion, Precipitates, Low-angle XRD, Oxide,
Tetragonal ZrOo.
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Table 1. Chemical composition of Zr—based alloys

Composition |\, sn TRM Cu Zr
(wt.%)
Zr-base (Fe, Cr)
alloy group
0.4 0.8 0.5 0 Bal.
0.4 0.8 0.5 0.05 Bal.
G 0.4 0.8 0.5 0.1 Bal.
0.4 0.8 0.5 0.2 Bal.
0.4 0.8 0.5 0.3 Bal.
11 - - 0 Bal.
H 1.1 - - 0.08 Bal.
1.1 - - 0.15 Bal.
11 - - 0.3 Bal.




Table 2. Manufacturing process of Zr-based alloys

Melting (VAR)

e

B—quenching
(10200 x 30min)

uy

Hot rolling
(60%, 59001 x 20min)

e

Annealing
(5800 x 3hr)

I

1st Cold rolling
(40%)

.

Annealing
(5700 x 3hr)

.

2nd Cold rolling
(40%)

g

Annealing
(5700 x 2hr)

e

3rd Cold rolling
(40%)

am

Final annealing
(4700 x 2.5hr)




Table 3. Summary of precipitates characteristics in G and H alloys

Alloys
group

Cu
content

(Wt.%)

Phase type

Structure

Composition
range
(at.%)

Mean
diameter
(nm)

Zr(Fe,Cr,Nb),

HCP

Zr(30~40)

Fe(20~30)

Cr(20~30)
Nb(3~6)

120

0.1

Zr(Fe,Cr,Nb,Cu),

HCP

Zr(30~40)

Fe(20~30)

Cr(20~30)
Nb(3~6)
Cu(2~4)

125

0.3

Zr(Fe,Cr,Nb,Cu),

HCP

Zr(30~40)

Fe(20~30)

Cr(20~30)
Nb(3~6)
Cu(4~8)

128

Zr(Fe,Nb),

HCP

Zr(30~40)
Fe(20~30)
Nb(30~40)

115

B—enriched

BCC

Zr(60~70)
Nb(30~40)

83

0.15

Zr(Fe,Nb,Cu),

HCP

Zr(30~40)

Fe(20~30)

Nb(30~40)
Cu(2~4)

122

B—enriched

BCC

Zr(60~70)
Nb(30~40)

83

0.3

Zr(Fe,Nb,Cu),

HCP

Zr(30~40)

Fe(20~30)

Nb(30~40)
Cu(4—-8)

132

B—enriched

BCC

Zr(60~70)
Nb(30~40)

84

10




0.0 wt.% Cu 0.1 wt.% Cu 0.2 wt.% Cu 0.3 wt.% Cu

(@) G group alloys

0.0 wt.% Cu 0.15 wt.% Cu 0.3 wt.% Cu

(b) Hgroup alloys

Fig. 1 Microstructures of Zr—based alloys after final annealing at 4700 for 2.5hr

11



T
10 18 0
Energy (k')

Counts

100—

il 5 10 15 20
Energy (ke')

Z.A=[1012]

(b) H group alloy

Fig. 2 TEM micrographs and EDX spectra on precipitates of Zr—based alloys after final
annealing at 5200 for 2.5 hr; (a) 0.1wt.% Cu, (b) 0.15 wt.% Cu
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Fig. 3 Corrosion behavior of G group alloys
final annealing at 47000 for 2.5 hr
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Fig. 4 Corrosion behavior of H group alloys
final annealing at 4700 for 2.5 hr
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Fig. 5 X—ay diffraction pattern on zirconium oxide formed in 40000 steam of

Zr—based alloys (weight gain: 30mg/d )
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