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Evaluation of alloying element effect on corrosion characteristics
of Zr alloys
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Abstract

The effect of alloying element on the corrosion of Zr-based alloys that developed for
nuclear fuel cladding in KAERI was evaluated. The alloys having different element of
Nb, Sn, Fe, Cr and Cu was manufactured and the corrosion tests of the alloys were
performed in distilled water at 360C condition. The alloys were also examined for their
microstructures using the optical microscope and the TEM equipped with EDS and the
oxide property was characterized by using low-angle X-ray diffraction. From the result
of corrosion test more than 450 days, the 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 ZrOs-.
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Table 1. Chemical composition of Zr-based alloys

Composition
Zr-based e Nb Sn (F-Ic-aFil\C/lr) Cu Zr
alloy group
0.4 0.8 0.5 0
0.4 0.8 0.5 0.05
© 0.4 0.8 0.5 0.1 Bal.
0.4 0.8 0.5 0.2
0.4 0.8 0.5 0.3
11 - - 0
H 1.1 . . 0.08 | Bal
11 - - 0.15
11 - - 0.3




Table 2. Manufacturing process of Zr-based alloys

Melting (VAR)

.

B-quenching (1020 x 30min)

e

Hot rolling (60%, 590 x 20min)

8

Annealing (580 x 3hr)

1st Cold rolling (40%)

8

Annealing (570 x 3hr)

8

2"d Cold rolling (40%)

8

Annealing (570 x 2hr)

L

3'd Cold rolling (40%)
L

Final annealing (470 x 2.5hr)




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

Alloys Cu Composition Mean
group | content Phase type Structure Range (at.%) Diameter
(wt.%) (nm)
0 Zr(Fe,Cr,Nb), HCP Zr(30~40), Fe(20~30) 120
Cr(20~30), Nb(3~6)
G
0.1 Zr(Fe,Cr,Nb,Cu), HCP Zr(30~40), Fe(20~30) 125
Cr(20~30), Nb(3~6),
Cu(2~4)
0.3 Zr(Fe,Cr,Nb,Cu), HCP Zr(30~40), Fe(20~30) 128
Cr(20~30), Nb(3~6),
Cu(4~8)
0 Zr(Fe,Nb), HCP Zr(30~40), Fe(20~30) 115
Nb(30~40)
B-enriched BCC Zr(60~70) 83
Nb(30~40
y (30~40)
0.15 Zr(Fe,Nb,Cu), HCP Zr(30~40), Fe(20~30) 122
Nb(30~40), Cu(2~4)
B-enriched BCC Zr(60~70) 83
Nb(30~40)
0.3 Zr(Fe,Nb,Cu), HCP Zr(30~40), Fe(20~30) 132
Nb(30~40), Cu(4~8)
B-enriched BCC Zr(60~70) 84
Nb(30~40)




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

(b) H group alloys

Fig.1 Microstructures of Zr-based alloys after final annealing at 470  for 2.5hr
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Fig.2 Corrosion behavior of G and H group alloys after final annealing at 470  for 2.5 hr
as a function of exposure time
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Fig.3 Corrosion behavior of G and H group alloys after final annealing at 470
as a function of Cu content
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Fig.4 TEM micrographs and EDX spectra on precipitates of Zr-based alloys after final
annealing at 520 for 2.5 hr; (a) 0.1wt.% Cu, (b) 0.15 wt.% Cu
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Fig.5 X-ray diffraction pattern on zirconium oxide formed in 360  water of
Zr-based alloys (Corrosion time: 300 days)
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