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Study on Corrosion Characteristics of New Zr—based Alloys for
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Abstract

The corrosion characteristics of two-type new Zr-alloys which have been recently
developed in the KAERI were evaluated in 360C water and 70ppm LiOH, and 400TC
steam using static autoclaves. In addition, their corrosion characteristics were also
evaluated using a recirculating Loop system simulated PWR conditions. The corrosion
results show that the Low-Nb Zr-alloy showed a superior corrosion resistance than the
High-Nb Zr-alloy. The microstructure observation revealed that the corrosion properties
of two alloys are thought to be related with the precipitates. That is the properties of
the precipitates which are precipitated in the Low-Nb Zr-alloy and High-Nb Zr-alloy
influenced on the corrosion properties. The Low-Nb Zr-alloy that didn't form
Nb-containing precipitates show a superior corrosion property, and the results of a XRD
analysis for the oxide revealed that the tetragonal-ZrOZ2 ratio is higher in Low-Nb Zr-
alloy than in High—-Nb Zr-alloy.
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Table 1. Chemical composition of Zr-based alloys

Nominal composition

A alloy Zr-0.2Nb-1.1Sn-xFe-xCr-xCu

B alloy Zr-1.0Nb-1.0Sn-xFe-xCu

Fig 1. Photo of Loop system




Alloying
Element

A alloy B alloy
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Fig 2. Manufacturing process of the specimens



Weight Gain(mg/dm?)

Weight Gain(mg/dm?)

100

100
—m— A alloy —&— A alloy
—e— B alloy —e— B alloy
80 @ ~ 80
[ NE 1
u 3 ./
60 /a i g 60
€ ®
@@ — //.
e ] ©
_®- e
40 @ _— o 40 ./.*7.*/./
o " £ o g "—m
— |
B =) ./0 ]
/.ﬂ. é /I/.

20 -/| 20 -/

[ al b
0 0

0 0

50 100 150 200 250
Exposure Time(day)

50 100 150 200 250
Exposure Time(day)

200 100
—m=— A alloy —a— A alloy
—e— B alloy —e— B alloy
160 ° __ 80
NE [
{ ] e //
120 o 60 .
® £ /
/ T /
° n— " S 40 1
80 - =
- |
P i = s
_® - o _a—a— -
o ® u " ] T
40 - o g W = 20 /.j./
o /
/
' c) [ d)
0
O0 50 100 150 200 250 0 50 100 150 200 250
Exposure Time(day) Exposure Time(day)

Fig 3. Corrosion behaviors of Zr-based alloys

a) 360 water b)360 LiOH
c) 400 steam d) 360 Loop
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Fig 4. Weight gains of Zr-based alloys for 180 days of various condition
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Fig 5. Optical micrographs of Zr-based alloys



a) Bright field b) Bright field

Zr: 74.03 at%
Fe: 14.44 at%
Cr: 10.07 at%
Cu: 1.46 at%

c) Dark field d) EDS

Fig 6. TEM photographs and EDS spedtra of Zr-0.2Nb-1.1Sn-xFeCrCu alloy



b) Bright field

(ppt 1) (ppt 2)

Zr: 77.43 at% Zr: 85.11 at%
Nb: 17.42 at% Nb: 14.89 at%
Fe: 3.92 at%
Cu: 1.23 at%

c) Dark field

d) EDS

Fig 7. TEM photographs and EDS spedtra of Zr-1.0Nb-1.0Sn-xFeCu alloy



Fig. 8 Cross-sectional TEM micrographs of zirconium oxide
on Zr-based alloy (weight gain:30mg/dm?)
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Fig 9. X-ray diffraction patterns on corroded samples having equal

weight gain of 30mg/dm2
a) 360 water b)360 Loop
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Fig 10. Fraction of tetragonal ZrO, in oxide of formed for 120days and
weight gain;
a) 360 water b)360 Loop
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Fig 11. Hydrogen pick-up fraction of Zr-based alloys after corrosion
in 360 water and 360 Loop for 120days;
a) 360 water b)360 Loop
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