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Influence of Alloying Element on Corrosion of Zr-Nb-Sn-Fe-Cu
Alloy and Impedance Characteristics of its Oxide Layer
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Abstract

As a part of the advanced Zr fuel cladding development program, the autoclave
corrosion test was performed on the series of Zr-0.2Nb-1.1Sn-Fe-Cu and
7Zr-04Nb-0.8Sn-Fe-Cu alloys in 70 ppm LiOH solution at 360°C. The oxide
characteristics were investigated by using the electrochemical impedance spectroscopy
(EIS) method. The corrosion resistance of the alloys was evaluated from the corrosion
rate determined as a function of the concentration of main alloying elements such as
Nb, Sn, Fe and Cu. The equivalent circuit was composed as a result of the spectrum
from EIS measurements on the oxide layer that formed at pre- and post-transition
regions. By using the capacitance characteristics of equivalent circuit, the thickness of
impervious layer, it’'s electrical resistance and characteristics of space charge layer were
evaluated. The corrosion characteristics of the Zr-Nb-Sn-Fe-Cu alloys were successfully

explained by applying the EIS test results.
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Table 1. Chemical Compositions of the Test Alloys.

. Chemical Composition
Group Varible Nb Sn Fo Cu
0.05 1.1 a e
0.1 1.1 a e
Nb oo T 1 2 e
0.3 1.1 a e
S 0.2 0.9 a e
Zr-0.2Nbl1.1Sn-F-Cu 0.2 1.3 a e
Fe 0.2 1.1 b e
0.2 1.1 C e
0.2 1.1 a d
Cu 0.2 1.1 a e
0.2 1.1 a f
0.3 0.8 c’ f’
04 0.8 c’ f’
Nb 0.5 0.8 c’ f’
0.6 0.8 c’ f’
Sn 0.4 0.7 c’ f’
Zr-0.4Nb0.8Sn-F-Cu 0.4 0.9 c’ '
Fe 0.4 0.8 a’ f’
04 0.8 b’ f’
0.4 0.8 c’ d’
Cu 04 0.8 c’ e’
0.4 0.8 c’ g’

Table 2. Electrochemical Properties of the Oxide Layer.

Systems Items values 1/C | Tt( gm)” | Tm( zm)”
Re(Q) 49.1 - - -
0.2Nb1.1Sn Series ?PEN{:? ) Zi’g'g = - -
L. pin . .
(Pre-Transition) Co(nF) 204 09 2.1 2.07
Re(GR) 1.2 - - -
Re(2) 40.0 - - -
0.2Nb1.1Sn Series ISPEN;“?) gg 3_1 — —
.. plIL . .
(Post-Transition) Co(nF) 1330 01 3.2 6.88
Re(GR) 0.6 - - -

1) Tt = 1/Cp + 1/Cp(Calculated Total Thickness)

2) Tm =

Measured Total Thickness by Weight Gain(1 ﬂm=15mg/dm2)
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Fig. 1. Corrosion Behaviour of the Zr-0.2Nb-1.1Sn-Fe-Cu
Alloys with Different Nb Content.
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Fig. 2. Corrosion Behaviour of the Zr-0.2Nb-1.1Sn-Fe-Cu
Alloys with different Sn Content.
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Fig. 3. Effect of Nb Content on the Corrosion of Zr Alloys.
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Fig. 4. Effect of Sn Content on the Corrosion of Zr Alloys.
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Fig. 5. Effect of Fe Content on the Corrosion of Zr-0.2Nb-
1.1Sn-Fe-Cu Alloys.
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Fig. 6. Effect of Cu Content on the Corrosion of Zr-0.2Nb-
1.1Sn-Fe-Cu Alloys.
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Fig. 7. OCP vs Time Plots of the Zr Oxide Layers.
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Fig. 9. Comparison of the Impedance Spectra between the
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Inner(R,, C,)

7 <— Pore

Outer(R,, Cp)

]

Zr Alloy  ZrO,

®

Equivalent Circuit

Fig.10. Equivalent circuit used for the two-layer oxide film on Zr—Alloy
and schematic representation of the oxide film. (A) earlier stage
and (B) later stage. Notations: Re is the solution resistance; Cb,
Rb are the inner layer capacitance and resistance; Cp, Rp are the
outer layer capacitance and resistance.
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