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Corrosion Characteristics and Oxide Microstructure of Zirconium Alloys for Nuclear Fuel Cladding
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Abstract The corrosion characteristics of zirconium alloys have been investigated in various aqueous solutions of
LiOH, NaOH, KOH, RbOH, and CsOH at 350°C. The concentrations of solutions were set to 4.3 mmol and 32.5mmol
with equimolar M* and OH . The oxide characterization was performed using TEM on the samples corroded in 32.
5mmol LiOH, NaOH, and KOH solution. The samples were prepared to have the same oxide thickness for the pre-
transition and post-transition regimes. Considering the trend of experimental data, the cation would play a major role
in the corrosion process of Zr alloys in alkali hydroxide solutions. The microstructures of the oxides formed in various
solutions were quite different. In LiOH solution the oxides grown in pre-transition as well as post-transition had the
equiaxed structures with many pores and open grain boundaries. The oxides grown in NaOH solution had the protec-
tive columnar structures in pre- transition and the equiaxed structures with many open grain boundaries in post-tran-
sition. On the other hand, in KOH solution the columnar structure was maintained from pre- transition to post- transi-
tion. It was considered that the cation incorporation into zirconium oxide controlled the oxide characteristics and the
corrosion acceleration in alkali hydroxide solutions.
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Fig. 1. Corrosion behavior of Zr alloys in LiIOH solution at 350°C.
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Fig. 2. Corrosion behavior of Zr alloys in NaOH solution at 350°C.
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Fig. 3. Corrosion behavior of Zr alloys in KOH solution at 350°C.
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Fig. 4. Corrosion behavior of Zr alloys in RbOH solution at 350°C.
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Fig. 5. Corrosion behavior of Zr alloys in CsOH solution at 350°C.
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(a)

{c)

Fig. 6. Cross-sectional TEM micrographs of Zircaloy oxide grown in LiOH solution.

(a) at the middle of oxide grown in pre-transition
(b) at metal-oxide interface of oxide grown in pre- transition
(c) at the middle of oxide grown in post-transition
(d) at metal-oxide interface of oxide grown in post-transition
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(b)

Fig. 7. Cross-sectional TEM micrographs of Zircaloy oxide
grown in NaOH solution.
(a) pre-transition(25mg/dm?) (b) post-transition(60mg/dm")

(b

Fig. 8. Cross-sectional TEM micrographs of Zircaloy oxide
grown in KOH solution.

(a) pre-transition(25mg/dm?) (b) post~ transition(60mg/dm”)
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(b) Variation of oxygen concentration

Fig. 9. Oxygen profile across the metal and oxide interface of
Zircaloy corroded in 32.5mmol LiOH.
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