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Research Progress of Nodular Corrosion of Zirconium Alloy

Wang Yanmou, Zhang Conghui, Zhu Wenguang, Zeng Xiangkang
(Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract; The research progress of zirconium alloy nodular corrosion at home and abroad in recent years was reviewed

in this paper. Nodular corrosion mechanisms of zirconium alloy were summarized, including hydrogen aggregation

corrosion, local solute depletion corrosion, nucleation and growth corrosion, nodular corrosion spots form and so on.

The factors affecting the nodular corrosion resistance of zirconium alloy were analyzed. Based on this, the methods to

improve nodular corrosion resistance of zirconium alloy were put forward; adjusting alloy elements type and content;

surface grain refinement treatment ; fining size and distributing evenly of the second phase by proper heat treatment.
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Fig. 1 Schematic diagrams of hydrogen aggregation corrosion
mechanism: (a) formation of ZrO, and H,; (b) break

in Zr0, film; (c¢) formation of nodule
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Fig. 2 Schematic diagrams of local solute depletion corrosion
mechanism: (a) ZrO,_, and ZrO, forming; (b) formation
of porous structure at ZrQ, ; (¢) local thickening of oxide

film; (d) nodular corrosion formation
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Fig. 3 Schematic diagrams of nucleation and growth corrosion
mechanism: (a) oxide film; (b) local swelling;
(¢) increased local swelling; (d) oxidation accelerated ;

(e) nodule corrosion formation
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Fig. 4 Schematic diagrams of nodular corrosion spots form
corrosion mechanism: (a) heterogeneous growth of
thicker oxide film due to grain orientation; (b) local

oxide film growth; (c¢) nodule corrosion formation
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Fig. 5 Schematic diagrams of reducing nodular corrosion

rate by adding Sn element; (a) normal anion vacancy;
(b) additional vacancies due to presence of N’ ;

(¢) Sn’* decreases vacancy mobility
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Table 1

Optimum addition amount of Sn elelment for zirconium

alloy with different nitrogen content

Content of N 0.022 0.030 0.060 0.070 0.080

Addition of Sn 0.5 1.0 2.0 2.5 3.0
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