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The effect of applied tensile stress on microstructure evolution under high dose ion
irradiation in Zry-2
*Luwei XUE', Hideo WATANABE?
"nterdisciplinary Graduate School of Engineering Sciences, Kyushu Univ.,

Research Institute for Applied Mechanics, Kyushu Univ.

Abstract: To understand the degradation behavior of Zircaloy-2 under neutron irradiation, it is useful to elucidate the
mechanisms of dislocation loop formation, precipitate dissolution under service environment. At high-dose irradiation
level, c-loops nucleate were observed at 400 °C. The dissolution of Fe atoms from Zr (Fe, Cr), precipitates due to

irradiation was detected using EDS. However, the effect of stress on dissolution rate of Fe-rich precipitates was minor.
Keywords: zirconium alloy, applied stress, ion irradiation, irradiation effects, energy-dispersive spectroscopy

1. Introduction

Zircaloy-2 serves as the fuel cladding tube closest to the fuel in BWRs. During reactor operation, fuel cladding
tubes are subjected to stress due to UO; pellet-cladding interactions. Our previous experimental results showed the
formation and evolution of a-loops during the initial stages of low dose irradiation. However, substantial challenges arise
in effectively managing and maintaining optimal values of temperature and stress for extended durations during high dose
irradiation. In this study, we conducted high dose irradiation under applied stress. To understand the behavior of material,
EDS analysis and observation of microstructural changes were conducted on samples after different ion irradiation

conditions.

2. Experimental

Zircaloy-2 was used with an alloy composition of 1.38 Sn, 0.15 Fe, 0.09 Cr, and 0.05 Ni in wt.%. The specimens

were annealed at 630 °C for 2 h, followed by air cooling and
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then irradiated with 3.2 MeV Ni*" ion at 300 °C and 400 °C ’\‘ 4150
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Thin foils for TEM were prepared with FIB to observe the {50

microstructure after the irradiation. The samples were milling

by a low-energy Ar ion at 1.5-3.0 kV to minimize the damage 0 . . . ) g
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of FIB. The dissolution of precipitates was analyzed using a time (h)
Fig.1 Temperature and stress recording during the high dose irradiation

spherical aberration (Cs)-corrected STEM combined with EDS.

3. Conclusion

TEM observation indicate the nucleation of c-loops both in the presence and absence of applied stress at 400°C.
Additionally, the dissolution of Fe atoms from Zr (Fe,Cr), precipitates due to irradiation was detected with EDS. However,
the influence of stress on the dissolution of Fe-rich precipitates was found to be minimal. It is necessary to apply higher

stress at 400°C to determine the impact of stress on the dissolution process.
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Hydrogen absorption of Zircaloy-2 oxide layer before and after kinetic transition
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R&D for Introducing Silicon Carbide Materials to Safety Improvement of BWR’s Core
(10) Joint Strength Evaluation of End-plug Joints in SiC Tubes at a Simulated Severe Accident (3)
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Dissolution of FeCrAl in nitric acid and its impact on vitrification process
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