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Anisotropic effects of irradiation-induced hardening in nuclear engineering
materials with texture in microstructure, such as fuel cladding in nuclear power reactors, were
studied with the assistance of the combined utilization of ion-accelerator, nano-indentation testing

and electron backscatter diffraction analysis. The effects of the microstructural features such as
lattice structure, grain boundary, secondary phase particles on the anisotropy of hardening were
investigated. Strong crystal orientation dependent irradiation hardening is confirmed in
hcp-latticed Zr alloys, whereas in bcc-latticed ODS steel, the occurrence of anisotropic behaviors
of irradiation hardening is more likely to be influenced by the lamella grain structure rather than
the crystal orientation. The mechanism behind the anisotropic effects of irradiation-induced
hardening is linked with the interaction among microstructure-irradiation defects-deformation in
various nuclear engineering materials.
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Fig.1 IPF based color-coded nano-hardness distribution in
Zr0.2Nb and Zr2Nb specimens with and without irradiation.
The IPF maps are in the form of stereographic projections.
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Fig.3 IPF based color-coded nano-hardness distribution in 0-dpa, 0.5-dpa, and 15-dpa 12Cr-ODS steel
specimens irradiated at 573 K.
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Fig.4 Summary of the nano-hardness in RD and TD specimens irradiated at RT and 573 K. (a) The
average of nano-hardness, (b) hardness increment, and (c) hardness increment at (001) and (111)
poles.
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