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Crystallographic Orientation Dependence of Nanoindentation Hardness and
Nanoindentation-induced Deformation Microstructure in Ion-irradiated Stainless Steel
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Abstract Crystallographic orientation dependence of hardness and the range of depth for
hardness evaluation are issues in nanoindentation hardness measurements for ion-irradiated
stainless steels. To investigate these issues, nanoindentation hardness was measured for solution
annealed SUS316 stainless steels irradiated by 2.8MeV Fe? ™" jons at 300°C up to 10dpa at the damage
peak depth using a Berkovich indenter so that the indent depth was set to 150nm after measuring
the crystallographic orientations of grains by the electron backscatter diffraction (EBSD)
technique. In addition, transmission electron microscope (TEM) observations were conducted for
deformation microstructures under the indentations at which the smallest nanoindentation hardness
was observed. It was shown that the nanoindentation hardness depends on the relation between the
indenter and the grain orientations and is correlative with the Taylor factor averaged over three
normal directions of the contact surfaces of the indenter in each grain. Dislocations generated by
indentations glided to the depth of 1.5um under unirradiated condition; whereas the area of
dislocation gliding was reduced as the damage structures developed and limited within the damage
region to lum depth after the irradiation to 10dpa. The hardness of the region within 1#m depth
from the surface can be evaluated by the indentation to 150nm depth since dislocation tangling
occurred in the region within 1#zm depth for both unirradiated and irradiated conditions.

Keywords ion irradiation, stainless steel, nanoindentation, microstructure, crystallographic orientation
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P
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balance  0.048 0.44 1.42
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