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Microstructure Analysis for Carbon Steel Irradiated at Low Temperature
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Abstract Overpacks used for geological disposal of high level radioactive waste would be
irradiated by neutrons and y rays with very low dose rate (less than 106 dpa-s™)for a long time.
For prediction of the degree of radiation embrittlement on the overpacks under the expected
irradiation conditions (temperature, less than 90C; dose, 4.3 % 10 dpa), there is a possible way
to estimate the changes in hardness and fracture toughness from the microstructure changes
leading to the radiation embrittlement that were estimated by experiments and analysis. In the
present study, carbon steels which are one of the candidate materials for overpacks and their
model alloys were irradiated with Fe ions at 90C, and then the effects of material composition
on radiation-induced changes in microstructure and hardness were investigated. Formation of a
few nanometer-sized dislocation loops and solute clusters containing Mn, Si and Cu atoms was
confirmed by microstructure analysis using transmission electron microscopy and atom probe
tomography. For dislocation loops, the size and number density were not changed much as the
dose increased, and the effects of material composition on the size and number density were
unclear. For solute clusters, the number density increased as the dose increased, and the number
density became large for the materials with high density of Mn, Si, Cu or weld metal. It was
found that the hardness increase became large for the condition that promoted the formation
of solute clusters. An empirical formula between hardness increase (AH)and shear strength
increase (A1) calculated from size and number density of dislocation loops and solute clusters
based on the Orowan model was obtained as: AH=0.0096 X Ar.
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