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A statistical analysis of early-stage Ni-Si clusters in
irradiated 316L stainless steel
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Abstract

Radiation-induced solute clustering plays a critical role in the degradation of stainless steels used in nuclear
reactors. However, the early-stage nucleation mechanisms of Ni-Si clusters remain incompletely understood.
This study investigates the initial clustering behavior of Ni and Si in ion-irradiated 316L stainless steel using
atom probe tomography. High-purity model alloys with no Si (NS) and high Si (HS) content were irradiated
with 3 MeV Ni2+ at 290°C to 0.8 dpa. Ni clusters and Si clusters were found in the HS samples, while Ni
clusters were found in the NS samples, using the iso-position method (IPM). Moreover, the number density
of Ni clusters in the NS samples was low and the radius was small. A modified local concentration method
was used to analyze solute segregation, revealing significant Ni and Cr segregation enhanced by Si addition,
with Si exhibiting the most pronounced segregation. Complementarily, the nearest neighbor distance (NND)
method, applied to clusters identified via the IPM, provided spatial distribution analysis between different
types of clusters. The results indicate a tendency for Ni-Si co-clustering, alongside evidence of homogeneous
nucleation of Ni clustering, suggesting a dual nucleation mechanism. This multi-method approach offers new
insight into early-stage precipitation under irradiation.
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