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Abstract To investigate the synergistic effects of Ni and Si on the formation of solute atom clusters and
dislocation loops, which are radiation embrittlement factors in reactor pressure vessels (RPVs), ion-irradiation
experiment, atom probe tomography analysis, and transmission electron microscopy observations were
performed on Fe-Mn-(Ni, Si, Ni-Si) alloys, a model alloy for RPV steel. The cluster size was about 3 nm
regardless of the addition of Ni and Si, indicating no synergistic effect of Ni and Si. In contrast, the number
density of clusters was reduced by the single addition of Ni and Si, but was further reduced by the combined
addition. On the contrary, the number density of dislocation loops increased with combined additions,
indicating that the formation of dislocation loops is promoted. Even when Ni and Si are added, the major
constituent element of the clusters is Mn, and Mn diffuses by forming the dumbbell with a self-interstitial
atom (SIA), suggesting that the combination addition of Ni and Si promotes the formation of SIA clusters,
such as dislocation loops, and suppresses cluster formation as a mechanism.

Keywords radiation embrittlement, reactor pressure vessel, solute atom cluster, dislocation loop, synergistic effects of
Ni and Si.
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51 AR AR (wi%)

Alloy C Si Mn P S Ni Cu 0 N Fe
FeMn 0.004 <0.01 1.54 0.001 0.002 <0.01 <=0.01 0.0040 0.0004 Bal.
FeMnNi 0.003 <0.01 1.51 0.001 0.001 0.53 <0.01 0.0040 0.0006 Bal.
FeMnSi 0.003 0.25 1.54 0.001 0.001 <0.01 <=0.01 0.0027 0.0006 Bal.
FeMnNiSi 0.003 0.25 1.52 =0.001 0.001 0.54 <0.01 0.0027 0.0006 Bal.
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