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Characterization of matrix damage in ion-irradiated reactor vessel steel
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Abstract Exact nature of the matrix damage, that is one of radiation-induced nano-scale microstructural
features causing radiation embrittlement of reactor vessel, in irradiated commercial steels has not been
clarified yet by direct characterization using transmission electron microscopy [0 TEMO . We designed
a new preparation method of TEM observation samples and applied it to the direct TEM observation of the
matrix damage in the commercial steel samples irradiated by ions. The simulation irradiation was carried out
by 3 MeV Ni?* ion to a dose of 1 dpa at 2900 . Thin foil specimens for TEM observation were prepared
using the modified focused ion beam method. A weak-beam TEM study was carried out for the observation
of matrix damage in the samples. Results of this first detailed observation of the matrix damage in the irradiated
commercial steel show that it is consisted of small dislocation loops. The observed and analyzed dislocation
loops have Burgers vectors b = a<100>, and a mean image size and the number density are 2.5 nm and about
1x 10% m, respectively. In this experiment, all of the observed dislocation loops were too small to determine
the vacancy or interstitial nature of the dislocation loops directly. Although it is an indirect method, post-
irradiation annealing was used to infer the loop nature. Most of dislocation loops were stable after the annealing
at 4000 for 30 min. This result suggests that their nature is interstitial.

Keywords A533B steels, radiation embrittlement, matrix damage, weak-beam transmission electron microscopy,
ion irradiation, dislocation loops
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