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Abstract

Abstract

Because of the potential for much improved economics and safety, developing
advanced nuclear energy systems including the Generation IV reactors and fusion
reactors has become the primary direction of effort. However, most of materials used
in the current reactors cannot satisfy the requirement of the harsher reactor
environment since the performance requirements of the cladding and first-wall
structural materials will increase substantially. ODS steels appear to be one type of the
most promising candidates for the Generation IV reactors and fusion reactors because
of their excellent high temperature creep property and superior irradiation swelling
resistance.

18Cr-ODS steel is the object of the experimental investigation in this paper. The
evolution of its microstructure under irradiation was investigated by helium and iron
ion irradiation, high energy electron irradiation as well as focused ion beam
bombardment. The result from helium and iron ion irradiation shows that a lot of
dislocation loops and small helium bubbles formed under ion irradiation. In-situ
annealing experiments were then completed at 550 °C and 650 °C. It shows that the
helium bubbles grow rapidly at first and then became saturated. The main possible
mechanism of helium bubble growth was migration and coalescence. The electron
irradiation experiment shows that the crystal lattice of the steels changed with the
increasing electron fluence and additional Fe;O4 grains were formed by electron beam
irradiation through a series of dynamic processes. The study of low energetic ion
bombardment on the surface morphology of 18Cr-ODS steel demonstrates that the
surface roughness increased with the increasing ion fluence, and nanoneedles formed.
They became finer and more easily formed when the incident angle was increased.
The mechanism of nanoneedles formation includes a curvature-dependent sputtering
yield, the function of the induced defects in the crystal lattice during focused Ga" ion
beam bombardment which affected the dynamic competition of the loss of surface

atoms due to sputtering, the gathering vacancies, and the supply of atoms on the
[
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substrate surface.

Keywords: 18Cr-ODS steel; ion irradiation; helium bubbles; electron irradiation;

focused ion beam
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Fig. 1.1 Schematic of the processing sequence for ODS steels, including ball milling
to mechanically alloy (MA) Y and O into metal powders, canning, hot consolidation,
and post-consolidation thermal mechanical treatment
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