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Ferritic and ferritic-martensitic steels are being considered for cladding in the next generation 
nuclear reactors as well as fusion applications and spallation source materials. For these 
applications, helium (He) accumulation due to the high appmHe/dpa ratio, represent a matter 
of concern rooted in the detrimental effects of irradiation on the mechanical performance. 
The investigations of the effects of ion beam irradiation on mechanical properties of iron 
represent a useful way to simplify the complexity of irradiation process. This study is focused 
on the effects of mostly He bubbles on the mechanical behavior and deformation 
mechanisms. 
<101>-oriented cylindrical single crystalline Fe samples with diameters of 100nm and heights 
of 1m were implanted with 0.36±0.06 at. % helium throughout their gauge sections to 
produce 1.5nm-diameter He bubbles (Figure 1). Uniaxial deformation experiments revealed a 
40% higher yield and ultimate strengths in tension and a 25% higher yield strength and flow 
stress at 10% plastic strain in compression for implanted samples compared with as-
fabricated ones due to He bubbles and radiation-induced defects. Observed tension-
compression asymmetry in implanted pillars was attributed to the non-planarity of screw 
dislocation cores and to twinning-antitwinning deformation typical of bcc metals and the 
interaction between dislocations and He bubbles. Compressive stress-strain data in both sets 
of samples had three distinct regimes: (1) elastic loading followed by (2) discrete strain 
bursts during plastic flow with significant hardening up to strains of 5%, and (3) “steady state” 
discrete plasticity characterized by nearly-constant average flow stress. Each regime is 
discussed and explained in terms of competition in the rates of dislocation multiplication and 
dislocation annihilation. 
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Figure 1: (a) A SEM image of a typical over-plated 100nm-diameter Fe nano-pillar at an orientation 
that shows the shape and contour of the pillar's triangular-prismatic top. The facets in the top prism 

are inclined at ~45º to the pillar axis. (b) Bright field TEM image of a Fe nano-pillar with the 
corresponding diffraction pattern. The pillar axis is close to the [101] direction. (c) Under-focus image 
of He bubbles that appear as bright dots with a dark fringe. (d) Over-focus image of He bubbles that 

appear as dark dots with a bright fringe. The He bubbles form a herring-bone-like arrangement parallel 
to {110} planes throughout the pillar height. (e) Over-focus image of He bubbles at an orientation ~90º 
away from the orientation in (d) where the rectangular facet of the prism-shaped head is perpendicular 

to the electron beam, showing a uniform distribution of bubbles throughout the pillar height. A few 
bubbles are pointed to by the arrows in the image. 
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