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Abstract : In this study, artifacts-free bulk nanocrystalline pure aluminum alloy samples were prepared through mechanical
milling under ultra-high purity argon and at both liquid nitrogen and room temperatures. The nanostructure evolution during
milling was examined using X-ray diffraction and transmission electron microscope techniques.  The in-situ  consolidated
samples after milling exhibited an average grain size of 18 nm. The tensile properties of this novel material are reported in
comparison with coarse-grained aluminum alloys. The 0.2% offset yield strength of the nanocrystalline aluminum was found to
be 340 MPa. This value is at least one order of magnitude higher than that of the coarse-grained aluminum alloy. In addition to
this  extraordinarily  high strength,  the nanocrystalline aluminum showed a significant  tensile  ductility,  with 6% uniform
elongation and 11% elongation-to-failure. The transmission electron microscope observations in this study provide evidence of
deformation  twinning  in  the  plastically  deformed  nanocrystalline  aluminum.  These  results  highlight  a  change  of  the
deformation mechanism from a typical dislocation slip to twinning deformation induced by partial dislocation activities.
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