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Abstract Bulk nanostructured metallic materials are generally synthesized by bottom-up processing which
starts from powders for assembling bulk materials. In this study, the bottom-up powder metallurgy and High Pres-
sure Torsion (HPT) approaches were combined to achieve both full density and grain refinement at the same time.
After the HPT process at 473K, the disk samples reached a steady state condition when the microstructure and
properties no longer evolve, and equilibrium boundaries with high angle grain boundaries (HAGBs) were dom-
inant. The well dispersed alumina particles played important role of obstacles to dislocation glide and to grain
growth, and thus, reduced the grain size at elevated temperature. The small grain size with HAGBs resulted in
high strength and good ductility.
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Fig. 1. Schematic illustration of HPT facility and operation with a pressure.
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Fig. 2. Optical microscope image of the HPT processed
bulk Al disk.
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Fig. 3. Vickers microhardness results of bulk Al disk from
the disk center to the edge with respect to the distance.
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Fig. 4. Orientation images and image quality maps for the Al powder HPT sample. (a) Center, (b) Middle and (c) Edge
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Fig. 5. Normalized grain size distribution.
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Fig. 6. Misorientation angle distribution of the Al powder HPT sample in number fraction. (a) Center, (b) Middle and (c) Edge
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