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Concurrently strengthened severely deformed metallic materials by ultra-fine
grained and precipitation hardenings
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The microstructure and aging behavior in Cu based age-hard enable alloys
processed by high-pressure torsion (HPT) were systematically investigated. The effects of processing
temperature on attainable maximum hardness by HPT and age-hardening behavior of the alloys after HPT were
clearly explained. Moreover, the influence of natural aging on the artificial aging behavior of Cu-Be and
Cu-T alloys systems were discussed. The obtained results in this study shed light on strengthening of the
metallic materials by grain-refinement strengthening and precipitation hardening simultaneously.
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Fig. 1 Change in Vickers hardness of Cu-Be, Cu-Ti
and Cu-Cr alloys processed by HPT at RT or 150 °C
during aging at 320, 350 and 350 °C, respectively.
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Fig. 2 Change in the Vickers microhardness and
resistivity of (a) Cu-Be and (b) Cu-Ti specimen
processed by HPT during natural aging at 293 K.
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Fig. 3 Age hardening curves of Cu-Be specimens
artificially aged at 593 K after HPT processing and
then natural aging for 0 s (0s), 1 week (0.61 Ms; 1w) or
1 month (2.59 Ms; 1m).
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Fig. 4 Age hardening curves of Cu-Ti specimens

artificially aged at 623 K after HPT processing and

then natural aging for 0 s (0s), 1 week (0.61 Ms; 1w) or

1 month (2.59 Ms; 1m).
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