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Ultrafine-grained (UFG) metals with very small grain size between 100 nm to 1 um show higher strength compared
with conventional coarse-grained metals, and are much attracted materials. UFG metals also show some unique mechanical
properties. Then, it is needed to understand the deformation mechanisms of UFG metals. In this study, several mechanical
properties of UFG copper were investigated with wide ranges of temperature and stress, and the deformation mechanisms
were discussed.

From the results of creep and tensile tests, UFG copper was found to show three different deformation modes depending
on the stress level. At the low stress region (< 200 MPa), the deformation is controlled by dislocation pipe self-diffusion,
and the mechanism is consistent with the conventional dislocation creep mechanism. At the intermediate stress region (200
— 280 MPa), the rate-controlling mechanism is dislocation recovery at grain boundaries (GB) promoted by GB
self-diffusion. At the high stress region (> 280 MPa), the deformation is controlled by the dislocation motion overcoming
obstacles.

Activation volume of the deformation of UFG copper at the high stress region was evaluated by strain rate jump tests.
The activation volume increases with increase in temperature at temperatures lower than 200 K. On the other hand, at
temperatures higher than 200 K, the activation volume decreases with increase in temperature. These results indicate that
the conventional forest cutting mechanism is operative at lower temperatures, and that dislocation bowing-out and depinning
from obstacles on GB are the rate-controlling thermally activated process at higher temperatures.

Dislocation density of UFG copper during tensile deformation was evaluated by X-ray line profile analysis using the
Williamson-Hall method. From this analysis, it was found that the dislocation density increased at the elastic deformation
stage, almost saturated at the plastic deformation stage, and finally dropped down with fracture.

As described above, plastic deformation behavior of UFG copper was investigated in detail, and the deformation
mechanisms were discussed. This study gives us fundamental information on mechanical properties of UFG metals and is

useful for the application of UFG metals.
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