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Plastic Strain Recovery in Nanocrystalline Copper Thin

Films

Nastaran Ghazi*†, Christian F. Niordson‡, Jeffrey W. Kysar§

Abstract

Plastic strain recovery is a distinctive behavior of nanocrystalline thin film metals whereby
plastic strain induced via application of an external load is gradually recovered over a time
period of hours to days after load removal. Previous studies to model plastic strain recovery
assumed that grain boundary sliding or grain boundary diffusion with heterogeneous diffusiv-
ity was the dominant deformation mechanism. In this study we propose that grain boundary
diffusion in the presence of nanoscopic voids can lead to plastic strain recover without having
to assume a sliding or heterogeneous diffusivity on grain boundaries. To model the system
numerically in the context of the finite element method, we include a diffusion zone (DZ) and
a cohesive zone (CS) on the grain boundaries and also include the possibility of plastic de-
formation in the surrounding grains. Our results suggest that diffusion leads to a mass flux
toward the “void tips” (i.e. intersections of the voids and grain boundaries) as the external load
is applied. Upon removal of the load, the additional material that accumulated near the void
tips introduces a compressive residual normal stress on the grain boundary. The gradient of
grain boundary residual stress leads to diffusion flux away from the void tip along the grain
boundary in addition to diffusion flux to the void surface from the grain boundary. This redis-
tribution of mass leads to a reduction in specimen length that is interpreted in terms of plastic
strain recovery. With time the diffusion flux reduces the grain boundary stress gradient to the
point where further grain boundary diffusion flux becomes negligible, after which diffusion
flux occurs predominantly from the grain boundary at the void tip to the void surface. Since
only one mass flux route remains active, the predicted plastic strain recovery rate is smaller.
These simulation results are consistent with our experimental results that indicate plastic strain
recovery exhibits two characteristic rates: a “fast” strain rate of about 10−7 s−1 followed by
transition to a “slow” strain rate of about 10−9 s−1.
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