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Specimen size dependence of strength and fracture toughness of extrinsically
brittle metals
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Although most pure metals such as aluminum, copper and so on are intrinsically
ductile, they are known to become brittle when the crystal grain size is considerably reduced. It had
remained an open question if these extrinsically brittle metals exhibit any specimen size dependence of
strength and fracture toughness. In the present research, we have performed compression tests and bending
tests for micrometer-sized specimens of nanocrystalline copper fabricated by pulsed electrodeposition. We
have revealed that when the crystal grain size is reduced down to 34 nm, where the dislocation motion is
difficult, the specimen size dependence of strength disaﬁpears in contrast to the coarse grained
polycrystalline copper, and that the brittle fracture behavior, which is observed when the bulk

nanocrystalline copper is bent, disappears and turns to be ductile when the specimen size is reduced to
the micrometer size.
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