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Abstract
Nanoscale dual-phase alloys composed of alternate metal (soft) and intermetallic or covalently bonded (hard)
strengthening phase exhibit high strength, high strain hardening rate, and measurable plasticity at ambient and elevated
temperatures. Here we report unusual plasticity carriers in intermetallic Al 2 Cu and covalently bonded Silicon in Al-Si
and Al-Cu alloys based on multiscale experiments and modeling. Plastic deformation commences in soft phase
associated with the nucleation and gliding of dislocations. Hard strengthening units act as strong barriers for the motion
of dislocations in soft phase. As a result, the propagation of dislocations is confined in the soft phase, resulting in
dislocation deposition and accumulation in the soft/hard phases interfaces. Particularly due to the geometric
compatibility between adjacent phases, the hard phase elastically deforms to accommodate the elastic and plastic
deformation in the soft phase. Consequently, strain hardening develops in the soft phase associated with back stress due
to the plastic deformation incompatibility between adjacent phases, and high stress develops in the hard phase. The high
stress may trigger unusual shear in hard phase (plastic co-deformation) or instability such as bending and kinking
(instability) and cracking in hard phase (failure). Cracks in hard phase initiate by the increased tensile stress due to
loading transfer in tension test or bending induced tensile stress in compression test. These mechanical behaviors are
strongly related to the plastic deformability and the characteristic dimension of the hard phase.
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