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Martensitic phase transitions are first order, diffusionless, solid-to-solid, transformations that underlie shape
memory, superelasticity, and strengthening in modern steels, impacting a wide range of technologies. While
shape memory and superelasticity in traditional alloys are well understood from a mechanistic point of view,
recent unexpected results by our group and others indicate a much richer set of phenomena yet to be fully
characterized and with significant potential to result in improved or tunable properties. Specifically, martensitic
materials with coherent second phases or
nanoscale variations in composition have been Role of coherent precipitates on
shown to exhibit unchar_actenstlc, and some martensitic materials
unprecedented, properties.
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metallic nanomaterials. This remarkable result
is possible by the stabilization of a thermodynamically unstable state with negative stiffness via interfacial
stresses caused by the coherent second phase. MD simulations further revealed how the size and shape of the
second phase affects the hysteresis and temperature of the phase transition as well as the martensitic
microstructure.® In addition, we showed that coherency stresses from an appropriately chose second phase can
also change the nature of the martensitic transformation in metallic alloys from first order (discontinuous
transitions) to second order or continuous transformations. Large scale MD simulations showed a remarkable
change in the character of the martensitic transformation in Ni-Al alloys near the critical point. We observed
continuous transformation, uncharacteristic martensitic microstructures, and scaling behavior described by
power-law exponents compatible to those of similar second-order transitions.
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