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Abstract: Solidification is the first step encountered during the processing of
metals and alloys. Significant opportunity exists to not only employ
conventional processes like metal casting, but also emerging processes like
additive manufacturing (AM) that typically produce large temperature
gradients, high solidification rates, and repeated cycles of heating and cooling.
The local conditions experienced during solidification processes (e.g., thermal
gradients and solid-liquid interface velocities) dictate microscopic structure
(i.e., microstructure) evolution and the final microstructural state. Here we
visualize solidification dynamics during metal casting, directional solidification,
and simulated AM by real-time imaging with protons, synchrotron x-rays, and
electrons, for example, and computational modeling to link processing
conditions to microstructure development. A deeper understanding of
solidification is needed to predict and control microstructure evolution,
optimize processing conditions, and achieve advanced manufacturing of
metals and alloys.
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