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Abstract: 
 
Solidification is critical to processes like casting and additive manufacturing and the manufacture of 
metallic alloy components we use in our everyday lives.  State-of-the-art characterization techniques, 
now available at U.S. DOE User Facilities and in the laboratory, are not only enabling fundamental 
studies of metallic alloy solidification dynamics, but also in-operando, in-situ deformation, and 
manufacturing studies.  Here we use x-ray, proton, and electron imaging to study solidification 
dynamics from the micro-scale to the macro-scale, at times ranging from microseconds to minutes.  Our 
experimental results are used to inform, develop, and validate computational models at the same length 
and time-scales.  Integrating in-situ characterization and modeling will yield the prediction and control 
of metallic alloy solidification dynamics and the creation of microstructures and properties by design 
with advanced manufacturing.  This work was supported by the U.S. Department of Energy, Office of 
Science, Basic Energy Sciences, Materials Sciences and Engineering Division. 
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