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ABSTRACT





From the earliest forays into the use of cast metals to present-day developments in melt-processing technology, the immense range of complex material structures that arise during alloy solidification has continuously evoked the interest of artisans, engineers, and scientists alike. With humble beginnings in simple open-mold casting applications to the development of modern techniques in direct-chill or continuous casting, high-precision shape casting, and rapid solidification, the challenge of controlling microstructure during the freezing of metals and alloys has remained a central theme in the technological history of mankind, as illustrated by ubiquitous examples in critical areas such as transportation, communication, energy, defense, infrastructure, agriculture, and medical technology. Moreover, as the relentless push for new devices and enhanced properties continues to fuel the demand for more exacting manipulation of structure, the potential benefits that may arise from a deeper understanding of the mechanisms that control multiphase solidification become more clearly pronounced. 


In this talk, recent research findings related to (i) the mechanisms and morphologies associated with various growth modes and transitions in Al-Si eutectics; (ii) invariant and univariant eutectic solidification in Al-Ag-Cu ternary systems, and (iii) geometric confinement and early-stage dynamics of coupled solidification are presented and discussed. Morphological and mechanistic selection dynamics in Al-Si are investigated with respect to the flake/fiber growth mode transition, observed at high growth rates. Directional solidification is used to examine the various stages of the transition and their relation to interfacial properties, morphological instability, and mechanical properties. A low-velocity faceted/twinned dendritic growth mode is also investigated, where the defect structure at the dendrite tips enables a hybrid dendrite/eutectic growth front with several remarkable characteristics. The study includes directional solidification, microstructural/crystallographic analysis, and phase-field modeling. Invariant and univariant coupled growth modes and selection dynamics are examined for ternary Al-Cu-Ag alloys, with a focus on the interplay between phase topology and ordering, crystallographic orientation, grain boundary structure, and lamellar faults in the processes of grain competition and the evolution of both planar and non-planar coupled growth modes. Finally, a study using directional solidification of a transparent succinonitrile-camphor alloy and phase-field modeling to examine the influence of geometric confinement and initial conditions on early-stage dynamics and growth mode selection is presented, with important implications related to standard experimental practices. 
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