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The development of non-equilibrium solidification theories

WANG HaiFeng, WANG Kang, KUANG WangWang & LIU Feng

State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China

In recent years, the non-equilibrium solidification technology is developing very fast while the designing of solidification
processes still relies on classical theories and empirical relations, which can no longer satisfy the increasing need for controlling
of solidification conditions. The classical solidification theories are based on several major assumptions, such as linear
liquidus/solidus, ideal solution, local equilibrium and they usually focus on model alloys instead of real industrial concentrated
multi-component alloys. The discrepancies between classical theories and practical conditions demand us to abandon these
classical assumptions so that the solidification theories can be applied to industrial processes. The current paper reviewed the
recent development of non-equilibrium solidification theories for single-phase solid solution alloys. For dilute binary alloys, the
microscopic interface kinetics, interface stability, dendrite growth and the micro-macro overall transformation kinetics were
reviewed and the significances of nonlinear liquidus/solidus were illustrated. For concentrated binary and multi-component alloys,
the interface kinetics, interface stability and dendrite growth were reviewed with an emphasis on the importance of interaction
between the components. The newly-developed non-equilibrium theories can give more accurate description of complicated
solidification processes, thus promote the application of the solidification theories to industrial processes.

non-equilibrium solidification, interface kinetics, interface stability, dendrite growth, overall transformation Kinetics
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