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Abstract: The preparation of traditional metallic materials is mostly carried out under near-
thermodynamic equilibrium conditions, where the interplay of multiple coupled sub-processes
within the material limits the formation of ideal microstructures. By precisely regulating the rapid
evolution of system thermodynamic parameters across the spatiotemporal dimensions, the
material systems can be driven far from thermodynamic equilibrium. This dynamic decoupling of
sub-processes enables novel pathways for the evolution of material composition and structure,
facilitating the realization of unique microstructures and compositions that transcend the
predictions of equilibrium phase diagrams. Guided by this principle, researchers have
successfully developed far-from-equilibrium preparation techniques, such as ultrafast heat
treatment, Joule heating preparation, and carbothermal shock. These methods have led to the
discovery of various novel metallic materials with excellent properties. Principles and strategies
for far-from-equilibrium metal material fabrication, focusing on the methods of controlling
thermodynamic conditions in spatiotemporal dimensions. Furthermore, it delves into the
application prospects of these techniques in the development of new materials, not only
deepening the understanding of the nature of non-equilibrium processes but also providing
innovative design paradigms for surpassing the performance boundaries of conventional materials.
Key words: non-equilibrium state; thermodynamic far-from-equilibrium; dynamic pathway;
ultra-fast synthesis; new materials
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Fig.4 Tensile fracture morphology and evolution of 5052 aluminum alloy annealed with different heating rates®
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Fig. 6 The structure and properties of dual phase nano layered high entropy alloy (HEAs) AlICoCrFeNi,,
printed by laser powder bed melting (L—PBF) technology®"
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Fig. 12 Preparation of far-from-equilibrium functional materials via high-temperature plasma electrolytic

oxidation®" and arc discharge® methods
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