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Editorial on the Research Topic
 Trends and Advances in Nano-structured Materials with Novel Structures and Properties

The research topic “Trends and Advances in Nano-structured Materials with Novel Structures and Properties” was organized to collect recent advances of novel structural metallic materials with superior mechanical properties.
Advanced metallic materials with nanostructures show promising mechanical properties. For realizing advanced structural materials, it is critical to overcome the strength-ductility trade-off or optimize them concurrently (Tsuji et al., 2019). There have been significant breakthroughs in developing novel nanostructures in the last decade (Wu and Zhu, 2017). For example, fully recrystallized nanostructures, heterogeneous nanostructures and gradient nanostructures have been developed in various metallic systems, which exhibit excellent tensile properties and fatigue properties. The nanostructured metallic materials with recrystallized structure can even manifest better fatigue strength than the coarse-grained and plastically deformed nanocrystalline counterparts (Liu et al., 2018), indicating that it is crucial to carefully design the suitable microstructure for superior mechanical performances. The materials having recrystallized nanostructures can also exhibit unconventional mechanical behavior in contrast to the coarse-grained counterparts. For example, apparent yield-drop phenomenon and extensive Lüders deformation were often detected during tensile test (Gao et al., 2019).
Bulk nanostructured materials can be prepared via various top-down techniques based on intense plastic straining. Furthermore, dynamic or static heat treatments were applied to reconstruct the microstructures for optimized properties. In this research topic, cutting-edge advances of steels and high-entropy alloys (HEAs) were introduced. In contrast to the conventional powder metallurgy strategy which has some inherent disadvantages, two-phase oxide dispersion strengthened steels were processed by casting and hot rolling (Wang et al.). In this way, a heterogeneous microstructure consisting of ferritic and martensitic lamellae was achieved, providing a possible way to obtain superior mechanical properties. Meanwhile, a single-phase austenitic Fe-30Mn-0.14C-7Cr-0.26Ni steel was processed by cold rolling and annealing to realize heterogeneous and fully recrystallized nanostructures (Chen et al.). A new Hall-Petch relationship and extra-hardening were revealed in the nano-regime, which can be related to the limited dislocation sources.
HEAs represent novel materials design strategies and have attracted worldwide attentions due to their superior mechanical and functional properties. Similar to conventional metallic materials, nanostructured HEAs also exhibit promising properties. For example, the well-known CoCrFeMnNi Cantor alloy can be processed by simple cold rolling and annealing treatments to achieve recrystallized nanostructures and balanced strength-ductility synergy at cryogenic temperatures (Sun et al., 2018). In this research topic, new advances of HEAs have been included. Three low-density refractory NbTiVZr, Nb0.5TiVZr, and NbTiV alloys were developed, and the high-temperature compression properties were investigated (Jia et al.). In contrast to the well-known Inconel 718 alloy, the NbTiVZr alloy can exhibit better yield strength at temperatures higher than 1,073 K. Meanwhile, eutectic HEAs have been widely studied among the HEA family. In contrast to the other HEAs, the casted eutectic HEAs generally possess higher yield strength which is attributed to the fine nanostructures formed through alternating distribution of two phases under solidification. Eutectic AlCoCrFeNi2.1 and hyper-eutectic AlCo0.4CrFeNi2.7 were casted, and they showed similar yield strength of 540 MPa. However, the AlCo0.4CrFeNi2.7 HEA possessed much higher impact toughness than the eutectic AlCoCrFeNi2.1, providing an accessible way to improve the strength and toughness simultaneously (Zhang and Zhang). In addition, conventional thermal mechanical processes were applied to produce bulk specimens with nanostructures in Ti35Zr27.5Hf27.5Nb5Ta5 and Ti35Zr26Hf26Nb6.5Ta6.5 HEAs (Guillot et al.). Tensile properties could be controlled by changing volume fractions of two phases and inherent grain sizes, and ultrahigh yield strength up to 1 GPa could be achieved in these two HEAs. This work has introduced an elaborative strategy to introduce heterogeneities and nanostructures concurrently in two-phase HEAs.
We hope that the papers in the present Research Topic can stimulate new exciting research work in the advances of metallic materials with novel structures and properties.
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