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Fig.1 Microstructure of AM AlCoCrFeNi, , EHEA™: (a) inverse pole figure (IPF) of AM AlCoCrFeNi, , with different crystallographic orientations,
(b) SE-SEM image of local nanolamellar structure ,and (¢) BF-TEM image of fcc/bee nanolamellae
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Fig.2 Dual-phase heterogeneous lamellar structure composed of ultrafine grains™: (a—b) SEM image and EBSD image of bec and fcc lamellar

structure and (c) STEM of dual-phase heterogeneous lamellar structure

a | HAADF-STEM
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Fig.3 Directionally solidified EHEA with a hierarchical herringbone lamellar microstructure!”: (a) BSE-SEM image of ordered columnar grains,
(b) high-angle annular dark (HAADF) -STEM image of B2 and LI, lamella, and (c) enlarged EBSD map of the columnar grains

consisting of aligned eutectic lamella and branched eutectic lamella (AEC: aligned eutectic colonies; BEC: branched eutectic colonies)
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Fig.4 Cuw/Ta multilayer composite structure of different individual lamella thicknesses 4> (a) /=35.83 um, (b) /=8 um, (c) ~#=3.85 um, (d) /=

2.08 um, and (e) EDS mapping of lamella with #=3.58 pm
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Fig.5 Heterogeneous lamellar interfaces™: (a—b) microstructural heterogeneity of the lamellar interface, (c) TEM image of Ti layer, and (d) KAM

map near the lamellar interface
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Fig.6 Microstructure of heterogeneous lamella™: (a) EBSD of

heterogeneous lamella and (b) TEM image of local

heterogeneous elongated lamella
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Fig.7 Lamellar morphology of ultrahigh-strength steel before the
tensile test™: (a) EBSD phase map and (b) orientation map
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Fig.8 Mechanical properties of DPHL-EHEAP: (a) tensile properties at room temperature and (b) strain-hardening rate curves with the back-

stress and effective-stress evolution as the plastic strain increasing (CH: complex and hierarchical; UFG: ultra-grained; BS: back-stress;

ES: effective-stress)
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Progress in Lamellar Metallic Materials

Liu Xiaoxiao'?, Ma Shengguo'?, Qiao Junwei’, Qiao Li"*, Wang Zhihua'?
(1. College of Aeronautics and Astronautics, Taiyuan University of Technology, Taiyuan 030024, China)
(2. Shanxi Key Laboratory of Materials Strength and Structural Impact, Taiyuan University of Technology, Taiyuan 030024, China)
(3. College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Lamellar metallic materials comprising lamella units with different mechanical properties can form a unique lamellar heterostructured
material. The heterostructures could induce various strength-ductility synergetic mechanisms due to the action of multi-type and multi-scale
heterogeneity. Multiple lamellar morphologies have emerged with the diversification of material preparation means and processing treatments, and
thus new requirements and design criteria have been derived for optimizing the lamellar microstructure. Optimizing the microstructural lamellar
design and exploring the relation between mechanical behavior and micro/nano-lamellar structures will not only contribute to establishing the
design theory about laminated metallic materials, but also accelerate its practical application. In this paper, the research progress on laminated
metallic materials in recent years was reviewed. Classification of metallic lamellar structures, their mechanical properties and strength-ductility
mechanisms were introduced and discussed in detail. Finally, perspectives on the future research trends and challenges of lamellar structures were
briefly stated.
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