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Fig.5 Powder metallurgy and thermomechanical processing of DRTMCs featuring bi-modal grain and micro/nano-lamellar

heterostructures: (a—c) process and analysis results of bi-modal-grained particulate reinforced composites®; (d—g) schematic diagram

and morphologies of (TiB+Y,0,)/Ti composite with micro/nano-lamellar heterostructure
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Fig.7 Synergistic strengthening effect of multi-scale reinforcements and heterogeneous structure: (a) TiB/3-Ti interface!™; (b) TiB/a-Ti interface 7;

(c) fracture of TiB"; (d) dislocation pile-up around TiB whiskers®”; (e) Y,0, particles®; (f) interfaces within heterogeneous structure
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Fig.9 In-situ observation of evolution of local strain distribution and microstructure during deformation of DRTMCs with multi-scale

microstructure: (a) (TiB+TiC)/TC4 composites with tailored network reinforcement architecture™”; (b) TiB,/TA15(Si) composite after

microstructure refinement”™; Ti alloy (c) and (TiB+Y,0,)/Ti (d) composite with multi-scale lamellar heterostructure!®
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Fig.10 Damage and fracture behavior of DRTMCs with configuration design: (a) fracture morphology; (b) schematic diagram of the stress
distribution before and after the origin micro-crack of as-extruded TiB, /Ti64 composites'’; (¢) fracture morphology of the (TiB_+(Ti, Zr),Si,)/

[29]

Ti55 composite™; (d) numerical simulation for crack development process
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Fig.11 In-situ observation of fracture of DRTMCs with multi-scale reinforcements and heterogeneous structure: (a) CNTs/Ti composites

(b) BNNSs/Ti composites””
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Research Progress on Multi-scale Microstructure Design and Strengthening-Toughening
Mechanisms of Discontinuously Reinforced Titanium Matrix Composites

Cong Guanghui', Chen Zhibin’, Cui Xiping'”’, Huang Lujun', Wang Zhiqi', Zhang Yuanyuan', An Qi', Chen Xin',
Wang Shuai', Geng Lin'
(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)
(2. School of Materials Electronics and Energy Storage, Zhongyuan University of Technology, Zhengzhou 451191, China)
(3. Center for Analysis and Measurement, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Discontinuously reinforced titanium matrix composites (DRTMCs) exhibit advantages such as light weight, high strength, and heat
resistance, demonstrating broad application prospects in aerospace, consumer electronics, and other fields. Inspired by the multi-scale
architectures of natural materials, the design of DRTMCs has evolved from uniformly distributed single reinforcements to architecture
reinforcement configurations, and further to the coordinated design and regulation of multi-scale reinforcement architectures coupled with
hierarchical titanium matrix. This progression has enriched their microstructure, leading to the formation of multi-scale heterogeneous structures.
Such structures fully leverage synergistic strengthening mechanisms to enhance strengthening efficiency. Moreover, these composites effectively
avoid strain localization to ensure favorable plasticity while maintaining excellent damage resistance. This review summarizes typical
configuration design strategies and their evolutionary pathways in DRTMCs, elucidates the underlying strengthening-toughening mechanisms, and
proposes future research directions based on current advancements to advance the application of high-performance titanium matrix composites in
critical fields.
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