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Research Status of the Static and Dynamic Mechanical Behaviors of
Near—-a Titanium Alloys
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Abstract: Near-a titanium alloys have excellent mechanical properties and high specific strength, exceptional creep
properties and fatigue resistance within a wide temperature range and are among the indispensable structural materials in
numerous fields, such as aerospace, water conservancy, electric power, and metallurgy. Currently, with the continuous
exploration of the aerospace field and extremely cold regions, the requirements for the performance of titanium alloy
structural materials have become more stringent. Titanium alloys are not only required to possess relatively high static
mechanical properties but also place high demands on their dynamic mechanical properties to adapt to extreme
environments. The composition of titanium alloys primarily determines their type and performance. Moreover, through
appropriate hot working, cold working, and heat treatment, their physical and mechanical properties can be further
regulated. Therefore, this paper reviews the factors influencing the static and dynamic mechanical behavior of near-a
titanium alloys, discusses the effects of elemental composition and texture on the mechanical properties of near-a titanium
alloys, and summarizes the research status of the dynamic mechanical behavior of near-a titanium alloys under high strain
rates.
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Fig.1 Influence of alloying elements on phase diagrams of titanium alloys: (a) neutral elements Sn and Zr; (b) « stabilizing elements
Al, C, O and N; (¢) isomorphic B stabilizing elements Mo, V, Ta and Nb; (d) eutectoid {3 stabilizing elements Fe, Mn, Cr, Co, Ni, Cu,
Si and H"
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Fig.3 Relationships between the tensile properties of the Ti-6A1-3Nb-2Zr-1Mo alloy and the hydrogen content: (a) strength;
(b) ductility™!
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Fig.4 TEM bright field images of Ti-6Al-3Nb-2Zr-1Mo alloy samples after tensile tests: (a, b) sample with 0.006 5 wt.% hydrogen;
(¢, d) unhydrogenated samplet
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Fig.5 Mechanical characterization and wear properties of plasma-nitrided samples: (a) microhardness; (b) wear volume and rate™!
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Fig.6 Intragranular orientation of « grains at different rolling reductions: (a) HR; (b) CR-30%; (c) CR-40%; (d) CR-50%""
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Fig.7 Relationship between the morphology of a grains and their corresponding crystal orientation: (a) inverse pole figure (IPF) map;
(b) PF of the corresponding dashed areas in (2)%")
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Fig.8 Schematic of the primary activated slip systems and lattice rotation of the samples deformed in three directions during the hot
tensile test®
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Fig.9 Dynamic stress-strain curves: (a) TA15; (b) TC4; (¢) TB3; (d) Til5Mol™
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Fig.10 EBSD maps of shear zone under different strain loads: (a, c, ¢) BC, KAM and IPF maps of high strain shear region,
respectively; (b, d, f) BC, KAM and IPF maps of low strain shear region, respectively
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Fig.11 EBSD observations of ASB in pure Ti under different states: (a) rolled state; (b) annealed state™”
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Fig.12 Schematic diagram of two-step dynamic recrystallization: (a) strain localization in the matrix; (b) DRX nucleation at grain
boundaries; (c) formation of refined DRX grains; (d) elongation of deformed grains due to strain localization in the core of DRX
regions; (e) subgrain generation and rotation in some of the elongated grains; (f) formation of micro SBs containing equiaxed and
elongated nanograins!
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Fig.13 Mechanism of adiabatic shear micro-void failure®
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