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Fig.1 Original microstructure of TC21 alloy (a) and heat

treatment process (b)
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Fig.2 Microstructures of TC21 alloy after different heat treatments: (a) 900-AC, (b) 900-FC, (c) 920-FC, and (d) 970-FC
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Table 1 Statistics of typical microstructure parameters of

TC21 alloy after solution treatment

Sample o content/vol% % diameter/ Lamellar a
P pm thickness/pm
900-AC 12 6.0 0.015
900-FC 40 6.8 0.34
920-FC 30 5.6 1.02
970-FC - - 1.24
<
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2
H
=
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=
R
5 600r —— 900-AC
5 400 —— 900-FC
& —— 920-FC
200 ——970-FC
0 1 1 1 1
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Engineering Strain
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Fig.3  Engineering stress-engineering strain curves (a) and
tensile properties (b) of TC21 after different heat

treatment processes
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Fig.4 Tensile fracture morphologies of TC21 alloy after different heat treatments: (a, ¢) 900-AC, (b, f) 900-FC, (c, g) 920-FC, and (d, h) 970-FC
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Fig.5 Impact toughness of TC21 alloy after different heat

treatment processes
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Fig.6 Impact fracture morphologies of different heat-treated TC21 alloys: (a, e, i) 900-AC, (b, f, j) 900-FC, (c, g, k) 920-FC, and
(d, h, 1) 970-FC
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Fig.7 Deformation characteristics of initiation zone in TC21 alloy after different heat treatments: (a) 900-AC, (b) 900-FC, (c¢) 920-FC,

and (d) 970-FC
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Fig.8 Crack path of propagation region in TC21 alloy after different heat treatments: (a) 900-AC, (b) 900-FC, (c) 920-FC, and (d) 970-FC
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Fig.9 Mechanical properties of samples before and after aging: (a) tensile properties and (b) impact toughness
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Fig.10 Impact properties of TC21 alloys before and after aging: (a) load/absorbed energy-displacement curves, (b) load/impact absorbed

energy-displacement curves and (c) impact absorbed energy of different samples
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Fig.11 IPF maps of microstructures after different heat treatments: (a) 920-FC and (b) 970-FC
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(900-FC) F+E %] 920 C (920-FC) K, o, ARI5%L
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2) 900-AC 5 JiE f = 17 S 32 22, 970-FC (15
% =T 900-FC Al 920-FC, {HIEMEMHEKT f5H &,
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Intrinsic Control Mechanism of Tensile and Impact Toughness of TC21 Titanium Alloy

Lei Lei', Zhu Qiwei®, Zhao Qinyang’, Zhao Yongqing®
(1. School of Physics and Optoelectronic Engineering, Yangtze University, Jingzhou 434023, China)
(2. School of Mechanical Engineering, Yangtze University, Jingzhou 434023, China)
(3. School of Materials Science and Engineering, Chang’an University, Xi’an 710064, China)
(4. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: TC21 alloy has high strength and fracture toughness. However, the differences in the intrinsic control mechanisms of their
tensile and impact toughness are not clarified. In this work, different microstructures were prepared by regulating the solid solution
temperature and cooling rate to study the tensile and impact properties. The results show that tensile performance and impact toughness
exhibit different variation laws. The impact toughness of the bimodal structure with better plasticity is lower than that of the full lamellar
structure with the worst plasticity, indicating that the intrinsic control mechanisms of tensile properties and impact toughness are different,
which is further confirmed by the post-aging properties (no significant change in plasticity but significant decrease in impact toughness
after aging). During tensile deformation, plastic deformation occurs in the whole region of the specimen before necking occurs, and the
coordination deformation between a;, and f, in the bimodal structure is fully developed; while the full lamellar structure has a larger colony
size, its internal lamellar a orientation is uniform, and the dislocation slip length is larger, making it susceptible to plastic strain
localization, and resulting in a poorer strength plasticity matching than that of the bimodal structure. Under the influence of high strain
rate, the crack initiation and propagation at the notch root are rapid, and the plastic deformation is concentrated in a small range near the
crack tip, resulting in the fact that coordination deformation between a, and f; in bimodal structure cannot be fully played. By contrast, the
large a colony size of the full lamellar structure leads to less influence of the a colony interface on plastic deformation, and the lamellar o
and S become an effective unit to control plastic deformation. The coarse lamellar a and £ have good plastic deformation ability, resulting
in higher crack initiation energy, which is inconsistent with the poor plasticity during tension. In addition, the large angle interface of a
colony causes the deflection of crack and forms a tortuous path, resulting in higher impact toughness than that of the bimodal structure. To
obtain a good match between tensile properties and impact toughness, a bimodal structure consisting of a small amount of a, and f;, which
has coarse lamellar o and £ internally, can be prepared by heat treatment.

Key words: TC21 titanium alloy; tensile property; impact toughness; deformation mechanism; crack propagation
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