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Fig.1 OM microstructure of rolled TC4-0.55Fe alloy
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Fig.2 Schematic diagrams of different heat treatment processes: (a) solution aging in two-phase zone and (b) double annealing in

two-phase zone
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Fig.3 Schematic diagram of double annealing and pre-stretching

process
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Fig.4 Microstructures of TC4-0.55F¢ alloy after solution aging treatment at solution temperature of 900 C and aging temperature of

530 C (a), 560 ‘C (b), and 590 C (c); microstructures of TC4-0.55F¢ alloy after double annealing treatment at second annealing

temperature of 530 ‘C (d), 560 ‘C (e), and 590 C (f)
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Fig.5 Lamellar aj,me phase thickness distributions of TC4-0.55Fe alloys with duplex microstructure after different heat treatments:

(a-c) solution aging and (d-f) double annealing
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Table 2 Average thickness of lamellar a phase in TC4-0.55Fe

alloy with duplex microstructure after different heat

treatments
Solution aging/C 530 560 590
Oame thickness/pum 2.11 2.31 2.59
Double annealing/'C 530 560 590
Oame thickness/pm 2.65 2.81 2.83
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Table 3 Tensile properties of TC4-0.55Fe alloy with duplex microstructure after solution aging and double annealing at different

temperatures
Heat treatment Temperature/C Tensile strength/MPa Yield strength/MPa Elongation/% Shrinkage/%
530 912+4 873+8 14.4 253
Solution aging 560 907+6 868+7 15.6 26.7
590 897+2 862+4 17.6 29.4
530 904+3 867+3 22 32.8
Double annealing 560 898+4 858+3 22.8 34.4
590 892+9 846+6 23.6 36

2 mm

Dimples

2 mm

e
7

6 TC4-0.55Fe £ & fE 590 “C ' il i i 240 X0 3R K i It 1 SEM 551
Fig.6 Fracture SEM morphologies of TC4-0.55Fe alloy after solution aging (a, a;) and double annealing (b, b;) at 590 C
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Fig.7 Microstructures of TC4-0.55Fe alloys after pre-stretching with different deformations: (a, a;) 0.5%, (b, b;) 1.0%, and (c, ¢1) 2.0%
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Fig.8 Distribution diagrams of a phases length-diameter ratio (L/D) of TC4-0.55Fe alloy with duplex microstructure after pre-stretching

of deformation of 0.5% (a), 1.0% (b), and 2.0% (c)
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Fig.9 Microstructure of TC4-0.55F¢ alloy with duplex microstructure after pre-stretching of 0.5% (a, a;), 1.0% (b, b;), and

2.0% (c, c;) deformation followed by low temperature annealing
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Fig.10 Distribution diagrams of a phases length-diameter ratio (L/D) of TC4-0.55Fe alloy with duplex microstructure after pre-stretching

0f 0.5% (a), 1.0% (b), and 2.0% (c) deformation and low temperature annealing
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Table 4 Tensile properties of TC4-0.55Fe alloy with duplex

microstructure after pre-stretching of different

deformation and low temperature annealing

Deformation/  Tensile Yield Elongation/ Shrinkage/
% strength/MPa strength/MPa % %
0.5 93243 869+4 20.9 30.3
1.0 952+6 914+5 19.6 28.4
2.0 956+1 89243 17.8 26.3

Dimples

K11 XSS TC4-0.55Fe £ e 280 Tl (MG IR 1B K )5 B 1 SEM FE 3
Fig.11 Fracture SEM morphologies of TC4-0.55F¢ alloy with duplex microstructure after pre-stretching of 0.5% (a, a;), 1.0% (b, b,), and

2.0% (c, c;) deformation and low temperature annealing
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T 6%/ Ai. TC4-0.55Fe £ 475 W AH X AT X B k.
AL, BRWEAEARIUE A SR PE R, 3RAG m B,
KB LA T M RE

3) Fh A G R R A S LR DT X, a A
KA, HATRIERIR KEE o AR R INgK,
TEUTE X BT H KB/ R o M (a) o TRALAH
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Effect of Heat Treatment and Pre-stretching on Microstructure and
Mechanical Properties of TC4-0.55Fe Alloy

Liu Sinong', Zhang Jingqi'?, Liu Bowei'?, Li Xin'?, Li Feng'?, Chang Hui'"
(1. College of Materials Science and Engineering, Nanjing Tech University, Nanjing 211816, China)
(2. Tech Institute for Advanced Materials, Nanjing Tech University, Nanjing 211816, China)

Abstract: This paper investigated the effects of different heat treatment processes (solution aging and double annealing) and pre-stretching
on the microstructure and mechanical properties of Ti-6A1-4V-0.55Fe (TC4-0.55F¢) alloy with duplex microstructure, and the relationship
between its microstructure and mechanical properties were discussed. The TC4-0.55Fe alloy microstructures and mechanical properties
after solution aging and double annealing were compared, it is found that the thickness of the lamellar a phase gradually increases with the
increase in aging and low temperature annealing temperature, which leads the strength of the alloy decreases and the plasticity increases.
Under the solution aging treatment, the yield strength of the alloy decreases from 873 MPa at 530 °C to 862 MPa at 590 °C and the
elongation increases by 3.2%. The yield strength of the double annealing heat treated sample decreases gradually with the increase in the
low temperature annealing temperature, but the elongation has been greatly improved compared with the solution aged, and the best is
23.6%. Because the strength of TC4-0.55Fe alloy is not significantly improved by solution aging and double annealing, the plasticity of the
double annealing sample is better than that of the solution aging when the aging and low temperature annealing temperature is 590 °C, so
the double annealing process at 590 °C is selected to combine the pre-stretching strengthening, the pre-stretching is introduced between the
solution and low temperature annealing. After the introduction of pre-stretching, the a phase deformation is obvious, and the
precipitation-free zone (PFZ) forms. A large amount of fine secondary a phases (o) are precipitated in the PFZ after annealing. The
annealing after the pre-stretching can improve the yield strength of TC4-0.55Fe alloy and only reduce plasticity little. Among them, the
sample with 1% pre-stretching deformation has the highest content of o, phase, the field strength is increased by 68 MPa compared with
that of the double annealing, and the elongation is only decreased by 4%, the comprehensive mechanical properties are the best. According
to this study, it can be concluded that the comprehensive mechanical properties of TC4-0.55F¢ titanium alloy can be improved by
pre-stretching and aging strengthening after solution.
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