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F1 TCAMUERS
Table 1 Chemical composition of TC4 alloy (/%)

Al \% Fe C 0o N Ti

6.30 431 0162 0.026 0061 0.007 Bal.

K1 TCA #&4LHIZH SEM AR
Fig.1 SEM microstructure of as rolled TC4 alloy
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Fig.2 Pulsed magnetic field tubular heating furnace
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Table 2 Process parameters of pulsed magnetic field heat

treatment for TC4 alloy

Sample No. Time E[)/fhaging, M?ﬂgﬁtsiﬁ;,ngﬁion
1# 1 19.17
2# 2 19.17
3# 3 19.17
4# 4 19.17
5# 1 0
6# 2 0
T# 3 0
8i# 4 0
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Fig.3 SEM microstructure of TC4 alloy after solution treatment at
940 C
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Without pulsed magnetic field With pulsed magnetic field
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Fig.4 SEM macrostructures of TC4 alloy after aging at 500 ‘C for different time
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Fig.5 SEM microstructures of TC4 alloy after aging at 500 °C for different time
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Fig.6 Volume fraction of a phase under different processes
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Fig.7 TEM (a, b) and HRTEM (c, d) images of TC4 alloy after aging at 500 ‘C for 1 h with pulsed magnetic field (a, c) and without

pulsed magnetic field (b, d)
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Fig.8 Stress-strain curves of TC4 alloy after aging at 500 ‘C for different time with pulsed magnetic field (a) and without pulsed magnetic field (b)
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Fig.11 Tensile fracture morphologies of TC4 alloy after aging at 500 ‘C for different time
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Effect of Pulsed Magnetic Field on Precipitation Behavior and Mechanical Properties of
TC4 Titanium Alloy

Sun Zhonghao, Xing Shuging, Cheng Qiao, Su Yihui, He Xiaoyong, Ma Yonglin
(College of Material and Metallurgy, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: In order to investigate the effect of pulsed magnetic field on precipitation behavior of as-rolled TC4 titanium alloy, a pulsed magnetic
field was applied during aging. The effects of electromagnetic energy on microstructure, strength and plasticity of TC4 during aging were studied
by SEM, TEM and tensile testing machine. Observation and analysis were carried out at nucleation stage and growth stage. The mechanism of
electromagnetic energy in aging process was analyzed by classical nucleation theory and the first law of diffusion. The results show that the
precipitation rate of TC4 is significantly increased due to the addition of electromagnetic energy. The aging time is reduced on the premise of
ensuring the mechanical properties. Compared with 4 h without pulse magnetic field, the elongation of 2 h with pulse magnetic field is increased
by 21.68%, and the tensile strength is approximately the same. The aging process under the coupling of pulse magnetic field and temperature field
can lead TC4 to over aging stage (2 h). In the aspect of tensile fracture, the fracture morphology of fracture is dimple fracture before applying
pulse magnetic field 2 h ago, but when the time increases to 2 h, the fracture surface gradually changes to the fracture morphology in quasi solution.
The results reveal that the secondary phase precipitation and growth of TC4 can be promoted by pulsed magnetic field through electromagnetic
energy, which is due to the synergistic effect of reducing critical nucleation work and promoting atomic diffusion. Overall, electromagnetic energy
can promote the precipitation of secondary phase and reduce the aging time.

Key words: TC4 titanium alloy; pulsed magnetic field; mechanical properties; precipitation behavior
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