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Effect of Al Element Content on Microstructure and Mechanical

Properties of TiAl Alloys
Deng Wenhao, Gong Xun, Zhao Hui, Jin Jun, Zhang Jie, Wang Di
(School of Materials Science and Engineering, Shenyang University of Technology, Shenyang 110159, China)

Abstract: The Tig, AL,.Cr;Nbs (x=30, 32, 33, mass fraction, %) alloys with different Al element contents were melted
in a non-consumable vacuum arc melting furnace. The influence of Al element content on the microstructure and
mechanical properties of the TiAl alloy was investigated by using metallographic microscope, scanning electron
microscope and electronic universal testing machine, etc. The research shows that the microstructure of Tig,_,Al,Cr;Nbs
alloy mainly consists of a, phase and y phase. With the increase of Al element content, the formation of a, phase is
inhibited, and the content decreases, but the content of y phase increases. After tensile deformation, the grains of the
TiAl alloy are refined, the hardness increases significantly. TiAl alloys are mainly brittle materials under tensile
conditions at room temperature. The tensile strength and yield strength increase with the increase of Al element
content, and the elongation after fracture is better when the Al element content reaches 32%. Excessive Al element
drives the segregation of Nb element in grain boundaries, resulting at B2 ordering and forming brittle and hard phases.
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Table 1 Theoretical chemical composition of Tig. AlCr;Nbs

alloy ingot

No. Al Cr Nb Ti
1# 29.90 2.62 4.68 Bal.
2# 31.62 2.65 4.73 Bal.
3# 33.35 2.68 4.79 Bal.
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Fig.1 XRD patterns of Tis..AL,Cr;Nbs alloy
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Fig.2 EDS surface scan maps of Tig».vAl,CrsNbs alloy: (ap—as) x=30; (bo—bs) x=32; (co—c4) x=33
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Table 2 EDS analysis results of Tig.ALCr;Nbs alloy A - B
JZA, FAEN B2 M. EER Al LRI Nb

No. Al Cr Nb Ti - . = .
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Fig.3 Metallographic microstructures of Tig,..Al,Cr;Nbs alloy before and after tensile testing: (a) x=30, before testing; (b) x=32, before

testing; (c) x=33, before testing; (d) x=30, after testing; (e) x=32, after testing; (f) x=33, after testing
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Fig.4 Vickers hardness of Tis..AL.Cr;Nbs alloy before and after

tension deformation
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Fig.5 Room temperature tensile strain-stress curves of

Tigs.Al,Cr3Nbs alloy
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Table 3 Room temperature tensile properties of

Tigs.Al,Cr3Nbs alloy

No. R./MPa Rpo.2/MPa A%
1# 151.6 — 0.04
2# 3923 380.4 0.37
3# 513.9 498.4 0.18
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Fig.6 SEM morphologies of tensile fractures of Tis..Al,Cr;Nbs alloy: (a, d) x=30; (b, e) x=32; (c, f) x=33
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