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SEM morphologies (a-b) and EDS analysis results (c) of TC4 alloy powder
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Fig.3  Surface morphologies of TC4 titanium alloy fabricated by laser directed energy deposition with different oxygen contents:

(a) 50 ng/g, (b) 500 pg/g, (c) 2000 pg/g, and (d) 5000 pg/g
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Fig.4 SEM surface morphology of TC4 titanium alloy fabricated by laser directed energy deposition with different oxygen contents:
(a) 50 pg/g, (b) 500 pg/g, (c) 2000 pg/g, and (d) 5000 pg/g
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Fig.7 SEM images of TC4 titanium alloy fabricated by laser directed energy deposition with different oxygen contents:
(a) 50 ug/g, (b) 500 pg/g, (c) 2000 pg/g, and (d) 5000 pg/g
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Fig.10 Morphologies of a phase and § phase of TC4 titanium alloy fabricated by laser directed energy deposition with different oxygen
contents: (a) 50 pg/g, (b) 500 pg/g, (c) 2000 pg/g, and (d) 5000 pg/g
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Fig.12 Oxide morphology (a) and EDS element mappings of Ti (b), O (c), Al (d), V (e), and Au (f) for TC4 titanium alloy fabricated by
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Fig.14 TEM morphology (a), SAED pattern (b), EDS spectrum (c), EDS element mappings of Al (d), Ti (e), V (f), and O (g) of the

oxide for TC4 titanium alloy fabricated by laser directed energy deposition with oxygen content of 5000 pg/g
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Tensile properties of TC4 titanium alloy fabricated by laser directed energy deposition with different oxygen contents: (a) the
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Effects of Atmosphere Oxygen Content on Microstructure and Mechanical Properties
of TC4 Titanium Alloy Prepared by Laser Directed Energy Deposition

Gao Jian, Liu Fencheng, Liu Fenggang, You Qifan, Wei Yuhan, Cheng Shixiang
(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology, Nanchang Hangkong University,
Nanchang 330063, China)

Abstract: TC4 titanium alloy specimens were prepared by laser directed energy deposition in the inert atmosphere with different oxygen
contents. The effects of oxygen content in the argon shielding gas on microstructure, fracture surface and mechanical properties of TC4
titanium alloy by laser directed energy deposition have been investigated by optical microstructure (OM), scanning electron microscopy
(SEM), transmission electron microscope (TEM), microhardness testing and tensile testing. The results show that the oxidation degree of
the samples surface increase, and the surface color of TC4 titanium alloy samples gradually change from silver white to yellow, blue and
dark gray with the increasing the oxygen content of the atmosphere. XRD analysis shows that the types of oxides on the sample surface
increase, and the thickness of the oxide layers also increase gradually. The microstructure of the specimens gradually changes from basket
structure to acicular martensite o' structure, the laths are coarsened and the aspect ratios are reduced. The hardness and tensile strength at
room temperature of TC4 titanium alloy samples increase gradually with the increase in oxygen content in the forming atmosphere. Due to
the influence of metal lattice distortion and cooling rate, the tensile strength of the deposition samples increases from 920 MPa to 982 MPa
and the elongation decreases from 12.4% to 10.9%.

Key words: oxygen content; laser directed energy deposition; TC4 titanium alloy; microstructure; mechanical properties
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