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Microstructure and mechanical properties of TC4-DT produced by laser
wire-feed additive manufacturing

Zhang Dayue, Liu Xuming, Zhang Jian, Li Binzhou, Zhao Yang, Wang Junsheng

(Ansteel Beijing Research Institute, Beijing 102200, China)

Abstract: Laser wire-feed metal additive manufacturing technology has a wide application prospect in
aerospace, marine engineering and shipbuilding. In this paper, TC4-DT samples were prepared by the
laser wire-feed additive manufacturing technology combined with solution strengthening heat treatment
method, based on the initial optimized process parameters. The microstructure, defects and room tem-
perature tensile mechanical properties of the samples at as-deposited state and heat-treated state were re-
spectively studied. It is found that the morphology of as-deposited TC4-DT is composed of columnar
grains and acicular o’ martensite. After solution strengthening heat treatment, equiaxed and columnar
dual phase structure is formed, and o’ martensite is decomposed into acicular structure of a+p. The
tensile mechanical properties after heat treatment are equivalent to those of forgings.

Key words: TC4-DT, laser wire-feed additive manufacturing, o’ martensite, solution strengthening heat
treatment
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Table 1 The chemical composition of TC4-DT wire %
C v Al Fe Ti H N (6]
0.013 4.03 6.33 0.049 90.14 0.005 5 0.006 0.034
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Fig. 1 Schematic diagram of laser fusing additive manu-
facturing feeded by wire from side direction
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Table 2 Processing parameters of laser wire-feed additive manufacturing

HH i v/(mm-s™) L v/ (mm-s ) TR PIKW B AR H/mm Fe22 ¥ L/mm K22 o/(°) FEHR %
10 20 3.0 50 0 30 50
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Fig.2 Diagram of blocks by laser fusing additive manu-
facturing
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Fig.3 Schematic diagram of tensile test bar for TC4-DT
block samples deposited by laser fusing additive
manufacturing
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Fig. 4 Microscopic morphology of the as-deposited laser
fusing additive manufacturing sample
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Fig.5 SEM of as-deposited titanium alloy sample
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Fig. 6 SEM microstructures of the heat-treated sample
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Fig.7 SEM of heat-treated titanium alloy sample
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Fig. 8 Defects morphology of the heat-treated sample
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Table3 Comparison of tensile data at room temperature of as-deposited, heat-treated laser fusing additive manufactured
TC4-DT titanium alloy and TC4 ELI annealed alloy in GB/T 25137—2010 standard

R R,/MPa Ry2/MPa A%
PUAS 976 901 6
PP 1029 894 9.5

TC4 ELI&F(GB/T 25137—2010) 828 759 10
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Fig. 9 Fracture morphology of as-deposited and heat-treated tensile specimens
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